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DESCRIPTIVE SUMMARY

Epilepsy is a di~~~er of the ~~rvou~ system which is
•

characterize~ by recurring episoees of paroxysmal, s'ynchronized nerve
(/>

cell actJvity, oft~n accompanied by convulsions. The basic mechanisms

cellular abnormalities associated' with ,this state •

'responsible for the 'seizures are unclear, and the experiments described
\

'in this thesis have utilized an animal model of epilepsy to' study the

.. ..
The experimental epilepsy was created by daily repetition of

•
. mild··electrical stimulation 'to certai:n 1rraib regions which, through an,.•
~ffect known as ~tndling, produced a? increased disposition to seizures.

, Our experiments involved the hippocampus, a brain structure which has a.
lpw threshold f~r seizures and ~hich is suspecte~ to be a critical site

for the generation o~ epileptic.seizures. ..
Slices of hippocampus were dissected from unkindled and kindled

rats, aod maintained 'in an artificial apparatus mimicking the fluid

envilr<;>nment of the brain. This. technique permitted ready acc.ess to the

tissue for purposes of stimulation and recording, and enabled the

manipulation of the ionic. env~~nment of the nerve cells.
~ /---". /

Our major findings'may be summari~ed as follows: a) Hippoc.ampal

slices from kindled rats did not 'display an increased tendency to

genera~e spontaneous ~~ileptiform discharges, either in normal perfusing "

fluid, ot in'that containing elevated levels of pPtassium. In some...
"experiments, howe\\er, electrical stimula tio.n evo1<.ed responses which

reflected an increase in the excitability ~f the ner~e cells generating,
the response. b) Electrical recordin~~ from single nerve c~~ls showed

'-
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that the basic properties of h1ppocampal c.ells 'from kindled, rats are \

. '"

unchanged.
.

However, se~eral more subtle alterations in the responses of~

the~e cells to electrical s~imulation were obs~1ved. These included an. ,

:increased inhibltorY'respon~eand an enhanced response to direct
1)

stimu~ation of the nerve cell membrane. ..

These findings suggest that the hippocampus may not develop

strong epileptogenic properties in a chronic form of epilep.sy. More,

subtle alterations in nerve cell properties, however, may be components!

of the epileptic process.
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ABS1RACT

'1
, Re.peated electrical stimulation'of .ertain brain site,S in

animals leads to the p~ogressive development of clinical sei~ures, a

. ...
The basic neuronal mechanisms underlyin~

/

tQ~se invp+ved in h~n epileR~y, but a~e

, \
examined the properties of single neuron,s

_and populations of neufones in hippocampal slices derived from rats \

kindled in the hippocampus, fimbri~/forni~, perforant patQ, or amygdala,

this e~fect may be similar to

'. not ~ell undersioOde W~ have

phenome~on known as kindling..,
01- ... 1

and compared them wi~h those of unstimulated ~imals.

At the neuronal population level, tissue from kindled rats did

n?t. display an increased tendency, to genera te s'pontaneous epileptiform. .
- l '

activity. /Th.is ~as also the finding' in ionic substitution eXl?erime~ts,

• •
here the levels of. extracellular potassium were increased as high as 9 _

, ~

mE Electrical stimulation of afferents to 'the CAl region evoked
. , .

syna tical1y-rnediated population responses which were similar to those, .
,. ........

of controls, except 'for tissue derived from rats kindled in the fimbria

or in the. amygdala. In the~e ~xperiments, there was a tendency for

multiple popul~tion spikes to appear in the responses 'to stimulation and

this may reflect an increased excitability of the neuronal population •
..,\."
"Intracellular studies 6f hippocampal CAl neurones from

amygdala-kindled rats revealed that the basic activ~ and passive

'membrane properties did not differ from-those of controls. However, the'

amplitude of the afterhyperpolarization !oll?wing synaptic activation

was increased in these neurones. In addition, the response to

intracellular injection of depolarizing current was altered in some

(v)



..
neurone~, observed as an increase9 action potential discharge during the

initial phase of depolarization.

, These £ind~ngs are discussed in terms of.an apparent immu~ity of

-the hippocampus towards the development of chronic epileptogenic

properties, and the ionic and membrane mechanisms ~hich may be
. "

responsible for the observed differences between kindled and unkindled

tissue •.
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CHAPTER 1: INTRODUCTION

1.0 The Objectives of the Present Study
.

The human epilepsies are disorders of the nervous system,
?

characterized by recurring episodes of neuronal .seizure activity which

may generalize to produce convulsions. The basic cellular mechanisms

responsible for the abnormal neu~onal discharge, and the means by which

seizures ~opagate to involve many areas of the brain. are not well

Clinical data describe precipitating factors~understood.
~

neuropathological characteristics of biopsy and autopsy tissue. The

experimental study of epilepsy in the human, however, face.s severe

limitations.' Ethical and technical consideral;ions limit the range of,

experimental manipulations which may be attempted with human subjects.

As a result, numerous animal models of epilepsy have been developed,

which 9ffer varying degrees of control over (~) the nature and site of ~

the epileptogenic lesion and (b) the duration and severity'of the

seizures.
"
.~

A particularly interesting method for the experimental,
production of epilepsy involves the repeated induction of seizure

activity 1n certain brain regions. The stimulation ~ay be electrical

current or a chemical'convulsant, and the parameters are chosen such

that the ini application of a low intensity stimuius produces only a

fterdischarge. With daily repetitions, however, the

seizures intensify, propagate to other areas and even~ually generalize.

1

"
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This progressive alteration In bra,in ~xcitability? termed ~'kindling" by

Goddard; McIntyre and Leech (19~9), reflects apparently permanent

modifications at one or more levels of nervous sy~tem organization. The

use of kindling as an experimental model for human epilepsy rests on the

assumption that these changes may be analogous to those involved in

certain types of clinical seizures, particularly to complex par~ial

seizures of temporal lobe origin (Adamec, Stark-Ad~mec, Perrin qnd
,

Livingstone, 1981; Albright and Burnham, 1980; Perrin and Hoffman, 1979;

Wada, 1978).

Many of the important questions in this form of epilepsy concern

the concept of focus, its origin, localization, an~ neurophysiology. Is

there only dne primary focus, or are there'seyeral foci? What is the

relationship between the pathology (in clinical epilepsy) and the focus

of epileptiform discharge? What are the properties of neurones in a

focus? What are the mecha~isms underlying the development of focal

hyperexcitability, and how do these contribute to the generaliration of

seizures?

The hippocampu~ lS often suspected of playing a key role in

temporal lobe epilepsy. Medically~intractable seizures of temporal lobe

/ origin are often treated neurosurgically by resection of temporal lobe

~tructures (Purpura, Penry, and Walter, 1975). The most commonly
\ . .

employed techniqJe involves removal of varying amounts of hippocampal

tissue as well as other limbic and cortical tissue (Falconer and Taylor,.
1968; Olivier, 1983). Glaser (980) maintains th<;1t removal of the

hippocampus is critical for successful surgical therapy of complex

partial seizures. Ammon's horn sclerosis, or hippocampal neuronal loss
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is the most common neuropathological finding in epileptic patients
"

(Mathiesen" 1975; Mouritzen Dam, 1982).

Experimental studies of normal hippocampus have demonstrated

that (a) it is ope of the most seizure-prone areas of the brain (Green,

"
1964); (b) it is highly sensitive to many convulsant agents, such as

kainic acid (Lothman, Collins and Ferrendeli, 1981; Nadler, Perry and

Cotman, 1978a, 1978b; Nadler, Perry, Gentry and Cotman, 1980) and

penicillin (De Feo, Cherubini, Mecardli, Dicorato and Ricci,1982;
.

~loor, Hall and Coceani, 1966); (c) it displays properties

characteristic of hyperexcitable neurones, such as paroxysmal cell

bursts (Kandel and spencei\\1961; Fujita, 1975) and spontaneous

electroencephalographic (EEG) spikes (Vanderwolf, Kramis, Gillespie and

Bland, 1975; Wadman, Lopes da Silva and Leung, 1983); and (d) it

-l

displays a high degree of synaptic plasticity (Bliss and Lomo, 1973;

Lynch, Gall and Dunwiddie, 1978).

Direct evidence that the hippocampus develops epileptogenic

{'
properties and plays a pacemaker role in seizures 'has been difficult to

·obtain. One reason.for this difficulty is the extensive

interconn~ctivityof the hippocampus with.limbic and other structures,

such that the origin of epi1eptiform'activity is difficult to ascertain

with precision. In addition, measurement of neuronal properties in the

in situ hippocampu~' 1S hampered by many methodological obstacles. For

example, high quality intracellular measurements are difficult -to

obtain, and the ionic microenvironment of neurones is difficult to
'-

control. The development of in vitro brain slice preparations suitable

for electrpphy~iology (Yamamoto and McIlwain, 1~66) offered an
\.










































































































































































































































































































































