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The hypothasis that the mechanizm underlying the
offects of perceptual isolation is the sensitization of
the nervous system by "functional™ deaffereniation was
tested by recording evoked potentials from the optic lobe
of the pigeon before and af'ter one oye had undergene
pattern deprivation.

It was found that before isolation, the second
peak of the svoked potential was reduced by background
illumination, buk after isolation, it was not. Thers was
no ¢lear indicetion of change in the abaolute amplitudes
of the potentials after isolation,

Thase results suggest that an interpretation of
the effscts of isolation in terms of denervation super-
sensitivity is oversimplified.

A second finding was that in tha normal anesthe=

tizéd‘hird, background illuminetion potentiated the phoe
ticelly svoksad potential..
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INTRODUCTION

The tsrm sensory deprivation has been used to
describe conditions ranging from those of controlled
axperiments involving the complete deprivation of 2ll
sengory input to those experienced by the explorer dure
ing prolonged voyagee across the acctis snows. In general,
the term has the meaning of depriving the senses of vision,
sudition, and somesthesisz of thelr normal environmental
input. It has also been used in cases whers only one of
the genseg is deprived, while the pthera receive "normal®™
stimulation from the spvironment.

In general, most &f the experimental studies
have tried to reduce patternsd stimuletion of the subject
a8 much as possible. His movement ia rostricted by having
him lis on a bed, or sit in 2 chair; auditory stimulation
is controllsd by having him weer ear plugs, or sar phones
which emit a masking nolse; visual stimulation is reduced
by having him wear gbggles, end somesthetic stimuletion
minimizaed by having him wear cuffs or gloves., There seems
to he general agreamént among many investigators that when
porsons sre exposed to thess conditions for long periods
af tima {a few days), thaere ars many behaviorasl changes.

Performance on intelligence tests may deteriorats (Scott



st al, 1959; Smith and Lewty, 1959; Davis st sl, 196B).
Peresptuel function may bscome abnormal- (Dosne et al,

1959 Grunebaum et al, 19603 Fresdman et al; 1961) end
hallucinations may ocour (Bexton, Heron, and Scoti, 19543
Coldberger and Holt, 19583 Cohen et al, 1961). In addition,
subjocts may show motivational and emsctilonal changes and
sven find the experimental situation intolerabls afteor =2
faw hours (Soclomon et al, 1961). Some idea of the range
and extont of the effects can be scquired from the excellent
roviems in the litorature (Biske, 19613 Kubansky, 1361;
Solomon at al, 1961; Kenna, 1962).

As pointed out, sensory deprivation is a vary
hraéd‘ﬁerm, and g usaful distinction caen ba made betwesn
those studiss which atbempt to prevent ény stimulation
from reaching the receptors - san&nré deprivaticn - and
those which uzs unpatiterned stimulation - perceptual isoe
lation. Curicusly, most of the avida;ce indicates thak
axpasurs to ahrang,uppaéternad stimulation seems to pro-
duce muzaidrastin affacts than ﬁoés complete deprivation,
except when radicel procedures ara followed such aé thosse
of Lilly (1956), who immersed his subjopts in waters This
may heppen becsuse there is more spontanscus sctivity of
the receptors during sensory deprivation then dufing per-
ceptusl lsclation (KuPfler, 1953; Arduini, 1967, 1963).

6f course, it is also possible that the subjects are more




acouetomed to sensory deprivation conditions than to thoss
of psrceptual isolmtion (Hebh, 1961); for oxempls, thay
prasumably have more sxperience of bBeing in darkness than
they have of being in diffuse light.

The wide rangs of ghonomenz produced by these axe
perisental proceduraes impliss that they nust have wido.
spread effsckt om the nervous system. Uhat thase affects
ura, howavaels is not clear. Tuwo main theorias have heen
advanceds Tha first and most obvious, was sugpested by
Besxton, Heron and Scoth {1954) and developsd mors exbens
sively by Lindsley (1961). It assorted that tha effects
of ilsplation were the results of changes in raticular ace
tivating system (ARAS). Tha sscond theary, advanced hy
Doans (1955), stated thak the saffects wers dus o en in-
ereased sensitivity of the nervous syatom.

The hasic apgument for thae ARAS hypothesis is that
ginee gensory input is reducedy input to the raeticular
systen is veduced. Tha ARAS no longer sxercises its usual
regulatary influences on the vortex, which then functions
abnormally. The main evidenca that the ARAS is involved
camgs from clsctroencephalographic studises of isolated sub-
jooks. Both Heron (1957, 1961) and Zubek (1964) repord
that there is a change in the EEC of subjects efter isclation.
Spapificelly, slower Preogusnciss appesr in the alpha bgnd

in rocardings from the parieto-ogocipifal ersay and there is
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an ingrease in slow wave activity of the temporal lobe.

A bahavioral correlate of these EEG changes is that when
subjects ars placed in isolation they tend %o slesp ox-

cessively during the sarly sizges of the sxperiment, in-
dicating lack’of ARAS activity.

However, there are ceriain phenomena which cannot
be acgcounted for by the ARAS hypothasgis, First, all ine
vestigators report that there is an increase in general
activity as the periocd of confinement is extendsd. One of
the common sxplanations given for leaving the cubiclse is
that the subject fesls too restless to remain., Second,
as described later, isolation of a very small aree of tha
skin can have perceptual effects. Though there is a good
déal of spécificity in the arousal system, it would hardly
ba expocted to he so spocific that preventing 2 small ares
of the forsarm from being stimulated would bring about
changes only in this small area, and no ather shservabls
changes.

The Dosne hypothesis states that isolation pro-
duces changas in the nervous system which are similar to
_ those produced by destroying the afferent nerve supply.

. It is well known that wben a structure is surgicelly isoe-
lated, hypsrexcitabiility ressults, the phspomenan bsing
termad densrvation superssnsitivity. Doane postulated

that sensory deprivation "functionally” denervates the




central navvous sysbem.

Thers is o gond deal of wvidence $0 suppntt Domna's
bypothesis. After sensory deprivation thers is 2 tsndency
for visual scuity {o increase, visuel after images to pere
sist longery tho phi phenomenon more difficuld fo sholish,
and the spiral after offect &o bs piolonged (Doane, 19553
Doane, Mahstos, Heron, and Scobf, 1953). In addition, the
prevalence of hgllucinatory scbivity end the increase in
motor activity spre compatibleée with such ean interpretstions
As mentioned befors, it has besn shown thet isolailng even
& small area of skin on the forserm 4ill couse #n increased
sensibivity to touch {Braunstein, 19573 Heron, 196%:
florrison and Heron, 195823 Afetanas and Zubsk, 19635 Zubeky
1964). If Dosne's hypothesis is corract, 14 would imply
that the part of the contral nervous system roceiving ine
put from the deprived sense should be found %o bs super-
sensitive following isclation. It ism Lo this problem that
the present thesis is addressed, bubt hefore turning to
the sxperiment, it is necesssary to consider the phenomsnon

af denarvetlon supersensitivity in some detail.

Denervation Supergensitivity.
Supersensitivity involving denepvabted peripheral

structuresz was observad by physiologlsts of the midening
teenth casntury. In 1885, Budge described an expsriment
in tha vebbity in which the sympethetic nerve supply to

T AN,



one pupil was cut central to the supericr cervieal ganglicﬂ;
and the osther cut periphéral to tha ganglion. After 48
hours, the postganglionically denervated pupil was more
dilated than was the one denervated preganglisnically.

Whils bgth pupils had lost their sympathstic nervcous sup-
ply, indirsct denervation did not have the sanme affact‘as
cubting the final nervous pathway to the pupil,

The “pssudomotor® phenomenon, another exampls of
muscular coantraction without benefit of motor nerve stimu-
lation; was first described by Philipesu and Vulpian in
1863: The tongue of a dog was deprived of its motor nerve
supply by section of the hypoglossal nerves Following
degeneration of the distal erd, the authprs stimulated
the chorda tympani, a nerve whith contains sensory, secrs-
tomotor, and vasomotor fibets, but no metor fibers supplying
the tongue. While stimulation of this nerve trunk will
not normally affect the tomgue muscles; stimulation after
deafferentation causes them to contract,

y A wide variety of similar phenomena have subse-
quEntﬁﬁ‘hean described; and the first partial explanation
of the machanism was given in 1922 when ﬁrank; Nothmann,
and Hirshman-Kaufmann demonstrated contraction of chroni-
cally denervated skeletal muscle when the drug acetylcholine
was applisd. Since that experiment, the methanism of de-~

' nervation supersensitivity in the periphery has been the




subject of intensive werk by numerous physiologists, and
is a well documented neurophysinlogical phenomenon. The
woTk up to 1949 is admirably reviewed by Cannon and Rosen-
blusth, who contriétbuted greatly to our understanding of
the phenomenon (Cannon and Rosenblueth, 1948). Cannon's
Law of Denervation best summarizes the understanding of
the mechanism at that tims"

When in a series of efferent neuronss a unit

is destroyed, an increased irritability to

chemical agents developes in the isoclated

structure or structurss, the effects being

maximal in the part being directly denervated

(1949, p. 185).

Thus the pseudomotor type of phenomenon is dua to the
presence in denervated tissus of.the nervous transmitter
substance from sources other than the motor nerve terminals.
While these transmitter sources are not nofmally adequate
to stimulate the tissue, after denervaetion tha increased
sensitivity results ‘in a response.

Subsequent work, revieswed by Thesleff (1960) has
demonstrated that the increassed sensitivity of denervated
tissue is due to a spread of the subsynaptic substance
beyond: the normal limits of the nerve terminmal structure
so that in the case of densrvated skeletal muscls, for
example, the entire eell surface becomes an "end plate™
(Axelson and Thesleff, 1959; Katz and Miledi, 1964a, 1964b).

The advances in the understanding of the peripheral

mechanism made in the sarly thirties suggested that a




similar phenomenon might be feund in tha central nervous
systeam. Thus in 1938, Cannon and Heimoviei showsd ithat
spinal motor nsurones below the isvel of a hemi-transection
of ths cord became abnormally sensitive fo intra-arterial
injections of acetylcholine.

Mors gensral effects have been demonstrated by
Stavraky (1961),; who describes the response of cets with
tnilateral ablations of parts of the cersebral hemispheres
to intra-venows injections of adetylecholine. Such animals
display tonic convulsians of the limbs, pupilary dilation,
salivation, lacrimation, intestinal motility, and other
signs associated with cholinergic esctivity. Thse rssponses
ars confinad to the side contralateral to the ablation
and can be svoked by doses of the drug too small to pro-
dugée visible signs in normal animals. The suparsensitivity
in these tases dsvelopes slowly over a period of six wesks
of So and apparently persists indefinitsly,

Many other examples of supersensitivity following
lesions of the CNS have been dsscribed, including responses
to athsr drugs such as adrenaline 2nd msthacholine. Ths
affects of depressants end convulsants are more contrae
versial, but in genersl; denervated tissus gives a stronger
response to the drug than normal tissue. (Stavraky; 1961).

Supsrsansitivity to drugs and elsctrical stimulation

also occur when small portions of the CNS are isolated




from their surrounding neural connsctions. Iszclated slebe
aof cerabrsl coriex are slectricelly silent Following opera-
tion (Burnsy 1951). Responss of the slab ko slevirical
stinulation and drugs graduslly increases until & single
plectrical stimuiue will provoks = "perpetuai” epilepiifonm
afterdischargs (Echliin, Arneti, end Zoll, 195Z).

Echlin, Arnsett and Zoll (1952), howsver, fesl that
the expitability of the slab immediately affer isolation
cannut be due to densrvetion supersenzitivity, Afguing
thet supsrsensitivity depends an dagensration of the afferent
naurorias, thay point out thet in the acuie slab this degone
eration gannnb bave occursd. Thesleff (1963) points out
in hig revisw thet supersenzitivity can ccour without de-
generation. By using Betulinum toxin, which blocks the
relsase of scetylcholine by tho end bubton; supersensi-
tization can be gbiained in skeletal muscle. Tharsfore,
whather oy aof the initisl changs in raspanaiyamass af t£he
slab is dua to supargensitiviiy is not slearﬁ' Sharpless
and Halpern (1962), recarding from chronically isclated
slab, Pound that aPter ten %o Pourbeen days oF igolation
the sleb baceme hyperreactive to eleclrical stimslation
and showed spileptiform discharges. Uhile they found thet
the slab would give an epileptiform rosponse immediately
after isvlation, the intsnsity of the stimulus nocessary

to produce the sema responss afier fourteen days was greatly
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decreasad. A control area in the opposite hemigphers
showsd ne change during the same time. This indicates
that whiles the responss of the slab immadiately after iso-
lakion may or may not he due to sensitization, densrvation
suparsanéitiuity lowers the response threshold greatly
after a ten day period., Similag resulis on chronically
isolated cortex havs been reportsd by Grafstein and Sastry
£{1957) and by Morrell gt =l. (1960). Spiegel and his col-
laborators suggest that cutting the Ssensory pathways may
cause increased senéiﬁivity in structures higher up in
the ;ensory system, which are not as drastically isolated
as the siab techrigqus. Thué Spiegal and Szekely (1955)
répurt high ubltagé spike actiyiﬁy i somesthetic cortex
four days after unilateral lesions in the thalamic somss~-
thetic refay nuecleus when small doses of metrazol or bul-
bocapnine wera-gi;sn inﬁraVBﬁausly. Control records frdm
tha?snmesﬁhatic cortsx of the intact hamis;hara,show ﬁé
changs, Thay also found that bilateral stimulation of the
sciatic nervas ﬁrﬁduced larger svoked responsas. It should
he pointed dué, hnweuer, that their published records of
the sffects on the svoked responses are not entirsely cone
vineing, and leave these results open to debate.

Chavez and Spiegel (1957) found in the cat that
after section of the optic tract the activity of the la-

teral geniculate ganglion was at first reduecad, but that
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after s period of threso wesks was characterized by high
valtags waves which were similar in Porm to those of api-
leptic discharges. The authors account for thess findings
in terms of donervation supersensitization.
Thare is cne study in the litsratude which usually
is gited as svidence ageinst the densrvation suporsensi-
tivity hypothesis. In 1953, Eccles and Meintyre described
an expériment in which denervation of e céntral structurs
appears to result in a subsequent decreass in responsive-
negs to the afferent pathway. The authors sesctioned a ;
dnrsal spinal toot in the cab distsl o the root genglion,
and after thirty to Foriy days tested the massed agtion
patentlial rasponsd of motor necve brenches arising from
the deaffarented ssgment when a single slectricel stimulus
wag applied to the cut dorsal root. They found lititle or
no monosyneptic rosponge compered with similar test stinmuiil
epplied to the frashly cut dorsal root om the gpposits
side. Tetanic stinmuletion of the chronicelly sectionad
sfforents was faund to resfore monosynapitiv responsey and
thig potentiation lastsd longer than post tetanic potenti-
ation observed on the contiol side, There was slso svidence
that the responss of the deafferented segment to stimulae
tion of adjacent intmct dorsal roots was enbanced. Thay
congiude that the disused aynepsas had become less gonsie

tive to transmitier end that synapses sctiveted from adjacent
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rogts had undergens a compensatory snhencement of sensie
tivity, The oxperiment howsvser, may nat bs @ valid tost
of densrvation supersensitivity. Stavreky (1961) points
out that a single test stimulus appiied o 2 cut nerve is
not comparable with the usual procedurs of spplying drugs,
so that the rasulis sre difficult to Fit into the body of
date ont supecsensitivity. He also oriticlzes the use of
barbituate snesthetic which hag been shoun to depress the
saengitivity af densrvated tissus more than that of normal
tissue (Draks znd Stavraky, 194B; Sequint and Stavreky,
1987}s Morsouer, the results of Eccles and Mclntyrs's
experiment ars not necessarily inconsistent with the supers
sensitivity hypotheeis. Since tha spinal nournnos show

an a@ihanced responss Lo adjecent segment stimulsiion and
have abnormally prolonged post-tetanic potentiastion, it is
possible that in the single wvolley test the reduction in ths
efficiency of tranemission of tha fiber amputeted dorsal
root axons is great enocugh t6 mask the postulated super-
sensitivity. Thse authors admit that they cennct svaluate
the influsnce of the chserved decreasas in average fiber
diameter; whiéh wasg of the order of ten pergent. Un the
whala then, the svidenca that denearvation supsrsensitivity
sxists in ths CNS is gverwhelming, In fack,; as Stavraky
poinks sut in his massive review of the svidence, it is

possible that tha hyper-resppnsivenass to drugs exhibitad




by snimals with moter coriex ablations or upper cord lesions
may not be due to the relsase af inhibitory influences

which normally dampen segmental reflex systams, as is genere
mlly belivved. He foels that ths svidence that supersensie-
tivity vecurs in deafferentsd spinal neursnes,; together
with the long time period hefore these changes in reactivity
occur, Brgus in favour of a2 mechesnism bassed on gsnuine
suparsensitivity similar to that saen in peripharal struce

tures.

Aimz of the Thesis.

The literature indicates considerable physiological
gvidence for the existsnce of tha phenomenon of densruation
gupersensitivity, There is psycholopical evidence suggesw
ting that this phana&annn may be invalved in tha effects
produged by perceptusl isgolations However; all the physioe
lopicel work is basaed on éxparimants in which denervation
has been achisved either by surgisael interfersnce or hy
drugs. This thesis proposes to inuvestigets whether "funce
tional® denervation can affect the sensitiviiy of the nervous
syptem,

in the experiments that follow, ws prevented patisern
vision insteed of preventing all visusl stimuletion, since,
as pointed out sarlier, the bahavicral svidence suggests
that perceptusl iscletion has more profound effacts than

sensory deprivetion. The visuml system of the pigeon was

13
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used, since anatomicael studies suggest thad thers is come
plete deocussebion of the optic nerves at the chiasma, and
that the neurones from each sye have direct endings enly
in the contralatoral tectum {Remon y Cajal, 1943). Therse
is physiological svidence of an ipsilateral respones which
geturg after pomplsete isulation of ths ipsilztersl tectum
from the rest of ths brain sxcept for ths optic tract
. (Rougeul, 1957), mnd thig indicates that the crossing in
the optic chissma is not complote. Howsver, thess ipsi~
lataral offectz ars smally and tekern pith ths anatamical
data suggast thet thera are very few uprcrossed fibers,

The bird,; therePars; seemm a reasonable subject
to use Por this experiment. By cccluding one sys, the
contralateral optic tectum should ba considerably affacted
and the ipsilateral one very 1ittle. By implenting elec-
trodes in bath opiiec lobes, the responsiveress of the tuo
optic lobas to fleshes of light cen be tested, before and

aPter one eye is depiivad of patiern vision.



METHOD

SUb zﬂc‘aﬁi

The subjscts ware male White King pigeons, rang-
ing in weight from 450 to S00 grams.

Uperstive Procsdures.

fiperations were done under Nembubtal anesthesis
(40 mg/kg)s The animals wers placed in a Kopf sterotaxic
instrument eguipped with = chicken adepter. The skull
was positioned with reference o three pointes; the Iinters
aural line of the ear Bars, the separation of the mexillary
bone from the premaxillary bone on the beak, and the top
of the gkull at the midline. By using the distance from
the inter-aural iine to the beak point (the X distance),
and the distesnce from the top of the skull to the beak
{the Y distence), the tangsnt of & set sngle phi (ses
Fig, 1) oould be spproximated end the head positioned so
that a standard refersnce plene was achisved for =11 prepe
arations (the tangent of phi was 1.554, which was an
arblirary cholee).

In the acute experiments, a cranictomy ovar cns
hemiephere was performed or holes trephined at one aof thres

locations, a8 appropriate. The slectrodes were lowerad by
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means of the sterectaxic micromanipulator.

Ghronic pperations were done in the seme way, oxe
cspt that 21l precautions wers &taken to kasp the procedurs
sterils. After plecement, ths electrodas were sttached to
the skull by meang of stainless stesl jowseler's scrowng
and acrylic dental ceoment. The wound was closed and plastic
rings, 26 described below, were placed around the znimalg!
syes. Penicillin (20,000 « 30,000 units) was administersd
and the animals were glven at least ten days to recover ba-
fors the recording seseions. Additional antibiotice (Penie
€illin, Albamycin, and Streptomysin) were given over the

first four days following the operation.

Ispiation snd Stimulus Prasentation. ’
The eye was occluded by fitting a dise of transe

lucent plastic in the ring fastened around the orbit.
FQ; %ha,?irst experiments, the type of ring dasoribed by |
Catenia (1963) was ussd. Housver, Lt was found that this |
ring had too small 2n ineide diemster, so that movemsnt |
of the sye muscles was hindered. Also, the rings wars ftoo I
deep, preventing normal ventilatiocn. As a rasult, the core {
neas ofton becems opague end eys infectiocna fragquently (
daveloped,

n It was found thet satisfactory rings could be made

from Perspex tubing with an outeide diameter af 22 nm, /
inside diameter of 15 mm, end a hsight of 3 mm, These |




ware attached to the snimal by dental cement placed on
the feathers abovs end below the orbit. The ting was set
away from the head so that air could pees under it (ses
Fige 2, 2 and b). Tha inside diemeter of the rings was.
larger than the asye orkit, sou that movement of the lids
or sye mutcles was nob rmétriatad. Algo, since the rings
were only 3 mm daep, thay did not cestrict the visusl
fiald to any great sxtent, a2nd the animele seemed to be
able tou aveld obstacles and ;btain foad without any prabe
lem,

The rings also provided a base to which the stime
ulus prasentation unit could be attached, thue allowing
contyol of the stimulus, This wes essential, since it had
been noticsd in praliminary esperiments that ths position
of the stimulus was very grucisl in determining the ampli-
tude and waveform of the evoked potentialy e small movement
of the stimuylys light would chengs both the amplitude and
the waveform of the ragponse. 8y using the rings end a
coupling system the position of the stimulus light could
be kept constent for all recording sessions (see Figs.

3 and 4).

The light flashes used to evoke the potsnitiazls wers
generated by a Grass PS 3 photostimulator unit. The stimu-
lator lamp wae modifisd by placing a funnel, coated ingide

with sluminum paint, over it, which prevented light scatter
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(the intensity of ths flash was spproximately 1000 ft.
lamberts)s The small end af the funnel Ffit the coupling
system as shown in the figurss.

Controlled backoround {lluminstion was supplied
by four six~volt lamps set in tha Fumnel {sees Fig. 3),
which wars run in parallel from a twelve valt bettery
supply and gave a background intensity of spproximately
100 ft. lemberts.

Electrodes.

The elsctrodes were mads from stsinless stesl
ingect pins (size 00) which wera soldered in miniaturs
connector ping., Thay were insulated uaing a modification
of the method describsd by Burch and flyers (1962). The
pins were first cleaned of ell greass and oil by camplste
immession in toluene. They were insulated by slowly ime
mersing and mithdeawing them from Insul=X {InsuleX Products
Corporation). The slsctrodes were allowmed to dry for at
least 24 hours and wers testsd by passing m small current
through the slectrode while i was immersed in & salt solue
tion. If thers wers any breeks in the ingulstion, small
bubbleg were seen on the slaectrode shaft. Any slectrode
which showsd any indication of a bresk in the insulation

was vejected.
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Regording PBrocedure.

All potentials wers amplifisd by 2 Crass P 5 AC
amplifisrs {amplification - 28K, Filters: Low - 7CPS5,
High = (1KE) and wers displayed on a Tekbronix 502 oscil-
logscops. The signals werse algo Pad into a Mnemotron CAT
camputer which both plotted end printed out the data, The
computer wae set so that the rscording resolution of the
amplizude of the potentiale was within plus or minue 0.2
microvolis. The analysis time of the computer allowed
each bin a storage time interval of 8 msecs. Whon tus
chennels of the computer were used, the time from the one
set of one bin till ths onset of thae next bin was still
8 msecs., but the data accumulation time for each bin was
4 msess. This is dua ¢o the time sharing mechanism of
the computer. Uith this tima analyéis setéing, independsnt
of the numbsr of channels used, ths zmount of error in
lptency determination was plue or minus 4 nascs.

Tha XY recordsr was sset so that a full excursion
of the Y axis could be mads in the inter-bin readout ine
terval. Ths error of mpasuring the compubter X-Y plote is
dependent en the amplitude of ihe individual potential
in relation o the amount of magnification of the X¥
recorder and is specified for the indlvidusl recorvds.

The presentetion of the siimulus, triggering of the CAT,

and the stars of the sweep of Lhe oscilloscops were all




controllied by Tekironix pulse and waveform genorators
which delivered a pulsa svary second. The number of stimye
13 presented waere counted with =n slectronic counter,

in some oxpsriments; photogrephic racords were
taken of the oseilloscope érasces. This was done with a

Grass movic camera run at a speed of 10 mm/second.

Hisﬁa;ogg.

Soth paraffin and freszing techniques wers used.
Far the paraffin ssciions, the animal wes sazcrificed and
perfused by direct injection of 10 percent formzlin into
the left ventricle of the heari, Ths brain was removed
and placed in the Formalin fixative for two to thres wesks,.
The fissuzs was dehydratad by the terktiasry butal aleohol
(TBA) method and embedded in Tissuemat (Fisher Scientific).
The paraffin blocks were sectiocnaed at 10 microns and the
ssotions sbtained with Mallory's Triple staine

When frozen sections were used, lesions were made
at the slactrode sitos by passing an anodel current of
2 ma. for 15 ssconds. Five days after the leslening pro=-
pedure the animals were seorificed and perfused with a
golution of 10 perpent formalin end ona percent potassium
ferrocyanide. The brain was removad and placed in the
formalinepotasslum ferrocyanide nixturs for one week. The

tissue was then washed with distilled water snd placed in

25



20 pereent sthyl elcohol for ancbher wesk. The soctiens
wers cut st AD aicrone and stained wiih Malloryte Triple

staine
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PRELIMINARY EXPERIMENTS

Anatomical Locations.

Since a stersotaxic atlas of the pigson brain has
not yst beesn compiled, it was necessary to determine the
pogition of the ppilc tectum within the skull, Ths arags=
thetized bird's hemd was placed in the stersptaxic instru-
ment in the position previously described. Monopolar
recarding, with the indifferent slectrode in the frontal
bone was used, Wheh necsssary, the hemispharss were re-
maved by suction so as tu allow measursment of the boundariess
af the tectum, Three animels were used in-this pari of the

5t3¢¥u

Results.

The twctum was found &o extend fram za position
3.5 mm lateral to the midline te 7,5 nm lateral to the
midline, Its enterior boundary was 1 mm snterior to the
inter-aural line end its posterior boundary was 7 mm poster-
ior to the inter~aural line {ses Fig. 5).

To investigate the tacital responses, three skull
positions wers chosent an anterior position, 2 mm Prom
the inter-sural lins end 4.5 mm latsral to the midline,

a medial positicn 3 mm postsrior to the intere-sural line

27
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Fige 3 1iluteskion of tho foctus in sololion fo She shull. .




and 4 mm laterasl to ths midline, and a lateral pasition,
3 mm posterior to the intsre-aural line and 5 mm lateral
to the midline. These thres positions were chosen &o as
to investigete the responses from regions of ths tectum
which recalved projections from different parts of the
retina (Hemdi and Whitteridge, 1954).

, As the electrode was lowerad through any of the
three holesy, the responses to flashes of light presentsd
to the contralateral sye wers first recorded & to 8 mm
from the surface of the hemisphere, becoming maximal ak
9 mm. It das 2 triphasic wave; positive-negative-pnsitiva,
with 2 mban latency of 18 msecs., (range 16 to 20 msscs.)
(ses Fig, 8)s Further lowaring of the electrods tc a
depth of 12 to 14 mm from the hemisphere surface resulted
in a éevarsal in polarity of the rasponse and a2 slight
modification ifn tho waveform, but ne change in latency
{see Fig. 6). The amplitude of the rsversed rasponse was
maximal at spproximatsly 13 mme THe lateral coordinstes
were found to givs larger responses with a more stable
waveform than other elactrods locetions.

The roveraal in potential as the slectrode is moved
through the various layers of the tectum is very much liks
that found in the mammalian cortex (Bishop and OfLeary,
1936), Histological sxemination showed that the slsctrods

wag above the lsvel of termination of the optic nerve fibsrs
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Fig. 6 Tectal response recorded before amd after reversal
of waveform. (Calibration: 50 microvolts, negative

up; 50 msee., lateral electrode position)




while recarding the pre-revarsal response. APLer reversal,
the slectrods was found bslow the major divisisnsfuf the

tectal layers (=se fig. 7).

Deprivation Effects.

APter suitabls locations had besn Pound in the tec-
tum, the firet study on the effacts of percaptusl izglation
whas' made. The design was to measurs the responses and
than isolate one sys, end afisr 2 passegs of {ime messurs
the responses again. If any changes wefe observed; the
responees after the occluders had been remaved for anmas
time were to be measured to datermine if the tecbum would

return to tha preedeprivation state,

fethod.

Chronic bipolar electrodes wers impianted hiw
laterally in Pive znimals. One pole of the slectrods was
.placed in the medlial location, and the other in the lateral,

producing approximately 2 aom between the tips. Occluders

1

-

as describad by Catania (1962) were ysad, -

One week after the operation, thore wers tus suc-
cessive days of recording ssssions. lhaaach:sassinn*>ona
aye was tested with four runs of Fifty*ainglanflaéhas,
followad By a series of seven runs of Pifty dduble Plashes
uith inter-flash intervals of 18, 20, 40, 58% 785 90, and

100 msecs., and the time betwsen each run being two minutas.
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Figs 7 Histological lacation of slactrode giving the
largest responses befare reversal (PRE ET) and
aftér‘;aVersal (POST ET) of the waveform
(LGN ~ lateral geniculate nucleus; BN - optic
tract; TECT <« tectal nucleusy TTT « tectothal-

amic tract; V - ventriéls)

-

32






33



Tha same procedure was then cerrisd out on the pther ays.

After the second pre-daprivation session, onn eye was oCw

. tluded, and on the fifth énd seventh daye of isplation,

DEP gessions were held. The occludsrs wers then ramoved
and the enimals ellowsd seven days of “normal? vision be«

fors having similar recordings made pn two suscessive days.

Results,

The double flesh progedure failed to reveal any
offects of isolationy and no increass in the amplitude of
the responee was found. In fact, thers was a decrease in
the amplitude of the evoked poisntials obtained from both
the isolated and conbtrol optic lohes, Thesa results, houw-
sver, are suspect since, as meniloned praviously, use of
the Catania type occluders resulted in infection of the
aye snd cataracks. Howevern, thers were some resulis
bearing on the gtability of tha respanse which are raisge
vant to the rost of ths thesis.

Table pne shows the sverags peask to peak regponse
anplitudee {seg Figs. 9) Por cach of the four single flash
runs in the PRE gessiong, From birds who had not yet de=-
veloped any obvious infactions. An analysis of variance
found no difference in the average amplitudss from one rTun
bo the next. Also, as shown in figure eight, there was
no change in ths waveform of ths response.

This experiment modse it spparent that 2 more satige
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Figs 9 A "typical" waveform showing the various measurements which were taken for
analysis. (a = latencyy h‘- peak to peak amplitude; c - amplitude of the

primary (lst) peak; d - amplitudé of the 2nd peak)
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factory occluder system had to ba daveloped befors repea-

ting the procedure. However; it was decided to first in-

vestigates a peculiar phenomenon which had been noticed shen

the electrodes were baing implanted,

Tabhls 1t
Papk to pesk amplitudes of the four singls flash tests

TUN 1 2 3 4
animal

30 60 B9 65 58

42 85 75 7 67

2 432 456 432 436
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POTERTLATION EXPERIMENT

b

¥

Introduction, 1

in the preliminary axparim;nta it was noticed that
turning the room lighte on or off during the implantation
procadurs resulisd in a marked chenge in the amplitude and
waveform of the asvoked potentiazl; ﬁha rBeponse sppesred io
increase in amplitude when the rucéiligh§5-mere turned ony
2 potentiation effect. As the nhaﬁnmwncn of potentintion
is controversial, and as the~mxite£ is riok aware of any
axamples of potentiation oceurring when a light flash is
used as & stimulus, it was decided %a examine these chanpgses
in more deteil in acute preparstions. Before presenting
the procedure end resulis of these %xperimants, a brief
raview of the literaturs gn the potentiation of tha esvoked

response by beckground iiluminationiis in order,
\

History ef the ﬁmtanﬁiatiun-ﬂhgggmaﬁnn.

The phenomenon of puﬁantiatﬁun was first reporied
for the enssthetized cat by Marshall, Talbot, and Ades in
1943, They found that when a conditioning flash was pre-
gsented to one sye and followed with & test shock to the
contralateral optic nerve, the cortlcel aevoked patential
from the shock was enhanced. Chang gzgsza) mads 2 morse

)
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é@érﬂugh investigation of the effect and found that when
?ﬁa retine was steedily illuminatsd, the cortical svoked
potential from geniculnts stimulation was larger than
mq?n there was no retinal illumination, Chang congluded
that the potentiation was dus to a facilitation effect
of retinal i{llumination on the gaﬁiﬂulats, and rejected
the possibility thet illumination of the retinm diminighed
its inhibliory effects on the geniculato, since the sxcie
sion of the pye did not resulé in potenkistion.

in 1956, #Baelis and Kruger repeatad tha Chang ex-
periment. They used different lovels of baskgrountd 1llue-
mination and found that the level of background flluming-
tion was related Lo the amauntwuﬁ potentiation seen. ARe
the level of retinal illuminabtion increased, the potentige
tion increased undil a iimit was reached, afiser which no
incroase in the amplituds of the response was found.
Thay also reporied that potentlation wasz not found pver
the entire visual receiving avea, and that fthe loeation
fur potentiation within ths visual cortex was not the
sema in differsnt cats. Doty (1958) Pound that diffuse
illumination of thae retinz would potsntiate the corticel
rasponse From both geniculats and optic nerye stimulation
in the monkey and cat.

While all investigators agroe Lthat pobentistion

poours; the mechanism involved is not clesr. A good dasl




af svidence supporte the visw that potentistion ocours
because tomic retinal influences ars removaed by background
illumination, espscially the wark of Arduini and his cols
Yaborators (Arduini and Hirao, 19603 Arduini and Goldstein,
1861, 19633 Arduinil end Pinnso, 1962, 1963)., Thay found
‘that the cortical eyokad response fo geniculate stimulation
.@és enhanced both during retinal illuminetion and retinal
ischemia. They alsc have confiimed the sarlier results n%
Kuffler (1953), Granit (7955), and Barlow, Fitzhugh, and
Kufflar {1857), who roported that diffuss retimal illumina-
tion decreasss the emount of spontariscus activity of ths
retina. Arduini arguas that potentiation occurs becauss

of @ decrease in the topic activity of the retina, and

finds ﬁpéﬁ@hang affecﬁ‘mhsnkthis tonitc activity is depraoused
by background iilumination or completely tilocked by ischomis.
His case is strengthened since, as pointad out sarlier,
Malis and Kruger found that the degree of potentistion varies
directly with the intensity of retinel illumination and
Arduini has ghown {1963) that the amount of spontansous
activity of the retina is inversely proportional to tha
gnount of hsckground $llumination. Arduini points out

that Chang's report that excision of the sys did not re-
sult in potentimiion was not confirmeéd by Posternek, Fleming,
and Evarts (1959.); who found poteniiation of the cortical
rasponse to geniculate stimulation after section af the

optic nerve. He argues that the differenca in resulis may

40




hava bean due to injury discharges in Chang's preperation.

As Bramer (1961n; 1961h) has pointad out, howsver,
snd as Arduinil himself agrees (1951), the mechanism of
potentistion probebly involves some diffuse subcortical
systems, especislly the reticular activebing system.
Chang (1952b) reports responses in the suditery cortex
svoked by medisl geniculste stimulation are enhanced by

. retinal illuminetion (though gthers, s.ge.;y Arvduini end
Goldstsin, 1961, have failed to confirm this). Also, Van
Eyak (1963) reports that the vestibular response is simi-

.larly enhanced by retinal illuminstion, and Arduini
{Arduini snd Hirao, 1960) has reported that olfactory
stimulation potentintes the cortical rssponsa $c lateral
geniculete stimulstion. Thess experiments support ths
idea that nonspecific subcortical mechanisms may bs ine
volved.

In all of thess studies, rotinal L1llumination
potentiates the rasponse to electric shock. None of the
inuestigators have raported enhancement of the response

%o light flash. It seemsd worth while ko meke a brisf
study of ihe pbesrvation that beckgrpund fllumination

appeared to pobentiznte the phobically evoked responses.

Three pigeons wers ussd in this sxperiment. The

lateral slectrode location was sxplorsd with a monopplar



electroda, the indifferent slectrode being in the midline
of the Prontal bone. Thae stimuli were presented 4o the
contralatersl eys. In one bird (#41) the sories of stimue
lus presentation was five runs of 50 flashes without back-
ground illumination, followsd by Five pung of 50 flashes’
with background illumination. In the socond bizd (§5);
Eive runs of B0 flashes with bYackgtound were altsrnated
with five runs of 50 flaghss without backgrounds In these
tuwn. animals, the potentisls were recorded wiih the slece
trodes above the point at whigh reversal cccurred. In

the remaining bird (#7), the potentials were recorded
after reversal of waveform. For this bird, three runs of
50 Plashaes per run woere given without background illuminge
tion. The three runs wers followsed by three runs af %0
flashes with background illuminetion, Then, after a %en
minute interval, one more run of S0 flashas wes tamken in
tha dark. Anocther ten wminute interval was inssried end
then 2 final set of 50 flashes with background fllvsina-

tion was ohiained.

Resulis.-

Tabls tuo gives the results of Lhe peak to peak
amplitudse in microvolts (see Fige 9), end Figures 10, 11,
and 12 show the averaged rasporigses for the thres birds.
There is no waveform chanygs, and the smplitude of the

responses during baokground illumination is incrsesed.
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TABLE Two
Pegak to Peak Amplitudes of the Evoked Potentials
with and pithout backgreound illumination.

Arnimal #41 Animal #5

NB B NB B
Ruiry Run Run: Run
1 120 6 150 1 338 2 392
2 130 7 180 3 340 4 460
3 115 8 180 5 400 6 420
4 110 g 150 7 35§ 8 460
5 130 10 158 g 357 10 4724
Animal #7

NB B
Run
1 586 & 636
2 577 5 617
3 585 5 630
7 G68 8 613

Anplitudes sxpressed in migrovslits;y error of measursments

plus or minug 2.5 microvolis.
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Fig. 10 The effact of background illumination on thse
suoked responss in bizd #4%: fonopolsr slec-
troda at preoe-roversal depth. HNumbers 1 - 18
indicate order in whith-vuns of FPLFLy flashes
wers presented., Inter-run interval two mine
utess Calibrations G0 microvolisy negetive

upi 50 maes..

é




I.:

NO BACKGROUND

- i
5‘1
<, :

- _'!'.:.!4;’ ..‘:-h.‘
1 I —
|
r‘“
ok ph = __[\._m, el ¥,
t 'I i
t I [ L f_]
3 '
i
i S
H {
1i_h 1A
\ A vk,
- YL
i \J
I HENN
x
T Al
At
It
i
i o A \ Al
1 i i
if |:' % i
¥
O A | N U ¥,
I -iN _l‘ W

U‘;

~

10

BACKGROUND

]
At
[

B e

-1

K|

s A

eyl I

{

{

|
e A
T i1

Al \
N L N 4
1 Sy hJ
N e
! -
i
1
D
=

b=

—

i 1]
] Fatah
{: 'l\ 4 i
! wila MK ,rjmvi*"._‘
. N
.
i+
1
- In

pp———
]

-
—_}.

45




Fige 11 Tha affect of background iliuminetion on iha
svoked fesponsy in bipd §5. Honopaler elece
trodes =t pro-reversal dopth. Numbsrs 1 -~ 10
indicate opdor of tuns. Intsrerun intervel
two minutes, Calibvation: 100 microvolls,

negativa ups 50 mses.
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Fige 12 The effects of background illumination on the
svoked responge in bird #7. Monopolar slece
trode at post-reverssl depth. HNumbers 1 - &
indicate the order in which the runs wers pre-
sented., Callbration: 100 microvelts, nega=

tive wpi 50 mssc, .
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Thare l= only one incidencs of gverlap betuwsen the average

response emplitudes of runs in the tws conditions.

Discussion.

Tha rasults indigate that background illuminaticon
potentiates tha photicelly sunked respones from some roe
glons in tha pigson'se soptic tecitum. It is surprising thet
the addition of retinel illumination brings sbout am in-
crement in the responss to the light Pflashs In the unsnos-
thetized bird, it has been Pound that dark adaptation
gragtly enhances the potential; which would geam to be the
oppogsite of the effect observad. It is generally accepted
that en increass in reiingl filuminetion brings aboui do-
crazsas in the oetput of the rstine, #bhich should result
in 2 docreaseo of the corticsl evoked pssponse (Ardeind,
1863). Blgnall and Rutledge (1964) ehowed that the =ffocts
of background illumination on the photicslly svoked potene
tial in the anasthetized cai's cortex wes not an Incresse
in the amplituda of the response, but pather a decrzase in
the amplitude of the primscy ond secondsry peaks. Similer
rosulis have boen Pound Por fhe rat {Semson end Babh, Une
published observetion). The rasulis obisined do nmot easily
fit inte Arduini's propossl to eccount for potentiation.
Thay sesm to ba more in acvord with Cheng's propogal of
sums central facilitation produced by hackground illuminge

tion, Howevar; it 1s nob known how tha tonic activity of
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the hirghts retinag is af'fected by background light; nor
what effacte beckground illumination would have on the
tockal response to opitic nerzve stimulation. HMorsaver,
sinue the mammalian zand avian visual systems are vsry
diffarenty generalizing from these resulis o thope ohe

tained from mammale is perhaps unjustified.




ISOLATION EXPERIMENT

Sinece it wes nobt knpwn oxactly what the affects
of isoletion might be, end since the potentiation phen=
cmenon has been found sensitive to changes in nsural funce
tion, it seemod reagonsble to test the response of the
toolated tectum to Plashes when background filumination

was and was not prasent.

Four birds were wsed with chronie monopolar elsce
trodes in the latersl loeation of the optic lobes at a
depth of 12 mm from the skull surfacs. In birds $1 end
#32, the indifferent slectrods was in the Trontal bone
of the akull, znd for birde #14 and §93 it was placed
into the ipsilater=l hemisphere at 2 depth of 4 ams The
naw occludars, as previously described, wore used.

On aach test sesgicn, the bird wes brought from
ite home pape (which was brightly lighted by a 12%, 112v
Fluprescent bulb) to the experimental room, znd the adap-
ber unit was placed on the plastic ringes. The stimulus
presentation unit waes coupled to the right eye and 2 light
filtar wes pleaced gver the left adepter unib to prevent
ebinmulation of the left sye. A ten minute intervel pre-
coded the teskting sp that the bird eould get used to the



experinantal situation snd dark adspts Two days of pre-
testing (PRE) were given. Eamch day &$wo zuns of Fifty
flashes per run wers presented to sach eye. The Ffirat
run was given without, the sscond with, beckground illue
mination. Aftor the PRE sessions, one eye was occluded
for seven days, with the deprivation gessions ooourring
on the sixth and soventh days of the isolation period,
The reconding procedurs was idontical o the PRE sessions,
pxcept that on the second dey an cecluder was placed over
tha contrel aye two hours befors the recording session

so as to control for pogsible affacts of dork adspiation
in the experimenital sye. Both occluders were removed
when tha stimulus adepter unit wes Pixed to the rings,
APtor ths last isolation session, tha snimals were given
2 saven doy period of normal vislion and the post depri-
vation zessions {POST) recordnd on the sixth and sevenkh
days. Ons wpak sftor the POST sessions, a second post
sepuion (PDST-POST) wes given to thres birds.

After this, two of the birds were run through ths
experiment in the same way, except that the eye which had
previougly served as tha control was now isolated.

Both computer avarages and phatograephic records
wers made of the responses of the contralateral tectum,
For snalysis, the film wes projected through esn enlarger

anto a grid marked off in 2.5 mm squares. As thers wes
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2 palibretion mark on eech film, the rew soplituds scores
could be converted into microvolts. The latency and ame
plitude of the first pesk and amplitude of ths sscond peak
were messured {gee Fig., §) from the film records (the error
of moasurement is dependent on the amplitude of the poe
tential end is given in the sppropriamte tables). Informe-
tion about waveform changes of the regponsas was abtalned

from the computer avaerages.

Resulta.

Figures 13 and 14 give the computer averages of the
rasponass abtaina; during the PRE, DEP, and FOST sossions
for bivd 14 (Appendix 1 shows the records from the isclatad
optic lobs of tha other thres birds). The response cone
sists of a rapid nogative deflection, followsd by one op
a geriss of positive deiflections. Inspoction of the PRE
reoords shows thet background fllumination does affect the
raéponsa. Thers is an obvinus decrease in the amplituds
of the second pask and 8 small decresse in the smplitude
of the first peak when background illumination is introe
duced. This is the opposite of the sffect that hackground
illuminetion had on the responsas of the snesthetized bird.
The DEP records show thst isolation grestly reducsd the
effect of background illumination in the sxparimental eye,
The responses during @aukgraung illumination resemble those

when no hackground is pressnt. A similar but smaller af-



Fige 13 Bird 14, svaraged responses gf the isolated
tockums Calibration: 700 microvolts, nega-

tive douwnj 50 msocs
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Fig. 14 Bird 14, averagéd responses of the control
tgctum. Calibration:s 100 microvolis, nega-

tive down; 50 msac.
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fent also sesms to occur in the control tectum during the
DEP ssssions. The POST records showm that after six days
uf normal uvision, the socond peak is zgain deprasswsd by
baskground illumination. There seess te bs no increase
in the smplitudes of the fFirst peak in the no background
condition after iscolation as might be expscted Prom the
densyyation supsresensitivilty hypothesis,

The Pilm records were measursd to clapify the
céﬁputaz rosults, The smplitude of the first nogative
poak (first peak) and the first positive peek (second
pesk) wors datermined {The averaged rasponses for bird
#32 in the beckground tondition of the PRE and POST sese
sions {Appendix 1) suggeat that the segond psek disep~
pearad, bubt in the films it was elweys cleerly defined,
thotgh its latency varded.). Flgures 15 end 46 show the
distribubion of the amplitudes (in mintmvnlta) of the
first poak of tha response of one bird\(tha distributions
for tho other enimals are in sppendix 2). The rasponses

with and without background illumination are gompared

under the PRE, DEP, POST, and POST-POST conditions. Thoese

curvas indicate no change in tha amplitudes for the cone
trol tecbtum, and show that in the exparimental tecium
thorn 1s a decreasa in thae verisgbility of the response
in the DEP condition znd a reduction in amplituds in the
POST seseiongs The distrihuiione indicate thet responses
From tha contrsl tectum alsa vary less during the DEP
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Fige 15 Fraquéncy distribution of amplitudes of first

peak of responces from the fsolabad tectum.
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Fige 16 Ffrequency distributlon of amplitudes of first

peak of rasponses from the contrel tectum.
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sessions then in the PRE and POST sessions.

Table threa presents the mean amplitudes of the
primary peaks. #An analysis of variance of thess means
for the control teckum shows that there i no significant
difference hetween 4the PRE, DEP; end POST conditions.
Further, background illumination doss not significantly
chenga the amplitude of response. The POST-POST seores
are not insluded in this snalysis as they were only avall-
able for three of the four snimals. The snalysis of vari-
anca for the experimental sye showed a significent differ-
onece (F=8,63 for 16 end 3 d.P.) between the PRE, DEP; and
PBST trials; bul mo difference between thae smplitudses of
responses with end without batkground. A Scheffe znalysis
shownd that the PRE and DEP trials were not significanily
different, bul that both were lafger than ths POST scores.

In figuraes 17 and 18y the Prequency plots far the
amplitudes of the second peak of the responses from one
birzd {(the plots for the others ere in eppendix 3) ars shoun.
Examination of the cuprves shows that in the DEP ssssions,
the distribution of the second peak amplitudes of the rge
sponses from the isplated tsctum with background illuminge
tion is very similar to the distribution of the amplitudes
without background 1lluminabtion, Alsg, during isoplation,
tha varlability of the amplitudes of the response is re-
duceds. Using the msang shown in tabls four, sn analysis

of variancas on the control data showsd that thare was no




TABLE THREE
Amplitudes (in microvolts) of the primary psak

EXPERIMENTAL
, PRE DED POST MEASUREMENT
Bind NB B NE 8 NE B ERROR
32 457 395 452 424 406 7386 + or =B
14 406 381 " 348 359 244 225 4 or =5
g3 123 112 108 123 98 1081 F OF =3
1 290 238 309 316 240 143 + OF =4.5
CONTROL
PRE DEP POST MEASUREMENT
Bird NB B NB B NEBE B ERROR
32 239 211 294 255 308 235 + O =3
14 B0 75 62 62 g 7D + OF =2.5
93 125 112 140 125 127 117 + Or =3

1, 384 384 378 362 %70 306 + DT =5




<

Fig‘ 7

The amplitude distributions for the sscond

poak of rasponses of the isolated fectum.
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Fige 18 Thae frequency plet for the emplitude of the
sacand peak of responges from the pontrol

taotum,
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Bird
14

93
32

Bird

TABLE FOUR
Amplitudes (in microvolts) of the second peak

EXPERIMENTAL
PRE DEP POST MEASUREMENT
NB B NB B NB B ERROR
232 124 229 224 197 86 + or ~2
263 213 281 277 185 142 ¢ OF =2.5
60 42 60 63 62 50 3+ or ~2:5
198 119 264 261 214 120 4+ or ~5
. CONTROL
PRE DEP pPOST MEASUREMENT
NB B NE 'B NE © B ERROR
48 35 61 s0° 55 33 + Or =2
- t
258 170 - 242, 206 246 156 + Or =2
" 22 48 26 20 27 20 "+.0T w1.5

106 &5 135 72 144 44 + 0T =3.5
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significant differencs between the PRE, DEP, and POST cone-
ditions, and no significent differance betwsen the amplie
tudes of the potentisls with and without background {1lue
mination. An analysis of variance on the means of the
axpsrimental eys (ses table four) shows 2 signifisant dife
Porence (F=6.3, 2 and B def. ) betwaen the PRE, DEP, and
POST conditions, Tﬁa maan difference botween the ampli-
tudes of the potentials with background is not significantly
different from thoge without background illumination., A
Scheffe aralysis Pinds the DEF scores ara significently
larger than the PRE or POST, and the PRE are larger than
the POST, To &larify this data; the msan+amﬁlitudss of the
rasponges with background were sxpressed as percentages
of the msan amplitude without backgrdund.

Table five shome the percent scores for both the
first and second peaks. An analysis of varisnce shous a
significant differencs for both the Pirst and second peaks
(first peak F=2,94 for 5 and 15 d.f.; sscond peak F=8.50
for 5 and 15 d.f.) bstwsen the PRE, DEP, and POST scores.
A Scheffa comparison is given in table #ixs It can be seen
immediately that the wexperimepkel DEP scores for both first
and second puaks ars significantly larger than any of the
othst scores. These resultis again show that tha major
effect nof isglaticn iz on the sescond pesk response during

hackground illumination.




TABLE FIVE

Percentage scores (Mean amplitude

with background/mean amplitude without background).

Bird
32
14
93

Bird
32
14
g3

Experimsntal
PRE DEP
Bé 84
94 103
91 114
82 182

Experimental
PRE DEP
53 S8
81 ‘PB
70 105

&0

94

Primary Peak

Control
pasT PRE DEP
88 88 a7
108 93 100
103 a0 82
60 83 96
Second Peak
Control
POST PRE DEP
r44 73 82
77 66 85
81 81 77
86 61 53

POST
76
g
92
82

POST

60
63
74
31

a2




TABALE SI%
Scheffe analysis Por the results of the analysis

of varisnoe on the difference soores of table five.
Primary Pask

PRE*  DEP* POST® PRE  DEP  POSY

PRE® - aa 3 1 13 25
DEP¥ - 87 88 41 8%
POsST* - 4 16 28
PRE - 18 28
DEP - 44
pasT -

L greater than 20 iz significant
Sacond fsak

PRE® DEP* POST®  PRE  DEP  BOST

PRE® - 131 & 7 33 36
DER® : - 137 114 98 167
POBT* - 28 39 30
BRE - 16 53
DER - £9
POST -

€ greater than 46 is significant
# Exparimental tectum



The mean latenciss for the onset aof the primary
regponse in the PRE, DER, and PUST conditions wers found
to be hetween 15 and 20 msecs. The resclution of the sn-
alysis was not fine enowgh to determine small changes in
lateney and thersfore we cannot say what sffacts depriva-
tion had upon the latenciss af the responsa,

The two animals which were put through the proe
cedure sgein, afhtser raversing the experimental and control
eyez, showed the ssms changas {see tabls saven) as in the
original runs Again, during isolation, baskground 1llumine
gkion had lsss affecht on secend peak of the deprived tectum.

The scoluder which was placed owar the control sye
two hours before the sscond deprivation trial shousd that
dark edaptation wae not a factore An znalysis of the ree
sponse amplitudes nf the two deprivation seesions (one with

the ogcluder, the other without) revealsd no differences.

During the sxperiment, pupil size was not cantrolled,

To test the possibility that pupil size could be invelved
with the result; responses to light flashes with end with-
put background illumination were collected bafore and after
local epplicsetion of atropine sulphats {2%) on the eys.

The results ara shown in ths computer averagas in Fig. 19.
Tha responsa shows a general incrgase in anplitude bubt the
affact of background illumination is the same; the amplie

tuds af the second peak is dasreased.
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TABLE SEVEN
flean anplitudes of the second pessk of responszes of tuwo

birds rotasted with the coptrel and isolataed tactums

raversod,
Izolated Tectum
PRE DEP BAST
Bird NB B NB g HE o
14 59 42 A8 4B &5 34
+ 21% 155 120 113 200 152
Control Tectum
PRE DEP POST
Bird NBE 8 NG B Ng B
14 188 112 187 108 222 138

1 233 204 162 142 198 163

&5




Fige 19 Effecis of stropine oo the photically svoked re-
sponse, with and without backogréupd flluminetion.
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The histologicsl location of the electrodas 2re
shoun in Flgs. 20, 21, 22, and 23. In all but ons bird

{#93}, the elsctrodes wers found o hs approximately withe

in the seme areas, either in tho teckel pucleus or ths tece
tothalamic tract. In tha other bird, one slectrods would

appear to heve bhean shorted cut above the tectum, accoun-

ting for the small potantials which were rscorded from

that gits.

B8




Fiygs. 20 to 23 Histological location of alepirodes in

igolation sxperimant. (AL - anterior
comnisurey ET - slseckrodes LGN ~ Iakeral
geniculate nucleuss ROT « nuclous RAobunduss
TECT - tosctal nuclouass TTT - teochkale
Lhalemic tracty V -« ventriclei ¥13.4)
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DISCUSSION

There werae thres mejor Pindings of the exporiment:
(1) After ssven days of isolation, background illumination
doesg nuot depress the amplitude of the photicelly svoked
response, as it doas in the normal bird,

(2) isolation did not have a consistent effect on the abso-
luta:amplitgda af the rssponsg.

{3) In tha normal bird, under barbituamts snesthssis, back-
ground illumination poientiates ths photically evoked roe
SpONSe.

It smeams unlikely that factury other than depriva-
tion ars responsible for the Pirst result. Opvious fectors
guch as dark adaptaticn are rulsd cut by the control mea-
sures, end in any case it has been obegerved thet in the
normal pigeon, background illumination depresses the posi-
tive peaks whebthar ths bird is dack adapted or not.
Similarly, the fact that ths results were abtained during
tha deprivation sessions, and not before or after, rules
out any possibility that changes in the propertiss of the
electrode could be responsible. Further, since the fuo
birds in which the procedure was reversed (so that the
eys which was previously isolsted now served as the contzol)

showed ths samp sffacts, it seams unlikely that order eoffacits

24
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From the admittedly inelegant procedure of slways testing
the zight ays fPirst can havse bsen important.

Ula sre unabls, unfortunetely, to state definitely
whether the offacte obeerved wers dua\tn paripheral ox
pantral Pactors. Howsvary therg are spme roasons for bee-
lieving that thay were cenkral. Ocecluding the eye pro-
duced rio ghangas in the cornea or retina which could be
detected with an ophthalmoscope {thouah of course, thors
ars many changes in the retina which minht not be ssaen
by this methed). Similarly, slihough pupil size was not
controlled, we do not belisve that the roesulis con be x-
. plained by saying that deprivation caused the mschsnism
rosponsibla for pupillary contraction to fail, and that
the larger pupil which resulisd was responsibla for ths
greater amplitudes of the resporise when there was back-
ground light. First, inspection of the birds' oyes did
riot indicate that there was sny abnoimality of ths pupile
lary zeflax of the deprivsd eye, end second, when ths
pupil is saximally dilmbed by etropine, the response of
the normal bird is depressed by background light (sse
Fige 19)e

Finally; it cen bhe seen from the mveraged rgsponses
that there is a tendenoy for the sagond pogk of the re-
sponses from khe control to be relatively larger when
beckground illuminabion iz present during the DEP sessions
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than it is when the background llght is on in sither the
PRE op POST sassions. It is true that this affect is
seen in only two birds (32 and 14), but this may be dus
to the ppgition of Lhe slestrodes.

The data do nob indicats thet isolabion had any
affects an tha absolute ampglibudes of the rosponges when
thare wasz noe baskoround {lluminstion, Whal changes there
were can probably be abbribuled te changes in the slece
trodas, or to fluckuations in the siste of the bird. It
will ha rememberad, howaver, thab a significant decreese
in amplituds wae found during the PBST ssssiong. ALl bizds
ghound 8 duoraasa, bub the docresss of bird #14 {which
showed the grastest decreage) is prabably dus to alteraw
tiong in the preperiiss of the glectrode, sinca the reS-
panaw anplitude remeined low far two weeks after the POST
_tusts, Similarly, the rosponses of bird #93 continued £o
depling ouver the next twn week perind. The TEsponse am-
plituds of bird #1 returned fu the PRE lsvel, but the POST
changes in this case are relatively small, Thus, on the
whole, thare 18 no reason to helievs that the decrease in
ampiitude ghserved in the POST sosslons is relatad to the

isplablion procedurs.

Thearstical Implivstions.
The stimulus used was not maximal since in some

praliminary sxperiments wa varied the intsnsity sf the




flash in steps unkil it was roughly twica the intensity
used in ths isclation study, and found that the amplitude
of tho avoked pohisntial continued to increass. Hepce, the
Fact that amplituda o Lhe response did ngl incresse aofter
deprivation does not Pit in soll wifh ehat would be pree
distad from tha denepvation supersensitivity hypothesis.
Granted that most studies which deomonstrate ihe phengmenon
have involved measuring the thieshold of the cosponse {end
consegquently if might have hesn more ssnsible to havs neae
sured the response thrashold o light flash in this ex~
peiriment ), the experiments of Spiegel and his co-workers
would leed us to sxpect an emplibude increass.

What nther nechanisms might be invelwed? I is
ohivioud that the resulis might be dus to the failure of
some Inhibifpry meehenism, and such n hypothssis is partie
oularly sbiractive since it would also socount for some
of the affects which have boen obssrved in humens {the
lowered touch threshold, for instance)s Such inhipition
could involue the primery pathways; or the reticulsr syse-
tom,; or hothe The Fast that potentiation does not sccur
in the awekae bird, but thet it doss both in the nembutal-
ized bird and in the deprived tectum (birds 1, 14, and 93),
dogs suggest that the reticular system may be invelved.

Uf course, sxplanations in forms other then inhibition are

possible, and we do not at present have the evidence to

Y
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decide which explanation is most adequats. However, the
ef fect we have observed seems to be a powerful oney and
by analyzing its basis in future experiments it should

be passible to get some undsrstanding of what happens in

the nervous system during perceptual isplation.

Furthexn Studies.

- This study is egsentially a preliminary one, and
does not rsally adequately test the demervation supersen-
sitivity hypothssis of the physiological bases of percep=-
tual isolation. By repsating the study, with tests of
temparsl occlusion and threshold, a better test of the de-
nervation superssnsitivity hypothesis could be made,

The following guestions will have to be at least
partially answsred before the results nbssrved can be eX-
plained.

1. What is the mechanism by which background illumination
affects the photicelly esvoked tesponse both in the normal
and anesthetized bird? Is the sffact similar to retinal
tonic decreases as proposed by Arduini or is thers more

of an excitation sffesct as proposed by Chang?

2. What is the tims course for ths isolation phenomenon

as found in this study and how long does the effect last?

3. What mechanism is deprivation affecting? is it a change
in the inbibitory systems and/or the ARAS?

4. Will pattern stimuli result in a different svoked po-




tential than a8 non-patternod flesh? that will isolation
do to the patierned flash response?

S, Will total deprivation of vision have the same offect
as pattern igolation?
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SURMARY

The effects of perceptual isclastion an photically
evoked potentiels in the optic tectum were studied. 1t
wag found that:

1. Tontindous retinel illumination affacts the photically
avokad potentinl. Gensrally, a marked decrsase in the
amplitude of the rasponse was found when thers was backe
ground illumination. Under barbituaste anesthasia, backe
ground illumination did not depress the responss, bui was
found to potentiate it.

2., Perceptual isolation of one sye greatly changes the
affects of background illumination on the evoked respaonse.
Bafore deprivation the response was redussd by background
illumination, after seven days of isolation background ile
lumination had little effsct. Following the pericd of
deprivetion, the rosponse returned to mormal seven days

after the removal of the cocluder,

160




REFERENCES

Afatanas, M and Js P. Zubak Effacts of prolonged isoe-
lation of the skin on cutansous sensitivity.
Parcept, fote Skills, 1963, 16, 565 = 571.

Arduini, ﬁ.R'Influenca of visgual deafferentation and of
continupua retinal illumination on the oxcite-
bility of geniculete nsurons. Ins R. Jung and
He Koznhuber (eds.) Neurcphysiolegie und psychow
physik das visusllon systems. Goattinpen, Springer,
1961, pp. 117 ~ 125,

k]

Arguini, A. The tonlec discharge of the retina and ite
central sffocts. Ins G. Moruzzi et 2l (eds,)
Brain mechenisme, Progress in brain ressarch.
ve 1, London, Elssvier, 1963, pp. 184 - 206.

Arduini, A. and T. Hireo Enhencement of suvoked resporses
ian the visual systen during ravsrsible retinal
activetion. Arch. ital. Biol., 1960, 98, 182 - 20S.

Arduini, A. snd RN, He Coldstein Enhancement aof sortical

’ | responsas to shocks dsliverad to lateral genicu-

body. Localization and mechanism of the effeocts.
Arch. iftel. Bieol.; 1951, 93, 397 -~ 412,

firduini, A. apd L. Pinnes Properties of the retina in

response to steady illumination. Apch. ital. Biol.,

101




102

1962, 100, 425 - 448,

Avduini, A. and L. Pinneae The tonic activity of the
lateral geniculats nucleus inm dark and light
adaptation. Arch, itsl. Biol., 1963, 101, 493 -
807,

Axelsson, J. and S. Theslsff A study of supersensi-
tivity in denervated masmalian skeletel muscle.

J. Physiol., 1959, 147, 178 - 193,

Barlow, Ha Bey Re Fitzhugh, snd S, W. Kuffler Changse
of organization in the receptive fiolds of the
cab’s retina during dark edeptation. Js Bhysiol.,
1957, 137, 338 - 354,

Hexton, Y. Hes We Huron, snd T. H, Scott Effects of doe
ereazad variakion in the segasry environment.
Canad. J. Psychol., 1954, 8, 70 - 76,

8ignall, ¥, E., and L. T. Rutledge Origin of a photicelly
evoked afterdischarge in cat visual cortex.

e Neurophysiol., 1964, 27, 1048 - 1862.

Bishop, G H, and J, O'Leary Conponents of ths eleckrical
response of the gptic cortsx of the vabbit. Am, [
Phvsiol., 1936, 117, 25Z - 308.

Braunstein, P. Effacts of loecal skin deprivation on cuw
tanecus detoctability. Unpublished 8.A. Fhasis,
PoGill Undvere, 1957,

Bremer, Fe¢ In the dizcupsion of A« Arduini Influsnces aof

visusl deefferentation and of gontinucus retinal




103

illumination on the excitability of geniculate

neurons. In: R, Jung and H, Kornbhuber (eds)

Neurophysiclogis und psychophysik des visusilen
systemss Goettingen, Springer, 1961a, p. 116.
Bremer, F. WNeurogenic influences on evcksd potentials.,

In: W. A. Rosemblith (ed.) Sengory communication.

New York, Wiley, 1961b, pp. 675 - 698,

Budge; J. L. Uber die bawaggng der iris: FUr physin-

logen und artze. Braunschweig, Vieweg, 1885.

4 vk

Burch, P. G. =nd R. D, flyers A simple method for re-

¥

%iahly coating intracranlal electrodes. J. gxp.
Anal. Bshav., 1962, 5, 96.

r ks

Burns, 8., D. Soms properties af the i$o1ataducerebralm

cortex in the unanaastheﬁized cat, g; Physinol.,
1951, 112, 156 - 175, , o

Cannon, W. B. and H, Haimuuici Tha sensitization of
mutqnédznnas by pa:tial !denervatzan‘..ﬁm,:g.
Physiol., 1939, 126, 731 - 740.

Cannon, . B. and A« Rosenblueth The supersensitivxty

af daneruaned structures: a law of denervation.

New York, MachMillan, 1949.

LCataniay, A. L. 'fachniQUss for the control of mohocular
and binocular uiaming‘;n the pigeon. g@‘ggg.
Anal. Bahgq,, 1963,‘Q§ 631,

Chang, H. T+ Cortical response to stimuletion of latsral

*

geniculate body and the potentiation thereof by




continuous illumination of the rstina. J. Heutoe
physiol., 19528, 15, § = 26.

Chang, H. T. Ffunctional srganization of ceniral vispal
pathways. Res. Publ. Ass. narv. mont. Dis., 19524,
30, 430 - 453,

Ehavez; M. and E. A. Spiegsl The functional state of gene

sory nueclei following desfferentation. Confin,.

neurol.,; 1957; 17, 144,

Cohen, 5. Ie.y Ae Jo Eilverman, B. Brassler, and B.

. , , Shmavonian Problems in isolsticn studies. In:
P. Selomon st al (sds.) Sensory dsprivation.
Cembridga, Harvard Univ. Press, 1961.

Davig, J. M., We Fe¢ Molourt, and P, Solomon Effect of
visual stimulation an hellucinstions and other
mental expaerience during sensory deprivation,

. Amer, Je Bsychist., 1960, 116, 8689.

Doane, B« K« Changes in visuel function with perceptusl
isoclation, Unpublished Ph.Di Thesis; HieGlil Univer.,
1955,

Doane, Bs K., W Ffehatoo, W. Heron, and T. He Scatt
Changas ih,percaptual function after isolation.
Eanad, J. Psychol., 1959, 13, 210.

Doty, R. W, Potentials evoked in cat carsbral cortex by
diffuse and punctiform photic stimuli. J. Hsuroe
physiol., 1958, 21; 437 - 464,

184



Drake, L, G. and G. B, Stavraky The effect of convulsant
agents on partlally iaclatsd neurons of the ceone
tral narvous system. Feds Proce., 1948, 7, 29.

Eeocles, J« Co 2nd B K¢ fiointyre The offects of disume
and of activity on mammalian spinal reflexes.
Jo Bhyaiol., 1953, 121, 492 ~ 516.

Echling Fo A« Ve Arnett, and J. Z0ll Parcoxysmal high
vpltage discharges from the isolsted end partisily

isolated human end animel cortexs Electrosnceph.

clin. Meurophysiol., 1952, 4, 147.

Fiska, D. W, Effeuis of monotonous and restricted stimie
latione Ins De We Flske and 5, Maddi {(eds.) The
functions of veried swperisnce. Homewsod, Dorsey
Pressy 1961, pps 108 - 144.

Franks £., No WM. Hothmanng and He Hirschpane-KsuTmenn
Uher die "tonischa" kontrektlion des quergestreifs-
ton saugebiormuskels nach ausschaliung des motor=-
ischen nerven. Pfluger's Arch. ges. Physiol.,
1922, 197, 270 - 287.

Freoduen, 5. Jey He Us Gruncbaum, wnd #l. Sresnblatt
Perceptual and cognitive changes in sensory dep-
rivabion. Ins P, Solomon st al (eds.) Sensory

deprivation, Cambridge, Harvard Univ. Prass, 1961.

Goldberger, L. end Ro Re Holt Experimental intorference
with reslity contact (percoptual lsclation)y

mathud and group results. Je necy. men. Dis.,

185




-l o

19588, 127, 99.
Srafstein, H. and P. 8, Sastry Some preliminary slectros
physiological studiss on chrorig nsuronally isd-

lated cersbral cortex. Elactraanqeah4 clin.sturmu

physiol,, 1957, 2, 723 - 725,

Granit, R. Rseeptors and gensary pereeption, New Haven,

Yals Univ. Press, 1955.

Grunshaumy He Uey S. Je Fresdman, and fl. Gresnblati
Sensory ﬁaprivatian and personality. Amer. J.
Paychiat., 1960, 116, B78.

Heamdi, J« A. and D. Whitferidge The representskion of
the retina on thé.nptic~tactum»uf the pigaanf

Quart. J. exp. Physiol,, 1954, 39, 111 - 139,
Hebb, D. 0. In the discussion of & symposium - Sensory
deprivation: Facts in search of a theory. J. nerv.
men. Dis., 1961, 132, 48.
Horon, Ws; The pathology of boredom. Sci. Amez., 1957,
204, 54 - 6. B
Heron, #. Cognitive and physiological affscts of psrcep-
tpal isclabion. Ins P. Sclomon gt =l (eds.)

Sensory deprivation. Cambridge, Harvard Univ. Press,

19861,
Katz, B. and R, Miledi Further observations on the dis-
tribution of scetylcholine-reactive situs in

skeletal musele. J¢ Physiol., 1964a, 170, 379 - 388.

106




107

Katz, Be ungd R. Miladi Tha development of ascveiylcholine
aensitivity in nerve-free segments of skaletal
muscle. J» Physiol.; 1964b, 170, 389 = 396.

Kenna, J. C. Sensory deprivationi a critical raview
and axplenatory models. Proge Royve Soce fede,
1962, S5, 1005 - 1010,

Kubzanski, Ps £. The effects of reduced snvironmental

stinulation on human behavior: s roview. I

A Biderman znd H. Zimmer (eds.) The manipulation
of human behaviors the cage for intsrroostion.
Heivw York, Wilsy, 19561, ppe 571 ~ 895,

Kuffler, S. M. Discharge patterns and functional oxgsne
lzation of the mammalian retinm. J. Heurophysisl.,
1953, 16, 37 = 68«

Lilly, J» C. fental effaciz of reduction of prdinary

levels of physical stimull on intect hesliby persons.
Peychiat., Res. Rep.s 1956, 5. 1.

Lindslay, D. B Conmon Pactors in sensory déprivation,
gonsory distprtion, #nd sensory ovarloed. Int

P. Solomon st al {ede.) Sensory deprivation.

Canbridge, Harvard Univ. Press, 1961.

flalis, Le¢ T» and Li Kruger fultiple raosponse snd excie
tability of cat’s visual coriex. J. Heurophysiol,,
1956, 18, 172 - 1d6.

Narshally W. Hey S+ He Talboty and He W, Adep Cortical




1a8

responges of the unanesthebized ceat to photic and
ploectrical afferent stimulation. Jo Nsurophysiol,,
1943, Gy 1 - 15

fisrrelly Fe ot al. Excitebility aof the mirror focusa

Elsctroenceph. clin, Heurophysiol., 1960, 12, 241,

Morrison, He ond W, Hegon The effects of localized akin
deprivetion on cutsneous deteciability., Peper read
at Eastsrp Psychol, Ass., Atlantic City, May, 1962.

Philipesux, J. fl. 20d A, Vulplen HNote sur une modifica-
tion physivlogique qui se produlit dens ls nerf
lingusl par sulie de LTabolition femporaire de la
mobricite dans le nerf hypoglosss du mems cofe.
Eompt. rTond. scad. sei. Pards; 1863, 56, 180% - 10711,

Postarnak, Js Me, Te Co Flémifgy and E. V. Evarks Effect

of intersuption of the visual pathway an the re-
sponse o genlpulate stimulation, Scisnce, 1989;
129, 39.

Remon y Cajal, ¥, Lohulas opticea ds las aves. Irab. Inst,
Cafsl Invest. biol., 1943, 35, 3 - 20,

Rougeul, A« Exploration oscillographigus da 1z vols

visuslle du plgson. Paris, Foulon; 1957,

Scotty Te Hey Wa He Bexton, M. Hedon, and 8. K. Doane
Cognitive affscts of perceptusl isolation. Canad,
Js Psychol., 1985, 13, 200,

Seguing Je -3 and Ge We Stavpeky The effects of barbituates



lilazrsl.lt

; on partially isnlated regisne of the centfel nar-
vous systems Canade J, Biochem. Physiol,, 1957,
35, B67 - 6BO,

Sharpless, S. K. ond Lo M. Halpern The slectrical sxci-
tability of chronically isplaisd curiox by means
af pezmenently implented electrodes. Elsctroencephs
glin. Neurophysicles; 1962, 14; 244.

Smith, S. and W, Lewty Perceplual isolation using a
silent room. Lencet II, 1959, 342,

Solomon, P. gt al: (edss) Ssnsory deprivation, Cambridge,
Basvard Univ. Press, 1961.

Splagel, E. &, znd E. G Szehkely Supergensitivity of the
cortex following partisl deePfarentation {lesion
of the pasterior thelanmic nuclei). Elsciroencephs
£lin. Neugophysiol., 1958, 7y 375 - 381

Stavraky, E. W, Supersensitivity following lseions of
tha nerveus systen. Toroaio, Unive of Toronto Praess,
1961«

Thesleff, S« Effects of notor innsrvation on the chemical

sensitivity of skelsbal muscls, Physlole Rovses
1960, 40, 734 = 752.
van £yck, ©, Etuds wisctromyographique dés reflexes laby-

rinthigues cervipaux du Pigson. a:ta.utqzarzng.
Stackhey 1953, ﬁ_‘-"_.’:_, 300 - 5131
Zubek; Je P. Bohavioral and EEG changes following 14 days

~ 149




of perceptual lsolation. Psychon, Soi., 1964, 1, 57.
Zubeky Jo Py Effects of prolonged sensory and perceptual
deprivations Brit. ped, Suyll., 1964, 28, 38,

118




111

APPERDIX 1

The computsr eversges for the svoked responses
recorded in the PRE, DEF, snd POST sessions both uiih
and without background illumination, (Experimental eye
anly; Calibrations: given for the individual figures)




Bird 1

Celibration: 100 miergvelis, PRE and DEP nagativs

up; POST negative douwni 50 msec.
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Bird 93 Cslibratiocns:

50 msec.

50 microvolis, negative downj
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8ird 32 Calibrations: 100 microvolts, negative dounj

50 msec,
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RPPENDIX 2

Frequency distribubtion for the amplitudes of
the primary peak.
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APBENDIX 3

The frequency distribution for the amplitudes

of the second peak.
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