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Kainic acid is an excitotoxin in mammalian brain. Here the mechanisms underlying the physiological versus 
the pathological effects of kainate (KA) were compared. The acute effects were studied on rat hippocampal 
slices, and the chronic effects in mouse organotypic hippocampal slice cultures (over the course of 7 days). 

Two approaches were used: First, in acute hippocampal slices, receptor selective drugs were used to 
determine the receptor subtypes involved in the response to KA (15-30 minutes) using simultaneous 
recordings of evoked field potentials from the stratum pvramidale and s. radiatum of CAl. The role of CAS 
in driving the response in CAl was determined by repeating these experiments following excision of the 
CA3. Second in organotypic mouse hippocampal slice cultures the response to longer applications of KA (2 
- 24 hours) was determined using evoked field potential recordings from the s. pvramidale of either CAl or 
CAS. 

Acute applications of KA reduced the EPSP slopes, initially increased and then reduced the population 
spike amplitudes (PSA) and decreased the paired-pulse inhibition. The underlying mechanisms for these 
effects could be either presynaptic, postsynaptic or a combination of both. For example, KA may decrease 
EPSP slope via GluR6 containing receptors on CAl pyramidal cells, or by presynaptic inhibition at Schaffer 
collateral terminals via GluR5 containing receptors. Pharmacological evidence supports the latter, as the 
GluR5 selective agonist ATPA mimicked this effect of KA, and it was not blocked by the GluR6 antagonist 
NS102. A fiirther possibility is that KA may activate GABAergic intemeurones via GluR5 containing 
receptors and this could also result in a decreased EPSP slope. However, concomitant with the decreased 
EPSP slope KA also increased population spike amplitude (PSA) and decreased paired-pulse inhibition 
(PPI), arguing against the involvement of GAB A. CAS was not required for these effects of KA. 

In the later phase of 15 minutes application of KA, ATPA and Fwill, the PSA was reduced. In the case of 
KA, the CAS region was required for this to occur. The onset of this inhibition was delayed in the presence 
of the GABAB receptor antagonist SCH50911, which indicates the involvement of GABAergic 
intemeurones in this effect of KA. It is likely that this response is mediated via GluR5 activation of 
intemeurones. 

PPI was reduced throughout the KA application period. ATPA initially increased PPI, consistent with a 
GluR5 mediated excitation of intemeurones. Fwill differed significantly to KA again suggesting a KA 
receptor mediated phenomenon. No involvement was observed for GABAB receptors. 

To study the consequences of long-term exposure of hippocampus to KA, experiments were performed on 
organotypic slices, which provided the opportunity to assess the electrophysiological status of the slice up to 
7 days post exposure. Application of KA (IpM) for 2 hours to these slices decreased PSA as in the acute 
slice. Incubation of slices with 1 KA for 24 hours was subtoxic. However, this treatment reduced PPI in 
both CAl and CAS and reduced excitability to exogenous stimuli in CAl from 4-7 days post freatment. 
Furthermore, this treatment decreased the toxic effects of KA as observed with both thionin and propidium 
iodide. 

This study has highlighted some novel effects of KA. For example, although it has been used for a number 
of years as an excitotoxin, it is paradoxically capable of reducing the output of the CAl at concentrations 
that are likely to be selective for KA rather than AMPA receptors. 

Furthermore, at KA receptor selective concenfrations it is capable of inducing neuroprotection in the CAS 
following prolonged exposure, despite the apparent reduction in inhibitory fijnction in both the CAl and 
CAS. The mechanisms for this protection are as yet unclear and may provide a source of fruitful further 
investigation. 
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General Introduction 
The existence of high affinity binding sites for kainate (KA) in mammaHan brain 

has been known for a number of years. Since this discovery, six genes to date have been 

found which encode KA receptor subunits. These have been grouped by their homology, 

and pharmacology, into two groups, comprised of the high affinity KAl and KA2 and the 

lower affinity GluR5 - GluR7. However, the delineation of their physiological roles has 

been confounded until recently by a lack of specific agonists and antagonists for KA 

receptor subunits, and by the fact that KA is an agonist at AMP A receptors, which are 

often co-expressed in the same neurones as KA receptors. 

This study aims to address the physiological versus the pathological effects of KA 

on the fimction of a relatively simple neuronal net, namely the hippocampal slice 

preparation, at concentrations which are likely to be selective for KA receptors. 

Chapter 1 of this report covers the general background to the field, with reference 

to the structure and functional properties of the non-NMDA type glutamate receptors. 

Attention has been focused especially on the KA receptors. The structure of the 

hippocampus is then described, followed by details of the distributions of the various KA 

receptor subunits within the hippocampus. The known physiological roles of these 

receptors are then discussed, followed by a brief discussion of further excitatory and 

inhibitory receptors found within the hippocampus. Chapter 2 describes the methods used. 

In chapter 3, the question of how KA application affects evoked field responses in 

the CAl will be addressed. The role of specific KA receptor subunits in these responses 

will be investigated using subunit selective drugs. Chapter 4 deals with the possible 

indirect activation of a number of excitatory and inhibitory receptor populations within the 

hippocampus, thus leading, or contributing, to the observed responses during KA 

application. 

In the final results chapter, the effects of chronic applications of KA in organotypic 

hippocampal slice cultures are described with regard to both their effect on function and 

toxicity. 

Chapter 6 presents a discussion of the results obtained during the course of this 

investigation and attempts to elucidate the mechanisms consistent with data by which KA 

exerts it's effects within the hippocampus. 



Chapter 1 
Introduction 



1.1 Excitatory amino acids 

Glutamate has been recognised as being an excitatory neurotransmitter within the 

nervous system for over 30 years, but it has only become possible to clarify the roles of 

the excitatory amino acid receptors with the development of specific agonists and 

antagonists for these receptors (Watkins & Evans, 1981). 

1.1.1 Excitatory amino acid receptors 

The amino acid glutamate is the principal excitatory neurotransmitter of the 

mammalian nervous system (Somer & Seeburg, 1992). The receptors for this 

neurotransmitter can be broadly divided into ionotropic receptors, in which an intrinsic ion 

channel is present, and metabotropic receptors, whose activation in turn cause the 

activation of a G-protein. 

The ionotropic class of glutamate receptors can be further subdivided on the basis 

of their pharmacological specificity for various agonists. This provides us with three 

classes of ionotropic glutamate receptor, those activated by NMD A, those activated by 

AMP A and those activated by kainate (KA). A more extensive (but by no means 

exhaustive) outline of the pharmacology of AMP A, KA and NMDA receptors is presented 

in table 1. 

AMP A receptors gain their name from the fact that they have a high affinity for the 

compound DL-a-amino-3-hydroxy-5-methyl-4-isoxalone-propionic acid (AMPA). They 

contain an intrinsic ion channel, which is largely permeable to sodium and potassium ions 

but may pass some calcium under certain conditions. 



Receptor channels AMPA receptors 
Kainate 

receptors 
NMDA channels 

Most selective agonist 

(5)-(-)-5-

Fluorowillardiine 

AMPA 

Quisqualate 

CI-HIBO (GluRl & 
GluR2) 
(5)-CPW 399 

KA 

Domoate 

ATPA (GluR5) 

SYM 2081 

NMDA 

Ibotenic Acid 

Spermidine 

trihydrochloride 

(Polyamine site) 

Mixed agonists 
Glutamate 

Aspartate 

Glutamate 

Aspartate 

Glutamate 

Aspartate 

Competitive 

antagonists 

CNQX 
DNQX 

GYKI 53655 

CNQX 

DNQX 

LY293558 

(GluR5) 

NS102 (GluR6) 

D-AP5 

CPP 

Channel Blockers 

MK801 

Remacemide 

hydrochloride 

Table 1.1 Example of some of the pharmacological agents with activity at the ionotropic class of glutamate 
receptors. (Modified from Hammond 1996) 

1.1.2 Structure of non-NMDA receptors 

Early work to elucidate the structure of non-NMDA receptors utilised three basic 

approaches. It was assumed at first that their structure shared some homology with 

nicotinic acetylcholine receptors, and so cross-hybridisation techniques, such as screening 

cDNA libraries at low stringency, or the polymerase chain reaction (PGR) primed with 

oligonucleotide sequences which recognise conserved regions of muscle or neuronal 

nicotinic receptors were used (Barnard & Henley, 1990). Unfortunately, this approach 

proved to be fruitless since the binding regions of non-NMDA receptors exhibit little 

homology to those of nicotinic receptors. 



More successful approaches involved the use of techniques such as expression 

cloning to isolate cDNA cloning receptor subunits from rat brain (Keinanen et al 1990), 

which could then be expressed in a vector such as Xenopus oocytes and screened 

electrophysiologically. The other successful approach involved the sequencing of 

receptors isolated by affinity chromatography (Shimazaki et al 1992, Brose et al 1994). 

The non-NMDA glutamate receptors are thought to comprise of a tetrameric 

structure (Mano and Teichberg 1998, Rosenmund et al 1998), the subunits of which are all 

approximately 900 amino acid residues in length. Initial hydrophobicity studies suggested 

the existence of four transmembrane domains which were designated MD1-MD4, 

although later evidence suggests that MD2 does not actually cross the membrane but is 

either located within the cytoplasm or folds into a P-sheet which is buried in the 

membrane. 

The N- and C-terminal domains of these receptors undergo alternative splicing. For 

example, the GluRl-4 subunits of AMP A receptors occur as 'flip' and 'flop' variants, 

which exhibit differences in their kinetics and pharmacology (Sommer et al 1990). In 

addition to this, the functional properties of AMP A receptor subunits can be modulated by 

the process known as RNA editing (Sommer et al 1991). The importance of this process is 

perhaps best seen with reference to the GluR2 subunit, which has been shown to confer a 

degree of impermeability to Câ "̂  to receptors containing this subunit. This contrasts with 

the properties of GluRl,-3 and -4, which are relatively permeable to Ca^ .̂ This difference 

has been identified as being due to a single residue (the so called Q/R site) on the MD2 

domain, where RNA editing converts the CAG codon which codes for glutamine (Q) in 

GluRl,-3,-4 to the CGG codon which codes for arginine in GluR2 subunits. KA receptors 

also appear to undergo additional RNA editing of the MDl domain of GluR6 subunits at 

two sites, the I/V and Y/C sites (Bettler and Mulle 1995). 

Mutagenesis studies have been used to characterise the structure/function 

relationships of the non-NMDA receptor subunits. As previously mentioned, the site 

controlling Ca^^ permeability has been identified as the Q/R site on the MD2 domain. 

Furthermore, it is known that two lobes are present which are separated by the region 

containing MDl-3 which show considerable homology with the amino acid binding site of 

bacterial proteins. It is postulated that the agonist binding site of the subunits are to be 

found in this domain, a proposal which is further strengthened by the work of Uchino et 

al in 1992 who found that mutations at arginine-481 of the GluRl subunit significantly 



affected agonist binding. This is the only charged amino acid residue in the region of the 

N-terminal domain proposed as the agonist binding site which is conserved throughout the 

family of ionotropic glutamate receptors. 

A further characteristic of native non-NMDA receptors is their rapid 

desensitisation in the presence of glutamate. Desensitisation is the process whereby there 

is a loss of ion channel gating despite the continued receptor occupancy by an agonist 

(Mayer et al, 1991). This characteristic of AMP A receptors was first demonstrated in 

acutely isolated or cultured hippocampal neurones and spinal cord neurones (Kiskin et al., 

1986, Mayer and Vyklicky, 1989, Trussell et al., 1988). The rate of desensitisation of 

AMP A receptors differs according to whether the receptor is a 'flip' or 'flop' splice 

variant, the 'flip' variant desensitising to a lesser degree than the 'flop' (Sommer et ah, 

1990; Partin et al., 1993). 

1.1.3 Kainate Receptors 

The existence of KA receptors has been known for over a decade when Agrawal et 

al. (1986) demonstrated that dorsal root fibres could be depolarised by glutamate or KA, 

but not by AMP A or NMDA. Since then the elucidation of their physiological function 

has been seriously hampered by the similarity in the pharmacology and biophysics of KA 

and AMP A receptors, owing to the fact that KA receptors are very often coexpressed in 

the same cells as AMP A receptors. However since the advent of compounds such as the 

2,3-benzodiazepines which have a selective AMP A antagonist action the physiological 

roles of KA receptors have begun to be elucidated. The most selective of these is GYKI 

53655 (Wilding et al, 1995), a drug which has become a valuable tool in unmasking the 

physiological and biophysical effects of KA receptor activation. 

Kainate receptors are encoded by two gene families, giving rise to the GluR5-7 and 

KAl and KA2 subunits. These show significant structural homology to the AMP A 

receptor GluRl-4. The Glur5-7 subunits may express to form homomeric non-selective 

cation channels (Bettler et al 1990, Egebjerg et al. 1991, Schiffer et al. 1997) or may be 

coexpressed with KA-1 or KA-2 subunits to form heteromeric channels (Cui and Mayer 
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In the following sections I will discuss the structure of each of these subunits and 

their properties when assembled as homomeric receptors. Following this I will discuss the 

functional significance of various heteromeric combinations of KA receptor subunits. 



1.1.3.1 GIuR5 

The GIuR5 subtype of KA receptor undergoes alternative splicing giving rise to 

two forms, which have been classified as GluR5-l and GluR5-2 (Bettler et al 1990). Of 

these, GluR5-l is the longer, containing 15 amino acid residues more than GluR5-2 in the 

N-terminal region. 

Further splice variants of GluR2 also occur. Introduction of an exon into the 

mRNA coding for the C- terminal domain of GluR5-2b gives rise to GluR5-2c, whereas 

the introduction of a stop codon results in the shortened GluR5-2a. 

GluR5-2a 

GluR5-2b 

GluR5-2c 

TM IV 

TMIV 

TMIV 1 TMIV TMIV 

Figure 1.1 Diagram of the 3' end of the mRNA transcripts for the alternative spHce variants of GluR5-2 
coding for the C-terminal end of the receptor. The blue and orange boxes represent additional axons, whilst 
stop codons are represented by the red line and X, TM IV represents the coding region for the fourth 
transmembrane domain. CAdaoted from Sommer et al 1997). 

Further complexity is added to the array of GluR5 subtypes by the occurrence of 

RNA editing of the M2 domain of the receptor. This editing is similar to that seen in 

AMP A receptors, in which a glutamine (Q) residue at position 591 is substituted by an 

arginine (R) residue (Somer et al 1991). In the hippocampus it has been found that 

somewhere between 50-60% of the GluR5 subunits present in the adult are in the edited 

(GluR5(R)) form (Chittajalu et al 1999, Vissel et al 2001). 

The editing of GluR5 does not affect KA binding, the Kd= 73.3 ± 19.2 nM 

irrespective of editing. With regard to channel properties of homomeric GluR5 receptors, 

it has been found (Sommer et al 1992) that the unedited version displays an inwardly 

rectifying I-V plot with a reversal potential close to OmV when expressed in transfected 

HEK 293 cells. Co-expression of GluR5(R) with GluR5(Q) results in a linearisation of 

this I-V plot, which indicates the possibility of functional co-assembly of edited with 

unedited versions of this subunit. 

In addition to this, homomeric GluR5(R) displays a lower single channel 

conductance (femtosiemens compared to picosiemens) than GluR5(Q) which is likely to 



be as a result of the introduction of a ring of positively charged arginine residues into the 

channel pore. As would be expected, this also results in a reduced permeability to Ca^*. 

1.1.3.2 GluR6 

Low-stringency hybridisation of a rat cerebellar cDNA library using the coding 

region from a GluR5 cDNA clone gave rise to the discovery of the GluR6 subunit 

(Egebjerg et al 1991). This subunit was found to be encoded for by a 4559 base pair 

cDNA which gave rise to a protein containing 884 amino acids, exhibiting 80% homology 

to the GluR5 subunit, but less than 40% homology to any of those for AMP A receptors. 

Recordings from Xenopus oocytes in the presence of KA and glutamate showed 

GluR6 capable of assembling to form fimctional homomeric receptors which produced 

desensitising inward currents when held at -lOOmV. This desensitisation could be blocked 

by pre-treatment of oocytes with concanavalin A. The EC50 for KA in the presence of 

concanavalin A was found to be approximately l|iM, a value 35 fold lower than that for 

the GluRl AMP A receptor subunit. 

I-V plots revealed a reversal potential of 10 ±3mV, with a significant degree of 

outward rectification. 

In a similar fashion to the GluR5 subunit, GluR6 may undergo Q/R editing of the 

M2 domain (Somer et al 1991) which changes the channel's properties in a manner 

reminiscent of GluR5. Thus the edited form of the subunit (GluR6(R)) displays a lower 

Câ "̂  permeability (Egebjerg et al 1993). In addition to this, the GluR6(R) form, when 

expressed homomerically, displays a more linear I-V relationship than is seen with 

homomeric GluR6(Q). 

The GluR6 subunit differs from GluR5 however, in that it may also undergo RNA 

editing in the TM I domain (Kohler et al. 1993) at two sites. Thus it is possible for the 

isoleucine (I) residue at position 536 to be edited in such a way as to be substituted for by 

a valine (V) residue and for the tyrosine residue at position 540 to be substituted for a 

cysteine. 

The GluR6 subunit appears to interact with at least two components of the 

postsynaptic scaffolding protein complex, namely SAP-90/ PSD-95 and more weakly with 

SAP-97 (Garcia et al 1998, Mehta et al 2001). Binding of GluR6 to SAP-90 exhibits an 

absolute dependence on the presence of the last four C-terminal amino acids 



1.1.3.3 GluR7 

Until 1997 it was thought that the GluR? subunit was incapable of forming 

functional homomeric channels (Bettler and Mulle 1995). However, Schiffer et al (1997) 

have shown that both GluR7a and GluR7b form functional receptor channels with a 10-

fold higher E C 5 0 for glutamate (5.9mM for GluR7a) than other AMP A or KA subunits. 

Homomeric channels comprising either splice variant also lack any significant affinity for 

the high affinity KA receptor ligand domoate. 

The splice variants of GluR7 arise from the insertion of a 40 nucleotide cassette 

into the 3' end of the mRNA encoding for the TM IV domain. Thus the C-terminal end of 

GluR7b exhibits no significant homology for any of the other KA receptor subunits 

(Schiffer et al 1997). 

In addition to being able to form functional homomeric channels, GluR7a was also 

shown to be able to co-assemble with the high affinity subunits KA-1 and KA-2 in HEK 

293 cells to form fimctional receptors. Co-expression with either of these subunits did not 

significantly alter the channel properties of the receptor. The pharmacological profile was 

altered somewhat, in that high concentrations of AMP A (ImM) were able to activate the 

channel. 

1.1.3.4 KA-1 

The KA-1 subunit is composed of 956 amino acids with a relative molecular mass 

of 105 000 (Werner et al. 1991). The carboxy terminus bears a significant degree of 

homology to both the GluRl-4 subunits of AMP A receptors as well as to the KA binding 

proteins (KBP) of both the chick and fi-og. The N-terminal end however bears little 

similarity to either AMP A subunits or the KBPs. 

When expressed in cultured cells, KA-1 shows a high affinity for the binding of 

KA (Kd= 4.7 ±0.7nM). The rank order of agonist potencies for various ligands was found 

to be KA> quisqualate > glutamate» AMPA. To date there are no reports extant of the 

existence of a functional homomeric KA-1 receptor. 

1.1.3.5 KA-2 

Like the KA-1 subunit, KA-2 is unable to form a functional homomeric receptor 

assembly (Herb et al 1992). Encoded by the GRIK5 gene it is widely expressed 

throughout the CNS and binds KA with a Ka of approximately 15nM. GRIK5 has been 



mapped to chromosome 1 in the rat (Szpirer et al 1994) and encodes a protein that exhibits 

approximately 68% amino-acid sequence homology to KA-1. 

The C-terminal of the KA-2 subunit protein is able to bind with a Ka of 20nM to 

the SH3 and GK domains of SAP-90, possible via two proline rich domains within the C-

terminus (Garcia et al 1998). This would tend to suggest that the clustering of KA-2 

containing receptors may be mediated by the SAP-90/ PSD-95 complex of proteins. 

1.1.4 Heteromeric KA receptor assemblies 

All 5 KA receptor subunits appear to be capable of coassembly with each other. 

However, as will be discussed in the next section, the pattern of expression within the 

hippocampus suggests this promiscuous assembly does not necessarily occur. 

Furthermore, they do not appear to be able to form functional receptors with any of the 

AMP A receptor subunits (Partin et al 1993, Brose et al 1994). 

Coassembly of the various KA receptor subunits changes the channel properties 

and pharmacological profile from those observed for homomeric assemblies. Thus, for 

example, expression of the KA-2 subunit with GluR5(Q) causes the receptor to desensitise 

more rapidly than homomeric GluR5(Q) receptors. In addition, the I-V plot becomes more 

linear (Herb et al 1992). Coexpression of KA-2 with GluR6 enables the channel to be 

activated by AMPA. This property is not observed in homomeric GluR6 receptors. 

Expressing GluR5 with GluR6 in HEK 293 cells increases the sensitivity of the 

receptor to iodowillardine when compared to homomeric GluR5 (Cui and Mayer 1999). In 

addition to this, the peak response of homomeric GluR5(R) receptors increases from a few 

pico Amps (pA) to approximately 165pA when co-expressed with GluR6(Q). This 

response also shows strong outward rectification. 

Changes in the rate of desensitisation also occur following the formation of GluR5/ 

GluR6 heteromers. Whilst both GluR5 and GluR6 exhibit rapid desensitisation and almost 

total when expressed homomerically, coexpression of, for example GluR5(Q) with 

GluR6(R) reduces the degree, if not the rate to onset of desensitisation. 

The coexpression of GluR5(Q) with a mutagenised GluR7 to produce an edited 

Q/R site (Cui and Mayer 1999) results in the reduction of the biphasic rectification seen 

with heteromeric GluR5/GluR6 receptors. A change in rectification properties was also 

found to occur when the unedited (i.e. unmutagenised) version of GluR7 was co-expressed 

with GluR6(Q). 
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The abihty of KA receptor subimits to coassemble in this seemingly promiscuous 

manner presumably increases the potential processing power of these assemblies 

significantly. 

Having discussed the functional properties of both homomeric and heteromeric 

KA subunit assemblies, I will now describe the structure of the hippocampal formation in 

order to better understand the expression patterns observed for these subunits within the 

hippocampus (section 1.3). 

1.2 The Hippocampus 

The hippocampus is a part of the mesolimbic system located inferiorly to the 

temporal lobe. It can be divided into four simple cortical regions, namely the dentate 

gyrus; the hippocampus proper, which can be divided in the rodent into CAS, CA2 and 

CAl, and the subicular complex. 

A photomicrograph of a transverse slice through the hippocampus may be seen in 

figure 1.2 below. The hilus, CAS and CAl regions are labelled, as are the various strata 

within the CAl region. 

Figure 1.2: Photomicrograph of a hippocampal slice. Several strata are shown a: alveus; o: oriens; p; 
pyramidale; r: radiatum; Im: lacunosum moleculare; m: moleculare; g: granule cell layer; h: hilus. Areas 
CAS c, b and a and CAl are also shown. 
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One of the major cell types in the hippocampus is the pyramidal cell, the 

aggregation of which forms the stratum pyramidale of the hippocampus proper. They are 

oriented in such a way that their base faces the alveus. The basal dendrites of these cells 

comprise the stratum oriens, which is the layer of the hippocampus between the alveus and 

stratum pyramidale. Apical dendrites extend from the opposite pole of the pyramidal cells, 

forming the layers known as stratum radiatum, and the more distal stratum lacunosum-

moleculare. 

The basic circuit of the hippocampus originates in the entorhinal cortex, giving rise 

to the excitatory perforant pathway, which synapses onto the granule cells of the dentate 

gyrus. These cells give rise to mossy fibres, which ascend to the stratum radiatum of CAS, 

where they form en passant synapses with pyramidal cell dendrites. The pyramidal cells of 

CA3 give rise to the Schaffer collateral pathway, which provides the excitatory input to 

the pyramidal cells of CAl. In all these synapses, the excitatory amino acid glutamate is 

used as the neurotransmitter. 

In addition to this excitatory pathway, there are a number of inhibitory 

intemeurones, which are activated in both a feedforward and feedback manner by these 

excitatory neurones. In the stratum oriens may be found a species of intemeurone known 

as the basket cells, which give off axons which form synapses mainly with the soma of the 

pyramidal cells, and to a lesser extent with the proximal dendrites. These cells are capable 

of inhibiting pyramidal cell activity via both feedforward and feedback mechanisms. A 

diagrammatic representation of this circuitry is shown below. Bordering the stratum oriens 

and the alveus can be found another type of intemeurone known as an 0/A intemeurone. 

These are also involved in the feedforward and feedback inhibition of pyramidal cells 

(Knowles and Schwartzkroin 1981). 

These cells, along with other intemeurones such as bistratified cells, which 

synapse preferentially with dendritic shafts and spines (Halsay et al, 1996) provide a 

means of self-regulation of neuronal excitability in the hippocampus via feed forward and 

feed back mechanisms. This inhibitory circuitry is outlined in figure 1.3 below. 
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Figure 1.3: Diagram showing the layers of CAl region of the hippocampus, displaying the localisation of the 
pyramidal cells, inhibitory intemeurones and their connections. Red triangles indicate excitatory synapses, 
and blue bars indicate inhibitory synapses. (From Schwartzkroin et al, 1990). 

1.2.1 Circuitry of the Hippocampus 

T h e m a i n c i r c u i t o f t h e h i p p o c a m p u s i s k n o w n a s t h e t r i - s y n a p t i c c i r c u i t ( A n d e r s e n 

et a l . 1 9 6 6 ) . T h e m a j o r e x c i t a t o r y i n p u t o f t h e d e n t a t e g y r u s a r i s e s i n t h e e n t o r h i n a l c o r t e x 

a n d e n t e r s t h e d e n t a t e g y r u s v i a t h e p e r f o r a n t p a t h w a y , w h e r e t h e y s y n a p s e o n t o g r a n u l e 

c e l l s . T h e s e g r a n u l e c e l l s o f t h e d e n t a t e g y r u s g i v e r i s e t o m o s s y fibres t h a t p r o j e c t t o t h e 

C A 3 r e g i o n o f t h e h i p p o c a m p u s , w h e r e t h e y s y n a p s e o n t o t h e d e n d r i t e s o f t h e p y r a m i d a l 

c e l l s i n t h i s r e g i o n . T h e s e c e l l s i n t u r n g i v e r i s e t o a x o n s , w h i c h f o r m a s s o c i a t i o n a l 

c o n n e c t i o n s w i t h i n C A S . I n a d d i t i o n t o t h e s e p r o j e c t i o n s , t h e C A 3 r e g i o n g i v e s r i s e t o 

a x o n c o l l a t e r a l s t h a t f o r m t h e m a j o r i n p u t t o C A l . T h e s e a r e t e r m e d t h e S c h a f f e r 

c o l l a t e r a l s . T h i s o b v i o u s l y i s a g r o s s o v e r s i m p l i f i c a t i o n o f t h e a c t u a l s i t u a t i o n . F o r 

i n s t a n c e , t h e t r i - s y n a p t i c p a t h ( f i g u r e 1 . 4 ) i s n o t a n o p e n e n d e d c i r c u i t , b u t i n s t e a d t h e r e i s 

a p r o j e c t i o n o f a x o n s f r o m C A l t o t h e s u b i c u l u m a n d a l s o , t o a l e s s e r e x t e n t t o t h e 

e n t o r h i n a l c o r t e x , t h u s c l o s i n g t h e c i r c u i t . ( K o h l e r 1 9 8 6 ) . 
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Dentate pf 
Gyrus 

Figure 1.4 The tri-synaptic pathway. The diagram shows a cross section of the hippocampus, with 
pyramidal cells in the CAl, CAS and the cells of the dentate gyrus: pf= perforant pathway; sc= Schaffer 
collateral pathway; int= intemeurone. 

I n a d d i t i o n t o t h i s , t h e v a r i o u s r e g i o n s o f t h e h i p p o c a m p u s r e c e i v e d i f f e r e n t i a l l y 

w e i g h t e d i n p u t s f r o m t h e p r e c e d i n g a r e a s w i t h i n t h e c i r c u i t ( f i g u r e 1 . 5 ) . T h i s m e a n s t h a t 

w h i l e t h e e n t o r h i n a l c o r t e x p r o v i d e s a h e a v y c o n n e c t i o n t o t h e C A S r e g i o n o f t h e 

h i p p o c a m p u s i t a l s o p r o v i d e s , t o a l e s s e r e x t e n t , a d i r e c t p r o j e c t i o n t o C A l . S i m i l a r l y , i n 

a d d i t i o n t o i t s m a j o r p r o j e c t i o n t o C A l , t h e C A S r e g i o n p r o v i d e s a l e s s e r p r o j e c t i o n t o t h e 

s u b i c u l u m , a n d s o o n a r o u n d t h e c i r c u i t ( S w a n s o n e t a / . , 1 9 8 1 ) . 
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Figure 1.5 A diagrammatic representation of the differentially weighted projections found within the 
hippocampus. EC entorhinal cortex; DG dentate gyrus; SUB subiculum; SI sensory inputs. (Taken from 
Deadwyler e/a/., 1988). 

I n t h e n e x t s e c t i o n , t h e k n o w n d i s t r i b u t i o n o f t h e v a r i o u s K A r e c e p t o r s u b u n i t s 

w i t h i n t h e h i p p o c a m p u s w i l l b e d i s c u s s e d . 

1.3 Localisation of kainate receptors 

K a i n a t e r e c e p t o r s a r e k n o w n t o b e p r e s e n t t h r o u g h o u t t h e b o t h t h e c e n t r a l a n d 

p e r i p h e r a l n e r v o u s s y s t e m s . W i t h i n t h e h i p p o c a m p a l f o r m a t i o n , t h e s u b u n i t d i s t r i b u t i o n o f 

d e f i n e d a r e a s h a s b e e n s h o w n u s i n g in situ h y b r i d i s a t i o n a n d i m m u n o h i s t o c h e m i s t r y . 

M e s s e n g e r R N A ( m R N A ) f o r t h e K A - 1 a n d K A - 2 s u b u n i t s a r e b y f a r t h e m o s t a b u n d a n t 

o f t h e K A r e c e p t o r t r a n s c r i p t s f o u n d w i t h i n t h e h i p p o c a m p u s ( W i s d e n a n d S e e b u r g 1 9 9 3 ) , 

h i g h l e v e l s o f K A - 1 m R N A b e i n g f o u n d i n b o t h t h e d e n t a t e g y r u s a n d C A S ( W e r n e r et al 

1 9 9 1 ) , a n d K A - 2 f o u n d a b u n d a n t l y t h r o u g h o u t t h e C A l , C A 3 a n d d e n t a t e . I n t e r e s t i n g l y , 

d e s p i t e t h e c u r r e n t e v i d e n c e f o r t h e r o l e o f G l u R 5 c o n t a i n i n g r e c e p t o r s i n t h e m o d u l a t i o n 

o f s y n a p t i c a c t i v i t y i n b o t h t h e S c h a f f e r c o l l a t e r a l p a t h w a y a n d a t t h e m o s s y fibre-CA3 

s y n a p s e ( V i g n e s et al 1 9 9 8 ) a n d m e d i a t i n g s o m a t o - d e n d r i t i c a c t i v a t i o n o f C A l 

i n t e m e u r o n e s ( C o s s a r t et al 1 9 9 8 ) , m R N A f o r G l u R 5 w a s b a r e l y d e t e c t a b l e i n t h e C A l 

r e g i o n a n d n o t d e t e c t e d i n C A S o r t h e d e n t a t e g y r u s ( W i s d e n a n d S e e b u r g 1 9 9 3 ) . 

15 



T r a n s c r i p t s f o r t h e G l u R 6 s u b u n i t w e r e d e t e c t a b l e i n t h e C A 3 a n d C A l a n d w e r e 

m o d e r a t e l y a b u n d a n t i n t h e d e n t a t e g y r u s . A s i m i l a r p a t t e r n w a s o b s e r v e d f o r G l u R 7 

m R N A . 

U s i n g m o n o c l o n a l a n t i b o d i e s r a i s e d t o t h e K A - 2 s u b u n i t a n d a n a n t i b o d y t h a t 

r e c o g n i s e d b o t h G l u R 6 a n d t o s o m e e x t e n t G l u R 7 s u b u n i t s , P e t r a l i a et al ( 1 9 9 4 ) w e r e a b l e 

e x t e n d t h i s i n f o r m a t i o n t o e l u c i d a t e t h e u l t r a s t r u c t u r a l d i s t r i b u t i o n o f t h e s e K A r e c e p t o r 

s u b u n i t s . T h e y f o u n d t h a t t h e K A - 2 s u b u n i t s t a i n e d t h e C A S p y r a m i d a l c e l l p o p u l a t i o n 

m o r e d e n s e l y t h a n t h o s e o f C A l . T h e n e u r o p i l o f t h e C A 3 stratum lucidum w a s a l s o 

d e n s e l y s t a i n e d w i t h t h i s a n t i b o d y . I n t h e d e n t a t e g y r u s , t h e s t a i n i n g f o r K A - 2 w a s m o s t 

d e n s e i n t h e i n n e r o n e t h i r d o f t h e m o l e c u l a r l a y e r a n d i n h i l a r n e u r o n e s . T h e y a l s o f o u n d a 

m o d e r a t e s t a i n i n g p a t t e r n i n n o n - p y r a m i d a l c e l l s o f t h e stratum oriens t h r o u g h o u t C A 3 -

C A l . 

S t a i n i n g w i t h t h e G l u R 6 / 7 a n t i b o d y w a s o b s e r v e d t o o c c u r a g a i n i n t h e stratum 

lucidum, w i t h C A S p y r a m i d a l c e l l s s t a i n i n g m o r e d e n s e l y t h a n t h o s e i n C A l , w h i c h 

c o r r e l a t e s w e l l w i t h t h e f i n d i n g s o f E g e b j e r g et al. ( 1 9 9 1 ) f o r t h e l e v e l s o f e x p r e s s i o n o f 

m R N A f o r G l u R 6 i n t h e h i p p o c a m p u s . S t a i n i n g i n t h e s e c e l l s w a s f o u n d t o b e l o c a t e d o n 

s m a l l d e n d r i t i c s p i n e s . S i m i l a r l y t o t h e p a t t e r n s e e n f o r K A - 2 , t h e i n n e r o n e t h i r d o f t h e 

m o l e c u l a r l a y e r e x h i b i t e d t h e h i g h e s t d e g r e e o f s t a i n i n g f o r G l u R 6 / 7 i n t h e d e n t a t e . T h e 

e x p r e s s i o n o f G l u R 6 / 7 a p p e a r e d t o b e m o r e d e n s e i n h i l a r n e u r o n e s t h a n K A - 2 . 

D o u b l e in situ h y b r i d i s a t i o n s t u d i e s c a r r i e d o u t b y P a t e m a i n et al ( 2 0 0 0 ) h a v e 

s h o w n a c o l o c a l i s a t i o n o f m R N A t r a n s c r i p t s f o r b o t h G l u R 5 a n d G l u R 6 i n c e l l s i n b o t h 

C A l a n d C A S w h i c h e x p r e s s m R N A f o r t h e G A B A s y n t h e s i s i n g e n z y m e g l u t a m i c a c i d 

d e c a r b o x y l a s e ( G A D ) . 

1.4 Physiological actions of KA receptors in the hippocampus 

1.4.1 Postsynaptic actions of KA receptor activation 

U s i n g v a r i o u s p h a r m a c o l o g i c a l t o o l s t o d i s s e c t o u t t h e e f f e c t s o f K A r e c e p t o r 

a c t i v a t i o n h a s s h o w n t h e m t o e x e r t t w o m a i n e f f e c t s w i t h i n t h e h i p p o c a m p u s 

c o r r e s p o n d i n g t o e i t h e r a p r e s y n a p t i c o r p o s t s y n a p t i c l o c u s o f a c t i o n . P o s t s y n a p t i c a l l y , K A 

r e c e p t o r s h a v e b e e n s h o w n t o c o n t r i b u t e t o t h e E P S C e v o k e d b y g l u t a m a t e r e l e a s e f r o m 

m o s s y f i b r e s y n a p s e s o n t o C A S p y r a m i d a l c e l l s ( V i g n e s a n d C o l l i n g r i d g e 1 9 9 7 N a t u r e ) . I n 

a d d i t i o n t o t h i s , K A h a s a l s o b e e n s h o w n t o e v o k e a n E P S P i n i n t e m e u r o n e s w i t h i n t h e 
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C A l r e g i o n ( F r e r k i n g e t a l , 1 9 9 8 ; C o s s a r t et a l . , 1 9 9 8 ) , l e a d i n g t o a n i n c r e a s e i n 

i n t e m e i x r o n a l s p i k i n g v i a a c t i v a t i o n o f K A r e c e p t o r s . C u r i o u s l y , a l t h o u g h f u n c t i o n a l K A 

r e c e p t o r s h a v e b e e n d e m o n s t r a t e d o n C A l p y r a m i d a l c e l l s ( B u r e a u et a l , 1 9 9 9 ) , t h e r e 

w o u l d a p p e a r t o b e n o r e s o l v a b l e K A r e c e p t o r m e d i a t e d E P S C i n t h e s e c e l l s . 

C o m p a r e d t o t h e A M P A r e c e p t o r m e d i a t e d E P S C , t h e K A r e c e p t o r m e d i a t e d 

c u r r e n t i s m u c h s m a l l e r i n p e a k a m p l i t u d e a n d e x h i b i t s s l o w e r d e c a y k i n e t i c s . T h i s l a s t 

p r o p e r t y h a s l e d t o t h e p o s t u l a t i o n o f a n e x t r a s y n a p t i c l o c a t i o n f o r K A r e c e p t o r s a t t h e 

m o s s y f i b r e - C A 3 s y n a p s e . C r e d e n c e w a s l e n t t o t h i s i d e a b y t h e f a c t t h a t r e p e t i t i v e 

s t i m u l a t i o n o f t h e m o s s y f i b r e p a t h w a y f a c i l i t a t e d t h e K A m e d i a t e d E P S C ( C a s t i l l o et a l . , 

1 9 9 7 ) . H o w e v e r , s i n c e b l o c k i n g u p t a k e o f g l u t a m a t e d o e s n o t a p p e a r t o e n h a n c e t h e K A 

m e d i a t e d E P S C ( C a s t i l l o e t a l 1 9 9 7 ; V i g n e s et al. 1 9 9 7 ) i t i s u n l i k e l y t h a t K A r e c e p t o r s 

a r e l o c a t e d e x t r a s y n a p t i c a l l y o n C A S p y r a m i d a l c e l l s . I t i s m o r e l i k e l y t h a t r e p e t i t i v e 

m o s s y f i b r e s t i m u l a t i o n c a u s e s a u s e d e p e n d e n t f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e from t h e 

m o s s y f i b r e t e r m i n a l s , t h u s e n h a n c i n g t h e K A m e d i a t e d E P S C . 

F u r t h e r e v i d e n c e a g a i n s t t h e e x t r a s y n a p t i c l o c a t i o n o f K A r e c e p t o r s c o m e s from 

s t u d i e s p e r f o r m e d i n t h e t h a l a m o c o r t i c a l s l i c e p r e p a r a t i o n ( K i d d a n d I s a a c 2 0 0 1 ) . T a k i n g 

a d v a n t a g e o f t h e l a r g e s i z e o f t h e K A c o m p o n e n t o f t r a n s m i s s i o n a t t h a l a m o c o r t i c a l 

s y n a p s e s i n d e v e l o p i n g a n i m a l s ( p o s t n a t a l d a y s 3 - 9 ) t h e y w e r e a b l e t o s h o w t h a t n e i t h e r 

i n c r e a s i n g t h e a m o u n t o f e x t r a s y n a p t i c g l u t a m a t e b y h i g h frequency s t i m u l a t i o n o r 

b l o c k a d e o f g l u t a m a t e t r a n s p o r t n o r i n c r e a s i n g t h e r a t e o f g l u t a m a t e c l e a r a n c e from t h e 

s y n a p s e b y i n c r e a s i n g t h e e x p e r i m e n t a l t e m p e r a t u r e h a d a n e f f e c t o n e i t h e r t h e s i z e o r 

k i n e t i c s o f t h e K A r e c e p t o r m e d i a t e d c o m p o n e n t a t t h e s e s y n a p s e s . S i n c e t h e s e 

m a n i p u l a t i o n s w e r e w i t h o u t e f f e c t , t h e y c o n c l u d e d t h a t K A r e c e p t o r s a t t h a l a m o c o r t i c a l 

s y n a p s e s w e r e l i k e l y t o b e l o c a t e d w i t h i n t h e s y n a p s e c l o s e t o t h e s i t e o f g l u t a m a t e r e l e a s e 

a n d d i d n o t s e n s e g l u t a m a t e d i f f u s i n g from d i s t a n t r e l e a s e s i t e s ( K i d d a n d I s a a c 2 0 0 1 ) . 

A t p r e s e n t t h e r e a r e t w o p r i n c i p a l h y p o t h e s e s t o e x p l a i n t h e s l o w d e c a y k i n e t i c s o f 

K A r e c e p t o r s . F i r s t l y i t m a y s i m p l y b e t h a t h e t e r o m e r i c c h a n n e l s f u n c t i o n d i f f e r e n t l y t o 

t h e m o r e e x t e n s i v e l y s t u d i e d h o m o m e r i c c h a n n e l s , w h i c h e x h i b i t f a s t d e c a y k i n e t i c s . 

A l t e r n a t i v e l y i t i s p o s s i b l e t h a t t h i s f e a t u r e m a y b e d u e t o t h e r e c e p t o r s b e i n g c l u s t e r e d b y 

S A P 9 0 , a m e m b e r o f t h e P S D - 9 5 ( p o s t s y n a p t i c d e n s i t y 9 5 ) f a m i l y o f p r o t e i n s . G a r c i a et 

al. ( 1 9 9 8 ) h a v e s h o w n t h a t S A P 9 0 b i n d s b o t h G l u R 6 a n d K A 2 , c a u s i n g t h e r e c e p t o r s t o 

c l u s t e r . T h i s l e a d s t o a r e d u c t i o n i n s t e a d y s t a t e d e s e n s i t i s a t i o n a l t h o u g h t h e m e c h a n i s m 

f o r t h i s n e g a t i v e r e g u l a t i o n h a s n o t b e e n e l u c i d a t e d . H o w e v e r , i t w o u l d a p p e a r t h a t a 

h e t e r o m e r i c a s s e m b l y o f G l u R 6 / K A - 2 a n d S A P 9 0 i s m o r e s e n s i t i v e t o t h i s n e g a t i v e 
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r e g u l a t i o n o f d e s e n s i t i s a t i o n t h a n a h o m o m e r i c G l u R 6 / S A P 9 0 i n t e r a c t i o n a l o n e ( G a r c i a et 

al 1 9 9 8 ) . K a i n a t e r e c e p t o r s h a v e a l s o b e e n r e p o r t e d t o b e i m p o r t a n t f o r t h e i n d u c t i o n o f 

m o s s y f i b r e L T P ( B o r l o t t o et al., 1 9 9 9 ) , a l t h o u g h i t i s s t i l l u n c l e a r w h e t h e r t h e i r r o l e i s 

o b l i g a t o r y o r o n e o f m o d u l a t i o n . 

M o r e r e c e n t l y , M e l y a n et a l . ( 2 0 0 2 ) h a v e d e m o n s t r a t e d a m e t a b o t r o p i c a l l y c o u p l e d 

K A r e c e p t o r m e d i a t e d r e g u l a t i o n o f t h e s l o w a f t e r h y p e r p o l a r i s a t i o n (ISAHP) c u r r e n t f o u n d 

i n C A l p y r a m i d a l c e l l s o f 1 5 - 1 9 d a y o l d r a t s . T h e Ijahp c u r r e n t o c c u r s a s a r e s u l t o f s h o r t 

b u r s t s o f a c t i v i t y w i t h i n t h e p y r a m i d a l c e l l a n d i s m e d i a t e d b y a C a ^ ^ d e p e n d e n t K ^ c u r r e n t 

( L a n c a s t e r a n d A d a m s 1 9 8 6 ) . P r e s u m a b l y t h e r e f o r e i t ' s a c t i v a t i o n f u n c t i o n s t o l i m i t t h e 

e x c i t a b i l i t y o f t h e p y r a m i d a l c e l l p o p u l a t i o n . 

M e l y a n et al ( 2 0 0 2 ) f o u n d t h a t a p p l i c a t i o n o f n a n o m o l a r c o n c e n t r a t i o n s o f K A o f 

b e t w e e n 5 a n d 1 5 m i n u t e s i n d u r a t i o n r e s u l t e d i n a l o n g l a s t i n g i n h i b i t i o n o f t h e Isahp 

c u r r e n t b y a p p r o x i m a t e l y 3 5 % . T h i s i n h i b i t i o n p e r s i s t e d f o r u p t o a n h o u r a f t e r t h e 

r e m o v a l o f K A from t h e r e c o r d i n g c h a m b e r . 

T h i s i n h i b i t i o n w a s n o t r e p r o d u c e d b y t h e a p p l i c a t i o n o f t h e G l u R 5 a g o n i s t A T P A , 

b u t w a s b l o c k e d b y b o t h N - e t h y l m a l e i m i d e a n d c a l p h o s t i n C . T h e s e c o m p o u n d s b l o c k t h e 

a c t i o n o f p e r t u s s i s t o x i n s e n s i t i v e G p r o t e i n s a n d p r o t e i n k i n a s e C ( P K C ) r e s p e c t i v e l y . I n 

a d d i t i o n , t h e a p p l i c a t i o n o f 2 0 0 n M K A w a s d e m o n s t r a t e d t o i n c r e a s e C A l p y r a m i d a l c e l l 

e x c i t a b i l i t y a s m e a s u r e d b y t h e s p i k e frequency. 

T h i s s u g g e s t s t h a t a G l u R 6 c o n t a i n i n g K A r e c e p t o r i s p r e s e n t o n r a t C A l 

p y r a m i d a l c e l l s w h i c h i s c a p a b l e o f i n c r e a s i n g t h e e x c i t a b i l i t y o f t h e s e n e u r o n e s v i a 

c o u p l i n g t o a p e r t u s s i s t o x i n s e n s i t i v e G - p r o t e i n w h i c h a c t i v a t e s P K C , l e a d i n g t o a n 

i n h i b i t i o n o f t h e Isahp c u r r e n t . 

1.4.2 KA receptors and glutamate release 

I n a d d i t i o n t o t h e s e p o s t s y n a p t i c a c t i o n s o f K A r e c e p t o r s , t h e r e i s a g r o w i n g b o d y 

o f e v i d e n c e t o s u p p o r t a p r e s y n a p t i c l o c a t i o n f o r K A r e c e p t o r s . P r e s y n a p t i c a c t i v a t i o n o f 

K A r e c e p t o r s a p p e a r s t o e x e r t a d o w n r e g u l a t o r y e f f e c t o n g l u t a m a t e r e l e a s e from m o s s y 

f i b r e a n d S c h a f f e r c o l l a t e r a l t e r m i n a l s ( K a m i y a a n d O z a w a 2 0 0 0 , 1 9 9 8 ) a n d a l s o o n t h e 

r e l e a s e o f G A B A from i n t e m e u r o n a l t e r m i n a l s ( F i s h e r a n d A l g e r , 1 9 8 6 ; F r e r k i n g et a l . , 

1998). 

K a m i y a a n d O z a w a ( 1 9 9 8 , 2 0 0 0 ) h a v e s h o w n t h a t t h e r e d u c t i o n o f g l u t a m a t e 

r e l e a s e from S c h a f f e r c o l l a t e r a l t e r m i n a l s a n d m o r e r e c e n t l y from m o s s y f i b r e t e r m i n a l s i s 

d u e t o a r e d u c e d C a ^ ^ i n f l u x i n t o t h e t e r m i n a l . I n t h e c a s e o f t h e m o s s y f i b r e p a t h w a y i t 
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w o u l d s e e m t h a t t h i s i s a t l e a s t i n p a r t d u e t o a n i n c r e a s e i n m o s s y fibre e x c i t a b i l i t y , w h i c h 

b l o c k s a c t i o n p o t e n t i a l c o n d u c t i o n a n d t h u s C a ^ ^ i n f l u x . A s i m i l a r e f f e c t h a s b e e n s e e n i n 

p r i m a r y a f f e r e n t C - f i b r e s ( A g r a w a l & E v a n s 1 9 8 6 ) . S i n c e t h e r e w a s n o c h a n g e i n t h e s i z e 

o f t h e a f f e r e n t v o l l e y r e c o r d e d f r o m t h e S c h a f f e r c o l l a t e r a l s t h i s d i d n o t a p p e a r t o b e t h e 

m e c h a n i s m f o r t h e d o w n r e g u l a t i o n o f t r a n s m i t t e r r e l e a s e i n C A l . T h i s i s n o t t o s a y t h a t 

t h e r e a r e n o " l o c a l i s e d " d e p o l a r i s i n g e f f e c t s o f K A p r e s y n a p t i c a l l y o n S c h a f f e r c o l l a t e r a l 

t e r m i n a l s . I f p r e s y n a p t i c K A r e c e p t o r s w e r e l o c a t e d i n t h e v i c i n i t y o f t h e p r e s y n a p t i c 

t e r m i n a l s t h i s w o u l d b e e n t i r e l y p o s s i b l e w i t h o u t n e c e s s a r i l y a l t e r i n g t h e a f f e r e n t f i b r e 

v o l l e y . 

I t i s a l s o p o s s i b l e t h a t K A i n d u c e d d e p o l a r i s a t i o n o f t h e t e r m i n a l c a u s e s C a ^ ^ t o 

a c c u m u l a t e , t h u s l e a d i n g t o i n a c t i v a t i o n o f t h e p r e s y n a p t i c C a ^ " ^ c h a n n e l s . T h i s w o u l d a l s o 

l e a d t o a r e d u c t i o n i n t r a n s m i t t e r r e l e a s e . H o w e v e r , r e s t i n g l e v e l s o f r h o d - 2 f l u o r e s c e n c e 

d i d n o t i n c r e a s e i n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s d u r i n g l ^ x M K A a p p l i c a t i o n , s o t h i s 

w o u l d n o t a p p e a r t o b e t h e c a s e ( K a m i y a & O z a w a 1 9 9 8 ) . T h u s i t w o u l d a p p e a r t h a t m o r e 

w o r k i s n e c e s s a r y i n o r d e r t o e l u c i d a t e t h e e x a c t m e c h a n i s m o f t h i s K A - i n d u c e d r e d u c t i o n 

i n e x c i t a t o r y t r a n s m i s s i o n . 

M o r e r e c e n t l y , t h e i n h i b i t o r y n a t u r e o f t h e K A r e c e p t o r l o c a t e d o n m o s s y fibres h a s 

b e e n c a l l e d i n t o q u e s t i o n i n a s t u d y b y L a u r i et al ( 2 0 0 1 a ) . U s i n g h i g h f r e q u e n c y 

s t i m u l a t i o n ( 2 5 - l O O H z ) o f t h e m o s s y fibre p a t h w a y i n o r d e r t o o b s e r v e t h e e f f e c t s o f 

s y n a p t i c a l l y r e l e a s e d g l u t a m a t e a t t h i s r e c e p t o r , t h e y w e r e a b l e t o s h o w a c o n c e n t r a t i o n 

d e p e n d e n t r e d u c t i o n o f t h e f r e q u e n c y d e p e n d e n t f a c i l i t a t i o n o f m o s s y fibre t r a n s m i s s i o n 

w d t h t h e G l u R 5 a n t a g o n i s t L Y 3 8 2 8 8 4 . T h u s i t m a y b e t h a t u n d e r p h y s i o l o g i c a l c o n d i t i o n s , 

t h e K A a u t o r e c e p t o r l o c a t e d o n t h e m o s s y fibre p a t h w a y a c t s t o f a c i l i t a t e t h e r e l e a s e o f 

g l u t a m a t e o n t o C A S p y r a m i d a l c e l l s i n a f r e q u e n c y d e p e n d a n t m a n n e r . F u r t h e r m o r e , t h i s 

a u t o r e c e p t o r h a s b e e n d e m o n s t r a t e d t o p l a y a r o l e i n t h e i n d u c t i o n o f N M D A i n d e p e n d e n t 

L T P a t t h e m o s s y fibre s y n a p s e ( L a u r i et al 2 0 0 1 b ) . 

1.4.3 KA receptors and GAB A release 

I t h a s b e e n k n o w n f o r a n u m b e r o f y e a r s t h a t K A i s a b l e t o d e p r e s s e v o k e d 

G A B A e r g i c t r a n s m i s s i o n ( F i s h e r & A l g e r 1 9 8 4 ) . M o r e r e c e n t l y t h i s r e s p o n s e h a s b e e n 

s h o w n t o b e m e d i a t e d b y K A r e c e p t o r s a n d i s c a p a b l e o f b e i n g e v o k e d b o t h b y t h e 

a p p l i c a t i o n o f e x o g e n o u s l i g a n d s ( F r e r k i n g et al. 1 9 9 8 , C o s s a r t et al. 1 9 9 8 ) a s w e l l a s 

e n d o g e n o u s g l u t a m a t e ( M i n M - Y et a l , 1 9 9 9 ) . H o w e v e r , t h e m e c h a n i s m f o r t h i s r e s p o n s e 

i s o n c e a g a i n a m a t t e r o f c o n t r o v e r s y . I t i s k n o w n t h a t K A i n c r e a s e s t h e f r e q u e n c y o f 
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s t i m u l u s e v o k e d s y n a p t i c f a i l u r e s a t G A B A e r g i c t e r m i n a l s ( R o d r i g u e z - M o r e n o e t a l , 

1 9 9 7 ) . I n a d d i t i o n t o t h i s L e r m a ' s g r o u p a l s o o b s e r v e d a r e d u c t i o n i n m i n i a t u r e I P S C ' s 

d u r i n g t h e a p p l i c a t i o n o f K A i n t h e p r e s e n c e o f t e t r o d o t o x i n ( T T X ) ( R o d r i g u e z - M o r e n o et 

al. 1 9 9 7 , R o d r i g u e z - M o r e n o & L e r m a 1 9 9 8 ) . T h e s e t w o f a c t o r s b o t h i n d i c a t e a 

p r e s y n a p t i c l o c u s f o r t h e m o d e o f a c t i o n o f K A . 

R o d r i g u e z - M o r e n o & L e r m a ( 1 9 9 8 ) t h e n w e n t o n t o s h o w t h a t t h e K A e v o k e d 

r e d u c t i o n i n G A B A e r g i c t r a n s m i s s i o n c o u l d b e p r e v e n t e d b y t h e a p p l i c a t i o n o f p e r t u s s i s 

t o x i n ( a b l o c k e r o f t h e G - p r o t e i n s G j a n d G o ) a n d i n h i b i t o r s o f p r o t e i n k i n a s e C ( P K C ) . A s 

K A h a s n o t b e e n d e m o n s t r a t e d t o b e a n a g o n i s t a t m e t a b o t r o p i c g l u t a m a t e r e c e p t o r s , t h i s 

r e s u l t m a y w e l l l e n d c r e d e n c e t o t h e i d e a t h a t s o m e K A r e c e p t o r s m a y a c t via a G - p r o t e i n 

( C u n h a e / a / . 1 9 9 9 ) . 

T h u s o n e m o d e l ( f i g u r e 1 . 6 ) t o e x p l a i n t h e d o w n r e g u l a t i o n o f G A B A r e l e a s e b y 

K A r e c e p t o r a c t i v a t i o n p o s t u l a t e s a s i g n a l l i n g c a s c a d e b e g i n n i n g w i t h t h e a c t i v a t i o n o f a 

G - p r o t e i n l i n k e d p r e s y n a p t i c K A r e c e p t o r w h i c h a c t i v a t e s p h o s p h o l i p a s e C ( P L C ) w h i c h 

l e a d s t o P K C a c t i v a t i o n v i a d i a c y l g l y c e r o l ( D A G ) . P K C , v i a a s y e t u n k n o w n 

i n t e r m e d i a r i e s d o w n r e g u l a t e s G A B A r e l e a s e p r o b a b l y b y m o d u l a t i n g p r e s y n a p t i c C a ^ ^ 

c h a n n e l a c t i v i t y . 
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Figure 1.6 One of the two contending hypotheses as to how KA receptor activation results in the 
downregulation of GABA release from interneuronal terminals (Rodriguez-Moreno and Lerma 1998, Cunha 
et al 1999). Activation of G-protein coupled KA receptors located presynaptically on interneuronal terminals 
results in the activation of PLC. This in turn leads to the formation of DAG (as well as IP3). The formation of 
DAG leads to activation of PKC, resulting in a reduction in GABA release by an as yet unknown mechanism. 
(Adapted from Frerking and Nicholl 2000) 

T h e c o n t e n d i n g h y p o t h e s i s ( f i g u r e 1 . 7 ) t o e x p l a i n t h i s p h e n o m e n o n t a k e s i n t o 

c o n s i d e r a t i o n t h e f a c t t h a t p o s t s y n a p t i c K A r e c e p t o r a c t i v a t i o n o n i n t e m e u r o n e s i n c r e a s e s 

t h e i r a c t i v i t y . T h i s i n c r e a s e d i n t e m e u r o n a l s p i k i n g m a y e l e v a t e t h e c o n c e n t r a t i o n o f 

GABA d i f f u s i n g from t h e s y n a p s e s u f f i c i e n t l y t o b r i n g a b o u t t h e a c t i v a t i o n o f GABAB 

r e c e p t o r s , w h i c h i n t u r n m a y m o d u l a t e p r e s y n a p t i c i n f l u x . R e d u c e d i n f l u x t h e n 

r e s u l t s i n a r e d u c t i o n o f GABA r e l e a s e f r o m t h e t e r m i n a l . I n s u p p o r t o f t h i s h y p o t h e s i s , 

F r e r k i n g et al. (1999) f o u n d t h a t a n t a g o n i s i n g GABAB r e c e p t o r s r e d u c e d t h e i n h i b i t i o n o f 

GABA r e l e a s e b y a p p r o x i m a t e l y 5 0 % . 
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Figure 1.7 Alternative hypothesis as to how GABA release is reduced following KA receptor activation 
in intemeurones (Frerking et al. 1998). Increased activation of intemeurones via somato-dendritic KA 
receptor activation leads to an increase in GABA release from the terminal. Spillover of GABA from the 
synaptic cleft activates pre-synaptic GABAg receptors leading to a reduction in further GABA release. 

F r o m t h e p r e c e d i n g s e c t i o n s c a n s e e t h a t K A r e c e p t o r s m a y p l a y a m o d u l a t o r y r o l e 

i n b o t h e x c i t a t o r y a n d i n h i b i t o r y t r a n s m i s s i o n i n t h e h i p p o c a m p u s , a s w e l l a s c o n t r i b u t i n g 

t o t h e p o s t s y n a p t i c d e p o l a r i s i n g r e s p o n s e t o g l u t a m a t e r e l e a s e i n C A 3 a n d i n G A B A e r g i c 

i n t e m e u r o n e s . 

I t w o u l d a p p e a r f r o m r e c e n t e v i d e n c e ( C o s s a r t et al 2 0 0 1 , M u l l e et al 2 0 0 1 ) t h a t , i n 

a d d i t i o n t o r e d u c i n g t h e r e l e a s e o f G A B A a t i n h i b i t o r y s y n a p s e s w i t h p y r a m i d a l c e l l s , K A 

r e c e p t o r a c t i v a t i o n o n t h e p r e s y n a p t i c t e r m i n a l s o f i n t e m e u r o n e s s y n a p s i n g w i t h o t h e r 
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i n t e m e u r o n e s i s c a p a b l e o f f a c i l i t a t i n g GABA r e l e a s e . T h i s m a y s u g g e s t f u r t h e r e v i d e n c e 

s u p p o r t i n g t h e GABAB m o d e l f o r KA r e c e p t o r m o d u l a t i o n o f GABA r e l e a s e ( f i g u r e 1 . 9 ) . 

C o s s a r t et al ( 2 0 0 1 ) f o u n d t h a t t h e f r e q u e n c y o f m i n i a t u r e I P S C s ( m l P S C ) 

r e c o r d e d f r o m i n t e m e u r o n e s i n c r e a s e d i n t h e p r e s e n c e o f 2 5 0 n M K A . T h e f a i l u r e r a t e o f 

e v o k e d I P S C s ( e l P S C ) d e c r e a s e d a t t h e s a m e c o n c e n t r a t i o n o f K A . B a t h a p p l i c a t i o n o f t h e 

G l u R 5 a g o n i s t A T P A d i d n o t r e s u l t i n a s i m i l a r r e d u c t i o n i n t h e n u m b e r o f f a i l u r e s , n o r 

d i d A M P A o r N M D A s h o w a n y s i g n i f i c a n t e f f e c t . A s i m i l a r r e s p o n s e c o u l d b e e l i c i t e d b y 

d e l i v e r i n g t r a i n s o f s t i m u l i t o t h e S c h a f f e r c o l l a t e r a l p a t h w a y , i m p l y i n g t h a t s y n a p t i c a l l y 

r e l e a s e d g l u t a m a t e w a s c a p a b l e o f i n c r e a s i n g t h e i n h i b i t i o n o f t h e i n t e m e u r o n a l p o p u l a t i o n 

i n C A l . F u r t h e r m o r e , s i n c e t h e P K A / P K C i n h i b i t o r s t a u r o s p o r i n e d i d n o t b l o c k t h e 

i n c r e a s e i n m l P S C j & e q u e n c y i n t h e p r e s e n c e o f K A , a n d P K C h a s b e e n i m p l i c a t e d i n t h e 

s i g n a l l i n g p a t h w a y o f G - p r o t e i n c o u p l e d K A r e c e p t o r s ( R o d r i g u e z - M o r e n o & L e r m a 

1 9 9 8 , M e l y a n 2 0 0 2 ) , t h e y c o n c l u d e d t h a t t h i s e f f e c t w a s l i k e l y t o b e m e d i a t e d b y 

i o n o t r o p i c r a t h e r t h a n G - p r o t e i n c o u p l e d K A r e c e p t o r s . 

A s i m i l a r f a c i l i t a t i o n o f G A B A r e l e a s e o n t o stratum radiatum i n t e m e u r o n e s w a s 

o b s e r v e d i n b o t h w i l d t y p e a n d G l u R S " ' " m i c e b y M u l l e et al ( 2 0 0 1 ) w h i c h w a s n o t p r e s e n t 

i n G l u R 6 ' " m i c e . T h i s , c o u p l e d w i t h C o s s a r t et al ( 2 0 0 1 ) o b s e r v a t i o n t h a t A T P A d i d n o t 

e l i c i t t h e s a m e r e s p o n s e a s K A w o u l d t e n d t o s u g g e s t t h a t t h i s f a c i l i t a t o r y e f f e c t i s 

m e d i a t e d via a G l u R 6 c o n t a i n i n g r e c e p t o r w i t h o u t t h e i n v o l v e m e n t o f t h e G l u R 5 s u b u n i t . 

I t i s n o t c l e a r h o w e v e r a s t o w h e t h e r t h i s r e c e p t o r i s h o m o m e r i c f o r G l u R 6 o r i s a 

h e t e r o m e r c o n t a i n i n g o n e o f t h e o t h e r K A r e c e p t o r s u b u n i t s . 

I t i s p o s s i b l e h o w e v e r , t h a t t h i s f a c i l i t a t i o n o f G A B A r e l e a s e o n t o i n t e m e u r o n e s 

m a y o c c u r a s a r e s u l t o f K A r e c e p t o r m e d i a t e d i n t e m e u r o n a l a x o n d e p o l a r i s a t i o n t h u s 

l e a d i n g t o d i s i n h i b i t i o n o f t h e n e t w o r k . T h i s h a s r e c e n t l y b e e n d e m o n s t r a t e d t o b e t h e c a s e 

i n t h e g u i n e a p i g h i p p o c a m p u s b y S e m y a n o v a n d K u l l m a n n ( 2 0 0 1 ) . U s i n g w h o l e c e l l 

p a t c h c l a m p r e c o r d i n g s f r o m stratum radiatum i n t e m e u r o n e s u n d e r v o l t a g e c l a m p ( i n t h e 

p r e s e n c e o f a n t a g o n i s t s f o r A M P A , N M D A , G A B A g a n d g r o u p I I I m G l u R s ) t h e y w e r e 

a b l e t o s h o w t h a t l o w c o n c e n t r a t i o n s o f K A ( b e t w e e n 2 5 0 n M a n d l p , M ) r e d u c e d t h e 

t h r e s h o l d f o r a n t i d r o m i c a l l y e v o k e d a c t i o n c u r r e n t s ( A C s ) f o l l o w i n g s t i m u l a t i o n o f t h e 

stratum oriens w i t h a m o n o p o l a r s t i m u l a t i n g e l e c t r o d e . K A a l s o i n c r e a s e d t h e f r e q u e n c y 

o f s p o n t a n e o u s A C s , a p h e n o m e n o n w h i c h w a s i n d e p e n d e n t o f t h e h o l d i n g p o t e n t i a l a t t h e 

s o m a . T h i s f u r t h e r s u g g e s t s a n a x o n a l l o c a t i o n o f t h e r e c e p t o r s r e s p o n s i b l e f o r t h i s 

p h e n o m e n o n . 
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S e m y a n o v a n d K u l l m a n n ( 2 0 0 1 ) a l s o d e m o n s t r a t e d a p h y s i o l o g i c a l r e l e v a n c e f o r 

t h e s e r e c e p t o r s u s i n g a c o n d i t i o n i n g t r a i n o f s t i m u l i ( 5 p u l s e s a t 1 O O H z ) t o t h e S c h a f f e r 

c o l l a t e r a l p a t h w a y i n o r d e r t o r a i s e t h e e x t r a c e l l u l a r c o n c e n t r a t i o n o f g l u t a m a t e . F o l l o w i n g 

t h i s s t i m u l a t i o n p r o t o c o l , s t i m u l a t i o n i n stratum oriens r e s u l t e d i n a n i n c r e a s e i n t h e 

s u c c e s s r a t e f o r t h e e v o c a t i o n o f a n a n t i d r o m i c A C , i n d i c a t i n g t h a t a n i n c r e a s e i n 

e x t r a c e l l u l a r g l u t a m a t e w a s c a p a b l e o f i n c r e a s i n g f i b r e e x c i t a b i l i t y t h u s i n c r e a s i n g t h e 

p r o b a b i l i t y o f s u c c e s s f u l a n t i d r o m i c A G s . 

1.4.4 KA receptors and synaptic plasticity 

K A r e c e p t o r s h a v e b e e n i m p l i c a t e d i n t h e i n d u c t i o n o f m o s s y f i b r e l o n g - t e r m 

p o t e n t i a t i o n ( L T P ) , a f o r m o f L T P w h i c h h a s b e e n s h o v m t o b e i n d e p e n d e n t o f N M D A 

r e c e p t o r a c t i v a t i o n ( N i c o l l a n d M a l e n k a 1 9 9 5 ) . B o r t o l o t t o et al ( 1 9 9 9 ) h a v e s h o w n t h a t t h e 

G l u R 5 s p e c i f i c a n t a g o n i s t L Y 3 8 2 8 8 4 b l o c k s t h e i n d u c t i o n o f m o s s y f i b r e L T P , t h u s 

h i g h l i g h t i n g t h e i m p o r t a n c e o f G l u R 5 c o n t a i n i n g r e c e p t o r s f o r t h e i n d u c t i o n o f t h i s f o r m 

o f L T P . M u l l e et al ( 1 9 9 8 ) a l s o f o u n d t h i s p h e n o m e n o n t o b e a b s e n t i n G l u R 6 ' ^ " m i c e , 

w h i c h t e n d s t o i m p l y t h a t t h e r e c e p t o r i n v o l v e d i n t h i s r e p s o n s e i s a h e t e r o m e r c o n t a i n i n g 

a t l e a s t G l u R 5 a n d G l u R 6 s u b u n i t s . H o w e v e r , C o n t r a c t o r et al ( 2 0 0 1 ) o b s e r v e d n o c h a n g e 

i n t h e i n d u c t i o n o f m o s s y f i b r e L T P i n G l u R 5 k n o c k o u t m i c e , b u t f o u n d a s i g n i f i c a n t 

r e d u c t i o n i n m o s s y f i b r e L T P i n G l u R 6 k n o c k o u t s . T h u s t h e s u b u n i t c o m p o s i t i o n o f t h e 

r e c e p t o r s r e s p o n s i b l e f o r m o s s y f i b r e L T P r e m a i n c o n t r o v e r s i a l . 

I t w o u l d a l s o a p p e a r t h a t e d i t i n g o f t h e Q / R s i t e o f t h e G l u R 6 s u b u n i t i s a n 

i m p o r t a n t f a c t o r i n t h e i n d u c t i o n o f N M D A r e c e p t o r i n d e p e n d e n t L T P a t t h e m e d i a l 

p e r f o r a n t p a t h - d e n t a t e g r a n u l e c e l l s y n a p s e . V i s s e l et al ( 2 0 0 1 ) g e n e r a t e d m u t a n t m i c e 

w h i c h w e r e d e f i c i e n t i n t h e Q / R e d i t i n g s i t e a n d c o m p a r e d t h e m t o w i l d t y p e m i c e . T h i s 

m u t a t i o n r e d u c e d t h e o c c u r r e n c e o f e d i t e d G l u R 6 t r a n s c r i p t s b y a r o u n d 9 5 % , a l l o w i n g 

t h e m t o a s s e s s t h e f u n c t i o n a l i m p o r t a n c e o f e d i t i n g o f G l u R 6 s u b u n i t s i n t h e a d u l t m o u s e . 

A s w o u l d b e e x p e c t e d , r e d u c t i o n i n t h e d e g r e e o f Q / R e d i t i n g o f G l u R 6 s u b u n i t s r e s u l t s i n 

t h e i n c r e a s e d p e r m e a b i l i t y o f G I u R 6 c o n t a i n i n g r e c e p t o r s t o C a ^ ^ . I t w a s f o u n d t h a t i t w a s 

p o s s i b l e t o i n d u c e N M D A i n d e p e n d e n t L T P a t t h i s s y n a p s e o n l y i n t h e m u t a n t m i c e . 

I n a d d i t i o n t o t h e p o s s i b l e p h y s i o l o g i c a l r o l e s d e l i n e a t e d a b o v e , K A h a s b e e n u s e d 

f o r a n u m b e r o f y e a r s a s a p o t e n t n e u r o t o x i n . T h e r e f o r e , t h e n e x t s e c t i o n w i l l e x p a n d o n 

t h e t h e m e o f K A a n d p a t h o l o g y . 
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1.5 KA toxicity 

T h e n e u r o t o x i c e f f e c t s o f K A h a v e b e e n k n o w n f o r a n u m b e r o f y e a r s ( S c h w o b et 

al 1 9 8 0 , H e g g l i et al\9%\, L o t h m a n et al 1 9 8 1 ) , a l t h o u g h t h e e x a c t m e c h a n i s m s b y w h i c h 

K A c a u s e s c e l l d e a t h a r e u n c l e a r . 

A n u m b e r o f m e c h a n i s m s h a v e b e e n i m p l i c a t e d i n t h e n e u r o t o x i c a c t i o n s o f K A . 

F o r e x a m p l e , a c t i v a t i o n o f N M D A r e c e p t o r s i n p o p u l a t i o n s o f c e l l s s u s c e p t i b l e t o 

e x c i t a t i o n b y K A ( B e r g e t al 1 9 9 3 , B a r a n e t al 1 9 9 4 ) i s t h o u g h t t o l e a d t o a n i n c r e a s e i n 

o x y g e n - f r e e r a d i c a l p r o d u c t i o n ( L a f o n - C a z a l et a l 1 9 9 3 ) f o l l o w i n g a n i n c r e a s e d i n f l u x o f 

C a ^ ^ . I n s u p p o r t o f t h i s h y p o t h e s i s , B r u c e a n d B a u d r y ( 1 9 9 5 ) h a v e r e p o r t e d i n c r e a s e d 

l e v e l s o f l i p i d p e r o x i d a t i o n a n d p r o t e i n o x i d a t i o n i n t h e h i p p o c a m p u s o f r a t s a t 8 a n d 1 6 

h o u r s a f t e r t h e i n d u c t i o n o f K A s e i z u r e s . I n a d d i t i o n , t h e y r e p o r t e d t h a t K A a d m i n i s t r a t i o n 

i n c r e a s e d t h e a c t i v i t y o f t w o t r a n s c r i p t i o n f a c t o r s ( a c t i v a t o r p r o t e i n - 1 a n d N F K B ) w h i c h 

h a v e p r e v i o u s l y b e e n r e p o r t e d t o b e m a r k e r s f o r c e l l u l a r s t r e s s ( P i n k u s et al 1 9 9 6 , S c h m i t z 

et al 1 9 9 5 ) . F u r t h e r m o r e , K A t o x i c i t y i s b l o c k e d b y c o m p o u n d s s u c h a s E U K - 1 3 4 , w h i c h 

e x h i b i t s u p e r o x i d e d i s m u t a s e a n d c a t a l a s e a c t i v i t y ( R o n g et al 1 9 9 9 ) . 

P r o d u c t i o n o f o x y g e n - f r e e r a d i c a l s c a n l e a d t o D N A d a m a g e , g i v i n g r i s e t o b a s e 

m i s m a t c h i n g . I n d e e d , h y d r o x y l a n d s u p e r o x i d e f r e e r a d i c a l s a p p e a r t o s e l e c t i v e l y t a r g e t 

g u a n i n e a n d t h y m i d i n e ( B e l l o n i et al 1 9 9 9 ) . I n t r a - a m y g d a l a a d m i n i s t r a t i o n o f K A h a s 

b e e n d e m o n s t r a t e d t o r e s u l t i n D N A f r a g m e n t a t i o n ( H e n s h a l l et a l , 2 0 0 0 ) , a l t h o u g h i t i s 

l i k e l y t h a t t h i s p h e n o m e n o n i s a c o n s e q u e n c e r a t h e r t h a n a c a u s e o f a K A - i n d u c e d c e l l 

d e a t h p r o c e s s . 

D N A fragmentation i s o n e o f t h e f e a t u r e s o f c e l l d e a t h o b s e r v e d d u r i n g a p o p t o s i s , 

a s i s i n d u c t i o n o f t h e p 5 3 t u m o u r s u p p r e s s o r g e n e ( S a k h i et al 1 9 9 7 ) . T h e t r a n s c r i p t i o n a l 

a c t i v i t y o f p 5 3 h a s b e e n s h o w n t o b e u p r e g u l a t e d f o l l o w i n g K A - i n d u c e d e x c i t o t o x i c i t y 

( L i u et al 1 9 9 9 ) . T h i s m a y l e a d t o i n c r e a s e d e x p r e s s i o n o f t h e b a x g e n e , t h e p r o d u c t o f 

w h i c h c a u s e s a r e l e a s e o f c y t o c h r o m e C from t h e m i t o c h o n d r i o n i n t o t h e c y t o p l a s m ( G r o s s 

et al 1 9 9 9 ) . W h e n t h i s b i n d s t o a c o m p l e x o f A p a f - 1 a n d c a s p a s e - 9 , i t c a u s e s a s u b s e q u e n t 

a c t i v a t i o n o f t h e p r o - a p o p t o t i c c a s p a s e - 3 ( L i u et al 2 0 0 1 ) . T h i s c l e a v e s a s p a r t a t e r e s i d u e s 

i n a n u m b e r o f e s s e n t i a l p r o t e i n s , l e a d i n g t o c e l l d e a t h ( L i u et al 2 0 0 1 ) . 

1.6 The KA lesion model of Temporal Lobe Epilepsy 

A p p r o x i m a t e l y 6 0 % o f p e o p l e w i t h p h a r m a c o l o g i c a l l y i n t r a c t a b l e e p i l e p s y s u f f e r 

f r o m t e m p o r a l l o b e c o m p l e x p a r t i a l s e i z u r e s , a c o n d i t i o n t h a t i s v e r y o f t e n a s s o c i a t e d w i t h 
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s e l e c t i v e l e s i o n s o f t h e v a r i o u s s u b - f i e l d s o f t h e h i p p o c a m p u s . T h i s i s a l s o k n o w n a s 

h i p p o c a m p a l s c l e r o s i s . 

T h e r e a r e t h r e e b a s i c s t a n c e s t h a t c a n b e t a k e n i n r e l a t i o n t o t h e i m p o r t a n c e o f 

h i p p o c a m p a l s c l e r o s i s . I t m a y b e t h a t h i p p o c a m p a l s c l e r o s i s i s n o t i n v o l v e d i n t h e 

c a u s a t i o n o f s e i z u r e s , b u t o c c u r s r a t h e r a s a c o n s e q u e n c e o f t h e m . A l t e r n a t i v e l y i t m a y b e 

t h a t t h e l e s i o n o c c u r s p r i o r t o t h e o n s e t o f s e i z u r e s a n d i s t h e d i r e c t c a u s e o f t e m p o r a l l o b e 

e p i l e p s y . T h e t h i r d v i e w t a k e s t h e m i d d l e g r o u n d a n d p o s t u l a t e s t h a t h i p p o c a m p a l 

s c l e r o s i s i s a p r o g r e s s i v e c o n d i t i o n w h i c h d e v e l o p s i n t a n d e m w i t h t e m p o r a l l o b e e p i l e p s y 

a s i n c r e a s i n g n u m b e r s o f s e l e c t i v e l y v u l n e r a b l e n e u r o n e s a r e l o s t ( F r a n k 1 9 9 3 ) . 

I n o r d e r t o i n v e s t i g a t e t h e s p e c i f i c r o l e o f h i p p o c a m p a l s c l e r o s i s i t i s p o s s i b l e t o 

p r o d u c e a n a r t i f i c i a l l e s i o n u s i n g k a i n i c a c i d . T h i s m a y b e a d m i n i s t e r e d e i t h e r i n t r a -

v e n t r i c u l a r l y ( N a d l e r et a l 1 9 7 8 , C o r n i s h a n d W h e a l 1 9 8 9 , B e s t et al 1 9 9 3 ) ) o r i n t r a -

p e r i t o n e a l l y ( F e a n k a n d S c h w a r t z k r o i n 1 9 8 4 ) in vivo o r m a y b e a d d e d t o t h e m e d i u m 

b a t h i n g o r g a n o t y p i c h i p p o c a m p a l c u l t u r e s ( B e s t e t a l 1 9 9 6 ) . 

T h e p a t t e r n s o f d a m a g e a n d p l a s t i c i t y p r o d u c e d b y k a i n i c a c i d a d m i n i s t r a t i o n v a r y 

d e p e n d i n g o n t h e r o u t e o f a d m i n i s t r a t i o n . W h e n a d m i n i s t e r e d s y s t e m i c a l l y , k a i n i c a c i d 

p r o d u c e s v a r i a b l e b i l a t e r a l d a m a g e o f t h e s u b f i e l d s i n t h e h i p p o c a m p u s . T y p i c a l l y t h e r e i s 

c e l l l o s s f r o m C A 3 , b u t t h e r e i s o f t e n l o s s o f p y r a m i d a l n e u r o n e s f r o m C A l . T h i s m a y b e 

t h e r e s u l t o f a d i r e c t e x c i t o t o x i c a c t i o n o f K A o n C A 3 p y r a m i d a l c e l l s , i n t u r n i n d u c i n g 

a c u t e r e c u r r e n t s e i z u r e s t h r o u g h o u t t h e l i m b i c s y s t e m , c a u s i n g d a m a g e i n C A l . 

S i m i l a r t o t h e p a t t e r n o f p a t h o l o g y i n h i p p o c a m p a l s c l e r o s i s , g l u t a m i c a c i d 

d e c a r b o x y l a s e ( G A D ) c o n t a i n i n g i n t e m e u r o n e s a r e n o t a f f e c t e d b y s y s t e m i c K A i n j e c t i o n , 

a l t h o u g h s o m a t o s t a t i n c o n t a i n i n g i n t e m e u r o n e s a r e a l s o n o t a f f e c t e d , w h i c h i s a p o i n t 

w h e r e t h e m o d e l d i v e r g e s f r o m t h e a c t u a l s i t u a t i o n . M o s s y c e l l s o f t h e d e n t a t e g y r u s a r e 

a l s o d a m a g e d , a s c a n b e s e e n b y a d e n s e b a n d o f t e r m i n a l d e g e n e r a t i o n w i t h i n t h e i r m e r 

m o l e c u l a r l a y e r o f t h e d e n t a t e g y r u s ( F r a n k 1 9 9 3 ) . 

A f u r t h e r s i m i l a r i t y t o t e m p o r a l l o b e e p i l e p s y i s t h e g r o w t h o f a r e c u r r e n t m o s s y 

f i b r e p a t h w a y f r o m t h e d e n t a t e g r a n u l e c e l l s t o t h e i n n e r m o l e c u l a r l a y e r . 

I n t r a v e n t r i c u l a r ( I C V ) i n j e c t i o n o f k a i n i c a c i d a g a i n c a u s e s a l o s s o f C A 3 

p y r a m i d a l c e l l s a s w e l l a s a p o p u l a t i o n o f h i l a r n e u r o n e s i n t h e d e n t a t e g y r u s ( N a d l e r et a l 

1 9 7 8 , N a d l e r et al 1 9 8 0 , S h e t t y a n d T u r n e r 1 9 9 9 ) . A g a i n C A l p y r a m i d a l c e l l s a r e s p a r e d , 

h o w e v e r , d u e t o s y n a p t i c r e o r g a n i s a t i o n , t h e p y r a m i d a l c e l l p o p u l a t i o n o f t h e C A l r e g i o n 

b e c o m e s h y p e r e x c i t a b l e . T h i s p h e n o m e n o n i s l i n k e d t o a n i n c r e a s e i n N M D A m e d i a t e d 

e x c i t a t i o n o f C A l p y r a m i d a l c e l l s ( T u r n e r a n d W h e a l 1 9 9 1 ) c o u p l e d w i t h a d e c r e a s e i n 
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i n h i b i t o r y m e c h a n i s m s ( W i l l i a m s et al 1 9 9 3 ) . A d m i n i s t r a t i o n o f K A via t h i s r o u t e a l s o 

a p p e a r s t o c a u s e a p e r m a n e n t r e d u c t i o n i n t h e n u m b e r o f i n t e m e u r o n e s e x p r e s s i n g G A D -

6 7 i n a l l s u b f i i e l d s o f t h e h i p p o c a m p u s a n d d e n t a t e g y r u s ( S h e t t y a n d T u r n e r 2 0 0 1 ) 

a l t h o u g h t h e n u m b e r o f i n t e m e u r o n e s r e v e a l e d u s i n g t h e N i s s l s t a i n c r e s y l v i o l e t d o n o t 

c h a n g e s i g n i f i c a n t l y p o s t - l e s i o n . H o w e v e r , a r e d u c t i o n i n G A D - 6 7 e x p r e s s i o n p r e s u m a b l y 

i m p l i e s a r e d u c t i o n i n t h e e f f e c t i v e n e s s o f G A B A e r g i c t r a n s m i s s i o n w i t h i n t h e 

h i p p o c a m p u s , w h i c h w o u l d b e e x p e c t e d t o c o n t r i b u t e t o t h e h y p e r e x c i t a b l e c o n d i t i o n 

w h i c h o c c u r s . 

1.7 Other receptor types within the hippocampal formation 

S i n c e K A r e c e p t o r s a r e n o t f o u n d i n i s o l a t i o n a t t h e v a r i o u s s y n a p s e s w i t h i n t h e 

h i p p o c a m p u s , t h e f o l l o w i n g s e c t i o n w i l l d e a l w i t h t h o s e t h a t h a v e b e e n i n v e s t i g a t e d w i t h 

r e s p e c t t o t h e a c t i o n s o f K A i n s u b s e q u e n t c h a p t e r s . T h e N M D A a n d m e t a b o t r o p i c 

g l u t a m a t e r e c e p t o r s w i l l b e d e s c r i b e d f i r s t f o l l o w e d b y i n h i b i t o r y G A B A r e c e p t o r s a n d 

f i n a l l y t h e n e u r o m o d u l a t o r y a d e n o s i n e r e c e p t o r s . 

1.7.1 The NMDA receptor 

T h e N M D A r e c e p t o r f a m i l y i s c o m p r i s e d o f a t l e a s t f i v e s u b u n i t s , n a m e l y N R l 

a n d N R 2 A - D ( O z a w a e t al. 1 9 9 8 ) . T h e s e s u b u n i t s v a r y i n l e n g t h f r o m b e t w e e n 9 3 8 - 1 4 8 2 

a m i n o a c i d s . T h e N R l s u b u n i t i s e x p r e s s e d t h r o u g h o u t t h e c e n t r a l n e r v o u s s y s t e m ( C N S ) . 

N R 2 A a n d B a r e f o u n d i n h i g h l e v e l s i n t h e c o r t e x a n d h i p p o c a m p u s i n a d d i t i o n t o o t h e r 

b r a i n r e g i o n s . T h e e x p r e s s i o n o f N R 2 C a n d N R 2 D w i t h i n t h e h i p p o c a m p u s a p p e a r s t o b e 

m a i n l y r e s t r i c t e d t o a s p e c i f i c s u b s e t o f i n t e m e u r o n e s ( M o n y e r et al. 1 9 9 4 ) 

O n e o f t h e k e y f e a t u r e s o f N M D A r e c e p t o r s i s t h a t a t h y p e r p o l a r i s e d m e m b r a n e 

p o t e n t i a l s t h e y e x h i b i t a c h a n n e l b l o c k a d e b y M g ^ ^ i o n s ( M a y e r et a l . 1 9 8 4 , N o w a k et a l . 

1 9 8 4 ) . T h u s a t a m e m b r a n e p o t e n t i a l o f a r o u n d - 8 0 m V t h e i r c u r r e n t f l o w i s n e g l i g i b l e , 

o n l y r e a c h i n g a m a x i m a l l e v e l a t b e t w e e n - 2 0 t o - 3 0 m V . 

I n a d d i t i o n t o a l l o w i n g t h e p a s s a g e o f N a ^ a n d K ^ i o n s , N M D A r e c e p t o r s d i s p l a y a 

h i g h p e r m e a b i l i t y t o i o n s ( M a c D e r m o t t et al 1 9 8 6 , M a y e r a n d W e s t b r o o k 1 9 8 7 ) . T h i s 

p e r m e a b i l i t y t o c a l c i u m a p p e a r s t o b e d u e t o t h e p r e s e n c e o f a n a s p a r a g i n e r e s i d u e i n t h e 

M 2 d o m a i n i n t h e r e g i o n w h i c h c o r r e s p o n d s t o t h e Q / R e d i t i n g s i t e o f A M P A r e c e p t o r s 

( B u m a s h e v et a l 1 9 9 2 ) . T h i s s i t e a l s o a p p e a r s t o h a v e a r o l e i n t h e d e g r e e o f M g ^ ^ b l o c k , 

a l t h o u g h t h e s u b u n i t c o m p o s i t i o n o f t h e r e c e p t o r a l s o a p p e a r s t o b e a n i m p o r t a n t f a c t o r . 

T h u s N M D A r e c e p t o r s c o m p o s e d o f a n N R l s u b u n i t a n d e i t h e r N R 2 A o r N R 2 B a p p e a r t o 
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b e m o r e s e n s i t i v e t o M g ^ " ^ b l o c k a d e t h a n t h o s e i n w h i c h t h e N R 2 C o r N R 2 D r e c e p t o r s a r e 

p r e s e n t ( M o n y e r et a l . 1 9 9 2 , 1 9 9 4 ) . I t i s a l s o k n o w n t h a t N M D A r e c e p t o r s e x h i b i t a n 

a b s o l u t e r e q u i r e m e n t f o r g l y c i n e f o r c h a n n e l o p e n i n g t o o c c u r ( K l e c k n e r a n d D i n g l e d i n e 

1988). 

N M D A r e c e p t o r s h a v e b e e n s h o w n t o p l a y a r o l e i n t h e i n d u c t i o n o f b o t h l o n g -

t e r m p o t e n t i a t i o n ( N e u m a n n et al 1 9 8 7 , B l i s s a n d C o l l i n g r i d g e 1 9 8 3 ) a n d l o n g - t e r m 

d e p r e s s i o n ( D e s m o n d et a l . 1 9 9 1 , M u l k e y a n d M a l e n k a 1 9 9 2 ) . I n a d d i t i o n t o t h i s , 

a c t i v a t i o n o f N M D A r e c e p t o r s , a n d t h e r e s u l t a n t i n f l u x o f C a ^ \ a p p e a r s t o b e a n i m p o r t a n t 

f a c t o r i n t h e i n i t i a t i o n o f e x c i t o t o x i c c e l l d e a t h ( P e t e r s o n et a l . 1 9 8 9 , A b e l e et a l 1 9 9 0 ) . 

1.7.2 Metabotropic glutamate receptors 

I n a d d i t i o n t o t h e i o n o t r o p i c c l a s s o f g l u t a m a t e r e c e p t o r s o u t l i n e d a b o v e , t h e r e i s a 

f u r t h e r c l a s s o f g l u t a m a t e r e c e p t o r s k n o w n a s m e t a b o t r o p i c g l u t a m a t e r e c e p t o r s ( m G l u R s ) 

w h i c h a r e l i n k e d t o t h e a c t i v a t i o n o f G - p r o t e i n s . 

T h e s e h a v e b e e n c l a s s i f i e d o f t h e b a s i s o f t h e i r s t r u c t u r a l h o m o l o g y a n d s i g n a l 

t r a n s d u c t i o n p a t h w a y i n t o t h r e e g r o u p s , n a m e l y g r o u p I ( c o n s i s t i n g o f m G l u R l a n d 

m G l u R 5 ) , g r o u p I I ( c o n s i s t i n g o f m G l u R 2 a n d m G l u R 3 ) a n d g r o u p t h r e e ( c o n s i s t i n g o f 

m G l u R 4 , m G l u R 7 a n d m G l u R 8 ) . E a c h s u b t y p e , i n m u c h t h e s a m e w a y a s o t h e r G - p r o t e i n 

c o u p l e d r e c e p t o r s , p o s s e s s e s 7 t r a n s m e m b r a n e s p a n n i n g d o m a i n s c o n s i s t i n g o f b e t w e e n 

8 5 4 a n d 1 1 7 9 a m i n o a c i d s . A l l m G l u R s t e n d t o p o s s e s s a l a r g e e x t r a c e l l u l a r N - t e r m i n a l 

a n d a n i n t r a c e l l u l a r C - t e r m i n a l t h e l e n g t h o f w h i c h v a r i e s d e p e n d i n g u p o n t h e s u b t y p e i n 

q u e s t i o n ( O z a w a e t a l . 1 9 9 8 ) 

I t h a s b e e n s u g g e s t e d ( P i n et al 1 9 9 4 ) t h a t t h e s e c o n d i n t r a c e l l u l a r l o o p , w h i c h i s 

n o t w e l l c o n s e r v e d b e t w e e n s u b t y p e s , c o n f e r s a d e g r e e o f s p e c i f i c i t y a s t o t h e t y p e o f G -

p r o t e i n t o w h i c h t h e r e c e p t o r c o u p l e s . I t m a y a l s o b e t h e c a s e t h a t t h e w e l l c o n s e r v e d f i r s t 

a n d s e c o n d i n t r a c e l l u l a r l o o p s p l a y a r o l e i n G - p r o t e i n a c t i v a t i o n . 

A s p r e v i o u s l y m e n t i o n e d , m G l u R s a r e c a t e g o r i s e d o n t h e b a s i s o f t h e i r s i g n a l 

t r a n s d u c t i o n p a t h w a y a s w e l l a s t h e i r s e q u e n c e h o m o l o g y . T h u s w e find t h a t g r o u p I 

m G l u R s p o s i t i v e l y c o u p l e t o p h o s p h o l i p a s e C ( P L C ) , l e a d i n g t o a n i n c r e a s e i n t h e 

p r o d u c t i o n o f i n o s i t o l t r i s p h o s p h a t e ( I P 3 ) , w h i c h c a u s e s a r e l e a s e o f C a ^ " ^ f r o m i n t r a c e l l u l a r 

s t o r e s ( G e r e a u a n d C o n n 1 9 9 5 , B r u n o et al 1 9 9 5 ) . 

B o t h g r o u p I I ( W r i g h t a n d S c h o e p p 1 9 9 6 ) a n d g r o u p I I I ( S c h o e p p et al 1 9 9 5 ) 

m G I u R s a r e n e g a t i v e l y c o u p l e d t o a d e n y l a t e c y c l a s e , a n e f f e c t w h i c h h a s b e e n s h o w n t o 
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b e p e r t u s s i s t o x i n ( P T X ) s e n s i t i v e . T h i s s u g g e s t s t h a t a G - p r o t e i n o f e i t h e r a G j o r G o t y p e 

i s i n v o l v e d i n t h i s s i g n a l l i n g p a t h w a y . 

W i t h i n t h e h i p p o c a m p u s , m G l u R s m a y b e f o u n d b o t h p r e - a n d p o s t - s y n a p t i c a l l y . 

G r o u p I m G l u R s h a v e b e e n l o c a l i s e d t o h i p p o c a m p a l p y r a m i d a l c e l l s u s i n g 

i m m u n o h i s t o c h e m i s t r y ( L u j a n et al 1 9 9 6 ) w h e r e t h e y m o d u l a t e t h e a c t i v i t y o f a n u m b e r o f 

C a ^ ^ a n d n o n - s e l e c t i v e c a t i o n c h a n n e l s ( C o n n a n d P i n 1 9 9 7 ) l e a d i n g t o a n i n c r e a s e i n 

n e u r o n a l e x c i t a b i l i t y . I n a d d i t i o n t o t h i s , p r e s y n a p t i c m G l u R s a r e t h o u g h t t o d o w n r e g u l a t e 

t r a n s m i t t e r r e l e a s e . F o r e x a m p l e g r o u p I a n d I I I m G l u R s a r e f o u n d o n t h e t e r m i n a l s o f t h e 

S c h a f f e r c o l l a t e r a l p a t h w a y ( G e r e a u a n d C o n n 1 9 9 5 ) , w h e r e a s g r o u p I I a n d I I I m G l u R s 

a r e f o u n d l o c a t e d p r e s y n a p t i c a l l y o n t h e t e r m i n a l s o f b o t h t h e m o s s y f i b r e p a t h w a y a n d t h e 

p e r f o r a n t p a t h s y n a p s e w i t h d e n t a t e g y r u s g r a n u l e c e l l s ( S h i g e m o t o et a l . 1 9 9 7 ) . 

G r o u p I m G l u R s h a v e a l s o b e e n s h o w n t o m e d i a t e a s l o w e x c i t a t i o n o f o r i e n s -

a l v e u s i n t e m e u r o n e s i n t h e C A l ( v a n H o o f t et al 2 0 0 0 ) . I n c o n t r a s t t o t h i s S e m y a n o v a n d 

K u l l m a i m h a v e f o u n d t h e g r o u p I I I a g o n i s t L - ( + ) - 2 - a m i n o - 4 - p h o s p h o n o b u t y r i c a c i d ( L -

A P 4 ) t o r e d u c e G A B A e r g i c s i g n a l l i n g a m o n g i n t e m e u r o n e s i n C A l . T h i s e f f e c t c o u l d b e 

m i m i c k e d b y t h e a d m i n i s t r a t i o n o f b r i e f t r a i n s o f s t i m u l i t o t h e S c h a f f e r c o l l a t e r a l s a n d 

w a s b l o c k e d b y t h e g r o u p I I I a n t a g o n i s t a - m e t h y l s e r i n e - O - p h o s p h a t e ( M S O P ) . T h e y 

c o n c l u d e d t h a t t h i s e f f e c t w a s l i k e l y d u e t o a c t i v a t i o n o f p r e s y n a p t i c g r o u p I I I m G l u R s o n 

i n t e m e u r o n a l t e r m i n a l s . 

1.7.3 The G A B A A receptor 

I n h i b i t o r y n e u r o t r a n s m i s s i o n i n t h e C N S i s m a i n l y m e d i a t e d b y g a m m a a m i n o 

b u t y r i c a c i d (GABA). F a s t i n h i b i t o r y m e c h a n i s m s a c t v i a t h e GABAA r e c e p t o r , w h i c h 

c o m p r i s e s a f a m i l y o f 5 s u b u n i t s e n c o d e d b y u p t o 1 6 g e n e s . T h e s e s u b u n i t s , e a c h o f 

w h i c h p o s s e s s f o u r t r a n s m e m b r a n e d o m a i n s , h a v e b e e n n a m e d a , p , y , 6 a n d £ ( S i e g h a r t 

1 9 9 5 ) . E a c h o f t h e s e s u b u n i t s p o s s e s 4 t r a n s m e m b r a n e d o m a i n s , a n d i t i s t h o u g h t t h a t t h e y 

c o a s s e m b l e t o f o r m a p e n t a m e r i c s t r u c t u r e s i m i l a r t o t h e n i c o t i n i c a c e t y l c h o l i n e r e c e p t o r 

( N a y e e m et a l . 1 9 9 4 ) . 

B i n d i n g o f t w o m o l e c u l e s o f G A B A t o t h e r e c e p t o r c a u s e s a r a p i d a n d t r a n s i e n t 

i n c r e a s e i n t h e p e r m e a b i l i t y t o c h l o r i d e i o n s . T h i s c a u s e s a n i n c r e a s e i n t h e C I " 

c o n d u c t a n c e o f t h e n e u r o n e , w h i c h i n t u r n t e n d s t o i n h i b i t t h e f i r i n g o f t h e c e l l . 
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I n a d d i t i o n t o a G A B A b i n d i n g s i t e , t h e G A B A A r e c e p t o r p o s s e s s e s a n u m b e r o f 

d i s t i n c t s i t e s c a p a b l e o f b i n d i n g v a r i o u s s u b s t a n c e s s u c h a s b e n z o d i a z e p i n e s a n d 

b a r b i t u r a t e s . T h e s e a r e c a p a b l e o f a l l o s t e r i c a l l y m o d u l a t i n g t h e a c t i v i t y o f t h e i o n c h a n n e l . 

1.7.4 The G A B A B Receptor 

T h e G A B A B r e c e p t o r i s a 7 - t r a n s m e m b r a b e d o m a i n p r o t e i n c a p a b l e o f c o u p l i n g t o 

a G - p r o t e i n ( H i l l et a l . 1 9 8 4 ) , t h e a c t i v a t i o n o f w h i c h l e a d s t o t h e i n h i b i t i o n o f a d e n y l a t e 

c y c l a s e ( W o j c i k et a l . 1 9 8 4 ) . P o s t s y n a p t i c a l l y t h i s r e s u l t s i n t h e o p e n i n g o f a c h a n n e l , 

l e a d i n g t o t h e h y p e r p o l a r i s a t i o n o f t h e c e l l m e m b r a n e ( D u t a r a n d N i c o l l 1 9 8 8 ) . T h i s e v e n t 

f o l l o w s a c t i v a t i o n o f a G , p r o t e i n . H o w e v e r , G A B A B r e c e p t o r s a r e a l s o l o c a t e d 

p r e s y n a p t i c a l l y b o t h o n g l u t a m a t e r g i c a n d G A B A e r g i c t e r m i n a l s w i t h i n t h e h i p p o c a m p u s 

( N i c h o l l et al. 1 9 9 0 , T h o m p s o n 1 9 9 4 ) , w h e r e t h e i r a c t i v a t i o n l e a d s t o a d o w n r e g u l a t i o n o f 

t r a n s m i t t e r r e l e a s e . T h i s m o d u l a t i o n o f t r a s m i t t e r r e l e a s e o c c u r s a s a r e s u l t o f b o t h t h e 

i n h i b i t i o n o f C a ^ " ^ c h a n n e l a c t i v i t y , p r o b a b l y v i a a c t i v a t i o n o f a G o p r o t e i n ( C o s t a et al 

1 9 9 8 ) , a n d a l s o via a n i n c r e a s e d K " ^ c o n d u c t a n c e ( T h o m p s o n a n d G a h w i l l e r 1 9 9 2 ) . 

T o d a t e , t w o G A B A B r e c e p t o r s u b u n i t s h a v e b e e n i d e n t i f i e d , G A B A B 1 (GBL) a n d 

G A B A B 2 ( G B 2 ) ( K a u p m a n n et al 1 9 9 7 , J o n e s et al 1 9 9 8 ) . T h e s e s u b u n i t s s h a r e 

a p p r o x i m a t e l y 3 5 % s e q u e n c e i d e n t i t y a n d a r e r e l a t e d t o t h e f a m i l y 3 G - p r o t e i n - c o u p l e d 

r e c e p t o r s , w h i c h i n c l u d e s b o t h m e t a b o t r o p i c g l u t a m a t e r e c e p t o r s a n d c a l c i u m - s e n s i n g 

r e c e p t o r s ( G a l v e z et al 2001). T w o s p l i c e v a r i a n t s o f t h e G B l s u b u n i t h a v e b e e n 

d e m o n s t r a t e d t o e x i s t a n d h a v e b e e n t e r m e d G B l a a n d G B l b ( K a u p m a n n et al 1 9 9 7 ) . O f 

t h e s e , G B l b i s t h e s h o r t e r ( 8 4 4 a m i n o - a c i d s ) , d i f f e r i n g from t h e 9 6 0 a m i n o - a c i d G B l a 

v a r i a n t a t t h e a m i n o - t e r m i n a l e n d . G A B A B r e c e p t o r s h a v e b e e n s h o w n t o f u n c t i o n a s 

h e t e r o d i m e r s c o m p o s e d o f b o t h G B 1 a n d G B 2 s u b u n i t s ( J o n e s et a l 1 9 9 8 ) . W i t h i n t h i s 

h e t e r o d i m e r , t h e G B l s u b u n i t N - t e r m i n u s i s t h e s i t e o f l i g a n d b i n d i n g , w h i l s t t h e G B 2 

s u b u n i t N - t e r m i n u s t r a n s l a t e s t h a t b i n d i n g i n t o r e c e p t o r a c t i v a t i o n ( G a l v e z et a l 2 0 0 1 ) . 

F u r t h e r m o r e , i t i s t h e G B 2 s u b u n i t t h a t a p p e a r s t o b e r e s p o n s i b l e f o r G - p r o t e i n c o u p l i n g , 

h o w e v e r t h e p r e s e n c e o f t h e G B l s u b u n i t i n c r e a s e s t h e G - p r o t e i n c o u p l i n g e f f i c a c y 

( G a l v e z e ? a / 2 0 0 1 ) . 

1.7.5 Adenosine receptors 

A d e n o s i n e p l a y s a m a j o r n e u r o m o d u l a t o r y r o l e w i t h i n t h e C N S . A c t i v a t i o n o f A i 

r e c e p t o r s h a s b e e n s h o w n t o b e b o t h a n t i c o n v u l s a n t ( Y o u n g a n d D r a g u n o w 1 9 9 4 ) a n d 

n e u r o p r o t e c t i v e ( S c h u b e r t et al 1 9 9 7 ) . I n c o n t r a s t t o t h i s , A j r e c e p t o r a c t i v a t i o n ( m o r e 
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s p e c i f i c a l l y K j a a c t i v a t i o n ) l e a d s t o a f a c i l i t a t i o n o f s y n a p t i c a c t i v i t y , f o r e x a m p l e , i n t h e 

C A 3 r e g i o n o f t h e h i p p o c a m p u s ( G o n c a l v e s et al 1 9 9 7 ) . 

T h e i n h i b i t o r y r o l e o f t h e A i r e c e p t o r i s m e d i a t e d m a i n l y b y a p r e s y n a p t i c a c t i o n , 

b u t a l s o e x h i b i t s s o m e a c t i v i t y w i t h i n t h e p o s t s y n a p t i c c e l l ( d e M e n d o n c a et al 2 0 0 0 ) . 

P r e s y n a p t i c a l l y t h e r e i s a r e d u c t i o n i n i n f l u x , l e a d i n g t o a r e d u c t i o n o f t r a n s m i t t e r 

r e l e a s e w h e r e a s p o s t s y n a p t i c a l l y a n i n c r e a s e i n a c o n d u c t a n c e o c c u r s r e s u l t i n g i n 

h y p e r p o l a r i s a t i o n o f t h e p o s t s y n a p t i c n e u r o n e . H o w e v e r , t h i s l a t t e r e f f e c t i s m o r e r e a d i l y 

o b s e r v e d i n n e u r o n e s d e r i v e d from e m b r y o n i c a n i m a l s r a t h e r t h a n a d u l t s ( T h o m p s o n et al 

1993). 

A d e n o s i n e A i r e c e p t o r s h a v e b e e n s h o w n t o c o u p l e t o t h e G j / G o c l a s s o f G - p r o t e i n 

( C u n h a 2 0 0 1 ) l e a d i n g t o a d e c r e a s e i n c A M P f o r m a t i o n via i n h i b i t i o n o f a d e n y l a t e 

c y c l a s e . H o w e v e r , i t a p p e a r s l i k e l y t h a t t h e p r e s y n a p t i c r e g u l a t i o n o f t r a n s m i t t e r r e l e a s e b y 

A l r e c e p t o r s o c c u r s v i a a d i r e c t c o n n e c t i o n b e t w e e n G - p r o t e i n a c t i v a t i o n a n d t h e a c t i v i t y 

o f m a i n l y N - t y p e C a ^ ^ c h a n n e l s ( W u a n d S a g g a u 1 9 9 4 ) . 

T h e A z A r e c e p t o r h a s b e e n s h o w n t o c o u p l e p r e d o m i n a n t l y t o t h e G s c l a s s o f G -

p r o t e i n ( O l a h 1 9 9 7 ) . T h u s A 2 a a c t i v a t i o n l e a d s t o a n i n c r e a s e i n a c t i v i t y o f a d e n y l a t e 

c y c l a s e , l e a d i n g t o f a c i l i t a t i o n o f t h e a c t i v i t y o f P - t y p e c h a n n e l s . 

1.8 Aims 

T h e g e n e r a l a i m o f t h i s s t u d y i s t o i n v e s t i g a t e t h e m e c h a n i s m s u n d e r l y i n g t h e 

p h y s i o l o g i c a l v e r s u s t h e p a t h o l o g i c a l e f f e c t s o f K A u s i n g a c u t e a n d c h r o n i c a p p l i c a t i o n s 

o f K A t o t h e h i p p o c a m p u s . 

M o r e s p e c i f i c a l l y t h e s e a i m s w e r e t o : 

1 . D e t e r m i n e h o w a c u t e ( 1 5 - 3 0 m i n u t e ) a p p l i c a t i o n s o f K A a f f e c t e v o k e d f i e l d p o t e n t i a l s 

f r o m t h e C A l o f r a t h i p p o c a m p a l s l i c e s . 

2 . E v a l u a t e t h e r o l e o f G l u R 5 a n d G l u R 6 c o n t a i n i n g r e c e p t o r s i n t h e s e r e s p o n s e s u s i n g 

s u b u n i t s e l e c t i v e a g o n i s t s a n d a n t a g o n i s t s . 

3 . C o m p a r e t h e e f f e c t s o f K A ( l | i M ) t o t h o s e o f a n A M P A r e c e p t o r s p e c i f i c a g o n i s t i n 

o r d e r t o a s s e s s t h e s p e c i f i c i t y o f t h i s c o n c e n t r a t i o n o f K A f o r K A r e c e p t o r s . 
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4 . A s s e s s t h e r o l e o f t h e C A 3 i n d r i v i n g r e s p o n s e s i n C A l d u r i n g K A a p p l i c a t i o n . T h i s 

w a s a c h i e v e d b y r e p e a t i n g e x p e r i m e n t s i n s l i c e s from w h i c h t h e C A 3 a n d d e n t a t e 

g y r u s h a d b e e n e x c i s e d . 

5 . I n v e s t i g a t e t h e p o t e n t i a l i n v o l v e m e n t o f m e t a b o t r o p i c g l u t a m a t e r e c e p t o r s , GABAb 

r e c e p t o r s a n d a d e n o s i n e r e c e p t o r s a s i n d i r e c t m e d i a t o r s o f t h e r e s p o n s e s o b s e r v e d w i t h 

K A u s i n g r e c e p t o r s e l e c t i v e a n t a g o n i s t s d u r i n g c o - a p p l i c a t i o n w i t h K A . 

6 . C o m p a r e a n d c o n t r a s t t h e e v o k e d field p o p u l a t i o n s p i k e r e s p o n s e s a n d p a i r e d - p u l s e 

i n h i b i t i o n from a c u t e r a t a n d m o u s e s l i c e s w i t h m o u s e o r g a n o t y p i c h i p p o c a m p a l s l i c e 

c u l t u r e s . 

7 . D e t e r m i n e t h e e f f e c t s o f l o n g e r d u r a t i o n ( 2 h o u r ) K A a p p l i c a t i o n s o n t h e e v o k e d field 

p o p u l a t i o n s p i k e r e s p o n s e s i n t h e C A l a n d C A S o f t h e s e c u l t u r e s . 

8 . E v a l u a t e t h e t o x i c i t y o f c h r o n i c ( 2 4 h o u r ) a p p l i c a t i o n s o f K A t o o r g a n o t y p i c 

c u l t u r e s , a n d i f s u b t o x i c , w i l l i t i n d u c e t o l e r a n c e t o s u b s e q u e n t a p p l i c a t i o n s o f t o x i c 

c o n c e n t r a t i o n s o f K A ( B e s t et a l 1 9 9 6 ) . 

9 . I n v e s t i g a t e h o w c h r o n i c a p p l i c a t i o n s o f l | j , M K A a f f e c t p h y s i o l o g i c a l f u n c t i o n i n b o t h 

t h e C A l a n d C A S o f o r g a n o t y p i c h i p p o c a m p a l s l i c e c u l t u r e s . 
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Chapter 2 

Methods 



T h e h i p p o c a m p a l s l i c e p r e p a r a t i o n p r o v i d e s a n i d e a l m o d e l b y w h i c h t o s t u d y t h e 

p h y s i o l o g y a n d p h a r m a c o l o g y o f a n i n t a c t n e t w o r k o f n e u r o n e s . T h e b a s i c c i r c u i t r y h a s 

b e e n e l u c i d a t e d a s o u t l i n e d i n t h e p r e v i o u s c h a p t e r , a n d c o m p r i s e s o f a b a s i c e x c i t a t o r y 

g l u t a m a t e r g i c p a t h w a y . T h i s h a s b e e n t e r m e d t h e t r i s y n a p t i c p a t h w a y . I n a d d i t i o n , t h e 

o u t p u t o f t h i s e x c i t a t o r y p a t h w a y i s m o d u l a t e d b y a n u m b e r o f G A B A e r g i c i n t e m e u r o n e s . 

T h e s e a r e a c t i v a t e d i n b o t h a f e e d f o r w a r d a n d f e e d b a c k m a n n e r . 

A c c o r d i n g t o A n d e r s e n et al {\91\) t h e c i r c u i t r y o f t h e h i p p o c a m p u s i s o r g a n i s e d 

i n t o d i s c r e t e l a m e l l a e . T h i s e n a b l e s a n i n t a c t " f u n c t i o n a l u n i t " o f t h e h i p p o c a m p a l n e t w o r k 

t o b e i s o l a t e d b y t r a n s v e r s e s e c t i o n a n d m a i n t a i n e d f o r a n u m b e r o f h o u r s i n a r e c o r d i n g 

c h a m b e r a s a c u t e s l i c e s o r s u b j e c t e d t o o r g a n o t y p i c c u l t u r e a n d m a i n t a i n e d i n a v i a b l e 

s t a t e f o r s e v e r a l w e e k s . 

2,1 Acute Slices 

E l e c t r o p h y s i o l o g i c a l e x p e r i m e n t s w e r e p e r f o r m e d o n a c u t e s U c e s from 1 5 - 1 9 d a y 

o l d m a l e W i s t a r r a t s . T h e s e s l i c e s w e r e p r e p a r e d i n t h e f o l l o w i n g w a y : 

W h o l e b r a i n s w e r e d i s s e c t e d from 1 5 - 1 9 d a y o l d W i s t a r r a t s k i l l e d b y t e r m i n a l 

h a l o t h a n e a n a e s t h e s i a a n d p l a c e d i n t o A C S F ( i n m M : N a C l 1 1 7 . 8 , N a H C O s 2 6 . 0 , K C l 3 . 3 , 

K H 2 P O 4 1 . 3 , M g S 0 4 . 7 H 2 0 1 . 0 , C a C l i 2 . 5 , g l u c o s e 2 1 . 0 , p H 7 . 4 ) c h i l l e d t o 4 ° C o n i c e a n d 

t h e h i p p o c a m p i r e m o v e d . T h e s e w e r e p l a c e d i n t u r n o n a M c l l w a i n t i s s u e c h o p p e r a n d 

4 0 0 | i M t r a n s v e r s e s l i c e s t a k e n a n d p l a c e d o n t o f i l t e r p a p e r m o i s t e n e d w i t h c h i l l e d A C S F . 

T h e s l i c e s w e r e p l a c e d f o r a t l e a s t 1 h o u r i n t o a h u m i d i f i e d r e c o v e r y c h a m b e r a n d 

c o n t i n u o u s l y g a s s e d w i t h 9 5 % © 2 / 5 % C O 2 . 

F o l l o w i n g t h i s r e c o v e r y p e r i o d , s h c e s w e r e p l a c e d i n t o a s u b m e r s i o n - t y p e 

r e c o r d i n g c h a m b e r a n d s u p e r f u s e d w i t h A C S F c o n t i n u o u s l y b u b b l e d w i t h 9 5 % 0 2 / 5 % 

C O 2 a t a r a t e o f a p p r o x i m a t e l y 5 m l m i n " \ A t w i s t e d n i c h r o m e b i p o l a r s t i m u l a t i n g e l e c t r o d e 

w a s p l a c e d i n t o t h e d e n t a t e h i l u s o r t h e S c h a f f e r c o l l a t e r a l s a n d f i e l d r e s p o n s e s r e c o r d e d 

from e i t h e r t h e C A 3 o r C A l r e g i o n r e s p e c t i v e l y . R e c o r d i n g e l e c t r o d e s w e r e p u l l e d from 

G C I O O - F I O g l a s s m i c r o p i p e t t e s ( 4 - l O M Q , 3 M N a C l ) o n a F l a m i n g B r o w n M i c r o p i p e t t e 

p u l l e r ( S u t t e r I n s t r u m e n t s ) a n d m o u n t e d o n t o a n H S - 2 a h e a d s t a g e c o n n e c t e d t o a n 

A x o c l a m p 2 B a m p l i f i e r . H a l f - m a x i m a l s t i m u l i w e r e a d m i n i s t e r e d t o t h e S c h a f f e r c o l l a t e r a l 

p a t h w a y u s i n g a t w i s t e d b i p o l a r N i C r s t i m u l a t i n g e l e c t r o d e ( 0 . 1 m s e c p u l s e w i d t h ) . A c u t e 

s l i c e s w e r e s t i m u l a t e d u s i n g a c o n s t a n t c u r r e n t s t i m u l a t o r ( A x o n I n s t r u m e n t s I s o l a t o r - 1 1 ) . 

R e c o r d i n g e l e c t r o d e s w e r e p l a c e d e i t h e r i n t o stratum pyramidale t o r e c o r d f i e l d 
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p o p u l a t i o n s p i k e s , o r i n t o b o t h stratum pyramidale a n d stratum radiatum t o r e c o r d 

p o p u l a t i o n s p i k e s a n d field E P S P s . D a t a w a s r e c o r d e d o n a c o m p u t e r r u n n i n g p C l a m p 6 

s o f t w a r e ( A x o n I n s t r u m e n t s ) via a D i g i d a t a 1 2 0 0 a n a l o g / d i g i t a l i n t e r f a c e . T h i s d a t a w a s 

s a m p l e d a t l O k H z a n d filtered a t 3 k H z . 

2.2 Electrophysiological Recordings: the rationale 

B y p l a c i n g a g l a s s e l e c t r o d e i n t o t h e e x t r a c e l l u l a r s p a c e w i t h i n a h i p p o c a m p a l s l i c e 

i t i s p o s s i b l e t o m e a s u r e t h e field p o t e n t i a l s p r o d u c e d b y t h e f i r i n g o f a p o p u l a t i o n o f 

n e u r o n e s b y v i r t u e o f t h e f a c t t h a t t h e e x t r a c e l l u l a r f l u i d c o n s t i t u t e s a c o n d u c t i v e field 

a r o u n d t h e m . W h e n a t r e s t , n e u r o n a l m e m b r a n e s a r e u n i f o r m l y p o l a r i s e d , a n d t h u s t h e r e i s 

n o n e t flow o f c u r r e n t i n t h e e x t r a c e l l u l a r s p a c e . W h e n t h e n e u r o n e b e c o m e s a c t i v e 

h o w e v e r , t h i s u n i f o r m i t y i s l o s t , a n d t h e n e u r o n a l m e m b r a n e m a y e x i s t a t a n u m b e r o f 

d i f f e r e n t p o t e n t i a l s a l o n g i t s l e n g t h . T h i s i n t u r n p r o d u c e s c u r r e n t flow f r o m o n e p a r t o f a 

n e u r o n e t o a n o t h e r t h r o u g h t h e e x t r a c e l l u l a r s p a c e ( J o h n s t o n & W u , 1 9 9 5 ) . 

I t i s p o s s i b l e , b y p l a c i n g a r e c o r d i n g e l e c t r o d e i n t o t h e stratum pyramidale o f , f o r 

e x a m p l e , C A l w h i l e a t t h e s a m e t i m e s t i m u l a t i n g t h e S c h a f f e r c o l l a t e r a l s , t o m e a s u r e w h a t 

h a s b e e n d e s c r i b e d a s a p o p u l a t i o n s p i k e ( A n d e r s e n et a l . 1 9 7 1 ) . T h i s h a s b e e n d e f i n e d a s 

t h e s u m m a t i o n o f t h e i n d i v i d u a l a c t i o n p o t e n t i a l s o f a p o p u l a t i o n o f s y n c h r o n o u s l y 

d i s c h a r g i n g n e i g h b o u r i n g p y r a m i d a l c e l l b o d i e s . S i m i l a r l y , p l a c i n g a n e l e c t r o d e i n t o t h e 

stratum radiatum e n a b l e s t h e field e x c i t a t o r y p o s t s y n a p t i c p o t e n t i a l ( E P S P ) t o b e r e c o r d e d 

u p o n s t i m u l a t i o n o f t h e S c h a f f e r c o l l a t e r a l p a t h w a y . 

T h e s h a p e o f t h e s e r e c o r d i n g s i s d e t e r m i n e d b y b o t h t h e p o s i t i o n o f t h e e l e c t r o d e 

a n d t h e d i r e c t i o n i n w h i c h c u r r e n t i s flowing t h r o u g h t h e p o p u l a t i o n o f n e u r o n e s . F o r 

e x a m p l e , i f w e a r e r e c o r d i n g e v e n t s from a n e l e c t r o d e p l a c e d i n t h e stratum radiatum t h e n , 

u p o n s t i m u l a t i o n o f t h e S c h a f f e r c o l l a t e r a l p a t h w a y , c u r r e n t w i l l flow i n t o t h e d e n d r i t e s a s 

a r e s u l t o f t h e a c t i v a t i o n o f n e u r o t r a n s m i t t e r - g a t e d p o s t s y n a p t i c r e c e p t o r s . T h i s f o r m s a s o -

c a l l e d c u r r e n t " s i n k " . T h u s , a s c u r r e n t flows a l o n g t h e d e n d r i t e s t o w a r d s t h e s o m a t i c 

r e g i o n ( i e . t o w a r d s a " s o u r c e " ) i t a l s o flows a w a y from t h e r e c o r d i n g e l e c t r o d e . T h i s g i v e s 

r i s e t o a n e g a t i v e g o i n g field E P S P r e c o r d i n g . S i m i l a r l y t h i s e v e n t , r e c o r d e d b y a n 

e l e c t r o d e i n t h e stratum pyramidale r e g i o n , g i v e s r i s e t o a p o s i t i v e g o i n g E P S P a s c u r r e n t 

flows t o w a r d s t h i s e l e c t r o d e f o r m i n g p a r t o f t h e e x t r a c e l l u l a r c i r c u i t . 

I f t h e E P S P i n t h e d e n d r i t e s e x c e e d s a c e r t a i n t h r e s h o l d l e v e l t h e n a n a c t i o n 

p o t e n t i a l w i l l o c c u r i n t h e s o m a t a . T h u s r e c o r d i n g s m a d e a t t h e " s i n k " f o r t h i s e v e n t {ie. i n 

t h e p y r a m i d a l c e l l l a y e r ) w i l l e x h i b i t t h e t y p i c a l n e g a t i v e g o i n g p o p u l a t i o n s p i k e . T h i s 
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p o p u l a t i o n s p i k e m a y b e o b s e r v e d t o c o n t a m i n a t e t h e E P S P r e c o r d e d i n t h e d e n d r i t e s a s a 

p o s i t i v e g o i n g d e f l e c t i o n , a s i n t h i s c a s e t h e d e n d r i t e s a r e a c t i n g a s a s o u r c e . 

E x a m p l e s o f t h e r e c o r d i n g s o b t a i n e d from t h e C A l o f a n i n t a c t h i p p o c a m p a l s l i c e 

a r e p r e s e n t e d i n f i g u r e 2 . 1 b e l o w . 

"Positive" 
EPSP recorded in 

stratum pyramidale 

a) 

b) 

Stimulus 
artifact 

Stim 

Cut for 
isolated 
slice 

Feedforward and feedback 
inhibition results in a reduced 

2nd population spike 

EPSP slope Contamination of 
EPSP by Population Spike 

2mV 

10msec 

20msec 
Inter-Pulse 

Interval 

Stimulus Protocol 

Figure 2.1 Placement of glass microelectrodes (see inset) into the a) stratum pyramidale and b) stratum 
radiatum of CAl yield population spike and population EPSP recordings respectively upon the stimulation 
of the Schaffer collateral pathway. Current flowing with respect to the recording electrode and earth will 
produce a negative going trace at an electrode placed in the stratum radiatum and a positive going trace in 
an electrode placed in the stratum pyramidale. Hence the EPSP recorded from stratum radiatum appears as 
a negative deflection of the trace and in stratum pyramidale as a positive deflection. The same is true for 
the population spike recorded from the pyramidal cell layer and the positive going population spike 
contamination which occasionally occurs in the EPSP recording. Use of a paired-pulse stimulation protocol 
with a 20msec inter-pulse interval allows the observation of GABAA mediated feedforward and feedback 
inhibition resulting in a reduction of the second population spike amplitude. 
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2,3 Analysis of the EPSP slope 

I n t h e f o l l o w i n g c h a p t e r s , E P S P d a t a w i l l b e p r e s e n t e d a s a p e r c e n t a g e s l o p e v a l u e . 

M e a s u r e m e n t o f t h e s l o p e o f t h e E P S P r a t h e r t h a n t h e a m p l i t u d e o r a r e a i s u s e f u l f o r a 

n u m b e r o f r e a s o n s . F i r s t l y , s i n c e t h e f i e l d E P S P i s o f t e n c o n t a m i n a t e d a t h i g h e r s t i m u l u s 

i n t e n s i t i e s b y t h e p o p u l a t i o n s p i k e , t h e p e a k o f t h e E P S P i s o f t e n c u r t a i l e d . T h e r e f o r e 

m e a s u r e m e n t s o f t h e p e a k r e s p o n s e m a y b e m i s l e a d i n g . T h i s i s e v i d e n c e d b y t h e f a c t t h a t 

t h e s e c o n d E P S P o f t e n a p p e a r s l a r g e r t h a n t h e f i r s t a s t h e f e e d f o r w a r d a n d f e e d b a c k 

i n h i b i t o r y m e c h a n i s m s r e d u c e t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e a n d t h u s l i m i t 

t h e c o n t a m i n a t i o n o f t h e s e c o n d E P S P . 

I n a d d i t i o n t o t h i s , s l o p e m e a s u r e m e n t s a r e u s e f u l a s t h e y c a n b e d i r e c t l y r e l a t e d t o 

t h e s y n a p t i c c u r r e n t ( J o h n s t o n a n d W u 1 9 9 5 ) . 

Slope of field EPSP oc Peak synaptic current 

I t i s p o s s i b l e t o c a l c u l a t e t h e s l o p e o f t h e f i e l d E P S P fi'om d a t a d e r i v e d b y t h e 

C l a m p f i t a n a l y s i s p a c k a g e . T h u s i f w e k n o w t h e p e a k o f t h e f i e l d E P S P a n d t h e t i m e - t o -

p e a k , t h e n t h e s l o p e o f t h e E P S P c a n b e o b t a i n e d u s i n g t h e e q u a t i o n : 

Slope = (EPSP peak x 0.8) /10-90% Rise Time 

T h e s e d a t a p o i n t s a r e s h o w n i n figure 2 . 2 b e l o w . 
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Figure 2.2 Analysis of the EPSP slope involves the calculation of the peak of the trough of the EPSP 
(denoted by the letter P in the example above) and the 10-90% rise time for the EPSP slope. These are 
obtained using the Clampfit data analysis program. The EPSP slope is calculated using the formula: 

Slope = ((? * 0.8) /10-90% Rise Time) 
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2.4 Analysis of the Population Spike amplitude 

A n a l y s e s o f t h e p o p u l a t i o n s p i k e a m p l i t u d e s r e c o r d e d a t t h e e l e c t r o d e i n stratum 

pyramidale w e r e a c h i e v e d u s i n g t h e C l a m p f i t p a c k a g e from t h e p C l a m p 6 s o f t w a r e ( A x o n 

I n s t r u m e n t s ) . T h i s e n a b l e d t h e d e t e r m i n a t i o n o f n u m e r i c a l v a l u e s f o r t h e p o i n t s o n t h e 

p o s i t i v e g o i n g E P S P e i t h e r s i d e o f t h e p o p u l a t i o n s p i k e p r o p e r , a n d a l s o t h e b o t t o m o f t h e 

t r o u g h f o r m e d b y t h e p o p u l a t i o n s p i k e i t s e l f B y a s s u m i n g t h e a m p l i t u d e o f t h e p o p u l a t i o n 

s p i k e t o c o r r e s p o n d t o t h e l e n g t h o f a l i n e d r a w n from t h e b o t t o m o f t h i s t r o u g h ( p o i n t c i n 

f i g u r e 2 . 3 ) t o t h e m i d - p o i n t o f a l i n e j o i n i n g e i t h e r s i d e o f t h e p o s i t i v e g o i n g E P S P ( a - b i n 

f i g u r e 2 . 3 ) , i t w a s p o s s i b l e t o c a l c u l a t e t h e a b s o l u t e a m p l i t u d e i n m V u s i n g t h e f o l l o w i n g 

f o r m u l a : 

Amplitude = ((a + b)/2) - c 

Stimulus 
Artifact 

Positive going 
EPSP slope 

OmV 

Negative going 
Population Spike 

Conditioning 
Spike (c) 

Test spike 
(t) 

ImV 

10msec 

I 

20 msec 
Inter-pulse 

Interval 

Paired Stimuli 

Figure 2.3 In order to calculate the amplitude of the population spikes elicited during the paired pulse protocol 
it was first necessary, using the Clampfit package from pClamp6, to ascertain numerical values for certain 
points within the population spike. These points have been superimposed on an example trace in red letters. 
Once a value had been obtained for the points denoted a, b and c then the amplitude of the population spike 
could be calculated using the formula ((a+b)/2)-c. This provides a value (in mV) corresponding to the length 
of a line drawn from the bottom of the negative going spike (c) to a point midway into the positive going EPSP 
(a to b). Using the amplitude data for the first and second spikes it was possible to calculate the percentage 
inhibition of the second population spike compared to the first using the formula % Inhibition^ ((C-T)/C)* 100, 
where C is the amplitude of the first population spike and T that of the second spike. This value provides an 
indication of the efficacy of the fast feedforward and feedback inhibitory mechanisms in action within the 
slice. 
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T h e p e r c e n t a g e i n h i b i t i o n o f t h e s e c o n d ( t e s t ) p o p u l a t i o n s p i k e w a s c a l c u l a t e d 

r e l a t i v e t o t h e f i r s t ( c o n d i t i o n i n g ) s p i k e u s i n g t h e f o r m u l a : 

% Inhibition = ((C - T)/ C)* 100 

w h e r e C = c o n d i t i o n i n g a n d T = t e s t p o p u l a t i o n s p i k e a m p l i t u d e s . 

T h i s c o m p a r i s o n a l l o w s t h e e f f i c a c y o f t h e f e e d f o r w a r d a n d f e e d b a c k i n h i b i t o r y 

m e c h a n i s m s m e d i a t e d b y GABAA r e c e p t o r a c t i v a t i o n t o b e a s s e s s e d t h r o u g h o u t t h e c o u r s e 

o f t h e e x p e r i m e n t . 

F o r t h e t i m e - c o u r s e e x p e r i m e n t s i n c h a p t e r 3 a s u b - m a x i m a l s t i m u l u s w a s s e l e c t e d 

a n d u s e d t h r o u g h o u t t h e c o u r s e o f t h e e x p e r i m e n t . S t i m u l i w e r e a d m i n i s t e r e d v i a a t w i s t e d 

n i c h r o m e b i p o l a r s t i m u l a t i n g e l e c t r o d e ( c u s t o m - m a d e 8 0 / 2 0 N i C r w i r e w i t h a final 

r e s i s t a n c e b e t w e e n 1 4 - 1 5 M Q ) p l a c e d i n t o t h e S c h a f f e r c o l l a t e r a l p a t h w a y i n stratum 

radiatum. P a i r e d s t i m u l i 2 0 m s e c a p a r t ( 0 . 1 m s e c p u l s e w i d t h e v e r y 3 0 s e c o n d s ) w e r e 

a d m i n i s t e r e d i n o r d e r t o a s s e s s t h e e f f i c a c y o f GABAA m e d i a t e d i n h i b i t i o n . 

F o r t h e e l e c t r o p h y s i o l o g i c a l e x p e r i m e n t s i n c h a p t e r 5 s t i m u l u s - r e s p o n s e c u r v e s 

w e r e c o n s t r u c t e d b y a d m i n i s t e r i n g s t e a d i l y i n c r e a s i n g s t i m u l i ( 0 . 1 m s e c p u l s e s ) . T h i s 

s t i m u l u s - r e s p o n s e c u r v e p r o v i d e d a m e a s u r e o f t h e h a l f - m a x i m a l s t i m u l u s , w h i c h w a s t h e n 

u s e d w i t h a p a i r e d - p u l s e p r o t o c o l ( 2 0 m s e c I P I ) d u r i n g t h e a p p l i c a t i o n o f v a r i o u s d r u g 

t r e a t m e n t s . D r u g s w e r e a p p l i e d v i a t h e s u p e r f u s i n g A C S F a n d w e r e p u r c h a s e d from e i t h e r 

S i g m a A l d r i c h o r T o c r i s - C o o k s o n . 

2.5 Oi^anotypic Culture 

O r g a n o t y p i c m o u s e h i p p o c a m p a l s l i c e c u l t u r e s w e r e p r e p a r e d a c c o r d i n g t o a 

m o d i f i e d m e t h o d o f S t o p p i n i et a l . ( 1 9 9 1 ) t h u s p r o v i d i n g a l o n g - t e r m m o d e l o f 

h i p p o c a m p a l c i r c u i t r y . 

M i c e a g e d b e t w e e n 5 - 7 d a y s o l d w e r e k i l l e d b y d e c a p i t a t i o n a n d t h e i r h i p p o c a m p i 

d i s s e c t e d o u t i n t o c h i l l e d m e d i u m c o n t a i n i n g 1 0 % h o r s e s e r u m , 4 0 % H a n k ' s B a l a n c e d 

S a l t S o l u t i o n , 5 0 % E a g l e ' s M i n i m a l E s s e n t i a l M e d i u m , 3 0 m M D - g l u c o s e a n d I m M L -

g l u t a m i n e ( S i g m a A l d r i c h L t d . ) . F r o m t h e s e , 3 0 0 | a m s l i c e s w e r e p r e p a r e d o n a M c l l w a i n 

t i s s u e c h o p p e r o n M e l i n e x F i l m . T h e s e s l i c e s w e r e t h e n t r a n s f e r r e d t o a p e t r i d i s h 

c o n t a i n i n g 5 m l o f c h i l l e d c u l t u r e m e d i u m a n d s e p a r a t e d u s i n g p l a s t i c p a d d l e p a s t e u r 
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p i p e t t e s ( B D H ) . T h e s e s l i c e s w e r e t h e n r e m o v e d i n d i v i d u a l l y from t h e m e d i u m u s i n g a 

p a s t e t t e a n d p l a c e d o n t o M i l l i c e l l - C M m e m b r a n e s ( M i l l i p o r e ) i n a s i x w e l l d i s h . E a c h w e l l 

c o n t a i n e d 1 m l o f c u l t u r e m e d i u m a n d e a c h t r a y h a d b e e n p r e - i n c u b a t e d i n a 5 % C O 2 

i n c u b a t o r a t 3 7 ° C f o r a t l e a s t 3 0 m i n u t e s p r i o r t o t h e d i s s e c t i o n . E a c h w e l l c o n t a i n e d a 

m a x i m u m o f f o u r s l i c e s . F o l l o w i n g t h i s t h e t r a y s w e r e k e p t a t 3 7 ° C i n a 5 % C O 2 

e n v i r o n m e n t f o r 7 d a y s p r i o r t o t h e s t a r t o f t h e e x p e r i m e n t . 

2.6 Electrophysiology 

E l e c t r o p h y s i o l o g i c a l m e a s u r e m e n t s i n o r g a n o t y p i c c u l t u r e s d u r i n g k a i n a t e ( l ^ M ) 

a p p l i c a t i o n w e r e c a r r i e d o u t b e t w e e n 9 - 1 2 d a y s in vitro ( D I V ) . T h e c u l t u r e m e m b r a n e w a s 

p l a c e d i n t o a b r e a k a n d c u t t o o l ( B D H ) a n d e x c i s e d from t h e p l a s t i c r i n g t o w h i c h i t i s 

a t t a c h e d u s i n g a s c a l p e l b l a d e . T h i s t o o l i s a r u b b e r d i s k t h a t h o l d s t h e m e m b r a n e s t e a d y 

w h i l e i t i s b e i n g c u t . T h e c u l t u r e m e m b r a n e w a s t h e n t r a n s f e r r e d t o a m o d i f i e d s l i c e 

r e c o r d i n g c h a m b e r a t r o o m t e m p e r a t u r e a n d s u p e r f u s e d w i t h s t a n d a r d a r t i f i c i a l 

c e r e b r o s p i n a l fluid ( A C S F ) w i t h t h e c o m p o s i t i o n ( i n m M ) : N a C l 1 1 7 . 8 , N a H C O g 2 6 . 0 , 

K C l 3 . 3 , K H 2 P O 4 1 . 3 , M g S 0 4 1 . 0 , C a C l : 2 . 5 , g l u c o s e 2 1 . 0 . T h i s A C S F w a s c o n t i n u a l l y 

b u b b l e d w i t h 9 5 % 0 2 / 5 % C O 2 . T h e m e m b r a n e w a s k e p t s u b m e r g e d i n t h e r e c o r d i n g 

c h a m b e r w i t h a m e t a l r i n g , w h i c h e n c i r c l e d t h e c u t e d g e o f t h e m e m b r a n e ( f i g u r e 2 . 4 ) . 

E x t r a c e l l u l a r field p o t e n t i a l s w e r e r e c o r d e d from s t r a t u m p y r a m i d a l e o f C A l a n d 

C A 3 , f o l l o w i n g s t i m u l a t i o n o f t h e S c h a f i f e r c o l l a t e r a l p a t h w a y a n d p e r f o r a n t p a t h w a y 

r e s p e c t i v e l y , u i a s i m i l a r m a i m e r t o a c u t e s l i c e r e c o r d i n g s . R e c o r d i n g s w e r e m a d e u s i n g 

g l a s s m i c r o p i p e t t e s ( 4 - 1 0 M Q , 3 M N a C l ) . G r a d e d s t i m u l i w e r e a p p l i e d from 0 m V u n t i l 

m a x i m a l p o p u l a t i o n s p i k e a m p l i t u d e w a s r e a c h e d t o p r o d u c e s t i m u l u s - r e s p o n s e c u r v e s . 

T h e s e p r o v i d e d a h a l f - m a x i m a l s t i m u l u s v a l u e t h a t c o u l d t h e n b e u s e d d u r i n g a p a i r e d 

p u l s e p r o t o c o l w i t h s t i m u U 2 0 m s e c a p a r t , t h u s p r o v i d i n g i n f o r m a t i o n a b o u t t h e i n h i b i t o r y 

s y s t e m s w i t h i n t h e h i p p o c a m p u s . 
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Figure 2.4 Diagrammatic representation of the placement of the metal ring around the culture membrane in 
order to keep slices submerged during the recording procedure. Electrodes were placed in much the same 
manner as in acute slices. 

2.7 Kainic Acid Treatment 

P r e v i o u s w o r k b y B e s t et al. ( 1 9 9 6 ) h a d d e m o n s t r a t e d t h a t a n i n c r e a s e i n t h e 

t o l e r a n c e t o k a i n i c a c i d i n d u c e d t o x i c i t y o c c u r r e d i n r a t o r g a n o t y p i c h i p p o c a m p a l s l i c e s 

w h i c h h a d b e e n p r e v i o u s l y i n c u b a t e d f o r 2 4 h o u r s w i t h a s u b t o x i c d o s e o f K A . P r o p i d i u m 

i o d i d e s t a i n i n g w a s u s e d a s a n i n d i c a t o r o f c u l t u r e v i a b i l i t y . A t 7 D I V c u l t u r e s w e r e 

i n c u b a t e d w i t h 1 k a i n i c a c i d ( K A ) i n m e d i u m , a c o n c e n t r a t i o n p r e v i o u s l y f o u n d t o b e 

s u b t o x i c i n r a t s ( B e s t et a l 1 9 9 6 ) . A f t e r 2 4 h o u r s t h e m e d i u m w a s r e m o v e d a n d r e p l a c e d 

w i t h fresh m e d i u m . F o l l o w i n g t h i s , a t 1 1 D I V , s l i c e s w e r e i n c u b a t e d w i t h 5 | i M K A f o r a 

f i a r t h e r 2 4 h o u r s ( f i g u r e 2 . 5 ) . A t 1 5 D I V s h c e s w e r e s t a i n e d w i t h t h e f l u o r e s c e n t e x c l u s i o n 

d y e , p r o p i d i u m i o d i d e ( P I ) , w h i c h i s a m a r k e r f o r d e a d c e l l s ( D a r z y n k i e w i c z et al. 1 9 9 2 ) , 

a n d v i s u a l i s e d o n a fluorescence m i c r o s c o p e u s i n g a r h o d a m i n e f i l t e r s e t . 
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I n e x p e r i m e n t s t o a s s e s s f u n c t i o n f o l l o w i n g p r e c o n d i t i o n i n g , e l e c t r o p h y s i o l o g i c a l 

r e c o r d i n g s w e r e m a d e b e t w e e n 9 - 1 2 D I V from t h e stratum pyramidale o f e i t h e r C A l o r 

C A S f o l l o w i n g s t i m u l a t i o n o f t h e S c h a f f e r c o l l a t e r a l p a t h w a y o r d e n t a t e h i l u s r e s p e c t i v e l y . 

I n e x p e r i m e n t s t o a s s e s s K A i n d u c e d t o x i c i t y h i s t o l o g i c a l l y , c u l t u r e s w e r e fixed i n 

4 % p a r a f o r m a l d e h y d e a n d s u b s e q u e n t l y s t a i n e d w i t h t h e N i s s l s t a i n t h i o n i n . T h e e x t e n t o f 

d a m a g e t o t h e c e l l l a y e r s i n t h e c u l t u r e s w a s c o m p a r e d t o u n t r e a t e d c o n t r o l s a n d c o n t r o l s 

t r e a t e d w i t h l | j , M a n d 5 | j . M k a i n a t e a t 1 5 D I V . 

Day Day Day Day Day 
0 7 8 11 12 

Incubation with IjiiMKA 

Day 
15 

Fixing or 
PI Staining 

HHHII Incubation with 5^M KA 

Figure 2.5 Time-line showing the protocol for a KA preconditioning experiment carried out in organotypic 
culture. Hippocampal slices from 5-7 day old MFl mice were plated out onto Millipore CM membranes at day 0. 
Between day 0 and 7 the medium was changed at an interval of 3-4 days. On day 7 the medium was replaced 
with medium containing IpM KA for 24 hours. This was changed for fresh, drug free medium on day 8. On day 
11 the medium was again replaced this time for medium containing S^M KA for 24 hours. This was again 
replaced on day 12 for drug free medium. On day 15, slices were either fixed with 4% paraformaldehyde and 
stained with thionin, or unfixed cultures were stained with propidium iodide to assess cell viability. (Modified 
from Best et al 1996) 

2.8 Thionin Staining 

C u l t u r e m e d i u m w a s r e m o v e d from e a c h w e l l u s i n g a p i p e t t e a n d r e p l a c e d w i t h 

e n o u g h 4 % p a r a f o r m a l d e h y d e ( P F A ) t o c o v e r t h e s l i c e s a n d l e f t o v e r n i g h t i n a 

r e f r i d g e r a t o r ( f o r P F A c o m p o s i t i o n s e e s e c t i o n 2 . 1 1 b e l o w ) . T h e n e x t d a y t h e y w e r e 

r e m o v e d from t h e m e m b r a n e u s i n g a p a i n t b r u s h a n d t r a n s f e r r e d t o g l a s s s l i d e s . T h e s e w e r e 

p l a c e d i n t o a n a q u e o u s s o l u t i o n o f 0 . 1 % t h i o n i n f o r 1 0 m i n u t e s a n d t h e n w a s h e d w i t h t a p 

w a t e r . A t t h i s p o i n t t h e y a p p e a r e d j e t b l a c k i n c o l o u r . S e v e r a l d r o p s o f d i f f e r e n t i a t o r 

s o l u t i o n w e r e t h e n a p p l i e d i n o r d e r t o r e m o v e t h e s t a i n from n o n - N i s s l s u b s t a n c e . T h i s 

d i f f e r e n t i a t o r s o l u t i o n w a s m a d e b y m i x i n g 9 0 m l o f 9 5 % e t h a n o l w i t h 1 0 m l c h l o r o f o r m 

a n d 3 d r o p s o f a c e t i c a c i d . N o fiirther p r o c e s s i n g o f t h e s l i d e s w a s c a r r i e d o u t . 
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2.9 Propidium Iodide Staining 

U n f i x e d c u l t u r e s w e r e s t a i n e d w i t h p r o p i d i u m i o d i d e a t 1 5 D I V i n t h e f o l l o w i n g 

m a n n e r . S i x p i m l ' ^ o f l O m g m l " ^ p r o p i d i u m i o d i d e ( P I ) s o l u t i o n ( l O O n M ) ( S i g m a A l d r i c h ) 

w e r e i n t r o d u c e d i n t o t h e c u l t u r e m e d i u m o f e a c h w e l l t o b e s t u d i e d a n d r e p l a c e d i n t o t h e 

i n c u b a t o r . C u l t u r e s w e r e i n c u b a t e d w i t h P I f o r a t l e a s t 3 0 m i n u t e s p r i o r t o f l u o r e s c e n c e 

m i c r o s c o p y . T h e s e v e r i t y o f d a m a g e w a s a s s e s s e d f o l l o w i n g K A t r e a t m e n t i n a q u a l i t a t i v e 

m a n n e r a n d t h e p e r c e n t a g e o f s l i c e s e x h i b i t i n g s e v e r e d a m a g e t o t h e C A 3 r e g i o n 

c a l c u l a t e d p e r t r e a t m e n t g r o u p . 

2.10 Glutamic Acid Decarboxylase Staining 

G A D 6 7 i s t h e c o n s t i t u t i v e s y n t h e t i c e n z y m e t h a t s y n t h e s i s e s G A B A w i t h i n 

i n t e r n e u r o n e s . A n t i b o d i e s r a i s e d t o G A D t h e r e f o r e p r o v i d e a u s e f u l m e t h o d f o r t h e 

l o c a l i s a t i o n o f G A B A - e r g i c i n t e m e u r o n e s . U s i n g C h e m i c o n I n t e r n a t i o n a l ' s A B 1 0 8 ( r a b b i t 

a n t i - G A D p o l y c l o n a l a n t i b o d y ) A B C d e t e c t i o n k i t , o r g a n o t y p i c c u l t u r e s w e r e s t a i n e d f o r 

G A D f o l l o w i n g p r e t r e a t m e n t w i t h IpM K A , 5|LIM K A a n d 1 + 5^iM K A a f t e r f i x a t i o n w i t h 

4 % p a r a f o r m a l d e h y d e ( P F A ) a t 1 5 D I V . T h e s e w e r e c o m p a r e d t o a g e m a t c h e d c o n t r o l 

c u l t u r e s . 

T h e p r o t o c o l f o r t h e i m m u n o h i s t o c h e m i s t r y w a s a s f o l l o w s : 

1 ) C u l t u r e s w e r e r e m o v e d from t h e i r m e m b r a n e s u s i n g a f i n e p a i n t b r u s h a n d 

w a s h e d 3 t i m e s f o r 1 0 m i n u t e s i n t r i s - b u f f e r e d s a l i n e ( T B S ) 

2 ) T h e y w e r e t h e n i n c u b a t e d f o r 6 0 m i n u t e s i n T B S w i t h 5 % h o r s e s e r u m t o b l o c k 

n o n - s p e c i f i c b i n d i n g o f t h e p r i m a r y a n t i b o d y 

3 ) F o l l o w i n g t h i s t h e y w e r e i n c u b a t e d f o r 2 h o u r s a t r o o m t e m p e r a t u r e w i t h t h e 

p r i m a r y a n t i b o d y ( 1 : 3 0 0 0 d i l u t i o n ) i n T B S w i t h 1 % h o r s e s e r u m f o l l o w e d b y 1 6 h o u r s a t 

4 ° C 

4 ) S l i c e s w e r e t h e n w a s h e d a f u r t h e r 3 t i m e s , a g a i n f o r 1 0 m i n u t e s e a c h w a s h , i n 

T B S 

5 ) I n c u b a t i o n w i t h t h e b i o t i n y l a t e d s e c o n d a r y a n t i b o d y ( d i l u t e d 1 : 5 0 0 i n T B S w i t h 

1 % s e r u m ) 

6 ) T h i s w a s f o l l o w e d b y a f u r t h e r 3 x 1 0 m i n u t e w a s h e s i n T B S 
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7 ) V i s u a l i s a t i o n o f t h e a n t i b o d y u s i n g a n A B C E l i t e k i t ( 1 : 2 0 0 V e c t o r L a b s ) i n 

T B S . T h i s i n v o l v e s t h e i n c u b a t i o n o f a v i d i n ( a g l o b u l i n f o u n d i n e g g w h i t e w i t h a h i g h 

a f f i n i t y f o r b i o t i n ) w i t h b i o t i n y l a t e d p e r o x i d a s e i n o r d e r t o a l l o w t h e m t o c o m p l e x . T h i s 

c o m p l e x i s t h e n i n c u b a t e d w i t h t h e s l i c e s , a l l o w i n g a n y free b i o t i n b i n d i n g s i t e s o n t h e 

a v i d i n - b i o t i n y l a t e d p e r o x i d a s e c o m p l e x t o b i n d t o t h e b i o t i n y l a t e d s e c o n d a r y a n t i b o d y . 

8 ) 2 x 1 0 m i n u t e w a s h e s i n T B S 

9 ) 1 x 1 0 m i n u t e w a s h i n p h o s p h a t e b u f f e r ( n o s a l i n e ) 

1 0 ) D i a m i n o b e n z i d i n e ( D A B ) r e a c t i o n . D A B i s a s u b s t r a t e f o r h y d r o g e n 

p e r o x i d a s e a n d i s a d d e d t o t h e s y s t e m w i t h h y d r o g e n p e r o x i d e , w h i c h a c t s a s a c a t a l y s t . 

D A B i s h y d r o l y s e d t o f o r m a b r o w n r e a c t i o n p r o d u c t , w h i c h c a n t h e n b e v i s u a l i s e d , u s i n g 

l i g h t m i c r o s c o p y . 

1 1 ) 2 x 1 0 m i n u t e w a s h e s i n p h o s p h a t e b u f f e r e d s a l i n e ( P B S ) 

1 2 ) 1 X 1 0 m i n u t e w a s h i n p h o s p h a t e b u f f e r ( n o s a l i n e ) 

S h c e s w e r e t h e n c o u n t e r s t a u i e d w i t h p r o p i d i u m i o d i d e a n d m o u n t e d o n t o s l i d e s 

u s i n g t h e a q u e o u s m o u n t a n t C r y s t a l / M o u n t ( B i o m e d i a ) w i t h c o v e r s l i p s f o r l i g h t 

m i c r o s c o p y . T h e n u m b e r o f G A D s t a i n e d c e l l s w e r e c o u n t e d f o r t h e f o l l o w i n g r e g i o n s : 

d e n t a t e g y r u s a n d h i l u s , C A S a n d C A l . T h e c e l l c o u n t s f o r t h e d e n t a t e g y r u s a n d h i l u s 

w e r e t a k e n a s a s i n g l e v a l u e . 

2.11 Paraformaldehyde (PFA) Preparation 

1 0 m l o f P B S w a s a d d e d t o 4 g o f p a r a f o r m a l d e h y d e p o w d e r a n d h e a t e d t o 7 0 ° C . 

T o t h i s w a s a d d e d 2 d r o p s o f 5 M N a O H u n t i l t h e m i x t u r e g o e s c l e a r . A f u r t h e r 9 0 m l o f 

P B S w a s t h e n a d d e d a n d t h e s o l u t i o n a d j u s t e d t o p H 7 . 2 - 7 . 4 w i t h N a O H . 

2.12 Phosphate Bujffered Saline (PBS - O.OIM) 

0 . 2 6 g s o d i u m p h o s p h a t e ( N a 2 H P 0 4 . 1 2 H 2 O ) , 2 . 9 0 g p o t a s s i u m p h o s p h a t e 

(KH2PO4) a n d 8 . 7 5 g s o d i u m c h l o r i d e ( N a C l ) w e r e a d d e d t o 1 1 d i s t i l l e d w a t e r a n d m i x e d . 

T h e p H w a s a d j u s t e d t o 7 . 4 w h e n n e c e s s a r y . 
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2.13 Tris Buffered Saline (TBS - 0.05M) 

T o 9 0 0 m l d i s t i l l e d w a t e r w e r e a d d e d 6 . 0 6 g t r i s ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e 

( N H 2 . C ( C H 2 0 H ) 3 ) , 3 8 . 4 m l h y d r o c h l o r i c a c i d ( H C l - I M ) a n d 8 . 7 5 g s o d i u m c h l o r i d e 

( N a C l ) . T h e s o l u t i o n w a s m a d e u p t o 1 1 a n d t h e p H a d j u s t e d w h e r e n e c e s s a r y t o p H 7 . 6 . 

Drug Supplier Salt Supplier 
Stain/ Fix/ 
Antibody 

Supplier 

KA S i g m a NaCI S i g m a Thionin S i g m a 

Fwill 
S i g m a 

R B I 
NaHCOs S i g m a 

GAD-67 Ab/ 
ABC 
Detection 
Kit 

C h e m i c o n 

ATPA T o c r i s KCl S i g m a PFA S i g m a 

NS102 
S i g m a 

R B I 
K H 2 P O 4 S i g m a EtOH S i g m a 

MCPG T o c r i s MgS04 S i g m a Chloroform S i g m a 

MPPG T o c r i s CaCl2 S i g m a Acetic Acid S i g m a 

H-7 T o c r i s D-glucose S i g m a NaOH S i g m a 

SCH50911 T o c r i s 

Hanks 
Balanced 
Salt Solution 

S i g m a PBS S i g m a 

DMPX 
S i g m a 

R B I 

Eagle's 
Minimum 
Essential 
Salt Solution 

S i g m a 
Propidium 
Iodide 

S i g m a 

DPCPX 
S i g m a 

R B I 
Na2HP04 S i g m a 

D-AP5 T o c r i s 
NH2.C(CH2 
0H)3 

S i g m a 

MK801 T o c r i s L-glutamine S i g m a 

Bicuculline 
methiodide 

S i g m a 

R B I 

Table 2.1 Sources for the drugs, salts and stains used during the course of the experiments detailed above. 
Chemicon = CHEMICON Europe, Ltd., Eagle Close, Chandlers Ford, Hampshire S053 4NF, UK 
Sigma = Sigma-Aldrich Company Ltd., Fancy Road, Poole, Dorset, BH12 4QH, UK 
Tocris = Tocris Cookson Ltd., Northpoint, Fourth Way, Avormiouth, Bristol, BSl 1 8TA, UK. 
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Chapter 3 

Pharmacology of the Kainate 
Response in the CAl 

Of A cute Slices 

lonotropic Glutamate Receptors 



3.1 Introduction 

M u c h w o r k h a s b e e n c a r r i e d o u t i n r e c e n t y e a r s o n t h e p h y s i o l o g y a n d 

p h a r m a c o l o g y o f t h e e f f e c t s o f K A r e c e p t o r a c t i v a t i o n w i t h i n t h e h i p p o c a m p u s , r e s u l t i n g 

i n s e v e r a l p o s t u l a t e d r o l e s f o r t h e m . 

T h e s e e f f e c t s i n c l u d e t h e m o d u l a t i o n o f b o t h i n h i b i t o r y a n d e x c i t a t o r y 

t r a n s m i s s i o n , a s w e l l a s a r o l e i n N M D A i n d e p e n d e n t f o r m s o f L T P o f t h e m o s s y f i b r e 

p a t h w a y . P a t e m a i n et al ( 2 0 0 0 ) h a v e s h o w n u s i n g in situ h y b r i d i s a t i o n t h a t m R N A f o r t h e 

G l u R 5 s u b u n i t i s e x p r e s s e d p r e d o m i n a n t l y i n h i p p o c a m p a l i n t e m e u r o n e s w i t h a m u c h 

l o w e r a m o u n t o f m R N A f o r G l u R 6 b e i n g c o l o c a l i s e d i n a s i g n i f i c a n t p r o p o r t i o n o f t h e s e 

c e l l s ( P a t e m a i n et a l . 2 0 0 0 , B u r e a u et al. 1 9 9 9 ) . A c t i v a t i o n o f G l u R 5 c o n t a i n i n g r e c e p t o r s 

l o c a t e d i n t h e s o m a t o - d e n d r i t i c c o m p a r t m e n t o f t h e s e i n t e m e u r o n e s h a s b e e n o b s e r v e d t o 

i n c r e a s e i n t e m e u r o n a l s p i k i n g a n d t h u s l e a d t o a n i n c r e a s e i n t h e frequency o f s p o n t a n e o u s 

I P S C s r e c o r d e d f r o m C A l p y r a m i d a l c e l l s ( C o s s a r t et a l 1 9 9 8 , F r e r k i n g et a l . 1 9 9 8 , 

1 9 9 9 ) . I n c o n t r a s t t o t h i s , a c t i v a t i o n o f K A r e c e p t o r s p r e s u m e d t o b e l o c a t e d o n t h e 

p r e s y n a p t i c t e r m i n a l s o f i n t e m e u r o n e s a l s o l e a d s t o a r e d u c t i o n i n t h e e v o k e d I P S C s 

r e c o r d e d from C A l p y r a m i d a l c e l l s ( R o d r i g u e z - M o r e n o a n d L e r m a 1 9 9 8 ; F r e r k i n g et al 

1 9 9 9 ) . I n s u p p o r t o f t h i s , K A h a s b e e n d e m o n s t r a t e d t o r e d u c e G A B A r e l e a s e from 

h i p p o c a m p a l s y n a p t o s o m e s ( C u n h a et a l 2 0 0 0 ) . T h i s i n v o l v e s a m e t a b o t r o p i c c o m p o n e n t 

l i n k e d t o t h e a c t i v a t i o n o f p r o t e i n k i n a s e C ( P K C ) . I t i s a l s o p o s s i b l e t h a t G A B A g 

r e c e p t o r s h a v e a r o l e t o p l a y i n t h i s p r e s y n a p t i c r e s p o n s e ( F r e r k i n g et al 1 9 9 9 ) . T h i s e f f e c t 

h a s b e e n s h o w n b y M i n et a l . ( 1 9 9 9 ) t o b e i n d u c e d b y s y n a p t i c a l l y r e l e a s e d g l u t a m a t e 

d u r i n g b r i e f b u r s t s o f a c t i v i t y i n t h e S c h a f f e r c o l l a t e r a l s , i n d i c a t i n g t h a t s p i l l o v e r o f 

g l u t a m a t e from e x c i t a t o r y s y n a p s e s i s c a p a b l e o f r e d u c i n g t h e e f f e c t s o f G A B A e r g i c 

i n h i b i t i o n . M o r e r e c e n t l y i t h a s b e e n s h o w n t h a t a c t i v a t i o n o f K A r e c e p t o r s o n t h e 

p r e s y n a p t i c t e r m i n a l s o f i n t e m e u r o n e s w h i c h s y n a p s e o n t o o t h e r i n t e m e u r o n e s i s a b l e t o 

e n h a n c e t h e r e l e a s e o f G A B A from t h e s e s i t e s ( M u l l e et al. 2 0 0 0 , C o s s a r t et a l . 2 0 0 1 ) . 

T h i s a g a i n w o u l d b e e x p e c t e d t o r e d u c e t h e r e l e a s e o f G A B A o n t o p y r a m i d a l c e l l s . S i n c e 

t h i s a c t i o n h a s b e e n o b s e r v e d i n G l u R 5 m i c e b u t n o t t h o s e d e f i c i e n t i n G l u R 6 i t h a s b e e n 

p r o p o s e d t h a t t h e s e r e c e p t o r s m a y b e h o m o m e r i c f o r t h e G l u R 6 s u b u n i t ( M u l l e et a l . 

2000). 

I n a d d i t i o n t o t h e s e n u m e r o u s e f f e c t s o n t h e i n h i b i t o r y n e t w o r k o f C A l , K A 

r e c e p t o r a c t i v a t i o n i s a l s o c a p a b l e o f d e p r e s s i n g e x c i t a t o r y t r a n s m i s s i o n i n b o t h C A S a n d 

C A l ( C h i t t a j a l u et al 1 9 9 6 ; V i g n e s et al 1 9 9 8 ; K a m i y a a n d O z a w a 1 9 9 8 , 2 0 0 0 ) . T h i s 
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r e s p o n s e i s l i k e l y t o o c c u r via t h e a c t i v a t i o n o f p r e s y n a p t i c K A r e c e p t o r s o n t h e m o s s y 

f i b r e a n d S c h a f f e r c o l l a t e r a l t e r m i n a l s . I t i s p o s s i b l e t h a t t h i s r e c e p t o r s u b t y p e c o n t a i n s o r 

i s c o m p r i s e d o f t h e G l u R 5 s u b u n i t s i n c e A T P A e f f e c t i v e l y r e d u c e s e v o k e d E P S C s i n b o t h 

C A S a n d C A l a t a c o n c e n t r a t i o n a t w h i c h i t a c t s s p e c i f i c a l l y a t G l u R 5 c o n t a i n i n g 

r e c e p t o r s ( V i g n e s et al 1 9 9 8 ) . I t i s i n t e r e s t i n g t o n o t e h o w e v e r t h a t C o n t r a c t o r et al ( 2 0 0 0 ) 

f o u n d t h e a p p l i c a t i o n o f K A r e d u c e d E P S C s i n C A S p y r a m i d a l c e l l s o f w i l d - t y p e a n d 

G l u R 5 " ' " b u t n o t G l u R 6 " ^ " m i c e . T h i s d i s c r e p a n c y m a y p o s s i b l y r e f l e c t d i f f e r e n c e s i n t h e 

s u b u n i t c o m p o s i t i o n o f t h e s e r e c e p t o r s i n r a t s a n d m i c e , o r a l t e r n a t i v e l y d i f f e r e n c e s i n t h e 

p h a r m a c o l o g y o f A T P A i n h e t e r o m e r i c K A r e c e p t o r s o f v a r y i n g s u b u n i t c o m p o s i t i o n . 

T h i s l a s t c o m m e n t i s m a d e s i n c e C o n t r a c t o r a n d c o - w o r k e r s f o u n d n o e f f e c t o n t h e E P S C 

i n w i l d t y p e m i c e w i t h A T P A , a n d P a t e m a i n et al ( 2 0 0 0 ) h a v e f o u n d A T P A c a p a b l e o f 

a c t i v a t i n g h e t e r o m e r i c r e c e p t o r s c o n t a i n i n g G l u R 5 / G l u R 6 a n d G l u R 6 / K A 2 s u b u n i t s . 

K a m i y a a n d O z a w a ( 1 9 9 8 ) h a v e f o u n d t h a t t h i s e f f e c t i n C A l o c c u r r e d a s a r e s u l t 

o f a d e c r e a s e i n p r e s y n a p t i c C a ^ ^ i n f l u x i n t o t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s p o s s i b l y v i a 

l o c a l i s e d d e p o l a r i s a t i o n i n t h e r e g i o n o f t h e t e r m i n a l p r e v e n t i n g t h e a c t i o n p o t e n t i a l 

i n d u c e d m e m b r a n e d e p o l a r i s a t i o n w h i c h p r e c e d e s t r a n s m i t t e r r e l e a s e . T h e m e c h a n i s m o f 

a c t i o n i n C A S a p p e a r s t o b e s o m e w h a t d i f f e r e n t . K A r e c e p t o r a c t i v a t i o n o n m o s s y f i b r e 

a x o n s i n c r e a s e s f i b r e e x c i t a b i l i t y , p r o b a b l y b y c a u s i n g t h e m t o d e p o l a r i s e , l e a d i n g t o a n 

i n h i b i t i o n o f p r e s y n a p t i c i n f l u x . T h i s i n t u r n h a s t h e e f f e c t o f r e d u c i n g g l u t a m a t e 

r e l e a s e a n d h e n c e t h e a m p l i t u d e o f t h e E P S C r e c o r d e d f r o m C A S p y r a m i d a l c e l l s ( K a m i y a 

a n d O z a w a 2 0 0 0 ) . 

I n a d d i t i o n t o t h i s , i t w o u l d a l s o a p p e a r t h a t a c t i v a t i o n o f p o s t s y n a p t i c K A 

r e c e p t o r s o n p y r a m i d a l c e l l s o f b o t h C A S ( R o b i n s o n a n d D e a d w y l e r 1 9 8 1 , C a s t i l l o et a l 

1 9 9 7 ) a n d C A l ( B u r e a u et al. 1 9 9 9 ) i s c a p a b l e o f e l i c i t i n g a n i n w a r d d e p o l a r i s i n g c u r r e n t . 

I t i s k n o w n t h a t b o t h o f t h e s e c e l l t y p e s e x p r e s s t h e G l u R 6 s u b u n i t ( E g e b j e r g et al 1 9 9 1 , 

W i s d e n a n d S e e b u r g 1993), w i t h t h e l e v e l o f e x p r e s s i o n i n C A S b e i n g m u c h h i g h e r t h a n i n 

C A l ( B u r e a u e ? a / . 1 9 9 9 ) . 

O n e f u r t h e r p o s s i b l e c o n s e q u e n c e o f G l u R 6 r e c e p t o r a c t i v a t i o n o n t h e p y r a m i d a l 

c e l l s o f C A l i s t h e i n h i b i t i o n o f t h e s l o w a f t e r h y p e r p o l a r i s a t i o n (ISAHP) ( M e l y a n et al. 

2 0 0 2 ) w h i c h h a s b e e n s h o w n t o b e r e d u c e d f o l l o w i n g K A l e s i o n ( A s h w o o d et a l . 1 9 8 6 ) . 

T h i s h a s b e e n f o u n d t o b e a n o n - d e s e n s i t i s i n g i n h i b i t i o n t h a t c a n b e b l o c k e d b y t h e P K C 

i n h i b i t o r c a l p h o s t i n C . T h i s l e a d s t o a n i n c r e a s e i n t h e e x c i t a b i l i t y o f C A l p y r a m i d a l c e l l s . 

F u r t h e r m o r e , B o r t o l o t t o et al. ( 1 9 9 9 ) h a v e r e p o r t e d t h a t t h e i n d u c t i o n o f m o s s y 

f i b r e l o n g t e r m p o t e n t i a t i o n ( L T P ) , w h i c h i s i n d e p e n d e n t o f N M D A r e c e p t o r s i s b l o c k e d 
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i n t h e p r e s e n c e o f t h e a n t a g o n i s t L Y 3 8 2 8 8 4 a t c o n c e n t r a t i o n s a t w h i c h i t s h o w s g r e a t 

s e l e c t i v i t y f o r t h e G l u R 5 s u b u n i t c o m p a r e d t o G l u R 2 . 

3.1.2 Developmental status of the rat hippocampus between pl5-19 

D u r i n g t h e first f e w w e e k s a f t e r b i r t h , t h e n e r v o u s s y s t e m o f t h e r a t u n d e r g o e s 

s e v e r a l d e v e l o p m e n t a l l y r e g u l a t e d c h a n g e s . T h i s i s t r u e o f t h e h i p p o c a m p u s a s m u c h a s 

a n y b r a i n r e g i o n . I t i s t h e r e f o r e i m p o r t a n t , i n v i e w o f t h e f a c t t h a t t h e s e e x p e r i m e n t s u s e 

h i p p o c a m p a l s l i c e s o b t a i n e d f r o m j u v e n i l e r a t s b e t w e e n p o s t n a t a l d a y 1 5 ( P I 5 ) a n d P I 9 , 

t h a t w e h a v e s o m e o v e r v i e w o f t h e " d e v e l o p m e n t a l s t a t u s " o f t h e h i p p o c a m p u s a t t h i s 

t i m e . I n o t h e r w o r d s , w h a t r e c e p t o r s a r e p r e s e n t , a n d h o w d o e s t h i s c o m p a r e t o a n a d u l t 

r a t ' s h i p p o c a m p u s ? 

W i t h r e g a r d s t o t h e c i r c u i t r y o f t h e h i p p o c a m p a l f o r m a t i o n , i t h a s b e e n s h o w n t h a t 

t h e S c h a f f e r c o l l a t e r a l / c o m m i s s u r a l p a t h w a y i s p r e s e n t a t b i r t h ( P O ) ( D i a b i r a et al 1 9 9 9 ) . 

T h i s p a t h w a y w a s f u n c t i o n a l , s i n c e s t i m u l a t i o n o f t h i s p a t h w a y w a s a b l e t o e v o k e a field 

E P S P t h a t w a s m e d i a t e d b y A M P A r e c e p t o r s . 

T h e A M P A r e c e p t o r p o p u l a t i o n w i t h i n t h e h i p p o c a m p u s v a r i e s d u r i n g t h e 

p o s t n a t a l p e r i o d a s d o e s t h e a g o n i s t s e n s i t i v i t y o f t h e r e c e p t o r s ( S i e f e r t et a l 2 0 0 0 ) . F o r 

e x a m p l e in situ h y b r i d i s a t i o n s t u d i e s ( P e l l e g r i n i - G i a m p i e t r o et al. 1 9 9 1 ) h a v e s h o w n t h a t 

e x p r e s s i o n o f t h e G l u R l m R N A r i s e s t o a p e a k o f 1 9 5 % o f a d u l t l e v e l s i n t h e 

h i p p o c a m p u s b y P I 4 , f a l l i n g t o 1 0 0 % ( a d u l t ) b y a r o u n d P 6 0 . I n c o n t r a s t , t h e p r e s e n c e o f 

t h e G l u R 2 s u b u n i t i s r e l a t i v e l y c o n s t a n t t h r o u g h o u t p o s t n a t a l d e v e l o p m e n t , r e a c h i n g a d u l t 

l e v e l s b y a b o u t P I 4 . T h e e x p r e s s i o n o f t r a n s c r i p t s f o r t h e G l u R 3 s u b u n i t a r e w e l l b e l o w 

a d u l t l e v e l s a t P 4 , r e a c h a d u l t l e v e l s a t P 1 4 b u t t h e n t r a n s i e n t l y o v e r s h o o t t o a p p r o x i m a t e l y 

1 3 0 % b y P 2 1 . 

T h e K A r e c e p t o r s u b u n i t s G l u R 6 , G l u R 7 , K A l a n d K A 2 c a n a l l b e d e t e c t e d i n 

n e u r a l t u b e t i s s u e a s e a r l y a s E l O ( S c h e r e r a n d G a l l o 1 9 9 8 ) . G l u R 6 e x p r e s s i o n a p p e a r s t o 

b e t o t a l l y i n t h e u n e d i t e d s t a t e a t t h i s t i m e . B y E l 8 a p p r o x i m a t e l y 3 0 % o f G l u R 6 

t r a n s c r i p t s a r e i n t h e e d i t e d f o r m ( B e r n a r d et al 1 9 9 9 ) . I n d e e d , t h e e x t e n t o f e d i t i n g o f t h e 

G l u R 5 a n d G l u R 6 s u b u n i t s a p p e a r s t o b e d e v e l o p m e n t a l l y r e g u l a t e d ( B e r n a r d a n d 

K h r e s t c h a t i s k y 1 9 9 4 ) . L e v e l s o f e d i t e d G l u R 5 a r e s t a b l e i n t h e h i p p o c a m p u s b e t w e e n P 1 4 

a n d P 2 1 w i t h a p p r o x i m a t e l y 4 0 % o f t h e G l u r 5 p o p u l a t i o n e x h i b i t i n g Q / R e d i t i n g i n T M I I . 

T h i s i s j u s t b e l o w t h a t o b s e r v e d i n a d u l t , w h e r e t h e l e v e l o f e d i t i n g i s a p p r o x i m a t e l y 5 0 % 

( B e r n a r d et al 1 9 9 9 ) . T h e e d i t i n g o f G l u R 6 m R N A r e a c h e s a p e a k b e t w e e n P 1 0 - P 1 4 , b y 

w h i c h p o i n t 9 0 % o f t h e G l u R 6 m R N A i n t h e h i p p o c a m p u s i s i n t h e e d i t e d f o r m . A t t h i s 
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p o i n t , t h e l e v e l s o f e d i t i n g o f h i p p o c a m p a l G l u R 6 a r e p r a c t i c a l l y t h o s e o f a d u l t r a t s , i n 

w h i c h 8 8 % o f G l u R 6 i s i n t h e e d i t e d f o r m ( B e r n a r d et a l . 1 9 9 9 ) . 

T r a n s c r i p t s f o r K A l a p p e a r d u r i n g t h e e m b r y o n i c d e v e l o p m e n t o f t h e 

h i p p o c a m p u s a n d r e m a i n l o c a l i s e d t o t h e C A S a n d d e n t a t e g y r u s ( B a h n et al 1 9 9 4 ) . K A 2 

h a s b e e n d e t e c t e d a s e a r l y a s E 1 2 a n d r e m a i n s a t c o n s t a n t l e v e l s t h r o u g h t o a d u l t h o o d 

( B a h n et a l . 1 9 9 4 ) . 

N M D A r e c e p t o r s a l s o u n d e r g o p o s t n a t a l d e v e l o p m e n t a l c h a n g e s . F o r e x a m p l e , a t 

b i r t h N M D A r e c e p t o r s d i s p l a y l i t t l e o r n o s e n s i t i v i t y t o M g ^ " ^ b l o c k a d e ( B o w e a n d N a d l e r 

1 9 9 0 ) . A s t h e a n i m a l m a t u r e s t h i s s e n s i t i v i t y b e c o m e s m o r e e v i d e n t . O t h e r s t u d i e s 

h o w e v e r h a v e s u g g e s t e d t h a t t h e s e n s i t i v i t y o f N M D A r e c e p t o r s t o M g ^ ^ d o e s n o t c h a n g e 

d u r i n g p o s t n a t a l d e v e l o p m e n t ( S t r e c k e r et al. 1 9 9 4 ) b u t t h a t i t i s o n l y a f t e r P 4 t h a t 

d e p o l a r i s a t i o n i s a b l e t o r e l i e v e t h e M g ^ " ^ b l o c k a d e o f t h e r e c e p t o r c h a n n e l ( K i r s o n e t a l . 

1 9 9 9 ) . T h i s s w i t c h f o u n d t o c o r r e l a t e w i t h a d o w n r e g u l a t i o n o f t h e e x p r e s s i o n o f t h e 

N R 2 D s u b u n i t i n C A l p y r a m i d a l c e l l s , h i c o n t r a s t , t h e p r o p o r t i o n o f c e l l s e x p r e s s i n g t h e 

N R 2 A a n d N R 2 B s u b u n i t s r e m a i n e d r e l a t i v e l y c o n s t a n t t h r o u g h o u t t h e first five w e e k s o f 

l i f e , a l t h o u g h i t w o u l d a p p e a r t h a t t h e N R 2 B s u b u n i t ' s c o n t r i b u t i o n t o t h e a c t i v i t y o f t h e 

N M D A r e c e p t o r p o p u l a t i o n o n C A l p y r a m i d a l c e l l s i n c r e a s e d a f t e r P 7 . T h i s w a s i n f e r r e d 

from a d e c r e a s e i n s e n s i t i v i t y t o t h e N R 2 B s p e c i f i c a n t a g o n i s t i f e n p r o d i l ( K i r s o n et a l . 

1999). 

T h e a b i l i t y o f t h e g r o u p I m G l u R a g o n i s t t r a n s - A C P D a n d t h e g r o u p I I I a g o n i s t L -

A P 4 t o r e d u c e e x c i t a t o r y t r a n s m i s s i o n via t h e S c h a f f e r c o l l a t e r a l s a p p e a r s t o b e m a x i m a l 

w i t h i n t h e first m o n t h a f t e r b i r t h ( B a s k y s a n d M a l e n k a 1 9 9 1 ) . I t w o u l d a p p e a r t h a t t h e 

g r o u p I m G l u R s a r e c a p a b l e o f c o u p l i n g t o t h e a c t i v a t i o n o f p h o s p h o l i p a s e D ( P L D ) 

b e t w e e n P 3 a n d P I 5 ( K l e i n et a l . 1 9 9 7 ) . T h i s a b i l i t y p e a k s a r o u n d P 8 a n d d e c l i n e s 

t h e r e a f t e r , t h e r e f o r e t h i s e f f e c t o r s y s t e m i s n o t l i k e l y t o b e s i g n i f i c a n t l y i n v o l v e d i n t h e 

m G l u R p a t h w a y i n t h e a g e o f a n i m a l s u s e d f o r t h i s s t u d y . 

B o t h i s o f o r m s o f g l u t a m i c a c i d d e c a r b o x y l a s e ( G A D ) n a m e l y G A D 6 7 a n d G A D 

6 5 h a v e b e e n d e t e c t e d a s e a r l y o n i n h i p p o c a m p a l d e v e l o p m e n t a s E l 7 - E l 8 ( D u p u y a n d 

H o u s e r 1 9 9 6 ) , h o w e v e r t h e c e l l s e x p r e s s i n g t h e s e G A B A p r o d u c i n g e n z y m e s d o n o t 

d i s p l a y a n a d u l t l o c a l i s a t i o n u n t i l a r o u n d P 5 ( S e r e s s et al 1 9 8 9 ) . D u r i n g t h e first w e e k 

a f t e r b i r t h , G A B A i s c a p a b l e o f c a u s i n g a d e p o l a r i s a t i o n o f t h e C A S ( B e n - A r i et a l . 1 9 8 9 ) 

a n d C A l ( J a n i g r o a n d S c h w a r t z k r o i n 1 9 8 9 ) p y r a m i d a l c e l l p o p u l a t i o n s . T h i s i s n o l o n g e r 
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t h e c a s e a f t e r a b o u t P I O i n t h e C A l ( M u e l l e r et a l . 1 9 8 4 ) a n d P 1 2 i n t h e C A S r e g i o n ( B e n -

A r i et a l . 1 9 8 9 ) . 

T h i s s w i t c h from a d e p o l a r i s i n g r e s p o n s e t o G A B A t o t h e h y p e r p o l a r i s i n g r e s p o n s e 

o b s e r v e d i n j u v e n i l e a n d a d u l t r a t s a p p e a r s t o c o i n c i d e w i t h t h e i n d u c t i o n o f t h e e x p r e s s i o n 

o f t h e K C C 2 K V C I " c o t r a n s p o r t e r ( L u et al 1 9 9 9 , R i v e r a et al 1 9 9 9 ) a n d a d o w n r e g u l a t i o n 

o f t h e e x p r e s s i o n o f t h e B S C 2 i s o f o r m o f N a V K ^ / 2 C I ' c o t r a n s p o r t e r ( P l o t k i n et al 1 9 9 7 ) . 

T h e r e f o r e , b y P I 5 , G A B A h a s a s s u m e d i t s a d u l t r o l e o f a n i n h i b i t o r y n e u r o t r a n s m i t t e r . 

W e s t e r n b l o t s from w h o l e r a t b r a i n h o m o g e n a t e s f o r t h e t w o k n o w n s p l i c e v a r i a n t s 

o f t h e GABAB r e c e p t o r s h o w t h a t t h e e x p r e s s i o n o f G B - l a i s a b o u t 2 0 0 % t h a t o b s e r v e d i n 

t h e a d u l t a t P O . T h i s b e g i n s t o d e c l i n e f r o m P 5 t o a p p r o x i m a t e l y a d u l t l e v e l s b y P 2 1 . 

E x p r e s s i o n o f G B - l b i s l o w a t P O , b e i n g a p p r o x i m a t e l y 5 0 % t h a t o f t h e a d u l t r a t . B y P I O 

t h i s v a l u e h a s o v e r s h o t a d u l t l e v e l s t o a p p r o x i m a t e l y 1 5 0 % a n d d e c l i n e s t h e r e a f t e r . F r o m 

a b o u t P I O o n w a r d s t h e r e l a t i v e a m o u n t s o f t h e s e t w o s p l i c e v a r i a n t s h a s a s s u m e d a m o r e 

a d u l t p a t t e r n , t h e r e b e i n g a g r e a t e r a m o u n t o f G B - l b t h a n G B - l a ( F r i t s c h y et al 1 9 9 9 ) . I n 

t h e h i p p o c a m p u s i m m u n o r e a c t i v i t y f o r t h e G B - l a i s o f o r m w a s o b s e r v e d w i t h i n t h e C A l 

p y r a m i d a l c e l l l a y e r a n d t h e d e n t a t e g y r u s . G B - l b s t a i n i n g w a s c o n f i n e d t o t h e stratum 

lacunosum o f C A l a n d t h r o u g h o u t t h e C A S ( F r i t s c h y et al 1 9 9 9 ) . 

I t w o u l d a p p e a r t h a t t h e d e p r e s s a n t e f f e c t s o f e x o g e n o u s l y a p p l i e d a d e n o s i n e o n 

t h e field E P S P e v o k e d w i t h i n C A l d o e s n o t d i f f e r t h r o u g h o u t t h e c o u r s e o f p o s t n a t a l 

d e v e l o p m e n t ( P s a r r o p o u l o u et al 1 9 9 0 ) . T h i s e f f e c t i s d u e t o a d e c r e a s e i n g l u t a m a t e 

r e l e a s e from t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s ( T a n c r e d i et al 1 9 9 8 ) . I t w o u l d a p p e a r t h a t 

t h e l e v e l s o f t h e a d e n o s i n e A i r e c e p t o r e x p r e s s i o n d o r i s e i n t h e C A 2 / C A S a r e g i o n o f t h e 

r a t h i p p o c a m p u s b e t w e e n P 7 a n d P 2 8 , a t w h i c h t i m e a d u l t l e v e l s a r e a c h i e v e d ( O c h i i s h i et 

al 1 9 9 9 ) . I t i s a l s o p o s s i b l e t h a t t h e l e v e l s o f e n d o g e n o u s a d e n o s i n e w i t h i n t h e 

h i p p o c a m p u s a r e l o w e r i n i m m a t u r e r a t s s i n c e t h e e f f e c t s o f b o t h c a f f e i n e a n d t h e 

a d e n o s i n e u p t a k e b l o c k e r n i t r o b e n z y l t h i o i n o s i n e w e r e r e d u c e d c o m p a r e d t o a d u l t a n i m a l s 

( P s a r r o p o u l o u et al 1 9 9 0 ) . 

52 



Schaffer 
collateral 
pathway 

GluRl GluR2 GluR3 GluR5 
Editing 

GluR6 
Editing 

KAl KA2 

Level 
at 
pl5 
vs 
adult 

A d u l t H i g h e r A d u l t A d u l t L o w e r A d u l t A d u l t A d u l t Level 
at 
pl5 
vs 
adult 

NR2A NR2B NR2D GABA GBla GBlb Aden. A1 
Level 
at 
pl5 
vs 
adult 

C o n s t a n t 

1 * 5 

w e e k s 

C o n s t a n t 

1 ^ 5 

w e e k s 

D e c r e a s e 

a f t e r p 4 

H y p e r p o l 

p l O 

(CAl) 
p l 2 

(CA3) 

H i g h e r H i g h e r L o w e r L o w e r 

Table 3.1 A comparison of the levels of expression between pi5-19 and adult of a number of 
developmentally regulated receptor subunits and neurotransmitters/ neuromodulators in rat hippocampus. 
Adult denotes adult levels of expression, higher denotes increased and lower reduced levels of expression 
between pi5-19 compared to adult rat hippocampus. 

Figure 3.1 On the following two pages. Circuitry in the CAl (a and b) and CA3 (c and d) regions of 
the hippocampal formation and the main receptor subunits' location. Pyr: pyramidal cell; In: 
interneurone. Excitatory synapses are represented by red triangles, inhibitory by blue triangles. See 
appended key for receptor identifications. 
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54 



CAl 
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3.2 Objectives 

M a n y o f t h e f i n d i n g s d i s c u s s e d a b o v e h a v e u t i l i s e d t e c h n i q u e s s u c h a s w h o l e c e l l 

p a t c h c l a m p o r i n t r a c e l l u l a r r e c o r d i n g s from s i n g l e c e l l s , o f t e n p h a r m a c o l o g i c a l l y i s o l a t e d 

u s i n g A M P A a n d N M D A a n t a g o n i s t s . T h e d a t a p r e s e n t e d i n t h i s c h a p t e r h a s b e e n 

o b t a i n e d u s i n g e v o k e d f i e l d p o t e n t i a l r e c o r d i n g s o f p o p u l a t i o n s p i k e s from t h e stratum 

pyramidale a n d f i e l d E P S P s from t h e stratum radiatum o f C A l . T h i s h a s t h e a d v a n t a g e o f 

e n a b l i n g o n e t o o b s e r v e t h e n e t e f f e c t s t h a t a r e b e i n g e l i c i t e d b y K A i n t e r m s o f b o t h t h e 

i n h i b i t o r y a n d e x c i t a t o r y n e t w o r k s w i t h i n t h e h i p p o c a m p u s a s a w h o l e a n d i n t h e C A l a s 

a n i s o l a t e d u n i t . 

T h u s i t i s h o p e d t h a t t h e d a t a i n t h i s c h a p t e r w i l l h e l p t o s u p p l e m e n t t h e a l r e a d y 

e x t a n t d a t a r e g a r d i n g t h e e f f e c t s o f K A w i t h r e g a r d t o s e v e r a l p o i n t s : 

1 . T h e e f f e c t o f K A o n e x c i t a t o r y t r a n s m i s s i o n from t h e S c h a f f e r c o l l a t e r a l s u s i n g 

t h e s l o p e o f t h e f i r s t f i e l d E P S P r e c o r d e d from t h e stratum radiatum o f t h e 

C A l . 

2 . T h e d i r e c t e f f e c t o f K A o n t h e p y r a m i d a l c e l l p o p u l a t i o n i n C A l . 

M e a s u r e m e n t s o f t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e w i l l p r o v i d e t h i s 

i n f o r m a t i o n . I t s h o u l d b e b o r n e i n m i n d t h a t t h e E P S P s l o p e a n d p o p u l a t i o n 

s p i k e a m p l i t u d e a r e d i r e c t l y r e l a t e d u n d e r c o n t r o l c o n d i t i o n s . I f t h e E P S P s l o p e 

i n c r e a s e s t h e n t h e p o p u l a t i o n s p i k e a m p l i t u d e a l s o i n c r e a s e s . T h e r e f o r e , i t i s 

e x p e c t e d t h a t a n y d i v e r g e n c e from t h i s r e l a t i o n s h i p s h o u l d a i d i n t h e 

d i f f e r e n t i a t i o n b e t w e e n t h e p r e - a n d p o s t - s y n a p t i c e f f e c t s o f d r u g t r e a t m e n t . 

H o w e v e r , i t i s a l s o p o s s i b l e t h a t a n i n c r e a s e i n t h e f i r s t a n d s e c o n d p o p u l a t i o n 

s p i k e a m p l i t u d e s c o u l d o c c u r a s a r e s u l t o f a r e d u c t i o n i n f e e d f o r w a r d a n d 

f e e d b a c k i n h i b i t i o n . 

3 . T h e e f f e c t o f K A o n t h e e v o k e d i n h i b i t i o n . T h i s w i l l b e s t u d i e d b y u s i n g p a i r e d 

s t i m u l i 2 0 m s e c a p a r t i n o r d e r t o o b s e r v e t h e e f f e c t s o f b o t h f e e d f o r w a r d a n d 

f e e d b a c k i n h i b i t i o n o n t h e s e c o n d p o p u l a t i o n s p i k e . C a l c u l a t i o n o f t h e p a i r e d -

p u l s e i n h i b i t i o n w i l l p r o v i d e a n i n d e x o f t h e e f f i c a c y o f t h e i n h i b i t o r y 

m e c h a n i s m s t h r o u g h o u t t h e c o u r s e o f t h e e x p e r i m e n t . 

4 . T h e e f f e c t o f t h e C A S r e g i o n o n t h e r e s p o n s e s o b s e r v e d i n t h e C A l . T h i s w i l l 

b e s t u d i e d b y c o m p a r i n g t h e r e s p o n s e s o f i n t a c t h i p p o c a m p a l s l i c e s t o t h o s e 

from s l i c e s i n w h i c h C A l h a s b e e n i s o l a t e d b y t r a n s e c t i o n o f t h e S c h a f f e r 

c o l l a t e r a l / c o m m i s s u r a l p a t h w a y . 
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3.3 Methods 

3.3.1 Hippocampal slice preparation 

E x p e r i m e n t s w e r e p e r f o r m e d o n a c u t e s l i c e s t a k e n from 1 5 - 1 9 d a y o l d W i s t a r r a t s . 

T h e s e s l i c e s w e r e p r e p a r e d i n t h e f o l l o w i n g w a y : 

W h o l e b r a i n s w e r e d i s s e c t e d from r a t s k i l l e d b y t e r m i n a l h a l o t h a n e a n a e s t h e s i a a n d 

p l a c e d i n t o A C S F ( i n m M : N a C l 1 1 7 . 8 , NaHCOg 2 6 . 0 , K C l 3 . 3 , KH2PO4 1 . 3 , M g S 0 4 1 . 0 , 

C a C l a 2 . 5 , g l u c o s e 2 1 . 0 ) c h i l l e d t o 4 ° C o n i c e a n d t h e h i p p o c a m p i r e m o v e d . T h e s e w e r e 

p l a c e d i n t u r n o n a M c l l w a i n t i s s u e c h o p p e r a n d 4 0 0 | i M t r a n s v e r s e s l i c e s t a k e n a n d 

t r a n s f e r r e d t o a p e t r i d i s h c o n t a i n i n g a p i e c e o f filter p a p e r m o i s t e n e d w i t h c h i l l e d A C S F . 

T h e s e w e r e a l l o w e d t o r e c o v e r f o r a t l e a s t 1 h o u r i n a h u m i d i f i e d c h a m b e r a n d 

c o n t i n u o u s l y g a s s e d w i t h 9 5 % 0 2 / 5 % C O 2 . 

3.3.2 Electrophysiology 

F o l l o w i n g t h i s r e c o v e r y p e r i o d , s l i c e s w e r e p l a c e d i n t o a r e c o r d i n g c h a m b e r a n d 

s u p e r f i i s e d w i t h A C S F c o n t i n u o u s l y b u b b l e d w i t h 9 5 % 0 2 / 5 % C O 2 . A t w i s t e d n i c h r o m e 

b i p o l a r s t i m u l a t i n g e l e c t r o d e w a s p l a c e d i n t o t h e S c h a i i e r c o l l a t e r a l p a t h w a y a n d field 

r e s p o n s e s r e c o r d e d from C A l . R e c o r d i n g e l e c t r o d e s ( p u l l e d from G C I O O - F I O g l a s s 

m i c r o p i p e t t e s , 4 - l O M Q , 3 M N a C l ) w e r e p l a c e d i n t o b o t h stratum pyramidale a n d stratum 

radiatum t o r e c o r d p o p u l a t i o n s p i k e s a n d field E P S P s r e s p e c t i v e l y . R e s p o n s e s w e r e 

s a m p l e d a t l O k H z a n d filtered a t 3 k H z . P a i r e d , h a l f - m a x i m a l s t i m u l i 2 0 m s e c a p a r t w e r e 

a d m i n i s t e r e d , a l l o w i n g f o r t h e a s s e s s m e n t o f f e e d f o r w a r d a n d f e e d b a c k GABAA m e d i a t e d 

i n h i b i t o r y c i r c u i t r y b y c o m p a r i n g t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e w i t h t h a t 

o f t h e first. B y u s i n g t h e f o r m u l a ( ( C - T ) / C ) * 1 0 0 , w h e r e C = first ( c o n d i t i o n i n g ) s p i k e 

a m p l i t u d e a n d T = s e c o n d ( t e s t ) s p i k e a m p l i t u d e , i t w a s t h u s p o s s i b l e t o c a l c u l a t e t h e 

p e r c e n t a g e i n h i b i t i o n o f t h e s e c o n d s p i k e c o m p a r e d t o t h e first. 

A p p l i c a t i o n o f K A ( [ 2 S - ( 2 a , 3 p , 4 P ) ] - 2 - C a r b o x y - 4 - ( l - m e t h y l e t h y l e n y l ) - 3 -

p y r r o l i d i n e a c e t i c a c i d ) t o i n t a c t h i p p o c a m p a l s l i c e s i s k n o w n t o c a u s e a d e p o l a r i s a t i o n o f 

C A 3 p y r a m i d a l c e l l s ( C a s t i l l o et a l . 1 9 9 7 ) w h i c h m a y r e s u l t i n e p i l e p t i f o r m a c t i v i t y ( B e n -

A r i 2 0 0 0 ) . T h i s a c t i v i t y i s p r e s u m a b l y c a p a b l e o f s p r e a d i n g t o t h e C A l r e g i o n v i a t h e 

S c h a f f e r c o l l a t e r a l p a t h w a y . T h e r e f o r e , i n o r d e r t o c o m p a r e t h e e f f e c t s o f d r u g s i n C A l i n 

t h e a b s e n c e o f a d o w n s t r e a m e f f e c t from C A 3 , a n u m b e r o f e x p e r i m e n t s w e r e c a r r i e d o u t 

i n i s o l a t e d C A l p r e p a r a t i o n s . T o a c h i e v e t h i s , t h e C A 3 a n d t h e d e n t a t e g y r u s w e r e 
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d i s s e c t e d from t h e s h c e i n t h e p e t r i - d i s h u s i n g a fresh s c a l p e l b l a d e . S l i c e s w e r e t h e n 

t r a n s f e r r e d a s u s u a l t o t h e r e c o r d i n g c h a m b e r u s i n g a n a r t i s t ' s 0 0 p a i n t b r u s h . 

3.3.3 Drug application 

D r u g s w e r e a p p l i e d i n t h e s u p e r f i j s i n g A C S F . F o r a l l e x p e r i m e n t s o t h e r t h a n t h e 

K A d o s e r e s p o n s e c u r v e , a c o n c e n t r a t i o n o f 1 p , M K A w a s c h o s e n a s a c o n c e n t r a t i o n w h i c h 

r e s u l t s i n a s e q u e n t i a l e n h a n c e m e n t a n d r e d u c t i o n i n t h e f i e l d p o p u l a t i o n s p i k e a m p l i t u d e 

i n a d d i t i o n t o a r e d u c t i o n i n t h e field E P S P s l o p e . T h i s i n c r e a s e f o l l o w e d b y a d e c r e a s e i n 

t h e field p o p u l a t i o n s p i k e w a s p r e s u m e d t o r e p r e s e n t t h e a c t i v i t y o f K A a t b o t h 

i n t e r n e u r o n a l t e r m i n a l s a n d d e n d r i t e s c o u p l e d w i t h i t ' s p r e s y n a p t i c a c t i o n a t S c h a i B f e r 

c o l l a t e r a l t e r m i n a l s . K A h a s b e e n r e p o r t e d t o a c t i v a t e K A r e c e p t o r s p r e f e r e n t i a l l y t o 

A M P A r e c e p t o r s a t a c o n c e n t r a t i o n o f l | j , M ( K a m i y a a n d O z a w a 1 9 9 8 , 2 0 0 0 ; M u l l e et al. 

2 0 0 0 ) a n d t h i s c o n c e n t r a t i o n i s a r o u n d t h e E C 5 0 v a l u e f o r s e v e r a l h o m o m e r i c K A r e c e p t o r 

t y p e s ( T a b l e 3 . 2 a n d C h i t t a j a l u et al. 1 9 9 9 ) . A M P A r e c e p t o r a c t i v a t i o n b y K A i s u n l i k e l y 

u n t i l a c o n c e n t r a t i o n o f > 3 p , M i s r e a c h e d ( M u l l e et al. 2 0 0 0 ) , t h e EC50 b e i n g i n t h e r e g i o n 

o f 6 4 - 2 4 0 p M ( T a b l e 3 . 2 a n d C h i t t a j a l u et al. 1 9 9 9 ) . 

F u r t h e r e v i d e n c e t h a t a c o n c e n t r a t i o n o f 1 j i M K A i s l i k e l y t o s p e c i f i c a l l y a c t i v a t e 

K A r a t h e r t h a n A M P A r e c e p t o r s i s p r e s e n t e d i n t a b l e 3 . 2 b e l o w . T h e p o t e n c y o f K A a t 

v a r i o u s h o m o m e r i c a n d h e t e r o m e r i c A M P A o r K A r e c e p t o r s h a s b e e n o u t l i n e d , u s i n g t h e 

EC50 f o r K A i n d u c e d r e c e p t o r a c t i v a t i o n a s a m e a s u r e o f p o t e n c y . W h e r e p o s s i b l e t h e K j 

f o r K A b i n d i n g h a s a l s o b e e n p r e s e n t e d , a l t h o u g h w h e r e s t a t e d t h e IC50 v a l u e s f o r t h e 

d i s p l a c e m e n t o f A M P A b i n d i n g b y K A h a v e b e e n s u b s t i t u t e d . 
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Subunit GluRl GI11R2 GluR3 GluR4 GluR5 GIuRSQ 
GluRSR/ 

KAl 
GluR5R/ 

KA2 
KA 

EC50 
(fiM) 

35e 
-

37.60 
45.5/'" 

100,"'" 
-

27."-" 4 .2 .^ 6.6,''" 

Kd(nM) 73k 

Subunit G111R6 
GIuR6 

R 
GI11R6 
R / K A l 

GIuR6 
R/KA2 

GI11R7 KAl KA2 
Native 

KA 
Native 
AMPA 

KA 
EC50 
(fiM) 

Ic'"' 
3.4b' 
1.2h' 
299h 

2.7.2'" 
0.47f 

1.7.2^ 0.45."^ 
1.62/ 

mM 
range* 

HNF HNF 
0.81. 
2 3 / 

226/ 
320j'%'2 
180j" 

Kd (nM) 
12.9m* 

95. 
7 7 / 5p 15d 

Table 3.2 The relative potency ( E C 5 0 ) or affinity (Kj) of kainic acid for either AMPA or KA receptors. 
Receptors are either homomeric or heteromeric for the named subunits or combination. The values for native 
KA or AMPA receptors were obtained from hippocampal neurones. The three potency values for native 
AMPA receptors were obtained during the same study at various developmental stages of animals as 
outlined in the key. HNF indicates a non-functional homomer. Superscripted numbers refer to the following 
conditions or expression systems: 1. Xenopus oocytes; 2. In the presence of concancvalin A; 3. Cultured 
hippocampal neurones; 4. HEK 293 cells; 5. HeLa cells; 6. BHK570 cells; 7. Human homologue; 8. 
Threshold approx. ImM; 9. Postnatal day 5; 10. Postnatal day 18; 11. Postnatal day 40; 12.Threshold 
between 5-10|iM; 13) IC50 value against ^[H] AMPA binding; 14. Measured by ""̂ [Ca] influx. Subscripts 
refer to the references for the quoted values: a) Bettler et al 1992; b) Bleakman et al. 1999; c) Egebjerg et al. 
1991; d) Herb et al. 1992; e) Hollmann et al. 1989; f) Howe 1996; g) Malva et al. 1995; h) Patemain et al. 
1998; i) Schiffer et al. 1997; j) Siefert et al. 2000; k) Sommer et al. 1992; 1) Stem-Bach et al. 1994; m) 
Tygessen et al. 1994; n) Valenzuela and Cordoso 1999; o) Watase et al. 1997; p) Werner et al. 1991; q) 
Wilding and Heutner 1997; r) Keinanen et al. 1990; s) Gushing et al. 1999. 

O f g r e a t e s t n o t e a r e t h e v a l u e s p r e s e n t e d f o r n a t i v e h i p p o c a m p a l A M P A a n d K A 

r e c e p t o r a c t i v a t i o n b y K A . F r o m t h i s i t i s c l e a r t h a t t h e EC50 v a l u e s f o r K A a t K A 

r e c e p t o r s a r e a t l e a s t 1 0 t i m e s l o w e r t h a n f o r A M P A r e c e p t o r s . 

3.3.4 Data Acquisition and Analysis 

D a t a w a s a c q u i r e d u s i n g a n A x o c l a m p 2 B a m p l i f i e r c o n n e c t e d t o a c o m p u t e r 

r u n n i n g p C l a m p 6 s o f t w a r e v i a a D i g i d a t a 1 2 0 0 i n t e r f a c e . 

P o p u l a t i o n s p i k e a m p l i t u d e s a n d E P S P s l o p e s w e r e c a l c u l a t e d a s a p e r c e n t a g e o f 

t h e a v e r a g e c o n t r o l r e s p o n s e f o r t h e f i r s t p o p u l a t i o n s p i k e a n d E P S P r e s p e c t i v e l y , t h u s 

a l l o w i n g d a t a from a n u m b e r o f e x p e r i m e n t s t o b e p o o l e d m o r e e a s i l y . T h e f i g u r e s q u o t e d 

f o r t h e r e s p o n s e s t o v a r i o u s d r u g t r e a t m e n t s h a v e b e e n o b t a i n e d b y c a l c u l a t i n g t h e m e a n 

a n d s t a n d a r d e r r o r o f t h e m e a n ( S . E . M ) f o r t h e l a s t t h r e e r e s p o n s e s i n e a c h a p p l i c a t i o n 

p e r i o d u n l e s s o t h e r w i s e s t a t e d u s i n g S i g m a P l o t v e r s i o n 4 . S i n c e t h e r e s p o n s e t o K A 

a p p e a r e d t o b e b i p h a s i c , t h e m e a n ( ± S . E . M . ) f o r t h e t h r e e r e c o r d i n g s b e t w e e n 1 . 5 t o 3 

m i n u t e s i n t o t h e d r u g a p p l i c a t i o n p e r i o d h a v e b e e n c a l c u l a t e d i n a d d i t i o n t o t h e l a s t t h r e e 
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r e s p o n s e s o f t h e d r u g a p p H c a t i o n p e r i o d f o r e a c h e x p e r i m e n t . S t a t i s t i c a l s i g n i f i c a n c e w a s 

c a l c u l a t e d u s i n g S t u d e n t ' s p a i r e d t - t e s t , p < 0 . 0 5 b e i n g d e e m e d s i g n i f i c a n t a n d p < 0 . 0 1 

h i g h l y s i g n i f i c a n t . I n o r d e r t o c o m p a r e t h e r e s p o n s e s o b t a i n e d f o r t h e v a r i o u s d r u g 

a p p l i c a t i o n p r o t o c o l s , d a t a a t e a c h o f t h e s t a t e d t i m e - p o i n t s w e r e n o r m a l i s e d t o e i t h e r t h e 

final t h r e e r e s p o n s e s o f t h e p r e - d r u g c o n t r o l p e r i o d ( i n t h e c a s e o f a g o n i s t e x p e r i m e n t s ) o r 

t h o s e o b t a i n e d a t t h e e n d o f t h e a n t a g o n i s t a p p l i c a t i o n . T h i s a l l o w e d a c o m p a r i s o n o f t h e 

r e l a t i v e s h i f t s i n t h e p a r a m e t e r s t o b e s t u d i e d i n r e s p o n s e t o d r u g a p p l i c a t i o n . S t a t i s t i c a l 

c o m p a r i s o n s o f t h e s e n o r m a l i s e d d a t a w e r e m a d e u s i n g S t u d e n t ' s u n p a i r e d t - t e s t . 

F i g u r e 3 . 2 s h o w s t h e p o s i t i o n i n g o f t h e s t i m u l a t i n g e l e c t r o d e a n d b o t h e x t r a c e l l u l a r 

e l e c t r o d e s i n t h e h i p p o c a m p a l s l i c e d u r i n g t h e f o l l o w i n g s e r i e s o f e x p e r i m e n t s . T h e 

b i p o l a r s t i m u l a t i n g e l e c t r o d e w a s p o s i t i o n e d i n t h e stratum radiatum s u c h t h a t i t w o u l d 

s t i m u l a t e t h e S c h a f f e r c o l l a t e r a l p a t h w a y . E x t r a c e l l u l a r r e c o r d i n g e l e c t r o d e s filled w i t h 

3 M N a C l w e r e p l a c e d i n t o t h e stratum radiatum t o r e c o r d field E P S P s a n d t h e stratum 

pyramidale t o r e c o r d field p o p u l a t i o n s p i k e s . T h e r e d d o t t e d l i n e s r e p r e s e n t t h e d i s s e c t i o n 

o f t h e C A S a n d d e n t a t e g y r u s r e s u l t i n g i n a n i s o l a t e d C A l p r e p a r a t i o n . 

^ Dentate 

Figure 3.2 Diagrammatic representation of the positioning of the bipolar stimulating electrode in the 
Schaffer collateral pathway and extracellular recording electrodes in stratum radiatum and pyramidale 
recording field EPSPs and population spikes respectively. Electrode positions are identical in the isolated 
CAl preparation. Sc= SchafFer collateral pathway, int= interneurone. Dotted red line represents lines of cut 
to produce the isolated CAl preparation. 
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3.4 Results 

I n o r d e r t o i n v e s t i g a t e t h e e f f e c t s o f a s e r i e s o f a g o n i s t s a n d a n t a g o n i s t s f o r 

i o n o t r o p i c g l u t a m a t e r e c e p t o r s o n t h e E P S P s l o p e , p o p u l a t i o n s p i k e a m p l i t u d e s a n d 

p a i r e d - p u l s e i n h i b i t i o n r e c o r d e d from t h e C A l r e g i o n o f t h e h i p p o c a m p u s d u r i n g t h e 

a p p l i c a t i o n o f K A , t h e f o l l o w i n g s e r i e s o f e x p e r i m e n t s w e r e c a r r i e d o u t . T h e r e s p o n s e s i n 

w h o l e s l i c e s w e r e c o m p a r e d t o t h o s e i n h i p p o c a m p a l s l i c e s from w h i c h t h e C A S a n d 

d e n t a t e g y r u s h a d b e e n e x c i s e d i n o r d e r t o s e p a r a t e t h e d o w n s t r e a m e f f e c t s o f K A i n t h e 

C A S from C A l s p e c i f i c r e s p o n s e s . 

3.4.1.1 Threshold concentration for the action of KA in intact slice CAl 

A s e r i e s o f c u m u l a t i v e c o n c e n t r a t i o n - r e s p o n s e e x p e r i m e n t s w e r e c a r r i e d o u t i n 

o r d e r t o a s c e r t a i n t h e t h r e s h o l d c o n c e n t r a t i o n o f K A r e q u i r e d t o e l i c i t a c h a n g e i n t h e field 

r e s p o n s e o f t h e C A l i n i n t a c t s l i c e s ( f i g u r e s 3 . 3 - 3 . 6 ) . A n e x a m p l e o f t h e r a w d a t a o b t a i n e d 

d u r i n g t h e c o u r s e o f t h e s e e x p e r i m e n t s i s p r e s e n t e d i n figure 3 . 3 . 

C u m u l a t i v e c o n c e n t r a t i o n - r e s p o n s e d a t a f o r t h e first a n d s e c o n d E P S P s l o p e s 

r e c o r d e d from t h e C A l r e g i o n o f i n t a c t s l i c e s i s p r e s e n t e d i n f i g u r e 3 . 4 . A p p U c a t i o n o f 

2 5 0 n M K A r e s u l t e d i n a s i g n i f i c a n t r e d u c t i o n ( p < 0 . 0 1 S t u d e n t ' s p a i r e d t - t e s t ) i n t h e s l o p e 

o f t h e s e c o n d E P S P ( f i g u r e 3 . 4 ) . T h i s w a s a u g m e n t e d b y fiirther a d d i t i o n s o f K A u p t o a 

c o n c e n t r a t i o n o f 1 | j , M K A . T h e first E P S P s l o p e a l s o b e g a n t o d e c r e a s e a t 2 5 0 n M K A , b u t 

w a s n o t s i g n i f i c a n t l y a f f e c t e d u n t i l t h e c o n c e n t r a t i o n o f K A i n t h e r e c o r d i n g c h a m b e r 

r e a c h e d 5 0 0 n M . 

F i g u r e 3 . 5 s h o w s t h e first a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s r e c o r d e d from 

stratum pyramidale d u r i n g t h e s a m e e x p e r i m e n t s p r e s e n t e d i n figure 3 . 4 . A p p l i c a t i o n o f 

2 5 0 n M K A a l s o r e s u l t e d i n a s i g n i f i c a n t i n c r e a s e ( p < 0 . 0 1 ) i n t h e a m p l i t u d e o f b o t h t h e 

first a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s ( f i g u r e 3 . 5 ) . F u r t h e r i n c r e a s e s i n t h e K A 

c o n c e n t r a t i o n r e s u l t e d i n a s i g n i f i c a n t r e d u c t i o n i n p o p u l a t i o n s p i k e a m p l i t u d e b e l o w 

c o n t r o l v a l u e s . 

T h i s a p p a r e n t s e p a r a t i o n b e t w e e n t h e t h r e s h o l d s e n s i t i v i t y o f t h e first E P S P a n d t h e 

first p o p u l a t i o n s p i k e t o t h e a c t i o n s o f K A s u g g e s t s t h a t K A m a y b e a c t i n g a t m o r e t h a n 

o n e s i t e w i t h s l i g h t l y d i f f e r i n g a f f i n i t i e s . T h i s i s s u p p o r t e d b y t h e u n c o u p l i n g o f t h e 

r e d u c t i o n i n E P S P s l o p e from t h e i n c r e a s e i n p o p u l a t i o n s p i k e a m p l i t u d e . 
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Control 

20msec 

2nMKA 

250nM KA SOOnM KA 

l i iMKA Wash 

Figure 3.3 Example traces taken during a cumulative KA dose-response time course experiment 
carried out in the CAl region of an intact slice using a 20msec paired-pulse protocol. Each figure 
shows the average of three population spikes and EPSPs recorded for a given stimulus at the end of 
each application period, a) Control; b) 2nM KA; c) 250nM KA; d) 500nM KA; e) 1 jiM KA; f) wash. 
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Figure 3.4 Time-course data for the effect of cumulatively increasing concentrations of KA in the intact 
CAl on the mean percentage slope of the first and second EPSPs. The second EPSP is reduced in slope 
within the first three minutes of increasing the concentration of KA in the recording chamber to 250nM 
(62% (±7.0) to 42% (±6.4), p<0.01). The second EPSP continues to decrease reaching 29% (±11.5) 
(p<0.05) by the end of 500nM KA. The first EPSP does not show a significant change in slope until the 
end of 15 minutes at 500nM KA, when it is reduced from 54% (±16.5) to 21% (±14.8), p<0.01). Both 
EPSP slopes continue to fall during l^M KA application, but neither are significantly different to the 
values for the end of 500nM (n=3). Arrows and letters represent the time-points for which example 
traces are shovm and quoted numbers were calculated. 
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Figure 3.5 Time-course data for the effect of cumulatively increasing concentrations of KA on 
the mean percentage population spike amplitude recorded from the CAl region of intact 
hippocampal slices (n=3). Application of 250nM KA causes a marked increase in the amplitude 
of both the first and second population spike from 82% (±3.4) to 99% (±1.78) (p<0.01) and 46% 
(±8.0) to 81% (±4.1) (p<0.01) respectively. The first spike decreases significantly during the 15 
minute application period to 88% (±3.9) (p<0.01). The decrease in the second population spike 
during this time is not statistically significant (80% (±4.6)). The responses seen within the first 
three minutes of 500nM KA application do not differ significantly from the end of the 250nM 
KA period (89% (±4.2) and 83% (±4.7) respectively. However, by the end of this period both the 
first and second population spike have begun to decrease in amplitude and continue to do so 
throughout the application of 1 |iM KA (32% (±6.9) and 37% (±9.7) respectively (p<0.01). 

D a t a f o r t h e m e a n p e r c e n t a g e i n h i b i t i o n t h r o u g h o u t t h e c o u r s e o f t h e c u m u l a t i v e 

K A c o n c e n t r a t i o n - r e s p o n s e e x p e r i m e n t i n i n t a c t s l i c e s i s p r e s e n t e d i n f i g u r e 3 . 6 . 

A p p l i c a t i o n o f 2 5 0 n M K A r e s u l t s i n a s i g n i f i c a n t r e d u c t i o n ( p < 0 . 0 1 ) i n t h e m e a n 

p e r c e n t a g e i n h i b i t i o n . T h i s i s fiirther r e d u c e d b y s u b s e q u e n t i n c r e a s e s i n t h e c o n c e n t r a t i o n 

o f K A i n t h e r e c o r d i n g c h a m b e r . 
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Figure 3.6 Shows the effects of cumulative increases of KA concentration on the mean percentage 
inhibition (± S.E.M.) of the second population spike with respect to the first recorded using a paired 
pulse protocol with a 20msec interpulse interval from the CAl region of intact hippocampal slices 
(n=3). Introduction of 2nM KA to the recording chamber produces a small but significant increase in 
the mean percentage inhibition irom 40% (±7.1) to 46% (±7.7) (p<0.01). As the concentration of KA 
rises to 250nM the percentage inhibition fklls rapidly, reaching 9% (±2.6) after 15 minutes (p<0.01). 
During the superftision with 500nM the inhibition is further reduced, resulting in a facilitation of the 
second spike (-20% (±7.8), p<0.01) which is further exacerbated in the presence of l^M KA (-44% 
(±18.9). 

3.4.1.2 KA threshold: the role of CA3 

T h e r o l e o f t h e C A S r e g i o n i n t h e o b s e r v e d t h r e s h o l d c o n c e n t r a t i o n f o r t h e a c t i o n 

o f K A i n t h e C A l w a s i n v e s t i g a t e d i n s l i c e s from w h i c h t h e C A S a n d d e n t a t e g y r u s h a d 

b e e n r e m o v e d ( f i g u r e s S . 7 - 3 . 1 0 ) . E x a m p l e t r a c e s o b t a i n e d d u r i n g t h e c o u r s e o f t h e s e 

e x p e r i m e n t s a r e p r e s e n t e d i n figure 3 . 7 . D a t a f o r t h e first a n d s e c o n d E P S P s l o p e s a r e 

p r e s e n t e d i n figure 3 . 8 a n d t h e p o p u l a t i o n s p i k e a m p l i t u d e d a t a i n figure 3 . 9 . 

I n c r e a s i n g t h e c o n c e n t r a t i o n o f K A i n t h e r e c o r d i n g c h a m b e r from 2 n M t o 2 5 0 n M 

K A r e s u l t e d i n a s i g n i f i c a n t r e d u c t i o n i n t h e s l o p e o f b o t h t h e first ( p < 0 . 0 1 ) a n d s e c o n d 

E P S P ( p < 0 . 0 5 ) s l o p e s ( f i g u r e 3 . 8 ) . T h u s i t w o u l d a p p e a r t h a t t h e E P S P e x h i b i t s s e n s i t i v i t y 

t o K A a t a t h r e s h o l d o f 2 5 0 n M i r r e s p e c t i v e o f t h e p r e s e n c e o f C A S ( f i g u r e 3 . 4 ) . 
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Figure 3.7 Example traces of recordings made from stratum pyramidale and stratum radiatum of an 
isolated CAl preparation during the time course of a cumulative KA dose-response experiment. Each 
figure represents the average of three traces taken at the end of each application period, a) Control; b) 
2nM KA; c) 250nM KA; d) SOOnM KA; e) 1 pM KA; f) wash. 
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Figure 3.8 Time-course data for the mean percentage EPSP slope taken from cumulative dose-
responses to KA in isolated CAl preparations. There is no significant difference in the slope of either 
the first or second EPSP recorded during the control period and either the beginning or end of 2nM KA. 
Within the first three minutes of the concentration of KA in the recording chamber reaching 250nM the 
mean first EPSP slope decreases from 90% (±4.0) to 80% (±3.5) (p<0.01). By the end of 15 minutes 
250nM KA the second EPSP slope is also significantly reduced from 66% (±7.6) to 60% (±6.6) 
(p<0.05). This downward trend continues as the concentration of KA increases although it is only at a 
concentration of l|iM that any further significant change occurs (55% (±5.7) within the first three 
minutes of 1 pM KA for the first EPSP (p<0.01) and 54% (±7.4) for the second (p<0.01). 

T h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e i n c r e a s e d s i g n i f i c a n t l y a t a c o n c e n t r a t i o n 

o f 2 5 O 1 1 M K A ( f i g u r e 3 . 9 ) a l t h o u g h n o t t o s u c h a n e x t e n t a s o b s e r v e d i n t h e i n t a c t s l i c e 

p r e p a r a t i o n ( f i g u r e 3 . 5 ) . H o w e v e r , t h i s s u g g e s t s a d i r e c t a c t i o n o f K A o n t h e i n t e m e u r o n e 

p o p u l a t i o n o f C A l . S i n c e t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e a p p e a r s t o b e 

d e c r e a s i n g from t h e c o n t r o l p e r i o d o n w a r d s i t i s d i f f i c u l t t o d e t e r m i n e w h e t h e r t h e f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e i s a l s o s e n s i t i v e t o K A i n t h e a b s e n c e o f C A 3 from t h i s d a t a 

s e t . 
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Figure 3.9 Percentage mean population spike amplitude data for the effect of cumulatively 
increasing concentrations of KA in isolated CAl preparations (n=5). The first population spike 
amplitude decreases steadily from 93% (±3.5) to 42% (±8.2) by the end of 15 minutes superfusion 
with IjiM KA (p<0.01). The second population spike amplitude increases significantly within the 
first three minutes of the concentration of KA reaching 250nM from 33% (±4.7) at the end of the 
application of 2nM KA to 40% (±5.7) (p<0.01). It does not significantly change from this value until 
the end of the experiment. 

T h e f a l l i n g a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e d u r i n g t h e c o n t r o l p e r i o d a l s o 

m a k e s t h e i n t e r p r e t a t i o n o f t h e p a i r e d - p u l s e i n h i b i t i o n d a t a f o r t h e i s o l a t e d s l i c e 

p r e p a r a t i o n ( f i g u r e 3 . 1 0 ) p r o b l e m a t i c a l . H o w e v e r , a s w o u l d b e e x p e c t e d w i t h a f a l l i n g first 

p o p u l a t i o n s p i k e a m p l i t u d e a n d a r e l a t i v e l y s t a b l e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e , t h e 

p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d from t h e s e d a t a c o n t i n u e s t o d e c r e a s e t h r o u g h o u t t h e 

e x p e r i m e n t . 
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Figure 3.10 Time-course for the effect of cumulative increases in KA concentration on the percentage 
inhibition of the second population spike with respect to the first recorded from isolated CAl 
preparations (mean % inhibition ± S.E.M., n=5). At a concentration of 2nM there is a small, but 
significant decrease in the mean percentage inhibition from 63% (±5.6) to 56% (±7.4) (p<0.05). This 
trend continues as the concentration of KA rises until facilitation of the second population spike occurs 
at a concentration of l^M KA (-3% (±13.5), p<0.01)). 

3.4.2.1 lp,M KA time-course: the intact slice preparation 

S i n g l e a p p H c a t i o n s o f 1 p M K A w e r e c a r r i e d o u t i n o r d e r t o i n v e s t i g a t e w h e t h e r t h e 

d a t a o b t a i n e d from t h e c u m u l a t i v e c o n c e n t r a t i o n - r e s p o n s e e x p e r i m e n t s ( f i g u r e s 3 . 4 - 3 . 6 

a n d 3 . 8 - 3 . 1 0 ) w e r e a t r u e r e p r e s e n t a t i o n o f t h e a c t i o n o f K A a t t h i s c o n c e n t r a t i o n o r 

r e p r e s e n t e d t h e e f f e c t s o f r e c e p t o r d e s e n s i t i s a t i o n . F u r t h e r m o r e , a c o n c e n t r a t i o n o f 1 p - M 

K A w a s c h o s e n s i n c e i t i s a t o r b e l o w t h e E C 5 0 f o r K A a t n a t i v e K A r e c e p t o r s i n v a r i o u s 

b r a i n r e g i o n s a n d w e l l b e l o w t h e EC50 v a l u e s f o r t h e a c t i v a t i o n o f n a t i v e A M P A r e c e p t o r s 

b y K A ( t a b l e 3 . 2 ) . T h u s i t w a s a n t i c i p a t e d t h a t a t I p M , K A a p p l i c a t i o n w o u l d e x h i b i t 

p h e n o m e n a c o m m e n s u r a t e w i t h t h e s e l e c t i v e a c t i v a t i o n o f K A r e c e p t o r s o v e r A M P A 

r e c e p t o r s . I n d e e d s u c h a c a s e h a s p r e v i o u s l y b e e n p u t f o r w a r d b y b o t h K a m i y a a n d O z a w a 

( 1 9 9 8 ) a n d M u l l e et al. (2001). 
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Control 3 minutes KA 

30 minutes KA Wash 

Figure 3.11 Example traces for the effect of IfxM KA on the population spike amplitude and EPSP slope 
recorded from the CAl region of an intact hippocampal slice. Each trace represents the average of three 
responses, a) Control, b) onset of the KA effect, c) end of the KA application period, d) following 30 minutes 
ACSF wash. 
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A p p l i c a t i o n o f l | j , M K A i n t h e i n t a c t s U c e p r e p a r a t i o n r e s u l t e d i n a n u m b e r o f 

e f f e c t s ( f i g u r e s 3 . 1 1 - 3 . 1 3 ) . W i t h i n t h e f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n , t h e f i r s t a n d 

s e c o n d E P S P s l o p e s b e g a n t o d e c r e a s e ( f i g u r e 3 . 1 2 ) . A t t h i s s a m e t i m e , t h e r e w a s a 

m a r k e d , t r a n s i e n t i n c r e a s e i n t h e a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s . 

S i n c e t h i s o c c u r s a t a t i m e w h e n t h e E P S P s l o p e h a d b e g u n t o d e c r e a s e , i t w o u l d s u g g e s t 

t h a t K A i s a c t i n g a t m o r e t h a n o n e s i t e i n t h i s p r e p a r a t i o n . 

F o l l o w i n g t h i s , b o t h f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s r e d u c e d i n a m p l i t u d e t o 

w e l l b e l o w c o n t r o l v a l u e s ( f i g u r e 3 . 1 2 ) . T h u s a t t h i s c o n c e n t r a t i o n , K A e x h i b i t s a b i p h a s i c 

r e s p o n s e w i t h r e g a r d s t o p o p u l a t i o n s p i k e a m p l i t u d e , w h i c h w a s n o t o b s e r v e d d u r i n g t h e 

c u m u l a t i v e c o n c e n t r a t i o n r e s p o n s e e x p e r i m e n t s ( f i g u r e 3 . 5 ) . T h i s r e d u c t i o n p e r s i s t s f o r a t 

l e a s t 3 0 m i n u t e s f o l l o w i n g w a s h o f K A . 
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Figure 3.12 Time-course for the effects of application of 1 KA in the CAl region of intact hippocampal 
slices (n=5). It is interesting to note that there is an initial increase in the amplitude of both the first and 
second population spikes recorded using a paired-pulse protocol with a 20 msec interpulse interval from 
86% (± 3.4) to 119% (±9.7) (p=0.01) for the first spike and from 50% (±5.7) to 96% (±16.0) (p<0.05) for 
the second. This implies a rapid and transient reduction in both evoked and tonic inhibition. This is coupled 
with a decrease in the slope of the EPSP recorded from stratum radiatum from 92% (±3.0) to 41% (±6.4) 
(p<0.01) for the first EPSP, 103% (±7.1) to 62% (±9.0) (p<0.01) for the second by the end of the KA 
application period. It can also be seen that, while the EPSP slope begins to return to control values following 
30 minutes wash, the population spike amplitude remains depressed compared to confrol. Arrows and letters 
correspond to the example traces in the previous figure. Quoted numbers were calculated at these time-
points. 
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C a l c u l a t i o n o f t h e m e a n p e r c e n t a g e i n h i b i t i o n from t h i s d a t a ( f i g u r e 3 . 1 3 ) r e v e a l s a 
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Figure 3.13 The effect of l^iM KA application on the mean percentage inhibition (± S.E.M.) of the second 
population spike with respect to the first spike recorded from the CAl region of intact hippocampal slices during 
a paired-pulse protocol using a 20msec inter-pulse interval (n=5). The effect of KA appears highly variable, but 
the net result appears to be a reduction in the percentage inhibition from 42% (±6.3) to -3% (±17.0) (p<0.05 
Student's paired t-test) by the end of the KA application period. 

3.4.2.3 The response to l^M KA: the role of CA3 

T h e e f f e c t o f K A a p p l i c a t i o n i n C A l w a s s t u d i e d i n t h e a b s e n c e o f C A 3 i n o r d e r t o 

g a i n a n u n d e r s t a n d i n g o f h o w t h e C A 3 m a y b e a f f e c t i n g t h e r e s p o n s e t o K A i n t h e C A l 

r e g i o n ( f i g u r e s 3 . 1 4 - 3 . 1 6 ) . 
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Figure 3.14 Example traces taken from a time-course experiment to observe the effects of IjiM KA on the 
population spike amplitude and EPSP slope in an isolated CAl preparation. Each trace represents the average 
of three responses recorded at the following time points: a) the end of 15 minutes control period, b) within the 
first three minutes of KA application, c) 15 minutes into the KA application period, d) after 30 minutes of KA 
superfusion, e) the end of 30 minutes ACSF wash. 
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Figure 3.15 Time-course data for the effect of IjiM KA application on the population spike amplitude and 
EPSP slope (mean percentage ±S.E.M.) recorded from stratum pyramidale and stratum radiatum 
respectively in isolated CAl preparations (n=5). As in the intact preparation, the amplitude of both the first 
and second population spikes increases within the first three minutes of drug application (97% (±1.3) to 
113% (±3.2) (p<0.01) and 16% (±1.3) to 34% (±6.0) (p<0.01) for the first and second spikes respectively. 
This is coupled with a simultaneous decrease in the EPSP slope (from 100% (±2.11) to 55% (±10.0) 
(p<0.01) and 100% (±7.0) to 63% (±10.5) (p<0.01) for the first and second EPSPs respectively. In the 
absence of CA3 the population spikes recover to control values whilst the EPSPs appear to undergo 
potentiation, although this may be due to the steadily increasing stimulation which occurred during the 
stimulus-response curve carried out during the break in the time-course. 

A s p r e v i o u s l y o b s e r v e d i n t h e i n t a c t s l i c e ( f i g u r e 3 . 1 2 ) , a p p l i c a t i o n o f I f i M K A t o 

i s o l a t e d C A l p r e p a r a t i o n s r e s u l t e d i n a r a p i d r e d u c t i o n i n t h e E P S P s l o p e ( f i g u r e 3 . 1 5 ) 

w h i c h r e m a i n e d d e p r e s s e d t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . T h i s w a s c o u p l e d w i t h 

a n i n c r e a s e i n t h e a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s w i t h i n t h e f i r s t 

t h r e e m i n u t e s o f a p p l i c a t i o n . H o w e v e r , i n c o n t r a s t t o t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 

3 . 1 2 ) , f o l l o w i n g t h i s t r a n s i e n t i n c r e a s e t h e p o p u l a t i o n s p i k e a m p l i t u d e s d i d n o t d e c r e a s e 

s i g n i f i c a n t l y b e l o w i n i t i a l c o n t r o l v a l u e s ( f i g u r e 3 . 1 5 ) . 

T h i s s u g g e s t s t h a t b o t h t h e r e d u c t i o n i n E P S P s l o p e a n d t h e t r a n s i e n t i n c r e a s e i n 

p o p u l a t i o n s p i k e a m p l i t u d e s o c c u r i n d e p e n d e n t l y o f t h e p r e s e n c e o f t h e C A 3 r e g i o n . 
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H o w e v e r , t h e s u b s e q u e n t r e d u c t i o n i n t h e p o p u l a t i o n s p i k e a m p l i t u d e o b s e r v e d i n t h e 

i n t a c t s l i c e ( f i g u r e 3 . 1 2 ) m a y o c c u r a s a r e s u l t o f t h e a c t i o n o f K A o n t h e C A 3 p y r a m i d a l 

c e l l p o p u l a t i o n . 

T h e m e a n p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d from t h e s e d a t a ( f i g u r e 3 . 1 6 ) a l s o d i f f e r 

from t h a t o b s e r v e d i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 3 . 1 3 ) . D u r i n g t h e first t h r e e 

m i n u t e s o f K A a p p l i c a t i o n , t h e r e i s a t r a n s i e n t d e c r e a s e i n t h e p a i r e d - p u l s e i n h i b i t i o n 

c o r r e s p o n d i n g t o t h e o b s e r v e d i n c r e a s e i n b o t h t h e first a n d s e c o n d p o p u l a t i o n s p i k e 

a m p l i t u d e s . 

% Inhibition 

luMKA 

45 60 

T i m e ( m i n s ) 

Figure 3.16 Time-course for the effects of l^M KA appHcation on the percentage inhibition (mean ± 
S.E.M.) of the second population spike recorded using a paired-pulse protocol with a 20msec inter-pulse 
interval in isolated CAl preparations (n=5). This protocol allows the assessment of GABAA mediated 
inhibition within the preparation throughout the course of the experiment. It can be seen that the percentage 
inhibition decreases with the onset of KA (l|xM) application from 83% (±1.4) to 71% (±4.5) (p<0.01). By 
the end of the KA application period there is no significant difference in the percentage inhibition to control 
(p=0.08). The percentage inhibition also appears to be far less variable in the absence of CAS. 
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3.4.2.3 The effect of l|u.M KA in the CA3 

I n o r d e r t o g a i n a b e t t e r u n d e r s t a n d i n g o f h o w t h e C A S m a y b e m o d u l a t i n g t h e 

r e s p o n s e s o b s e r v e d i n t h e C A l d u r i n g K A a p p l i c a t i o n , 1 n M K A w a s a p p l i e d t o a n a c u t e 

s l i c e t a k e n from a 1 5 d a y o l d W i s t a r r a t w h i l s t r e c o r d i n g from b o t h t h e stratum radiatum 

a n d stratum pyramidale o f t h e C A S ( f i g u r e s 3 . 1 7 - 3 . 1 8 ) . 

I n t a c t s l i c e s w e r e p r e p a r e d a s d e s c r i b e d i n s e c t i o n 3 . 3 . 1 , a n d h a l f - m a x i m a l s t i m u l i 

a d m i n i s t e r e d t o t h e h i l a r r e g i o n . R e c o r d i n g s w e r e m a d e via e x t r a c e l l u l a r e l e c t r o d e s p l a c e d 

i n t o t h e stratum pyramidale a n d stratum radiatum o f t h e C A 3 r e g i o n . 

K A a p p l i c a t i o n r e s u l t e d i n a r a p i d a n d m a r k e d r e d u c t i o n o f b o t h t h e first a n d 

s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s a n d a l s o b o t h t h e first a n d s e c o n d E P S P s l o p e s ( f i g u r e 

3 . 1 8 ) . T h i s w o u l d t e n d t o s u g g e s t t h a t l ^ i M K A r e s u l t s i n a s t r o n g d e p o l a r i s i n g b l o c k o f 

t h e C A 3 r e g i o n , r e s u l t i n g i n a c e s s a t i o n o f field a c t i v i t y . 
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Figure 3.17 Example traces showing the effect of IjxM KA on the field population spike and EPSP recorded 
from the CAS region of a hippocampal slice taken from a 15 day old Wistar rat. Each trace represents the 
average of three responses taken at the following time points: a) at the end of 15 minutes control stimulation, b) 
within three minutes of the start of KA adminisfration, c) after 25 minutes KA application, d) at the end of 120 
minutes KA application, e) the end of 60 minutes ACSF wash. 
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Figure 3.18 Time course for the application of 1 KA in CAS of acute slices. Recordings were taken from 
stratum radiatum and stratum pyramidale of a hippocampal slice taken from a 15 day old Wistar rat 
following stimulation of the hilus. Light blue and dark blue circles represent first and second population 
spike amplitudes and red and green triangles represent first and second EPSPs respectively. (n=l) 
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3.4.3.1 The response to ATP A in intact slice preparations 

Control 3 minutes ATP A 

15 minutes ATPA Wash 

Figure 3.19 Example traces recorded from the CAl of an intact slice a) prior to application of IjiM 
ATPA, b) within the first three minutes of the addition of ATPA, c) after 15 minutes in the presence 
of l | iM ATPA and d) at the end of a 30 minute wash. Each trace represents the average of 3 
recordings. 

I n o r d e r t o a t t e m p t t o e l u c i d a t e t h e r o l e o f t h e G l u R 5 s u b u n i t i n t h e n a t i v e K A 

r e c e p t o r s r e s p o n s i b l e f o r t h e e f f e c t s o b s e r v e d d u r i n g t h e a p p l i c a t i o n o f I p M K A , i n t a c t 

s l i c e s w e r e s u p e r f u s e d w i t h I p M A T P A ( ( R S ) - 2 - A m i n o - 3 - ( 3 - h y d r o x y - 5 - t b u t y l i s o x a z o l - 4 -

y l ) p r o p a n o i c a c i d ) a n d e v o k e d field r e s p o n s e s r e c o r d e d from t h e stratum pyramidale and 

radiatum o f C A l ( f i g u r e 3 . 1 9 ) . T h u s , a n y s i m i l a r i t i e s b e t w e e n t h e field r e s p o n s e t o I p M 

A T P A ( f i g u r e 3 . 2 0 ) a n d l ^ M K A ( f i g u r e 3 . 1 2 ) w o u l d t e n d t o s u g g e s t t h a t t h e r e s p o n s e 

o c c u r s a s a r e s u l t o f t h e a c t i v a t i o n o f G l u R 5 c o n t a i n i n g r e c e p t o r s . 
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A p p l i c a t i o n o f I p M A T P A t o t h e s u p e r v i s i n g A C S F r e s u l t e d i n a m a r k e d 

r e d u c t i o n i n t h e E P S P s l o p e s ( f i g u r e 3 . 2 0 ) . H o w e v e r , i n c o n t r a s t t o t h e o b s e r v e d e f f e c t s o f 

I p M K A i n t h e C A l o f i n t a c t p r e p a r a t i o n s ( f i g u r e 3 . 1 2 ) , A T P A a p p l i c a t i o n d i d n o t r e s u l t 

i n a t r a n s i e n t i n c r e a s e i n p o p u l a t i o n s p i k e a m p l i t u d e ( f i g u r e 3 . 2 0 ) . I n f a c t , A T P A 

a p p l i c a t i o n r e s u l t e d i n a m a r k e d r e d u c t i o n i n t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e a n d a 

s i g n i f i c a n t i n c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e ( p < 0 . 0 1 ) . 

S i n c e A T P A i s s e l e c t i v e f o r r e c e p t o r s c o n t a i n i n g t h e G l u R 5 s u b u n i t a t a 

c o n c e n t r a t i o n o f I p M ( V i g n e s et al. 1 9 9 8 ) t h e s e d a t a s u g g e s t a g r e e m e n t w i t h r e p o r t s o f 

t h e a b i l i t y o f G l u R 5 a c t i v a t i o n t o r e d u c e t h e E P S P s l o p e r e c o r d e d I r o m t h e C A l r e g i o n 

( K a m i y a a n d O z a w a 1 9 9 8 , V i g n e s et al 1 9 9 8 ) . T h e y a l s o s u g g e s t t h a t K A i s p r o b a b l y 

c a u s i n g a s i m i l a r e f f e c t i n t h e C A l via G l u R 5 a c t i v a t i o n . 
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Figure 3.20 Time-course for the application of IjiM ATPA to intact hippocampal slices. The graph 
shows the effect of ATPA on the mean percentage population spike amplitudes and EPSP slopes (± 
S.E.M.) recorded from stratum pyramidale and stratum radiatum respectively. ATPA causes a 
reduction of both the EPSPs and first population spike amplitudes from 100% (±4.2) to 62% (±3.7) 
(p<0.01) for the first EPSP, 56% (±3.3) to 40% (±4.8) (p<0.01) for the second EPSP and 94% (±2.0) 
to 68% (±4.4) (p<0.01) for the first population spike within the first three minutes of drug 
application. This occurs without the initial increases in both the first and second population spike 
amplitudes seen during the application of 1 (xM KA. In addition to this the second population spike 
amplitude is seen to increase during the application period from 38% (±6.1) to 49% (±7.4) by the end 
of the ATPA application (p<0.01). It is interesting to note however that there is a small but 
significant decrease in the amplitude of the second population spike as ATPA is washed into the 
recording chamber (30% (± 4.9), p<0.01 n=5). 
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Figure 3.21 Shows the time course for changes in the percentage inhibition of the second population 
spike with respect to the first (mean percentage inhibition ± S.E.M.) following the application of 
luM ATPA in the CAl region of intact hippocampal slices (n=5). ATPA application causes a 
reduction in the paired-pulse inhibition to the extent that the second population spike becomes 
potentiated with respect to the first irom 59% (±6.6) to -32% (±23.9) by the end of 15 minutes ATPA 
application (p<0.01). However, during the introduction of ATPA to the recording chamber the 
percentage inhibition transiently increases to 66% (±5.7). This increase is seen to reach significance 
(p<0.05, Student's paired t-test). 

T h e p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d d u r i n g t h e a p p l i c a t i o n o f 1 | a . M A T P A i n i n t a c t 

h i p p o c a m p a l s l i c e s ( f i g u r e 3 . 2 1 ) ( n = 5 ) t r a n s i e n t l y i n c r e a s e s a s A T P A w a s h e s i n t o t h e 

r e c o r d i n g c h a m b e r ( p < 0 . 0 5 ) . T h i s a g a i n i s i n c o n t r a s t t o t h e r e s p o n s e s e e n w i t h K A ( f i g u r e 

3 . 1 3 ) a n d p r o v i d e s i n d i r e c t e v i d e n c e a g r e e i n g w i t h C o s s a r t et al. ( 1 9 9 8 ) t h a t a c t i v a t i o n o f 

d e n d r i t i c G l u R 5 r e c e p t o r s o n i n t e m e u r o n e s i n c r e a s e s i n t e r n e u r o n a l s p i k i n g a n d t h u s l e a d s , 

a t l e a s t i n i t i a l l y , t o a n i n c r e a s e i n G A B A r e l e a s e . S i n c e M u l l e et a l . ( 2 0 0 0 ) h a v e s h o w n 

t h a t d o m o a t e i s a b l e t o i n c r e a s e t h e s p o n t a n e o u s I P S C frequency i n C A l p y r a m i d a l c e l l s 

o f G l u R 5 " ' ' m i c e i t i s l i k e l y t h a t t h e s e d e n d r i t i c r e c e p t o r s a r e a c t u a l l y h e t e r o m e r i c 

r e c e p t o r s p r o b a b l y a l s o c o n t a i n i n g t h e G l u R 6 s u b u n i t . R e c e n t e v i d e n c e from s t u d i e s i n 

g u i n e a p i g h i p p o c a m p u s ( S e m y a n o v et al 2 0 0 1 ) s u g g e s t s t h a t t h e s e r e c e p t o r s m a y b e 

l o c a t e d o n i n t e m e u r o n a l a x o n s . H o w e v e r , t h e r e i s n o e v i d e n c e t o d a t e t h a t t h i s i s a l s o t r u e 
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i n t h e r a t h i p p o c a m p u s . B y t h e e n d o f t h e a p p l i c a t i o n p e r i o d , t h e p e r c e n t a g e i n h i b i t i o n 

d e c r e a s e d t o w e l l b e l o w c o n t r o l v a l u e s . 

3.4.3.2 The response to ATPA in isolated slice preparations: the role of CA3 

Control 

zOmBcc 

3 minutes ATPA 

a ) b) 

15 minutes ATPA 

20msec 

Wash 

ZOmaec 

c ) d ) 

Figure 3.22 Example traces recorded from an isolated CAl preparation during a time-course experiment to 
observe the effects of l | iM ATPA on the population spike amplitude and EPS? slopes elicited using a 
20msec paired-pulse protocol with a submaximal stimulus. Each figure represents the average of three traces 
taken a) at the end of a 15 minute control period, b) within 3 minutes of ATPA application, c) at the end of 
15 minutes ATPA application and d) following 30 minutes wash. 
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Figure 3.23 Time-course for the eiTects of 1 nM ATPA on the population spike amplitude and EPSP 
slope (mean percentage response ± S.E.M.) recorded from isolated CAl preparations (n=5). In the 
absence of CAS, l|iM ATPA still causes a reduction in the first population spike and both EPSPs 
(fi"om 95% (±1.5) to 73% (±3.4) for the first population spike, 93% (±1.7) to 66% (±3.4) and 71% 
(±5.6) to 55% (±3.0) for the first and second EPSPs respectively, p<0.01) within the first three 
minutes of drug application. As in the intact slice, the second population spike is first seen to 
transiently decrease in amplitude from 32% (±4.6) to 26% (±4.5) during the first one and a half 
minutes. (n=5) 

T h e r e s p o n s e t o a p p h c a t i o n o f A T P A i n t h e a b s e n c e o f t h e C A S r e g i o n ( f i g u r e 

3 . 2 3 ) s h o w s g r e a t s i m i l a r i t y t o t h e i n t a c t p r e p a r a t i o n ( f i g u r e 3 . 2 0 ) . O n c e a g a i n t h e r e i s n o 

a p p a r e n t p o t e n t i a t i o n o f t h e f i r s t o r s e c o n d p o p u l a t i o n s p i k e s a s i s s e e n w i t h I p M K A 

( f i g u r e 3 . 1 5 ) . I n f a c t t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e d e c r e a s e s f r o m 9 5 % ( ± 1 . 5 ) 

t o 7 3 % ( ± 3 . 4 ) ( p < 0 . 0 1 ) . T h e s e c o n d p o p u l a t i o n s p i k e a p p e a r s t o t r a n s i e n t l y d e c r e a s e i n 

s i z e a l s o , b u t t h i s d o e s n o t r e a c h s i g n i f i c a n c e . A s i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 

3 . 2 0 ) , t h e E P S P s l o p e s d e c r e a s e s i g n i f i c a n t l y w i t h i n t h e f i r s t t h r e e m i n u t e s o f d r u g 

a p p l i c a t i o n ( p < 0 . 0 1 ) . A n e x a m p l e o f t h e r a w - d a t a o b t a i n e d d u r i n g t h e c o u r s e o f t h i s 

e x p e r i m e n t i s p r e s e n t e d i n f i g u r e 3 . 2 2 . 
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Figure 3.24 Shows the effect of l | iM ATPA application on the percentage inhibition of the second 
population spike recorded from isolated CAl preparations using a paired-pulse protocol with a 20msec 
interpulse interval (mean percentage inhibition (± S.E.M.), n=5). Coinciding with the decrease in second 
population spike amplitude which occurs with the onset of ATPA's effects, the percentage inhibition 
undergoes a small but significant increase during the first minute and a half of the drug application period 
(from 67% (±4.8) to 72% (±4.5), p<0.05). Following this ATPA application causes a marked reduction in 
the percentage inhibition, leading to facilitation of the second population spike (-25% (±30.2) at the end 
of 15 minutes annlication. n<0.01\ 

D u r i n g t h e f i r s t 1 . 5 m i n u t e s o f A T P A a p p l i c a t i o n i n t h e i s o l a t e d C A l p r e p a r a t i o n 

( f i g u r e 3 . 2 4 ) t h e r e i s a s m a l l , b u t s i g n i f i c a n t t r a n s i e n t i n c r e a s e i n t h e m e a n p e r c e n t a g e 

i n h i b i t i o n ( p < 0 . 0 5 ) . H o w e v e r , b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d , t h e i n h i b i t i o n h a s 

d e c r e a s e d s i g n i f i c a n t l y b e l o w c o n t r o l v a l u e s ( p < 0 . 0 1 ) . I t i s o f n o t e t h a t t h e e f f e c t s o f 

A T P A a p p e a r t o w a s h o u t m o r e t h o r o u g h l y i n t h e i s o l a t e d s l i c e ( f i g u r e 3 . 2 4 ) t h a n t h e 

i n t a c t s l i c e ( f i g u r e 3 . 1 9 ) p r e p a r a t i o n . 

3.4.4.1 Kainate receptor antagonism: Intact slice preparation 

N S 1 0 2 a c t s a s a c o m p e t i t i v e a n t a g o n i s t ( J o h a n s e n et al 1 9 9 3 ) a t b o t h t h e G l u R 5 

( W i l d i n g a n d H e u t t n e r 1 9 9 6 ) a n d G I u R 6 s u b t y p e o f K A r e c e p t o r ( V e r d o o m et al. 1 9 9 4 ) . 

H o w e v e r i t w o u l d a p p e a r t h a t i t a c t s m o s t p o t e n t l y a s a n a n t a g o n i s t a t t h e l a r g e l y 

h o m o m e r i c G l u R 6 s u b t y p e o f K A r e c e p t o r s e x p r e s s e d o n e m b r y o n i c h i p p o c a m p a l 

n e u r o n e s ( L e r m a et al 1 9 9 3 ) . T h e f o l l o w i n g figure ( 3 . 2 5 ) s h o w s e x a m p l e t r a c e s t a k e n 

fi-om a t i m e - c o u r s e e x p e r i m e n t t o i n v e s t i g a t e t h e e f f e c t s o f l O p M N S 1 0 2 ( 6 , 7 , 8 , 9 -

T e t r a h y d r o - 5 - n i t r o - l H - b e n z [ g ] i n d o l e - 2 , 3 - d i o n e 3 - o x i m e ) o n t h e K A r e s p o n s e i n a n i n t a c t 

h i p p o c a m p a l s l i c e . 
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Control 

20msec 

NS102 

20msec 

NS102 + 3 minutes KA 

20msec 

NS102 + 15 minutes KA 

20msec 

Wash 

20msec 

Figure 3.25 Example traces taken from a time-course experiment examining the effect of lO^iM NS102 on 
the response to l^M KA recorded from the CAl region of intact hippocampal slices. Each trace represents 
the average of three recordings made from stratum radiatum for EPSPs and stratum pyramidale for 
population spikes. These recordings were made at the following time points: a) at the end of a 15 minute 
control stimulation period, b) at the end of 15 minutes NS102 application, c) within the first three minutes of 
l|iM KA addition, d) at the end of 15 minutes KA co-application and e) at the end of 30 minutes ACSF 
wash. 
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Figure 3.26 Time-course for the elfect of lOjiM NS102 application on the mean percentage response (± 
S.E.M.) to IpM KA recorded from the stratum pyramidale and stratum radiatum of the CAl region of 
intact hippocampal slices (n=4). The graph shows the mean first and second population spike amplitudes 
and EPSP slopes recorded using a 20 msec paired-pulse protocol as a percentage of the mean baseline 
response for the first population spike and first EPSP respectively. During the application of NS102 there 
is no significant change in the slope of either of the two EPSPs or the amplitude of the first population 
spike. The second population spike however undergoes a small but significant decrease from 53% (±2.4) 
to 42% (±5.6) (p<0.05). With Ihe onset of the effects of l|j,M KA the second population spike increases 
significantly from the NS102 values to 60% (±4.9) (p<0.05). At the same time, both EPSP slopes begin to 
decrease from 108% (±5.2) to 67% (±7.8) for the frst EPSP and 89% (±8.6) to 56% (±3.1) (p<0.01). In 
the presence of lO^M NS102, the first population spike does not undergo a transient increase in amplitude 
following addition of IjiKA. Arrows and letters correspond to the time-points at which example fraces 
were taken and quoted numbers calculated. All experiments involving the use of antagonists were 
sampled at the same times unless otherwise stated. 

A p p l i c a t i o n o f N S 1 0 2 t o i n t a c t s l i c e s ( f i g u r e 3 . 2 6 ) c a u s e s a s m a l l b u t s i g n i f i c a n t 

d e c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e ( p < 0 . 0 5 ) , n = 5 ) . I n t r o d u c t i o n o f 

K A t o t h e r e c o r d i n g c h a m b e r r e s u l t s i n a s i g n i f i c a n t i n c r e a s e i n t h e a m p l i t u d e o f t h e 

s e c o n d s p i k e ( p < 0 . 0 5 ) , a l t h o u g h t h e a m p l i t u d e o f t h e first s p i k e d o e s n o t c h a n g e 

s i g n i f i c a n t l y . T h i s i s i n c o n t r a s t t o t h e r e s p o n s e o b s e r v e d f o r K A a l o n e ( f i g u r e 3 . 1 2 ) . I n 

a d d i t i o n t o t h i s , t h e p e r c e n t a g e s l o p e s o f b o t h t h e first a n d s e c o n d E P S P s d e c r e a s e 
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s i g n i f i c a n t l y f r o m c o n t r o l ( p < 0 . 0 1 ) . T h e g r a p h o f t h e p e r c e n t a g e i n h i b i t i o n o f t h e s e c o n d 

p o p u l a t i o n s p i k e c a l c u l a t e d w i t h r e s p e c t t o t h e f i r s t i s s h o w n b e l o w i n f i g u r e 3 . 2 7 . 

§ 

1 

• % Inhibition liiM KA 
1 0 u M N S 1 0 2 

T i m e ( m i n s ) 

Figure 3.27 Change in the mean percentage inhibition (± S.E.M.) of the second population spike with 
respect to the first recorded from the CAl region of intact hippocampal slices (n=4). NS102 causes a 
small but significant (p<0.01) increase in the paired pulse inhibition from 46% (±2.8) to 57% (±5.5). 
NS102 does not block the marked reduction in inhibition following addition of 1 nM KA. 

I n t h e p r e s e n c e o f l O ^ M N S 1 0 2 t h e p e r c e n t a g e i n h i b i t i o n i n c r e a s e s from 4 6 % ( ± 2 . 8 ) t o 

5 7 % ( ± 5 . 5 ) ( p < 0 . 0 1 ) . H o w e v e r N S 1 0 2 d o e s n o t a p p e a r t o p r e v e n t t h e r e d u c t i o n i n 

p e r c e n t a g e i n h i b i t i o n b y t h e e n d o f 1 5 m i n u t e s K A a p p l i c a t i o n w h e n c o m p a r e d t o t h e 

a c t i o n o f K A a l o n e ( f i g u r e 3 . 1 3 ) . 

3.4.4.2 Kainate receptor antagonism: The role of CA3 

T h e r a w d a t a t r a c e s f o r t h e e f f e c t o f N S 1 0 2 o n t h e K A r e s p o n s e i n t h e i s o l a t e d 

C A l p r e p a r a t i o n c a n b e s e e n i n f i g u r e 3 . 2 8 b e l o w . 
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Figure 3.28 Example traces showing the effects of co-application of lO^M NS102 and IfxM KA on the 
population spike amplitude and EPSP slope recorded from isolated CAl preparations. Each trace 
represents the average of three responses recorded at the following time points: a) the end of 15 minutes 
control stimulation, b) the end of 15 minutes lOjiM NS102 application, c) within the first three minutes 
of the addition of l|iM KA, d) at the end of 15 minutes KA co-application, e) at the end of 30 minutes 
ACSF wash. 
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Figure 3.29 Time-course showing the effects of 10|iM NS102 and l^M KA on the mean percentage 
amplitude of the population spike and EPSP slope (± S.E.M.) recorded from isolated CAl preparations 
(n=4). Application of lOpM NS102 causes a decrease in the slope of both the first and second EPSPs from 
92% (±2.0) to 81% (±1.3) and 63% (±3.1) to 51% (±2.8) respectively (p<0.01). The second population 
spike is also reduced from 47% (±5.2) to 35% (±5.0). There is a fiirther marked decrease in the EPSP 
slopes upon the addition of KA (23% ±4.1 for the first and 33% ±3.5 for the second EPSP). Both first and 
second population spike amplitudes undergo a transient but significant increase as KA is washed into the 
recording chamber from 87% (±7.4) to 102% (±3.7) and 36% (±5.0) to 49% (±3.6) respectively (p<0.01). 
This is followed by a marked decrease in the amplitudes for both spikes, down to 13% (±1.6) for the first 
and 20% (±1.4) for the second population spikes. 

D u r i n g t h e a p p U c a t i o n o f N S 1 0 2 t o i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 3 . 2 9 ) t h e 

f i r s t a n d s e c o n d E P S P s l o p e s a r e b o t h s i g n i f i c a n t l y r e d u c e d ( p < 0 . 0 1 , n = 4 ) . I n a d d i t i o n t o 

t h i s t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e i s a l s o r e d u c e d ( p < 0 . 0 1 ) . T h e f i r s t p o p u l a t i o n 

s p i k e a m p l i t u d e , h o w e v e r , i s n o t s i g n i f i c a n t l y a f f e c t e d b y N S 1 0 2 . C o a p p l i c a t i o n o f l ^ M 

K A c a u s e s a t r a n s i e n t , s i g i n i f i c a n t i n c r e a s e i n t h e a m p l i t u d e s o f b o t h t h e f i r s t a n d s e c o n d 

p o p u l a t i o n s p i k e s ( p < 0 . 0 1 ) . F o l l o w i n g t h i s , b o t h p o p u l a t i o n s p i k e a m p l i t u d e s d e c r e a s e 

b e l o w c o n t r o l v a l u e s ( p < 0 . 0 1 ) . T h i s r e d u c t i o n d o e s n o t o c c u r i n t h e p r e s e n c e o f K A a l o n e 
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( f i g u r e 3 . 1 5 ) . T h e f i r s t a n d s e c o n d E P S P s l o p e s d e c r e a s e w i t h t h e o n s e t o f K A , r e m a i n 

r e d u c e d t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . 

I 
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T i m e ( m i n s ) 

Figure 3.30 Time-course for the effect of lO^M NS102 and IfxM KA on the mean percentage inhibition 
(± S.E.M.) recorded from isolated CAl preparations (n=4). NS102 causes an increase in the percentage 
inhibition from 50% (±5.8) to 61% (±6.2) (p<0.01) within the first three minutes of application. This is 
reduced to -79% (±20.3) by the end of 15 minutes KA application (p<0.01) 

I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 3 0 ) , l O p M N S 1 0 2 c a u s e s a n i n c r e a s e i n 

t h e p e r c e n t a g e i n h i b i t i o n w h e n a d m i n i s t e r e d a l o n e ( p < 0 . 0 1 ) . A d d i t i o n o f I p M K A a g a i n 

c a u s e s a r e d u c t i o n i n t h e i n h i b i t i o n l e a d i n g t o p a i r e d p u l s e f a c i l i t a t i o n ( - 7 9 % ( ± 2 0 . 3 ) , 

p < 0 . 0 1 ) . 

M u l l e et al ( 2 0 0 0 ) h a v e s h o w n , a t l e a s t i n m i c e , t h a t t h e p r e s y n a p t i c t e r m i n a l s o f 

i n t e r n e u r o n e s i n stratum radiatum o f t h e C A l w h i c h s y n a p s e o n t o o t h e r i n t e m e u r o n e s 

p o s s e s s a h o m o m e r i c K A r e c e p t o r c o m p r i s i n g o f t h e G l u R 6 s u b u n i t . T h e s e r e c e p t o r s h a v e 

b e e n s h o w n ( C o s s a r t et al. 2 0 0 1 ) t o f a c i l i t a t e t h e r e l e a s e o f G A B A o n t o o t h e r 

i n t e r n e u r o n e s a n d t h u s i n h i b i t t h e i r f u n c t i o n . I t i s t h e r e f o r e p o s s i b l e t o e x p l a i n t h i s 

i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n w i t h N S 1 0 2 i n t e r m s o f t h e d i s i n h i b i t i o n o f i n h i b i t o r y 
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i n t e r n e u r o n e s a l l o w i n g t h e m t o r e l e a s e m o r e G A B A . T h i s l e a d s t o a d e p r e s s i o n o f t h e 

a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e a n d t h u s a n i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n . 

3.4.5.1 AMP A receptor activation in the intact slice CAl 

Control 3 minutes Fwill 

r 
2 m v | 

20msec 

b j 

15 minutes Fwill 

20msec 

C) 

Wash 

2 m v | 

20msec 

d) 

Figure 3.31 Example traces recorded from the CAl region of an intact slice showing the effects of 
the application of 300nM fluorowillardine on the population spike amplitude and the EPSP slope. 
Each trace is the average of three responses taken at a) the end of the control period, b) within the 
first 3 minutes of fluorowillardine application, c) at the end of 15 minutes fluorowillardine 
application and d) at the end of thirty minutes ACSF wash. 
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I n o r d e r t o a l l o w a c o m p a r i s o n b e t w e e n t h e r e s p o n s e s i n C A l e v o k e d b y K A 

( f i g u r e 3 . 1 2 ) a n d t h o s e t h a t r e s u l t from t h e a c t i v a t i o n o f A M P A r e c e p t o r s , s l i c e s w e r e 

p e r f u s e d w i t h t h e A M P A s p e c i f i c a g o n i s t ( S ) - 5 - f l u o r o w i l l a r d i n e ( ( S ) - ( - ) - a A m i n o - 5 -

fluoro-3,4-dihydro-2,4-dioxo-l(2H)pyridinepropanoic a c i d ) ( 3 0 0 n M ) . T h i s b y p a s s e d t h e 

n e e d t o b l o c k A M P A r e c e p t o r s d u r i n g t h e p e r f i i s i o n o f K A , a s t r a t e g y w h i c h i n a l l 

l i k e l i h o o d w o u l d h a v e m a d e t h e p r o d u c t i o n o f a field r e s p o n s e i m p o s s i b l e u n d e r t h e s e 

i o n i c c o n d i t i o n s . 

F i g u r e 3 . 3 1 a b o v e s h o w s e x a m p l e s o f t h e r e s p o n s e s r e c o r d e d from t h e C A l r e g i o n 

o f a n i n t a c t s l i c e d u r i n g t h e a p p l i c a t i o n o f 3 0 0 n M f l u o r o w i l l a r d i n e , a p o t e n t a g o n i s t o f 

A M P A r e c e p t o r s ( W o n g e ? a / . 1 9 9 4 ) . 
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Figure 3.32 Time-course for the eifect of the application of BOOnM fluorowillardine on the mean 
population spike amplitude and EPSP slope (± S.E.M.) recorded from the CAl region of intact 
slices (n=3). Superfusion with fluorowillardine causes a reduction in both the first and second EPSP 
slopes (99% (±2.6) to 41% (± 5.7) and 83% (±8.1) to 52% (±2.0) respectively, p<0.01) and the 
amplitude of both the first and second population spikes (86% (±2.3) to 36% (±10.2) and 49% 
(±5.6) to 26% (±6.2) respectively, p<0.01). However there is an initial increase in the first 
population spike within the first three minutes of fluorowillardine application (113% (±8.3), 
p<0.05). 
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A p p l i c a t i o n o f 3 0 0 n M f l u o r o w i l l a r d i n e t o i n t a c t s l i c e s ( f i g u r e 3 . 3 2 ) c a u s e d a n 

i n i t i a l i n c r e a s e i n t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e ( p < 0 . 0 5 ) . H o w e v e r , t h e r e i s n o 

c o r r e s p o n d i n g i n c r e a s e o b s e r v e d i n t h e s e c o n d p o p u l a t i o n s p i k e , s u c h a s i s f o u n d t o o c c u r 

d u r i n g t h e a p p l i c a t i o n o f K A ( f i g u r e 3 . 1 2 ) . T h i s w o u l d b e c o n s i s t e n t w i t h a n a c t i v a t i o n o f 

A M P A r e c e p t o r s o n b o t h p y r a m i d a l c e l l s a n d i n t e m e u r o n e s w i t h i n C A l i n c r e a s i n g t h e 

r e s p o n s e t o s u b m a x i m a l s t i m u l i o f b o t h c e l l t y p e s , t h u s l e a d i n g t o a n i n c r e a s e d f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e a n d a n i n c r e a s e d i n h i b i t i o n o f t h e s e c o n d . A s t h e e f f e c t s o f 

f l u o r o w i l l a r d i n e c o n t i n u e , b o t h f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s a r e s i g n i f i c a n t l y 

r e d u c e d i n a m p l i t u d e ( p < 0 . 0 1 ) . T h e f i r s t a n d s e c o n d E P S P s l o p e s r a p i d l y d e c r e a s e i n t h e 

p r e s e n c e o f 3 0 0 n M f l u o r o w i l l a r d i n e ( p < 0 . 0 1 ) . T h i s m a y b e d u e t o a p a r t i a l d e p o l a r i s a t i o n 

b l o c k o f C A l p y r a m i d a l c e l l s , r e s u l t i n g i n a d e c r e a s e i n t h e s i z e o f t h e p o p u l a t i o n s p i k e 

a n d E P S P t h a t i t i s p o s s i b l e t o e v o k e . 

% Inhibition 

300nM Fwill 

T i m e ( m i n s ) 

Figure 3.33 Time-course graph for the effect of 300nM fluorowillardine on the percentage inhibition 
measured from the CAl region of intact hippocampal slices (mean percentage inhibition ± S.E.M., n=3). 
Fluorowillardine causes an initial increase in the paired-pulse inhibition from 44% (±5.2) to 66% (±5.6) 
(p<0.01) which correlates with the potentiation of the first population spike. This is followed by a 
reduction in the percentage inhibition (8% (±14.7), p<0.01) as the depolarising block increases. 
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A d d i t i o n o f 3 0 0 n M f l u o r o w i l l a r d i n e t o t h e s u p e r f u s i n g A C S F ( f i g u r e 3 . 3 3 ) c a u s e s 

a n i n i t i a l i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n ( p < 0 . 0 1 ) , w h i c h i s t o b e e x p e c t e d 

c o n s i d e r i n g t h e p o t e n t i a t i o n o f t h e f i r s t p o p u l a t i o n s p i k e w i t h n o c o r r e s p o n d i n g i n c r e a s e i n 

t h e s e c o n d s p i k e . T h i s d o e s n o t o c c u r d u r i n g t h e a p p l i c a t i o n o f 1 K A t o i n t a c t s h o e s 

( f i g u r e 3 . 1 3 ) . A s t h e a p p l i c a t i o n p e r i o d c o n t i n u e s t h e p e r c e n t a g e i n h i b i t i o n d e c r e a s e s 

s i g n i f i c a n t l y ( p < 0 . 0 1 ) . 

3.4.5.2 AMP A receptor activation in isolated CAl preparations- a role for CA3? 

F i g u r e 3 . 3 4 p r e s e n t s e x a m p l e s o f t h e r a w d a t a t r a c e s o f t h e p o p u l a t i o n s p i k e s a n d 

E P S P s o b t a i n e d d u r i n g t h e a p p l i c a t i o n o f 3 0 0 n M fluorowillardine i n a n i s o l a t e d C A l 

p r e p a r a t i o n . 

Control 

20msec 
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zOrasec 
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20msec 

Wash 

2mV 
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c ) d ) 

Figure 3.34 Example traces recorded from an isolated CAl preparation. Each trace represents the average of 
three traces taken at a) the end of the baseline period, b) within the first three minutes of 300nM fluorowillardine 
application, c) the end of the 15 minute fluorowillardine application and d) at the end of 30 minutes ACSF wash. 
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Figure 3.35 Time-course for the effect of BOOnM fluorowillardine application on the population 
spike amplitude and EPSP slope recorded from stratum pyramidale and stratum radiatum of isolated 
hippocampal slices (mean percentage response ± S.E.M., n=3). As in the intact slice, fluorowillardine 
application causes a reduction in the amplitude of both population spikes (85% (±2.2) to 14% (±2.7) 
for the first spike, p<0.01 and 35% (±3.4) to 16 (±1.6), p<0.01 for the second) and EPSPs (89% 
(±1.6) to 30 (±7.6) p<0.01 for the first and 84 (±2.9) to 46% (±5.2) p<0.01 for the second). However, 
in contrast to the response seen in intact slices, there is an initial increase in the second population 
spike amplitude (51% (±9.4) p<0.05) as well as that of the first (92% (±3.2), p<0.01). 

I n t h e a b s e n c e o f C A S , 3 0 0 n M fluorowillardine ( f i g u r e 3 . 3 5 ) o n c e a g a i n c a u s e s t h e 

a m p l i t u d e o f t h e first p o p u l a t i o n s p i k e t o r i s e i n t h e C A l w i t h i n t h e first t h r e e m i n u t e s o f 

a p p l i c a t i o n ( p < 0 . 0 1 , n = 3 ) . T h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e a l s o i n c r e a s e s , a l t h o u g h 

t h i s j u s t f a i l s t o a c h i e v e s i g n i f i c a n c e . A s i n t h e i n t a c t p r e p a r a t i o n ( f i g u r e 3 . 3 2 ) t h e 

a m p l i t u d e o f b o t h p o p u l a t i o n s p i k e s d e c r e a s e s i g n i f i c a n t l y b e l o w c o n t r o l a s t h e d r u g 

a p p l i c a t i o n p e r i o d p r o g r e s s e s ( p < 0 . 0 1 ) . T h i s w o u l d s u g g e s t a d i f f e r e n c e i n t h e s i t e s o f 
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a c t i o n b e t w e e n K A a n d f l u o r o w i l l a r d i n e s i n c e t h i s d e c r e a s e d o e s n o t o c c u r t o a n y 

s i g n i f i c a n t e x t e n t i n t h e i s o l a t e d C A l p r e p a r a t i o n w i t h K A ( f i g u r e 3 . 1 5 ) . O n c e a g a i n t h e 

f i r s t a n d s e c o n d E P S P s l o p e s a r e s i g n i f i c a n t l y r e d u c e d d u r i n g t h e a p p l i c a t i o n o f 

f l u o r o w i l l a r d i n e ( p < 0 . 0 1 ) . 

200 

% Inhibition 

g; -100 

300nM FWTLL 
I 

60 

T i m e ( m i n s ) 

Figure 3.36 Time-course for the changes in the percentage inhibition recorded from isolated CAl 
preparations following application of 300nM fluorowillardine (mean percentage inhibition ± S.E.M., 
n=3). Following an initial small, but significant, increase in the percentage inhibition as fluorowillardine 
is washed in (58% (±3.9) to 64% (±4.4), p<0.05), addition of the drug causes a progressive reduction in 
the percentage inhibition, resulting in paired pulse fecilitation (-31% (±20.9), p<0.01). 

T h e p e r c e n t a g e i n h i b i t i o n d a t a d u r i n g t h e a p p l i c a t i o n o f B O O n M f l u o r o w i l l a r d i n e i n 

i s o l a t e d C A l p r e p a r a t i o n s i s p r e s e n t e d i n f i g u r e 3 . 3 6 a b o v e . A s i n t h e i n t a c t s l i c e ( f i g u r e 

3 . 3 3 ) , f l u o r o w i l l a r d i n e c a u s e s a s m a l l i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n d u r i n g t h e f i r s t 

t h r e e m i n u t e s o f a p p l i c a t i o n ( p < 0 . 0 5 , n = 3 ) . I n t h e c o n t i n u e d p r e s e n c e o f t h e d r u g t h i s 

d e c r e a s e s t o - 3 1 % ( ± 2 0 . 9 ) ( p < 0 . 0 1 ) i m p l y i n g a f a c i l i t a t i o n o f t h e s e c o n d s p i k e w i t h 

r e s p e c t t o t h e f i r s t . 
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3.4.7 Drugs acting at ionotropic glutamate receptors: Comparison of results 

T h e f o l l o w i n g g r a p h s c o m p a r e t h e r e s u l t s o b t a i n e d s o f a r f o r t h e e f f e c t o f v a r i o u s 

a g o n i s t s o f i o n o t r o p i c g l u t a m a t e r e c e p t o r s w i t h t h o s e o b t a i n e d f o r 1 p M K A i n b o t h t h e 

i n t a c t s l i c e a n d i s o l a t e d C A l p r e p a r a t i o n . I n e a c h g r a p h t h e t h r e e r e s p o n s e s s p a r m i n g o n e 

a n d a h a l f m i n u t e s o f s t i m u l a t i o n a t e a c h s t a t e d t i m e p o i n t f o r e a c h e x p e r i m e n t w i t h i n a 

g r o u p h a v e b e e n n o r m a h s e d t o e i t h e r t h e l a s t t h r e e r e s p o n s e s d u r i n g t h e c o n t r o l p e r i o d i n 

t h e c a s e o f e x p e r i m e n t s u s i n g a s i n g l e a g o n i s t . I n t h e c a s e o f c o - a p p l i c a t i o n o f a n t a g o n i s t s 

w i t h K A , t h e l a s t t h r e e r e s p o n s e s i n t h e p r e s e n c e o f t h e a n t a g o n i s t p r i o r t o t h e a d d i t i o n o f 

K A h a v e b e e n u s e d . 

E a c h g r a p h w i l l c o m p a r e t h e n o r m a l i s e d r e s p o n s e s o b t a i n e d f o r a s i n g l e p a r a m e t e r 

d u r i n g t h e v a r i o u s d r u g a p p l i c a t i o n p r o t o c o l s i n e i t h e r t h e i n t a c t o r i s o l a t e d C A l 

p r e p a r a t i o n i n o r d e r t o h i g h l i g h t d i f f e r e n c e s i n t h e r e s p o n s e s o b s e r v e d . T h e s e a r e n a m e l y 

t h e f i r s t E P S P s l o p e ( f i g u r e s 3 . 3 7 - 3 . 3 8 ) , t h e s e c o n d E P S P s l o p e ( f i g u r e s 3 . 3 9 - 3 . 4 0 ) , f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e ( f i g u r e s 3 . 4 1 - 3 . 4 2 ) , s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e 

( f i g u r e s 3 . 4 3 - 3 . 4 4 ) o r t h e m e a n p e r c e n t a g e i n h i b i t i o n ( f i g u r e s 3 . 4 5 - 3 . 4 6 ) . 
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Figure 3.37 KA, ATPA and FWILL decrease the 1st EPSP slope recorded from the stratum radiatum of intact 
slice CAl. This is not blocked by NS102. 
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Figure 3.38 The reduction in the first EPSP slope is still observed in the absence of the CA3. FWILL has a 
slower onset of action. The presence of NS102 reduced the EPSP slope significantly from KA alone by the 
end of the application period. 
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F i g u r e 3 . 3 7 ( o n t h e p r e v i o u s p a g e ) c o m p a r e s t h e s l o p e o f t h e f i r s t E P S P i n t h e 

i n t a c t s l i c e p r i o r t o t h e a p p l i c a t i o n o f a n y d r u g s ( c o n t r o l ) a n d d u r i n g t h e a p p l i c a t i o n o f 

l | a . M K A , l | j , M A T P A , 3 0 0 n M f l u r o w i l l a r d i n e a n d t h e c o - a p p l i c a t i o n o f 1 0 | i M N S 1 0 2 

w i t h 1 | j . M K A . I n e a c h c a s e , t h e m e a n p e r c e n t a g e s l o p e v a l u e s f o r e a c h t i m e p o i n t h a v e 

b e e n n o r m a l i s e d t o t h e v a l u e s r e c o r d e d d u r i n g t h e f i n a l 1 . 5 m i n u t e s o f t h e c o n t r o l p e r i o d . 

F o r t h e c o - a p p l i c a t i o n o f N S 1 0 2 a n d K A , r e s p o n s e s w e r e n o r m a l i s e d t o t h e l a s t 1 . 5 

m i n u t e s o f N S 1 0 2 a p p l i c a t i o n p r i o r t o t h e a d d i t i o n o f K A . I n t h i s w a y , i t i s p o s s i b l e t o 

d i r e c t l y c o m p a r e t h e r e s p o n s e s o b t a i n e d d u r i n g d i f f e r e n t t r e a t m e n t p r o t o c o l s . A l l o t h e r 

c o m p a r i s o n s h a v e b e e n o b t a i n e d v i a t h e s a m e m e t h o d . I n t h e i n t a c t s l i c e p r e p a r a t i o n t h e r e 

i s n o s i g n i f i c a n t d i f f e r e n c e o b s e r v e d b e t w e e n t h e r e s p o n s e t o K A a l o n e a n d a n y o t h e r 

t r e a t m e n t p r o t o c o l w i t h r e g a r d s t o t h e s l o p e o f t h e f i r s t E P S P u n t i l t h e e n d o f t h e w a s h 

p h a s e . A t t h i s p o i n t t h e s l o p e i s s i g n i f i c a n t l y l o w e r i n t h e N S 1 0 2 c o - a p p l i c a t i o n g r o u p 

( 5 3 % , ± 7 . 8 c o m p a r e d t o 8 2 % , ± 8 . 7 , p < 0 . 0 5 ) . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 3 8 ) i t i s c l e a r t h a t t h e r e i s a s i g n i f i c a n t 

d i f f e r e n c e b e t w e e n t h e t i m e - c o u r s e f o r t h e e f f e c t o f K A a n d t h a t f o r f l u o r o w d l l a r d i n e . 

W h i l s t K A r e d u c e d t h e f i r s t E P S P s l o p e t o 5 6 % ( ± 1 0 . 0 ) o f c o n t r o l w i t h i n t h e f i r s t t h r e e 

m i n u t e s , f l u o r o w i l l a r d i n e f a i l s t o p r o d u c e a n y s u b s t a n t i a l r e d u c t i o n d u r i n g t h i s t i m e ( 9 1 % , 

± 5 . 8 , p < 0 . 0 5 ) . T h e r e i s , h o w e v e r , n o s i g n i f i c a n t d i f f e r e n c e a t t h i s t i m e b e t w e e n K A a n d 

A T P A ( 7 1 % , ± 8 . 0 ) o r K A i n t h e p r e s e n c e o f N S 1 0 2 ( 5 5 % , ± 5 . 1 ) . B y t h e e n d o f t h e 

a p p l i c a t i o n p e r i o d t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e e f f e c t s o f K A ( 5 6 % , 

± 1 4 . 9 ) a n d e i t h e r A T P A ( 5 2 % , ± 3 . 0 ) o r f l u o r o w i l l a r d i n e ( 3 4 % , ± 8 . 6 ) . H o w e v e r , i n t h e 

p r e s e n c e o f N S 1 0 2 , t h e s l o p e o f t h e f i r s t E P S P i s f u r t h e r r e d u c e d t o 2 5 % ( ± 4 . 4 ) . T h i s j u s t 

f a i l s t o r e a c h s i g n i f i c a n c e ( p = 0 . 0 8 ) . 

C o m p a r i n g t h e s l o p e o f t h e s e c o n d E P S P s d u r i n g t h e s a m e d r u g p r o t o c o l s i n i n t a c t 

s l i c e s ( f i g u r e 3 . 3 9 o n t h e f o l l o w i n g p a g e ) w e c a n s e e t h a t o n c e a g a i n t h e o n l y s i g n i f i c a n t 

d i f f e r e n c e w h i c h w a s o b s e r v e d o c c u r r e d a s a r e s u l t o f c o a p p l i c a t i o n o f K A w i t h 10|LIM 

N S 1 0 2 . T h i s i s a g a i n a l s o t r u e f o r t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 4 0 ) . I n b o t h 

c a s e s , t h e s l o p e a t t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d a n d t h e w a s h i s s i g n i f i c a n t l y l o w e r 

t h a n t h a t f o r K A o n l y ( p < 0 . 0 5 ) . I n i n t a c t s l i c e s t h e n o r m a l i s e d p e r c e n t a g e s l o p e a t t h e e n d 

o f t h e K A p e r i o d f o l l o w i n g N S 1 0 2 s u p e r f u s i o n i s 3 8 % ( ± 4 . 1 ) c o m p a r e d t o 6 0 % ( ± 8 . 7 ) f o r 

K A . B y t h e e n d o f t h e w a s h t h i s h a s c h a n g e d t o 5 7 % ( ± 1 0 . 6 ) f o r N S 1 0 2 c o m p a r e d t o 8 6 % 

( ± 7 . 0 ) f o r K A . I n i s o l a t e d s l i c e s t h e s e n o r m a l i s e d p e r c e n t a g e v a l u e s a r e 5 9 % ( ± 6 . 4 ) 

c o m p a r e d t o 6 8 % ( ± 8 . 4 ) . B y t h e e n d o f t h e w a s h t h i s h a s i n c r e a s e d t o 8 7 % ( ± 3 . 9 ) 

c o m p a r e d t o 1 3 0 % ( ± 1 4 . 5 ) f o r K A a l o n e . 
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Figure 3.39 l^M KA, l|iM ATPA and 300nM flurowillardine similarly reduce the slope of the second EPSP 
recorded from the CAl region of intact hippocampal slices. This is not blocked by NS102, which potentiates the 
effect of KA by the end of the application period. 
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Figure 3.40 Application of IpM KA, IpM ATPA, or 300nM fluorowillardine reduced mean percentage slope of 
the second EPSP recorded from isolated CAl preparations. 
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Figure 3.41 The application of l^M KA, and 300nM fluorowillardine transiently increased the mean 
percentage first population spike amplitude recorded from the stratum pyramidale of the CAl region of intact 
hippocampal slices. NS102 blocked this initial response to IpM KA. ATPA reduced the first population spike 
amplitude during this time. 
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Figure 3.42 KA initially increased the mean percentage first population spike ampliutde in the isolated CAl 
preparation. This was not blocked by NS102. Neither ATPA nor fluorowillardine resulted in a similar initial 
increase. By the end of the drug application period, all treatments differed significantly fi-om KA alone. 
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T h e a p p l i c a t i o n o f K A a n d f l u r o w i l l a r d i n e r e s u l t e d i n a m a r k e d p o t e n t i a t i o n o f t h e 

f i r s t p o p u l a t i o n s p i k e i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 3 . 4 1 ) , w i t h i n t h e f i r s t t h r e e 

m i n u t e s o f a p p l y i n g t h e d r u g ( 1 3 9 % , ± 1 1 . 3 a n d 1 3 1 % , ± 9 . 7 ) r e s p e c t i v e l y . I n c o n t r a s t t o 

t h i s , a p p l i c a t i o n o f A T P A , o r K A i n t h e p r e s e n c e o f N S 1 0 2 , r e s u l t e d i n a r e d u c t i o n o f t h e 

f i r s t p o p u l a t i o n s p i k e a m p l i t u d e w i t h i n t h i s t i m e f i " a m e ( 7 2 % , ± 4 . 7 a n d 9 6 % , ± 8 . 2 

r e s p e c t i v e l y , p < 0 . 0 1 ) . T h i s h o w e v e r i s t h e o n l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e d r u g 

e f f e c t s . 

I n i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 3 . 4 2 ) t h e e f f e c t s o f t h e s e d r u g s d i f f e r i n t h e 

r e s p o n s e s o b s e r v e d . W i t h i n t h e f i r s t t h r e e m i n u t e s o f d r u g a p p l i c a t i o n , b o t h A T P A a n d 

f l u o r o w i l l a r d i n e d i f f e r s i g n i f i c a n t l y f r o m K A a l o n e ( 7 6 % , ± 3 . 6 a n d 9 0 % , ± 4 . 9 

r e s p e c t i v e l y c o m p a r e d t o 1 1 7 % , ± 3 . 3 f o r K A a l o n e , p < 0 . 0 1 ) . B y t h e e n d o f t h i s p e r i o d a l l 

t h r e e d r u g p r o t o c o l s e x h i b i t r e s p o n s e s w h i c h a r e m a r k e d l y r e d u c e d c o m p a r e d t o t h a t f o r 

K A ( A T P A : 4 7 % , ± 6 . 2 , N S 1 0 2 a n d K A : 1 4 % , ± 1 . 9 a n d f l u o r w i l l a r d i n e : 1 7 % , ± 3 . 1 

c o m p a r e d t o 8 8 % , ± 9 . 9 f o r K A , p < 0 . 0 1 ) . T h e s e v a l u e s r e m a i n r e d u c e d w i t h r e s p e c t t o t h a t 

f o r K A a l o n e u n t i l t h e e n d o f t h e w a s h p e r i o d . T h e v a l u e s f o r A T P A a n d f l u r o w i l l a r d i n e 

r e m a i n h i g h l y s i g n i f i c a n t l y d i f f e r e n t f r o m t h a t f o r K A ( 6 8 % , ± 4 . 8 a n d 3 8 % , ± 2 . 2 

r e s p e c t i v e l y c o m p a r e d t o 9 6 % , ± 8 . 6 ; p < 0 . 0 1 ) w h i l s t K A i n t h e p r e s e n c e o f N S 1 0 2 i s o n l y 

s i g n i f i c a n t l y d i f f e r e n t f o r m K A ( 6 6 % , ± 8 . 4 ; p < 0 . 0 5 ) . 

T h e n o r m a l i s e d r e s p o n s e o f t h e s e c o n d p o p u l a t i o n s p i k e r e c o r d e d from i n t a c t s l i c e s 

i n t h e p r e s e n c e o f t h i s s e r i e s o f d r u g s i s p r e s e n t e d i n f i g u r e 3 . 4 3 o n t h e f o l l o w i n g p a g e . I n 

t h e p r e s e n c e o f b o t h A T P A a n d f l u o r o w i l l a r d i n e t h e s e c o n d p o p u l a t i o n s p i k e i s m a r k e d l y 

r e d u c e d c o m p a r e d t o K A a l o n e w i t h i n t h e f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n . W h i l s t K A 

p r o d u c e s a s t r o n g p o t e n t i a t i o n o f t h e s e c o n d s p i k e ( 1 9 3 % , ± 3 2 . 2 ) , A T P A r e d u c e s t h e 

n o r m a l i s e d r e s p o n s e t o 7 9 % ( ± 1 2 . 9 ) ( p < 0 . 0 1 ) a n d f l u r o w i l l a r d i n e t o 7 7 % ( ± 1 2 . 5 ) 

( p < 0 . 0 1 ) . B y t h e e n d o f t h i s p e r i o d t h e n o r m a l i s e d a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n 

s p i k e f a l l s i n a l l g r o u p s t o a c o m p a r a b l e a m o u n t e x c e p t f o r s l i c e s t r e a t e d w i t h A T P A , 

w h i c h b e c o m e s p o t e n t i a t e d w i t h r e s p e c t t o K A ( 1 2 9 % , ± 1 9 . 4 c o m p a r e d t o 7 2 % , ± 1 3 . 5 ; 

p < 0 . 0 5 ) . 

W i t h i n t h e f i r s t t h r e e m i n u t e s o f d r u g a p p l i c a t i o n i n i s o l a t e d C A l p r e p a r a t i o n s 

( f i g u r e 3 . 4 4 ) , o n l y t h e r e s p o n s e o f t h e s e c o n d p o p u l a t i o n s p i k e i n t h e p r e s e n c e o f A T P A 

d i f f e r s s i g n i f i c a n t l y t o t h a t o b s e r v e d w i t h I p M K A ( 8 1 % , ± 1 4 . 0 c o m p a r e d t o 2 0 9 % , ± 3 7 . 2 

f o r K A , p < 0 . 0 1 ) . B y t h e e n d o f t h e d r u g a p p l i c a t i o n p e r i o d t h e r e s p o n s e t o A T P A i s n o 

l o n g e r s i g n i f i c a n t l y d i f f e r e n t t o t h a t o f K A . H o w e v e r , t h e s e c o n d p o p u l a t i o n s p i k e i n t h e 

1 0 2 



p r e s e n c e o f b o t h N S 1 0 2 a n d f l u o r o w i l l a r d i n e a r e s i g n i f i c a n t l y r e d u c e d w h e n c o m p a r e d t o 

t h e K A r e s p o n s e a t t h i s t i m e ( 5 5 % , ± 4 . 0 a n d 4 4 % , ± 4 . 5 c o m p a r e d t o 1 1 2 % , ± 1 0 . 3 ; 

p < 0 . 0 1 ) . 
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Figure 3.43 Administration of KA transiently increased the mean percentage amplitude of the second 
population spike recorded from the stratum pyramidale of the CAl region of intact hippocampal slices. This 
was reduced, but not blocked by NS102. Neither ATPA nor fluorowillardine resulted in a similar increase. 
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Figure 3.44 Only the effect of ATPA application on the second population spike amplitude differed 
significantly from KA during the first 3 minutes of application to isolated CAl preparations. By the end of the 
drug application period, NS102 significantly potentiated the effects of KA. FWILL treated slices also 
displayed a significant reduction in the amplitude of the second population spike compared to KA at this time. 
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C o m p a r i s o n o f t h e e f f e c t s t h e s e d r u g s h a v e o n t h e n o r m a h s e d p e r c e n t a g e 

i n h i b i t i o n s h o w s u s t h a t i n t h e i n t a c t s l i c e C A l ( f i g u r e 3 . 4 5 o n t h e f o l l o w i n g p a g e ) 

f l u o r w i l l a r d i n e a p p l i c a t i o n d i f f e r s s i g n i f i c a n t l y t o K A w i t h i n t h e f i r s t t h r e e m i n u t e s o f 

a p p l i c a t i o n . W h i l e K A c a u s e s a m a r k e d r e d u c t i o n i n t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n 

i n i t i a l l y ( 5 3 % , ± 3 0 . 6 ) , f l u r o w i l l a r d i n e a p p l i c a t i o n r e s u l t s i n a n i n c r e a s e d i n h i b i t i o n ( 1 4 9 % , 

± 1 2 . 6 ; p < 0 . 0 5 ) . T h i s d i f f e r e n c e o c c u r s d u e t o t h e f a c t t h a t , a l t h o u g h b o t h d r u g s p r o d u c e a n 

i n c r e a s e i n t h e f i r s t p o p u l a t i o n s p i k e d u r i n g t h e i n i t i a l p h a s e o f t h e a p p l i c a t i o n , o n l y K A 

r e s u l t s i n a n i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e a t t h e s a m e t i m e . A T P A 

a p p l i c a t i o n a l s o d i f f e r s from t h e K A r e s p o n s e d u r i n g t h e f i r s t t h r e e m i n u t e s t h e m e a n 

n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n b e i n g 1 1 2 % ( ± 9 . 7 ) . H o w e v e r t h i s j u s t f a i l s t o r e a c h 

s i g n i f i c a n c e ( p = 0 . 0 8 S t u d e n t ' s u n p a i r e d t - t e s t ) . T h r o u g h o u t t h e r e s t o f t h e d r u g a p p l i c a t i o n 

p e r i o d s a n d w a s h t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e i n h i b i t i o n c a l c u l a t e d f o r 

a n y o f t h e s e d r u g s . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 4 6 ) , t h e r e i s a m a r k e d d i f f e r e n c e b e t w e e n 

t h e r e s p o n s e t o K A a n d t h e o t h e r d r u g t r e a t m e n t s . W i t h i n t h e f i r s t t h r e e m i n u t e s o f 

a p p l i c a t i o n , t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n r e c o r d e d i n t h e p r e s e n c e o f A T P A 

i n c r e a s e d t o 1 0 8 % ( ± 6 . 8 ) c o m p a r e d t o 8 5 % ( ± 5 . 5 ) f o r K A ( p < 0 . 0 5 ) . T h e a c t i o n o f K A i n 

t h e p r e s e n c e o f t h e G l u R 6 a n t a g o n i s t N S 1 0 2 d o e s n o t d i f f e r s i g n i f i c a n t l y from t h a t o f K A 

a l o n e . H o w e v e r , t h e r e s p o n s e t o t h e A M P A r e c e p t o r a g o n i s t f l u o r o w i l l a r d i n e e x h i b i t s a 

s i g n i f i c a n t i n c r e a s e ( 1 1 0 % , ± 7 . 6 ) i n t h e p e r c e n t a g e i n h i b i t i o n w h e n c o m p a r e d t o K A a t 

t h i s t i m e p o i n t ( p < 0 . 0 5 ) . 

B y t h e e n d o f t h e d r u g a p p l i c a t i o n p e r i o d , o n l y t h e s l i c e s t r e a t e d w i t h 1 p M K A 

a l o n e e x h i b i t a n y a p p r e c i a b l e d e g r e e o f i n h i b i t i o n ( 7 1 % , ± 1 1 . 1 ) . I n s l i c e s s u p e r f u s e d w i t h 

A T P A , t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n d e c r e a s e d t o - 3 8 % ( ± 4 5 . 5 ) ( p < 0 . 0 5 ) 

i n d i c a t i n g a s i g n i f i c a n t p o t e n t i a t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e c o m p a r e d t o t h e f i r s t . 

T h e p r e s e n c e o f N S 1 0 2 a l s o e x a c e r b a t e s t h e e f f e c t o f K A o n t h e i n h i b i t o r y m e c h a n i s m s 

w i t h i n t h e i s o l a t e d C A l p r e p a r a t i o n b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d , t h e n o r m a l i s e d 

i n h i b i t i o n f a l l i n g t o - 1 4 8 % ( ± 3 8 . 2 ) ( p < 0 . 0 1 ) . T h e r e s p o n s e t o f l u o r o w i l l a r d i n e a t t h i s 

t i m e - p o i n t a l s o e x h i b i t s a m a r k e d r e d u c t i o n i n i n h i b i t o r y f u n c t i o n ( - 5 3 % , ± 3 6 . 0 ) c o m p a r e d 

t o t h a t o f K A a l o n e ( p < 0 . 0 1 ) . 
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Figure 3.45 KA reduces paired-pulse inhibition in the intact slice CAl. In contrast, FWILL and ATPA initially 
increase the mean percentage inhibition. The effect of ATPA just fails to reach significance. Inhibition is reduced 
by the end of the drug application period. NS102 does not block the effect of KA. 
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Figure 3.46 During the initial 3 minutes of drug application in the isolated CAl preparation, ATPA and FWILL 
differ significantly Irom KA alone in their effects on paired-pulse inhibition. By the end of the application, the 
presence of NS102 has greatly potentiated the response to KA. 
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3.5 Discussion 

3.5.1 The Effect of KA on field recordings in the CAl: An overview 

I n b o t h t h e i n t a c t ( f i g u r e 3 . 1 2 ) a n d i s o l a t e d C A l ( f i g u r e 3 . 1 5 ) h i p p o c a m p a l s l i c e 

p r e p a r a t i o n s , i n t r o d u c t i o n o f K A r e s u l t s i n a r a p i d , s i g n i f i c a n t r e d u c t i o n i n t h e f i r s t a n d 

s e c o n d E P S P s l o p e s a n d a t r a n s i e n t i n c r e a s e i n t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e 

a m p l i t u d e s . T h i s i s f o l l o w e d b y a p r o l o n g e d r e d u c t i o n i n p o p u l a t i o n s p i k e a m p l i t u d e i n t h e 

i n t a c t s l i c e p r e p a r a t i o n a n d a r e t u r n o f t h e p o p u l a t i o n s p i k e t o c o n t r o l v a l u e s i n t h e i s o l a t e d 

C A l p r e p a r a t i o n . D u r i n g t h e c o u r s e o f K A a p p l i c a t i o n , t h e p e r c e n t a g e i n h i b i t i o n o f t h e 

s e c o n d p o p u l a t i o n s p i k e w i t h r e s p e c t t o t h e f i r s t r e m a i n s d e p r e s s e d i n t h e i n t a c t s l i c e 

p r e p a r a t i o n ( f i g u r e 3 . 1 3 ) . I n t h e i s o l a t e d C A l p r e p a r a t i o n , i t i s t r a n s i e n t l y r e d u c e d d u r i n g 

b o t h t h e b e g i n n i n g a n d e n d o f t h e K A a p p l i c a t i o n p e r i o d ( f i g u r e 3 . 1 6 ) . 

T h i s i n c r e a s e i n p o p u l a t i o n s p i k e a m p l i t u d e r e c o r d e d from C A l i s g r e a t e r i n t h e 

i n t a c t s l i c e ( f i g u r e 3 . 4 1 ) t h a n t h e i s o l a t e d s l i c e ( f i g u r e 3 . 4 2 ) , i n d i c a t i n g a r o l e f o r C A 3 i n 

t h i s r e s p o n s e . S i n c e t h i s i n c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e o c c u r s i n t h e i n t a c t s l i c e a t 

c o n c e n t r a t i o n s o f K A a s l o w a s 2 5 0 n M ( f i g u r e 3 . 5 a l s o s e e t a b l e 3 . 2 ) , i t i s h i g h l y l i k e l y 

t h a t t h i s i s d u e t o a c t i v a t i o n o f K A r e c e p t o r s r a t h e r t h a n A M P A r e c e p t o r s . I t i s p o s s i b l e 

t h e r e f o r e t h a t e x c i t a t i o n o f t h e C A 3 p y r a m i d a l c e l l p o p u l a t i o n b y K A ( C a s t i l l o et al. 1 9 9 7 ) 

l e a d s t o i n c r e a s e d g l u t a m a t e r e l e a s e from t h e S c h a f f e r c o l l a t e r a l p a t h w a y a n d h e n c e 

i n c r e a s e d A M P A r e c e p t o r a c t i v a t i o n i n C A l . T h i s w o u l d b e e x p e c t e d t o l e a d t o a n 

i n c r e a s e d e x c i t a t i o n o f t h e C A l p y r a m i d a l c e l l p o p u l a t i o n a n d p r e s u m a b l y a l s o t h e 

i n t e r n e u r o n a l p o p u l a t i o n i n b o t h a f e e d f o r w a r d a n d f e e d b a c k m a i m e r . H o w e v e r , s i n c e t h i s 

r e s p o n s e a l s o o c c u r s i n s l i c e s from w h i c h t h e d e n t a t e g y r u s a n d C A 3 h a v e b e e n r e m o v e d , 

C A 3 e x c i t a t i o n a l o n e i s u n l i k e l y t o b e s o l e l y r e s p o n s i b l e . 

T h u s i t m a y b e t h a t K A i s e x e r t i n g a d i r e c t e x c i t a t o r y e f f e c t u p o n t h e C A l 

p y r a m i d a l c e l l p o p u l a t i o n i t s e l f T h i s c o u l d o c c u r i n a n u m b e r o f p o s s i b l e w a y s . F i r s t l y , 

a c t i v a t i o n o f G l u R 6 ( M u l l e et al 2 0 0 0 , B e u r e a u et al. 1 9 9 9 ) c o n t a i n i n g K A r e c e p t o r s 

p r e s e n t o n t h e p y r a m i d a l c e l l s o f C A l m a y r e s u l t i n a d e p o l a r i s i n g c u r r e n t i n t h e s e 

n e u r o n e s , l e a d i n g t o a n i n c r e a s e i n t h e a m p l i t u d e o f t h e e v o k e d r e s p o n s e . 

H o w e v e r , M e l y a n et al ( 2 0 0 2 ) w e r e u n a b l e t o e l i c i t a n i n w a r d c u r r e n t i n C A l 

p y r a m i d a l c e l l s w i t h n a n o m o l a r c o n c e n t r a t i o n s o f K A i n a n i m a l s o f t h e s a m e a g e a n d 

s t r a i n a s u s e d i n t h i s s t u d y . T h e r e f o r e t h i s d i r e c t e f f e c t o f K A o n C A l p y r a m i d a l c e l l 

e x c i t a b i l i t y m a y o c c u r a s a r e s u l t o f a K A r e c e p t o r m e d i a t e d i n h i b i t i o n o f a s l o w 

a f l e r h y p o l a r i s a t i o n c u r r e n t ( I S A H P ) w h i c h h a s b e e n s h o w n t o b e r e d u c e d i n K A l e s i o n e d 
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a n i m a l s ( A s h w o o d et al. 1 9 8 6 ) r e n d e r i n g t h e s e c e l l s m o r e e x c i t a b l e . M e l y a n et a l . ( 2 0 0 2 ) 

h a v e s h o w n , u s i n g w h o l e - c e l l p a t c h c l a m p r e c o r d i n g s from C A l p y r a m i d a l c e l l s , t h a t 

a p p l i c a t i o n o f b e t w e e n 1 0 0 - 2 0 0 n M K A i s c a p a b l e o f r e d u c i n g t h e ISAHP b y s o m e 3 4 % . 

T h i s e f f e c t o f K A w a s o b s e r v e d t o p e r s i s t i n t h e p r e s e n c e o f t e t r o d o t o x i n ( T T X ) , i m p l y i n g 

a p o s t s y n a p t i c l o c u s o f a c t i o n . T h i s r e s p o n s e a l s o c o n t i n u e d i n t h e p r e s e n c e o f t h e A M P A 

s p e c i f i c a n t a g o n i s t G Y K I 5 4 2 6 6 b u t n o t t h e n o n - s e l e c t i v e A M P A / K A a n t a g o n i s t C N Q X . 

E v i d e n c e i n s u p p o r t o f t h i s w i l l b e p r e s e n t e d i n t h e n e x t c h a p t e r . 

A f u r t h e r p o s s i b i l i t y i s t h a t f e e d f o r w a r d i n h i b i t i o n h a s b e e n r e d u c e d b y t h e 

a p p l i c a t i o n o f K A l e a d i n g t o a n i n c r e a s e i n t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e . 

S i n c e t h i s d o e s n o t o c c u r i n t h e p r e s e n c e o f A T P A i t i s u n l i k e l y t h a t G l u R 5 i s i n v o l v e d i n 

t h i s r e s p o n s e . H o w e v e r , t h e r e i s m u c h e v i d e n c e ( F r e r k i n g et al 1 9 9 8 . ) f o r a G l u R 6 

m e d i a t e d r e d u c t i o n i n G A B A r e l e a s e from i n t e m e u r o n e t e r m i n a l s t h a t c o u l d s u p p o r t t h i s 

p o s s i b i l i t y . 

A r e d u c t i o n i n E P S P s l o p e a t t h e s a m e t i m e a s a n i n c r e a s e i n p o p u l a t i o n s p i k e 

c o u l d b e i n t e r p r e t e d i n a n u m b e r o f d i f f e r e n t w a y s . 

F i r s t l y , i t i s p o s s i b l e t h a t K A p a r t i a l l y d e p o l a r i s e s t h e C A l p y r a m i d a l c e l l 

p o p u l a t i o n d i r e c t l y . T h i s w o u l d b e e x p e c t e d t o l e a d t o a d e c r e a s e i n t h e p o s t s y n a p t i c 

c u r r e n t a s t h e c e l l s a r e n o w n e a r e r t h e i r e q u i l i b r i u m p o t e n t i a l . I n t u r n t h i s w o u l d r e s u l t i n a 

d e c r e a s e i n t h e s l o p e o f t h e f i e l d E P S P m e a s u r e d from stratum radiatum. H o w e v e r , A T P A 

a p p l i c a t i o n ( f i g u r e s 3 . 2 0 , 3 . 2 3 ) r e d u c e s t h e f i e l d E P S P s l o p e w i t h o u t i n c r e a s i n g t h e 

p o p u l a t i o n s p i k e a m p l i t u d e , w h i c h m a y a r g u e a g a i n s t t h i s m e c h a n i s m f o r t h e r e d u c t i o n i n 

t h e f i e l d E P S P b y K A . 

A n a l t e r n a t i v e e x p l a n a t i o n f o r t h i s r e d u c t i o n i n E P S P s l o p e i n v o l v e s a c t i v a t i o n o f 

i n t e r n e u r o n e s b y K A . I t i s k n o w n t h a t a c t i v a t i o n o f G l u R 5 c o n t a i n i n g r e c e p t o r s o n 

i n t e r n e u r o n e s w i l l l e a d t o a n i n c r e a s e i n i n t e r n e r u o n a l s p i k i n g ( C o s s a r t et aT) a n d h e n c e t o 

a n i n c r e a s e i n GABA r e l e a s e from t h e s e n e u r o n e s . T h i s i n t u r n m a y l e a d t o i n c r e a s e d 

a c t i v a t i o n o f p o s t s y n a p t i c GABAA r e c e p t o r s a n d h e n c e a n i n c r e a s e i n p o s t s y n a p t i c C I " 

i n f l u x . T h i s w o u l d h a v e t h e e f f e c t o f s h u n t i n g g l u t a m a t e r g i c e x c i t a t i o n i n t h e d e n d r i t e s o f 

C A l p y r a m i d a l c e l l s , a n d t h u s l e a d i n g t o a r e d u c t i o n i n t h e m e a s u r e d f i e l d E P S P s l o p e . 

H o w e v e r , w e r e t h i s t h e c a s e t h e n i t w o u l d b e e x p e c t e d t h a t t h e i n c r e a s e i n s y n a p t i c 

c o n c e n t r a t i o n o f GABA w o u l d l e a d t o a n i n h i b i t i o n o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n 

s p i k e a m p l i t u d e s , w h i l s t t h i s i s c l e a r l y n o t t h e c a s e d u r i n g t h e i n i t i a l p h a s e o f t h e K A 

108 



r e s p o n s e ( f i g u r e s 3 . 1 2 a n d 3 . 1 5 ) . T h i s s u g g e s t s t h a t t h i s i s n o t t h e m e c h a n i s m b y w h i c h 

K A r e d u c e s E P S P s l o p e . 

G i v e n t h e c u r r e n t d a t a f o r t h e k n o w n a c t i o n s o f K A i n t h e C A l , a n o t h e r 

e x p l a n a t i o n i s j u s t a s l i k e l y . I t i s k n o w n t h a t K A r e c e p t o r a c t i v a t i o n o n C A 3 p y r a m i d a l 

n e u r o n e s p r o d u c e s a s l o w d e p o l a r i s i n g c u r r e n t ( C a s t i l l o et al. 1 9 9 7 ) p r o b a b l y v i a 

a c t i v a t i o n o f G l u R 6 c o n t a i n i n g r e c e p t o r s ( M u l l e et al. 1 9 9 8 ) . T h i s e x c i t a t o r y c u r r e n t m a y 

b e s u f f i c i e n t t o c a u s e a p a r t i a l d e p o l a r i s i n g b l o c k o f C A 3 p y r a m i d a l c e l l s ( f i g u r e 3 . 1 8 ) a n d 

t h u s l e a d t o a r e d u c t i o n o f g l u t a m a t e r e l e a s e from t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . T h i s 

w o u l d b e e x p e c t e d t o r e d u c e t h e s l o p e o f t h e E P S P r e c o r d e d from t h e stratum radiatum i n 

C A l . H o w e v e r , f o r t h i s t o b e t h e e x p l a n a t i o n , t h e p r e s e n c e o f C A 3 w o u l d b e a n a b s o l u t e 

r e q u i r e m e n t f o r t h e r e d u c t i o n i n E P S P s l o p e t o o c c u r . T h i s i s n o t t h e c a s e , s i n c e t h e E P S P 

s l o p e i s r e d u c e d w i t h K A i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 1 5 ) . 

T h e m o r e l i k e l y e x p l a n a t i o n i s t h a t a c t i v a t i o n o f p r e s y n a p t i c K A r e c e p t o r s o n t h e 

S c h a f f e r c o l l a t e r a l t e r m i n a l s t h e m s e l v e s c a u s e s a l o c a l i s e d d e p o l a r i s a t i o n w h i c h r e n d e r s 

i n c o m i n g a c t i o n p o t e n t i a l s l e s s e f f e c t i v e w i t h r e g a r d t o i n i t i a t i n g t h e C a ^ ^ i n f l u x n e c e s s a r y 

f o r t r a n s m i t t e r r e l e a s e ( V i g n e s et al 1 9 9 8 , K a m i y a a n d O z a w a 1 9 9 8 ) . I t i s u n l i k e l y t h a t 

t h i s o c c u r s a s a r e s u l t o f i n a c t i v a t i o n o f v o l t a g e g a t e d c h a n n e l s h o w e v e r , s i n c e 

K a m i y a a n d O z a w a ( 1 9 9 8 ) d i d n o t o b s e r v e a c h a n g e i n t h e r e s t i n g l e v e l s o f r h o d - 2 

f l u o r e s c e n c e i n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s i n t h e p r e s e n c e o f 1 p - M K A . H o w e v e r , a 

l o c a l i s e d d e p o l a r i s a t i o n a t t h e t e r m i n a l w o u l d b e e x p e c t e d t o e l e v a t e t h e m e m b r a n e 

p o t e n t i a l n e a r e r t o t h e e q u i l i b r i u m p o t e n t i a l f o r N a ^ . T h i s w o u l d b e e x p e c t e d t o r e d u c e t h e 

a m p l i t u d e o f i n c o m i n g a c t i o n p o t e n t i a l s , t h u s r e d u c i n g t h e a c t i v a t i o n o f p r e s y n a p t i c 

v o l t a g e - g a t e d C a " ^ c h a n n e l s a n d h e n c e r e d u c i n g t h e a m o u n t o f t r a n s m i t t e r r e l e a s e d . A 

f u r t h e r p o s s i b i l i t y i s t h a t t h e s e t w o p o s s i b l e m e c h a n i s m s a r e a c t i n g i n t a n d e m t o p r o d u c e 

t h e o b s e r v e d e f f e c t . S i n c e t h i s p h e n o m e n o n o c c u r s i r r e s p e c t i v e o f t h e p r e s e n c e o f C A 3 i t 

i s l i k e l y t h a t t h i s r e s p o n s e i s m e d i a t e d m a i n l y via a n e f f e c t a t t h e p r e s y n a p t i c t e r m i n a l 

r a t h e r t h a n v i a a d e p o l a r i s i n g b l o c k o f C A 3 p y r a m i d a l c e l l s . 

F u r t h e r m o r e , i t i s i n t e r e s t i n g t o n o t e t h a t t h e s e c o n d p o p u l a t i o n s p i k e i n c r e a s e s a t 

t h e s a m e t i m e a s t h e f i r s t d u r i n g K A a p p l i c a t i o n . S i n c e a d e p o l a r i s a t i o n o f t h e C A l 

p y r a m i d a l c e l l p o p u l a t i o n e i t h e r via C A 3 e x c i t a t i o n o r d i r e c t l y i n t h e C A l b y K A w o u l d 

b e e x p e c t e d , a t l e a s t t r a n s i e n t l y , t o i n c r e a s e t h e e x c i t a t o r y d r i v e t o b o t h t h e f e e d f o r w a r d 

a n d f e e d b a c k i n t e m e u r o n e p o p u l a t i o n s o f C A l . T h u s a n i n c r e a s e i n p a i r e d - p u l s e i n h i b i t i o n 

w o u l d b e e x p e c t e d t o o c c u r . T h i s s u g g e s t s a n i n h i b i t o r y a c t i o n o f K A o n t h e i n t e r n e u r o n a l 

p o p u l a t i o n i n C A l . 
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A s c h e m a t i c f o r t h e s i t e s o f a c t i o n o f t h e c o m p o u n d s i n v e s t i g a t e d i n t h i s c h a p t e r i s 

p r e s e n t e d i n f i g u r e 3 . 4 7 b e l o w . 

KA 
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NS102 X ? 

A C A , / 
KA 
NS102 X 

ATPA 
FWILL 
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ATPA 
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NS102 X 

KA 
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NS102 X ? 

Figure 3.47 Presumed sites of action within the hippocampal tri-synaptic pathway for KA, ATPA, NS102 
and FWILL. DGC, dentate granule cell; INT, intemeurone; red triangles/ circles, glutamatergic synapse; 
blue triangles, GABAergic synapse; X= antagonism 

T h e e f f e c t s o f K A o n e a c h o f t h e s e p a r a m e t e r s w i l l b e d i s c u s s e d i n m o r e d e t a i l i n 

t h e f o l l o w i n g s e c t i o n s w i t h r e f e r e n c e t o t h e d a t a p r e s e n t e d i n t h i s c h a p t e r f o r A T P A , 

N S 1 0 2 a n d f l u o r o w i l l a r d i n e . 
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3.5.2 Effect of KA on the EPSP slope in CAl 

T h e c u m u l a t i v e d o s e r e s p o n s e d a t a i n d i c a t e s t h a t t h e E P S P s l o p e s i n t h e i n t a c t s l i c e 

( f i g u r e 3 . 4 ) a n d i s o l a t e d C A l ( f i g u r e 3 . 8 ) p r e p a r a t i o n s e x h i b i t s l i g h t d i f f e r e n c e s i n t h e i r 

s e n s i t i v i t y t o K A . A l t h o u g h t h e r e i s a s i g n i f i c a n t d e c r e a s e i n t h e f i r s t E P S P s l o p e i n t h e 

i s o l a t e d C A l ( f i g u r e 3 . 8 ) a t a c o n c e n t r a t i o n o f 2 5 0 n M K A , a s i m i l a r r e s p o n s e i s n o t s e e n 

i n t h e i n t a c t s l i c e u n t i l t h e e n d o f 1 5 m i n u t e s s u p e r f u s i o n w i t h 5 0 0 n M K A ( f i g u r e 3 . 4 ) . 

T h i s m a y r e f l e c t e x c i t a t i o n o f C A 3 p y r a m i d a l c e l l s a t a c o n c e n t r a t i o n o f 2 5 0 n M K A 

e n a b l i n g t h e p r e s y n a p t i c a c t i o n s o f K A t o b e o v e r c o m e . I n t e r e s t i n g l y , t h e s e c o n d E P S P 

s h o w s s e n s i t i v i t y t o 2 5 0 n M K A i n b o t h p r e p a r a t i o n s . T h i s m a y i n d i c a t e a n i n c o m p l e t e 

r e p o l a r i s a t i o n o f t h e t e r m i n a l s f o l l o w i n g t h e f i r s t s t i m u l u s , e n a b l i n g l o w e r d o s e s o f K A t o 

p r o d u c e a s i g n i f i c a n t e f f e c t . 

3.5.2.2 Single application of l^M KA 

C o m p a r i n g t h e r e s p o n s e s s e e n i n t h e i n t a c t h i p p o c a m p a l s l i c e ( f i g u r e 3 . 1 2 ) w i t h 

t h o s e o f t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 1 5 ) w e c a n s e e t h a t t h e m e a n f i r s t E P S P 

s l o p e i s i n h i b i t e d b y 5 6 % from c o n t r o l i n t h e i n t a c t s M c e i n t h e p r e s e n c e o f l ^ M K A . I t i s 

r e d u c e d b y 4 5 % i n t h e i s o l a t e d C A l . T h u s i t w o u l d a p p e a r t h a t w h i l s t t h e p r e s e n c e o f C A 3 

m a y c o n t r i b u t e t o t h e r e d u c t i o n i n t h e E P S P s l o p e r e c o r d e d from t h e stratum radiatum o f 

C A l , i t d o e s n o t p l a y a m a j o r p a r t i n t h e r e s p o n s e . 

A s m e n t i o n e d p r e v i o u s l y , t h e r e a r e f o u r p o s s i b l e m e c h a n i s m s t h a t m a y a c c o u n t f o r 

t h e d e c r e a s e i n t h e E P S P s l o p e r e c o r d e d from t h e C A l o f i n t a c t h i p p o c a m p a l s l i c e s d u r i n g 

t h e a p p l i c a t i o n o f K A . 

1 . F i r s t l y , i t i s k n o w n t h a t K A r e c e p t o r a c t i v a t i o n o n C A 3 p y r a m i d a l n e u r o n e s p r o d u c e s a 

s l o w d e p o l a r i s i n g c u r r e n t ( C a s t i l l o et al. 1 9 9 7 ) p r o b a b l y via a c t i v a t i o n o f G l u R 6 

c o n t a i n i n g r e c e p t o r s ( M u l l e et al. 1 9 9 8 ) . T h i s e x c i t a t o r y c u r r e n t m a y b e s u f f i c i e n t t o 

c a u s e a d e p o l a r i s i n g b l o c k o f C A 3 p y r a m i d a l c e l l s a n d i n d e e d , t h e d a t a p r e s e n t e d i n 

f i g u r e 3 . 1 8 i s i n d i c a t i v e t h a t t h i s i s t h e c a s e , s i n c e t h e p o p u l a t i o n s p i k e a m p l i t u d e s a n d 

E P S P s l o p e s a r e m a r k e d l y r e d u c e d t h r o u g h o u t t h e a p p l i c a t i o n o f K A . T h i s c o u l d 

c o n c e i v a b l y l e a d i n t u r n t o a r e d u c t i o n o f g l u t a m a t e r e l e a s e from t h e S c h a f f e r 

c o l l a t e r a l t e r m i n a l s . H o w e v e r , K a m i y a a n d O z a w a ( 1 9 9 8 ) d i d n o t o b s e r v e a c h a n g e i n 

t h e a f f e r e n t f i b r e v o l l e y i n t h e S c h a f f e r c o l l a t e r a l s f o l l o w i n g l ^ M K A a p p l i c a t i o n . 

S i n c e i t i s l i k e l y t h a t d e p o l a r i s a t i o n b l o c k o f C A 3 p y r a m i d a l c e l l s w o u l d l e a d t o a n 

i n a c t i v a t i o n o f a x o n a l N a ^ c h a n n e l s , t h i s m a y n o t b e t h e m e c h a n i s m i n v o l v e d . 

F u r t h e r m o r e , t h i s f a c t t e n d s t o d i s c o u n t a n e f f e c t o f K A o n a f f e r e n t f i b r e e x c i t a b i l i t y 
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s u c h a s h a s b e e n r e p o r t e d f o r t h e a c t i o n s o f K A o n t h e m o s s y fibre p a t h w a y ( K a m i y a 

a n d O z a w a 2 0 0 0 ) a n d i n t e m e u r o n a l a x o n s ( S e m y a n o v et al 2 0 0 1 ) . 

2 . S e c o n d l y , d e p o l a r i s i n g b l o c k o f C A l p y r a m i d a l c e l l s f o l l o w i n g i n c r e a s e d g l u t a m a t e 

r e l e a s e from t h e S c h a f f e r c o l l a t e r a l s o r d i r e c t a c t i v a t i o n o f t h e s e n e u r o n e s b y K A m a y 

r e s u l t i n a r e d u c t i o n i n E P S P s l o p e . 

3 . T h e t h i r d p o s s i b i l i t y i s t h a t a c t i v a t i o n o f i n t e m e u r o n e s i n C A l b y K A ( C o s s a r t et al 

1 9 9 8 ) m a y l e a d t o a n i n c r e a s e i n t h e e x t r a c e l l u l a r c o n c e n t r a t i o n o f G A B A , i n t u r n 

l e a d i n g t o i n c r e a s e d a c t i v a t i o n o f GABAA r e c e p t o r s o n C A l p y r a m i d a l c e l l s . T h e 

i n c r e a s e d C I " i n f l u x t h a t w o u l d b e e x p e c t e d t o o c c u r a s a r e s u l t o f t h i s c o u l d 

c o n c e i v a b l y s h u n t e x c i t a t i o n i n t h e d e n d r i t e s , l e a d i n g t o a r e d u c t i o n i n t h e s l o p e o f t h e 

E P S P . H o w e v e r , s i n c e t h e p o p u l a t i o n s p i k e a m p l i t u d e s i n c r e a s e a t t h e s a m e t i m e a s t h e 

E P S P s l o p e s b e g i n t o d e c r e a s e t h e n i t i s u n l i k e l y t h a t t h i s i s t h e c a s e . 

4 . A f u r t h e r p o s s i b i l i t y i s t h a t a c t i v a t i o n o f p r e s y n a p t i c K A r e c e p t o r s o n t h e S c h a f f e r 

c o l l a t e r a l t e r m i n a l s t h e m s e l v e s c a u s e s a l o c a U s e d d e p o l a r i s a t i o n w h i c h r e n d e r s 

i n c o m i n g a c t i o n p o t e n t i a l s l e s s e f f e c t i v e w i t h r e g a r d t o i n i t i a t i n g t h e C a ^ ^ i n f l u x 

n e c e s s a r y f o r t r a n s m i t t e r r e l e a s e ( K a m i y a a n d O z a w a 1 9 9 8 ) . I t i s u n l i k e l y t h a t t h i s 

o c c u r s a s a r e s u l t o f i n a c t i v a t i o n o f v o l t a g e g a t e d C a ^ ^ c h a n n e l s h o w e v e r , s i n c e 

K a m i y a a n d O z a w a ( 1 9 9 8 ) d i d n o t o b s e r v e a c h a n g e i n t h e r e s t i n g l e v e l s o f r h o d - 2 

f l u o r e s c e n c e i n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s i n t h e p r e s e n c e o f 1 | j . M K A . 

A f u r t h e r p o s s i b i l i t y i s t h a t t h e s e m e c h a n i s m s a r e a c t i n g i n t a n d e m t o p r o d u c e t h e 

o b s e r v e d e f f e c t . S i n c e t h i s p h e n o m e n o n o c c u r s i r r e s p e c t i v e o f t h e p r e s e n c e o f C A B i t i s 

l i k e l y t h a t t h i s r e s p o n s e i s m e d i a t e d m a i n l y via a n e f f e c t a t t h e p r e s y n a p t i c t e r m i n a l o r 

d i r e c t l y a t C A l p y r a m i d a l c e l l s r a t h e r t h a n via a d e p o l a r i s i n g b l o c k o f C A 3 p y r a m i d a l 

c e l l s . 

U n f o r t u n a t e l y , from t h i s d a t a a l o n e i t i s n o t p o s s i b l e t o d e f i n e w h e t h e r t h e 

o b s e r v e d r e s p o n s e i s t h e r e s u l t o f a p r e s y n a p t i c o r p o s t s y n a p t i c s i t e o f a c t i o n . I t i s 

r e a s o n a b l e t o i n f e r from t h e p u b l i s h e d d a t a ( V i g n e s et al 1 9 9 8 , K a m i y a a n d O z a w a 1 9 9 8 ) 

t h a t t h i s r e s p o n s e h a s a p r e s y n a p t i c o r i g i n . F u r t h e r e v i d e n c e f o r t h i s i s p r e s e n t e d i n t h e 

n e x t s e c t i o n o n t h e a c t i o n o f t h e G l u R 5 a g o n i s t A T P A . 
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3.5.2.3 Comparison of KA to ATP A 

T h e r e s p o n s e t o t h e G l u R 5 a g o n i s t A T P A ( V i g n e s et al. 1 9 9 8 ) i n b o t h p r e p a r a t i o n s 

( f i g u r e s 3 . 2 0 a n d 3 . 2 3 ) s h o w s s o m e d i f f e r e n c e s t o t h a t f o r K A ( f i g u r e s 3 . 1 2 a n d 3 . 1 5 ) . I t i s 

l i k e l y , g i v e n t h e p o t e n c y a n d a f F m i t y d a t a p r e s e n t e d i n t a b l e 3 . 2 t h a t a c o n c e n t r a t i o n o f 

1 | L I M K A i s a c t i v a t i n g K A r e c e p t o r s i n a n o n - s p e c i f i c m a n n e r i r r e s p e c t i v e o f t h e i r 

c o n s t i t u e n t s u b u n i t s . I n t h e C A l , p y r a m i d a l c e l l s a r e k n o w n t o e x p r e s s G l u R 6 s u b u n i t s 

( B u r e a u et a l . 1 9 9 9 ) , w h i l s t t h e e x p r e s s i o n o f G l u R 5 h a s b e e n l o c a l i s e d t o t h e s o m a t o -

d e n d r i t i c c o m p a r t m e n t o f i n t e m e u r o n e s a n d f u n c t i o n a l l y t o t h e t e r m i n a l s o f e x c i t a t o r y 

a f f e r e n t fibres ( V i g n e s et al 1 9 9 8 ) . I n a d d i t i o n t o t h i s , t h e m a j o r K A r e c e p t o r s u b u n i t o f 

t h e C A 3 p y r a m i d a l c e l l p o p u l a t i o n h a s a l s o b e e n d e m o n s t r a t e d t o b e G l u R 6 ( B u r e a u et a l . 

1 9 9 9 ^ 

T h u s i t s h o u l d b e p o s s i b l e t o s e p a r a t e t h e f u n c t i o n a l e f f e c t s o f K A r e c e p t o r 

a c t i v a t i o n w i t h i n t h e h i p p o c a m p u s b y t h e u s e o f s u b u n i t s p e c i f i c a g o n i s t s a n d a n t a g o n i s t s . 

I n m u c h t h e s a m e w a y a s w i t h K A , t h e E P S P s l o p e s a r e m a r k e d l y r e d u c e d 

f o l l o w i n g t h e i n t r o d u c t i o n o f 1 | i M A T P A t o t h e r e c o r d i n g c h a m b e r i n b o t h p r e p a r a t i o n s 

( f i g u r e s 3 . 3 7 - 3 . 4 0 ) . H o w e v e r , t h e p o p u l a t i o n s p i k e a m p l i t u d e d o e s n o t i n c r e a s e i n e i t h e r 

i n t a c t s l i c e s o r i s o l a t e d C A l p r e p a r a t i o n s w i t h l p , M A T P A ( 3 . 4 1 - 3 . 4 4 ) a n d i s i n f a c t 

r e d u c e d c o m p a r e d t o c o n t r o l . T h i s s u g g e s t s a t l e a s t t w o p o i n t s . 

1 . S i n c e t h e E P S P s l o p e d e c r e a s e s w i t h o u t a c o n c o m i t a n t r i s e i n p o p u l a t i o n s p i k e 

a m p l i t u d e f o l l o w i n g A T P A a p p l i c a t i o n , t h i s r e s p o n s e i s v e r y l i k e l y t o b e d u e t o a n 

a c t i o n o f t h e d r u g a t a p r e s y n a p t i c l o c u s o f a c t i o n r a t h e r t h a n a d i r e c t d e p o l a r i s a t i o n o f 

t h e C A l p y r a m i d a l c e l l p o p u l a t i o n . T h i s f u r t h e r s u g g e s t s t h a t K A i s m o d u l a t i n g t h e 

E P S P s l o p e v i a a p r e s y n a p t i c a c t i o n . 

2 . A l t h o u g h ( S ) - A T P A h a s b e e n r e p o r t e d t o a l s o w e a k l y a c t i v a t e G l u R 6 / K A 2 c o n t a i n i n g 

h e t e r o m e r i c r e c e p t o r s ( S t e n s b o l et al 1 9 9 9 ) i t a p p e a r s t o b e r e l a t i v e l y s e l e c t i v e f o r t h e 

G l u R 5 s u b u n i t a t a c o n c e n t r a t i o n o f l | x M ( V i g n e s et al 1 9 9 8 ) . T h e r e f o r e , i t i s v e r y 

p r o b a b l e t h a t t h e r e c e p t o r m e d i a t i n g t h i s p h e n o m e n o n c o n t a i n s t h e G l u R 5 s u b u n i t . 

T h i s i s i n a g r e e m e n t w i t h t h e d a t a o f V i g n e s et al. ( 1 9 9 8 ) w h o f o u n d A T P A t o 

d e p r e s s t h e field E P S P r e c o r d e d from C A l i n a c o n c e n t r a t i o n d e p e n d e n t m a n n e r , w i t h o u t 

a f f e c t i n g t h e s i z e o f t h e a f f e r e n t v o l l e y , t h u s p o i n t i n g t o a p r e s y n a p t i c a c t i o n a t t h e 

S c h a f f e r c o l l a t e r a l t e r m i n a l s . T h i s w a s a l s o f o u n d t o b e t h e c a s e f o r t h e field E P S P 

r e c o r d e d i n C A 3 . 
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T h e s i m i l a r i t y o f t h e r e s p o n s e o f t h e E P S P t o t h a t o b s e r v e d f o r K A ( f i g u r e s 3 . 3 7 , 

3 . 3 8 ) t e n d t o s u g g e s t t h a t K A i s a l s o c a u s i n g a d e c r e a s e i n t h e E P S P s l o p e b y a n a c t i o n a t 

t h e p r e s y n a p t i c t e r m i n a l s o f t h e S c h a f f e r c o l l a t e r a l s . 

3.5.2.4 NS102 antagonism 

T h e l o w a f f i n i t y K A r e c e p t o r a n t a g o n i s t N S 1 0 2 h a s b e e n d e m o n s t r a t e d t o s h o w 

s e l e c t i v i t y f o r b l o c k i n g r e c e p t o r s c o n t a i n i n g t h e G l u R 6 s u b u n i t o v e r t h o s e c o m p r i s i n g 

A M P A r e c e p t o r s u b u n i t s ( L e r m a et al 1 9 9 3 , V e r d o o m et a l . 1 9 9 4 ) . I n a d d i t i o n t o t h i s . 

W i l d i n g a n d H e u t t n e r ( 1 9 9 6 ) h a v e s h o w n N S 1 0 2 , t o a l e s s e r e x t e n t , t o a n t a g o n i s e G l u R 5 

c o n t a i n i n g r e c e p t o r s i n d o r s a l r o o t g a n g l i o n ( D R G ) c e l l s p r e f e r e n t i a l l y t o A M P A 

r e c e p t o r s . 

C o a p p l i c a t i o n o f N S 1 0 2 d o e s n o t s i g n i f i c a n t l y i n h i b i t t h e a c t i o n o f K A o n t h e 

E P S P s l o p e ( f i g u r e s 3 . 3 7 - 3 . 4 0 ) . I n f a c t i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 3 8 ) 

t h e r e i s a f u r t h e r s i g n i f i c a n t r e d u c t i o n i n t h e f i r s t E P S P s l o p e b y t h e e n d o f t h e K A 

a p p l i c a t i o n p e r i o d c o m p a r e d t o K A a l o n e . H o w e v e r , t h i s m a y b e d u e t o t h e a n t a g o n i s m o f 

p o s t s y n a p t i c G l u R 6 c o n t a i n i n g r e c e p t o r s o n t h e C A l p y r a m i d a l c e l l s p r e v e n t i n g t h e 

i n h i b i t i o n o f t h e ISAHP c u r r e n t b y K A ( M e l y a n et al. 2 0 0 2 ) . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 2 9 ) , i t w o u l d a p p e a r t h a t N S 1 0 2 h a s 

s i g n i f i c a n t l y e n h a n c e d t h e e f f e c t o f I p M K A o n t h e f i r s t E P S P s l o p e b y t h e e n d o f 1 5 

m i n u t e s K A a p p l i c a t i o n , b u t d o e s n o t s i g n i f i c a n t l y a f f e c t t h e s e c o n d E P S P t h r o u g h o u t t h i s 

t i m e . T h u s i t m a y b e t h a t a n t a g o n i s m o f G l u R 6 c o n t a i n i n g r e c e p t o r s b y N S 1 0 2 m a y 

a c c e n t u a t e t h e e f f e c t o f K A a t r e c e p t o r s c o m p r i s e d o f G l u R 5 s u b u n i t s , f o r e x a m p l e a t t h e 

G l u R 5 c o n t a i n i n g K A r e c e p t o r p r o p o s e d t o b e l o c a l i s e d p r e s y n a p t i c a l l y o n t h e S c h a f f e r 

c o l l a t e r a l t e r m i n a l s ( V i g n e s et al 1 9 9 8 , K a m i y a a n d O z a w a 1 9 9 8 ) . 

N S 1 0 2 d i d n o t s i g n i f i c a n t l y a f f e c t t h e r e d u c t i o n i n E P S P s l o p e i n d u c e d b y l ^ M 

K A i n e i t h e r i n t a c t s l i c e s ( f i g u r e 3 . 2 6 ) o r i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 3 . 2 9 ) . 

H o w e v e r N S 1 0 2 i s o n l y a w e a k a n t a g o n i s t . K a m i y a a n d O z a w a ( 1 9 9 8 ) o n l y o b s e r v e d a 

p a r t i a l b l o c k a d e o f t h e K A i n d u c e d d e p r e s s i o n o f t h e field E P S P , a n d V e r d o o m et a l . 

(1994) o n l y f o u n d a 5 0 % r e d u c t i o n i n t h e g l u t a m a t e r e s p o n s e o f r e c o m b i n a n t G l u R 6 

r e c e p t o r s . T h u s , t h e p o o r s o l u b i l i t y o f N S 1 0 2 i n p h y s i o l o g i c a l s o l u t i o n s ( V e r d o o m et al. 

1 9 9 4 ) a n d t h e w e a k a n t a g o n i s t i c e f f e c t s o f t h i s d r u g d o n o t r e n d e r i t a u s e f u l 

p h a r m a c o l o g i c a l t o o l f o r t h e d i s s e c t i o n o f K A r e c e p t o r m e d i a t e d e f f e c t s . 

114 



3.5.2.5 Comparison with AMP A receptor activation 

T h e p o t e n t A M P A r e c e p t o r a g o n i s t , ( S ) - 5 - f l u o r o w i l l a r d i n e ( 3 0 0 n M ) ( P a t n e a u et a l . 

1 9 9 2 , W o n g et al. 1 9 9 4 ) r e d u c e d t h e E P S P s l o p e s i n i n t a c t s l i c e s ( f i g u r e 3 . 3 2 ) i n a m a n n e r 

w h i c h w a s n o t s i g n i f i c a n t l y d i f f e r e n t t o t h a t o b s e r v e d w i t h 1 | i M K A . I n c o n t r a s t t o t h e 

i n i t i a l r e s p o n s e t o K A h o w e v e r , t h e f i r s t p o p u l a t i o n s p i k e i n c r e a s e d ( f i g u r e 3 . 4 1 ) a n d t h e n 

d e c r e a s e d w h i l s t t h e s e c o n d p o p u l a t i o n s p i k e d e c r e a s e d b e l o w c o n t r o l v a l u e s ( f i g u r e 3 . 4 3 ) 

i n d i c a t i n g d i f f e r e n c e s i n t h e m e c h a n i s m s o f t h e t w o c o m p o u n d s . 

H o w e v e r , i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 3 8 ) , f l u o r o w i l l a r d i n e p r o d u c e s 

a s i g n i f i c a n t l y s m a l l e r r e d u c t i o n i n t h e f i r s t E P S P s l o p e t h a n K A a l o n e ( p < 0 . 0 5 ) w i t h i n t h e 

f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n . A t t h e s a m e t i m e , t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n 

s p i k e b e g i n s t o d e c r e a s e b e l o w c o n t r o l ( f i g u r e 3 . 4 2 ) w h i l s t t h e s e c o n d p o p u l a t i o n s p i k e i s 

i n c r e a s e d ( f i g u r e 3 . 4 4 ) . T h i s i n c r e a s e i s s i g n i f i c a n t l y l e s s t h a n t h a t f o r K A . H o w e v e r , b y 

t h e e n d o f t h e d r u g a p p h c a t i o n p e r i o d t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e t o t h e f i r s t E P S P i n 

t h e p r e s e n c e o f K A ( f i g u r e 3 . 3 8 ) 

I t w o u l d b e e x p e c t e d t h a t f l u o r o w i l l a r d i n e w o u l d a c t i v a t e A M P A r e c e p t o r s o n b o t h 

C A 3 a n d C A l p y r a m i d a l c e l l s . S u c h a n a c t i o n c o u l d q u i t e c o n c e i v a b l y l e a d t o a 

d e p o l a r i s i n g b l o c k i n t h e C A l b y b o t h a n i n c r e a s e d g l u t a m a t e r e l e a s e from t h e S c h a f f e r 

c o l l a t e r a l p a t h w a y f o l l o w i n g t h e e x c i t a t i o n o f C A 3 n e u r o n e s c o m b i n e d w i t h a d i r e c t 

a c t i v a t i o n o f t h e C A l p y r a m i d a l c e l l p o p u l a t i o n . 

U n f o r t u n a t e l y , i t w o u l d a p p e a r t h a t t h e c o m b i n a t i o n o f f i e l d r e c o r d i n g s a n d t h e 

p h a r m a c o l o g i c a l t o o l s u s e d h e r e d o n o t p r o v i d e e n o u g h i n f o r m a t i o n b y w h i c h t o 

c a t e g o r i c a l l y d i f f e r e n t i a t e t h e r e c e p t o r p o p u l a t i o n s b e i n g a c t i v a t e d b y b o t h K A a n d 

f l u o r o w i l l a r d i n e . H o w e v e r , p u b h s h e d d a t a f o r t h e a f f i n i t y a n d p o t e n c y o f K A f o r n a t i v e 

K A a n d A M P A r e c e p t o r s ( t a b l e 3 . 2 ) c o u p l e d w i t h t h e h i g h s p e c i f i c i t y o f f l u o r o w i l l a r d i n e 

f o r A M P A r e c e p t o r s o v e r K A r e c e p t o r s w o u l d s u g g e s t t h a t t h e i r s i t e s o f a c t i o n a r e i n f a c t 

d i f f e r e n t . 

3.5.3 Effect of KA on the first Population Spike Amplitude 

3.5.3.1 Response to Kainic Acid 

I n b o t h t h e i n t a c t s l i c e ( f i g u r e 3 . 1 2 ) a n d t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 1 5 ) 

a p p l i c a t i o n o f I p M K A c a u s e d a m a r k e d t r a n s i e n t i n c r e a s e i n t h e first p o p u l a t i o n s p i k e 

a m p l i t u d e w i t h i n t h e first t h r e e m i n u t e s . F r o m t h e p r e v i o u s s e c t i o n i t i s c l e a r t h a t t h i s 

p h e n o m e n o n o c c u r s a t a t i m e d u r i n g w h i c h t h e E P S P s l o p e h a s a l r e a d y b e g u n t o d e c r e a s e . 
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S i n c e t h e f i e l d E P S P s l o p e b e a r s a d i r e c t r e l a t i o n s h i p t o t h e e v o k e d s y n a p t i c c u r r e n t a n d 

h e n c e t o t h e a m o u n t o f g l u t a m a t e r e l e a s e d from t h e S c h a f l f e r c o l l a t e r a l t e r m i n a l s , t h i s 

w o u l d t e n d t o s u g g e s t t h a t t h e o b s e r v e d i n c r e a s e i s n o t a c o n s e q u e n c e o f a n i n c r e a s e i n 

g l u t a m a t e from t h e S c h a f f e r c o l l a t e r a l s f o l l o w i n g t h e s t i m u l a t i o n o f C A 3 p y r a m i d a l c e l l s 

b y K A . I n s u p p o r t o f t h i s , t h e n o r m a l i s e d d a t a s h o w s ( f i g u r e s 3 . 4 1 a n d 3 . 4 2 ) t h a t t h i s 

i n c r e a s e i n a m p l i t u d e from c o n t r o l i s o n l y m a r g i n a l l y g r e a t e r i n t h e i n t a c t s l i c e C A l 

( 1 3 9 % ( ± 1 1 . 3 ) ) w h e n c o m p a r e d t o t h e r e s p o n s e o f t h e i s o l a t e d C A l p r e p a r a t i o n ( 1 1 7 % 

( ± 3 . 3 ) ) . I t i s t h e r e f o r e p r o b a b l e t h a t K A i s e i t h e r d i r e c t l y c a u s i n g a n e x c i t a t i o n o f t h e C A l 

p y r a m i d a l c e l l p o p u l a t i o n , i n d i r e c t l y i n c r e a s i n g t h e p y r a m i d a l c e l l o u t p u t ( a s m e a s u r e d b y 

p o p u l a t i o n s p i k e a m p l i t u d e ) v i a a r e d u c t i o n i n t h e e f f i c a c y o f G A B A e r g i c i n h i b i t o r y 

m e c h a n i s m s , o r a c o m b i n a t i o n o f b o t h o f t h e s e . 

B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d , t h e p o p u l a t i o n s p i k e a m p l i t u d e i s 

s i g n i f i c a n t l y r e d u c e d from c o n t r o l i n t h e i n t a c t s l i c e , b u t n o t t h e i s o l a t e d C A l p r e p a r a t i o n . 

T h i s m a y b e d u e t o t h e s o m a t o - d e n d r i t i c I C A r e c e p t o r a c t i v a t i o n o f i n t e r n e u r o n e s ( C o s s a r t 

et al 1 9 9 8 ; F r e r k i n g et al 1 9 9 8 , 1 9 9 9 ) . T h i s w o u l d b e e x p e c t e d t o l e a d t o a n i n c r e a s e i n 

G A B A r e l e a s e a n d t h u s t o a r e d u c t i o n i n t h e o u t p u t from t h e C A l p y r a m i d a l c e l l 

p o p u l a t i o n . 

3.5.3.2 The initial response to ATPA 

A p p l i c a t i o n o f t h e G l u R 5 a g o n i s t A T P A d i d n o t r e s u l t i n a s i m i l a r r e s p o n s e i n 

e i t h e r t h e i n t a c t s l i c e ( f i g u r e 3 . 2 0 ) o r t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 2 6 ) . I n f a c t 

a d d i t i o n o f A T P A t o t h e s u p e r f u s i n g A C S F r e s u l t e d i n a r e d u c t i o n i n t h e a m p l i t u d e o f t h e 

f i r s t p o p u l a t i o n s p i k e i n b o t h p r e p a r a t i o n s w i t h i n t h e f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n . I t i s 

l i k e l y t h a t t h i s r e s p o n s e o c c u r s a s a r e s u l t o f a d e c r e a s e i n t h e E P S P s l o p e w i t h o u t a n y 

c o n c o m i t a n t d i r e c t e x c i t a t i o n o f t h e p o s t s y n a p t i c c e l l . 

H o w e v e r , i t i s a l s o p o s s i b l e t h a t a c t i v a t i o n o f G l u R 5 c o n t a i n i n g K A r e c e p t o r s o n 

t h e s o m a t o - d e n d r i t i c c o m p a r t m e n t o f G A B A e r g i c i n t e r n e u r o n e s w i t h i n t h e C A l r e s u l t s i n 

a n i n c r e a s e i n t h e t o n i c r e l e a s e o f G A B A from t h e s e c e l l s ( C o s s a r t et a l . 1 9 9 8 ; F r e r k i n g et 

a l . 1 9 9 8 , 1 9 9 9 ) . S u c h a n e v e n t , c o u p l e d w i t h a r e d u c t i o n i n t h e E P S P s l o p e , w o u l d b e 

e x p e c t e d t o l i m i t t h e a m p l i t u d e o f t h e p o p u l a t i o n s p i k e t h a t i t i s p o s s i b l e t o e l i c i t from t h e 

C A l f o r a n y g i v e n s t i m u l u s . 

O n c e a g a i n , b y t h e e n d o f t h e A T P A a p p l i c a t i o n p e r i o d , t h e a m p l i t u d e o f t h e 

p o p u l a t i o n s p i k e d e c r e a s e s f u r t h e r , w h i c h m a y b e d u e t o p r o l o n g e d a c t i v a t i o n o f t h e 

i n t e r n e u r o n a l p o p u l a t i o n l e a d i n g t o frirther t o n i c G A B A r e l e a s e . 
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3.5.3.3 KA receptor antagonism with NS102 

C o - a d m i n i s t r a t i o n o f t h e G l u R 6 a n t a g o n i s t N S 1 0 2 ( l O p M ) w i t h l p , M K A r e s u l t e d 

i n a s i g n i f i c a n t b l o c k a d e o f t h e i n i t i a l r e s p o n s e t o K A ( p < 0 . 0 1 ) i n t h e i n t a c t s l i c e ( f i g u r e 

3 . 2 6 ) b u t , i n t e r e s t i n g l y , n o t i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 2 9 ) . 

M e l y a n et al ( 2 0 0 2 ) h a v e p r o p o s e d a m e c h a n i s m w h e r e b y a c t i v a t i o n o f a G l u R 6 

c o n t a i n i n g p o s t - s y n a p t i c r e c e p t o r o n C A l p y r a m i d a l c e l l s l e a d s t o a n i n h i b i t i o n i n t h e 

s l o w a f t e r - h y p e r p o l a r i s a t i o n ( I S A H P ) r e c o r d e d from t h e s e c e l l s . T h i s l e a d s t o a n i n c r e a s e d 

C A l p y r a m i d a l c e l l e x c i t a b i l i t y . P r e v i o u s d a t a s h o w s t h a t t h e i n i t i a l i n c r e a s e i n t h e 

p o p u l a t i o n s p i k e a m p l i t u d e i n r e s p o n s e t o K A a l o n e d o e s n o t d i f f e r g r e a t l y i n t h e p r e s e n c e 

( f i g u r e 3 . 1 2 ) o r a b s e n c e ( f i g u r e 3 . 1 5 ) o f t h e C A 3 r e g i o n . W e c a n a l s o i n f e r from t h e 

a f f i n i t y d a t a p r e s e n t e d i n t a b l e 3 . 2 t h a t t h e a c t i v a t i o n o f A M P A r e c e p t o r s i s u n l i k e l y w i t h a 

c o n c e n t r a t i o n o f 1 K A . T h u s , i t w o u l d a p p e a r t h a t t h i s d i f f e r e n c e i n t h e b l o c k a d e o f t h e 

i n i t i a l r i s e i n p o p u l a t i o n s p i k e a m p l i t u d e i n t h e p r e s e n c e o f N S 1 0 2 m a y a r i s e a s a r e s u l t o f 

i t s p o o r a n t a g o n i s t a b i l i t y o r s o l u b i l i t y i n p h y s i o l o g i c a l s o l u t i o n s ( J o h a n s e n et al 1 9 9 3 , 

V e r d o o m et al. 1 9 9 4 ) . T h u s i t m a y b e t h e c a s e t h a t a s u f f i c i e n t t i s s u e c o n c e n t r a t i o n w a s 

a c h i e v e d i n t h e i n t a c t s l i c e p r e p a r a t i o n s b u t n o t d u r i n g e x p e r i m e n t s o n t h e i s o l a t e d C A l 

p r e p a r a t i o n s t o p r e v e n t a K A i n d u c e d i n h i b i t i o n o f t h e ISAHP a n d t h e r e f o r e t h e e x p e c t e d 

i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e . 

3.5.3.4 AMP A receptor activation 

I t i s i n t e r e s t i n g t o n o t e t h a t t h e r e s p o n s e t o t h e A M P A r e c e p t o r s p e c i f i c a g o n i s t 

f l u o r o w d l l a r d i n e ( f i g u r e 3 . 3 2 ) s t r o n g l y r e s e m b l e s t h e r e s p o n s e t o K A ( f i g u r e 3 . 1 2 ) i n t h e 

i n t a c t s l i c e C A l w i t h r e g a r d t o b o t h t h e E P S P s l o p e a n d t h e f i r s t p o p u l a t i o n s p i k e 

a m p l i t u d e . W i t h i n t h e f i r s t t h r e e m i n u t e s o f f l u o r o w i l l a r d i n e a p p l i c a t i o n i n t h e i n t a c t s U c e 

t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e i s o b s e r v e d t o i n c r e a s e . 

H o w e v e r , a l t h o u g h t h i s i s t h e c a s e i n t h e i n t a c t s l i c e , t h e p a t t e r n o f r e s p o n s e 

o b s e r v e d i n t h e i s o l a t e d C A l p r e p a r a t i o n t o f l u o r o w i l l a r d i n e ( f i g u r e 3 . 3 5 ) i s s i g n i f i c a n t l y 

d i f f e r e n t from t h a t r e c o r d e d i n t h e p r e s e n c e o f K A ( f i g u r e 3 . 1 5 ) . I n t h i s c a s e t h e E P S P 

s l o p e r e m a i n s a t o r n e a r t o c o n t r o l v a l u e s d u r i n g t h e f i r s t t h r e e m i n u t e s a n d t h e a m p l i t u d e 

o f t h e f i r s t p o p u l a t i o n s p i k e d o e s n o t i n c r e a s e s i g n i f i c a n t l y d u r i n g t h i s t i m e . B y t h e e n d o f 

t h e r e s p e c t i v e d r u g a p p l i c a t i o n p e r i o d s t h i s d i f f e r e n c e h a s b e c o m e m o r e p r o n o u n c e d . I n 

t h e p r e s e n c e o f l | j . M K A , a c o n c e n t r a t i o n l i k e l y t o b e K A r e c e p t o r s e l e c t i v e ( K a m i y a a n d 
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O z a w a 1 9 9 8 , 2 0 0 0 ; M u l l e et a l . 2 0 0 0 a n d s e e t a b l e 3 . 2 ) t h e p o p u l a t i o n s p i k e a m p l i t u d e s i n 

t h e i s o l a t e d C A l p r e p a r a t i o n a r e n o t s i g n i f i c a n t l y d i f f e r e n t from c o n t r o l ( f i g u r e 3 . 1 5 ) . I n 

t h e p r e s e n c e o f 3 0 0 n M f l u o r o w i l l a r d i t i e ( f i g u r e 3 . 3 5 ) t h e y a r e m a r k e d l y r e d u c e d . 

3.5.4 Effect of KA on paired-pulse inhibition 

3.5.4.2 l|u.M KA 

W i t h i n t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n , t h e a m p l i t u d e s o f b o t h t h e f i r s t 

a n d s e c o n d p o p u l a t i o n s p i k e s i n c r e a s e r a p i d l y . T h i s o c c u r s i n b o t h t h e i n t a c t s l i c e ( f i g u r e 

3 . 1 2 ) a n d t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 1 5 ) . A s m e n t i o n e d i n t h e p r e v i o u s 

s e c t i o n , t h e i n c r e a s e i n t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e , a t a t i m e w h e n t h e 

E P S P s l o p e h a s a l r e a d y b e g u n t o d e c r e a s e , i s l i k e l y t o b e d u e t o a d i r e c t e f f e c t o f K A 

a c t i n g a t a G l u R 6 c o n t a i n i n g r e c e p t o r . A c t i v a t i o n o f t h i s r e c e p t o r l e a d s via a P K C 

d e p e n d e n t m e c h a n i s m t o a r e d u c t i o n i n t h e s l o w a f t e r - h y p e r p o l a r i s i n g p o t e n t i a l i n t h e C A l 

p y r a m i d a l c e l l p o p u l a t i o n a n d t h u s t o a n i n c r e a s e i n c e l l e x c i t a b i l i t y ( M e l y a n et al 2 0 0 2 ) . 

T h i s i n t u r n r e s u l t s i n a n i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e f o r a n y g i v e n 

s t i m u l u s . 

H o w e v e r , i t i s a l s o p o s s i b l e t o e x p l a i n t h e i n c r e a s e i n f i r s t p o p u l a t i o n s p i k e 

a m p l i t u d e b y a r e d u c t i o n i n t h e e f f i c a c y o f f e e d f o r w a r d i n h i b i t i o n i n C A l , via a s i m i l a r 

m e c h a n i s m t o t h a t d i s c u s s e d b e l o w f o r t h e r e d u c e d f u n c t i o n o f t h e f e e d b a c k i n h i b i t o r y 

c i r c u i t r y . 

T o e x p l a i n t h e i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e f o l l o w i n g a s e c o n d s t i m u l u s 

s e p a r a t e d from t h e f i r s t b y a 2 0 m s e c i n t e r v a l , w e n e e d t o t a k e i n t o a c c o u n t t h e e f f e c t s o f 

t h e f e e d f o r w a r d a n d f e e d b a c k i n h i b i t o r y c i r c u i t r y w h i c h i s p r e s e n t i n t h e h i p p o c a m p u s . 

U n d e r d r u g - f r e e c o n t r o l c o n d i t i o n s , t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e i s 

r e d u c e d w i t h r e g a r d t o t h e f i r s t a t t h i s s t i m u l u s i n t e r v a l . T h i s i s d u e t o t h e a c t i v a t i o n , i n 

b o t h a f e e d f o r w a r d a n d f e e d b a c k m a n n e r , o f G A B A e r g i c i n t e r n e u r o n e s t h r o u g h o u t t h e 

C A l r e g i o n . T h i s l e a d s t o a r e l e a s e o f GAB A , w h i c h a c t i v a t e s b o t h GABAA a n d GABAg 

r e c e p t o r s l e a d i n g t o a h y p e r p o l a r i s a t i o n o f t h e p y r a m i d a l c e l l p o p u l a t i o n . A t a n i n t e r - p u l s e 

i n t e r v a l o f 2 0 m s e c , t h e e f f e c t o f f a s t GABAA, b u t n o t GABAg r e c e p t o r m e d i a t e d 

i n h i b i t i o n i s v i s i b l e ( S t a n f o r d et al 1 9 9 5 ) 

I t w o u l d b e e x p e c t e d t h a t , u n d e r c o n d i t i o n s w h e r e t h e e x c i t a b i l i t y o f t h e p y r a m i d a l 

c e l l p o p u l a t i o n , a n d h e n c e t h e p y r a m i d a l c e l l o u t p u t i t s e l f i s i n c r e a s e d , t h a t t h e f e e d b a c k 

e x c i t a t o r y d r i v e t o t h e i n t e m e u r o n e s w o u l d a l s o b e i n c r e a s e d . T h i s w o u l d b e e x p e c t e d t o 

f u r t h e r d e c r e a s e t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e a n d h e n c e i n c r e a s e t h e 
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p e r c e n t a g e i n h i b i t i o n . H o w e v e r , t h i s i s c l e a r l y n o t t h e c a s e . I n f a c t t h e a m p l i t u d e o f t h e 

s e c o n d p o p u l a t i o n s p i k e a c t u a l l y i n c r e a s e s . T h i s s u g g e s t s t h a t a p p l i c a t i o n o f 1 n M K A i s i n 

f a c t d e c r e a s i n g t h e e f f i c a c y o f t h e i n h i b i t o r y c i r c u i t i n s o m e w a y . 

3.5.4.3 ATP A and inhibition 

A p p l i c a t i o n o f t h e G l u R i a g o n i s t A T P A t o t h e i n t a c t s l i c e p r e p a r a t i o n r e s u l t e d i n 

a n i n c r e a s e i n t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n w i t h i n t h e f i r s t t h r e e m i n u t e s , a p e r i o d 

d u r i n g w h i c h K A c a u s e s a r e d u c t i o n ( f i g u r e 3 . 4 5 ) . T h i s j u s t f a i l e d t o r e a c h s i g n i f i c a n c e 

( p = 0 . 0 8 . S t u d e n t ' s u n p a i r e d t - t e s t ) , a l t h o u g h t h i s m a y b e d u e l a r g e l y t o t h e l a r g e s t a n d a r d 

e r r o r f o r t h e i n h i b i t i o n d a t a f o r K A a l o n e . T h i s c o r r e l a t e d w i t h a d e c r e a s e i n t h e m e a n 

a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e ( f i g u r e 3 . 2 0 ) w h i l e t h e f i r s t p o p u l a t i o n s p i k e 

a m p l i t u d e d i d n o t c h a n g e d u r i n g t h i s t i m e . T h i s w o u l d t e n d t o s u g g e s t t h a t t h e 

i n t e r n e u r o n a l p o p u l a t i o n m a y b e r e l e a s i n g m o r e G A B A o n t h e s e c o n d s t i m u l u s t h a n 

d u r i n g t h e c o n t r o l p e r i o d . S u c h a n e v e n t u a l i t y c o u l d b e p o s s i b l e i f t h e i n t e r n e u r o n e s w e r e 

p r e f e r e n t i a l l y e x c i t e d b y A T P A w i t h o u t a c o r r e s p o n d i n g e x c i t a t i o n o f t h e p y r a m i d a l c e l l 

p o p u l a t i o n . I n s u p p o r t o f t h i s a r g u m e n t i s t h e f a c t t h a t t h e E P S P s l o p e s a r e r e d u c e d d u r i n g 

t h i s t i m e , i m p l y i n g a r e d u c e d e x c i t a t o r y d r i v e t o b o t h t h e C A l p y r a m i d a l c e l l a n d 

i n t e r n e u r o n a l p o p u l a t i o n . S i n c e t h e E P S P s l o p e s a r e r e d u c e d a t t h i s t i m e , i n d i c a t i n g a 

r e d u c e d g l u t a m a t e r g i c d r i v e t o b o t h t h e p y r a m i d a l c e l l a n d i n t e r n e u r o n a l p o p u l a t i o n s , t h i s 

w o u l d a p p e a r t o b e t h e m o s t l i k e l y e x p l a n a t i o n f o r t h i s p h e n o m e n o n . 

T h i s i s i n a g r e e m e n t w i t h t h e d a t a p u b l i s h e d b y C o s s a r t et al ( 1 9 9 8 ) , w h o s a w a n 

i n c r e a s e i n t h e frequency o f s I P S C s r e c o r d e d from C A l p y r a m i d a l c e l l s i n t h e p r e s e n c e o f 

l | i M A T P A . A s t i m e p r o g r e s s e s t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e i n c r e a s e s 

s o m e w h a t p o s s i b l y p o i n t i n g t o a u s e d e p e n d e n t s h u t d o w n o f G A B A r e l e a s e from t h e s e 

i n t e r n e u r o n e s f o l l o w i n g c o n t i n u e d a c t i v a t i o n . T h i s r e s p o n s e i s t h e s a m e i r r e s p e c t i v e o f t h e 

p r e s e n c e o f C A 3 . 

B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d , t h e p r e s e n c e o f A T P A h a s s i g n i f i c a n t l y 

e x a c e r b a t e d t h e r e d u c t i o n i n i n h i b i t i o n i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 3 . 4 6 ) w h e n 

c o m p a r e d t o K A a l o n e ( p < 0 . 0 1 ) . 

3.5.4.4 KA receptor antagonism 

W h e n i n t r o d u c e d i n t o t h e r e c o r d i n g c h a m b e r , l O p M N S 1 0 2 p r o d u c e d a s m a l l b u t 

s i g n i f i c a n t i n c r e a s e i n t h e p a i r e d - p u l s e i n h i b i t i o n i n b o t h i n t a c t s l i c e s ( f i g u r e 3 . 2 6 ) a n d 

119 



i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 3 . 2 9 ) . T h i s c o r r e l a t e d i n b o t h p r e p a r a t i o n s w i t h a 

s i g n i f i c a n t d e c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e , a r e s p o n s e w h i c h 

p o i n t s t o a n i n c r e a s e i n e v o k e d i n h i b i t i o n r a t h e r t h a n t h e t o n i c r e l e a s e o f G A B A from 

i n t e r n e u r o n e s . T h e r e i s e v i d e n c e f o r t h e e x i s t e n c e o f K A r e c e p t o r s l o c a t e d p r e s y n a p t i c a l l y 

o n G A B A e r g i c a f f e r e n t t e r m i n a l s w h i c h s y n a p s e w i t h o t h e r i n t e m e u r o n e s ( M u l l e et a l , 

2 0 0 0 , C o s s a r t et al 2 0 0 1 ) . T h e i r a c t i v a t i o n l e a d s t o a n i n c r e a s e i n t h e r e l e a s e o f G A B A 

o n t o i n t e m e u r o n e s a n d p r e s u m a b l y t o a d o w n r e g u l a t i o n o f e v o k e d i n h i b i t i o n s e e n w i t h i n 

t h e C A l . T h e s e r e c e p t o r s a p p e a r t o b e h o m o m e r i c r e c e p t o r s c o n t a i n i n g t h e G l u R 6 s u b u n i t 

o r a t l e a s t d o n o t c o n t a i n t h e G l u R 5 s u b u n i t , s i n c e t h i s p a r t i c u l a r p h e n o t y p e i s a b l a t e d i n 

G l u R 6 " ' ^ " , b u t n o t i n G l u R 5 " ^ " m i c e ( M u l l e et al 2 0 0 0 ) . T h e r e f o r e i t i s p o s s i b l e t h a t N S 1 0 2 

i n t h e s e p r e p a r a t i o n s i s c a u s i n g a d i s i n h i b i t i o n o f i n t e r n e u r o n e s w i t h i n t h e C A l b y 

a n t a g o n i s i n g t h e s e G l u R 6 c o n t a i n i n g r e c e p t o r s a n d t h u s l e a d i n g t o a n i n c r e a s e i n t h e 

e v o k e d i n h i b i t i o n . 

T h e m e a n n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n i s m a r g i n a l l y l e s s r e d u c e d i n b o t h t h e 

i n t a c t s l i c e a n d i s o l a t e d C A l p r e p a r a t i o n b y K A i n t h e p r e s e n c e o f N S 1 0 2 w i t h i n t h e f i r s t 

t h r e e m i n u t e s o f K A a p p l i c a t i o n ( f i g u r e 3 . 4 5 a n d 3 . 4 6 ) . H o w e v e r , i n b o t h c a s e s t h i s 

d i f f e r e n c e f a i l s t o r e a c h s i g n i f i c a n c e . 

3.5.4.5 The effect of Fluorwillardine 

A p p l i c a t i o n o f t h e A M P A r e c e p t o r a g o n i s t f l u o r o w i l l a r d i n e p r o d u c e d a s i g n i f i c a n t 

i n c r e a s e i n t h e n o r m a l i s e d m e a n p e r c e n t a g e i n h i b i t i o n i n t h e i n t a c t s l i c e p r e p a r a t i o n w i t h i n 

t h e f i r s t t h r e e m i n u t e s ( f i g u r e 3 . 4 5 ) . T h i s w a s s i g n i f i c a n t l y d i f f e r e n t ( p < 0 . 0 5 ) t o t h e e f f e c t 

o f 1 | i M K A a t t h e s a m e t i m e p o i n t , d u r i n g w h i c h t h e i n h i b i t i o n w a s o b s e r v e d t o d e c r e a s e 

from c o n t r o l . T h i s i n c r e a s e i n t h e i n h i b i t i o n w a s d u e t o a p o t e n t i a t i o n o f t h e f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e d u r i n g t h e o n s e t o f f l u o r o w i l l a r d i n e ' s e f f e c t t h a t w a s n o t 

a c c o m p a n i e d b y a s i m i l a r i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e ( f i g u r e 3 . 3 2 ) . 

T h i s m a y r e f l e c t a n i n c r e a s e d e x c i t a t i o n o f t h e i n t e m e u r o n a l p o p u l a t i o n d u r i n g t h e s e c o n d 

s t i m u l u s a s a r e s u l t o f a n a d d i t i v e e f f e c t b e t w e e n s y n a p t i c a l l y r e l e a s e d g l u t a m a t e 

f o l l o w i n g S c h a f f e r c o l l a t e r a l s t i m u l a t i o n a n d f l u o r o w i l l a r d i n e . B y t h e e n d o f t h e 

a p p l i c a t i o n p e r i o d t h e r e w a s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e n o r m a l i s e d i n h i b i t i o n i n 

t h e p r e s e n c e o f K A o r f l u o r o w i l l a r d i n e . 

T h e p r o f i l e o f t h e i n i t i a l r e s p o n s e t o f l u o r o w i l l a r d i n e i n t h e i s o l a t e d C A l 

p r e p a r a t i o n ( f i g u r e 3 . 3 5 ) d i f f e r e d from t h a t o b s e r v e d i n t h e i n t a c t s l i c e ( f i g u r e 3 . 3 2 ) . W h i l e 
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t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n a l s o i n c r e a s e d i n t h e i s o l a t e d s l i c e ( f i g u r e 3 . 4 6 ) , i t d i d 

n o t r i s e a s d r a m a t i c a l l y . T h e d a t a ( f i g u r e s 3 . 3 1 a n d 3 . 3 4 ) s h o w s t h a t w h i l e t h e f i r s t 

p o p u l a t i o n s p i k e i n c r e a s e d i n b o t h p r e p a r a t i o n s , t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e 

o n l y i n c r e a s e d i n t h e i s o l a t e d C A l . T h i s m a y i n d i c a t e t h a t t h e e x c i t a t o r y d r i v e t o t h e 

i n t e r n e u r o n e s i s s t r o n g e r i n t h e p r e s e n c e o f t h e C A 3 , p o s s i b l y d u e t o a c t i v a t i o n o f A M P A 

r e c e p t o r s o n t h e C A 3 p y r a m i d a l c e l l s c o n t r i b u t i n g f u r t h e r t o t h e r e l e a s e o f g l u t a m a t e from 

t h e S c h a f f e r c o l l a t e r a l s . T h e r e f o r e i n t h e i s o l a t e d C A l , a d d i t i o n o f f l u o r o w i l l a r d i n e t o t h e 

s u p e r f u s i n g A C S F e x c i t e s t h e p y r a m i d a l c e l l p o p u l a t i o n s u f f i c i e n t l y t o o v e r c o m e t h e 

e f f e c t s o f f e e d f o r w a r d a n d f e e d b a c k i n h i b i t i o n . 

3.5.4 Summary 

3.5.4.1 EPSP downregulation by KA 

A p p l i c a t i o n o f 1 p M K A t o b o t h i s o l a t e d C A l p r e p a r a t i o n s a n d i n t a c t h i p p o c a m p a l 

s U c e s r e s u l t s i n a r e d u c t i o n o f t h e s l o p e s o f b o t h t h e f i r s t a n d s e c o n d E P S P , a n e v e n t t h a t 

i s i n d e p e n d e n t o f t h e p r e s e n c e o f a n i n t a c t C A 3 - C A l c o n n e c t i o n . S i n c e t h e p o p u l a t i o n 

s p i k e a m p l i t u d e i n c r e a s e s a t t h i s t i m e , i t i s s u g g e s t i v e o f a p r e - s y n a p t i c e f f e c t o f K A o n 

t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . 

S i n c e t h i s r e d u c t i o n i n t h e E P S P s l o p e o c c u r s a t s u b m i c r o m o l a r c o n c e n t r a t i o n s a s 

w e l l a s a t a c o n c e n t r a t i o n o f 1 p M K A , i t i s v e r y l i k e l y t h a t t h i s i s d u e t o t h e a c t i v a t i o n o f 

K A r e c e p t o r s r a t h e r t h a n A M P A r e c e p t o r s . A s t h e p o p u l a t i o n s p i k e a m p l i t u d e s a r e 

i n c r e a s i n g a t t h i s t i m e , i t i s u n l i k e l y t h a t G A B A e r g i c t r a n s m i s s i o n i s i n c r e a s e d a t t h i s t i m e , 

l e a d i n g t o i n c r e a s e d s h u n t i n g o f e x c i t a t i o n b y G A B A . 

A p p l i c a t i o n o f t h e G l u R 5 s p e c i f i c a g o n i s t A T P A m i m i c s t h e e f f e c t s o f K A o n t h e 

E P S P w i t h o u t i n c r e a s i n g t h e p o p u l a t i o n s p i k e a m p l i t u d e . T h i s p o i n t s t o t h e i n v o l v e m e n t o f 

m o r e t h a n o n e s i t e o f a c t i o n i n t h e r e s p o n s e t o K A . F u r t h e r m o r e , i t t e n d s t o s u g g e s t t h a t 

t h e r e d u c t i o n o f t h e E P S P s l o p e b y K A i s m e d i a t e d b y a G l u R 5 c o n t a i n i n g K A r e c e p t o r . 

T h e K A a n t a g o n i s t N S 1 0 2 d o e s n o t a p p e a r t o s i g n i f i c a n t l y r e d u c e t h e e f f e c t s o f 

K A a p p l i c a t i o n , w h i c h m a y p o i n t t o a l a c k o f i n v o l v e m e n t o f t h e G l u R 6 s u b u n i t i n t h i s 

r e s p o n s e . H o w e v e r , t h i s m a y a l s o b e d u e t o N S 1 0 2 ' s p o o r s o l u b i l i t y i n p h y s i o l o g i c a l 

s o l u t i o n s p r e v e n t i n g a s u f f i c i e n t c o n c e n t r a t i o n t o b e a c h i e v e d i n t h e t i s s u e t o e f f e c t i v e l y 

c o m p e t e w i t h 1 ^ i M K A a t t h e r e c e p t o r . I t w o u l d t h e r e f o r e b e p o t e n t i a l l y m o r e i n f o r m a t i v e 

t o r e p e a t t h i s e x p e r i m e n t u s i n g l o w e r c o n c e n t r a t i o n s o f K A . 
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3.5.4.2 KA induced potentiation of the population spike 

A d d i t i o n o f K A t o t h e r e c o r d i n g c h a m b e r r e s u l t s i n a p o t e n t i a t i o n o f t h e f i r s t 

p o p u l a t i o n s p i k e i n b o t h t h e i n t a c t s l i c e a n d t h e i s o l a t e d C A l p r e p a r a t i o n s . T h i s o c c u r s a t 

a t i m e w h e n t h e E P S P s l o p e h a s a l r e a d y b e g u n t o d e c r e a s e . T h i s r e s p o n s e o c c u r s i n t h e 

i n t a c t s U c e a t a c o n c e n t r a t i o n o f 2 5 0 n M , b u t n o t i n t h e i s o l a t e d s l i c e . H o w e v e r , t h i s l a t t e r 

d a t a m a y b e u n r e l i a b l e s i n c e t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e a p p e a r s t o b e f o l l o w i n g a 

d o v m w a r d t r e n d t h a t b e g a n d u r i n g t h e c o n t r o l p e r i o d t h r o u g h o u t t h e c o u r s e o f t h e 

e x p e r i m e n t . O n c e a g a i n , s e n s i t i v i t y t o n a n o m o l a r c o n c e n t r a t i o n s o f K A w o u l d t e n d t o 

s u g g e s t t h a t t h i s i s a K A r e c e p t o r m e d i a t e d e v e n t . 

W i t h a s i n g l e a d m i n i s t r a t i o n o f 1 ) i M K A , t h e p o t e n t i a t i o n o f t h e first p o p u l a t i o n 

s p i k e a m p l i t u d e o c c u r s i n b o t h t h e p r e s e n c e a n d a b s e n c e o f t h e C A S r e g i o n . I n t e r e s t i n g l y , 

t h e p o t e n t i a t i o n i s g r e a t e r i n t h e p r e s e n c e o f a f u n c t i o n a l c o n t a c t b e t w e e n C A 3 a n d C A l . 

H o w e v e r , a n i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e o c c u r r i n g a t a t i m e w h e n t h e 

E P S P s l o p e s a r e d e c r e a s i n g i n b o t h p r e p a r a t i o n s w o u l d t e n d t o s u g g e s t a p o s t s y n a p t i c 

e f f e c t f o r K A . 

I t m a y b e t h e c a s e , h o w e v e r t h a t t h e i n c r e a s e i n f i r s t p o p u l a t i o n s p i k e a m p l i t u d e 

o c c u r s a s a r e s u l t o f a K A i n d u c e d r e d u c t i o n i n f e e d f o r w a r d i n h i b i t i o n p r e s u m a b l y v i a 

a c t i v a t i o n o f G l u R 6 c o n t a i n i n g r e c e p t o r s l o c a t e d o n t h e p r e s y n a p t i c t e r m i n a l s o f 

i n t e r n e u r o n e s t o r e d u c e G A B A r e l e a s e . 

A l t e r n a t i v e l y b o t h p r e - a n d p o s t - s y n a p t i c m e c h a n i s m s m a y b e a c t i n g i n t a n d e m t o 

p r o d u c e t h e o b s e r v e d r e s p o n s e . 

T h e a p p l i c a t i o n o f A T P A ( I f x M ) d o e s n o t r e s u l t i n a s i m i l a r p o t e n t i a t i o n , 

s u g g e s t i n g a l a c k o f i n v o l v e m e n t f o r t h e G l u R 5 s u b u n i t i n t h i s r e s p o n s e . I t i s b l o c k e d b y 

N S 1 0 2 i n t h e i n t a c t s l i c e C A l b u t n o t i n t h e i s o l a t e d s l i c e . T h i s d i s c r e p a n c y m a y a g a i n 

o c c u r a s a r e s u l t o f t h e p o o r s o l u b i l i t y o f N S 1 0 2 r e s u l t i n g i n i n c o n s i s t e n t c o n c e n t r a t i o n s o f 

t h e a n t a g o n i s t i n t h e t i s s u e s . H o w e v e r , t h i s m a y p o i n t t o t h e i n v o l v e m e n t o f a G l u R 6 

c o n t a i n i n g r e c e p t o r . T h i s a g a i n w o u l d b e m o r e c o n s i s t e n t w i t h a p o s t s y n a p t i c s i t e i n C A l 

f o r t h e a c t i o n o f K A o n t h e i n i t i a l p o p u l a t i o n s p i k e a m p l i t u d e . 

T h i s i n i t i a l e f f e c t o f K A i s m i m i c k e d b y A M P A r e c e p t o r a c t i v a t i o n i n t h e i n t a c t 

s l i c e b u t n o t t h e i s o l a t e d C A l p r e p a r a t i o n . T h i s m a y a g a i n p o i n t t o d i f f e r e n c e s i n t h e 

o u t c o m e f o l l o w i n g A M P A r e c e p t o r a n d K A r e c e p t o r a c t i v a t i o n . S i n c e t h e a p p l i c a t i o n o f 

f l u o r o w i l l a r d i n e o n l y r e s u l t s i n a s i g n i f i c a n t p o t e n t i a t i o n o f t h e f i r s t p o p u l a t i o n s p i k e i n 

t h e p r e s e n c e o f a v i a b l e c o n n e c t i o n b e t w e e n C A S a n d C A l i t i s p o s s i b l e t h a t t h i s 

p o t e n t i a t i o n o c c u r s a s a r e s u l t o f a n e x c i t a t i o n o f C A S p y r a m i d a l c e l l s w h i c h l e a d s t o a n 
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i n c r e a s e d r e l e a s e o f g l u t a m a t e from t h e S c h a f f e r c o l l a t e r a l s . I n a d d i t i o n , t h e a c t i o n o f t h i s 

g l u t a m a t e o n t h e C A l p y r a m i d a l c e l l p o p u l a t i o n m a y b e e n h a n c e d i n t h e p r e s e n c e o f 

f l u o r o w i l l a r d i n e . 

3.5.4.2.1 The effect of prolonged KA application 

B y t h e e n d o f 1 5 m i n u t e s K A a p p h c a t i o n t h e a m p l i t u d e o f t h e f i r s t ( a n d s e c o n d ) 

p o p u l a t i o n s p i k e s a r e r e d u c e d i n t h e i n t a c t , b u t n o t t h e i s o l a t e d s l i c e p r e p a r a t i o n . T h i s 

s u g g e s t s a n e e d f o r a f u n c t i o n a l c o n n e c t i o n b e t w e e n C A 3 a n d C A l f o r t h i s r e d u c t i o n t o 

o c c u r . S i n c e t h e r e d u c t i o n i n t h e E P S P s l o p e i s c o m p a r a b l e i n b o t h p r e p a r a t i o n s , i t i s 

p o s s i b l e t h a t t h i s e f f e c t i s b r o u g h t a b o u t b y a n a c t i v a t i o n o f o n e o f t h e l e s s e r e x c i t a t o r y 

p a t h w a y s i n t o t h e C A l from e i t h e r t h e d e n t a t e g y r u s o r t h e e n t o r r h i n a l c o r t e x . 

H o w e v e r , t h e e l e v a t e d p o p u l a t i o n s p i k e a m p l i t u d e o b s e r v e d i n t h e i s o l a t e d C A l 

p r e p a r a t i o n i s a l s o o f i n t e r e s t . S i n c e t h i s r e d u c t i o n d o e s n o t o c c u r i n t h e i s o l a t e d C A l 

p r e p a r a t i o n , i t w o u l d t e n d t o a r g u e a g a i n s t t h e p r o d u c t i o n o f a d e p o l a r i s i n g b l o c k o f t h e 

C A l p y r a m i d a l c e l l p o p u l a t i o n b y K A . H o w e v e r , i t i s p o s s i b l e t h a t , s i n c e t h e E P S P s l o p e 

i s r e d u c e d a t t h i s t i m e , t h a t i t r e p r e s e n t s a d i r e c t e x c i t a t i o n o f t h e C A l p y r a m i d a l c e l l 

p o p u l a t i o n b y K A s u c h a s h a s b e e n r e p o r t e d b y M e l y a n et al ( 2 0 0 2 ) . 

S i n c e t h i s r e s p o n s e i s n o t r e p r o d u c e d i n t h e i s o l a t e d C A l p r e p a r a t i o n b y t h e G l u R 5 

a g o n i s t A T P A i t i s u n l i k e l y t h a t a r e c e p t o r c o n t a i n i n g t h i s s u b u n i t i s i n v o l v e d . 

F u r t h e r m o r e , s i n c e t h e p o p u l a t i o n s p i k e a m p l i t u d e i n t h e i s o l a t e d C A l i n t h e p r e s e n c e o f 

t h e G l u R 6 a n t a g o n i s t N S 1 0 2 a n d K A i s a l s o r e d u c e d a f t e r t h e i n i t i a l 3 m i n u t e s o f K A 

a p p l i c a t i o n i t w o u l d a p p e a r l i k e l y t h a t t h e G l u R 6 s u b u n i t i s i n v o l v e d . 

A p p l i c a t i o n o f t h e A M P A r e c e p t o r a g o n i s t f l u o r o w i l l a r d i n e a l s o r e s u l t e d i n a 

r e d u c e d p o p u l a t i o n s p i k e a m p l i t u d e i n t h e i s o l a t e d C A l p r e p a r a t i o n , s u g g e s t i n g t h a t 

A M P A r e c e p t o r s a r e n o t i n v o l v e d i n t h i s r e s p o n s e . 

3.5.4.3 KA and the modulation of inhibitory function 

A p p l i c a t i o n o f c o n c e n t r a t i o n s o f K A a s l o w a s 2 5 0 n M a r e c a p a b l e o f r e d u c i n g t h e 

p a i r e d - p u l s e i n h i b i t i o n i n b o t h i n t a c t a n d i s o l a t e d C A l p r e p a r a t i o n s i n d i c a t i n g t h a t t h i s 

r e s p o n s e i s v e r y l i k e l y t o b e m e d i a t e d b y a K A r e c e p t o r r a t h e r t h a n a n A M P A r e c e p t o r . 

T h i s r e d u c t i o n i n t h e p a i r e d - p u l s e i n h i b i t i o n o c c u r s a s a r e s u l t o f a g r e a t e r p o t e n t i a t i o n o f 

t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e t h a n t h e f i r s t , t h u s c h a n g i n g t h e r a t i o b e t w e e n 

t h e m . 
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I t o c c u r s i n b o t h i n t a c t a n d i s o l a t e d C A l p r e p a r a t i o n s , a l t h o u g h t h e r e s p o n s e i s 

m a r k e d l y g r e a t e r i n i n t a c t s l i c e s . 

I t w o u l d a p p e a r t h a t t h e r e c e p t o r r e s p o n s i b l e f o r t h i s r e d u c t i o n i n i n h i b i t i o n i s n o t 

c o m p r i s e d o f G l u R 5 s u b u n i t s , s i n c e a p p l i c a t i o n o f I p M A T P A a c t u a l l y i n c r e a s e s t h e 

p a i r e d - p u l s e i n h i b i t i o n w i t h i n t h e f i r s t t h r e e m i n u t e s . T M s c o u l d b e e x p l a i n e d b y 

a c t i v a t i o n o f a G l u R 5 c o n t a i n i n g r e c e p t o r l o c a t e d o n t h e s o m a o r d e n d r i t e s o f 

i n t e r n e u r o n e s i n C A l l e a d i n g t o a n i n c r e a s e d r e l e a s e o f G A B A a n d h e n c e a n i n c r e a s e i n 

t h e p e r c e n t a g e i n h i b i t i o n . I n d e e d A T P A h a s b e e n r e p o r t e d t o c a u s e a n i n c r e a s e i n 

i n t e r n e u r o n a l s p i k i n g ( C o s s a r t et al 1 9 9 8 ; F r e r k i n g et a l . 1 9 9 8 , 1 9 9 9 ) w h i c h w o u l d 

p r e s u m a b l y l e a d t o t h e i n c r e a s e d i n h i b i t i o n o b s e r v e d h e r e . 

B l o c k a d e o f G l u R 6 c o n t a i n i n g r e c e p t o r s w i t h N S 1 0 2 r e s u l t e d i n a s m a l l i n c r e a s e i n 

t h e p e r c e n t a g e i n h i b i t i o n i n b o t h p r e p a r a t i o n s . T h i s m a y c o r r e s p o n d t o t h e a n t a g o n i s m o f a 

h o m o m e r i c G l u R 6 r e c e p t o r f o u n d t o f a c i l i t a t e t h e r e l e a s e o f G A B A o n t o o t h e r 

i n t e r n e u r o n e s ( C o s s a r t et al 2 0 0 1 ; M u l l e et a l . 2 0 0 1 ) . T h i s w o u l d b e e x p e c t e d t o r e s u l t i n a 

d i s i n h i b i t i o n o f t h e i n t e m e u r o n e n e t w o r k , l e a d i n g t o g r e a t e r i n h i b i t o r y f u n c t i o n . H o w e v e r , 

a l t h o u g h N S 1 0 2 d i d n o t s i g n i f i c a n t l y a n t a g o n i s e t h e e f f e c t s o f K A o n t h e i n h i b i t i o n , t h i s 

m a y r e f l e c t i t ' s p o o r s o l u b i l i t y p r e v e n t i n g e f f e c t i v e c o m p e t i t i o n w i t h 1 | i M K A f o r r e c e p t o r 

b i n d i n g s i t e s . I t m a y h a v e b e e n m o r e i n s t r u c t i v e t h e r e f o r e t o l o o k a t t h e e f f e c t s o f N S 1 0 2 

o n a l o w e r c o n c e n t r a t i o n o f K A . 

I t w o u l d a g a i n a p p e a r u n l i k e l y t h a t t h e r e s p o n s e s o b s e r v e d h e r e a r e a r e s u l t o f K A 

a c t i v a t i n g A M P A r e c e p t o r s o n i n t e m e u r o n e s s i n c e t h e e f f e c t s o f f l u o r w i l l a r d i n e d i f f e r e d 

from t h o s e o f K A . A p p l i c a t i o n o f f l u o r o w i l l a r d i n e r e s u l t e d i n a n i n i t i a l i n c r e a s e i n t h e 

i n h i b i t i o n c a l c u l a t e d from C A l p o p u l a t i o n s p i k e d a t a w h i c h o c c u r r e d a s a r e s u l t o f a 

p o t e n t i a t i o n o f t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e w i t h o u t a c o r r e s p o n d i n g i n c r e a s e i n t h e 

s e c o n d . T h i s s u g g e s t s t h a t t h e p r e s e n c e o f a n A M P A a g o n i s t i s e x c i t i n g b o t h t h e 

p y r a m i d a l c e l l a n d i n t e m e u r o n a l p o p u l a t i o n l e a d i n g t o a n i n c r e a s e d e f f e c t o f f e e d f o r w a r d 

a n d f e e d b a c k i n h i b i t i o n , w h e r e a s K A a p p e a r s t o i n c r e a s e t h e o u t p u t from t h e p y r a m i d a l 

c e l l p o p u l a t i o n , r e d u c i n g t h e p a i r e d - p u l s e i n h i b i t i o n a t t h e s a m e t i m e . 
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Chapter 4 

Pharmacology of the acute kainate 
response in CAl 

The role of non-ionotropic glutamate receptors 



4.1 Introduction 

I n t h e p r e v i o u s c h a p t e r , t h e a p p l i c a t i o n o f K A a t c o n c e n t r a t i o n s a s l o w a s 2 5 0 n M 

w a s s h o w n t o r e s u l t i n a n u m b e r o f e f f e c t s i n C A l . T h e s e i n c l u d e d a r e d u c t i o n i n t h e s l o p e 

o f t h e E P S P r e c o r d e d f r o m stratum radiatum, a t r a n s i e n t i n c r e a s e i n t h e p o p u l a t i o n s p i k e 

a m p l i t u d e f o l l o w e d b y a m o r e p r o l o n g e d d e c r e a s e , w h i c h w a s d e p e n d e n t o n t h e p r e s e n c e 

o f t h e C A S r e g i o n , a n d a d e c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n . 

I n t h e f o l l o w i n g c h a p t e r , t h e s e e f f e c t s w i l l b e s t u d i e d w i t h a v i e w t o d e t e r m i n i n g 

w h e t h e r t h e r e a r e a n y i n d i r e c t c o m p o n e n t s t o t h i s r e s p o n s e . I n o t h e r w o r d s , d o e s t h e 

a p p l i c a t i o n o f 1 | i M K A r e s u l t i n t h e r e l e a s e o f e i t h e r n e u r o t r a n s m i t t e r s , s u c h a s g l u t a m a t e 

o r G A B A , o r n e u r o m o d u l a t o r s , s u c h a s a d e n o s i n e , w h i c h m a y e i t h e r p r o d u c e o r c o n t r i b u t e 

t o t h e r e s p o n s e s o b s e r v e d i n t h e p r e v i o u s c h a p t e r . 

S i n c e K A r e c e p t o r a c t i v a t i o n o f C A 3 p y r a m i d a l c e l l s r e s u l t s i n t h e i r e x c i t a t i o n 

( R o b i n s o n a n d D e a d w y l e r 1 9 8 1 , C a s t i l l o et al 1 9 9 7 ) i t i s c o n c e i v a b l e t h a t t h i s c o u l d l e a d 

i n i t i a l l y t o m o r e f i b r e s b e i n g r e c r u i t e d i n t o t h e r e s p o n s e p e r s u b m a x i m a l s t i m u l u s , a n d 

h e n c e t o a n i n c r e a s e i n t h e r e l e a s e o f g l u t a m a t e f r o m t h e S c h a f f e r c o l l a t e r a l fibres. T h i s i n 

t u r n m a y t h e n a c t i v a t e p r e s y n a p t i c m e t a b o t r o p i c g l u t a m a t e r e c e p t o r s ( m G l u R s ) l e a d i n g t o 

t h e o b s e r v e d r e d u c t i o n i n E P S P s l o p e . 

G r o u p I m G l u R s a r e f o u n d b o t h p r e - a n d p o s t - s y n a p t i c a l l y w i t h i n t h e C A l ( L u j a n 

et a l . 1 9 9 6 ) ( s e e a l s o f i g u r e 4 . 1 ) . P o s t s y n a p t i c a l l y , o n C A l p y r a m i d a l c e l l s , t h e y m o d u l a t e 

t h e a c t i v i t y o f a n u m b e r o f K ^ , C a ^ ^ a n d n o n - s e l e c t i v e c a t i o n c h a n n e l s ( C o n n a n d P i n n 

1 9 9 7 ) l e a d i n g t o a n i n c r e a s e i n e x c i t a b i l i t y . T h u s t h e i r a c t i v a t i o n c o u l d c o n c e i v a b l y l e a d t o 

t h e o b s e r v e d i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e d u r i n g t h e i n i t i a l p h a s e o f t h e K A 

r e s p o n s e a s t h e i n c r e a s e d e x c i t a b i l i t y o f t h e p y r a m i d a l c e l l p o p u l a t i o n w o u l d b e e x p e c t e d 

t o l e a d t o a n i n c r e a s e d p r o b a b i l i t y t o g e n e r a t e a c t i o n p o t e n t i a l s . F u r t h e r m o r e e x c i t a t i o n o f 

C A l p y r a m i d a l c e l l s f o l l o w i n g m G l u R a c t i v a t i o n b y i n c r e a s e d g l u t a m a t e r e l e a s e f r o m t h e 

S c h a f f e r c o l l a t e r a l p a t h w a y i n r e s p o n s e t o K A r e c e p t o r m e d i a t e d e x c i t a t i o n o f t h e C A S 

c o u l d a c c o u n t f o r t h e o b s e r v e d r e d u c t i o n i n E P S P s l o p e d u r i n g t h e a p p l i c a t i o n o f K A . 

I n a d d i t i o n t o a p o s t s y n a p t i c l o c u s f o r m G l u R s t h e y h a v e a l s o b e e n d e m o n s t r a t e d 

t o b e p r e s e n t o n b o t h t h e S c h a f f e r c o l l a t e r a l a n d m o s s y fibre p a t h w a y t e r m i n a l s , w h e r e 

t h e y d o w n r e g u l a t e n e u r o t r a n s m i t t e r r e l e a s e . T h u s g r o u p I a n d I I I m G l u R s a r e f o u n d o n t h e 

S c h a f f e r c o l l a t e r a l t e r m i n a l s ( G e r e a u a n d C o n n 1 9 9 5 ) , w h e r e a s g r o u p I I a n d I I I m G l u R s 

a r e l o c a t e d o n t h e m o s s y fibre p a t h w a y t e r m i n a l s ( S h i g e m o t o et a l . 1 9 9 7 ) . T h u s i t i s 

p o s s i b l e t h a t g l u t a m a t e s p i l l o v e r f r o m t h e S c h a f f e r c o l l a t e r a l p a t h w a y f o l l o w i n g C A S 
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e x c i t a t i o n b y K A m a y i n h i b i t t h e p r e s y n a p t i c r e l e a s e o f g l u t a m a t e a n d t h u s r e d u c e t h e 

E P S P s l o p e . 

A c t i v a t i o n o f g r o u p I m G l u R s o n o r i e n s - a l v e u s i n t e m e u r o n e s h a s b e e n 

d e m o n s t r a t e d t o r e s u l t i n a s l o w d e p o l a r i s a t i o n o f t h e s e n e u r o n e s ( v a n H o o f t et al 2 0 0 0 ) . 

T h e r e f o r e , i t i s p o s s i b l e t h a t s y n a p t i c a l l y r e l e a s e d g l u t a m a t e m a y c o n t r i b u t e t o 

i n t e m e u r o n a l e x c i t a t i o n i n a d d i t i o n t o G l u R 5 m e d i a t e d e x c i t a t i o n b y K A ( C o s s a r t et al 

1 9 9 8 , F r e r k i n g 1 9 9 8 ) . 

I n a s i m i l a r w a y , i t i s k n o w n t h a t a c t i v a t i o n o f p o s t s y n a p t i c G l u R 5 c o n t a i n i n g 

r e c e p t o r s o n i n t e m e u r o n e s l e a d s t o a n i n c r e a s e i n t h e n u m b e r o f e x c i t a t o r y p o t e n t i a l s 

r e c o r d e d from t h e s e c e l l s ( C o s s a r t et a l . 1 9 9 8 , F r e r k i n g et al. 1 9 9 8 ) . I f t h i s l e a d s t o a n 

i n c r e a s e d r e l e a s e o f GABA from t h e s e n e u r o n e s , t h e n i t m a y b e t h a t s o m e o f t h e 

d o w n r e g u l a t o r y r e s p o n s e s p r e v i o u s l y d e s c r i b e d m a y o c c u r a s a r e s u l t o f , f o r e x a m p l e , 

GABAB r e c e p t o r a c t i v a t i o n . 

GABAB r e c e p t o r s h a v e b e e n d e m o n s t r a t e d t o b e p r e s e n t o n b o t h g l u t a m a t e r g i c a n d 

G A B A e r g i c t e r m i n a l s w i t h i n t h e h i p p o c a m p u s ( N i c h o l l et al 1 9 9 0 , T h o m p s o n 1 9 9 4 ) . 

T h e y c o u p l e t o w h a t i s t h o u g h t t o b e G o ( C o s t a et a l . 1 9 9 8 ) l e a d i n g t o a n i n h i b i t i o n o f C a ^ ^ 

c h a n n e l a c t i v i t y a n d h e n c e a r e d u c t i o n i n t r a n s m i t t e r r e l e a s e . T h e y a r e a l s o c a p a b l e o f 

p r e s y n a p t i c a l l y i n c r e a s i n g K ^ c h a n n e l a c t i v i t y ( T h o m p s o n a n d G a h w d l l e r 1 9 9 2 ) , a l s o 

l e a d i n g t o a n i n h i b i t i o n o f t r a n s m i t t e r r e l e a s e . 

I n d e e d , F r e r k i n g et al ( 1 9 9 8 , 1 9 9 9 ) h a v e r e p o r t e d t h a t a p p r o x i m a t e l y 5 0 % o f t h e 

p r e s y n a p t i c d o w n r e g u l a t i o n o f GABA r e l e a s e f r o m i n t e m e u r o n a l t e r m i n a l s m a y o c c u r a s a 

r e s u l t o f GABAB r e c e p t o r a c t i v a t i o n . H o w e v e r , o t h e r g r o u p s h a v e r e p o r t e d t h a t GABAB 

r e c e p t o r a c t i v a t i o n i s n o t i n v o l v e d i n t h i s r e s p o n s e ( M i n M - Y et al 1 9 9 9 ) . 

T h u s i t i s p o s s i b l e t h a t G l u R 5 m e d i a t e d a c t i v a t i o n o f i n t e m e u r o n e s b y K A m a y 

l e a d t o a n i n c r e a s e i n t h e e x t r a c e l l u l a r c o n c e n t r a t i o n o f G A B A . T h i s c o u l d l e a d t o a 

r e d u c t i o n i n b o t h e x c i t a t o r y a n d i n h i b i t o r y t r a n s m i s s i o n , l e a d i n g t o a r e d u c t i o n i n t h e 

E P S P s l o p e a n d a n i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e s . 

P o s t s y n a p t i c a l l y , a c t i v a t i o n o f GABAB r e c e p t o r s o n CAl p y r a m i d a l c e l l s l e a d s t o 

t h e a c t i v a t i o n o f a K ^ c o n d u c t a n c e ( D u t a r a n d N i c o l l 1 9 8 8 ) , d e c r e a s i n g e x c i t a b i l i t y . T h u s , 

i t i s p o s s i b l e t h a t t h e r e d u c t i o n i n t h e p o p u l a t i o n s p i k e a m p l i t u d e s o b s e r v e d i n t h e l a t e r 

p h a s e o f t h e K A r e s p o n s e m a y o c c u r a s a r e s u l t o f i n t e m e u r o n e e x c i t a t i o n b y K A , 

i n c r e a s i n g t h e e x t r a c e l l u l a r c o n c e n t r a t i o n o f K A . 

I t i s t h e r e f o r e o f i n t e r e s t t o i n v e s t i g a t e t h e p o s s i b l e i n v o l v e m e n t o f t h i s r e c e p t o r 

t y p e i n t h e r e s p o n s e t o K A . 
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F u r t h e r m o r e , i t i s k n o w n t h a t K A a p p l i c a t i o n c a n l e a d t o a n i n c r e a s e i n t h e r e l e a s e 

o f a d e n o s i n e d u r i n g k a i n a t e i n d u c e d s e i z u r e a c t i v i t y i n t h e d o r s a l h i p p o c a m p u s ( B e r m a n et 

al 2 0 0 0 , C a r s w e l l et al 1 9 9 7 ) . T h u s i t m a y b e t h a t a d e n o s i n e r e c e p t o r a c t i v a t i o n p l a y s a 

r o l e i n t h e a c t i o n o f 1 p M K A i n t h e s e p r e p a r a t i o n s . 

I n t h e h i p p o c a m p u s , a d e n o s i n e A i r e c e p t o r s h a v e b e e n s h o w n t o b e l o c a t e d 

p r e s y n a p t i c a l l y , w h e r e t h e y i n h i b i t t r a n s m i t t e r r e l e a s e v i a e i t h e r a G , o r G o p r o t e i n ( C u n h a 

2 0 0 1 ) . T h e s e a p p e a r t o d i r e c t l y i n h i b i t m a i n l y N - t y p e C a ^ ^ c h a n n e l s , l e a d i n g t o a d e c r e a s e 

i n t h e r e l e a s e o f n e u r o t r a n s m i t t e r ( W u a n d S a g g a u 1 9 9 4 ) . T h e r e f o r e i t i s p o s s i b l e t h a t K A 

i n d u c e d r e l e a s e o f a d e n o s i n e m a y r e s u l t i n b o t h a r e d u c t i o n o f g l u t a m a t e , l e a d i n g t o a 

r e d u c e d E P S P s l o p e , a n d a d e c r e a s e i n t h e r e l e a s e o f G A B A , l e a d i n g t o a n i n c r e a s e i n 

p o p u l a t i o n s p i k e a m p l i t u d e . 

A l t e r n a t i v e l y , p r e s y n a p t i c A I A r e c e p t o r a c t i v a t i o n m a y r e s u l t , v i a a c t i v a t i o n o f a G s 

p r o t e i n ( O l a h 1 9 9 7 ) , i n t h e f a c i l i t a t i o n o f P - t y p e c h a n n e l s , l e a d i n g t o a n i n c r e a s e i n 

n e u r o t r a n s m i t t e r r e l e a s e , f o r e x a m p l e i n t h e C A S ( G o n c a l v e s et al 1 9 9 7 ) . W e r e t h i s t h e 

c a s e , i t i s p o s s i b l e t h a t t h i s c o u l d r e s u l t i n a n i n c r e a s e i n S c h a f f e r c o l l a t e r a l g l u t a m a t e 

r e l e a s e , w h i c h w o u l d b e c o n s i s t e n t w i t h a n i n c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e a n d 

c o u l d a l s o a c c o u n t f o r a r e d u c e d E P S P s l o p e . 

I n o r d e r t o i n v e s t i g a t e t h e s e p o s s i b i l i t i e s , s l i c e s w e r e p e r f u s e d w i t h a n t a g o n i s t s f o r 

g r o u p I / I I a n d g r o u p I I / I I I m G l u R s , G A B A g r e c e p t o r s a n d b o t h a d e n o s i n e A i a n d A 2 

r e c e p t o r s f o r 1 5 m i n u t e s p r i o r t o t h e a p p l i c a t i o n o f I p - M K A . O n c e a g a i n , i n o r d e r t o 

i n v e s t i g a t e a n y p o t e n t i a l r o l e f o r t h e e x c i t a t i o n o f C A 3 p y r a m i d a l c e l l s b y K A , 

e x p e r i m e n t s w e r e p e r f o r m e d i n b o t h i n t a c t s l i c e s a n d i n i s o l a t e d C A l p r e p a r a t i o n s , f r o m 

w h i c h t h e C A S a n d d e n t a t e g y r u s h a d b e e n e x c i s e d . 

4.1.2 Receptor expression at 15-19 days in the rat hippocampus 

T h e d e v e l o p m e n t a l e x p r e s s i o n o f t h e v a r i o u s r e c e p t o r p o p u l a t i o n s i n t h e r a t 

h i p p o c a m p u s h a s b e e n d e a l t w i t h i n d e t a i l i n t h e p r e v i o u s c h a p t e r . H o w e v e r , i n o r d e r t o 

a i d i n t h e i n t e r p r e t a t i o n o f t h e d a t a t o f o l l o w , t h i s i n f o r m a t i o n w i l l b e r e i t e r a t e d b r i e f l y 

w i t h r e g a r d t o t h e m o d u l a t o r y s y s t e m s i n v e s t i g a t e d . 

T h e a b i l i t y o f b o t h g r o u p I a n d g r o u p I I I m G l u R a g o n i s t s t o i n h i b i t g l u t a m a t e 

r e l e a s e from t h e S c h a f f e r c o l l a t e r a l p a t h w a y p e a k s d u r i n g t h e f i r s t p o s t n a t a l m o n t h 

( B a s k y s a n d M a l e n k a 1 9 9 1 ) . T h e g r o u p I m G l u R a g o n i s t A C P D d e p r e s s e s E P S P s l o p e i n 

C A l i n y o u n g a d u l t r a t s l i c e s ( p o s t n a t a l d a y ( P ) 2 8 - 3 5 ) t o a g r e a t e r e x t e n t t h a n i s o b s e r v e d 

i n s l i c e s from P I 5 - 2 1 r a t s ( D u m a s a n d F o s t e r , 1 9 9 7 ) . 
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W i t h i n t h e h i p p o c a m p u s , m G l u R s m a y b e f o u n d b o t h p r e - a n d p o s t - s y n a p t i c a l l y . 

G r o u p I m G l u R s h a v e b e e n l o c a H s e d t o h i p p o c a m p a l p y r a m i d a l c e l l s u s i n g 

i m m u n o h i s t o c h e m i s t r y ( L u j a n e t a l 1 9 9 6 ) w h e r e t h e y m o d u l a t e t h e a c t i v i t y o f a n u m b e r o f 

K " ^ , a n d n o n - s e l e c t i v e c a t i o n c h a n n e l s ( C o n n a n d P i n 1 9 9 7 ) l e a d i n g t o a n i n c r e a s e i n 

n e u r o n a l e x c i t a b i l i t y . I n a d d i t i o n t o t h i s , p r e s y n a p t i c m G l u R s a r e t h o u g h t t o d o w n r e g u l a t e 

t r a n s m i t t e r r e l e a s e . F o r e x a m p l e g r o u p I a n d I I I m G l u R s a r e f o u n d o n t h e t e r m i n a l s o f t h e 

S c h a f f e r c o l l a t e r a l p a t h w a y ( G e r e a u a n d C o n n 1 9 9 5 ) , w h e r e a s g r o u p I I a n d I I I a r e f o u n d 

l o c a t e d p r e s y n a p t i c a l l y o n t h e t e r m i n a l s o f b o t h t h e m o s s y f i b r e p a t h w a y a n d t h e p e r f o r a n t 

p a t h s y n a p s e w i t h d e n t a t e g y r u s g r a n u l e c e l l s ( S h i g e m o t o e t a l . 1 9 9 7 ) . 

I m m u n o h i s t o c h e m i s t r y f o r m G l u R l a h a s d e m o n s t r a t e d i t t o b e p r e s e n t b e t w e e n 

P 4 - P 8 o n p y r a m i d a l c e l l s i n b o t h C A l a n d C A 3 . F r o m P 3 5 o n w a r d s h o w e v e r , s t a i n i n g f o r 

t h i s m G l u R s u b t y p e i s f o u n d t o b e m o s t i n t e n s e i n fibres a n d c e l l b o d i e s w i t h i n t h e a l v e u s 

a n d i n t h e s u p e r f i c i a l l a y e r s o f t h e stratum oriens ( D e f a g o t et al 2 0 0 2 ) . I n s i t u 

h y b r i d i s a t i o n s t u d i e s ( M i n a k a m i et a l , 1 9 9 5 ) h a v e s h o w n t h a t t h e l e v e l s o f m R N A f o r t h e 

m G l u R 5 a s p l i c e v a r i a n t p r e d o m i n a t e s t h r o u g h o u t t h e h i p p o c a m p u s u n t i l P 7 . B y P 1 4 , 

l e v e l s o f t h e a l t e r n a t i v e l y s p l i c e d m G l u R 5 b m R N A d o m i n a t e . 

I m m u n o r e a c t i v i t y f o r m G l u R 2 / 3 w a s o b s e r v e d i n t h e h i p p o c a m p u s f r o m w e e k 2 

o n w a r d s ( D e f a g o t et al 2 0 0 2 ) . S t a i n i n g w a s o n s e r v e d o n fibres w i t h i n t h e stratum 

lacunosum molecular e o f b o t h C A l a n d C A S . S t a i n i n g f o r m G l u R 4 a i n c r e a s e d i n i n t e n s i t y 

i n p y r a m i d a l c e l l s o f t h e C A l a n d C A S b e t w e e n P 1 2 a n d P S 5 . I t w a s a l s o o b s e r v e d i n t h e 

d e n t a t e g y r u s . B e t w e e n P S 5 a n d P 6 0 t h e i n t e n s i t y o f s t a i n i n g a p p e a r e d t o r e m a i n 

c o n s i s t e n t ( D e f a g o t et al 2 0 0 2 ) . 

E x p r e s s i o n o f t h e m G l u R 7 s u b t y p e o f m e t a b o t r o p i c g l u t a m a t e r e c e p t o r a s l o 

a p p e a r s t o b e d e v e l o p m e n t a l l y r e g u l a t e d ( B r a d l e y et a l , 1 9 9 8 ) . U s i n g a n t i b o d i e s r a i s e d 

a g a i n s t a p e p t i d e s e q u e n c e i n t h e C - t e r m i n a l d o m a i n o f m G l u R 7 a , t h e y f o u n d t h a t t h e 

d i s t r i b u t i o n p a t t e r n o f t h i s r e c e p t o r i s s i m i l a r t o t h a t o f a d u l t s . I t w a s f o u n d t o b e a b u n d a n t 

i n t h e m i d d l e t h i r d o f t h e m o l e c u l a r l a y e r o f t h e d e n t a t e g y r u s , i n strata radiatum a n d 

lacunosum moleculare o f C A l a n d C A S , b u t s p a r s e i n t h e stratum pyramidale a n d g r a n u l e 

c e l l l a y e r s ( B r a d l e y et al 1 9 9 8 ) . L e v e l s o f e x p r e s s i o n w e r e h i g h e s t b y P I 4 , b u t d e c l i n e d 

t h e r e a f t e r . 

G r o u p I m G l u R s h a v e a l s o b e e n s h o w n t o m e d i a t e a s l o w e x c i t a t i o n o f o r i e n s -

a l v e u s i n t e m e u r o n e s i n t h e C A l ( v a n H o o f t e t a l 2 0 0 0 ) . I n c o n t r a s t t o t h i s S e m y a n o v a n d 

K u l l m a n n h a v e f o u n d t h e g r o u p I I I a g o n i s t L - ( + ) - 2 - a m i n o - 4 - p h o s p h o n o b u t y r i c a c i d ( L -

129 



A P 4 ) t o r e d u c e G A B A e r g i c s i g n a l l i n g a m o n g i n t e m e u r o n e s i n C A l . T h i s e f f e c t c o u l d b e 

m i m i c k e d b y t h e a d m i n i s t r a t i o n o f b r i e f t r a i n s o f s t i m u l i t o t h e S c h a f f e r c o l l a t e r a l s a n d 

w a s b l o c k e d b y t h e g r o u p I I I a n t a g o n i s t a - m e t h y l s e r i n e - O - p h o s p h a t e ( M S O P ) . T h e y 

c o n c l u d e d t h a t t h i s e f f e c t w a s l i k e l y d u e t o a c t i v a t i o n o f p r e s y n a p t i c g r o u p I I I m G l u R s o n 

i n t e m e u r o n a l t e r m i n a l s . 

B y a r o u n d P 5 t h e e x p r e s s i o n p a t t e r n o f t h e G A B A s y n t h e s i s i n g e n z y m e s G A D - 6 5 

a n d G A D - 6 7 i n t h e h i p p o c a m p u s r e s e m b l e t h a t o f a d u l t r a t s ( S e r e s s et al 1 9 8 9 ) . 

F u r t h e r m o r e , t h e s w i t c h from a d e p o l a r i s i n g G A B A r e s p o n s e t o t h e a d u l t i n h i b i t o r y e f f e c t 

h a s a l r e a d y o c c u r r e d i n b o t h t h e C A l ( M u e l l e r et al 1 9 8 4 ) a n d t h e C A S ( B e n A r i et al 

1 9 8 9 ) b y P 1 5 . 

T h e l e v e l s o f e x p r e s s i o n o f t h e G A B A g r e c e p t o r s u b t y p e s a r e n e a r i n g t h o s e o f a n 

a d u l t r a t b e t w e e n P 1 5 - P 1 9 . O f t h e s e , t h e G B - l a s u b t y p e a p p e a r s t o b e l o c a l i s e d t o t h e 

stratum pyramidale a n d o f C A l a n d t h e d e n t a t e g y r u s . I n c o n t r a s t t o t h i s , t h e G B - l b 

s u b t y p e a p p e a r s t o b e e x p r e s s i n g i n t h e stratum lacunosum o f t h e C A l a n d t h r o u g h o u t t h e 

C A S ( F r i t s c h y et al 1 9 9 9 ) . 

I t i s p o s s i b l e t h a t t h e l e v e l s o f e n d o g e n o u s a d e n o s i n e a r e l o w e r i n P 1 5 - P 1 9 r a t s 

c o m p a r e d t o a d u l t s s i n c e t h e e f f e c t s o f b o t h c a f f e i n e a n d t h e a d e n o s i n e u p t a k e b l o c k e r 

n i t r o b e n z y l t h i o i n o s i n e a r e r e d u c e d i n i m m a t u r e r a t s ( P s a r r o p o l o u et al 1 9 9 0 ) . I n a d d i t i o n 

t o t h i s , t h e l e v e l s o f a d e n o s i n e A i r e c e p t o r e x p r e s s i o n d o n o t r e a c h a d u l t l e v e l s u n t i l 

a r o u n d P 2 8 ( O c h i i s h i et al 1 9 9 9 ) . 

T h e s i t e s o f r e c e p t o r e x p r e s s i o n w i t h i n t h e c i r c u i t r y o f t h e C A l a n d C A S a r e 

p r e s e n t e d i n f i g u r e 4 . 1 o n t h e f o l l o w i n g p a g e s . 

Figure 4.1 Assumed circuitry and receptor expression patterns in the CAl (page 128) and CA3 (page 
129) 
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4.2 Methods 

4.2.1 Hippocampal slice preparation 

T h e e x p e r i m e n t a l p r o c e d u r e h a s b e e n d e s c r i b e d i n d e t a i l p r e v i o u s l y i n C h a p t e r 3 . 

B r i e f l y , e x p e r i m e n t s w e r e p e r f o r m e d o n a c u t e s l i c e s t a k e n from 1 5 - 1 9 d a y o l d W i s t a r r a t s . 

H i p p o c a m p i w e r e d i s s e c t e d from r a t s k i l l e d b y t e r m i n a l h a l o t h a n e a n a e s t h e s i a a n d t h e n 

p l a c e d i n t o A C S F ( i n m M : N a C l 1 1 7 . 8 , N a H C O s 2 6 . 0 , K C l 3 . 3 , KH2PO4 1 . 3 , 

M g S 0 4 . 7 H 2 0 1 . 0 , C a C l a 2 . 5 , g l u c o s e 2 1 . 0 ) c h i l l e d t o 4° C o n i c e . T r a n s v e r s e s l i c e s 

( 4 0 0 n M ) w e r e c u t o n a M c l l w a i n t i s s u e c h o p p e r a n d t r a n s f e r r e d t o a p e f r i d i s h c o n t a i n i n g 

a p i e c e o f f i l t e r p a p e r m o i s t e n e d w i t h c h i l l e d A C S F . T h e s e w e r e a l l o w e d t o r e c o v e r f o r a t 

l e a s t 1 h o u r i n a h u m i d i f i e d c h a m b e r c o n t i n u o u s l y g a s s e d w i t h 9 5 % 0 2 / 5 % C O 2 . 

4.2.2 Electrophysiology 

S l i c e s w e r e p l a c e d i n t o a r e c o r d i n g c h a m b e r a n d s u p e r f u s e d w i t h A C S F 

c o n t i n u o u s l y b u b b l e d w i t h 9 5 % 0 2 / 5 % C O 2 . S t i m u l i w e r e a d m i n i s t e r e d v i a a n i c h r o m e 

b i p o l a r s t i m u l a t i n g e l e c t r o d e p l a c e d i n t o t h e S c h a f f e r c o l l a t e r a l p a t h w a y a n d f i e l d 

r e s p o n s e s r e c o r d e d s i m u l t a n e o u s l y from b o t h stratum pyramidale a n d stratum radiatum o f 

t h e C A l . R e c o r d i n g s w e r e m a d e a t r o o m t e m p e r a t u r e , a n d w e r e s a m p l e d a t l O H z a n d 

f i l t e r e d a t 3 H z . 

F e e d f o r w a r d a n d f e e d b a c k GABAA m e d i a t e d i n h i b i t i o n w a s a s s e s s e d from 

p o p u l a t i o n s p i k e d a t a f o l l o w i n g t h e a d m i n i s f r a t i o n o f p a i r e d s u b m a x i m a l s t i m u l i w i t h a n 

i n t e r p u l s e i n t e r v a l o f 2 0 m s e c . P e r c e n t a g e i n h i b i t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e w a s 

c a l c u l a t e d u s i n g t h e f o r m u l a ( ( C - T ) / C ) * 1 0 0 , w h e r e C = first ( c o n d i t i o n i n g ) s p i k e a m p l i t u d e 

a n d T = s e c o n d ( t e s t ) s p i k e a m p l i t u d e . 

I s o l a t e d C A l p r e p a r a t i o n s w e r e p r o d u c e d b y t h e r e m o v a l o f t h e d e n t a t e g y r u s a n d 

C A 3 from t h e s l i c e p r i o r t o i t s i n t r o d u c t i o n t o t h e r e c o r d i n g c h a m b e r . 

4.2.3 Drugs 

D r u g s w e r e a p p l i e d v i a t h e s u p e r f u s i n g A C S F . A l l a n t a g o n i s t s w e r e a p p l i e d f o r 1 5 

m i n u t e s p r i o r t o a s w e l l a s d u r i n g t h e a d d i t i o n o f 1 | j , M K A . 

4.2.4 Analysis and Statistics 

E P S ? s l o p e s a n d p o p u l a t i o n s p i k e a m p l i t u d e s w e r e c a l c u l a t e d a s p r e v i o u s l y 

d e s c r i b e d . S t a t i s t i c a l s i g n i f i c a n c e w a s a s s e s s e d u s i n g S t u d e n t ' s u n p a i r e d t - t e s t , p < 0 . 0 5 

b e i n g d e e m e d s i g n i f i c a n t a n d p < 0 . 0 1 h i g h l y s i g n i f i c a n t . 
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4.3 Results 

4.3.1.1 IfiM KA time-course: the intact slice preparation 

S i n g l e a p p l i c a t i o n s o f 1 | j , M K A w e r e c a r r i e d o u t i n i n t a c t s l i c e s ( f i g u r e s 4 . 2 - 4 . 4 ) . 

T h i s d a t a i s r e p e a t e d f r o m c h a p t e r 3 ( f i g u r e s 3 . 1 1 - 3 . 1 3 ) f o r e a s e o f c o m p a r i s o n w i t h 

s u b s e q u e n t d a t a i n t h i s c h a p t e r . A c o n c e n t r a t i o n o f 1 p M K A w a s c h o s e n , a s p r e v i o u s l y 

s t a t e d , s i n c e i t i s a t o r b e l o w t h e E C 5 0 f o r K A a t n a t i v e K A r e c e p t o r s i n v a r i o u s b r a i n 

r e g i o n s a n d w e l l b e l o w t h e EC50 v a l u e s f o r t h e a c t i v a t i o n o f n a t i v e A M P A r e c e p t o r s b y 

KA. 

Control 3 minutes KA 

20msec 

30 minutes KA 

zOrmec 

Wash 

20msec 

Figure 4.2 Example traces for the effect of l|xM KA on the population spike amplitude and EPSP slope 
recorded from the CAl region of an intact hippocampal slice. This figure is presented in chapter 3 as figure 
3.11. Each trace represents the average of three responses, a) Control, b) onset of the KA effect, c) end of the 
KA application period, d) following 30 minutes ACSF wash. 
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A p p l i c a t i o n o f l ^ M K A i n t h e i n t a c t s l i c e p r e p a r a t i o n r e s u l t e d i n a n u m b e r o f 

e f f e c t s ( f i g u r e s 4 . 2 - 4 . 4 ) . W i t h i n t h e f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n , t h e f i r s t a n d s e c o n d 

E P S P s l o p e s b e g a n t o d e c r e a s e ( f i g u r e 4 . 3 ) . A t t h i s s a m e t i m e , t h e r e w a s a m a r k e d , 

t r a n s i e n t i n c r e a s e i n t h e a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s . S i n c e 

t h i s o c c u r s a t a t i m e w h e n t h e E P S P s l o p e h a d b e g u n t o d e c r e a s e , i t w o u l d s u g g e s t t h a t 

K A i s a c t i n g a t m o r e t h a n o n e s i t e i n t h i s p r e p a r a t i o n . 

F o l l o w i n g t h i s , b o t h f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s r e d u c e d i n a m p l i t u d e t o 

w e l l b e l o w c o n t r o l v a l u e s ( f i g u r e 4 . 3 ) . T h u s a t t h i s c o n c e n t r a t i o n , K A e x h i b i t s a b i p h a s i c 

r e s p o n s e w i t h r e g a r d s t o p o p u l a t i o n s p i k e a m p l i t u d e . T h i s r e d u c t i o n p e r s i s t s f o r a t l e a s t 3 0 

m i n u t e s f o l l o w i n g w a s h o f K A . 

160 

a j 
cc 

§ 
& 

a) > < b) 

140 -

luM KA 

15 30 

1st EPSP 
A 2nd EPSP 
o 1st Pop Spike 
• 2nd Pop Spike 

75 

T i m e ( m i n s ) 

Figure 4.3 Time-course for the effects of application of 1 |iM KA in the CAI region of intact hippocampal 
slices (n=5). Reproduced from figure 3.12 for ease of comparison. It is interesting to note that there is an 
initial increase in the amplitude of both the first and second population spikes recorded using a paired-pulse 
protocol with a 20 msec interpulse interval from 86% (± 3.4) to 119% (±9.7) (p=0.01) for the first spike and 
from 50% (±5.7) to 96% (±16.0) (p<0.05) for the second. This implies a rapid and fransient reduction in 
both evoked and tonic inhibition. This is coupled with a decrease in the slope of the EPSP recorded from 
stratum radiatum from 92% (±3.0) to 41% (±6.4) (p<0.01) for the first EPSP, 103% (±7.1) to 62% (±9.0) 
(p<0.01) for the second by the end of the KA application period. It can also be seen that, while the EPSP 
slope begins to return to confrol values following 30 minutes wash, the population spike amplitude remains 
depressed compared to control. Arrows and letters correspond to the example fraces in the previous figure. 
Quoted numbers were calculated at these time-points. 
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C a l c u l a t i o n o f t h e m e a n p e r c e n t a g e i n h i b i t i o n f r o m t h i s d a t a ( f i g u r e 4 . 4 ) r e v e a l s a 

r a p i d m a r k e d r e d u c t i o n i n t h e p a i r e d - p u l s e i n h i b i t i o n f o l l o w i n g t h e a p p l i c a t i o n o f I p M 

K A t h a t p e r s i s t s t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . 

§ 

• % Inhibition 

IjiM KA 

-100 

-150 

- 2 0 0 

30 45 

T i m e ( m i n s ) 

Figure 4.4 The effect of l^M KA application on the mean percentage inhibition (± S.E.M.) of the second 
population spike with respect to the first spike recorded from the CAl region of intact hippocampal slices during 
a paired-pulse protocol using a 20msec inter-pulse interval (n=5). Reproduced from figure 3.13. The effect of KA 
appears highly variable, but the net result appears to be a reduction in the percentage inhibition from 42% (±6.3) 
to -3% (±17.0) (p<0.05 Student's paired t-test) by the end of the KA application period. 
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4.3.1.2 The response to IjiM KA: the role of CA3 

T h e e f f e c t o f K A a p p l i c a t i o n i n C A l w a s s t u d i e d i n t h e a b s e n c e o f C A S i n o r d e r t o 

g a i n a n u n d e r s t a n d i n g o f h o w t h e C A S m a y b e a f f e c t i n g t h e r e s p o n s e t o K A i n t h e C A l 

r e g i o n ( f i g u r e s 4 . 5 - 4 . 7 ) . A g a i n t h e s e d a t a a r e r e p r o d u c e d f r o m f i g u r e s 3 . 1 4 - 3 . 1 6 f o r 

e a s e o f c o m p a r i s o n w i t h t h e d a t a p r e s e n t e d i n t h i s c h a p t e r . 

^ {— 

Control 

• V 

2mvj 

20msec 

3 minutes KA 

a) b) 

15 minutes KA 

c) 

30 mmutes KA 

20msec 

Wash 

ZOnuec 

Figure 4.5 Example traces taken from a time-course experiment to observe the effects of l^iM KA on the 
population spike amplitude and EPSP slope in an isolated CAl preparation. Reproduced from figure 3.14. Each 
trace represents the average of three responses recorded at the following time points: a) the end of 15 minutes 
control period, b) within the first three minutes of KA application, c) 15 minutes into the KA application 
period, d) after 30 minutes of KA superfusion, e) the end of 30 minutes ACSF wash. 
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Figure 4.6 Time-course data for the effect of 1 pM KA application on the population spike amplitude and 
EPSP slope (mean percentage ±S.E.M.) recorded from stratum pyramidale and stratum radiatum 
respectively in isolated CAl preparations (n=5). Reproduced here from figure 3.15 for ease of comparison. 
As in the intact preparation, the amplitude of both the first and second population spikes increases within the 
first three minutes of drug application (97% (±1.3) to 113% (±3.2) (p<0.01) and 16% (±1.3) to 34% (±6.0) 
(p<0.01) for the first and second spikes respectively. This is coupled with a simultaneous decrease in the 
EPSP slope (from 100% (±2.1) to 55% (±10.0) (p<0.01) and 100% (±7.0) to 63% (±10.5) (p<0.01) for the 
first and second EPSPs respectively. In the absence of CA3 the population spikes recover to control values 
whilst the EPSPs appear to undergo potentiation, although this may be due to the steadily increasing 
stimulation which occurred during the stimulus-response curve carried out during the break in the time-
course. 

A s p r e v i o u s l y o b s e r v e d i n t h e i n t a c t s l i c e ( f i g u r e 4 . 3 ) , a p p l i c a t i o n o f 1 | . t M K A t o 

i s o l a t e d C A l p r e p a r a t i o n s r e s u l t e d i n a r a p i d r e d u c t i o n i n t h e E P S P s l o p e ( f i g u r e 4 . 6 ) 

w h i c h r e m a i n e d d e p r e s s e d t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . T h i s w a s c o u p l e d w i t h 

a n i n c r e a s e i n t h e a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s w i t h i n t h e f i r s t 

t h r e e m i n u t e s o f a p p l i c a t i o n . H o w e v e r , i n c o n t r a s t t o t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 

4 . 3 ) , f o l l o w i n g t h i s t r a n s i e n t i n c r e a s e t h e p o p u l a t i o n s p i k e a m p l i t u d e s d i d n o t d e c r e a s e 

s i g n i f i c a n t l y b e l o w i n i t i a l c o n t r o l v a l u e s ( f i g u r e 4 . 6 ) . 
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T h i s s u g g e s t s t h a t b o t h t h e r e d u c t i o n i n E P S P s l o p e a n d t h e t r a n s i e n t i n c r e a s e i n 

p o p u l a t i o n s p i k e a m p l i t u d e s o c c u r i n d e p e n d e n t l y o f t h e p r e s e n c e o f t h e C A S r e g i o n . 

H o w e v e r , t h e s u b s e q u e n t r e d u c t i o n i n t h e p o p u l a t i o n s p i k e a m p l i t u d e o b s e r v e d i n t h e 

i n t a c t s l i c e ( f i g u r e 4 . S ) m a y o c c u r a s a r e s u l t o f t h e a c t i o n o f K A o n t h e C A S p y r a m i d a l 

c e l l p o p u l a t i o n . 

T h e m e a n p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d fi-om t h e s e d a t a ( f i g u r e 4 . 7 ) a l s o d i f f e r 

fi"om t h a t o b s e r v e d i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 4 ) . D u r i n g t h e f i r s t t h r e e 

m i n u t e s o f K A a p p l i c a t i o n , t h e r e i s a t r a n s i e n t d e c r e a s e i n t h e p a i r e d - p u l s e i n h i b i t i o n 

c o r r e s p o n d i n g t o t h e o b s e r v e d i n c r e a s e i n b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e 

a m p l i t u d e s . 

100 

% Inhibition 

l|iM KA 

45 60 

T i m e ( m i n s ) 

Figure 4.7 Time-course for the effects of l|xM BCA appUcation on the percentage inhibition (mean ± 
S.E.M.) of the second population spike recorded using a paired-pulse protocol with a 20msec inter-pulse 
interval in isolated CAl preparations (n=5). This data was first presented as figure 3.16 and is reproduced 
here for ease of comparison. This protocol allows the assessment of G A B A A mediated inhibition within the 
preparation throughout the course of the experiment. It can be seen that the percentage inhibition decreases 
with the onset of KA (l|xM) application from 83% (±1.4) to 71% (±4.5) (p<0.01). By the end of the KA 
application period there is no significant difference in the percentage inhibition to control (p=0.08). The 
percentage inhibition also appears to be far less variable in the absence of CA3. 
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4.3.2.1 Group I/II mGluRs and the KA response: Intact slices 

T h e d a t a p r e s e n t e d from figure 4 . 8 o n w a r d s r e p r e s e n t s t h e s t a r t o f t h e n e w d a t a i n 

t h i s c h a p t e r . 

M e t a b o t r o p i c g l u t a m a t e r e c e p t o r s a r e k n o w n t o m o d u l a t e b o t h e x c i t a t o r y a n d 

i n h i b i t o r y s y n a p t i c n e u r o t r a n s m i s s i o n i n C A l v i a a p r e s y n a p t i c m e c h a n i s m ( G e r e a u a n d 

C o n n 1 9 9 5 ) . O n e p o s s i b l e s c e n a r i o f o r a n i n v o l v e m e n t o f m G l u R s c o u l d o c c u r a s a r e s u l t 

o f t h e a c t i v a t i o n o f C A S p y r a m i d a l c e l l s b y K A , r e s u l t i n g i n a n i n c r e a s e d r e l e a s e o f 

g l u t a m a t e f r o m t h e S c h a f f e r c o l l a t e r a l s . T h i s c o u l d l e a d t o t h e a c t i v a t i o n o f p r e s y n a p t i c 

m G l u R s o n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s a n d t h u s t o a r e d u c t i o n i n t h e a m o u n t o f 

g l u t a m a t e r e l e a s e d b y s u b s e q u e n t s t i m u l i . T o t e s t t h i s h y p o t h e s i s , t h e n o n - s e l e c t i v e G r o u p 

I / I I m e t a b o t r o p i c g l u t a m a t e a n t a g o n i s t ( S ) - M C P G ( ( S ) - a M e t h y l - 4 - c a r b o x y p h e n y l g l y c i n e ) 

( J a n e et a l . 1 9 9 3 , C o l l i n g r i d g e a n d W a t k i n s 1 9 9 4 ) a n d t h e G r o u p I I / I I I a n t a g o n i s t M P P G 

( ( R S ) - a M e t h y l - 4 - p h o s p h o n o p h e n y l g l y c i n e ) ( J a n e et al. 1 9 9 5 ) w e r e c o - a p p l i e d w i t h I p M 

K A . 

F i g u r e 4 . 8 s h o w s e x a m p l e s o f t h e r e c o r d i n g s m a d e from a n i n t a c t h i p p o c a m p a l 

s l i c e d u r i n g t h e a p p l i c a t i o n o f 2 5 0 p M M C P G a n d l ^ M K A . 
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Figure 4.8 Example traces taken from a time-course experiment to observe the effects of co-application of 
250|xM MCPG and l^iM KA in the CAl region of an intact hippocampal slice preparation. Each box represents 
the average of three traces recorded at the following time points: a) at the end of 15 minutes control stimulation, 
b) at the end of 15 minutes MCPG (250nM) application, c) within the first three minutes of KA (IjiM) co-
application, d) at the end of 15 minutes KA co-application, e) at the end of 30 minutes ACSF wash. 

A p p l i c a t i o n o f 2 5 0 p M M C P G c a u s e s a r e d u c t i o n o f b o t h t h e f i r s t a n d s e c o n d 

p o p u l a t i o n s p i k e s ( p < 0 . 0 1 ) ( f i g u r e 4 . 9 ) . I t h a s , h o w e v e r , n o s i g n i f i c a n t e f f e c t o n t h e s l o p e 

o f t h e E P S P s . A d d i t i o n o f l | i M K A t o t h e s u p e r f u s i n g A C S F c a u s e s a t y p i c a l K A 

r e s p o n s e , t h e r e b e i n g a t r a n s i e n t i n c r e a s e i n t h e a m p l i t u d e o f b o t h f i r s t a n d s e c o n d 

p o p u l a t i o n s p i k e s c o u p l e d w i t h a r e d u c t i o n i n t h e E P S P s l o p e s . 
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Figure 4.9 Time-course for the effect of 250^M MCPG on the response to 1|LIM KA recorded from the 
CAl region of intact hippocampal slices (n=2). The graph shows the mean percentage population 
spike amplitudes and EPSP slopes (± S.E.M.) recorded throughout the experiment. MCPG alone 
causes a decrease in both the first and second population spike amplitudes from 95% (±2.3) to 80% 
(±3.2) (p<0.05) and 55% (±2.6) to 21% (±4.8) (p<0.01) respectively. The slopes of the first and second 
EPSPs do not change significantly. Upon addition of 1 |iM KA there is a marked fransient increase in 
the amplitudes of both the first (99% (±2.6), p<0.01) and second (49% (±4.1), p<0.05) population 
spikes. This is followed by a large reduction (15% (±1.0) and 15% (±1.4) respectively, p<0.01), which 
follows the reduction seen in the EPSPs from 94% (±5.8) to 20% (±2.3) for the first EPSP and 78% 
(±4.0) to 29% (±3.2) for the second (p<0.01). 

M C P G p r o d u c e s a n i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n ( f i g u r e 4 . 1 0 ) ( p < 0 . 0 1 ) . 

T h i s m a y b e d u e t o a d i s i n h i b i t i o n o f i n t e m e u r o n e s . U p o n t h e a d d i t i o n o f K A t h i s 

i n h i b i t i o n i s m a r k e d l y r e d u c e d ( p < 0 . 0 1 ) . 
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Figure 4.10 Time-course graph showing the effects of 250jxM MCPG and l|iM KA on the paired-pulse 
inhibition recorded from the CAl region of intact hippocampal slices (n=2). The graph shows the mean 
percentage inhibition (± S.E.M.) of the second population spike calculated with respect to the first. It can 
be seen that 250|iM MCPG causes an increase in &e percentage inhibition from 42% (±2.0) to 75% (±5.0) 
(p<0.01) which correlates with the large reduction in the second population spike seen in figure 4.9. 
Following the addition of IjiM KA there is a large reduction in the paired-pulse inhibition to -8% (±16.3) 
(p<0.01) which recovers following 30 minutes ACSF wash. 

4.3.2.2 Group I/II mGluRs and the KA response in the isolated CAl: the role of CAS 

I n o r d e r t o i n v e s t i g a t e t h e r o l e o f C A S i n t h e r e s p o n s e t o K A i n t h e p r e s e n c e o f 

2 5 0 p M M C P G e x p e r i m e n t s w e r e r e p e a t e d i n s l i c e s f r o m w h i c h t h e C A S a n d d e n t a t e g y r u s 

h a d b e e n e x c i s e d . E x a m p l e s o f t h e t r a c e s o b t a i n e d d u r i n g t h e c o u r s e o f t h e s e e x p e r i m e n t s 

a r e p r e s e n t e d i n f i g u r e 4 . 1 1 . 
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Figure 4.11 Examples of traces recorded from an isolated CAl preparation during the application of 
250|iM MCPG and 1 [im KA. Each box shows the average of three traces recorded at the following time 
points: a) at the end of 15 minutes control stimulation, b) at the end of 15 minutes of MCPG (250|xM) 
application, c) within the first three minutes of IpM KA co-application, d) at the end of this 15 minute 
period, e) at the end of 30 minutes ACSF wash. 
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Figure 4.12 Graph showing the effect of 250(xM MCPG and l^M KA application on the mean 
percentage population spike amplitude and EPSP slope (± S.E.M.) recorded from the stratum pyramidale 
and stratum radiatum of isolated CAl preparations (n=3). In contrast to the intact slice, MCPG 
application causes a marked reduction in the population spike amplitudes from 81% (±5.3) to 35% (±4.8) 
(p<0.01) for the first and 54% (±9.1) to 35% (±4.2) (p<0.05) for the second. There is also an increase in 
the percentage EPSP slopes from 82% (±3.9) to 95% (±4.6) (p<0.05) for the first EPSP and from 99% 
(±2.5) to 118% (±4.6) (p<0.01) for the second. Upon addition of l|xM KA there is once more a transient 
increase in the amplitude of both population spikes to 121% (±9.5) (p<0.01) for the first spike and 114 
(±13.0) (p<0.01) for the second. This is again followed by a marked reduction in both EPSP slopes (25% 
(±3.7), p<0.01and 45% (±5.3), p<0.01) and population spike amplitudes (18% (±5.9) and 52% (±15.6)) 
although neither value for the population spikes are statistically different from those for MCPG. 

W h e n a d d e d t o i s o l a t e d C A l p r e p a r a t i o n s ( n = 3 ) , M C P G a g a i n r e d u c e s t h e 

a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n ( p < 0 . 0 5 ) ( f i g u r e 4 . 1 2 ) . H o w e v e r , i n 

c o n t r a s t t o t h e i n t a c t h i p p o c a m p a l s l i c e t h e r e i s a l s o a s i g n i f i c a n t i n c r e a s e i n t h e s l o p e o f 

b o t h t h e f i r s t ( p < 0 . 0 5 ) a n d s e c o n d E P S P s ( p < 0 . 0 1 ) . A p p l i c a t i o n o f l ^ M K A c a u s e s b o t h 

t h e first a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s t o i n c r e a s e t r a n s i e n t l y ( p < 0 . 0 1 ) . T h i s i s 

a c c o m p a n i e d b y a s i g n i f i c a n t d e c r e a s e i n t h e s l o p e o f b o t h E P S P s ( p < 0 . 0 1 ) . B y t h e e n d o f 
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t h e K A a p p h c a t i o n p e r i o d t h e p o p u l a t i o n s p i k e a m p H t u d e s h a v e r e t u r n e d t o v a l u e s w h i c h 

w e r e n o t s i g n i f i c a n t l y d i f f e r e n t t o t h o s e f o r M C P G . 

M C P G a l o n e s i g n i f i c a n t l y r e d u c e s t h e p e r c e n t a g e i n h i b i t i o n ( f i g u r e 4 . 1 3 , p < 0 . 0 1 ) . 

T h i s d e c r e a s e s f u r t h e r b y t h e e n d o f t h e K A a p p l i c a t i o n ( p < 0 . 0 1 ) . 
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Figure 4.13 Time-course for the mean percentage inhibition (± S.E.M.) calculated during the 
application of 250|aM MCPG and l|aM KA to isolated CAl preparations. MCPG causes a reduction in 
the paired-pulse inhibition from 37% (±8.3) to -0.10% (±3.7) (p<0.01) which is exacerbated by the 
addition of IpM KA for 15 minutes to -220% (±26.3) (p<0.01). This effect did not wash out after 30 
minutes. 
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4.3.3,1 Group II/III mGluR antagonism and the KA response: Intact slices 

Control MPPG 

MPPG + KA Wash 

d ) 

Figure 4.14 Example traces for the effects of MPPG (500|iM) on the response to l|iM KA in intact slice 
CAl. a) control, b) 500nM MPPG, c) MPPG + l|iM KA, d) 30 minute wash. All examples taken from 
the end of their respective application periods. 

I n o r d e r t o a s s e s t h e i n v o l v e m e n t o f g r o u p I I / I I I m e t a b o t r o p i c r e c e p t o r s i n t h e r e s p o n s e t o 

l | i M K A i n t a c t s l i c e s w e r e t r e a t e d w i t h 5 0 0 | j , M M C P G f o r 1 5 m i n u t e s b e f o r e t h e a d d i t i o n 

o f 1 p M K A . E x a m p l e s o f t h e r e c o r d i n g s o b t a i n e d d u r i n g t h e s e t r e a t m e n t s c a n b e s e e n i n 

f i g u r e 4 . 1 4 a b o v e . 
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A p p l i c a t i o n o f 5 0 0 ) j , M M P P G t o i n t a c t s l i c e s ( f i g u r e 4 . 1 5 ) r e s u l t s i n a s i g n i f i c a n t 

i n c r e a s e i n t h e s l o p e o f b o t h t h e f i r s t a n d s e c o n d E P S P s ( p < 0 . 0 1 a n d p < 0 . 0 5 r e s p e c t i v e l y ) . 

A t t h e s a m e t i m e t h e p o p u l a t i o n s p i k e a m p l i t u d e s a r e s i g n i f i c a n t l y i n c r e a s e d ( p < 0 . 0 1 a n d 

p < 0 . 0 5 f o r t h e f i r s t a n d s e c o n d s p i k e s r e s p e c t i v e l y ) . 

t/2 8 0 

Ist EPSP 
A 2nd EPSP 
O 1st Pop Spike 

2nd Pop Spike SOOuM MPPG 

T i m e ( m i n s ) 

Figure 4.15 Time-course for the application of 500pM MPPG and l|iM KA in intact hippocampal 
slices (n=3). The graph shows the percentage mean population spike amplitudes and EPSP slopes 
recorded from the CAl region using a paired-pulse protocol. It can be seen that addition of 500|iM 
MPPG causes a potentiation of both the first (98% (±3.6) to 126% (±2.9), p<0.01) and second (63% 
(±9.2) to 74% (±10.2), p<0,05) EPSPs, which is mirrored by a corresponding increase in the 
population spike amplitudes from 101% (±1.7) to 136% (±2.5) (p<0.01) for the first population spike 
and 49% (±6.1) to 72% ±(12.3) (p<0.05) for the second. Introduction of IpM KA to the superfusing 
solution causes a reduction in the first (32% (±10.1), p<0.01) and second (41% (±4.4), p<0.01) EPSP 
slopes which is again followed by the first population spike (91% (±7.3), p<0.01) (n=3). 

A d d i t i o n o f 1 [ j , M K A t o t h e s u p e r f u s i n g A C S F c a u s e s a s i g n i f i c a n t d e c r e a s e i n t h e 

f i r s t p o p u l a t i o n s p i k e a m p l i t u d e ( p < 0 . 0 1 ) a n d b o t h t h e f i r s t a n d s e c o n d E P S P s l o p e s 

( p < 0 . 0 1 ) b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d . T h e s e c o n d p o p u l a t i o n s p i k e w a s n o t 

s i g n i f i c a n t l y a f f e c t e d . 
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T h e r e i s n o s i g n i f i c a n t c h a n g e i n t h e i n h i b i t i o n ( f i g u r e 4 . 1 6 ) f o l l o w i n g t h e 

a p p l i c a t i o n o f M P P G , n o r d u r i n g t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n . B y t h e e n d o f 

t h i s p e r i o d h o w e v e r , t h e i n h i b i t i o n i s s i g n i f i c a n t l y i m p a i r e d ( p < 0 . 0 1 ) . 

^ 60 

I 
^ 40 -

% Inhibition 

• 

l | iMKA 
500uM MPPG 

30 45 

T i m e ( m i n s ) 

Figure 4.16 Time-course for the effects of MPPG and KA on the percentage inhibition (± S.E.M.) 
calculated for recordings made of the first and second population spikes elicited from the CAl region of 
intact hippocampal slices using a paired-pulse protocol. MPPG does not significantly change the mean 
percentage inhibition, but by the end of 15 minutes co-application with l^iM KA the inhibition has 
dropped from 49% (±8.4) to 33% (±8.6) (p<0.01, n=3) 
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4.3.3.2 Group II/III mGluR antagonism and the KA response: The role of CA3 

Control 

zOmsec 

MPPG 

a) b) 

3 mm 
MPPG + KA 

15 mm 
MPPG + KA 

c ) d ) 

Wash 

e ) 

Figure 4.17 Example traces for the effects of 500|iM MPPG and l^M KA on the population spike 
amplitude and EPSP slopes recorded from an isolated CAl preparation, a) Control, b) 500^M MPPG, c) 
onset of KA effect, d) end of KA application period, e) wash. 
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M P P G c a u s e s a m a r k e d i n c r e a s e i n t h e s l o p e o f b o t h t h e first ( p < 0 . 0 5 ) ) a n d 

s e c o n d ( p < 0 . 0 1 ) ) E P S P s ( f i g u r e 4 . 1 7 ) . T h e r e i s n o s i g n i f i c a n t c o r r e s p o n d i n g i n c r e a s e i n 

t h e a m p l i t u d e o f e i t h e r p o p u l a t i o n s p i k e . E x a m p l e s o f t h e t r a c e s o b t a i n e d d u r i n g t h e 

c o u r s e o f t h i s e x p e r i m e n t c a n b e s e e n i n figure 4 . 1 6 . 
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Figure 4.18 Time-course for the effects of co-application of 500|iM MPPG and l^M KA in isolated CAl 
hippocampal preparations. The graph shows the mean percentage population spike amplitude and EPSP 
slope (± S.E.M.) recorded from stratum pyramidale and stratum radiatum respectively. Application of 
500|a,M MPPG does not significantly alter the amplitude of either the first or second population spikes, 
but does cause a marked potentiation of both the first and second EPSP slopes from 82% (±5.8) to 108% 
(±7.7) (p<0.05) and 101% (±4.5) to 173%1 (±15.8) (p<0.01) respectively. There appears to be a transient 
rise in the amplitude of the first (91% (±3.6) to 103% (±13.9)) and second population spikes (83% (±6.3) 
to 96% (±7.7)) upon the addition of IpM KA, but these do not reach significance. By the end of 15 
minutes KA application both first and second population spikes are reduced to 7% (±1.2, p<0.01) and 
11% (±1.4, p<0.01) respectively. The first and second EPSP slopes reduce over the same period to 17% 
(±1.9, p<0.01) and 46% (±7.2, p<0.01, n=3). 

A d d i t i o n o f l | j , M K A t o t h e s u p e r f i a s i n g A C S F d o e s n o t r e s u l t i n a s i g n i f i c a n t 

i n i t i a l i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e . H o w e v e r , b y t h e e n d o f 1 5 m i n u t e s t h e r e 

i s a r e d u c t i o n i n t h e a m p l i t u d e o f t h e first a n d s e c o n d p o p u l a t i o n s p i k e s ( p < 0 . 0 1 ) . T h e 

first a n d s e c o n d E P S P s l o p e s a r e s i m i l a r l y a f f e c t e d ( p < 0 . 0 1 ) . 
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M P P G d o e s n o t s i g n i f i c a n t l y c h a n g e t h e d e g r e e o f i n h i b i t i o n r e c o r d e d f r o m 

i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 4 . 1 9 ) ( n = 3 ) . C o - a p p l i c a t i o n o f l p , M K A s i g n i f i c a n t l y 

r e d u c e s t h e i n h i b i t i o n b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d ( p < 0 . 0 5 ) . 
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Figure 4.19 Time-course for the effect of 500|iM MPPG and IpM KA on the mean percentage inhibition 
(± S.E.M.) calculated from population spike data recorded from isolated CAl preparations elicited using a 
paired-pulse protocol with a 20msec inter-pulse interval. It can be seen that MPPG causes a reduction in 
the percentage inhibition from 16% (±6.4) to 6% (±10.3) although this change is not significant. Addition 
of l^M KA for 15 minutes markedly exacerbates this condition (-67% (±23.3), p<0.05 n=3). 
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4.3.4.1 Inhibition of PKC and the KA response: Intact slices 

I n 1 9 9 8 , R o d r i g u e z - M o r e n o a n d L e r m a f o u n d t h a t t h e m o d u l a t i o n o f G A B A 

r e l e a s e from s y n a p t o s o m e s b y K A r e c e p t o r s i n v o l v e d a p e r t u s s i s t o x i n ( P T X ) s e n s i t i v e 

m e c h a n i s m w h i c h c o u l d a l s o b e b l o c k e d b y t h e p r o t e i n k i n a s e C ( P K C ) i n h i b i t o r 

c a l p h o s t i n C a n d b y t h e i n h i b i t i o n o f p h o s p h o l i p a s e C ( P L C ) . T h i s r e d u c t i o n o f G A B A 

r e l e a s e c o u l d a l s o b e b l o c k e d b y r a i s i n g t h e i n t r a c e l l u l a r C a ^ ^ c o n c e n t r a t i o n , b u t d i d n o t 

s i g n i f i c a n t l y c h a n g e f o l l o w i n g t h e b l o c k a d e o f p r o t e i n k i n a s e A ( P K A ) . 

T h e f o l l o w i n g s e r i e s o f e x p e r i m e n t s , w h i c h i n v o l v e d t h e c o - a p p l i c a t i o n o f l p , M 

K A w i t h t h e P K C i n h i b i t o r H - 7 ( l - ( 5 - I s o q u i n o l i n e s u l p h o n y l ) - 2 - m e t h y l p i p e r a z i n e 

d i h y d r o c h l o r i d e ) , w e r e p e r f o r m e d i n o r d e r t o i n v e s t i g a t e w h e t h e r a s i m i l a r m e c h a n i s m 

c o u l d b e i n v o l v e d i n t h e r e d u c t i o n o f g l u t a m a t e r e l e a s e from t h e S c h a f f e r c o l l a t e r a l 

t e r m i n a l s . I t w a s a l s o h o p e d t h a t t h e s e e x p e r i m e n t s m i g h t p r o v i d e f u r t h e r e x p e r i m e n t a l 

e v i d e n c e f o r t h e m e c h a n i s m o f t h e m o d u l a t i o n o f G A B A r e l e a s e from p a i r e d - p u l s e 

i n h i b i t i o n d a t a . U n f o r t u n a t e l y , a s w e s h a l l s e e , t h e e f f e c t s o f H - 7 a l o n e w e r e s u c h a s t o 

i n d u c e e p i l e p t i f o r m b u r s t i n g w i t h i n t h e C A l r e g i o n o f b o t h t h e i n t a c t a n d i s o l a t e d 

h i p p o c a m p a l s l i c e s . T h u s o b t a i n i n g m e a n i n g f u l d a t a f o r t h i s p a r a m e t e r w a s r e n d e r e d 

u n l i k e l y . 

M o r e o v e r , i t h a s b e e n r e c e n t l y d e m o n s t r a t e d ( M e l y a n et al 2 0 0 2 ) t h a t a s l o w 

a f t e r h y p e r p o l a r i s a t i o n c u r r e n t i n t h e C A l p y r a m i d a l c e l l s o f 1 5 - 1 9 d a y o l d W i s t a r r a t s , 

m e d i a t e d b y a C a ^ " ^ d e p e n d e n t K ^ c h a n n e l , i s i n h i b i t e d b y n a n o m o l a r c o n c e n t r a t i o n s o f 

K A , l e a d i n g t o a n i n c r e a s e i n p y r a m i d a l c e l l e x c i t a b i l i t y . T h i s i n h i b i t i o n a p p e a r s t o b e 

m e d i a t e d b y a n o n - G l u R 5 c o n t a i n i n g r e c e p t o r a n d i s b l o c k e d b y i n h i b i t o r s o f P K C a n d 

p e r t u s s i s t o x i n s e n s i t i v e G - p r o t e i n s , i n d i c a t i n g t h e l i k e l y h o o d o f a m e t a b o t r o p i c a l l y 

c o u p l e d K A r e c e p t o r . I t i s p o s s i b l e t h e r e f o r e , t h a t t h e o b s e r v e d i n i t i a l i n c r e a s e i n 

p o p u l a t i o n s p i k e a m p l i t u d e t h a t o c c u r s w i t h K A c o u l d r e s u l t from a n i n h i b i t i o n o f t h e 

I s A H P c u r r e n t i n C A l p y r a m i d a l c e l l s . W e r e t h i s t h e c a s e t h e n c o - a p p l i c a t i o n o f K A w i t h 

H - 7 c o u l d p r o v i d e f u r t h e r e v i d e n c e f o r t h i s . 

F i g u r e 4 . 2 0 s h o w s e x a m p l e s o f t h e t r a c e s o b t a i n e d d u r i n g t h e c o - a p p l i c a t i o n o f 

5 0 | i i M H - 7 a n d 1 p M K A i n a n i n t a c t h i p p o c a m p a l s l i c e . A s p r e v i o u s l y m e n t i o n e d i t c a n b e 

s e e n i n 4 . 2 0 ( b ) t h a t H - 7 h a s p r o d u c e d e p i l e p t i f o r m b u r s t i n g , c h a r a c t e r i s e d b y a n i n c r e a s e d 

n u m b e r o f p o p u l a t i o n s p i k e s p r i o r t o t h e s e c o n d s t i m u l u s . A l t h o u g h t h e a m p l i t u d e o f t h e 

e p i l e p t i f o r m s p i k e s r e d u c e s d u r i n g t h e a p p l i c a t i o n o f l | i M K A , t h e s e s p i k e s a r e s t i l l 

d e t e c t a b l e , a n d t h u s a n y c a l c u l a t i o n o f p e r c e n t a g e i n h i b i t i o n i s r e n d e r e d m e a n i n g l e s s . 
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H o w e v e r d a t a o n t h e r e l e a s e o f g l u t a m a t e m a y s t i l l b e o b t a i n e d b y c o m p a r i s o n o f t h e 

E P S P s l o p e b e f o r e , d u r i n g a n d a f t e r d r u g a p p l i c a t i o n . 

A p p l i c a t i o n o f 5 0 p M H - 7 t o i n t a c t s l i c e s ( f i g u r e 4 . 2 1 ) c a u s e s a s i g n i f i c a n t i n c r e a s e 

i n t h e s l o p e o f t h e f i r s t E P S P ( p < 0 . 0 1 ) w h e r e a s t h e s e c o n d E P S P s l o p e i s r e d u c e d 

( p < 0 . 0 1 ) . U p o n t h e a d d i t i o n o f l [ i M K A t h e f i r s t E P S P s l o p e u n d e r g o e s a m a r k e d 

r e d u c t i o n ( p < 0 . 0 1 ) . T h e s e c o n d E P S P a l s o u n d e r g o e s a s m a l l , b u t s i g n i f i c a n t r e d u c t i o n t o 

( p < 0 . 0 5 ) b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d . 

I n o r d e r t o g a i n a n i d e a o f t h e e x c i t a b i l i t y o f t h e p y r a m i d a l c e l l p o p u l a t i o n , a n d 

h e n c e t o d e d u c e w h e t h e r K A a p p l i c a t i o n i s i n c r e a s i n g t h i s e x c i t a b i l i t y , t h e n u m b e r o f 

p o p u l a t i o n s p i k e s i n t h e e p i l e p t i f o r m b u r s t h a v e b e e n c o u n t e d i n t h e p r e s e n c e o f H - 7 a l o n e 

a n d i n c o - a p p l i c a t i o n w i t h K A ( f i g u r e 4 . 2 2 ) . 
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Figure 4.20 Example traces showing the effects of co-application of 50nM H-7 and 1 KA in the CAl of an 
intact slice. Each trace shows the average of three recordings taken 30 seconds apart at the following time 
points: a) at the end of 15 minutes control stimulation, b) at the end of 15 minutes H-7 application, c) within 
three minutes of the addition of IpM KA, d) at the end of 15 minutes KA application and e) at the end of 30 
minutes A f S F wash 

155 



I 
I 

i 

A 1 St EPSP 
2nd EPSP 

o 1 St Pop Spike 

1 2 0 -

100 

IpMKA 50|iM H-7 

15 30 45 

T i m e ( m i n s ) 

60 75 

Figure 4.21 l|iM KA causes a large reduction (118% (±6.2) to 67% (±11.9), p< 0.01) of the mean first 
EPSP slope (± S.E.M) in the presence of 50|iM H-7 in the CAl region of intact hippocampal slices 
(n=5). The first EPSP is increased in the presence of H-7 (96% (±1.7) to 118% (±6.2), p<0.01) and the 
second EPSP is reduced (70% (±7.0) to 34% (±5.1), p<0.01) but still undergoes a fiirther small, but 
significant decrease upon addition of IpM KA (27% (±4.0), p<0.05). The mean percentage amplitude of 
the first population spike closely follows the pattern of response observed for the first EPSP slope. 
Application of 50pM H-7 causes an increase in the first population spike amplitude from 98% (±1.7) to 
126% (±4.4) (p<0.01). Upon addition of l^iM KA, this falls to 96% (±5.9) (p<0.01, n=5). 
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Figure 4.22 Mean number of population spikes per trace before during and after the application of 20|iM 
H-7and IpM KA in the intact slice CAl. Application of the PKC inhibitor causes an epileptiform burst, 
which persists with marginally less severity during the addition of 1 |xM KA. The effects of H-7 do not 
wash out after 30 minutes ACSF wash. Key: KAB, within the first three minutes of KA co-application, 
KAE, at the end of 15 minutes KA application. Statistical significance was calculated with respect to the 
immediately preceding time period. *= p<0.05 **= p<0.01. Student's paired t-test. 
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4.3,4.2 Inhibition of PKC and the KA response: Isolated CAl 

Control 

zOnBcc 

3 m m 
H - 7 + K A 

ZOnBGC 

15 m m 
H-7 + K A 

2 m v j ^ 

20msec 

d ) 

W a s h 

20msec 

Figure 4 . 2 3 Example traces showing the effect of 50|xM H-7 and l^iM K A co-application of the 

populat ion spike amplitudes and E P S P slopes recorded f rom isolated C A l preparations using a 20msec 

pai red-pulse protocol. Each trace is derived from the average of three responses recorded at the 

fol lowing t ime points: a) the end of 15 minutes control stimulation, b) the end of 15 minutes H-7 

application, c) within the first three minutes of the addition of 1 p M KA, d) at the end of 15 minutes K A 

application, e) at the end of 30 minutes A C S F wash. 
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Figure 4.24 In the presence of 50^iM H-7 l^iM K A reduces the first EPSP slope from 125% (± 8.5) to 42% 
(± 5.1) (p<0.01). The second EPSP slope is also decreased from 42% (± 7.6) to 23% (± 5.2) (p<0.05). 
Application of H-7 alone causes an increase in the slope of the first EPSP from 95% (± 1.8) to 125% (± 
8.5) (p<0.01), while the second EPSP decreases from 72% (± 8.6) to 4 2 % (± 7.6) (p<0.01). The mean 
percentage amplitude of the first population spike again closely mirrors the changes observed for the first 
EPSP slope. Thus application of 50iiM H-7 caused an increase in the amplitude from 96% (±1.6) to 131% 
(±2.5) (p<0.01). This had decreased to 69% (±8.5) by the end of 15 minutes co-application of I j iM KA. 
Figures quoted represent mean percentage response (± S.E.M), p values derived from Student 's Paired t-
test, n=5. 
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F r o m t h e r a w d a t a f o r t h e e f f e c t o f 5 0 | j . M H - 7 a n d l p , M K A i n t h e i s o l a t e d C A l 

p r e p a r a t i o n ( f i g u r e 4 . 2 3 ) , i t i s a g a i n c l e a r t h a t t h e i n t r o d u c t i o n o f H - 7 t o t h e r e c o r d i n g 

c h a m b e r p r o d u c e s a n e p i l e p t i f o r m b u r s t . T h e r e f o r e t i m e - c o u r s e d a t a h a s o n l y b e e n 

p r e s e n t e d f o r t h e s l o p e o f b o t h E P S P s a n d t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e 

( f i g u r e 4 . 2 4 ) . T h e p a t t e r n o f r e s p o n s e s e e n i n t h e i s o l a t e d s l i c e i s v e r y s i m i l a r t o t h a t o f t h e 

i n t a c t s l i c e . U p o n t h e a d d i t i o n o f H - 7 t h e f i r s t E P S P s l o p e i n c r e a s e s s i g n i f i c a n t l y ( p < 0 . 0 1 ) 

w h i l s t t h e s e c o n d E P S P s l o p e i s s i g n i f i c a n t l y d e c r e a s e d b e l o w c o n t r o l ( p < 0 . 0 1 ) . T h e f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e i n c r e a s e s w i t h t h e f i r s t E P S P ( p < 0 . 0 1 ) . W i t h t h e a d d i t i o n o f 

l ^ i M K A , t h e f i r s t ( p < 0 . 0 1 ) a n d s e c o n d ( p < 0 . 0 5 ) E P S P s l o p e s d e c r e a s e s s i g n i f i c a n t l y . 

O n l y t h e f i r s t E P S P a p p e a r s t o r e c o v e r w i t h i n 3 0 m i n u t e s a f t e r t h e r e m o v a l o f b o t h d r u g s 

a n d , a s c a n b e s e e n i n f i g u r e 4 . 2 3 ( e ) , t h e p o p u l a t i o n s p i k e s t i l l e x h i b i t s a n e p i l e p t i f o r m 

b u r s t . 

F i g u r e 4 . 2 5 s h o w s t h e n u m b e r o f p o p u l a t i o n s p i k e s p e r s t i m u l u s f o r c o n t r o l , 5 0 p M 

H - 7 , 1 n M K A a n d c o n t r o l . 
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Figure 4.25 Mean number of population spikes per trace during control stimulation, the application of 
20 | iM H-7, within the first three minutes of l ) iM KA addition (KAB), at the end of 15 minutes I p M 
KA (KAE) and at the end of 30 minutes wash recorded from. AS in the intact slice H-7 produces an 
epileptiform burst, which persists in the presence of 1 nM KA. Again the effect of H-7 does not wash 
out after 30 minutes. Statistical significance was assessed to the immediately preceding time period 
*= p<0.05 **=p<0.01 Student 's paired t-test. 
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4.3.5.1 GABAB receptor blockade and the KA response: Intact slice 

O n e o f t h e m e c h a n i s m s b y w h i c h i t h a s b e e n p o s t u l a t e d t h a t K A m a y b r i n g a b o u t a 

r e d u c t i o n i n G A B A e r g i c i n h i b i t i o n i s b y a c t i v a t i o n o f p o s t - s y n a p t i c K A r e c e p t o r s o n t h e 

d e n d r i t e s o f i n t e m e u r o n e s l e a d i n g t o a n i n c r e a s e i n G A B A r e l e a s e f r o m t h e i r t e r m i n a l s . 

G A B A s p i l l o v e r from t h e s y n a p t i c c l e f t t h e n l e a d s t o t h e a c t i v a t i o n o f GABAB 

a u t o r e c e p t o r s o n t h e t e r m i n a l s o f t h e s e i n t e m e u r o n e s a n d t h u s t o a r e d u c t i o n i n G A B A 

r e l e a s e ( F r e r k i n g et al. 1 9 9 9 , F r e r k i n g a n d N i c h o l l 2 0 0 0 ) . 

I n o r d e r t o t e s t t h i s h y p o t h e s i s , a n u m b e r o f e x p e r i m e n t s w e r e c a r r i e d o u t i n t h e 

p r e s e n c e o f t h e GABAB a n t a g o n i s t S C H 5 0 9 1 1 ( ( 2 S ) ( + ) 5 , 5 - D i m e t h y l - 2 - m o r p h o l i n e a c e t i c 

a c i d ) ( O n g et al. 1 9 9 8 ) . F i g u r e 4 . 2 6 s h o w s e x a m p l e s o f t h e r e c o r d i n g s m a d e from t h e C A l 

o f a n i n t a c t h i p p o c a m p a l s l i c e d u r i n g t h e c o - a p p l i c a t i o n o f 2 0 n M S C H 5 0 9 1 1 a n d l ^ M 

K A . 
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Figure 4.26 Example traces of recordings taken from stratum pyramidale and stratum radiatum of CAI in an 
intact hippocampal slice during the application of 2 0 n M SCH50911 and I j iM KA. a) Control, b) 20 | iM 
SCH50911, c) within the first three minutes of the coapplication of SCH50911 and 1 p M KA, d) at the end of 
the coapplication period, e) following 30 minutes wash. Each example represents the average of 3 traces. 
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Figure 4.27 Time-course for the effects of 2 0 p M SCH50911 co-application with l | i M K A on the mean 

percentage populat ion spike ampli tude and E P S P slope (± S.E.M., n=5) recorded from the C A l region 

of intact h ippocampal slices. Applicat ion of SHC 50911 does not significantly alter the E P S P slope, but 

causes a reduction in the ampli tude of the first (89% (±4.2) to 7 5 % (±8.0), p<0.01) and second 

populat ion spikes (37% (±5.8) to 2 6 % (±3.5), p<0.05) . However , the presence of S C H 50911 does not 

appear to alter the response to 1 KA, in as m u c h as the first populat ion spike is transiently increased 

(119% (±6.5), p<0.01) and the first and second E P S P slopes are reduced ( 8 6 % (±4.3) to 56% (±5.1), 

p<0.01 and 9 0 % (±4.7) to 73% (±5.8), p<0.01) respectively. The response of the second populat ion 

spike is somewhat altered in that the increased ampli tude fol lowing the addit ion of K A ( 1 0 4 % (±8.5), 

p<0.01) is sustained until the end of the application period (86% (±6.4)). 

A p p l i c a t i o n o f S C H 5 0 9 1 1 t o i n t a c t s l i c e s ( f i g u r e 4 . 2 7 ) s i g n i f i c a n t l y r e d u c e s t h e 

a m p l i t u d e o f b o t h t h e f i r s t ( p < 0 . 0 1 ) a n d s e c o n d ( p < 0 . 0 5 ) p o p u l a t i o n s p i k e s . T h e r e i s n o 

c o r r e s p o n d i n g c h a n g e i n t h e s l o p e o f e i t h e r E P S P . 

T h e p r e s e n c e o f 2 0 | J . M S C H 5 0 9 1 1 d o e s n o t p r e v e n t t h e i n c r e a s e i n t h e a m p l i t u d e 

o f t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e t h a t o c c u r s d u r i n g t h e i n i t i a l p h a s e o f t h e K A 

r e s p o n s e . H o w e v e r , i t i s i n t e r e s t i n g t o n o t e t h a t t h e s e c o n d p o p u l a t i o n s p i k e r e m a i n s 

e l e v a t e d i f s o m e w h a t d i m i n i s h e d i n a m p l i t u d e u n t i l t h e e n d o f t h e a p p l i c a t i o n p e r i o d . B o t h 

t h e f i r s t a n d s e c o n d E P S P s l o p e s d e c r e a s e s i g n i f i c a n t l y i n t h e p r e s e n c e o f 1 | ^ M K A 

( p < 0 . 0 1 ) . 

T h e p a i r e d - p u l s e i n h i b i t i o n r e c o r d e d f r o m t h e C A l o f i n t a c t s l i c e s i s n o t 

s i g n i f i c a n t l y a l t e r e d b y t h e a p p l i c a t i o n o f S C H 5 0 9 1 1 ( f i g u r e 4 . 2 8 ) . T h i s i s t o b e e x p e c t e d , 

s i n c e t h e f a s t f e e d f o r w a r d a n d f e e d b a c k i n h i b i t i o n o b s e r v e d u s i n g a 2 0 m s e c i n t e r - p u l s e 

i n t e r v a l i n t h e C A l i s m e d i a t e d b y GABAA r e c e p t o r s ( S t a n f o r d et al. 1 9 9 4 ) . T h e r e i s a 
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m a r k e d , r a p i d r e d u c t i o n i n t h i s i n h i b i t i o n u p o n t h e a d d i t i o n o f l | i M K A w h i c h p e r s i s t s 

u n t i l t h e e n d o f t h e 1 5 m i n u t e a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . 
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Figure 4.28 Time-course showing the changes in the percentage inhibition (± S.E.M.) of the second 
population spike with respect to the first recorded from the C A l region of intact hippocampal slices 
(n=5). Application of SCH50911 does not significantly alter the percentage inhibition. On addition of 
l | i M KA the percentage inhibition is reduced from 51% (±12.4) to -24% (±16.2) by the end of the 
application period (p<0.01). 

4.3.5.2 G A B A B receptor blockade and the K A response: Isolated CAl responses 

T h e r o l e o f C A 3 i n t h e r e s p o n s e t o K A i n t h e p r e s e n c e o f S C H 5 0 9 1 1 w a s 

i n v e s t i g a t e d i n t h e i s o l a t e d C A l p r e p a r a t i o n . F i g u r e 4 . 2 9 o n t h e n e x t p a g e s h o w s a n 

e x a m p l e o f t h e t r a c e s o b t a i n e d from d u a l r e c o r d i n g s from t h e stratum pyramidale a n d 

stratum radiatum o f a n i s o l a t e d C A l p r e p a r a t i o n d u r i n g t h e a p p l i c a t i o n o f 2 0 | a M 

S C H 5 0 9 1 1 a n d l | i M K A . 
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Figure 4.29 Example traces taken from a time-course carried out in an isolated C A l preparation to observe 
the effects of coapplication of 2 0 p M SCH50911 and l | i M KA. Each trace represents the average of three 
recordings from stratum pyramidale and stratum radiatum. a) Control, b) 2 0 n M SCH50911, c) within the 
first three minutes of KA application, d) at the end of 15 minutes KA application, e) wash. 
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T h e E P S P s l o p e s r e m a i n u n a f f e c t e d b y t h e a p p l i c a t i o n o f S C H 5 0 9 1 1 i n t h e 

i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 3 0 ) . H o w e v e r , b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n 

s p i k e s a r e s i g n i f i c a n t l y r e d u c e d f r o m c o n t r o l ( p < 0 . 0 1 ) . A s i n t h e i n t a c t s l i c e , S C H 5 0 9 1 1 

f a i l s t o p r e v e n t t h e i n c r e a s e i n t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s t h a t o c c u r 

a s a r e s u l t o f t h e a d d i t i o n o f I f i M K A t o t h e s u p e r f u s i n g A C S F . F o l l o w i n g t h i s , t h e 

a m p l i t u d e s o f b o t h p o p u l a t i o n s p i k e s d e c r e a s e s i g n i f i c a n t l y ( p < 0 . 0 1 ) b y t h e e n d o f 1 5 

m i n u t e s K A a p p l i c a t i o n . T h i s v a l u e f o r t h e s e c o n d p o p u l a t i o n s p i k e i s n o t s i g n i f i c a n t l y 

d i f f e r e n t f r o m t h e v a l u e f o r S C H 5 0 9 1 1 a l o n e , w h i c h t e n d s t o s u g g e s t t h a t a n e x c i t a t o r y 

d r i v e f r o m C A 3 i s n e c e s s a r y f o r t h e c o n t i n u e d e l e v a t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e 

t h r o u g h o u t t h e K A a p p l i c a t i o n . 
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Figure 4.30 Time course for the effects of 2 0 n M SCH 50911 co-application with I p M KA in isolated 
C A l preparations (n=5). The graph shows the mean percentage population spike amplitudes and EPSP 
slopes (± S.E.M.) recorded from stratum pyramidale and stratum radiatum respectively using a paired-
pulse protocol with a 20msec inter-pulse interval. KA causes an increase in both the first (66% (±6.0) 
to 94% (±9.9), p<0.01) and second population spike amplitudes (34% (±6.3) to 56% (±8.1), p<0.05) 
and a reduction in the EPSP slopes from 85% (±3.6) to 36% (±3.8) (p<0.01) for the first EPSP and 
84% (±2.7) to 51% (±4.2) (p<0.01) for the second. However, in comparison to the response seen in 
intact slices, the increase in the population spike amplitudes is neither as pronounced or prolonged in 
the isolated C A l preparation. 

T h e s l o p e o f b o t h E P S P s a r e s i g n i f i c a n t l y r e d u c e d u p o n a p p l i c a t i o n o f 1 p M K A 

( p < 0 . 0 1 ) . 

1 6 6 



% Inhibition 

l ^ M K A 
2 0 | i M S C H 5 0 9 1 1 

30 45 

T i m e ( m i n s ) 

Figure 4.31 Time-course for the effects of 20 | iM SCH 50911 and l ^ M KA on the mean percentage 
inhibition (± S.E.M.) recorded from stratum pyramidale of isolated C A l preparations (n=5). 
Introducing l | i M KA to the superfiising solution in the presence of 2 0 n M SCH 50911 causes a 
reduction (48% (±7.5) to 9% (±16.2), p<0.01) in the inhibition of the second population spike recorded 
using a paired-pulse protocol with a 20msec interpulse-interval. SCH50911 alone does not significantly 
alter the paired-pulse inhibition. 

S C H 5 0 9 1 1 d o e s n o t s i g n i f i c a n t l y a l t e r t h e d e g r e e o f p a i r e d - p u l s e i n h i b i t i o n i n t h e 

i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 3 1 ) a n d t h e a d d i t i o n o f I p M K A s i g n i f i c a n t l y r e d u c e s 

t h e m e a n p e r c e n t a g e i n h i b i t i o n b y t h e e n d o f t h e a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . 

4.3.6.1 Adenosine Ai receptors and the KA response: Intact slices 

I t i s k n o w n t h a t l e v e l s o f a d e n o s i n e r i s e w i t h i n t h e h i p p o c a m p u s d u r i n g K A 

i n d u c e d s e i z u r e s i n r a t s ( B e r m a n et al. 2 0 0 0 ) f o l l o w i n g t h e p e r f u s i o n o f K A . T h e 

f o l l o w i n g s e r i e s o f e x p e r i m e n t s w e r e p e r f o r m e d t h e r e f o r e i n o r d e r t o a s s e s s t h e p o s s i b i l i t y 

o f a m o d u l a t o r y r o l e o f a d e n o s i n e o n t h e a c t i o n s o f l | i M K A w i t h i n t h e C A l r e g i o n o f t h e 

h i p p o c a m p u s . 
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Control 

20msec 

DPCPX 

3 mm 
DPCPX + K A 

15 mm 
DPCPX + K A 

Wash 

20msec 

Figure 4.32 Representative traces taken from a time-course experiment to observe the effects of co-application of 
the adenosine A, antagonist DPCPX (50nM) with l | i M KA in the C A l region of an intact hippocampal slice. 
Each trace is an average of three fraces recorded at the following time points: a) at the end of a 15 minute control 
period, b) at the end of 15 minutes application of 50nM DPCPX, c) within the first three minutes of the addition 
of I M KA, d) at the end of 15 minutes co-application of DPCPX and l ^ M KA, e) at the end of a 30 minute wash 
period. 
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D P C P X ( 8 - C y c l o p e n t y l - l , 3 - d i p r o p y l x a n t h i n e ) i s a n a n t a g o n i s t f o r a d e n o s i n e A 1 

r e c e p t o r s . A d e n o s i n e h a s b e e n s h o w n ( B u r k e a n d N a d l e r 1 9 8 8 ) t o r e d u c e t h e e v o k e d 

r e l e a s e o f g l u t a m a t e f r o m t h e S c h a f f e r c o l l a t e r a l c o m m i s s u r a l p a t h w a y t o a p p r o x i m a t e l y 

6 0 % o f c o n t r o l . T h e y p r o p o s e d t h a t t h i s w a s l i k e l y t o b e d u e t o t h e a c t i v a t i o n o f a d e n o s i n e 

A i r e c e p t o r s , p o s s i b l y d u e t o e i t h e r a d e c r e a s e d p r e s y n a p t i c i n f l u x t h r o u g h v o l t a g e 

g a t e d c h a n n e l s o r b y a d o w n s t r e a m a c t i o n w h i c h a f f e c t s t h e f u n c t i o n i n g o f t h e s e v o l t a g e 

g a t e d c h a n n e l s . S i n c e a d e n o s i n e l e v e l s h a v e b e e n s h o w n t o r i s e d u r i n g K A e v o k e d 

s e i z u r e s ( B e r m a n et al. 2 0 0 0 ) i t w a s o f i n t e r e s t t o i n v e s t i g a t e t h e p o s s i b i l i t y t h a t a d e n o s i n e 

r e c e p t o r a c t i v a t i o n w a s i n v o l v e d i n t h e r e s p o n s e t o K A w h e n a p p l i e d a c u t e l y . T o t h i s e n d , 

a n t a g o n i s t s f o r b o t h A , a n d A ; r e c e p t o r s w e r e a p p l i e d p r i o r t o a n d d u r i n g t h e a p p l i c a t i o n 

o f K A i n b o t h i n t a c t a n d i s o l a t e d C A l s l i c e s . 

Ist EPSP 

2nd EPSP 

o 1st Pop Spike 

2nd Pop Spike 

l u M KA 
50nM DPCPX 

30 45 

T i m e ( m i n s ) 

Figure 4.33 Graph showing the effects of co-application of the adenosine Ai antagonist DPCPX and l^iM 
KA on the mean percentage population spike amplitude and EPSP slope (± S.E.M.) recorded from the C A l 
region of intact slices (n=5). DPCPX causes no significant change in either the population spike amplitude 
or the EPSP slope. Application of 1 p M KA again causes an increase in the amplitude of both the first and 
second population spikes from 77% (±7.5) to 134% (±12.7) and 30% (±5.2) to 101% (±12.7) respectively 
(p<0.01). Both the first and second EPSP slopes are reduced from 88% (±6.3) to 52% (±2.1) and 79% (±5.1) 
to 47% (±4.2) respectively (p<0.01). 
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A p p l i c a t i o n o f D P C P X a l o n e t o i n t a c t s l i c e s d o e s n o t s i g n i f i c a n t l y a f f e c t t h e 

p o p u l a t i o n s p i k e a m p l i t u d e s o r t h e E P S P s l o p e s ( f i g u r e 4 . 3 3 ) . U p o n a d d i t i o n o f l ^ M K A , 

t h e E P S P s l o p e s a r e s i g n i f i c a n t l y r e d u c e d ( p < 0 . 0 1 ) . T h e p o p u l a t i o n s p i k e s i n c r e a s e i n 

a m p l i t u d e w i t h i n t h e f i r s t t h r e e m i n u t e s o f K A ( p < 0 . 0 1 ) . T h i s p o t e n t i a t i o n i s s u s t a i n e d , 

a l b e i t t o a l e s s e r d e g r e e u n t i l t h e e n d o f t h e K A p e r i o d ( 8 5 % ( ± 6 . 6 ) a n d 6 2 % ( ± 6 . 8 ) 

r e s p e c t i v e l y , p < 0 . 0 1 ) . 
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Figure 4.34 Time-course for the changes in the mean percentage inhibition (± S.E.M.) calculated from the 
population spike data presented in figure 3.70. Application of DPCPX causes no significant change in the 
paired-pulse inhibition. Addition of 1 n M KA to the superfusing ACSF causes a marked reduction in the 
percentage inhibition from 60% (±5.2) to 10% (±19.4) by the end of 15 minutes (p<0.05). 

T h e r e i s n o s i g n i f i c a n t c h a n g e i n t h e p e r c e n t a g e i n h i b i t i o n f o l l o w i n g t h e 

a p p l i c a t i o n o f 5 0 n M D P C P X ( f i g u r e 4 . 3 4 ) . O n a d d i t i o n o f 1 ( i M K A t h e r e i s a d e c r e a s e i n 

t h e m e a n p e r c e n t a g e i n h i b i t i o n f r o m 6 0 % ( ± 5 . 2 ) t o 1 0 % ( ± 1 9 . 4 ) ( p < 0 . 0 5 ) . 
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4.3.6.2 Ai receptor modulation of the KA response in the isolated CAl 

I t i s i n t e r e s t i n g t o n o t e t h a t i n t h e i s o l a t e d C A l p r e p a r a t i o n b l o c k a d e o f A | 

r e c e p t o r s w i t h 5 0 n M D P C P X ( f i g u r e 4 . 3 6 ) p r o d u c e s a s i g n i f i c a n t i n c r e a s e i n t h e s l o p e o f 

b o t h t h e f i r s t a n d s e c o n d E P S P s ( p < 0 . 0 5 ) . T h i s m a y p o i n t t o a t o n i c c o n t r o l o f g l u t a m a t e 

r e l e a s e f r o m t h e S c h a f f e r c o l l a t e r a l p a t h w a y b y a d e n o s i n e . A l t h o u g h i t w o u l d a p p e a r t h a t 

t h e s e c o n d p o p u l a t i o n s p i k e i s r e d u c e d d u r i n g t h e a p p l i c a t i o n o f D P C P X , i t d o e s a p p e a r t o 

b e c o n t i n u i n g o n a d o w n w a r d t r e n d t h a t b e g a n d u r i n g t h e c o n t r o l p e r i o d a n d i s t h e r e f o r e 

m a y n o t r e p r e s e n t a d r u g e f f e c t . I t i s p o s s i b l e h o w e v e r , t h a t a n i n c r e a s e d E P S P s l o p e i n t h e 

p r e s e n c e o f D P C P X m a y i n d i c a t e a n i n c r e a s e i n t h e e x c i t a t o r y d r i v e t o t h e C A l 

i n t e m e u r o n e p o p u l a t i o n i n b o t h a f e e d f o r w a r d a n d f e e d b a c k m a n n e r , t h u s l e a d i n g t o a 

r e d u c t i o n i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e . 

U p o n t h e a d d i t i o n o f I f x M K A , b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e 

a m p l i t u d e s i n c r e a s e s i g n i f i c a n t l y ( p < 0 . 0 1 ) . A g a i n t h i s p o t e n t i a t i o n i s s u s t a i n e d i n 

d i m i n i s h e d f o r m t h r o u g h o u t t h e a p p l i c a t i o n o f K A . T h e a m p l i t u d e o f t h e s e c o n d s p i k e a t 

t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d i s n o t s i g n i f i c a n t l y d i f f e r e n t t o i n i t i a l v a l u e s . T h e 

s l o p e s o f b o t h t h e f i r s t a n d s e c o n d E P S P d e c l i n e r a p i d l y w i t h t h e i n t r o d u c t i o n o f 1 | a . M K A 

t o t h e r e c o r d i n g c h a m b e r r e a c h i n g 6 5 % ( ± 3 . 1 ) a n d 5 1 % ( ± 1 . 7 ) r e s p e c t i v e l y b y t h e e n d o f 

1 5 m i n u t e s ( p < 0 . 0 1 ) . 
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Figure 4.35 Example traces taken during a time course experiment to observe the effects of adenosine A, receptor 
antagonism on the those seen during I M KA application. The traces seen above represent the average of three 
responses taken at the following time points: a) at the end of 15 minutes control stimulation, b) at the end of 15 
minutes application of 50nM DPCPX, c) within the first three minutes of l|xM KA application, d) at the end of 15 
minutes K application, e) at the end of a 30 minute wash period. 
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Figure 4.36 Time-course for the effects of 50nM DPCPX and I p M KA on the mean percentage 
population spike amplitude and EPSP slope (± S.E.M.) recorded from isolated CA1 preparations (n=5). 
Application of 50nM DPCPX causes a potentiation of both the first and second EPSP percentage mean 
slopes from 92% (±1.9) to 104% (±5.2) and 61% (±5.4) to 65% (±5.6) respectively (p<0.05). DPCPX 
also reduces the amplitude of the second population spike from 27% (±3.7) to 22% (±3.5) (p<0.01) but 
does not significantly affect the amplitude of the first spike. Upon the addition of 1 KA both the first 
and second population spike amplitudes increase from 80% (±7.2) to 120% (±14.1) for the first spike 
(p<0.01) and to 88% (±17.5) for the second (p<0.01). The first spike amplitude declines until the end of 
the KA application period (101% (±11.1), p<0.01) whereas the second population spike amplitude does 
not significantly change throughout this time. The first and second EPSP slopes both decline during the 
application of KA to 65% (±3.1) and 51% (±1.7) respectively (p<0.01). 
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A p p l i c a t i o n o f 5 0 n M D P C P X d o e s n o t s i g n i f i c a n t l y c h a n g e t h e m e a n p e r c e n t a g e 

i n h i b i t i o n w h e n a d m i n i s t e r e d a l o n e ( f i g u r e 4 . 3 7 ) . A d d i t i o n o f 1 p , M K A r a p i d l y r e d u c e s t h e 

p a i r e d - p u l s e i n h i b i t i o n ( p < 0 . 0 1 ) . 

§ 

% Inhibition 

l |iM KA 
50nM DPCPX 

30 45 

T i m e ( m i n s ) 

Figure 4.37 Graph of the mean percentage inhibition (± S.E.M.) of the second population spike 
compared to the first recorded from isolated C A l preparations (n=5) using a 20 msec inter-pulse 
interval paired pulse protocol. DPCPX does not significantly alter the inhibition, whilst addition of l ^ M 
K A caused a marked reduction in the evoked inhibition from 73% (±2.6) to 24% (±6.1) (p<0.01). 

4.3.7.1 A: receptors and the KA response in the intact slice 

I n o r d e r t o a s s e s s t h e a n y p o s s i b l e r o l e o f a d e n o s i n e A 2 r e c e p t o r s i n t h e r e s p o n s e t o 

K A , f i e l d r e c o r d i n g s w e r e m a d e f r o m t h e stratum pyramidale a n d stratum radiatum o f t h e 

C A l o f b o t h i n t a c t s l i c e s a n d i s o l a t e d C A l p r e p a r a t i o n s a n d t h e A 2 a n t a g o n i s t D M P X 

( 3 , 7 - D i m e t h y l - l - ( 2 - p r o p y n y l ) x a n t h i n e ) ( l O p M ) a n d l | u M K A w e r e c o - a p p l i e d . E x a m p l e 

t r a c e s o f t h e r e s p o n s e s o b t a i n e d f r o m a n i n t a c t s l i c e a r e p r e s e n t e d a b o v e i n f i g u r e 4 . 3 8 . 
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Control DMPX 
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Wash 

Figure 4.38 Example traces taken from a time-course experiment looking at the effect of co-application 
of lOfiM D M P X and l | i M KA in the CAl region of an intact hippocampal slice. Each box represents the 
average of three traces taken 30 seconds apart at the following time points; a) end of 15 minutes control 
period, b) end of 15 minutes application of IGjiM DMPX, c) within three minutes of l | i M K A co-
application, d) at the end of 15 minutes KA co-application, e) the end of a 30 minute wash with ACSF. 
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D M P X a l o n e h a s n o s i g n i f i c a n t e f f e c t o n t h e p o p u l a t i o n s p i k e a m p l i t u d e o r E P S ? 

s l o p e p r i o r t o t h e a d d i t i o n o f K A i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 3 9 ) . A s K A 

w a s h e s i n t o t h e r e c o r d i n g c h a m b e r w e c a n s e e t h a t t h e a m p l i t u d e o f b o t h t h e f i r s t a n d 

s e c o n d p o p u l a t i o n s p i k e s i n c r e a s e s i g n i f i c a n t l y ( p < 0 . 0 1 ) . T h i s r e s p o n s e i s a g a i n s u s t a i n e d 

t h r o u g h o u t t h i s a p p l i c a t i o n p e r i o d . T h e p r e s e n c e o f l O p M D M P X d o e s n o t p r e v e n t t h e K A 

i n d u c e d r e d u c t i o n o f t h e first a n d s e c o n d E P S P s l o p e s ( p < 0 . 0 1 ) . 

A p p l i c a t i o n o f 1 0 [ i M D M P X d o e s n o t s i g n i f i c a n t l y c h a n g e t h e m e a n p e r c e n t a g e 

i n h i b i t i o n c a l c u l a t e d f r o m t h e C A l o f i n t a c t s l i c e s ( f i g u r e 4 . 4 0 ) . O n t h e a d d i t i o n o f l ^ M 

K A t h i s i n h i b i t i o n o n c e a g a i n u n d e r g o e s a r a p i d ( p < 0 . 0 1 ) b y t h e e n d o f 1 5 m i n u t e s K A . 

A I St EPSP 
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• 2nd Pop Spike 

cn 8 0 

l u M KA 
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T i m e ( m i n s ) 

60 75 

Figure 4.39 Time-course for the effects of lOpM DMPX and IjiiM KA on the mean percentage 
population spike amplitude and EPSP slope (± S.E.M., n=5) recorded from the C A l region of intact 
hippocampal slices using a paired-pulse stimulus protocol with a 20msec inter-pulse interval. 
Application of DMPX has no significant effect on either the slope of the EPSPs or population spike 
amplitudes. However on application of KA both the first and second population spikes undergo a 
marked potentiation from 71% (±8.6) to 129% (±5.8) and 28% (±2.5) to 113% (±6.2) respectively 
(p<0.01). This is sustained although reduced in amplitude throughout the KA application period. At 
the same time as this, both EPSP slopes are reduced from 92% (±3.1) to 56% (±3.7) for the first EPSP 
and 98% (±8.2) to 64% (±2.7) for the second (p<0.01). 
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Figure 4.40 Graph of the mean percentage inhibition calculated from recordings made in the C A l 
region of intact hippocampal slices (n=5) during the co-application of lO^iM D M P X and I j iM KA. 
Introducing D M P X to the superfusing ACSF produces no significant change to the percentage 
inhibition, whilst the addition of 1 |nM KA causes a marked reduction in paired-pulse inhibition from 
49% (±10.4) to 12% (±4.0) (p<0.01) leading to facilitation of the second population spike (-33% (±9.8), 
p<0.01). 

4.3.7.2 A2 receptors and the KA response in the isolated CAl 

T h e s a m e e x p e r i m e n t w a s t h e n p e r f o r m e d i n t h e i s o l a t e d C A l p r e p a r a t i o n i n o r d e r 

t o o b s e r v e a n y C A l s p e c i f i c e f f e c t s o f t h e s e d r u g s w i t h o u t a n y d o w n s t r e a m e f f e c t from 

C A S . F i g u r e 4 . 4 1 s h o w s e x a m p l e s o f t h e t r a c e s o b t a i n e d from a n i s o l a t e d C A l 

p r e p a r a t i o n , r e c o r d i n g from stratum pyramidale a n d stratum radiatum d u r i n g t h e 

a p p l i c a t i o n o f 1 0 | j , M D M P X a n d l | i M K A . 
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Figure 4.41 Example traces taken from a time course experiment to observe the effects of adenosine A2 receptor 
blockade on the actions of I p M KA application to an isolated CAl preparation. Each trace is an average of three 
responses taken at the following time points: a) at the end of a 15 minute control period, b) at the end of 15 
minutes D M P X application, c) within the first three minutes of KA ( l | i M ) application, d) at the end of 

15 minutes KA application, e) at the end of 30 minutes wash. 
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Figure 4.42 Graph showing the t ime-course for the effects of lOpM D M P X and I p M KA on the mean 
percentage population spike amplitude and E P S ? slope (± S.E.M., n=5) in isolated C A l preparations. 
D M P X application causes an increase in the amplitude of the first population spike f rom 94% (±3.0) to 
100% (±2.1) (p<0.05) although the second population spike is not significantly affected. The second EPSP 
slope undergoes a small, but significant decrease from 79% (±4.3) to 70% (±5.1) (p<0.01). Upon addition 
of I p M KA the amplitudes of the first and second spikes increase to 113% (±4.6) in the case of the first 
spike and from 52% (±5.4) to 78% (±7.3) in the case of the second. Only the increase in the second spike 
reached significance (p<0.05). Both EPSP slopes undergo a marked reduction during the KA application 
period from 93% (±3.0) to 4 2 % (±3.5) for the first EPSP and from 70% (±5.1) to 42% (±2.6) for the 
second (p<0.01). 

D M P X ( 1 0 | J . M ) c a u s e s a s i g n i f i c a n t p o t e n t i a t i o n o f t h e f i r s t p o p u l a t i o n s p i k e i n t h e 

a b s e n c e o f C A 3 ( p < 0 . 0 5 , f i g u r e 4 . 4 2 ) . I t a l s o s i g n i f i c a n t l y r e d u c e s t h e s l o p e o f t h e s e c o n d 

E P S P ( p < 0 . 0 1 ) . A d d i t i o n o f 1 | J , M K A c a u s e s a t r a n s i e n t i n c r e a s e i n t h e p o p u l a t i o n s p i k e 

a m p l i t u d e s , h o w e v e r , o n l y t h e i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e r e a c h e s s t a t i s t i c a l 

s i g n i f i c a n c e ( p < 0 . 0 5 ) . D u r i n g t h i s p e r i o d , b o t h E P S P s l o p e s d e c r e a s e s i g n i f i c a n t l y 

( p < 0 . 0 1 ) . 
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I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 3 ) , l O ^ M D M P X p r o d u c e s a s i g n i f i c a n t 

i n c r e a s e i n t h e p e r c e n t a g e i n h i b i t i o n ( p < 0 . 0 5 ) . T h i s i s r e d u c e d t o 2 9 % ( ± 7 . 1 ) b y t h e e n d o f 

t h e K A a p p l i c a t i o n ( p < 0 . 0 5 ) . 

§ 

<u 

- 2 0 -

• Mean Inhibition 

I p M KA 
l O u M D M P X 

T i m e ( m i n s ) 

Figure 4.43 Time-course for the effects o f D M P X and KA on the mean percentage inhibition (± S.E.M.) 
calculated from paired-pulse data recorded from stratum pyramidale of isolated C A l preparations (n=5). 
Application of 10|xM D M P X causes an increase in the percentage inhibition from 38% (±3.2) to 4 7 % 
(±5.2) (p<0.05). On the addition of l ^ M KA there is a transient decrease in inhibition to 36% (±5.3) 
although this is not statistically significant. By the end of this period the inhibition again decreases to 2 9 % 
(±7.1). 

4.3.8 Summary of results 

T h e f o l l o w i n g s e r i e s o f g r a p h s s u m m a r i s e t h e c h a n g e s o b s e r v e d d u r i n g t h e 

a p p l i c a t i o n o f K A i n t h e p r e s e n c e o f a n t a g o n i s t s f o r g r o u p I / I I a n d I I / I I I m G l u R s , G A B A B 

r e c e p t o r s , P K C a n d a d e n o s i n e r e c e p t o r s w i t h r e g a r d s t o t h e p o p u l a t i o n s p i k e a m p l i t u d e , 

t h e E P S P s l o p e o r t h e p e r c e n t a g e i n h i b i t i o n . I n e a c h c a s e , r e s p o n s e s h a v e b e e n n o r m a l i s e d 

t o t h e c o n t r o l r e s p o n s e s o b t a i n e d w i t h 1 | i M K A . 
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Figure 4.44 Application of IjuM KA significantly reduced the slope of the first EPSP recorded from the C A l of 
intact slices. This response was significantly reduced by SCH50911 and D M P X co-application. By the end of the 
drug application period, co-application of DPCPX also significantly reduced the response to KA. Application of 
MCPG significantly enhanced the reduction in EPSP slope with KA. 
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Figure 4.45 The reduction of the first EPSP slope by KA in the isolated C A l preparation is significantly enhanced by 
co-application with MPPG. Application of the adenosine receptor antagonists DPCPX and D M P X both significantly 
reduce the initial response to KA, but are not significantly different to control by the end of the drug application 
period. 
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A c o m p a r i s o n o f t h e e f f e c t s o f a n t a g o n i s m o f b o t h g r o u p I / I I a n d g r o u p I I / I I I 

m G l u R ' s o n t h e r e s p o n s e o f t h e f i r s t E P S P s l o p e i n C A l t o K A i n t h e i n t a c t s l i c e 

p r e p a r a t i o n i s p r e s e n t e d i n f i g u r e 4 . 4 4 o n t h e p r e v i o u s p a g e . T h e r e d u c t i o n i n t h e 

n o r m a l i s e d m e a n s l o p e o f t h e f i r s t E P S P w i t h i n t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n 

( 6 1 % ( ± 6 . 6 ) ) i s s i g n i f i c a n t l y l e s s i n s l i c e s t r e a t e d w i t h e i t h e r t h e G A B A g r e c e p t o r 

a n t a g o n i s t S C H 5 0 9 1 1 ( 9 2 % ( ± 7 . 7 ) , p < 0 . 0 1 ) o r t h e a d e n o s i n e A z a n t a g o n i s t D M P X ( 8 9 % 

( ± 3 . 8 ) , p < 0 . 0 1 ) . T h e r e s p o n s e i n t h e p r e s e n c e o f t h e a d e n o s i n e A i r e c e p t o r a n t a g o n i s t 

D P C P X j u s t f a i l s t o r e a c h s i g n i f i c a n c e ( 7 7 % ( ± 5 . 7 ) , p = 0 . 0 8 ) . T h i s e f f e c t c o n t i n u e s u n t i l 

t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d , a t w h i c h p o i n t t h e E P S P s l o p e i n t h e p r e s e n c e o f K A 

o n l y h a s d e c r e a s e d t o 4 4 % ( ± 6 . 9 ) . T h i s c o m p a r e s t o m e a n n o r m a l i s e d p e r c e n t a g e s l o p e 

v a l u e s f o r s l i c e s i n t h e p r e s e n c e o f S C H 5 0 9 1 1 o f 6 5 % ( ± 6 . 0 , p < 0 . 0 5 ) , w i t h D P C P X o f 

5 9 % ( ± 2 . 4 , p < 0 . 0 5 ) a n d o f 6 1 % ( ± 4 . 0 , p < 0 . 0 5 ) f o r t h e c o - a p p l i c a t i o n o f K A a n d D M P X . 

C o - a p p l i c a t i o n o f s l i c e s w i t h e i t h e r t h e g r o u p I / I I m G l u r a n t a g o n i s t M C P G o r t h e g r o u p 

I I / I I I a n t a g o n i s t M P P G e x h i b i t s l o p e v a l u e s w h i c h a r e g r e a t l y r e d u c e d c o m p a r e d t o K A 

a l o n e ( 2 1 % ( ± 2 . 4 , p < 0 . 0 5 ) a n d 2 5 % ( ± 8 . 0 , p - 0 . 0 9 ) r e s p e c t i v e l y ) . T h e v a l u e f o r M P P G 

j u s t f a i l s t o r e a c h s i g n i f i c a n c e , w h i c h m a y r e f l e c t t h e l o w n u m b e r o f r e p e a t s i n t h i s d a t a 

s e t . 

A s l i g h t l y d i f f e r e n t p a t t e r n o f a n t a g o n i s t e f f e c t i v e n e s s a g a i n s t t h e K A r e s p o n s e o n 

t h e first E P S P s l o p e i s o b s e r v e d i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 5 ) . W i t h i n t h e 

first t h r e e m i n u t e s o f K A a p p l i c a t i o n , s l i c e s w h i c h r e c e i v e d p r e - a p p l i e d M P P G e x h i b i t a 

m a r k e d l y l o w e r first E P S P s l o p e ( 1 9 % ( ± 5 . 2 ) ) t h a n t h o s e w h i c h h a d r e c e i v e d K A o n l y 

( 5 5 % ( ± 1 0 . 0 ) ) ( p < 0 . 0 5 ) , a l t h o u g h t h i s a g a i n m a y r e f l e c t t h e l o w n u m b e r o f r e p e a t 

e x p e r i m e n t s i n t h e M P P G g r o u p . T h e a d e n o s i n e A i a n t a g o n i s t D P C P X s i g n i f i c a n t l y 

l o w e r s t h e r e d u c t i o n i n t h e E P S P s l o p e o b s e r v e d w i t h K A ( 7 8 % ( ± 4 . 0 ) , p < 0 . 0 5 ) . T h i s i s 

a l s o t r u e f o r t h e b l o c k a d e o f a d e n o s i n e A ; r e c e p t o r s w i t h D M P X d u r i n g t h e first t h r e e 

m i n u t e s o f K A a p p l i c a t i o n ( 8 2 % ( ± 3 . 9 ) , p < 0 . 0 5 ) . B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d 

t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e t o b e f o u n d b e t w e e n t h e n o r m a l i s e d m e a n first E P S P 

s l o p e s o f a n y o f t h e t r e a t m e n t g r o u p s , a l t h o u g h M P P G c o - a p p l i c a t i o n d o e s o n l y j u s t f a i l t o 

r e a c h s i g n i f i c a n c e ( p = 0 . 0 5 3 ) . F o l l o w i n g t h e w a s p e r i o d , a l l g r o u p s e x h i b i t a m a r k e d l y 

r e d u c e d s l o p e f o r t h e first E P S P c o m p a r e d w i t h K A a l o n e , h o w e v e r , t h i s i s l i k e l y t o b e a 

r e s u l t o f t h e s t i m u l u s r e s p o n s e c u r v e w h i c h w a s p e r f o r m e d a t t h e e n d o f t h e K A 

a p p l i c a t i o n p e r i o d i n t h i s d a t a s e t b u t n o t a t t h e e n d o f a n y o f t h e o t h e r g r o u p s . 

182 



<u 
(A 

II 
§ % 

i 
03 

O 

& 

120 

100 -

8 0 -

60 

40 -

2 0 -

2nd EPSP: Intact slice K A 

] M C P G 

M P P G 

H-7 

SCH 50911 

DPCPX 

D M P X 

Control Within 
3 mins 

Application 
End 

Wash 

Figure 4.46 There was no significant difference observed between the action of K A alone on the second EPSP 
slope in the intact slice C A l and in the presence of the various antagonists used above. However, the reduction 
in the response KA when co-applied with SCH50911 just failed to reach significance. 
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Figure 4.47 Co-application of MPPG, and latterly also MCPG significantly enhanced the reduction in the second 
EPSP slope that occurs with KA in the isolated CAl preparation. N o other treatments differed significantly f rom 
control. 
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T h e r e w a s n o s i g n i f i c a n t d i f f e r e n c e o b s e r v e d i n m e a n n o r m a U s e d p e r c e n t a g e s l o p e 

o f t h e s e c o n d E P S P r e c o r d e d d u r i n g t h e v a r i o u s d r u g a p p l i c a t i o n p r o t o c o l s i n t h e C A l o f 

i n t a c t h i p p o c a m p a l s l i c e p r e p a r a t i o n s ( f i g u r e 4 . 4 6 o n t h e p r e v i o u s p a g e ) . T h i s s a i d , t h e c o -

a p p l i c a t i o n o f t h e GABAB a n t a g o n i s t S C H 5 0 9 1 1 o n l y j u s t f a i l e d t o r e a c h s i g n i f i c a n c e 

b o t h w i t h i n t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n ( 7 7 % ( ± 5 . 3 ) c o m p a r e d t o 6 1 % ( ± 7 . 6 ) 

f o r K A a l o n e , p = 0 . 0 9 ) a n d a l s o a t t h e e n d o f 1 5 m i n u t e s o f K A a p p l i c a t i o n ( 8 1 % ( ± 6 . 4 ) 

c o m p a r e d t o 6 0 % ( ± 8 . 7 ) f o r K A a l o n e , p = 0 . 0 7 ) . 

T h i s w a s n o t f o u n d t o b e t h e c a s e i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 7 ) . 

W i t h i n t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n i n t h e a b s e n c e o f a n y a n t a g o n i s t s , t h e 

n o r m a l i s e d m e a n p e r c e n t a g e s l o p e o f t h e s e c o n d E P S P f a l l s t o 6 4 % ( ± 1 0 . 6 ) . I n t h e 

p r e s e n c e o f t h e g r o u p I I / I I I m G l u R a n t a g o n i s t M P P G t h e s l o p e i s m a r k e d l y r e d u c e d 

f u r t h e r t o 3 0 % ( ± 8 . 2 ) ( p < 0 . 0 5 ) , a l t h o u g h o n c e a g a i n t h e l o w n u m b e r o f r e p e a t s f o r t h i s 

e x p e r i m e n t m a y h a v e p r o d u c e d a f a l s e p o s i t i v e r e s u l t . B y t h e e n d o f t h e K A a p p l i c a t i o n 

p e r i o d b o t h t h e M P P G ( 2 7 % ( ± 4 . 1 ) , p < 0 . 0 1 ) a n d t h e g r o u p I / I I a n t a g o n i s t M C P G ( 3 8 % 

( ± 4 . 5 ) , p < 0 . 0 5 ) g r o u p s e x h i b i t m a r k e d l y r e d u c e d s e c o n d E P S P s l o p e s w h e n c o m p a r e d t o 

K A ( 6 8 % ( ± 8 . 4 ) ) . A s w i t h t h e f i r s t E P S P , a l l t r e a t m e n t g r o u p s d i f f e r s i g n i f i c a n t l y f r o m t h e 

a p p l i c a t i o n o f K A a l o n e , p r o b a b l y d u e t o s h o r t - t e r m p o t e n t i a t i o n i n d u c e d b y t h e 

p e r f o r m a n c e o f a s t i m u l u s r e s p o n s e c u r v e d u r i n g t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d . 

T h e p r e s e n c e o f M P P G a p p e a r s t o b l o c k t h e i n i t i a l i n c r e a s e i n t h e f i r s t p o p u l a t i o n 

s p i k e a m p l i t u d e c a u s e d b y K A a p p l i c a t i o n i n t h e C A l o f i n t a c t s l i c e s ( f i g u r e 4 . 4 8 ) w h e n 

c o m p a r e d t o t h a t f o r K A a l o n e ( 9 2 % ( ± 1 0 . 0 ) a n d 1 3 9 % ( ± 1 1 . 3 ) r e s p e c t i v e l y , p < 0 . 0 1 ) . C o -

a p p l i c a t i o n o f K A i n t h e p r e s e n c e o f H - 7 d o e s n o t r e s u l t i n a f u r t h e r i n c r e a s e i n t h e f i r s t 

p o p u l a t i o n s p i k e a m p l i t u d e w i t h i n t h e f i r s t t h r e e m i n u t e s ( 1 0 1 % ( ± 3 . 2 ) , p < 0 . 0 1 ) . I n 

a d d i t i o n t o t h i s , t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e i s n o t s e e n t o d e c r e a s e a s t h e 

K A a p p l i c a t i o n p e r i o d p r o g r e s s e s ( 8 6 % ( ± 6 . 0 ) p < 0 . 0 1 ) . 

I n c o n t r a s t t o t h i s , b l o c k a d e o f a d e n o s i n e A z r e c e p t o r s w i t h D M P X r e s u l t s i n a n 

e n h a n c e d r e s p o n s e t o K A w i t h i n t h e f i r s t t h r e e m i n u t e s o f a p p l i c a t i o n ( 1 8 1 % ( ± 8 . 1 ) , 

p < 0 . 0 1 ) . I n t h e c o n t i n u e d p r e s e n c e o f K A i t c a n b e s e e n t h a t t h e p r e s e n c e o f t h e g r o u p I / I I 

m G l u R a n t a g o n i s t M C P G l e a d s t o a n e x a c e r b a t i o n i n t h e r e d u c e d p o p u l a t i o n s p i k e 

a m p l i t u d e c o m p a r e d t o K A a l o n e ( 1 9 % ( ± 1 . 3 ) a n d 4 0 % ( ± 5 . 2 ) r e s p e c t i v e l y , p < 0 . 0 5 ) . T h i s 

r e d u c t i o n i s a t t e n u a t e d b y t h e b l o c k a d e o f g r o u p I I / I I I m G l u R r e c e p t o r s ( 6 6 % ( ± 5 . 4 ) , 

p < 0 . 0 1 ) , GABAB r e c e p t o r s ( 1 0 8 % ( ± 1 1 . 1 ) , p < 0 . 0 1 ) , a n d b o t h a d e n o s i n e A, ( 1 1 0 % ( ± 8 . 6 ) , 

p < 0 . 0 1 ) a n d A z r e c e p t o r s ( 1 1 3 % ( ± 1 2 . 1 ) , p < 0 . 0 1 ) . 
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I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 9 ) , t h e i n i t i a l r e s p o n s e t o t h e f i r s t t h r e e 

m i n u t e s o f K A a p p l i c a t i o n i s s i g n i f i c a n t l y e n h a n c e d b y t h e b l o c k a d e o f g r o u p I / I I m G l u R s 

w i t h M C P G c o m p a r e d t o t h a t o f K A a l o n e ( 3 4 4 % ( ± 2 6 . 9 ) c o m p a r e d t o 1 1 7 % ( ± 3 . 3 ) , 

p < 0 . 0 1 ) . B l o c k a d e o f g r o u p I I / I I I m G l u R s w i t h M P P G h o w e v e r r e s u l t s i n a s i g n i f i c a n t 

d e c r e a s e i n t h e m e a n n o r m a l i s e d p o p u l a t i o n s p i k e a m p l i t u d e d u r i n g t h i s p e r i o d ( 8 5 % 

( ± 1 9 . 6 ) , p < 0 . 0 5 ) . O n c e a g a i n t h e s e o b s e r v a t i o n s a r e m a d e w i t h t h e s t i p u l a t i o n t h a t t h e l o w 

n u m b e r o f e x p e r i m e n t s i n b o t h o f t h e s e g r o u p s m a y b e r e s p o n s i b l e f o r t h e s t a t i s t i c a l 

s i g n i f i c a n c e w h i c h i s o b s e r v e d . T h e p r e s e n c e o f H - 7 i n t h e i s o l a t e d s l i c e a l s o s i g n i f i c a n t l y 

b l o c k s t h e i n i t i a l i n c r e a s e i n t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e f o l l o w i n g t h e a d d i t i o n o f 

KA (107% (±3.7)) (p<0.05). 

B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d b o t h t h e M P P G a n d S C H 5 0 9 1 1 g r o u p s 

e x h i b i t a n e x a c e r b a t i o n i n t h e r e d u c t i o n o f t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e i n d u c e d b y 

K A ( 8 % ( ± 1 . 3 ) ( p < 0 . 0 1 ) a n d 6 0 % ( ± 7 . 9 ) ( p < 0 . 0 5 ) r e s p e c t i v e l y c o m p a r e d t o 8 8 % ( ± 9 . 9 ) 

f o r K A a l o n e ) . A d e n o s i n e A i r e c e p t o r a n t a g o n i s m a p p e a r s t o p r e v e n t t h i s p h e n o m e n o n 

( 1 2 6 % ( ± 1 3 . 8 ) , p < 0 . 0 5 ) . 
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Figure 4.48 Co-application of both MPPG and H-7 block the initial increase in the first pop[ulation spike 
amplitude recorded from the C A l of intact slices. Blockade of adenosine A? receptors with D M P X significantly 
enhanced the initial increase with KA. By the end of the KA application period, the presence of MCPG lead to a 
significantly enhanced reduction in the population spike amplitude, whilst this was significantly attenuated by 
SCH50911. DPCPX and DMPX. 
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Figure 4.49 The initial response of the first population spike to KA is significantly enhanced by the presence of 
MCPG in the isolated C A l preparation. In contrast, MPPG and H-7 significantly block this initial increase. By the 
end of the KA application period, the presence of MPPG or SCH50911 significantly enhance the reduction in 
population spike amplitude which occurs with KA, whilst DPCPX prevents this response. 



C o - a p p l i c a t i o n o f MPPG i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 5 0 ) a p p e a r s t o 

p r e v e n t t h e i n i t i a l i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e w h i c h o c c u r s d u r i n g 

t h e f i r s t t h r e e m i n u t e s o f l ^ M K A a p p l i c a t i o n ( 8 5 % ( ± 1 7 . 8 ) c o m p a r e d t o 1 9 3 % ( ± 3 2 . 2 ) 

f o r KA o n l y , p < 0 . 0 5 ) . I n c o n t r a s t t o t h i s b l o c k a d e o f GABAB r e c e p t o r s w i t h S C H 5 0 9 1 1 

( 3 9 9 % ( ± 3 2 . 8 ) , p < 0 . 0 1 ) , a d e n o s i n e A i r e c e p t o r s ( 3 3 3 % ( ± 4 1 . 9 ) , p < 0 . 0 5 ) a n d A 2 r e c e p t o r s 

( 4 0 9 % ( ± 2 2 . 3 ) , p < 0 . 0 1 ) a l l r e s u l t i n a n i n c r e a s e d p o t e n t i a t i o n o f t h e s e c o n d p o p u l a t i o n 

s p i k e a m p l i t u d e u p o n t h e a p p l i c a t i o n o f K A . 

T h i s e f f e c t o f b o t h t h e GABAB a n d a d e n o s i n e a n t a g o n i s t s p e r s i s t s t h r o u g h o u t t h e 

K A a p p l i c a t i o n p e r i o d , a p p a r e n t l y p r e v e n t i n g t h e r e d u c t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e 

a s t h e K A a p p l i c a t i o n p e r i o d c o n t i n u e s . I n t h e c a s e o f S C H 5 0 9 1 1 a p p l i c a t i o n , t h e 

n o r m a l i s e d m e a n p e r c e n t a g e a m p l i t u d e f o r t h e s e c o n d p o p u l a t i o n s p i k e i s 3 3 1 % ( ± 2 4 . 7 ) 

c o m p a r e d t o 7 2 % ( ± 1 3 . 5 ) f o r K A a d m i n i s t e r e d a l o n e ( p < 0 . 0 1 ) . I n t h e p r e s e n c e o f D P C P X 

t h e n o r m a l i s e d v a l u e f o r t h e s e c o n d p o p u l a t i o n s p i k e i s 2 0 4 % ( ± 2 2 . 5 , p < 0 . 0 1 ) a n d 3 5 3 % 

( ± 2 9 . 7 , p < 0 . 0 1 ) f o r D M P X . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n i t c a n a g a i n b e s e e n ( f i g u r e 4 . 5 1 ) t h a t t h e p r e s e n c e 

o f M P P G o n c e a g a i n p r e v e n t s t h e i n c r e a s e i n t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e t h a t 

o c c u r s d u r i n g t h e f i r s t t h r e e m i n u t e s w h e n K A i s a p p l i e d o n i t s o w n ( 7 8 % ( ± 1 0 . 0 ) 

c o m p a r e d t o 2 0 9 % ( ± 3 7 . 2 ) f o r K A a l o n e , p < 0 . 0 5 ) . I n t h e a b s e n c e o f a n e x c i t a t o r y i n p u t 

f r o m C A 3 , b l o c k a d e o f g r o u p I / I I m G l u R r e c e p t o r s p o t e n t i a t e s t h e i n i t i a l r e s p o n s e t o K A 

( 3 2 9 % ( ± 3 7 . 3 ) , p < 0 . 0 5 ) . T h i s w o u l d a l s o a p p e a r t o b e t h e c a s e f o r t h e c o - a p p l i c a t i o n o f 

D P C P X ( 3 9 7 % ( ± 7 8 . 7 ) , p < 0 . 0 5 ) . B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d , t h e p r e s e n c e o f 

M P P G a p p e a r s t o r e s u l t i n a m u c h g r e a t e r r e d u c t i o n i n t h e s e c o n d p o p u l a t i o n s p i k e 

a m p l i t u d e t h a n i s s e e n w i t h K A a l o n e ( 1 3 % ( ± 1 . 6 ) c o m p a r e d t o 1 1 2 % ( ± 1 0 . 3 ) , p < 0 . 0 1 ) . I n 

c o n t r a s t t o t h i s , t h e b l o c k a d e o f a d e n o s i n e A i r e c e p t o r s w i t h D P C P X a p p e a r s t o r e s u l t i n 

t h e c o n t i n u e d p o t e n t i a t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e u n t i l t h e e n d o f t h e 

K A a p p l i c a t i o n p e r i o d ( 3 7 4 % ( ± 6 8 . 3 ) , p < 0 . 0 1 ) . 
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Figure 4.50 MPPG blocks the initial increase in the second population spike amplitude that occurs with 1 pM 
KA in the intact slice CAl . This increase is significantly potentiated in the presence of SCH50911, DPCPX or 
DMPX. Their presence also prevents the KA induced reduction in population spike amplitude that occurs 
subsequently. 
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Figure 4.51 MCPG enhanced, whereas MPPG blocked the initial increase in the second population spike 
amplitude with KA in the isolated CAl preparation. DPCPX co-application with KA also resulted in an 
enhanced initial response. By the end of the KA application period, MCPG co-application resulted in a 
significantly reduced population spike amplitude, whereas the DPCPX treated slices remained significantly 
elevated above control 
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Figure 4.52 KA application reduced the paired-pulse inhibition in the CAl of intact slices. This was not 
significantly blocked by any antagonist treatment. 
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Figure 4.53 The adenosine A, receptor antagonist DPCPX significantly potentiated the effect of KA on paired-
pulse inhibition in the isolated CAl preparation. No other treatment group differed significantly from control. 
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I n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 5 2 ) , t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e 

o b s e r v e d b e t w e e n t h e e f f e c t o f K A a l o n e o n t h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n a n d a n y 

o f t h e o t h e r n o n - i o n o t r o p i c g l u t a m a t e r e c e p t o r d r u g t r e a t m e n t s . H o w e v e r , t h i s i s l i k e l y t o 

b e d u e t o t h e h i g h d e g r e e o f v a r i a t i o n i n t h e K A r e s p o n s e i n t h e s e p r e p a r a t i o n s a n d t h e l o w 

n u m b e r o f r e p e a t e x p e r i m e n t s f o r e x a m p l e i n t h e M C P G ( n = 2 ) a n d M P P G ( n = 3 ) g r o u p s . 

I n t h e i s o l a t e d s l i c e p r e p a r a t i o n ( f i g u r e 4 . 5 3 ) a n t a g o n i s m o f t h e a d e n o s i n e A i 

r e c e p t o r p r o d u c e s a s i g n i f i c a n t p o t e n t i a t i o n o f t h e e f f e c t s o f K A o n t h e i n h i b i t i o n b o t h 

w i t h i n t h e first t h r e e m i n u t e s o f K A a p p l i c a t i o n ( 4 5 % ( ± 8 . 1 ) c o m p a r e d t o 8 5 % ( ± 5 . 5 ) 

p < 0 . 0 1 ) a n d b y t h e e n d o f 1 5 m i n u t e s K A a p p l i c a t i o n ( 3 2 % ( ± 8 . 4 ) c o m p a r e d t o 7 1 % 

( ± 1 1 . 1 ) f o r K A o n l y , p < 0 . 0 1 ) . N o s i g n i f i c a n t d i f f e r e n c e w a s o b s e r v e d f o r t h e r e s p o n s e t o 

K A i n t h e p r e s e n c e o f e i t h e r S C H 5 0 9 1 1 o r D M P X i n t h e i s o l a t e d C A l p r e p a r a t i o n . 
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4.4 Discussion 

4.4.1 Effect of KA on the EPSP slope in CAl 

A s r e p o r t e d i n t h e p r e v i o u s c h a p t e r , a p p l i c a t i o n o f 1 p M K A t o b o t h i n t a c t s l i c e s 

( f i g u r e 4 . 3 ) a n d i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 4 . 6 ) r e s u l t s i n a r e d u c t i o n i n t h e s l o p e o f 

t h e E P S P r e c o r d e d f r o m stratum radiatum. T h i s o c c u r s i r r e s p e c t i v e o f t h e p r e s e n c e o f t h e 

C A 3 a n d a t a t i m e w h e n t h e p o p u l a t i o n s p i k e a m p l i t u d e i s i n c r e a s i n g , s u g g e s t i n g a 

p r e s y n a p t i c r e s p o n s e a t t h e S c h a f f e r c o l l a t e r a l t e r m i n a l . W h i l s t t h e d a t a i n t h e p r e v i o u s 

c h a p t e r i s s u g g e s t i v e o f a K A r e c e p t o r m e d i a t e d r e s p o n s e , i t i s p o s s i b l e t h a t o t h e r r e c e p t o r 

p o p u l a t i o n s m a y b e i n d i r e c t l y i n v o l v e d . T o t h i s e n d , t h e r e s p o n s e t o K A i n b o t h i n t a c t a n d 

i s o l a t e d s l i c e s w a s i n v e s t i g a t e d i n t h e p r e s e n c e o f a n t a g o n i s t s f o r g r o u p I / I I a n d g r o u p 

I I / I I I m G l u R s , GABAB r e c e p t o r s a n d a d e n o s i n e A ; a n d Az r e c e p t o r s . I n a d d i t i o n , t h e 

e f f e c t o f t h e P K C b l o c k e r H - 7 w a s i n v e s t i g a t e d o n t h e K A r e s p o n s e t o a s s e s s t h e 

p o s s i b i l i t y o f a m e t a b o t r o p i c a l l y c o u p l e d K A r e c e p t o r a s h a s b e e n p r e v i o u s l y r e s p o r t e d t o 

b e i n v o l v e d i n t h e d o w n r e g u l a t i o n o f G A B A r e l e a s e f r o m i n t e m e u r o n e s ( C u n h a et al 1 9 9 9 

a n d t h e i n h i b i t i o n o f t h e ISAHP r e c o r d e d from C A l p y r a m i d a l c e l l s ( M e l y a n et al 2 0 0 2 ) . 

4.4.1.1 Metabotropic glutamate receptors 

M e t a b o t r o p i c g l u t a m a t e r e c e p t o r s ( m G I u R s ) m a k e u p a f a m i l y o f a t l e a s t e i g h t 7 

t r a n s m e m b r a n e d o m a i n r e c e p t o r s c o u p l e d t o G - p r o t e i n s , a n d c a n b e d i v i d e d i n t o t h r e e 

g r o u p s r e l a t e d b y t h e i r s e q u e n c e h o m o l o g y ( C o n n a n d P i n 1 9 9 7 ) . T h e i r a c t i v a t i o n r e s u l t s 

i n v a r i o u s m o d u l a t o r y e f f e c t s w i t h i n t h e h i p p o c a m p u s . 

G r o u p I m G l u R s , c o m p r i s i n g m G l u R l a n d m G l u R S , a r e a b l e t o m o d u l a t e t h e 

e x c i t a b i l i t y o f h i p p o c a m p a l p y r a m i d a l c e l l s via c o u p l i n g t o C a ^ \ p o t a s s i u m a n d 

n o n s e l e c t i v e c a t i o n c h a n n e l s ( S h i g e m o t o et a l . 1 9 9 7 ) . T h e i r a c t i v a t i o n o n p y r a m i d a l c e l l s 

l e a d s t o a n i n c r e a s e i n c e l l e x c i t a b i l i t y . T h i s i s t h o u g h t t o b e via a d i r e c t p o s t s y n a p t i c 

a c t i o n . B o t h G r o u p I a n d g r o u p I I I m G l u R s ( c o n s i s t i n g o f m G l u R 4 , 6 , 7 a n d 8 ) m o d u l a t e 

t h e r e l e a s e o f g l u t a m a t e from t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . I t w o u l d a p p e a r t h a t t h e 

t w o m o s t l i k e l y c a n d i d a t e s f o r t h i s p r e s y n a p t i c m o d u l a t i o n a r e m G l u R S a n d m G l u R 7 

( C o r m a n d P i n 1 9 9 7 ) . T h e r e m a y b e s o m e s p e c i a l i s a t i o n i n t h e d i s t r i b u t i o n o f t h e s e 

r e c e p t o r s h o w e v e r , s i n c e i t h a s b e e n s h o v m t h a t m G l u R 7 a p p e a r s t o b e p r e f e r e n t i a l l y 

l o c a t e d o n p r e s y n a p t i c g l u t a m a t e r g i c t e r m i n a l s a t s y n a p s e s w i t h i n t e m e u r o n e s ( S h i g e m o t o 

et al. 1 9 9 6 , 1 9 9 7 ) . I n c o n t r a s t t o t h i s , i t w o u l d a p p e a r t h a t g r o u p I I a n d g r o u p I I I m G l u R s 
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a r e r e s p o n s i b l e f o r t h e m o d u l a t i o n o f g l u t a m a t e r e l e a s e f r o m t h e m o s s y f i b r e s s y n a p s i n g 

o n t o C A S p y r a m i d a l c e l l s ( C a o et al. 1 9 9 5 , I s h i d a et al. 1 9 9 3 ) . 

T h e p r e s u m e d s i t e s o f a c t i o n o f t h e d r u g s u s e d i n t h i s c h a p t e r a r e p r e s e n t e d i n 

f i g u r e 4 . 5 4 . 
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Figure 4.54 Expected sites of action within the hippocampai tri-synaptic pathway for the antagonists 
studied in this chapter. DGC, dentate granule cell; INT, intemeurone; red triangles/ circles, glutamatergic 
synapse; blue triangles, GABAergic synapse 
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4.4.1.1.1 Group I/II mGluRs 

I n t h e i s o l a t e d s l i c e ( f i g u r e 4 . 1 2 ) a n i n c r e a s e i n t h e s l o p e o f b o t h E P S P s w a s a l s o 

o b s e r v e d d u r i n g t h e a p p l i c a t i o n o f t h e g r o u p I / I I m G l u R a n t a g o n i s t M C P G . T h i s c o u l d b e 

e x p l a i n e d b y a n i n c r e a s e i n g l u t a m a t e r e l e a s e from t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s 

f o l l o w i n g b l o c k a d e o f p r e s y n a p t i c m e t a b o t r o p i c r e c e p t o r s , w h i c h m a y i m p l y t h a t t h i s 

r e s p o n s e i s s o m e h o w m a s k e d i n t h e i n t a c t s l i c e ( f i g u r e 4 . 9 ) b y a r e d u c t i o n i n t h e 

e x c i t a b i l i t y o f C A S p y r a m i d a l c e l l s i n t h e p r e s e n c e o f t h e d r u g . 

U p o n t h e a p p l i c a t i o n o f 1 | a M K A , t h e E P S P s l o p e s d e c r e a s e i n b o t h t h e i n t a c t a n d 

i s o l a t e d p r e p a r a t i o n i n a m a n n e r c o m p a r a b l e t o t h a t o b s e r v e d f o r K A a l o n e . T h i s m a y 

i n d i c a t e t h a t t h e a c t i v a t i o n o f G r o u p I / I I m G l u R ' s p l a y s n o r o l e i n t h e e f f e c t o f K A w i t h 

r e s p e c t t o t h e r e l e a s e o f g l u t a m a t e from t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s i n e i t h e r 

p r e p a r a t i o n . O n e c a v e a t t o b e b o r n e i n m i n d i s t h e l o w n u m b e r o f e x p e r i m e n t s i n b o t h o f 

t h e s e d a t a s e t s ( n = 2 f o r t h e i n t a c t s l i c e a n d n = 3 f o r t h e i s o l a t e d C A l p r e p a r a t i o n s ) w h i c h 

p r e v e n t s a n y f i r m c o n c l u s i o n s from b e i n g r e a c h e d w i t h r e g a r d t o t h e s e d a t a . 

4.4.1.1.2 Group II/III mGIuRs 

T h e e f f e c t s o f t h e n o n - s e l e c t i v e g r o u p I I / I I I a n t a g o n i s t M P P G a r e s o m e w h a t 

d i f f e r e n t . I n t h e i n t a c t s l i c e ( f i g u r e 4 . 1 5 ) M P P G a p p l i c a t i o n c a u s e s a n i n c r e a s e i n b o t h 

E P S P s l o p e s . T h u s i t m a y b e t h a t b l o c k a d e o f p r e s y n a p t i c g r o u p I I I m e t a b o t r o p i c r e c e p t o r s 

o n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s r e s u l t s i n a f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e . T h i s i n 

t u r n w o u l d b e e x p e c t e d t o i n c r e a s e t h e s l o p e o f t h e E P S P m e a s u r e d f r o m stratum radiatum 

a n d a t t h e s a m e t i m e t o a n i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e . I n t h e i s o l a t e d C A l 

p r e p a r a t i o n ( f i g u r e 4 . 1 8 ) t h e r e i s n o s i g n i f i c a n t c h a n g e s e e n i n t h e p o p u l a t i o n s p i k e 

a m p l i t u d e w i t h M P P G , a l t h o u g h o n c e a g a i n t h e E P S P s l o p e s a r e m a r k e d l y i n c r e a s e d . T h i s 

w o u l d t e n d t o p o i n t t o a p r e s y n a p t i c s i t e o f a c t i o n r a t h e r t h a n a n i n c r e a s e d e x c i t a t i o n o f 

C A 3 p y r a m i d a l c e l l s . 

T h e r e d u c t i o n i n t h e first a n d s e c o n d E P S P s l o p e s p r o d u c e d b y t h e a d d i t i o n o f K A 

i n t h e i n t a c t s l i c e a p p e a r s t o b e e x a c e r b a t e d b y t h e p r e s e n c e o f M P P G , a l t h o u g h t h i s d o e s 

n o t r e a c h s i g n i f i c a n c e . 

4.4.1.2 The role of PKC 

A s s e e n p r e v i o u s l y ( C o r r a d e t t i et al. 1 9 8 9 ) , t h e s l o p e o f t h e first E P S P i n c r e a s e d i n 

b o t h t h e i n t a c t ( f i g u r e 4 . 2 1 ) a n d i s o l a t e d s l i c e ( f i g u r e 4 . 2 4 ) i n t h e p r e s e n c e o f 2 0 ^ M H - 7 . 

I n t e r e s t i n g l y t h e s e c o n d E P S P e x h i b i t s a m a r k e d d e p r e s s i o n d u r i n g t h i s t i m e , p o s s i b l y d u e 
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t o a r e d u c e d e f f i c i e n c y i n t h e m e c h a n i s m s r e g u l a t i n g p r e s y n a p t i c C a ^ ^ c h a n n e l s o n t h e 

S c h a f f e r c o l l a t e r a l t e r m i n a l s l e a d i n g t o a r e d u c t i o n i n g l u t a m a t e r e l e a s e f o l l o w i n g t h e 

s e c o n d s t i m u l u s . H o w e v e r , i t i s a l s o p o s s i b l e t h a t t h e e p i l e p t i f o r m a c t i v i t y o f C A l 

p y r a m i d a l c e l l s f o l l o w i n g t h e f i r s t s t i m u l u s i s l i m i t i n g t h e s i z e o f t h e s e c o n d E P S P d u e t o 

a c o n t i n u e d d e p o l a r i s a t i o n f o l l o w i n g t h e first s t i m u l u s r e n d e r i n g t h e C A l p y r a m i d a l c e l l s 

p a r t i a l l y r e f r a c t o r y a t t h e t i m e o f t h e s e c o n d s t i m u l u s . A p p l i c a t i o n o f H - 7 ( 2 0 | u . M ) 

p r o d u c e d n o s i g n i f i c a n t c h a n g e i n t h e r e s p o n s e o f t h e E P S P i n t h e p r e s e n c e o f K A 

h o w e v e r , t h u s s u g g e s t i n g t h a t d o w n r e g u l a t i o n o f g l u t a m a t e r e l e a s e f r o m t h e S c h a f f e r 

c o l l a t e r a l s o c c u r s i n d e p e n d e n t l y o f P K C ( o r P K A ) a c t i v a t i o n . T h i s m a y i n d i c a t e a 

d i f f e r e n c e t h e w a y i n w h i c h K A m o d u l a t e s t h e r e l e a s e o f n e u r o t r a n s m i t t e r a t e x c i t a t o r y 

a n d i n h i b i t o r y s y n a p s e s s i n c e C u n h a et a l . ( 1 9 9 9 ) h a v e d e m o n s t r a t e d a d e p e n d e n c e o n 

P K C f o r t h e r e d u c t i o n i n G A B A r e l e a s e b y K A i n h i p p o c a m p a l s y n a p t o s o m a l 

p r e p a r a t i o n s . I n a d d i t i o n , R o d r i g u e z - M o r e n o a n d L e r m a ( 1 9 9 8 ) h a v e s h o w n P K C 

i n h i b i t o r s t o a b o l i s h t h e e f f e c t o f K A o n e v o k e d G A B A e r g i c i n h i b i t i o n . 

4.4.1.3 GABAB receptor blockade 

GABAB r e c e p t o r s a r e a c l a s s o f i n h i b i t o r y m e t a b o t r o p i c r e c e p t o r s a c t i v a t e d b y 

GABA a n d c o u p l e d t o i n h i b i t o r y G p r o t e i n s s u c h a s Gj a n d Go. I n t h e h i p p o c a m p u s t h e s e 

r e c e p t o r s a r e l i n k e d t o t h e a c t i v a t i o n o f a s l o w p o t a s s i u m c o n d u c t a n c e w h i c h l e a d s t o 

h y p e r p o l a r i s a t i o n o f t h e m e m b r a n e . I n a d d i t i o n t o a p o s t s y n a p t i c l o c u s o f a c t i o n , t h e y m a y 

b e l o c a t e d p r e s y n a p t i c a l l y , t h e i r a c t i v a t i o n b r i n g i n g a b o u t a n i n h i b i t i o n o f t r a n s m i t t e r 

r e l e a s e ( B o w e r y et al. 1 9 8 0 , L a n t h o n a n d C o t m a n 1 9 8 1 ) . F r e r k i n g et al ( 1 9 9 9 ) s a w a 

r e d u c t i o n o f a p p r o x i m a t e l y 5 0 % i n t h e KA i n d u c e d i n h i b i t i o n o f GABA m e d i a t e d e v o k e d 

I P S C s i n t h e p r e s e n c e o f t h e GABAB a n t a g o n i s t S C H 5 0 9 1 1 . T h i s m a y i n d i c a t e a 

c o n t r i b u t i o n o f p r e s y n a p t i c GABAB r e c e p t o r a c t i v a t i o n o n i n t e m e u r o n e t e r m i n a l s via a n 

i n c r e a s e i n GABA r e l e a s e d u e t o a c t i v a t i o n o f p o s t s y n a p t i c KA r e c e p t o r s l o c a t e d o n t h e 

s o m a a n d d e n d r i t e s o f i n t e m e u r o n e s i n t h e m e c h a n i s m o f K A i n d u c e d d o w n r e g u l a t i o n o f 

GABA r e l e a s e . 

S i n c e t h i s w o r k w a s c a r r i e d o u t i n h i p p o c a m p a l s l i c e s i n w h i c h t h e i n h i b i t o r y 

c o m p o n e n t h a d b e e n p h a r m a c o l o g i c a l l y i s o l a t e d i t w a s o f i n t e r e s t t o s e e w h e t h e r a s i m i l a r 

e f f e c t c o u l d b e o b s e r v e d i n t h e field r e s p o n s e . T o t h i s e n d r e c o r d i n g s w e r e m a d e i n b o t h 

i n t a c t h i p p o c a m p a l s l i c e s a n d i s o l a t e d C A l p r e p a r a t i o n s d u r i n g t h e c o - a p p l i c a t i o n o f 

S C H 5 0 9 1 1 a n d K A . 
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A p p l i c a t i o n o f 2 0 | i M SCH50911 d o e s n o t s i g n i f i c a n t l y a f f e c t t h e s l o p e o f e i t h e r 

EPSP i n e i t h e r t h e i n t a c t ( f i g u r e 4 . 2 7 ) o r i s o l a t e d s l i c e ( f i g u r e 4 . 3 0 ) p r e p a r a t i o n s . T h e 

a p p l i c a t i o n o f 1 |LIM K A r e s u l t s i n a s i g n i f i c a n t l y r e d u c e d e f f e c t o f K A o n t h e first EPSP i n 

i n t a c t h i p p o c a m p a l s l i c e s ( p < 0 . 0 1 ) w h i c h i s n o t s e e n o n t h e s e c o n d EPSP. N e i t h e r i s t h e 

e f f e c t o f K A o n e i t h e r EPSP i n t h e i s o l a t e d C A I ( f i g u r e 4 . 4 5 a n d 4 . 4 7 ) p r e p a r a t i o n 

s i g n i f i c a n t l y d i f f e r e n t f r o m c o n t r o l . 

4.4.1.4 Adenosine mediated modulation of the EPSP 

A d e n o s i n e p l a y s a m a j o r r o l e i n t h e m o d u l a t i o n o f s y n a p t i c a c t i v i t y t h r o u g h o u t t h e 

c e n t r a l n e r v o u s s y s t e m ( K o s t o p o u l o s 1 9 8 8 ; F r e d h o l m 1 9 9 5 ) a n d i s d e r i v e d m a i n l y firom 

t h e h y d r o l y s i s o f n u c l e o t i d e s b y a n u m b e r o f e n d o - a n d e c t o n u c l e o t i d a s e s ( B r u n d e g e et al. 

1 9 9 7 D u n w i d d i e et al. 1 9 9 7 ) . I t i s k n o w n t h a t l e v e l s o f e x t r a c e l l u l a r a d e n o s i n e r i s e 

s i g n i f i c a n t l y d u r i n g s e i z u r e a c t i v i t y ( D u r i n g et al. 1 9 9 2 ; B e r m a n et al. 2 0 0 0 ) a s w e l l a s i n 

r e s p o n s e t o field s t i m u l a t i o n a n d h y p o x i a ( d e M e n d o n c a a n d R i b e i r o 1 9 9 7 ) . T h e r e f o r e i t i s 

p o s s i b l e t h a t a d e n o s i n e r e l e a s e m a y p l a y s o m e p a r t i n t h e d o w n r e g u l a t i o n o f t h e r e l e a s e o f 

g l u t a m a t e o r G A B A s e e n w i t h 1 p . M K A . 

4.4.1.4.1 The Ai receptor 

T h e a d e n o s i n e A i r e c e p t o r a p p e a r s t o b e p a r t i c u l a r l y a b u n d a n t i n t h e h i p p o c a m p u s 

( F a s t b o m et al. 1 9 8 7 ) , a n d i t i s p r e s u m a b l y v i a t h i s r e c e p t o r t h a t m a n y o f a d e n o s i n e ' s 

i n h i b i t o r y e f f e c t s o n n e u r o t r a n s m i s s i o n o c c u r . I n d e e d D u n w i d d i e ( 1 9 8 5 ) h a s o b s e r v e d 

a d e n o s i n e t o e x e r t a t o n i c e f f e c t o n e l e c t r o p h y s i o l o g i c a l a c t i v i t y w i t h i n t h e h i p p o c a m p u s , 

h o w e v e r t h e s e e f f e c t s m a y b e t e m p e r a t u r e d e p e n d e n t ( M a s i n o a n d D u n w i d d i e 1 9 9 9 ) , a n d 

t h e r e f o r e m a y n o t b e p r o n o u n c e d i n r e c o r d i n g s m a d e a t r o o m t e m p e r a t u r e . 

A p p l i c a t i o n o f t h e a d e n o s i n e A i r e c e p t o r a n t a g o n i s t D P C P X ( 5 0 n M ) d i d n o t 

s i g n i f i c a n t l y a f f e c t t h e field E P S P s l o p e s r e c o r d e d f r o m t h e i n t a c t s l i c e C A I ( f i g u r e 4 . 3 3 ) , 

b u t i n t e r e s t i n g l y p o t e n t i a t e d t h e E P S P s l o p e s i n t h e i s o l a t e d C A I p r e p a r a t i o n ( p < 0 . 0 5 ) 

( f i g u r e 4 . 3 6 ) . A d d i t i o n o f 1 ) L I M K A i n t h e p r e s e n c e o f D P C P X i n t h e i n t a c t s l i c e r e s u l t e d 

i n a r e d u c t i o n i n b o t h t h e first a n d s e c o n d E P S P s l o p e s . T h i s e f f e c t w a s n o t s i g n i f i c a n t l y 

d i f f e r e n t t o t h e r e s p o n s e t o K A a l o n e . D P C P X s i g n i f i c a n t l y ( p < 0 . 0 5 ) r e d u c e d t h e r e s p o n s e 

o f t h e first ( f i g u r e 4 . 4 5 ) b u t n o t t h e s e c o n d ( f i g u r e 4 . 4 7 ) E P S P t o t h e a p p l i c a t i o n o f K A i n 

t h e i s o l a t e d C A I p r e p a r a t i o n . 
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4.4.1.4.2 The A2 receptor 

A p p l i c a t i o n o f t h e A j s e l e c t i v e a n t a g o n i s t D M P X ( 1 0 | i . M ) c a u s e d n o s i g n i f i c a n t 

c h a n g e t o t h e E P S P s l o p e s i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 3 9 ) . I n t h e i s o l a t e d C A l 

( f i g u r e 4 . 4 2 ) , D M P X a p p l i c a t i o n r e s u l t e d i n a s i g n i f i c a n t r e d u c t i o n i n t h e s l o p e o f t h e 

s e c o n d E P S P ( p < 0 . 0 1 ) . I t i s p o s s i b l e t h a t t h i s p h e n o m e n o n m a y r e f l e c t a n u r r a i a s k i n g o f 

t h e i n h i b i t o r y e f f e c t s o f A i r e c e p t o r a c t i v a t i o n l e a d i n g t o a r e d u c e d p r e s y n a p t i c C a ^ ^ i n f l u x 

i n b o t h t h e S c h a f f e r c o l l a t e r a l s . T h i s i n t u r n w o u l d l e a d t o a d e c r e a s e i n t h e r e l e a s e o f 

g l u t a m a t e a n d h e n c e a r e d u c e d E P S P s l o p e . 

S i n c e t h e first E P S P s l o p e i n t h e i n t a c t s l i c e i s s i g n i f i c a n t l y s t e e p e r t h a n t h e K A 

c o n t r o l , i t m a y b e t h a t A 2 b l o c k a d e i s s o m e h o w r e d u c i n g t h e d e p r e s s a n t e f f e c t s o f K A i n 

t h e C A B , e n a b l i n g a n e n h a n c e d r e l e a s e f r o m t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . I t i s p o s s i b l e 

t h a t t h i s c o u l d b e o c c u r r i n g via a n e n h a n c e d a c t i o n o f a d e n o s i n e a t p o s t s y n a p t i c A ; 

r e c e p t o r s o n C A S p y r a m i d a l c e l l s , p r e v e n t i n g a d e p o l a r i s a t i o n b l o c k o c c u r r i n g i n t h i s 

r e g i o n f o l l o w i n g K A a d m i n i s t r a t i o n . T h i s m a y i n t u r n a l l o w f o r m o r e e f f e c t i v e e l e c t r i c a l 

c o u p l i n g b e t w e e n C A 3 a n d C A l . 

4.4.2 Effect of KA on the first Population Spike Amplitude 

4.4.2.1 Response to Kainic Acid 

A s d e s c r i b e d i n c h a p t e r 3 , a p p l i c a t i o n o f I p M K A c a u s e d a m a r k e d t r a n s i e n t 

i n c r e a s e i n t h e first p o p u l a t i o n s p i k e a m p l i t u d e w i t h i n t h e first t h r e e m i n u t e s i n b o t h t h e 

i n t a c t ( f i g u r e 4 . 3 ) a n d i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 4 . 6 ) . T h i s i n c r e a s e o c c u r s a t a 

t i m e d u r i n g w h i c h t h e E P S P s l o p e h a s a l r e a d y b e g u n t o d e c r e a s e , s u g g e s t i n g t h a t t h e 

o b s e r v e d i n c r e a s e i s n o t a c o n s e q u e n c e o f a n i n c r e a s e i n g l u t a m a t e r e l e a s e f r o m t h e 

S c h a f f e r c o l l a t e r a l s f o l l o w i n g t h e s t i m u l a t i o n o f C A 3 p y r a m i d a l c e l l s b y K A . I n s u p p o r t o f 

t h i s , t h e n o r m a l i s e d d a t a s h o w s t h a t t h i s i n c r e a s e i n a m p l i t u d e f r o m c o n t r o l i s o n l y 

m a r g i n a l l y g r e a t e r i n t h e i n t a c t s l i c e C A l ( 1 3 9 % ( ± 1 1 . 3 ) ) ( f i g u r e 4 . 4 8 ) w h e n c o m p a r e d t o 

t h e r e s p o n s e o f t h e i s o l a t e d C A l p r e p a r a t i o n ( 1 1 7 % ( ± 3 . 3 ) ) ( f i g u r e 4 . 4 9 ) . T h e r e f o r e , K A 

a p p l i c a t i o n i s e i t h e r d i r e c t l y c a u s i n g a n e x c i t a t i o n o f t h e C A l p y r a m i d a l c e l l p o p u l a t i o n , 

o r i n d i r e c t l y r e s u l t i n g i n a n i n c r e a s e i n t h e p y r a m i d a l c e l l o u t p u t ( a s m e a s u r e d b y 

p o p u l a t i o n s p i k e a m p l i t u d e ) v i a a r e d u c t i o n i n t h e e f f i c a c y o f G A B A e r g i c i n h i b i t o r y 

m e c h a n i s m s , o r a c o m b i n a t i o n o f b o t h o f t h e s e . 

B y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d , t h e p o p u l a t i o n s p i k e a m p l i t u d e i s r e d u c e d 

fi-om c o n t r o l i n b o t h p r e p a r a t i o n s . T h i s m a y b e d u e t o t h e s o m a t o - d e n d r i t i c K A r e c e p t o r 
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a c t i v a t i o n o f i n t e m e u r o n e s ( C o s s a r t et al 1 9 9 8 ; F r e r k i n g et al 1 9 9 8 , 1 9 9 9 ) . T h i s w o u l d b e 

e x p e c t e d t o l e a d t o a n i n c r e a s e i n G A B A r e l e a s e a n d t h u s t o a r e d u c t i o n i n t h e i n p u t from 

t h e C A l p y r a m i d a l c e l l p o p u l a t i o n . 

4.4.2.1 mGluR antagonism and KA response 

4.4.2.1.1 Group I/II mCluR antagonism 

I n t h e p r e s e n c e o f t h e g r o u p I / I I m G l u R a n t a g o n i s t M C P G , t h e a m p l i t u d e o f t h e 

f i r s t p o p u l a t i o n s p i k e d e c r e a s e d i n b o t h t h e i n t a c t s l i c e ( f i g u r e 4 . 9 ) a n d i s o l a t e d C A l 

p r e p a r a t i o n s ( f i g u r e 4 . 1 2 ) . T h i s m a y r e f l e c t a r e d u c t i o n i n t h e p o s t - s y n a p t i c r e s p o n s e t o 

s y n a p t i c a l l y r e l e a s e d g l u t a m a t e m e d i a t e d b y g r o u p I m G l u R s o n C A l p y r a m i d a l c e l l s . 

T h u s b l o c k a d e o f t h e s e r e c e p t o r s l e a d t o a r e d u c t i o n i n C A l p y r a m i d a l c e l l e x c i t a b i l i t y 

a n d h e n c e t o a d e c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e . 

U p o n t h e a d d i t i o n o f l ^ i M K A , n o s i g n i f i c a n t d i f f e r e n c e w a s o b s e r v e d w h e n 

c o m p a r e d w i t h t h e i n c r e a s e i n t h e n o r m a l i s e d p o p u l a t i o n s p i k e a m p l i t u d e o b s e r v e d d u r i n g 

t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 4 8 ) i n t h e 

a b s e n c e o f M C P G . I n t h e i s o l a t e d p r e p a r a t i o n , h o w e v e r , t h i s i n c r e a s e w a s m a r k e d l y 

p o t e n t i a t e d c o m p a r e d t o t h a t f o r K A a l o n e ( f i g u r e 4 . 4 9 ) . H o w e v e r , t h i s m a r k e d 

p o t e n t i a t i o n s h o u l d b e t r e a t e d w i t h c a u t i o n d u e t o t h e l o w n u m b e r o f e x p e r i m e n t s i n t h i s 

t r e a t m e n t g r o u p . 

4.4.2.1.2 Group II/III mGluR antagonism 

A d d i t i o n o f t h e g r o u p I I / I I I m G l u R a n t a g o n i s t M P P G t o t h e s u p e r f u s i n g A C S F l e d , 

i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 1 5 ) , t o a n i n c r e a s e i n t h e a m p l i t u d e o f t h e 

p o p u l a t i o n s p i k e s r e c o r d e d f r o m C A l . T h e r e w a s n o s i g n i f i c a n t c o r r e s p o n d i n g i n c r e a s e 

o b s e r v e d i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 1 8 ) . T h i s t e n d s t o s u g g e s t t h a t t h e 

p o t e n t i a t i o n o b s e r v e d i n t h e i n t a c t s l i c e p r e p a r a t i o n o c c u r r e d a s a r e s u l t o f t h e b l o c k a d e o f 

g r o u p I I / I I I m G l u R s u p s t r e a m o f t h e C A l r e g i o n . 

I n t h e i n t a c t s l i c e ( f i g u r e 4 . 4 8 ) , t h e p r e s e n c e o f M P P G c a u s e s a s i g n i f i c a n t 

b l o c k a d e o f t h e i n i t i a l i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e w h e n c o m p a r e d t o K A 

a l o n e ( p < 0 . 0 1 ) . T h i s r e d u c t i o n i n t h e r e s p o n s e t o K A p e r s i s t s t h r o u g h o u t t h e K A 

a p p l i c a t i o n p e r i o d . T h e i n i t i a l e f f e c t s o f K A o n t h e p o p u l a t i o n s p i k e a r e a l s o s i g n i f i c a n t l y 

b l o c k e d i n t h e i s o l a t e d C A l ( f i g u r e 4 . 4 9 ) i n t h e p r e s e n c e o f M P P G ( p < 0 . 0 1 ) . I n c o n t r a s t t o 
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t h e i n t a c t s h c e , h o w e v e r , t h e r e d u c t i o n i n t h e p o p u l a t i o n s p i k e a m p l i t u d e f o l l o w i n g t h i s 

i n i t i a l p h a s e a p p e a r s t o b e s i g n i f i c a n t l y e x a c e r b a t e d i n t h e i s o l a t e d s l i c e ( p < 0 . 0 1 ) . 

4.4.2.2 Protein kinase C inhibition 

I n t r o d u c t i o n o f t h e P K C i n h i b i t o r H - 7 t o t h e s u p e r f u s i n g A C S F r e s u l t e d i n a n 

i n c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e i n b o t h t h e i n t a c t s l i c e ( f i g u r e 4 . 2 1 ) a n d i s o l a t e d 

C A l p r e p a r a t i o n s ( f i g u r e 4 . 2 4 ) . C o r r a d e t t i et a l . ( 1 9 8 9 ) f o u n d H - 7 a b o l i s h e d t h e 

i n t r a c e l l u l a r l y r e c o r d e d e v o k e d I P S P s f r o m C A l p y r a m i d a l c e l l s , w h i c h l e a d t o t h e o n s e t 

o f e p i l e p t i f o r m a c t i v i t y . I t i s l i k e l y t h a t t h i s r e d u c t i o n i n i n h i b i t o r y f i i n c t i o n i s r e s p o n s i b l e 

f o r t h e o b s e r v e d i n c r e a s e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e . 

A d d i t i o n o f K A i n t h e p r e s e n c e o f H - 7 d i d n o t r e s u l t i n a f u r t h e r i n c r e a s e i n 

p o p u l a t i o n s p i k e a m p l i t u d e i n e i t h e r o f t h e p r e p a r a t i o n s u s e d . N o r d i d i t i n c r e a s e t h e 

n u m b e r o f s p i k e s i n t h e e p i l e p t i f o r m b u r s t p r o d u c e d b y H - 7 . T h i s o b s e r v a t i o n m a y s u g g e s t 

a g r e e m e n t w i t h t h o s e o f M e l y a n et a l . ( 2 0 0 2 ) , w h o f o u n d t h a t t h e p o s t - s y n a p t i c G l u R 6 

c o n t a i n i n g r e c e p t o r m e d i a t e d i n h i b i t i o n o f t h e ISAHP i n C A l p y r a m i d a l c e l l s w a s b l o c k e d 

b y t h e P K C i n h i b i t o r c a l p h o s t i n C . I n h i b i t i o n o f t h e ISAHP b y K A w o u l d b e e x p e c t e d t o 

l e a d t o a n i n c r e a s e i n t h e e x c i t a b i l i t y o f t h e p y r a m i d a l c e l l p o p u l a t i o n i n C A l . T h i s i n t u r n 

w o u l d b e e x p e c t e d t o l e a d t o e i t h e r a n i n c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e o r a n i n c r e a s e 

i n t h e n u m b e r o f s p i k e s i n t h e e p i l e p t i f o r m b u r s t . H o w e v e r , i t i s a l s o p o s s i b l e t h a t K A 

d o e s n o t s t i m u l a t e a f u r t h e r i n c r e a s e i n p o p u l a t i o n s p i k e a m p l i t u d e a s a r e s u l t o f t h e 

p y r a m i d a l c e l l p o p u l a t i o n a l r e a d y w o r k i n g a t m a x i m a l o u t p u t u n d e r t h e i m p a i r e d 

i n h i b i t o r y c o n d i t i o n s w h i c h l e a d t o t h e o b s e r v e d e p i l e p t i f o r m a c t i v i t y . 

T h e r e f o r e i t i s p o s s i b l e t h a t P K C i s n o t i n v o l v e d i n t h e K A r e s p o n s e b u t i t s e f f e c t s 

o n i n h i b i t o r y f u n c t i o n o b s c u r e t h e a c t i o n s o f K A . W e r e t h i s t h e c a s e , t h e n i t w o u l d n o t b e 

u n r e a s o n a b l e t o s u p p o s e t h a t a d i r e c t e x c i t a t o r y e f f e c t b y K A o n t h e C A l p y r a m i d a l c e l l 

p o p u l a t i o n u n d e r c o n d i t i o n s i n w h i c h t h e i n h i b i t o r y m e c h a n i s m s w e r e r e d u c e d c o u l d l e a d 

t o a n i n c r e a s e i n t h e n u m b e r o f s p i k e s a p p e a r i n g i n t h e e p i l e p t i f o r m b u r s t . H o w e v e r , t h i s 

d o e s n o t o c c u r i n e i t h e r i n t a c t s l i c e s ( f i g u r e 4 . 2 2 ) o r i s o l a t e d C A l p r e p a r a t i o n s ( f i g u r e 

4.25). 

T h e r e f o r e , t h i s m a y p r o v i d e f u r t h e r e v i d e n c e t o s u p p o r t a m e t a b o t r o p i c m e c h a n i s m 

o f a c t i o n f o r K A o n t h e C A l p y r a m i d a l c e l l a s o p p o s e d t o a n i o n o t r o p i c e f f e c t . 
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4.4.2.3 GABAB antagonism 

I n b o t h t h e i n t a c t ( f i g u r e 4 . 2 7 ) a n d i s o l a t e d s l i c e p r e p a r a t i o n s ( f i g u r e 4 . 3 0 ) , 

a p p l i c a t i o n o f 2 0 | i M S C H 5 0 9 1 1 c a u s e d a s i g n i f i c a n t r e d u c t i o n i n t h e a m p l i t u d e o f b o t h 

t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e , w i t h o u t s i g n i f i c a n t l y a f f e c t i n g t h e s l o p e o f e i t h e r 

E P S P . A s i m i l a r e f f e c t h a s b e e n s e e n w i t h t h e a n t a g o n i s t 2 - h y d r o x y - s a c l o f e n ( C a d d i c k et 

al. 1 9 9 5 ) w h i c h c o u l d b e a b o l i s h e d b y t h e c o - a p p l i c a t i o n o f p h a c l o f e n . S i n c e t h e c o -

a p p l i c a t i o n o f b i c u c u l l i n e d i d n o t a l t e r t h e r e s p o n s e t o 2 - h y d r o x y - s a c l o f e n i t w a s d e e m e d 

u n l i k e l y t h a t b l o c k a d e o f GABAB r e c e p t o r s w a s c a u s i n g a f a c i l i t a t i o n o f t o n i c GABA 

r e l e a s e f r o m i n t e m e u r o n e s a n d s o r e d u c i n g t h e a m p l i t u d e o f t h e p o p u l a t i o n s p i k e . 

C o - a p p l i c a t i o n o f S C H 5 0 9 1 1 w i t h K A d i d n o t s i g n i f i c a n t l y a f f e c t t h e i n i t i a l 

r e s p o n s e t o K A i n e i t h e r p r e p a r a t i o n . H o w e v e r , t h e p o p u l a t i o n s p i k e a m p l i t u d e i n t h e 

i n t a c t s l i c e ( f i g u r e 4 . 2 7 ) r e m a i n s s i g n i f i c a n t l y e l e v a t e d u n t i l t h e e n d o f t h e K A a p p l i c a t i o n 

p e r i o d . I n t e r e s t i n g l y , t h e c o n v e r s e i s t r u e f o r t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 9 ) , 

t h e n o r m a l i s e d p o p u l a t i o n s p i k e a m p l i t u d e b e i n g s i g n i f i c a n t l y r e d u c e d i n c o m p a r i s o n t o 

t h e n o r m a l i s e d v a l u e s f o r K A a l o n e . 

4.4.2.4 Adenosine Receptor Antagonism 

4.4.2.4.1 The Ai Receptor 

T h e a d e n o s i n e A ; r e c e p t o r a n t a g o n i s t w a s a p p l i e d t o s l i c e s b o t h p r i o r a n d d u r i n g 

t h e a p p l i c a t i o n o f K A . A p p l i c a t i o n o f D P C P X c o u l d r e s u l t i n t w o p o s s i b l e c o n s e q u e n c e s . 

F i r s t l y , t h e r o l e o f t h e A i r e c e p t o r i n t h e r e s p o n s e t o K A w o u l d b e r e v e a l e d . S e c o n d l y , t h e 

e f f e c t o f t h e u n o p p o s e d a c t i o n o f a d e n o s i n e a t t h e A ; r e c e p t o r d u r i n g t h e K A r e s p o n s e 

c o u l d e m e r g e . T h e A 2 a d e n o s i n e r e c e p t o r h a s b e e n s h o w n t o p l a y a f a c i l i t a t o r y r o l e w i t h i n 

t h e h i p p o c a m p u s . F o r e x a m p l e , a c t i v a t i o n o f t h e A 2 A s u b t y p e h a s b e e n d e m o n s t r a t e d b y 

G o n c a l v e s et a l . ( 1 9 9 7 ) t o f a c i l i t a t e s y n a p t i c a c t i v i t y w i t h i n t h e C A S r e g i o n . 

A l r e c e p t o r a n t a g o n i s m d i d n o t s i g n i f i c a n t l y a f f e c t t h e p o p u l a t i o n s p i k e a m p l i t u d e s 

r e c o r d e d from t h e i n t a c t s l i c e C A l ( f i g u r e 4 . 3 0 ) . I n t h e i s o l a t e d s l i c e h o w e v e r , i t r e d u c e d 

t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e ( p < 0 . 0 1 ) ( f i g u r e 4 . 3 3 ) , w h i c h m a y r e f l e c t a n 

i n c r e a s e d e x c i t a t o r y d r i v e t o t h e i n t e m e u r o n a l p o p u l a t i o n f o l l o w i n g t o n i c A 2 r e c e p t o r 

a c t i v a t i o n l e a d i n g t o a f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e f r o m t h e S c h a f f e r c o l l a t e r a l s . C o -

a d m i n i s t r a t i o n o f K A w i t h D P C P X i n t h e i n t a c t s l i c e p r e p a r a t i o n r e s u l t e d i n a s t r o n g 

p o t e n t i a t i o n o f t h e p o p u l a t i o n s p i k e w h i c h w a s s i g n i f i c a n t l y m o r e p r o n o u n c e d t h a n 
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o b s e r v e d f o r K A o n l y ( f i g u r e 4 . 4 8 ) . T h i s p o t e n t i a t i o n p e r s i s t e d t h r o u g h o u t t h e K A 

a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . I n a d d i t i o n t o t h i s t h e field p o p u l a t i o n s p i k e r e c o r d i n g 

e x h i b i t e d e p i l e p t i f o r m a c t i v i t y i n 2 o u t o f t h e 5 s l i c e s t e s t e d b y t h e e n d o f t h e K A 

a p p l i c a t i o n p e r i o d . T h i s e p i l e p t i f o r m a c t i v i t y m a y o c c u r a s a r e s u l t o f t h e b l o c k a d e o f 

p o s t - s y n a p t i c A i r e c e p t o r s , w h i c h a r e k n o w n t o e x e r t a n i n h i b i t o r y i n f l u e n c e o n N M D A 

r e c e p t o r m e d i a t e d c u r r e n t s r e c o r d e d f r o m a c u t e l y d i s s o c i a t e d C A l p y r a m i d a l c e l l s ( d e 

M e n d o n c a et al 1 9 9 5 ) . I n a d d i t i o n t o t h i s , A i r e c e p t o r b l o c k a d e p r e v e n t s a n a d e n o s i n e 

m e d i a t e d K " ^ e f f l u x & o m t h e p o s t s y n a p t i c c e l l . C o m b i n i n g t h e s e e f f e c t s w i t h t h e i n h i b i t o r y 

e f f e c t o f K A o n t h e ISAHP w o u l d b e p r e s u m e d t o l e a d t o a h y p e r e x c i t a b l e p y r a m i d a l c e l l 

p o p u l a t i o n . I t i s a l s o l i k e l y t h a t t h e p r e s e n c e o f a n A i a n t a g o n i s t p o t e n t i a t e s t h e e f f e c t s o f 

e n d o g e n o u s a d e n o s i n e a t e x c i t a t o r y A i a r e c e p t o r s ( S e b a s t i a o a n d R i b e i r o 2 0 0 0 ) , w h i c h 

w o u l d b e e x p e c t e d t o l e a d t o a n i n c r e a s e d a c t i v a t i o n o f N M D A r e c e p t o r s , a g a i n l e a d i n g t o 

i n c r e a s e d e x c i t a b i l i t y . 

A s i m i l a r p a t t e r n o f r e s p o n s e i s s e e n i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 9 

a n d 4 . 5 1 ) w i t h r e g a r d t o t h e p o t e n t i a t i o n o f t h e first a n d s e c o n d p o p u l a t i o n s p i k e s , w h i c h 

a g a i n r e m a i n e l e v a t e d t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . E p i l e p t i f o r m a c t i v i t y w a s 

o b s e r v e d i n 1 o u t o f t h e 5 p r e p a r a t i o n s t e s t e d . T h i s w o u l d t e n d t o i n d i c a t e t h a t a n u p s t r e a m 

e f f e c t o f C A S i s n o t i m p o r t a n t i n t h e m a i n t e n a n c e o f a n e l e v a t e d o u t p u t f r o m t h e 

p y r a m i d a l c e l l s o f C A l . T h i s a d d s f u r t h e r w e i g h t t o t h e h y p o t h e s i s t h a t t h i s i s a d i r e c t 

p o s t s y n a p t i c e f f e c t o f C A l p y r a m i d a l c e l l s . 

4.4.2.4.2 The A2 Receptor 

A d m i n i s t r a t i o n o f t h e A 2 s e l e c t i v e a n t a g o n i s t D M P X c a u s e d n o s i g n i f i c a n t c h a n g e 

t o t h e p o p u l a t i o n s p i k e a m p l i t u d e i n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 3 9 ) . H o w e v e r , i n 

t h e i s o l a t e d C A l , D M P X a p p l i c a t i o n r e s u l t e d i n a s m a l l , b u t s i g n i f i c a n t p o t e n t i a t i o n o f t h e 

first p o p u l a t i o n s p i k e ( p < 0 . 0 5 ) ( f i g u r e 4 . 4 2 ) . T h i s m a y r e f l e c t a n u n o p p o s e d a c t i o n o f 

e n d o g e n o u s l y r e l e a s e d a d e n o s i n e a t A i r e c e p t o r s l o c a t e d p r e s y n a p t i c a l l y o n i n t e m e u r o n a l 

t e r m i n a l s l e a d i n g t o a r e d u c e d p r e s y n a p t i c C a ^ ^ i n f l u x . T h i s w o u l d b e e x p e c t e d t o r e d u c e 

G A B A r e l e a s e , l e a d i n g t o a d e c r e a s e i n t h e t o n i c i n h i b i t i o n o f p y r a m i d a l c e l l a c t i v i t y a n d 

h e n c e a n i n c r e a s e i n p o p u l a t i o n s p i k e a m p l i t u d e . 

I n t h e i n t a c t s l i c e , a d d i t i o n o f 1 p M K A i n t h e p r e s e n c e o f D M P X p r o d u c e s a 

p o t e n t i a t i o n o f b o t h t h e first a n d s e c o n d p o p u l a t i o n s p i k e s t h a t i s s i g n i f i c a n t l y g r e a t e r t h a n 

w o u l d b e e x p e c t e d f o r K A a l o n e ( p < 0 . 0 1 ) ( f i g u r e s 4 . 4 9 a n d 4 . 5 1 ) w h i c h i s s u s t a i n e d 

t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . T h i s i s n o t s e e n t o b e t h e c a s e i n t h e i s o l a t e d C A l 
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( f i g u r e s 4 . 5 0 a n d 4 . 5 2 ) , i n w h i c h t h e c h a n g e s i n p o p u l a t i o n s p i k e a m p l i t u d e a r e n o t 

s i g n i f i c a n t l y d i f f e r e n t t o c o n t r o l . 

T h i s p r o l o n g e d d u r a t i o n o f t h e i n c r e a s e d p o p u l a t i o n s p i k e a m p l i t u d e t h r o u g h o u t 

t h e c o u r s e o f K A a p p l i c a t i o n m a y r e f l e c t a c t i v a t i o n o f A i r e c e p t o r s o n t h e p r e s y n a p t i c 

t e r m i n a l s o f i n t e m e u r o n e s . A d m i n i s t r a t i o n o f K A w o u l d b e e x p e c t e d , a m o n g i t ' s m a n y 

e f f e c t s , t o e x c i t e t h e i n t e m e u r o n e s o f C A l via a c t i v a t i o n o f s o m a t o - d e n d r i t i c K A r e c e p t o r s 

( F r e r k i n g et al. 1 9 9 8 , C o s s a r t et al. 1 9 9 8 ) . T h i s w o u l d b e e x p e c t e d t o l e a d t o a n i n c r e a s e i n 

t h e t o n i c r e l e a s e o f G A B A , w h i c h w o u l d t h e n l e a d t o a r e d u c t i o n i n t h e a m p l i t u d e o f t h e 

p o p u l a t i o n s p i k e . I t i s p o s s i b l e t h e r e f o r e t h a t u n d e r c i r c u m s t a n c e s s u c h a s t h e b l o c k a d e o f 

t h e A l r e c e p t o r , w h i c h p r e s u m a b l y l e a v e s t h e a c t i o n o f t o n i c a l l y r e l e a s e d a d e n o s i n e a t t h e 

A l r e c e p t o r u n o p p o s e d , t h a t t h i s r e l e a s e o f G A B A m a y b e r e d u c e d . T h i s m a y t h e n i n t u r n 

p r o l o n g t h e e l e v a t i o n o f t h e p o p u l a t i o n s p i k e a m p l i t u d e , s i n c e t h e p o s t - s y n a p t i c , G l u R 6 

m e d i a t e d i n h i b i t i o n o f t h e p y r a m i d a l c e l l ISAHP h a s b e e n f o u n d t o b e n o n - d e s e n s i t i s i n g 

( M e l y a n et al 2 0 0 2 a n d p e r s o n a l c o m m u n i c a t i o n ) . 

4.4.3 Effect of KA on paired-pulse inhibition 

A s p r e v i o u s l y d e s c r i b e d i n c h a p t e r 3 , k a i n a t e h a s b e e n r e p o r t e d t o c a u s e a n 

i n c r e a s e i n s t i m u l u s e v o k e d f a i l u r e s o f G A B A e r g i c t r a n s m i s s i o n ( F r e r k i n g 1 9 9 8 ) . I n 

a d d i t i o n , t h e f i r e q u e n c y o f m i n i a t u r e I P S P s r e c o r d e d fi-om C A l p y r a m i d a l c e l l s i n t h e 

p r e s e n c e o f t e t r o d o t o x i n w a s r e d u c e d b y K A a p p l i c a t i o n ( R o d r i g u e z - M o r e n o et al 1 9 9 7 , 

R o d r i g u e z - M o r e n o a n d L e r m a 1 9 9 8 ) . T h i s r e s p o n s e w a s s e n s i t i v e t o b o t h p e r t u s s i s t o x i n 

a n d i n h i b i t o r s o f p r o t e i n k i n a s e C , i m p l i c a t i n g a m e t a b o t r o p i c m e c h a n i s m o f a c t i o n . T h i s 

l e a d t o s p e c u l a t i o n o f a p r e s y n a p t i c , m e t a b o t r o p i c a l l y c o u p l e d K A r e c e p t o r b e i n g i n v o l v e d 

i n t h e d o w n r e g u l a t i o n o f G A B A r e l e a s e fi-om i n t e m e u r o n a l t e r m i n a l s . 

A n a l t e r n a t i v e ( o r p e r h a p s c o m p l i m e n t a r y ) h y p o t h e s i s h a s b e e n p u t f o r w a r d f o r t h e 

m e c h a n i s m b y w h i c h K A d o w n r e g u l a t e s t h e r e l e a s e o f GABA f r o m i n t e m e u r o n e s b y 

F r e r k i n g et al ( 1 9 9 8 ) . I t i s k n o w n t h a t a c t i v a t i o n o f G l u R 5 c o n t a i n i n g K A r e c e p t o r s 

l o c a t e d i n t h e s o m a t o - d e n d r i t i c c o m p a r t m e n t o f t h e i n t e m e u r o n e l e a d s t o a n i n c r e a s e i n t h e 

n u m b e r o f E P S P s r e c o r d e d firom t h e s e i n t e m e u r o n e s . T h i s i n t u m p r o d u c e s a n i n c r e a s e i n 

t h e fi-equency o f i n t e m e u r o n a l s p i k i n g a n d h e n c e a n i n c r e a s e i n t h e r e l e a s e o f GABA 

( C o s s a r t 1 9 9 8 ; F r e r k i n g et a l . 1 9 9 8 , 1 9 9 9 ) . A c c o r d i n g t o F r e r k i n g ' s h y p o t h e s i s ( 1 9 9 9 ) t h e 

r e l e a s e o f GABA i s s u f f i c i e n t t o a c t i v a t e p r e - s y n a p t i c GABAB r e c e p t o r s a n d t h u s , b y a n a s 
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y e t u n d e t e r m i n e d s i g n a l l i n g c a s c a d e , r e d u c e i n f l u x a n d h e n c e t h e r e l e a s e o f GABA. 

I n F r e r k i n g ' s h a n d s , a n t a g o n i s m o f GABAB r e c e p t o r s d i d i n f a c t r e d u c e t h e e f f e c t o f KA 

o n t h e r e l e a s e o f GABA b y a p p r o x i m a t e l y 5 0 % . H o w e v e r , t h i s m e c h a n i s m i s c o n t e n t i o u s 

s i n c e M i n M - Y et al ( 1 9 9 9 ) o b s e r v e d n o e f f e c t w i t h GABAB a n t a g o n i s t s o n KA r e c e p t o r 

m e d i a t e d d o w n r e g u l a t i o n o f GABA r e l e a s e b y e n d o g e n o u s l y r e l e a s e d g l u t a m a t e f o l l o w i n g 

a b r i e f b u r s t o f s t i m u l i . 

I t i s h o p e d t h a t t h e d a t a p r e s e n t e d h e r e m a y h e l p t o e l u c i d a t e t h e p o s s i b l e 

m e c h a n i s m f o r t h e e f f e c t o f K A o n t h e r e l e a s e o f G A B A f r o m t h e i n t e m e u r o n e . 

4.4.3.1 Metabotropic glutamate receptor antagonism 

A s m e n t i o n e d p r e v i o u s l y , m G l u R s a r e i n v o l v e d i n t h e r e g u l a t i o n o f g l u t a m a t e a n d 

G A B A r e l e a s e o n t o t h e p r i n c i p a l c e l l s o f t h e h i p p o c a m p u s . I n a d d i t i o n t o t h i s , S e m y a n o v 

et a l . ( 2 0 0 0 ) h a v e d e m o n s t r a t e d t h a t a c t i v a t i o n o f g r o u p I I I m G l u R s b y s p i l l o v e r o f 

g l u t a m a t e from t h e s y n a p s e r e g u l a t e s t h e r e l e a s e o f G A B A from o n e i n t e m e u r o n e o n t o i t s 

n e i g h b o u r s . T h i s w o u l d p r e s u m a b l y l e a d t o a d i s i n h i b i t i o n o f t h e i n t e m e u r o n a l p o p u l a t i o n , 

l e a d i n g t o a g r e a t e r d e g r e e o f b o t h t o n i c a n d e v o k e d i n h i b i t i o n . 

I t i s t h e r e f o r e p o s s i b l e t h a t b l o c k a d e o f m G l u R s m a y u n m a s k s o m e c o m p o n e n t o f 

t h e e f f e c t o f K A o n t h e i n h i b i t o r y m e c h a n i s m s w i t h i n t h e s l i c e . 

4.4.3.1.1 Group I/Il mGluR antagonism 

A p p l i c a t i o n o f t h e g r o u p I a n d I I a n t a g o n i s t M C P G t o b o t h i n t a c t ( f i g u r e 4 . 9 ) a n d 

i s o l a t e d h i p p o c a m p a l s l i c e s ( f i g u r e 4 . 1 2 ) c a u s e d a s i g n i f i c a n t d e p r e s s i o n o f b o t h t h e first 

a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s . A l s o d u r i n g t h i s t i m e t h e p e r c e n t a g e i n h i b i t i o n 

i n c r e a s e d ( f i g u r e s 4 . 1 0 a n d 4 . 1 1 3 ) . T h i s i n d i c a t e s a c h a n g e i n t h e r a t i o b e t w e e n t h e first 

a n d s e c o n d p o p u l a t i o n s p i k e s . I n t h e i n t a c t s l i c e p r e p a r a t i o n ( f i g u r e 4 . 9 ) , t h i s c h a n g e w a s 

c h a r a c t e r i s e d b y a g r e a t e r r e d u c t i o n i n t h e first s p i k e t h a n i n t h e s e c o n d . C o n v e r s e l y , i n t h e 

i s o l a t e d C A l p r e p a r a t i o n , t h e s e c o n d s p i k e w a s m o r e m a r k e d l y r e d u c e d t h a n t h e first 

( f i g u r e 4 . 1 2 ) . 

I n t h e i n t a c t s l i c e p r e p a r a t i o n , i n t r o d u c t i o n o f M C P G t o t h e r e c o r d i n g c h a m b e r 

w o u l d b e e x p e c t e d t o b l o c k t h e a c t i o n o f m G l u R s a t s e v e r a l s i t e s . F i r s t l y , g r o u p I I 

r e c e p t o r s o n t h e m o s s y fibre t e r m i n a l s c o n s i s t i n g m a i n l y o f t h e m G l u R 2 s u b t y p e 

( S h i g e m o t o et a l . 1 9 9 7 ) w o u l d b e e x p e c t e d t o e x h i b i t a r e d u c e d i f n o t a b o l i s h e d fimction. 

A c t i v a t i o n o f t h e s e r e c e p t o r s h a s b e e n d e m o n s t r a t e d t o r e d u c e t h e r e l e a s e o f g l u t a m a t e 
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o n t o C A 3 p y r a m i d a l c e l l s ( L a n t h o m et a l . 1 9 8 9 , Y o k o i et a l . 1 9 9 6 ) . T h i s w o u l d t e n d t o 

s u g g e s t t h a t t h e C A 3 p y r a m i d a l c e l l s m a y b e i n a s t a t e o f g r e a t e r e x c i t a t i o n t h a n d u r i n g t h e 

c o n t r o l p e r i o d . S e c o n d l y , a c t i v i t y o f g r o u p I m G l u R r e c e p t o r s o n t h e S c h a f f e r c o l l a t e r a l 

t e r m i n a l s ( G e r e a u a n d C o r m 1 9 9 5 ) w o u l d a l s o b e a n t a g o n i s e d . I n a d d i t i o n t o t h i s , M C P G 

w o u l d a l s o b e e x p e c t e d t o r e d u c e t h e a c t i v i t y o f p o s t s y n a p t i c a l l y l o c a t e d g r o u p I m G l u R s 

o n t h e C A l p y r a m i d a l c e l l s ( L u j a n e t al 1 9 9 6 ) . A c t i v a t i o n o f t h e s e r e c e p t o r s h a s b e e n 

f o u n d t o r e s u l t i n a n e x c i t a t i o n o f C A l p y r a m i d a l c e l l s . 

T h u s t h e p a t t e r n o f r e s p o n s e o b s e r v e d i n t h e i n t a c t s l i c e u p o n t h e i n t r o d u c t i o n o f 

M C P G m a y r e f l e c t a c o m p l e x s e r i e s o f e v e n t s i n c l u d i n g a f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e 

from t h e m o s s y f i b r e p a t h w a y o n t o t h e p y r a m i d a l c e l l s o f C A B . T h i s r e s u l t s i n a g r e a t e r 

f i r i n g p r o b a b i l i t y f o r t h e s e c e l l s . T h i s i n t u r n c o u l d b e e x p e c t e d t o l e a d t o a n e n h a n c e d 

r e l e a s e o f g l u t a m a t e f r o m t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . T h i s w o u l d c e r t a i n l y b e m o r e 

l i k e l y i f t h e m e t a b o t r o p i c f e e d b a c k c o n t r o l o f g l u t a m a t e r e l e a s e w e r e c o m p r o m i s e d , a s 

w o u l d b e t h e c a s e i n t h e p r e s e n c e o f M C P G . 

F r o m t h e r a w d a t a w e c a n s e e t h a t t h e E P S P s l o p e s d o n o t i n c r e a s e s i g n i f i c a n t l y i n 

t h e p r e s e n c e o f M C P G ( a l t h o u g h t h e s e c o n d E P S P a p p e a r s t o r i s e s l i g h t l y ) a n d a t t h e s a m e 

t i m e t h e p o p u l a t i o n s p i k e a m p l i t u d e s f a l l . T h i s c o u l d i m p l y t h a t b l o c k a d e o f p o s t s y n a p t i c 

g r o u p I m G l u R s o n t h e C A l p y r a m i d a l c e l l s i s s u f f i c i e n t t o p r e v e n t a n i n c r e a s e i n t h e 

e x c i t a t i o n o f t h e p y r a m i d a l c e l l p o p u l a t i o n i n r e s p o n s e t o a n i n c r e a s e i n g l u t a m a t e r e l e a s e 

from t h e S c h a f f e r c o l l a t e r a l s . I t w o u l d a p p e a r , h o w e v e r , t h a t t h e e x c i t a t o r y d r i v e t o t h e 

i n t e m e u r o n e p o p u l a t i o n w i t h i n t h e C A l h a s i n c r e a s e d . H e n c e t h e m a r k e d r e d u c t i o n i n t h e 

s e c o n d p o p u l a t i o n s p i k e . 

I t i s p o s s i b l e t h a t f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e from t h e m o s s y f i b r e s h a s 

i n c r e a s e d t h e s p o n t a n e o u s a c t i v i t y o f t h e C A S p y r a m i d a l c e l l p o p u l a t i o n w h i c h m a y h a v e 

r e s u l t e d i n a n i n c r e a s e i n t h e t o n i c r e l e a s e o f G A B A from C A l i n t e m e u r o n e s . T h i s m a y 

a l s o c o n t r i b u t e t o t h e r e d u c e d f i r s t p o p u l a t i o n s p i k e a m p l i t u d e o b s e r v e d d u r i n g t h i s p e r i o d . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 1 2 ) , a p p l i c a t i o n o f M C P G r e s u l t s i n a 

m a r k e d r e d u c t i o n i n t h e f i r s t p o p u l a t i o n s p i k e a m p l i t u d e . T h e s e c o n d s p i k e a m p l i t u d e i s 

a l s o r e d u c e d , b u t t o a m u c h l e s s e r d e g r e e . T h i s w o u l d t e n d t o s u g g e s t t h a t t h e u p s t r e a m 

e f f e c t s o f C A B d u r i n g t h e a p p l i c a t i o n o f M C P G m u s t h a v e b e e n m a i n t a i n i n g t h e e x c i t a t i o n 

o f t h e C A l p y r a m i d a l c e l l p o p u l a t i o n . T h i s c o u l d o c c u r a s a r e s u l t o f a n i n c r e a s e d 

e x c i t a t i o n o f C A B p y r a m i d a l c e l l s f o l l o w i n g a f a c i l i t a t i o n o f g l u t a m a t e r e l e a s e f r o m t h e 

m o s s y f i b r e t e r m i n a l s o n t o C A B p y r a m i d a l c e l l s . 
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T h e n o r m a l i s e d p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d f o r c o - a p p l i c a t i o n o f M C P G w i t h 

1 | j , M K A d i d n o t d i f f e r s i g n i f i c a n t l y f r o m K A a l o n e a t a n y t i m e p o i n t i n t h e i n t a c t s l i c e 

( f i g u r e 4 . 5 2 ) . 

4.4.3.1.2 Group II/III antagonism 

I n t h e i n t a c t s l i c e M P P G a p p l i c a t i o n c a u s e s a n i n c r e a s e i n b o t h t h e p o p u l a t i o n 

s p i k e a m p l i t u d e s a n d E P S P s l o p e s ( f i g u r e 4 . 1 5 ) b u t n o s i g n i f i c a n t c h a n g e i n t h e 

p e r c e n t a g e i n h i b i t i o n ( f i g u r e 4 . 1 6 ) . I t c o u l d b e t h a t b l o c k a d e o f p r e s y n a p t i c g r o u p I I I 

m e t a b o t r o p i c r e c e p t o r s o n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s r e s u l t s i n a f a c i l i t a t i o n o f 

g l u t a m a t e r e l e a s e . T h i s i n t u r n w o u l d b e e x p e c t e d t o i n c r e a s e t h e s l o p e o f t h e E P S P 

m e a s u r e d f r o m stratum radiatum a n d a t t h e s a m e t i m e t o a n i n c r e a s e i n t h e p o p u l a t i o n 

s p i k e a m p l i t u d e . I n t h e i s o l a t e d C A l p r e p a r a t i o n ( 4 . 1 7 ) t h e r e i s n o s i g n i f i c a n t c h a n g e s e e n 

i n t h e p o p u l a t i o n s p i k e a m p l i t u d e w i t h M P P G , a l t h o u g h o n c e a g a i n t h e E P S P s l o p e s a r e 

m a r k e d l y i n c r e a s e d . T h i s w o u l d t e n d t o p o i n t t o a p r e s y n a p t i c s i t e o f a c t i o n r a t h e r t h a n a 

s o m a t o - d e n d r i t i c r e s p o n s e o f t h e C A S p y r a m i d a l c e l l s . 

I n t h e p r e s e n c e o f M P P G , t h e r e s p o n s e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n 

s p i k e s i s a l t e r e d i n b o t h p r e p a r a t i o n s d u r i n g t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n 

( f i g u r e s 4 . 4 8 , 4 . 4 9 , 4 . 5 0 a n d 4 . 5 1 ) . W h e r e a s i n t h e p r e s e n c e o f K A a l o n e b o t h t h e first a n d 

s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s i n c r e a s e d u r i n g t h i s t i m e , i n t h e p r e s e n c e o f M P P G 

t h i s r e s p o n s e a p p e a r s t o b e b l o c k e d . I n t h e i n t a c t s l i c e t h e b l o c k a d e o f t h e i n c r e a s e i n t h e 

first p o p u l a t i o n s p i k e i s h i g h l y s i g n i f i c a n t ( p < 0 . 0 1 ) w h i l s t t h e e f f e c t o n t h e s e c o n d s p i k e 

r e a c h e s s i g n i f i c a n c e ( p < 0 . 0 5 ) . I n t h e i s o l a t e d s l i c e t h e i n h i b i t i o n o f t h e i n c r e a s e i n t h e first 

p o p u l a t i o n s p i k e j u s t f a i l s t o r e a c h s i g n i f i c a n c e ( p = 0 . 0 5 2 ) w h i l s t t h e s e c o n d s p i k e i s 

s i g n i f i c a n t l y i n h i b i t e d w h e n c o m p a r e d t o K A a l o n e ( p < 0 . 0 5 ) . 

T h i s i n h i b i t i o n o f t h e e f f e c t o f K A o n t h e first p o p u l a t i o n s p i k e h a s b e e n d e a l t w i t h 

i n t h e p r e v i o u s s e c t i o n . I n t e r m s o f t h e s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e h o w e v e r , t h e 

l a c k o f p o t e n t i a t i o n f o l l o w i n g a d d i t i o n o f K A i n t h e p r e s e n c e o f M P P G w o u l d t e n d t o 

s u g g e s t t h a t t h a t M P P G i s s o m e h o w n e g a t i n g a n e f f e c t o f K A u p o n t h e i n t e m e u r o n e 

p o p u l a t i o n . 

S e m y a n o v et al ( 2 0 0 0 ) o b s e r v e d a n i n c r e a s e i n t h e e f f e c t s o f t h e K A r e c e p t o r 

m e d i a t e d r e d u c t i o n o f G A B A e r g i c t r a n s m i s s i o n w h e n i n t h e p r e s e n c e o f b o t h M C P G a n d 

M S O P w h i c h t h e y a s c r i b e d t o t h e p o s s i b l e r e m o v a l o f f e e d b a c k i n h i b i t i o n b y g l u t a m a t e 

a c t i n g o n m G l u R s o n t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s . T h i s w o u l d h a v e t h e e f f e c t o f 

e n h a n c i n g t h e r e l e a s e o f g l u t a m a t e a n d h e n c e p o t e n t i a t i n g t h e s p i l l o v e r o f g l u t a m a t e o n t o 
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p r e s y n a p t i c K A r e c e p t o r s o n i n t e m e u r o n a l t e r m i n a l s . T h i s i n t u r n c o u l d c o n t r i b u t e t o a n 

i n c r e a s e d d e p r e s s i o n o f G A B A r e l e a s e . I t i s u n l i k e l y t h a t t h i s m e c h a n i s m c o u l d b e 

c o n t r i b u t i n g t o a n y o f t h e e f f e c t s s e e n h e r e s i n c e K A p r e s y n a p t i c a l l y d o w n r e g u l a t e s 

g l u t a m a t e r e l e a s e from t h e S c h a f f e r c o l l a t e r a l s . I f a n y t h i n g i t w o u l d a p p e a r t h a t t h e e f f e c t 

o f M P P G a n d K A i n t h e i s o l a t e d s l i c e , a n d t o a l e s s e r e x t e n t i n t h e i n t a c t s l i c e , a r e 

a d d i t i v e . T h i s m a y s u g g e s t t h a t t h e y a r e w o r k i n g via s e p a r a t e m e c h a n i s m s a n d t h a t 

m G l u R s p l a y n o d i r e c t r o l e i n t h e e f f e c t s o f K A o n e i t h e r g l u t a m a t e o r G A B A r e l e a s e . 

4.4.3.2 PKC inhibition 

I t h a s b e e n r e p o r t e d ( R o d r i g u e z - M o r e n o et al. 1 9 9 8 , 2 0 0 0 ; C u n h a et al. 2 0 0 0 ) t h a t 

t h e r e d u c t i o n i n G A B A r e l e a s e b y K A r e c e p t o r a c t i v a t i o n c a n b e b l o c k e d b y p r e i n c u b a t i n g 

h i p p o c a m p a l s l i c e s w i t h p e r t u s s i s t o x i n , w h i c h i n h i b i t s t h e f u n c t i o n i n g o f G i a n d G o 

p r o t e i n s . I t w a s a l s o p o s s i b l e t o p r e v e n t t h i s e f f e c t w i t h i n h i b i t o r s o f p r o t e i n k i n a s e C 

( P K C ) b u t n o t p r o t e i n k i n a s e A ( P K A ) . I t w a s h o p e d t h a t p a i r e d - p u l s e i n h i b i t i o n d a t a from 

t h e s e e x p e r i m e n t s m i g h t p r o v i d e f u r t h e r e v i d e n c e t o e i t h e r s u p p o r t o r r e f u t e t h e 

i n v o l v e m e n t o f P K C i n t h e r e g u l a t i o n o f G A B A r e l e a s e . 

I t i s k n o w n t h a t H - 7 i s c a p a b l e o f a b o l i s h i n g t h e i n t r a c e l l u l a r l y r e c o r d e d I P S P s i n 

p y r a m i d a l c e l l s f o l l o w i n g s t i m u l a t i o n o f t h e S c h a f f e r c o l l a t e r a l p a t h w a y ( C o r r a d e t t i et al 

1 9 8 9 ) l e a d i n g t o t h e p r o d u c t i o n o f e p i l e p t i f o r m a c t i v i t y r e c o r d e d e x t r a c e l l u l a r l y from 

stratum pyramidale. T h i s e f f e c t w a s l i k e l y t o b e d u e t o t h e b l o c k a d e o f b o t h t o n i c a n d 

e v o k e d r e l e a s e o f G A B A f r o m i n t e m e u r o n e t e r m i n a l s . 

A s w o u l d b e e x p e c t e d t h e r e f o r e , a p p l i c a t i o n o f H - 7 r e s u l t e d i n t h e o c c u r r e n c e o f 

e p i l e p t i f o r m a c t i v i t y i n b o t h t h e i n t a c t s l i c e ( f i g u r e 4 . 2 0 ) a n d i s o l a t e d C A l p r e p a r a t i o n s 

( f i g u r e 4 . 2 3 ) . T h i s r e n d e r e d p a i r e d - p u l s e d a t a m e a n i n g l e s s s i n c e i n h i b i t o r y f u n c t i o n w i t h i n 

t h e s l i c e s h a d b e e n a b o l i s h e d p r i o r t o t h e a p p l i c a t i o n o f K A . T h e r e f o r e , t h e m e a n n u m b e r 

o f s p i k e s p e r e p i l e p t i f o r m b u r s t w a s u s e d a s a n i n d e x o f a n y i m p r o v e m e n t o r e x a c e r b a t i o n 

o f i n h i b i t o r y f u n c t i o n d u r i n g t h e a p p l i c a t i o n o f H - 7 a n d K A ( f i g u r e 4 . 2 2 a n d 4 . 2 5 ) . 

A p p l i c a t i o n o f l | x M K A i n t h e p r e s e n c e o f 2 0 | ^ M H - 7 d o e s n o t e x a c e r b a t e t h e 

e p i l e p t i f o r m b u r s t , w h i c h t e n d s t o i m p l y t h a t t h e r e d u c t i o n i n G A B A r e l e a s e c a u s e d b y 

t h e s e d r u g s m a y o c c u r via t h e s a m e m e c h a n i s m . H o w e v e r , i t i s a l s o p o s s i b l e t h a t t h e 

a p p l i c a t i o n o f H - 7 h a s s o c o m p r o m i s e d G A B A e r g i c i n h i b i t i o n w i t h i n t h e s l i c e t h a t n o 

f u r t h e r c h a n g e c a n b e e l i c i t e d . T h i s m a y i n d i c a t e t h a t p r e v i o u s findings ( R o d r i g u e z -

M o r e n o et al. 1 9 9 8 , 2 0 0 0 ; C u n h a et al. 2 0 0 0 ) i n v o l v i n g a P K C d e p e n d e n t p a t h w a y i n t h e 
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K A r e c e p t o r m e d i a t e d i n h i b i t i o n o f G A B A r e l e a s e from i n t e m e u r o n e s s h o u l d b e v i e w e d 

w i t h c a u t i o n . 

O n a p u r e l y q u a l i t a t i v e l e v e l , t h e e p i l e p t i f o r m a c t i v i t y a p p e a r s t o b e l e s s s e v e r e i n 

t h e p r e s e n c e o f K A . A l t h o u g h e x t r a p o p u l a t i o n s p i k e s a r e s t i l l d e t e c t a b l e , t h e y a r e l e s s 

p r o n o u n c e d a n d s m a l l e r i n a m p l i t u d e . T h i s c o u l d b e e x p l a i n e d b y t h e r e d u c t i o n i n 

g l u t a m a t e r e l e a s e r e s u l t i n g i n a d e c r e a s e d e x c i t a t i o n t o t h e p y r a m i d a l c e l l s , t h u s r e d u c i n g 

t h e d r i v i n g f o r c e f o r t h e b u r s t . 

4.4.3.3 G A B A B antagonism 

I n t h e i n t a c t s l i c e ( f i g u r e s 4 . 4 8 a n d 4 . 5 0 ) , b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n 

s p i k e s p o t e n t i a t e t o a g r e a t e r d e g r e e i n t h e p r e s e n c e o f S C H 5 0 9 1 1 w i t h i n t h e f i r s t t h r e e 

m i n u t e s o f K A a p p l i c a t i o n . T h i s r e a c h e d s i g n i f i c a n c e f o r t h e s e c o n d p o p u l a t i o n s p i k e 

( p < 0 . 0 1 ) . B o t h r e m a i n s i g n i f i c a n t l y l a r g e r i n a m p l i t u d e t h a n c o n t r o l t h r o u g h o u t t h e 

a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . W i t h i n t h e f i r s t t h r e e m i n u t e s o f K A a p p l i c a t i o n t h e 

n o r m a l i s e d m e a n p e r c e n t a g e i n h i b i t i o n ( f i g u r e 4 . 5 2 ) a p p e a r s t o b e r e d u c e d f u r t h e r i n t h e 

p r e s e n c e o f S C H 5 0 9 1 1 . I n t e r e s t i n g l y , t h i s c h a n g e i n i n h i b i t i o n f a i l s t o r e a c h s i g n i f i c a n c e 

w h e n c o m p a r e d t o K A a l o n e . H o w e v e r , t h i s i s l i k e l y t o b e d u e t o t h e l a r g e s t a n d a r d e r r o r 

f o r t h e c o n t r o l g r o u p . B y t h e e n d o f t h e d r u g a p p l i c a t i o n p e r i o d , t h e i n h i b i t i o n i n t h e 

p r e s e n c e o f S C H 5 0 9 1 1 a p p e a r s t o b e m o r e m a r k e d l y i n f a v o u r o f t h e f a c i l i t a t i o n o f t h e 

s e c o n d s p i k e t h a n i n s l i c e s t r e a t e d o n l y w i t h K A . O n c e a g a i n t h e l a r g e d e g r e e o f 

v a r i a b i l i t y m e a n t t h a t t h i s d i f f e r e n c e w a s n o t f o u n d t o b e s i g n i f i c a n t . 

I n t h e i s o l a t e d C A l p r e p a r a t i o n b o t h p o p u l a t i o n s p i k e a m p l i t u d e s a r e r e d u c e d 

from c o n t r o l f o l l o w i n g S C H 5 0 9 1 1 a p p l i c a t i o n ( f i g u r e 4 . 3 0 ) . T h i s m a y i m p l y t h a t 

S C H 5 0 9 1 1 i s c a u s i n g a d i s i n h i b i t i o n o f G A B A e r g i c i n t e m e u r o n e s via a r e d u c t i o n i n t h e 

e f f i c a c y o f GABAB r e c e p t o r m e d i a t e d a u t o r e g u l a t i o n o f GABA r e l e a s e o n t o n e i g h b o u r i n g 

i n t e m e u r o n e s . T h i s i n t u m r e s u l t s i n a n i n c r e a s e i n b o t h t o n i c a n d e v o k e d i n h i b i t i o n , a n d 

h e n c e a r e d u c t i o n i n p o p u l a t i o n s p i k e a m p l i t u d e . 

4.4.3.4 Adenosine receptor antagonism 

4.4.3.4.1 A] receptor antagonism 

A p p l i c a t i o n o f t h e a d e n o s i n e A i r e c e p t o r a n t a g o n i s t D P C P X ( 5 0 n M ) d i d n o t 

s i g n i f i c a n t l y a f f e c t t h e p o p u l a t i o n s p i k e a m p l i t u d e s r e c o r d e d f r o m t h e i n t a c t s l i c e C A l 

( f i g u r e 4 . 3 3 ) . I n t h e i s o l a t e d s l i c e ( f i g u r e 4 . 3 6 ) i t r e d u c e d t h e a m p l i t u d e o f t h e s e c o n d 
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p o p u l a t i o n s p i k e ( p < 0 . 0 1 ) , w h i c h m a y r e f l e c t a n i n c r e a s e d e x c i t a t o r y d r i v e t o t h e 

i n t e m e u r o n a l p o p u l a t i o n f o l l o w i n g A i b l o c k a d e . H o w e v e r , t h i s i n c r e a s e d i n h i b i t i o n 

( f i g u r e 4 . 3 7 ) w a s n o t f o u n d t o b e s i g n i f i c a n t . 

A d d i t i o n o f 1 | a . M K A i n t h e p r e s e n c e o f D P C P X i n t h e i n t a c t s l i c e c a u s e a s t r o n g 

p o t e n t i a t i o n o f b o t h t h e first ( f i g u r e 4 . 4 8 ) a n d s e c o n d p o p u l a t i o n s p i k e a m p l i t u d e s ( f i g u r e 

4 . 5 0 ) w h i c h w a s s i g n i f i c a n t l y g r e a t e r t h a n f o r K A o n l y a n d p e r s i s t e d t h r o u g h o u t t h e K A 

a p p l i c a t i o n p e r i o d ( p < 0 . 0 1 ) . F u r t h e r m o r e , t h e field p o p u l a t i o n s p i k e r e c o r d i n g e x h i b i t e d 

e p i l e p t i f o r m a c t i v i t y i n 2 o u t o f t h e 5 s l i c e s t e s t e d b y t h e e n d o f t h e K A a p p l i c a t i o n p e r i o d . 

T h i s e p i l e p t i f o r m a c t i v i t y m a y o c c u r a s a r e s u l t o f t h e b l o c k a d e o f p o s t - s y n a p t i c A i 

r e c e p t o r s , w h i c h a r e k n o w n t o e x e r t a n i n h i b i t o r y i n f l u e n c e o n N M D A r e c e p t o r m e d i a t e d 

c u r r e n t s r e c o r d e d f r o m p y r a m i d a l c e l l s ( d e M e n d o n c a et al 1 9 9 5 ) . I n a d d i t i o n t o t h i s , A , 

r e c e p t o r b l o c k a d e p r e v e n t s a n a d e n o s i n e m e d i a t e d K ^ e f f l u x from t h e p o s t s y n a p t i c c e l l . 

T h i s c o m b i n a t i o n o f e f f e c t s m a y l e a d t o a h y p e r e x c i t a b l e p y r a m i d a l c e l l p o p u l a t i o n u n d e r 

t h e r e d u c e d i n h i b i t o r y c o n d i t i o n s t h a t o c c u r i n t h e p r e s e n c e o f 1 p M K A . I t i s a l s o l i k e l y 

t h a t t h e p r e s e n c e o f a n A i a n t a g o n i s t p o t e n t i a t e s t h e e f f e c t s o f e n d o g e n o u s a d e n o s i n e a t 

e x c i t a t o r y A ^ a r e c e p t o r s ( S e b a s t i a o a n d R i b e i r o 2 0 0 0 ) , w h i c h w o u l d b e e x p e c t e d t o l e a d t o 

a n i n c r e a s e d a c t i v a t i o n o f N M D A r e c e p t o r s , a g a i n l e a d i n g t o i n c r e a s e d e x c i t a b i l i t y . 

A s i m i l a r p a t t e r n o f r e s p o n s e i s s e e n i n t h e i s o l a t e d C A l p r e p a r a t i o n w i t h r e g a r d t o 

t h e p o t e n t i a t i o n o f t h e first ( f i g u r e 4 . 4 9 ) a n d s e c o n d p o p u l a t i o n s p i k e s ( f i g u r e 4 . 5 1 ) , w h i c h 

a g a i n r e m a i n e l e v a t e d t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . E p i l e p t i f o r m a c t i v i t y w a s 

o b s e r v e d i n 1 o u t o f t h e 5 p r e p a r a t i o n s t e s t e d . T h i s w o u l d t e n d t o i n d i c a t e t h a t a 

d o w n s t r e a m e f f e c t o f C A S i s n o t i m p o r t a n t i n t h e m a i n t e n a n c e o f a n e l e v a t e d o u t p u t from 

t h e p y r a m i d a l c e l l s o f C A l . 

4.4.3.4.2 Az receptor antagonism 

A p p l i c a t i o n o f t h e A z s e l e c t i v e a n t a g o n i s t D M P X ( 1 0 | a M ) c a u s e d n o s i g n i f i c a n t 

c h a n g e t o t h e p o p u l a t i o n s p i k e a m p l i t u d e s i n t h e i n t a c t s l i c e ( f i g u r e 4 . 3 9 ) b u t d i d r e s u l t i n 

a s m a l l , b u t s i g n i f i c a n t p o t e n t i a t i o n o f t h e first p o p u l a t i o n s p i k e ( p < 0 . 0 5 ) i n t h e i s o l a t e d 

C A l p r e p a r a t i o n ( f i g u r e 4 . 4 2 ) . T h i s p h e n o m e n o n m a y r e f l e c t a n u n m a s k i n g o f t h e 

i n h i b i t o r y e f f e c t s o f A i r e c e p t o r a c t i v a t i o n l e a d i n g t o a r e d u c e d p r e s y n a p t i c C a ^ ^ i n f l u x i n 

b o t h t h e S c h a f f e r c o l l a t e r a l a n d i n t e m e u r o n a l t e r m i n a l s . T h i s i n t u m w o u l d l e a d t o a 

d e c r e a s e i n t h e r e l e a s e o f t r a n s m i t t e r from t h e s e s i t e s . T h u s i f t h e t o n i c i n h i b i t i o n i s 

r e d u c e d t h e p o p u l a t i o n s p i k e a m p l i t u d e w i l l i n c r e a s e a n d a r e d u c t i o n i n g l u t a m a t e r e l e a s e 

w i l l l e a d t o a d e c r e a s e i n t h e s l o p e o f t h e E P S ? . 
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T h e i n c r e a s e i n p e r c e n t a g e i n h i b i t i o n w h i c h o c c u r s a s a r e s u l t o f D M P X 

a p p l i c a t i o n i n t h e i s o l a t e d C A l p r e p a r a t i o n ( f i g u r e 4 . 4 3 ) i s d u e t o a c h a n g e i n t h e r a t i o 

b e t w e e n t h e n o w p o t e n t i a t e d first p o p u l a t i o n s p i k e a n d t h e s e c o n d , w h i c h d o e s n o t c h a n g e . 

I n t h e i n t a c t s l i c e , a d d i t i o n o f 1 | J . M K A i n t h e p r e s e n c e o f D M P X p r o d u c e s a 

p o t e n t i a t i o n o f b o t h t h e first ( f i g u r e 4 . 4 8 ) a n d s e c o n d ( f i g u r e 4 . 5 0 ) p o p u l a t i o n s p i k e s t h a t 

i s s i g n i f i c a n t l y g r e a t e r t h a n w o u l d b e e x p e c t e d f o r K A a l o n e ( p < 0 . 0 1 ) w h i c h i s s u s t a i n e d 

t h r o u g h o u t t h e K A a p p l i c a t i o n p e r i o d . T h i s i s n o t s e e n t o b e t h e c a s e i n t h e i s o l a t e d C A l , 

i n w h i c h t h e c h a n g e s i n p o p u l a t i o n s p i k e a m p l i t u d e a r e n o t s i g n i f i c a n t l y d i f f e r e n t t o 

c o n t r o l . 

4.4.4 Summary 

4.4.4.1 EPSP downregulation by KA 

T h e r e a p p e a r s t o b e n o d i r e c t i n v o l v e m e n t o f g r o u p I / I I m G l u R s i n t h i s r e s p o n s e 

a l t h o u g h i t w o u l d a p p e a r t h a t t h e r e s p o n s e t o K A m a y b e p o t e n t i a t e d i n t h e p r e s e n c e o f 

M P P G . M o r e r e p l i c a t i o n s o f t h i s e x p e r i m e n t a r e n e c e s s a r y t o c o n f i r m t h i s . 

P r o t e i n k i n a s e C d o e s n o t a p p e a r t o b e p a r t o f t h e m e c h a n i s m o f t h e i n h i b i t i o n o f 

g l u t a m a t e r e l e a s e fi-om t h e S c h a f f e r c o l l a t e r a l t e r m i n a l s b y KA. GABAB a n t a g o n i s m 

r e s u l t s i n a r e d u c t i o n i n t h e r e s p o n s e i n t h e i n t a c t s l i c e p r e p a r a t i o n b u t n o t t h e i s o l a t e d 

C A l . T h i s i n d i c a t e d t h a t GABAB r e c e p t o r a c t i v a t i o n i s u n l i k e l y t o b e d i r e c t l y i n v o l v e d i n 

t h e d o w n r e g u l a t i o n o f t h e E P S P b y K A . 

A d e n o s i n e A i , b u t n o t A z r e c e p t o r s m a y m o d u l a t e t h e e f f e c t s o f K A o n t h e E P S P . 

T h u s t h e e v i d e n c e p r e s e n t e d h e r e s u g g e s t s t h a t K A r e d u c e d t h e field E P S P 

r e c o r d e d fi-om C A l v i a a n a c t i o n a t t h e p r e s y n a p t i c t e r m i n a l s o f t h e S c h a f f e r c o l l a t e r a l 

fibres. T h i s i s l i k e l y t o i n v o l v e t h e a c t i v a t i o n o f a n i o n o t r o p i c G l u R 5 c o n t a i n i n g K A 

r e c e p t o r . I t i s p o s s i b l e t h a t t h i s a c t i o n i s m o d u l a t e d b y b o t h g r o u p I I I m G l u R s a n d 

a d e n o s i n e . 

4.4.4.2 KA induced potentiation of the population spike 

T h e i n i t i a l p o t e n t i a t i o n o f t h e first p o p u l a t i o n s p i k e i s p r e v e n t e d i n b o t h t h e i n t a c t 

s l i c e a n d i s o l a t e d C A l b y p r i o r a p p l i c a t i o n o f t h e P K C i n h i b i t o r H - 7 . I t w o u l d a l s o a p p e a r 

t o b e p r e v e n t e d b y t h e p r e s e n c e o f t h e g r o u p I I / I I I m G l u R a n t a g o n i s t M P P G . 
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B l o c k a d e o f GABAB r e c e p t o r s e n h a n c e d t h e i n i t i a l e f f e c t s o f K A i n b o t h 

p r e p a r a t i o n s , p o s s i b l y d u e t o a r e d u c t i o n i n t h e i n h i b i t o r y e f f e c t s o f t o n i c a l l y r e l e a s e d 

G A B A o n t h e f i r s t p o p u l a t i o n s p i k e . B l o c k a d e o f a d e n o s i n e A i r e c e p t o r s a l s o e n h a n c e d 

t h e i n i t i a l e f f e c t s o f K A i n b o t h p r e p a r a t i o n s , b u t A z r e c e p t o r b l o c k a d e w a s o n l y e f f e c t i v e 

i n t h e i n t a c t s l i c e . 

A n u m b e r o f h y p o t h e s e s m a y b e p u t f o r w a r d i n o r d e r t o e x p l a i n t h i s p h e n o m e n o n . 

F i r s t l y , a c t i v a t i o n o f G l u R 6 ( M u l l e et al 2 0 0 0 , B e u r e a u et al. 1 9 9 9 ) c o n t a i n i n g K A 

r e c e p t o r s p r e s e n t o n t h e p y r a m i d a l c e l l s o n C A l m a y r e s u l t i n a n e x c i t a t i o n o f t h e s e c e l l s , 

l e a d i n g t o a n i n c r e a s e i n t h e a m p l i t u d e o f t h e e v o k e d r e s p o n s e . 

H o w e v e r , M e l y a n et al ( 2 0 0 1 ) h a v e b e e n u n a b l e t o e l i c i t a n i n w a r d c u r r e n t i n C A l 

p y r a m i d a l c e l l s w i t h n a n o m o l a r c o n c e n t r a t i o n s o f K A i n a n i m a l s o f t h e s a m e a g e a s u s e d 

i n t h i s s t u d y . T h e r e f o r e t h i s d i r e c t e f f e c t o f K A o n C A l p y r a m i d a l c e l l e x c i t a b i l i t y m a y 

o c c u r a s a r e s u l t o f a K A r e c e p t o r m e d i a t e d i n h i b i t i o n o f a s l o w a f t e r h y p o l a r i s a t i o n c u r r e n t 

(IsAHp) w h i c h h a s b e e n s h o w n t o b e r e d u c e d i n K A l e s i o n e d a n i m a l s ( A s h w o o d et al. 

1 9 8 6 ) r e n d e r i n g t h e s e c e l l s m o r e e x c i t a b l e . M e l y a n et a l . ( 2 0 0 1 ) h a v e s h o w n , u s i n g w h o l e -

c e l l p a t c h c l a m p r e c o r d i n g s from C A l p y r a m i d a l c e l l s , t h a t a p p l i c a t i o n o f b e t w e e n 1 0 0 -

2 0 0 n M K A i s c a p a b l e o f r e d u c i n g t h e ISAHP b y s o m e 3 4 % . T h i s e f f e c t o f K A w a s o b s e r v e d 

t o p e r s i s t i n t h e p r e s e n c e o f t e t r o d o t o x i n ( T T X ) , i m p l y i n g a p o s t s y n a p t i c l o c u s o f a c t i o n . 

T h i s r e s p o n s e a l s o c o n t i n u e d i n t h e p r e s e n c e o f t h e A M P A s p e c i f i c a n t a g o n i s t G Y K I 

5 4 2 6 6 b u t n o t t h e n o n - s e l e c t i v e A M P A / K A a n t a g o n i s t C N Q X . A r o l e f o r t h e G l u R 5 

s u b u n i t i n t h e r e c e p t o r m e d i a t i n g t h i s r e s p o n s e w a s e l i m i n a t e d s i n c e t h e G l x i R S a g o n i s t 

A T P A d i d n o t c a u s e a s i m i l a r r e d u c t i o n i n t h e ISAHP-

I n t e r e s t i n g l y , t h i s m o d u l a t i o n o f t h e ISAHP m a y o c c u r via a c t i v a t i o n o f a 

m e t a b o t r o p i c K A r e c e p t o r s i n c e t h e a p p l i c a t i o n o f K A f a i l e d t o e l i c i t a n i n w a r d c u r r e n t 

a n d K A i n d u c e d i n h i b i t i o n o f ISAHP w a s b l o c k e d b y t h e P K C i n h i b i t o r c a l p h o s t i n C . T h i s i s 

s u p p o r t e d b y t h e d a t a p r e s e n t e d h e r e f o r t h e P K C i n h i b i t o r H - 7 . 

4.4.4.3 The effect of prolonged KA application 

I t i s k n o w n t h a t a c t i v a t i o n o f s o m a t o - d e n d r i t i c K A r e c e p t o r s o n C A l i n t e m e u r o n e s 

l e a d s t o a n i n c r e a s e i n i n t e m e u r o n a l s p i k i n g ( C o s s a r t et a l . 1 9 9 8 , F r e r k i n g et al 1 9 9 8 ) . 

T h i s p r e s u m a b l y l e a d s t o a n i n c r e a s e i n t o n i c G A B A e r g i c i n h i b i t i o n w i t h i n t h e C A l . T h i s 

e f f e c t i s p r e s u m e d t o b e m e d i a t e d b y a G l u R 5 c o n t a i n i n g r e c e p t o r s i n c e t h e a g o n i s t A T P A 
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l e a d s t o a n i n c r e a s e i n i n t e m e u r o n a l s p i k i n g ( C o s s a r t et al 1 9 9 8 ) . I n d e e d t h i s c o u l d e x p l a i n 

t h e r e d u c t i o n i n t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n s p i k e e l i c i t e d h e r e i n b o t h i n t a c t a n d 

i s o l a t e d C A l p r e p a r a t i o n s d u r i n g t h e a d d i t i o n o f A T P A . T h i s e f f e c t i s m o s t p r o n o u n c e d i n 

t h e i s o l a t e d C A l p r e p a r a t i o n b y t h e e n d o f t h e 1 5 m i n u t e d r u g a p p l i c a t i o n p e r i o d . 

T h e r e m a y a l s o b e a n a d e n o s i n e A i r e c e p t o r m e d i a t e d c o m p o n e n t t o t h i s r e d u c t i o n 

i n t h e p o p u l a t i o n s p i k e a m p l i t u d e f o l l o w i n g p r o l o n g e d K A a p p l i c a t i o n s i n c e D P C P X 

a l l o w s t h e p o p u l a t i o n s p i k e t o r e m a i n e l e v a t e d t h r o u g h o u t t h e d r u g a p p l i c a t i o n p e r i o d . 

T h u s K A m a y s t i m u l a t e r e l e a s e o f a d e n o s i n e f r o m g l i a l c e l l s ( B e r m a n e t a l . 2 0 0 0 ) 

r e s u l t i n g i n a d e c r e a s e i n t h e e x c i t a b i l i t y o f t h e p r i n c i p a l c e l l s o f C A l . 

4.4.4.4 KA and the modulation of inhibitory function 

T h e e f f e c t o f K A o n t h e i n h i b i t i o n w a s n o t s i g n i f i c a n t l y a f f e c t e d b y b l o c k a d e o f 

g r o u p I / I I m G l u R s u s i n g M C P G , h o w e v e r g r o u p I I / I I I a n t a g o n i s m w i t h M P P G r e d u c e d 

t h e e f f e c t i n t h e i n t a c t b u t n o t t h e i s o l a t e d C A l p r e p a r a t i o n . 

U s i n g t h e n u m b e r o f s p i k e s i n t h e e p i l e p t i f o r m b u r s t p r o d u c e d b y H - 7 a s a n i n d e x 

b y w h i c h t o a s s e s s t h e e f f e c t o f f u r t h e r a p p l i c a t i o n o f K A o n i n h i b i t o r y f u n c t i o n d i d n o t 

r e s u l t i n a n y f u r t h e r e x a c e r b a t i o n o f t h e i n h i b i t i o n . T h i s m a y s u g g e s t t h a t t h e s e r e s u l t s 

a g r e e w i t h t h o s e o f R o d r i g u e z - M o r e n o et al. (1997, 1998) w h i c h p o s t u l a t e d t h a t a 

m e t a b o t r o p i c a l l y l i n k e d p r e s y n a p t i c G l u R 6 r e c e p t o r o n i n t e m e u r o n a l t e r m i n a l s w a s 

r e s p o n s i b l e f o r t h e d o w n r e g u l a t i o n o f e v o k e d i n h i b i t i o n b y K A . N o e v i d e n c e w a s f o u n d t o 

a g r e e w i t h F r e r k i n g et al (1999) t h a t a GABAB r e c e p t o r w a s i n v o l v e d i n t h e m e c h a n i s m o f 

t h i s r e s p o n s e . I t w o u l d a p p e a r t h a t e n d o g e n o u s a d e n o s i n e m a y a l s o h a v e a m o d u l a t o r y 

e f f e c t o n t h i s r e s p o n s e , p e r h a p s a s a r e s u l t o f K A s t i m u l a t e d a d e n o s i n e r e l e a s e f r o m g l i a l 

c e l l s ( B e r m a n e t al 2 0 0 0 ) . 
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Chapter 5 
Effects of Acute and Chronic Kainic 

Acid Applications to Mouse 
Organotypic Slice Cultures 



5.1 Introduction 

I n t h e p r e v i o u s c h a p t e r s , t h e e f f e c t s o f b r i e f ( 1 5 - 3 0 m i n u t e ) K A 

a p p l i c a t i o n s t o a c u t e r a t h i p p o c a m p a l s l i c e s w e r e i n v e s t i g a t e d . I n t h i s c h a p t e r , t h e e f f e c t s 

o f l o n g e r ( 2 - 2 4 h o u r ) a p p l i c a t i o n s o f K A o n h i p p o c a m p a l f u n c t i o n a n d k a i n a t e t o x i c i t y 

s t u d i e d i n m o u s e o r g a n o t y p i c s l i c e c u l t u r e s . 

5.1.3 The organotypic hippocampal culture preparation 

T h e u s e o f o r g a n o t y p i c h i p p o c a m p a l s l i c e c u l t u r e s p r o v i d e s a n i m p o r t a n t m e a n s o f 

c a r r y i n g o u t l o n g - t e r m e x p e r i m e n t s w i t h o u t r e s o r t i n g t o in vivo e x p e r i m e n t a t i o n . 

F o l l o w i n g a m e t h o d m o d i f i e d from S t o p p i n i et al. ( 1 9 9 1 ) i t i s p o s s i b l e t o m a i n t a i n s l i c e 

c u l t u r e s o n t h e i r M i l l i p o r e C M m e m b r a n e s f o r s e v e r a l w e e k s , a l l o w i n g e x p e r i m e n t a l 

o b s e r v a t i o n s t o b e c a r r i e d o u t t h r o u g h o u t t h e c o u r s e o f t h e e x p e r i m e n t . T h u s t h e n u m b e r 

o f a n i m a l s n e e d e d f o r a n e x p e r i m e n t m a y b e g r e a t l y r e d u c e d a n d t h e n e e d f o r t h e i r 

s y s t e m a t i c c u l l i n g a t v a r i o u s s t a g e s o b v i a t e d . 

O r g a n o t y p i c h i p p o c a m p a l c u l t u r e s a r e s o c a l l e d b e c a u s e t h e y r e t a i n t h e t y p i c a l 

c e l l u l a r a r c h i t e c t u r e o f t h e a c u t e s l i c e p r e p a r a t i o n ( G a h w i l e r 1 9 8 1 , B e a c h et al 1 9 8 2 , 

S t o p p i n i et al 1 9 9 1 ) . T h u s t h e t r i s y n a p t i c p a t h w a y a n d i n h i b i t o r y c i r c u i t r y a r e f u n c t i o n a l l y 

i n t a c t , h n m u n o h i s t o c h e m i c a l s t u d i e s h a v e d e m o n s t r a t e d a s i m i l a r l o c a l i s a t i o n f o r b o t h 

g l u t a m a t e a n d G A B A i n r a t h i p p o c a m p a l s l i c e s t o t h a t f o u n d in situ. I m m u n o s t a i n i n g f o r 

g l u t a m a t e w a s f o u n d i n n e r v e e n d i n g s w i t h i n t h e stratum radiatum a n d stratum oriens 

( T o r p et al 1 9 9 2 ) . G A B A - l i k e i m m u n o r e a c t i v i t y i n r a t h i p p o c a m p a l c u l t u r e s a l s o d i s p l a y s 

a s i m i l a r m o r p h o l o g y a n d d i s t r i b u t i o n t o t h a t o b s e r v e d in vivo ( S t r e i t et al 1 9 8 9 , T o r p et al 

1 9 9 2 ) , b e i n g l o c a l i s e d p r e d o m i n a n t l y t o i n t e m e u r o n e s a n d p r e s y n a p t i c t e r m i n a l s a b u t t i n g 

d e n d r i t i c s h a f t s a n d n e u r o n a l c e l l b o d i e s ( T o r p et al 1 9 9 2 ) . S p o n t a n e o u s a n d e v o k e d I P S P s 

w e r e r e c o r d e d f r o m C A 3 p y r a m i d a l c e l l s a t l e a s t u p t o 3 0 D I V , i n d i c a t i n g t h e p r e s e n c e o f 

f i m c t i o n a l G A B A e r g i c i n h i b i t i o n ( S t r e i t et al 1 9 8 9 ) . 

T h i s s a i d , i t i s s t i l l u n c l e a r a s t o w h e t h e r t h e y r e t a i n a n " o r g a n o t y p i c " e x p r e s s i o n 

p a t t e r n f o r t h e v a r i o u s r e c e p t o r s a n d t h e i r c o n s t i t u e n t s u b u n i t s f o u n d in vivo. 

A u t o r a d i o g r a p h i c b i n d i n g s t u d i e s ( M a r t e n s a n d W r e e 2 0 0 1 ) h a v e d e m o n s t r a t e d t h a t b y 2 4 

d a y s in vitro ( D I V ) , r a t o r g a n o t y p i c h i p p o c a m p a l c u l t u r e s d i s p l a y d i f f e r e n c e s i n t h e 

r e g i o n a l d i s t r i b u t i o n o f [ ^ H ] M K - 8 0 1 a n d [ ^ H ] A M P A b i n d i n g c o m p a r e d t o a g e m a t c h e d 

c o n t r o l s . T h e i r d a t a s u g g e s t s t h a t t h e r e i s a r e l a t i v e i n c r e a s e i n t h e b i n d i n g o f b o t h 

[ ^ H ] M K - 8 0 1 a n d [ ^ H ] A M P A i n t h e C A 3 r e g i o n o f t h e s e c u l t u r e s c o m p a r e d t o C A l a n d 
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t h e d e n t a t e g y r u s . I n a d d i t i o n , t h e y f o u n d t h a t t h e a m o u n t o f [ ^ H J k a i n a t e b i n d i n g w a s 

i n c r e a s e d 3 - 5 t i m e s i n t h e C A 3 r e g i o n o f c u l t u r e s w h e n c o m p a r e d t o a g e m a t c h e d a c u t e 

s l i c e s . T h u s w h i l s t d i s p l a y i n g s i m i l a r i t i e s t o t h e a c u t e s l i c e p r e p a r a t i o n , t h e o r g a n o t y p i c 

h i p p o c a m p a l s l i c e m o d e l i s n o t i d e n t i c a l . T h i s m a y i n t u r n a f f e c t t h e f u n c t i o n a l o u t p u t o f 

t h e h i p p o c a m p a l n e t w o r k i n t h i s p r e p a r a t i o n . 

S i n c e t h i s c h a p t e r d e a l s w i t h i s s u e s s u r r o u n d i n g K A t o x i c i t y , t h e n e x t s e c t i o n w i l l 

d e a l w i t h t h e p r o p o s e d m e c h a n i s m s u n d e r l y i n g t h i s p h e n o m e n o n . 

5.1.2 Kainic acid toxicity 

T h e n e u r o t o x i c e f f e c t s o f K A h a v e b e e n k n o w n f o r a n u m b e r o f y e a r s ( S c h w o b et 

al 1 9 8 0 , H e g g l i et al\92,\, L o t h m a n et al 1 9 8 1 ) , a l t h o u g h t h e e x a c t m e c h a n i s m s b y w h i c h 

K A c a u s e s c e l l d e a t h a r e u n c l e a r . 

A n u m b e r o f m e c h a n i s m s h a v e b e e n i m p l i c a t e d i n t h e n e u r o t o x i c a c t i o n s o f K A . 

F o r e x a m p l e , a c t i v a t i o n o f N M D A r e c e p t o r s i n p o p u l a t i o n s o f c e l l s s u s c e p t i b l e t o 

e x c i t a t i o n b y K A ( B e r g et al 1 9 9 3 , B a r a n et al 1 9 9 4 ) i s t h o u g h t t o l e a d t o a n i n c r e a s e i n 

o x y g e n - f r e e r a d i c a l p r o d u c t i o n ( L a f o n - C a z a l et al 1 9 9 3 ) f o l l o w i n g a n i n c r e a s e d i n f l u x o f 

C a ^ ^ . I n s u p p o r t o f t h i s h y p o t h e s i s , B r u c e a n d B a u d r y ( 1 9 9 5 ) h a v e r e p o r t e d i n c r e a s e d 

l e v e l s o f l i p i d p e r o x i d a t i o n a n d p r o t e i n o x i d a t i o n i n t h e h i p p o c a m p u s o f r a t s a t 8 a n d 1 6 

h o u r s a f t e r t h e i n d u c t i o n o f K A s e i z u r e s . I n a d d i t i o n , t h e y r e p o r t e d t h a t K A a d m i n i s t r a t i o n 

i n c r e a s e d t h e a c t i v i t y o f t w o t r a n s c r i p t i o n f a c t o r s ( a c t i v a t o r p r o t e i n - 1 a n d NFKB) w h i c h 

h a v e p r e v i o u s l y b e e n r e p o r t e d t o b e m a r k e r s f o r c e l l u l a r s t r e s s ( P i n k u s et al 1 9 9 6 , S c h m i t z 

et al 1 9 9 5 ) . F u r t h e r m o r e , K A t o x i c i t y i s b l o c k e d b y c o m p o u n d s s u c h a s E U K - 1 3 4 , w h i c h 

e x h i b i t s u p e r o x i d e d i s m u t a s e a n d c a t a l a s e a c t i v i t y ( R o n g et al 1 9 9 9 ) . 

P r o d u c t i o n o f o x y g e n - f r e e r a d i c a l s c a n l e a d t o D N A d a m a g e , g i v i n g r i s e t o b a s e 

m i s m a t c h i n g . I n d e e d , h y d r o x y l a n d s u p e r o x i d e free r a d i c a l s a p p e a r t o s e l e c t i v e l y t a r g e t 

g u a n i n e a n d t h y m i d i n e ( B e l l o n i et al 1 9 9 9 ) . I n t r a - a m y g d a l a a d m i n i s t r a t i o n h a s b e e n 

d e m o n s t r a t e d t o r e s u l t i n D N A fragmentation ( H e n s h a l l et a l , 2 0 0 0 ) , a l t h o u g h i t i s l i k e l y 

t h a t t h i s p h e n o m e n o n i s a c o n s e q u e n c e r a t h e r t h a n a c a u s e o f a K A - i n d u c e d c e l l d e a t h 

p r o c e s s . 

D N A fragmentation i s o n e o f t h e f e a t u r e s o f c e l l d e a t h o b s e r v e d d u r i n g a p o p t o s i s , 

a s i s i n d u c t i o n o f t h e p 5 3 t u m o u r s u p p r e s s o r g e n e ( S a k h i et al 1 9 9 7 ) . T h e t r a n s c r i p t i o n a l 

a c t i v i t y o f p 5 3 h a s b e e n s h o w n t o b e u p r e g u l a t e d f o l l o w i n g K A - i n d u c e d e x c i t o t o x i c i t y 

( L i u et al 1 9 9 9 ) . T h i s m a y l e a d t o i n c r e a s e d e x p r e s s i o n o f t h e box g e n e , t h e p r o d u c t o f 
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w h i c h c a u s e s a r e l e a s e o f c y t o c h r o m e C f r o m t h e m i t o c h o n d r i o n i n t o t h e c y t o p l a s m ( G r o s s 

et al 1 9 9 9 ) . W h e n t h i s b i n d s t o a c o m p e l x o f A p a f - 1 a n d c a s p a s e - 9 , i t c a u s e s a s u b s e q u e n t 

a c t i v a t i o n o f t h e p r o - a p o p t o t i c c a s p a s e - 3 ( L i u e t al 2 0 0 1 ) . T h i s c l e a v e s a s p a r t a t e r e s i d u e s 

i n a n u m b e r o f e s s e n t i a l p r o t e i n s , l e a d i n g t o c e l l d e a t h ( L i u et al 2 0 0 1 ) . 

A s c h e m a t i c d i a g r a m f o r t h e p r o p o s e d e v e n t s l e a d i n g t o e x c i t o t o x i c c e l l d e a t h i s 

p r e s e n t e d i n f i g u r e 5 . 1 . 

Ca 2+ 
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PLA2 

Arachidonic 
Acid 

1 
Free 

Radicals 

Calmod Calpain Endonuclease 

i 
NO Cytoskeletal 
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Figure 5.1 Schematic diagram of the events leading to excitotoxic cell death. Increased influx activates 
PLA2 and calmodulin (Calmod) leading to the production of oxygen-free radicals. In addition, calpain activation 
leads to cytoskeletal bdreakdown and increased endonuclease activity leads to degradation of DNA. 
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5.1.2 Induced tolerance to kainic acid 

A n a d a p t i v e m e c h a n i s m h a s b e e n f o u n d t o o c c u r i n a n o r g a n o t y p i c m o d e l o f 

h i p p o c a m p a l s c l e r o s i s , n a m e l y t h e k a i n i c a c i d m o d e l ( B e s t et al. 1 9 9 6 ) . I n o r g a n o t y p i c 

h i p p o c a m p a l s l i c e c u l t u r e s k a i n i c a c i d p r o d u c e s a l e s i o n i d e n t i c a l t o t h a t s e e n in vivo. 

T h u s t h e r e i s a l o s s o f p r i n c i p a l c e l l s f r o m C A 3 a c c o m p a n i e d b y a d e c r e a s e i n t h e n u m b e r 

o f p a r v a l b u m i n c o n t a i n i n g n e u r o n e s . I t w a s f o u n d t h a t b y t r e a t i n g c u l t u r e s d e r i v e d from 8 

d a y o l d r a t s a t 7 d a y s in vitro ( D I V ) w i t h a s u b t o x i c d o s e o f k a i n i c a c i d i t w a s p o s s i b l e t o 

r e d u c e t h e e x t e n t o f t h e l e s i o n c a u s e d b y t h e s u b s e q u e n t a d d i t i o n f o u r d a y s l a t e r o f w h a t 

w a s p r e v i o u s l y f o u n d t o b e a t o x i c d o s e . T h i s w a s a c c o m p a n i e d b y a n i n c r e a s e i n t h e 

i m m u n o r e a c t i v i t y f o r h e a t s h o c k p r o t e i n 7 2 ( H S P 7 2 ) w i t h i n C A l ( B e s t et al 1 9 9 6 ) . 

T h i s p h e n o m e n o n o f n e u r o p r o t e c t i o n b y a l o w d o s e o f k a i n a t e r e s e m b l e s t h e 

p h e n o m e n a o f i s c h a e m i c t o l e r a n c e ( K i t a g a w a et al. 1 9 9 0 ) a n d t h e r m o t o l e r a n c e ( G e m e r 

a n d S c h n e i d e r 1 9 7 5 ) . I t i s l i k e l y t h a t p r e - t r e a t m e n t w i t h a s u b t o x i c d o s e o f k a i n a t e 

p r o d u c e s s o m e f o r m o f s t r e s s r e s p o n s e w h i c h r e s u l t s i n t h e e x p r e s s i o n o f t h e n o n -

c o n s t i t u t i v e H S P 7 2 . S i n c e t h i s e x p r e s s i o n i s s t i l l m a x i m a l a t 1 1 D I V w h e n t h e t o x i c d o s e 

o f k a i n a t e i s a p p l i e d i t i s p o s s i b l e t h a t i t m a y p l a y s o m e r o l e i n n e u r o p r o t e c t i o n , b u t t h i s i s 

s t i l l u n c l e a r . 

T h i s p h e n o m e n o n o f t o l e r a n c e h a s a l s o b e e n f o u n d t o o c c u r in vivo, i t b e i n g 

p o s s i b l e t o i n d u c e t o l e r a n c e i n t h e c o n t r a l a t e r a l h i p p o c a m p u s f o l l o w i n g a p r e v i o u s 

i n t r a c e r e b r o v e n t r i c u l a r i n j e c t i o n o f k a i n i c a c i d 8 d a y s e a r l i e r . T h i s s e c o n d i n j e c t i o n w a s 

c a r r i e d o u t a t a t i m e w h e n n e u r o p e p t i d e Y ( N P Y ) w a s k n o w n t o b e e x p r e s s e d i n t h e 

c o n t r a l a t e r a l h i p p o c a m p u s f o l l o w i n g t h e f i r s t i n j e c t i o n ( E l B a h h et al. 1 9 9 7 ) . 

J u s t a s i n t h e o r g a n o t y p i c m o d e l , i t w a s f o u n d t h a t t h e a m o u n t o f d a m a g e i n 

s t r a t u m p y r a m i d a l e o f C A S a - b w a s r e d u c e d i n t h e p r e c o n d i t i o n e d r a t s c o m p a r e d t o a n 

u n c o n d i t i o n e d g r o u p . T h e y a l s o f o u n d t h a t t h e s e v e r i t y o f s e i z u r e s f o l l o w i n g c o n t r a l a t e r a l 

k a i n a t e i n j e c t i o n w a s r e d u c e d i n t h e p r e c o n d i t i o n e d g r o u p . T h i s t o l e r a n c e w a s s e e n t o 

c o i n c i d e w i t h t h e e x p r e s s i o n o f N P Y i n c o n t r a l a t e r a l g r a n u l e c e l l s a n d m o s s y f i b r e s . 

N P Y h a s p r e v i o u s l y b e e n s e e n t o b e a n i m p o r t a n t l i m i t i n g f a c t o r i n e p i l e p t i f o r m 

a c t i v i t y w i t h i n t h e h i p p o c a m p u s . F o r e x a m p l e i t i s k n o w n t h a t l | j . M N P Y i s c a p a b l e o f 

s i g n i f i c a n t l y r e d u c i n g t h e f r e q u e n c y o f s p o n t a n e o u s b u r s t s i n d u c e d i n h i p p o c a m p a l s l i c e s 

b y e i t h e r l o w M g ^ " ^ o r 100)LIM p i c r o t o x i n ( K l a p s t e i n a n d C o l m e r s 1997). I n a d d i t i o n t o 

t h i s , k n o c k - o u t m o u s e s t u d i e s h a v e s h o w n t h a t i n N P Y d e f i c i e n t m i c e 

i n t r a c e r e b r o v e n t r i c u l a r i n j e c t i o n o f k a i n a t e r e s u l t s i n p r o g r e s s i v e l y w o r s e n i n g s e i z u r e s a n d 
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death in 93% of cases. This was rarely seen in their wild-type littermates. Furthermore, if 

NPY deficient mice were given an intracerebroventricular infusion of NPY before the 

administration of kainate then death did not occur as a result of seizure activity (Baraban 

etal. 1997). 

Work by two groups has indicated that hypoxia produces some form of 

compensatory mechanism which can protect against the onset of seizures. Bortolotto et al. 

(1991) studied the effects of bilaterally clamping the carotid arteries of rats on the 

induction of hippocampal kindling. The epileptogenic process of kindling represents a 

model of chronic focal epilepsy, and is normally induced by the daily application of 

repetitive stimuli to limbic structures such as the hippocampus or the amygdala, or by 

chemical stimulation of various brain regions. 

Bilateral clamping of the carotid arteries produces a decrease in the pOj and 

temperature within vulnerable brain structures such as the hippocampus and frontal cortex 

during the acute phase of the clamping. It was found that, during this acute phase of this 

process, the mean temperature in the hippocampus decreased by 1.6°C, while the pOz was 

seen to decrease by 60%. This acute phase lasted for 24 minutes. 

They found that for 14 days following clamping the GAB A content of the 

hippocampus was significantly increased by up to 29% compared with sham operated 

controls. In addition the clamped group were more resistant to the kindling process, 

requiring more stimuli before the onset of generalised seizures. They attributed this 

increased resistance to a combination of increased levels of GAB A, possibly indicating 

enhanced inhibitory mechanisms, and plastic changes in neuronal pathways responsible 

for the spread of seizure activity. Interestingly they also found that during the two weeks 

following clamping the threshold for seizure activity following the application of 

bicuculline increased, possibly indicating an increased functional role for GABA at 

postsynaptic sites. 

Pohle and Rauca (1994) have shown that an 8 hour period of normobar hypoxia 

(9% O2) reduces the neurotoxicity of a subcutaneous injection of 10 mg/kg kainic acid 

given one week later. This included both seizures and degenerative changes such as 

hippocampal cell death. In addition to this there was a marked reduction in the depletion 

of Zn^^ from mossy fibre terminals. It was this factor to which they attributed a possible 

protective role since zinc is co-released firom mossy fibre terminals with glutamate, and 

appears to play a regulatory role in preventing excessive activation of cells by glutamate. 

However, if the concentration of Zn̂ "*" becomes too high then it can potentiate cell death. 
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They proposed that if hypoxia could reduce this depletion of Zn̂ "̂  from mossy fibre 

terminals then it may also prevent the excessive release of glutamate. Another factor that 

may be important in this mechanism is adenosine, which is also greatly depleted during 

hypoxia and may regulate the release of neurotransmitters via a presynaptic mechanism. 

This interlinking of protective effects between hypoxia and kainic acid toxicity 

strongly suggests that the tolerance to kainate seen by Best et al. (1996) may well share 

the same mechanism as that of the protective effects of hypoxia seen by other workers. 

5.1.4 Objectives 

1. To compare and contrast the field responses and paired-pulse inhibition 

recorded form both the CAl and CAS of rat or mouse acute hippocampal slices 

with those of mouse organotypic hippocampal cultures. 

2. To compare the effects of acute application of KA in rat hippocampal slices 

and mouse organotypic hippocampal slice cultures. 

3. To investigate the effects of chronic (24 hour) KA application on subsequent 

pathology. 

4. To assess the effects of chronic (24 hour) KA application on CAl and CAS 

function using evoked field potential recordings from the stratum pyramidale. 

5.2 Methods 

5.2.1 Organotypic Culture 

Organotypic hippocampal slice cultures were prepared according to a modified 

method of Stoppini et al. (1991), as previously described in chapter 2 from 5-7 day old 

MFl mice. During the course of each experiment the hippocampi of one animal was 

plated out per six well tray. In order to account for possible variation between animals, 

prior to the commencement of drug treatments, the wells from each tray were mixed such 

that an even spread of cultures from different animals was achieved in each tray. 

5.2.2 Electrophysiology 

All electrophysiological measurements in organotypic MFl mouse cultures 

following kainate application were carried out at 7-12 DIV. Recordings in acute rat slices 

were performed between 15-19 days old. Acute mouse slices were taken from MFl mice 
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aged between 15-19 days old. Slice cultures were perfused in a modified slice recording 

chamber at room temperature with standard artificial cerebrospinal fluid (ACSF) with the 

composition (in mM): NaCl 117.8, NaHCOs 26.0, KCl 3.3, KH2PO4 1.3, MgS04.7H20 

1.0, CaClz 2.5, glucose 21.0. This ACSF was continually bubbled with 95% 02/5% CO2. 

CAl 

r 
Dentate 
Gyrus 

Membrane 

Figure 5.1 A Diagram showing the positioning of the recording electrode in stratum pyramidale of CA3 and 
stimulating electrode in the hilus to stimulate mossy fibres. This allows field population spikes to be 
recorded from CA3 of organotypic hippocampal slice cultures. For recordings made from the C A1 region, 
the stimulating electrode was placed in the Schaffer collateral pathway and the recording electrode in the 
stratum pyramidale as previously shown. 

Extracellular field potentials were recorded from stratum pyramidale of CAl and 

CA3, following stimulation of the Schaffer collateral pathway and perforant pathway 

respectively. Recordings were made using glass micropipettes (4-lOMQ, 3M NaCl). 

Graded stimuli were applied to produce stimulus-response curves, which provided a half-

maximal stimulus value. This stimulus was then used during a paired pulse protocol with 

stimuli 20 msec apart, thus providing information about the inhibitory systems within the 

hippocampus. The inhibition of the second spike was calculated as a percentage of the first 
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using the formula ((C-T)/C)*100, where C=conditioning (first) spike amplitude and T= 

test (second) spike amplitude. Kainic acid (IfiM, Sigma) was applied acutely via the 

superfusing ACSF. 

5.2.3 Kainic Acid Tolerance 

Previous work by Best et al. (1996) demonstrated a long-term induction of 

tolerance to KA toxicity by preincubation of hippocampal slice cultures derived from 

Wistar rat pups with a sub-toxic dose of KA. In order to ascertain that the effects of 

preconditioning could also be demonstrated in mice, cultures were incubated at 7 DIV 

with 1 |a,M kainic acid in the culture medium, a dose previously found to be subtoxic in rats 

(Best et al. 1996). After 24 hours this was removed by aspiration and replaced with fresh 

medium. Following this, at 11 DIV, slices were incubated with 5pM kainate for a further 

24 hours. At 15 DIV these were stained with the fluorescent exclusion dye propidium 

iodide (a marker for dead cells) and visualised using a rhodamine filter set. Following this 

they were fixed in 4% paraformaldehyde (PFA) and subsequently stained with the Nissl 

stain thionin as previously described. The extent of damage to the cell layers in the 

cultures was compared to untreated controls and controls treated with 1 ju,M KA at 7DIV 

and 5fj,M KA at 15 DIV. From this the percentage of each group in which the CA3 

pyramidal cell layer was no longer present following incubation with 5^M KA was 

calculated. 

[ ] 

Day Day Day Day Day 
0 7 8 11 12 

Incubation with IjnM KA 

Day 
15 

Fixing or 
PI Staining 

Incubation with Ŝ IVI KA 

Figure 5.2 Time-line showing the protocol for a preconditioning experiment carried out in organotypic culture. 
Hippocampal slices from 5-7 day old MFl mice were plated out onto Millipore CM membranes at day 0. 
Between day 0 and 7 the medium was changed at an interval of 3-4 days. On day 7 the medium was replaced 
with medium containing IjiM KA for 24 hours. This was changed for fresh, drug free medium on day 8. On day 
11 the medium was again replaced this time with medium containing 5nM KA for 24 hours. This was again 
replaced on day 12 with drug free medium. On day 15, slices were either fixed with 4% paraformaldehyde and 
stained with thionin or unfixed cultures were stained with propidium iodide to assess cell viability. 
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5.2.3.1 Preconditioning Threshold 

In order to ascertain the threshold concentration of KA required to induce 

neuroprotection cultures were incubated with increasing concentrations of KA at 7DIV 

from 250nM to 1|LIM KA. This was again applied in the culture medium for 24 hours, at 

which point it was replaced with fresh medium. In addition to this, two trays were left 

untreated at this time point, one being the untreated control and the other to be incubated 

with 5)iM KA at 11 DIV. At 11 DIV the medium was again aspirated off using a pipette 

and all trays incubated with SpM KA with the exception of the untreated control, which 

received fresh drug free medium. After a further 24 hours the medium was again replaced 

and the cultures kept in the incubator until 15 DIV. At this point all cultures received 6|il 

ml'̂  of propidium iodide solution (Sigma) with which they were incubated for at least 30 

minutes prior to visualisation. The number of slices exhibiting marked fluorescence in the 

CA3 region were calculated as a percentage of the total number of slices in the treatment 

group. 

[ 

Day 
0 

Day Day 
7 8 

Day Day 
11 12 

] 

Day 
15 

PI Staining 

Preconditioning Dose 

Incubation with SjiM KA 

Figure 5.3 Time-line showing the events in an experiment to determine a threshold for the concentration of 
KA required to elicit neuroprotection to a subsequent toxic challenge with S^M KA. Cultures were incubated 
at 7DIV with concentrations of KA between 250nM-] pM KA for 24 hours. At the end of this time the 
medium was replaced with drug free medium. At 1 IDIV all of the preconditioned trays and one of the two 
trays thus far untreated were incubated for 24 hours with medium containing KA. The medium was 
again replaced following this incubation. On day 15 in vitro cultures were stained with PI and visualised. 
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5.2.3.2 NMDA Receptor Blockade 

To examine the possibility that the preconditioning phenomenon may result from 

entry via the NMDA receptor, cultures were incubated at 7 DIV either with 1 pM KA 

only or with a combination of IpM KA and 20p.M MK801 and 20p.M D-AP5. In addition 

to this, two further trays were left untreated at this time point, one being the untreated 

control and the other to be incubated at 11 DIV with 5p,M KA as a positive control. Once 

again, drug incubations were 24 hours in duration, with the medium being replaced at the 

end of this time. 

L 

Day 
0 

Day Day 
7 8 

Day Day 
11 12 

J 

Day 
15 

PI Staining 

1 fiM KA ± 20fiM MK801 and D-APS 

Incubation with SfiM KA 

Figure 5.4 The experimental protocol for an investigation into the effect of NMDA receptor blockade in the 
induction of KA tolerance. The experiment is the same as previously described for the induction of tolerance 
with the exception that 20^M MK801 and 20|iM D-AP5 was co-administered with l^M KA at 7D1V in two 
trays. Otherwise, drugs were applied as before at the same time points. 

5.2.4 Glutamic Acid Decarboxylase Staining 

It is known that the KA lesion model of temporal lobe epilepsy (TLB) that, in 

addition to causing a degeneration of principal cells in the CAS region of the 

hippocampus, exhibits a reduction in the number of both somatostatin immunoreactive 

and parvalbumin immunoreactive intemeurones (Best et al 1993, 1994, 1996). This 

reduction is seen throughout CA3 and CAl. Intemeurones containing calbindin D28K are 

similarly reduced in number following injection of KA into the dorsal hippocampus of 

mice (Bouilleret et al. 2000). 

221 



It was therefore of interest to examine the effects of this preconditioning 

phenomenon on the numbers of glutamic acid decarboxylase 67 (GAD67) immunoreactive 

cells following KA treatment. To this end hippocampal slice cultures were prepared as 

before and subjected to a preconditioning regimen. As before, the experiment included a 

group of untreated and 5|LIM KA treated controls. At 15 DIV these were fixed overnight 

with 4% PFA and immunostained for GAD67 in the manner described in chapter 2. 

Slices were then counterstained with propidium iodide in order to aid identification 

of the anatomical regions within the slice and mounted onto slides using the aqueous 

mountant Crystal/Mount (Biomedia) with cover slips for light microscopy. 

The number of GAD67 positive cells were counted for the dentate gyrus and hilus 

(taken as one unit), the CAS and the CAl. These were then expressed as the number of 

positive cells per region in each treatment group. 

5.3 Results 

5.3.1 Electrophysiological characterisation of the mouse organotypic hippocampal 

slice culture 

In order to ascertain to what extent the organotypic mouse hippocampal slice 

culture conforms to the acutely isolated hippocampal slice preparation with regards to its 

electrophysiological properties, the following comparisons have been made. 

Population spike recordings taken from the CAl and CAS regions of organotypic 

cultures (figure 5.5) exhibit robust paired-pulse inhibition at an interpulse interval of 

20msec. This is analogous to the phenomenon observed in acute slices from both rats and 

mice at a similar age. 

O.SmV 

20msec 

J W 

O.SmV 

20msec 

a) 

Figure 5.5 Examples of the field population spikes obtained irom the CAl (a) and CA3 (b) regions of mouse 
organotypic hippocampal slice cultures using a paired pulse protocol with a 20msec inter-pulse interval. 
Cultures were aged between 11-14 DIV. 
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5.3.1.2 Comparison of the electrophysiology of CAl 
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Figure 5.6 Examples of recordings made from the CAl region of acute rat (a), acute mouse (c) and 
organotypic hippocampal slice preparations (e) during a stimulus- response experiment. Parts (b), (d) and 
(f) are the respective stimulus-response curves obtained from the first population spike data for these 
recordings. 
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Figure 5.7 Comparison of the mean (±S.E.M.) maximal population spike elicited from the CAl region 
of intact and isolated rat CAl preparations (15-19 days old), the mouse acute slice CAl (16-18 days 
old) and the CAl of mouse organotypic hippocampal slice cultures (n=10 for all) during a stimulus-
response curve. There is no significant difference between the maximal population spike elicited from 
the intact slice CAl (4.6mV (±0.3)), the isolated CAlpreparation (4.7mV (±0.4)) or the mouse acute 
slice CAl (5.0mV (±0.5). The maximal population spike elicited from the CAl of age matched mouse 
organotypic hippocampal slice cultures is significantly smaller that all other preparations tested (3.4mV 
(±0.5), p<0.05). 

Examples of the population spikes elicited by incrementally increasing stimuli 

from the CAl region of rat and mouse acute slices and mouse organotypic hippocampal 

slices, and the resulting stimulus response curves calculated from this data are presented in 

figure 5.6 on the previous page. The mean maximal amplitude of population spike 

(±S.E.M.) which it is possible to elicit from these preparations is shown graphically in 

figure 5.7 above. It is clear that the maximal population spike is comparable between all 

acute preparations, but the mouse organotypic hippocampal slice preparation's output is 

significantly lower (p<0.05). This is likely to be due to the thickness of the slice 

preparations used. In the acute preparation the slices are all cut at 400p^i. Whilst this is 

also true for the slices used to prepare organotypic slices the preparation appears to reduce 

in thickness thereafter. By the time they are subjected to electrophysiological recording (9-

12 days later) they are approximately 150|am in thickness (N. Best personal 
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communication). Since the population spike is a function of the firing of a population of 

neurones a thinner slice is likely to result in a smaller output from the slice. 

A comparison of the mean (±S.E.M.) percentage inhibition calculated from CAl 

over a period of 15 minutes in either cultured mouse slices or acute slices derived from 

both rats and mice in figure 5.8. From this we can see that the CAl region of mouse 

organotypic hippocampal cultures exhibits a significantly greater degree of paried-pulse 

inhibition (74% (±0.7), n=5) to that calculated from either rat (60% (±0.4) n=25, p<0.01) 

or mouse CAl (65% (±1.7) n=2, p<0.01). In addition, the percentage inhibiton calculated 

from recordings made in mouse acute slices display slightly higher percentage inhibition 

to that of rats (p<0.01). 
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Figure 5.8 Comparison of percentage inhibition data obtained from the CAl region of acute rat slices 
(15-19 days) (n=25) and organotypic mouse hippocampal slice cultures (7-11 DIV) (n=5). Organotypic 
mouse cultures displayed a significantly greater degree of inhibition to acute rat slices (p<0.0i). The 
acute mouse CAl displays statistically significant differences trom both (p<O.Oi, n=2). 
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5.3.1.3 Comparison of the response to lp,M KA in CAl 

The effect of 1|^M KA on the population spike amplitudes recorded from the CAl 

region of 7-llDIV mouse organotypic hippocampal slice cultures is presented on the 

following page. The mean percentage amplitude (±S.E.M.) of the first population spike is 

shown in figure 5.10, data for the second population spike in figure 5.11. Examples of the 

recordings obtained during the course of these experiments are presented in figure 5.9 

below. 

Control 

5minsKA 

1 25rninsKA. 

120minsKA 

. 
Wash 

5mV 

20msec 

Figure 5.9 Example traces obtained from the CAl 
of a mouse organotypic hippocampal slice culture 
during the addition of l|iM KA and wash. KA 
reduces the amplitude of both the first and second 
population spikes. This persists during the wash 
phase. 

In the CAl of mouse organotypic hippocampal cultures it would appear that 

addition of IfiM KA to the superfusing ACSF results in a rapid reduction in the mean 

percentage amplitudes of both the first and second population spikes. This would be 

consistent with a strong depolarisation of the CAl pyramidal cell population possibly 

following CAS pyramidal cell activation by KA, thus indicating a difference to the 

observed effect of KA in 15- 19 day rat acute slice CAl. Data for the first (figure 5.12) 

and second (figure 5.13) population spikes from intact rat acute slice CAl are presented 

for comparison purposes on page 204. These data are repeated from figure 3.12 for ease of 

comparison. As previously shown in chapter 3, the application of l|uM KA to intact slices 

and isolated CAl preparations results initially in an increase in the mean percentage 

amplitude of both the first and second population spike amplitudes. Thus there are distinct 

differences in the initial response to KA in cultured slices compared to rat acute slices. 
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Following the initial reduction in the amplitude of the first population spike in the 

CAl of organotypic cultures (figure 5.10), the population spike temporarily increases in 

amplitude and then is further reduced. This again differs somewhat to the response of the 

acute rat slice, where the amplitude of the first population spike is depressed following the 

initial phase of the response (figure 5.12). 

While it is known that KA is capable of reducing GABAergic inhibition in CAl 

via a presynaptic action on intemeuronal terminals (Frerking et al. 1999; Rodriguez-

Moreno et al. 1997) this phenomenon is not seen in the data for the second population 

spike presented in figure 5.11. It would be expected that the second population spike 

amplitude would increase as the release of GABA diminished. This may be due to the 

presence of an intact connection between CAS and CAl allowing the depolarisation block 

in CAS to induce a similar phenomenon in CAl via a tonic release of glutamate from the 

Schaffer collaterals. 
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Figure 5.10 The effect of prolonged (2 hour) application on the first population spike recorded from the 
CAl of mouse organotypic hippocampal cultures.The administration of IpM KA causes an initial marked 
reduction in the mean percentage amplitude (±S.E.M.) of the first population spike of 11-14DIV cultures 
(n=5). This is folowed by a transient, partial recovery of the population spike which again declines towards 
the end of the experiment. As in the CAS region, the population spike remains depressed even after 60 
minutes ACSF wash. 
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Figure 5.11 Tlie effect of prolonged (2 hour) KA application on the second population spike recorded from 
the CAl of unconditioned cultures 11-14DIV also undergoes a marked reduction in amplitude following the 
introduction of 1 nM KA to the recording chamber. Unlike the first population spike there is no evidence of a 
transient increase in the mean percentage amplitude around 25 minutes into the KA application period (n=5). 
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Figure 5.12 l|iM KA application to acute rat intact hippocampal slices results in a transient increase in 
the first population spike amplitude (119% (±9.7) from control (86% (±3.4), p<0.01). This is followed 
by a reduction in the population spike amplitude to 34% (±4.5) (p<0.01). The first population spike data 
from figure 3.12 has been presented separately here for ease of comparison. 
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Figure 5.13 The second population spike amplitude recorded from acute intact rat hippocampal slices 
initially increases in the presence of l^iM KA from 50% (±5.7) to 96% (±16.0) (p<O.OI). Following this 
initial phase, the amplitude of the second population spike is reduced to 36% (±6.7) (p<0.01). These data 
for the second population spike have been presented separately for ease of comparison. 
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5.3.2.1 Comparison of the Electrophysiology of Acute and Organotypic CAS 
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Figure 5.14 Example traces of recordings taken from the CAS region of acute mouse slices (a) and organotypic 
hippocampal slice cultures (c) and the stimulus response curves obtained from these data (b) and d) 
respectively). Note the lower maximal amplitude obtained from the organotypic slice culture. 
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Examples of the population spike recordings and stimulus-response curves 

obtained from the CA3 region of acute and organotypic mouse slices are shown in figure 

5.14 on the previous page. 

Figure 5.15 below shows the mean (±S.E.M.) population spike amplitude recorded 

during a stimulus-response experiment from these preparations. Population spikes 

obtained from the acute mouse CAS are significantly larger (3.5mV (±0.5)) than those 

from the organotypic preparation (1.5mV (±0.1)) (p<0.01). 
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Figure 5.15 Comparison of the mean (± S.E.M.) maximal percentage population spike elicited during a 
stimulus-response curve from the CA3 regions of acute mouse slices (n=10) and mouse organotypic 
hippocampal slice cultures (n=9). The maximal response obtained from the cultured slice CA3 (1.5mV 
(±0.1)) was found to be significantly smaller than that for acute mouse slices (3.5mV (±0.5), p<0.01). 

As with the CAl region, the CA3 of organotypic slices (figure 5.16) exhibits a 

significantly higher degree of paired pulse inhibition (48% (±0.9)) then that observed for 

the acute mouse slice CA3 (24% (±0.6)) (p<0.01). 
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Figure 5.16 Comparison between the mean percentage inhibition (±S.E.M.) calculated from paired-pulse 
data recorded from the CAS region of age matched acute mouse slices (n=4) and organotypic mouse 
hippocampal slice cultures (n=5). Slice cultures display a degree of inhibition (48% (±0.9) than the acute 
mouse preparation (24% (±0.6)). This was found to be significantly greater than that of acute slices 
(p<0.01). 

5.3.2,2 Acute Kainate Application in CAS 

In figure 5.18 and 5.19 we can see the effects of l^M KA application on the 

conditioning and test spikes recorded from stratum pyramidale of the CA3 region of 

unconditioned organotypic hippocampal slice cultures between 11 and 14 DIV using a 

paired-pulse stimulus protocol. Examples of the traces obtained during the course of these 

experiments may be seen in figure 5.17. The application of KA causes a large reduction in 

the amplitude of both the first and second population spike amplitudes. 
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One other interesting phenomenon, which occurs in both CA3 and CAl as a resuh 

of 120 minutes of l|nM KA application, is the apparent reduction in the output of 

pyramidal cells following wash. This prompted the possibility that the neuroprotective 

effect of 1 |iM KA pre-incubation may occur as a result of a decrease in the excitability of 

pyramidal cells in these regions. However, as shown later (figures 5.45 and 5.57), 

pyramidal cell responses have returned to control values by the time induced tolerance is 

observed. 
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Figure 5.17 Example of the recordings obtained 
from the CAS of a mouse organotypic hippocampal 
slice culture during the addition of IfiM KA and 
wash. KA rapidly abolishes both the first and 
second population spikes. This persists during the 
wash phase. 
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Figure 5.18 Application of l ^M KA to cultures between 11 and 14DIV caused a marked reduction in the 
mean amplitude (±S.E.M.) of the first population spike elicited from CAS following paired-pulse stimulation 
of the mossy fibre pathway (n=5). 

luMKA 

Time (mins) 
Figure 5.19 The second population spike recorded from the CAS region of cultures of 11-14D1V also 
undergoes a marked reduction in mean amplitude (±S.E.M.) following the administration of 1 pM KA via the 
superfusing ACSF (n=5). 
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Figure 5.20 Example traces recorded from the 
stratum pyramidale of an acute hippocampal 
slice taken from a 12 day old MFl mouse at 
the end of the control period, after 5, 25 and 
120 minutes KA, and at the end of 60 minutes 
ACSF wash. 
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Figure 5.21 Time course for the application of 1 nM KA in CAS of acute slices. The 
graph shows the amplitudes of the first and second population spikes recorded from 
stratum pyramidale of CAS during a paired-pulse protocol following stimulation of the 
hilus at a half-maximal stimulus amplitude. (n=5, mean ± S.E.M.) 
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Figure 5.22 Example traces showing the effect of 1 |xM KA on the field population spike and EPSP recorded 
from the CAS region of an acute hippocampal slice taken from a 15 day old Wistar rat. Each frace represents 
the average of three responses taken at the following time points: a) at the end of 15 minutes confrol 
stimulation, b) within three minutes of the start of KA administration, c) after 25 minutes KA application, d) at 
the end of 120 minutes KA application, e) the end of 60 minutes ACSF wash. 
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For the purposes of comparison, the effect of ljj.M KA on the mean percentage 

population spike amplitude and EPSP slope (±S.E.M.) recorded using dual electrode 

recordings from the stratum radiatum and stratum pyramidale of the CA3 region of an 

acute mouse hippocampal slice are presented in figure 5.23 below. Examples of these 

recordings at the same time points used in chapter 3 are shown in figure 5.22 on the 

preceding page. 

It is of note that in the CA3, the EPSP slope and population spike amplitude are 

both reduced with the onset of 1 |j,M KA application. 
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Figure 5.23 Time course for the application of 1 |iM KA in CA3 of acute slices using dual recordings from 
stratum radiatum and stratum pyramidale of a hippocampal slice taken from a 15 day old Wistar rat. Light 
blue and dark blue circles represent first and second population spike amplitudes and red and green triangles 
represent first and second EPSPs respectively. (n=l) 
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5.3.2 Kainic Acid Tolerance in the Organotypic Hippocampal Slice 

Previous work by Best et al (1996) has demonstrated that it is possible to induce 

tolerance to KA toxicity by prior 24 hour incubation with a subtoxic concentration of KA 

in rat organotypic hippocampal slice cultures. The following data aims to assess whether 

chronic exposure to IfiM KA induces cell death and, if not, does a similar tolerance 

phenomenon occurs in organotypic mouse hippocampal cultures as a result of this 

subtoxic insult. 

It can be seen (figure 5.24) that the phenomenon of kainic acid preconditioning 

occurs in MFl mouse organotypic hippocampal slice cultures in much the same way as 

seen in Wistar rats (Best et al. 1996). The cultures in figure 5.24 have been treated with a 

1 faM KA incubation at 7 DIV (b), 5p,M KA for 24 hours at 11 DIV(c), 5pM KA at 11 DIV 

following a 24 hour incubation with 1 pM KA at 7 DIV or remained drug naive throughout 

the course of the experiment (a). Cultures were fixed with 4% paraformaldehyde (PFA) at 

15 DIV and stained with the Nissl stain thionin. Thus the cell bodies are visible within the 

slice. As previously demonstrated by Best et al. (1996) a 24 hour incubation with 5|J,M 

KA is toxic to the pyramidal cells of CA3. This can be seen in the comparison between 

figure 5.24 (a) and 5.24 (c). Figure 5.24 (a) shows an untreated control culture, displaying 

the classic hippocampal structure, the dentate gyrus and CA3-CA1 being clearly visible. 

This is clearly contrasted by figure 5.24 (c), in which the CAS region is no longer 

apparent, implying the death of pyramidal cells in this region. Incubation for 24 hours 

with 1 pM KA is clearly below the toxic threshold detectable by thionin staining, as can be 

seen in figure 5.24 (b). The various cell body regions are all clearly seen, very much as in 

the control group. This is also the case for the preconditioned group which were then 

subsequently challenged with a 5pM KA incubation for 24 hours at 11 DIV, where again 

the cell layers all appear to be intact. 
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Figure 5.24 Photomicrographs showing examples of thionin stained MFl cultures fixed at I5DIV. 
a) Untreated control (n=9 slices). Note the interlocking C-shapes of the dentate gyrus and stratum 
pyramidale of CAS and CAl. b) l^M KA at 7D1V (n=28 slices), c) 5|aM KA at 11 DIV (n=24 slices). 
Stratum pyramidale of CAS has been lesioned. d) Pre-conditioned with l|iM KA at 7D1V + 5|JM KA at 11 
DIV for 24 hours (n=26 slices). The hippocampal slice cultures in these treatment groups represent slices 
from six animals. Mag. X40 
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Figure 5.25 Percentage of damaged slices (i.e. slices in which CA3 is obviously lesioned) per treatment 
group revealed using the Nissl stain thionin. The IPM KA incubation was carried out at 7 DIV, 5|LIM KA at 
11 DIV. The number of slices per treatment group may be seen below in table 5.1. Each treatment group 
contained slice cultures derived from six separate animals. 

Treatment Percentage Damaged Slices Total number slices 
Control 11^94 9 
1^MKA(7DIV) 28 
5|aMKA(llDIV) 58J%o 24 
1 + 5|j.M KA 11.5% 26 

Table 5.1 Percentage of lesioned slices visualised using the Nissl stain thionin for control, l|aM and 5|aM 
KA incubations and KA incubation following preconditioning at 7 DIV with 1 pM KA 

The percentage of sHces exhibiting damage to CAS visuahsed using the Nissl stain 

thionin following various kainic acid treatments can be seen in figure 5.25. The graph 

shows that pre-treatment with 1 |j,M KA for 24 hours at 7 DIV reduces the severity of the 

damage caused by 5nm KA within CA3. The actual percentages for this experiment are 

shown in table 5.1. 
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Figure 5.26 Photomicrographs of 15 DIV MFl mouse cultures stained with thionin and the fluorescent 
exclusion dye propidium iodide (PI), a) thionin control, c) PI control; b) SpM KA (1IDIV) treated culture 
stained with thionin, d) 5|j,M KA (1 IDIV) with PI; e) IpM KA (7DIV) with PI; f) KA following 
preconditioning, stained with PI. Mag. X40 

Although thionin staining is a useful indicator of the presence or absence of cells, 

it does not provide information on the viability of those cells present. Information of this 

kind may be obtained by the staining of live slices with propidium iodide (PI), which is 

only able to fluoresce once it binds to nucleic acid. It's molecular size prevents it entering 

cells whose membranes are intact (ie. live cells), thus rendering it a useful tool to visualise 

dead and dying cells (Darzynkiewicz & Li 1996). Figure 5.26 shows the results of PI 

staining cultures at 15 DIV following a preconditioning experiment. Figure 5.26 (a) and 

(b) show thionin stains of an untreated control culture (a) and one subjected to 5p.M KA 

for 24 hours at II DIV (b). figure 5.26 (c) and (e) exhibit little or no fluorescence, being 

the untreated control (c) and a culture incubated with 1 |iM KA for 24 hours at 7 DIV (e). 

This lack of fluorescence indicates little or no cell death. The classic pattern of CA3 cell 
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death following kainic acid is clearly visible in figure 5.26 (d). The high degree of 

fluorescence in this region indicates widespread pyramidal cell death following the toxic 

insult. This toxicity is clearly reduced as a result of preconditioning (figure 5.26 (f)). 

These slices were generated during a separate experiment to that presented in figure 5.25 

and represent cultures derived from 6 separate animals. The actual number of slices per 

treatment group may be seen in table 5.2. 

5.3.2.2 Preconditioning Threshold 

In order to whether there is a threshold preconditioning concentration of kainate 

below which neuroprotection does not occur, cultures were incubated with 250nM, 

500nM, 750nM and IjiM KA for 24 hours at 7 DIV. Each of these groups was 

subsequently challenged at 11 DIV with 5|LIM KA. A further unconditioned group of 

cultures were also treated with 5^M KA at 11 DIV. The PI data for this experiment can be 

seen in figure 5.27. From this and the graph in figure 5.28 we can see that although there 

is some small degree of neuroprotection at concentrations between 250-750nM, it is only 

when we reach l|iM KA that any marked difference is seen between the 5nM KA group 

and the preconditioned group. However, the fact that some neuroprotection is seen at sub-

micromolar doses implies that it is likely to be a kainate receptor mediated phenomenon 

since these concentrations are unlikely to activate AMP A receptors to any significant 

degree. The percentages of damaged slices per group are shown in table 5.2. 

5.3.2.3 NMDA Receptor Blockade During Preconditioning 

Calcium entry via the NMDA receptor is known to activate various signalling 

cascades, which have downstream effects on the excitability of the cell. A preconditioning 

experiment was carried out in which one group of cultures were incubated with 20|aM 

MK801 and 20nM D-AP5 at the same time as the 1|J,M KA preconditioning dose in order 

to prevent this. Figure 5.29 shows the PI data for this experiment, the results of which are 

shown graphically in figure 5.30. From the data it can be seen that NMDA blockade does 

not appear to affect the induction of kainic acid tolerance. Table 5.3 shows the percentage 

of CA3 damaged slices for the various treatment groups in this experiment. 
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e) 0 

Figure 5.27 Photomicrographs of propidium iodide fluorescence eHcited fî om 15 DIV cultures. The 
preconditioning dose of KA administered at 7 DIV was varied between 250nM-l|iM. They were then 
incubated for a further 24 hours with 5|iM KA at 11 DIV. a) Untreated control, b) 250niVI KA 
preconditioning dose, c) 500nM preconditioning dose, d) 750nM dose, e) l^M KA dose, f) KA 
control. The cultures in each treatment group represent slices taken from six different animals. Mag. X40 
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Figure 5.28 Graph showing the number of slices with extensive CA3 damage following various 
preconditioning doses from 250nM to l^M KA as a percentage of the total number of slices receiving that 
treatment. Control slices received no treatment throughout and 5|iM KA group received no preconditioning 
dose. All preconditioning doses were administered for 24 hours at 7DIV, followed by a 5pM KA challenge 
at 1IDIV. All slices were stained with propidium iodide and visualised at 15 DIV. 

Treatment Percentage Damaged Slices Number of Slices 
Control 19 
5|j,M KA 60% 20 
250nMKA 50% 18 
500nM KA 3&8% 19 
750nMKA 4L2% 17 
l|_iM KA 19 

Table 5.2 Table shows the percentage of CAS damaged slices resulting from various preconditioning 
concentrations of KA administered at 7DIV followed by a toxic challenge with KA at 11 DIV. The 
first two rows represent the untreated and 5|xM KA control groups. The last four represent cultures which 
were incubated with the stated concentration of KA at 7D1V for 24 hours and then challenged at 1IDIV with 
5|iM KA for a further 24 hours. 
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Figure 5.29 Photomicrographs of PI fluorescence elicited from 15 DIV cultures following an experiment to 
investigate the possible role of NMD A receptor activation as a result of KA induced depolarisation in the 
induction of tolerance, a) Untreated control, b) lp,m KA at 7DIV, c)l + SfiM KA, d) l|iM KA, 20|iM 
MK801, 20|j,M D-AP5 at 7DIV, KA at 11 DIV. e) 5^M KA at 11 DIV. Each treatment group consists 
of slices taken from six different animals. Mag. X40 
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Figure 5.30 Graph showing the percentage of the total number of slices in each treatment group exhibiting 
severe CAS damage indicated by propidium iodide fluorescence following pretreatment with 1 pM KA or 
l|iM KA with 20|iM MK801 and D-AP5. Bars represent number of damaged slices as a percentage of the 
total number of slices per group. 

T r e a t m e n t P e r c e n t a g e D a m a g e d 

S l i c e s 

N u m b e r o f s l i c e s 

C o n t r o l 1 L 8 % 1 7 

l ^ i M K A 1 2 . 5 % 1 6 

5 ^ M K A 9 0 . 9 % 1 1 

1 + 5\iM K A 3 5 . 3 % 1 7 

P r e c o n + 2 0 p . M M K 8 0 1 + D - A P 5 4 0 . 7 % 2 7 

Table 5.3 Percentage of the total number of slices per treatment group exhibiting severe CAS damage 
following a 24 hour incubation with 5|aM KA in untreated cultures, preconditioned cultures and slices 
incubated with 20)iM MKSOland 20pM D-AP5 along with the preconditioning dose. Each group consists of 
slices derived from six animals. 
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5 . 3 . 2 . 4 G A D S t a i n i n g 

T h e in vivo k a i n i c a c i d m o d e l i n w h i c h k a i n i c a c i d i s a d m i n i s t e r e d 

i n t r a v e n t r i c u l a r l y i s k n o w n t o r e d u c e t h e n u m b e r s o f v a r i o u s i n t e m e u r o n a l p o p u l a t i o n s 

w i t h i n t h e h i p p o c a m p u s ( F r a n k , 1 9 9 3 , B e s t et al. 1 9 9 4 b ) . I n o r d e r t o a s s e s s t h e e f f e c t o f 

i n d u c i n g k a i n i c a c i d t o l e r a n c e o n t h e s u s c e p t i b i l i t y o f i n t e m e u r o n e s t o a s u b s e q u e n t 

k a i n a t e c h a l l e n g e c u l t u r e s w e r e f i x e d a n d a n t i b o d y s t a i n e d f o r G A D 6 7 , t h e s y n t h e t i c 

e n z y m e f o r G A B A . F i g u r e 5 . 3 1 s h o w s e x a m p l e s o f t h e r e s u l t o f G A D 6 7 s t a i n i n g i n 

c o n t r o l ( 5 . 3 1 ( a ) ) , l | i M K A ( b ) , 5 | i M K A ( c ) t r e a t e d c u l t u r e s a n d a p r e c o n d i t i o n e d c u l t u r e 

c h a l l e n g e d w i t h 5 | L i m K A ( d ) . 

T h e n u m b e r s o f G A D 6 7 p o s i t i v e c e l l s i n t h e d e n t a t e g y r u s a n d h i l u s , C A 3 a n d 

C A l f o l l o w i n g v a r i o u s k a i n a t e t r e a t m e n t s a r e s h o w n g r a p h i c a l l y i n f i g u r e 5 . 3 2 . A s c a n b e 

s e e n , t h e r e a r e s i g n i f i c a n t l y f e w e r i n t e m e u r o n e s i n t h e h i l u s a n d d e n t a t e g y r u s , a n d C A 3 

f o l l o w i n g t r e a t m e n t w i t h k a i n a t e . I t i s i n t e r e s t i n g t o n o t e t h a t t h e r e i s n o s i g n i f i c a n t 

d i f f e r e n c e i n t h e n u m b e r o f G A D p o s i t i v e c e l l s i n t h e C A l r e g i o n . T h e c e l l c o u n t s f o r 

G A D - p o s i t i v e i n t e m e u r o n e s a r e s h o w n i n t a b l e 5 . 4 . 

^ ' •rut ' / -'r -

% 

. . T n 

Figure 5.31 Examples of GAD stained neurones from a) control, b) culture treated with 1 pM KA at 7 DIV, 
c) 5pM KA at 11 DIV and d) 5^M KA following preconditioning. 
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Figure 5.32 Mean counts (±S.E.M.) for GAD positive neurones in the hilus/dentate gyrus, CAS and CAl in 
cultures fixed at 15 DIV with 4% paraformaldehyde. Cultures were subjected to the following treatment 
protocols: 24 hour incubation with l(iM KA at 7 DIV, 24 hour incubation with 5|iM KA at 11 DIV and 24 
hour incubation with 5(iM KA at 11 DIV following previous incubation at 7 DIV with IjiM KA for 24 
hours. Each treatment group consists of slices taken from six animals. *= p<0.05, **=p<0.01, Student's 
Paried t-test 

T r e a t m e n t D e n t a t e / H i l u s C A 3 C A l N o . S l i c e s 

C o n t r o l 2 5 . 6 3 ( ± 2 . 2 9 ) 2 8 . 2 5 ( ± 3 . 2 8 ) 1 9 . 7 5 ( ± 2 . 1 1 ) 1 6 

l ^ M K A 7 . 3 8 ( ± 1 . 1 4 ) 7 . 9 0 ( ± 0 . 7 5 ) 7 . 3 8 ( ± 0 . 9 8 ) 2 1 

5 | i M K A 1 7 . 0 0 ( ± 1 . 6 7 ) 1 9 . 5 5 ( ± 1 . 7 1 ) 1 7 . 5 5 ( ± 1 . 9 6 ) 2 0 

1 + 5 p M K A 1 6 . 7 8 ( ± 1 . 1 4 ) 2 1 . 2 8 ( ± 1 . 2 7 ) 1 8 . 3 9 ( ± 1 . 4 3 ) 1 8 

Table 5.4 GAD-positive cell counts for a preconditioning experiment. Means cell counts (± S.E.M.) are 
show for untreated controls, l^M KA at 7 DIV, 5|iM at 1IDIV and 1 + 5|iM KA treatments. Each treatment 
group contains slices from six animals. 
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5 . 3 . 4 P r e c o n d i t i o n i n g a n d C A 3 E l e c t r o p h y i s i o l o g y 

I t w a s p o s s i b l e t o r e c o r d p o p u l a t i o n s p i k e s from b o t h t h e C A 3 a n d C A l r e g i o n s o f 

o r g a n o t y p i c c u l t u r e s f r o m 7 D I V o n w a r d s . D u r i n g i n i t i a l c o m p a r i s o n s o f t h e field 

p o p u l a t i o n s p i k e r e s p o n s e s e l i c i t e d f r o m t h e C A 3 o f u n t r e a t e d c o n t r o l c u l t u r e s , a n d t h o s e 

w h i c h h a d b e e n p r e c o n d i t i o n e d a t 7 D I V w i t h a 2 4 h o u r i n c u b a t i o n o f l p , M K A , i t w a s 

n o t i c e d t h a t t h e i n h i b i t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e w a s f a r g r e a t e r i n t h e c o n t r o l 

g r o u p t h a n t h e p r e c o n d i t i o n e d . A n e x a m p l e o f t h e s e p a i r e d p u l s e r e c o r d i n g s m a y b e s e e n 

i n figure 5 . 3 3 b e l o w . 

A V 

0.5mV 

20msec 
0.5mV 

Figure 5.33 Example traces of extracellular field potentials recorded from the stratum pyramidale of CA3 in 
age matched cultures, a) represents a response to a half maximal stimulus taken from an unfreated confrol 
culture, b) a response taken from a culture that was preconditioned at 7DIV for 24 hours with 1 nM KA. The 
trace in b) exhibits a lower degree of paired pulse inhibition than that in a). 

C a l c u l a t i n g t h e m e a n ( ± S . E . M . ) f o r t h e v a l u e s o b t a i n e d f o r t h e p e r c e n t a g e 

i n h i b i t i o n i n c o n t r o l a n d p r e c o n d i t i o n e d c u l t u r e s s h o w e d t h a t t h e m e a n i s s i g n i f i c a n t l y 

l a r g e r i n c o n t r o l ( 4 8 % ( ± 1 . 9 ) n = 6 ) t h a n i n p r e c o n d i t i o n e d c u l t u r e s ( 1 3 % ( ± 1 . 2 ) n = 8 ) 

( p < 0 . 0 1 S t u d e n t ' s u n p a i r e d t - t e s t ) . T h i s d i f f e r e n c e m a y b e s e e n g r a p h i c a l l y i n figure 5 . 3 4 , 

w h i c h s h o w s t h e m e a n p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d from b o t h g r o u p s o f c u l t u r e s o v e r 

a 1 5 m i n u t e p e r i o d . 
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Figure 5.34 The mean percentage inhibition recorded from the CAS region of age-matched preconditioned 
cultures (n=8) and untreated controls (n=6) during a 15 minute period are highly significantly different 
(p<0.01, Student's unpaired t-test). The means (±S.E.M.) calculated for the overall inhibition during this 
period were 48% (±1.9) for the control and 13% (±1.2) for the preconditioned groups. 

A l t h o u g h t h e p e r c e n t a g e i n h i b i t i o n i s m a r k e d l y r e d u c e d i n p r e c o n d i t i o n e d c u l t u r e s 

( f i g u r e 5 . 3 4 ) t h e r e i s i n f a c t s t i l l s o m e i n h i b i t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e r e m a i n i n g . 

I n o r d e r t o a s c e r t a i n w h e t h e r t h i s i n h i b i t i o n w a s s t i l l m e d i a t e d b y GABAA r e c e p t o r s , field 

r e c o r d i n g s w e r e m a d e f r o m C A 3 stratum pyramidale d u r i n g t h e a p p l i c a t i o n o f v a r i o u s 

c o n c e n t r a t i o n s o f t h e GABAA a n t a g o n i s t b i c u c u l l i n e m e t h i o d i d e ( B i c ) ( S i g m a ) . 

B i c u c u l l i n e h a s l o n g b e e n k n o w n t o b e a n a n t a g o n i s t a t GABAA r e c e p t o r s ( C u r t i s et al., 

1 9 7 0 ; O l s e n et a l . , 1 9 7 6 ) , a n d i s c o m m o n l y u s e d a s a n e p i l e p t o g e n i c a g e n t . H o w e v e r , 

m o r e r e c e n t l y i t h a s a l s o b e e n r e p o r t e d t o h a v e a c t i v i t y a t s i t e s o t h e r t h a n t h e GABAA 

r e c e p t o r . F o r e x a m p l e , b i c u c u l l i n e m a y p o s s i b l y a c t i v a t e c a l c i u m r e l e a s e f r o m i n t r a c e l l u l a r 

c a l c i u m s t o r e s i n c u l t u r e d r a t c e r e b e l l a r g r a n u l e c e l l s , a n e f f e c t t h a t a p p e a r s t o b e 

i n d e p e n d e n t o f GABAA r e c e p t o r s ( M e s t d a g h a n d W u i f e r t 1 9 9 9 ) . B i c u c u l l i n e , b y v i r t u e o f 

i t s a n t a g o n i s t p r o p e r t i e s , i s c a p a b l e o f r e d u c i n g t h e d e g r e e o f p a i r e d - p u l s e i n h i b i t i o n o f t h e 

s e c o n d p o p u l a t i o n s p i k e c o m p a r e d t o t h e first i n a d o s e d e p e n d a n t m a n n e r . L o w d o s e s o f 

t h e d r u g ( f o r e x a m p l e l ^ i M ) r e d u c e t h e i n h i b i t i o n w h i l s t h i g h e r c o n c e n t r a t i o n s ( e . g . 

250 



1 0 | i M ) a r e c a p a b l e o f c o m p l e t e l y a b o l i s h i n g t h e i n h i b i t i o n , r e s u l t i n g i n a n e p i l e p t i f o r m 

b u r s t . 

A n e x a m p l e o f t h e t y p e o f r e c o r d i n g o b t a i n e d from C A 3 o f u n t r e a t e d c u l t u r e s 

d u r i n g t h e a p p l i c a t i o n o f l ^ M B i c m a y b e s e e n i n f i g u r e 5 . 3 5 b e l o w . P a r t i a l b l o c k a d e o f 

GABAA r e c e p t o r s r e s u l t s i n a n i n c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e a s 

t h e e f f i c a c y o f G A B A e r g i c i n h i b i t i o n i s r e d u c e d . I t w o u l d b e e x p e c t e d t h a t t h e a m p l i t u d e 

o f t h e f i r s t p o p u l a t i o n s p i k e w o u l d a l s o i n c r e a s e a s t h e e f f e c t s o f t h e t o n i c i n h i b i t i o n a r e 

p r e s u m a b l y a l s o b e i n g a n t a g o n i s e d . S u r p r i s i n g l y , t h e a m p l i t u d e o f t h e f i r s t p o p u l a t i o n 

s p i k e a c t u a l l y d e c r e a s e s ( f i g u r e 5 . 3 6 ) , p o s s i b l y d u e t o a d e s y n c h r o n i s a t i o n o f t h e 

p y r a m i d a l c e l l p o p u l a t i o n o r p e r h a p s d u e t o s o m e n o n - G A B A A r e c e p t o r m e d i a t e d e f f e c t o f 

b i c u c u l l i n e o n p y r a m i d a l c e l l e x c i t a b i l i t y . T h i s e f f e c t d o e s n o t a p p e a r t o w a s h o u t a f t e r 3 0 

m i n u t e s A C S F w a s h . 

Control 

l|iM Bic 

Wash 

ImVI 
20msec 

Figure 5.35 Example traces of population 
spike recordings from the CA3 region of 
an untreated control culture during the 
application of 1 Bic. Note that initially 
there is almost complete inhibition of the 
second population spike, which is reduced 
in the presence of 1 Bic. 

T h e t i m e - c o u r s e f o r t h i s e x p e r i m e n t s h o w i n g t h e m e a n p e r c e n t a g e r e s p o n s e 

( ± S . E . M . ) f o r t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e c a n b e s e e n i n f i g u r e 5 . 3 6 b e l o w . 
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Figure 5.36 Time course for the effects of l^M Bic in the CAS of control cultures at 10-14 DIV. There is 
good initial inhibition of the second population spike during the control period. With the application of l^M 
Bic the second population spike increases in amplitude from 35% (±6.8) to 44% (±3.1) by the end of 15 
minutes. This implies a reduction of GABAA mediated inhibition (n=3). 

T h e m e a n p e r c e n t a g e i n h i b i t i o n d u r i n g t h i s e x p e r i m e n t ( f i g u r e 5 . 3 7 ) f a l l s w i t h t h e 

o n s e t o f t h e e f f e c t s o f I p M B i c f r o m 6 4 % ( ± 6 . 6 ) t o 4 3 % ( ± 5 . 0 ) . T h i s i n d i c a t e s t h a t i n t h e 

u n t r e a t e d C A 3 t h e i n h i b i t i o n o f t h e s e c o n d p o p u l a t i o n s p i k e e l i c i t e d b y a s t i m u l u s 2 0 m s e c 

a f t e r t h e first i s a GABAA r e c e p t o r m e d i a t e d e v e n t . 
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Figure 5.37 Time-course for the change in mean percentage inhibition that occurs during the application of 
l|iM Bic to the CAS of untreated control cultures (n= 3). During the course of the experiment the mean 
percentage inhibition falls from 64% (±6.6) to 43% (±5.0) as GABAA receptors are blocked by bicuculline. 

E x a m p l e s o f t h e t r a c e s o b t a i n e d from p r e c o n d i t i o n e d c u l t u r e C A S m a y b e s e e n i n 

f i g u r e 5 . 3 8 . T h e t i m e - c o u r s e d a t a f o r t h e e f f e c t s o f I p M B i c a p p l i c a t i o n o n t h e m e a n 

p e r c e n t a g e a m p l i t u d e o f t h e first a n d s e c o n d p o p u l a t i o n s p i k e s r e c o r d e d from C A S o f 

p r e c o n d i t i o n e d c u l t u r e s c a n b e s e e n i n figure 5 . S 9 . T h e c h a n g e s i n t h e m e a n p e r c e n t a g e 

i n h i b i t i o n ( ± S . E . M . ) t h r o u g h o u t t h i s e x p e r i m e n t a r e p r e s e n t e d i n f i g u r e 5 . 2 6 . 

S i n c e t h e e f f e c t o f 1 | i M B i c i n t h e p r e c o n d i t i o n e d C A S s h o w e d g r e a t v a r i a b i l i t y , 

r a w d a t a fraces h a v e b e e n p r e s e n t e d f o r a l l t h r e e e x p e r i m e n t s i n t h e d a t a s e t . I n t h e first 

e x p e r i m e n t ( f i g u r e 5 . S 8 a ) l | x M B i c p r o d u c e d n o c h a n g e i n t h e a m p l i t u d e s o f e i t h e r t h e 

first o r s e c o n d p o p u l a t i o n s p i k e . I n t h e s e c o n d ( f i g u r e 5 . 3 8 b ) t h e m u l t i p l e s p i k i n g p r e s e n t 

i n t h e c o n t r o l w a s a b o l i s h e d i n t h e p r e s e n c e o f t h e d r u g . I n t h e t h i r d , 1 | i M B i c a p p l i c a t i o n 

r e s u l t e d i n e p i l e p t i f o r m a c t i v i t y ( f i g u r e 5 . 3 8 c ) . 

T h u s t h e m e a n p o p u l a t i o n s p i k e a m p l i t u d e s i n figure 5 . 3 9 s h o w n o c h a n g e i n t h e 

first p o p u l a t i o n s p i k e a n d a d e c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d . T h i s i n t u r n r e s u l t s i n 

t h e i n c r e a s e o b s e r v e d i n t h e m e a n p e r c e n t a g e i n h i b i t i o n p r e s e n t e d i n figure 5 . 4 0 . I t w o u l d 

b e d e s i r a b l e t h e r e f o r e f o r t h e e x p e r i m e n t t o b e r e p e a t e d s e v e r a l m o r e t i m e s i n o r d e r t o g a i n 

a c l e a r e r p e r s p e c t i v e o f w h a t i s a c t u a l l y o c c u r r i n g i n t h e p r e c o n d i t i o n e d C A S d u r i n g t h e 
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a p p l i c a t i o n o f l | j , M B i c . T h i s c o u l d l e a d t o a b e t t e r i d e a a s t o w h e t h e r t h e a c t o f 

p r e c o n d i t i o n i n g r e n d e r s t h e C A S m o r e o r l e s s p r o n e t o e p i l e p t i c a c t i v i t y i n a d d i t i o n t o 

b e i n g m o r e r e s i s t a n t t o a n u m b e r o f t o x i c c h a l l e n g e s . 

T h e s a m e i s a l s o t r u e f o r t h e e f f e c t o f S p M B i c , w h i c h a l s o e x h i b i t e d n o c h a n g e i n 

o n e e x p e r i m e n t ( f i g u r e 5 . 3 8 d ) a n d e p i l e p t i f o r m b u r s t i n g i n t h e o t h e r ( f i g u r e 5 . 3 8 e ) . T h i s 

a g a i n r e s u l t e d i n a m e a n d e c r e a s e i n t h e a m p l i t u d e o f t h e s e c o n d p o p u l a t i o n s p i k e ( f i g u r e 

5 . 4 1 ) a n d a n i n c r e a s e i n t h e m e a n p e r c e n t a g e i n h i b i t i o n ( f i g u r e 5 . 4 2 ) . 

A p p l i c a t i o n o f l O ^ M B i c ( f i g u r e 5 . 4 3 ) w a s s u f f i c i e n t t o i n d u c e b u r s t i n g i n b o t h 

c u l t u r e s t e s t e d ( f i g u r e 5 . 3 8 f ) . T h e r e f o r e d a t a f o r t h e p e r c e n t a g e i n h i b i t i o n h a s n o t b e e n 

p r e s e n t e d . 
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Figure 5.38 Example traces showing the effect of a) l|iM Bic, b) SpM Bic, c) 3|iM Bic and d) lOpM Bic on 
the population spikes elicited using paired-pulse stimulation from the CAS region of cultures preconditioned 
at 7DIV with 1 KA. Note in all examples the low degree of inhibition of the second population spike in the 
initial control. 
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Figure 5.39 Time course for the application of 1 Bic in preconditioned cultures. Note that the second 
population spike amplitude is reduced in the presence of IfiM Bic from 69% (±11.4) to 51% (±8.9) when 
compared to the effect seen in figure 5.22. This change, however, was not found to be significant (n=3). 
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Figure 5.40 Changes in the mean percentage inhibition (±S.E.M.) calculated from paired-pulse data 
recorded from CAS of preconditioned cultures during the application of l|iM Bic. As Bic washes into the 
recording chamber, the mean inhibition rises from 29% (±11.7) to 44% (±9.5). This change was not found to 
be significant (n=3). 
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Figure 5.41 Time course for the effects of 3|iM Bic in CAS of preconditioned cultures between 11-14 DIV 
during a paired-pulse protocol (n=2, mean ± S.E.M.)- Note the reduction in the amplitude of the second 
spike following Bic application from 80% (±3.1) to 60% (±10.3). This change however is likely to be due to 
the epileptiform activity which occurred during one of the two experiments. The example traces for this set 
of data can be seen in figure 5.24 b) and c). 
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Figure 5.42 Time-course for the mean (±S.E.M) percentage inhibition if the second population spike with 
respect to the first recorded using paired-pulse stimulation with a 20msec inter-pulse interval in the CA3 of 
preconditioned cultures. Application of 3nM Bic causes a rise in the mean percentage inhibition from 14% 
(±2.8) to 28% (±8.3). This was not found to be significant (n=2). 
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Figure 5.43 Time-course for the effect of lO^M Bic on the mean percentage amplitude (±S.E.M.) of the first 
and second population spikes recorded from the stratum pyramidale of the CA3 region of preconditioned 
hippocampal slice cultures (n=2). lOpM Bic application causes and epileptiform burst as can be seen in 
figure 5.38 d), implying that all remaining GABAA mediated inhibition has been abolished. 
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I t i s i n t e r e s t i n g t o n o t e t h a t e v e n t h o u g h t h e e f f e c t s o f f e e d f o r w a r d a n d f e e d b a c k 

GABAA m e d i a t e d i n h i b i t i o n i n t h e CAS o f p r e c o n d i t i o n e d c u l t u r e s a p p e a r s t o b e m a r k e d l y 

r e d u c e d , t h e p o p u l a t i o n s p i k e r e c o r d i n g s d o n o t g e n e r a l l y s h o w a n y o b v i o u s s i g n s o f 

e p i l e p t i f o r m a c t i v i t y i n t h e a b s e n c e o f b i c u c u l l i n e . T h i s i s e v e n t h e c a s e u n d e r c o n d i t i o n s 

o f m a x i m a l s t i m u l a t i o n w h i c h o c c u r a t t h e t o p o f a s t i m u l u s r e s p o n s e c u r v e ( f i g u r e 5 . 4 4 ) . 
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Figure 5.44 Examples of the stimulus-response curves and the raw-data traces from which they are derived for 
field recordings from the stratum pyramidale of CAS in untreated control cultures (a) and b)) and 
preconditioned cultures (c) and d)). Note the close matching of the curves for the preconditioned stimulus-
response (c) compared to that for the unconditioned (a), once again pointing to a reduction in the inhibitory 
mechanisms in CAS following preconditioning. 
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Figure 5.45 Mean (±S.E.M.) values for the maximal first population spike amplitude elicited from the CAS 
of both control and preconditioned organotypic hippocampal slice cultures. The mean maximal response 
elicited from both groups was not found to be significantly different, being 1.5mV (±0.1) for the control 
and 1.6mV (±0.22) for the preconditioned group (n=9). 

T h e r e i s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e m a x i m a l p o p u l a t i o n s p i k e o u t p u t 

f r o m t h e C A 3 r e g i o n o f u n c o n d i t i o n e d c u l t u r e s c o m p a r e d t o t h o s e w h i c h h a v e b e e n 

p r e c o n d i t i o n e d . T h i s w o u l d t e n d t o s u g g e s t t h a t t h e i n d u c e d t o l e r a n c e p h e n o m e n o n 

f o l l o w i n g p r e c o n d i t i o n i n g , w h i c h p r e s u m a b l y i n d i c a t e s a s t a t e i n w h i c h t h e r e i s a d e c r e a s e 

i n t h e s u s c e p t i b i l i t y o f C A S p y r a m i d a l c e l l s t o e x c i t o t o x i c i t y , d o e s n o t o c c u r a s a r e s u l t o f 

t h e l o w e r i n g o f t h e a m p l i t u d e o f t h e r e s p o n s e w h i c h i t i s p o s s i b l e t o e l i c i t f r o m t h i s 

p o p u l a t i o n o f c e l l s ( f i g u r e 5 . 4 5 ) . I t w o u l d a l s o s u g g e s t t h a t t h e r e i s l i t t l e o r n o r e d u c t i o n i n 

t h e C A S p y r a m i d a l c e l l p o p u l a t i o n f o l l o w i n g i n c u b a t i o n w i t h I p M K A a t 7 D I V f o r 2 4 

h o u r s , t h u s a d d i n g w e i g h t t o t h e p r o p i d i u m i o d i d e d a t a p r e s e n t e d i n f i g u r e 5 . 2 6 , w h i c h 

s h o w e d a l a c k o f f l u o r e s c e n c e i n t h e C A S r e g i o n f o l l o w i n g p r e c o n d i t i o n i n g . I n a d d i t i o n t o 

t h i s , s i n c e t h e s t i m u l u s t o t h e m o s s y f i b r e p a t h w a y r e q u i r e d t o e v o k e t h i s m a x i m a l 

r e s p o n s e d o e s n o t c h a n g e s i g n i f i c a n t l y e i t h e r ( f i g u r e 5 . 4 6 ) , i t i s p o s s i b l e t o i n f e r t w o 

p o i n t s . N a m e l y t h a t t h e m o s s y f i b r e - C A S p y r a m i d a l c e l l s y n a p s e i s s t i l l f u n c t i o n a l 

f o l l o w i n g p r e c o n d i t i o n i n g a n d t h a t t h e e x c i t a b i l i t y o f C A S p y r a m i d a l c e l l s d o e s n o t 

c h a n g e i n t e r m s o f t h e r e l a t i o n s h i p b e t w e e n i n p u t a n d o u t p u t f r o m C A S . 
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Figure 5.46 Maximal stimuli required to evoke the maximal population spike amplitude during a stimulus-
response curve from the CA3 of both control and preconditioned cultures. The mean stimulus (±S.E.M.) 
for the control group was 43 V (±5.7) whereas that for the preconditioned group of cultures was 33 V (±3.2). 
These were not found to be significantly different (n=9). 
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5.3.5 Preconditioning and CAl 

C o m p a r i s o n o f t h e m e a n p e r c e n t a g e i n h i b i t i o n e v o k e d from C A l stratum 

pyramidale r e v e a l e d t h a t a l t h o u g h t h e r e i s a f a r g r e a t e r d e g r e e o f i n h i b i t i o n p r e s e n t i n t h e 

C A l c o m p a r e d t o t h e C A S r e g i o n , t h e r e i s s t i l l a s m a l l b u t s i g n i f i c a n t d e c r e a s e i n t h e 

p e r c e n t a g e i n h i b i t i o n f o l l o w i n g p r e c o n d i t i o n i n g . F i g u r e 5 . 4 7 s h o w s e x a m p l e s o f t h e 

p o p u l a t i o n s p i k e r e s p o n s e s e v o k e d b y h a l f - m a x i m a l s t i m u l i from t h e C A l u s i n g a p a i r e d -

p u l s e p r o t o c o l w i t h a 2 0 m s e c i n t e r - p u l s e i n t e r v a l . 

rN 
J 

0.5mv|_ 
20msec 

a ) b) 

Figure 5.47 Examples of the traces obtained during extracellular recordings in the stratum pyramidale of the 
CAl region of a) unconditioned and b) IpM KA preconditioned cultures. 

T h e m e a n p e r c e n t a g e i n h i b i t i o n c a l c u l a t e d f r o m b o t h u n c o n d i t i o n e d a n d 

p r e c o n d i t i o n e d c u l t u r e s d u r i n g a fifteen m i n u t e c o n t r o l s t i m u l a t i o n p e r i o d c a n b e s e e n i n 

figure 5 . 4 8 b e l o w . T h e o v e r a l l m e a n i n h i b i t i o n f o r t h i s c o n t r o l p e r i o d w a s c a l c u l a t e d t o b e 

7 4 % ( ± 1 . 1 ) ( n = 5 ) f o r u n c o n d i t i o n e d a n d 6 4 % ( ± 2 . 6 ) ( n = 4 ) f o r p r e c o n d i t i o n e d c u l t u r e s 

(p<0.01). 
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Figure 5.48 Time-course for the mean percentage inhibition (±S.E.M.) recorded from confrol (untreated) 
and preconditioned cultures over a fifteen minute period calculated from population spike data recorded 
from the stratum pyramidale of CAl. The overall mean percentage inhibition for each group calculated over 
this time was 74% (±1.1) (n=5) for unconditioned and 64% (±2.6) (n=4) for preconditioned cultures. Thus 
there is a small, but significant reduction in the paired-pulse inhibition recorded from CAl following 
preconditioning with l̂ iM KA (p<0.01). 

O n c e a g a i n , i n o r d e r t o e x a m i n e w h e t h e r t h i s d i s c r e p a n c y r e l a t e d t o a r e d u c t i o n i n 

G A B A e r g i c f u n c t i o n f i e l d r e c o r d i n g s w e r e m a d e from stratum pyramidale o f c o n t r o l a n d 

p r e c o n d i t i o n e d c u l t u r e s i n o r d e r t o d i s c o v e r w h e t h e r t h e s e n s i t i v i t y t o GABAA b l o c k a d e 

h a d c h a n g e d . D a t a f o r t h e e f f e c t o f 10|LIM B i c i n t h e C A l o f u n c o n d i t i o n e d c u l t u r e s ( f i g u r e 

5 . 4 9 ) a n d l | u M B i c ( f i g u r e 2 5 . 5 1 , 5 . 5 2 , 5 . 5 3 ) a n d 1 0 | u M B i c ( f i g u r e s 5 . 5 4 , 5 . 5 5 ) i n 

p r e c o n d i t i o n e d c u l t u r e s f o l l o w . 
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Figure 5.49 Comparison of the traces obtained from 
CAl of unconditioned cultures during the application 
of lOfiM Bic. In both groups of cultures Bic 
application at this concentration abolishes fast 
GABAA mediated inhibition, resulting in an 
epileptiform burst. 
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Figure 5.50 Time-course for the effect of 10|xM Bic on the mean percentage amplitude (±S.E.M. n=2) of the 
first and second population spikes recorded from the CAl of unconditioned control cultures using a paired-
pulse protocol with a 20msec interpulse interval. As GABAA receptors are blocked it can be seen that the 
first and second population spike amplitudes rise as both the effects of tonic and evoked inhibition are 
reduced. This results in an epileptiform burst as seen in figure 5.49. 
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Figure 5.51 Examples of the traces 
obtained from the stratum 
pyramidale of the CAl region of a 
preconditioned culture during the 
application of 1 |xM Bic. Blockade of 
GABAA receptors by Bic has been 
sufficient here to produce a mild 
epileptiform burst. 
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Figure 5.52 Time-course for the effect of 1 pM Bic on the field population spike amplitude recorded from 
the CAL region of a preconditioned culture. GABAA receptor blockade by Bic causes an increase in the first 
(85% (±4.4) to 198% (±7.0), p<0.01) and second population spike amplitude (10% (±1.8) to 118% (±3.6) 
p<0.01) as both tonic and evoked inhitition are reduced (n=l). 
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Figure 5.53 Time-course for the change in the percentage inhibition calculated from field recordings in the 
CAl stratum pyramidale of a preconditioned culture during the application of IpM Bic. By the end of the 
Bic administration period the inhibition had decreased from 88.2% (±2.5) to 40.4% (±1.4). This change was 
found to be highly significant (p<0.01, Student's paired t-test). 

I n f i g u r e 5 . 5 2 i t i s c l e a r t h a t a d m i n i s t r a t i o n o f l ^ M B i c t o a p r e c o n d i t i o n e d c u l t u r e 

r e d u c e s t h e e f f e c t s o f b o t h t o n i c a n d e v o k e d i n h i b i t i o n . T h i s r e s u l t s i n a n i n c r e a s e i n t h e 

a m p l i t u d e o f b o t h t h e f i r s t a n d s e c o n d p o p u l a t i o n s p i k e s e v o k e d b y a h a l f - m a x i m a l 

s t i m u l u s . T h i s c h a n g e i n t h e p o p u l a t i o n s p i k e a m p l i t u d e s r e s u l t s i n t h e d e c r e a s e i n t h e 

p e r c e n t a g e i n h i b i t i o n s e e n i n f i g u r e 5 . 5 3 . 
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Figure 5.54 Examples of the traces obtained from 
the CAl region of a preconditioned culture during 
the application of lOjiM Bic. 
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Figure 5.55 Time-course for the application of lOpM Bic to a preconditioned culture whilst recording 
field potentials from stratum pyramidale of CAl. This concentration of Bic is sufficient to abolish the 
eflfects of GABAA mediated inhibition, resulting in an epileptiform burst. 
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Figure 5.56 Examples of the stimulus-response curves and raw-data traces obtained from the CAl pyramidal 
cell layer of unconditioned (a) and b)) and preconditioned (c) and d)) organotypic hippocampal slice cultures. 
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Figure 5.57 There is no significant difference in the maximal response which it is possible to elicit from 
the CAlof either unconditioned of preconditioned cultures. The mean response for control cultures was 
3.4mV (±0.5) (n=l 1) compared to 2.6mV (±0.4) (n=7). 

I n o r d e r t o a s s e s s a n y c h a n g e s i n t h e e x c i t a b i l i t y i n t h e C A l r e g i o n a f t e r 

p r e c o n d i t i o n i n g , t h e m a x i m a l p o p u l a t i o n s p i k e a m p l i t u d e s ( f i g u r e 5 . 5 7 ) a n d t h e m a x i m a l 

s t i m u l i r e q u i r e d t o e l i c i t t h e m ( f i g u r e 5 . 5 8 ) w e r e c o m p a r e d i n c o n t r o l a n d p r e c o n d i t i o n e d 

c u l t u r e s . T h e m a x i m a l r e s p o n s e o f t h e C A l p o p u l a t i o n o f p y r a m i d a l c e l l s , i n m u c h t h e 

s a m e w a y a s s e e n i n C A 3 i s n o t s i g n i f i c a n t l y c h a n g e d f o l l o w i n g p r e c o n d i t i o n i n g ( f i g u r e 

5 . 5 7 ) . H o w e v e r , u n l i k e t h e C A S r e g i o n , t h e r e i s a s i g n i f i c a n t i n c r e a s e i n t h e a m p l i t u d e o f 

t h e s t i m u l u s r e q u i r e d t o e l i c i t t h i s r e s p o n s e ( f i g u r e 5 . 5 8 ) f r o m 2 5 . 5 V ( ± 3 . 4 ) ( n = l 1 ) i n t h e 

u n c o n d i t i o n e d C A l t o 4 3 . 6 V ( ± 8 . 3 ) i n t h e p r e c o n d i t i o n e d c u l t u r e g r o u p ( n = 7 ) ( p < 0 . 0 5 . 

S t u d e n t ' s u n p a i r e d t - t e s t ) . T h i s s u g g e s t s t h a t t h e e x c i t a b i l i t y o f t h e C A l r e g i o n i s r e d u c e d 

f o l l o w i n g K A p r e c o n d i t i o n i n g . 
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Figure 5.58 The stimulus required to elicit the maximal response from preconditioned cultures is 
significantly larger than that for unconditioned cultures. Preconditioned cultures required mean maximal 
stimulus (iS.E.M.) of 43.6V (±8.3) (n=7) compared to a stimulus of 25.5V (±3.4) (n=ll) for control 
cultures. This was found to be statistically significant (*= p<0.05, Student's unpaired t-test). 
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5.3.6 Preconditioning and KA receptor downregulation 

I n o r d e r t o a s c e r t a i n w h e t h e r t h e i n d u c e d t o l e r a n c e t o K A o c c u r r e d a s a r e s u l t o f 

t h e d o w n r e g u l a t i o n o f K A r e c e p t o r s i n C A S , I p - M K A w a s a d m i n i s t e r e d t o a 1 2 D I V 

c u l t u r e w h i c h h a d b e e n p r e c o n d i t i o n e d a t 7 D I V w i t h a 2 4 h o u r i n c u b a t i o n w i t h 1 | i M K A 

w h i l s t r e c o r d i n g field p o p u l a t i o n r e s p o n s e s f r o m C A S . T y p i c a l t r a c e s o b t a i n e d d u r i n g t h e 

c o u r s e o f t h i s e x p e r i m e n t c a n b e s e e n i n figure 5 . 5 9 . 

1—r 
1—r 
1 — r 

Control 

5 min KA 

25 min KA 
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5mV|_ 
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Figure 5.59 Example traces taken from an 
experiment to observe the effect of administering 
l|iM KA to a 12DIV culture preconditioned at 
7DIV with l|iM KA for 24 hours. Field 
recordings were made in the stratum pyramidale 
of CA3. The response to KA does not appear to 
have been altered by the process of 
preconditioning, which may imply that a 
downregulation of KA receptors is not involved in 
the induction of tolerance to KA which follows 
preconditioning. 

T h e r e s p o n s e t o 1 p M K A i n t h i s c u l t u r e b o r e a m a r k e d r e s e m b l a n c e t o t h a t s e e n 

d u r i n g a s i m i l a r r e g i m e n c a r r i e d o u t i n c u l t u r e s w h i c h w e r e n a i v e t o t h e e f f e c t s o f K A u p 

t o t h a t p o i n t . T h i s c a n b e s e e n i n figures 5 . 6 0 a n d 5 . 6 1 , w h i c h s h o w t h e e f f e c t o f K A 

a d m i n i s t r a t i o n o f t h e p e r c e n t a g e a m p l i t u d e o f t h e first a n d s e c o n d p o p u l a t i o n s p i k e s 

r e c o r d e d d u r i n g t h e c o u r s e o f t h i s e x p e r i m e n t . H o w e v e r , s i n c e t h i s d a t a s e t o n l y c o n s i s t s 

o f o n e e x p e r i m e n t i t i s n o t p o s s i b l e t o m a k e a n y c a t e g o r i c a l s t a t e m e n t s a b o u t t h e 

p o s s i b i l i t y o f K A r e c e p t o r d o w n r e g u l a t i o n f o l l o w i n g p r e c o n d i t i o n i n g w i t h o u t f u r t h e r 

w o r k . 
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Figure 5.60 Time-course for the effect of l^M KA on the percentage amplitude of the population spike 
recorded from the CAS of a preconditioned culture at 12DIV. The onset of the KA effect causes a rapid and 
marked reduction in the amplitude of the first spike, probably as a result of a depolarisation block of CAS 
pyramidal cells. This response does not differ significantly from that observed in the CAS of unconditioned 
cultures. 
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Figure 5.61 Time-course for the effect of the administration of 1 nM KA on the second population spike 
recorded using a paired-pulse protocol in CAS of a 12DIV preconditioned culture. Similarly to the first 
spike the second spike undergoes a rapid reduction in amplitude as KA washes into the recording chamber. 
This effect did not wash out after 60 minutes ACSF wash. 
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5.4 Discussion 

The data presented in this chapter has been obtained in order to investigate a 

number of points. Firstly, it was of interest to investigate how the organotypic mouse 

preparation compares as a model of electrophysiological function to age matched rat and 

mouse acute slices. Once this system had been validated with regards to the existence of 

functional excitatory and inhibitory circuitry in both the CAl and CAS, and an assessment 

of its comparability to acute slices had been made, the effects of acute 1|LIM KA 

application over a period of two hours were investigated. 

Following this, the investigation was extended to study the effects of a chronic (24 

hour) application of 1|J,M KA on the toxicity of subsequent KA applications, and 

furthermore, how this chronic application of KA affects hippocampal function. 

5.4.1 Comparison of acute slices with organotypic cultures 

From the data presented here, it is clear that there are both similarities and 

differences between the acute slice preparations obtained from both rat and mouse 

hippocampi and organotypic mouse hippocampal cultures. 

With regards to qualitative similarities, it is possible to elicit population spikes 

from all preparations from both the CAl (figure 5.6) and CAS regions (figure 5.14). These 

responses exhibit paired-pulse inhibition using a 20 msec inter-pulse interval, implying the 

presence of a fimctional inhibitory circuit. Since this inhibition is abolished by the 

GABAA antagonist bicuculline in both the CAl (figure 5.50) and CAS (figure 5.37, 5.4S) 

of organotypic hippocampal cultures it is clear that this fast inhibitory control of 

pyramidal cell output is mediated by GABAA receptors. 

On a more quantitative level, the first population spikes elicited by a maximal 

stimulus are significantly greater in the acute preparations in recordings made from both 

CAl and CAS. These were 4.6mV (±0.S) for the intact rat CAl and 5.0mV (±0.5) for the 

mouse compared to S.4mV (±0.5) for organotypic hippocampal cultures (p<0.01) and 

S.5mV (±0.5) for the acute mouse CAS compared to 1.5mV (±0.1) for the mouse 

organotypic CAS (p<0.01). 

This difference most likely occurs due to the lower cell numbers of the pyramidal 

cell population in the organotypic slice, since the culture thins down from the 400|_im 

initial thickness to approximately 150|Lim during the 7 days in culture prior to recording 

(personal communication N. Best and own observation). 
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Interestingly, despite a lower maximal population spike amplitude in the 

organotypic slice, the degree of paired-pulse inhibition of the second population spike is 

significantly greater in this preparation than in the acute slice. This is true for both the 

CAl (74% (±0.7) for the organotypic CAl compared to 60% (±0.4) and 65% (±1.7) for 

the rat and mouse respectively (p<0.01) and the CA3 regions of the hippocampus (48% 

(±0.9) for the organotypic CA3 compared to 24% (±0.6) for acute mouse slices, p<0.01). 

It is possible that the 7 days in culture allows greater recovery of the slice from the 

rigours of the dissection process, however this phenomenon may be a result of an 

increased excitatory drive to the intemeurones. It is known that there is an increase in the 

number of recurrent excitatory collateral fibres during the development of organotypic 

hippocampal slice cultures (Gutierrez and Heinemann 1999,). This presumably leads to an 

increase in the number of excitatory synapses and hence greater intemeuronal stimulation 

for any given stimulus than is found in the acute slice preparation. 

5.4.2 Comparison of the effects of KA in acute slices and organotypic cultures 

In addition to these differences, the response to IpM KA in the CAl region of 

organotypic cultures differs to that of acute rat slices. Unfortunately no recordings were 

made from acute mouse slices in the presence of KA, so it is unclear if this difference 

represents an inter-species difference or a divergence in the developmental pathways of 

the hippocampus in or ex-vivo. Since there is no increase in the second population spike 

amplitude during the application of IpM KA to organotypic cultures (figures 5.11 and 

5.19) it would tend to suggest that there is no KA receptor mediated presynaptic 

modulation of the release of GABA from intemeurones in this preparation. Although no 

field EPSP recordings were made it is also possible to infer that there may be no KA 

receptor mediated downregulation of glutamate release from the Schaffer collateral 

terminals in these preparations either. This is inferred from the initial large reduction in 

the amplitude of the population spikes recorded from CAl as the drug is added. This 

phenomenon may be more consistent with a strong depolarisation of the CA3 pyramidal 

cell population by the activation of postsynaptic KA receptors on these neurones (Vignes 

et al 1997) leading to an increase of glutamate release from the Schaffer collateral 

terminals. This, possibly coupled with a postsynaptic activation of GluR6 containing 

receptors on the pyramidal cells of CAl leads to a depolarisation block of the principal 

cells in this region and hence a reduction in the population spike amplitude. 
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The transient increase in CAl population spike amplitude may represent the 

induction of a depolarisation block of the pyramidal cell population of CAS enabling 

stimulus driven glutamate release from the Schaffer collateral terminals to continue. 

5.4.3 Induced tolerance to KA: Imaging studies 

The in vivo intraventricular injection of kainic acid has been shown to cause a loss 

of the pyramidal cells in CAS (Nadler et al. 1978a), and at higher concentrations to also 

lead to a loss of cells from CAl and the dentate gyrus (Nadler et al. 1978b). Best et al. 

(1996) demonstrated this to be true also for organotypic hippocampal slice cultures 

derived from 8-10 day Wistar rats cultured for 11 days. In addition to the loss of CAS 

pyramidal cells following intraventricular injection of KA, Best et al. (199S, 1994a) have 

also reported a loss of parvalbumin-immunoreactive intemeurones within the 

hippocampus proper. This has also been shown to occur in organotypic culture (Best et al. 

1996X 

It is here shown that a 24-hour incubation of MFl mouse organotypic hippocampal 

slice cultures with 5p,M KA at 11 DIV also exhibits the same pattern of damage to CAS as 

seen above (figure 5.24). 

The phenomenon of induced tolerance to kainic acid induced toxicity which Best 

et al. (1996) demonstrated to occur in Wistar rat organotypic hippocampal slice cultures is 

shown here to also occur in MFl mouse hippocampal cultures (figures 5.24, 5.26). Best et 

al. (1996) reported that this tolerance coincides with the peak expression of heat shock 

protein 72 (HSP 72), a nonconstitutive protein expressed as a response to cellular stress. 

Kitagawa et al. (1991) and Lowenstein et al. (1991) have also seen the expression of this 

protein to increase at a time that would apparently correlate with a neuroprotective 

response to a cellular stress of some type. In addition to an elevated level of HSP 72, in 

vivo studies have shown that this tolerance also coincides with an increase in NPY 

expression in granule cells of the dentate gyrus and mossy fibre terminals (El Bahh et al. 

1997). NPY is a peptide that has been shown to reduce epileptiform activity in acute 

hippocampal slices (Klapstein and Colmers, 1997). NPY deficient mice have also been 

observed to exhibit an exacerbated response to KA induced seizures (Baraban et al. 1997), 

and may therefore also be an important factor in the neuroprotective response. 

It is interesting to note that other models of neuronal damage also respond 

positively to a prior sub-toxic insult. For example, tolerance to an ischaemic insult has 
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also been demonstrated in a number of studies (Kitagawa et al. 1990, Simon e/ al. 1993). 

KA induced damage to the piriform cortex has been shown to be reduced by prior kindling 

(Kelly et al. 1994). Furthermore, Sasahira et al (1995) have shown that induction of 

epileptiform activity using the GABAA receptor antagonist bicuculline results in a 

reduction in the damage to CAS observed following subsequent insults. This protection 

again appeared to correlate with the expression of heat-shock protein like 

immunoreactivity, a factor which appears to be common to both epileptic and ischaemic 

tolerance (Aoki et al. 1993, Heurteaux et al. 1993). 

So how then does this tolerance come about? It would appear that kainate receptor 

activation is an important factor in this response, since tolerance occurs to a small degree 

at nanomolar concentrations of kainate (which are unlikely to activate AMP A receptors to 

any significant degree). Although it is only once the concentration reaches 1 pM KA that 

the phenomenon is reliably seen (figure 5.27-5.28), this concentration is still unlikely to 

activate AMP A receptors (Kamiya and Ozawa 1998, Mulle et al. 2000). Also, it is around 

the EC50 value for activation of homomeric GluR6 receptors (Egebjerg et al 1991) which 

may indicate the importance of this subunit in the induction of tolerance. 

In figures 5.29-5.30, it can be seen that NMDA receptor blockade by 20|iiM 

MK801 and 20pM D-AP5 does not significantly alter the induction of tolerance to KA. 

Therefore it is unlikely that influx via the NMDA receptor following CA3 pyramidal 

cell depolarisation by kainate (Robinson & Deadwyler 1981) is responsible for the 

induction of this response. However, this does not discount Ca^^ influx into CA3 

pyramidal cells as being part of the mechanism of induction, since there are a number of 

voltage-gated Câ "̂  channels present postsynaptically on pyramidal cells which are 

presumably activated as a result of kainate induced depolarisation. 

One proposed mechanism is that KA increases extracellular adenosine levels 

during the application of KA (Plamondon et al. 1999, Blondeau et al. 2000, Herman et al 

2000) resulting in the stimulation of A, receptors, leading to the opening of a 

sulphonylurea-sensitive KATP channel. This leads to a reduction of glutamate release from 

presynaptic terminals and postsynaptically to hyperpolarisation of the pyramidal cells of 

both CA3 and CAl (Blondeau et al. 2000). Other contributory mechanisms are likely to 

include increased expression of the transcription factor c-Jun, which leads, amongst other 

things, to an increased synthesis of HSP72 (Kitagawa et al. 1991). It is likely that 

synaptically released Zn̂ "̂  also contributes to the induction of HSP72 production (Lee et 

al. 2000). 
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Under normal conditions, HSP72 acts to prevent abnormal protein conformations 

occurring during the process of translation. They also act as chaperones, regulating the 

binding of actin and the formation of clathrin coated vesicles (Sharp et al 1999). Their 

expression is upregulated by any cellular stress that leads to protein denaturation. This 

includes increases in temperature as well as the stressors previously mentioned. 

Upregulation of HSP72 expression may possibly occur as a result of denatured protein 

binding to HSP90, causing it to dissociate from a trimer formed from heat-shock factors 

(HSF). This trimer then becomes phosphorylated, allowing it to bind to heat-shock 

elements on heat-shock genes, leading to an increase in HSP expression. 

Increased expression of heat shock proteins may not be the only source of 

protection as a result of preconditioning. Activation of c-Jun may also lead to an increased 

expression of manganese super-oxide dismutase (MnSOD), which catalyses the formation 

of H2O2 and O2 from the superoxide radical (O^ ). Free radicals such as superoxide are 

thought to be generated during KA induced toxicity (Liang et al. 2000). This reactive 

oxygen species (ROS) may cause cellular damage in itself but may also lead to the 

production of further ROS such as the hydroxyl radical (Liang et al 2000) which is able to 

cause oxidation DNA bases, thus contributing further to cellular death. Superoxide is also 

capable of reaction with nitric oxide (NO) leading to the production of peroxynitrite which 

may cause fiirther damage to cells by promoting lipid peroxydation and the nifration of 

various proteins at tyrosine residues (Beckman and Crow 1993) 

One possible source of this increased production of ROS may be the influx of 

synaptically released Zn̂ "̂  from the mossy fibre terminals (Xie and Smart 1991, Henze et 

al 2000). Entry of Zn^^ through Câ "̂  permeable AMPA/KA channels is sufficiently high 

to interfere with mitochondrial frmction and cause the production of ROS such as O "̂, thus 

leading to cellular damage and death (Sensi et al 1999). 

It is knovm that following systemic injection of KA in rats there is an increase in 

the production of MnSOD, mobilised from both the mitochondria (Liang et al 2000) and 

astroglial cells (Kim et al 2000). Such increased production would have the effect of 

limiting the production of free radicals, and thus promoting cell survival during 

excitotoxic shock. There is evidence to suggest that such an increase in the production of 

MnSOD occurs during the induction of ischaemic tolerance (Ohtsuki et al 1992). If a 

similar mechanism is occurring during the induction of KA tolerance seen here, then it is 

not outside the realms of possibility that such an increase in MnSOD prodcution 

contributes to the protection that occurs. 
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Thus the induction of tolerance to KA may be the result of a combination of events 

including the increased expression of various HSPs, upregulation of NPY and MnSOD, all 

of which would tend to enable a cell to cope with a subsequent excitotoxic stress. 

The kainate lesion has also been seen to reduce the numbers of various populations 

of intemeurones in the hippocampus (Frank, 1993, Best et al. 1994b) in addition to its 

effects on pyramidal cells. In order to investigate whether the induction of kainate 

tolerance caused changes in the number of GAD expressing neurones within organotypic 

cultures, antibodies to GAD 67 were used to stain these cells following preconditioning. 

These results may be seen in figures 5.31-5.32. It was found that kainate treatment 

significantly reduced the number of GAD-positive neurones in the dentate gyrus and hilus 

and CA3 following both preconditioning and 5p.M KA incubation. However there was no 

significant difference between the number of GAD-positive cells in these regions 

following 5^M KA application in unconditioned or preconditioned cultures. Thus it is 

unlikely that the neuroprotective effect of preconditioning extends to intemeuronal 

populations. The intemeurones of CAl did not appear to be significantly reduced from 

control values following kainate. This is likely to account for the differences in paired-

pulse inhibition observed between the CAS (figure 5.34) and CAl (figure 5.48) regions of 

preconditioned cultures. 

5.4.4 Induction of kainic acid tolerance: electrophysiological studies 

From this data we can see that preconditioning cultures with a 24 hour incubation 

with 1 |LIM KA at 7 DIV results firstly in a decrease in the paired-pulse inhibition recorded 

from CAS and to a lesser extent CAl. Intuitively, such a reduction in paired-pulse 

inhibition could be expected to lead to a pro-epileptic condition within the hippocampus. 

However this does not appear to be the case, since neither recordings from CAS or CAl 

generally show evidence of epileptiform activity. This appears to be true even under 

maximal stimulation conditions. 

There is unfortunately insufficient data to know whether the threshold for 

epileptiform bursting in the presence of bicuculline changes following preconditioning. 

However, the data presented here would tend to suggest that the remainder of the paired-
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pulse inhibition seen in preconditioned slices at 20msec is still mediated by GABAA 

receptors since it is abolished by lO^M Bic. 

This data does not address any possible changes that may occur with regard to 

other inhibitory mechanisms, such as that mediated by GABAB receptor activation, NPY 

or adenosine. The latter two mechanisms have been shown to be implicated in KA 

preconditioning (El Bahh et al 1997, 2001; Blondeau et al 2000). 

It does not appear that the reduced susceptibility of CA3 pyramidal cells to KA 

induced excitotoxicity occurs as a result of a decrease in the excitability of this population 

of neurones since neither the maximal response to simulation of the mossy fibre pathway, 

or the stimulus required to evoke this response changes following preconditioning. It is 

interesting however that the stimulus required to evoke a maximal response from CAl 

pyramidal cells increases significantly following incubation with KA. This may represent 

a mechanism whereby seizure propagation into CAl is reduced or even prevented. 

Looking at the data for the acute application of KA to cultures between 11-14 DIV 

we can see that in both CAS and CAl both the first and second population spikes undergo 

a marked reduction in amplitude. In CAS this is probably due, at least partially, to a 

combination of a reduction in presynaptic Câ "̂  influx leading to a reduction in glutamate 

release fi-om the mossy fibre terminals (Kamiya and Ozawa 2000). This is probably 

coupled with a depolarisation block of CAS pyramidal cells via postsynaptic KA receptor 

activation (Robinson & Deadwyler 1981; Castillo et al. 1997, Vignes & Collingridge, 

1997). 

The effect of this depolarisation block in CAS can be seen in the response of the 

first population spike to 1 p.M KA recorded from CAl. As mentioned previously there is 

initially a large decrease in the amplitude followed by a period of partial recovery. This 

phenomenon could be explained if the depolarisation of CAS pyramidal cells was 

sufficiently large to overcome any presynaptic effect of KA on the Schaffer terminals 

(Vignes et al., 1998) to decrease glutamate release. Thus an increase in glutamate release 

from the Schaffer collaterals would result from the sustained depolarisation in CAS, 

activating dendritic AMP A receptors on the CAl pyramidal cells. As the depolarisation 

block continues it could be expected for the downstream effects of CAS to be nullified, 

thus allowing the CAl response to be seen more clearly. 

It is also known that KA receptors are located both on the dendrites and 

presynaptic terminals of GABAergic intemeurones (Rodriguez-Moreno et al., 2000). 

Activation of dendritic KA receptors on intemeurones has been shown to increase 
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intemeuronal spiking (Cossart et al., 1998) whilst activation of presynaptic receptors 

decreases GABA release (Rodriguez-Moreno et al., 1997). Thus the net effect is a 

decrease in GABAergic inhibition. 

Although this is no evidence for an effect of inhibitory mechanisms by KA here, it 

is likely that the depolarisation block driven by CAS masks this effect. However, as 

Kamiya and Ozawa (1998) have described, lp,M KA reduces Ca^^ influx into Schaffer 

collateral terminals bringing about a decrease in the amplitude of the field EPSP. This 

accounts for the reduced population spike amplitude following the initial phase of the KA 

response in CAl. 

It is also clear that the effects of a 120 minute IfxM KA application do not wash 

out over the period of one hour. However the fact that recordings of a similar amplitude 

can be made from preconditioned cultures 4 days after the removal of KA (figure 5.21) 

implies that this phenomenon does not represent cell death, but rather a transient decrease 

in pyramidal cell output. Thus it is unlikely that the reduced output directly results in the 

subsequent tolerance of CA3 pyramidal cells to the toxic effects of 5p,M KA. 

Recordings from the CAS of a preconditioned culture during the administration of 

1 pM KA follow the same pattern of response as seen in control cultures. This implies that 

a downregulation of KA receptors due to prolonged incubation with KA is not a 

contributory factor in the tolerance to subsequent toxic insults. However, as stated 

previously, the data set needs to be increased before any definite statements can be made 

regarding this. 

5.5 Summary 

The mouse organotypic hippocampal slice preparation bears fiinctional similarities 

to both mouse and rat acute slice preparations of a similar age. However, the evoked 

responses from both the CAl and CAS regions are not identical. 

Population spike amplitudes from both the CAl (figure 5.7) and the CAS regions 

(figure 5.15) of organotypic mouse cultures are significantly lower than in acute slices. In 

addition, the degree of paired-pulse inhibition in both the CAl (figure 5.8) and the CAS 

(figure 5.16) is greater. 

Applications of KA over a two hour period results in a reduction in population 

spike amplitude in both CAl (figures 5.10 and 5.11) and CAS (figures 5.18 and 5.19). The 

initial increase in population spike amplitudes observed in rat acute slice CAl (figures 

5.12 and 5.IS) do not occur. 
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The data presented here for chronic (24 hour) KA application suggests that the 

induction of tolerance to subsequent KA toxicity occurs in mouse MFl hippocampal slice 

cultures independently of NMDA receptor activation (figures 5.29-5.30) at a threshold 

concentration of l^iM KA (figures 5.27-5.28). This concentration is around the EC50 value 

for homomeric GluR6 receptors (Egebjerg et al. 1991), and may preclude the involvement 

of the high affinity subunits KA-1 and KA-2 in the receptor stoichiometry. Since KA 

toxicity is not seen at a concentration of 1 |_iM, but is at 5|j.M, it is possible that this toxicity 

is mediated by AMP A rather than KA receptors. 

The tolerance to KA toxicity does not occur as a result of an increase in inhibitory 

function. In fact, the opposite appears to be the case. Both the CAl (figure 5.48) and CAS 

(figure 5.34) regions of preconditioned cultures exhibit reduced paired-pulse inhibition 

compared to untreated, age matched control cultures. This correlates well with a reduction 

in GAD-67 expression in all areas of the hippocampus following preconditioning (figure 

5.32). 

Furthermore, since the maximal stimulus (figure 5.46) required to elicit a maximal 

population spike amplitude from CAS (figure5.45) is not significantly different in control 

and preconditioned cultures, the excitability of the CAS region does not appear to have 

changed. Therefore, the induction of tolerance to KA does not appear to result from a 

reduction in CAS excitability. Interestingly, using these same indices the excitability of 

CAl appears to be reduced in preconditioned cultures (figures 5.57 and 5.58). However, 

this may not be central to the mechanism of induced tolerance. 

The lack of change in the response to acutely applied KA recorded from the CAS 

of a preconditioned culture suggests that KA receptor downregulation in the CAS may not 

be involved in the protection against KA toxicity. However, Zimmer et al (2000) have 

observed a reduction in mRNA for GluR6, KA-2 and possibly KA-1 in the CAS region of 

rat organotypic hippocampal slice cultures exposed to 2pM KA for 3 weeks. Since there is 

a 3-5 fold increase in [^H]KA binding in rat hippocampal slice cultures compared to acute 

slices, it may be that this is also the case in mouse organotypic cultures. Thus it may be 

that submaximal receptor occupancy may result in the responses observed here, requiring 

a large degree of receptor downregulation to occur before a change in response to 1 |LtM 

KA is observed. 
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Chapter 6 
Conclusions 



6.1 Overview 

The hippocampal slice preparation and organotypic slice culture provide a valuable 

model system in which to investigate both synaptic and network physiology and 

pharmacology. It's basic circuitry has been fially elucidated and shown to comprise of both 

excitatory and inhibitory synapses and it's behaviour may be modulated in a number of 

different ways. 

The present study has investigated the effects of the potent neurotoxin kainic acid 

in both the short- and long-term on the network behaviour of both the CAl and CAS 

regions of the hippocampus. This has been achieved using a combination of extracellular 

field recordings from the stratum radiatum and stratum pyramidale of the CAl, in the 

case of acute rat slices, and from the st}-atum pyramidale only in the case of acute and 

organotypic mouse cultures. 

In addition to this, propidium iodide fluorescence and glutamic acid decarboxylase 

(GAD) 67 immunohistochemistry has been utilised to assess the longer-term effects of a 

number of concentrations of KA on the various populations of principal cells and 

interneurones present in organotypic culture. 

6.2 KA application to the acute hippocampal slice preparation 

Brief (15-30 minute) applications o fKAto hippocampal slices derived from 15-19 

day old rats resulted in three distinct responses within the CAl region. These effects were 

a reduction in the slope of the field EPSP, an initial increase in the first population spike 

amplitude followed by a reduction in amplitude in the intact slice preparation and a 

reduction in the paired-pulse inhibition. These are discussed below. 

6.2.1 Modulation of glutamate release by KA 

As mentioned above, KA reduced the slope of the field EPSP recorded from the 

stratum radiatum of CAl. Since this response occurred at both sub-micromolar 

concentrations as well as at a concentration of IjiM KA it is very likely that this effect is 

mediated by a KA receptor. The fact that it occurred to approximately the same degree in 

the presence or absence of the CAS region and at a time at which the population spike 

amplitude was increasing suggests a possible presynaptic locus of action. As previously 

reported (Vignes et al. 1998) the GluR5 agonist ATP A (1 ^M) produced a similar response 

at a concentration at which it shows specificity for the GluR5 subunit. Since ATP A 

reduced the EPSP slope without a concurrent increase in population spike amplitude, it is 
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likely that KA application does not reduce EPSP slope by a direct depolarising action on 

the post-synaptic pyramidal cell population. 

Furthermore, since the population spike amplitudes increase at the same time as 

the EPSP slope decreases during KA application, this would argue against the possibility 

that activation of GABAA receptors following GluR5 activation on intemeurones is 

shunting excitation in the dendrites via increased CI" flux. 

This reduction in the field EPSP slope recorded from CAl appears to be 

accentuated in the presence of the GluR6 antagonist NS102. This may suggest that the 

blockade of KA receptors containing this subunit may enhance the effects of KA at 

receptors with different subunit compositions, such as the GluR5 subunit for example. It 

also indicates that the GluR6 subunit is unlikely to be involved in the mediation of this 

response. 

Activation of AMP A receptors by fluorowillardine also resulted in a reduced EPSP 

slope, but the time-course for this to occur appeared to be dependent on the presence or 

absence of the CAS and dentate gyrus. This is in juxtaposition to the response to 1 KA 

and may indicate a difference in the mechanism of action of the two drugs. Thus it may be 

that AMP A receptor activation on the principal cells of CAS results in an increase in 

glutamate from the Schaffer collaterals. This coupled with activation of dendritic AMP A 

receptors in the presence of CAl may be sufficient to produce a partial depolarising block 

of the CAl pyramidal cell population and hence reduce the EPSP amplitude via a decrease 

in trans-membrane conductance at the dendrites. 

In the absence of CAS this reduction in EPSP slope occurs after the initial three 

minute period during which KA has already begun to produce an effect. This provides 

frirther evidence that the downregulation of glutamate release from the Schaffer collateral 

pathway is not mediated directly by AMP A receptor activation. However, in order to be 

certain that these responses are KA receptor specific and not due to an effect of KA at 

AMP A receptors, it would be usefril in any further experiments using field responses to 

apply an AMP A selective antagonist such as the non-competitive 2,3-benzodiazepine 

GYKI5S655 (Bleakman et al 1996) in a OmM Mg^^ ACSF solution in order to look at 

NMDA receptor dependent field potentials. This would circumvent the problem that field 

potentials are abolished by the application of AMP A receptor antagonists and would allow 

investigation of the effects of KA in the absence of AMP A receptor mediated events. 

The EPSP in the presence of KA was not significantly affected by prior application 

of metabotropic receptor antagonists or inhibitors of PKC, indicating their lack of 
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involvement in the modulation of EPSP slope. Neither does it appear likely that spillover 

of GAB A from inhibitory synapses following intemeurone activation by KA affects 

excitatory synaptic transmission from the Schaffer collateral terminals since the effects of 

KA were not affected by GABAB receptors antagonism. However, blockade of adenosine 

A2 receptors resulted in a reduction in the effects of KA on the EPSP slope. This may 

indicate a role for the upstream modulation of glutamate release form the Schaffer 

collaterals by the adenosine Ai receptors. 

In the only recording made from CAS of acute mouse slices which monitored the 

EPSP during the application of IpM KA it is clear that, in accordance with the findings of 

Kamiya and Ozawa (2000), the EPSP slopes are reduced in the presence of KA. This is 

likely to be due to a strong activation of the KA receptors which have been proposed to be 

located on the axons of mossy fibres, leading to what amounts to a depolarising block and 

hence the shut-down of the glutamate release machinery at the mossy fibre terminal. 

6.2.2 The initial effect of KA on population spike amplitude 

Application of 1 |iM KA results in what can be viewed as a biphasic response. The 

first population spike was observed to increase in amplitude in both the intact and isolated 

CAl preparations taken from the rat hippocampus during the first three minutes of KA 

application. Following this initial increase there was a depression of the population spike 

amplitude that persisted until the drug was washed from the slice. 

The initial increase is due either to a direct action of KA on the CAl pyramidal cell 

population (Melyan et al 2002), or a reduction in the release of GAB A from the 

presynaptic terminals of both feedforward and feedback interneurones (Rodriguez-Moreno 

et al 1997, 1998, Frerking et al 1998, Min et al 1999, Semyanov et al 2001). It is also 

possible that both these mechanisms are acting in tandem. Both of these events are likely 

to be mediated by GluR6 containing receptors. 

Since it occurs in both intact and isolated CAl preparations it is unlikely that 

excitation of the CA3 region by KA leads to an increased release of glutamate onto CAl 

pyramidal cells via the Schaffer collaterals, thus leading to an increase in population spike 

amplitude. 

Bureau et al (1999) have demonstrated a requirement for the GluR6 subunit for a 

functional KA current in CAl pyramidal cells of knock-out mice, but controversy 

surrounds the existence of a functional KA receptor current in these neurones. Recently, 

Melyan et al (2002) have demonstrated a metabotropic KA receptor mediated inhibition of 
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the slow after-hyperpolarisation current in CAl pyramidal cells from slices taken from the 

same age rats as used in this study. Inhibition of this current, which is thought to be 

mediated by a Ca^^ dependent channel would be expected to render the CAl pyramidal 

cell population more excitable. This in turn could conceivably result in an increase in the 

population spike amplitude despite reduced glutamatergic transmission. 

The GluR5 agonist ATP A failed to increase the first population spike in a similar 

manner to KA suggesting a lack of involvement of this subunit in this phase of the 

response. This has also been found to be the case for the KA receptor responsible for the 

inhibition of the ISAHP (Melyan et al 2002). The GIuR6 antagonist NS102 significantly 

reduced the increase in the first population spike in the intact slice CAl, but just failed to 

reach significance in the isolated CAl, possibly indicating a need for fiirther replicates of 

this experiment. This may however reflect the poor solubility of the drug resulting in 

inconsistent concentrations being achieved in the tissues. 

It is interesting to note that the AMP A receptor agonist produced a similar result to 

KA only in the intact slice preparation, possibly suggesting an excitation of CAS 

pyramidal cells by fluorwillardine leading to increased excitation of CAl pyramidal cells 

via the Schaffer collateral pathway. This again provides further evidence of a difference 

in the mechanism of action of the two drugs and adds further weight to the assumption 

that 1 |aM KA is acting at a KA rather than an AMP A receptor. 

The initial response to KA was significantly reduced by the co-application of the 

group n / in mGluR antagonist MPPG but not by the group I/II antagonist MCPG. 

Melyan et al (2002) demonstrated that the modulation of the ISAHP was dependent 

on the activity of PKC. Therefore it would be expected that inhibitors of PKC would 

prevent an increase in the first population spike amplitude if a similar mechanism were in 

action here. Application of the PKC inhibitor H-7 resulted in an epileptiform burst in the 

CAl region, rendering interpretation of co-application data more difficult. This said, it 

would be expected that any further increase in excitability following KA application 

would result in an increase in the number of spikes in the burst. Upon the addition of 1 |iM 

KA to the superfusing ACSF however, no further increase in the number of spikes 

occurred, possibly indicating that PKC inhibition has prevented any further increase in 

excitability. This may suggest that the initial increase in the population spike amplitude 

may occur as a result of inhibition of the ISAHP current by KA. 

This initial response to KA was also unaffected by antagonists for the GABAB 

receptor and adenosine A, receptors. 
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6.2.3 The effect of prolonged KA application on population spike amplitude 

The late phase of the KA response is defined by a marked reduction in population 

spike amplitude. Since the inhibitory effects of KA on the IS.AHP have been shown to persist 

for at least an hour following the wash out of KA after a brief application of 15 minutes 

(Melyan et at) it would be expected that the pyramidal cell population would remain 

hyper-excitable throughout this time. Therefore it is unlikely that this late reduction can be 

explained solely by decreased glutamatergic transmission which occurs in CAl during the 

application of KA. However, it is possible that the excitatory effects of KA on various 

interneurone populations (Cossart et al. 1998, Frerking et al. 1998, 1999) within the CAl 

may account for this phenomenon. 

Given that GluR5 activation on interneurones has been demonstrated to increase 

interneuronal spiking (Frerking et al, 1998; Cossart et al, 1998) and leads to an increase 

in the frequency of IPSCs recorded from CAl pyramidal cells (Cossart et al 2001) it is 

possible that the continued presence of KA may lead to an increase in the concentration of 

GABA at synapses with pyramidal cells. This may in turn lead to an inhibition of the 

pyramidal cell population and hence a reduction in the population spike amplitude. In 

support of this hypothesis is the fact that co-application of the GABAB receptor antagonist 

SCH50911 results in a prolongation of the initial increase in the population spike 

amplitude throughout the KA application period. 

6.2.4 The effect of KA on paired-pulse inhibition 

During the initial phase of the application of KA to both intact and isolated CAl 

preparations derived from 15-19 day old rats, the second population spike is also observed 

to increase in amplitude. It is likely that this occurs as a result of a reduction in the evoked 

inhibition via a KA receptor mediated mechanism such as has been reported previously by 

a number of groups (Cossart et al 1998, Frerking et al 1998, 1999). The mechanism for 

this response is still controversial, with groups reporting the involvement of presynaptic 

GABAB receptors (Frerking et al 1998, 1999) following a KA stimulated increase in the 

release of GABA from intemeurones; presynaptic KA receptors containing a GluR6 

subunit on the terminals of intemeurones (Cossart et al 1998. Bureau et al 1999, 

Rodriguez-Moreno et al 1997, 1998, Min et al 1999); and recently the possibility that KA 

receptors may be found on the axons of interneurones (Semyanov et al 2001), excitation 

of which may lead to a decrease in GABA release. This latter suggestion has come from 
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studies on guinea pig hippocampi, and may therefore not be found to occur in the 

hippocampi of rats. 

Cossart et al (1998) found application of ATP A to cause an increase in 

interneuronal spiking leading to an increase in the number of IPSPs recorded from CAl 

pyramidal cells. The data presented in chapter 3 for the application of ATP A showed an 

initial increase in the mean percentage inhibition. This is consistent with GluR5 mediated 

excitation of intemeurones resulting in an increase in the release of GAB A. This data also 

suggests that the GluR5 subunit in not involved in the receptor responsible for the 

downregulation of GAB A release from intemeurones. 

The small increase in the percentage inhibition which occurred following the 

application of lOpM NS102 may suggest a selective blockade of the facilitatory Glur6 

homomeric receptor as reported by Mulle et al (2000) to be found at the presynaptic 

terminals of inhibitory synapses onto intemeurones in GluR5' ' but not GluR6' ' mice. 

Antagonism at this site would be expected to result in a degree of disinhibition of these 

interneurones and thus lead to an increase in paired-pulse inhibition. Coapplication of 

NS102 with IpM KA resulted in a small reduction in the effect of KA on the evoked 

inhibition, which just failed to reach significance. This however may reflect the weak 

antagonistic effect of NS102, and it would therefore be of interest to investigate the effect 

of NS102 on lower, sub-micromolar concentrations of KA. This may provide more 

concrete evidence for the role of the Glur6 subunit on the inhibitory network within the 

CAl. 

The effect of fluorowillardine on the evoked inhibition was significantly greater to 

that observed for KA. in the intact slice preparation once again suggesting mechanistic 

differences between the actions of KA and flurowillardine. In the intact slice, 

flurowillardine application initially resulted in an increase in paired-pulse inhibition. This 

did not occur in the isolated CAl preparation, suggesting an upstream excitation of CAS 

leading to increased excitatory drive to the CAl. This may have been sufficient to increase 

the excitation of both a feed forward and feedback interneurones, leading to the observed 

increase. 

No evidence was found in this study for the involvement of GABAB receptors in 

the modulation of the effects of KA on the paired-pulse inhibition, since there was no 

significant difference in the reduction in paired pulse inhibition by KA in the presence of 

the GABAB antagonist SCH50911. This suggests agreement with the data of Min et al 
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(1999) rather than that of Frerking et a! (1998, 1999) who found no role for GAB An 

receptors in the modulation of the evoked release of GAB A from intemeurones. 

6.3 KA application to organotypic hippocampal slice cultures 

The organotypic mouse hippocampal slice preparation bears fianctional similarities 

with acute slice preparations, in terms of an intact excitatory and inhibitory network. 

However, the maximal population spike amplitudes that can be evoked form both CAl 

and CAS in cultures are significantly lower than those of acute slices. This is very likely 

due to the lower numbers of cells in organotypic culture compared to acute slices. In 

addition, the degree of paired-pulse inhibition is significantly greater in both CAl and 

CAS regions of cultures. 

In the CAl of organotypic mouse hippocampal slices, the response to KA also 

displays some differences. Firstly, the initial increase in the population spike amplitude 

does not occur. In fact, the application of 1 pM KA results in a rapid and large decrease in 

the amplitude of both population spikes. This may be indicative of a number of 

possibilities. It may be, for example, that the development of these cultures from 5-7 day 

old mice is such that the presynaptic GluR5 containing receptor on the Schaffer collateral 

terminals is not expressed. Thus it would be expected that excitation of the CAS pyramidal 

cell population by KA would result in an increased release of glutamate from the Schaflfer 

collaterals, which in turn could result in a depolarising block of the CAl pyramidal cell 

population. A further possibility is that the concentration of KA may build up more 

rapidly in the organotypic culture due to the fact that the slices thin down over the course 

of culture. In order to investigate these possible scenarios, it would be interesting to 

examine the effect of KA in cultures in which the Schaffer collateral pathway had been 

transected. Further clarification could be obtained by the use of immunohistochemistry 

using antibodies raised against the GluR5 subunit, although to date adequate selective 

antibodies have not been developed. 

Following this initial response, the amplitude of the first, but not the second 

population spike temporarily recovers somewhat. This may indicate the development of a 

depolarising block in the CAS region, enabling stimulus driven events to occur in the 

CAl. 

Evidence in this study that the application of IpM KA may result in a depolarising 

block of the CAS pyramidal cell population comes from the experiments carried out in 

both mouse acute slices and organotypic hippocampal slice cultures. Upon the application 
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of KA, the population spike amplitudes in the CAS of both of these preparations undergo 

rapid and total reduction. Although this evidence is not as direct as, for example, 

intracellular recordings from individual CA3 pyramidal cells, this data is consistent with 

the occurrence of a prolonged depolarisation of these neurones, preventing the 

synchronised firing required to produce a population spike. 

6.4 Chronic application of KA to mouse organotypic hippocampal slice cultures 

When administered over a longer period of time, for example in the in vivo KA 

lesion model of temporal lobe epilepsy, a characteristic pattern of damage is observed to 

occur. For example, there is a loss of CA3 pyramidal neurones (Nadler 1978a) and at 

higher concentrations of KA also a loss of the principal cells of CAl (Nadler 1978b). In 

addition, there is considerable loss of a number of sub-populations of intemeurones, for 

example, those containing parvalbumin (Best et al 1993, 1994). 

A similar loss of principal cells in the CAS region has been observed to occur in 

rat organotypic hippocampal slice cultures following incubation with 5|iM KA for 24 

hours (Best et al 1996). Parvalbumin containing intemeurones are also reduced in number 

as a result of this treatment (Best et al. 1996). 

The data presented in chapter 5 demonstrates that MFl mouse hippocampal slice 

cultures are also susceptible to damage by 5pM KA. This results in a similar pattern of 

cell death to the CAS pyramidal cell population (visualised using PI fluorescence and 

thionin staining) as is found in the rat hippocampal slice culture. In addition data for 

GAD-67 immunohistochemistry indicates a reduced number of cells expressing GAD 

following incubation with KA. 

Pre-exposure of mouse cultures to a sub-toxic concentration of KA resulted in a 

reduction in the toxic effects of a subsequent 5pM KA incubation four days later, much as 

is seen in the rat culture preparation (Best et al 1996). This tolerance appeared to be 

induced at threshold levels by 500nM and 750nM KA but was not significantly observed 

until a concentration of IpM KA was achieved. In addition it was not affected by the 

presence of the NMD A antagonists D-AP5 and MK801 in the culture medium at the time 

of the preconditioning incubation. This precludes the possibility that protection of the CAS 

pyramidal cell population may have occurred as a result of Ca^^ influx through NMDA 

receptors activating a signalling cascade which may have lead to this phenomenon. 
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It has been proposed that the preconditioning phenomenon may occur as a result of 

increased levels of adenosine during the induction process (Plamondon et al 1999, 

Blondeau et al 2000, Berman et al 2000). Activation of adenosine A, receptors then leads 

to a reduction in the release of glutamate presynaptically coupled with hyperpolarisation 

of the CA3 pyramidal cell population. However, the electrophysiological data presented 

here may tend to suggest that a lowering of the excitability of the CAS pyramidal cell 

population following preconditioning does not occur. This is inferred from the fact that 

preconditioning does not significantly affect the maximal amplitude which it is possible to 

elicit from the CAS, nor is the stimulus required to achieve this response significantly 

different. 

Further electrophysiological analysis of the CAS region using field recordings 

from the stratum pyramidale revealed that preconditioned slices exhibit a significantly 

lower degree of paired pulse inhibition than that of control cultures. This correlates with 

the reduction in GAD-67 staining that occurred following preconditioning with 1 |iM KA. 

Preliminary data suggests that this remaining inhibition may exhibit a reduced 

sensitivity to low concentrations of the GABAA receptor antagonist bicuculline when 

compared to control. However it is still abolished in the presence of lOjiM bicuculline. 

This may suggest a change in the GABAA subunit expression following preconditioning, 

and it would therefore be of interest to investigate this further using subunit specific 

antibodies. 

Paired-pulse inhibition in the CAl region was affected in a similar manner by 

incubation with IpM KA at 7 DIV. This again correlates well with the GAD-67 data, in 

which the expression pattern of GAD was found to be significantly reduced following 

preconditioning. 

It is paradoxical that a scenario in which there is reduced functional inhibition 

should be neuroprotective. This suggests that some change has occurred either 

presynaptically or postsynaptically within CAS to reduce the response to KA during the 

second application. Since stimulus driven events within the CAS do not change 

significantly following preconditioning, it is likely that this change is occurring in the 

CAS pyramidal cell population itself However, the response of the preconditioned CAS to 

further application of lp.M KA is not significantly different to that of a naieve culture. It is 

unlikely therefore that this protection occurs as a result of the downregulation of KA 

receptor numbers on the CAS pyramidal cells. 
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One possible candidate for the source of this neuroprotection is HSP-72. The 

reduced sensitivity to KA toxicity has previously been demonstrated to occur in rats 

during the peak of HSP-72 expression following the initial insult (Best et al 1996). It 

would be interesting therefore to vary the time interval between the preconditioning 

incubation and the toxic insult in order to correlate the degree of protection with HSP-72 

expression. This latter could be visualised again using immunohistochemistry. This may 

provide further information about the time window in which protection occurs. 

Another possibility is that 1 pM KA may cause activation of c-jim which may lead 

in turn to an upregulation of MnSOD production. Should this occur it would be likely that 

free radicals would be neutralised more rapidly thus reducing the amount of damage to the 

CAS pyramidal cell population by subsequent KA incuabtions. 

6.5 Summary 

Kainate excites all it's targets (Ben-Ari and Cossart, 2000), therefore it is 

interesting that it appears that the net result of this excitation is a reduction in the output of 

both the CAl and the CAS. From the data presented here, 15-30 minute applications of 

KA (1|J.M) to acute slices reduced the EPSP slope recorded from stratum radiatum of the 

CAl, probably via activation of GluR5 containing receptors on the presynaptic terminals 

of the Schaffer collateral pathway (Vignes et al, 1998, Kamiya and Ozawa 1998). 

Following a brief increase in the population spike amplitudes in CAl, KA application 

causes a marked reduction of the population spike amplitude in CAl in the presence of an 

intact CAS-CAl connection. This may be due to increased excitation of GluR5 receptors 

on interneurones (Cossart et al 1998, Khalilov et al 2002), since the GAB As antagonist 

SCH50911 prolonged the duration of the initial population spike increase following KA 

application. 

This reduction in population spike amplitude is also observed in organotypic 

mouse slice cultures. Applications of KA (l|iM for 2 hours) to these cultures resulted in a 

reduction in the population spike amplitudes and paired-pulse inhibition in both CAl and 

CAS. This reduction persisted for up to an hour after the wash of KA from the recording 

chamber. 

Chronic applications of KA (l^M) for 24 hours to mouse organotypic 

hippocampal slice cultures resulted in a reduction in the sensitivity of these cultures to 

subsequent applications of a toxic concentration of KA (S x̂M for 24 hours). Since the 

toxic effects of KA occur at a concentration of SpM but not IpM, this may suggest that 
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AMP A receptor activation is required for cell death to occur. The induction of tolerance 

required a concentration of 1 x̂M KA and occurred even when NMDA receptors had been 

blocked with D-AP5 and MK-801, suggesting that Ca^^ entry via NMDA receptors is not 

required for this phenomenon to occur. 

Investigations into the effect of chronic applications of KA to organotypic slice 

cultures revealed no change in the maximal population spike amplitudes capable of being 

evoked from either the CAl or CAS regions following treatment. The maximal stimulus 

required to elicit this population spike was significantly greater in CAl following 

preconditioning, but not in CA3. This suggests that the tolerance against KA toxicity 

observed in the CA3 region does not occur as a resuh of a decrease in CA3 excitability. 

Interestingly, despite exhibiting resistance to the excitotoxic effects of 5pM KA, both the 

CAl and CAS regions exhibited a significant reduction in paired-pulse inhibition after 

chronic treatment with 1 pM KA. 

The mechanism by which KA induced tolerance and the receptor subunits involved 

in this response remains unclear. Knock-out mice for GluR5 and GluR6 (Contractor et al 

2001) have been made, and fiirther insight into the KA-induced tolerance to KA could be 

gained from their use. 
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