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In SUlIlnlllry, Ihe rClllllinder or Ihis volulllc nllcsls 10 Ihc rllpid slrides in our

knowlcdgc Ihalnl'e hcillg madc in Ihe (Iuanlilalive dclenninalion or local I:CI'C

hral blood now and ill Ilclailing Ihe connedioll helwecn ,such dClenninalions

utili ccrehralmciaholislll. III Ihis I:hllplcr, we wanllo prescnl dala Ihal origillale

rrolll n diHcl'cnl OIielllnlioll: 11 nellrophysiologil:al and hehaviornl analysis

which I:,m prnvidc a hrundcr con~exl wilhill whid. thc IlIclaholil: dala

hecomc psychologkally mcaningrul. An cxlensivc review of such dala I'ele

\'/1111 10 Ihis issue, dala ohlailled in Ollr own lahoralories and elsew'herc, was

prepared hUI, due In limilalions or spacc, has hcen ahridged ror presenlalion

herc. Thc rullnccllIlIIl appears in Ihc jonrnal, /'syd/(//ol:im/ Ucl'i(~1I' (Prihrutn

& ~ldillil1ncss 1975).
Ask Ihc lIIan in Ihc slrccl 10 dcscribc Ihc OCcllsions Ihal demand hrain

wmk and he will /lloSI likely havc recourse 10 such phrases as: "whcn you

I'ely allcnlion"; llud "Ihe el/ort il lakes 10 solvc pmblc/lls": Brain physiol

ogisls and psydllllogisis orlcn llllllress Ihc samc issuc hy suggesling Ihal

Ihc hrain is working when iI is "arouscd" or "aclivaled". For Ihc lIIos1

PIII'I Ihe Icrms allenlion, eHorl, arouslll llml aclivalion arc used inlercllllngc

ahly hy layman lind scicnlisl alikc (scc for exnlllple Kahnelllini 1973). llnw

cvcr, we havc reas()11 10 helicve Ihal Ihe dala currenlly nvailahle dearly

dislinguish II variely of Imlin work prncesses alld Ihal llil/cn'II/ 111'(/;11 .f)'.l'/C"',l·

nrc involvcd in cacho

Speciricnlly, we dislinguish helwecn a neural syslelll involved in tlHlII.wl,

a phasic reaclion 10 inpul mill llllolher involved in I/I'/il'l//ioll, a Ionic

I 1)1:l'a,llllCnl (lC l's~'dll.IIIl-:V, SI:U1iur<l, IJni\'cl'sily, SlanfulIl. ·CnIiCurnia.
, I>cr;lIllll.:nl uC I'sychuJ"I:Y. Thc II:lIficltl J'ul)·lcchnk. \Ialficlll, \Iclls., Engl;lIlll.
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reildincss 10 resJlond. AIIII we also discern u brilin circuit thilt cuunliniltes

umusill :IIul ucliviltion, a pmeess Ihut demands resistllnce to or the inilialion
of rapid shirts in cerehrul I11Chlbolism lind is expcrienced as el/orl. Ilcre
is SO/llC of Ihe evidence upon which these dislinclions lIrc bused.

AltO USA!.

The Neuronal Jl (~/"e.fe"'llli(m o/I",ml

Amusill is slIid to occllr when lin inJlut chunge pniduccs II /Ilcilsurable in
crcmcnting o( II physiologicul (e.g., single unit recording oC ncuml polenliills;

gillvlInie skin rcsponse) or hchuvioral (e.g., resJlonse omplitude oC n spinul
reflex; frc1lucncy,oC n loco/llolor rcsponse) indicator over D baselinc. Thc
typcs oC il1put changc that produce Drousal havc bcen studicd extcnsivcly i1ml
hllve hccn lubelcd by Uedyllc (I %1) as collativc (deL, to collect und cum
pure curdully in order to ummge inlo infurmative order) vuriablcs. These
include sudden chunges in intcnsity 10 which thc organism is unncl'usIOIllCd;

e1mnges iii thc timing oC inpnls; and chllnges in the ground in which

a stimulus figmc IIppcurs. In short, mousnl results when, in the history
uC Ihe mgunism's experiencc, 1111 inpul is scarcc, surprising, complex und

novel. Such colllllive chilr~lclcristics also define thcconccpt "inCormution"
liS it is used in Ihc study oC cummunicution systems (e.g., Drillouin 11)()2);

thus it hus hecollle cuslomary 10 trcllt organisnis subject to urousal as "in

Cormalion pmccssing systems". Inhcrcnt in such treatment is the nssnlllp
lion thul the input is matched IIgainst somc residual in the organism or his
past expclicnce, or sUllle compclcnce (Millcr ci td. 1%U, rribwm 1971).
Without such mUlching, thcrc conld be no nuvehy or inConniltion, nor cven
n measurc o( changc in intensity.

Dming thcl960's II grcill delll oC cxperimcnlal evidcncc IIcculllulatcd 10

substanliale Ihe IIssulllpliun thai 1111 urgllnisl1\'s cxpcircncc resnlls in n resill
uill in thc ncrvuus syslem. Bchavioral rescllrch WilS nddressed to issues
snd, liS IIdnplion Icvel (lieison 19M), expeclllllcy.(Ullmer 1957) and the
dcvelupmcnt ur "ncumnlll llIodels" (Sokol!)v 19()lI, 11)(j) whilc ncuro

scientisls wcre conlcnt lu dClIlunslralc thc occurrcnce oC IIny pcrmuncnt or
semipenmlllent 1Il00lifillhilily of ncural tissne (sec flribnun & Hrnadhcllt

1970, 110m & lIillde 1970 Cor reviews).
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An cXlensive serics of expcrimenls (reviewcd by (helVes & Thomp:alll 1970)

has dislinguished a syslcm of "lIl'OlIsal" nCllrons ill Ihe mcdial porlions of the

spinal conI. This syslem of nemolls convcrges wilh anolhl~r more lalerally

placed sci of decrcmenting neurons 01110 n final common palh Ihal habit

lIales and dishahituates milch as docs the behavior in which Ihesc nC\ll'al

systems arc involved. Thcrc is cvery reason to believc thai Ihe .-oslrnl exten

sion inlo the mcsencephalic hrain slcm of this column of mellially pillced

cells IIccollnts for the well docllmented II HlIIsa I dfects of stimnlalions of the

reticlliar fonnntion (sec Lindsley J9(i I, l\1agolln 195M for review). SlIeh

dfeds nrc obtained even more rostmlly in Ihe diencephalon in a conlillllll

tion of this nellron system into Ihe hypolhalamlls where cpisodcs of fighting

and f1ceing nrc produced hy electrical or chcmical slilllulation to the so

called "defense" region of the hypolhalamus. These can he related to the

oricnling reaction. Ahruhams & Hilton (195R) lind Ahmhams ct (II. (1964)

fonnd thai in nllempling to produce a defense response hy stinllliation of thc

hypothnlmnus, lit first n much lowcr dl~r,ree of nmusal occulTed, il1lJicllted

hy pupil dilution :md posturnl nlerting. Only when the level of stimulation

was increased nllli maintained for n few seconds, did hissing, :marling,.

IIInning 111111 pilo erection occur. In the later sillily, Illcrling hehaviors wcre

JIlemmrcd in greater detail, IInll during mild stimulation the authors ohscrvell

Ch:Hlges in pupil dilution, head movcment, pricking tile cars, respiration nlUl

hlood flow. These snme changcs were IIlso recordcd during responses to sim

ple allllitory, visual or clltaneOlls stimuli, in the absence or hypolhalamic

stinllliniion. Since Ihese physiological ehnnges lire the Sllllle as those oh

scrved in nil oricnting responses, the defense rcaclion could Ihercfnre he

considcrcd in pari us due 10 nn incrcase of al'Ousnl.

1'/1C A tIl)'cdClla C;rclIUs awl tile COlltrol 01 A mltsal

Converging 011 -thcse hypolhnlllluic structures nrc two reciprocnlly nCling

circuits regulating arousal. Thcse circuits centcr on the amygdaln (see the

more cxtensivc review by Prihmm &. McGuinness (1975); Figs. 1, 2, 3, 4
ami Tohle I). One of Ihese circuits involves Ihe dor:;olaleral fmntal curtcx

:lnd is excitlltory since resections of this structure ;t1l'ar;n[,fy e1iminnte \'is

ccrul-outonomie orienting responses. The other, opposite in function, is
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IlllJl'e likely rellllcel 10 Ihe urhilofronlal corlex which hns becn shown 10

he lhe rostral pole of an exlcn~ive inhibilory pnthway (Kaada ct al. JlJ49,

Wall & Davis 1951, I'rihrl1ln J9(i I, Skinncr & Lindsley J973, Snuelland
& C1emcnte 1973). Thcse dntn relulc to the e:uly descriptions of the he

havior of amygdalecllllnizcd nnimnls (Pribram & Bagshaw J953) whkh

focllse~1 on the fact Ihnt they were Inme, unresponsive 10 Ihrenl nnd non

aggrcssivc. Ilowcvcr, Ihe opposite finding was' nlso occasionally observed
(e.g. Rosvold ct (/1. 1954) and more recent hchnvional studies hy Ursin &

Kunda (1960) IIsing reslricted Icsions and electrical stinmlalions have con
finned the slIggcstion Ihal nl leasl two more or Icss reciprocal system can
be idcntified in the amygdaln.

SlIch recil'rocnl innervation nllows. ~cnsitivc modulntion (luning) of Ihe
nmllsal mechanism. This is in nccord wilh cvidcnce on olher conlrol func
tions of the nmygdaln and relalcd slructurcs. ThIlS, injeclions o( carbachol
into the llppnll"'ialc hypolhalmllic sile will inilinte lh:inking; such injections
into the nmygdnla havc no cHect IInlcss the animal is already drinking, in
which case the nlllollnt of drinking becomes proportional tn. the nmollnt of
carhachol injccled in nn exquisitely nccurnte relationship (RlIssell ct (/1.

'I9liH). Extrapolnting to the issue hefore us, the fronto-l1Illygdnln inrluence
can hc conccivcd 35 a finely tuned dcterminant controlling visccro-alltonomic
mousal initialed hy the hypnthnlnmic mcchanism dming oricnting. It is liS

if in Ihc ahsence of Ihe fronlo-am}'gllalu s}'stems, thc nnilllal would fail to
conlrol his drillking bchavior: once stnrled hc would drink under circum
stances iu which others would stop. This is cxactly wlwi happcns - aud lIlore.
Both eating nllli drinking nrc coni rolled in this fnshinn - nnd not only their
CCSslltion, hilt nlso their initilltion (I'ullcr ct 01. 1957).

A clue 10 what these coutrols nn arousal nccolllplish, comcs from Ihe
finding tlmt despile nn csscntially normnl rcactivity In shock, the amygda
Icclomizcd subjects have fcwcr "spontaneous GSUs" during thc shock
sessions, suggcst ing n changc ii. busc levcl (Ungshaw & p. ihrnm J9tiR).

So far, when wc hnve describcd psychophysiologicnl datn including changes
in EEG nnd cvoked potcnlinls, we h,wc refe....ed to phasic, i.c., trinl hy trial
changes in thc initinl period of ohscrvlltion. These changes to which we
huve relatcd arousal ortcn rcach asymmJltotc within 3-5 stimulns presenl:l
tinns. Bnt, we nlso recorded longer tcrm stlSlllinl'd tonic dlOngC!l in the
response JIlensures, which, liS wc shnll see in the ncxt sections, nrc iuelic
nlive of llctivntion IInll cHort. Thnl hnselinc changes occur after amygdala
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I'E<O wCle .ceouicil frum mllllkcys lluring hllhiltllllillll sltlilics.

lesions is demonslrated hy vllrions slmlies in which we showed thai 1I11hollgh

hehaviorul II IIII some c1edrucorticnl responscs appcared to be Jlormal

dllrillg orient ing (Schwarlzhallm el til. 196 I, Bagshllw & Benzies 19(8)
the hackgrollnd level of Ihcse responses is lower than for controls. Ellr

rlicking is prncticlllly ahsent during inierstinlllills inlervllls, und it tukcs

less limc fur thc lesioncd unimals to n\lain II crilerion of slow wavc Ilctivily

in the EEG (IJagshllw & IIcnzics 19(8) in thc prcpllralory phase of the

expc. imcnl. While e1ectromyographic (EMU) responses OCClll' wilh normal

latcncy, thc amplitllde of Ihese responses is cOJlsiderahly redllccd (Prihram

el til. 1974). Thcse _reslllts indicllie Ihat lit Ihe forchrain level, jllst us al Ihe

spinal Icvel in '11lOmpson's experimcnls (Grovcs & ThompsoJl 1970)

Ilrollsal allli dccrcmcnting syslcms CII/l\'crge tn pmdllce oricnling, hahillla

lion, lind dislmhitllation.

Perhaps the Illost striking tonic psychophysiological change to follow

IImygdalectomy WlIS Ihe finding of a pllrndoxically elcvuted hasal hcitrt rate
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Fig, 2. ('lIrve~ lor lin IInllly~is ol Ihe lint 21 trillis (~I'lit inln 7 Irilll blocks) or % or

GSR rC~l'nnse Itl II 2 sec: Illne lor Ihe III11YIlt!alc:clollli7.c:t!, hl11flOcnllll'c:clollllzcll lint!
UnOIlCl'alcll IIIlInkcys, Sec IIlso Tllble I.

(Hagsh:l\v & UCllzies 1968, Prihral\l et ,II. 1974): This puzzlcd us consider

ably lIIul madc dala analysis dirricull (oJlcraled und conlrol I\lunkeys hall
III he malched for husal rale; it hud 10 hc showlI Ihut JlO cciliJlg cUcct was

operaling). Wc wondcred whelher "lImusIlI" liS u concept was in filet
unlcnable in Ihe face of luck of evidcnce for oricnling couplcd wilh un
clcyulcd hcarL rale. Experimcnlal resulls uhluincd by Elliolt (Elliolt ct al.
1970) and his llllalysis c1urify Lhc isslles. IIc expce!c,i nn c1cvulc,I lnnic henri
ralc III nCl~olllpnn)' arousal (defined us u ,'csponse 10 collalivc varinhies such
as surprise, unccrlainly, novclly III1lI cOl\lplcxily of inpuL mnch as wc hllvc
dcfined lhcm here) hill liS he was n:conling Ionic ralher. lIllIn phasic Chllll~CS

he found Ihe opposile: "Ihese clllllllivc variahlcs eilher hnd no cUcci on

28 A. II. Sy",,,. VIII



KAlil. II. J'III1lIlAM .'I< IlIANE MCGUINNESS

Tahtc t

Snmmary t:lhle uf thc GSR responsc Illeasnre~ taken un lhc ht 21 hials ur l'limulus
presentalilln (shown in 7 trinl hloch) of (I) % responses (a~ cumparecl wilh a Imselinc
reri,,,' ur Ihc same ,hlrotion) when no stimuli (2 sec. Innes) nrc I'resente"; and (2) Ihe
nmrlitncles of thcse reSl'nnses fur no,"mnl, nmYII<laleclomiled nnll hipPClclIlIlI'eclCltniled

IlIClnlr.c)'s. The nUllIbers In r:Hcntheses indicale Ihe silc Clf eneh gronl' slullied. Sec nlsll
Hils. 2 anti 3.

Gronr tt~J Itc.~ronsc Amplilnde Kllhms
---~--_._---

Trinls 1-7 8-14 IS-21 1-7 R·14 15-21

N"rmal 63 54 43 3.11 2.9 3.2

/llpf'm'''/11I'I'CI'''''y (7) 71· 711· 62 ~.9· 5.11" 3.5

A/IIJ'g,I,,'rclo/ll)' (IS)

IIYl'erresl'onsive (2) '.III" SO 40 IIA· 4.3· 1.9

II YI'"resl'onsivc (4) 14· 00· 00" 2.0

• = I' less lllnn .05.

tonic heatt rnle or Ihey had nn errcct (dcccletlllory) opposilc 10 cxpcdalions;

hut response fnctors and incenlive factors (reinforcing conscllllcnccs) had

slml1H nccclernling cHecls." Thlls, nrowml, Ihollr,h it may shllw a hrief

inilial !,hnsic nccelerolioll (Ohrisl cI nl. 1%5), is in lllany drClllllslnllces

m;clllllp:1I1ietl primarily hy Ionic heart rotc ,Iccclcmlio", which is indicative

of IIClil'lllielll. In the next section we will delnil Ihe nellrnl mechanisllls in

volved in octivntion which, os Lacey (Lacey ,~ Lacey 1975) has rcpcatedly

shown, produces 0 relldincss to respond to environmcntally produccd inpnt

or to that produccd by the cnnseqllcnces of nclinns. In short, our monkeys

wilh nbsent aronsol reaclions orc consistent in showing nn e1evnted tonic

hcmt ralc. As wc shall sce in the finoll'cclions of this review, sllch c1cvnled

tonic henrt rote is JIlllnifcst when the sihmlion dcmnlllis etforl on Ihe part

of Ihe organism.

We therefore interpret the effccts of nmygdalcctomy ns follows: hccnnse

the specific controls on orollsal ore reJlloved, nrollsal resnlts not ill Ihe re-·

gislralinn of the situntion by altering the uellronul model, hUI in immediate

nnnspecific defensive cllort to cope with the silllalion. This ddcnsc rcactioll

is chnractcrized hy an atlempt to shut orr furlher input (see Prihr:n11 1969),

IIll cUcct inferred [rom ncurophysiologicnl evidence o[ control over input.

Thc crrort Is rcflected In on e1cvoled henrt mtc ond othcr chnnges in tonic

vnrinblcs Indicntive of 0 Illek o[ rendincss to resJlond specifically 10 thc
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input. Thus "crrort" is mllllifest in the absencc (If rcadincss. This inter

pretation is homc out hy thc results of an cxpcriment in which wc raisell

iuraut J,.illcns in isolation, and showed that when examined at the llgc of six
months their viscero-lllltonomic lind cndocrinc reactivity in oricnting ex

perimcnts WlIS esscntially similar to that of amygdalcclomized slIhjects: they

had not. Icarncd to cope with situations DIllI thus showed the "defensivc"

syndrome sUl-!gestivc or considerahle eliot" (Konrad & nagshaw 1970).

'In slllnmary, studies relating brain function llllli the oricnling reaction
10 sensory "iuput havc pointcli to the prescncc or a systcm or ncurous rcspund
ing to the amollnt of inpnt tn them hy maintaining or incremcnting their

nclivity. This core syslcm of ncurons cxtends from the spinal con'! throngh

thc hrain stem reticlllllr formation, in~!uding hypothalamic sites and lies
in c10sc proximity to thosc responsihlc for the cngcndcrmcnt of visccm
lllltonomic resplll1ses. By way of its diffuse connections, this "system is
rcsponsihlc for thc more uhiquitlJUS "nrollslIl" rcsponscs rcconlcd thlllugh
out the hmin concomitant wilh mienting. Forcbrain"control ovcr this corc
hrain arouslIl syslcm is cxerted hy reciprocnl facilitatory lind inhibitory

circuits centercd 1111 thc amygdaln. These circuits control the onsct and

durnlion of ncuml nmllsnl much ns they control the onset and durntion of
visccro-autonomic 011111 appetitive responses.

Our interprclation of the rcilltionship betwecn" thc lack of viscero-auhi
nomic responses to oricnting nnd thc fnilllrc to hnhitunte hehaviornlly has
hcen to suggest that a (Iefieiency is prodnced in thc morc ubilluitclIIs centml

mcchllnism hy which organisms "register" inpllt. WhclI slIch fllilurc in
registmtioll occurs, thc orgnnism"s ncrvolls system is tempnrllrily swamped
hy the IIrollsing inplIt nnd rCllcts defensively to shllt Ollt nil further inpllt
lind thus leads 10 1I1110mlltisll1s. This interpretntioll fits the dinicnl pidure of
the nlllncslic states ("dcja" alld "jamllis VIIC") IIl1d the olltomnlisllIs occurring

during psychomotor seizures prodllced hy epileptic Icsions in thc region
of thc IIlllygdala. Therc is nlso considcrnhle cOllgrllity belwccn this intcr
pretlliion nnd thosc of Mednick & Schulsinger (196R) lind of Venables

(GI'Il7.c1ier & Vcnahles (972) in their report of two classes (GSR respnl1lkrs
111111 non-J'cspOllllcrs) uf Jllllicnts diagnosed liS schizophrcnic-s. Iinwever, Ihc
interprctntion nlso surrers fmm the difficulties that plngue 1II1llcrstllllliing
IIf Ihese clinical sYllllmnll~s: hnw do disturhanccs of rcgistrntion in inuuedinle
l1Wllrelless influcnce subsecluent ret.-lcvlll'/ j\·lorc of this in thc following
scetions.

28°



",\III. II. l'IlIIIIlAM & IlIANE Mnil JINNESS'

ACTIVATiON

The iulemelion helwecn hehaving OIganili/lls allli Iheir cnvilUlI/IIcnl is not

IIl1c-silh:lI. The organis/ll is 1101 just n swilchhllal'(l for inco/llillg slimllialioll.

Halller, Ihc csscnce of hchaving organisms is Ihat Iltey arc spolliancousl}'

ilclive, gcncraling challgcs in Ihe environment orten hy way of highly pro

gnllnlllcd, i.e., serially unlered responses (""iIIcr £'1 (/1.19(10, I'rihram JWIO,

11)(12, 1963, 1971). These organizilliuns or behilvinr lIlusl invllive Ihe con

slruclitlll of IIe111"111101 I mlldels ill ilileasl IWII ways: I) clllllmi uf Iltc SlIlIla

III/llolor syslcm which eHecls the respunses and 2) feellhack from Ihe

ouh,:ollles' (Icinrnrcing consequences) of the hchavillr. Sheninglon (1955),

in dist:llssing cenlntl reprcscnlalions, fmmcd Ihe qucslion "Is Ihe urgilnis/II

inlcnding lu tlo sumclhing about the slimulus variahles ill Ihe silllalil)ll'!"

(iermana (19611, IWi9) ill il review of the evillence suggeslcd thai any ccnlral

rcprcscnlalion or "neumnal lIIudel" lIIusl include sllt:h "lklllaJUr' dwral'lcr

islies. Thus he Jlwpllses Ihal Pavluv's "Wltat is il'l" rcat.:lioll (which we

havc calkll "awusal", the rcgislntliCln of inpul in aW;lIeness) may 11111 occur

unlcss Ihen:. is .. Iso a "What's 10 he doneT' reaction. 1\s we shall sec, om

;malysis wuuld sUlmesl thai holh rellcliuns occur IIml Ihal Iltey Cilll he

dislillgnished: rcgislcring inplll, illilicaling "What is iI'/" 111111 vigilalll read

illess signalillg "WI...!'s 10 he doncT' Siricily heltaviornl analyses havc led

10 a silllilar dissochllion. The early studics of Lawrellce (19·19,1950) a/lll

Ihe 1II11re rcccllt work of llroallhenl & Grcgury (revicwcd hy Ihumlhelll

197 I) ill lerms or illliependelliomanipulatiolls of slimllius sci aIIII of respollsc

set arc Jl~rhal's the best kIlOWIl.

'file CNV tIIltll'NVs

I'mhahly the simplest silualillll which dcmands thai rcspollscs hecome

serially orgallized is IIl1e in which tWII succcssh'e illpul sj~lIals arc scpamlcd

by .11\ inlcrval. The first illpUI sigllals the orgallism to hecomc ready til make

iI ITsJlllllse 10 the _sccolld which delermincs Ihe OlltcO/llC. A large hody of

dala has hcen gillherccl in Ihis silllalioll..

These dala cllnecm the nml;fJge,,' IWgll/;I'C I'"/"i,,';o,, (CNV) ur hmill

c1cchical i1ctivily disco\'crcil hy Grcy Wallcr allli his wlleaglles' (Waller t't ttl.

1~M). Lacey & Laccy (19711) have eslahlishcd a conclalioll helwcen Ihe

alllpliltllie of CNV aIII I 1I particlliar fmm of IOllic change ill heal'l mte
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nhserved in inillci suhjecls: (J c1ecelcm/;o" lI'il.f ;II\'ltr;a1lly ol,scn'cII 10 follnw

the inililll phasic ncccleralion which, liS nolcd nhove, only somclimes 'lIC

companies arousnl dllriug oricnling. Lucey & Lucey, ulong wilh Mnlmo &
Belanger (I cJ(7), dislinguh;h helwecn their one-minulc-Iong c1umges in heal'!

mle nnd "cncllll'ing". changcs in hnckgrnul1ll level. Wc, as do Elliutt (1969)

U1!cI Elliott c:1 ill- (1970) shull call both of thcse "Ionic" in (hc prescnl rcvicw,

bul it IIJny well lui'll on( thllt suhscqucnt cxpel'imcnls will show thc Lacey

types changes :lI'e relnted to uctivulion while morc enduring levels uC heart

rale Idled error"

Thc CNV WlIS originally proposed 10 reClect nn expeclancy deVeloped

when II spccific rcsponsc was contingcn( on oWlIiting Ihe second oC two

slimnli. This wonlcl suggcst Ihnt Ihc CNV cnn he consiclered (0 he anolher

cenlral event i1ulicnling Ihul on inpnl is being mulched against the organism's

nenronlll mocld. Ilowever, olher workcrs suggesled (hut thc negativc shiH

in ""Icnlilll rcflcds inlel1llcd mllior lIctivily (e.g., Vunghnn (~I (II. 196M,
Komhuhl!r & J>eeckcl 1)65). Slillolhers, Weinbcrg (1972) nnLl Donchin (!I III.

(1972) demllnslralecl Ihat u CNV occurs whclher or not an ovcrt mollll' or

cven a disniminulivc response is required, provided somc set or ellpecl:lllcy is

built inlo Ihe silualion. Such sets do, 'of coursc, demaud posturlll molor

readincss, H no olher thlln Ihe suspension oC random U1ul irrclevllnt aClivity.

Weinherg (I n2) fur inslance, hlls shown in lIlan thut the CNV t:onlinucs

unlil Cccclhack Crom the conscquences (If reinCorccmcnt oC the responsc

occurs, 111I11 we have ohlained similar evidence in l1Ionkcys (I'rihrnm cl al.

1967). In II review of Ihe CNV Iilerallll'e, Tecce (1972) suggest (hut threc

Iypes oC lIl~ga'-ivc polcllli"ls interact depcnding UpOIl the dcmands ur thc

experimcnl. 'I'hese lire: I) CNV clue tn expectant nllcnlional prm;csses;

2) Ihe mulor readincss potenlial signaling inlentinn to net; lind 3) more or

less "spontaneous" shifts whose uccurrence cnnnot yet he nllrilmtccJ 10

specific lask situations. This c1nssiCicnlion though consonnnt wilh resulls

uhlaincd hy us in n serics or shulies (\)onchin et III. I!J71, J973) docs not

indicale the Cull diversity of the CNV. We made recordings Cmm severnI

cOllical local ions under II variety or vigilam:e conditions. Thesc sludies

showed Ihat Irt/1u('orli<"a/ ,wgll/;"(~ ,·aritll;1I11.f (TNVs) could be reconlcd hom

various siles in thc hmin uncl that the location in which thc TNV nccllls is

depcndent C111 Ihe Iype oC vigilance Insk. 'l1111s, Cmnt~11 TNVs arc recUI'c1ecl

only carly in II lask lind when the task Is dlllngecl; motor negalive potcnlials

1m.: recmded ouly ill IInticipation oC the nccessily to make lin nverl responsc;
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post-ccntrnl ncgalive pOlcnlials arc Inrgc!it when the organism must hold

a responsc (continuomly depress a Icver) "ntil a signal to release il occurs;

nml special scnsory systcms respond to Iheir spcciric inpuls. MallY ycars ago,

stimulated hy Ihc Gcstalt formulations of WoJrgang Kiihlcr, wc had in

,'csligaled with him, D.C. shirts in potenlial in lhe primary sensory projec

lion nrens resulting hom stimulating thc nppropriate sensory channcl. Wc

found negalive shirts 10 occur and these were invarinhly nssocialed wilh

Ihc desynchrnnizntion of thc EEG nssocialcd wilh nclivnliOll (sec Prihrom

1971, p. 111). We conclnde, therefore, Ihnl the TNV is an indicalion o(

eithcr ·arousal or activ:llion of Ihe brain lissue from which il is rccorded.

Tile IImal ('(/I/glia (/1/(1 ti,e COl/frol oJ Acl;l'(/fim,

Suslained, Ionic, chllngc in polcnlinl is, howcvcr, not only of l"orlical origin.

Suhcorlicnl negativc polcnlilll shirts hn\'c hccn recordcd in IInimals hy

Hchcrl (1972, 197311, 1973h) nnd in man hy Grcy Wnller (IlJ67) nnd hy

"aidcr (1970). Jt is ns yct 100 enrly 10 characterizc Ihc /llcaning o( such

shirts for every localion, hul in gencrnl, it nppenrs Ihnl negnlivily dcvelops

whenevcr n portion of hrain tissuc is mainlaining n rcarliness for processing.

This c;nnclusion is nlso rCllched hy lIi11ynnl (1973) in IlIl nnalysis of Ihc

CNV nnd hnman behavior. llillyard, howcvcr, 1I01es, as do wc (scc l)rihram

& McGuinness 1975) that brain slcm conlrols on ovcrall ccrehrnl negalivity

cxist. Wc thcrcfore will conlinue to lISC the lerm TNV for Ihc /lluhiplc local

rendiness of cerebrnllissucs, nml rcserve CNV for Ihe conlrols on Ihesc local

polcnlial shUls.

AI Ihc cml of thc Ilegnlivily, j( and when thc organism ndllally bcgins

10 do somclhing, n sharp posilive dcrlcclion is 1Isually ohscrvcd nnd this

positivily has hccn rclalcdlo cllnslllllnHllory behavior (Clcmcnlc d (/1. 19M).
In somc "roin locnlions (c.g., Ihc visual corlcx), the sharp positivily has

/111m hccn nssoci:llcd wilh a sharp increase in power nol only in Ihe alpha

frcquencics, hilt also in the thcta (4-8 IIcrlz) rongc (Grarlllslllff J9(9).

II rcmains to dislinguish hclwccn the TNV Ihat occurs as n function of

arousnl """ Ihc dcsynchronizalioll, with its concomilant decrcasc of power

in Ihe alpha Dnd thctll frequency rangc, accompanying Ihe .ncgativity of

nclivnlion.
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Thlls Ihc "min syslcms involvcd in arollslll lind aclivalion can he dislin
guishcd; al"OlIsal defincd as n plmsie rcaclion In inJlul, m:livalion, liS a'

lonie readiness 10 rcspond. Yel, under many circnmslonces, Ihe Iwo rcac

lions appcnr 10 hc yoked: nt Ihe corlcx hy the 'INV nnd nlso ill the hypo
Ihnlnmic region (sec Prihrnm 197 J, Chnps. 9 Dnd JO). In such silnlltiolls
they shnre Ihe fllllclion of reflexly coupling input 10 OUlpllt, slimulus to
responsc. In Ihc nhscl1l:c of conlrolled arousal and nclivnlion, heh:1\'iug

organisms \\'ollid he cOllStnnlly nroused hy their movcmcnls Dnd movcll
hy nrollsing inpuls. Thew mllst be some proccss thnt.invulves holll arollsal

and nclivalion which ollows the uncOIlpling to tllke place. This process is
hahilllniion, 11 process crilicnl in the dcvelopmcnt of the nCllrnnnl model.
Aclion r,cncraicil inpills (Ihe outcomC5 of nctions, their reinforcing conse
qucnccs) appear 10 gencrnle nfnre complexly slmcturcd neuronal models
Ihan rcpetilions of simple inputs pCI' se. This complcxily is largely dne 10

Ihe pnrlicipalion of Ihe ccnlml motor syslems in gcncraling input. Thus

il lakes longer 10 [oun n hnbil in, Ihnn 10 hahilllate to, the smne silllalion.
Complex inpuls such 115 repenled expos'ure to Ihe some nlllsical perfllflllnnces

,do nol remlily indllce hnhillllllion Iml in slleh silllalinns II good denl nf molor

rellliincss - Iislenillg - is IIlso involved.

l'Iw lIiflflocm",'nl Circllit

Animals wilh "ilnleml hippocnmpeclomy tend tn show a % reaclivily allli
IImplillnle of Ihe GSR npposilc In Ihnt ohserved in the nnn-responding
amygdnleclomizcd mouke}'s in Ihe ordinary nricllling pnrndigm. In nddition.
two sOlllewhnl llIore suhlle chllnges hnve bccn shown tn occur. The mosl
important of these is Ihnt Ille phnsic skin response lenninntes cOllsidcrnhly
/IIore rnpidly in hippocnll1pcclmlli7.ed sllhjccls IIll1n in ennlmls. It appenrs
from this Ihnl hippocnmpeclnmized IlInnke}'s (nnd nmygdaleclolllized hyper
responders) re-el/lli1ihrnte more rnpidly Ihnn normnl fOlIhjcctl'l whose slower
(iSH. recovery mny illdicnte D more prolonged proces!ling time. As we shnll
see below, this is con!li!llent willi other dnln thnt show impnircd pfllcesl'ling
of the discqllilihrnlioll procluced hy It mismnlch of input 10 the neuronnl
1II0dni liS II rcslllI of hippocampeclol1lY.

The l'leCOlll/ c1lllnge is that sllch animnls show dclnyed or IIhsenl oricnling



"'/g. 3. 11M grarh shmvill(: Ihc li/lle 1.. I.clI til Allaill hOlIr I'CCUVC1'Y III hasclillc or thc

visceruallltlllCIIllic I'cllulmlilln mcasured AS an c1eclrmll· ...nal rcsl'lInse ,OSIt), Small

(1,-2 KlIllIlIs) 1II1l1 largc (2-·1 Kllhms rcrillhaliolls lire IrcOilet! sCI':lnalcly sincc IIml'lilulle

or I'CSI'"l1se has All uhviollS cHecl 011 rel'UVCl'y timc. See alNlI TlIhle II.

rcactions whcn Ihorollghly occllpied in pcrronlling some olher lask (Raphcl

son ct (/1. I%5, Riddell et III. PJlilJ, Wicklegrcn & Isaacson 11)6), Cruwne &

Hiddell 1%9, Killlhie cl lIl. 1%5). III shorl, Ihcse illlilllais ilppcar 10 he

nllllonnally IIndislmclihle.

JllIl ill some silllaliolls this nppcawn~e (lr 1I11distraclihilily is restriclcd

10 Ihe ovcrt responscs or Ihc organism and 11111 10 dislmclion l'U Jr.. DOllglas
& I'rihr:1I11 (IWilJ) used dislractors ill n Insk in which respon~;cs WCI'C IC111lircd

10. each or two sllcccssive signnls. Ilippocl\l\1pcClollliz.cd l\1onkeys initinlly

rcspondcd much 115 t1id (heir conlrols hy overlly Illanipulnling the distraelors
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The ",'e of rCCllv(".ry Clf visceroalllonolllic perllltllliion (as measlIred by Ihe GSR) III
half lhe vulllc ahuve b,lselille for Ihe £irsl 2t Iri"b in Illlrlllul; PlllygdalecllllllizeLl und
hil'l'lIculllpcclclIlIizctl mllnkcys. NlImbers in parenlhcses illLlicale SilC of gWllps. Sec
IIlsII Fig. 3 where li",e .aken mlher Ihan rale of response recovery is porll'llyed.

GrollI'

111111 recovery mle for cUlllrollel1
amplillllles
Kohms/Sec.

Norm,,1 (14)

A"')'KII"lre/llmy (6)
IIYl'crres!'onsivc (2)

IIYl'orespllllsive (4'

II i"I/om"'l'rCIIII"y (7)

A ",pUll/lie

S,IIIlI1
1-2k
.320

7311 0

.250

Lurce
2-4k
.460

.1300

.460

--_.._--_._-------------------------
• 'c. I' less limn .0.'1.

IIlld IIms incrcasing the time betwecn the two rccluircd rcsponscs. Ilowcvcr,

in contrast to the hchllvinr of their controls who simultllllcously huhitulltcd

overt lJIanipulalion of the distrnctors mill the intcrresponse time, thc hippo

c;unpcctolJli7.cd group showed dccrcmcnling only of the ovcrt manipulations

- their inlerresponse time flliled 10 habituate lit all. Thus, in this situation,

hipPoclImpcclolJlizcd monkeys continuc to be pcrceplually distracliblc whilc,
bccollling hehaviorally hahitullted lind untlistmclihlc. This result is idcntical

wilh thllt oblained in man wilh mcdial tcmporal Icsions: instrumcnlal bc

IHlvior can In somc considcrablc cxtcnl he shllp'cd by task expcricncc bul

verbal rCJlOl'ls of the suhjective ilspects of expe.ricnce fail to indiclilc prior

aCCJuliinlancc wilh Ihc situlltion (Milncr J958).

This dissncialion helwecn habiluation of pcrccJlluli1 responses IIIllI habilua

tion involving sOlJlutomotur pcrfOl'mancc uppcllrs to be p"rl of a JIIore

gencfill cUcci. (If hippocumpal lesions. Dissocialion hetwccn obscrving 1II1L1

instnunenlal response bccolllcs manifest in other siluations in which hippo

cillnpcdoJllized monkcys arc tested. In a tliscrimillatiun reverslll sitllalion,

. extinction of previuusly Icnfllctl h~hllvior 11IIt! ilCllUisilion uf newly ct.ncd

rcsponscs WilS pfilcliclIlly intlislinguishllhle fl'OlII thut Hf conlrol suhjecls.

Ilo\Vcvcr, in conlrnst tu Iheir contl'Ols, thc munkeys wilh the hippocampal
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Icsi~;ns rCnlninctl nl n chance level of pcrftlrmance for an inonlinalcly long

lime (I'rihrillll ci flf. 19(19). This erfect of Ihc Icsion was shown 10 be tlIIC

10 Ihc "caplurc" of Ihc hcha\'ior hy a posilion hi:ls 10 respOlHI 10 Ihe 50 %
st:hellllie 'of rcinforcemcnl - n hias prescnl in holh conlrol anll Icsionctl

snhjecls hUI hardly Ill/mifesl in IInoperaled monkeys whose hehavior CilIlle

IIntler Ihe conlrol of discriminalive slimllii milch morc rcatlily (Spcvack &
I'rihrfllll 1973). This rcsIIl1 sIIggesled Ilmt hierarchy of responsc scls was

opcf:llivc in Ihc silualion such Ihal "ohserving" responscs (indicalivc of

"lIl1enlion") wcre rclinfJllishctl whcn Ihc prohnhililies of reinforcemenl 01

diSCI illlin:llive slimllii ran~cd nrollnd Ihc ch:lllce level.

Taken lo!~cthcr, thesc expel"imcnlnl WillitS sIIggest thnl inlerfcrellcc with

Ihe hippoclllllplll circllit reduccs the orgnnism to a slale in which thc morc

highly progrllmmctl relnlionships helwecn pcrccption nlltl aclion, hctwccn.

ohs,crvinr, nntl inslrumcntnl rcsponscs, nntl helwecn stirnllills nnd responsc

IIrc rclinCJllishcd for morc primilivc rclalionshills in which dlhcr input

or olllpllt cnplllrc nn nsped of the hehllvior of the organism withonl Ihe

ortlinllry highly slr~lctured coordinaling inlcrvention of ccnlrnl control

opcrntions. The Illcchnnism hy which the hipJlocamJlal drcllit IIccomplishes

this slructurcd rclntionship hns to SOIllC extcnt hcen cilleidlllcd hy rccortl

in~s tlf elcctrical nclivity from the hil'POCillUPIIS holh with micro 1I1lt1 with

nlacroclcclrmlcs, I1ml hy preeisc e1eelricnl stinlllllltions of selected parIs

of the hippocnmpnl circuit.

Tile //il'IJOcn1llI"'S, Armuaf mit/ Acl;valiml

Lcl liS thercfore look III somc of the evidencc lhnt dclinclllcs Ihe hippo

cllmpal mcchnnislll nlld help!l ncenllnl for the genernl Oh!lCrVlllioll Ihnl thc

grctll(~sl chnllgc in gross c1ectricnl nclivily observed during habillllllion nrc

rccordcd from Ihc corebrnin (especinlly mcscnccphalic rcliclll:lr lind limbic

conlrol sy!llcms, John 1967, John & Killnml9(0).

Lindsley hRs reccntly elahoraled the meChalli!lm by which the 'hiPPoclllli

!,Illly conlrolled relicular formnlion enn effect these changcs ill regislrntioll.

Lindsley Dnd l\1acndnr (1975) in kecping with many olher rccelll pllblications

(c.g., Fihir,er el nt. 1973, Ungerstcdl 1974) havc dissocinled Iwo syslcms of

ncurons that influcnce thc hippocampnl circuit. One systcm originalcs in thc

medinn rnphe and nssoclnled slruclures of thc mescncephlllic rcticular

rorr!lnliun, thc other originlltes more Illlerally in the Incus cerulcus nlld
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pcrialJllcdllctal grcy. We hnve comc to know thc:>c two :'ly:>tcm:'i (see I'rihram

1971. alld )'rihl"l1l1l & I\IcGllinllc:>s 1975) as a serntonergic (indole amine)
"slop" lIlechallism a:>sncinted wilh nromml nnd n dopaminergic mlll lIore
pillcphrincrgic catechol amine "go" mechani:>m nssocinled with readiness

and nclivatioll. I.irulsley·s findings were ohlninell hy eleclrical stimulalion:>
of thc flpproprialc :'llnictllfes in Ihc mesencephalic relicular Cormalion. Such

:>timnlalion:'l of the ":>Inp" mechanisms produced hippocampal desynchroni7.a
lion and III thc samc time a synchroni7:alion of the amygdala circuil:'l. This
:'lllgge:>ls a reciprocal Inoccs!! hy which the controls on nrollsnl nrc main
taincd liS 101lL: liS hipPoclllnplll inhihltion of Ihe reticular Cormation i:'l in
progress - Illllch as Vinogr:ulo\'1\ (1970) suggc:>ts. Only whcn mismllich

hom the nellronal model i:'l signalled. '0 the reticular formalion docs this
inhihilory control hecome loosened producing hipPoclllllpal dC:'lyl.lchmni7.a

tion .- and concomitant relnxation. synchl'Onization. of the nrollsal fllncticlIls
of the amygdala circuits. Lind:'lley hns found that orten. thollgh not always,
:'llll:h hippocampal dcsynchronizntlon is accompanied by desynchroni7.a-·
tion of the scn:'lory molor porjeclion systems, sllggesting that· "registration",

lin alteration of the neuronal model, or the cortical representalion, is occur

rilll~·

Thc sccond mcchanism discerned hy the Lindslcy studies is the catechol

llmine acth'ation :'lystcm which was the Cocus of the previll1l:'l seclion. This

mechanism makes possible the "What is to he done" rcaction. the proccssillg
of rcsponse pmllllccd iIlPllt:'l. Whcn electrically stimulated. the mcsenceplwlic

portions oC the "go" mechanism Iniliales hippocampal rhythmic aClivity
in the thetn rnnge or Crequencies. Enrly slmlies (Green & Arduini 1954)

had uncovered the paradox thai the desynchronizlltion of the EEG rccorded
Crom the hrain's cOllvexity during "activatiou" was accmllpanicli hy S}'II

chnllli1.ation ill Ihe recording:'l obtaincd Crom the hippocampus. (Thou~h such
:'lynchroni7.nlioll is nol a:'l ohvious in records ohtained ill monkey and lJIan,
cmnpulcr nnalysis has showll iI to occur 11m) Ihat it Cllll he studied ns well
in rhe prim:lte llS in nonprill1nle mnmnHlls: Cmwlle cl (/f. 1972). This syn

chrouous rhyrhm is in the thela rallge (4-14 117.) Rnd has hccomc thc fllcu:'l
or a Illng series of slllllie:'l, thc rcsults or which 8rc pcrtincnr to our Dnalysis.

That thetR Cre1luclldes arc especially promincnt in records malic from
thc hipPoclllJlpus wa:'l IlIIled by JUllg & KOrllll1uller ()938). I.nter II series
of shldies (Grecn & Arduini 1954, Grllstyall 1959, GrastYlln ('I al. 1951J)
descrihed thc occurrcnce of hippocllll1p:ll thetll to the oricnting stagc in n
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conditioning siluation. Still laler, however, the occurrence of hippocampal

Iheta was related instead to intended movemcnl (Dalloll &. llIack 196M,

Black (.( (II. 1970, lJIack & Young 1972): inlcnded mlher Ihan overt move

menl hccallse Ihe thela rhythm occurs ill complclely cunnized preparalions

who have !Jeen trained in the IIncurarized state to levcr press. Thcse con

clusions have hcell supported hy <lnolher series o( cxperimenls CIlndllclcd

hy Varlllcnvo!f and his associatcs (1Iland & Vamlerwolf Itlna, h, Vander

wolf 1%1), 1971, Whishaw cl al. 1972). Rats wcre ohserved while l\Ioving

freely in the tcst silnalioll illld hippocillJlpal eledrical activily was recorded

continuonsly. Thela aClivity occurred almosl exclusively whell the rals

were makillg "volunllll'y" movements, here defined as acls or "response

scqllcnces characlerized hy f1exihility, lIIodifiahility iIIld ussociahilily wilh a

varicly of physiological drives".

Adey ami his group (Adey 19711, Adey cl al. 1!)(iO, Elazar &. Atley 1967,
I{adlliovadi &. Atle)' 19M) took the investigation of hehavioral effects on

hippocampal Ihela .h}·thms a step fwther hy showing II III I a shirt (from

,I to (} IlerI7.) in power within the Ihela frequcncy range occurs in eals from

Ihe preslimllius period, Ihmugh slimulus prescnlalion, 10 Ihe l:onccl· response.

Brcmller (19711) has furlher anal}/zed Ihe dllmges ill thcla IIt:1ivily alollg IIl1ee

FOCUS

DtFFUSE

";.I:.o.f. r>iaJ:nJlIl of Ihe rclllliulI';hil' nllltlll!: dilllClIsitllls tlf hil'p"c'lllll1111 lhela nclivily 111111

hd",d"r.
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dimensions: (I) .11I im:rclisc or dccrclisc in thc totnl nmount of powcr in

thc thcta nlllgc; (2) a narrowing or broadcning of thc rnngc of cnt.:rgy

distrihution IIround the pcak frclJucncy; (3) thc location of that pcak

frell"ency in thc EUO spcctrlllll. Change in lolal power (If theta dcpcnds

'on Ihe viscem-auiollolllic arollsal (incrcasc) "S sonllalomutor reudincss (de-

crcllse) dislinclion delineated hcrc, and thc chungcs in contour and their

Jisll"ihulioll corrcspond 10 Ihc clllegorizing-rcllsonillg distinction pursllcd in

the Jlapcr hy I'tihram &. McGuinness (1975).

Sumlllary

By way of rcvicw, wc nolc that therc exists evidcncc .for the urgallizlItion

of II central reprcscnlation of inpul, thc conslruclion of a (corlical) Ilcurollal

modcl. Changcs in this IIcllcollul modcl are cOlltrolled by two suhcorlical

syslcms: one is localed ill corc pnrtions of thc ncuraxis and contains nCII

rons thai illcrement to or llIonilor input, whilc Ilnolher more Illtcrally placcd

cllnillins ncurons which rnpidly dccrcmcnt when they arc repcalcdly slimu

halcd. In uddilion, wc havc dclincalcd thrcc mechanisms in the coslrnl por

tions of these wnlrul syslcllls. Onc CCI.ltcrs 011 the ulllygJlllu. This drcuil
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Fig. J. II hillhly IIVClsillllllificl1 t1ial:flIl11 Ilr Ihc CIIIIIICctillllS invulvcll ill lhe nmlls:,1
(:lIl1ygllalll), Ildivlllillll (11:lsal gallnlill) all,1 errorl (hilllllll"DIlIJlIlI) circllits.
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rcgilJalcs thc monitoring or "(lrOIl.W"" nCllrolls II IIII hccolllcs organizclt jnlo

a "stop" or rcc1luilibrnting IIlcch:mislII. A SCCllIllI is centcred on the hasal

gan~lia. This circuit involvcs thc nc:til'a/i01I uf "go" Illcchnnisllls - ex
pcctllncies (perceptual) nrc readincss (lIIotor). Finlllly, II third Illcchllnism

cOlllprising the hippocampal circuit has heen idcntified. This circuit is

involved in uncunpling stimulus frolll response by coonlinating the ;unyg
dala and basnl ganglia IIIcchnnisllls so that nppropl"inlc changes in Ihe ccntrnl

rcprcscntation cun occ...., a process that entails cllo't.
In 1I1.c older comparativc nnntol1liclll Iilerature, thc al1lygdala is usually

Cllnsillcred to hc one of the hasnl gunglin, IIlheit a special onc related to
the olfactory II IIII viscerul systcms. Thlls brnin structurcs silllilllr in their

morphology, throngh dirrerent in their connections, conlrol arousal :lIId
nctivation. Thcir coordination in effccting chaugc in ccntral reprcscntation,
on the othcr hand, dcvolvcs on 1I circuit vcry dirrercnl in morphology,
lIIore akin to that charactcrizing the cercbcllnm, lInother mechanism nutablc

for coordinating cOl1lplex selJucntinl proccsses.
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