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THE EFFECTS OF BESERPINE ON FEMUSACTONAL BELIAY O OF
RNURMAL AND BRAIN-CEERATED MUONKEYS

Hy Lawiwe Weiskraolz and Willam A, Wilson, Jr.
Hfﬂqu’m]’ nf’ ﬂ'.:urarﬁ;.-pum-‘y. T e Mrafitike of v, H.fr.l;.l'u.r.l'. L,

Tlee wtamiesd ehesus monkey appeaes (o be alfecied i mucls the sume way
l:-:. rL'nnr‘Jim:' s il 1% |J:|.- cepbain b lesicns.  In s pormal, unlrcated siaie,
o memkey will ivariably witlslinw Troa huinan olservers, wsually grimacing
ur serecching loudly, will fregquent by attack i cornered, wad cannot e petiod
wiiless actonbly phiyscally resiminel,

Wi Bobliswing deseripdions would never be pppelied o pormal wninsals:

I | r|m|lh|.=:r' can e B Beomied wiidly Wothe Fear than T will seegly
resist miny asigerkal s fo wlidcli be i3 subaniiled” [ Earl, 1058).

Pl pliysicsl aesd eniotisnal respense 1o a Ihrentening Siluation was ok
eally reduced and the approach of asother animal or human, which ondisanly
winakl b evoked a defianl aliack of gaains ltiﬁlﬂ. Wals 1w ilﬂiﬂhﬂ' ful-
wribel™ 1 yammer of ol JU5SL),

L sl were markedly aliered o thicin Belunvier with respect (o man
peerimit tinge peb Vi, sl bapdling withownt any visible excitement, of cven
prualning wiml neaching Tor olservers” (Weiskraniz, 19530,

v e wuthors indepemlently felt B sale to enter the animal's cage a
peebiend i for o considerable time,' Whens (he observer placed his haid in
U amivnal’s by, il was chewsd very geatly” (Prilam & Bagshaw, 1955).

Thie firsl two Slatemenls reler 1o animals ireated will reserpine; the las
s befer b sk ys wli Teash Dseen subjecied Lo Balnleral lesbos i e anicrs
wsenlind gt ol the tengaral lobes, inchoding the amygtaboisl comples awl
prepyrilorm contex,  (iler similaritbes can be pointed oul, among them aa
mrense i st rointestinal activity (PMlamaner ¢f al., 1954 Wilsan, 1954}, a
lrese g recial LI TTER ST {1 lamanier of ul., 15 1ribiram wnel “'.I.F,"lh-l-l.
193480, sl awlkwn vilimesis wl et ure [ ¥ lagnsnsier & ul., 1954 Weishranlz, 1954

Thite piresenl repserk s am seeonst ol an atienspl b conipane directly The effeds
il Wloese Dwe indepemlem varialdes  the Jesson ponl the dig, as well as 1o i
vestigale whetler dwe offect of rescepine is altersd oy an aeial who s s
Painesh an amypbls besion,  Sinee ot of (he most striking claoges o goes
liedavior Imul"ﬂ.'nl '||!,- el lier varialsle seenss o lse (e Gleranoe of wil wnlioes aml
wl il wlicl punsslly ane Flrunglj' aversive, ilowas devided Lo EH.II!|}' fhie Le
biawior b u il bion by wliscl the pversivencss, or “panishing” strength ol 3
skinpntas comhd b cprelully comtroilel,  For iis puarpese, we used o variant ol 2
pitaimtian Gt el Ly Selmean (hklos, PS8 wlicls, i mshlivinn 14
povviding @ cpauniitative peasare of e animal’s perdarmanee, peanitiol w e
ORI -r.'|:-|'|.1'l.:|l.'.'|1|-|r1| o laww stpvimg siin checinic slewk was M.]II:IH!-II fur cark
sinitnned dan elivin mebinhibe aovaslaosee lehavior.

Sinibgeels
Seven it ure thiesas wankeys {8acica midaifin) were sulijecis, Al wer
wabiumed and experimentally waive, except for bekel participativ in an cardin
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erperiment invelving food rewand,  Age runge was estimoted 1o e belwoen
me al 1wo years, “The animals were divied inte Grougs 1, with i(liree ani-
mals, and Group 11, with four animals,

M ethadd

Apparatus. Two supilar se1s of apparaies were employed, Groap 1 having
Leen tested with ooe (Apparatus 1) and Group 1, with the other {Apgaroius
Ih  Both consistel of samall cages in which a shgle manipulaimlum was sviil-
alde. Do Appraraius 1, this pandpulandum was a small reclangular pancl on
ike [romt wall ol the =118 T ﬁ|l1!-l‘lt|l.l-ll ", i was o jerul rqll'lll-! lewer.  Either
the pushing of Lhe panel ur ibe depressing ol 1he lever activaled o microswilch
shich was connecied with & recording device.  Both apsparal uses were sounml-
prouleed, the former by being ploced within o bange refrigeration msem, amd s
biter by being pleced within o small converied refrigeralor.  Lis Indl vises,
there was & maskiog moise provicked Ly air blowers. o ositlicr instamoe wies | he
eelrigeral ion comipressor unit functioning. Subjects could be scen threugh
pec-waty vision wisebows,  Fiouse | s a phctone of an geimal insdde Agogsnal us
. Foe au il|u5ir.1li.n|| i .*-|||nn.||lu:|. l, il |'||.'|:|.-||E|' -h I'I.'lu'l'l'l:l.l T aib erlier
H-i:,r (Welskrmniz, 1954),

Al cxperimenial sessioms were combacied automatically by muing of relay
and limer apparaies nol shown in ook 1 This appanius was sel up Lo
merate acconding (o the lollowing contingencies: A push of (he panel (or press
ol the bewer) deloyed the ocourrence of a beiel elecinic shock by W seoumls,
“{'Ei.r-l.lh'“ al when a |:u|5]| ocearnel, §lse el slwnck wonghl nod Bse debivered wiiil
10 seconnbs after (he bt response.  Hence, i an animal poshed the ol 2
lewsl omve every 1 secunala, he woold pever receive o shieck. 1, however, a
sk was permitiel Lo oceur, the next one wookl ocoer, mel W seconds boer,
bt 214 secomals er, wntkl the animal respramlol nce again, (ercly duekeying
the next shock by 10 secomds.  In Skdoin"s termimslogy, ilwse contingencies
wonarsled of & respowse-shack dulerval of 10 secands, and & shock -shiock aereal
o Mg secoils,  The apparoius sotomaiically lulalaied e mmbicr of e
sponses made aisl the nomber of shocks ibeliveral, as well as proviling o
oumalative gruph of the apingl’s pedormance,

Shacks were delivered 1o the animal through o low reasiance cliadn atiachel
o s abiminum collre arswnd e swmel's ok,  Bool e cliain @ial collar
were permanent by Gixal wo the aninal Doring experioenial scisins,
anmab's chiain was pbisclaad to o beadol-chain swivel, which wis coasaeirel o
an bmslated Gsture o top of (he cege,  The cage ilsell providhs] ane pede of
the ciroanl.  Wires =||||.|'||.5-'i.l||r|; wheci nical r|||.|.r|.|;|r WL I||;'.|.|.l..':,'-¢|u1 ¥ nemi s vink e

The shiock cirewit s slavwn i Fleose 2 The biensivy of §he shock coabil D
variel by changing s varialic resistor shuntol aoross the primary coil,  Aler
prelamimary work, il wiss deviled 1o use sic walues of shock, cabeubaod 10 give
warly egual increments inofotal ebecirical clarge delivercd 1o the animal.  For
ﬂnwn'i:ul:!, wot ahall kalse] these values from 1w iy, B ln:i.lw. ] [*T siramgest value,
The srisal reslslances |.'|:|r:::'.11|.||.'||.1'i|||; b Elese vuloes are !j‘ 1, .E, J.. 1, FTLE [ 1]
ohing,  The wnly lange cbesiat ke Trom l.'.-liuu.li-l!.' al fmteryvals secours el ween
shicks 5 angd 6y, bhis interval Leing oaly aluoat one Usirl the stze of e ot hers
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Fitasie . Mumbry shows b Ajsgaraius 11

Slewck 1, 1o huvsns, fecks ke o very shiglt vngle,  Slack o, which ks sery
peateidudy il pege oo aie gaps ol st under '3

Prewperadive Procedwres,  Taitiol fraiuiig: ANl aiiinals were liesd Drabiskd on
ke highest shock iatensily, Moo 6, Thoee of (he aninels kaal previoosly haid
expericinee will pasel-pashing for food rewand, anl ironsferrel guite readily o
ihe new sibisen.  Fach ol ile atlser Tour anbmals was teed by tiest deliver
i e ol shacks wotil e aninel nerely apposched the lever, then lades
fostic b Ulwe lever, anal Iill:l."].' |Il1.'h‘.'l-l'.'l.l- ihe bever,  Flas [N 1ok [roen Toge
thays dos thave weeks, will approsivetely balf an oo of testing daily.
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SHOCK CIRCUIT

Fasiimi 2

® domdapce Hhreshinkd™ irqr'uiu;.' Delatls of (he liesd B schelube will uog be
ihscribal here, suwe ey will leg salpmitiel in a folere aanuserip analyzing
the effects ol the lesions an tlic avoblaece ihrcslalds Aler inavial iraining, sl
antmals, swinir of kater, were Lested on gacls of several shock dnlensitics, slun-
ing [rim i he weakest i ihe series.  Kach animal was mn, 40 minuies e aes-
WA, T & !II'H,'.'I'I. shamk wolwe fur several t‘a:p!.. kil ok 1|.u|i|l'_l,r il besame =ialde.
Slull'lll:p wik dlelimed J||1l,|' eslalalisleing o crterion by wlieh e nuolaer ol jairesses
aid the pomber of shocks recaved coulld mot vary by oeere than a cerlain
amuaid in o Bvesilay periel,  Inodhe case of e weak slos ks, o ashlinimal
crilersun was cslalslished which was satishel o an aoinesl roceived ol leasa Jide
shocks within a Mkminwie pwrmed on 2 socoessive days, Tl avonlanee thresh-
ohl wits arbil girily deliaed s e west intensily of shiwck whicl was sallisico
e elicil lsdawior which soabild keepotbe puanlar of slesks wioa Hl-mipiele parisl
mider 2000, or mare (han an avernge shuock rte ol G607 Jodn, (I aw paiaad dist
T rmq'nulﬂ al all, he received 24 ﬂuu.'kqu"min.]

A |_l|l]1il.'il| recn] ollslakiveel Bior oise of the andmub on slivck Bi. 5 i 2liown bis
vk 3, This movond comalaied al the responses (e animul made, cach
resjusnise having mavved ihe pen seriically by o saell inereawnd. e puagar
wzi mirvedl Torontally &l o constan mde, e e sobomatically rese G
W whepewer a compdeie vertcnl excursion wis mube. iz curve loalcaies
huw Imany Fes s Qi wnipmal pasdde o oa Eitern |u:lml:| ul Liml.'. il e hb-c||.-1.'
o the eurve 15w direct measure of the anipl's over-all raie.  Each linile jrigs
s iee line bimlivates a slusck.

I FaunE 4 i shown he response reconds of (s same aninsl an e wsccl-
iq,; serics ol shok inlensiibes,  Mobe e nsorease in rale of ress ez, el
vagaian slevrease i oovmlser of dluwks delsversl as e shuck e ||:.i|I_1_,l JLTLW
sinapil.

Pruig experiments: Aler completion of avoblasve threshobl tatiing {whnh
wiupiesl o matier of e weeks), the animals wore tested aader e inlacm e
al rearr||i.|pu ['.'i-uqluhi]]', |al|:'t|l1l]'u|.ﬂiii|l.l.| somfimmy [ MWembtal), el i gabilinis,
e animals were lested alier alminisiration of Bulonic salise.  Shock Mo 3
wai used for allaniimals exceps aaee (5-10) which wis tesiel oa Moo 6, shine
his threshiokl wiis 50 These valoes were sillicient, in all cases, to prolie @
bigh rate ol respuonse, whicl kepa the numlaer ol stiocks dhnvn i low semler,
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T expreriments wire comlucted in e Bolkwing seqquenoe:

(1} Virst a normal coul rel level was re-estallisleed by mmsiogg (T aonin b fue
Lt SEsainiag,

(2 Al aninsals were ilen esied [wllowing an iniruoiescalar injection
reserpine (75 g ki), Fach animal was iesicd when the drogg seead o
have mude it maore docile amd peiable, baat lefore o deep stane ol sedation bud
e reaclasd.  “I'his was n.-l.'-Lﬂ.'lrn|:|IJ':|.|'||!-|.| withim 1500 1o 245 minulos,

(1) A few 1|.u_l,r.'| I.I.ltl', well afller (he Bfuss ellecis of n:'n':li'uinl: hisid v u||]'|
Gercaipy | animals were fun agabin in & normal stssion.

{4h Albanimiiks were nesl (estel under pentobarbital, usag an iniemascakar
mEctii of hall the calowlaned aocsibetic dose (TR mg k). The cnterion
fur slesivesd depale of effect was that e animal shoubl be suggeerimg, ba jus
well emagh cisrdinaned s grals u peanut ekl sliove his sl This was
achieved willvin 43 1o % minules,

(53 Mext, Ciroup | was mun following am int rnmasculnr geotion of st
abing sobution, in volome the sine as e peatladital dose (30 ce kb
Animals were testes] alier the some berval follwing injpoction as ilay hal
buen fulllusve i1|.|.; |H.'II|II|.|.I elsinil.

Surgral provedure. U 1o this guint, to review Lnielly, all guonals laal
gvoidaisce dhreshiobd testing anad testing on o bigh value of shock woder the i
luerie of reserpime aml pestebarbital, and some animals were tested afier
ijection of iseopic salioe as well,  Esch animal was now given oo o 1hinoe
benin lesions: an amygdabddeciomy (designated by AMY; an bfers Tompural
povexity control besion (V) or o shom aperaiio (5. Tn Groaigs |, s anioa)
wits Assigied tncach of thess thire operate categenies; in Groap 1 e anima ks
were split evenly It ween AM aml 1T valegories,

Al besions were bilateral aml miscle in one stage, excep for the shan lesion
which was vombuctal in two stages.  Tntraperitoneal pentolarbital anvstlesia
wils vyl

For il AM prowedare, the apgsens wis reaseee], Vhe iemguoral mscle splin
il retracien], aeed demiporal bane rensoved jor expose e peibe ol O 1emgwail
bile, Tl amygolals wis visualizesl by gently retrcoing the bda luerally
The eswsm was punle by means of sk I:iun.. aund wiss indende] Lo e lske yhe
pstite poyjsbalionl comples anl madial teosgeral e,

D tbee FT° pervscechure, the gypona was left ioacn awd (e muosce con slight by
miwe pestersrdy, e lesbo estemba] dorsally 16 Vhe supsrier I:I-'IIIII'IriI| stuleus
il ventrally e the fusiform gy s, and was proesumasbdy el b oories.

The 5 ||na'v|.'|1||r|.- vl an TR I T bt islenbbend 1o e AR IR T
The skl [EC T i the Teomtal lobis was HL‘IILI]‘ v panchedd i am unsinocessiul
Bl do sl jam Ve ﬂ'll'.u.lul_l.' nirves,

Interrugieald silk technmpee wis wsed for closure of dura, sk, and .Hilhca.
Qo it b ular ool inmnus salure wos waeil o the scalpe Aniouiks were given o
sl peerion] of dnee wiek iollowing surgery.

Hlisgadogricad aosubysis aod rerugestroc ws il Uhe lesion are wil yel wvanlalale,
Fatrii 5 shioavs fevonst fictiit of lesksis mede in e recent study.  These are
venlral views of (e beabns  winh he owee @ the gl showiogg ai syl
e Desbion, witls represcatative ciess sectiae, while tie vws al the lelt by
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s spimlice wives srilne ol beaips, Twe Gpwrs plght iThantiiee

Fooiimp ¥, Brrsiirmi
§ Mamiues iFTk

aidl gt
N T (], while an sl jedt illusarabe inlecesd {aanjeaad r il

inferior empmiral convexily bsivns,  There is o reason 1o think that the
fesinns i Lhis paresent ahuily daffer essenially Trom those iflustried in FIGURE S,
Lt desnilesl analysis of vhe hehavioral changes Jue Lo the besims awiils Com
pletion of ihie st oligical exa il Hab

["usls prrufine iraining. ANl aninals were TETHR postoperal ively on [

gholkl procedures, peraiii g o comymarison with prenperalive
no galing

avuklamee 1hre
culwes, A dhrugg procedures weEre repented with il cavepition that
rEmiiE WOTE s

In adklition, bevause ruther lurpe changes were alaained in aveidance be-
faviior Dlkewing injoction ol reserpine, it was decided 1o Lesl il animils o
apeihier sitwabion pol penerally classifiel as “emutional.” e three animals
i Uspoaga 1 weme yraiteel in o sit it whre vhe parcl-pash did ol ilclay a
aluwk, lail dhebivered a small pelic of finsl.  The Gimel was e delivered bt
euch pranwd press D, pullier, acconding b a ransbn sclecilule, an pimial levmg
permitied a revcirilel rEsponse sode a gk e otk 1he RVETLEL. Suich a wlwlulc
jremluyes @ pelatively stabbe rale ol respurse, il urhieh by ealing Vim0 Lhe
ellcrts ol Tl satition {Skinmer, 19340 Peese inioils wene TR Fosr 300 maiii-
ir radea Do sialilized o criterion, which all smnls reashel

i sy ik e
ler pescrpine, then ain unshuer normal

within 2 works, ‘Vhey were pheei pun e
conlitiens, ansd fadly waber prentdalital.

Keslia

fofea [l lexivas vl Hgpanldie thresholds. " Only Nariiel coisnlerabion il e
jpiven in phie wifacts oo Renii lessiunias, ieF 30, sipce, as hns alresuly hieen pne nkionial,
Tisaohneival exgmintion bas el yul laween cupibeied, nml (his pajeer, 0 AE
cast, I primarily camcernod with drug eflecis,
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Taux |
Avinssce T neisaionm"
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The iwo cerchral lesions appeared (o bave had somewhat upymisile effects
(i e awerage, animals with amygdalec onsbes required a slighily mone infense
geck posiaperatively i order 1o dicit avoddance behavior, whike the inferar
sempaacal comtrisls (as well as g sliam operate control) reguired consideraldy
less indense shovk.  Phese resulis are Bsted in Tapie 1, together willi o suo-
mary of the number i each group who increased or decreasal their Dhreshbls.
When there was no difference in shack value (as ilicated by “eere® m the
“Pifference™ colamn), the sign indicates whetbier Uthiese anbmals received mire
o lewer shacks postopseratively, on the average, than they b preoperatively
for that shiock strengih. 10 will b seen that two AM animals incroased their
threshalils, whibe one decreased slightly,  All four controbs decreasind.

& moge compilete analysis of (he behavior s given in tasce 2 "This anelysis
i concerned not witl 1he Uircsholdd values, Lot with the aniniel's tidal gor-
fmance al off values tested.  Bach entry is an pverage of un bsles comypuring
pestoperative and preoperalive perfommance for each shock intensily, Conm-
putesd aveonding 1o the formula given.  The responses nin. amd ks ale-
hivered S, bave Leen cumputed separaiely.  [An average ul mierely the Fadi
ol postoperative 1o prenperative perfermance would Lave beo singder, buat e
wario sullers from the dithculiy of approacking a il of inloily ar one exinemne
and tenls 1o muke, in addition, a raiher hiased average becanse of s shewl
Sstribution,  The index shown in Tamer 2 avoils such difficuliies) At the
pogr ol Wb Lol e e alata for Giroup 1; below, Bor Groug L & pasitive inabux
means a bigher postoperative rate than preperative faic; negaiive nalex
means just e oppesite,  The table alse summariocs the pumbor of pesitive
wnd negative indices for the ywo operate gooops,  Thus, all AM apinals wore
slawer i their responsling prstoperatively, while all dhwit robs were faster,  Twu
of the ihree AM operates had o higher shock delivery rate posisperatively,
while all cogrtrily had a bwer delivery maie.
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i Mhile: it required a higher shack 16
Ut imsortant fact shoull be stressed. W o :
-_-I.iu.'.lllL:-..qlp!'Ll:m:u bediavior in the AM opcrales, on the average, ihe a\l.::llu::
perionmunce ol Vhese animals al wvery SATong unl.znlﬁllrl.'r- will Very 'EL ::i—
pileguate.  ln no sense wis the hubil “lost™ fullowing operation. B
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mabs merely required sironger “electrical prediing,” relative 1o contrels, 14
demonatrate sustainal avoidance Lehavior,

Effects of drugs en wwsidunce bekawior.  Ireaperatively: ‘The effect of 1w
ksiona on avoilince behavior, while defindie, 8 dwarfal when companad with
the elfect of roserping,  Fisuwr 6 shows the preoperaiive perlormance reconls
for Group I Mote the bow ruies of response under reserpine,  Pentabarhiial
hal & mther prooounceal effect i ose animal, Lol s8ill s a8 severe us i
mescrpine,  Saline, il is inleresthig 1o note, haid a slightly enbancing effen un
male.

Friime: 7 shows the performance pecomds for Group 11 Essemifully e
ame effecis were olininel.
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bis o ovmbaer ool rses, 8 eailver Speecind ko of belavior wsler FEsEFja e was

wetes).  Faonies & sluyos ag enlarped view of sne of the reconds, Nole 13
even spaving between shocks. What 1his animal was doing was jisliing the
lever immaslianely after the shock ha bcens dhefivered, therely debayingg 1he pext

SERPASIL
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dhock by 10 seconds.  But, be only rarely pressed in elween or i “anticipa-
pan o shocks.  ence, I regularly receivesd o shock almost every 10 gl
Thits chanye in bebavior can be chamclerized as the los of awildapce or an-
licipatory responscs, while cscape responses remain intacl.  Laler, as sccurral
iwerilably under reserpsine, (his animal sioppesl respoading comiibeiely.

Such & sustained regularity of shock intervals uiler pentolarbitnl wis wever
ahservesd.  Lin many cuses, the records indicate a decrease in raie of nojanmnse,
i une were able, however, 1o count sl of the attempled responses manke by 1he
animals wnder pentobarbilal, the toial woull probably bsdiciie an increase
rathier than a decrease in rate for all animals, since many of D aninuls” swijss
il the bar were clean mistes of insulfficient in furce 1o depress il

The reserpinizcd animals prescuted o markedly conirasting piciure. o all
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TEHEN e Iill.'].' ;uu.'q'u.'ﬂ wipgisronsky wlseniever o shock wiss delivereil, Tat then |
sl agunle wEnsaEn erisl.  LEed woern sluiw ks, |.|II."I|' sl i|||i;'||," piv o Do liesl
aved jesilion. Wil lere ey have beea an aoabpesic ellec, there wis s
||I_||T\-1i|||:| hiad 1wy rl".|i|.h.|||ll.|.1!|1 T Vhie slim ks,

Hesdwperatime: Tl ellecis of Dot resergane nd peeibanharleial seene misiglily
ithe some postoperatively as prospuesatively,  Fosowes 0 sl 10 show vhe pee
Fevomiiince T Givoaipes | sl U1 postoperatively. Do #icuses 1 aind 12, e
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sperative performance is compared with posioperative performance for (wo
indiwidual animnks  There is oo evilence (hat sn ooy golaboidociemy mads
any difference to the efectiveness al reserpdne,  The vocurrence of e evenly-
gacal “escape’ esponses under reserpine was also fregquently noted et
wperalively,

Il i nod really proper, of course, to compare directly the preoperative aml
pustoperalive performunce rates under a drog, since the operation sl had
wane effect on (he coptrs] level of raie.  To Tasce 3, iberelore, we liave coin-
paresl for Giroup T apioeals, the orug raves withi sormal countrel rates lanh
peaperatively and postopenuively.  The firse columin shaws the preupeeralive
aml pustoperative sormal rates, while successive columns show the ratio of
rates umer various conditions e these pormal preoperative and jrstieaative
rates, The upper talde shows the data for responses made per minute, while
the lower shows (he shocks receiveld per minole, -

Miste, 18wt have alrewdy seen, that reserpine was elfective bath prooperatively
anld prstaperatively i producing markes reshuciwae i responses nide witl
pomcimilant increnses in shock mie.  Nute abo that, while the average i
o rerpouse mate umler pentolarbital is close 1o one, e shock e s
higher ilan one, relbeciing perlups e cffect of icoonlintion,  Als mote e
dight inerense inorespaese rale waler saline,

Tamg 4 shows comparable data for Group 10 spimaks, The talile e tae
boijan: is a0 sumniary for all seven npimak, 10 shows the pumber of animaks
i ench grouge i wlisls reserping had cither an ncreased or decreased effect
prslujretalively @8 Conipurned pe presperative b valies,  There 15 0 cun-
st direction of clhange, From this summary talile we comlode 1lat
rescrpine is usl as clicclive o o ogerated as o unoperaial anpoal.
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Foad revward regffy,  The regobis of the sl rewand £ | e wilh Ii:.:uu.p-
I animnks, conduciel slier (he other expenments wiere completed, ane shaows
i Fraitek 13, Reserpose deperessiad the beed rosgueiises aboost endinely.  Be
andmnal, al the el of the sessim, woubl pick wpe aml ingest Tood when the e
juerlimenier delivered b pe thie Fowd dish, Tai 07 0 were sciaally Tebd b oo of
liis wsiitli, b oaiglit cliew e food fur o whike,  MNuotiee e only slighy cfed
aof pentidarbital 1 shoul] e menioned (el previeus veestigaiion bes
sl thal amiygslala operates are ool aliered o e ries of respamse 1o Lhis
st sehedube of Dosl rewan] (Weishnue, 1951,

ThscssgmE

Lt tle ejuiest bne remains b, under the conslitions of this gtuly, reserpane bas
a severely dlepressing effect on aveddance beliavior of e thoesus omnkey,  We
bave el sabicmgted (o staly the elfeos of dilferent dises o dilfercnt tame
interyvals on bebavior: olvivusly, o whelke set of parametnic rebationships e
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L FOUD REWARD PERFORMAMOL
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makis 10 be explored. 11 should be repeated, however, that the animals were

l sestol al o time when the gross effects of the drug T mst apgrosched their

T il

. Em

A T W

muzimum degree, and it seems highly probable that even whal litile beluvior
- wasohiserves i this project woukl have been compleely deparessod had a loager
time interval bieen permitied 1o elapse bt ween ingectiven amd beha viorul esting.

The evidence, bowever, thay foml rewarded responses are also depressal
wouhl secn 10 indicate that e drug lias o rather generul effect on behavior,
tlibough it is Hikely that a bivrarchy of behaviors coull be cstulelishel witls
hriher investigation, employing, for example, the Lype of mausliipde schebube
wiently dlewelapesl by Ferster (Ferster, 1954} ‘The Loct tlal, in a nmber of
 nwses, the raiber special type of reserpine respons: recun] was eliainel in which
wimals respuolesd only afer a shock had scurnad, ot ibieh tmst wvuri] salise-
geent shocks, sugpests that Ll vior occurs oply when there 8 stirong extefial
_ slimulation 1o peindain i, Even woll-esiplilishes] prvierns of el sesimn
capabile of mainiaining winselves withont such ealemal contesl  eg., an
aninal might chiew a few Limes on a bil of fanmll, bt thien “forgen™ tha il asan
fs moail, A pew e of fusond mvighil sturl off o lew o chicwa, L view
ol the olserved lack of anticipalory respsmises, an inlerest ing AUl B AT
Assuming that animals will fuil 1w respand 1o ciplitioming provedunes whike
ailer e influcnce of reserpine, will they also Lail o waliibil e diecamiry ol
ihem opce the seduting elfocks have worn off; Le, dovs neserpine mercly dejaress
| perfermaince, of dies il als shepress learuimng capacity?  Dnvestigation ks inw ik
progress reganding s uesinon.
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Adubsugh mnoy similanties in behavior exist el ween 3 reserpinized sl
wiwl an amygdala operate, the effect of e presewt wmvesiigation has Gieen w @l
prainel amal swne esseatial difercices. For one (hing, (he aneygilala aperate g
sl cnpale ol well-maimtiee] svoidanoe lehavier, allseil ligher batensiies d
sk are regpired reaiive o contrels® 1L is perfecily possibde hal, wilb
livgghver shack indensiijes, reserpinized animals woukl alse eslilsit avoidasce b
lavir.  Meveriheless, witliin Uhee linsivs vested lsere gse apera Vion laas less ol s
cllect wlan the deug.  Soctanl, The ddepressing effcers of amygilaia lessons b
fonlane eeen abemonsiratedd only For Yemae hoaal" labavior,  Doostler siuaios, §
gais Iy svs respropding For lod wm o raodaon rewand schedule, discobal by il
Ll E T fuor Bisml rewand, or EIL'I-u._'p'l::I Ceiy mmvsa 1:m.|:5, :|.|.||._'|r|¢|hf.a. n1'r|.'|.1.|-t_'|.‘n.| _
willsins awernsil mats {Prilwiom ansl Bagshaw, 1955 Weisbnnz, 1953),  Hea- B
prine, amn e olher Daiwl, seems 10 be owre general o is belaviral ellsas B
regpuishing e food on & candons rewand schedule, a0 least, s severely de
prregaed. This olifference was also apparcnt i gross ehseevations of the =
typus of aninials.  Meserpinizsd aninals are moech oore sleggisl aod Tacli
tham amyplala operaies, excepd, perhaps, for the luiler's lirst 48 postoperatie §
lers. ¥

Thise dlilereaces, Gogeller wiils the fualwg thial reserpane wis jusl b clie-
Vive in sbepressing aveoidance behavior in o operabed as s pornnl apieal,
evildenily rule oul ihe pmygdalosd region as o critcal site of action of reserine
“Flsirre s pmither |-um.'||r'|li|l-,' closely relaped liy e:i;lmrinlrlllll Analamy 16 jhar
U wmygidakml complex. B bas been sliown Ly sieycloiee seurenograp
bevhepees dhat the pooygdabsd compdexs (an least the conteal oucleus of e
compbes) is parl of o Brger system consisting of (he prepoerifonm conies,
leriur s, el erior Iﬁnlﬂlﬁli lulh:,_ il pm:h:l.‘iut awrladial Trontal ;tl:l,-.lﬂl,'-
adhiliviam b the amygelola [Prbram asd Maclhean, 1933). When all o aloe
all wi this system is damages) experimentally, the effects on gross belsavior ae
almast inidistinguishalle {al least, 1o us) rom thoese produced by reserine b §9
o meermwinl anamal, A thas stage, i s sull bmpeessibde v siate whelber a s B0 k
n'l.'|l|u.||ﬂ|i|:| is '|||||'r|r“|;||1| i pesessang e resulis of these besions (winh ibe b B
|-|||':|.I.||||:| ﬂ.l:l.l: iwnma r||yp|:|lui|.|: :n:“'um l-l.'x'nm;lhuu.' s aual olesa my rlum'_qll ||[IE.
sysbem] or whether o ferps exists whivh is sciually sutside the anyglabsl
veapedes. D the latier coamseciiong, it is sigoilicant that Turwer has repeobd
il relatively sanall fesioes which just Gsaclaed e laoanbary of e ansyglak,
Ioat vewiwe] outsabe ns owin Iesby, posloced o mach grenter amenes s
mowkeys than lesions restocted o the amypdala (Turoer, 1954} Funbe
R, il liws lseierr wiliservei] i our lalmertiry Wit Besmeins thian sine |1|.a|. il i ke
preepryriberm cories aml anierier iosulo, By which just eaclade the amygplab,
pirsnline o reserprnelike duimal.  Moreover, it is of greal inlerest 1o mie tha
Vb arganisidivn of siviclace belaovior ol amimals witls kv lesmsis i §be ol
il pemapuorall sysiem is very much meore depinessed i a sl e cduey s
Wiann ks b withe meere pestrictesd amygekabosl region operares (Prillwam a B
Weiskramie, 133 We, 1ug«|_-|||-¢||' with |'ri|1r‘:|||I ALFE 1'um.'z1l|l_'r' |r.uiug ET N
anperaies in the avorlisee perfiroraice sl bion describied i this paper.
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Alhough an early hypoihesis regarding (he site of action of resempine pointel
ta the hypothalumus, subseyuent rescarch hias led e the nolivn (hal some of
the effecis ane "‘FFI:IIH:IH}' dise 1o 6 Wockade lilwoin allefiopl aml elferenl
peurones,”’ ruiher than 1o a “direct depressant effect™ o hypothalamic centers
(Schneider, 1954 Nein, 1958).  We ddo nol feel that the evidence is really sals-
suntial enough 1o rule out direct involvement of hypotlialamic conters.  Even
il the “blockade’ nolion s accepied, it i almost meaningbess (o make e
assamqion of & “purely efferent™ iy ot halamus, which seenis o be o impaicii
l.ﬂ-rﬂpll'-l'llﬂ i L hdockeaale™ llrlu.ﬂllu.'ul ws cnuwsciaiel s fur,  “Hhsckade®
ceithl il have o hypolhalimic beus.  Funthermore, the Gling ilal reserpioe
fheury doses, ol least) ailfects sonhiypahalamic neural activity docs nol rale
oal Lhe psossibility of @ dose-tine Bierarchy giviog hypothalamic arens priority,

. Fimlly, while the evidbence derivesl Irom byput halwmic leshos does . excluabe

the possilailiny that an exprabypotbalomic control center mipght sl be e
principal site of reserpine actien, the strong simdlariny of Iehavioral chunges
|:lu||ul.'t."|J I'J].' baieral 'l_l,r‘mllmlumir leshmns in ile ml:ul;t_l.r “-'..unpul'.‘ 'E'.H-':l} aml
by reserping i3 oo sifiking Lo pass unmentionel,

HNeveribeless, e preliminary Rdings willy orbiio-insula-jempuoral besias
e of some bnlerest with respect Lo Ul lilea that reserpsine might sonielww jore-

- vent mupukses [rom an exi ralvy pol haamic maxlulaling or aclivating cealer frem

peaching the bypothakinus, There is good evidesce that the smygdala aml
exhital frominl areas of the munkey sl direct Glers io ile veairal melial
mecleus of 1he hypothalumus (Adey and Meyer, 1952; Ulark ainl BMeyer, 1950],
which hng h&en |m||l'u.'.;||.'r.|! i emed baea | Bebavior {Wihentley, 14H4) ol micta-
bohic sctivily (Hoetheringion and Buanson, 1902 ol cats aml s, Sthaulinion
of the cal's smypdals yichls a cortical “aroasal™ or “aclivatbon® psailens
(Feindel and Gloor, 1954), which sugpests that it might Tave g “sctivat ™
mle somewhat analogous Lo thal propossd Fer ihe reticular Tormabion,
Analysis of the possilile site of reserpine action bas mainly lllowed the ful-
lwing pattern: As an independent varialile, reserpine is asdministensl, and
cerlain consepeenoes are einher poled or mensunsl os depemlent vacialides, e,
"relaation,” Ysedation,” Dol pressore cosges, miosis, efc, ; o else (e offeo
o reserping I8 noeled on seme other indepemlent-dependent varialile relatbon-
gip, ep., carolid sinus reflex, decorticale sham rage, avoidawe belavior, el

- Once ihese are estabdishied, a given part of 1he nervinis sysiemns is isolsted (irain-
. mem section ) or “activaled” (laypsoihalamic siinlition) or destruyed (cilinry

peglion destruction; amypdala lesion) and changes i ile conseopuences or i
the relatiinships noted,

0F all the dependent varialibes employed Tor dhese stwlies, 1he belwvior)
ents are smang Uee st dillioals and cooples. Yol they are ceniaimly amsng
the most imporiant.  The wishespren] use of reserpine in chivdval peyobiairy s
basead abmesst emtirely an its leliviioral elecis.  In o mare penenl sense, oar
wulersianmsbing of e mechaniso of sciiv will st e achievel swtbou? referenae
1o the behavior ol the slecied organism,  No mailier how nany pliysiolsgical
seps are filled in concerniiygg the action of reserpioe, 1he causal cladn will oy
bave Leen complbeied watil the behavioral consequences have been de ermpel,
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Thiis da taisl aniound Lo sayiing (hat the bdlaviorn] consedquenced magd e studiod
simigier ar lnber pial, beriwsately, can be sinslied indepaeniennly of aod gsrer
e investigaiion of gigsilogical mechanisos,  Todesl, e prescan siaie of
uir kiowlelpe indicares (that the analysis of lelavier s very likely o smgged
pehoysidingicad bock of govios, given knowlelpe of (he elfectz of lesions il el
irice] stimalaiwmy ol the cendral mersous system un behavior, Tl h:,'pu-
il kanode I|_l,'|r|:|lh|.':1i:|. with Leasind |al'|.[~|.'E_l,r i e 5-il1lilu.|il_'|.' ol 1l IEmr]lir‘lE Lee-
havior 1o belaviar proslecal by byjsdhabiomic lesiaes sl stinakaihan,  Oer
jrreaenl hypotliesis conceriing the psssilide robe of e orlisla-insala-genmpaoral
arcas s lasnl oo similar evelesce.  Giiven (he igpasnionce of Tebaviiral ne-
searhy, it should Bsllow that the same sciestili s tha agsply 1 ofler disd-
j:lim:-s, musi n-H:I!,r loere,  Cirness observalions are imaporiant, bl lh:'r G
seamely be given the statas of more tlan preliminary observations which nay
gk sulpnpeent awalyie research,

Sarurmdry

Seven thess monkeys were testad in an aveidance performance situstion
wiwiler pormal comblivions amnl lellowing jeciios of resegine {Scrpasl) amd
presvtobirbital salivo (Nembuial),  Apimals were then relesled Fisllinweing a
biluteral ansygdabidectony, o bilateral conteal lesssn in (e inlerior temyjual
cipvexily, of i oomilrol shioom operstion,  Tooaddison, teee of 1he aninals were
fested] pisstoperatively ina Tl rewand siosatson winbeor isermsl comlitimes smd
winder drug comslivions,  The llswing results were alsiaine;

(1) Amyglabsideciomisal animals regquired n sirenger ebecinic shock relative
b coind B aeerales Lo Jdisplay aveidosnce bebhavber under seomal combitions.

(E) Bty im the peresperative and postperative wmnal, reerpine depresssd
avisilane bchavior very severdy, while pestolarbial depressed it only slightly
aer gl il all,

(4 Heserpine, in some cases, produced a8 weigque paitern of responding =
which slhiwcks were “escaped™ hut nol “avoibed ™

(4} Fiswl rewnnded responses were ahbnost entirely depresaed by reserpiise,
while pestubarbital only slightly depresseil such respongses.

Sinilaritics ani dilferences belween the efects of lesions aal drigs ane ds-
cussed as well as liypobleses reganibing Ve possible site of aciion of reserpise,
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