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Transfer and Interference in Amygdaloid

SUMMARY. Examination of the effects
of primary site kindling upon the de-
velopment of secondary site amygdaloid
kindling in cats showed that the former
exerts powerful positive as well as nega-
tive after effects upon the latter. The
positive after effect appears to be di-
rected towards establishing a linkage
between the secondary site and the
Stage 6 generalized convulsive mech-
anism. The negative after effects
were strikingly similar to those observed
in animals with forebrain bisection sub-
Jected to amygdaloid kindling, suggest-
ing that it is primarily directed towards

RESUME: L’examen des effets du kind-
ling du site primaire sur le dével-
oppement du kindling amygdalien du
site secondaire chez les chats montre
que le premier exerce de puissants
effets-seconds positifs ou négatifs sur le
dernier. L’effet-second positif semble
étre dirigé vers I'établissement d’un lien
entre le site secondaire et le mécanisme
convulsif généralisé de stage 6. Les
effets-seconds négatifs étaient remarqu-
ablement similaires a ceux observés chez
les animaux avec dissection du
télencéphale soumis a un kindling
amygdalien, suggérant que celui-ci est
principalement dirigé vers I’accessibilité
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functional accessibility of the cerebral
structures interconnected by the fore-
brain commissure. The similarity of the
findings in animals with anterior neocor-
tical lesions supports such an assump-
tion. The transient nature of the negative
after effects was indicated by the de-
velopment of a ‘normal’ clinical ictal
pattern from the secondary site when it
occurred spontaneously. Secondary site
kindling exerted similar but less promi-
nent negative after effects when the
primary site was re-tested. Stage 6 seiz-
ure was elicited upon the first trial, how-
ever.

fonctionnelle des structures cérébrales
relié¢es par la commissure du
télencéphale La similarité des résultats
chez les animaux avec des lésions
néocorticales appuie une telle hypo-
these. La nature transitoire des effets-
seconds négatifs est indiquée par le
développement d’un mode ictal clinique
“normal”’ du site secondaire quand
ceux-ci surviennent spontanément. Le
kindling du site secondaire produisait
des effets-seconds négatifs semblables,
mais moins marqués quand le site
primaire subissait une seconde épreuve.
La crise de stage 6 était toutefois
élucidée des le premier essai.
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INTRODUCTION

Kindling refers to a phenomenon
where an initially subconvulsive
electrical stimulation applied re-
peatedly to the brain results in the
progressive development of elec-
troclinical seizure terminating in a
generalized convulsion (Goddard,
1967; Goddard et al., 1969). Goddard
et al. reported that once the kindling
effect has been established in the
amygdala, other brain sites such as
the anterior cortex, septal region,
hippocampus or contralateral amyg-
dala can be kindled much more read-
ily. This has been confirmed by
Racine (1969, 1972), Burnham
(1975), Tanaka (1972), and Sato
(1975). Such an effect has been
shown to occur even after the re-
moval of the original site of kindling
(Racine, 1972). This has been called
the transfer effect. McIntyre and
Goddard (1973), who examined
these phenomena further, concluded
that the transfer effect is due to the
establishment of a second trace from
the secondary site kindling, utilizing
parts of the existing trace estab-
lished by the primary site kindling.
However, when the primary site
kindling was re-tested following the
completion of the secondary site
kindling, several daily ‘rekindling’
trials were necessary at the primary
site before re-establishing the Kkin-
dled seizure. This temporary failure
at the primary site was regarded as
the result of active but less perma-
nent interference, with a decay time
of two weeks. In contrast to most of
the above studies, which have been
conducted in rats, examination of
hippocampal kindling in cats failed
to show evidence of post-transfer
interference (Sato, 1975). Similarly,
only subtle evidence of interference
was observed when the primary site

FEBRUARY 1977 - 5


https://doi.org/10.1017/S0317167100120347

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

was re-tested in the amygdaloid
kindling of Senegalese baboons
(Wada & Osawa, 1976). This paper
describes some unique features of
secondary site kindling and primary
site re-testing in the amygdaloid
kindling preparation in cats.

MATERIALS AND METHODS

Six mature male cats weighing
3-4.3 kg were used. Chronic elec-
trodes were implanted into the
amygdala (AM), globus pallidus
(GP), mid-brain reticular formation
(MRF) and central parietal cortical
areas under nembutal anesthesia.
Bipolar recording electrodes were
made. by attaching a stainless steel
wire 0.19 mm in diameter to No. 30
gauge stainless steel tubing; the tips
of the electrodes were 1 mm apart
and completely insulated except for
a cross-section at the tips. A stain-
less steel stimulating electrode 0.19
mm in diameter and bare of insula-
tion within 1 mm of the tip was
attached to the AM recording elec-
trode. The details of this procedure
have been described elsewhere
(Wada & Sato, 1974).

Briefly, two weeks following elec-
trode implantation, the threshold in-
tensity of stimulation sufficient to
produce afterdischarge (AD) in the
right AM was determined. The
stimulation consisted of a 1 second
train of constant current, 60 Hz sine
wave delivered monopolarly. The
intensity was initially setat 100 4 A
and was subsequently increased by
200 4 A each day, until an AD
localized to the right AM was in-
duced. On each subsequent day,
stimulus intensity was reduced by
100 1 A until AD could no longer be
elicited. The lowest intensity that
produced AD was regarded arbitrar-
ily as the threshold. Stimulation was
provided by a Grass constant cur-
rent unit and bipolar EEG recording
was made on a 10 channel Grass
machine. All the animals, except for
Cat 643, have been used in the ex-
amination of the prophylactic prop-
erties of carbamazepine (601, 602),
a%tetrahydrocannabinol (629, 631)
or its vehicle propylene glycol (646)
during primary site kindling. Details
of these studies are described else-
where (Wada, Sato, Green &

Troupin, 1976; Wada, Osawa, Sato,
Wake, et al., 1976).

These animals were kindled
through right AM stimulation under
the intermittent administration of
carbamazepine, a9 tetrahydro-
cannabinol and/or propylene glycol
for 25 days, or until the animal
reached a Stage 6 seizure, whichever
first occurred. One month following
the prophylactic session, the ani-
mals were subjected to rekindling at
the same stimulating site, that is, the
primary site, until they reached the
final Stage 6 convulsion. The num-
ber of stimulations required to reach
the final seizure stage ranged be-
tween 1 - 25 days.

With daily stimulation, the clinical
seizure manifestations progressed as
follows: initial facial twitching oc-
curred ipsilateral to the stimulation
site (Stage 1) and then gradually be-
came bilateral (Stage 2); head-
nodding developed (Stage 3), fol-
lowed by tonic extension of the con-
tralateral forepaw associated with
contralateral head-turning and rapid
circling (Stage 4), clonic jumping
while standing (Stage 5) and finally
falling down with generalized
clonic-tonic-clonic  convulsion
(Stage 6). Each Stage 6 convulsion
encompassed an abbreviated but
complete recapitulation of the se-
quential march of clinical events oc-
curring in each successive seizure
development.

Once an animal had developed a
Stage 6 generalized seizure at the
primary site, the stimulation was re-
peated for five more days. Subse-
quently the intensity of stimulation
was gradually reduced each day until
the animal failed to respond with a
generalized convulsive seizure. The
weakest intensity of stimulation that
succeeded in inducing an estab-
lished Stage 6 seizure was arbitrarily
designated as the generalized seizure
triggering threshold (GST). The all-
or-none property of such GSTs was
established by ascertaining that
stimulation below the critical inten-
sity completely failed to result in
electroclinical seizure manifestation.
When there was regression to earlier
stages by a reduction of the stimulat-
ing current, further daily stimula-
tions were repeated until a GST with
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an all-or-none property was estab-
lished.

One week following the termina-
tion of the primary site kindling, the
left AM was kindled after the AD
threshold had been determined by
the same means as at the primary
site. Subsequent to the completion
of the secondary site kindling, GST
was again established with the same
procedure detailed above.

Since the results in rats of Mcln-
tyre and Goddard (1973) indicated
that post-transfer interference was at
its maximum 24 hours after the de-
termination of the secondary site
GST, primary site re-test (i.e.,
stimulation of the right AM at the
previously established GST) was
performed 24 hours following the
establishment of GST at the secon-
dary site.

Upon completion of the investiga-
tion, all the animals were sacrificed
under deep nembutal anesthesia,
and localization of the electrode tips
was identified histologically. The re-
cording electrodes were found in the
intended structures and the tips of
the stimulating electrodes were
localized in the lateral nucleus of the
AM.

RESULTS

Findings are summarized in Table
1 and details are provided below.

A) Primary Site Kindling

As shown in Table 1, all the ani-
mals failed to reach the final stage
seizure during 25 stimulations ex-
cept for Cat 646, which was treated
with propylene glycol. The animals
used for prophylaxis study were re-
kindled one month after the termina-
tion of the drug session and an addi-
tional 9-25 stimulations were re-
quired to reach the final Stage 6 seiz-
ure. Cat 643 had not been used for
any drug study and required 33 days
to reach the final Stage 6 which is
within normal range (16-36 days).
The GST was found to be 50-200
K A, and the number of final Stage
6 seizures induced at the primary
site ranged from 5 to 14.

B) Secondary Site Kindling

1) Clinical seizure development:
All the animals developed final Stage
6 seizure within an average of 4 days
(1-10 days). The pattern of clinical
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. TABLE 1
Summary of primary and secondary site kindling and also primary site re-test.
Animal Number 601 602 629 631 643 646 Mean
AD Threshold (ua) 200 300 100 100 100 100 150
JB 2 Latency (day) 36% 34% 36% 50% 33 16%% 34
ne-\| --—-—- - - - - - = - i R i o e R CE - - - -
- %E G Average duration (sec) 51 117 116 42 58 46 72
OV TV R e il el N SR SR S S e - - - -
E | 8 | Total number 6 5 13 11 11 14
- P - - - - - - - - - - - - - - - - ===} =-=--}=--=-}=-=-=-]=---- - - - -
P A e GST (ua) 150 200 100 100 100 50 116.7
AD Threshold (ua) 200 150 100 100 100 50 116.7
%0 Latency (day) 2 7 10 2 4 1 4.3
= N e R e il e - - - -
5 § Average duration 115 139 163 72 135 79 117.2
) ~ [N I i e T e i R
dine & | Total number 10 1 20 11 12 7
) o 3
YR I ettt IRt Al el ittt el ettty Attt
s 879 Regression (Stage) +(1) +(1) +(4) - - -
S e U . - - - -
@ GST (ua) 150 75 100 100 50 95
> o o o
dg 3| o5 | Latency (day) 0 0 0 0 0
E Ul o0 N
= e N e - - -=-|-=-=-=-F-=-=-F--=-=-F-=--F---- -- - -
|85 | & & | Duration (sec) 80 147 70 94 73 92.8
AD = Afterdischarge GST = Generalized seizure triggering threshold
% = 25 days under drug *¥% = 15 days under drug

seizure development and of de-
-veloped seizures at the secondary
_site was significantly different from
that of the primary site. Thus, Stage
6 seizure lacked the sequential com-
ponents of Stage 2, 3 and 5. Al-
though it is not uncommon to miss
certain stages during AM seizure
development, this latter finding is
unusual because such missed stages
are always represented in the next
stage of seizure development at the
primary site. In addition, there was a
frequent regression to an earlier
stage or stages, following the de-
velopment of the final Stage 6 at the
‘'seondary site. This is in contrast to
the stable pattern of Stage 6 seizure
at the primary site kindling. As
shown in Table 1, Cats 631, 643 and
646, all of which had 11-14 Stage 6
‘seizures at the primary site, showed:
mo regression of seizure stages,
whereas Cats 601 and 602, which
had 6 and 5 Stage 6 seizures respec-
tively, showed frequent regression

to Stage 1. On the other hand, Cat
629, which had 13 Stage 6 seizures,
showed regression only to Stage 4.
Although this finding is not statisti-
cally significant, it is possible that
the stability of the secondary site
seizure may be related to the number
of final stage seizures induced at the
primary site. The GST with an all-
or-none property was established at
the secondary site and was largely
unchanged from that of the primary
site. The GST of Cat 602 could not
be measured since it developed fatal
status epilepticus.

2) Electrographic seizure de-
velopment: The outstanding feature
of secondary site kindling was that
the electrographic seizure was
largely lateralized to the secondary
site hemisphere in contrast to early
generalization during primary site
kindling. During the latter, electro-
graphic generalization was complete
by the time the animal reached Stage
2 (Wada & Sato, 1974). However,
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during the secondary site kindling,
the lateralized feature of the elec-
trographic discharge remained un-
changed until the animal had
reached Stage 4 (Fig. 2 & 3B). These
lateralized discharges were charac-
terized by high amplitude (about 3-4
per second) spike and slow wave
activity in the AM and GP. Although
there was somewhat more promi-
nent propagation into the contralat-
eral GP, Stage 6 seizure did not
develop until significant AD propa-
gation occurred at the contralateral
MRF (Fig. 2).

As shown in Fig. 4, there was
marked AD prolongation from an
average of 72 seconds at the primary
site to an average of 111 seconds at
the secondary site. This prolonga-
tion was due to the delay of onset of
each seizure Stage within the indi-
vidual kindled convulsions.

The frequency of interictal dis-
charge increased significantly as in
the case of primary site kindling,
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602 629 with prominence at the primary sit
K (Cat 629 and 631), and with roughl’
equal representation between th
two sites (646, 602, 643) or predom
inantly at the secondary site (602
646). As already mentioned, Cat 60
developed status epilepticus afte
the second Stage 6 seizure. Durin,
the status, the electrographic dis
charge originated from the secon
dary site with ready propagation intc
the primary site hemisphere (Fig. 4)
Clinically, the animal displayed eacl
successive stage from 1-6 sequen
tially, without any omissions, whicl
was unlike the induced secondary
site Stage 6.

5 $200! - C) Primary Site Re-test
Except for Cat 602, which de
veloped fatal status epilepticus dur
ing secondary site kindling, the ani
, mals were subjected to primary site
[0, [ rekindling 24 hours following the
termination of the GST examinatior
at the secondary site. All the animals
developed Stage 6 seizures at the
: ! first stimulation. The pattern anc
5 10 days sequence of clinical seizure manifes-
} GST Examination + Status Epilepticus 8 Death tation was identical to that of the
Figure 1—Profile of secondary site seizure development. Note abrupt development of ~ primary site Stage 6. The average
Stage 6 seizure but frequent regression to earlier stage. duration of seizure, 92 seconds, was
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Figure 2—Comparison of the pattern of afterdischarge propagation between primary site and secondary site Stage 6 seizure. Note
largely lateralized feature and altered morphology of afterdischarge during secondary site seizure. Note also, bilateral MRF
involvement preceding the development of Stage 6 seizure.
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Figure 3—Comparison of afterdischarge pattern during primary site, secondary site and primary site re-test. Note largely lateralized
nature and changing morphology during secondary site kindling and lack of propagation into secondary site AM and simplified

morphology during primary site re-test.

much longer than the average of 72
seconds when kindled at the primary
site, but only slightly shorter than
the average of 117 seconds at the
secondary site.

Electrographically, AD morphol-
ogy showed a significant simplifica-
tion with reduced spike components
and a seizure discharge largely
lateralized to the primary site
hemisphere, except for the GP.
There was a significant delay in the
development of AD in the MRF and
of propagation into the contralateral
MREF, in contrast to the primary site
Stage 6 seizure (Fig. 3B).

ake and Wada

D) Afterdischarge and Generalized

Seizure Triggering Threshold

In primary and secondary site
kindling as well as in primary site
re-test, the electrical threshold for
elicitation of afterdischarge and
generalized seizure did not show any
systematic change.

DISCUSSION
The secondary site kindling re-
sulted in an abrupt development of
final Stage 6 seizure within an aver-
age of 4 days as opposed to an
average of 25 days required for the
completion of primary site kindling

https://doi.org/10.1017/50317167100120347 Published online by Cambridge University Press

(Wada & Sato, 1974). This result
confirms the earlier findings of a
positive aftereffect, i.e., transfer, by
the primary site Kindling in rats
(MclIntyre & Goddard, 1973), cats
(Wada & Sato, 1974), and baboons
(Wada et al., 1976). However, in
contrast to the primary site Stage 6
seizure, the emergence of the secon-
dary site Stage 6 seizure was not
sequential, but occurred abruptly
from Stage 0 or Stage 1, and there
was a striking tendency of instability
of the secondary site Stage 6 seizure
with regression to earlier stages.
Such a tendency was more promi-
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COMPARISON OF MOTOR SEIZURE PATTERN
CAT NO.  —m— Primary site .
I ————————— Secondary site

60! . |
Primary site retest

i
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—_— 10 sec.

C—J Stage 0-3
I
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Figure 4—Comparison of clinical seizure duration among primary site, secondary site
and primary site re-test.
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ever, our observations showed that
the pattern of development was not
only abrupt, but also that the de-
veloped secondary site Stage 6 seiz-
ure was significantly different from
that of the primary site because it
missed Stages 2, 3 & 5. It has been
speculated that the transfer effect is
due to the establishment of a second
trace from the secondary site kindl-
ing, utilizing parts of the existing
trace established by primary site
kindling. Obviously, the sequential
seizure stage representation of
amygdaloid kindling does not neces-
sarily mean that all the different clin-
ical stages and their underlying
mechanisms are essential for the de-
velopment of secondary site Stage 6
seizure. Thus, the most essential se-
quential linkage appears to be from
the amygdala to Stage 4 and Stage 6
mechanisms. The fact that the clini-
cal pattern of Stage 4 seizure at the
secondary site was a complete mir-
ror image of that at the primary site
suggests that the essential primary
site trace utilized by the secondary
site kindling must be that of the
mechanism underlying Stage 6
generalized convulsions, présuma-
bly integrated within the lower brain
stem (Rodin et al., 1971). The omis-
sion of clinical Stages 2, 3 & 5 is
consistent with this assumption,
since it suggests that their underly-
ing neural mechanisms are not read-
ily accessible from the secondary
site and, therefore, do not form an
essential part of the neural circuit
between the secondary site and the
brain stem mechanism supporting
Stage 6 generalized convulsion.
This unique clinical feature of the
secondary site seizure is associated
with a similarly unique electro-
graphic pattern having largely
lateralized AD to the secondary site
hemisphere. Such an electroclinical
manifestation of secondary site
kindling shares a certain similarity
with that observed in animals with
forebrain bisection (Wada & Sato,
1975). In the latter, complete fore-
brain bisection (including septum,
corpus callosum and the anterior

aKe an
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commissure) resulted in the missing
of Stages 2 and 5 and the electro-
graphic discharge was lateralized to
the side of the stimulation. There-
fore, it is possible that the negative
after effect of primary site kindling
(upon secondary site kindling) in-
volves interference with the func-
tional accessibility of the commis-
sural pathways from the secondary
site. More recent findings in animals
with anterior neocortical lesions ap-
pear to support such an assumption
(Wada & Wake, 1977). The transient
and reversible nature of this inter-
ference is shown by the fact that
animal 602 displayed a normal se-
quential ictal electroclinical pattern
with ready bilateralization when it
developed spontaneous Stage 6
seizure from the secondary site. The
negative after effect of the primary
site stimulation was also evidenced
by the delayed onset of Stage 4 and
Stage 6 manifestations with indi-
vidual Stage 6 seizure having a sig-
nificantly prolonged seizure dura-
tion. A similar finding has been ob-
served in the amygdaloid kindling of
the Senegalese baboon, Papio papio
(Wada & Osawa, 1976). Primary site
retest at the previously determined
GST produced a Stage 6 seizure with
a much longer AD duration on the
first trial in all the animals. How-
ever, when compared with the initial
primary site Stage 6 seizure, there
was much simplified afterdischarge
morphology with less spike compo-
nents, and AD was largely
lateralized to the primary site
hemisphere. This finding suggests
that secondary site kindling is also
capable of exerting negative after
effects. A similar subtle yet definite
evidence of after effects has been
observed in the primary site amyg-
daloid rekindling of Senegalese ba-
boons, Papio papio (Wada &
Osawa, 1976).
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