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-, ABSTRACT
- Various organisms, including man, will repeatedly
pfess a bar or a switch to obtain electrlc shock to specific
- points in ‘the brain., The phenomenon, now called electrical
" self stimulatioh (ESS) has been demonstrated from various
bfaiq;areasﬁ Attempts to'ébntrol epileptic séizure'have reveal-~
.-~ed=seizure éys&ems from vériouﬁ brain areas. The observation
+that raté'ﬁay éb into seizure following ESS raises the .possi-
bility that.bréin reward and brain seizure syst;ms overlap.
The purpose of tﬁis study was to examine the possibility
that systemé mediatiﬁg reward may interact with brain areas
mediating seizufé. ‘ ‘
_ A series of rats, implanted with chronic electrodes with
stimulating tiﬁs in and near the basal septum; wasg tested
for incidence of ESS, Subjects (§§) demongtrgting ESS were
divided into two grouﬁs. The first grouﬁ‘was allowed to self
stimulate‘(SS) at succeésively higher current levels until
either seizufe-occurred or 1000 microamperes {ua.) was reach-
‘ed, Seizure thresholds were recorded and then programmed- sti-
muiation-(PES) was applied to these animals and seizure tﬁresn-
olds re-established., The second group of‘self'stimulators
together with a third group of Ss who d1d not dquonstrate SS,
were given comparable levels of PES as were recorded for the
‘fi?st group under S5, This was done to determine if convulsive

seizures could be induced in thesé animals, -

For Ss demonstrating ESS and seizure,; ESS occurred at a



4 lower iﬁtehsity level'ihaﬁ'se%zure. A signifiéantly greater
inéidence of seizure Qas found fér Ss demonstrating ESS than
for Ss who did not self stimulate. However néﬁdifference in

seizure incidénce was found for animals du;ihg SS compared to )

PES, No changes could Pg demonstrated in brain imﬁgdance for *

the three groups before, during and after seizure.

It was cbndluded fhat for some electrode placementé,
» electrical stimulation could be activating two brain systems
at the same time- one mediating reward and the othef ménifest-_f
ing seizure. Some types of seizured may therefore.have reinforc-
ing properﬁ;es. For some seizures, a treatment pr&gram that -, |,
uses;conditioning techhiques may be ignoring a crucial reward
variable affecting seizure frequeﬁéy. | .

L)

. - r

iv




PR_EFAIC.E

I would like to dedicate this thesis to‘my‘advieor,
. Dr. David Reynolds, who gave me 2 free hand in comp}eting
the project, but at the same time was alwaye available
’for guidance whenever. I needed .it. He always seemed to -
‘_have a wdy of putting those thiags in’ clear perspective
'which were often the cloudiest to me. -H ' . .
| I would like ‘to extend a- Sp801al thanks to my commlttee -
members, .Dr, Theodore leota and Father Claude Vlncent. for
show1ng exceptlonal patlence over. ‘the long haul, espec1ally
toward the end. ‘ ' é{ _ c R .

AQ%ig thanks goes out to Marilyn Bell without whose / -
help I would never have finished this manuscrlpt orr time,

The f1nal acknowledgehent must go to my parents. Thelr -

~
hard work and faith in me prov1ded the final, Spark with whloh v

‘I could apcompllsh my goal.

R .




.CERTIFICATE OF EXAMINATION

ABSTRACT
"PREFACE

LIST OF FIGURES

LIST .OF TABLES
CHAPTER

REFERENCES
_ APPENDIX =
VITA AUCTORIS

-

- -

TABLE OF 'CONTENTS

INTRODUCT ION

" METHOD
R@SUBTS
DISCUSSION -
Y
vi

[?



Figure 1.
Figure 2.
Figu;e 3a)
Figure 3b3
Figuré 3c)

Figure 3d)

Figure 3e)

\ LIST OF FIGURES
N WEEme
: ' > ' . age

Cpmparisén of electrode placements between
Groups 1 and 2, and GrOup Boongoo-ooonoo-c-loizs

Comparison of electrode placements-between
Groupland Group 20!‘ll"..l.lll'.llll...lll.‘26

Changes in Brain Impedance during 10 minute

Test Session at .lma, stimulus intensity..ese27

Changes in Brain Impedance during 10. minute

2

Test Session at .3ma. stimulus intensitye.,...28

Changes in Brain Impedance during 10 minute

Test Session -at .5ma. stimulus intensity......29

Changes in Brain Impedance during 16 minute
Test Session at .7ma, stimulus intensity......30

Changes in Brain Impedénce during 10 minute
Test Session at .9ma. stimulus intensity

vii

-




LIST O’F TABLES

-

_ | page
Table 1. Experimental Procedure..........................14

Tablg 2, Combinations of SS and Seizure within Ss
across Groups.l....ll'l.llll...."lll....'.....llg

‘Téble 3. Incidence of Motor Seizures in Each Group.......éo

Ta 1 4 arlson of Seizure Thresholdqfor Group 1
\\ during SS and PES and Group 2 Ss during
Table

.l.'l...'..l.I...ll'l.......'l.l...'l"l...yltzl

Comparison of Seizure Threshold and Seizu
Latency for Group 1 Ss during S8 and PES........22

Table 6, Brain Areas of Electrode“Placements.............2&

y g

e,

viii

i



CHAPTER 1
INTRODYCTION

Twenty years ago’ 0lds and Milner (1954) réported
that rats would repeatedly press a bar to,obtain brief
electric shocks to the brain, The animals pressed the
bar in the absence of any gonygptionéi pfimary reinforcer
such as food or'd;ink. Since this initial.report. the phenom-
enon, wﬁidh-baﬁ come to be cailed.electrical_self stimulation |
(ESS); has been uskd to'déménstrate many interesting brain-
behaviour relationéhips (Bishop, Elder and ‘{eath 1963
Hérbeté 1963; Wiikinson and Peele 1962) from divergent brain
areas (Olds 1956; 0lds 1960: Lilly 1958).

' Attempts to control epileptlc seizures have also
yielded fascinating discoveries regarding brain-behaviour - -
relationships (Penfield and.aagfer.1954; Sperry, Gazzaniga
and Bogen 1969; Mark and Ervin-1970) from different brain
areas (Penfield and Roberts 1958). At the sﬁme time, surg&cal
intertention'fgr"epilep§?>control has not bgen without cost

a

to the patient (Penfield‘and Milner 1957).. Because of this,

dryg therapy has been used for seizure contirol, But side effects.

from chronid.drug taking are well: documented,‘and increased
drug dosage does not always control seizure activity. The

resistance of seizures to control by drugs has often been
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.attributed to "sensitization"- an incressed susceptibility
. N

~ of the brain to‘seizureé as & cansequence of- previous

repeated seizure activity. There is considerable evidence to
support. this (Goddard, McIntyréland Leech 19693 Tress and
Herberg 1972). ' | ‘ : : ‘e

R With the emergence of behaviour modification tech-
niques, it was only a matter of time before an attempt was
made~to reduce or elimlnate .Beizures through conditlonlng
techniques. Some success has been reported (Efron 19573
Delgado 1970). The extent to which this approach will be
either practical or suoc’ésful depends on a variety of
factors, One factor is the extent to which the seizures ;
themselges may be reinforecing. ThlB unlikely possibility
suggested itself as a result of an incidental flnding in
our laboratory ‘and has also been reported by others
(Porter, dy and'Conraot1959: Malsbury 1971).bno-of the
oonsequences of self stimulation in rats is theﬁselg induction
of épiléptic seizures. These seizures seemed to originate;
however, ooly from, electrodeg in and around the diagonal
vand of the basal septum. The fact that seiZuros mighf )

have a close anatomical relationship to brain systems

mediating reward has obvious 1mplications for any attempt

to control selzures through reinforcement techniques. The

present experiment was.carried out to determine if, in fact,

a common agotomical substrate does exist, and if it does,

to determine the likelihood that seizure activity originating

in or involving basal septal regions may be activating
. o
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brain reward mechanisms.

The basic electrioal self stimulation paradigm allows
the subject (S) access to a switch. which if depressed.

delivers brlef eleotric shocks to epec1flc points in the

_ bradn through ‘permanently 1mp1anted electrodee(coated needles

'xposed only at the tip)(Grossman 1967), Some tissue damage
reeults from electrode 1mp1antation. However. investigatbrs have
reported that after initial damage. repedated stimulation does
not result in further t;ﬁsue damage (Valeneteln and Beer 1964; .

o

Goddard et al-1969). _ . |
Since the-firet study 1nvolv1ng rats (0lds and Milner.
195ﬂ), the phenomepon has~been confirmed in cats {Wilkinson
and Peele 1963), monkeys (Bursten and Delgado 1958; Briese
and Olds 1964). and man (BlBhOp et al 1963). |
Instrumental responses can be acqulred w1th intracranial
reward (ICR) when no,other“incentlve" or reward is used (Schhit-
zer, Reed and Porter 1R65). However,,an analyels .of ESS paired
w1th primary. rewards offers some- 1nalght lnto the underlying
mechanisms of the re nforcement properties of ESS Stimu-
lation of the latefal hypothadafus prodgces both'"atlmulus
bound"” eating and hlgh self stlmulatlon rates, Food deprivation
in the same Ss was often found to reeult in a maJor increase
in self stimulation rates (Margules and 01ds 19621 Hoebel and
Teitelbaum 19621 Robinson and Mighkin 1962). "Stimulus bound" *

drinking as well as high self atlmulatlon rates have been

demonstrated in the lateral hypothalamus (Mogenson and Steven-

#
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son 1966; Mendelqen 1970), Water deprivation was also found
to affect ESS rates in a similar manner (Brady 1958). Hrescot
(1966) reported that vaginal cornification in female rats,
indicating increased sexual receptivity during estrus, is
associated with incréﬁégd gelf stimulation }ates in the post-
erior hypothalamus, Electrical self stimulation rates were
found to increase with the-systémic injection of testosferone
(a male hormone) in male rats. Constant stimulation of the
same site elicited immegiate copulation witﬁ female rats

1
(Caggiula and Hoebel 1966), Similar sexual responsiveness and

self stimulation has been‘reporteﬁ from the same neural region,

often accompanied by ejaculationA(Herberg 19633 Robinson and
Mishkin 1962; Caggiula 1970). _"4

Fluctuations in ESS rates have been demonstratedrto be
specific to certain drives. Wilkinson and Peele {(1962) found
that food deprivation increased ESS rates only in certain
areas of the lateral hypothalamus but did not affect fﬁtés
at other electrode placements, More recentxreéearch however
has ghown that eating and drinking can be elicited through
stimulation of the same hyqothalamic electrode, Different
current intensities were used to demonstrate that stimulation
produces eating at a lower current level and drinking at a
higher level (Wise 1968).

Intracranial stimulation can therefore act as a “primary.

reinforcer” and its effects appear to be associated with

*primary" drives such as‘hungg;,hﬁtiiif and sex.
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Electrical eelf etimulatlon 1n rate hag also been demon~
zkﬂztrated to result in epileptic-type 'afterdischarges in wide-
pread brain areas, This eometlmee lﬁads to convulsive eeizuree.
or more commonly, to brief behavioural pauses. During these
pauses, animals "freeze" for some seconds before they resume e.
responding (Porter, Brady and Confad-195§: Newman and Feldman
1964; Bogacz, St. laurert &nd Olds 1965). Both types of attacks
show & reduced incidence after administration of anti-convul-
sant dfﬁgs (Reed, Gibson, Gledhill and Porter 1964; Mogenson
1964), ]
Incidence of epileptic afterdischarges during}ESS has
prompted the euggeetion that ESS might be direct ; related t;
seizure activity (Porter et al 1959 Newman and F dman 196&)
In effect, the electrical gstimulation could result in "small"
seizures sometimes developing into "full blown" convulsiqneﬁ
It has been suggested that the seizures themselves might be
responsible for the reinforcing property of the brain shsgk
(Bogacz et el 1965). To test for this possibility, rats were
implanted with electrodes in various brain areas (ventro-later-
al tegmentum. posterior laterai'sypothalamus.,anterior lateral
hypofhalamus, epithalamue. tectotegmental area and visual cor-
tex) and tested forkeelf etimulation (sS) at the various elec-
trode placements, If S35 developed, a response sequence was arr-
anged allowing 10 SS feeponsee to be followed by 10 free but

unreie§krced responges, This procedure was repeated three -

times during any one seeeion. EEG recordings were taken during
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the unreinforced responoe~periods. If SS failed to develop with
a given electrical gtimulus, a similar response aequence was
arranged. Ten forced stimulaolons_(administered by the experi-
menter) Were followed by.a 12 second interval of no stimulation.
This prooedure was repeated three times with EEG réoordiﬁgs
taken during the 12 second non-stimulation period, The experi-
menters found that epileptiform activity was produced equally
in electrodes that did, as well as electrodes thaxldid not,
yield self stimulaticn. ?he'authors concluded that "no sig-‘
nificaht relationships could be demonstrated between self
gtimulation and epileptlform activity, at least Judglng,from
the threshold valoes for the latter or from its duration and
generalization which did not seem enh?nced when induced in
optimal sites for self stimulation™, o

The conclusions of Bogacz gt al (1965) seemed to dissociate
ESS and epileptiform activity.: However, some Ss demonstrated
full blown convulsions followlng ESS. This has also been re-
ported by others (Newman and Feldman 1964; Malsbury 1971).
This finding could be explained by inferring that ESS is con-(\

currently activating brain reward and brain seizure systems.

The reinforcing property of ESS need not be‘%ﬁe to selzure
onset, but ESS may be contiguously activating anatomically
proximal brain systems- one mediating roword and another
manifesting geizure, .

To imply different but overlapping systems for brain

reward and brain seizure, it would seem necessary to demon-
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gtrate that ESS and selzure cag occur-sephrateiy (1.e, indepen-

" dent of one another), as well as together, Specifically, it
should be possible to demonstrate SS without. seizure. seizure
. without SS, and both SS and selzure together.

Reference has been made in the 1iterature to human patients
brfhging on their own seizures, l.e. self induction of sei-
zures- (Castaut and Broughton 1972), Since selzures have been
shown to be initiated by rats during ss; this raises a question
as to the role of the subject as an active or passive parti-
cipant in selzure elicitation; There is some evidence in aver-
sive situations that the subject's involvement (active or
passive) can lead to different results. Welss (1968) yoked
three rats together to receive averslve electric shock. One S
was given a warning light before the shock was delivered, and
could press a switch to defer the shock for himself and his
yoked partners. His partiners couid also depress a switch.Abut
this had no effect on delivery of the shock. Weiss found that
those S8 who could not control the occurrence of shog¢k were
more likely to develop ulcers, even though all three S8
received the same number of shocks. In an SS situation, Ss
might be able either to hasten or defer seizures by subtle
ghifts in bar pressing, vwhereas Ss receiving programmed sti-
mulation might not. Thue. the role of self 1nvolvement in
the selfzure proqess could yield some valuable information
regarding the extent of_eontrol an organism might exert over

brain-geizures,
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In a somewhat different but related problem, brain imped-
'ahée has been ghown to change during and after SS (Reynolds™
1963)., More recently however,‘no relatiqnship between brain
impedahge‘and seizure afterdiélhargea could be established
(Racine 1971). Brain impedance measures the total opposition.
of fissue to current within the stiﬁulating circuit (Delgado
1960), 1f, as some have suggested, impedance decrease reflects
increased activity of neuronal tissue surrounding the recording .

electrode, sytematic changes in impedance may help clarify

the relationship of brain activity, SS and seizures,



HYPOTHEBES

’.The preceding review ralses the following specific .
quesations- |
1. Selzure and aelf stimulatlion have been eliclted from the
same electrode. Can selzure and self stimulatlon be elicited
separately? If so,.then 1t would quport the notlon thay {
there are separate but overiapping systemse* within the braln‘
that medlate seizure and self stimulatlon.

_Selzures have classlcally been consldered aversive.
However, the posslbility of anatomically overlapplng bralm
reward anﬁ brailn selzure systems raisea the possibility that
gomeé selzures may have reinforcing effects. What 1; the rela-
tive 1n;1dence of seizures among self stimulating and non |
gself étlmulating 8s? If a greater incldence of aeizures 1s
found among S3 88 than non 83 8s, this would suggest that
pelzures in some cases may have rewarding concomitants.

It ho difference 1s found, then there 18 no reason to
belleve that there 1s any speclal relatlonshlp between the
‘two. If a gréater 1ﬁéldence of selzure 1s found among non
33 8s than among 33 88, this wouid suggest that selzures
have 1ittle or no direct effect on reward systems.

2. Some experiments have used actlve ES3S while tesating for
selzures (Bogacz et al 1965), whlle others have used pro-
grammed stimulation (FES) after ES3 had been demonstrated

(Herberg et al 1969; Tress and Herberg 1972). What, 1f any,

18 the role-of self involvement on the incldence of selzures?
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If for SS S8, active ESS hastens Beizures, it could be said
AT
that SS Ss are seeking Beizurae. If durlng active ESS. seizures

take longer ro develop, then it could be argued that self
gtimulators are deferring seizureﬁ- and that séizures are | |
aversive. If no difference is found, then it can be presumed “
that seizures are basically neither reinforcing or aversive
in-the area‘studied or that the experimental method cannot
discriminate ag to the reinforcing properties of seizures. .

/" & . ' : . .
3. Is there any relationspip between brain impedaﬁce, ESS

a;d seizures? The investigation of impedance changéé during

ESS and during behavioural Beizurgs from the septal region

may be helpful iﬁ}dgférmining neurél mechanisms basic to '

1

each.
J

/'



CHAPTER 2 | "
METHOD

Subjects’ ) ' . e

Twenty four male albino rats (Wistar strain) were used ?
with a weight range between 350 and u50 grams, The maaority
of subjects were bred at the Unlverslty of Windsor, Windsor
Ontario. Three were obtained from Woodlyn Farms, Guelph,
Ontario. Food and water was available ad 1ib throughout
fﬁe study.
‘Apparatua )

Solid state programmlng units (BRS Digi- Bits) connected
to a test chamber (Lehigh-Valley, Model" # 1417) were used to
set up the basic 10 minute stimulation session during which
brain stimulation was delivered. Self stimulation and pro-
grammed stimulation procedures were both programmed in the
same unit, allowing either procedure separately. At the end
of the 10 minute session. the unit was programmed to open
a relay to discontinue any further brain shocks. A 5 minute
"ex@inction“ phase was then initiated. Termination of the ex-
tinction phase ended the.seasion. A pulse generator (Berl—Model
210, constant current source), monitored on an oacilloscope,

(Tektronix Inc., Type 422) was used to deliver braln shocks.

11
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The subjects’, bar presses and brain shocks were both

eeparEtely connected to a cumulative counter, Delivered brain
shocks were elsorecorde& on a cumula@ive recordébi(R.eGerbrands
Co.).-

Electrodes .

The electrodes (Ciay Adems, Type 0), were coated with
-FORMVAR. A reducer was then applied to thin the coat. Elec-
trodes were coated at least fOur'?imee, and were then baked for
*48 hours after each coat.at about 350°F, The electrode tips
were then exposed by scraping them on sandpaper. Electrode
" stems were tested for leaks in a saline solution by applyiﬁg
.a 30 volt stimulus to the electrodes from an AC power source.
Surgery R | |

All Ss were anesthetized with sodium pentobarbital
(NEMBUTAL). supplemented with ether, prior to surgery. One
c.c. of NEMBUTAL diluted in a sblution of 10 parts water,
was injected per 100 gramsﬁsf subject's body weight, Uni-
lateral monopolar electrodes were then implanted in all Ss
using a stereotaxic procedure deecribed'by Hart (1969).

The target area was the basal septum and neighbouring struc-
tures, in particular the diagonal band of Broea. as specified
in De Gropt (1961).

Stimulus Parameters

Pulse trains, 0.2 seconds_in length, of negative golng
rectangular &ave stimulation (0.5 milleseconds in duration)}
at a frequency of 100 Hertz were useg_thrdughout pretest and

test sessions. The amplitude of constant current stimulation
*
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during ﬂretest originated from a base of 50 ua, and was
increased in 50 ﬁé. steps_from SS threshold levels during
daily test session for all 5s.
Procedure
Pretest
The experimental procedure is summarized in Table‘l.
A@Eer a three day recovery from surgery, a pretest
period of up to five daily sessions was ﬁsed to determine
which electrodes would show self stimulation using the method
of successive approximations. This involves the expéfimenter
stimulating the S on repeatédly closer épproaches to the.iever
unfi} the S begins to se}f s;imulaje. Subjects showing aversiv%
affects to stimulation during pretest ﬁere not included-in
further testing. All Ss responding to shaping with an average
of at least 10 self applied brain shocks per minute for any
one.session were classifiea as self stimulators, Thresholds for
' S were determined by decreasing the current level by 25 ua.
during the next session frgm the level at which SS was first
ﬁ;ticgd. The lowest 14vel at which SS met the above criterion
was regarded as the SS threshold level. All Ss not demonstrating
an average of at least 10 bar presses per minute were
classified as non self stimulators. Electrical self stimulation
was delivered on a cqntinuoué reinforcement schedule (CRP).
rest _
Subjects demonstrating S5 were randomly.subdividedlinto

two groups, Group 1 was allowed free access to a bar and was
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: teeted at successively higher current levels. An increase of
50 ua., per day from individual SS threshold levels was ueed.
The remaining self stimulators (Group 2) and the non self
etimuletore (G}oup'j) were individually paired with one of the
Se from Group 1. Similar thresholds for SS were used in
pqiring Group 1 and Group 2 38. Subjects from Group 2 and 3
received programmed etimulatlon at the approximate daily ‘
rate "and current intensities,(+ 5%) recorded for their indivi-
dual pirtners from Group 1. Daily sessions continued for the
three groups either until seizures oecurred.,hindering side
effects developed (squeaking, high locomotor activit&)..or
a maximum of 10Q0 ua. was reached. With the onset of gelizure,
current levele‘were decreased by one- half the daily incre- —
ment (25 ua,) for the next session. Seizure thresholds were
regerdéd as the lowest of these two levels during which
geizure was elicited for one session. The threshold for selzures
was recorded as well ae'the number of stimulations to selzure,
seizuregduration. seizure severity and seizure 1atency (amount
of tlms from beginning of segsion to occurrence of seizure}.
Programmed stimulation was discontinued for Group 2 and 3 es
gsoon as seizures were initiated. A behavioural seizure was oper-
ationally defined as bilateral clonic activity involving the
forequartere and continuing during Btlmulation as well as-after
stimulation tqrminatlon. Stimulation was reinstated when it
appeared that the S had sufficiently recovered from the

geizure (ranging from about 15 seconds to 3 minutes).
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Seizure severi%y qgs,recorded‘on a five point scale as
utilized by Racine (1971), |

Following testing for seizure threshold, Group 1
was retested With programmed stimulation at a rate comparable
to that which elicited the initial seizure (+ 5%). Sti-
mulation parameters were equated with initial levels .
recorded during seizure sessions. If selzure was observed
on the first day, then currenf levels were decreased daily
by 50 ua. until seizure was no longer eliciteﬁ in any one

gession. If seizure was not observed on the first'day,

 then current was increased by 50 ua. daily until either

seizure-or 1000 ua. reached, Seizure threshold was determined

as before, _ . !
Groups 1 and 2 were then retested for SS threshold levels

in the same manner that was used during pretest,

Histoiogx ' . o~

Sacrifice |

All Ss were sacrificed following the last day of test-
ing and the heads placed in formalin (10%) for a week.

The brains were then removed from the skull and left in

formalin (10%) for another 10 days. The removed electrodes’

- were then tested for leaks in a 'saline solution using a 30

-

volt, 60 Hertz stimulus,

Sectioning

Sections of, 50 microns were made using a freezing

microtome (AO Model #880). Each ‘third section from the



initial discovery of the electrode tract was préserved. Kand
drawings were taken to verify electrode placements. Brain

. gections were preserved in formalin (10%) for photographing.

A

Photography

./ Brain seqtions were mounted on an overhead projector
and exposéd‘to-photosenéitive paper (Ko@ak Polycontrast RC
paper) for 10-12 gseconds. The paper was then placed in a
developer (Ilford Bromophen) for 15—2 minutes, rinsed in
clean water and placed in a fixer (Kodak Fixer) for €-1o
minutes. The 4"x5" pictures were theh rinsed in water again

and dried.

ey

A
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CHAPTER 3
RESULTS

Table 2 indicates the differing incidence of 98 and
geizure in different subjects. 8elf stimulation and seizures:
were demonstrated both separately and together. )

Table 3 shows the Group by Group incidenbelbf\ngzor ‘ _,)
selzures in aelf stimulating and non self stimulatiﬂé S8s.

A chl square analysis (Ferguson 1971) revealed a significant-
ly greater incidence of gelzures among selfl st}mulating

88 (Group | aﬁd 2) than among non self ptimulating 35

(Group 3} ( qg?: 4,26, d:f. = 1, p£.05). Individual group
comparlisons, however, did not reveal a qifference in

seizupe incidence for Group 1 and Group individually when
comparsed to Grdup 3: A chl square analysia also revealed

no 'difference between Group 1 and Grouple Ss for 1incldence

of seizﬁreg. ‘

Teble 4 indlcates seizure thresholds for Group 1
during 88 and PES and for Group 2 duriqg PES. A comparison
of selzure thresholds for Group 1 S8s during 53 showed no
difference from éeizure thresholds recorded for Group 2.
.§§_under PES. Similarly comparison of selzure thresholds gr
for Group | 8s under'88 and PES revealed no difference 15“
geizure threshold. Table 5 lndicates a selzure latency and
gselzure threshold comparison for Group 1 3s under 88 and

PES. A slgnificantly shorter latency to selzure onset was

recorded during programmed stlimulation compared to self”

- 18
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. : TABLE 2 .
Combinations of SS and Selzure Within_§_§ Across Groups
Ss showing only S5 2
Ss showing only seizure 3
‘ "
Ss showing both SS and seizure 14
; ;

. Ss showing neither SS nor seizure 5
TOTAL N = 24

<7
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TABLE 3
Incidence of Motor Seizures in Each Group

Group 1 (SS-SS) Group_2 {SS-PES) Group 3 (no SS-PES)
#70+ #92+ #109+
#74- #97+ #98-
-#78+ #B85+ #103-.
#7279+ #106+ . #110+
#80+ #82+ #83+
489+ #1114+ #87-
91+ #101- #90-
Y 495 _#96+ #102-
7 7 3 = TOTAL
‘ . SEIZURES
(per |
Group)
+ = selzure recorded:.
- = no selzure recorded
x% = 4,26, d.f, =1, p < .05 for Group 1 and 2 va. Group 3
.xz = 2,40, d.f, =1, p > .05 for Group 1 vs. Group 3 and
_ Group 2 vs, Group 3 LA
x° = .57, 4.f. =1, p ¥ .05 for erup-1 vs, Group 2
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TABLE L

Comparison of Selzure Threshold for Group 1 Ss during
'SS and PES and Group 2 Sg during PES

Group 1 Group 2

S SS(ua.) PES(ua,) S PES(ua., )
_ #70 600 525 #;;\\\ 1000
#74 ---t -—-e _ #97 375
§/78 850 850 - > #854' 825
#79 150 ~ 200 . #106 200
#80 975 1000 #82 500
489 276 © 800 . #1111 550
#91 975 875 #101 -t
#95 975 1000 B #96  _950
o o1 | .t

(=
Wilcoxon Rank Sum Test, R= 52.5, p = .05 for Group 1 Ss
. during SS and Group 2 3s during PES

Wilcoxon T = 10, p‘é .05, for Group 1 Ss during SS and PES

#no selzure elicited

s # of Ss demonstrating selzure in respective column




Comparison of Seizure Threuhﬁ

TABLE $

Group 1 1 Ss during SS and PES

22

1d and Selizure Latency for

Group 1 (S8)

Selzure

1

Group 1 (PES)

Seizure

eizure | Seiiﬁ}e

. BER Paspe Bl Traine
#70 6.5 600 1.1 525
#714, —— —_—— — ———
#78 7.9 850 9.9 850
#79 10.2 150 9.0 .200
#80 9.5 975 9.5 1000
#89 6.8 775 .6 800
#91 6.8 975 4.0 875
#95\ 7.2 975 5.0 1000

Wilcoxon T = 1, N= 6, p4§ .05, for selzure latency comparisan
- during SS and PES '

#no selizure elicited



.23
atimulation (Wilecoxon T="1, N=-6, Pé 05).

Figure 1 18 a composite dlagram of eleotfode placements

| i
for the three groups. Table § lists the approximate braln . i
areas for electrode facements. Braln areas demonstrating \
teizure are also indicated. For self stimulators, the

@ajority of eloctrode tips~were located 1n either the

diagonal band of Broca or the medial preoptic area. Group

% electrode tlps had no consistent location. The composite

diagram (Figure 2) of electrode placements for Group 1

and Group 2 S8 indlicates no great difference between Group 1

and Group 2 S58.

Figures Ja through 3e present brain impedance record-
ings for the three groups at different stimulus 1lntenslty
levels., The recordings are presented for the beglnning
(first minute), mliddle (£ifth minute), and end (tenth min-
ute} of each test gsesslon. The 1lmpedance levels are presented
as group means. The standard deviatlions about the means are
also presented. Inspection of the.Flgures reveals a higher
brain impedance for Group o than Group 3 at .1 milleamperes
(ma.) but no other difference in lmpedance means was found

at other stlmulus intensity levels.
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TABLE 6
Brain A:eae of Electrode Placements

-

24

Group 1 Group 2 Group 3
#70-DBB* . . #92-0C* #109-AC*
. POA
¢
#74-DBB . #97-POA* #984S0
TU0
#78-DBB* #85-POA® #103-0C
#79-DBB* H#106-ACB* #110-CPU*
~ DBB

#80~POA* #83-ACB* #83-DBB*
(med,-lat.) ACB
#89-DBB* ' #111-POA* #87-S0
#91-POA* #101-DBB #90-POA
(med.-lat [] )
#95-DBB* #96-DBB* #102-TU0Q

ACB DBB

AC-anterior commisure
ACB-accumbens nucleus
CPU-caudate/putamen
DBB-diagonal band of Broca
0C-optic chiasm

POA-medial preoptic nucleys
SO-supraoptic nucleus q\
TUO-olfactory tubercle
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legend
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- active p&rt1c1pat10n of the experlmental anigal in obtaining

CHAPTER 4
DISCUSSION . . |

The - study evolved from the incidental observation that

rats would frequenﬁly go into seizure during self gtimulation

if the electirode ‘tips were in and around the diagonal band
area of the basal gseptum. The occurrence of presumably opposing’
phenomena- one pleasurablefféelf stimulatlon) and the other

averslve (seizure)- was an apparent paradox. An experiment

_was initiated to determine the possibility of a relationship

between self stimulation and seizure. A comparison of seizure
suecept1b1lity was obtained for electrodes in reward areas *

as well as for those in non-rewardlng areas, The effect of

brain réward was also examined to see if, this had an effect
on seizure susceptibility. Brain impedance measures were
recorded as @ possible measure of brain activity around the
electrode tip. [ |
The original observation was that self sti&ulation aﬁd‘

eizure could be elicited from the same electrode, To
:;\tqu thaf there are separate but overlapping brain
reward and brain seizure systems, it is necessary to @émon-
strate self stimulation and seizure from separate electrodes
as well as togethér in other electrodes. Table 2 indicates

the different combinations of self stimulation and seizure

_ for the three groups, It is clear that self stimulation and

32
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! .
seizure'were obtained separately, a8 well as together, In some

locations, neither seizure nor self gstimulation was elicited.
It appears safayto conclude that reward and seizure systems
in thé brain areas stjhied are to some extent separable,
.Pable 2 indicates that self stimulation and selzures
‘can be eliciteﬁ separﬁf%ly as weﬂz:as together. This raises
the question as to the relative incidence of selizur /- r
SS Ss compared to those who do not show SS. Exprqégz:\:Z
another way, what is the seizure susceptibility due“to
stimulation 01 brain reward areas or §9/ﬁ6n -reward areas?
Thq/%esults are presented in Table 3 A signifxcantly greater
incidence of selzure was obtained for self stimulating Ss’
compared to non self stimulators (ﬂ/ 4,26), Seizures have
traditionally been assumed to be aversive, However, the
demonstration of selzure from reward areas raises the possibi-

Yity that these seizures may have or may develop reinforcing

properties. ‘

It. could be argued that the demgyatration of a greater
incidence of seizure among self stim&lating Ss compared to
non self self stimulators is an artificial finding,rsince only
a relatively restricted brain area was sggpled (principally
the basal seppum). The implicatioﬁ might be that the effect
would dis%ppéar.if a more extended brain area had been includ-

ed in the subjéct sample. How even if it were to be

jfference in incidence
, Ly
of seizure between reward and non r ard areas, the fact

found that there is no signiflcant

b7
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st111 remains that both SS and seizure were reliably produced
from the same electrode, and that therefore seizures may be
rqwarding for these S8, .

The demonstration of self gtimulation and selzure from
' the -same electrode raises the possibility that some selzures
may be rewarding because during seizure, brain reward areas
may be activated, However, alternate explanations are also pose-
ible, The selzures couid be aversive and detract from the rein-
forecing properties of the SS. The occurrence of seizures could
. also be viewed as neither reinforcing or aversive and simply
~as a concomltant or gide effect of electrical stimulation.
To test these possibilities, self stimulators engaging in
SS (group 1-SS) were com;ared with self stlimulators who receiv;
ed programmed stimulation (Group 1-PES and Group 2-PES).
In other words, the effects of active versus passive involve-
ment .in brain stimulation was used %o determine the nature of
the reinforcing properties of sef;ure. Self stimulating Ss
engaging in SS are in a position to control brain stimulation.
They can press the bar at their own pace., 1f selrures are
considered aversive, then it might be possible for the Ss
by sBubtle manipulation of timing of bar presses to obtain
brain shock but defer selrure onset, This presumes that the'
Ss are {nsome way forewarned of the oncoming eefzure and
can altar self stimulation to delay selzure. If the seizures
themselves are rewarding, then the SS Ss might be able to

alter their bar pressing pattern to hasten the onset of



seizure, Self siimulators recelving PES cannot control the

ﬁ?w::;d
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occurrence of stimulation, Therefore, if soliurol are nvofuivo.
Group 2 (PES}y should show a greater susceptibllity for selzure,
and {f rewarding, a lesser one, If no difference is found
between Group 1 and Group 2, this would would suggest that
the selzures are nelther fowarding or aversive. The other
posaibility is of course that the experimontgl method cannot
discriminate the nature of the reinforcipg properties under
the conditions of the experiment,

Self stimulating Ss engaé;ng in SS showed no difference
in relative seizure incidence when compared to 55 Ss.
-given PES; (Table 3)}. The relative incidence of seizure is
however a rather crude measure with which to differentiate
relative seizure susceptibility. More sensitive measures could
be more revealing, Seizure threshold and seizure latency can
be viewed as more refined measures of selzure susceptibility,
whereas selzure incldence is a discrete ﬁeaaure. A comparison
of seizure threshold and seizure lattggy was used for this
purpose, Table 4 compares seizure threshold for Group 1 Ss
during SS and PES and also for Gfoup 2 S8 during PES, A
significant difference was found however for seizure latency
for Group 1 Ss during SS compared to PES (Table S5), Group 1 Ss
went into seizure significantly faster during PES than dur}ng
SS.

&his could be ‘interpreted as evidence for the aversive-

ness of seizures, since- the Ss during PES could not control
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the occurrence of stimulation, and could therefore supﬁoaedly
not defer seizure., This ros&lt is however cepnfounded with the
number of previous selzures recorded for the S5s at the time
the selzure latency measure was taken. According to the
experimental design (Table 1), Group 1 S8 had to first demon-
gtrate selzure during SS before being given comparable stimu-
lation during PES, In effect, all Ss tested during PES had
already manifested one seizure whereas selzure latency scores
during SS reflected the latency to i;itial seizure. There is
evidence that previous seizures may have a crucial effect o;
subsequent seizures, Tress et al (1972) found that seizure
threshold tended to decrease, seizure by selzure, i.e; selzures
could be induced quicker. following each seirure, Therefore,
the importance of controlliﬁg the number of previous seizures
when meaauring seizure latency is cruclal.

The results reported in Tables 3 and 4 suggest that since
no difference was found in seizure incidence or threshold, for
gself stimulators during SS and PES, the seizures may not have
either rewarding or aversive qualities, The forcefullness of
this conclusion is cloudod by the relatively small number of
seizures recorded within éubj;cts. Since the rats had not pre-
viously experienced seizures, the Ss may not have been able

to associate either rewarding or aversive properties toi}he

.seizures (unless one trial learning is asgsumed). It could there-

fore be informative to see the influence of a greater number

of trials at seizure producing intensities on seizure incldence,
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thrqaﬁold and latency. It was impractical. to obtain thia‘
data in this study since numerous Ss were lost due to the
violent nature of the seizures, The §g\qero often notliced
to contact the walls and ceiling of the test chamber, some-
times resulting in the Ss loosening the electrode attachmhnts
from their skulls., The use of a larger test chamber or a
reastraining device could overcome this difficulty.

Brain impedance thanges have been used in the past as
a possible indicator of brain activity (Racine 1971).

Impedance was recorded in fhis study to see if ‘any reliable
changes_ﬁould be detected during ESS or behavioural seizures.
Except for an lnitial variability, impedance measures did not
prove frultful as a poﬁsible measure of brain activity
(Fig., 3a through{je). However, there was one subject (#109)
who showed a large deviation from the other 38, as exemplified
in Appendix 1, Tﬁis S demonstrated a consistently higher
impedance level throughout ?qsting. excluding the first day.
The electrode tip was.detefﬁzned to be in the anterior comm-
isure.

.

In brain stimulation research, effects from the same brain
area are usually very similar acrosé subjects. Self stimulation
thresholds for similar hypothalamic placemepis, for example;
are us;ally comparable, A greater variabilifidan threshold
Ievels'for different electrode placements was observed in this
research, The variability in seizure thresholds for subjebts

#96 and #106 18 an example. While testing for leaks in the
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electrode stems following the end of testing, a variability

in electpode tip exposure was notiqod. allowing a somewhat
greater current density with some electrodes, Thise could
account for 4g}eehold differences. The threshold variabllity
cauld also be due to a large variability in selizure suscept-
ibility betwean S5s. _

Another source of evidence to account for the inter-
subject variability deals with the location of the majority
of the electrodes. They were determined to be Qithin fhe
rhinencephalon, or “olfactory brain”, Gloor (1960) has noted
‘with rhinencephalic stimulation that in "... animals, elec-
trical stimulation brings forth not only reactions of fear and

anger but also behavioralrpatterne of an opposite character,
‘ Buggesting that a 'rewarding' experience can be elicited by
stimulation...Prom the study of thé experimental records it
seems unlikely that differences in the anatomical location
of the site of stimulation or of the 1esion could adequately
account for these opposite .effects,”™ This great lablility of
;hinencephalic function based upon "flexible neuronal mech-

anisms' could account for threshold variability.

Speculation as to a possible explanation for the occurr-

ence of seizure leads to an anatomical evaluation of the
areas from which selzures were recorded. The electrode tips
wess\:i:fg}pkically determined to be principally in the area
of the diagonal band of Broca (horizontal limb)- medial

preoptic area (Figure 1 and 2).
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The diagonal band (DBB) is a flber bundle ;nd a part
of the septum (Raisman 1966). It is known to project to the
hippocampué’(Ralsman 1966} ﬁ‘/wall as to the amygdala
(Nauta 1962 Cowan, Ralsman and Powell 1965; Gloor 1960),
The DBB is known to receive impulses from the hippocampus
(Raisman 1966) as well as from the amygdala (basc-lateral
group) and pyriform cortex (Cowan et al 1965 Raisman 1966
Romanes 1972). Lesions in the lateral hypothalamus haVa also
produced degeneration in the horizontal 1limb of the DBB.
Strong intra-septal connections between the lateral septal
area and the DBB have also been noted (Ralsman 1966), -

The medial preoptic area (MPO), thpough belonging to the
forebrain, is closely related to hypothalamic structures
(Truex and Carpenter 1968Y, The MPO has strOng'connections
with the amygdala via e stria terminalis and the ventral
ariygdalo-subcortical(pathway (Gloor 1960). Stimulation of the
amygdala; septum, hypothalamus, MPO and hippocampus has been |
shown to elicit seizures in: rats {Goddard 1967: Bogacz ég al
19655 Malsbury 1971). Because of the complexity of the
anatomical connections, it is difficult to specify the origin
-of the seizure acﬁixi:x_ggmonstrated in this experiment.
However, the Btréﬁgth of the anatomical connecti9ns to the
hippocampus (Green and Arduini 1954; Raisman 1966) as well as |
the similarity of the seizure behavioural pattern to amygdala

seizures (Racine 1971), suggests these two structures as

good possibilities for closer analysis. Lesions in the hippo-
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campgsannd amygdala (CAJ and CAl, and baso-lateral group
respectively) in separate groups of animals, following
demonstration of seizure from the DBB would prove helpful
in localizing brain areas involved In the Beizufe activity
elicited from the DBE-MPO area.

It hae been reported that stimulation of the MFO leads
to a facilitation of male rat copulatory behaviour and-&jac-
ulation in monkeys (Malsbury 1971: Robinson and'Mishkin 1966).
It was noticed in this experiment thﬁt a majority of Ss
who went into seizure and demonstrated self stimulation, also
di;charged ‘seminal fluid during the testing sessions, This
observation is accordance with the above mentioned results,

- It is beiieved that a‘seanl basis can account for at Teast
pgrt of the reinforcement effect of MPO stimulation,

The observed seizures of Ss #109 and #110 did not follow
the seizure pattern of the selzures in other Ss, but were
similar to each other. Seizures in these animals were more
violent and "jerky" than the seizures of the other Ss who
demonétrated.a more "rhythmical clonus”. Neither S#109 nor
S #110 could be induced to self stidlulate. This suggests that
seizures in these subjects may involve different structures
that do not overlap brain systems qf reward, Tﬁis finding

emphasizéé that the reward characteristics of seizures must
be carefully delineated with respect to aplefic brain

gstructures,




Implications

Within the consliderable limitations imposed by differences
between rat and man, discoveries that‘relate brain selzure
systems with those mediating reward are of both theoretical
and practical importance for basic research on epilepsy.
The demongtration of an interaction between reward and selzure
systems suggests that at least in some cases, epileptic sei
zures may become asgocliated with brain activity that is
positively reinforéing. If this is so, lncreased selzure
activity may be partly due to activation of brain systems
mediating reward, The experimental animal could be used as
a model to defermine the extent to which epileptic seizures
could be reduced with negative reinforcement, The impli-
cations at the human level are the possible application of
reinforcement procedures to counteract rewarding concomitants
of seizuré. The eventual goal of course, is to reQuce the

total number of seizures without medication,
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