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Galvanic Skin Response Conditioning Deficit in 

Amygdalectomized Monkeys 

Amygdalecto~nizctl mc~~~ltegs I~a\.c tlel)ressetl galv;l~~ic sliil~ responses during 
tests of the n r i c ~ ~ t i ~ ~ ~  rc:~ctioli to reljc;~trtl ~ ~ r c s r ~ ~ t a t i o ~ ~  of sill~l)lc to~lcs. AII 
effort to contlitio~~ the g;~lvn~~ic skin resljonsc ((IiSR) wit11 electric stimulation 
of skin \\:as institutctl. No evitlc~~rc trf colltlition:~~g of a \\:ealc colltlitional stitncllus 
(ligl~t olf) \\$as ol~t;ti~lctl fl-clln thc s ~ ~ ~ y g t l ; ~ l c c t o ~ ~ ~ i z c t l  nlo~~lcrys i l l  a tliffcrcnti?l 
classical situatic~~i, tlcspite 1)or111;11 GSI< t o  s l ~ i ~ i  s t i ~ ~ i ~ ~ l ; ~ t i o ~ ~ .  Norl~lal lnonlieys 
were f o ~ ~ n t l  co~~ilitio~~al~lc. 

i Introduction 

'I'wo previous stutlies ( I ,  2)  de~~lons t ra te t l  tllat tllere is a ~ ~ l a l l t e t l  tleprcs- 
sion in the galvanic s l , i ~ ~  responsc (GSII) component of the orietiting reac- 
tion of n~onlieys aftel- a ~ ~ ~ y g t l : i l c c t o ~ ~ ~ y .  I n  arltlitio~i, respiratory a ~ i t l  cartliac 
colnpollel~ts of oriel~tillg \\lcle slio\vn to l)e :il)scnt \vllile c lec t roe~~cepl~a lo-  
gr:~pIiic low-voll;~ge fast-\vave onsct a ~ l t l  ea r  I ~ l o v e l n c ~ ~ t s  wci-e 11e;wly iior- 
111nl. 'l'llese res l~ l t s  srrl)l)orte(l lllc 11)q)othesis tllnt tile o r i e t ~ t i ~ ~ g  reaction is 
c t ~ r n ~ ~ o s c t l  of :it lcnst t ivo  pll:~scs mltl tll:lt one pllase, I:~l~cletl "rcgistratio~l" 
I)rcause of its r c l a t i o ~ ~ \ h i l )  to  I ~ ; ~ l ~ i t c ~ n t i o n ,  \\l:ls tlcpentlclit on  orderly artto- 
1lo111ic reactivity. 

Classical conrlitioning I,I ovides a ]);\I :ltligm for fur ther  investigation of 
the role and  m c c l i a ~ ~ i s m  of this registratio11 frli~ction in bel~avior .  lf regis- 
tration is impairetl, cont l i t io~~it ig ,  \\~hiclt provitlcs a n  ovei--ride on habitua- 
tion, might also lie esl~ectet l  to  Ile impairctl. Tl ie  follocr ing experinlent was  
therefore utltlertaken. Nortnal ailtl a1i1ygtlalectomi7.etl ~ i~onlceys  were tested 
for  im~netliate a ~ i d  3-scc trace contlitioning to a light-offset stimulus wit11 
light onset a s  the neutral stimulus, ant1 the  rate  of GSR a s  the  response 
measure. 

Method 

Subjects.  T w o  groups of in in~a ture  ~nonltcys (!If. ~rr~ l ln t tn )  were usecl. 

1 This research was sl~pportetl I,y Nl  AlFI g r n ~ ~ t  RIFI, 12970. The work was tlot~e 
while Dr. Coppock \\I;IS on le:~ve from AI-izona Statc Uniiersity on a special fellow- 
ship. 
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A control group (group N )  consistetl of three ut~operated and three sham- 
operated animals. Group An4 consisted of six bilaterally a~nygdalectomized 
monkeys in wllicl~ lesions had bee11 ~natle 1 year previously by subpial suc- 
tion resection under direct visioti via a transtetnporal approach in a singlc 
operation. The  slia111 procetlure i~lclr~ded a11 details of tlie satnc surgi- 
cal procedure short of suctioning tissrte. Reconstructions of tlie lesions have 
been published it1 a previous paper (1 ) .  A11 atiinials had been used in a 
sttidy involving I~abituation to tone anel ltad been trained it1 various visual 
discrimination tasks. 

Ajparatrrs. Tlie light stimulus was s~tpplied by a 40-JV luniiline brtlb 
wliicll was cycled on a l ~ d  off by a 15-sec timer. A constant current d-c 
stitnulator cotistructetl in tlie laboratory suppliecl the electric stimulus. 

A Fels Dertnohtneter was used to measure tile skin resistance w11icl1 was 
recorded 011 an Esterlilie-Angus recorder. A si~nple phonograph piclcup 
device was tnounted on the monl<ey chair anti allowed hoclp movement to 
be recorclecl on otie of the event niarkers of tlie recorder. 

Proce(lzcre. Each atli!~lal was rull for one 30-mill session. I l e  n7as re- 
strained in a Forit~ger.cl~air ,  fitted with G S R  ant1 stirnnlating electrodes. 
One G S R  electrode2 was securcly tapccl to the cleancrl platitar surface of 
eacli l~itid paw. Stimitlating electrotles were niacle from nails \vl~ich were 
placed in the closed fist of each forepaw which was tapecl shut. Sanbort~ 
electrode jelly was rtsetl for skin contact. TJ'l~ere was a groutld electrocle 
strapped to the skin over the stcrt~um to prevent passage of current across 
the heart. Stimulation dicl not cause severe pain. 

The  chair was placed in a soi~titl-deadened, light-proof room. All initial 
stablization period of 15 ~ n i n  was allowed. Then a series of eighty trials was 
instituted. Each trial consisted of a cycle of 15-sec light on arid 15-sec light 
off. A stimulus of 9man1p was adtninistered after light offset on 50% of 
the occasions of light offset (diagram, Fig. 5)  according to tlie 20-trial 
sequence OOOSOSSOSSSOSSSSOOOO.  Z;our blocks of this sequence 
were presented. [n 20-trial I~locks 1 ant1 4. the C S  (light OH)-US (elcctric 
shoclc) interval was 0.5 sec. T I I  20-trial 1)locks 2 and 3. it was 3.0 sec (trace 
conclitio~i). No titne intervals were insertctl I~ctwecn 1)locks. 

Scorilrg. A drop in sicin resistance occurritig betc\,eeti 0.8 and 5 sec after 
light offset (CS)  on test trials was acceptetl as a C R  if there was no tnove- 
ment a r ~ d  if it measured 500 ohtns or  Inore resistance drop fro111 onset to 
peak. All interstimulus noncotitaminatecl responses were also nteasured. 

2 0 n c  c111 of  thc battery base nTas cut off and cappctl \\!it11 a disc of  salinc- 
moistcrlcd cellulose sponge. Resistance hetween clcctrotlcs was <I000 ohms and 
con~paratire tests \\.itil ZII-ZtlSO, clcctro~lcs sI in\~ed 110 r l i f f c r c ~ ~ c e ~  ill  hasal resistatice. 
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A~nplitude, basal resista~lce level, ant1 latency tneasttrcs for each response 
\lrcre oht:iinetl. A~lll)litrt(lc \KIS tallic(l I~otll ;IS t - ; ~ \ v  I iol~~lls  response and as  

li011111~ i-esI)oi1se X 100 
.- 

basal I-esist;~ncc 

Results 

Conditionetl responses are s11ow11 i l l  Fig. 1 (11pper left) as percentage 
response to S-I- (light of() oil 36 trials for I~otll grorlps ncrnss the four 
periods of conditioni~lg. The  c o ~ ~ t r o l  group sllo\verl all i~icrcbnsi~lg illcitle~lce 
of responses across trials while grorip An'l sl~owetl n tlccreasiilg i~icitlence. 
These and all subsequent crlrves presentetl were lountl by linear regressiotl 
analysis to show no significant deviations for linearity, allowing comparison 
of slopes (Table I ) .  Note that S-I- test conclition for the controls sho~vecl 
a positive (increasing) slope as trials progressetl, wllicll was significatltly 
different from that of group AM. Grotrp-AM data sliowetl a negative slope 
sr~ggestive of sinlple atlaptalion to the CS. 

Percentage response to the nc~ttral  stimultrs, S- (light 011) 011 test trials 
(upper r i g l ~ t ~ o f  Fig. I )  shows that co~ltrol aninlnls were not si~nply being 
se~lsitizetl to all stimuli I)y the sllocli esperie~lce or l,y the te~npornl ~~~~~~~n 

I..... 

1 2 3 4  
BLOCK 

FIG. 1. Meall percentage GSR response 011 test trials across tllc lour contlitioni~~g 
I~locks for control and amygdalectomizctI groups: Upper l e f t :  C R  (responses to 
light offset; upper right: responses to thc neutral s t imul t~s  (light o~lsct). Below: 
difference function between the respotlses to light oHsct a~icl to light onset (S+ 
lninus S-) for eaclt grol lp;  a-El rel1rcscnts grottp N ;  'O - - - 0 ~.cprescnts grorip 
A h4. 
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, . I. rials ( N )  (.;rot~j) N Group Ah.1 / I  Value 

S- test 6 -.I010 ( *  ,196) -.0460 ( k .I 13) N S 
S- shoclc G -.0797 ( * ,179) -.Oll0 ( +  ,120) N S  

S f  trst 3" ,0703 ( t- ,046) -.0-174 ( L' ,023) .02 
S-l- s11oc.k 3 L l . 0 4  ( *  ,121) -.0040 ( -h ,048) N S  

Subjects 111atc11ed for sl~ock respotisivity. 

of stiinulus presentatiori since here there was a decreasing itlciclet~ce of 
resporlse to tlie unshoclted stimulus (Table 1) .  Group AM reacted in a 
similar fashion to tlie S- hut a t  a clearly lowcr rate of response. 

Extinctiotl i t1  the control group is evident in Fig. 2, the cotiiposite dis- 
tribrltiotl of responses across test trials within the 20-trial cotlditiotling 

rf block. There were sigtlificantly tilore tneati respotlses by the cotitrols on 
two trial bloclts 2 atitl 3 w l ~ i c l ~  follotved a cluster oE seven shock trials tllan 
on trial block 1 which follo~vetl o t~ ly  three slioclt trials or tliaii on trial 
blocks 4 and 5 ~ r h i c l ~  followed four ut~sllockctl trials (Wnlsh test, j, < .05). 
Grorlp AM showetl 110 suc l~  tlifTeret1ccs atltl rrsl)ol~tletl at  the same lotv 
level across the c o t ~ t l i t i o ~ ~ i ~ ~ g  blo~li .  

1 7 1 ~ .  2. Colnpositc distribution of group tlieati pcrcclltage GSR respotlse to test 
trials across the 20-trial cottditioilitlg bloclc. Note that for the control group response 
rates increase on trials ititerspersed wit11 sl~ock (acquisition) and decrease wit11 
cessation of sl~ock ( cx t i~~c t io~ i )  ; m-II r c l~ rc sc~~ t s  group N :  - - - represents 
group AM. 



Responsitivity to  S-1- ancl S- on shock trials is shown in Fig. 3. 'There 
was a significantly higher rate of respollses to the electrical stinlulris on 
shock trials in the control group than in group AhlI (Table 1 ) .  Yet the 
crtrve for UCRS decreases it1 slope as the CR curve is increasing. Re- 
sponses to S- on sl~ock trials also shower1 no evitlence of sensitization as 
110th groups have clecreasing rates O F  response. 

DIFFERENCE 

Yo RRESWIISE 

FIG. 3. h4ca11 percc~itage GSR resl~nnsc on sllock trials actmss the fo l~ r  coldition- 
ing blocks for control alltl atnygcl;~lecto~~~izetl grollpq : Upller l e l l :  UCJ? (respollse 
to light offset plus s l ~ o c k ) ;  upper r i g l ~ t :  responses to the rletrtral stin~~tllls (light 
onsct). 13clow: differe~~ce function I)ctwecll the respnnses to light offset al~tl to light 
o l~se t  ( S - t  minus S-) for each group; 0-0 rcl~rese~lts group N ; 0 - - - 0 
rcl)resents group AM. 

Difference functions (S-I-) - (S-) for I)otli g ro l~ps  on test trials (Fig. 
1 )  and shoclc trials (Fig. 3) empllnsize the major fincling, i.e., the only 
tlifference function with a positive slope was that seen for the control group 
on test trials. All three other conlparisons slio\\led no group differences in 
slope of response to S -I- vs. S-. 

The  possibility that the an~ygdalecto~nizetl ~nonlceys failed to colldition 
I~ecause'of a lower level of reactivity to the electric stim~111s itself was 
tested by comparing pairs nlatcl~ed for slioclc response. This was possible 
in three instances. Figure 4 shows the CR and U C R  curves for these three 
pairs. Note that though UCR-response levels are col~lparable, CR curves 
diverge significantly lilte tlie larger group cllrves (Table 1 ) . 

Anticipatory responses were examined as a second measure of the effect 
of anlygdalectoniy in the contlitioni~ig sitrlation. Responses in tlie 10 sec of 
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BLOCK 

SHOCK TRIALS 
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BLOCK 

FIG. 4. h.lcar~ pel-cel~tage G S l i  resl)ollsc to (Ilc S -1- 011 tcst trials ( lef t)  nlld 011 

shock trials ( r i ~ l l t )  for tllrcc pairs t~ia(chctl for rcsllrmsc to sl~oclc. (Three  ~ i ~ o ~ i l < e y s  
I r o ~ n  each groclp) ; L7-El r c l ~ r c s e ~ ~ t s  gt.otr1) N ;  0 - - - .Q represents group Ahl. 

S- just before S i -  ot~set  are shoivn in Fig. 5. In  the last 5 sec of light 
011 (S-) there were more rFsponses per anillla1 it1 the control group 
(/I < .05, U test). This  difference occurred ill both halves of the experi- 
liietit. I n  a control period (last 5 sec of dark) there were no differences 
between the groups. It1 atltlition ditritlg the n~idtlle 5 sec of light the tiori~lal 
;~n i~na l s  illcreased the total tiurllber of respotlses from t l ~ c  first half (3.7) 
of the experimetlt to tile secollrl I~alf (5.7) wllile there \\.as 110 i~icrcnsc i l l  

group AM. 

ANTICIPATORY PERIOD CONTROL PERIOD 
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I'IG. 5. RIearl t~ulnher of GSR o c c n r r i ~ ~ g  ill 10-sec period of light on just preced- 
ing light offset (CS) in the first 40 and in the secolld 40 trials f o r  each group. 
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Anothcr contlition where at~ticipatu~.y rcsponscs were sought was in those 
trials where the CS-US interval was 3.0 scc. Jt was reasoned that wlle11 
the CS-US interval was lengthened from 0.5 to 3.0 sec in blocks 2 and 3 
the delay of the shoclc would provide a 3-sec period of dark oti shoclc trials 
where additional increased incidence of GSR it1 contlitioned monkeys nliglit 
appear. Figrire 6 shotvs that the cot~trols generated a meat1 of 22.5% 
responses on these 20 shock trials cotnl)nretl with only 1% in group Ah[ 
( p  = ,01, U test). A control j)eriotl ( the last 3 scc of (lark) showed 11.5% 
respot~se for both groups. 'l'11e n]e;ln latency of these contlitionetl atlticipa- 
tory responses became progressively shorter from bloclc 2 to bloclc 3 (Table 
2), i.e., closer in time to the CS. This is gootl evitlence that they were 
heitlg generated in relation to the shocli reinforcement and were different 
fro111 simple orienting respotlses v\rhicIi are known to increase in latency 
with repetition of a stimulus. 

70 
GSRS 15 

0 
3 SEC PRECEDING LAST 3 SEC DARK 

SHOCK CONTROL 

p<DI NS 117J 

FIG. 6. Mean perce~ltngc CSR respollscs occurring it1 the CS-US ilrterval (3 .0  
sec) in the seco~~tl acitl tl~irtl co~ltlitiorling- blocks for earl1 groclp. 

- - - 

Periotl T I  ial 1-atency (sec) 



Discussion 

The data clearly show a tlefect in the ability of the an~ygtlalecto~ilized 
nionkeys to show classically conditioned responses to a weak sti~nulus. 
Their complete laclc of conditionetl G S R  on test trials is supported by their 
low incidence of anticipatory GSR in the later periods of tlie S- (just 
preceding S 4- ) and in the PI-olongctl prcsliock ~)eriocl in blocks 2 mitl 3. 

Despite a moderate tlefect in tlie operated animals in the response itici- 
dence to electric stiniuli, t l ~ e  data on matchetl pairs show that this is not 
the crucial variable. Si~iiilarly, response crlrvcs to the S-, although differ- 
ent in level, follow tlie sanie adaptive slope in both groups. If tlie atnygda- 
lectoniized group were si~uply less "responsive" to slioclc but were condi- 
tionable one would expect to find a curve for the CR \vIiich was a t  a lower 
level but characterized by a positive slope. I n  atltlition, sti~iiulus thresholds. 
as nleasured in these sanie animals by the G S R  indicator, have been fo~md 
actually lozuer~ in this group (3 ) .  

Gale and Stern  (4) recently pul)lislietl a GSR-cotlditioning curve for 
Iiuman subjects striI<ingly si~nilar to the one ol~taiiietl for the normal 
ntorikeys in our  experiment. .They presented electric stirlirili during tlie last 
0.2 scc of an 8.0-sec tot~e.  Adaptive curves shown for a neutral tolie 
stimulrrs were also siniilar in slope to those reported here.. 

'I'wo other stiltlies in man, these obtained during learning, have shown a 
builtl-up in G S R  reaction siniilar to c o t ~ d i t i o t ~ i ~ ~ g  until criterion was 
reached. Jn a paired-associate experiment 11y I<ititsch (5 )  tlie G S R  oc- 
curred whenever errors were ~ n a d e ;  in that of Grings (6) tlicy were 
anticipatory responses cluritig a selection task. 

O u r  experitnetit confirtns ant1 extends tlie results of earlier ones wliiclt 
assayed the occurrence of a G S R  in anlygdalectomized animals in a novel 
situation. In  the present experitnent tlie outstanding f i ~ ~ d i n g  is the absence 
of any nornially occurring i~lcretment in GSR,  either contlitionecl or  antici- 
patory. This finding suggests tliat the an~ygdala is intimately irlvolved in 
the tetiiporal (hot11 pre- and post-) extension of the occrirrence of GSR 
with the repetition of "significant" events. 111 tlte r i o r ~ ~ ~ a l  group it is almost 
as if some sort of "rehersal" were taking ~)lacc. a suggestion wliicl~ is ill 
support of the liypotllesis tliat the G S R  is crucially involvetl in the process 
of "registering" the events experienced by the organism. 
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