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Sleep, Subcortical Stimulation and Kindling in the Cat

SUMMARY: A longitudinal study of
the effects of sleep on amygdaloid kindl-
ing showed that kindling disrupted nor-
mal sleep patterns by reducing REM
sleep and increasing awake time. Few
interictal spike discharges were ob-
served during the awake stage, while a
marked increase in discharge was ob-
served during the light and deep sleep
stages. No discharges were observed
during REM sleep. During the im-
mediate post-stimulation period the
nonstimulated amygdala showed a
much higher rate of spike discharge. On
the other hand, there was an increase in
spike discharge in the stimulated amyg-
dala during natural sleep without pre-
ceding amygdaloid stimulation. Amyg-
daloid stimulation at the generalized
seizure threshold during each sleep
stage resulted in a generalized convul-
sion.

The influence of subcortical electrical
stimulation on kindled amygdaloid con-
vulsions was investigated in a second
experiment. Stimulation of the centre
median and the caudate nucleus was
without effect on kindled convulsions,
while stimulation of the mesencephalic
reticular formation at high frequency
(300 Hz) reduced the latency of onset of
kindled generalized convulsions. Stimu-
lation of the nucleus ventralis lateralis
of the thalamus at low frequency (10
Hz) prolonged the convulsion latency,
and at high current levels blocked the
induced convulsion. Stimulation in the
central gray matter at low frequency (10
Hz) also blocked kindled amygdaloid
convulsions.

RESUME: La description, I'organi-
sation et la dissémination des pointes
interictales furent étudiées en rela-
tion avec les différents stages du ‘‘kind-
ling”’ et par rapport a l'état de vigi-
lance. Dans une deuxiéme partie de
Uétude, les effets de la stimulation de
certaines structures sous-corticales
avant, pendant ou aprées ‘“‘kindling”’
furent investiguées.
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INTRODUCTION

In 1969, Goddard, MclIntyre and
Leech demonstrated that daily,
brief electrical stimulation of limbic
structures eventually resulted in
generalized convulsions. This
phenomenon, termed kindling, has
been largely accepted as a new
model of epilepsy, but its
mechanism remains to be eluci-
dated.

The purpose of the present exper-
iments is to study the relationship
between sleep and the kindling ef-
fect, and the possible modification
of this phenomenon by electrical
stimulation of different subcortical
structures.

Experiment 1. Sleep and the
kindling effect:

An intimate relationship between
sleep and certain manifestations of
epilepsy has been reported by a
number of authors (Batini et al.,
1962; Gastaut et al., 1965; Gibbs
and Gibbs, 1946; Janz, 1962). Con-
sequently, we began an investiga-
tion of the relationship between
sleep and the kindling phenomenon.
Our study was aimed at examining
the following: the influence of kindl-
ing on sleep organization, the influ-
ence of sleep on spiking activity,
and the influence of threshold
stimulation on the various stages of
sleep.
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METHOD

Twelve cats of both sexes, weighing
between 2.5-4.0 kg were used. The ani-
mals were anesthetized with pentobarbi-
tal (30 mg/kg, i.p.), and stainless steet
screws were implanted on the skull
under aseptic conditions for cortical and
electro-oculogram recordings. Concen-
tric depth electrodes were constructed
of 0.4 mm stainless steel tubing with a
central 0.2 mm stainless steel wire, and
insulated with Epoxylite except for 0.5
mm at the tip. Electrodes were
stereotaxically implanted into the fol-
lowing structures using the stereotaxic
atlas of Jasper and Ajmone-Marsan
(1954): basolateral amygdala bilaterally
(AMG), left ventral hippocampus
(HIPP), left ventralis lateralis (VL) and
centre median (CM) of the thalamus,
left mesencephalic reticular formation
(MRF), and left caudate nucleus (CN).
Teflon coated stainless steel wires were
placed in the posterior neck muscle and
subcutaneous thoracic region for elec-
tromyogram and electrocardiogram re-
cordings, respectively.

Following the operation, chloram-
phenicol (1.0 g/day, s.c.) was adminis-
tered for 3 days. The animals were al-
lowed to recover for at least 10 days.
The techniques and conditions for the
electrographic recordings were similar
to those reported previously (Tanaka
and Naquet, 1975). Animals were fed
at about 8:30 a.m. and placed in sound-
proofed recording chambers (100 x 80 x
80 cm) at about 10:00 a.m. until 4:00
p.m. The animals were placed in the re-
cording chamber for several days with-
out recording. After this habituation
period, control electrographic record-
ings were taken for 3 days to verify the
sleep organization of the animals. All
recordings were made at a speed of 15
mm/sec. The state of vigilance was
classified into four stages: awake
(AWA), light slow wave sleep (LSW),
deep slow wave sleep (DSW), and rapid
eye movement sleep (REM).

The animals were separated into two
groups: Group A, the control group (four
animals), and Group B, the kindled
group (eight animals). For Group A, con-
trol electrographic recordings were made
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SLEEP ORGANIZATION B AVAKE TABLE I
[ SLOWWAVE SLEEP
Typical interictal spike propagation during
REM o
each stage of vigilance by day.
AWA LSW DsSw REM
Mex L. 10 7 6 -
McxR 10 7 6 -
CONTROL CATS AntTernp L 9 6 6 —
AMG L | X 3 1 1 -
AMG R 5 2 2 -
Hipp L 3 2 2 -
/. 6 A A _
CM L 4 4 3 -
CATS DURING KINDLING KINDLED CATS
Figure 1—Sleep organization of control animals (Group A) MRF L " 8 8 _
(N =20); and during kindling (Group B) (N =46) and after Caud NI 5 5 5 —
kindling (Group B) (N =28). Note the remarkable reduction X - -
in REM sleep after kindling has been established. ¢ shmulated site

irregularly as described above for about
1 year (range: 9 to 13 months). Group B
animals were kindled by daily electrical
stimulation of the amygdala (for details
see Tanaka and Lange, 1975, Tanaka
and Naquet, 1975), and were followed
for about 1 year (range: 10 to 13 months).
Stimulation (biphasic square waves 1.0
msec. in duration, at 62.5 Hz and 100 to
300 u a intensity, of 2 sec. duration) was
applied during the resting awake stage at
about 11:00 a.m. Daily electrical stimula-
tion and recording continued until the
kindling effect was established (Goddard
et al., 1969; Wada and Sato, 1974). Once
kindling was established, the threshold
stimulation intensity required to provoke
a generalized convulsion was determined
(Tanaka and Naquet, 1975; Wada and
Sato, 1974). Electrographic recordings
were made as described for Group A.
Occasionally, 24 hour recordings were
also made.

Beginning 10 min. after each amyg-
daloid stimulation spike frequency was
recorded for 5 hrs. The definition of a
spike for the purposes of this study is
spike-like activity of a duration no great-
er than 80 msec., and amplitude greater
than 150 u v peak to peak. All artifacts
resulting from ocular movement, muscle
twitching and body movements were
eliminated by examination of concurrent
electromyogram and electrocardiogram
recording. Spikes recorded during the
different stages of vigilance were treated
statistically. Spikes occurring during
DSW were analyzed with an Intertech-
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nique computer, and a harmonic analysis
by Fourier transform was carried out.
At the end of the experiment, the ani-
mals were perfused with normal saline
and 10% formalin solution under pen-
tobarbital anesthesia. Frozen sections
were taken every 100 s and stained by
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the Nissl method, and electrode place-
ments were verified.
RESULTS
Sleep organization:
All animals showed normal sleep
organization for the 3 days of control
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Figure 2—Electrographic recording from kindled cat during wakefulness and LSW
sleep.
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recording. All Group A animals
showed stable electrographic sleep
organization throughout the experi-
mental period. During the monitored
time period (11:00 a.m. to 4:00 p.m.)
they had a high sleep ratio, as shown
in Fig. 1 (Angeleri et al., 1969; De-
lorme et al., 1964; Jouvet, 1965;
Lanoir, 1972).

All Group B animals were kindled
within approximately 20 days (range:
17 to 25 days). Arousal patterns and
localized after-discharges were ob-
served initially, followed by a pro-
gressive increase of waking time
(Fig. 1). When kindling was com-
pleted, a generalized tonic-clonic
convulsion was preceded by a local-
ized amygdaloid after-discharge.
The amount, frequency and duration
of the REM component decreased
remarkably during the recording ses-
sions as kindling progressed. The
AWA stage was moderately pro-
longed, but slow wave sleep was
little influenced. No rebound in-
crease of REM was observed during
24 hr. monitoring. Although a slight
increase of REM was noticed during
the night, the amount of REM over
24 hrs. remained less than that of the
control animals.

Influence of the sleep-wakefulness
cycle on interictal spike discharge:

No spike activity was observed in
the Group A animals during the ex-
perimental period. A small amount
of spike-like activity was observed
in the AMG and HIPP during the
SWS stage, but the configuration
and pattern did not meet the criteria
for spikes described previously.

In the Group B animals spike,
polyspike or spike and wave activity
was recorded during all states of vig-
ilance except REM. The morphol-
ogy of the spike was not modified by
arousal or slow wave stages (Fig. 2
and 3). During kindling a remarkable
increase in spike frequency was ob-
served, and was most pronounced in
the LSW and DSW stages, in con-
trast to the slight increase during the
AWA stage (Figs. 4 and 5). Spiking
during the AWA stage gradually di-
minished before the completion of
kindling. During seizure develop-
ment there was an appreciable in-
crease in spike frequency in the

Tanaka et al

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

- CAT GT 23

DEEP SLEEP

REM

L HOTCH oA s Ay v ot
R MOT CX A rtama oAyt At I WA A V“’“”WVMM A A Ay A N

LEFT ANT
TEMP Cx WAV frara AN AN e WWW A A A A e NN

R AMYGD WMMW\W W«Mwmw
Lo WWW e s e

LEFT VL b anien g ey

L MESEN

HET M S MM AN ey A At it

RET FORM Pt Aol ARt AN IA Ak s “""""‘"‘JJI’V"’M\“V"' -

RCAUDNWMWMWMWWWWMMMM» eIt A

EOG

EMG

Vopv |

Asec

EKG " s

el Ak a~

A s e e e e ool

Figure 3—Electrographic recording from kindled cat during DSW and REM sleep.

LSW and DSW stages, which
reached its peak between the 12th
and 17th day. Two or 3 days before
the completion of kindling, a re-
markable reduction in spike fre-
quency was noted; this was followed
by a moderate increase which per-
sisted. The nonstimulated AMG
showed the highest spike frequency
in both slow wave stages during the
experimental period. No spike activ-
ity was observed during the REM
stage. Once kindling was completed

spike frequency diminished drasti-
cally during the AWA stage (Wada
and Sato, 1974); however, spiking
was still frequent during the LSW
and DSW stages. This spiking activ-
ity persisted longer than one year
after the first stimulation. No spike
activity was observed during the
REM stage in this period.

The typical order of appearance of
interictal spike discharge each day is
shown in Table 1. Discharges first
appeared at the stimulated AMG,

Figure 4—Histograms showing average interictal spike frequency of all the structures
recorded. Note remarkable decrease in interictal spike frequency in the awake stage

after kindling.

spike achvity and sleep-wakefulness
cycle during five hour recording.
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followed by appearance at the con-
tralateral AMG and the HIPP, VL,
CM, CN, ipsilateral anterior tem-
poral cortex, bilateral motor cortex,
and MRF in that order.

Kindled animals were left for at
least 7 days without amygdaloid
stimulation. Subsequent recordings
made during the various stages of
sleep showed few spikes during the
AWA stage and no spikes during the
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REM stage. During the LSW and
DSW stages the stimulated AMG
showed a greater spike frequency,
and the contralateral AMG showed a
lesser spike frequency than that dur-
ing the immediately post-stimulated
state.

Spikes occurring during DSW
were counted and analyzed by
Fourier transform. This particular
stage was chosen for this analysis
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Figure 5—Chronology of interictal spike activity in different cortical and subcortical
structures of a Group B cat during the sleep-wakefulness cycle.
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because spiking activity was most
frequent, and the frequency and du-
ration of DSW episodes were stable
(Tanaka and Naquet, 1975). The
analysis revealed a periodicity of
spike generation in both stimulated
and contralateral AMG, HIPP, VL,
CM, and MRF throughout the kindl-
ing process. The contralateral AMG
showed two types of periodicity, one
of the same period as the stimulated
AMG, and one with much shorter
periods (Lange et al., 1975).

After the completion of the kindl-
ing process, the threshold stimula-
tion intensity necessary to evoke a
generalized convulsion was deter-
mined. This was found to be consid-
erably lower than the initial intensity
required to evoke afterdischarge and
partial seizures (Mclntyre and God-
dard, 1973; Racine, 1971; Wada and
Sato, 1974). Stimulation applied dur-
ing the LSW, DSW, and REM stages
at threshold intensity in all instances
produced electroclinical evidence of
arousal, followed by a generalized
tonic-clonic convulsion.

DISCUSSION

The findings described here con-
firm those of previous workers
(Goddard et al., 1969; Wada and
Sato, 1974); daily electrical stimula-
tion of the amygdala eventually re-
sults in generalized convulsions.
The effect of kindling on the sleep-
wakefulness cycle was to diminish
the duration of the REM stage and to
increase the duration of the AWA
stage. In the present study slow
wave sleep (particularly DSW, but
not REM) facilitated interictal dis-
charges. This finding is consistent
with previous reports (Batini et al.,
1962; Gastaut et al., 1965; Gibbs and
Gibbs, 1946; Janz, 1962).

Wada and Sato (1974) reported a
progressive increase in interictal
discharge frequency during the latter
half of the kindling process in cats,
with an abrupt decrease after the
completion of kindling. Our results
confirm this finding for the AWA
stage. However, during the LSW
and DSW stages spiking increases
rapidly during the early stages of
kindling, is reduced at the time of the
first generalized convulsion, and in-
creases again after the development

Sleep, Subcortical Stimulation and Kindling in the Cat
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of generalized convulsions, persist-
ing thereafter.

REM sleep has been reported to
activate (Delange et al., 1962; Gas-
taut et al., 1965; Passouant et al.,
1965) or suppress (Kikuchi, 1969)
spiking in some patients with tem-
poral lobe epilepsy. Consistent with
our findings, spiking was not ob-
served during REM in monkeys
with a cobalt amygdaloid focus
(Mayanagi and Walker, 1974). The
absence of spiking during REM may
have the same basis as the diminu-
tion of spiking during the AW A stage
following the completion of kindling.
Judging from the pattern of hip-
pocampal theta activity, the inten-
sity or degree of activation during
the REM stage may be stronger than
during the AWA stage.

Spike activity was observed at the
stimulated AMG during LSW and
DSW following the first electrical
stimulation, even if the stimulation
intensity was below the afterdis-
charge threshold. This finding sug-
gests that amygdaloid mechanisms
may be modified by the first sub-
threshold stimulation.

We observed rapid propagation of
interictal spike activity in the con-
tralateral AMG, the structure that
always showed the most frequent
spiking activity, in contrast to mod-
erate rates of interictal spiking at the
stimulated site. A similar finding has
been reported in the amygdaloid
kindling of Senegalese baboons
(Wada and Osawa, 1974). Spiking
was most frequent in the contralat-
eral AMG after a period without
stimulation; however, at this time
spiking in this site was reduced to
levels below that of the stimulated
site. This suggests that the excitabil-
ity of the stimulated AMG was re-
duced after the development of
generalized convulsions. In con-
trast, the excitability of the con-
tralateral AMG must have been
raised by the electrical stimulation.
A Fourier analysis of the spiking
showed an independent oscillation
with a rapid cycling in the contralat-
eral AMG. This suggests that the
kindling phenomenon is one of the
best models of the distant epile
togenic focus (Morrell, 1973).

Tanaka et al
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Experiment 2. Modification of kin-
dled convulsions by stimulation of
subcortical structures:

In 1974 Wada and Sato reported
that once the kindling effect had
been obtained by amygdaloid stimu-
lation in cats, threshold stimulation
always provoked amygdaloid after-
discharge followed by a generalized
convulsion. However, if the animals
were stimulated below the critical
threshold there was no electroclini-
cal ictal response (an ‘“‘all or none”’
phenomenon). With this in mind we
examined the effect of stimulation of
various subcortical structures on
kindled amygdaloid convulsions.

METHOD

Nine cats weighing between 2.5-3.5 kg
were used. Surgical techniques are de-
tailed elsewhere (Tanaka and Naquet,
1975). Stimulating and recording elec-
trodes were implanted unilaterally in the
left AMG, VL, CM, CN, MRF, and cen-
tral gray matter (CGM). The stereotaxic
atlas of Snider and Neimer (1961) was
used to obtain coordinates for the last
structure. Daily amygdaloid stimulation
was administered until the appearance of
a generalized convulsion, after which
seven additional convulsions were pro-
duced at reduced current intensities
ranging between 20-50 i a. If no convul-
sion was triggered at the initial reduced
current level of 20 a, 10 a was added
to this current level the next day. When

the generalized seizure triggering thres-
hold (GST) had been determined by
this method (Wada and Sato, 1974), its
stability was examined for 3 days. (Fig.
6). The GST thus established had the fol-
lowing characteristics: The intensity var-
ied between 80-150 g a, and duration
varied between 1-2 sec., depending on
the animal. The pulse duration and fre-
quency of the biphasic, square wave
stimulation were fixed at 1.0 msec. and
62.5 Hz, respectively.

Stimulation of other subcortical struc-
tures was by 3 Tektronix stimulators and
was monitored with an oscilloscope.
Biphasic square wave stimulation was
delivered to subcortical structures at the
following parameters: pulse duration, 0.3
msec., frequency between 10-300 Hz, in-
tensity 100-300 w a. and duration 60-3600
sec. Subcortical stimulation was applied
before amygdaloid stimulation, and at
times continued during and irregularly
after amygdaloid stimulation. Clinical
manifestations of subcortical stimula-
tions were weak except for high fre-
quency stimulation of MRF (strong ar-
ousal) and low frequency stimulation of
CGM (tranquilization).

Electrode positions were verified in
the same manner as in Experiment I.
The kindling electrodes were in the
basolateral amygdala, and the other elec-
trodes were in the intended structures.

RESULTS
The latency from the end of
amygdaloid stimulation to the com-
mencement of the generalized con-
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Figure 6—Diminution of threshold after each convulsion. The days in which no con-

vulsion was triggered were omitted.
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vulsion (GCL) induced by stimula-
tion at the GST was found to be be-
tween 26-35 sec. (mean 30.5 sec.)
(Fig. 7).

No significant modification of the
GCL was observed with stimulation
of CM and CN at any parameter, and
with MRF stimulation between fre-
quencies of 10-62.5 Hz. Stimulation
at 300 Hz produced a shortening of
the GCL to 16-25 sec. (mean 20.0
sec.) (Fig. 8). Little effect of VL
stimulation was obtained with stimu-
lation at 60-300 Hz. However, stimu-
lation of VL at 10 Hz and intensities
between 100-200 i a prolonged the
GCL to 30-62 sec. (mean 50.0 sec.).
Stimulation at intensities above 300
K a blocked the amygdaloid-induced
generalized convulsion in spite of
the fact that electrographic afterdis-
charge was triggered and propagated
into subcortical and cortical struc-
tures (Fig. 9). When VL stimulation
was continued after the amygdaloid
stimulation, complete blockage of
afterdischarge often occurred (Fig.
10). When the AMG was stimulated
with a current 50 p a greater than the
GST, stimulation of VL became in-
effective in blocking the generalized
convulsion in all cases. Stimulation
of CGM at 10 Hz with 200 ¢ a for
longer than 360 sec. completely
blocked the kindled convulsions,
and all afterdischarge. When the
AMG was stimulated with a current
50 p a greater than the GST the
CGM effect was no longer present,
even with CGM stimulation con-
tinued as long as 3600 sec. before
AMG stimulation.

DISCUSSION

The results of this experiment
demonstrate that kindled AMG con-
vulsions can be modified by stimula-
tion of certain subcortical structures
such as the MRF, VL and CGM.
With respect to the MRF it has been
reported that MRF stimulation
either blocked or activated
generalized seizures (Babb et al.,
1974; Lairy-Bounes et al., 1952; Na-
quet et al., 1956; Testa and Gloor,
1974). Our results showed that high
frequency MRF stimulation that
produced an arousal reaction re-
duced the latency to generalized
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Figure 7—Generalized convulsion with threshold stimulation.

convulsions produced by amyg-
daloid stimulation.

With respect to the VL, Babb et
al. (1974) reported facilitatory and
inhibitory effects of VL stimulation
at different parameters in cobalt-
induced hippocampal epilepsy. It is
well known that stimulation of the
cerebellum in animals (Dauth et al.,
1974, Dow et al., 1962; Iwata and
Snider, 1959; Snider, 1974) and in
humans (Cooper and Gilman, 1973)
produces an inhibitory effect on cer-
tain epileptic manifestations. How-
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ever, Wada (1974) has found cerebel-
lar stimulation to be non-effective
against kindled AMG convulsions in
the baboon, Papio papio, and
against seizure development in the
rhesus monkey, with some accelera-
tion of seizure development in the
latter. Our results suggest that VL.
stimulation may activate some cere-
bellar inhibitory circuits, since the
VL is a relay nucleus between the
cerebellum and the motor cortex. It
is interesting that VL stimulation
blocked the clinical expression of
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generalized convulsions, and not the
evoked afterdischarge.

Regarding CGM stimulation, there
is evidence that such stimulation
may inhibit pain (Oliveras et al.,

1974). Jasper (personal communica-
tion, 1975) demonstrated that low
frequency CGM stimulation (10 Hz)
produced a remarkable increase of
GABA in the cortical perfusate. In
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the present study CGM stimulation
may have blocked all electroclinical
expression of kindled AMG seizures
by a mechanism involving an in-
crease of GABA in the cortex. It is
well known that administration of
dipropyl acetate (DPA) increases the
quantity of GABA in the brain
(Godin et al., 1969). Tanaka and
Lange (1975) reported that complete
inhibition of the kindled convulsion
resulted when more than 300 mg/kg
DPA was administered in-
traperitoneally 15 min. before AMG
stimulation in rats. Moreover, 100
mg/kg DPA administered in-
traperitoneally before every AMG
stimulation blocked the develop-
ment of seizures by kindling.

In the future it would be interest-
ing to investigate the inhibitory
mechanisms of VL and CGM stimu-
lation and the facilitatory
mechanism of MRF stimulation by
means of a neuropharmacological
approach.

GENERAL DISCUSSION

The kindling model of epilepsy
used in this study has demonstrated
its usefulness for an understanding
of epilepsy in man (Purpura et al.,
1969). Other syndromes such as au-
diogenic seizure susceptibility or the
photosensitivity of the baboon,
Papio papio, give information about
the genetic origin of epilepsy (Bal-
zamo et al., 1975; Naquet, 1975).
Cobalt or alumina cream-induced
epilepsy provide information on
focal epilepsy and the propagation of
seizure activity. Metrazol activation
yields information on the origin of

Figure 11—Electrode placement of kin-
dled amygdala and stimulated VL.
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the so-called ‘“‘centrencephalic seiz-
ure’’ or generalized seizure
(Fischer-Williams et al., 1968; Kil-
lam et al., 1967).

The kindling model has different
properties, and enables us to study,
for example, interictal discharge
propagation and the ‘‘all or none”
quality of the kindled generalized
convulsion (Wada and Sato, 1974).

Our contribution to this sym-
posium points out the relationship
between the stages of sleep and the
various electroclinical manifesta-
tions of kindled seizures, and de-
monstrates a modulating role of cer-
tain subcortical structures on Kin-
dled seizures. However, clarifica-
tion of the full significance of these
results must await further work.

DISCUSSION

Dr. Mcintyre: 1 would like to congratulate Dr.
Tanaka and his colleagues on some very eleg-
ant papers. Did you notice any behavioral
change in the cat that exhibited less REM
sleep? You say there was no REM rebound
also; was there a rebound of spikes? If there
wasn’t, do you think that perhaps the lack of a
REM rebound phenomenon might be exp-
lained as if the spikes themselves substitute
for whatever physiological role REM sleep
performs? Dr. Tanaka: That s a very interest-
ing question. On the point of behavior after
kindling, the cats were more irritable than
normal cats. We observed every day that
when we transported the cats from cage to the
observation recording chamber, the kindled
cats were more irritable than the normal cats.
We have not observed a rebound of spike dis-
charges. By my present study | cannot say if
there is or not. Dr. Wada: The last point Dr.
Mclntyre raises is, I think, quite relevant in
view of Dr. Stevens’ concept of ‘‘obligatory
discharge’” and ‘‘spike pressure’’. Dr. Mcin-
tyre: Your description of “‘all or none™ re-
sponses in the kindled animals is generally
true but not universal. Both Racine and my-
self (with Morrell) have seen abortive seizures
sometimes triggered by threshold stimulation.
Dr. Wada: 1 think that it should be stressed
that *‘all or none' is probably a relative
phenomenon but it is certainly very easy to
demonstrate in amygdaloid kindling in both
cats and baboons but rather difficult to estab-
lish from prefrontal cortical sites in these
species. This finding suggests to me that the
establishment of a generalized seizure trigger-
ing threshold in our animals depends upon the
powerful subcortical connections which the
amygdala has. | would imagine one would ex-
perience a similar difficulty if kindling was es-
tablished from the posterior cortical site. Dr.
Morrell: Your finding of reduced norepinep-
hrine and dopamine in kindled brains suggest
that my fear of cycloheximide result being due
to reduced catecholamine is unfounded — the
effect is opposite to that you would expect.
My question is how do you know your find-
ing is not related to the hyperactivity rather
than causative? Dr. Tanaka: It is difficult to
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know at this point. Dr. Cain: 1 believe you
have administered electrical stimulation of the
MRF and other loci concurrent with amyg-
daloid stimulation in fully kindled animals.
We are just about to start these experiments
in the kindling preparation. The effects may
be quite different in each case; that is, the
kindled, and presumably reorganized brain,
may react differently to concurrent stimula-
tion compared with the kindling, but not yet
reorganized brain. Dr. Tanaka: We have not
experimented during the kindling procedure
yet. Dr. McIntyre: Was the caudate one of the
structures that you stimulated prior to
stimulating the amygdala and looking at the
inhibitory and facilitory roles and did it have
no effect? Dr. Tanaka: Yes, the caudate was
one of the structures and there was no effect.
Dr. Mcintyre: 1 believe that there was an
Italian group that reported very dramatic in-
hibitory effects of antecedent caudate stimu-
lation on the amygdala and I happen to have
done the experiment referred to a minute ago
with rats trying to see if it held true and no-
thing happens at all. It was during the kindling
process to see if it would influence any of the
aspects of kindling and it did nothing at any
level. Dr. Tanaka: How high a frequency did
you use in the caudate? Dr. Mclntyre: The
intensity I believe was 150 Hz to the caudate,
50 4 a to the amygdala. The duration was §
sec to the caudate and 5 sec to the amygdala.
The caudate kindled very nicely. I was fasci-
nated by your data with the central gray and
the VL. These data seem to fit very nicely
with all the things that we've been talking
about in terms of tetanic stimulation because
if you look at the tetanic stimulation that is
administered has the facilitory effects of the
reticular activation which is a tetanic re-
sponse, and the low frequency which doesn’t
kindle anything, is inhibitory in all the mech-
anisms. Dr. Wada: Dr. Stevens has done quite
a bit of observation on caudate stimulation
and [ would like to ask her to comment on this
topic. Dr. Stevens: 1 rise to defend the caud-
ate nucleus. I was at a meeting just about ten
days ago in Bratislava where the Russians are
using caudate stimulations specifically to ar-
rest seizures commencing in the amygdala.
Actually, in man, they have electrodes;
they’re not kindling of course, they're not
kindling the amygdala. 1 think that they may
be kindling the caudate or kidding the rest of
us, but what they did find that I think is im-
portant for your beautiful studies and those of
you who are shopping in the caudate for an
inhibitory site, is that it was very important to
g0 point by point through the caudate and not
treat it as a homogeneous structure. As you
know, it has a topographical projection on it
from the cortex and they found as they were
simuitaneously recording both with gross
electrodes and microelectrodes in the amyg-
dala from an epileptic focus made by God,
that there were points in the caudate that
would stop the seizure discharge and other
points in the caudate that would make it
worse and that only if they gave their daily
stimulation at the inhibitory parts of the caud-
ate nucleus did they get lasting effect on seiz-
ures. The other thing that I want to mention
while [’ve got the microphone is that the VL
in addition to its cortical connection is the
major route from caudate to cerebellum so
perhaps its greater potency reflects the fact
that the caudate’s outflow is now coming

down and one is stimulating larger portions of
it at its outflow. Dr. Tanaka: Thank you very
much. I have much appreciated Dr. Stevens’
comments. Dr. Ojemann: We started the day
discussing kindling as a model of long term
memory in man. If the dominant VL is stimu-
lated during input of verbal information. later
recall of that information from long term
memory is enhanced. That is exactly what
one would expect if VL stimulation blocks
kindling, which is the engram of long term
memory. Dr. Morrell: Did the DPA treatment
interfere with the afterdischarge itself from
the kindling stimulation? Dr. Tanaka: The ef-
fect of DPA when one gives 200 mg resulted in
complete inhibition of afterdischarge but if
one reduces the quantity of DPA one ob-
serves afterdischarge. Dr. Wada: This DPA
story is very intriguing in view of our experi-
ence with 3-mercaptoproprionic acid in kindl-
ing. Obviously we need more work to clarify
the GABA story. Dr. Adamec: Could you
characterize your electrode placements in the
amygdala as falling within a circumscribed
nucleus group? Dr. Tanaka: 1 tried to do only
the lateral group but sometimes the electrode
tip was found in the basal group. Dr. Adamec:
I'm not sure if I understood your figure in
regards to your sleep study. 1 believe that you
mentioned there was a gradual increase in the
duration of the afterdischarge as the percen-
tage of REM decreased. Did you have to see
a significant decrease in the REM? Dr.
Tanaka: From the statistical part of this study
we found that we cannot say that the specified
increase of total afterdischarge corresponds
with the reduction of REM sleep. Dr.
Adamec: It is interesting that the result of
your mesencephalic reticular stimulation
might suggest one route through which your
activity is not going and I refer to the studies
of Tsubokawa and Sutin who demonstrated
that high frequency stimulation in the
mesencephalic reticular formation inhibited
activity in the ventral medial nucleus of the
hypothalamus upon cells which received
input from the basal amygdala. Perhaps this
might suggest that the facilitation that you get
of the mesencephalic stimulation is routing
through some area other than through this
particular one of the major outflows of the
amygdala. Dr. Cain: We are currently exa-
mining the effect of concurrent stimulation of
the MRF during kindling. Have you done
that? Dr. Tanaka: No, we have not done that.
Dr. Wada: It should be pointed out that the
effect of the drug or lesion, say MRF lesion,
can vary considerably depending on whether
one uses a Kindling process, i.e., developing
seizure, or a kindled one, i.e., developed
seizure. In our experience, MRF iesion
blocks the latter while it has practically no
effect upon development of amygdaloid seiz-
ure. This is why we are beginning to look at
the effect of stimulation as Dr. Cain has just
mentioned.
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