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lb:per~al pJS7Chologiata have long coaoeru.d tlleuelvea with 

the irdtiaticm ot beha.vi.or. There ia another aspect ot 'beha.vior, 

however, that. •rita equal attention and ha.s œù.7 receatl-7 ga!Ded 

recopition u a major prebln. in ps;reholos;r. This is tlMt plMt~aoD 

ot reçoruse iDhibiticm. How is a response pattera el i•in•ted trhe:a it 

is no J.o.D&-r appropria.t.e? For example, a rat. ia taaght to p throqh 

a white door and avoid a 8lack ODe. It the reiatorce...t coDd.itions 

are tllen re"Nrsed, the rat mat inld.bit his tendeJ1C7 to go through 

the previeual7 correct white d.oor in ord8r to receive a revard or 

avoid paniabiBnt. fln d.Ms he do it? 

'flle geaeral preblea ot responae iDhi'DitioB bas been approached. 

tr• a variet7 ot directions, but cme ot the MiD. l.ilws ot i.Dq\ù.rT bas 

be• ~s;rehological: wh&t brain stra.ctures are iD.TolYed in respoue 

iDidbit.icm and what ia the Dat.ure ot the deficit in 1Mha.vi.or prod.uced 

bJ' àaJiage ot the se structures? !bree regiu.a have. received aoart; 

attention: the hippocapa.s, the 88pi;Uil, and the frontal lobes. 

!here ia at ill coasiclerable ccmtroverq, how"f'er, about t.b.e exact 

nature ot the d.e.ticit in respOD.se inhibition prodnced 'b7 les1QDS ot 

tb.eae structures. 

The pupose ot t.lae present thesis is to cleacribe the ettect.s ot 

lesiœ.s ot hippoeapal aad. septal stntctures oa the abillt7 ot rats to 

reverse a I11UII'ber ot different l'laDite. ID. each case the rat. •at l.eara 

th&t tb.e response that _,. previœaly' rigàt. is now vrong, and inhibit 

it., 1fhile tba response · tllat vu previousl7 wroag is now ri,ght.. A 

comparison ot the ettects ot hippocallpal and septalleaions on the 
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abilit;r ot rats to irlhihit different ld.nde et reepoues sheuld. 

provide illportut iDtemation abea.t the :f."uletiwas ef theee stracl;u.res. 

Betore proceed.:i:ng vith an anal.7sis ot the notion of reepoue 

iDhibit.ion, it shoald. be noted that the hippocapal and aeptal 

regions ha-.. been aserïbed roles in a wide Tariet;r of' tunctiens. 

Becav.se of their close auatoaieal relation with the oltaetor,r s;rat.ea, 

bot.b. stra.et.ures wre once classitied u illpertat parts ot the 

rldœncepbalon and. ware tlm.s i:llplieated as hi&her org&D8 of .. u.. 
Howver, rats with sept al. or lû;ppoeupal lesiens (s--., 1934) and 

doge vith large hippocapal lesions (.lllen, 1941} wre fOUld to be 

able to aake oltactor,r diserildnations as wll u normal animal s. 

Thereatt.er, a IIIDIIMr of different. ttmctions bave been attri'bu.ted 

to tb.ese stractv.res. 

Tbe hippoea11JMS hu been thoqb.t. te be içortant. in the 

elaboration md e::xpressien of ...tioa (Papes, 1937; Gel, l.ell.awa;r, 

Shapiro & Hurst, 1963), the control ot instinctive beà&rlor (Kia, 

1960), aad the consolidation of learniDg (Hil.ner tt Pentield, 1955). 

It is also believed to have _. special role in the earl.y stages of 

learning (Bmlt, Diaaond, Koore &: Harn;r, 1957; Jolm & lilla# 1959). 

The septum hu 'been thought to be itlport.ant in preTeat.i.Dg Jvper

e..t.ie:mal.it.;y (Br&CQ' & .l&u.t.a, 1953) and as a .•p]aSIU'II center" (Olds 

&: Kilner, 1954). Theee conceptions mq all liaTe sGIII8 val.idit;r. 

However, recent; e::xperi:llent;s h&w previded c8Jl8iclerabl.e eTidence that. 

an illportant tuaet.ion ot beth the ld.ppocapus and t.lle septum of intra

lmu.n udm•l s is also to ellablll thila to iDhihit. response (Teitel'baua, 

1961, 1964; Iaada, llaiiEsMa, &: Kveia, 1962; lasper, 1963; liable, 

1963; Dcglas & Isaacson, 1964). 
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Tàeories of the effects of. braia lasieu • respo:n.se inhibition 

Tbere are at le.- foa.r ditfereat rlawof the nature of the 

deficit that lUlderlles the iaù111t;r of au ani•J to inhibit àis 

reaponses atter a lesion of tàe brain: 1) that the lesion produees 

a deficit in the ab:llit7 of au p1waJ to inhibit Ill[ ldnd of respoase 

or •eeatral set• tbat is temperaril.7 dMinaJlt; 2) that; it prodaces 

an inabilit:r to iDhiàit resp011Ma or to IS'IIiteh sets 9!~ 3) that 

the uiul is especia1J.7 uable to ha'bituate to novel stiEli; aDd 

4) that the deficit is in the ab:Uit7 to inhibit aoWMDts, ao that. 

the ui•aJ 1s good in aetive reepcmses 'but poor in situations 

requi.ring passirtt:r. 

Tàeorz of erseveration of central sets 

Mishld.n (1964) reviewd hia &1ld his eoll.eapesf etudies of the 

effects of frtmtal-l.obe lesiou en the a'bil.it;;r of ,W)Dke;rs to learn a 

variet:y of tasks 1 aud coaclutied th&t the troDtal l.obes are t.port;ant. 

in the abilit:r of an aniul to g:l.Te up aD7 resp011.se teJld.enq or central 

set that 1s teaporariJ..:r d•inant. If' the no:naal ani-al h&s a strug 

tend.enc7 to choose the ...- st.Dul.u.s eont:hmaJl;y in a test situatien1 

so does the acm.ke;r with a fl"'ll.tal J..sion, exeept tbat ext.:i.nctiom. of the 

tendeae;r is more ditficult. U the m.ol'.lltal udaal1 a dewi nant tendenc:r 

is to choosè the nonl stial.ua in a test situation, the ..- 1s again 

true tor the aoùe;r with a troutal. l.esicm and now!!!! tendenc:r is 

aore ditticdt to uti.Dpish. .lccord:iDg to this viev 1 the frontal. 

lobes are unillport.ant in datenrining the nature of the dOIIinant :respense 

tendeD.CT; the;r are ùport•t ODl.7 in a.tinpishing it. 

Such a theorr is inadequ.ate u a cOIIplete a:planation of the 
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effeets of frontal. leaions. For •xnp'•, auch lesions de not abraJS 

produce a cleticit in the abil1t7 to reverse a àabit (Groa, 1963b) 

orto e:d.i.Dpiah a bar-pressing re.,._ (Butler, llishkin &: Roavold, 

1963). h.rthei"Mre, D18Dke7S witb frcmtal damage :mq perfora peorl7 

on a d.~d altem&ti011 taak: withotlt perse'ftrating e:xcessiveq on 

either the lett or right aide (Groas&: Weiakrant.s, 1964). 

Whea w t1ll'D to the ~campus and the septua, the theor,y of 

perseveratien of cent.ral Hta beca.s even lesa plau.sible. lor 

example, thirat7 rats vith aeptall.esions mq show poor respoue 

i.Dhibition bJ' takin.& mat17 aore allocks at an electritied water spout 

th&D aomal aniwJ s (Kaada et al., 1962), which is couistent vith 

the perseveration ide&. Howver, tlw ..., rats aq leam a cOIIplicated. 

maze as wU as a81'Ml ai al a, shGWi.Dg no tendenq to perseverate on 

uq erigiDal.4r preferred bat incorrect response (laada, Rumssen, &: 

J:veia, 1961; see also '.fh.cau, Koore, Barve7 & Jlm1;, 1959). OD ta 

other haD.d, rats with hippocapallesions mq show a stroDg teD.d.enq 

to perseverate on an iDcorrect respoue iD a mase (laada et al., 1961; 

KD'ble, 1963; Kveia, Setekleiv & Kaada, 1964), ,.t are able to inhibit 

tbeir respODMa abou.t aa wll u noraal aiaaJ s when the water spout. 

is electritied (Iaada et al., 1962; lveia et al.., 1964) • 

.A. general perseveration theor,y predicts that leaiou will illpair 

response inhibitioa in all tuk:a that require it. laadats stud.iJia 

indicate that the hippecUIJRIS md sept.ua mq not be id.entical iD 

fu.ctiOD, bat rather J1&7 ab possible the inbibition of different 

ld.n.ds of responses. Clearl)r, uq e.xplanatioa iD. tel'JIS ot a ge:aeral 

perseveration of central sets ia i:aadequate to e:xpl ain the observed 

dissociation. 



- 5-

Tbeo17 ot 1 detect ot ftiGk i:ahj]:,ition 

The ee~acl view ot. the •7 a.brain lesion aq i:apair response 

iDhibition ia that it decreuea an an;waJ•s abilit7 to learn to 

inh:ïbit a reaponse qaickl.7, or· h tew trials. It is not too 

uareascmùle to UIRJII8 that the ùillt7 te switch rapidl.T !rea cme 

responae (or ceatral set) to anetller invo1ves a •re sophisticated 

and complu: •ehani• than tàe ùillt7 to learn gradnall.71 in a 

more rote tashion, that the daia•Dt respoDH is illcerrect and 

ast 'be rep1aced b7 a dittereat ee. The MCond }Qpothesis 1 then, 

is that the 1esion, contrar;r t.o t.ll.e usual ettect ot bra:ia damage 1 

produ.ces a greater deficit in t.uks in which nomal. aniul s pertom 

vell, auch as quiGk reversallea.rrüng, than in tasks in which normal 

anillal.s pertorm. poorl.J", such as reversal learniDg which takes DW17 

trials. 

Xost ot the e~ru.nts whicll support. the. theory are st;udies ot 

the ettects of .trontal-1obe l.esiou in .onkeys. For example 1 it hu 

bea .tound that monlte7B vith troatal l.esicms are illpaired when required 

to reverse simple discrbi:inatiou (Har1ow & Dagn.on, 1943; Sett1age, 

Zabl.e &t Har1ow, 1948) whieh norul aonlœ7B learn in just a .tew trial.s, 

but are not illpai.red. in the reversal. ot •re dit.ticu1t. discriminations 

(Gross, 196.3a, b). Siwil•rl.T, Gross (196.3b) tOlJ.Dd that chlr1ng 

repeated reversal.s of an object.-41.scrtmi nation, aonke7s vith froatal 

da1lap wre at tiret able to reverse as wl.l. as the contro1 aniuJs. 

OJÙ.1' atter li&D.)" reversal.s, when the contro1 ani•aJ s vere per.tor.œ:i.Dg 

exceedingl.J' vell, did the frontal. an;MJ s shn a signi!icant deficit. 

llao, repeated reversal.s of an object discr±llination vere tested in 
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vb.ich tlle apeed of reveraal l.e&rll.i.ll& tor all. anipal a as increased 

b7 gi'rl.:q tàea f-r and. tewr criterioa trial.s 'before each reversal 

(Prlltraa, 1961). J.pin., tiMire wre no ditferences Detwea the 

aœkeJ'IS vith frontal and cat.ro1 l.esioas except wàen the control 

aniwl a reversed withi:a CQÙ.l' a fn trials. Xuch of the e'rlJleace 

thus seaa to aupport. tJae Mtia that the liDll1at7" a frontal cortex 

is especial.l7 important ia the abillt;r of au ani•l to reverse a 

habit gu.ickl.z. 

There have Dean just a few studies ot reversallear.nin& 

fol.lowing )dppocapal or aept.allesioœ. Teitel'ba.u:a (1964) fo'Uld 

th&t cats vith large lll.pp.cUipal lesions wre poer in reversing a 

DWiber of tactual. discri:aiaatioDs, u wre cats with. orbital frontal. 

dallage. Siw1Jar resulta wre report.ed b;r Webster and Voneida (1964), 

even tor au ani•J with just sl1pt hippoc8llpaJ. duap. There vere 

no sipiticant differences in task ditficul.t;r hetween the different 

tests, however, so the importance of speed of reversal cwl.d not be 

aul.;rzed. 

Thompscm aD4 Langer (196.3) food that rats vith eitb.er hippocapal 

or septal l.esiou wre comside~ iJipaired in the successive reveraal 

of a sillpl.e poaition habit. Tbe nel'JI&l. and cortical. control ani-.J s 

averaged cmJ.;r &Doat 0.20 ahocks per reversal in addition to tbe 

œces8&17 •:intorJIIin&ll sh.ock, whlle the rats vith bjppocapal. or aeptal. 

da:raage averaged. abou.t 1.20 ext.ra shocks per reversal.. There was no 

everlap between the acores of tl:lle aperimental. and coatrol aniwals. 

Again, it is not clear hew the rats 1IOl1l.d have done on the reversal ot 

more ditticul.t tuks. 



-7-

ExtiDetiOD. and passiTe avoid.anee tasks are al.ao rel.evaat to 

the pro'blea of ta ,iaport.u.ce of speed of awitch:l.Dg reaponaes. Butler 

et al. (196.3) fomd that moDkep with orbital frontal dallage 

eningu.ished. a bar-pressiag re8pOBM as wll as co.D.trol ani•als wben 

first tested. Bowever, atter repe&ted conditioDiD& aad ext.iaction, 

:.mke;rs with orbital frontal lesions actua.ll7 got worse in their abilit;r 

to minguish. Curiousl;r, acmlte78 with lateral trœ.tal lesions 

{Butler et al., 196.3) and cats vith septal. lesions {Zueker, 1964) wre 

round to be normal on both the first sl.ow and succeeding quicker 

extinctions ota food-ainforced responae. Bats. vith anterior hippo

campallesions, thoa.gh, show a deficit analoaous to that or the acmlœ;rs 

vith orbital frontal lesions. 'l'eitelbaum. (1962) found that these rats 

vere normal in the first miaction or a bar-pressillg response, but 

wre relatiwl;r 8l.ow to extiagd.sh in later tests llhen tb.e norul 

an1mals wre exti npislù.Dg more qa.iekl;r. 

A stuq b;r Jarrard, Isaacson, and WickeJ.cren (1964) daonstrates 

that a quick ilùdbition tb.eo17 is probabl.;r inadequate to u:plaiD the 

effects of hippocapal lesions on u.tinction. Stud1'illg the acquisition 

aDd ext:i.Dction of a l"'Ul'ffi'&T response for food, the;r found that var,yin& 

the inter-trial. interval. had. no effect on the ext.inction responses ot 

cort.ical control animal s. Bnever, with response lateaq as tbl 

•a.sure, rats vith cortical-hjppocampallesions ext:2Dpished veey 

poorl;r vhen the trials wre separated b;r 10 aiaa.tes, wh:l.le the;r 

exl;inguished as wll as the control an:2•als 1lhen the trials wre separated 

b;r oDly 10 seconds. !hils tba spead of extinction of tbe control ani•als 
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wu not illport.aat, but the intertrial intenal did pl.q a role in 

detemuipg the ettects et, iûppeculpallesiou on reaponae iDbi'bition. 

Another experi'Mnt vb.ich provea the same point. vas reporteci 'by ~son, 

' 
Langer, and Rich {1964). Thq tftnd tbat the deficit in the r.versal 

lean:d.Dg of a sillple position àabit produced 'b;r hippocaapallesioœ 

was aore pl"ODG1U1Ced vhen the intert.rial i*t.erTal wu 30 llinutes thau 

when it was 30 secends. 'fhe ccm.\rol aniuls again perfo:nad. just as 

vell under the spaced. as under the 111&8aed conditions. 

The possib:Uit7 that the ratts aeptu. is blportant for thft quiclc 

iDhibition of responaes appears to be sapported 'b7 oae apen.nt. 

Schwartz'b&ua and SpS.th (1964) stll.died the eftecta of nptal lesioDS in 

the rat on the an1MJ! s abilit7 to inhi'bit a D&r-pressi.Dg response 

when the respœuM~ wa.s followed b7 shock. 'l'he rats with lesiou shewd 

sipi:ticaat ~nt onl.7 :ID the conditiou or seui•s in which the 

ID. pneral, then, the notioa that a brain lesioa u.:r içair the 

rapid lea.r.a.ilig of a taak wtaich' requires re.,_.. inh1biti0ll or a 

nitch of set seuas to describe the effects of frontal-lobe leaioas in 

the monkq fairq vell. The evidace concerniDg thft hippocapu and 

septum. is :mch more scant7. It appears that, for tbe rat, tlae the ory 

aq possibq appq to the sept\111. but probabJ.7 l1A to th8 ldppocampus. 

!heorz: of poor hùituatioa to JIIOV8ltz 

The third. theor,y of the role of th8 hjppooaapu and septlDl in 

response inhibition liUQ' be considered a special case of the fourth ~ 

thesis diacusaed belov, that tbe7 are important in inhibiti.Dg actiw 

responses and sa.pporting passiw behavior. Howewr, it Heu to warrant 
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special consideration. 'fld.s is the tàeo17 that bot.à stract.'U.l"es 

hel:p tlae ui-.1 to habit11ate to DOVel. atiEli.. There is Âl"'JII 

evid.enee tbat l.ends support to this viev. Hovever, the re is evid.ence 

t.bat the• stra.ct.ures also hel.p the a1aaJ to initiat.e ae:t.ivit.7 

in faiJiar en'Viromaents. 

Firat, e:speriMD.t.s aggest t.bat th• hippocupal thet ... ves, 

or f'eo.r to seven CJC].es per secœul, and record.ecl priaarll7 1:a the 

dorsal. hlppocUipUs, are h~ correlat.ed. with expl.orator;r 1 

orientiDg, or •searclû.Dg" activity (Grastyan, l.959; Grut7U, Lisu.k:, 

Jiladarass, le Donhoffer, 1959). Theta vaves are drivea 0,.. lar&e cella 

in the •d.ial septum (Petsclae, Stuap:t &. Gogolak, 1962) and are also 

ott.en (Green&. .A.rduini, 1954) but. net al.wqs (Redd.:iDg, 1964) 

elicited. b;r stilllllation of' the ret.icalar qsta. Thet.a vaws so.t:t.s 

d.isappear wheB searchiD& ~.no leDger oecur (Gra.at;ran, 1959), 

aDd at ot.her tilles cont.imle be!ore or daring aore goal-d.irect.ed. 

bebavior (üe7, 1961). ifhether these vaves represn.t an •aetivat.ed.• 

or •c.ie-act.ivated• stat.e of the hippocapus is controTersial.. In 

either eue, the high correlation of their occurreD.ce vith searehiD& 

JllO'VDeDts 1RIUl.d i:adicate that the septua and. hippoC8111P1J.S u.;r be 

especiaJ.l.T important in the iDitiation or exti:action or e:xploratory 

behavior. 

The e.ffects of' lesions of th.ese stractures geœral.l7 support the 

V'Dv that they are illportant ill the ext.iD.ction of expl.orator;r behavior 1 

or habituation. Septallesions in the rat (Thaas et al., 1959), 

thoa.gh not iD the cat. (Zucker, 1964), seea to prod.uce b;Jperactivit;r in 

a novel envirom.nt (hèwever, see leJVOD, 1962). Si.,Jarl;r, 
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hippocapallesiœs in the rat .q increase geeral actirlt7 in a 

novel enviroa.nt {Teitelbaua, 1961; Khlble, 1963; Doqlu & 

Isaacson, 1964) and mq also slow dewn the rate et habituation 

{Roberts, Daber, 8e Brodwick, 1962; Doucl&s & Isaacson, 1964.; however, 

see Wickel.gren 8e Isaacscm, 1963). H.Jperactivit7 is round evea if 

the lesion is lildted to the anterier part. or the hippocupua 

(Teitelb&tUil, 1961.; Dougl.as & Isaacson, 1964). This is an area in 

which lesions haft no œticeable ettect on n.ch cGBD.On tests of 

response ilùl:ïbiticm as passive avoidaDce (l:ilmra, 1958; Kaad& et al., 

1962) and bar-pressing under a reiatorceaeJd; schedul.e wldch requ.ires 

a low rate of respending (Ellen, Wilson & Powll, 1964). Moreover, 

hippocaœpal. lesions in the cat '1.1&7 slow down or prevent habituation 

ot the oriBnting respoue to tbe CS in either approach or avoidance 

learniug tests (Graatran, 1959; Grutyu. &: ~a, 1962). These 

data indicate that removal of the hi.ppocaJI!Rls or septua mq restù.t in 

increased exploratoey behavior and. a decreased rate of habituation to 

novel. stiaùi'. 

On the other band, septal and hippocapallesions are otten tound 

to produce !ze!-actift animale. Septal. 4a1llage in the rat decreasea 

geeral activit7 in the dark (Ke~n, 1962) and in the hQII8 ca~& 

{Thomas et al., 1959). Hippocampal lesions in the cat, baboon, and 

moDke7 al.so resul.t in pneraJ.l.1' apathetic aniwJs (Vot&1f', 1959; Gel.s et 

al., 1963). It seeu that, although there are B1U7 exceptions, perhaps 

the •st couistent general description of aniwal s ll'ith septal or 

hippocam.pal le si ons is that they are slow· to habituate aud JBq be 

]Qper-J~Bsponsive to novel atiali, but when the env!rc>m.nt is taailiar 

or does not contain mch novelt7, the7 show little e~loration. aud are 

generall.7 apathetic. 
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In this respect, the ef'f'ects of hippocapal ablation in II&D and 

ani•al JU.'7 not be ver'l' dif'f'erent. Patients with bilateral hippocupal 

ablation appear to haw great dif'f'icult7 in consolidating their 

experiences into peru.nent •110ries (lUlner & Penf'ie1d, 1965; Scoville 

& Hil.Der, 1957; Penf'ie1d & Mi.l.œr, 1958). Their 1earning deficit, 

however, is not qui te co~~p1ete. Oœ auch patient vas :round to t.prove 

noraall)" in a Jlirror-d.rawing task, and this t.provoent vas retai.Ded 

and continued over da)"s, despite the subject"~s claim of' caplete um

f'aailiarit)" vith the situation whenever it vas presented (Mi.l.œr, 1962). 

Perha.ps the f'ailure to consolldate aell0r'3' traces &)"be interpreted 

partl)" as an indication of' poor abilit7 to àabituate-the unf'aaiJ iar 

never becaes f'Uiilia.r. However, these patients also are apathetic and. 

1ack noraal curiosity (Hilner, 1962). Thus, the apparentl)" great dif

ferences in the e.tfects of hippocampal. ablation in II&D and an:i118l 11&7, 

at leut in aae respects, be differences in degree onl.7. 

In general, then, the evidence seeu to indicate that the hippocampus 

and septu. -.y be illportant in the abilit7 of' an a.tdul both to habituate 

to now1 atiali and to uintain activity in a faailiar enviro:n.nt. 

Howver, the relatiOB betweeD the se functicma of' the hippocupus and sept a 

and the içort.ance of' theM structures in tbt il'lhibition or activation of' 

aore go&l-directed responMa hu ;yet to be detel"'lined. 

Theoq ot poor inhibitien of aove•nt. 

Perhaps the aost c._n view of' the rGle tha.t the hippocaçus and 

septua plq in response inhibition is th&t they &id the ani•aJ in ita 

ability to re•in aotionless; that is, they inhibit activ. responaea and. 

help produce :t.l.obile or vithholding behavior. The re is considerable 

evidence both f'or &ad against this theory. 
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Evid.ence fer the theorr. First, atrong stiE.lation of the 

septUJL (Aust.i». & Juper, 1950) a.cl So.thles of the h1ppecapaa 

( Grast:JU., 1959) resal.t.e in u. •a.r:reat reaction" iD. whieh the 

amuJ iJs ~bil.e. He is tllen ~active to extemal. st:imali and 

the eftects of stiwl •ti.on of tbe .-tor cortex J11Q" be considera'bl.1' 

reduced. Furtheraore, st1aü.ation of eitb.er the h:lppoe&llpls 

(Hactean, Fl.anigaa, n,nn, na, IC Steve:os., 1955-56; GraatJD, 1959; 

Anq & Kitchell, 1960; ~, JladAan, & KD, 1961.) or septa 

(A.ntV & Mitchell., 1960) ott.en prevents &11 en1uJ rra. perfondng a 

wll-l.ea:r.u.ed. avoidance reaction. Eve11 the autonoaic caaponent of 

the response aq be iDh,fi)ited (MacLean et al.., 1'55-;6). 

The geœralized response irahi.)itiml produced b7 at:laalation 1s 

thought to be :medi.ated hy" iDhibition of the reticul.ar sJ'S't.• (Grast7&, 

1959). S0111e pb7siol.ogical support; of this ide& ia availabJ.e, at 

l.east. tor the hippocaapus. .A.d.q, Segundo., & Liviagston (1957) tOUDd 

that st.ia\ul.aticm of the hippocapal grus of cats and liiDDk878 

decreased the effeet. of l.ater ret.iau.lar st.Dala.tion on act.ivit7 in the 

centrwa •d.iaz:t.Uil. S1Jiilar1T, Red.di.D.g (1964)., using the encéphale 

isol.é preparaticm, fOUD.d that in the cat brain bippocampal. stDala.tion 

decreases su'bllequent evolœd potentials in the v1.sual cortex. On the 

other ha.cl, the evolœd potential. prod:uced b;y optic tra.et stimulation 

is enhanced b;y preceding reticula:r stiaù.ation. The su.ppressing 

effect. produced 'bJ" hi.ppocampal stimalation disappeara and ia even 

repl.aced b7 facilitation if the cerveau isol.é preparation is u.Hd; 

that is, one in which the ret.ieul.ar qsta is eut ott fr. the lûppo

capus and 'risual s;ystea. Red.d.ing concludes that stiaüation of the 

lùppocampa.s bas a strong i.Dhibitor;r eftect. on the ret.icular qst,ea. 
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Ou aperiMnt ..... to indic&te tl:lat ldppoea~~~pal. at~al aticm. 

doea not affect the lea:nû.Dg prooeas itselt, but OJÙ1' inbibits the 

reapeue. P'l.Jml and WaaJIUl, (l"') tried to traia cats b7 presesing 
-

a eOJibillation of buzser &Dd. shock ,to the pav a.fter atrœag ati.W at. ion 

ot the ldppoea,us. Paw withd.r.....:J..a ra.rel.7 or never oeeurred during 

the CS after even hulldreds ot trials. Howver, it the CS-.. tbea 

preseated withwt. preced.i.Dg hippHUipal st:laü.ation, though atlll 

tollowed 'b7 the shock, avoidana paw withdraval.s occurred on ùoo.t 

50 per ceat ot the tirst. 20 triala. Since DCmll8l. aaive cats wit:b.out 

hippocapaJ. sti:aùation •sual.l..7 .failed to show avoid&uce respoues 

à.ring the f'irst 20 trials ot CS-US preaeatat,ion, Fl7JU1 ad Waaan 

coacl.uded that se. le&1'JliD& BUt h&Te occurred duriRg the initial 

trials with hippoc&lllj)al ati1mù.&tion. Howver, the poss:U:dl.it7 o.f 

18:nsitization wu :not eli•inated aiDee cats tbat are givea .fo:repaw 

shock aloœ after hippocU~p&l stialation .for lmndreds ot trials aipt 

also show 50 per cent avoid&nce reactions 1t tb.en presented vith the 

ba.zser-allock co81Dation. 'fhus the experiatnt did. not concl.uaiveJ.7 

de110nstrate that 801118 leal'lling o.f the CS-US association occurred after 

the hippocapal stja].a.tion. 

Further beha'Yioral evidfmce that the hippocawpus aad sept.ua are 

normal.J.T involved in the iBhibition of active respoues a:ad ~l'li ot 

passive 'behavior is the .findiq that lesions ot these areu so.tiMs 

Dlpair paaaive-&TOidaD.ce learning and· tacllitate the lea.r:rdng o.f an 

act~ve avoid.ance. First, passive avoidan.ce: here the questioa is 

whether a punishhg shock or two is suf'ticient to ll&ke a ardaaJ give 

up a dOJdnant approacb. respo.nse; if' not, what ID.Dil:ler ot shocks is œeded 
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before n.ch a response i8 giwa v.p? HcClear,y (1961.) founci that oœ 

or two ab.ocb 1JGQJ.d Jlake noraal cats stop :rupni mg dcnm a rumrq for 

food~ Cats vith lesiODS ia the aept• (Zucker, 1964) or septal

callosal region (MeCJ.ear.r, 1961.) •S'U.&ll.7 cont.imte to raa for food 

atl;er two shocks and th'a ~rate poor pa.1isive avoidaD.ce. IDu.ra 

(19.58) and Isaa.cson and Wickelpen (1962) reported siwilar fiadings 

vith rats who bad either poet.erior hippoca11pal or large ldppoeam,pal 

damage. Kaada et al. (1962) ebserved. the D.1111ber of shocka a thirst.7 

rat woald take at a cb.arged water spout, and foa.nd tha.t nomal 

su.bjects took fro• J. te 4 shoclœ whil.e those vith septal d.au.p toek 

from. S to JIOre than lOO sb.ocks at the wat;er spou.t. Kasper (196.3) found 

that cont.imlous l.ow-Y01t.ap septal sti&lation also ulœs t1Jilflt.r rats 

tak:e more shoclœ than normal ani'uJ a at a cbarged water spou.t. Thus, 

both septal and hippocampal dist.urbances bave been fou.nd to impair 

passive avoidance 1earn:i.D,c. 

Ot.her atudies have d.em.onstrated that rats with septal lesions 

1earn a shuttle-box active avoidance response consid.erabl7 faster 

than nomal animal s (Iiag, 1958; Ie1110n, 1962;. Krieckhaus, Smao:as, 

Thomas, & KeJ170D, 1~). Isaacson, Douglas, and Moore (1961) got 

siwil ar resulta using rats with large cortical.-hippocamp.al lesions. 

In geœraJ., the obeenatiO.D.S that st:iaJ ation of the hippocapu.s 

or septUll. ra::r reiRtl.t in the redu.etion of spcmt;aœous, cortica:J.q

iaduced, or J.earned motor responses, that it may inhibit the activit7 

of the reticular .,..ta, and that lesions of these st.Rctures aq 

depress passive-av.oidance behavior and !'acilitate active-voidance, 

all1ead to the con.cluion that tbese st.Nctures are blpert;aat iD the 
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iDbibition of active responaes and the procluctien of ~il.e or 

withhol.dhg beh&Tier. 

Evidence yaill.t. tàe theoq. Despite the etrong evidence that 

active 'behavior is inhibited &Dd pusive behavior n.pport.ed b7 the 

JUPpociiiJ:Rls and sept\111.1 there is also opposing evidence. First, 

radical. dia:ru.ption of the normal. activity of the rat!• hippocapua, 

pro4u.ced by bil.ateral. hippocampal spreading depression, haa been 

fotmd to resul.t iD an aniwJ tbat is ext.raordillaril.y tmresponsive 

(Bures, 1.959). Hot OJÙ1' are avoidance reactieu elimn•ted Du.t even 

escape reactions tak:e a'boa.t a halt llinute to perfo:na.. ln addition, 

hippocapal. ep1reading depressDl'l bas l.ittl.e e!fect on the rate of 

firiag of :reticul.ar cella (Bures, Buresova, &: Fifkova, 1.961.}. These 

resul.ts ...,- be ccmtraated with the effects of bil.ateral. cert.ical. 

sp:reading depression. Vith the cortical. depression, escape :reactiOD.S 

are perfor.d with rel.ative ease and the majority of :reticular cells 

show a consiàara'bl.e inc:rease iD their average rate of fi.riDg (Bures, 

1.959; Bures et al.., 1.961.). Cortical spreading depression tlm.s 

prod.uces an increase in reticul.ar arousal., and al.though the an1wal is 

then ~ unrespon8ive, the increased mid.brain activity :u.intains 

its responsiwness to shoclt md pemits good escape bebavior. Hippo

cupal. spreading clepresaion, on the ether band, daes not produce an 

increaae of reticular activit7; the ard:nl ia ôareq responaive to shock. 

Disruption of the nol"'IBl. tunct.ions et tile l:lippocupus b7 spreading 

depression raq thus proàce a very unrespensive animal • 

lbl.ation etudies provide f"urther evidence opposed to the concl.usien 

that the hippocampus and aeptua inhibit active responsea and support. 
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pasaiw beha"''ior. For eDD~ple ~ sillple aet.ive avoidance-lea.ndng in 

the rat '111/q be illpail"ed 'by eitller 1Jp11 ateral hippocaapal leaioaa 

(BureHva~ Bures, ViD.ograd.ova~ & Weiss, 1962) or by septall.esions 
. . 

(K~n, 1962; Vaudernlt, 1964). TheM taeks are ditf'erent f'rca 

the elmtt.le-bCŒ test. in two vap: tiret~ the sue regicm of the 

apparatlls ia a:brqs the one to be avoided, wh1le in the shuttle-box 

the region that givea ahock on oœ trial is the sate region on the 

aext; and secondly, there are n.o special CSs which preced.e and si.gDal 

the onset of shock and thus elicit the final avoidance be havi or. The 

rat.s a.re simp.ly' placed in one area and mst BlOV'e to another area 

wi.thia 5 or 10 seconda iD ord.er to avoid shock. These stlldies make 

it clear that ~campal. and aeptal. lesions~ disntpt the learn.in.g 

of' active avoid.ance taeka, and '111&7 thus be iJiport;ant in initiating 

behavior. 

'.fhe e"''idence that ablation of the hippocaapus and aeptua impair 

the ability of an udNl to wi.thhold its respeD88s is alao equi.vocal. 

Hippocaapal l.esions do not alva18 result in peer passive avoidance 

leam.i.Dg (Ki..ra, 1958; Kaada et al. 1 1962; Kveia et al., 1964). 

Zucker (1964) laas shown th&t cats with septal lesions e:x.tinguish an 

active--avoidance respoue as wll as nol'ILil ai•al s, wh:Ue ._re 

(1964) fow::ui that cats vith septal. lesions will so..tilles treeze rather 

than escape shock in an active avoidance test. Finall71 rate with 

septal. lesions sa.tiaes, theagb. not alwqs, suppress their bar

pressing behavior as wel.l as normal aniwJ s in tests or a condi.tioaed 

eaotional response, or CER (Brad7 & Nauta, 1955; Harvey, Jacobson, & 

Hunt, 1961). In tact, u:o.der cert;ain wea1t shock conclitions, rats with 
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aept,alleaiou show a at.l"!!l!r CD thaR Mrul. rats, pre-.-.bq àe 

to a lower pd:a t:brellheld (Ba:rve71 1964). 

Tlaese re.W.ts .:te 1t :aeeesaal7 to reexudne the f'aet. tàat hippo

capal or aeptal atiaù.ation .-tœa remlta in stl"'!lg aot.or 1 ùihitioa. 

Such an iDlli.hiting ef'f'eet ia 'M'rl•all,- produced 'b7 inteDSe sl#:t.latic 

vhich al:aost alvqa resalta in large bilateral seizures in theae 

structures (F~ & W'UII&D, 196o; FlJml et al., 1961). Jlot.or 

inhibition f'ollowi.D.g stiaù.a.tion tlm.s u:r lM just a mild version of' tbe 

aotor deficits prodnced 'b7 spreaàin.g d.epreasi._ It appears unlilœlJ" 

that auch response-iDhihiting etf'ects ot stimulation are &ta:Jlar to 

arq which 'lllq be produced naturall.7 by' the activit;r ot these 

structures. This view is supported 'b7 the t'act that rats with either 

septal or hippocuapallesions have sOIIBtiBs been tound to be poor iD 

initiating active avoid.ance responses and at ol;ber t•• the7 have 

been observed. to i.Dhihit their activit7 as wll as nor-.1. aniuJ s. 

In 11US&r7, then, though the re 1s considerable evidence in 

support of it, the theor;y that the JB&jor Nle of the hippoc&11plls and 

aept.ua is to inhibit active responses and ll&intai.D. withholdiDg 

behavior is abject to .-. doubt. The ••riMntal resulta repo:rted 

in this thesis will give turther evidence tha.t the theor;y is iadequate. 
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Four tlwories ot the ettects ot 'braiu lesions on re.,.._ 

inhibition have 'bee11 exud œd in detaU. The tollcnring cu.cl:a.sions 

have been reacb.ed: 1) the tb.eor;r ot •perseveration ot central ..ts• 

is probabl;y' iDadequ.ate to aplaill the ettects ot frontal, h:ippocap&l, 

or septal. lesions; 2) the theo17 that fronta.'l lesions JUl' prod:a.ce 

a deficit in the abil1t7 ot 1Umke78 to inhibit a response or awitch 

sets qtdclc:q or atter 01Ü7 a fev negative trials appears wll

su.bstantiated, while the evidence concerning the etfects ot hippo

cupa.'l and septal lesions is mch ure scant7; . .3) the theor;y that 

lesifm.s ot the hippocampus and septu prodnce lQper-responsiveae~ 

and slow habituation to nOYel sti:mli hu considerable support; 

b.cnlllver, such utaJ s are al.so etten .!!1!2-responsive in an 

envirou.nt that does not contain •ch novelt7; and 4) thougb. there 

is mch evidence that apports the theor;r that the hiweca~~pUs and 

septUD. act to i.D.hihit respoues and support passive behavior, tbe 

h1,pœhesis is still subject to doubt • 

.A.s w see, the exact nature of the role ot the hippocallpllS and 

septUlll in the abilit.y of an ui•aJ to inhibi.t i.ts respODHs i.s not 

yet clear. Tvo rea.sona for the preaent state ot Ul'J.Cert.ainty are: 

tirst, the general. con.tu.siGn concer.ning the illport.ance of these struc

tures in active vs. passive avoid&nce; seccm.d, the paueit7 ot evidence 

eoneerning the e:ttects ot Rch lesions on the abllit;r or animal s to 

reverse habits or various leTels ot ditrieult;r. 

The present aper•:ats wre desiped to test. the abilit;r or rats 

with hippocampal or septal. lesions to reverse a variet;r or habits. One 
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group ot uimal s vas ~at.ed tor t.heir abilit,- to lea.rn a siwple 

active avoidaD.ce respcmae. !be t.a.sk wu then reversed and became 

a test of sillple passive avo5A'Iance. · This vas in turn reversed and. 

the active avoicJaD.ce had to be releamed. .Utogether, each ani v' 

wu tested on aix reveraals troa act;ive to passive and six revers&ls 

tram passive to active avoidaace. Ani•al s of another group were 

tested tor their abilit7 to ham and reverse a sillple position 

habit, a black-white siJmltaneoua diserilllination, and a black-white 

successive discri:llination. the simQltaœous black-white and 

position reversala wre then repeated to test illprove•nt in the 

speed ot reversal learn1ng with added tra:i ni ng. TheM 4Dplriants 

ab.oald help clarit:r the role of the hi;ppocapus and septma in 

response inhibition. 
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The subjecta vere 82 naive male hooded rata, obtai.De<i from 

the Quebec Breeding Fara. Thq were hou.sed four or five to a cage, 

with food and wat.er ad libitœa. The m:Diber of uimaJ a in each 

group ia given in Tables I aad n. 

Surgical and hiatological procedu.l'ea and reaulta 

The ani•aJ s wighed betveen 210 and 260 &l"'IU at the tia of 

operation.· The rat vu anesthetized vith --.butal and placed. in 

the Job:aaon-Krieg stereotaxie instrmaent. A scalp incisien vas 

llade and. holea of appropriate aize wre dril.led. at the deaired 

location in the akull. The septal, anterior hippocapal, and 

poat.erior hippocaapallesiona wre made eleetrol1tical.lt b7 a 

stainles84beel wire :innlated except at the tip. The cort;ical and 

eort.ical-hippocampallesions wre made b7 suction. The eleetroqtic 

lesions wre made with 2 to 2.4 m1)1 i ampe:rea of direct cu.rrent for 

20 seconds. The aeptal and the anterior hfppocampal. lesions vere 

essentiall:7 the -.- in both studies. The co-ordinates of the septal 

lesions in relation to bregma vere: Al.S, L.o. 7, and H5.2 -· from 

the surface of the sknll. The anterior hippecapal. lesions wre Pl.5, 

Ll.5, and 10.8. In the active-passive avoidaace stud7, the posterior 

hippocampal. lesiona were P4.5, 14.6, and B4.J.. The posterior hippo

carmpal. lesiona wre alightJ.T more poaterior, lateral, and. d.eeper in 

the diacrim1 nation. :reversal. stuq. 
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Suctiea lasioaa wre _. D7 dr11li ng a large hela over tlle 

poat.erior cortex, cut.tiDg the à.ra vith a scalpel, ud thea 

upirating the apoed corte:. la the eort.ical-bippocawpal. group 

the underl.y.lng h:lppoca111pti1.s wu ajwJlarq upirat.ed. In the a.ct.ive

passive stuq, which was dene laat., liON c~ was taken. to avoid. 

the ai<D.ine cortex in bcn;h su.ction groups, and in the cortical

hippocaapal ~ lesa ot the cortex and aore of tàe posterior 

bippoca11p11s wu removed tban iD the discr1winaticm.-reversal stud7. 

Af't.er bleeding aubsided, gelfoaa was packed into the s1aùl. b.oles. 

The sham. operated control animal• bad holes drilled iD their sbl la 

hut their braiu wre not d.aaaged. At the end ot each operation, 

tlle scalp was cloed with woa.nd clips and antiliotica wre 

adxinistered int.raaacularq. 

On coapl.et.ioa of the te &ting schedule, each eJCPCSri.-nt&l. ani•aJ 

was perfu.sed firat. with :a.ol'll&l saJ..ine and t.b.e:a. vith torJI&l.-sal:i:D.e 

and the brain was re•wd. Aft.er lixing tor several. dq's, col'OD&l 

sections ot about 1 to 2 •· thick: were eut bJ a razor bl.ade. Photo

graphs were talœn ot the dorsal. view ot the suction lesions and ot 

the anterior and post.erior Tien ot the rele'vant sectioas, and 

estimates were ade of the sise of the lesion. Photographs of 

representatiw 1esio:a.s f'roa the two studies are presented in Fip. 1 

and 2. 

The septal JBsiODS wre consiatentq large, with the lateral 

and. llt8dial. aeptal ~ 'beiag allloat. ca.pleteq rnoved. In Mat 

ani•aJ s, the f'ondx wu alao interru.pted, though thoae vith no dallage 

to the fomi:x: ahond at leut as ·great a deficit as the ot.her animal s 
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rlt.h Hptal. 1esion8. the corpu.s cal.lon.a, the ~rior cG11Biasure, 

and the caudate œc1eu8 •re ra.rel7 4&1aaged. 

The anterior hippocampal1eaiou wre usu.all.7 aall, raugiag 

trQIII. l. te 2 -. in diameter. the posterior blppocapallasio:u in 

the active-passive avoidance st.ud7 vere al.so from. l. to 2 :aa. in 

d.i.aaeter, whiJ.e those in the discriai nation-reversal. atu<V" vere 

usua.U.7 2 to 3 -. in ~ter. 

In the diacrimination-reversal. study, both the conical. and the 

cortical-àippoeapal 1e8ions usuallT incl.uded the retrospleni&l. and 

80118 posterior ci nguJ ate cortex. Furthel"'lG1'8, though the hippocapal 

d.ama.ge vaa tairly extensive, al.moat all the aiaa18 in the cortical

hippocapal. gronp had mch ot the posterior hippocaapus spared. In 

the active-passive avoidaa.ce stu.d1', the aedial. cortex vas al.:aost 

al.1rays spared in the suction groups. AJ.so, there was usua.l.l.7 lesa 

cortical. and •re posterior hippocampal d.amage in this cortical

hippoca~~pal. group than in the previous one. 

The data obtained from. all aniaal 8 vith h:lppocamp&L lesions in 

which the l.esions did not penetrate to the thal aRJs wre discarded. 

AJ.so, the reaa.lt8 of all ani•ls with cortical eontrolle8ions in vbich 

there vas bilateral. damage to the hippoc811pUS •re discarded. 

Training procedures 

A.ppal';atus 

An avoid.u.ce box, 8ia1Jar to the one used b7 Vanderwol.t (1962), 

was empl.,.d tor the active-passive avoidan.ee study. It was 3S" l.oag, 

12• vide, and 211' lü.gb., &nd had a grid tloor th.roa.gh which a 0.33 111& 
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shock conld be adw1»18tered to the paw ot the an:iMl • A raovable 

part.iticm. in the :a1.cid.lJI et the 'be diviciecl it iato a 'black and a 

white aide. It vas wired so that the black or white sid.e could be 

elect.ritied. separateq. 

For the diseri'adnatioa-rnerl&l stuq, a JIOd.itied version ot 

tbe discrmnatioA apparatas tirst deseribed b7 Thompson and Bl7&Jlt. 

(1955) was used. It consista ot a V-sbaped ehoiee chaber with a 

grid f'loor, and a goal ebamber with a woden tloor. The grid in the 

choiee eb.all'ber delivered a 0.8 • shock, whUe separateq vired grids 

under the lett and right wiad.•s through whieh the anima] e11tered 

the goal challher delivered a 0.4 u. shock. The wi.ndows, whieh 

aeaeured 4• x s•, were separated 'b;r a part.ition which protv.ded 4• 

out into the ehoice ehamber. Bla.ck, white, or horizontall7-striated 

cards wre placed 'behind. the w:ind.8wa, vith the incorrect card locked 

in place. The background surroa:ad:img the cards wu l.ight gre7. 

General procedure 

In the active-passive avoidance st.ua,., the ani•] vas allf&78 

placed in the white side vith his 'back towa.rda the black aide. In the 

ac'tive avoida:aee testa, it the rat had not meved. to the bàck sid.e atter 

tive seconds, intermittent shock wa.a given. Alter avoidance or escape, 

the part.ition was put in place to prevent 'back-t.racki.Dg. Twat.7-tive 

seconds later, the rat vas pl&ced on the teeding stand tor tive secollds 

and then a new trial vas started. 

In the passive avoidanee tests, in order to avoid shock the 

a»i•&1 had to stq on the white aide and avoid going into the black 

tor 25 seconds. It he suceeeded, the partition vas pa.t in place and 



-24-

the rat vu placed œ the t .. diag naad. for !ive seconda before a 

new trial 'bepa. It ta. uri•al ud.e aa errer b;r goiDg froa the 

vbite to . the black aide, it Wu sh.ct4$b.d :lnter:mitteàtly' uœu it :re

entered the white aide, or tor a ,30-eeca.d period, aAer vbich it 

was gatly' pushed into the wh:l.t4J elde~ Then the part;itioa vas 

:.imaediately' put in place aud. the ai•al st&78d in the correct 

compart.•nt for 25 seconda, att.er wbich it vas placed on the feeding 

stand for !ive seconds before the na::t trial began. The total. inter

trial iaterval. tlms varied traa aNa.t .30 1to 6o seconds. 

The criterion for active or pusive avoidauce was al..va7s five 

out of six correct consecutive tr1al.a. Within each d.a.7 the active 

aud. passive avoidance tests •ceeeded. each other without intemiasien. 

In 'both the active and paasive testa, if 30 errors wre made 'before 

criterionvu reached, tra]n1na wu atopped and cœ&iœed the next 

dq. I.t 6o errera wre made in tke origlnaJ active avoidance learaing, 

tra.:i.Jling vas sillpl.J' atopped and. that anivJ vas not given the cœplete 

aeriss of passive and active reversal. testa. 

In the discrilli.nation-:revereal atu<V, the ani•al vas placed in 

the choice cham'ber with hia baek to tàe cards and goal.-chaœber. ! 

tapped on the bex if ~ lUde no choice atter about !ive aeco:nda, and 

the:n gave intermittent shocts if u choice wa.s made after lO to 15 

seOJIDds • The a.ni•aJ vas ahoeked aat-.atical.l7 b7 a conatan.tly charged 

grid. if he approached the w.rong door, which vas counted aa an error. 

As in the active-passive aTOida.n.ce stu<Q", no more thaD one error vas 

counted per trial.. The correction Mthod was used so that the trial 

vas ter.m.:inated atter the aniMl pu.ahed over the correct card and 
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eDtered the goal chaber. Alter aboa.t live HConà.s t.be ani•aJ was 

taken out of tàe, goal ebaber and. placed on the teedhag stand 

vh:Ue anol#bar aniaJ was test.ed. Four er live rats wre nm one 

after the ether for each trial., so the inter-trial iDterval varied 

fra oœ to three ~es. 

Spec±(ic traipSng 

In the active-pusi'ftt avoida.D.ce .tuq, tr&Sn:!ng began fra lO 

dqs to tour •Dths {tor •- of the septal rats) a.tt.er the operation. 

On the first d.a7, active avoidance wu ta.u&)lt lUit.U. criterion was 

reached. The an.imal wu then tr&ined on pasaive avoidauce, llhich was 

toll.c:nntd b7 another active avoidance test.. 011 1ihe second day, each 

M1ael wa.s retrained on active avoid.an.ce and. was then given passive, 

active, passive, active, and passive avoida:nce tests. On tbl third 

d.q, the passive avoidance response was re-established and the raiis 

vere given a sequence of active, passive, acti'ftt1passive, and active 

avoidaD.ce tests. AJ.together there wre six: reversals troa active 1io 

passive avoid.aBce and six reversal.s from passive to active avoid.ance. 

In the discriwinaiiion-reversal stuq, training began l4 to 20 

dqs a.tl;er the operation.. On the tirst dq a1l. an1MJ s wre taught to 

enter the goal chamber thrcJugh open windows untll three su.ccessive 

avoidaace responses wre achieved. The œ.xt dq, each ani•al was 

tr&ined to knock down horisont~...triated carda until. he liAde three 

successive avoid.ances witb.oa.t shock. Except du.r1ng the position

reveraal tests, aU animale wre then given 30 trials a dq. On aU 

the visu.al discriwiDation tests, the sequence o:r correct responses 

vas: 5L, 5R, 5L, SR, then lO •raud-." trial.ll (uu:mu..RRI.l.); on 
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al.tel"D&te dqs, the risht aide 1f&B correct on the tirst rbe tria.ls. 

The l.earning crit.eritm. wu either 25 correct reapcm.ses œt or .30 or 

9 correct out ot the laat l.O trial.a. , !he 4q' att.er criteria wu 

achieved OJl one tuk, the ne~ t.uk bepn. Each aniuJ wu 'llJ.81Uill7 

t.ested t'ive or six cila7a per week. The ord.er ot the tasks was as 

tollGifll: 

l.) Position rewraal.s. On the dq after pre-training, a1l. 

aniul a wre trained to go t.o the l.e!t Ulltil. t.be7 achieved a c:riterion 

ot 5 oa.t ot 6 correct; tben, usiDg the ..- criteria, the aa1u1 a 

wre trained to go to the right, to the l.eft, and to t.àe right &pin. 

Bor:l.zontall.7-striated cards wre behilld both windows. Tra.iniDg wu 

atopped it ..30 errors wre made on &D:1' reversal.. Thus each an:t:mal ! s 

score was simpl.;r the g:reatest number of errors made on arJ7 ot the 

reversals. 

2) Black-white ailllll.taneous discrimination. Seme rats in each 

group bad bl.ack correct, others bad white. 

3) Revera.l ot B-W shlul.taneous discr:i:lliDation. 

4) Successive discriaination: llben bolih sides wre bl.ack, the 

l.e.ft side vas correct; both. white., the rigb.t wu correct. 

5) Succeasiw discrimination: reversal er preced:ing (4). 'lra:lning 

on this taak st.epped it 1.50 or 1110re errors wre made. 

6} Bl.ack-white ai:mal.taneous diacrtndnation (sue as .3). 

7) Reveraal ot ~ simtùtaneous descr:imination (aue as 2). 

S) Poaitioa reversal.s (sue as 1.). 
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Acti'V8 avoid.ace learp.iy 

Table I shcnnl that, in the active-passive a.voidaace at.uq, 

a.l.:raost all rats with. sept:.al l.esions and sOlle of the rats with 

hippocampall.e~Jions perfol"JJed verr poorl.y in tb.e origjnaJ laa:r.DiDg 

•f the active avoidallce response {see Va.nd.erwolf',. 1964). In tact,. 

one rat wit:tl a septal lesicm, one wit:tl a posterior lrlppocampal 

lesion,. aad tvo with cortical-hippocampal lesions, .œver ciid. reac:tl 

criterion on the first actiTe avoi.dance test. A s:impl.e active 

avoidaDce response vas also taught to a1J. groups at the 'beginuïng 

of the discrildnation-reversal studl'. In that condition,. ! al.W&J"S 

tapped on the box for at least five seconds before apply:irlg shock. 

Ho deficit was then observed in the learrdng et active avoidaace 

by u:r ard•al , and the rats vith septal l.esioas even. appeared to 

lea.rn faster than the ethers. 

These eon.trar.r resulta made it probable that the rats in the 

active-passive stuq who did not lea.m the active-avoiàance respoase 

would have made avoidance responses if the bax. bad been. tapped. 

The se .ar:dul s wre then tra:ined on passive avoidance b7 tappiJ:aS cm. 

the box tllrougb.out the trial and shoeldng anr reaulting active

avoidance re epense. The rat with tbe septal lesion whieh previou.sl.7 

never lll&de azrr acti'V8 avoidanee respo:ases reqai.red 3.3 shoclœd trials 

before lea.rning to inhibit its response und.er these con.ditiou,. while 

the three rats with hippocampal lesion.s took two,. six and seve shocks. 

'two noraal ani•al s which were tested un.d.er slmilar conditions took 
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two and three shocks. fberetore, at leut tor the sept al rat, 

the excessive treeziag behavior indicated b7 poor active avoidaace 

wu very ditticult to uintain in the presence or a disinhibiting 

stiaùus. fhese reiiUlts indicate that septal lesions and so•tD&s 

hippocapal lesions prodnce a deficit in the acquisition or an 

active avoidance responae as long as no arou.si.Dg or disinhibiting 

sti.DaJ.lus precedes the application or the shock. 

Active and passive reversals 

In general, the anivJ s which pertoraed peorl7 en the reversals 

troa the active to the passive avoidance also did poorl7 on the 

reversals trom the passive to the active avoidance. Thus, as Table 

I shows, both the septal. group and the cortical-hippocupal group 

pertoraed considerabl7 worse than their control groups on both sets 

et reversals. Untortunatel7, the ettects ot the cort.ical-lûppocapal 

lesions cannot be unambiguousl7 attributed to the hippocapal dallage 

since two or the nine aniuJ s vith onl7 cortical lesions also pertoraed 

very poorl.7 on reversals ot both the active and the passive avoidance. 

The group with po~rior hippocupal lesions pertoned signiticantl7 

worse than the control or anterior hippocupal groups on the passive 

tasks, thou.gh it was stlll signiticantl7 superior to the sept al or 

cortical-hippocupal groups on those reversals (see K:imnra, 1958). 

Their perfol'JUDce on the reversals to the active avoidance was highl.y' 

variable. In general, the group data clearl7 show that poor perto:nu.nce 

on one set or reversals was usuall7 associated with poor pertorwance on 

the other set. 

There vere sm. striking individual exceptions to this general 
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remlt. One rat vith a Hptal lesioa and one vith a cort.ical

hippocapal. lesi• perf'omed verr poorq 011. the passive tests, 

;ret relatiftl.J' vell on the active avoidance tests. On the other 

band, one rat vith a posterior 1:dppocaapal. lesion perfomed 

caparatively vell on tb.e paasift tests but waa e.xtre•q poor on 

, the active tests. !heM glariag exceptions, co:.bi.D.ed. ld.th s._ 

preliwi narr resulta on the eff'ects of lesicma of other parts of tb.e 

brain uaing theM tuks, uke it ditf'icult to conclude th.at. a single 

•chaniSJI. coatrols the abUity of' an aniaJ. to switch both fl"'BB. 

active to passive and. from passive to active avoidance. However, 

tbe resul.ta. d.escribed b.ere clearly disprove the conteatioa that a 

deficit in pusive avoidance leads to a facilitatioa of active 

avoidance bebavior. 

DiscrildDation reveraals 

Tabla II sau.rizes the perf'ol'UII.ces of all groupa on the various 

diserilli.Ratioa tests. The performa:aee of' the rats vith Mptal lesions 

on t8 reveraala of' the va.rious diseri:aiDations ulœ s it clear that a 

lesion whieh producea a large deficit in passive avoidanee behaTior 

d•• not œcessarfi7 prod:a.ce a àe:ficit in all reversal taska. In faet, 

rats vith septal lesicms perf'omed quite poorly in the reversal tests 

which D.Ormal rats found YerJ' euy (active md passive avoid.aDce and the 

position reveraals) whi.l.At they performed quite wll. in the reversal 

tests wbich norul rats foand coaparativel.J' ditficult (the vinal

diacriaination reversals). 'fhia resul.t appears an.alogous to the effect 

of f'rontQL lobe lesions in the monkey, and leads one to the eonelusion 

that the rat• s septua :.q be especiall.7 i.JIIportaat in the ability of the 
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aiul to 9!ickl.y ilùdbit or switch sets. 

In contraat to tb.e &r011P vith septal lesions~ the cortical

hippocupal ani••ls wre sigai.ficaatq verse tha.D tbeir coatrol group 

oa al.aest all of the reveraal tests. The7 perfol'WBd e.xtruel7 

poorl7 on both the siBpl.est (position reversal) and aoat dittictù.t 

(reversal of the successive discrimination) tests~ so their deficit 

appears are general t~ tut of the septal group. 

Thougb. alaoat a1l aniul s with either aaterior or posterior 
' 

hjppocampal l.esiou perfoi'Md ou.tside of the normal range on at leut 

oae reversal t.uk~ these groups vere rarel7 sipiticantl.y' worse thm 

the control ani•als. Both el.ectrol)'tic b.ippocaapal groups~ howver, 

did tend to perfora poorl7 on the reversal of the successi'ft 

discri•ination~ thoqh this vas not statistical.l7 sigrdticant !l,<..lO). 

In general~ then, septal lesions produced striking deficits onl.7 

in the sillpler reversal tuks~ whil.e bippocapal lesions resulted in a 

aore general iJipairMat of reversal leamiD.g. 

The •aon-reversal• discrild.Dation task:s 

All groups pertor.mad quite alike on the original leaming of the 

black-white si:aaù.taneoua discriwination. !his resu1t indicates that., at 

least in this situation, none of the lesiou had 8'A7 sigaiticant ef.t'ect 

on the abil.ity o.t' rats to learn to a void the incorrect stillulu.s. 

The behavior of the a.periaental groups on the later learni.ng of 

the su.ccessi'ft discrhd:naticm (taak 4) and relearning o.t' the st.J.taœous 

discrild.nation ( taslc 6) deaerves special c~nt. First, it should be 

noted that the control ujuJ s generall7 per.t'ol'WSd extremel7 vell on 

both tuks, indicating considerable posit.i'ft transter from the 
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previousl;y-learaed taaks. Except tor the poor euccessive-discrildnation 

learning ot the cort.ical.-!dppocupal groap, none et the upermntal 

gr01.1ps vere signiticantl7 vorse than the control anillal • en either tuk 

4 or 6. !ll anillals w:Lth lillbie lesicms, though, except. tor one vith 

post.erier hippocupal. damage, scored eutside ot the nomal range on at 

least. .!!!!_ ot theM two tasks. Iet o~ one septal aui•al aud two vith 

cort.ical-hippoca~~pal lesions vere ou.tside ot the control raup on ~ 

tasks. As Table III indicates, the al.mDst universal pattern was to 

perfora very- vell on one ot these tests and ;yet quite poorl.1' on the 

ether. 

This result can beat be uplain.ed b;y the apparentl;y very strong 

tendenc;y ot ani•aJ s vith l.imbic lesions tc:~ base their choice on either 

the lett. or the right-side eues and virt.uall7 to j.gno~ ether stiali. 

Thu.s, vhen an ani•aJ vas taught to go to the white card and avoid the 

black one, and its choices vere b&Md. priaaril;r on the stillmli shown on 

the zight aide, then it tound t~ tollowing successive d.iscr:iaination 

(both aides black, go to lett, both aides white, go to right) 

exceptional.l;r eas;y since it alrea<Q' bad a strong tendenc;r to go through 

the right side it it wu white and to avoid it it it was black. However, 

it the rat lea.m.ed the previous ciiscrild.nat.ion on the basis ot the cu.es 

shown at. the lett. side, the su.ccessive discrilli.nation was then very 

ditticult to learn. The saM description applies vben an anjwaJ was 

taught talle si:aultaneous discrjmnation att.er learnillg a successive one. 

The order ot tasks wu arranged so that as long as an aniul 

cont.inu.ed t.o base his choices on the eues shown on the sawe aide, he 

would pertom. vell (strong positive transter) one one task but poorl.1' 
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(strong negative t~ater) on tbe other. .ls we Me, this is wbat 

al.-st all of the an1.••ls with l.iJIDic lesions d.id. Furt.he:raore, at 

leut cma of. the fev exceptions was clearl7 due to a switch of the 

preterred aide dnring the l.eami.ng of the reversal of the au.ccessive 

discria:in&tion. It appears, then, that.: a) rats vith limbic lesioas 

appareatl.7 attend OJÙ.T to the cuee on one or the other aide vhen 

solving a two-ctP>ice diecrhd.nation problea; and b) theae am1wa1 s 

lea:m to approach one ca.e and avoid the other, indicat.ing tbat 

. probabl7 both positive and negative eaeti8ns control tlutir behavior in 

auch a situation. 

Sw.arz of renlts 

1. Septallesions and s_.tn.s hippocupallesions prod.uce a 

deficit in the acquisition of a sillple active avoiàance reaponse as 

lcm.g as the re is no disinhibiting CS to 11trigpr" the response. 

2. Rats vith septal· or hippocupal lesions th&t are very poor 

in reversing :troa active to passive avoidance are uauall.7 also poor 

in reversing :1'1'011. passive to active avoidance • 

.3. Septal lesions produce a large deficit in reversal tuks 

· wb.ich noma:L rats .tind si.llple, but prod.uce little or ne deficit in aore 

dit:ticult reversal tasks. 

4. Hippocupal lesions -.q produce a deficit in bot.h the ailaple 

and :more ditticult reversal tests. 

5. Both septal and hippocupal lesions se• te redllce the raap 

of eues used in the solution of a two--choice discriaination problea 

te thon appearing on either the lett; or the rigb.t aide, but not· on both 

aides. 
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DISCtBSION 

The resulta of these aper:t.Ats have i:llplieations for a n•ber 

of issues. First is the relation between passive and active avoid&Dee 

beh&vior. The cœ.onl7 hel.d. opinion is that apiuJ a that perfol"'l 

poerl.7 in passive avoidaD.ce tuka, md are thus poor at i.DhibitiDg 

their respoues, perfora as well or better thau DOmal. ani•Js hl 

tests of active avoidaace. The present e.xperiants 4eaonatrate, however, 

that this is not necessaril.7 so. The s.- septal. or hippocupal. l.eaioa 

that impairs passive avoid.ance "11&7 also illpair active avoid&Bce behavier. 

It eeeu probable that the appa:rent facilitation of active 

avoidance by auch lesicm.s ia d.ue to an increase in the arou.si.Pg effecta 

ef a CS: in the preaent e•rillents, the aud.itor,r stial&tion of 

tçpiDg on the 'box before preaenti:o,g sheck. Krieckhaus et al. (1964) 

have presentee! tvo arau-nts apinat this possibilitr. first, that &.t'ter 

aeptal. lesions the h7Per-reaetive rat (with a •septal. S)'Dciroa•) does 

not perfol"'l •ch better hl the ahuttl.e-bo.x thau the l.ess reactive 

uimal (l.acking the s)'DiirGM). It seeJIS b.owever that there is DO 

:n.ecessar;y relation between the 1Jlper-reaetivit7 and the effect of 

stiwlation in diainhibiting a freezing :response. Krieckhaus•s second 

arau-Bt is tba.t a vistial. stml.u.s caa be uHd u a CS, rather than the 

aore aroa.sing aud.itor.r stiElus; Dut. this al.so .. ..,. not to be decisive, 

since the vinal. stiliDJ.ation appeara to be l.ess effective - hu a 

sul l er f'acilitatiug effect on avoidance l.eand.Dg - tban the auditor,r 

stimulation (KeD.JOn, 1962; Krieckbaus et al., l.964). Thus, the se 

objections do DOt necessaril7 inval.idate an •excessive disiDhibition• 
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explanatioa of how brain lesioas 'M7 sa.t:laes facilitate active 

avoidance l.e&l"lling. 

The fiDdiag that septal lesions iD the rat had. little or œ 

effeet on the abilit;r of an:luls to reverse the relativeq ditficult 

visu&l diseriainations is surprisiDg, espee:lall7 wben ne eouiders 

how poorl;r theM aniwal s iDhibit their response 1:a the passive avoidanee 

test. This pattem of the eftects of aeptallesion.s on ditfereat. tests 

of perseveration 111&7 not applJ' to other speeies. For exaple, Zueker 

(1964) fOtmd that septallesions :in the cat 'I'IIIq' produce a deficit in 

the l.eamiug and reversal of a ditfieult discr:lm1nation though not of 

a sillple one. Furlihel'IIOre, Zucker fou.d that his cats vith septal 

lesions eould leara to i:r.ùù.bit a wll-t.ra.:iJled active avoidance response 

as well u aoraal cats. In Zuckert s stuq, a buszer as alva75 

preHnted as a CS. Unc:IAtr auch eondit.ioas, rats vith sept al lesioaa 

would 1Uldoubtedl.;y pertom. e't'en vorae on passive avoidanee thu. the;y dià 

in the present active-passive tests in whieh there was no nch disinhi'bitiDg 

cs. We find, thea, that rats and cats do net show the s.- efteet.s of 

septal lesions on responae inbibit.ion. 

The perfo:runee of the rats vith aeptal dallap in these 

experi.e:at.s generall.7 support the od.d viev derived from studies of 

frontal lesions in monke75 that a braiD lesion aq impair the lear.a.iDg 

of sDple reveraal.s but notl . ditficult cm.es. The interpretation given 

here of this tact, however, is different !roll the one proposed b;y Gross 

and Weilkrants (1964). The7 regard n.eh resul.ts as indicatiDg that the 

lesion produces a deficit iD the abilit7 of an ani•&l to profit t'rom. his 

short-term .,.0!7 store. The vin presented here is that the abilit7 
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1;o ni1;ch se1;s quickl7 requires a more sophist.ica1;ed md thus aore 

disraptable •chmia 1;han does the abilit7 of an auiuJ to inbibit 

his d•i unt tendenC7 more grad:ually. 

Gross points out, though, that the aonke;rs with troatalleaions are 

not OIÙ1' poor in reversing, but the;r are also poor in learni!g 

diseriwination probleJIS that normal anillals solve att.er OJ'Ù1' a few 

trials. Similarl;r, rats with septallesions are also poor in learning 

a sillpla active avoidance response. How can these resulta be reconciled 

vith the •quick_.witehing" theort? In the avoidanee situatio&, it .. ems 

aa it normal rats develop, but veey quickl;r inhibit, a treezing or 

withholding tend.eney after the tint couple of shocks. A.a long as there 

is no disinhibiting st.iJmlus, rats with septallesions &lao develop a 

treezing tend.ene:r but are slower to give it ç. Perhaps in the 

discrimination tests, the JLOnke;rs with frontal da1ll.age are slGWer to 

give up their incorrect response tendeneies in the condition in which 

no:rmalli.Onke;rs give thei.Jup veey quiekl;r. Thus the find1ng of poor 

learning does not disprove the quiek-inhibition interpretation. 

A.lthough it is UDlilœl;r that all, or perhaps even aost., ot the e.ttects 

of septal lesions in the rat or frontal lesions in the m.onlœ;r are 

explicable b;r su ch a theory, it is clearly a viewpoint that de serves 

serious consideration. 

The role of the hippocapus in response inhibition appears to be 

even aore ditficult to understand than that of the septum. The rats in 

the present experi.nts with large cortical-hippoca:mpal lesions clearl;r 

found. reversal learning of all sorts consid.erabl;r more dit!icult than 

did those with lesions contined to the cortex, vhUe the effects of the 

nall er anterior and posterior hippocupal lesions wre usually mch 
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sligb.ter or even negligible. Howver 1 one ea.nnot coaclud.e :troa the se 

resulta that an ablation of the hippocampus 1 as long as it ia large 

eJ10U&b,, will invariabl7 result in poor response inhibition. The 

reasons are: (l) in the present expert.nts al:aost &ll of the rats 

with large cortieal.-hippocura.t lesions would somet:imes perform. 

surpris~ vell on a reftr~-learning task; (2) Jarrard et al. 

(1964) found that rata with li•iJar lesions will under sœe conditions 
1 

extinguish an operant responle as well as cortical control rats; 
1 

(3) Lash (1964) found that ~der SOI8 conditions rats wit.h cortieal-

hippocapallesions 1fGÜd shw!!!!:! spontaœous alternation and 

perfora. better on a necessite brightness diacrim.ination than rats with 

cortical lesions alone; and ~4) Webster and Voneida (1964) found that1 

1 in the cat, an ext.r.el.7 ...:J;l. lesion of the hippocampus, one that does 

not even penetrate to the th&lamns, ....,. canse a grave deficit in tests 
1 

of reversal learœing. 

Further ditficult7 ••rps it one eoneeatrates one• a atteatien on 
1 

the anterior hippocampus. Lesions restrietecl to this area of the ratt a 
1 

brain have been found to pro~ce poor rapid ext.inction of a bar-pressing 

responae ('leitelbau.1 1961), ~r-activit7 (Teitelbaua & Milœr 1 1963; 

Douglas&: Isaacscm, 1964); po~r aze learning (laada et al., 1961; lveia 

et al., 1964), and poor spont4œous alternation (Gold1 1961; Doql&s & 

Isaacson, 1964). Together1 t~se resulta seem to indicate t:tlat this 

area ia illlportant in response '.inhibition. However, auch lesions do 
1 

not produce a deficit in passive avoidance leamiDg (l:iau.ra, 1958; laada 

et al., 1962; Kveia et al., 19p4; and the present experhlent). On the 

different reversal tests of this experiment, the group as a whole wu 
1 

never signiticantly vorse than the control group, though some of the 
1 
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1 

1 

aniwal • did eGMtiaee per.torla Yer'J' poorl.7. ID general, then, it se ... 
1 

1 

tbat the e:xact role ot the Mppocaapue, or ot different part. a of the 
1 

hippocUiplle, in responee i.nhiibition is & problea that o11ÙJ' tature 

resea.rch ean el.a.rit7. 
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Rata vith aeptal, anterior hippocampal, posterior hippecapal, 

, eort;ieal, &11d. eort.ical-h:ippocampal lesions wre trained on a DUIIber 

of di:t.'ferent reveraal tests. In one atud)" the rats wre taught to 

alternate active and pusive avoidance responses. In anetœ r 

at'l;\d)" the rats wre trained on a position reversal and various 

visual..-tiacrimination reversal. tests. The aajor resulta and conclusions 

are as f'ollows: 

l. As long as there ia no disinbi'bitiDg CS to •trigger" the 

responae, sept al lesions and soaet:ias hippocampal lesions produ.ce 

a deficit in the acquisition of' a simple active avoidance response. 

The tendeDC7 of' rats vith septaJ. lesions to be e:xeessivel.7 àis

inhibited b7 arcusing stiaü.i probabl7 upl ai u their excellent 

performance in the shuttle-bo:x avoidance situation. 

2. Rats with septal and hl;ppocapallesions tbat are very poor 

in reversing f'roa active to passive avoidance are usuall7 also poor 

in reversin& trœa passive to active avoidance. Thus the theory that 

ani•ls that are poor in inhibiting tb.eir r.aponses are better than 

normal in. initiati~ responsea is not BllPPOrted. 

3. Septal lesions prodnce a large deficit in reversal taslts 

wh.ich nol"JJI&l. rats find simple, but produce little or no deficit in 

110re dif'ficult reversal. tasks. The re fore septal lesions in the rat, 

lilœ frontal lesions in the aoDke;y, appear to produ.ce a deficit in the 

. abillt7 of an1•J s to switch sets qaiekl.;r. 

4. Hippocampal. lesions 1aq produce a deficit in both the shlpler 
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and. the •re d.itticul.t reversaJ. testa. However, the role of the 

bfppoeucpu.a in respcm.M iDhibition is still very unclear. 

5. Both sept al and lrlppocampal lesions aem. to :reduce the 

ra:oae ot eues uaed. in the solution of a two-choice d.iacri.Jd.Dation 

problea to thea a.ppeariDg on either the lett or the right aide, 

but not on both sid.ea. 
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'l'able I. Median and range (in brackets) or errors te 

criterion tor acti'v. and pusi ve avoidan.ce. 

Ori&'nal Mean of six Kea:n. or six 

active reveraals troa reversals troa 

avoidance active to passive passive to active 

·---~·~----·~ •-•~w---

Shaa-Op 4.5 1.5 1.8 

(1!1-10) (3-8) (1.2-2.0) (1.3-5.0) 

Septum. 2()b 10.ob!' 7 .5b_ • ' 

(B-7)1 (5-60) (5.2-21.5) (4.8-16.0) 

Ant Hipp 8 1.5 2.7 

(B-;) (4-ll) (l.o-2.0) (1.8-4.5) 

Post Hipp 7.5& 2.5b 3.6 

(R-8)1 {4-60) (2.2-3.0} (1.3-16.7) 

Post Cort; 7 2.3 2.8 

(B-9) (3-13) {1.7-12.0) (1.7-6.5) 

Cort. Hipp 11 S.3d 5.5c 

{1-11)2 (4-60) (3.o-24.8) (3.5-,.8) 

a Different rroa shaa-op at .05 1eve1 {Mann..:wh.itœ;r U, 2-\ailed). 

b Ditto at .002 level. 

c Different trOll post cort. at .05 leve1 (llann-Whitœ,. U, 2-tailed). 

d Ditto at .02 leve1. 

1 One abject net trained on reversal tasks. 

2 Two subjects not. trained on reveraal taaks. 
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Ta.bl.e II. lledian and rage (in bra.eketa) of errors to 

criterion tor euh of the diaeriaiaatiou ·and reveraala. 

---·-~·~·-~--·--·------·--·h·------·-· 

; Shaa-Op Sept lill ~p PostBipp PostCo:rt. Co:rt.Bipp 

(R-5) (H-7) (H-5) (R-5) (1-5) (1-5) 

'····~--. 

1) Poaiticm. 9 Z/& 19 lO ll 25b 

reve real (6-22) (15-30) (12-30) (9-30) (8-18} (15-30) 

2) SDW.t. 15 17 lO 10 ll 14 

B-W (9-20) (8-24) (7-19) (7-35) (7-29) (6-31) 

3) llevereal 44 37 35 64 28 63 

et (2} (26-56) (28-59) (21-49) (28-98) (20-48) (27-94) 

4) Suee•••· 10 28 36 14 18 59b 

B-il l (3-24) (5-67) (8-76) (7-95) (5-38) (16-107} 

5) lleversal 43 61 70 67 45 136b 

of (4) (19-63} (51-82) (44-95) (49-133) (31-'9) (67-150) 

6) Siailt. 7 34 4 6 4 22 

B-W (3-15) (()..62) (1-28) (4-35) (1-11) (0-59) 

7) Reversal 24 42 29 45 13 6Qb 

or (6) (7-44) (28-54) (25-58) (33-'2) (6-a4) (26-101) 

8) Poaition 5 9& 7 9& 6 2lb 

reverul. (4-7) {5-1.4) (6-13) (6-ll) (2-8} {7-30) 

!-Different fra alla-op at .. 05 1eve1 (Xaan-Whit•y U, 2-taUed) 

b Different f:roa post eo:rt. at .05 leve1 (Jiana..Whitne7 U, 2-ta:i.l.ed) 
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Table ni. B'aber or aniwals with lillbic l.esions tkat. 

perforaed eit.her vell ( wit.hin control. l"aaJ&'') or poorl7 

{ outside or ecmtro1 rans-) oa bot.h Tuks 4 aa.d 6, va. 

mDiher t.hat. perfol'Md wll on one t.uk but poorq on t.be 

ether. 

Well OD beth 

1 

Total 

Poorl7 on bot.h Well ea 4, 

Poorq on 6 

4 

Chi-square - 8. 9, !,! - 1, f < .01. 

lO 

18 
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A B c 

D E 
Fig. 1. Repre~entative lesions from the active-passive avoidance study: 
A. Septum; B. Anterior Hippocampus; c. Posterior Hippocampus; D. 
Posterior Cortex; E. Cortical-Hippocampal. 
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D E 
Fig. 2. Representative lesions from the diecrimination-reversal study: 
A. Septum; B. Anterior Hippocampus; c. Posterior Hippocampus; D. 
Posterior Cortex; E. Cortical-Hippocampal. 
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Visual Fonction of the Forebrain 

Commissures in the Chimpanzee 

Abstract. lnterocular transfer of 
learnecl pattern tliscrimination ta.fb 

in cl!impanzees witll .~e(·tioned optic 
clûtt.mza i.'i depe1Ulent on the forebrain 
commis.mres. This function is sustained 
hy the splenium and the anterior com
mis:mre, the former pathway being the 
more capable. 

That the commissures of the fore
brain play a vital role in the trans
mission of patterns of visual experience 
between the cerebral hemispheres has 
been established in the cat and in the 
monkey (1). In a study. of the lo
calization of this visual function in the 
commissure of the cat, the posterior 
half of the corpus callosum was found 
to participate (2). This distribution 
probably relates to the disposition 
of visually related cortex on gyrus 
lateralis of the cat. Work with the 
monkey suggested that the anterior 
commissure, as weil as corpus callo
sum. may transmit visual information 
(3). Apart from the suggestion that 
the anterior commissure may partici
pate in visual transmissions, the con
tribution of the various segments of 
corpus callosum to transfer of visual 
information in the primate bas not 
been analyzed previously. The present 
study was therefore undertaken to de
termine the pattern of localization of 
visual transfer functions in the fore
brain commissures of a higher primate. 

Eight young adult chimpanzees were 
subjected to midsagittal section of the 
optic chiasma, whereby the visual sen
sory input from the two eyes was re
stricted to the separate hemispheres 
over the remaining uncrossed path
ways. To asses.<> the rote of particular 
parts of the forebrain commissures, 
seven of the animais underwent surgi
cal section of varying portions of the 
corpus callosum. In four of the seven, 
the anterior commissure was also sec
tioned. One animal served as a con
trol. with only the optic chiasma sec
tioned. 

Training on visual discrimination 
problems began 2 weeks after surgery. 
The training apparatus was designed 
to limit the subject's viewing of the 
discriminanda to one eye. The visual 
stimulus-ohjects consisted of pairs of 
patterns mounted on two separate lids 
covering adjacent metal cups. The eup 
covered by the ·'correct" lid was haited 
wifh food. An opaque sliding door be-

tween the animal and the stimulus ob
jects was raiscd to permit response. 
The animais were allowed to use the 
hand contralateral to the viewing cye, 
both the visual afferent and motor ef
ferent projections thereby being related 
to the same hemisphere. The location 
of the Jids containing the two stimulus 
choices was shifted from right to left 
positions according to a chance se
quence. Each animal was given 100 
trials daily. When an animal achieved 
17 or more correct trials in 20 (cri
terion of learned performance), it re
ceived four additional days of .. over
training" to stabilize performance 
through the eye and hand receiving the 
training. 

Transfer-of-training tests were then 
carried out through the. heretofore, un
trained opposite eye and hand. High
level transfer-of-training occurred when 
there was immediate recognition of the 
discrimination task through the second 
eye and band. 1 nterocular transfer was 
impaired or absent when additional 
trials were required for learning. 

For the discrimination training, a 
series of two pairs of black and white. 
flat patterns were employed: prohlem 
A, two rectangles versus a single rec
tangle: and problem 8, a triangle ver
sus a square. The first-mentioned mem
ber of each pair was arbitrarily select· 
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Fig. 1. Correlation of extent of transection 
of corpus callosum and anterior commis
sure with the degree of transfer of pattern 
discrimination training between the two 
eyes in chiasma-sectioned chimpan1.ees. 
Symbols: +, 90 to 100 percent ..aving of 
learning on transfer-testing; fair, 60 to 85 
percent saving; 0, virtuaJ failure-that is, 
minus 7 percent to plus 15 percent saving 
of leaming. 
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Table 1. Semes for lcarning and tr;~n.;fer-of
learning on each of t"o ,·isual llHltern dis
crimination prohlems. A and B. 
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260 40 85 
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Oxwaftl 
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T(l( II 
340 120 65 
60 20 67 

Bo:o 
520 0 lOO 
200 20 90 

Glori(l 
400 340 15 
360 340 6 

Lulu 
1200 11160 12 
400 4~0 -5 

ed as "correct'"-that is. it would yicld 
a reward. The patterns of each pair 
were equated as to the total areas of 
black and white surfaces, so that lumi
nous reflectance was balanced. The ani
mals were trainel.! anu testeu on prob
lem A before going on to problcm B. 
After achieving criterion performance 
on transfer-testing for the first prob
lem. the animais were given additional 
trials in order to expose each cerebral 
hemisphere to equal amounts of direct 
experience with the problem. By thus 
assuring equivalent training for the two 
hemispheres, generalization effects from 
one problem to the next were thereby 
balanced for the two brain halves. 

The scores of training and transfcr
testing for each animal are presented 
in Table 1. The set of 20 trials in 
which criterion performance wa'i 
achieved is excluded: thus. a score of 
--o·· indicates that performance at cri
terion level or better \\as allai nell uur
ing the very first set of 20 trial,_ The 
percentage saving of learning is ue
rh-ed hy dividing the difference be
tween the scores for primary learning 
and learning on transfer-testing hy the 
score for primary learning. and multi
plying by 100. A minus value indicates 
that a greater number of trials was 
requireù for relearning than for pri-



mary acquisition. The degree of trans
fer-of-training is schematically corre
lated w,ith the type of commissural 
lesion in Fig. 1. 

Complete transection of the fore
brain commissures virtually abolished 
interocular transfer of the pattern dis
crimination tasks, as seen in animal 
Lulu. Division of a l-em segment of 
splenium {:!4 percent of corpus cal
losum) combined with division of the 
anterior commissure likewise eliminat
ed interocular transfer in Gloria. On 
the other hand, the intact splenium 
alone (Bozo) sustained pattern trans
fer-of-training at a high level. The an
terior commissure, by itself. also sup
ported visual transfer. though at a re
duced Ievel (Oswald and Tat Il). Oth
er than the splenium and anterior com
missure, the remaining sectors of the 
interhemispheric pathways did not con
tribute to transfer of pattern discrimi
nation learning (see particularly Gloria). 
Jt seems clear. then. that of the fiber 
bundles of the forebrain commissures, 
it is splenium and anterior commissure 
that participate in visual transfer. Of the 
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two. the splenium appears the more 
potent in information transmission. 
since in isolation it supported a higher 
level of transfer of pattern discrimina
tion learning than did the antcrior com
missure alone. 
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