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ABSTRACT -~ . B

. .« - A -
The possibility that' intact structures or one side ;m3§ .

,.of the bra;n'aré involved in the behavioural récovery.of |
. i damaged contralatéral homologues wés gtudied emélgying an
intracranial self—stimulatién (ICSS) technique. If behav-

ioural recovery was dependent upon the integrity of the con-

- L)

tralateral homologue,. it was predicted that (a) -damage to

this tissue would impede the recovery process while, (b) e—jf

lectricdl Etimulation would expedite gecovéry.
. Monopolar electrodés were symmetrically implanted
bilaterally in the vicinity of the MFB-LHA of thirEy male
wistarﬁrats. Nine additional‘animals had éleptrodes im-
planted aéymmetrically. All animais were trainéd to press
a bar to obtain brief electrical shocké to the brain (ICSS).
The animals were then lesioned to>disru§t,ICSS responding.
Three days later the animals were divided into four groups
and received cither:v (a) no additional treatment, (b} a
second contralateral lesion of the MFB-LHA, (¢) contralat-
eral stimulation of ﬁhe MFB-LHA, or (&) contralateral séim:
ulétion outside the gFB—LHA.

Analyées were performed oﬁ the total number of
‘brain shocks delivered to the animal, and on thg total ‘:
number of bar press resvonses by the animal. The analyses

)

revealed that the increase in responding was significant
- 2
4

-
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e

across the pbsflesioh.recovery days, but thét éhe,cou:se
of recoverthas'the"same'for all groups. |
Thé behavioural resuits d;d‘not upport the hygoﬁh-
eses but, inétead, fevéaled a paraaoxical phenomenon: The
damaging of the homologous. MFB~LHA on the opposite side oﬁ
. : 'the bfain resulted in an immediate ahd'Significant enhance-
ment in fecévery of self-stihﬁlation behaviour on ?he day
subseguent to the 'second lesion. Ipdividual.plannea com-,
parisons of the mean brain shock and bar press responses
between C_andACL groups on.postlesion.Day 4 showed a signi-
ficant increase in responding for the CL animals.

The rapid recovery in CL animals was interpreted
as withdrawal of inhibition arising from the cgntraiateral
MFB-LHA. Several methodological points were consi&ered to
explain the failure of stimﬁlation to expedite the course
of recovery. Finally,-suggéstions for future research_wefe
presented and the importance of identifying the mechanisms

involved in behavioural recovery was emphasized.

ii -
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- . CHAPTER'I
INTRODUCTION

The-fact>£ha£‘a'behavioural recovery may occur

— following damage to the central nervous system (CNS) has
‘intrigued researghers for many vears. At times organisms
;appgar capable of ameliorating deficits in behavioq;’which
ére‘normally found té acc;mpany injury ‘to the CNS. Usually
the course of recovery involves aﬁ initial inabilitv.on the
part of the organlsm to. perform speczflc behavioural

tasks followed by a gradual return to near normal levels
when retested on the same tasks sometlme 1ater.

Several models have been proposed to explain
behaviourél-recovery followiﬁg CNS damage (Luria eﬁ..al.,
1969; Dawsoﬁ, 1973; Eideiberg & Stein, 1973; Finger et.
al., 1973; Goldbergex, 1973; Mever, 1973). One theory of
recovery, Monakow's_diaschisis model, posits that deficits

"seen after injury to the CNS occur n?t only because of the
physicél damage to brain tissue but alsg by a disruqﬁsoh
in the activity of undamaged neurons elsewhere in the

nervous system (Monakow, 1914, as cited in Luria et.ﬁgﬁ.

-
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1969 and Teuber, 1973).  Recovery occurred with the
elimination of this 'shockl;ke' effec: (Adametz, 195§;
'Blatt & Lyon, 1968). A"seeond exﬁianation,vvicariation
th3dry, asserts that ,other areas within the brqiﬁ.tage
over the funétién of the daméged region (Lashley, 1938;

. Coldﬁerger{ 1973; Mever, 1973). Pre: énd post-injury

j -behaviour,is~egsentially identical, thever, in the latter

case the'behaviour is mediatéd by an entireiy different,
region. Whether this alternate region is originally
invoXved in the mediation of the behaviour remains un-

L3
answered. Recovery in any éase results from one area

taking over the function normally mediat¢d by another area
(Glees & Cole, 1950; Butters et. al., 1973). Resembling
the vicariation theory of recovery is that of behavioural
(functional) sukstitution. In this theorf a different
region is also suspected of taking over the function
normally mediated by aﬁother.area. The recovered
behavibur, however, is similar to, but not the same as,
. the behaviour lost due to injury (Finger et. al., 1973;
Goldberger, 1973; Meyer, 1973). Though recovery cf the
- behaviour occurs it may not be identical 4o the behaviour
seen in a normal aniﬁal'(Glick'et. al., 1971; Schultze
& Stein, 1975). -

A fourth theory, functional reorganization,

proposes that two different mechanisms mav be involved

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ih4fecovery.. In the first.df these undamaged axons may
fgenerate new ‘'collateral s?routs{ which then innervate
areas onée occupied by.the damaged neurons (Finéer et.
al:; 1973; Goldberger, 1973). -Sprout@ﬁg may occur into
~an adjacent dengryated area (Raisman, 1969) or into an
denervateé area in the contralateral hemisphere (éteward
et. al;, 1973, 1974). Furthermore, it haé been shown that
administering certain drugS’(e.g. nerve growth factor—yGF)
at the time of injury stimulates the sprouting and growth
of the regenerating CNS neurons (Bjorklund &'Stenevi, 
1972; Bjerre et. al., l§55). A seCond‘methgnism proposed
by the functional reorganization model is denervation
sﬁpersensitivity. When a lesion disrupts the normal
affereﬁt iﬁput to an area the area undergoes excitatory
changes. Post—gynaptic sites swhere dener%ﬁéed‘inpgt fikers
oﬁce'terminated show an increased responsiveness (super-
sensitivity) to tbé remaining inputs (Glick, 1973; Golé-
.berger, 1973). Usually the post-synaptic changes involve
an increased sensitivity to chemical mediators serving
-the deprived arga. For emample,’ researchers have demon-
strated that administeringo(-methyltyrosine,@KMT} following
CNS injury facilitates recovery of a ;;ssive avoidance-
habit (Glick & Zimmerberg, 1972) whiie the same drug given
prior to CNS damage may eithef prevent the impaired
performance ﬁ;rmally seen in lesioned animals not given

the drug (Glick & Zimmerberg, 1972) or facilitate the
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A

post-ihjury recovery"érocess'(G;ick et. al.,.l972). ‘Itq'
is thought that‘the administration of drugs.'such as NGF
either.facilifates béhavioural*recovgry by_promoting the
develogmenéiof supersensitifiéy to certain neurotrans-
mitters (Goldberger, 1973) or by stiﬁglating the growth
of:regenerating CNS neurons (Bforklund & Stenevi, 1972;
Berger et. al., 1973; Bjerre et. al., i9?5).'

| A final model of fecovery 1s one propoéfd by
Rosner‘(l970). In this model two.diﬁferent ‘devices'
are offered to acéount for behavioural recoveryv. One

device, reduhdant'representation, asserts that many neurons
serve s&milar functions and are actively involved in the
mediation of a specific behaviour. While some of these

neurons are.damaged others are left intact to process
informagion. Recovery amounts to intact residual elements

of a parﬁiallf damaged redundant system resuming the function
temporarily disfupted as a result of the damage. A

second device, multiple control, suggests that a particulér'.
behaviour is mediated by several ‘'centers' located throQgh-

out the nervous system. Each center participates either
directly through a common pathway or indirectly by . Y“>\\
influencing other centers involved in the'behaQiour. When

an injury occurs in one of the centers the remaining

intact centers compensate for the damaged tissue by

eventually recovering from shock (i.e. re-establishment)
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or by taking over the functions normally mediated by

.another center (i.e. re-organization).

o : ' \ .
Serial Lesion Phenomenon .

éne instance where a behé&ioural recové:y appears
to oécur is in ;he ohenomena of seriélly'damaging a brain
structure. That is, certain deficits which normally occur
following a éiﬁultaneous bilateral lesion of brain tissue
‘ . Rl ‘ ‘
can .be ameliorated if the séme amount of tissue 1s removed

in stages (Dru & Walker, 1972; Finger et. al., 1973;

Stein, 1973). The phenomenon, referred to as the 'serial

 lesion effect', is known to occur with damage to cortical

areas involving both iearned and unlearned behaviours
(Kennard, 1942; Adeé & Raab, 1946;' Glick & CGreenstein,
1972; Stein et. al., 1969; Rosen et. al., 1971) as well
aé with damage inflicted in subcortical areas-invoiving.
learnéd and unlearned behaviours (Adametz, 1959; -Blatt &
Lyon, 1968; Stein et- al., 1969; Greene et. al., 1972;
Stein et. al., 1973; icIntyre & Stein, 1973; Schultze &
Stein, 1975). Furthermore, the effect appeéré tq_deﬁend
upon several factors including the length of timéxﬁetween
sequential removal thch is called the interoperative
interval (IOI) (Xennard, 1942i Isaac, 1964; Pgtrissi &
Stein, 1971}, the type of sensory input (specific vs.

nonspecific) occurring during the IOI (Meyver et. al., 1958;

. Thompson, 1960; Petrinovich & Bliss, 1966; Cole et. al.,

1867; Petrinovich & Carew, 1969), and the sex and age of
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.

- the dféanism.(Kennard, 1942; Stein, 1973; Teitelbaum, 1973).

The . serlal lesxon procedure involves the removal .
of a bllaterallv represented structure in the braln in
either successive unilatéral operations, with a certain
number of days intervening between removals on each side
‘of the brain (i.e. two-stage removal), or by partial'

' bilateral lesions involving both sides of the brain simul-
taneously. Removal of brain ;issue in this manner resglts
in faster recovery of‘complgte sparing of a behaviour normally
lost if the entire structﬁre i1s removed in a single /S -
bilateral simultantous operation (sle. one-stage removal).

For exaﬁple, Blatt & Lyon (1968) demonstrated that rats
that had their mesencephalic tegmentum deétrdyed‘in a two—.
stage operation exhibited iess loss of feeding behaviour
than animals subjected toba one-stage lesion of the same
structure. More recently, Stein et. al. (1973) found that
rats who were givepn a.one—etage lesien of.the lateral
hypothalamic area (LHA) showed a significantly la;ger
decrease in body weight, than animals who had their LHA
destroved in two successive coperations spaced 30 days
apart. Similarly, McIntvre & Stein (1973) demonstrated - -
that the decrease in activity behaviour which normally
accompanies bilateral damage to the amygdala was reduced
when the amygdala was removed in stages with 28 days

between removals on each side of “the brain.

When damage is inflicted subcortically and the
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organism is tested on adgquisition.and .retention behaviou

—

- . " seriatim lesioned organisms performfcéﬁsisténtly'be;ter"
than simultanebus'iesioned animals. For exampl;; Stein e
. . SR | v
cal., (1969) subjectea rats to one- versus two-stag
lesions of either the hipbocémpal area or the agwvgdala.
‘Animals given the serial lesions hag an IOI of 30 days.
Bbth'two—stage hippocghpa% and two-stage amygdala animals
showed leés impairment on the acquisition of a light-dark
disc;imiﬁation than animals lesioned in one-stage. In
fact, tﬁe serial lesioned hippocampal rats showed no
deficit compared with a sham operated control group.while
one-stage animals displaved severe impairments. More
recently, Schultze & Stein (1975) reported that animals
whé "had their caudate nucleus“destfbyed in a one-stage.
\bperation exhibitéd severe deficits in the ability. to
achire spatial alternation and passive avoidance of shock
habits. On the other hand, two-stage lesioned rats
performed éighificantly better than animgls ablated in a
single operation and, in fact, perfgrmed the passive
avoidance task better than sham cperated controls.
Finally, Greene et. al., (1972) found that a two-stage
>
lesion of the fornix in rats resulted in less impairmen£
on retention of a spatial alternation habit than animals
_lesioned in a single—stage: ._

. At the cortical level, Kenna;d (1942) demcnstrated

the effects of serially ablating motor cortex areas 4 & 6 -
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‘'on motor function in monkeys. Using I0Is ranging from 2
to 8 months, Kenna:d<fdund that animals suffering damage

in two-stages displayed less i@pairment in motor function,

than those animals who were given a sinéle\gilatéral . //Q
" ablation. In a related study Ades. & Raab (1946) found that

if area 4 of the motor.corteg® was removed in stages"-

. separated by 3 to 4 months, the animals displaved o%ly | -
slight impairment of motor fﬁnction. In rats; Braun |
(1966)‘assessed £he effects ofllesioning,tﬂe neocoxrtex in
one- or two-stages on visual placing behavicur and found
that two~stage animals rééovered the habit even though

the entire neocortex was destroved. One-stage animals

»,

. recovered the response only if they were given extensive

LIV

practice following'the operation; ‘A final example of serial
lesions involving cortical areas and unlearned behaviours
comes from a study by Gliék & Greenstein {1973). They
found that a two-st;ge lesion of the frontal cortex in
rats had little effect on the animal's body weight
compared to a sham operated group of_gats. One-stage
animals, on the other hand, showed a giénificant decrease
in body weight. Glick & Greenstein concluded that the
ﬁulti-stage operation facilitated recovery from the
normal weight ldss seen after single-stage lesions.
Finally, it is in the area of serial damage to
cortical structures mediating ieaxneé behaviours fhat

recovery has been démonstrated the most. For instance,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Stein .et. al.. (1969). subjected rats to évone4stage_or

two-stage lesion of the frontal cortex-and assessed their

[y

effects on the ability to acquiré a delayed spatial alter-
nation habit, a brightness discrimination -and its'revérsal}
-y .

and a nonspatial simultaneous visual. discrimination. An IOI

of 30 davs was used. On‘each‘éf the tasks the one-stage

Al

group took longer to reach criterion than both two—sfage
and unoperated control groups. Thé.muiti—stage group did
not differ from the control group. Emploving a vafiation‘
of the serial lesion procedure, Rosen et. al. (1971)
ablated the sulcus principalis in monkeys and then tested

Ky

the animals for retentién on a delayed alternation task
) énd for acquisition of a delaved response task{ énd on
placé reveréal learning. Alk of'the single-staée animals
receivea a single bilateral operation while those in theé
multi-stage group réceived 4 different operations (two
on each side of the brain} with 3 weeks separéting ‘each
operation. The results showed that the mulpi~stage group
made significantly fewer errors than thg gﬁngle—stage
gfoup on all ﬁhree spatial tasks. |

The techigue of performing serial lesions within
the same heﬁisphere has been reported by other researchers
(Barbas & Spear, 1976; Finger 'et. al., 1971). In the
earlier study, Finger and his colleagues (1971) first
deﬁonstrated that a two-stage lesion of the somatosensory

cortex in rats resulted in less impairment in the ability
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to perform a series of tactile discriminations than
.'simultangous-ablatibg"fithe same tissue. In the secohd[.
pért of tHg experimeng small bilateral lésions &ere placed
in the somatosensory cortex destroyving épproximately
25% of the cortita;.tigsuéf After-a 35 day IOI the‘o:iginal
lesions were enlarggd,to‘}nclude‘:ﬁe nemainiﬁg somato-
’séhsory_cortex- Thus;-thé*ssrial lesion proceduie was
performed within the same he;isphe;e‘as opposed to a
contralaéeral hemiséhefic removal. The results showed
that the two—siagg animals performed better on the tactile
discriminations than Ehe singlg-stage lesion.group. In
£he méré recent Barbas ‘& Spear‘(1976) study, rats were
- subjected ‘either ;5 serial unilateral lé;ions of the
| visual cortex or serial bilateral damage in wﬁich each
" stage of the lesion included a part of the visual coftex
of both hemisphgres. The animals were tested on the
retention of a tw%fchoice brightness discrimination.
Both seriai'groups had an IOI ,0f 10 days. One-stage
rats shdwed a complete, loss of the discrimination habit
while both serial grbups showed retention savings.
Similar results have\been obtained in an earlier study by
Baden et. al. (1965) where a simple light—éark-discrimination
was relearned by cats after serial bilateral ablations of
the lateral, suprasylvian, and ectosylvian gyri involving
nearly two-thirds of the entire cortex. More recently,

monkeys who had their frontal granular cortex removed in

serial bilateral operations exhibited little change in the

‘0
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ability to execute an escape response compared.to'seVere

" impairment in a single-stage group (Ténaké, 1974). Also,
Treichler (1975) -demonstrated that serial bilateral removal

of the sulcus principalis in monkeyvs resulted in less

impairment on a delaved response task than tissue ablated.

in a single bilateral operation.
There have been a few .instances where multi-stage

removal of tissue has failed to result in amelioration of
. A

the behavioural deficit. For example, LeVere (1969)

‘found that rats subjected to one- or two-stage removal of

thalamic area exhibited similar impair-

the bosterior hyp

ments in the ability %@ maintain a waking state while

-

Dawson eﬁ. al. (1973) demqnstrated that both one-stage
_énd two-stage'rémoval of the hippocampus produced similar
effécts on measures of arousal. Furthermore, Winans &
Powers (1974) reported that male hamsters failed to display
the normal patterns of sexual behaviour regafdless of
whether removal of the olfactory bulbs occurred in-one or
two-stages.

In the case of subcortical damage and learned
behaviours, Reyesret. ;l. (1973) found that one- or two-
stage femoval of the ventrobasal thalamus in rats resulted
in'similar impairﬁentslin the acquisition of ridge-smooth
tactile discriminations, and Isaacson & Schmaltz (1968)

Bemonstrated deficits on a DRL-20 operant task for both

one~ and two—étage hippocampal lesioned rats. ‘Finally,
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LeVere & Weiss 61973),neportédwcomparable deficits in rats
on the rétention of a light-dark discéiﬁination:éask and
‘its reversal foilowing single- or multi-stage damage to
the‘hippocgmpus.-' ) | .

‘ The data from studiés which have failed.to demon-
strate a 'serial lesion eifect’ suggests that twO*étage
recovery may depend upon the site of neural destfuction
-(LeVere, 1969; Dawson et. al., 1973; Reves ct. al.,.1973),

: ,
the task selected to'measure fecovery (Isaacson & Schmaléz,
1968), and ﬁerhaps the species under investigation (Winans
& Powers, 1974). ‘ -

It has been argued that a behaviour which is
normally los£ as a result of a single bilateral operation
can be spared if the same amount of tigsue is removed in
successive stages. Though the data suggests that a 'serial
lesion effect' exists, thére is little direct evidence as
to why there is greater recovery-when lesions are inflicted
in two-stages. Some{past studies have suggested that |

behavioural recovery following serial damage may be

associated with iﬁ%erhemispheric mechanisms. For example,
Finger et. al. (1971), using a variation of the serial
lesion procedure, demonstrated that successive bilateral
lesions of the somatosensory cortex produced less impairment
on a series of tactile discriminations than a single
bilateral operation. One group of rats haé a large one-
stage bilateral operation while a second group had the

same amount of tissue damaged in two partial successive
-‘l‘
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bilateral opérations. EIn the first opergtion, 20-2S§ \ .

of the éomatoseﬁsbry\cbrtex Qas removed. After an I0I

of 35 days, a second bilateral oper#tion enlarged the
S .original 1es;5ns to include the.iemaining‘§dﬁgtosensg¥;
cortex. Althouéh the rats who had the enlaréed bilateral
lesions acquired the taétile discriminations féste: than
a single-stage group, they were'impaired with respect to
.a third group who'réceived two-stage uﬁiiateraL-operations
vin thch the contéalatergl hoﬁologue remained comblepely
intact during thé 35 day IOI. The results-df this study
suggest-fhat lesg\E?aring of behaviour occurs when the
coh;ralateral.structufe'is partialiy damaged'between
opérations.thaﬁ when it remains intact.
- In a study ihvolving feeding behaviour, Steln
(1973) subjected rats to either biléteral or successive
unilateral lesions of the LHA and asséssed the affects on
body weight regulation. He showed that animals receiving
a one-stage bilateéal removal of the LHA displayed a severe
decrease in bodyv weight. In addition, two-~stage animals
who had received their first un;lagéral lesion lost more
weight than a sham operated control but less than the cne-
stage animals. .After an IOI of 30‘days, the two-stage
animals received their second unfiSieral lesion in thé
contralateral LHA. Tﬁe results showed that the second

unilateral lesion did not preduce aﬁy additional weight

loss and the two-stage animals maintained their body weight
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at a‘position intermediate to that of oné-stage and sham
groups Furthermore, the‘tuo—stage animals never\required
glucose in thelr water, glucose 1nject10ns, or the use
of special dlets to maintain thelr weight as dld the one-
»Stage anluels. Since the first lesion had altered body
weight regulation in the %wo-stage animals, Stein had
reasoned that a seccond le51on in the contralateral side
30 davs later should affect uclght regulatlon even more.
owever, since this did not occur Stein suggested that the
HA coﬁtralateral to the damaged area changed 1its
"regulatory"functions after the first unilateral‘operation.
" He further suggested that the contralateral homologue may
be needed for‘initiating'the recobery érocess during the
time between operations out may not be needed to sustain
thé regulation once recovery has occurred. . .

In a series of e;periments'aimed at investigating
possible anatomical substrates mediatiﬁg recovery, Steward
and his colleagues (1973, 1974) studied re-innervation of
the dentate gyrus area following damage to the surrounding
entorhinal cortex which  provides the major synaptic input
to the area. Initally, a unilateral lesion was placed

in the entorhinal cortex on one side of the brain and
degeneration changes 1in the dentate area were recorded.
Within 25 days after the lesion the dentate gyrus was

I

void of any ipsilateral entorhinal fibers. Secondary

lesions.were then placed in the contralateral entorhinal

y *



cortex at 25, 35, 100, and 200 days after~the.firs£ lesion.:
An analysis of degeneratibn'changes,following the second -
lesion~revealed that .afferent projections from the coné.
tralateral entérhinal area‘which normally terﬁinate
ipsilaterglly were seeﬂ to cross over to.the contralateral
side to penétrate denerVated‘regions\

Furtherievidence for the notion that the contra-
lgte;al‘structure“méy initiat? the recovery process' can
be obtained from studies which have investigated the duration

*

of the IOI (Ades & Raab, 1946; Stewart & Ades, 1951;

-

Isaac, 1964; Patrissi & Stein, 1971; Glick & Zimmerberg,
- 1972). If the suggestion. in two-stage recovery “is that

the contralateral homologue becomes involved in the recovery

process some time after the first unilateral lesion then
it may be reasonable to expect that performing a second

unilateral lesion in the remaining intact contgglateraL

= “

area too soon may completely disrupt recovery.

Ades & Raab (1946) performed successive lesions

of the motor cortex in monkeys. They found that when as
. IOI of 1 - 2 months was used, the animals showed signs of
motor impaifment. If, however, the time between serial

operations was increased to 3 - 4 months, the animals

.~

escaped the pyramidal dysfunctionl The authors speculated

i i
i

o v 5
that some bilateral readjustment of 'motor patterning’
_was occurring. That is, after unilateral cortical damage

4 ) ) ‘
_some compensatory process occurred which involved the role of

@,
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£he intact'side. Qimilarly, Stewart & Ades. (1951) found
that in order for a conaitibned'avoidance response to be
.sparéﬁ following a t@o—stagg bilateral lesipn of the
auditory cortex in monkevs, there had to‘be at least 7
days between ope;atiéns. If an IOX pf less than 7_da§s
was uéed, the two-stage animal was as impaired on the habit
as a single-stage lesioned -animal.

| In a more systematic study, ?atfissi & Stein

{1971) subjected rats to a two-stage lesion of the frontal
cortex and tested them on the ébility to acguire a spétial
alternation éroblem. The two-stage lesions were separated’
eigher,by 10, 20, or.30 days. The authqrs‘found thatﬂthe‘
two-stage animals given 20 or 30 davs between operations
perférmgd the alternation problem as well.as a sham
control group. On the other hand, animalé lesioned with -
only a 10 day IOI were badly impaired on the task but did

perform better than the single-stage lesioned groub.
A %

P

Patrissi & Stein argued that recovery after serial lesions
appears to be a gradual process reguiring a minimum of 10
to iQ days; The results of this study further support
the notion that the intact contralateral structure may be
involved in initiating the recovery seen after two-stage
ablation. In this case é second lesion pefformed at a
certain ‘'critical' time interrupted the recovery process.
Similar results were found in a study bv Glick &

Zimmerberg.h (1972). They subjected mice to a two-stage

LA
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lesion of,thé’frpntél polés'an&vobserved theif,performance
on a passive avoidance task. They found.that'the.deficits
seen in- the serial animals were a function'of the time
allowéd between opefgtions. Animals fhat were givén two-~ "~
stage lesions s§a¢edAonly 7 days'apart performed more
pdofly on a retention test‘than,§ se:ial group whfch-had
21 dayvs between operations. Hereragéin the impaired
performance of the.shorter IOI group may have resulted,
beéausé of the second lesion intefrupting the recovery
initiated by the intact contralateral sﬁructure;

Finally, Isaac (1964) trained rats to make an
avoidance response éo changeé innillumiﬁation and then
éubjected them to a tgo-Stade removal of the visual
cortex. The animals were either given 1€, 12, or 14 cdayvs
between éerial operations. The reéults showed that as the
IOI increased in durétion the degree of recovery also
iﬂcreased. Those animals allowed only 10 days between

Y operations performed the worst of all two-stage groups on
retention of the habit. ’

The IOI duration studies suggest that if a second
lesion is riade in the intact contralateral homologue too
soon after the first lesion then less sparing of the
behaviour occurs. This may ekplain why some investigators

. have failed_to £ind a savings followihg two-stage damage

(Isaacson & Schmaltz, 1968; LeVere, 1969; LeVere & Weiss,

1973), and ds consistent with the view that the intact

-



contrglateral structurelmay be ihvblvéd in two-stage
behavioural recovery. |
If‘the.:ecovery process can be retaxded byldestroying~
' tissue on the opposite side of the brain, perhap§ it is
., reasonable to suggest that\stimulating this tis;ue maj
exggdite recovery. It is known that étimuiation can .
produce excitatory changes 1in thebnormé; neural activity
(Akert & Walker, 1966; Amassian & Patton, 1966). ;This
may be accomplished by injecting various drugs into the
neural area which alter the normal chemical balance or by
stimulating through implanted e%ectrode; with brief
electric shocks (Grossman, 1%67). While there are numerous
- reports of chemiéally stimulating to enhance recovery
{(Ward & Bennard, 1942; Bjorklund & Stenevi, 1972; Glick
et. al., 1972; 3alagura et. al., 1973; Berger et. ai.,
1973; Bjerre et. al., 1973), relatively little has ‘been
reported on the effect§ of electrically stimulatihg to
facilitate the procéss.
In a study involving feeding behaviour, Thode &
Carlisle (1968) assessed the effects of LHA stimulation on
amphetamine-induced ancrexia. Rats were first implanted
with bilateral electrodes in ﬁhe LHA and were stimulated
until feeding behaviour was elicited. The animals were
then injecteé intraperitoneally with d-amphetamine, a
arug known to produce an anorexic effect by decreasing

the excitability of the LHA, 30 minutes before feeding. At

*
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the time of feeding one group was éllowéd,to eét gg.libituﬁ
" with no stimuiafion and a second.group was given brief
electric: shocks to the‘LHA.* The Fesdlts indicated that
administering amphétamine alone produced a sigﬁificant
decrease in £ood intaké while stimulation alone produced
an opposite increase. More importantly, those ahimalg
given electrical.stimuiatioﬁ and the drug showed a level
of food intake Eomparable to tge'stihulation only group.
The authors concluded that electrical stimulation of LHA
 sites that are fouﬁd to elicit feeding can eliminate a
normal anbrexic_effect_produced by injecting the animal
with d-amphetamine. '

More recently, Harrell et. al. (1973) demonétrated
that recovery of feeding behaviour could be enhanced by
electrically stimulating the lesioﬁed area. Mechanicai
lesions were produced bilaterally in the LEA of rats by
inserting chronic macro-electrodes. The mechanical lesions
produced 6 days of aphagia.in the animals. If, however,
the animals were electrically stimulated through the same
electrodes for 1 hour daily the animals recdvered their
feeding behaviour within 2 - 3 days after the initial
operation. Harrell and his colleagues concluded that the
length of the recoverv period for feeding depended upon
whether or not the animal was given electrical stimulation
{f the damaged area. They suggested that the faster

recovery seen in stimulated arimals was most likely due to
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altering the'no;epinephrine levels in the LHA. Finaliy,
Valenstein &.Campbell:(l9§6) discévered that intracranial - -
self-stimulation in the septal area facilitated the
recovery of eating and driﬂﬁiﬁg behaviour disrupted as a .
result of lesions placed in the vicinity of the medial
forebrain bundleiatéralhypéthaiaﬁus; .In this particulai
study stimulation 6utsidé‘the damaged region eﬁhaﬁced the
recovery process. .

The studies mentioned up to tﬁis'point imply
that the integrity of the contralateral homologue méy be
required dﬁring the I0I for recovery ﬁo occur. Others
have suggested that-because of the high degree of bilaterai
symmetry existing in the brain of certain organisms (i.e.
the rat) (Zornetzer, 1973), it may be reasonable to expect
that one homologous structure would participate in the
recovéry of its contralateral counterpart. Perhaps, as
Stein (1973 ‘suggests, to 'serve as a template for
establishing alternate neural patterns in other‘areas
anatomically related to the damaged struﬁturé' (p. 396).
The present study was undertaken to provide specific data
relevant to the notion that intact structures on one side
of the brain become involved in the recovery of damaged
contralateral homologues during the interoperaﬁive interval

of a two~stage lesion. The problem was studied in a

subcortical system (i.e. medial forebrain bundle-lateral
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hyﬁothalamié area (MFB-LHA)) employing a learned operant
réséShse (i.e. bar pré;sing‘for intracranial self—sti&u;
létion (ICsS)). The main reaéén for seleéting ICss ﬁo
~investigate behavioural recovery is the fact that itlis'
"both easily and reliably obtainable. Thaé is, numerous
reéearchers have_repofted that én orgénism will repeatedly
press a bar to obtain.grief elgctric shocks to the brain
(02ds & Milner, 1954; Rolls, 1975). The shocks act

as a réinforcement for the bar pressingubehaviour. |
Furthermore,'researchers have found that the phenoﬁena
of ICSS can be obtained from many areas throughout the
brain. One of the areas yhere ICSS is known té producg
a strong reinfﬁrcing effect is in the vicinity of the
MFB-LIA (Olds et. al., 1960; Rolls, 1975). Animals
stimulated in this region have been shown to kar press
anywhere from 300-1,000 times in a mere 10 minute test
session (Olds é 0lds, 1969; Huang & Réuttenberg, 1871).
Hence, the selection of bar pressing for ICSS ofiers a

model for studyving behavioural recovery in the CNKNS.

Hontheses

The following hvpotheses have been formulated in
regards to recovery of‘bér pressing behaviour for ICSS:

(1) If the intactness of the contralateral
homologue 1s necessary fo: recovery to occur following
damage to one side ¢f the brain, theﬂ it might be expected

that further damaging the contralateral homologue soon
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,after’éhe-iniiiai ablation should-result in a disruption.
in recovery. This -would amount to an absence of recovery‘
"1if the‘ablation in the opposite hemisphefg was performed
before any recovery was'initiated (Stewart. & Ades,-lQSl:
LeVere], 1969; LeVere & wéiss,;1953)w Or, i the second
~ lesion-‘was performed some time after the contralateral
-, séructhre initiated the recoéery process then recovery
may‘be expected to be retarded but not eliminated (Isaac,
1964;'”Fiﬁger et. al., 1971; Patrissi & Stein, 1971;
Glick & Zimmerberg, 1972). Finally, damage to’ the contra-
'lateral'struétﬁre could be postponed for a sufficient |
period of t;me so that neither retardation nor elimination
of the behaviour results (Patrissi & Stein, 1971; Stein,
1973).

(2) éecondly, Lf the intact contralateral
homologue is invelved in initiating, and possibly co-
ordinating the recovery process, then leaving the structure
intact (i.e. unilateral removal only) should permit the
aﬂimal to eventually recover but at a faster rate than
would be seen if the contralateral structure was éamaged-

(3) ?inally, assuming that a structure.homologous
to one damaged on the opposite side of the brain is involved
in recovery, then electrically stimulating ;his intact
structure may serve éo facilitate the course of recovery.

(Thode & Carlisle, 1968; Harrell et. al., 1973).

-
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METHOD

Subjects
| The éubjects'were thirty-nine male albino rats

of the Wistar strain, weighing befweeﬁ 400 and 500 grams-

at the time of surgerv. Each animal was housed individually

in a wire mesh cage (7" x 10" x 7") with room temperature
’éonstaht at 72 degrees Fahrenheit. Food and water was

available ad libitum throughout the entire experiment

and t@e subjects were maintained on a 12:12 hour light/dark.

cycle.

Angaratus

THe apparatus consisted of an operant test
chamber (Lehigh Qalley, Model #1417) connected to an
electrical. brain stimulaéion circuit. -The circuit
consisted of a pulse generator (Berl-Model 210, constant
current_sourcé) which delivered brain shocks when a lever
was pressed, and a series of solid state programming
modules (BRS Digi~-Bits) which controlled the timing
sequence of the shocks. An oscilloscope (Tektronix Inc.,

Type D61A) monitored the output of the pulse generator.

~g e
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The‘animals;‘béf presses éﬁd the number of brgin shocks
deliveréd were registered separately on a cumulativé
digital counter. .
Eléétrodes

The monopolar‘eiectroaes were constructed from
stainless steei(insect pins (Clay Adamé,‘size E-80} with
a short straight port%on of a‘paper clip solderea to the
pin. Each electrode was insulated up to a point slightly
above the soldering jgnction with FORMVAR. Electrodes

~were coated at least twice, and baked in an oven (Bockel,

Model #1078)at 350 degrees Fahrenhdit for at least 24
‘hours after 'each coat. Approximately 0.5 mﬁ of the
electrode tip was ekposed by scraping the tip with a
scapel. Tﬁé eleétroéés were then tested for leaks in a
saline solution by applyving a 40 volt stimulus to the
electrodes from an AC power source.
Surgery

Surgery was carried out under sodium pentobarbital
(NEMBUTAL) anesthesia administered insraperitoneally.
The animal was weighed and 0.5 cc of NEMBUTAL; diluted in
a solution of 5 parts water, was injected pef 100 grams
of body weight. Thirty animals had electrodes symmetrically
planted bilaterally in the'vicinity 0of the medial forebrain
bundle-lateral hypothalamic region (MFB-LHA) using stereo-
taxic coordinates of 5.0 mm anterior to the interaural

line, 1.5 mm lateral to the midline, and 3.0 mm below the
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horizontal:réferehce.plane as adapted from the ae-Groo£
(1961) atlas for the :at.‘ The reméining nine animals

.underwéﬁt asymmetrical electrode implantation. This Waéﬂ
éccomplished by raising tﬁe'glectrode 2 mm on one side’of
the brain with anterior - bosterior and midline coordinates
remaining the same. The‘electfodes were implaﬁteé using
a Trent H. Wells, Jr. stereotaxic instrument (Mechanical
Dévelopments Co.) following a procedure'outlinéd‘in §kiﬁne;
" (1971). Tﬁé elecﬁrodeg pius a ‘ground' made of staiSiess
steel wire were anchored to the skull of thé animal using

KADON dental cement.. »

Stimulus Parameters ' - s

The bar pressing stimulation consisted of a 0.5
sec train of negative going rectangular wave pulses. Each
pulse had a duration of 0.2 milliseconds. The freguency
of the pulse pairs in the train was 100 per second. The
intensityv of the constant cﬁrrent stimulation began at
a base of 100 ua and was increased in 50 ua steps every
5 minutes until bar pressing was elicited. The stihulus
parameters used in those animals receiving contralateral
brain stimulation consisted of a similar train duration
with a pulse duration increased to 1.0 msec. Contralateral
brain stimulation was programmed tb deliver one pulse every
2 seconds so that tﬁe animal received approximately 450
pulses in a 15 minute period. Current intensity in these

animals was maintained at a constant 10 ua.
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Lesion Parameters

.Tﬁe lesions were made'through‘theléame chronically
implanted electrodes that were used for ﬁesting brain
stimulation. effects. Sommers and Teitelbaum (1974) have
suggested that by stimulating through the same electrode
that produced the damage it is possible to Sbservé more
airectly the behavioural évidence of ablétidn. The

- Eleétrolytic.}esions performed té disrupt bar pressing
behaviour were created by-using 0.1 - 0.3 ma direct
éﬁodal current passed for a duratién of 15 seconds. A
range df lesion vaiues was reguired to compensate for
differences in electrode. placement. That is, animals were
lesioned based on the current intensity used to elicit
‘ICSS behaviour. Table 1 presents DC lesion parameters
derived from pilot work which correspond to ICSS current
values. ‘

A DC lesion maker was constructed consisting
of a DC power supply (Harrison, Model #6204B), & separate
meter (Bach-Simpson LTD, Model #269) used to monitor the
DC current intensity, and a timer (Huntex Mfg. Co.,

Model 111-C). Lesions produced to damage contralateral
MFB-LHA tissue were created by applying a2 2 ma direct
anodal current for a duration of 10 seconds. All lesions

were performed while the animal was anesthetized with

NEMBUTAL (50 mg/kqg) . -
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A

TABLE 1 .
Summary of DC Lesion Parameters Required toc Disrupt.

Bar Pressing Behaviour Based on ICSS Current Intensitiess

ICSS Current DC Lesion Parameters
Intensityv* Intenhsity Duration Coulombs
. ' (I X D)
100-150 ua —r 0.1 ma 15 sec. | 1.5
150-200 ua ' 0.2 ma 15 sec. 3.0
> 200 ua 0.3 ma 15 sec. 4.5

* Based on at least 300 brain shocks and bar presses in a

- 10 minute test session.
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Proceduré |
? Following a twé‘day postoperative recovery period

each animal was placed in the tésﬁ chamber for a 10 minute .

_,eiploratory session. The exploratory session was followed

the next day by a training session where each animal was

s

shaped to press a bar for bréin stimulation reward. Using
the technigue of succgssive a?proximations, the animal
. . ) was- manually stimulated each time it performed a behaviour
whic? was progreésively more like the desired bar pressing
response. The animal was stimulated during ghe shaping
phase using a sefiés of 5 minute interv;ls where the-cur;ent
ascended 50 ua each interval. Cﬁfrent levelé began at
lOQ ua and were increased until the animal displaved
either self-stimulation behaviour or an overt competing
motor response such that it interfered with the animal's
. ability to bar press. Animals tha; bar presseé at least
| 100 times in a 5 minute pretest session were classified
as 'self—stimulators’; The lowest current which elicited
bar pressing was determinea by decreasing the current.to
a level 50% below the intensity which initially elicited
the 100 bar presses/5 minute session criterion and then
* raising the current 50% of the difference in éach subsequent
session. For example, if 150 ua was fodnd to elicit 100
bar presses in a 5 minute session then the current’ was

decreased to 75 ua (i.e. 50% level) in the next session

-

‘
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and raised tO'llQ ua (75% lével), 130 na (87.5% levei};

- 150 ua (100%s level), etc., until aéjleast;looibar présses/.
5 minutes resulted. Bar presging béhaviour was elicited
through thé left electrode in half of the.aﬁimals and._.
through the right éleétroae in the ;eméﬁﬁing'half.
Electrical self—étimuiation was administered u;ing a
cbﬁtinuous schedule of reinforcement.

Testing
The training period was followed by a tésting
period where each animal &as_given two 12 miﬁuté test
sessions per day until bar preésing stabilized. The f}rét
2 minutes of each session was a 'warm-up' period followed
g.b§ a 10 minute{te§t~session,_ Animals were,teSted on
successive daysjuntil they reache&,a stability criterion
wheie}their brain shock values and bar pressing scores did
not deviate +.20% from the mean of any six consecutive
sessions. Once an animal had reacﬂed this‘criterion then
bar pressing‘wgs considered stable. Bar pressing was
Qf, :lized through the leff electrode in half of the
animals ;hﬁ;tﬁrough the right electrode in the remaining
haif7 The.meaﬂ of the six, consecutive criferion sessions
for brain shocks and the mean qf the six consecutive
. criterion sessions for bar presses constituted baseline
values for each animal‘(Bl). Following s;ability testing.,
each animal was lesioned through the same electrode.that

elicited self-stimulation using'a range of 0.1 - 0.3 ma

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30
of direct anodal current passed for‘a duration of 15 seconds.
These lesion‘paramete£s served to disrupt:bar pressihg
pehéviour wilthout totally eliminéﬁing‘it: After'a 1 éaya
recévery period the animals'were'retested (Rl) foxr thé
‘next 3 days, (i.e. 6 sessions) to détermine the'effect'
of the lesionfon bar pr?ssing behaviour. If the in;tial
- lesion did not produce a noticeable effect (i.e. decfeasgd.
barlpressing without completely abolishing the behaviouf)L
withih the 3 day postlesion period; the'animals-weré
relesioned at a DC lesion va%ue .10 ma higher.than the
previous level. Only those animals whose bar pressing
responses were successfully reduced but not eliminated
" wefe used in the experiment. The postlesion current inten-
sity was the same as.was used before the'lesigy.

- . AS
Experimental Phase

i

On the third postlesion day the self—stimulat%:g
animals were divided into four groups matched on the basis
of percentagé of postlesion de;reése in brain shock value;
from the prelesion baseline. The four groups were:

(1) a contralateral homologue stimulation condi-

tion (CS), n = 11 |

(2) a contralateral lesion condition (CL), n = 9

{3) an intact contralateral control conditien

'(C), n = 10 -

{4y a stimulation control c¢endition {(SC), n = 9.
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Animals in the CS group received stimulation in the intact
contralateral MFB-LEA for two 15 minute sessions daily

for the next 12 days. The animals received a combined

total of épproximatel%ngg/pulses‘(l.o‘msec in duration)

in the two sessions wiyfi current intensity maintained at

. ' .
e a constant 10 ua. The CL animals underwent-a second lesion

1:-5- . oﬁ Day 3 which damaged the remainﬁng contralateral'ﬁFB—LHA.
;L?.é Thé'animals were lesioned by using a 2 ma direct’anodal
I ‘ currenﬁ‘applied for 10 secondé. fhe cathode was connected
N to the ahimai's eér.' Animals in control group C\;eﬁéined
an ?ntact contralateral MFB—LHA‘during the next 12 days
 following the first lesion. These animals were allowed
to reco&er from the first unilateral lesioh without 5eing
given aaditiOnai stimulation or a sgea§§;lesion in the
MFﬁ—LHA on the oppqSite side of the brain. Pinally,
stimulation control animals (SC) received two 15 ﬁinutg
sessions of stimulation daily in an area adjacent to the
MFB-LHA using the same stimulus parameters as was used
in the CS group.
: Retest
| All animals were retested (R2) fo} self-stimulation

for the next 12 days after the R, retest period. The

1
R2 period consisted of two 12 minute test sessions daily
using the same stimulus parameters as pretesting and

maintained the same level of current intensity. Self-

stimulation values during this retesting period were then

-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

divided into blocké of 3 days each (i.e. 6 sessions)Aaﬁd

. . . . 1
comparisons in recovery rates were made.

The complete-expefimental‘design is depicted-in

: ~ Table 2.

HistoloqQ

Sacrifice and Sectioning
.Eollowing the sécond fgtesting period all animals
were sacrificed with an overdose of sodium‘pentobérbital
(NEMBUTAL) -and the decapitated heads were placed in a
108 fofmalin solution for 24 hours. The brains were then
- extracted from tﬁe skuyll, the électrodes were removed, and

the brainvwaé'allowed to fixate in the 10% formalin

=

solution for‘an additional 7 days. The fixated braiﬁ wés
then remoyed from the'fofmalin, blocked, énd‘75 microﬁ
. thick coronal sections were cut using a freezing mi;ro—.
tome (Americag Optical Corp., Model.#BSO). Every third
. section étarting from a point where the electrode tracké
first became visible was preserved in 10% ethanol. Each
section was then mounted on a slide and placed in g micro-
projector (Bausch and Lomb Inc.).. Hand drawings of the
electrode tracks were constructed for gross verification
of electrocde placement and e#tent of tissue damage. The

sections were then stored in a 10% ethyl alcohol solution

so future photographic prints could be made.

-
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TABLE 2
Experimental Design
Surgical Retest (R,) Experimental Retest (R,)
Procedure Training Lesion {Day l~3} phases (Day (Day 4~ 15?
-15)
Symmetrical Shaping: MFB-LHA le- ICSS decrease CL: Second lesion ICSS re-
Implantation ICSS Lhreshold sioned uni- tested. *  to contralat- tested,
Group ICSS SLablll?ed laterally at - eral MFB-LHA
Prelesion base- 0.1-0.3 ma at 2 ma DC for
line. DC for 15 ! 10 seconds.
(1/2 left; 1/2 seconds ., ot
right) .
' C: Intact contra- ICSS re~
lateral Mrp- tested.
B LHA {(no stim-~
ulation or sec-
ond lesiaon).
= CS: Stimulation of ICSS re-
contralateral tested.
MFB-LHA at 10
ua/l hour:
daily.
hsymmetrical Shaping; MFB-LHA le-~ ICS85 decrease 5C: Stimulation ICSS re-
Implantation ICSS threshold; sioned uni- tested .of area adja- tested.
Group ICSS ‘stabilized; laterally at cent to MFB- «
' Prelesion base~ 0.1-0.3 ma — LHA for 1 hr.
line, DC for 15 : daily at 10 ua.
{1/2 left; 1/2 segonds. ’ '

right)

€€



CHAPTER III

. ‘ " RESULTS - , .

Figures 1 and 2 show the mean brain shock rates,

and bar press.reéponses, fésﬁectively, of the control

an§ ekperimental é;oups for four dayé prior to:the initial
lesion and for the 15 pogtle;ion recovery davs. To re-
iterate, the fqllowing abbreviations were used for each

" group:

]

1 ¢ intact control

2) cL contralateral iesion ' ’
3) "~ Cs =’&<_:c>n<i::<:aZLateral stimuIation;‘and
4) S8C = stimulation control.
The brain shock rates and bar press responses of each group
are rep:esented.as a percentage of the prelesion baseline
levels. The baseline level is designated as 1.00. The
conversioh of absolute brain shock and bar press values .to

percentages was necessary so that direct comparisons could

“be made between animals that differed greatly in their ,

~

absolute brain shock ané bar press values. Brain shock and
bar press measures were subjected to the same statistical
analyses and the results of the analyses are presented

separately for each dependent measure.

34
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Brain Shock Measure

TR The initial lesioh to disrupt ICSS behaviour,
indicated by the arrow on Fiéuré 1, caused a mérkea
decrease in thé-responsé rates fof control and experimenﬁal
groups. Following the initial lesion, a éimilar pattern
of recovér§ is seen 5etween groups across the 15 postle-
sion récovery\days.i Table 3 shows the mean pércentage

" increases of Séain shock rates for control and experimental
groups across®the 15 postlegion chovery davs combined
into five 3-day blocks. Table 4 shows a repeated measures
unweighted means; analysis of variance using the data
presented iﬁ Table 3 (4 x 5 design) (Winer, l97i).'

The analysis revealed a significant effect due to
postlesion recovery blocks only. Tesés on the differences
between all pairs of means (Neuman - Keuls) revealed that

.‘all recovery blocks differed significantly from one another
~ with the éxception of the Block 4 to Blbck 5 comparison
{Table 5).. The secondary analysis indicated that a signifi-

, cant increase in brain shock rate occurred across the post-

lésion recovery blocks with recovery approaching an asymptote

by Block 5. A check on the hypothesis of homogeneity | |

(Hartley's test; Winer, 1971} showed that the brain shock |

data was homogenecus (For the Subjects w. groups variation:

’ F_.= 2.82, k = 4, df = 10, p>.0l; For the B X Subjects

w. groups variation: Fmax = 2.64, k = 4, df = 40, p>.01).

As can be seen in Figure 1, the most acute change
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TABLE 3
Summary of Mean Percentage Intreases of Brain
Shock Rate for Control and Experimental

Groups Across Five 3-Day Postlesion Recovery Blocks

s . : ‘ Postlesion.Recovery Block
- Group 1 2 3 4
C 29 .48 .66 77 .82
cL .39 79 .91 .04 212
© CS8 .32 .63 .77 .88 -93
SC .31 .65 LT7 .87 .94

AN

.

-
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TABLE 4

Summary of Analysis of Variance of Brain

Shock Rate for Expérimentalfand

39

Contrel Groups ‘and Five Postlesion Recovery Blocks

Source '/ SS af VMS F
'Betyeen Subfeéts 11.64 38
Group 1.56 3 .52 1.79
" Subjects w.
Groups 10.08 35 .29
Within Subjects 11.40 156
Blocks ' 9.67 4 2.42 242. 00
Groﬁps X ‘
- Blocks . +.10 12 .01 1.00
. B X Subjects )
w. Groups "1.63 140 .01
Total 23.04 194
* p <.001
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TABLE 5

'Neuman-Keuls 9, Values for Differences

Between Pairs of Ordered Mean Brain S}hock Values

for the Postlesion Recovery Blocks Variable

40

Postlesion Recovery Blocks

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1 2 3 4 5

(.33) (.63) (.78) (.89) (.95)
1 . .30% .45% . .56% .62*
2 — o .15* _26% 32%
3 — _ —_ J11* 17
4 _— R - — 06
p <.01
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in recovery occurred between postlesion Days 3 and 4.

q
Here CL-animals, in particular, displaved a precipitous
. . {
increase in brain shock rate. Table 6 shows the mean

-

percentage increases of brain shock rate for contrdlAahd
experimental group§ across postlesion recovery Days 3

and 4. The bréin shock‘meahs %iéted on postlesion Day 3
represent the.matching of the four groups. Table 7 shows

a one-way analysis of variance of brain shock rate for control
and experimental broups on postlesion Day 3. ‘The overall .
analysis indicated fhat the groups did not differ signifi-
cantly on the brain shock measure. A test on the hvpothesis
of ﬁomdgeneitf (Hartley test) revealedé that the assumption

was not viola;ed for fhe brain shock data (Fhax = 7.00;

k = 4, &f = 10, p =.01). . -

Individual planned comparisons (Havs, 1963;

Ll
-

Keppel, 1973) among group brain shock means on pogtlésion

Day 4 are shown in Table 8. As seen in this table, a
comparison between C and CL groups showed a sign&ficaﬁﬁ
difference bhetween fﬁeir gro;p brain shock means. Individual
comparisons between C and CS g?oup means indicated no
significant difference in brain shock rates. It appeared
that there was a significant difference in brain shock
recé&ery on postlesion Day 4 between those animals whose
coﬁtralafera; MFB-LHA was damaged when compared to

» .

unlesioned control animals. -
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~ TABLE 6
Summary of Mean lgefcentage Increases of Brain Shock Rate
for Control and Experimental Groups ACross

Postlesion Recovery Days -3 and -4

. Postlesion Recover'y Day <
Group . _ .3 4
C .40 _ .42
cL ) | ' .49 .75
CS- ' .46 © .58
sc S .37 .58
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"¢ TABLE 7

Summary of Analysis of variance of Brain Shock ‘Rate -

- for Control and Experimental Groups on Postlesion Day 3

-~ Source

S8

+ df MS F
Groups .07 S 3 .02 .40
Error 1.58 35 .05
Total 1.65 38

-
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TABLE 8
Summary of Planned ‘Comparis',or;s Among Grohp

Brain Shock .Means for Postlesion Recovery Day 4

. Source’ o SS - 4af . MS F

Between Groups 10.35 3 L
- Comparisons : ' ' . .
C vs CL 83 1 - .53 . 6.64%
C vs CS .12 ©1 .12 ‘1.56
‘Remaipder 9.70 1 3.70
. Exror 2.68 35 .08
Total 13.03 38

* p .05
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Bar Press Measure

.o : In addition to ﬁhe brain shock méasure'the‘tdtal'-
' number oﬁ bar p}ess'responsés'wére régo;ded:for each animal.
The effecﬁs éf iCSS'lesions oﬁ bar press reeponseé, and
the subsequent recovefy of . ICSS behaviouf across, the 15
p?stlesion recover§ days are>regresented in Eigure 2. Th¢
overall pattern of ba} press recovery depicted in Figure
2 resembled that seen for th¢ brain shock- data in Figure 1.
J %or statisticalAanalysié, the 15 postlesion recovery dayé
were again combined into 3-day blocks. The five means
for each control and experiménqél-grouﬁ are represented
in Table 9. The bar press means shown in this table were
subjected to a repeated measures uhweighted‘ﬁeans,
analysis of variance (4 x 5 design) (Table 10). The
main anélysis of va%iance revealed that recovery differed
_Ssignificantly across the-postlesion blocks. This main day.
effect d4id not, hoﬁever, interact with groups, nor was
.- there a significant main group effect. Table 1l shows a
- Neuman - Keuls analysis on the differences between all |
pairs of means. As can be seen from the énélysis, all
block means differed significantly from one another with
the exception‘of the Block 4 to Block 5 comparison. As
was the case with brain shock recovery, a significant increa;e
in bar press responses occurred across the postlesion:
blocks with fecovery approaching an asymptote by Block 5.

A check on the homogeneity of the bar press data revealed

-

J
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"TABLE 9
Summary o_f Mean Percentage Increases of Bar - Press
V'Responses- for Control-and Experimental

Groups Across Five 3-Day Postlesion Recovery Blocks
-

Postlesion Recovery Block

Group | | 1 2 - 3 4 5
o 22 42 .58 69 73
cL: 7 .33 .68 .80 .92, 1.02
cs T e i .28 .57 .69 .80 .86
Csc . .29 .62 .75 .86 .93
> ] ) . . .N

-y,

R . - . . ‘ ’
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 TABLE 10
Summary of Analysis of Variance of Bar Press
Responses for Control and Experimental

Groups.and Five Postlesion Recovery Blocks

‘ L S 47
| s .

]

Source SS : af "MS . F -

Between Subjects ' ll.4£ ST 38
Group . ' C1.27 3 .42 1.45
Subjects w. 10.14 35 .29
Groups

' Within‘Subjects.' 10.99 156 ¢
Blocks §8.78 4 2.20  110.00%
Groups X | | .10 12 .01 .50 -
Blocks ' N\
’ B X Subjects 2.11 140 CL02
W Groups
‘Total 22.40 194 o
* p .00l
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TABLE 11
Neumén—xe\;ls 9. Values vfoﬁr Differences
Between Pa‘ifs of Ordered Mean Bar Press Responses
- for the Postlesion Recovery Blocks Variable
Postlesion Recovery Blocks
1. 2 .3 4 5
{.299 (.37) o7 (.82) (.89)
1 _ .30% - .45%* .56% .62*
2 _— —_ 15* ..26% .32%*
3 e e — ".11%* L17%
4 /\ _ e —_ —_ .06

* p<.01
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£ha£_the'data was homogeneous with respect ﬁbvéubjects
within.gfoups.vafiatién,-bu not for B.X Subjects within
grogps'varia;ion (For'Subégiégif;ﬁproups vagiation:"Fmaxe
5.14, k=4, 4£f=10, P >.01; ForTQCESSubjects wW. _groups varié—
tion: Fmax=3'46' k=4, df=40, p<:;01). However,‘since analy- -~
sis of variance is robust with respéct‘to minor violations '§
of homogeneity.aséumpﬁioné'(Box,.l§54); the originql bar
press déta‘were;noé transformed. |

As was seen in the. case of.the brain shock déta,
Figure 2 showed that the mdst aérupt change in bar press
recovery occurred between postlesion Days 3 énd 4., Table

12 show§ the mean percentage increases in bar press recovery
fof.all;groups aciéss these two days. Although animals.
were not ‘'matched on the basis of bar press responses, a
one-way analysis of variance of bar pfess regponSes for
control and experimental groups Qn-postlesion Day 3 in-
dica#ed no ‘significant differences between the groups
(Table 13). A check on the assumption of‘homogeneity in-
dicated that it was not contradicted for the bar press data
(F__ =1.50, k=4, a£=10, p>.05).

Individual planned comparisons among group means
were conducted using the bar press data on postlesion Day
4 (Table 14). The analysis revealed that C and CL groups
differed significantly from one another in bar press re-
covery. Comparisons between C and C$ groups however, resul-

ted in no significant differences. Consonant with the brain
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Summary of Mean Percentage Increases of Bar Press Respcnses

TABLE 12

- for Conti:‘ol and Experimental Groups ACross

Postlesion Recovery Davs 3 and ¢

Postlesion Recovery Day

Group 3 4
¢ .34 .37
CcL. .42 . .68
cs .39 . .51
' sC

.35 ‘ .55
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TABLE 13

51

- -

Summary of Analysis of Variance of »

_ . Bar Press Responses for Control-

and Experimental Groups on Postlesion Day.3

»

Source ss af MS . F
. Groups .05 3 .02 .40

Errxor 1.78 35 .05

Total 1.83 38

-
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TABLE - 14 e
Summary of Planned'Compaffsons Among Group
Bar Press Means for Postlesion Recovery Day 4
- Source SS df . MS F
Between Groups = 8.4% 4 3
Comparisons' | . o ) .
. » .
Cwvs CL  ~ .47 1 A7 6.71%
" C vs CS .09 1 .09 1.37
Remginder 7.93 1 7.93
Error 2.46 s 35 .07
Total . 10.95 38
*p <:.d5

-~
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shock data, there was a difference in bar press recovery on

_and intact controls (C). )

- Extent of Recovery

: The extent oﬁ’brain shock and bar Press recovery

is seen on postlesion recovery’Day 15 on Fiéﬁres 1l and 2,
respectively. “Inspection of these figures indicated that
mean brain shock and bar press. responses in C, CS, and sC -
groups failed to-compietely'fecover té'prelesion baseline
levels~i7/the time‘tbg‘éxpérimegﬁ was terminated. CL ani-
mals, on the other ﬁaﬁd, showed a final recovery level “
which exceetied the-prelesion baseline level. Differences
bgtween ﬁhe baselingvand postlesion Day 15 brain shoc} and
bar press responses for-each group were analyzed by means

of correlated t—testé. The analyseé indiéatéd that pre-
lesion and postlési;n scores were sig;ificantly different .:
in C aﬁimals for both the brain shock and bar press data

( For brain shock data: t=-2.29, d4f£=9, p<<.05; For bar préss
data: t=-3.16, df=9, p<C.05). CL, CS and SC animals, on

the other hand, &id not demonstrate a significant difference
between prelesion and postlesion brain shock and bar press

responses.

Individual Recovery Curves

- ~
Recovery curves for all animals were inspected to

see if individual recovery curves corresponded to the over-

all group mean curves depicted in Figures 1 and 2. All C

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission
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énimals displayed recovery curves which did not vary gﬁeat-
ly from the mean recovery chrve: Animals in the Cs_énd sC
groups however, showed more individual §ariation. - The main
difference betwéen:fécovery curves of animals in éhese
groﬁps involved the degree of récovery bgtwéen.postlésion
_Days 3 .and 4. That is; about half of the Snimals within

each of these‘gréups demonstrated a distinct increase in re-

-

covéry. Recovery curves in the remaining animals showed a
more gradual increase 'in brain shock and bar presé feséonses.

.'Finaily, individual CL animals‘showgd recovery patﬁérns
which were consonant kith the group mean recovery curve.
All animals in this group, with the exception of oné, ex-
hibited a ratherlérecipitous increase in recovery between ‘

postlesiop Davs 3 and 4 followed by a gradual increase .in

responding over the remaining 11 postlesion days.

Histological Andlvsis

In Figures 3—8,-iocations of ‘electrode tips in C,
Cs, and sC animals are marked on traéings of coronal sec-
tions from deGroot's (1959) atlas of the rat brain. - Og
one.side of each figure, indid&dual iCSS electrode place-
ments are represented by different symbols. The other half
of each figure indicates the location of an animal's corre-
sponding non-ICSS electrode. Finally, the number on the far
.right pf each section represents the anterior-posterior
coordinate according to the deroot atlas.

Figures 3 and 4 are electrode placements in C an-

+

.
.
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Figure 3. Electrode placements in C animal
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Figure 4. Electrode placements in C animals with ICSS elicited thru right electrode.
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Figure 7. Electrode placements in SC animals with ICSS elicited thru leftelectrode.
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Figure 8. Electrode placements in SC.animals with ICSS elicited thru right électrode.
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imals. As Can'be seen from these two figures, ICSS elec—

trodes were 1mplanted in or around the MFB LHA in all of the

animals. Placements of electrode trps ranged from AS5.8 to -

AA.Z, and were located within the MFB- LHA - Most of the
- o

electrode placements, however, were. centered in the ex-—

treme ventral MFB-LHA. Placements ofrnon ICSS electrodes

ranged from AS-S to Ad4.6, and were also found to be largelv

- implanted in the ventral MFB-LHA.
Pi@ures 5 and 6 show the electrode placements in

CS animals. Electrodes eliciting ICSS penetrated’ the ex—

-

treme ventral part of MFB-LEA. The electrodes were lo-
cated from 4.6 to 5_4mm anterior to the interaural line.
Non—-ICSS electrode tips were implanted from A5.4 to A4.6
and also were concentrated'in the extreme ventral MFB- -

LHA.

Though it appeared that many of the electrodes in

the C and CS «groups had been implanted deep enough to

completely bisect the MFB-LHA, the electrodes were found

to elicit ICSS behaviour when tested. _if.en electrode on
. either .side ofxthe brain was féund notlto result.iniICSS
behaviour, the animal was.discarded from the study.. Thus,
the occurrence of ICSS behaviour was used asba functional
index of appropriate electrcde placement.

Figures 7 and 8 indicate the electrode placements

in SC animals-: In these animals it was intended that cne

electrode be implanted within the MFB-~LHA on one side of

Y
\
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. . tﬁé brain, and the contralaterél‘électrode implaﬁted in
an aréa ou£side the MFB-LHA. As shown in Figurgs.7 and 8,
ICSS eléctfodes.were iﬁplanted w;;hin the ?entfal béundary
of the MFB—LHA. Eongralatérai non-ICSS electrodes, .on the -
other hand, were found td be located .in areas consistently
dorsal to ICSS placgments; Six of the non-ICSS electrodes
were implanted in the zona idpérta, wﬁile the remaining
three electrodes were located in the dorsal paft of thé
. - MFB-LHA. All non-ICSS electrode placements were tested for
ICSS behaviour and an animal was discarded if ICSS could be
demonstrated in an intended non-ICSS electrode.
The location of the ICSS electrode tip, and the
maximal extent“of contraiateral tissue damage for each CL

. animal iserepresented in Figure 9. Six of the CL animals

had ICSS behaviour elicited.through'the left electrode while

- three of the animals had ICSS elicited through the right
-g}ge%nQQS: In all cases, ICSS electrodes were implanted

'in the ventral boundary of the MFB-LHA extending from an
anterior-posterior range of AS5.8 to A4.6. The shaded areas

in the figure indicate the maximal extent of cdntralateral

tissue damage in each animal. All the lesions included
. >
damage to a portion of the MFB-LHA. The extent of damage
, —_

in the largest lesion includéd the MFB-LHA, zona incerta,
fornix, ventromedial hypothalamus, dorsomedial hypothdlamus, ~
and portions of the ventral premamillary and lateral mamil-

lary nuclei.
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CHAPTER IV
DISCUSSION . .

.

The primé:y purpose of the present experimsnt was
to determine 1if in{act structgfes on one side of the brain
" become involved in the'rec0very of damaged contralateral
- homologue$s during the interoperative interval of a two-
stage lesion. It was thought that if behavioufal'rscovery
was dependent upon théfintegritv of homclogsus ;issue-conF.
tralateral to a brain damaged area, then: a) subsequent
damage to this tlssue may 1mpede the recovery process while,
b) subseouent electrlcal stimulation of the tissue may ex-
‘pedite recovery.
’ | In the pre%ent study, rats were trained to press
@ bar to receive brief electrical shocks to the brain
(ICSS}. The animals were then lesioned to disrupt ICSS be-
" haviour anq the subsegquent postlesion recovery patterns were
observed. The two dependent measuresisere: a) the total
number of brain shscks delivered to the animal, and b) the
total numbef of bar press responses by the animal. The re-
sults indicated that tfe course of.ICSS recovery was similar
for brain shock and bar press measures (Figures 1 and 2).
Since brain shock and bar press recovery demonstrated a
4high degree of similarity, the discussion of IC%;:fecovery

is confined to the brain shock data.
64 ' -
z : { ’.A ° \ )
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Overall Récovery

'Folldwihg the initial uﬁiiateral lésion of the MFB-
LHA, animals recoveréd'self—séimulation'behaviour regard-
less of whether or not the MFB-LIA on the opposite side of
the brain was damaged (CL), intact (C), or intact and sub-
jected to daily sessions of electricaL.s;imulatioﬁ (CSi

i

(Figure 1). Furthermore,.animals who underwent daily sessions
of electrical stimﬁlatidn of an area adjacent ;o the con-
tralateral MFB-LHA (SC) manifested a brain shock recovery
,patterﬂ/remarkably similar to the course of recovery seen
in CS'éniméls. An analysis of the brain shock recovery rate
for experimental and control groups across the entire 15
\\;y' day postlésion recovery period revealed a significant in-
| crease inhbrain sHock rate, but the course of recovery was
the same fof alli gro?ps {Table 4). That is, subsequent con-
tralategal lesiqﬁing or stimulating did not produce a‘!&gni—

— .
ficant difference in the overall recovery pattern among the

L4
groups. These results failed to support the hypotheses
that damage to homologous tissue on the opposite side of the
brain *would impede, and contralateral stimulation of this

area enhance, the course of ICSS recovery.

Contralateral Lesion and Recovery

Although the behaviqQural results did not support
the hypotheses, theéy did reveal a paradoxical phenomenon:
Démage'to the homologous MFB-LHA on the opposite side of the

*

brain resulted in a significant immediate enhancement in re-
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covery of self-stimulation behaviour (Table 7).,.On‘post—b
lesion Day 4, contrélaterai lesion:animals-showéd a preci—;
pitous increase in brain shock respénses; Individual planned
comparisons of the mean brain shock rates between contréi |
and‘contralatérél lesion groups revealed a significant:in;
crease in responding for the.conﬁralééefal lesion ahimals.
At the same time, the analyses indicated no significaht dif-
fefence in recovery between control and contralateral stimula-

-

tion animals (Table.S). The importance of this immediate
heightening in recovefy on postiesion Dav 4 1is Accéﬁted by
_ﬁhe return to a more gradual increase in responding over the
remaining 11l postle;ion days. .

'A word of caution is necessary befofe attempting
to explain the paradoxical recovery seen in the CL group.
Since it was not expected that contralateral damage would
produce enhancement in the course of recovery, an important
control group was left out. That is, it is not known whether

"-the improvemenf seen in CL animals was due to lesioning of
the homologous structure per se, or the consequence o0f in-
flicting additional damage anywheré in the brain. Aan addi-
ticnal group of animals whose contralateral MFB-LHA remained
intact and who received damage to an‘area outside the MFB-
LHA area would help to answer this particular question.

Despite the limitations imposed by the lack of a
proper control group, a few suggestions can be offered to

explain the immediate recovery seen in the CL animals. To

- -
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begin with, largely because of the rapidity of brain shock

-~
-

* ' reéovery, it seems uniikely thaf mechanisms!such as vicari-
ous‘functioning, behavioural substitution, or neuronal
sprouting {(Finger et. al.,'l973; Goldberger, 1973; Mever,
1973} were'respOPSible for'suph immééiaté reco§ery, .The as-
sumption, of couréed is_that these'mechanisms reqﬁirc a
much longer time period to becomé functionally.operdtive

-

A N
Y) (Butters et. al., 1973; Steward ét. al., 197}?‘2974;
Schultze and Sfein, 1875) and, thus cannot plausiBly exélain
) rapid changes in behavioural recovéry. .
One‘possible.explanation.is that the initial ICSS
lesion initiated reactiohé in the denervated area which
served to facilitate the effect of the subsequent'éontré—
lateral lesion,.and thus, promoted a'méie rapia behévioural
recovery (Scheff et.al., 1977). "~ Scheff and his colleagues
demonstraté@ that a péftial lesion of the entorhinal cortex
Ak«/ on cne side accelérated the course of 'axonal sproutiﬁg‘ —\QKM_,)A
producéd by a subsequent lesion four days later of the entor-
hinal area of the opposiﬁe side. In effect, the authors
suggested that the initial lesion acted as a fconditfoning'
stimuius. That is, the lesion activated the cellular events
necessary for fibBer growth and thus conditioned the system
so that axonal growtﬁ began:within two days. Animals who
had the entire entorhinal cortex removed at one time, on the

other hand, required at least six days before sprouting began.

The afthors suggested that the celluiég changes were biochem-
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‘ical in nature :and inglgded’changes‘in‘the meﬁaboiﬁsm of
the reactive afferents sand postsynaptic (deafféréﬁted) celis.-
The éxplanatioh is closely assdciated with a denervation
sgéefsensihivity model of fecovefy. This model proposes
"that a damaged area undeﬁgoas postsynabtic.éxcitatory éhanges-
which‘ﬁsually involve an' increased sensitivity to chemical
mediators serving.the'deprivedx@rea (Glick and Zimmerbergq,
1972; Glick et. al., 1972; Glick and Greenstein, 1972).

An alternative possibility iélthat the rapid re-
coﬁery of behavioural respbndiné méy have resulted from the
withdrawal of inhibition. For example, Bard (1938) demon- ’
strated that subsequent lesions in the opposite hemisphere
immediately ameliorated the deficits in contact placing aﬁd
@oppingAbéhaviour produced by an initial unilateral lesion
to the motor cortex area. Aloﬁg this ;ame line, Semmes énd
Chow (1955) found-that man§ of the'contyaiateral'defects
which accompany unilateral ablatién'of the pféceﬁéral gvrus
codld be raéidly-ameliofated following massive lesioniﬁg of
areas surrounding the preceh{ral gyrus in the opposite hemi-
sphere. At the subcortical ievel, Goldberger (%959) found
that a loss of contact placing behavioﬁr, as a result of a
unilateral pyramidél lesion, could be reinstated when a sub-
sequent lesion was made 1n the ventrolateral funiculus of
the spinal cord oﬂ éhe opposite side. Though these studies

represent'relationships that may exist between heterotopic

regions of the hemispheres, the results do suggest that rapid
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_rebovér9~mav occur as a function of the elimination of an
otherw1se intact lnhlbltorv mechaglsm,

As further support for the suggestion that imme- .
diate 5ehav1oural'recover§ may reflect a withdrawal of in-.
hibitory infiﬁences;.Spragué (1966) qonductéd'a study in-
volving Ehe’&isdal'svstem in cats. Fifst, he demonstrated
that unllateral removal of the entlre Oi%b?lto temporal cor—

tex resulted in the usual contralateral hemianopia. Subso—

guent removal -of the supericr colliculus contralateral to

the cortical lesion restored vision to the preViously hemi-
anopic fie%d. Sprague argued tbaﬁ.the suberior colliculus
ipsilaterél to the corticél lesion was functionally depfessed

- because of an inhibition resulting from imbalance of visual
centers after the cortical lesion.. Since the subseguent
ablation of the céntralateral colliculus returned vision to
the hemianopic field, Sprague suggested that visual resti-
tution was‘Que to recoveff of function'df the ipsilateral
colliculus, and tha£ recovery was the result of removal of
inhibition arising from the superior colliculus of‘the op-—-
posite side. Finally, Bogen and Campbell (1962). demon-
strated that the inhibitory hyvpothesis is not restricted to
interhemispheric mechanisms. In their study, they discovered
that placing behaviour lost as a result of 'hemicerebrectomy'’
of one side of the brain could be reS&Qred following a

.second frontal lesion placed within the same hemisphere.

. Bogen and Campbell suggested that recovery was the result
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of a removal of ipsilate%al, corticifugal inhibition,
More recentl&, LevVere (1975) re&iewed‘thé inhibi-

tory-facilitory hypqthesis suggested by Sprague (1966). Le-
Vere suggested that Sprégué's findings'represénted d 'systems'

view of brain function. That is, many behavioural functions

can -be shown to be mediated at cortical and subcortical
—

levels by brain areas organized into. systems. Any damage

inflicted to the brain causes dysfunction through an im-
‘ . -
‘balance in the inhibitory-facilitory relations throughaut,s

the system (Levere, 1975, p. 355). Thus, in the case of
Sprague (1966), the visﬁal cortex sends facilitating im=-
pulses to the—ipsilageral colliculus. The collicili on both
sides, in.turn, inhibit each other. Unilateral lesioning

of the cortical centers disturbs the balance between the
Yisual cortex and the.colliculus. Subsequent damage to the
contraiateral colliculuS'réstores the normal balance be-

tween inhibition and facilitgtion—?;8§né;, 1970).

With regard to the present behavioural results,

O

it may be that a balance exists between homglogous brain
areas, particularly if they redundantl? mediate similar be-
haviours. It is likely that damage to the.MFB-LHA on one
side of the brain resulted in a removal of inhibitién to

the 6pposite homologous area, and thus, produced a rapid in-
crease in ICSS responding. The fact that CL animals even-
tually recovered to a level beybné the origiﬁal baseline

{Figure 1) is consistent with this idea.
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Contralateral Stlmulatlon anﬁ*Recovery e : ) T,

-71

The results have shown that subsequent electrlcal

stlmulatlon of homologous tlssue contralateral to an area of

- -

CNS damage dld not fac,llltate t e course of behav:.oural re-

N

covery (Flgure 1). . One of the major problems in the present
. o
détudv however, lnvolved the selectlng of approprlate stlmulus
. parameters in those animals receLVLnggipntralateral brain
stimulation. While it was intended that the stimulation be
of sufficient duration.to'cause a change in the normal brain
activity, perhapent ;issue damage was to be averted. Further—
more,.it_wae intended that the inteﬁsity of the current be .
maintained at a minimal level to EVOiq the occurrence of
_overt behavioural re%?onses. a ranée of stimulus durations
. and intensities have been shown to have an effect on behav-
}oural recovery followﬂﬁg brain damage. Por example, Thode
.and Carlisle (1964). found that animals stimulated in the
Jlateral hyooohalamic'area for 30 minutes daily recovere?@fgom.
X , an anorexic effect produced by administration of amphetamine.” ™

While the authors failed to mention che train and pulse dura-

- tions” L_rs.eod‘ they did report that a current Jj.nt.ensity of 75 ua g

was sufficient to reinstate feeding pehaviour. More recently,
Ha¥rell et. al. (1974) demonstrdted that the feeding re-
covery period’ fdllowxng lateral hypothalami¢ damage could be
, reduced f‘Bm 6 dagys to 2 days, if the damaged.area was- stlmu—
tras.n of pulses l.@® msec in duratlon for 1 hour
2. 29, ‘A -
ntens::.tv of: the- ‘stlmulatlon w3s h@d constant ,' .
2. L ) R -

0. . . . .. - .
- .
L 4 ‘ ‘, & ~,
EE . : d .
] z Y ‘ 4

P g ‘) _ . % .
‘ A a X S Lo
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« at 8 uwa. - .'_ - L .

Finally, Heath' (1977) has demonstrated some suc-
cess in the treatment of certaln lntractable psychlatrlc

1llnesses by stlmulatlng specxflc cerebellar sxtes over a

much longer time span. Through means of a chronlcallv im-

plantédareceiver activated by~an external power source, a

pulse .25 msec in duration was administered to the cere-

bellum for 3-6 months dependihg on the’disorder %Pder treat-

ment. The intensity of the ‘current was varied from 3-6 .

volts.

v

In Ebe preseng\experiment, CS anad SC animals were
stimulated with aV.S eec train of pulses 1.0 msec in dura-
tion. The shocks were adminietered for two.ls minute ses-
sions daily and were pfoérammed‘to deliver one‘p?lse every
2 seconds. Thus, each animal received abproxigately 906
ehocks daily over 12 postlesiocn recover} days. The current
1nten51tv was held constant at 10 ua. My point is simply
that the similarity }h the course of’recoverv between stimu-
laggd and unstlmulaéed animale may reflect the use of inap-
propriate stimulus pdrameters (i.e. train and pulse dhrations,
current intensity), er an insufficient applicarion period
(Harrell et. al,, 1974; Heath, 1977).

Q& A seconé point can be made on the effécts of stim-

~

3 ‘ ulation. It was thought that the direct effect of stimula-

-

tlng would be to alter the state of neural organization with-

" in the vicinity of the stimulating electrode. This modifica-

| e

- ’ i~ 4

. o
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tion in function may} in turn, have an indirect effect on -

interconnected néural activity remote from the site of stim-
: 8 oo
ulation (Doty, 1969). However, changes in the ongoing neu-

ral activity at local and distant sites may be either in-
hibitory or excitatory in nature (Ervin. and Kenney, 1971) . .

That is, electrical shocks may serve to activate or inacti-

vate existing neural function. Thus, in the case cf‘CS and

SC animals, electrical stimulation may‘have produced a com-

plex network. of both excitatory and inhibitory influences
acting on local and distant neurons which, when summated,
had a net effect of neither excitation nor inhibition. The

similarity in recovery between the stimulated and control

groups would tend to support this intErpretation {Figure 1).
*

Additionél Methodological Consideratibhs
¢ An incidentéi §urpoée of the present experiment
was tqyprovide §a§a pertaining_t6'the feasibility of se-
lecting ICSS as a model for studying behavioural recovery -*
after CNS damage kggillips, 1976). It was thought that
changes in ICSS‘respbnding would be clearly observable, and
therefore, interpretations‘SE behavioural impairment and re-

N

covery ‘less ambiguous. While this appeared to be the case
in the present experiQent, a methédological'tedhnique used
- in the study may have éonfounded the results.‘ That is, it
was exceedingly'difficult to produce a lesion which dis-

rupted ICSS behaviour and vet did not result eithé€r in com-

plete recovery or cessation of responding. While those ani-

¢ e

Reoro . . .
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méls who completely lost-selﬁ-stimulatiop behaviour were
discarded from the study, animals who recovered the next day“
héd to be relesioned. Thus;'maﬁy animals were lesioned moré

than once to disrupt ICSS behaviour. What effect this may

.

have had on the .course of ICSS recovery ié’unanswered. Ei-
ther a new technigue should be used to produce the initial

brain damage, or a subsegquent experiment performed to assess

- .
»

the effects of using multiple ablations.

Secondly, this study was-not deSigned to compare

the effects of early and later brain damage, nor was it in-

tended to compare to what extent behavioural rquvery is a’
"’ .

function of the sex of the organism. However, it would seem

A}

plausible to investigate both of these variables considéring
.the extent ofirecovery seen in young versus older animals
(étein, 1973; Goldman, '1975), and males versus females

\ (Teitelbaum, 1973).

Summaryv and Conclusions

-

-

In summary, it has been sﬁd&n that (a) sgbgequent
electrical stimulation of homologous tissue contralatéral
to ar area of CNS damage does not facilitate the course of

. beh vioural"recovery_, and (b) subsequent..damage to this
// sane t%ssué resulted in an immedidte paradoxical increase in
beh! viog;al responding. It.was suggested that this rapid

increase in responding may be explained in terms of a re-
. v

lease of inhibitory inflhences arising from the MFB-LHA on
- - .
thé opposite side of.the brain. While these results pro-

2 -, e . &
> <
o . ) )
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vide some information on theé involvement of contralateral °

-

homologues in recovery, there are a number of guestions yet
to be answered. o .

First, there is the guestion of whether there is a

-

'eritical'. period between initial damage and subsequent con-

tralateral intervention. That is, the initiation of the: re-

covery process by\the contralateral homologue may have taken
place. immediately following the initial ablation, and there-

~fore, subsequent damage and stimulation a short time later
1 4 - s . .

may have had a different effect on recovery than if it were,

produced immediately following .the initial brain sdamage.

-

A ' Along this line, Stein (1973) has suggested that homologous
tissue on the opposite side of the brain may provide thé
impetus by which recovery begins but then is notlongen
needéd once recoyéry is set in motion. In the present'ex—
periment, contralateral damage and stimulatiop were not pro-

duced until three days after the initial lesion, thus al-
N 'y ’

ready allowing for what may have been sufficient time for

initiation of recovery. This possibility d4s likely, con-

sidering the importance of  the length of the interoperative

*

interval in fwo-stage recovery (Stewart and Ades, 1946;

Patrissi and Stein, 1971; Glick and Zimmerberg, 1972). A
X

pore definitive answer to this question must await the out-

come of a subsequent experiment where the 'critical' post- -

lesion pﬁ;iod is systematically varied.
. 4 - 4
, ' Second, one 9f the major prob%ems in the present

N

- >

ey |
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study involved the seiecting Qf stimulus parameters which.
wéfe‘best suited for the experimental requireménts. Except

for the 1ikeiihood that certain stimulus parameters can re-’

" sult in tissue damage (Lilly, 1966), the selecting of appro-
‘priate stimulation parameters for the purpose of expediting

recovery was not clear cut in the present study. It may not.

have been the stimulazigﬂ per se therefore,: that falled to
facilitate récoveﬁy in the CS group but, instead, the result.f
of stimulating wf%%%inapprdpriate stimulus parameters. Cleér-
ly the next step would be to sysﬁematically‘investigaﬁe the
effects.of various parameﬁgrs on the course of recévery ’
following brain damage.

Finally, thevparadox;cél finding that subseguent
contralaterél damage enhanced the course of ICSS recovery is
of special interest. While this firding }eéulted from dam-
age to the homolé?ous brain region on the opposite side, it
does not lmplv that the damage must necessarlly ‘be confined
#o this area to facilitate recov%fy. To ‘answer this ques- .
tion, it is necessary éo demonstrate that subsequén? lesions
placed in-a hétetotopic brain‘region result in less}behav-,
ioural recovery than the same sized lesion located in a

5

homologous area. :
< » { rd 4 &

R The rapid recovery seen in the CL animals brings

. .

up an interesting pofht.' That is, brain damaged subjects

%
may not necessarily be made worse by additional damage. The

guestion as to whether a s&bsequent lesion improves one con-

»
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dition and creates another, however, remains unanswered. .
This, of course, would-depend upon the brain area involved

as well as the behaviour mediated by the area.. It would.

seem worthshile, therefore, to investigate whether subse-
gquent lesioning in other brain areas may ameliorate the be-

havioural deficits caused by an earlier lesion while at the

v -

same time keeping deficits produced by the second lesion to

a minimum. ’
To demonstrate that an homologous region on the

opposite side of the brain is involved in reco¥ery following

CNS damage is of both theof&%ical and clinical importance(

%hat is, the demonétration that intérvéntion can have-an ef-
fect on the behavioural rééponéeé élicitéd byian area on the
opposite side may provide insight into basic brain-behav-
iour relationships.. Purthermore, this kind of researéﬁ may
provide basic knowledge of relevance to the treatment of
brain-damaged subjects. If the me;hanism responéible for

behavioural recovery can be more clearly defined, than per-
N - -~

haps the course of recovery may be hastened either by means

of surglcal intervention, or *with tﬁé aid-of approprlate

7/

pharmacological agents. )

—
-

Pl
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- APPENDIX A
PRELESION BASELINE BRAIN SHOCKS AND BAR
- PRESSES FOR CONTROL AND EXPERIMENTAL ANIMALS

* . -
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% T V
control Animals
Subject © Brain Shocks Bar Presses
cL T892 . 696
Clo0 628 ' 902
Cc4 488 . 559
cs 642 ) 1079
c2 756 956
cé 733 1090
°
c7 462 . 615
c13 598 “ 816
¢ M .
. Cl6 : 737 936
i C20 © 508 783 -

L=
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Contralateral Lesion Animals

Ny

(~

Subject - Brain Shocks Bar Presses
P -
' _CL2 600 - 657
A\ .
, CL§ - . 432 49
cLa ° T 762 308
- cwa . 64l 1079
- ,
CL13 784 984
yCL6 624 : 758
CLil 566 ‘ © 1073
CL17 . 513 ST 636
CL19 469 . 610
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Contralateral Stimulation Animals

Subject Brain Shocks Be-lr. Presses
' cs3 . 613 629
) sS4’ | 579 ' 694
CS1 707 901 -
cs9 687 . 929
. Cs6 563 577
£ cs1l 6§92 1421
: | CS10 379 38§
. CS15 502 625
CS14 573 709
cs12 621 806.
csS17 580 732
! .
N .
’ . % 2
! ( .
. v
pld

’
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Stimulation. Control Animals

>~

Subject . Brain Shocks Bar Presses
scl 347 o 379
sCs 597 o 639
scs . 518 581
sCs 541 ‘ . 621
- B SC4 | 632 . 648
SC10 641 802,
\ \ | sc12 679 : 961
SCL3 | 458 ' . 522
sci7 331 . 349
Q -~
. )
- ;
R
5 - S
K) . v -

Re . - . . - ) |
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APPENDIX B
’ . MEAN DAILY BRAIN SHOCKS AND BAR
PRESSES FOR CONTROL AND EXPERIMENTAL

' ANIMALS ACROSS THE lé POSTLESION RECQVERY DAYS

LY
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Contralateral Lesion Animals

b 1

N4

Postlesion Recovery Days

12

13

Subject ) 2 3 4 5 6 7 8 9 10 11 ‘14 15
oLy BS 171 315 445 555 534 622 532 639 - 692 738 740 744 752 806 813
Bp 180 378 460 577 569 658 565 682 746 807 771 - 788 838 895 879
cLg BS 249 201 295 530 558 538 576  567° 615 <618 655 675 648 129 745
BP 252 298 330 620 592 551 616 609 651 653 90 718 671 778 805
cLa P8 21 29 94 . 298 456 00 612 638 691 693 726 753 769 767  790°
BP 23 29 96 315 471. 536 677 763 848 813 869 918 966 939 984
oLy S 41 40 247 433 508 475 520 655 -635 780 806 808 775 827 826
BP 47 41 283 492 584 565 625 815 763 1041 1078 1042 1021 1116 , 1126
cLy13 BS 167 333 214 530 497 496 548 536 567 607 619 634 652 661 . 667
Bp 175 354 224 584 545 518 601 590 ° 606 650 654 705 699 715 727
ong S 165 271 391 610 528 638 617 670 607 676 661 684  664' 664 6i7
0 pp 180 312 479 860 622 746 725 828 654 778 734 742 . 748 750 677
cuiy B8 252 316 379 477 451 563 542 515 547. S10 565 533 605 591 638
A1 pp 343 459 494 747 622 800 731 714 827 829 893 811 1163 940 1057
T — . §
cLyy B8 5 50 82 171 205 279 202 343 338 340 378 390 426 426 438
BP 5 70 95 212 252 359 279 474 485 470 512 515 561 - 542 573
cLyo P8 370 380 382 396 382 415 435 472 463 .. 495 489 523 513 557 639
A9 gp 390 425 420 418 391 427 45 498 507 528 536 580 571 627 751

98
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Contralateral Stimulation Animals

Postlesion Recovery Days

subject 1 2 3 6 7 8 .9 10 11 12 13- 14 15 .
csy BS 62 352 3283 ]3#\\f\08 463 425 554 580 629 . 662 654 G663 646 638
°3 pp 63 354 328 131 309\ 465 426 555 581 632 662 655 664 648 642
. . : ‘ ‘ : ,
csq B8 57 258 450 555 538 604 6l6 643 671 657 665 G688 701 699 713
BP 58 268 480 618 572 645 673 713 745 766 777 840 - .853 841 847 -
cap BS 420 531 532 557 594 580 465 448 489 515 566 . 584 619 _Gl2 637
BP 427 545 544 573 502 490 470 453 504 527 592 - 615° 685 672 718
cgo DS 80 103 191 165 -151 186 480 387 567 562 647 669 ' 636 629, 636
BP 82 161 199 188 180 212 555 430 665. 648 799 763 724 752 782
cog BS 9 69 148 319 384 416 434 505 462 482 520 489 550 - 518 543
BP 10 72 152 334 409 437 468 528 478 498 536  501. 568 527 558
a1y BS 161 393 377 579 580 566 604 624 613 639 653 666 639 701 659
511 pp 173 423 402 721 708 734 780 818 735 792 1000 1014 982 1089, 1026
co1o BS 90 228 271 370 430 398 383 398  3B8 420 436 430 436 453 45§ ¢ -
BD 9 237 287 388 476 441 416 420 401 A48 458 444 442. 462 480 g
0y N & A N . ‘ .
csls BS 24 24 49 146 . 114 226 191 286 268 345 316 358 366 376 408
> pp 30 29 56 174 139 266 240 329 301 427 367 404 393 459

412

L8
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Stimulation Control Animals

Postlesion Recovery Days

Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
sc1 BS 26 11 37 216 187 185 152 196 182 172 175 204  22% . 205 216
BP 27 13 38 235 191 192 171 204 185 175 177 207 231 209 . 226
ses  BS 233 327 297 364 377 412 476 509  S99- 573 602 617 630 609 642
°  BP 233 333 - 299 365, 377 416 477 511 601 575 604 619 68l 613 651
scg BS 189 303 360 453 466 485 477 536 524 523 531 522 530 546 561 -
' BP 191 308 - 367 466 488 494 507 577. 563 569 572 559 569 605 617
scg BS 116 140 188 291 337 307 316 292 339 344 362 385 362 367 400
BP 140 173 222 367 411 370 394 349 397 386 425 469 438 457 466 .
ccq BS 34 114 136 175 298 284 359 343 374 445 408 446 442 444 382
BP 38 116 138 185 322 299 391 360 395 475 425 465 463 465 398
sc1o BS 82 232 241 372 387 376 390 401 453 456 461 440 514 508 516
BP 87 238 246 390 383 389 395 416 475 476 493 461 555 580. 558
scla BS 18 18 12 14 24 67 118 118 145 191 264 329 400 440 424
BP 21 19 14 16 27 82 142 129 162 213 297 370. 476 529 514
scl3 BS 271 273 263 339 422 450 479 484 493 494 552 539 549 581 613
) e 294 288 280 373 449 498 528 . 538 562 562 668 643 635 696
sc17 BS 24 190 173 314 420 469 503" 490, 525 502 S8l 581 - 511 536 7{@31 '
BP 24 - 194 176 316, 437 511 538 522 575¢ 610 66l 667 574 612

709

\

68

56
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APPENDIX C.
MEAN :DAILY BRAIN SHOCKS AND BAR PRESSES FOR CONTROL
AND EXPERIMENTAL ANIMALS XCROSS THE 15 POSTLESION

RECOVERY DAYS AS A PERCENTAGE OF PRELESION BASELINE LEVELS
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Contralateral Lesion aAnimals (cont.)
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Postlesion Recovery Days

Subject 1 2 3 4 5 6 7 8 9 10 11 120 13 £ 15
BS .01 10 .16 .33 .40 .54 .39 .67 .66 .66 .74 .76 .83 .-w83 ..85

CL17 pp .01 11 .15 .33 .40 .57 .44 75 .76 .74 .81 .81 .83/”’785 .90
cL1o BS .79 Bl .82 .84 .82 .89 .93 1,01 .99 1.06 1.04 1.12 1.09 1.19 - 1.36
BP 64 .70 .69 .69 .64° .70 .74 Y'.82 .83 .87 .88 .95 .94 1.03 1.23

- - N g N - !

croup BS .29 .39 .49 .75 .77 .85 .85 .94 .96 1.0l 1.04 1.07 1.07 1.12 1.15
BP .24 35 .42 .68 .68 .72 . .73 .83 .85 .91 .93 .95 99 1.01 1.05

L 2

43
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Cantralateral Stimulation Animals (cont.) f
Postlesion Recovery.Days _ _ )

Subject 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 15
csl4 BS .25 .53 .76 .78 .94 .99 .89 .95 .97 .96 ;97 .08 .98 1,12 1.0%
By .24 A7 .71 .68 .94 1.06 .78 .86 .85 .89 .85 .98 .89 .99 1.00

. . '

3y

512 BS .00 .08 .25 .32 .36 .41 .52 .50 .52 .58 .57 .77 .78 .72 .76
BP .00 .07 .20 .26 .31 .36 .44 .43 .44 .48 .50 .68 .71 .64 .71

cs17 BS .01 .11 .20 .39 .33 .53 .48 .47 .46 52 .52 .52 .56 .55 . .57
BP .01 .10 .17 .31 .27 . 45 .39 .38 .38 .43 .42 .42 .45 . .46 .46
GROUP BS .16 .36 .46 .58 .63 .70 73 .78 .80 .85 .88 .92 .93 . 94 . 95

o= BP .13 .32 .39 .51 .57 .65 65 .70 .71 .77 .81~ .84 .85 .86 ’

96.
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Stimulation Control Animals (cont.) - '
' - Postlesion Recovery Days. ) - o
Subject 1 2 3 4 5 6 7 8 . 9 10 11 12 13 14
'SC17 BS .07 .57 .52 .95 1,27 1.42 1.52 1.48 1.59 -1.52 1.76 1.76 l/.Sfi 1.62
BP .07 .56 .50 .91 1.25 1.46 1.54 1.50 1.65 1.75_ 1.89 1.91 1.‘65 1.75
croup S .21 .35 .37 .58 .67 .70 .74 .76 .82 .82 .88 .91 .91 - ,93
: g BP .20 .33 .35 .55 .63 .67 L7200 .74 .79 .81 .87 .90 .91 .93




APPENDIX D
- MEAN BRAIN SHOCKS AND BAR

: ,” “PRESSES FOR CONTROL AND EXPERIMENTAL
. '"-"'i}

AN;maLs'A¢Rpss THE FIVE 3-DAY DOSTLESION RECOVENY BLOCKS
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Control Animals

Postlesion Recovery Blocks

100

Subject 1 2 3 4 5
bl BS 48 140 230 268 319
BP 49 145- 259 293 366
c1p BS 147 251 403 115 176
BP 172 313 490 526 654
cq BS 176 342 446 507 521
BD 184 364 496 569 585
o5 BS 48 87 58 310 265
BP 70 121 231 515 401
¢y BS 283 355 481 597 658
BP 290 374 499 612 669
ce 3 22 78 201 299 469
BP .25 84 220 320 505
o, BS 300 300 439 . 175 462
5P 336 333 505 549 529
g c13 BS 175 483 551 627 617
BP 211 592 671 776 791

. L
c1g BS 388 564 657 661 757
BP 420 608 697 723 862
c20 BS 136 250 385 467 442
<Y Bp 159 337 518 641 572

oduced with permission of the copyright owner. Further reproduction prohibit

ed without permission.
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Contralateral Lesion Animals

101

. Postlesion Recovery Blocks

Subject 1 2 3 4 5
cL2 BS 327 570 o621 741 790
BP 339 601 664 789 871
oLs BS 278 542 586 649 707
BP 293 588 625 686 751
cry BS 48 418 647 724 775
BP 49 440 762 . 866 79

cLs BS 110 478 603 798 - 809"
BP 123 547 734 1054 1088
cLg 35S 275 592 631 673 648
BP 323 742 735 751 725
cL13 BS 238 491 550 620 659
BP 251 549 599 669 713
cL1y BS 315 497 535 532 611
BP 432 723 758 845 1053
oLy BS 45 218 294 369 430
3P 56 274 412 496 559
Cng'Bs 377 397 456 502 569
- BP 411 412 485 . 548 649

uced with permission of the copyright owner. Further reproduction prohibited without

permission.



- Contralateral Stimulation Animals

Subject

Postlesion Recovery Blocks

102

1 2 3 4 5

csy BS 214 301 519 648 649

BP 215 302 520 650 651

cgq BS 255 565 643 669 704

3P 268 611 710 794 847

csy. BS 494 510 467 555 624

" BD. 505 521 475 578 691

csg BS 141 167 478 626 633

’ 4 5P 147 188 550 737 752

css' BS 75 373 465 497 537
BP 78 393 491 511 551 -

csyy BS 311 575 613- 653 666

BP 332 721 778 935 1032

cs1g BS 196 399 390 428 449

BP 206 435 412 449 162

'BS 32 162 2438 340 383

CS15 gp 38 193 290 399 421

cs14 BS 293 517 542 573 607

BP 336 633 588 643 680

BS 59 225 318 397 - 367

Csl2 oy 72 251 349 446 555

BS 61 242 272 302 325

CS17 gp 66 255 279 311 335
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Stimulation Control Animals

Postlesion Recovery Blocks

103

597

Subject 1 2 3 4 5
scy . BS 24 196 177 184 215
: BP 26 206 186 ///186- 222
Vel
scs BS 285 384 528 597 627
BP 288 386 529 599 ‘648
scg BS 284 468 512 525 545
EP 288 482 549 567
ccg BS 148 311 315 3¢3 376
BP 178 383 380 426 453
sca BS 94 252 358 433 423
BP 97 268 382 455 442
sc1g BS 185 378 415 452 512
BD . 190 389 429 477 564
BS 16 35 127 261 421
SCl2 gp 13 41 144 293 506
sc13 BS 269 403 485 528 581
BP 287 440 543 624 696
BS 129 401 506 556 559
SC17 gp 131 421 545 631

646
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" . APPENDIX E

MEAN BRAIN SHOCKS- AND BAR PRESSES FOR CONTROL AND
EXPERIMENTAL ANIMALS ACROSS THE FIVE '3—DAY

POSTLESIO}\J’ BLOCKS AS A PERCENTAGE OF PRELBSIO‘L\& BASELINE LEVELS

Y

N |
o
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Control Animals

A Postlesion Recovery Blocks
Subject 1. 2 3. 4 5
cp BS .08, .24 .39 .45 .54
: BP .07 .21 .37 .42 .53
c1o0 BS ' .23 .40 .64 .66 .76
BP .19 .35 .54 .58 .73
! cq BS .36 .70 .91 1.04 1.07
BP . -33 .65 .89 1.02 1.05
cs BS .07 .14 .25 .48 .41
BP .06 (11 .21 .48 .37
oy BS . .37 .47 .64 .79 .87
< Bp .30 .39 .52 .64 .70
cg BS .03 11 .27 e .64
BP .02 .08 .20 .29 . 4%
co; BS .64 .64 .95 1.03- 1.00
BP .54 .54 .82 .89 .86
c13 BS .29 .81 .92 1.05 1.03
BD .25 .73 g3 .85 .97
c16 BS .52 .77 .89 .90 1.03
BD .44 .65 .75 .77 .92
c2g BS ) .27 .49 .76 .92 87
BP .21 .44 .68 .84 .75
BS .29 .48 .66 .77 82
GROUP zp 24 42 .58 69 73
1 -
\.4
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. R N )
‘Contralateral Lesion Animals

Postlesion Recovery Blocks

Subject . 2 3 4
otz B R ot O o0 S 72 -
crs 28 el Tife 1les lte
cra 38 I A R
oL7 BS .75 .94 l..éS >l.26
BP .50 .68 .87 1.01
cre B8 R CI TR+ S
cuis B8 N e e %
cri1 B3 67 1 l7a g
cL1r B8 A S
cuts 55 I A
crouz 33 A I O
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.Contralateral St imulation .Animals
. Postlesion Recovery Blocks. .
Subject - 1 2 T3 4 5
3 cgy BS 2357 .49 .85 1.06 ° 1.06 -
BD. .34 . .48 .83 1.03 1.03
ceq BS Y . .98 1.11 ° 1.15 1.2
>4 Bp .38 .88 1.04 1.14 1.22
 BS . .69 .72 .66 .79, - .88
CSL gp ... .56 \\ 58" .53 264 77
o BS 21 24 70 0 .91 © .92
e .16 \\\en .59 .79 .81,
csg BS 13 .@B .83 .88 .95
- BP .13 68 .85 . .89 .95
BS .45 .83 .89 .94 .96
CS1i 5p . 23 .51 '55 .66 -73
" cs16 BS © .52 1.05 1.03 1.13 1.19
BD .53 1.12 1.06 1.16 1.19
BS | .06 .32 .49 .68 .76
CS15 &p .06 .31 .46 .64 .67
BS .51 .90 .95 1.00 1.06
Csld g5 47 .89 .83 .91 .96
BS .09 .36 .51 . .64 .75
CS12 pp .09 .31 23 7 55 .69
BS 11 .42 .47 .52 .56
CS17 p 09 .35 .38 .43 46
BS .32 .63 - .77 .83 .93
GROUP gp - .28 57 69 .80 .86
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Stimulation Control Animals
‘ o ’ Post},e'sion"Recovery. Blocks
I ‘Subject 1 2 o3 4 S
BS .07 .57 .51 . .53 .62
SCL gp .07 .54 .49 ".49 59
scs BS .48 .64 .88 1.00 1.05
BP .45 .60 .83 94 1.0l
ccg BS .55 - .80 .. . .99 1.01 1.05
‘BP .50 .83 @& .95 .95% 1.03
] : .
33 .27 .58 .58 67 .70
SC9 gp. .29 62 .61 .69 .73
: BS .15 .40- .57 .69 .67
) , SC4 gp .15 41 .59 70 .68
BS .29 .59 .65 .71 .80
SCL0 gp .24 .49 .54 .60 .70
BS .02 .05 .19 .38 .62
SCl2 gp 02 04 15 31 53
BS .60 88 1.06 1.15 1.27
SC13 gp .55 .84 1.04 1.20 1.33
BS .39 1.21 1.53 1.68 1.69
SCL7 pp .38 1.21 1.56 1.85 1.81
BS .31 .65 77 .87 .94
GROUP pp .29 .62 .75 .86 .93
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