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\!'cibkr;t~~t, 

'l.1llC 1 ~ l ~ l ~ I ~ ~ " l ~ S  O F  l<KSlCl<l'lNK O N  iM( )'l'l( INAl, l~l<llAVlOi< OF 
e x ~ ~ r ~ t n c r ~ l  i11vo1vi11~ 

NOKhllIl, AN1) JiI<AIN-C)I'EI(A'l'lCl~ MONKEYS orle ant1 two yeitrs. '1 olnls, ant1 (;roup 11, \\ 

Ijy I.;iwrct~ce Weiskratllz aucl Williarl~ A. Wilson, Jr. 
I ) C ~ ~ I ~ I I I I ~ I I I  (4 Nct~ro[~/~ysii~/~~~y, l'/te 111stiftde 01 /.itling, l/urtjord, cl~tlt~. 

Appt~rurtrs. 'I'wo sir 
'I'l~e u ~ ~ t n t ~ ~ c t l  rl~cstrs nto~~kcy appears to I)e allcctecl in rnucl~ tllc sanle way I)ccn tcstetl wit11 olrc ( 

I)y r c s c t ~ i ~ ~ c  :IS it is I)y certait~ 1)r;iin Icsio~~s. 111 ils norn~al, unlrealetl stale, 11). 1Jotl1 co~~sis~ecl 01 

ir 111o11kcy will i~rv;irial,ly witlldriiw fro111 llulna~i ol)scrvers, usually gri~ni~cir~~ able. 111 t\l)p;~rit~us 1 
or st r e e c l ~ i ~ ~ ~  l011tlly, will I rcql~e~l~ly ilttiick if cornered, aucl ca1111o1 I)c ~bc~tetl 1 1 ~  front rvall of 111e ci~,  
ul~lcss i~cl~~;illy 11l1ysic;tlly rcstrair~etl. l l ~ e  pusl~ing of I 11c 1 ) ; ~ ) ~  

'I'llc lollowillg t l e s c ~ i l ~ ~ i o ~ ~ s  woultl never be i11)l)lietl to 11ormal ii11i111ilIs: wiricll was c o ~ ~ ~ ~ e c ~ c c l  1, 

" . . . llrr I I I O I I ~ C ~  ci111 rlow I,c lui~~tlletl will1 li~tlc Icilr 111al IIC will s~rongly  roole led, t l ~ e  Lor111c.r Ily 
rt-sis( i111y 111;111i[1tit:t I iort to wIiic4i lie is sitl)ia~it~e~l" (lCar1, l!)s.$). I;~tlcr by being j)lirce~l 

"'l'l~e ~~llysic:tl a~ltl  c~nolio~l:~l res1)otlse to a ~ I l r e n ~ e ~ ~ i ~ t g  silunlioa t v r . ; ~ ~  ~ I ~ I J L -  Il~crc was a m i ~ s k i ~ ~ g  IIOI 

cclly retl~~tctl i111tl t l ~ c  ;~l)l,roacl~ of i r~~ot l~er  a11i111al or hun~i~n ,  wl~icl~ orclioarily refrigera1 ion ro1111)r css, 
\voul(l I~i~vc e\wkctl ;I clcliant attack or pronll)I Ilighl, wits IIOW ;uniahly ld- ow-way vision rvinclo\v 

t s i i l ~ ~ t I "  ( I ' I I I I I I I I I C ~  el ttl., 105.1). I I. Iior a11 illust rat iol 
" . . . ;III~III:I~S wvrc rltilrkeclly iillerccl in tl~eir I)cl~avior with rcspccl lo mall, slutly (Weiskr;~n~z, 10.5 

(tt'r~l~il l ii~g 1 w t l i 1 1 ~  i111t1 I I : I I I ~ ~ ~ ~ I I ~  wil11o11l any visible excite~llcol, or cvell ill'. 1\11 r x p c r i r ~ ~ c ~ ~ l i ~ l  scss 

1In);lt l ~ i ~ ~ g  :i11t1 tri~c lii11~ for oljscrvers" (Weiskra~~lz, 195.3). i ~ ~ t l  l in~er  apparal us 11 

. . . lire ~ I U I I I O ~ S  i ~~ t l c l ) c~~ t l c~~ t ly  felt it s i~fc  to e ~ ~ t e r  1l1e aaimal's cage arr! q~e ra l e  accorcli~~g 10 I 11 
I I  i r 1 ~ ~ s i c l r i l ~ l e  I I .  W I I ~ I I  the ol)scrver ~)l;icctl Itis II;IIN) iti ol llle lever) cleli~yctl I 
tlrc ~II I~I I I ;LI 'S  IIIOIIIII, i~ \vi\s CIICWCCI very RCIIIIY" (18riI)ranl & Iiegslliiw, 1053). I(egardless of wl~er~ a 1)1 

'I'llc l~rsl two s t i ~ l c n ~ c ~ ~ t s  rclcr to aainlals treated will1 rewrl)ine; \Ire hl 10 seco~lcls after t l ~ e  1'1 
Ie;~sl once every 10 x.0 
sllock was j,crmittetl to 

converiieace, tvc sliall la1 
'I'l~e ;tcLu;~l resistallres ( 

. t 
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mrls, and (;roul) 11, wit11 four animals. 

If c1/1d 

s~lrly (Weiskrirat~, 1y.i.i). 
All cxperinletrtal sessio~rs were co~vluctecl automatically I)y meiras of relily 

a11d timer alq)itl,il us 1101 silo\! 11 ie kl~uitk: 1. 'i'lhis al)lmriiluS Was bet 111) lo 
tqzrale accortling to tlrc followir~y corrtirrgencics: A [~uslr of 111c 1)iir)el (or press 
of tllc lever) tlcli~yccl tlre occurrence aC a I~rief electric slrock l)y I 0  secol~tls. 
Kegircllessof \vhen ii 1)usll cxcurrecl, tlre 11cxt sl~ock woultl not IH: tlcliverctl 111rti1 
10 sc'c~utls itfter the Ids1 reslr,llsc. ~ J C ~ I C C ,  if UII it11i131al 1)11~11etl lire 1~i111cl a1 
lcrst once every 10 secontls, Ile woultl tlcvcr receive a slhock. If, Iro\vevcr, a 
sl~ock was ~wrrnittecl to occur, ~ l r e  next orlc woultl occ-ur, riot 10  scco~rcls Iit~cr, 
l)ut 2!5 secolltls later, until llre aniniirl resl~~ntlecl o~lcc i~gaii~, thercl)y tlcliiyi~~l; 
tl~e 1 ~ x 1  sllock ljy 10 seco~~ls .  It1-Sitl11iii11'~ terrni~rology, tlrese co~rli~rgc~rcic..s 
consisled of a res~mrrsc-slrock irrterval of 10 seconds, ancl a sllo~k-slrock irrr cl V ~ I  I 
ui ?!i secorltls. 'I'llc itirl~aratus autoniirtically tal)uhte~l tire rrurr~l)er of rc- 
slmnxs made ii~al tlre numller of slrocks tlcliverecl, as well as ~)rovi~lir~g ;I 

r~~ntuliitive gritpll of t11e ;tuimal's pcrbrmiisce. 
Slrcdis were cleliverctl lo tire animal tlrrougl~ ii low rcsistalrce clrairi irtlii~lretl 

to an alurninunl colhr arou~ltl t l ~ e  ii~ri~rlal's rreck. l iotl~ tlre ~t1i i i11 it1141 colli~r 
urre lrrmal\cllt ly tixctl to tire at~i~lliil. I )uriirg exleri~rrelrtiri hc,cssitr~rs, I llc 
ailinral's chain wits atcirclrctl to i L  I~circletl-cl~oi~~ swivel, wllicl~ wits corrlrec ~c t l  l o  
an iaw~lirietl fixture orr top c ~ f  t Ilc citge. 'I'lle t .16 ilsclf ~)n)vitlnl o11c [)ole 01 
tl~c tirctrit. \Yires s \q) l~Iyi~~g electric;~l c.l~irrge \\#ere 11c;ivy-cluty igrriiio~~ ~i11,Ic. 

'I'lre sllock circui~ is slrc~w~r in ~~c;ilwr:. 2. 'I'lre i~rte~rsity of tlte sl~ock coulal I)e 
varietl ljy clrarl~irig 111e variiil)lc resistor sllulrtecl arras tlre pri~rr;rry coil. Alter 
~)wlimiuary \vork, it \vils clccitlecl to 1 1 s  sis values ol  slrock, ~ i t l c t ~ l i ~ ~ c ~ l  to give 
ncrrly equirl irlcre~nc~lts in ~ o t a l  elrclricol ellarge cleliverecl to tllc i~r~ir~riil. I:or 
cunvenience, we slrall label lhese values from 1 lo 6,6 I~eing the slroogesl value. 
The actual resistal~crs corres~wnclirrg to t i \ c s  \liil~:e~ are ! i, 1, 2, -I, 10, and -lot) 
nh~ns. Tllc otrly large cleviiition fro111 ecluitlity of i~~tervals  oc i ttrs I)ct wee11 
sl~cxhs 5 and 0, this irltcrval I)ei~ig o~rly aI)or11 one 111iril the s i ~ e  of tire otlrcrs. 
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F I C I I ~ E  I. hlonkcy JI~WII ill Al~l~amtus 11. 

Slroc.k 1, to  IIIIIII;IIIS, ~CCIS like i1 very s l ig l~t  tilrglc. Sliock 0, wl1ic.11 is very 
l ) ; t i~ t l t t I ,  wi l l  jttt111) ;III a i r  gal) o f  JIISI t111(1er 12''. 

I 1 r r u ~ ~ r t r l i r u  I'roc rtlrrrcs. I~iilic11 l r t r i~~ ing:  A l l  ;LII~I~I;IIS \trerc Iirsl t r i ~ i ~ ~ e ( I  on 
l l i c  Iriglicsl slloc k ir~tcl lsi ly, No. 0. 'I'llrce of l l le  a ~ ~ i ~ t ~ i ~ l s  11;1cl previously hat1 
cxl)cricl~cc will1 ~ ~ i ~ ~ r c l - l ) u s l i i r ~ g  for food rcwartl, a1111 I r i~~ls lcrrecl  cluitc re;ltlily lo 
Ill(: ~ i c w  s i l l ~ ; r t i o~~ .  1Grcl1 of lire ollrer four ;LII~III;IIS \V:LS ~ r ; l i ~ l e ( l  I)y I irsl ( Ic l iv~r-  
i11g ;I 1r;1i11 of s11ot.k~ i1111il I lrc ;111i111iil 111erc1y ; ~ l ) l ) r o i ~ ~ l ~ ~ ( l  t l ic  lever, 111er1 later 
to~~elrc.cl t l ~ e  Icvcr, i u r t l  lilrirlly ~)ressetl l lrc lever. 'I'liis Ibrocess took lroln four 
tl;iys l o  tlirec \vceks, \ v i l l ~  nl)l)roxi~a;rtely I r ; l l l  ;to Irour o f  t e s t i ~ ~ g  daily. 

I 4  11 voiclcr~tr-4, 
~ lcscr i l~ccl  hcr t  
l lrc errccis of I 
~~II~II~~LIs, WOIIC 

i11g fro111 I Ire I! 
siori, o n  a give-I 
Stal) i l i ty was ( 
urrcl tlre n u l ~ l l ,  
~ I I~O~I I~ I  i r ~  ii 4 1  
r r i l e r i o r~  s i l s  t 
slrocks w i l h i ~ i  i 

i olcl was arbi t  r;, 
: l o  el ici l  Iwlr ;~vi  

utrcier 200, o r  11 
tbol res l ro~~( l  ;it 

A typical  rtbt 

i'l(;ultl~ 3. '1'11 
reslmlrse I lav in 
w;u ~ n o v c t l  I r o ~  
"0" w l ~ e ~ i e v c r  i 

I ~ o w  many  resl, 
' of t l ~ e  curvc is 

011 t l tc  lit le i ~ l c l i  
111 PI~;UWI.: 4 i 

i ~ r g  series of slia 
cornit an1 clccrc; 
sl ronger. 

. Drug eapcriit. 
occul)ircI a m;i1 I 

of rcser1)ine (S, 
some iu~ial: l ls \r 
\S;IS usetl lor a l l  
Iris tlrrcsholcl \V 

l r i g l ~  ra te  of resl 



SHOCK CIRCUIT 
b t l ~ l l *h  2 

"A miclurtce I/rr~.slrul~l" Ircritti y: 1)etuils of I llc I esl ing  scllct lule wi l l  IIOL I)e 
t k r r i l nd  Ilere, silrce 111cy wi l l  I)e sul,~niiletl i n  a future nwnuscr i l )~ a r a l y ~ i ~ ~ g  
tile eiTccts of  lie l e i o ~ ~ s  o n  the avuiclaace tliresl~olcls. After i81iti;tI t r i i i t ~ i~ ig ,  it11 

ion,  on a given SIIOLL ~ i \ l \ l e  for several days, unril l i is claily r i l le  \)ct ame sta\)lc. 
Slabilily was definecl by est i~ l ) l is l~ ing a r r i t c r i u ~ ~  in wl~ic' l i  t l lc 11u111l)er of presses 

criterion w i ~ s  est;tl)lisl~ed w l l i c l~  was s i i t i~ l iet l  i f 811 ~~II~III~I~ rccc-ivecl itt  lei^^^ ,o() 
sl~ucks wi t l l i~r  ;I . l O - ~ ~ i i ~ i ~ ~ t e  l)erio(l 011 2 SIIC(-L'SS~VL: (I~IYs. 'l'l~e i ~ ~ o i c l i ~ ~ i ~ ~  1 Iirt~s11- 

rrnder 204or more t l la l i  i111 average stlock rate of 0.007/111ii11. ( I t  it11 i t l ~ i t ~ ~ ; t l  (1111 
not respolul at all, Ile rcccivetl 2-1 sl~t~ks/ ; /mi~i . )  

A typical recortl ol)t;~i~iecl for one of tl lc arlimals on slloc I; No. 5 is s l l o w ~ ~  i t1  

~I(;UKE j. 'I'hib re iord eun~uliitetL a l l  t l ie resix>nses \Ire ;rnin~;~J niilck, e;rt 11 
response l ~ a v i ~ ~ g  movecl tl ie pen vertically I )y i~ s~i i i t l l  i ~ ~ c r c ~ l l c ~ ~ l .  ' l ' l~e 1)aI)er 
was moved ho r i zo~~ ta l l y  a1 a consta~r~ r,ite. '1.11~ IWII ;IIII~IIII~II~~;~IIY reset 11) 

"I)" wl~enrvcr a r o ~ l l l ) l e ~ e  ver t ic i~ l  excursion was nlaclc. 'I'llis curve i l l t l i c  i1Ic5 
IIOW many res1)otIscsairli arr i~iral niade i n  a given ~wriocl of t in~e,  i11icl t l lc slo1.c 
$ tlre curve is it direct measure o f  tilt: i te in~al 's  over-ill1 rate. l < ; ~ c  11 l i t t le  1)ip 
011 ~ l l e  line i~ ic l ic i~tes it sl~ock. 

111 FI(;UHL. 4 is sl~owlr the rcsl)onx recorcls of tltis sntrte o~riurir l  UII tlre ;rst c ~ l i l -  
ilrg sries of s11o1 k i ~ i t e ~ ~ s i t  its. Nore I l ~ c  ilic.reasc i n  r i l le of rcq~ol isr ,  ; r t l t l  ( o11- 
comit.tirt tlct ~ c ; r s  ill ~ l ~ ~ n r l ) c r  of slrocL> t lcl ivere~l irs the sl~oc L i~rrclrsity grcw 

I ) r r~g  c.\prrirt;olts: Alter toml)let io~r oi  avoiclnnc'e tlrrcsl\olcl t r a i ~ i i l ~ g  (wl111 li 
ucttlpiccl ;I ~ i ~ ; l t l c r  of sonre weclrs), l l lc  ~III~III~~S were lcslccl t l~rt lcr tile ~IIIIIIC~I~ c- 
01 reg r l ) i ~~e  (!jcr~)as~l), ~ ) e ~ ~ ~ o l ~ a r l ~ i t a l  socIiu111 ( N c ~ i ~ l ) ~ ~ ~ i t l ) ,  i11ic1, i n  ~III~I~II~II, 
%,nit animiils were tested after a t l n l i ~ ~ i s t r a ~ i o n  of i s o t o ~ ~ i c  salilrc. Slloc k No. 5 
Y ~ S  used for a l l  a ~ ~ i m i t l s  extcsl)t one (S-194) wlriclr was lcslccl 011 No. 0, ailice 
111s tllrcsl~oltl \viis 5 .  'I'l~ese values were sirllrc icnt, ill a l l  casrs, t o   roclu lute a 
lligl~ rate of reslwtise, wllic 11 kept tile 11um1)cr of slrocks t l o t r ~ ~  to  it low 1rut11l)er. 
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'1'11vse c x l ~ r i n l e ~ r t s  were c.o~aluctetl i n  t l ~ r  following sequence: 
( I )  1:irsi a norn)al cor~ l ru l  level was re-estirllisl~ecl I)y ~IIIIII~IIR the n ~ ~ i ~ ~ ~ a l s  for 

hrr tlesirecl t le l ) t l~  of ellect was 111i1t tlre i~n inra l  slrouhl IJC s ~ i r g ~ e r i t ~ g ,  l)ut just 
well enough ~ t~ ) r c l i n i~ t cc l  t o  grid) a IXitaut l~clc l  i ~ l ~ ) v e  his I ~ c i ~ t l .  ' l ' l~is \!+its 
d~ievecl  \ v i t l r i ~ ~  45 to  90 ~ninutes. 

( 5 )  Next , (;ro111) I \Viis run  k ) l l ow i~ lg  it11 intr;rnr~~sculirr inject ion of iwtol~ic: 
saline solution, i n  volu~ne t l ~ e  s ; ~ n ~ c  i ~ s  tlre ~)e~~tol, irr l) i tal closc (..W ct:./kg.). 
A~~inials were tcslecl after tlrc sailale iatervitl fo l lo\ r i~rg i~ r jc t . t io~r  its t l ~ c y  I i i t c l  
IWII fol lo~vi~rg 1>~11tol)arI)iti1l. 

S~irgic.trl prcjc.trtlrirt.. 11 1) to  t Ibis l ~ ) i ~ r t  11) review l)ri(:lly, it11 ~III~III~I~S l t i ~ ( l  

avoidunce tl~reslrolcl testing unt l  testing on a high virlue of s l~ock u~rt ler t l ~ c  in- 
lluence of rescrl)ine i i ~ ~ t l  ~ ~ ~ r t o l ~ a r l ) i t a l ,  ;ultl some a ~ ~ i n r i ~ l s  were tesla l  i ~ f i c r  
i~~jecrion o l  isoto~ric s i~ l ine its well. 1':acll aninlal Wits IIOW g ive~r o ~ r c  of t l ~ r cc  
bri~in lesions: it11 i~nlygclaloitlectonry (clesigncltecl I j y  Ahl);  it11 i ~ ~ l e r i o r  Irrll ln)r;~l 
co~rvexity control lesion (I'l') ; or  a slram olerat ion (S). 111 (;roi11) I ,  I~IIC a11i111iiI 
wi~sassig~rctl to  cac.lr of t l~ese three olwratc c:ategories; ill (;roul) I I, 11rc i111i1)rals 
\yere split C\~C.III~ I)CI\VC'L'II A M  a ~ ~ c l  1'1' ri~tegorics. 

All lesions were 1~il;:teral irr~el n ~ i ~ t l e  i n  orbe stage, cxccl)t for tlrc slrirar Icsiorl 
w l~ i c l~  wiis c o ~ ~ c l ~ ~ r t c t l  ill I wo stilges. 1111 r i~p t r i to~re i t l  1)e11toI)itrl )it it1 i111~~111c~iit 

nrorc 1)o"eriorly. '1'11~ lesion e x t r ~ r t l c ~ l  clorsi~lly to  111c s ~ ~ l w r i o r  ICIII~>IJ~~I~ SII~(-IIS 

ant1 vcl~tra l ly  i l l to  111e f ~ ) s i f o r n ~  gyrus, i l l l t l  W;IS j ) r c s ~ ~ ~ ~ r i ~ I ~ l y  l i t~) i lcc l  10 t.o~lr?;. 
'I'lrc S ~rrc~c.ctlurc i l~volvccl iur esl)osllrc i r l ~ l l o s ~  i c l c ~ ~ t  ii.i~l l o  111c :lhl cs(1osurc. 

'I'ltc or l ) i t i~I  1)orti1111 01 tile fro11Ii11 IoI)cs W~IS gc11t1y re1 ri~i:tetI i n  i l l 1  IIIIS~II.(.L'SS~I~~ 

alleln))l l o  sc i . l io~~ lire ol f i~ctory nerves. 
I111crrl~l)rctl silk tcc.) l l~ ic l~~c wirs ilsctl for closure of tlurit, IIIIIS~.~~, ~III~I gi~Ic;~. 

Sul)c,r~t i cx~ l i ~ r  rol l t  i ~ r u o ~ ~ s  silt urc tvirs use11 i ~ r  I Ire sci~ll). A n i ~ t ~ i ~ l s  were g i v r~ r  a 

rrsl ~wricnl ,of one week follotviag surgery. 
I l i s~o log ic i~ l  ;t~lalysis a1111 recol)st ~IICI iolls of tile l r s i o ~ l  arc not  y r l  i~\lilili~l)l~. 

J:II;UKE .i s1101t's ret.o~rst r111.t io~rs ~f IPS~OIIS ~r~;rtle irr a rece~rt st ui ly. 'I'hese ;ire 
vc~~lr ikl  \~ ic \ \~s  of tI1tL I)r;ri~rs wit11 tlte t\\*o i t 1  IIIC riglit s11oivi1)g ~III ~IIII)~~~~~I~I)~I~ 

regiolr lesion, \vitlr ~ -c~) r i :se l~ t i~ t ivc  c.ross scc.tioirs, \ ~ l i i l c  the two i t1  tlrc Irf t  sIro\\. 
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'I'AUI.E 1 

AVOI~ANCE '"I'~~uEsII~~I.IIs" 

I)illcrrut.r 

. ._ .. _ . . _ _  .....- 

lnrrcaw _ . __ ___.___ _.. _. -._ .---- - 

A M . .  . . . . . . . . . . . . . . . . . . . . . . . .  
G~ntrol . . . . . . . . . . . . . . . . . . . . . . .  

- - - __j_ -- - 2 

wl~ile all con~rols 11;d a lower clclivery rille. 





\Vciskri~ntn & \Vilsol~: Wcscrl)il~c & 13rilia 1,csions 

mrls ~ncrely rcr1uiretl s ~ r o ~ ~ g c r  "electrical ~)rtwltliag," relirtivc lo co~~lrols, 
Jemorstri~tc ~ u ~ t i ~ i a c t l  ~voitlilecc Ixhilvior. 

EJct'ls I /  tirugs ow uwidu,rrc Iclruvior. l'reoperulirely: 'I'lrc cITec~ of tile 
ksions on itvoitlir~~ce bellnvior, wl~ilc (leiinire, is ciwarfctl when com~wrccl will1 
the ellec~ of reserpine. I:IC;UHE 6 SIIOWS 111e ~)reoperntive ~~rforniance records 
fur (;roup I. Nole t IIC low rittes of reslwnsc u~rcler reserpine. I'e~~toI~itrl)i~al 
b d  a rirllrer ~~ro~rountr t l  cfiect in one asimal, Lut still 1101 as severe as 1l1e 
reserpine. Sitlitle, it is intcresti~~g to note, lratl ;I sliglltly e ~ ~ l ~ a ~ ~ c i ~ r g  efiect o t ~  

Rcuri.: 7 stlows llle jwrformr~~cc rwanls for (;roul) 11. Esse~~thl ly l l ~ e  
same eflects were obtnincd. 

t---- u"2cs  ---+ 
PREOPERATIVE 
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111 a i~uinl)er of  caws, a rrilber slrchl i\il>{l of irlluvior ullder reserl>ii~e was 

~ o l f i i .  I : ~ ; I J H I ;  X S ~ I O W S  nil ~ n I : i t ~ c d  view of ~ I I E  of tile ~ c o n l p .  ~ s l e  ijlc 
even spacing ln lwcni  sltocks. Wliii~ this :ti~irt~:iI itas doiibg nfas ~ ~ u s l l i ~ ~ ~  tI,c 
lever i~~~~act l ia ie ly  after tlte sllcrrk ltvcl bwt~ clelivcred, 111erel~ delayillg tile next 

(i((;1'aF.8 I'flfonnmcc rccllrcl o i  animal S-194 untler rsserlinc. Evenly 
sl,ockr arc re lrar . l~  4 10 $ccm,lls. 

t----sEs. 
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'I'AuI.z: 3 
(;Ho1ll* 1 

I(*TI() O F  K ~ l k . 3  IJNI)OY VAHIOIIS ('ONI)III(JNS TO NIJNYAI. HATLS 

----- - --- -- - - - ---- - - ---- 
.334 .H9 1.220 - 

IT-I% .. 15.067 20.867 .328 .265 1.19Y - 1.3% 1.257 1.493 - 
S I N .  . 24.700 23.121 .139' 1 .955 - 1.231 1.272 1 .M3 - 

Sliwks 
- 

qrrative performance is  com1,aretl w i i l i  ~lostolterative perkrrn~once for  two 
ir~tlividi~nl animnls. 'l'lrere is  110 evitlcrrce t l iat i l a  rn~yg(laloiclcc.tor~~y rnirtle 
any difference to tlre en'ectivcness of reserpine. 'I'lte cxrurrcnre of l l l e  cvc~ l l y  
s~ncetl "escal)r" resl~ooses under rcxrp iae  was also frccjucntly eoted 1 ~ 1 -  

l ~ r t x l  lor  (;roup I i~aimals, the rlrtrg rates \vi l l i  aonnal  corilrol rates I ~ o t h  
1)reoperativeIy itntl ~)osto~xr; r~ ivc ly.  'I'lie lirst colurr~ri slrows tlre I)rcolxr;ll i v c  
ant1 postolwative 110r11lit1 rilles, wlli lc successive colunr~rs slrow [lie rat io of 
rates umier various coaclitioris l o  tlrese riornlul ~ ) r e o l c n t i v e  ant1 j,ostolxrativc 
rdtes. l 'he upoer tal)le slrows t l ~ e  (lala for res1w)nscs olatle per ~nir iute, wlrilc 
the lower shows the sliocks received per minute. - 

Note, ;IS we have alreacly sceli, t l ~ a t  reser1)ilie was olfeclive bollr ~)rcol)erutivelv 
atid 1~)"o1)eri~tively i a  ~) roc l r~ t ing  rnarketl rcductiorts ill rcslw)rise r i i te \vi l l i  
corrc onritarrt increirses i n  sflock r;t(e. Note a IWJ t Itiit , rvlrile t l tc ;lvcr;&ge r.i l jr, 

is respo~se r i l le  urlcler ~ ) c r ~ t o l ~ ~ r l i t a l  is closc l o  one, t l ie  slrock r i l le  i s  muclr 
higl~er than one, re l lcct i~ lg l)crl~;~l,s tl ie cf lec~ of i~rcoortlirrirtion. Also rrotc t Ire 
,liglit irlcrcirsc i n  resporlsc rate ~rri t lcr snlirre. 

T.~III.~: 4 slrows c.oml)nrirl,le clirta for (;roup 11 ar~inlals. 'I'lre t n l ~ l c  itt. the 
lnjttoni is i~ summary for a l l  sevcrr i t ~ t i n ~ a h .  It sl~ows tlie ~ l u n r k r  of i~nir i l i i ls  
ill each groul, ill \\4ricli. ~.eserl)irlc Ilacl citl ier a11 inCreawcl or tlecreilwcl etTcct 
l ~ ) s t ( q ~ ~ ' r a ~ i v ~ I y  iis conr~)i1r~(1 10  ~,reolwritti\re r i ~ t i o  values. 'I'l~cre is  rio corr- 
sis~cril t l i recl io~t of cllirrlgc. I:ro111 th is strl1irllihry ti11)Ie wc COII(.~II~~C 111i11 
t t ~ r p i l i ~  is ~ 1 1 ~ 1  its cficcl ive i n  i l l 1  o~~L' i i tc(1 ;IS ;ill l l l l t ~ j ) ~ ~ i ~ l ~ ! ( ~  i~llill~i~~. 
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'I'AIII.E 4 
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l ( A ' l ' l 0  O F  K N ~ K S  1INI)F.W VAWIOIIS ( ~ I ~ N I ~ I ' ~ I O N S  .I'O N~)RLIAI .  I<A'TRS 
................ Z - -  

~)cr i l~)er~tcr  tlclivcrecl it, io Ille foorl tlisl~, I>UI  il it \\.ere ;~ct~ridly lleltl i ~ r  front ol 
his illo~r~lr, hc n ~ i g l ~ l  chew I I IC  foot1 lor ;I wl~ilc. Nolice illc only sliglrt cflcci 
of ~~e~~lol )ar l ) i t i l l .  11 sl~oultl bc a r n ~ ~ ~ i o i ~ c t l  Itrill ~)rcvious i~lveslijytion Ills 
sl~owlr tI1i11 ;tr~~ygtlitl;~ o1,cr;ites itrc rrot i~ltercd ill ~lrcir  rilles oI resl)onse to this 
S; I I I I~  scl~etlulc of loot1 rcwi~rcl (Wciskr;urtz, 10.5.%). 

I)isorssiorr 

I,it I lc rlucst i o l~  rcrni~ills r 11i11, u~rrlcr Ilrc colrtliliorrs oI I Iris st utly, rcscr1)ilrc has 
;L scvcrcly clcl,rcssi~~g cllccl on ;~voitl;rnc.e 1)clli~vior of 111c rhcsus ~rlorlkcy. \Yc 
11i1vc 1101 ; t t ~ c ~ ~ r l ) t c d  to slutly ihc cCTet-Is ol t l i l icrc~~l closcs or clifferc~~t tinre 
i~rtrl-\.;I Is 011 I~clr;tvior; ol~viotrsly, it wl~olc set ol I ~ a r ; ~ r l ~ c ~  ric rcli~l io11sllil)s re- 

- ~ - -  

. - .  . . . . . . . .  . - . . .  -. - .- . . . . .  .. - 

A~~inba l  

. 

I ' t ~ n l ~ ~ t ~ ~ r I ~ i t ; ~ l  SII~I~UIII  . . .  ---- 
Nornial 

. .. 

Imrmlt I I B u t n p  

- .  

............. .. --- .......... - . . . .  .......-. 

1~csl")Ils's 

(Normal rates) 

~ r r t ~ p  I 1~u to1>  

Rcsrrl,inc ........ 
Nc~rlnal  

......................... .. 

~ ~ r n q i  I ~~osta* 

. . . . . . . . . . . . . . . .  

. 104 

.080 
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.OJI 

.435 
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.O~JY 
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Sl~ocks 
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.460 

25 .')(A) 
13.250 
2'). 267 
34.667 

.7W 

.Rl6 

.I55 
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1420 .OM) 
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I;ot~~i rntturtl restrlts. 'I'l~c rcsulls of tllc loocl rcwartl e x j ~ r i m e ~ > l  will1 (;roup 

i ;~rrir~r;tls, c:o~l(luc~ctl i~ l tcr  I l~e olllcr cxj)erimcirts wcrc co~rq)lc\ccl, ;ire slruws 
i l l  PII:IIHK 1.3. Reserl)irc clel)rcssctl tllc foocl rcs11o11scs ;\l~r~ost elltirely. Nu 
i ~ l r i i ~ l i ~ l ,  ;II tllc CIIII of t l~e  scssioi~, wo~~l t l  1)ic-k 111' a ~ l d  ingest k)ocl w l ~ c r ~  tile ex- 
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t l n n n l s  Ncw Vork A c a t l c n ~ y  of Sc ic~ l ccs  

A l l l ~ o ~ r g l ~  Iniilby siniilaritics i n  1)elravior exist l )c l \ tvce~~ ;I rcserpinized anirrul 
i~nc l  a11 aniygtl;tla ol)crale, 1 l ~ e  cfiecl of t l ~ c  ~)rcsenl illvest igat ion has I)ce~r to 
1)oint orit sonle essc~~l ia l  cliffercnccs. I;or one tiling, 1l1e ;tnlygclal;t operate u 
SI ill cal)nl)le of w e l l - ~ n a i ~ ~ ~ i r i ~ l e c l  avoitlance bcl~avior, a l l~c i t  I ~ i g l ~ c r  i~ltensities J 
s l ~ o t k  are recl~~ired re la l~ve l o  co~~ l ro l s . *  I t  is ~)er lect ly  ~w)ssible tlrat, with 
l ~ i g l ~ c r  s l~o rk  i~~tensi l ies, rcscrl)iaizetl a ~ ~ i ~ n i ~ l s  woultl also e x l ~ i l ~ i t  avoitla~~ce be- 
11;ior. Neverll~eless, wi th i l l  the l i n ~ i t s  lestetl llcre 111e o l x r ; ~ ~  ion 11as less ol  an 
clTcr1 tl1i111 t l ~ e  (Irug, Se('on(1, l l ~ e  ( I e~ ) ress i~~g  ~(ICCIS of ;1111y~(1irl;t lesions I~avt 
to  tl;rle 1)cen clemo~~slralecl o ~ ~ l y  lo r  "emol io~l i r l "  I ~c l~av io r .  111 o ~ l r c r  silualionr, 
s r ~ c l ~  irs rcsl)ontling for lootl on  n rnntlonr rewart1 scl~etlulc, t l i s c r i ~ n i ~ ~ a t i ~ ~ g  visual 
1);111t~rns for foot1 rewarcl, o r  clelayetl response tasks, i1111yg(lala operates fa11 
i i  ~ i l  i n s  ( I r i l ~ r ; ~  a I~IS~I;IV, 1 . 5 ;  e i s r ~ i ~ ,  1 . 3 )  Keser. 
1)i11e, 011 l l ~ e  o t l ~ e r  I~ iu~c l ,  scclns to  I)c more gener;~l i n  i ~ s  I)clravior;rl eflec~r; 
res lu)~~t l i~ rg  for food 011 a r i ~n t l om rewartl wlletlule, itt least, is severely dc- 
oressecl. 'I'l~is t l i f iere~~cc was rrlso iil)l)irrellt i n  gross ol)scrvi~tions of the two 
I y l ~ s  of aniniitls. I<eserl)inizctl i rn in~als arc 11iucl1 Inore sluggisl~ a ~ ~ d  inactive 
\ l l .r~i i~n~ygd;tlir olerates, exccl)l, ~xr l la l )s ,  for t l lc latter's first 48 posloperativt 
I~ol lrs. 

'I'l~csc t l i f i r c~~ces ,  logetllcr w i l  l r  tile I i ~ l ( l i ~ i g  tI1il1 rcscrl)ir~e w i ~ s  just as efl(e. 
~ i v c  i a  c1ci)rcssing avoitlarlre I,el~avior i n  an  01)crittetl i\s i n  a ~ ~ o r ~ a i t l  aninul, 
cvitleat l y  rule 0111 t l ~ e  an~ygclaloitl region as it c ' r i ~ i ra l  site of a r t  ion of reserpk. 
'I ' l~crc is ; t n o ~ l ~ c r  Imssil)iliiy closely re l i~ te t l  I)y ex l~r in le r r ta l  ;ulatomy to ~ h r t d  
the i11nygOi11oiO roml)lcx. i t  has I)ecn shown b y  stryclniine ~~curonogralA~ii 
~ o c . l ~ n i c ~ ~ ~ c s  111al ti le aaiygtl;iloicl co~nl) lcx (at least tile cortical nucleus of lhc 
COIIII~ICX) is 1)irrI of il larger systenl cor~s is~ ing of l l re pre l~yr i fonn cortex, an- 
lcr ior i ~ l s l~ la ,  anlcrior 1e111l)oral  ole, i111d ~n>slerior orbital frontal areas, in 
i t t l t l i ~ i o ~ ~  l o  I l le  ;rmyg(Iirla ( I ' r ibran~ and M;IC~,CBII, 1053). W l ~ e n  a l l  or ~IIIW 
iiII of ~ l l i s  syslcln is rli ln~agctl c x l ~ r i n i c ~ ~ t i r l l y ,  the effecls on gross bcl~aviur arc 
i r l ~ n o s ~  i ~ ~ l i s ~ i ~ ~ g u i s l ~ a b l e  (;it lei~st, l o  us) Iron1 111ose ~)rotlucccl b y  rescr1)ise i~ 
;I nor~nn l  a~ l i n~a l .  At this st;~gc, i t  is st i l l  irnoossi1)lc to  slate whether a lraa 
r c l i r ~ i o ~ ~ s l ~ i l )  is i~n l r ) r tae l  i n  assessing IIIC resulls of these Icsioas (with tile ia 
~ ) l i c i ~ t i o n  I l ~ i t t  an  an~ygtl;rloicl regioa Iesioe illone clocs 1101 tlcscroy elrough of thb 
systc~n) or w l ~ e t l ~ e r  a /orrrs c x i s ~ s  wl~ic l r  is actually outsitle 111c amyg(:chiuid wL: 0 

~ I I I I S .  111 tlre Iitttcr co~~ncc.tion, i t  is s ig~ l i l i c i rn~ ~ l t a t  'I'urncr has relw)rlcd 
111i11 r r l i ~ t i vc l y  srnirll I cs io~~s wlbicl~ just toucl~et l  t l lc I)ountl i~ry of IIIC alnygtlah, 
I)ul TC'I~I~I~IIL'~~ outsitlc i t s  m;rie I)orly, 1)rtnlucetl a n l u c l ~  greater taincness in 
~i lo~lh( .ys III~III lesions restrictctl l o  the iimyg(lirlir ('l'ur~~or, 19.54). 1:urllwr. 
Illorc, i t  II;IS 1)cen ol)scrvetl i n  our I;rl)or:r~ory 11li11 lesions I~I~II itre phced i~i the 
~)r(.l)yriforni c-orlex ant1 anterior insula, l)ut w l ~ i c l ~  just earlritlc t l ~ e  arnyghh, 
1)rc~tltic.c ;I rcscrl) i~~cl i l ic i ~ ~ ~ i r n n l .  . hlorcover, i t  is of greirl inlcrcsc to  noie 1hr1 
111e trc.clrrisi~iorr of irvoi(Iir~~c,c I ~ r l ~ i r v i o r  of ;r11in1;11s \ v i l l ~  I i~ r#c  lesions in  l l le orbilo 
i ~ r s r ~ l ; t . ~ r ~ ~ ~ l ) o r i ~ l  S~SICII~ i s  very III~(,II morc tlc*l)rcssctl ill ;I s l ~ u l \  lc- l~os silui~~iun 
III~III is Irue 1vi111 I~IOIC restr ic~e(l ; r~nyg( l i r I~~ i ( l  r e g i o ~ ~  olberirtcs (IJril)r;rn~ and 
\ \ i ~ k i ~  z, 1 ) .  \\'e, toget l ~ e r  wi t  li I ' r i l~r ;~m, arc currcnt ly lesl ing such : 
t)l)(!li1It1S ~II 111e iivoi(I;r~ice p ~ , r ~ ~ r t t t ~ r ~ r t  e sit11utio11 tlescril)e~l i n  this 1)al)tX. 
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Althougl~ an early I~ylmtlresis regarding the site of irctio~l of reserl)inc ~minletl 
lo  llle h y l ~ l l ~ i ~ l i t ~ n ~ ~ ,  sul)sccluenl rcseiircb I I ~ I S  lecl to the n o l i o ~ ~  that mine crf 
the effects are "~)roIx~bly clrte lo a blockatle Iw!lwees uffercat antl efieren~ 
WUIUIICS," rather t l~an to a "clirect dc l~rcssa~~t  eNect" or I~yp)tlvrli~mi~ centers 
(Scl~neider, 1954; Jlein, 195.3). We (lo not f~wl t l ~ a ~  tile evidence is ra l ly  sub- 
lanlial e~~ough to rule out clirect involve~aeat of I~y~rnlhalo~nic cculers. I2ven 
il the "blockade" notion is accel)lecI, it is almost nrea~~ingless to ~nake  t l ~ e  
uwnlptio~r of a "purely efferent" hylutllalamus, wl~iclb seems to Iw: aa inll~licir 
rrsurnl)tion in t l ~ e  "blwkacJe" Iiylwtl~esisrs akunciated ~ l rus  h r .  "ljlt~liocle" 
coi~kl still have r hylwtbrlan~ic Ic~us. I;~rrtl~ermorc, tile lirltli~~g t l ~ r ~  reserpine c 

,t 

I I 
(bry  doses, at  least) aficcts ~~o~rlry~w~tl~i lamic neural activity clcrs not rule 
out the possibility of a close-t in~e Ilierarchy giving Lyj~t l~r lamic  arcis priority. 
Finally, while tile eviclence tlerivetl from l~ylmtl~alarnic ksioos cloes II(IL cxc'lutle a 
the ~mssibilit y tI1i1t ill) extr;~llytw)tI~alan~ic coatrol center ~n ig l~ t  still be the C 

C principal site of reserpine action, t l ~ e  strung si~nilarity of l ~ l ~ ~ v i o r i ~ l  clliu~ges i 
protluced by lateral I~ylwtl~i~lamic lesions in tlre monkey (Kasso~r, 19.59) awl 
by reserpine is too striking to pass uamentioned. 

Nevertheless, the prelitnir~sry linding will1 orhilo-i~)suL-te~nlmral Icsio~~s 
are of some interest wit11 respccl to t l ~ e  iclea t l~a t  reserpine i n i ~ l ~ t  sonlellow !)re- 
vent impulses from an extral~yp~tlial;~mic niotlulatir~g or activati~tg cer~tcr from 
reaching the Iryl)othali~mus. 'J'bre is goal cvicle~~ce ~llnt the ir~nygiliila an11 
orbital frontal are;rs of the monkey w ~ a l  tlirect films to Ole ver~tral nlalial 
nucleus of the I I ~ ~ M ) I I I ~ I ~ I I I I ~ I S  (Atley ant1 Meyer, 1052; ('Ii~rk i t ~ ~ l  hlcyer, 1950), I 
wl~icll Lss been implicitted it1 emotional I~el~i~vior (Wl~eutlcy, 19-14) a r~d  nlctir- 
blic activity (Ilctheriagto~~ and Itanson, 1942) of citts aatl rats. Sli~nulitt io~~ 
of the cal's i~n~ygtlitl;~ yieltls ii cortical "arousil" or "uc.tivi~tio~~" 1)iLiter11 I 
(Feintlel and Cloor, 1954), wl~iclr suggests l l~a t  migilt ltavc a11 "activalio~r" 
role somewllat analogous to tl~at ~broposecl for llle reticular formiilio~~. 

Analysis of tllc ~)ossible site of reserpine action I~as  ~nai i~ly bllowal tile fol- I 

bwing pattern: As an i ~ ~ t l e l e ~ ~ c l e ~ ~ t  variiil,le, reserpi~re is atla~i~~isterctl, ail11 
nrtain coasequen~es are eitl~er notctl or nlens~rrecl as clcl*i~tlent vilriitl)l~~, r.g., 
"relaxition," "setli~tio~~," I)loocl pressure ~lranges, miosis, el(..; or else the efict 
of reserpine is notetl on some otlrcr i~~le~)en(lent-clq)eatlent vari;~l)le rclalio~l- 
hip, e.g., caroticl sinus reilex, decorticate sllam rip, avoida~tce I~el~avior, rlc-. 
Once these are establishetl,o given 1)art of t l~e  nervous systenl is isolutetl (i)ri~i~r- 
ucm section) or b'artivated" (I~ylmtl~alamic stinlulrtioo) or destroyrcl (i iliitry 
pnylion destruction; amygdala lesion) ancl changes ilr the tonserjuelhces or in 
the relationships  rot etl. 

Of all t l ~e  delwncle~rt varia1)les eml)byc:cl for tlresc. stutlies, tlte Ix!l~itvioritl 
ones arc among llle most clillicult i111tI con~l~lex. Yet l l~ey itre t erli~ilrly iIIIIt)ltl: 
IIIC most in~lw)rti~i~t. 'I'llc wiclesl)rci~cl use of rcserpi~~c in cli~~itirl 11syc I~iitity is  

I I ion based almosl entirely on its I,ellaviori~l cffccts. 111 it more g ~ n ~ r i ~ l  sc~rse, our 
a ncl snlerstrncliog of the nlecl~i~~lis~n of itctiorl will oot I)e i~t.l)ievecl ~i~il/rurcl refcrent c: 

sucl~ to tile bclravior of t he atTecteil oryanistn. No nliitter how nlally pl~ysiologic a1 
ueps are tilled ill  concer~iir~g t l ~ e  action of reserpiee, the causiil cl~uin will ~roi 

)dance 
have been completed until tile belravioritl consequelices have been deter~ni~~ecl. 
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1 rical st itr~ul:tl ion o f  t 11e ce~rlrill rrervous spstelrr 011 I~clravior. 'I'lre 11s p- 
Il1iili1111i~ l~y~n)tl~esis was biiwcl largely oll lllc si~lrilariiy o f  tire rcscrl~ine be- 

i)li~lcs nlust apply Ilcrc. Gross obsurvatio~rs arc iurlw)rtant, but tlrey cra 
sci~rcely i)c give11 the status uf rnore tlia~h prelialiaary observations wllic.11 may 
~uicle sul)seclue~rt analytic researclr. 

SIIIIINJOTY 

or 1101 at all. 

il ck~rudcdgnrertls 

'I'lre authors wish lo thank Iloctor Karl 11. I'ribram for his performance ol 

Xe/crerrces 
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