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BEHAVIOURAL .AND ELECTROENCEPHALOGRAPHIC EFFECTS OF
INTRACEREBROVENTRICULAR ADMINISTRATION OF . B ENDORPHIN
‘IN NAIVE AND KINDLED RATS .

The epileptogenic effects of intracerebroventricular

hdminibtra;ion of B-endorphin was studied tn non~kindled

H
-~

aﬁd electrically kindled rats. Three groups of rats were

9sed,fwith stimulatinglrecording electrodes implanted in
;hetvéngpal hippoc%mpub, caudate-putamen or dorgomedial
lthalamus. Both beﬁavioural and.electroencephalographic..
(EEG)" effects of B- endorphin were evaluated in these-
animals, before and after kindling.\ The three .groups

folloved a similar time course for the develépment of/

- kindled seizures. The hippocampus was found to require

o

the lowest. stimulus inteﬁsiti fof eliciting afterdisny
charges in the EEG, and%this structure was also the most
£esponsivg to the ictal effects of B-endorphin administra-
tion. B Endofphin failed to elicit behavioural convulsions
in kindled ahimals, even tg;ugh-EiG seizure activity was
present. After kindling, B—en&orphin-induced wet dog‘
shakes Qere Found t6 decrease in frequency while /
flinching (myoclonic jerks) and sbiking in the EEG
were increased. It is c0nc1ud9d that electrical kindling
someyhat alters the behaviourgl ana electroéhysiological
effects of'B—endorphin and that dissociation ca£ oc;ur
P .

"between limbic epileptiform EEG activity and beha ioural

convulsions in kindled rats.\
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Introduction : >
4 .
The endogenous opiate peptidergic systeni:’ .
The opioids dihydromorphine and etorphine and the opioid ‘ - .

antagonist naloxone bind selectively to specific tissues with
peripheral autonomic 1nnervatior;, suggesting specific "recognition
s:ltek;" where )these agents méy interact with neural substrates.
Limited binding of these substances suggest a finite number of - k
bipding sites in a.gi'vet: tissue. Only thg biol:'.)gically active 7
stereoisomers bind, indicating that the binding sites can dis-

X

criminate between chemically similar but functionally dissimilar
molecules (.Kosterlitz‘ a;ld Hughes, 1978). Similar specif’ic opiate
binding sites have been discovered in many specles of vertebrates,

in both brain and spinal cord, with differing densities of receptor
populations in specific areas. 8Since these binding siteq or
"receptors” .evolved long before man's use of opiqgfes, it was ' d
reasoned that substances with similar bindifzg characteristic‘s; I
and perhaps similar physiological activity to opiates migh‘tA .

resi</ie naturally in the brain and miéht act normally at these
receypt:or‘sites. The fact that electrical brain stimulation

in certain brain regions can cause morphine~like ;nalgesia fits

with the vi‘:ﬁ’ that there are natural brain circuits\wh’ich can

function to suppress pain (Akil and Liebskind, 1975) and ch fact that

the opiate antagonist naloxone reverses the electrically-—induced

analgesia suggested that the target of oplate action is 4in such

endogenous opioid:neural circuits. .
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"U8ing the k:xown properties of in vitro isolated tissue » N
+ preparations such as the guinea pig ileum and mouse_vas
deferens, which re/spond to morphine Xnd‘other oplates, and the
re(rersal of such oplate effectg by naloxoqe, it was possible’

i

to use these test systems to study various brain extracts’ for
* . s

potential opiate-l1ike activity. Terenius and Wahlstrom (1974) o
obtained evidence for the presence of endogenous peptides with .

. . 5
affinities for the oplate receptors and in 1975 the structures ' )

< . .
of the 5-amino acid peptide enkephalins were establisheq. N

Within a short time it was also found that the amino acid sequence,

-

of one of the ‘'enkephalins corresponded with a portion of the

91 amino acid cha:‘ln vhich tomprises the hypothalan;ic prohormone

B-lipotrophin, and that the 5-amino acid fragment, methionine- -

enkephalin had a high affinity fo;: the opiate receptor |

(Bradbury, et.al., 1976)1 f‘.‘,ubsequently, the amino acid sequences ) .

" of several peptides with opiate'-like activity wére determined,

permitting their .ext:raction or synthc'esis thus making(_ them a.vail—
L

able for physiological and pharmacological study. &?{ . g .

Distribution of the short, 5~amino acid enkephalins, and the

longer chain endorphins in the central nervous system is uneven

. and there are thought to be subtle differences between their

physioldgical effects, even though they share many common features

of pharmacological activity (e.g. analgesia, depression of - -

- f % S~

respiration, release of prolactin, etec.).
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It has betn suggested that the rapid onset and termination of

-

the aét:hrrity of the enkephalins makes them good candidates as -

neurotransmitters, .while the slower onset and degradation of

B-entlorphin, and its presence in high c;oncenirations. in tﬁe‘ ¢ -

.hypothalamus, suggests a possible endocrine .cogtrdl’function

(Kosterlitz and Hughes, 1978). However, as yet .the specific

functions of the opiate peptides, are still only speculation. -

Actions of B-endorphin - .

Profound analgesia, catalepsy, motor effects and

Fl

epileptogenesis have tgen attributed to the oplate peptides

upon intracerebral and systemic administration, “leading to

speculation that the physiological effects of these agents may

be related to their possible roles in pain modification or the.
LY : .
development of schizophrenia and epilepsy. In addition to

morphine-like behavioural effects, iontophoretic application’

of g-endorphin directly to cells in various areas of the brain

has been found to result mainly in reduced cell activity. This

has been found to be the case for cells in the cerebral cortex, )

-

the lateral reticular nucleus of the brainstem, caudate mucleus

-
v

and thalamus. The exception has been found to be hippocampal

-3

pyramidal cells which are exci ted rather than inhibited by .

B~ endorphin.  This inhibition occurs whether B-endorphin is

administered iontophoretically, by microinjection into brain

tissue or cerebral veptri_clgs, or by systemic administration
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(Blaom, et al., 1976) and it has been reported that this change
T , ‘.,

in cell excitation-results from B—endorph:/l}rl induced inhibition
of an 1nhibi‘tory interneuron (Siggins, et al, 19'{3; Zieglgansberger,
et al., 1978). -;, ’ |

Systeixlic injectic;n of high doses of B-endorph;ln, or

. ) microinjection into several brain sites have been found to cause. .

epileptiform activity without behavioural convulsions (Bloom, 1978). ~
p

Also, intracerebroventricular administration in rats produces

epileptiform electroencephalographic (EEG) changes at extremely "
’_ ¥
low\-"\éoncentrations (Henriksen,- et al., 1978) and this-effect .

éanj;g reversed or prevented by administiation of the opiate

antagonist naloxonel It has thus been sﬁggesped that the i .

, v

endogenous oplate peptides, particularly B-endorphin, ‘may function

as epillepti,ge}»s (Urca, et al., 1977; Wise et al., 1978) since

n

. I
the epileptic EEG effects are seen at‘dlases below those required PR B

1

: to induce analgesia or catalepsy (Bloom et al, 1978)£. The study of )
~ this epileptigenic effect o% B—endori)hin is particuiarly
,' * important if this and related 'sul;stances are to be considered
useful in terms of théir potent analgesic effects. Also, an
understanding of the epileptigenic activity of B—endorphin is ° ..
a necessary preliminar’y to attempts to understand other :nore y

~

behavioural effects.

! )

v . - . .
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Electrical kindling

-

Low level electrical stimulation of vgriousl limbic and

cortical structures can also cause epileptiform EEG activity

wj.thouf: ‘behavioural convulsions (Racine, 1922a). The epilepti-

forn afterdischarge activity induced by electrical stimulation

resembles that seen following intracerebroventricular or

o :systemic adninistration.of B-endorphin. Chronic low intensity"

electrical stimula‘t:lon of \S\‘xsceptible limbic and cortdcal SiFés
has been found to produce permanent synaptic allter’ations as
evidenced b}} progréssiveiy decreasing thresholdé'for after-
ci;lscharges and the appearance, after sgeveral stimulations, of
psychomo tor behaﬁoui‘al convulsions (Racirlle, 1972a,
Goddard, ‘et al., 1969). This effect of chronic’application
of electrical stimulation has béen termed "kindlir;g";

With 11‘11t:ial electrical stimulation, afterdischarges aré
induced at Ehe stimuiatiqn site. These afterdischarges are

relatively short and do not spread to adjacent or remote brain

areas. As kindling progresses the afterdiséharges hecome

» N

lor}ger in durétipn, more complex in form, and propagate to contra—"

lateral limbic structures. At this stage the iniital signs of

a
behavioural convulsions are observed. Also, the stimulation

. \ .
threshold for eliciting afterdischarges is progressively

decreased (Racine, 1972a). The behavioural convulsions at first

appéar as arrest and masticatory movements: immedia'teiy following

. . ~
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stimulation. As daily stimuYations continue the motor phenomena

progress. through specific phases of rearing, forepaw clonus and

‘finaIly full psychomotor seizureg with loss of righting reflex.

L]

After several months of stimulation animals can become

’

susceptible to spontaneous seizures in the absence -of electrical -

S

stimulation (Pinel, et .al., L%gS) cL 8 ‘ . .
At least twd separate and permanent. synaptic changes appear
to develop as a result of kindling. - Firast, a significant and
long term decrease in afterdischarge threshold,~whieh can be
50 per cent or more, can occur in responseato onlyrone'second
of stimulation per day for”several weeks iRecioe,'1972b). This
permanent lowering of the afterdischarge thresoold is neither
prevented noxr reversed by treating the animals with anticon-
vulsant drugs such as diazepam or phenobarbitél (Wise’ane :
Chinerman, 1974). , ' o ®
Second, propegation of the afterdischarges to contra-
‘ . A

latskel structures, and the triggering of behavioural convul-
. ~— .

sions also reflects a‘“ﬁ:ma.nent synaptic chg‘nge. These differ

. from the lowering of the afterdischarge threshold in that

they can be prevented by pretreatment with anticonvulsant

]

drugs (Racine, 1972b; Wise and Chinerman, 1974). The propagation

of the afterdischarges and eliciting of convulsive behaviours

v

1s thus independent of the dqcrease in afterdiseharge threshold.
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progress. through specific phases of redring, forepaw clénus and

' finally full psychomotor seizureg with loss of righting reflex.

L]

After several months of stimulation animals can become

susceptible to spontaneous seizures in the absence :0of electrical -
N s

stimulation (Pinel, et al., ;%gsj. L s :

[}

At least twd separate and permanent synaptic changes appear
to develop as a result of kindling.  First, a significant énd
long term decrease in afterdischarge threshold,- which can be

50 per cent or more, can occur in response to only -one-second

1y

of stimulation per day for ‘several weeks (Racine,’ 1972b). This
permanent lowering of the afterdischarge threshold is neither ’///
prevented nor reversed by treating the animals with anticon-

vulsant drugs such as d@azepam or phenobatbitél (Wise and

Chinerman, 1974). , ‘ o ®

Second, propagation of the afterdischarges to contra-
4 . N
latskgl structures, and the triggerimg of behavioural convul-
, — .

sions also reflects a Ymanent synaptic chg‘nge. These differ
. from the lowering of the afterdischarge threshold in that ,-‘“

they can be prevented by pretreatment with anticonvulsant

a

drugs (Racine, 1972b; Wise and Chinerman, 1974). The propagation
g .

-

8f the afterdischarges and elicitiﬁg of convulsive behaviours

\

ts thus independent of the dgcrease in afterdischarge threshold.
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'prog’tESsive nature of the EEG changes and development of..
¢ A L .
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* .

- . ! "7" ?
. c ,

3 : . ~ -
These phenomena are of general interest because of the

o~

éonvulsions,- and the'apparent permanence of the"synaptic

.. dlterations involved which may be related to. clinical epilepsy

et

and other progressive neural disorders. They are, of special

interest here because of the similarities between the effects >

of limbid stimulation and those of intracerebroventricular

injectio%s of endorphins and enkephalins. B-,Endorphin,plike *

low intensity electrical stimilation, causés uréts of- electrical

[

N a ' . -
activity, or ictal episodes, in the limbié ystem, without

concomi tant behavioural con\}ulsions and it is of interest to i

‘discover whet relaltions'hip, if any, exists between the peptide

effects and electri'c'ally-inaiced epileptiform EEG effects.
: ‘ / - .

Although acute administration of B-endorphin causes
i " ) - ‘ -4
epileptiform- EEG effects, chronic administration has not been

-

[
shown to induce progresssive seiz‘ure- development such -as occurs

following chronic electrical gtimulation (Wise, et al., 1978)

,A,],go, previous treatment with B—endorphin for 11 days prior to

amygdaloid kindling” did not facilitate the subsequent development

N /
of complex afterdischarges or convulsive behaviours during
. [ “ .
kindliné Conversely, administrafion of B-endorphin to animals

- f

already kindled by auygdala stimulation failed to initiate -

Y
»
N

“behavioural convul,sic;ns even though limbic ictal episodes were’

present. Thus, it” would appear that simple initiation of ictal

4 “
/)

L]
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&onvulsions,- and the'apparent permanence of the"synantic

. dlterations involved which may be related to.clinical epilepsy

« B o
and other progressive neural disorders. They are, of special

interest here because of the similarities between the effects ‘
of limbid stimulation and those of intracerebroventricular

injectiogs of endorphins and enkephalins. B-Endorphin, nlike *

low ‘intensity electrical stimulation, causés ﬁré;;s of* electrical

[

.‘ a ' ' L4
éctivii:y, or ictal episodes, in thée limbié ystem, without "

concomitant behavioural convulsions and it is of interest to

. '
‘

effects and electric'ally-inaiced epileptiform EEG effects. -
- . ! . 1Y

Although acute administration of B-endorphin causes _
: - ' - : 4 °
epileptiform EEG effects, chronic administration has not been

-

shown to 1nduce progress;ive seiz‘ure- development such .as occurs .
following chronic electrical gtimulation (Wise, et al., 1978)

AJ,po, previous treatment with B—endorphin for 11 days prior to
amygdaloid kindling® did not facilitate the subsequent_development

o=y
of complex afterdischarges or ‘convulsive behaviours during
. oo ° .
kindling. Conversely, administration of B-endorphin to animals
f

already kindled by anygdala stimulation failed to initiate -

-~ .
»

behavioural convu],sions even though limbic ictal episodes were

present. Thue, itf would appear that simple initiation of ictal . ~ | S

4 m 7
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episodes is insufficient in itself to trigger ‘conyulsions

-0

‘even in fully kindled animals. ) . D ‘ , L
It has been reported that in amygdaloid kindled rats,
/ . . administration of morphine enhances both‘ctal episodes ag& o ' “ﬁ
| behavioural seizureq, and these effects are reversed by |

naloxone (LeGal LaSalle, et al., 1977). So; while prior

’

- . treatment with g-endorphin was not found to accelerate amygdaloid

_kindling, it would appear.that kindling can potentiate some » N
. ' . ' L
aspects of the seizure activity of morphine, Thus, there is

» some’ evidence that kindling can alter an animal's résponsiveness

AY +

to epileptigenic effects of opiates.

- .
., il
.

: . N It is thought likely that the epileptigenic and analgesic )

effeets of opiates are subserved by different anatomical sites

4 \
k7 -~ r/\b ,
& . and different’ receptors.k Frenk, et al (19783)have re rtea that '

endorphin microinjection into the periaqueductal gray‘area |
causes ah_algesia without limbic epileptiform activity, while
injections in‘to mei'lial—thalamic nuclel cause epileptiferrn' .
effects without .analrgesia ' ' H ‘ . :
1 s

. Also, although t‘ransfer ‘between kindling/ites oceurs - o

it dqes not occur un formly Amygdaloid /dling can facilitate ' ‘ /
subseq‘uent hippocamp 1.kind1ing, bgt/it has.been reported that

hippocampal kindli g does not féeilitete;(‘ and may ‘eVen' retard - ° , -
/  subsequent amyg«g loid kindling. Therefore it is possible that v

(N / ‘ kindling can allt /the effects of B-endorphin if the right site

/ .« is kindled. , . : v
[ ne/,

. //-'/ PR M - } ,.
) , .
' ) ,/r '/ . . ! -
4 L 2 ! .
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_kindling, it would appear. that kindling can potentiate some

4 . ) .-
.

episodes is insufficient in itself to t;:rigger ‘conyulsions

‘even in fully kindled animals.

. e

It has been reported that in amygdaloid kindled rats,

administration of morphine enhances botthtal episodes and

behavioural seizuree, and these effects are reversed by

naloxone (LeGal LaSalle, et al., 1977). So; while prior

L]

treatment with g-endorphin was not found to accelerate amygdaloid
X
w . R %

aspects of the seizure activity of morphine, Thus, there is

some’ evidence that kindling can alter an animal’s résponsiveness

AY +

to epileptigenic effects of opiates.

.

It is thought likely that the epileptigenic and analgesic )

effects of opiates are subserved by different anatomical sites
/

~ P
and different’ receptors.'k Frenk, et a1 (19783)have re\brteA that

4

endbrphin microinjection into the periaqueductal gray area

s

‘causes analgesia without limbic epileptiform activity, while

injections into medial—thalamic nuclel cause epileptiform
% .
T
effects without analgesia. ' 4 :
i

o Also, although transfer between kincl//ites occurs -

N
v N

it does not occur un formly. Amygdaloi@ ndling.can'facilitate

Subsequent hippocampal kindling, bgt/it has.bee’n reported that
hippocampal kirndli g does not facilitate; and may ‘even retard -

-

N \
subsequent amygc? loid kindliné. Therefore it is possible that

‘ kindling can alft /the effects of B-endorphin if the right site

i kindled. s : v
s kin b ’ .
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/r 7 ) " .
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' The present study was therefore designed to consider the

) possﬂ:ility that kindling at Qitﬁe_g‘othef than the amygdala can’ \

[ . i " b M ) " ’ » é" )

affect subgsequent ictal responses to intracerebroventricular -

\

administration of B-endorphin, and conversely to see if .
4

B-endorphin~induced afterdischarge activity would activate
o behavioural seizdree in animals kindled at sites other than

t:he amygdala. The sites chosen were ventral hippocampus,

- ) caudate-putamen and dorsomedial thalamus. 'The.hippocampus'
has been found to I;e extr"emely susceptible to the'kindling_. " ’ v .
procedure, even though a loﬁéer time bourse of stim{z‘letio,r}, e
is required for the dévelopment o;f seizures (Goddard, et al., 1969). -
The hippocampus has been, repor’ted not to contain "én"dorphins' , ,\)
(Hughes, 1975); Terenius and Wahlstrom, 1974) or a sigﬁificant
density of opiate receptors (Pert, et al., 19755 but this area . .
is unique in that endorphins ‘have been reported to excite ‘ /

5

“_ + hippocampal pyramidal cells while o%er qreas studied were, as .

* . a rule, unifornly inhibited (Bloom,

t al.‘, 1978)

The caudate has been reported to have a high threslfl‘d
[ 2N

for afterdischarge, but if afterdischarges are elicited kindling

procee.ds with moderate speed (Goddard, et al 1969). The

»
involvement of this area in the motor asﬁé@:ts of behavioural
commlsione makes it an area of Vinterest. for the study of the
susceptibility of animals kindled .at this site to subsequent

administration of’B-endorphin. e ‘
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) possﬂ:ility that kindling at sit;_s‘other‘ than the amygdala can’

' h . u l .
The present study was therefore designed to consider the

. . . . »
affect subsequent ictal responses to intracerebroventricular -

administration of B-endorphin, and conversely to see if’”

L)

B-endorphin~induced af terdischarge ‘activity would activate

behaviourall seizures in animals kindled at sites other than

the amygdala. The sites chosen were ventral hippoeampus,

caudate-putamen and dorsomedial thalamus. The hippocampus'

LY

has been found to be extremely susceptible to the kindling

procedure, even though a 1on§er time tourse of stimulation -

/f

a

is required for the dévelopment of seizures (Goddard, et al., 1969).

t
The hippocampus has been reported not to tontain endorphins , /\/)

(Hughes, 1975); Terenius and Wahlstrom, 1974) or a significant

density of opiate receptors (Pert, et al., 19755 but this area

is unique in that endorphins ‘have beeri reported to excite /

hippocampal pyramidal cells while other a,reas studied were, as
t.

j

a rule, unifornly inhibited (Bloom, dt al., 1978).

oy
The caudate has been reported to have a high thresﬂd
4,

for afterdischarge, but if afterdischarges are elicited, kindling
proceeds with moderate speed (Goddard, et al 1969). The
»

involvement of this area in the motor asﬁé‘bts of behavioural

L

commlsions makes it an area of interest for the study of the

s,usceptibility of animals kindled .at this site to subsequent

administration of* B—endorphin. T T,
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The Vthalaanu's has been reported to be responsive to the Lo
. ‘ conyulsive actions of enkephalin '—(Frenk, et al., 1978b) and it
‘ w.:lis ‘of interest t;o see if B+~endorphin would initiate similar
Q;‘ eépileptiform responses :tn'this regio’n. In tl;e present ‘étudy,“ <
elect‘go;ncephalographic recordings were made ‘prior te and
following electrical kindling of the hippocampus,) .(.:audate

and thalamus, with particular attention to the changes’;?ny _ .

B—endorpliin induced ictal episodes,
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Tﬁeythalamué has been reported to be responsive té thé
conyulsive actions of enkephalin”(Frenk, et al., 1978b) and ;t
;As‘of interest éo see if B+endorphin would initiate similar
epileptiform responses~in'this regi&%. In tﬁe present §tudy,
electgo;ncephalographic recordings were made ‘prior te and

following electrical kindling of the hippocampus, caudate

and thalamus, with particular attention to the changeitinw

B—endorphin induced ictal episodes,
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Surgical prepardtion:
‘ !

L4

Under bentobarbital anesthesia (Nembutal 50 mg/kg i.p.) thirty
3 N

’

adult female Sprqgue D§wley rats (Canadian Breeding Laboratories)
: : ® 1

weighing 225—ZGQ grams were implanted with‘bipolar stimulating~
rg%§¥ding electrodes (Pla§tic Products). \Three groups of 10 rats
each were: impP{nted with electrodés in (1) ventré} hippocampus
(AP 1.8, left lateral 5.0, 6.0 mm from the  dorsal skull surface),
(2) caudéte—putamen (AP 7.8, left lateral 3.5, 5.0 mm from tﬁe
éorsal skull surface) or (3) dorsomedial thalam;s (AP 5.2, left'
lateral 1.0, 6.0 mm from the dorsal skull surface). ‘In all
cases a ground wire was attached to a skull screw. - In addition,
each aniéal was imélanted with an intracerebral gu?dé cannula’
(Plastic:?roducts) through which an inner cannula could be
inserted for driz administration into the lateral vent;icle.

A dummy cannula was kept in place except during‘injections in
order to keep the opening patent. Each rat was individually
housed and allowed to recover’for two Qeeks following surgery.
Du;ing the recovery and early experimental periods 2 rats from
gghh group developeé infections er died so that ghe experimental :
'ggéuﬁs were'finally composed of 8 rats each; |

o

Electrical stimulation (kindling)

Afterdishcarge thresholdg: At léast 24 hours after administration

of the pre-kindling B-endorphin (ske below) all rats were electri-
x . . ’ . (
cally stimulated with a~1 second train of hiphasic square wave

e .

pulsgs; with 1 millisecond pulse width at 100 Hz. Monitoring of
'\ q‘
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MEthods.

Surgical pg;parqtion " &
<} ' ' :

~

Under \)entobarbital anesthesia (Nembutal 50 mg/kg i.p.) thirty

s 5

adult female Sprague Dawley rats (Canadian Breeding Laboratories)
Y]

weighing 225-260 grams were implanted with bipolar stimulating-
reﬁfrding electrodes (Plastic Products). \Three groups of 10 rats
each yere. impP¥nted with electrodes in (1) ventral hippocampus
(AP 1.8, left lateral 5.0, 6.0 mm from the’porsal skull surfhce),
(2) caudate—putamen (AP 7.8, left lateral 3.5, 5 0 mm from the
dorsal skull surface) or (3) dorsomedial thalamus (AP 5.2, left
lateral 1.0, 6.0 mm from the dorsal skull surface). “In all - .
cases a ground wire was attached to a skull screw.  In addition,
each aniual was implanted with an inptracerebral gulde cannula“
(Plastic;?roducts) through which an inner cannula could be

-3
inserted for drug administration into the lateral ventricle.

A dummy cannula was kept in place except during injections in

order to keep the opening patent. Each rat was individually

housed and allowed to recover for two weeks following surgery.
7

T~

During the recovery and early experimental periods 2 rats from

egch group developed infections er died so that the experimental .

-

'groups were finally composed of 8 rats each. .

o

Electrical stimulation (kindling) ,

Afterdishcarge thresholdé: At léast 24 hours after administration

of the pre—kindling B-endorphin (ske below) all rats were electri- :
’/
cally Btimulated with a-1 second train of hiphasic square wave

pulses, with 1 millisecond pulse width at 100 Hz. Monitoring of
¢
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/ the EEG activity before and after stimulation was mtade possible

Q,

Uy ot A v s e B et v . iy« a

o

‘ bi utilizing a manual switching circuit which shorted the record-

ing amplifier to ground during the 1 Second stimulation period.

DAL o

. e TS
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Afterdischarge thresholds were determined over'a two'day perigs,
as follows: Animals in the caudate and thalamus groups were
gtimulated at 100 microamperes (uA), and then stimulus inténsity

’ 2 i
/(
was increased by 100 pA ét one minute intervals and the animalsg

ire_stimulated until afterdischarges (AD's) vere observed infth;
recorded EEG. iﬁge following déy}stimu}ation was begun at the
intensity 100 uA.below that at which afterdischarges had occurred
on the previous-day. At one minute intervals the animal was rer
stimulated, increasing the .stimulus intens;ty by 25 uA each time,
runtil AD's were eliciéed in the recorded EEG; The lowest stimulus

at which AD's were elicited on the second day was considered to be

the afterdischarge threshold. For those animals with hippocampal

et electrodes, the basic procedure for determination of @'\e after—~
a R ﬁ ' ) )
discharge threshold was identical to that for the caudate and AN

B M v
thalamic groups. Howeveér, in view of the much lower AD thresholds

o .
which have been reported for the hippocampus (Racine et al, 1977) on s
v v

Day 1 the initial stimulus used was 25 pA and the increments 1%

-
stim&ius intensity were only 25 ri?her than® 100 pA. On the
second stimulation day, the stimulus intensity was again set at

the highest:stimulus which failed to elicit AD's on Day 1, and
-4 v
increased every minute by 5 pA, until AD's were elicited; The
. » -
same procedures were followed after electical kindling in order

”~

to determine the post-~kindling afterdischarge, thresholds.
\ .

2 ﬁ‘}
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/ the EEG activity before and after stimulation was made possible

B R e Y U

a bj etilizing a manual switching cirquit_which'shorted the record-
ing amplifier to ground'during the 1 second stimulation period.
Afterdigcharge thresholds were determined over'a two'day periqs,
as follows: Animals in éhe caudateland thalamus groups were
gtimulated at 100 micfoamperes (uA); and then stimulus intensity

2
was increased by 100 pA gt one minute intervals and the animéis ‘
ire—stimulated until afterdischarges (AD's) vere observed infthe
recorded EEG. igge following dey,stimu}ation was begun at the

intensity 100 pA below that at which afterdischarges had occurred

-
on the previous-day. At one minute intervals the animal was re«

stimulated, increa51ng the .stimulus intensity by 25 uA each time,
runtil AD's were elicited in the recorded EEG. The lowest stimulus
at which AD's were elicited on the second day was considered to be

the afterdischarge threshold. For those animals with hippocampal

~ electrodes, the basic procedure for determination of @Ee after—~ *

o~ ) .
discharge threshold was identical to that for the caudate and AN
v ¢ . -

thalamic groups. However, in view of the much lower AD thresholds

*

"

g .
) which have been reported for the hippocampus (Racine et al, 1977) on s
r v ’

Day 1 the initial stimulus qsed was 25 pA and the increments i%

<
stim&ius intensity were only 25 ri}her than® 100 pA. On the

second stimulation day, the stimulus intensity was again set at o
< the higheet:stimulus which failed t; elicit AD's on Day 1, and ‘ ’ -
.
‘ increased every minute by 5 pA, until AD's were elicitedi The
same procedures were follgwed after electical kindling in order

~

to determine the post-kindling afterdischarge, thresholds.
\ \
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/ the EEG activity before and after stimulation was made possible

!

‘ bi ﬁtilizing a manual switching cirquit_which'shorted the record-
ing amplifier to ground'during the 1 second stimulation period.
Afterdigcharge thresholds were determined over'a two'day perigs,
as follows: Animals in éhe caudateland thalamus groups were

stimulated at 100 microamperes (uA), and then stimulus inténsity
h H -
/(

was increased by 100 pA %t one minute intervals and the animals

-

‘re-stimulated until afterdischarges (AD's) were observed infthe
A .

recorded EEG. %gge following day stimulation was begun at the

7 .

intensity 100 uA.below that at which afterdischarges had occurred
on the previous-day. At one minute intervals the animal was re«
stimulated, increasing the .stimulus 1n£ens;ty by 25 uA each time,
runtil AD's were eliciéed in the recorded EEG; The lowest stimulus
at which AD's were elicited on the second day was consifered to be
the afterdischarge threshold. For those animals with hippocampal

electrodes, the basic procedure for determination of s%e after—-
. Y .-
discharge threshold was identical to that for the caudate and AN
w - - -
thalamic groups. However, in view of the much lower AD thresholds

%

N .
which have been reported for the hippocampus (Racine et al, 1977) o s

~ .

Day 1 the initial stimulus used was 25 pA and the increments i%

-
stim&ius intensity were only 25 ri}her than® 100 pA. On the

second stimulation day, the stimulus intensity was again set at )
. o

the highest:stimulus which failed to elicit AD's on Day 1, and

4

increased every minute by 5 uA, until AD's were elicited; The
. “ -
same procedures were followed after electical kindling in order

to determine the post-—kindling afterdischarge, thresholds.
\ \
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Sgizure development (kindling)
Each animal was stimulated daily for 1 second between 1600
and 1900 hours at its pre;detérmined afterdischarge threshold,
until kindled psychomotor seizures.occurrgd oh three consécutive $
days. A full seizure was determined by the presen@é of facial »
clgnus, rearing and éalling with forél;mb and/or hindlimb pedalling.
The number of afterdischarge days to the first full se;zuie was’
noted, with the two days'of agterdischarge tﬂ;tshold determination
included as Days 1 ané 2. EEG was recorded before and after each r

[ .
stimulation and progressive behavioural changes which developed
N . .

as a result of the repeated electrical stimulation were also noted.

Administration of B-endorphin ‘ a

Prior to kindling, each rat was‘administered 10 microliters 7

PPN NSPESYS

-

(ul) of sterile saliné.intracerebroventricularly (icv) and the }‘

~

' electroencephalographic activity was recorded from the hippocampus,

caudate or thalamus, for 15 minutes following inJection. The . .

{

following day each animal was_g}ven B-endorphin (10 micrograms/

O i DAL Vs wts® it P a il

10 ul icv) dissolved in sterile saline and the EEG activity was
recorded for 15 minutes after injection. A second icv injection‘aﬁ
of B-endorphin (10 ug) was administered at least 3 days after

the first administration. In fully kindled animals B—endorphin ~

)

(10 pug) was re-administered at least twice --first, the day after

the determination of post—kindlin%_afterdischarge thresholds {

pa]
and again at least three days later., In each case a 15 minute EEG
recording was made following administration of the peptide.

During each 15 minute recording period, behavioural observations

. . \ | | - i
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Sgizure development (kindling)

Each animal was stimulated daily for 1 second between 1600
and 1900 hours at its pre;degérmined afterdischarge threshold,
until kindled psychomotor seizures.occurrgd on three consécutive
days. A full seizure was determined by the presenéé of facial ?
clgnus, rearing and €alling with forél;mb and/or hindlimb pedalling.
The number of afterdischarge days to the first full se;zugs was’
noted, with the two days‘of agterdischarge tﬂ;nshold determination
included as Days 1 ané 2. EEG was recorded before and after each
stimulation and prog&gssive behnviournl changes which developed

as a result of the repeated electrical stimulation were also noted.

Administration of B-endorphin ‘ a

Prior to kindling, each rat was‘administeredllo microliters

(ul) of sterdile saliné.intracerebroventricularly (icv) and the ;_

"~

' electroencephalographic activity was recorded from the hippocampus,

caudate er thalamus, for 15 minuteé—following injection. The

foliowing day each animal was.g}ven B-endorphin (10 micrograms/

10 ul icv) dissolved in sterile saline and the EEG activity was .
recorded for 15 minutes after injection. A second icv injection‘a@
of B-endorphin (10 ug) was administered at least 3 days after

the first administration. In‘full§ kindled animals B—endorphin‘

(10 ug) was re—nnministered at least twice - -first, the day after
;Pe determination of post—kindlin% afterdischarge thresholds {

and again at least three days later, In each case a 15 minute EEG
reponding was made following administration of the peptide.

During each 15 minute recording period, behavioural observations
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'« were recorded. ' ~
\ ' :
Chipges in locomotor activity were assessed subjectively
and note\was taken of unusual -behaviours such as scratching,

biﬁing,'%wet dog shakes" or abnormal posturing.
4 .
Also, at the end of the 15 minute observation period,

4

analgesia Q?s roﬁghly estimated by presence or absence of

vocalization in response to manual pinching of one hind foot.'

-

. Animals were tested for the presence of catalepsy by placing
the forepaws on a horizontal bar 10 cm above the surface of the

bench. An éni&pl was considered to be cataleptic if it remaiped
|

"in position for 10 seconds. ,

After kindling, several animals in each group were given
L]

naloxone (10 - mg/ig i.p.) either before or a few minutes after
the administration Af B~egdorphin.

For alliﬁ—endorphin administrations and electrical
» o -

stimulations, the anidals were placed in a plexiglass cylinder
(12 inches in diameter%knd 12 inches high) in which they could *

\
move freely and easily bé observed.
Histology . \ '

Animals were sacrificed with an overdose of pentobarbital

-y

\\\ (Nembutal) injected intrapef%foneally. Brains weré injected
»

\ . N
-

(fcv) with 10 ul of a 0.17 solution of toluidine blue to\ verify
cannula placement. The brain %as then removed, fixed in 57
formalin for/gb to 48 h?urs and\fectioned to establish electrode
placements. Sections were viewe&\under a stereomicrosbope (10%)

with a calibrated reticule in)thg\eyepiece. Location of the

-
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< weze recorded. ' -
\ ' .
Chinges in locomotor activity were assessed subjectively
and note\was taken of unusual -behaviours such as scratching,

biting,'ﬁwet dog shakes" ot abnormal posturing.
4 .
Also, at the end of the 15 minute observation period,

i

analgesia Q?s roﬁghly estimated by presence or absence of

vocalization in response to manual pinching of one hind foot.

-

. Animals were tested for the presence of catalepsy by placing
the forepaws on a horizontal bar 10 cm above the surface of the

bench. An éni&al was considered to be cataleptic if it remaiped
\

"in position for 10 seconds. ,

After kindling, several animals in each group were given
L4

~

naloxone (10 - mg}kg i.p.) either before or a few minutes after
the administration Af B~egdorphin,

Fox alliB—endorpbin administrations and electrical
» ) -

stimulations, the animals were placed in a plexiglass cylinder
(12 4nches in diameter nnd 12 inches high) in which they could .

move freely and easily b% observed.
Histology . \ '

\
-

Animals were sacrificed with an overdose of pentobarbital

‘ (Nembutal) injected intrapef%foneally. Brains were injected
\\\ ° (dcv) with 10 ul of a 0.17 solution of toluidine blue to\ verify
cannula placement. The brain %as then removed, fixed in 57
formalin for/gh to 48 hnurs and\fectioned to establish electrode
placements. Sections were vieweé\under a stereomicrosbope (10x)

with a calibrated reticule in)thg\eyepiece. Location of the :
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electrode tiﬁ was determined and noted on a reprdduption of

R TREOp T wAy T T

1+ the histalogical section (Pellegri%oﬁgnd Cushmaﬁ> 1967).
Seven of the WMppocampal elect;;des were placed in the
ventromedial (dentate) area of the hippocampal. formation. One
(8B-5) was found to also impinge on the lateral geniculat; body.

All of the thalamic electrodes invaded the aréda of dorso-

¢ 14

medial‘nucleus, and the caudate-putamen electrodes were situated
!

"in the mid to lateral area of this structure (Figure 1).

RESULTS W)

Seizure development:
K !

-~ The behavioural responses to electrical stimulation varied

. /
between the three groups of rats. Initial stimulation of the

hippocampus caused an arrest behaviour, with the animal assuming
a hunched posture and staring. Stimulation of the caudate and
thalamus however, caused violent ipsilateral muscle contraction

which resulted in facial grimacing, flexion and occasionally

clonus of the ipsilateral fore and hindlimbs @n many instances

compl?te rotation about .the body axis.” " These or effects

only occurred during the one second stimulation period.

The post-stimulus posture was also very different from that seen

in rats receiving hippocampal stimulation in that the body was !

3§

flattened on the floor of the cage rather thaAGEunchedth ShortLL/)

after the stimulation, these animals began calm exploratory behaviours,

in most cases with mild to severe ataxia and some with tontinuous TSR

LN
H

i

'teeth chattering'.

S~ E o
These electrically induced motor effects,did not in Xhy way

—
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"in the mid to lateral area of this structure (Figure 1).

L) \

electrode tiﬁ was determined anq‘noted on a reprddqp}ion of
the histological section (Pellegri%d1§nd Cushmaﬁ> 1967).

Seven of the WMippocampal elect;;des were placed in the
ventromedial (dentate) area of the hippocampal, formation. One
(H-5) was found to also impinge on the lateral geniculat; body.

All of the thalamic electrodes invaded the arda of dorso-

medial ‘nucleus, and the caudate-putamen electrodes were situated
!

RESULTS ’ m

Seizure development:

flattened on the floor of the cage rathex thaﬂGEhnched up. Shortly,f)

R !

,> The behavioural responses to electrical stimulation varied

between the three gfoups of rats. Initial Stimu;ation of the
hippocampus caused an arrest behaviour, with the animal assuming
a hunched posture and staring. Stimulation of the caudate and
thalamus however, caused violent ipsilateral muscle contraction P
which resulted in facial grimacing, flexion and occasionally

clonus of the ipsilateral fore and hindlimbs &n many instances

complﬁte rotation abéu§<the body axis.” " These or effects

only occurred during the one second stimulation period.

The post-stimulus posture was also very different from that seen

—

in rats receiving hippocampal stimulation in that the body was
[

after the stimulation, these animals began calm exploratory behaviours,

in most cases with .mild to severe ataxia and some with tontinuous P
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'teeth chattering'. -
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These electrically induced motor efgects,did not in Xhy way
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resemble the p'a"ttern ,of motor activity seen as the kindled se:‘Lz'ures .
d”eveloped'and did nét appear to interfere in any way with the sub-
seqt;ent:‘ kindling procedure which progressed through the defined
stages of myofacial and forelim{ clonus, rearing and falling. o
o ’ " Animals stimulated in the hippocampus exhibited the expected
development of kindled s;izures without any severe motor. effects
of t:hc;_ electrical stimulation itself. Wet dog shakes were seen
iq all animals 1 to 2 minutes after hippocampél stimulation. The
wet. dog shakes vdried in frequency from one animal to another but
were consistent for ea‘ch anim'al from day ‘to day. However, as
motor seizure activity progressed the incidence of wet dog shakes
decreased and finally disappeared in all the rats. .

None qf the animals in the other tt;o stimulation groups
exhibited wet dog shakes in respoﬁse to electrical stimulation.

Differenceg’ were observed in the time of onset and duration

of ‘b\ihavioural seizure activity. In animals stimulated in.thé

;e - \

hippocampus, there was a latency of from 12 to 30 seconds from
\ ““the -time of stimulation until the animals displayed rearing,
tlonus and falling. The animals stimulated in the thalamus Eeveloped

full seizures within)% to 10 seconds after stimulation and those

N

stimulated in the caudate responded most rapidly with full seizure

behaviours ‘evident wit-hin 2 to 5 seconds after stimulation. The

-

duration of the seizures were similar for the hippocampal and

\

thalamic groups of animals, lasting from 20 "to 45 secords while
. the seizures elicited by caudate stimulation only lasted from 5 L
_ ¢ ' . :
‘ . to 20, setonds.
/ X

e
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resemble the pa“ttern ,of motor activity seen as the kindled seizures .

developed and did nét appear to interfere in any way with the sub-

sequent' kindling procedure which progressed through the defined
AR
stages of myofacial and forelimb clonus, rearing and falling. o

v : " Animals stimulated in the hippocampus exhibited the expected

4

development of kindled seizures without any severe motor. effects

of the electrical stimulation itself. Wet dog shakes were seen

in all animals 1 to 2 minutes after hippocampal stimulation. The

wet. dog shakes wvdaried in frequency from one animal to another but
1

were consistent for each animal from day to day. However, as

motor seizure activity progressed the incidence of wet dog shakes

decreased and finally disappeared in all the rats.

None of the animals in the other two stimulation groups
exhibited wet dog shakes in response to electrical stimulation.
Differenceg’ were observed in the time of onset and duration

of ‘bxihavioural seizure activity. In animals stimulated in thé

;e - ‘

hippocampus, there was a latency of from 12 to 30 seconds from

\ " the -time of stimulation until the animals displayed rearing,

tlonus and falling. The animals stimulated im the thalamus geveloped

full seizures within)ii‘ to 10 seconds after stimulation and those o

stimulated in the caudate responded most rapidly with full seizure

behaviours evident wit'hin 2 to 5 seconds after stimulation. The

-

duration of the seizures were similar for the hippocampal and

\ -

thalamic groups of animals, lasting from 20 'to 45 secorids while

. the seizures elicited by caudate stimulation only lasted from 5 .
~ ' ' '

. to 20, seconds.
/ \
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* .. The stimulation site also determined the behaviour of the
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.animals :follqyling a fu;ly kindled seizure. Those animals which

;o had ,béen kindled in the hippocampus appeared to be sedated
. “ . LN

o

following the seizure, but were very sensitive to sound and

; f ' tou'che and could not be easily handled ﬁn?il 5 to Jminutes
\‘\\ "]/‘ ! later. This behaviour pattern c;orresponds with that“‘«s“een after . . -
‘ \\\ ‘ : kindling of the amygdala (Rackham and Wise, in pressi .~ " Those L

\'~ ‘ \\i\;‘" anlimals stimulated in either the caudate or ‘the thalamt‘xs, how- ,

: » R
\ \evgr, were active once the seizure was over and could be readily
[} =~ N 1

&‘\ ;;:‘[(i\ked up’' at that t':’u'/ne. .
\“\T\ “No significant '.gl:i.ffergnce in the number of days required v
} ) >
;' \\ i for kindling Y)Jere observed between the hippocamplfs, thalamus ‘ 1
) \\ or caudate stimulated grc;;xi)s of animals (Ta‘l:le 1)., The median ,' d
’ numbler of days to full seizure were'22 for the hippocampal group, 1

\ 28 for the caudate group alid 23 days for those animals stimulated S ,

) -~ ¢
] ) .
) % §in the thalamus. - g . 3
/ ‘ - B ‘ \ j
b, Electroencephalographic (EEG) activity during kindling:
‘o ' L R P ' \ . N -
Afterdischarges: ) . / °

°C Afterdischarges (AD's) elicited\fro the hippocampus began
during the stimulation, with high frequency, high™amplitude spiking
which changéd polarity after’ approximately 10 seconds and gradually

' decreased until the EEG became silent (2(5 to 60 seconds after stimu-

~ lation). A second set of AD spikes occurred in seven of the eight
rats at from 65 to 90 seconds after stimulation. The delayed AD's _
were unidirectional, low frequency (1.l td 2.4 Hz) lhi.gh amplitude

spikes whese duration was more vai‘iable than that of the initial
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* . The stimulation site also determined the behaviour of the
.animals follqyfing a fully kindled seizure. Those animals which '

;o had ,béen kindled in -the hippocampus appeared to be sedated
. . &

\ . e

following the seizure, but were very sensitive to sound and
touch and gould not be easily handled until 5 to Jminutes

\\ "‘/ " later. This behaviour pattern corresponds with that wseen after . . -
. ‘ - : SN .
kindling of the amygdala (Rackham and Wise, in press). ' Those .
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. @ -
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[ = N 1
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A ) . in the thalamus. - . g . ’ﬂ" ' ‘
',‘/ Eiic_troénéc;_phalographic (EEG) act;\\ﬁty during kindling: - (Y :
d Afterdischarges: ‘ } ) ' - -/ » .1
’ 2

ot Afterdischarges (AD's) elicited\fro the hippocampus began .
during the stimulation, with high frequency, high“amplitude spiking .
which changéd polarity after approximately 10 seconds and gradually

' decreased until the EEG became silent (2(5 to 60 seconds after stimu-

S lation). A second set of AD spikes occurred in seven of the eight

rats at from 65 to 90 seconds after stimulation. The delayed AD's _
were unidirectional, low frequency (1.1 té 2.4 Hz) lhi.gh amplitude

spikes whese duration was more variable than that of the initial
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set of AD's (Figu,re 2, Table 2). The pattern and duration of
AD's did not wvary éignif;cantly.from the start of stimulation
to the development of full behavioural seizures. During \/
st;imulation of the hippocameué' the ani;nals 'arrested' in a hunched
posture (back arched somewt;at and back fee;: slightly splayed).
Duri‘ng the/AD' pel;‘i’od tim animals were star‘ing with some masti-
_ catory movements. As the AD's finished and the' EEG became v

silent there was a period of up to one minute of agitated
’exploration, with a great deal of climbin§ and sniij}ing and

grooming behaviours. 1In some animals a second arrest period

) .
preceded the onset of the delayed (rebound) AD's but usually
the behaviour was still that of exploration, interspersed‘

&

after the delayed AD's and the animal returred to exploratory
N/ ! >
activity.

with grooming and wet dog s‘%kes. The wet dog shakes ceased

k4

. Rat H-5 did not exhibit the delayed AD's and 4n this
animal the AD threshold was found to be higher thar\x\ f[\or the
-other animals in the hippocampal gr‘oup. It was noteci a’t tile
end of the experimeﬁts that the electrode in this rat was
partially in the lateral geniculatef nucleus which could account
for the slightly differing EEG pattern. .

“ In the animals stimulated in the thalamus, injkial AD's
weDe very short but became more complex and of longex dt\ra;:‘ion

. 1 ' - .
(25 to 45 seconds) as kindling progressed (Figures 2 & 7; \\

* Table 3). | N ‘ \

s .

-
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!
set of AD's (Figu,re 2, Table 2). The pattern and duration of
AD's did not vary éignif;.cantly.from the start of stimulation

to the development of full behavioural seizures. During \/
st;imulation of the hippocamgué' the ani.maljs 'arrested' in a hunched

posture (back arched somewhat and back feet slightly splayed).

During the/AD' peg’od t™e animals were staring with some masti-

catory movements. As the AD's finished and the EEG became v

silent there was a period of up to one minute of agitated

'exploration, with a great deal of climbin§ and snif}ing and

grooming behaviours. In some animals a second arrest period
3

preceded the onset of the delayed (rebound) AD's but usually

the behaviour was still that of exploration, interspersed

with grooming and wet dog é%kes. The wet dog shakes ceased
¢

after the delayed AD's and the animal returmned to exploratory
W ’ >

activity.

?
. Rat H-5 did not exhibit the delayed AD's and 4n this
- N
animal the AD threshold was found to be higher than for the
Ji
)‘

.other animals in the hippocampal group. It was noted at the

end of the experiments that the electrode in this rat was
. f
partially in the lateral geniculate nucleus which could account

for the slightly differing EEG pattern. .
A In the animais stimulated in the thalamus, 1n1&ial AD's

weDe very short but became more complex and of longex du\ra;:;’.on
(25 to 45 seconds) at: kindling progre\ssed (Figures '2 & 7; \\

* Table 3). | N | \
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Caudate [stImylation elicited only very ‘short AD's,

et

lasting from econds (Figures 4 & 8; Table 3).

Primary s from the caudate, but nqt thalamic stimulation

o 4
were followed by a short 'silent' period (approwt 15
s - /

seconds) and then some spiking and slow wave actfvity occhirred

before thé/l'h&eturned to pre-stimulation baseline A(Figure"l&).
v - - :
This pattern somewhat resembled that seen followix}'g'hippocampal

stimulatiomr (i.e. AD's —bsiletjxt period - spiking) although the

time course and EEG-frequencies were different.
N L -
In kindled animals, thE"Bs_jlamic and caudate groupg had

L] .

behavioural seizures only during the primary AD period (Figu;es -
3& 4)., In the hipp?sampus‘)group, however, behavioural seizures

. o o
generally began in the latter half of the primary AD period and

oZen cohtinued during the hippo¢ampal EEG silent. period {(Figure 2).

‘Afterdischarge Thresholds: . ’ X

]f'i;;.tial (pre-kindling) afterdischarge thresholds for animals
- ' .

undergoing hippocampal stimulation were significantly lower than
. ~v : . -
those for caudate or‘ thalamus stimulation. Afterdischarge thresholds

.

were reduced in all three groups after three kindled seizures had

occurred (Table 4). The group stimulated in the thalamus had the

N smal}eﬁ‘d&\rease in afttlardischarge threshold (277) while the
I

hippocampal /and caudate afterdischarge thresholds decreased an

// N v .
average of 42Z and 477 respectively. )

L : Q

:
. . .. . N
, L .
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. .
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Caudate [stIwylation elicit\ed. only very ‘short ADVs,

e

lasting from econds (Figures 4 & 8; Table 3).

Primary 8 from the caudate, but nqt thalamic stimulation

o 4
were followed by a short 'silent” period (approst 15
T ; /

seconds) and then some spiking and slow wave actffvity occhirred

-

before the/Eh&eturned to pre-stimulation baseline L(Figure"lf).

‘ . —
This pattern somewhat resembled that seen followix}'g'hippocampal

stimulatiorr (i.e. AD's -‘silet{t period - spiking) although the

time course and EEG‘frequencies were different.
- -
In kindled animals, the_?hjlamic and caudate grou,pg had

L] .

behavioural seizures only during the primary AD period (Figures -
3& 4). In the hipp?eampus }group, however, behavioural seizures
generally began in the latter half of the primary AD period and

oZen cq‘ﬁtipued during the hippo¢ampal EEG silent. period (Figure Z)t

erdischarge Thresholds: : ’ \

fi;;.tial (pre-kindling) afterdischarge thresholds for animals
- ' .

©

.

undergoing hippocampal stimulation were significantly lower than

. ~v . - .
those for caudate or‘ thalamus stimulation. Afterdischarge thresholds

were reduced in all three groups after three kindled seizures had

occurred (Table 4). The group stimulated in the thalamus had the

~— smal}e‘?/t‘d}o\rease in afterdischarge threshold (277) while the
I

hippocampal and caudate afterdischarge thresholds decreased an
/
average of 427 and 477 reSpectively }
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" Effects ofﬁ}ﬁtfﬁzgrebrovéhtricuiar injection & B—endorphin

Behavioural effects: With ohe exception, no signs of behavioural

. ” :
convulsions were seen after B-endorphin injections in any of the

~

;Eimals despite full ictal EEG responses as noted below. The

one rat which did have a B-endorphin induced convulsion had been

'S R
.

kindled in the hippocampus. Convulsions were only observed

following the first post-kindling administration of B-endorphin;
' \ . .
no convulsion occurred after a second peptide injection ip the
‘ El ‘ L &
same animal even though ictal episodes were recorded in the EEG.

.

No animals in the other two experimental groups had B-endorphin
. v

induced convulsions, either before or after kindling.

@ ‘ - ?

: ' : Increased explorétory activity including climbiné the wall .,

of éhe observation chamber, and exaggerated sniffing at the air
and at the wire mesh floor, as well as ression of. corneal and
pinna reflexes were observéd in the,majoégty of B—endorpﬁin

treated aniéﬁlsﬁ both béfore and after kindling. These

&E%aviéurs were present throughout the 15 minute ﬁost—fnjgcgzgn
o . . X ' . '
observation period. Some signs of catalepsy, ataxia: teeth

it 2

thattering, arrest in the. 'kangaroo posture’, biting at thé' aws,

-

or chewing were also observed but these effects occurred in
. Y less than half the animals in response.to the injec£i6n of
B~endorphin. No measureable analgesia was observed with Ehisv

dose of Bi%ndoxphin.




- kindled. Before kindling 9 of the 24 animals were observed o s
. F) N O

‘with spiking in the EEG. After kindling, however,, 21 of the.’.

L
animals had been kindled.

ittt - - e - ——— e - - =

Ny N . ‘
R T T
Wet dog shakes were observed in.12 of the 24 rats before S,
, . . o . -

kindling but in only 6 of‘the animals after they had been

kindled (fable 5). As alréady mentioned, wet dog shakes were -
' ¢

also observed fo%}owing hippocampal stifiulation but failed to -

&

. o
be elicited as the anhimalg developed the kindled seizurés. :

", Seratching with o or both hind feet, unlike wet dog . & L N

§hd§es,.incrgased in occurrence in animals that had been
. . ,
. Y
to -scratch after injection of ?—enaorphin, but after kindling
15 ‘of the animals exhibited this behaviour (Table 5).
o ‘ 3 . ! .
Prior to kindling, ope animal in the hippocampus stimu- S

lated group exhibited a 'flinching' response, which‘correspénded

Ry
. -
75
. e N %~

" 24 animals were observed to flinch after injection of B-endorphin,.

’ . v’ ‘ .
and in 20 o0f these animals the;flinches correspondéd with épiking
r . - . ~
in the ERG (Table 5). The flinching behaviour somewhat resembled-
, R ‘ ) ;
a mild startle response,'suqh as that elicited by blowing in a

. I - -
rat's face. This was'a mild response th‘Ibsz interest in that N

its occurrence does seem to be related to th

Ly

fa7t that the »

Electroencephalographfc effectss

'

2

Ictal episodes: In*non-kindled animals, the hippocampus was

Ifoung to be more susceptible to &-endorﬁhin induced ictal

~

. . , B
épisodes and spiking'in the EEG than either the caudate or

-,

. .
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Wet dog shakes were observed in.12 of the 24 rats before ' ', . ) :
. . Q4 .
. s </ - A
kindling but in oply 6 of the animals after they had been :

kindled (’fable 5). " As alréady mentioned, wet dog shakes were -
' ¢

also observed fo]{.owing flippoqampal stifulation but failed to

&

Rl

. o
be elicited as the animalg developed the kindled selzyres. b

",  Scratching with o or both hind féet, unlike wet dog S TN

‘s,bdﬁes,. increased 1;1 occurrence in animals that had been
) ki;ndle{. Before kixidlingué of the 24 animads were observed - ’ ’
to -scratch after injection of ?—en&orphin, but after kit:dling
iS ‘of the animals exhibited this behaviour (Table 5).

‘Pr:lor to kindling, gg,e animal in the hipp'ocampus stimu- * ’ J
lgted group eé{hibitea a "flincbiﬁg' ret;pqnse, which ‘correspbnded
‘with spiking in the EEG. After kindling, howevler,. 21 of the.?.

. <
" 24 animals were observed to flinch after injection of PB-endoxphin,.

ﬁr &\ j\

anidonie « Rt e o e ko

. and in 20 of these'ani'mals the ‘.fl.{n;:hes corresponded with s'p:‘lkix{g
r . N Ca -

in the ERG (Table 5). The flinching behaviour somewhat resembled-

a mild startle response, such as that elicit:ed by blow.:ing 1;1 a .

rat'sl_fa'ce. Th:i:s was‘a,m:ll’d‘ respon;e B\}t'ﬁjﬁ interest in that ‘ J N ‘

»

its occurrence does seem to be related to th fa7t that the «

Ly

L d
animals had been kindled.

Electroencephalographfc effects:

'

2

Ictal episodes: In*non-kindled animals, the hippocampus was . !

» [}

| found to be more susceptible to &-endorﬁhin induced ictal
¢ . . . ! ’ . §
épisodes and spiking'in the EEG than either the caudate or
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‘thalamus (Figures 5, 7, 8; Table 6). Six of the eight animals

-

L

from which hiﬁPocampal recordings were made exhibited ictal
» ¢ B :

- .episodes after injection'of‘B—endo;ﬁhin, while no animals in

“

» the caudate group, and only 2 in the thalamic group had this

response. Howeyer, in 5 of the caudate and in 2 of

thalamic animals, slow wave EEG was observed after the
¢

* administration of B-endorphin. .

After kindling the number of animals having B-endorphin
. . . '-
induced ictal,epgﬁodes from the hippocampus was reduced to 3 ,

out of 8 compared with 6 out of 8 befére kindling. As already

(4

mentioned only one of these kindled animals hz} a psychomotor

.

seizure-in response to B-endorphin administration. As y

observed before kindling,.no animals in the caudate group showed

oF

ictal responsés to B-endorphin even after’ kindling. In the
group of rats fromswhich thalamécf}eﬂg}ding.was made, only one (:
had B-endorphin induced ictal episodes after kindling and these

did noﬁ\trigger a%ehavioural convulsion in this animal.

Spiking: induced by‘é-endorphin

4 ¢

: Before kindling, rhythmic spiking was observed in all
eight rats in the hippoca@pal group and in thﬁee and fou? rats

in the caudate and tthamus-groups respgctive}y (Table 6,

Figures 5, 7, 8). . The number of rats with spiking in the
\

hippocampal EEG did fot significantly change after kindling

while in the other two groups.the numbers of animals with

" spiking in the EEG increased after kindling (Table 6).. As

-
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‘thalamus (Figures 5, 7, 8; Table 6). Sii of the eight animals

-

L

from which hiﬁPocampal recordings were made exhibited ictal
» ¢ .

“

- .episodes after injection'of‘B—endo;ﬁhin, while no animals in
¢ the caudate group, and only 2 in the thalamic group had this

response. Howewer, in 5 of the caudate and in 2 of

}

thalamic an%mals,.s1&W‘wave EEG was observed after the
: administration of.B—endorphiq..
After kindling the dumber of animals haéing B—endsrphin
induced ictal.ep§§o%es from the hippocampus wa; £educed*to 3 ,

out of 8 compared with 6 out of 8 before kindling. As already

(4

mentioned only one of these kindled animals hz} a psychomotor

.

seizure'in response to B-endorphin administration. As 7

>

observed before kindling,.no animals in the caudate group showed

- I

[

‘ictal r;spopsés to B-endorphin even after’ kindling. In the
grgup of rat; fromswhich thalém;cf}e65?hing.was made, only one (:
had B-endorphin induced ictal epi;odes.after kindling and these
) did noﬁ‘trigéer a %ehavioural convulsiog in this animal.
.Spiking:inducedghy‘é-endorphin

14 ¢

. Before kindling, rhythmic spiking was observed .in all

eight rats in the hippocaqpal group and in thjee and four rats

in the caudate and thflamus.groups respgctive}y (Table 6,

Figures 5, 7, 8). - The number of rats with spiking in the
\

-~

hippocampal EEG did fot significantly change after kindling
while in the other two groups. the numbers of animals with

" spiking in the EEG increased after kindling (Table 6).. As
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previoﬁhiytdiscussed;—B—Ehdorphin induced i flinching response
\- in kindled animals which occurred simultangously with the

spikiﬁg EEG activity (Figures 6, 7 ) N e . (’# L

EEG effects of B- endorphin in the hippocampus ~

Since the hlppocampus seemed partig larly susceptible to
r o .
the epileptogenlc effects‘of B- endorphin, a %gre detailed analysis
i §

. of these effects was made. Before.kindling, the latency for the
. ) X

onset of ictal epidodes ranged from 2'to 7 minutes: after injection

-

_ of g-endorphin. After kindling, of the three animalg which
responded to B—endorphin with ictal episodes, there was sgAe
indication of a delay inlthe onset of the response (Table ?),‘

o ,although the small number of animals resﬁonding makes it difficuit

to know if this delay is significant. One rat had,a psychomotor

v —

seizure following the first post-kindling administration of

'&@neorphin But this was not repeated after a second administratiqn
and did net‘occur in the other two responding animals.

The péttetn of ictal episodes in the hippocampus in reéponse
to B-endorphin was observed to correspond with that elicited o

by electrical stimulation, that is an initlal burst of ictal .

Ly

N
' activity fpllqwed 1 to 2 minutes “later by a second set of 'delayed'

afterdischarges, usually of higher amplitude and, lower frequency \*»‘
. '-.than the initial episode (Figure 5). _The ictal epiéodes and -
spiking‘in the EEG could always be abolished or prevented by

the dintraperitoneal administration of naloxone (10 mg/kg) (Figure 9Y.

[ »

I
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\- in kindled animals which occurred simultangously with the

S & . "/J

EEG effects of B- endorphin in the hippocampus N ] -

spikihg EEG activity (Figures 6, 7 8)

Since the hippocampus seemed partig larly susceptible to

r
the epileptogenic effectstof B- endorphin, a %gre detailed analysis
- bt |

of these effects was made. Before kindling, the latency for the
T .

onset of ictal epidodes ranged from 2'to 7 minutes: after injection

-

of g-endorphin. After kindiing, of the three animalg which,

responded to B—endorphin with ictal episodes, there was sgAe

indication of a delay in the onset of the response (Table 7), °

,although the smeil number of animals resﬁonding makes it difficult
2

to know if this delay is significant. One rat had,a psychomotor

—

seizure following the first post-kindling administration of

'&@niorphin hut this was not repeated after a second administratiqn
and did net.occur in the other two responding animals.

The péttein of ictal episodes in the hippocampus in reeponse
to B—endorphin was observed to correspond with that elicited ‘.

by electrical stimulation, that is an initlal burst of ictal .

“ .

L
' activity fpllqwed l to 2 minutes“later by a second set of 'delayed'

>

af;erdischarges, usually of higher amplitude and, lower frequency

.than the initial episode (Figure 5). The ictal episodes and -

spiking‘in the EEG could always be abolished or prevented by

L]

the intraperitoneal administration of naloxone (10 mg/kg) (Figure 9Y.
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Discuséion

{Kindl&ng: Altho@gh the purpose of this study was not to

describe the kindling per se , the obtained results do confirm

<

others reported in the literature while expanding the findings

of Goddard et alw (1969) with regard to stimulation of the

caudate. Goddar& reported that the caudate wa variable in its R

ability té‘te;kindled. Since the EEG was not regprded it)is
probable that thu caudate was being stimulated at an intensity . -
which did not initially elicit the afterdischarges which are
essential for @\ilable kindling (Racine, 1972b). In ‘this case .
the number of days to seizure would be significantly longer

than for structures uith much lower anerdischarg: thresholds

such as the hippocampus or the amygdala. In the preseut study

KN
the caudate, thalamus and hippocampus were stimulated at their

individual afterdischarge threshold ~so that afterdischarges were
elicited from the first day of stimulation. This could atcount

for finding no significant difference betweén the number of days

to gindling-from elther the hippocambus,'éaudate or thalamus. :
The a'fterdigscharge thresholds‘and number of day& to elicit seizures
from the hippocampus in this study corréspoﬂd with those reported

by Raeine et al, 1977). Also, the shorter afterdischarge duration and

seizures obseérved from thalamic stimulation in this study have C e

3

~

o , .
been repor'ted by Cain and Kilbreath (1978). The response pattern

to gsimulation of 'the hippocampus, while illustrated in a recent

“

R . |
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Discuséion_

<

[Kindling: Altho@gh the purpose of this study was not to

describe the kindling per se , the obtained rtesults do confirm
others reported in the literature while expanding the findings
of Goddard et als (1969) with regard to stimulation of the
' caudate. Goddér& reported that the caudate wa variable in its
ability fs‘fe;kindled. Since the EEG was not Ezayrded it)is |
probable that thé caudate was being stimulated at an intensity. -
which did not initially elicit the afte?discharges which are

eéssential for reliable kindling (Racine, 1972b): In ‘this case ,

’

the number of days to seizure would be significantly longer
. A
than for structures with much lower afterdischarge thresholds

such as the hippocampus or the amygdalé. In"the present study
f Ry ‘ ,
the caudate, thalamus and hippocampus. were stimulated at their

Y

individual afterdischarge threshold -so that afterdischarges were
elicited from the first day of stimulation. This could account
for finding no significant difference between the number of days

to kindling.from either the hippocampus, daudate or thalamus. .

2

The afterdf%charge thresholds‘and number of dayg&to elicit selzures
from the hippocampus in this study corréspoﬁa with those reported

by Raqiné_gglgl, 1977). Also, the shorter %ftepdischarge duration and
seizures obsérved from thalamic stimulation .in this sﬁudy have

N ‘"‘ , ' ! ) .

been reported by Cain and Kilbreath (1978). The response pattern

~

to §Simulation of 'the hippocampus, while illustrated in a recent

)

» o | /

-



bt — e . e )

.

.
t v

LI ‘ ' . <~
- \

/ ' . .
paﬁer by Racine et al, 1977), a possibl;%,‘méchzlti’sﬁ was not.discugsed.

+_of interest that the motor seizures seén in the present experi-

ments occurred for the most paft during the period wvhen the EEG

/ .

A\
was silent. 4 3 , ) B

‘A recurrent inhibitory pathway has been reported between the
4 , :
basket and pyramidal cells of the Aippocampus, as well as a

weaker recurrent excitatory feedback pat};way, especially in the
. 4

dentate area (Lopes da Silva and Arnolds, 1978). These recurrent

pathways could be contributing to the silent pexiod and the
. . .

L

! delayed afterdischafges seen after hippocampal stjmulation. It

would be of :LL;terest to record simultaneously from several limbic

& . . L
Wﬁfa\ and hippoca}npal sites in order to compare .EEG activity in responge
» v 4 ]

to electrical',st:imulation and especially ongoing activity during

{

behavioural seilzures.

"
- “ i

\\z—Endorphi‘h in nait.ve and kindled rats: Dissoclatlion between

LY

imbic ;xcitation and convulsions: . . ’
[} ’
. /‘\] It was previously thought that the synaptic changes which )

-
- occur as a result of kindling would renderg animal susceptible

Y

5 to motor seizures in response to any stimulus or chemigal agent
capable of eliciting epileptiform spélking wi&hin the limbic system.
N

The presént results, and those from other studies with B—endorphin in
ks N

kindled rats (Wise et gl,,19’78) , would suggest that this is not the case.

>

In-this study effective breakdown of the synaptic barriers to

motor seizures was obtained during the kindling procedure, as

*
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paﬁer by Racine et al, 1977), a possih_:l,g,‘mlechzlti’sﬁ/ wvas not.discugsed.

1S
+_of interest that the motor seizures seén in the present experi-

ments occurred for the most pa}:t during the period vhen the EEG '

!
) oo

was silent. ' 4 3 , ' Y

‘A recurrent inhibitory pathway has been reported between the
) , .
basket and pyramidal cells of the Mippocampus, as well as a
~

N

weaker recurrent excitatory feedback patl{way, especially in the
b ﬁ

dentate area (Lopes da Silva and Arnolds, 1978). These recurrent

pathways could be contributing to the silent pe iosl and the
. . .

-,

! delayed afterdischafges seen after hippocampal stjmulation. It

would be of iL;terest to record simultaneously from several limbic

[ \ ) —
%‘Tre\ and hippoca}npal sites in order to compare .EEG activity in responge
» v 4 (4]

to electricafstimulation and especially ongoing activity during

[
. i
behavioural seizures.

o \E—Endow.:phi'h in nalve and kindled rats: Dissociation between

imbic ;xcitation and convulsions: . . ’
‘ ’
) /‘\J It was previously thought that the synaptic changes which )
L4 /

- occur as a result of kindling would render’an animal susceptible

Y

5 to motor seizures in response to any stimulus or chemical agent
capable of eliciting epileptiform spé]king within the limbic system.
N

The presént results, and those from other studies with B-endorphin in
co §

¢ ' kindled rats (Wise et al,.1978), would suggest that this is not the cade.
In-this study effective breakdown of the synaptic barriers to

motor seizures was obtained during the kindling procedure, as



evidenced by the proéressive deve}opment of psychomotor con-— ¢

" vulsions and reductions in afterdischaxge thresl;olds. However,
B—er{ddrphin failed im all but one instance to elicit convulsive
behaviours in these animals even though iA\t_a\l episodes and
abnormal spiking were seen in tiie EEG. A variety of
bel;av'ioural :ff.ects were obs‘erved, both before and after
kindling in response to administration of B-endorphin. These.
included exploratory activity, exceséive grooming, licking, bitinﬁ,/”

and scratching which have been reported by others (Iwamoto and

Way, 1978; Efvin, et al., 1978; Bloom, et al., 1978). Wet dog

/
shakes were observed in most animals before kindling, but did

not occur as frequently in fully kindled animals. Some evidence

_ of catalepsy was also observed following administration of
‘ 4

' B-endorphin. '

The observed effects of B—éndorpi\in could be;a reflection

»
«

of the simultaneous excitatory‘ahd inh;[l‘)itory effects reported
to occur within‘the central nervous systc;n following administration
b ' . LS

of opilates (Domin'o* et al., 1974; Bradley and Dray, 1973, Seeber,
_g_;_, 1978). These combined excii:atory and inhibitory ;cfions
of oplates are thought to contribute to the biphasic effects

> on loc‘omotor activity seen after opiate administratdion. For
example ,‘ morphi_ne and thg more potent eton taéine /have‘b'een

reported to excite extensor motorneurons Avhile inhibiting flexor

motprneurons (Seeber, et-al., 1978)12‘

i
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Also,jmorphine adﬁinistered iontophoretically to brain stem
neurons can cause excitation as well as a longer lasting
inhibition of neuronal firing (Bradley and Dray, 1973). These

mixed depressant "and stimulant actions are thought to contribute

to the cataleptic and muscular rigidity effects of the opiates.

It is possible that similar mechanisms are involved in the

B-endorphin induced excitation of the limbic system which
occurs without the expected motor effects in kindled antmals.
The  EEG excitation could Ee accompaﬁied by inhibition of the

essential motor pathways required for expression of behavioural
P '

seizures.

Although the absence of convulsions in response to

B-endorphin in kindied animals wae surprising; it has been

’

reported that dissociation can occur between epileptiform

" discharge in the EEG and behavioural convulsions in man T

'
(Jasper, 1972).- For instance, during the rapid eye movement

(REM) phase of sleep, epileptiform EEG acﬁivity has been

. recorded in the absence of behavioural convulsions. Dufing

REM sleep the recorded EEG formally resembles that of an awake .

individual, indicative of increased arousal relative to the

other slegp phases. Increased levels of arousal are thought to

,inhibit convulsions in epileptic patients as well as decréasé'

the amount of abnormal spikipé seen in the EEG. The majority

4

of temporal lobe epileptic seizures are réported-to occur during

non—REM Slqep, a time when arousal is at its minimum (Halasz, 1972):

P -~

]
A




~

s LA A

-27—
L

Also,jmorphine adﬁinistered iontophoretically to brain stem

neurons can'cause excitation as well aé a longerllasting‘
inhibition of neuronai firing (Bradley and Dray, 1973). These
mixed depressant"and stimulant actions are thought to contribute
to the cataleptic and muscular rigidity effects of the opiates.
\}t is possible that siﬁilar mechanisms are involved in the
g-endorphin induced excitation of the 1imbic system whicp
occurs without the expected motor effects in kindled antmals.
The ' EEG excitation could Ee accompaﬁied by inhibition of the
essential motor pathways required for egpression of behavioural

[0 ¥
seizures.

Although the absence of convulsions in response to

B-endorphin in Rindied animals wvae surprising; it has been

’

reported that dissociation can occur between epileptiform

" discharge in the EEG and behavioural convulsions in man o

™~
(Jasper, 1972).- For instance, during the rapid eye movement

(REM). phase of sleep, epileptiform EEG acﬁivity has been

. recorded in the absence of behavioural convulsions. Dufing

REM sleep the recorded EEG formally resembles that of an awake .

-

individual, indicative of increased arousal relative to the

other slegp phases. Increased levels of arousal are thouglit to

.inhibit convulsions in epileptic patients as well as decféasé'

the amount of abnormal spikipé seen in the EEG. The majority

b4
t

of temporal lobe epileptic seizures are réported-to occur during

non—REM élqep, a time when arousal is at its minimum (Halasz, 1972):
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_In man, administration of morphine has Been found to cause

[

" increased arousal and sleeplessness as well as EEG bx..\rsts

‘were elicited in 50 per cent of the animals before kindling,

whié:h have no known behavioural correlates (Kay, et al., 1969;

X
Kay, 1972). Increased Larousal and altertness have also been
reported from sleep studies. in cats and rats following administra—
tion of'morphine‘ dEchols and r:IeWe(:t:, 1972; Khazan, et al., 1967)

Possibly these opiate .effects are also induced by administratidn

‘of B—~endorphin so that the arousal or alerting effects of the

peptide are capable of suppressing behavioural corvulsions in

spite of excitation of the limbic system in eizure—éensitive

animals.

Some of the effects of intracerebroventricular administration
. 0 .
of B-endorphin appeared to be less severe in kindled than in non-
. t -
kindled animals, especially wet dog shakes, Wet dog shakes

13

-

*

but in only 25 per cent of the animals after kindling. It is
possible that some type of tolerance to this behaviour developed

during the kindling process inasmtch as it was observed.to

-gradually disappear in the hippocampal group with successive

electrical stimulations. The kindling procedure‘may ha}re caused

chénges in pathways which are responsible for carrying out ‘this‘ N
response or caused changes in responsiveness of ’r;aceptors which &~ ¢

f *

mediate this behaviour/ "Shince the Kindling process reduced the

2,
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- ability of B—endorphin to induce the wet dog shaking behaﬁiour,

it may &lso have affected the péptide s effects on those mot}r

s
systems involved in convulsive behaviours. !

Ancther indicatidn that kindling‘itself a;ffected subsequent -
motor effects of B-endorphin vlras the dramatic increase in the
number of animals which displayed B—endorphin induced flinching
after kindling. Before kindling only one rat was observed

j Sh—1 .
to exhibit flinching, while in kindled animalg flinching was

" elicited in over 85 per cent of the animals. Possibly the

flinch résponse reflects initial stages of behavioural seizure

o

activity in view of its rhythmic and repetitive nature and

association with spiking in the EEG.

-

EEG effects of B—endorphin

4 .
Both before. and after kindiing the hippocampus was the most

AN

responsive area to administration of B~endorphin. Ictal epi-

‘sodes were accompanied by behavioural arrest and the delayed

post-ictal psiking was associated with wet dog shakes in

unkindled rats. Beh;a,viourai arrest was also seen in the

~ .
animals in the thalamus- and caudate-stimilated groups even

‘though ictal episodes were not obserxrved in the EEG after

administration of B—lendorphin.
EEG spiking and b%havioural flinching were oi)'served'in
all groups after admini)stration of B-endorphin. It is probable

that a single 'generator’ site is responsible for the EEG spiking

———

/
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- ability of B—endorphin to induce the wet dog shaking beha&iour, '

it may &lso have affected the p'eptide s effects on those mot}r

'

systems involved in convulsive behaviours. ﬂ

1
H

Ancther indicatidn that kindling itself affected subsequent -

motor effects of B—endorphin v'ras the dramatic increase in the

number of animals which displayed B—~endorphin induced flinching

after kindling. Before kindling only one rat was observed

S .

tg exhibit flinching, while in kindled anima’}/flinching .was
" elicited in over 85 per cent of the animals. Possibly the

flinch résponse ;elects initial stages of beha‘vioural seizﬁr;a

activity in view of its rhythmiq g;d repetitive nature and ’ é
association with spiking in the EEG. ' s L E

-

EEG effects of B-endorphin

4 :
Both before. and after kindiing the hippocampus was the most 3

AY

‘ .
e ML, b TN A,

responsive area to administration of B-endorphin. Ictal epi-
. ‘sodes were accompanied by behavioural arrest and‘the delayed
post-ictal psiking was associated with wet dog shakes in .

unkindled rats. Behavioural arrest was also seen in the o

~
animals in the thalamus- and caudate-stimilated groups even 5

P st

‘though ictal episodes were not observed in the EEG after
administration of B-endorphin.
EEG spiking and be’havioural flinching were oirserved'in

all groups after administration of B-endorphin. It is probable

L]
.

———

that a single 'generator’' site is responsible for the EEG spiking
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"and the observed ictal episodes,

£
It has been reported that .

opiate indqc%;l EEG a:ctivit\ar is not altered by lesions in the

L

- thalamus' so that it is unlikedy that this structure is the

-site for generation of B-endorphin induced EEG changes.

generator sit'e for t'h;e ob.served EEG acti:fity (Yeung, et al., '1978?
Yeung postulates lt:hat thq/responsi’ble area is possibly the
reticular formation, septum, hippocan-lpus or amygdala. }‘lowever,
les;ior}s of the amyg&ala, as well as“t‘he pre-optid area of the ,:
hypothalamus, have also been reported not to affect B-endorphin
induced EEG activity (Henricksen, et al., 1978). .
Also, it has been reported that stimulatiOn of hippocampal

neurons by B- endorphin is not a direct effect but-is a result

of disinhibition of the pyramidal cells caused by drug induced

suppression of inhibitory interneurons (Zieglgansberger, et al., 1978).

Siggins et al (1978) have reportedvthat the oploid peptide enkephalin

' antagonizes the recurrent inhibition frqm basket cells, possibly

, by reduction of the inhibitory effects of gamma-aminobutyric acid

(gaba), thus causing excitation of the pyramidal cells. This - .

antagonism of basket cell inhibitory firing could be a primary
N\ N

It is

4

also possible that the septum or reticular formation are the

generator sites fqr B-endorphin induced EEG changes since .
-
alteration in the firing\ of It:hese areas is known to affect
Vd

EEG activity din the hippoca;Ppus (Macadar, et al., 1974).

S
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opiate induced EEG activit\ar is not altered by lesions in the
L ! * i .

L

* thalamus' so that it is unlikedy that ‘this structure is the

% v

generator sit'e for t.h;e observed EEG acti:fity (Yeung, etal., 1978)
Yeung postulates }:hat thevresponsi’ble area is possibly the
reticular formation, septum, hippocan-lpus or amygdala. }‘Iowever,
let;ior}s of the amyg&ala, as well askt‘he pre-optid area of the ,:
hypothalamus, have also been reported not to affect B-endorphin
induced EEG activity (Henricksen, et al., 1978). .
Also, it has been reported that stimulatiOn of hippocampal
neurons by 8- endorphin is not a direct effect but-is a result

of disinhibition of the pyramidal cells caused by drug induced

suppression of inhibitory interneurons (Zieglgansberger, et al., 1978).

Siggins et al (1978) have reportedrthat the opioid peptide enkephalin

' antagonizes the recurrent inhibition from basket cells, possibly

, by reduction of the inhibitory effects of gamma-aminobutyric acid

(gaba), thus causing excitation of the pyramidal cells. This - .

antagonism of basket cell inhibitory firing could be a primary
N\ N

~

-site for generation of B-endorphin induced EEG changes. It is

4

\ also possible that the septum or reticular formation are the

generator sites for B-endorphin induced EEG changes since .

,:
alteration in the firing\ of these areas is known to affect
]
rd

EEG activity in the hippoca;};pus (Macadar, et al., 1974).
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Inhibition of firing in the septal-hippoc pal/fa’thw,ay can be

induted by stiu}ulation of the septym, reficular formation or

. .

lateral hyp#thalamus and results in changes in normal hippocampal
- - ‘ . LJ LIRSS .

theta activity (Maynert, e7tj_:§1_., 1975)

a

Future experiments should‘perhaps pursue the possibility  that
the septum, or ascending reticular fcirmatiqn are primary, \targets

for the observed effects of B3-endorphin.  Also, since, the

. N -

opioid peptides are known to have differential effects on a
var;igty of neurotransmitter systems such as catecholamines
and monoamines in normal .animals it would be of interest to

know if the same effects are observed in supersénsitive kindled
. Y

animals. Such studies into B-endorphin effects at particular

sites and on particular transmitters could help to explain

- . \ .
the apparent dissociation between JHG effects and motor activity

- f 2
Fa

in kindled rats. - . . ' ’

&
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Inhibition of firing in the septal-hippoc pal*;a’thw,ay can be

induted by stilinulation of the septym, re j.cular fofniation or
lateral hypéthalamus.and results in changes in normdl hippocampal
- - . ) N

theta act\ivity_ (Maypert, %tf:l_., 1975)

@

Future experiments should‘perhaps pursue the possibility that
the septum, or ascending reticular fdrmatiqn are primary, \targets

for the observed effects of R-endorphin.  Also, since,the

. N -

opioid peptides are known to have differential effects on a
var‘igty of neurotransmitter systems such as catecholamines
and monoamines in normal .animals it would iae of interest to

know if the same effects are observed in supersénsitive kindled
. ¥

animals. Such studies into B-endorphin effects at particular
sites and on particular transmitters could help to explain

<. . \ .
the apparent dissociation between JEG effects and motor activity
- ., J
I3 AN

in kindled rats. - . ' ’
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Table 1

The number of afterdischarge days required K
to elicit psychomotor selzures in rats*

+

Stimulation site

Rat mumber Afterdischarge days ta sei\zure

Ventral hippocampus - ;

H~1 ' ) 31 ~
, . B=2 28
¢ H-3 3 28
H-4 31
H-5 16
H-6 o 23
K-8 ’ , 20
H-9 _ - 28
Median o 28

e . . " range . X6-31
Caudate—putamen d
e CpP-1 : 29
- cp-2 ‘ ' 40
, cP-5 18
cp-7 " 29
: cpP—-8 ] 38
. \ e cP—-9 . o 23
cP-10 ' g ' : 37
Median 29 B
/ range . 18-40 )

Dorsomedial thalamus

-1 30
-2 ) 16
-3 - 27 ~
T4 . 18 '
=5 o - 31
T-6 ’ - .. 20
T-7 . 30 -
! -8 - , ” 28 -
) : Median 28
range 16-31

-

- °

- 4 s te
* Each animal was stimulated for 1 second per day with a biphasic
square wave (100 Hz) at an.intensity found to elicit afterdischarges.
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Table 1 -

The number of afterdischarge days required »
to elicit psychomotor seilzures in rats¥*

t

S;::“:f;;z: site Afterdischarge days ta sei\zure
Ventral hippocampus - ¢ . &
H~1 ' ' 31~
. H-2 28 ‘ .
' ) H-3 . 28 . y
H-4 31
H-5 16
H-6 o 23 - . g
_H-8 ’ , 20 :
H-9 , : 28 '
Median - 28
% . : " range ) 16-31
Caudate—putamen y
+ Cp-1 ‘ 29
- cp-2 N ' 40
, CP-5 18
- cP-6 _ .29
cp-7 " 29 ' ‘ .
: cp-8 f 38 '
. ‘ "t CP-9 . . 23
cP-10 ' - ' . 37
Median 29 -
/ range . 18-40 '
N ; ’ . ‘ ,
Dorsomedial thalamus ' . ‘ 3
4 B .
-1 ) 30 (
S T=-2 - 16
-3 . 27 ~
T-4° - , 18 )
T-5 o 31
T-6 ' ' .20
T-7 . 30 —_
' -8 , - 28
) : Median 28
range 16-31 . r
., 4

- ° LI

’ 4
¥ Each animal was stimulated for 1 second per day with a biphasic
square wave (100 Hz) at an.intensity found to elicit afterdischarges.
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Table 2

Afterdischarge duration* in rats ,
stimulated in the wventral hippocampus ; : ]

o

R

D e ]
e wls uT?

Rat Afterdischarge duration (sec) -
Number }mmediate** Delayed***
“H=-1 22 11
H~2 20 26
H-3, 28 40
H-4 25 20
H-5 22 -
* H-6 40 40 ° }
H-8 22 5
H-9 40 45 :
@ . |
Mean 28 .30 ’
s.D. | 8 13 )

da

™~

**% Afterdischarges occurring immediately after

electrieal stimulation.

**%* Afterdischarges occurring 60 to 85 seconds after o
electrical stimulation. - o .

*Aif;rdischarge duration measﬁ:edlbn first seizure

'
-

-

P
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Table 2 ' ' (
+ ° . R ' *
Afterdischarge duration* in rats
stimulated in the wventral hippocampus
Rat Afterdischarge duration (sec) ..
Number Immediatet*® Deléyed***
¥ 4 N
‘H-1 22 - 11
H-2 20 26
H~-3, 28 : 40
H-4 25 - 20
H-5 22 -
' H-6 40 40 e
H-8 22 5
H-9 40 . 45
@ = LT *
Mean 28 .30 ’
S.D. | 8 13 o ) '
*Afardischarge duration measu"r‘ed on first' seizure
da . ‘\
© ** Afterdischarges occurring immediately after
electriae4l stimulation.
Y Afterdischarges occurring 60 to 85 seconds after °
electrical stimulation. - e .
v ! )
¢
. < °
o -

—
=
-
o
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s . ‘ Y . Table 3 ' -
Relationship of afpterdiscilarge duration )
. and seizure activity in.kindled rats '
L3 e 0 / . . N
~ ) ‘ .
7 Time after stimjylation (sec)-mean(range) : L
Stimulation site _Afterdischarges Rsychomotor seizures « - ' '
) Duration Onset Duration
: ' ? .
Hippocampus 28.7% - 17.9 . 33.5 : : /
- (20-40) ’ (12-32) (20er45) ’ '
. ) L3
. + Caudate-putamen . 14.0 . 3.4 6.5
= ) (2-20) (2-5) - (5-20)
" Thalamus . 32.2, 6.5 \; 26.8 o
. o (26-45) (3-19) - (15-45) - - T
. aﬂ: /’
hd e Wn of initial (primary) afterc?ischargés‘ only.»s
9 ] ' ’ I‘ R 7 l
b . ) - ‘
/ o : .
L S ; /
/
.‘, . “ ) . ‘
ﬁ »
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Relationship of afrterdisc.harge duration )
. and seizure ,activ,ity in.kindled rats '
~N L -
7 Time after stimylation (sec)-mean(range)
Stimulation site _Afterdischarges Rsychomotor seizures -« - '
% ) Duration Onset Duration
4 . ' ¢ -
Hippocampus 28,7% - 17.9 . 33.5 : C
% : (20-40) - (12-32) (20e45) -
. - . »
b . - Caudate-putamen . 14.0 - 3.4 6.5 - .
{ "Ji _ (2-20) (2-5) . . (5-20)
‘3 ' Thalamus : 32,2, 6.5 \; 26.8 .
. . o (26-45) (3-19) -~ (15-45) T
' A P
, | : ' = R
- o Wﬂ of initial (primary) afterc?ischargésv only.s
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Rat number L. Before kindling . After kindling
’ Hipgocamgﬁé v ' : . .
S o " 30 ' 20
N T A o 55 .. - 50 s
. H-3 I . 55 . 50
H-4 T~ 50 o 12
H-5 . ~\\159k\\\\\ SR L
H-6 : 75 L 40
. B-8 40 . \\\\\:\;\; 30
H-9 - 110 “ 70
Median 61 . 38
range . 30-150 .., 12-70
- O N & . - Yy : N
Caudate-putamen
cp-1 350 .- 250 "
, CP-2 R 250 " 125
. CP-5 " 300 90
CP-6 400 - . - 200 .
, CP-7 150 .. -50 -
Ccp-8 - 500 x 375
CP-9 v 500 , 150 ;
CP-10 s 3125 y - 75
Median o 01 . T 134,
range 125-500 w 15-250
Tﬁalamus ‘ : \ ‘
-1 ‘ 350 . 250
T~2 . 500 A V1 e
T-3 300 °© 200
. T-4 . % 400 r -
~F-5 - 200 150 \
T-6 : 400 ‘ 150
T-7 : 400 : 400
T-8 400 175 .
_ Median 361 206 3

~35~
s G Ta“ble 4 ) N 'r' j‘\——\_
[l S . s ( .

Afterdischaféé thresholds ﬂgfoie and aftér,
the development of kindled seizures
o

k .

i/\‘

Stimulation site

Afterdischarge threshold (uwiA).

range 200-400 ‘ 150-400

L

@
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\ . o
g - .. .Table 4. Y=
P ! : . A} , ‘ i ’ , '
' ' ! J < ' * v
<« « T Afterdischarge thresholds béfore and after,
) the development of kindled seizures
St .
: . N
Stimulation site / Afterdischarge threshold (ud).
Rat number .- - Before kindling . After kindling
‘ Higpocamgt,i"s v ' A .
B | o 30 ' 20
N B v,55 T - 50 ¢
. H-3 . . 55 , .. 50
H..S . » . ‘ o 75 -
H-6 ’ 75 s 40
o H-8 X 40 . T~ 30
H-9 . 110 “ 70
' Median 61 38
‘ range . 30-150 . r12-70
- - B & i - Y] ’ .
Caudate-putamen .
. ep-l © 350 - 250 ¥
, CP-2 <. 250 125
' CP-5 - . 300 o 90
CP-6 - 400 - . 200 ,
, CP-7 150 .. .50 y
"~ cp-8 - 500 a 375
- CP-9 A 500 150 .
o CcP-10 s (125 > . 75
< b v+ .. Median 7 301 ot 1%,
! ' range 125-500 « 75-250
Tﬁalamus | : ,
T-1 ‘ 350 . 250
R 500 st 325 ,
- T-3 ' 300 * 200
. - -4 ot % 400 -
R Y © 200 150 \
- . T-6 ' 400 ‘ 150
" : T-7 o 400 ’ 400
T-8 400 175 .
. Median 361 206 3

o N * range 200-400 ‘ 150-400
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Table 5

+36-.

14

AJ

 Behavioural effects of in.tracerebrovgntripular
\ injection'of B-endorphin before'and after kindling
. .

\, Number of animals .
Electrode site Wet dog shakes Scratching Flinching
Before After Before After -Before After
» Hippocampus 6/8 3/8 0/8 , 5/8 g 1/8 6/8
Caudate-putamen 4/8 1/8 5/8 4/8 - 0/8 8/8
: AN
Thalamus 2/8, 2/8 ¥ 4/8- _5/8 0/8 /8
- - ‘, i y - ] v / i »
. - . o
'y \ Y
) %n‘ a -
VA : ]
d
+ . ' » . o )
NTT "
a v * -
. b ’ ;
* 4 . ~ )
s ! .
..‘ “hl ~ ’ ’
- ° J v - -
s MZ . o s o ! ]
. ‘ s . -
» '
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Behavioural effects of intracerebroventricular

\‘injection‘of B-endorphin before-and after kindling
. .

*
A Y

N\, ‘ Number of animals . -
Electrode site Wet dog shakes Scratching Flinching '
Before After Before After -Before After
» Hippocampus 6/8 3/8 " /8  5/8 - 1/8 6/8
Caudate-putamen 4/8 1/8 ‘ 5/8 4/8 - 0/8 8/8:
‘ N .
Thalamus ~2/8,  2/8 ¥ 4/8- [5/8 0/8  7/8
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" Table 6
Eléctroencephalographic changes following
intracerebroventricular injection of B-endorphin

»

P

Nugber- of rats having ICTAL EPISODES

Recording 'sétg Before kindling rgAfter kindling
T m -

4

' Hippocampus X648 3/8 7
. ‘_} __‘.:9 . N
Caudate ' ' i 0!8 - 0/8
Thalamus ) " 2/8. . 1/8

S

| i

-

’

Recording site

Number of rats having RHYTHMIC SPIKING

Before kindling After kindling

Hippbcampus 8/8 ' = 7/8
Caudate 3/8 . 6/8
Thalamus 4/8 - S st
o ’
eom? B F 0
' A o

I

e e - “ o war ¢ ozen
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‘Table 6

Eléctroenceph&lographic changes following
intracerebroventricular injection of B-endorphin

»

! A

Nupber of rats having ICTAL EPISODES

Recbrding-sitg

Before kindling ryAfter kindling
) ' L") -
Hippociﬁfus X6./8 o " 3/8 7
R . 5
Caudate ! | L 0/8 ' 0/8
Thalamus [ | 2/8 . 1/8
| ! >

’

Recording site

Number of rats having RHYTHMIC SPIKING

Before kindling After kindling

Hippbcampus 8/8 !~ 7/8
Caudate 3/8 . 6/8
Thalamus 4/8 > v ys
o )
[ ( J
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C_e e © Table7 ¢
. . * .-

‘Latency of first ictal ‘episode in the hippocampal EEG

- \ following intracerebroventricular injection 'oi‘\ B-éndorphin ~

¥ . L

’”

- . - ¢

Time after gjectiori of B-endorphin (min)

’Rat No. Before kindling -, __After kindling
' . Injection 1 Injection 2'. Injection-1 Injection 2
H-1 L35 2.5 e L
w2 e ho 6.0 ©10.0°  10.0
T 5.0 . 3.0 \— T -
L S -
B-5 7.0 . 6.5 - -
H-6 ~ - .- IS i
B8 . - 3‘_0; 43
B-9 | 1.8 4.5 18 - 1\45/ .4'
. s —
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i IR . Table 7 ) s C —_—
. ‘ . ' ' . . f . i . ) - !
“Latency of first ictal episode in the hippocampal EEG '
.\ following intracerebroventricular injection “of\ B—endorphin - ’
' . : . . . '
Rat No Time after gjectiori of B-endorphin (min) )
, : Before kindling . ___After kindling
) . Injection 1 Injection 2. Injection-1 Injection 2
-1 C 3.5 2.5 R
B-2 o %.0 6.0 10.0 10.0 LT
. B=3 5.0 3.0 \- -
H-4 4.0 4.6 oL -
. . \
H-5 7.0 . 6.5 - - '
H~6 - - . - o i
H-8 . - - 3.0% 4.3 . e
' -« ™, ) & 3
H-9 1.8 4.5 1.8 - 145/{ ' !
A\ ; N * B
; . s o \ .
. * rat had psychomotor seizure . .
oL i
o \ |
A ’ ‘
' -, ) Q ¥ @
.. -
3 L
i\ -
' » :
-~ : [ ‘ 7
7 . . ‘ .
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, - " FIGURE 1
« #
%
. ) . _ .
Histological reconstruction of glect’r,ode placements i
. ' N »
The numbers correspond with those“-assighed to each parti_cular.
animal. For tables and figures each rat is designated by a
number, prefixed with a letter which indicates experimental
group i.e. H = hippocampus; CP= caudate-putamen; T= thalamus. ]
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FIGURE 2- 1. ° _ )

Electroencephalographic. changes following,electfical stimulation - ‘
‘ ;T “ of the hippocampus ‘ . ,Jﬁﬂf

; :\‘; /
: . ) : C \‘~§
Rat H-1 on day 19 of kindling, before full seizure dévelopment,

and on day 31 when fully kindled. Initial (primary) after-
discharges occur immediately after stimulation (30 uA), followed.
by a silent period, and then delayed (rebound) afterdischarges.

Note that on day, 31, the full seizure occurs mainly during the
EEG silent periqd.
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- FIGURE 3 -

Electroencephalographic changes following electrical stimulation
of the thalamus

v

Rat T-5 on day 23 of kindling’, before full seizure development,\and
on day 35 when fully kindled. A short aftkrdischarge period

. follows the stimulation (200 vA) and on day the seizure occyrs
during the afterdischarge period.
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FIGURE. 4

lectroencephalographic changes following electrical stimulation
. of the caudate-putamen s
Rat CE-10 on day 29 of kindling, before full seizure’ development, and
on day 33 when fully kindled. ‘A short afterdischarge period follows
.the stimulatiag (125 uld), then a short silent period: The silent period
terminates with some spiking and slow wave activity in the EEG.
The kindled seizure occurs during the afterdischarge period.
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FIGURE 5 °

The effects of- intracerebroventricular -injection of
- B-endorphin (10 ug/10 ul) on hippocampal electroencephalo-
graphic activity ‘in a non-kindled rat

v 7’

Rat H-2. Within 5 minutes after administration of B—endoxphin
spiking and ictal episodes can be seen in the”EEG. The initial
ictad’episode is°followed by a silent period and then spiking
afterdischarge activity. Additional ictal episodes are seen

b

at 10 and- 14 minutes after injection, with continuous inter-ictal

spiking. '
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FIGURE 6.~ °

o .
.

'The dffects of intracerebroventricular injection of
B-endorphin (10 ug/10 ul) oir’hippocampal electroencephalo-
graphic activity in a fully kindled rat

.
5

Rat H~2. Within 5 minutes after ad nistration of B-endorphin
spikihg 'is seen in the EEG. No ictal episodes similar to those.
observed before kindling (figure 5) were.elicited.
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) " FIGURE. 7

)

The ‘effects of intracerebroventricﬁlar iﬁjection of b
B~endorphin (10 ug/10 ul) on thalamic electroencephal%raphic o }
activity in a non-kindled and kindled rat . .- '

Rat T-2. A minimal amount of .spiking iti/ the EEG is -seen in the u
unkindled animal (top three tracings). After kindling, spiking
appears in the EEG and continues throughout the observation period.

*

For comparative purposes, a sample record of the EEG of this
animal during elet;trical*stim‘ulation is shown (bottom tracing). .




. Rat 1-2 8-Endorphin 10 pg

~

: Before Kindling . !

presaing
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. * 13 min ) oxploring ¢ Hinching - .

, Kindling - Day 16




FIGURE 8
The éffects of intracerebroventricular injection of
B~endorphin (10 ug/10 ul) on caudate-putamen electroencephalo-
., graphic activity in a non-kindled and kindled rat -

Rat CP-8. Before kindling, some spiking is seen in the EEG
(top two tracings) as well as slow wave activity (next two’
tracings). After kindling, less spiking and slow wave activity
is seen (bottom three-tracings).

For comparai:ive pur}:oses, ‘a sample EEG record from this animal
during electrical stimulation -is shown (last tracing).

e
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. FIGURE 9 y
- o
Reversal of electroencephalographic effects of B-endorphin
» by Naloxone (10 mg/kg i.p.)

Rat H-2, after kindling. Eight minutes after administration ofk
B-endorphin, faloxone was injected. Following injection of

. naloxone, no B-endorphin induced electroencephalographic effects
were recorded.
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