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ABSTRACT

Repeaced electrical stimulations of the brain V18 a chronically

implanted electrode induce gradually stronger epileptiform responses

until the ani~ls show fully developed bilateraL,clonic convulsions.

This experimental epilepsy model is called kindling. Most of the

experiments done on this phenomenon have compared kindled to non-kindled

animals. Consequently, the changes observed are often secondary, rather

than prunary, to the developing epileptogenesis. /

As an alternative approach, two strains of rats were oucbred

from a common parent generation on the basis of amygdala kindling rates

(the number of evoked epileptiform discharges (ADs) required to reach

the fully developed seizure stage). After 5 generationa, we succeeded
(

in producing two groups of rats that demonatrated no overlap in amygdala

kindling rates. Kindling-prone or FAST rats required 11.0 ADs, whereas

kindling-resistant or SLOW rats required 42.1 AD. to develop fully

generalized seizures.

We have used electrophysiological and pharmacological tests in

an attempt to determine the mechanisms underlying the differences in, .

epileptogenesis in these two strains.

The electrophysiological experiments were designed to test the

hypothesis that FAST rats- have either a greater plasticity in excitatory

neural systems, or a faster rate of alteration in those systems. Both

short-term and long-term potentiation effects were examined in 2

different forebrain pathways. The results did not support the
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hypothesis. Rather, the results indicated that FAST rats may have lower

levels of inhibition, as reflected in measures of paired-pulse

depression.

Pbarmacological experiments were performed in order to challenge

specific inhibitory neurotransmitter systems. .The results indicated

that FAST r~ts had significantly lower thresholds for convulsants that

are known to interfere with GABA-related inhibitory mekhanisms. A

preliminary study of GABA receptors, however, showed~at [~l-Kuscimol
binding did not differ between the strains.

It was argued that FAST rat~ may be deficient, relative to SLOW

rats, in levels of inhibition mediated by other than GABA

neurotransmitte~systema, or that they may differ 1n membrane mechanisms

that mediate late after hyper~olarizations.

(iv)



-
ACKNOI<LEDGEMENTS

I am grateful to Dr. Ronald Racine for his generous support and

insightful advice on this project and for his patience and

encouragement. I would also like to thank Drs. Grant K. Smith and Woody

Heron for their advice.

Ms. Martha Tuckett assisted i~ producing snd maintaining the

colony during the first few generations, and Ms. Sharon Bafner assisted

in data collection during later phases of the project.

I would like to acknowledge my family in Japan, particularly my

parents, who encouraged me to pe~severe in my academic training.

Finally, my husband Allan Steingart shared the difficulties and

successes. and supported me throughout the entire course of this

project.

(v)



TABLE OF CONTENTS
PAGE

ABSTRACT ( iii)

LIST OF FIGURES ••••••••••••••••••••••••••••••••••••••••••••••••••••

LIST OF TABLES .

CHAPTER I GENERAL INTRODUCTION ••••••• _ .

A. HUMAN EPILEPSy .
B. EXPERIMENTAL MODELS OF EPILEPSy••••••••••••••••••••••••••••••••
C. KINDLING AS A HODEL OF EPILEPSy••••••••••••••••••••••••••••••••

1. Phenomenon .
2. !lechani9llls .

a. Manifestation of bilateral seizures - eentrencephalic
system: ••••••••••••••••••••••••••••••••••••••••••••••••••

b. Development of AD propagation - Transsynaptic
alterations: ..

c. Long-term potenti"ation (LIP) effects: .
d. ~nv~l~~ent of neurochemical systems - Loss of ~onic

~nh~b~t~on:••••••••••••••••••••••••••••••••••••••••••••••
(i) Acetylcholine: .

Cii) Monoamines: •••••••••••••••••••••• ,.~ •••••••••••••••••
(iii) Amino acids: ..

e. Cellular mechanisms - eaL+ influx theory: ••••••••••••••••

3. Evaluation of kindling as a model of epilepsy ••••••,•••••••••
D. KINDLING AS A MODEL OF NEURAL PLASTICITY •••••••••••••••••••••••
E. RATIONALE FOR THE BREEDING STUDy '. .

CHAPTER II COMPARISON OF FAST VS. SLOW STRAINS: ' BASIC
OBSERVATIONS •••••••••••••••••••••••••••••••••••••••••••

INTRODUCTION•••••••••••••••••••••••••••••••••••••••••••••••••••••••

METHODS ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• :

KINDLING PHASE I (SELECTIVE BREEDING). .
Animals: .
Surgery and histology: ••••••••••••••••••.•••••••••••••••••••••••
Apparatus: •••••••••••••••••••••••••••••••••••••••••••••••••••••
Kindling: ..
Breeding procedure: •••••••••••••••••••••••••••••••••••. , •••••••

(vi)

(x)

(xi)
\.
l~
1
8-

17
17
19

19

22
26

29
30
32
38
42

50
51
58 r\
61

6'1

62

62
62
62
63
63
64



TABLE OF CONTENTS (conC'd)
PAGE

KINDLING PHASE II (ELECTROPRYSIOLOGICAL MEASURES).................. 64
Animals: 64
Surgery: ••••.•..•••••••.•••••.•••• ~............................ 65
Kindling: •••••••.•.•.••••••••••••.•...••••••••••••••..•••.••.•. 65
Evoked pocencial recording. during kindling: •••••••••••••.•.••• 67

RESULTS. • • . . . . • • . . • • • • • . . . . • • • • • • • • • • • • • • • . • . • . . • • • • • • • • . • • . • • • • . . • 68
Ri.cology:............ 68

KINDLING PHASE I (SELECTIVE BREEDING).............................. 68
Kindling race.: : 68
Macor .eizure developmenC:.......... •.••.•••••••••••••••••.••••• 68

KINDLING PHASE II (ELECTROPRYSlOLOGICAL MEASURES).................. 76
Primary afcerdi.~harge.:••••••.•••••••••••.,••••••.• ,.. . • • • • • ••• 76
Propagacion of afcerdi.charge.:................................ 76
Pre- and po.c-iccal .pike.:.................................... 78
Secon ary afcerdi.charge.:..................................... 78
Evok pocencials: •..•..••.•..•....••••.•••...•..••••••••••.••• 79

AND DISCUSSION •• :...................................... 82

CHAPTER III BEHAVIORAL COMPARISONS .••.••••••••••••.••••••••••••••••• 85

.INTRODUCTION. . • . • . • • • • • • • • • • • • • • • • .. • . • • • . • . . . • . • • • • . • . • • . • • . • • • • • • 85

METIIODS. . . . • • • • • • • • • . . . • • . . • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • . • • • • • • • . • 87

OPEN-FIELD STUDy............................................... 87

MURICIDE TEST.................................................. 88
,
HOT PLATE PAIN SENSITIVITY TEST................................ 88

PASSIVE AVOIDANCE TASK......................................... 89

AUDJ;OGENIC SEIZURE TEST........................................ 90

RESULTS. • . • . . • • . • . . • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • •• • • • • • • • • • • • . . • 91·

OPEN-FIELD STUDy............................................... 91

MURICIDE TEST.................................................. 94

HOT PLATE PAIN SENSITIVITY TEST................................ 95

(vii).-.



TABLE OF CONTENTS (cont'd)

PASSIVE AVOIDANCE TASK .

AUDIOGENIC SEIZURE .

CONCLUSIONS AND DISCUSSION••••••••••••••••••••••••••••••••••••••

PAGE

95

102

CHAPTER IV ELECTROPHYSIOLOGlCAL STUDIES •••••••••••••••••••••••••• 105

INTRODUCTION ••••••••••••••••••••••••••••••••••• ; ••••••••••••••••••
Rationale for electrophysiological studies ••••••••••• ; ••••••••
Selection of pathways for potentiation studies ••••••••••••••••

105
105
106

)!:Xl'ERlMENT l' AMYGDALA TO ENTORHINAL POTENTIATION•••••••••••••• 106

.. ..METHODS ••
Animals: • • .
Apparatu.: •• • ••••••••••••••••••••••••••••••••••••••••••••••••
I/O curves:.......... .. t ..

P.ired-pul.e.: ••' '.' .
Long-term potentiation ..

RESULTS ..
I/O curves: ..
Paired-pulses: ~ ..
Long-term potent iation: ..

CONCLUSIONS AND DISCUSSION ••••••••••••••••••••••••••••••••••••••••

108
108
109
109
110
III

112
112
112
119

119

EXPERIMENT 2: PERFORANT PATH TO DENTATE POTENTIATION ••••••••••• 126

METIlODS ..
Animals and surgical procedures: •.•••••••••.••••••••.••..•••••
Electrical .tilJ1Ulation: .
Pre-train fixed-interval paired-pul.e I/O curve.: •••••••••••••
Pre-train variable-interval paired-pulse te.t: ••••.••••••••••••
Po.t-.ctivation potenti.tion (PAP) experiment: ••••••••••••••••
Po.t-train I/O curve.: .
Data analysi.: .

RESULTS ',>-:' •
Pre-train fixed-interval paired-pulse I/O cu~e.: •••••••••';<J••

Pre-train variable-interval paired-pul.e te.t: ••••••••••••••••
Po.t-activ."tion potentiation (PAP) experiment: ••••••••••• , ••••
Po.t-tnain I/O curve.: .

(viii)

127"
127
129
130
130
131
132
132

135
135
140
143
144



TABLE OF CONTENTS (cont'd)

CONCLUSIONS AND DISCUSSION ••••••••••••••••••••••••••••••••••••••••

PAGE

144

CHAPTER V NEUROPHAllHACOLOGICAL STUDIES •••••••••••••••.• '.' •••••• 147

INTRODUCTION••••••••••••••• .............................................................................. 147

METHODS •••••••• .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 149

CONVULSANT EFFECTS ON NAIVE ANIMALS .
Anima 18: ." .
Dose-respouse tests: ..

EFFECTS OF DIAZEPAM AND PROPRANOLOL ON KINDLING•••••••.•••••••••••

,RESULTS: ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
Pentylenetetrazol: ••••••••••••••••.••••••••••••.••••••••••••••
Strychnine: ..
Picrotoxin: ..
Bicuculline: ' ..
Isoniazid:" ..
Diazepam and propranolol: •••••••••••••••••••• ~ ••••••••••••••••

149
149
149

152

153
153
153
153
158
158
163

'CONCLUSIONS AND DISCUSSION, ••••••••••••••••••• ........................................ 163

CHAPTER Vi ~NERAL DISCUSSION••••••••••••••••• 169

REFERENCES ••••••• ...........................................................................

'---- --_/

•

172



•

LIST OF FiGURES

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Rippocam;>al formation and amygdala••••• : •••••••• ;...... 6

Kindling-induced afterdischarge development •••••••••••• 11
'--

Pre- and post-kindling inpurtoutaut,c~rves••••••••••••• 45

Post-activation potentiation in the perforant path
to dentate system........................................................................... 56

Location of electrode tips.: : '. ••• 70

Amygdala kindling rates for generations Fa to FlO •••••• 72

Kindling-induced potentiatio~in entorhinal cortex
and hippocampus ••••••••• :.............................. 81

, ,

'Frequency of defecation and urination in FAST vs.
SLOW strains '" " -... .. .. 93

Pa"ss ive avoidance measures ~ '" '... 99

Figure 10 Amygdala to entorhinal paired-pulse measures ••••••••••• 116

Figure 11 Amygdala to hippocampal paired-pulse measures.: •••••••• 118

Figure 12 Amygdala to dentate paired-pulse measures •••••••••••••• 121

Figure 13 Amygdala to entorhinal LTP measures ',' ,(,,', .. 123

Figure 14 Amygdala to hippocampal LTP measures ••••••••••••••••••• 125

Figure 15

Figure 16

Figure 17

Figure 18

Typical dentate gyrus field potentials ••••••••••••••••• 134

Pre-train perforant path to dentate I/O curves ••••••••• 137

Variable-interval paired-pulse measures •••••••••••••••• 142

'"Pe,ty1enetetrazol dose-response measures ••••••••••••••• 155
,,

Figure 19 Strychnine dose-response measures •••••••••••••••••••••• 157

Figure 20 Picrotoxin dose-response measures •••••••••••••••••••••• 160

Figure 21. Bicuculline dose-response measures '162

Figure 22 Isoniazid dose-response measures ••••••.•••••••••••••••• 165

(xl



.~

LIST OF TABLES
PAGE

Table I

Table II

Electrophysiological ~asures in FAS~ and SL~ strains.

H 1 . . .. \
at p ~te pS1n sens1t1v1ty ~sures•••.•.••.•••..••..•.

74

97

r

Table III
.~

')Table IV
\

Table V

Table VI

Audiogenic seizure measures ••.•.••••.•••.•••••.•••••..• 101

Threshold and maximal EP measures ••••••.••.••..•••••••• 114

Fixed-interval paired-pulse effect on EPSP slope
measures •••••••••••• o' • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 139

Effect of propranolol on AD duration••••••••••••.•••••. 167

(xi)
.~ p



A. HUMAN EPILEPSY

CHAPTER I GENERAL INTRODUCTION

Epilepsy is among the most common of chronic disorders of the

central nervouS system (CNS), and it is estimated that at least 0.5-2%

of the world's population suffers from epilepsy (Prince, 1978).

The extent and intensity of behavioral disturbance varies widely

depending on the anat~ical and physiological substrate of the geizure.

There are two major groups of seizures: one is the 'primary

generalized seizure' which involves the sudden onset of generalized

attack with logs of consciousness, and the other is the 'partial

attack', which mayor may not evolve into generalized seizure (which

wo~d then be called 'secondary generalized seizure').

Grand mal is the most dramatic of the primary generalized

seizure disorders. The sequence of motor events usually proceeds from a

generalized muscular tonus. particularly in extensor systems, to clonic

jerks, the entire process lasting about 2 minutes. Autonomic reactions

include sweating, salivation, increased heart rate, respiratory

difficulties, and emptying of the bladder.

The subject is likely to remain in a deep stupor for several,
minutes after the termination of'a convulsion. Upon recovery from the

stupor he may be confused and disoriented. Typically, the patient will

sleep for several hours, then wake up with severe headache and aching

muscles.

One of the mild forms of generalized se1zure is called petit mal

and is charscterized by widespread, bilaterally synchronous three-per-
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second spike and wave activity in the electroencephalogram (EEG). The

attack often lasts no longer than 5 to 10 seconds, and the accompanying

motor movements often involve only eyes and face. Other types of

seizur~B, such as myoclonic seizures (arm jerks and trunk fiexion) and

astatic seizures (loss of muscle tonus or postural control), may also

occur with sudden onset and 1088 of consciousness, although these

attacks are so brief that it is often impossible to determine the extent

of any disturoance of consciousness. The sudden bilateral onset of

primary-generalized seizures suggests to sQme researchers that central

brain regions are critically involved (Penfield and Jasper, 1954).'

Partial seizures affect motor and sensory functions localized to

specific parts of the body. Such seizures may trigger uncontrollable

motor movements in an orderly sequence (the Jacksonian march).

Stereotyped deviations of posture, vocalization, or eye movements may

also be triggered. The seizure may affect somatic sensory processing

related to localized parts of the body, eliciting sensations of

numbness, tingling, pins and needles, heat, water running over the skin,

or a sense of movement. The se4zures can also disturb visual, auditory

and vestibular systems, and may elicit hallucinations. Other types of

partial seizures are accompanied by olfactory hallucinations, ~ustatory

sensations, visceral sensations or ~motional symptoms such as happiness,

fear, anxiety or rage reactions. These partial seizures mayor may not

de~elop into secondary generalized seizures.

Among seizures with a focal onset are those that originate in

the temporal lobe. Temporal lobe epilepsy (TLE) is often characterized

by the psychomotor attack,.dur}ng which the patient appears to respond
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~n a limited fashion to his environment, although he later remembers•
nothing of what transpired during the attack. The patient behaves as if

conscious but confused (automatism), and experiences a variety of

emotioos, illusions of increased reality, hallucinations, vivid-recall

of the past and visceral sensations. At the onset of the attack, lip

smacking, chewing, facial grimacing and swallowing movements are

frequent. Such psychomotor automat isms rarely last more than 4 to 5

minutes, but the patient may experience prolonged periods of post-ictal

confusion.

Even when controlled by anticonvulsant drugs, se~zures are known

to recur over many years. The mechanisms sustaining the properties of

the neuronal .ubstrate of chronic epilepsy may be quite different than

those underlying acute seizures induced by fever or drug intoxication.

Although the majority of seizures are 8pontan~~8 and recurrent in

nature, some types of seizures can be evoked by specific stimuli. Such

stimuli can be a flashing light (Jeavons & Harding, 1975), certain

visual patterns;(Wilkins, Darby & Binnie, 1979), auditory patterns

(Servit, 1963), or even the emission of motor patterns such as speech

(Lee, Sutherling, Persing & Butler, 1980) o~ating ~Robertson &

Fariello, 1979).

Electrographic indices of seizure activity can be detected by

EEG recordings from the skull surface, even when the clinical signs are

ambiguous or undetectable. Primary generalized seizures are often

characterized by an abrupt onset of spike-wave discharges, bila~erally

synchronous from the onset, and recordable from all surface electrodes.

The termination of such paroxysmal discharges is also abrupt. Partial

.-


























































































































































































































































































































































































































