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Effect of Arnygdalectorny on Stitnutus Tt~reshoid 
of the Monkey 

To determine r;i~etl~er the apparent loss of fear of amygtlalecto~~lizcd rno~ll:eys 
is due to a lois of sensitivity, stin~uius-~I~rcsiioId mcasurc~l~c~lts npcre I I I ~ O C I  11si11g 
the galvanic skin response. Amygdalectolnized subjects ~>:\.erc ioi~lltl to l~a\.c n 
louler tl~resiiold than normal lr~onkeys. 111 addition tiley iniicd to rcspolltl dificr- 
entially to different intensities of sti~xlulus. 

introduction 

-4 great  n ~ u n b e r  of investigators linve attributed tlie defective pcriorlll- 
ance of arnygdalectornized monkeys primarily to  a loss of fear L;~sed OII  tllc 
possibility that these an i~na ls  a r e  less sensitive to pailli~ll  sli~uulatiun. Tllis 
~ i e w  stems from tile obvious increase in taiiiencss followi~lg a ~ l ~ y g r l ~ l -  
ectomy. Experiments to  test this I~ypothesis /lave iilcl~ltled tests of n~nygdnl- 
ectotnized subjects for stimulus- avoidat~ce tllresl~old (S), s t i l ~ m l ~ r s  general- 
ization with sllock as  a negative reinforcer for  an operaut response ( 5 )  
l~nespected stilnulus ( 4 )  a n d  stirnulus a\-oidarlce condi t iu l~ i~ lg  (3 j .  :Ill 
of  these workers concluded that most lilcely an~ygtlalecto~i~izctl suljc-cts 
were normally sensitive to  electrical stim~llation, Lut a llngging tloubt 
remained. Each of the experirnelital paradigms left ope11 tlle possibility 
tliat tlie results obtained were specific to  the particular tasli usctl ill e:lcll 

, experinlent and that, indeed, elevated pair1 thresliold ~nigl i t  1101 be ent i rcl j  
ruled out. 

j T h e  present study was  uadertal<el~ to  ali;~)- tliis doubt. \Ye bcliered tI1;it 
the use o f  pl~ysiological measure sucll as  the g a l v a ~ ~ i c  sl;irl rcsl~onsc (GSI? ) , 

I 
! which in other circumstances was sliown to be sensiri\le to nrnygtlalecto~lly 

i (2)  would provide a reliable and  sensitive indicator of tllresl~c~ltl nncl a t  
: the same time settle the question a s  to  \vhetlier the illdicator itself \\.:IS 
: directly (i.e., peripherally) affected by the lesion. W e  I~at l  llope o f  silccess 

in this venture since the GSR had already been reported as  cKecti\>c i l l  

determining atlditory t l~resholds in monke),s (7 j . 



Metl~od 

Sllbjcits. T r ~ i  n1:lture I-hes~is monkeys were used. !Ill, had been subjects il l  
the t l~ree previous experiments (visual discrimin:~tion, hal~ituation to tone, 
aiid a differential classical conditio~ting espe~.iriient). Six of the monkeys 
(three males, three fernales) had received single-stage bilateral ablations 
of the amygdala, group ART; tlle r e ~ n ~ ~ i n i n g  four mo~~lteys,  constituting 
group N (two n.~ales, two females) liad sliarn operations ( 1  ) .  

APjni-~t~rs .  Sl<in resistance was continuously monitoretl with a Fels 
Dermolimeter (~iiodel 22.4) ant1 recorded on an Esterline-Angus graphic 
anmeter (model AW).  DecIi~nan silver-sil\:er chloride electrodes filled 
wit11 Offner electrode jelly were usecl. Tile electric stimuli were generated 
by a reliable constant-current d-c generator constructed in tlie 1al)oratory 
a ~ i d  were adn~inistered via stantlard Grass silver-disc EEG electrodes half 
filled with Oflner electrotle jelly. i\ctual stimulus given on each trial 1vas 
tletertnioecl by n~oliitori~ig tile voltage passing tl~rough a 1000-ohm resistor 
n~ounted in series in tile sliock circuit. A foot switch ~vliicli activated an 
event marlier 011 t l ~ e  ammeter was used to record body movements. 

Procetllll-e. Each a~limal was restrailled in a Foringer primate chair with 
artl;les and \vrists co~lifortal,ly secured to t l ~ e  chair. One GSR electrode was 
attacl~ed to t l ~ e  pal~n of the right 11i1ld :I~ICI the other to a slia~~etl 
area on the right lo\ver leg after tliorough cleaning of tlle skin ~vitll 
Pliisol~cs a~it l  ncetol~e. Two st imulati~~g elect]-odes \+:ere secured to the 
tlors~uii of the r igl~t  forepaw less than 0.5 cln apart. Finally the eyes were 
covered with a simple-lined Elastol~lnst blilidfold wl~icli could he moldetl 
to the skin. These preparations reqt~iretl approximately 30 n ~ i n  and allo\\7ed 
a sufficient period for I~ydmtion of the GSR electrodes. Finally the monlie): 
was n~ovecl into a lighted, sound attenuated laborntory room  liere re it was 
observed via a one-way window fro111 tlie adjoining room which contained 
all recording equipment. Three series of s t i~~lul i ,  varying from 0.1 to 10 
nlaliip, were ad~i~ir~istercd in one session. I n  each series tlie stimulus 
intensity was incl-eased in 0.2-0.5 Inamp steps up to 2.0 mamp, and in 
I .O n ~ a ~ n p  steps to a ~nasi~iiuln of 10.0 n n m p  and bacli do\\;i1 to 0.1 in the 
s:me stepwise fashion. Gcfore the t l~ird series the l>li~~tlfold \\?as ren~oved. 
I~itertrial interval was ra~idolnized around 60 sec. C l a ~ ~ l i  trials were given 
at the begi~~iling and entl of ench run. 

Scoi-ilig. A response -was scoretl wile11 there occurred a drop in sliin 
resistance of 500 ohms or more with a 1ate11cy of not less than 0.8 sec and 
not more tlia~i 5.0 sec fro111 the onset of the stimulus. A~ilplitude of response 
\\as nieasured in 1;ohms from the onset of the tleflection to the peak. 

.i!:nplitucle resistance values of encli respoiise \Irere corrected for I-laseline 
r.esis~aili-c on cncli trial ; ! R / R R )  ?< 100. Rrsl,onses confnmi~iate(.l 11y tlie 
n~~inlirls' ~r~o\.e~lltilL \\.illii~~ 1 src c ) l  L l l c  I,IISC: i b f  tllc GS1: rrsljnl~sc tvc1.e 



clilninated. Thus only responses occuri~lg \r:ithout: Illo\.cmcllt werc toll- 

sidered in the analysis. 
Percentage GSR response witllin different stiniulus illtensity ranges was 

tletermined using 0.4-mamp divisions a t  the lo\ver levels (0.01-2.0) allti 
again using 2.0-malnp divisions for the entire stimulus-intelisity series. 
Blank trials were scored for percentage response a~lt l  amplitude o f  re- 
sponse. 

Movement as a response was scored regardless of the occurrence o f  :I 

GSR response if the response latency was not less thao 0.8 sec and not 
more than 5.0 sec from the onset of the stimulus. 

Results 

Rate of response is shown in Fig. 1 as percentage GSR rcspo~lsc for 
each group as a f~ulction of ascending and clescendi~~g stimulus intensities. 
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FIG. 1. Above: Curves of percentage GSR ge~~era te t l  I,y tlirce rllns of st1111u1i of 
ascending and descending intensity (in manip) LJJ tllc amygtlalectnt~~izctl ( A l l )  ar~tl  
control ( N )  groups. Below: A filler hreaktlo\vn of s t i ~ n l ~ l ~ ~ s  values f ~ o m  1 to 1 0 
In:\lnp, pooled ascending and tlesce~itlit~g valt~es. 
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The  alnygdalecto~ilized n~onkeys were more responsive to lower intensities 
(thresl~old of 0.1-0.4 niamp), whereas the control group's threshold was 
1.6-2.0. (threshold" was considered to be 50% above nonstimulus response 
level). 

The ainygdalecto~nized group thereafter had a relatively flat curve 
across all intensities. There were no significant increases or  decreases in 
the percentage of responses with change in stinlulus intensity, ( X Z  = 2.75, 
f i = .09). A finer analysis of stirnulus levels (Fig. 1, lower graph) be- 
tween 0.1 and 2.0 malnp failed to s l ~ o w  any differences with intensity 
within the a~~lygdalcctomized group. The  controls, on tlie other hand, 
sho\ved clearly luwer response rates up to 1.6 mnlnp ( P  '= .05, U test) 
and thereafter grad~lally increased responses a s  a fraction of shock level, 
( X 2  = 9, f i < .02, df = 1 )  more marked in the descending side of the 
curve. 

Amplitude of response is graphed in Fig. 2. ( N o  zero-response trials 
were included since this would confound tlie ainplitude variable with the 
rate of response variable). Again the an~ygdalectolnized animals shows 
generally liiglier mean amplitude of response than the controls across all 
bloclcs. The difference is statistically significant only at  tlie lower intensity 
levels, 0.1-4 mallip, wl~ether ascending or descending ( p  = .03, U test). 
Finer analysis of this bloclc (Fig. 1 )  shows that the control's threshold 
was approximately 2.0 Illamp and, again, for the an~ygdalectomized mon- 
keys this value lay at the very low level of 0.1 Illamp. 

Tlie shape of the curves suggest that control animals produced increased 
amplitude of GSR with increase in stimulus ilitensity, but the sinall num- 

FIG. 2. L e f t :  Curves o f  mean amplitude of response generated by three runs of 
stimuli of ascending and descending illtensity ( in  manlp) by the an~ygdalectomized 
(Ab l )  and control ( N )  groups. R i g l ~ t  : A finer breaktlo\\m of the .l-4 mamp block of 
trials, pooled ascelltli~lg and clescelltling group values. 



bcr in the group made a good statistical test of t l ~ e  effect difficult since 
some blocks contained only one or  two responses for some monkeys. 

There were no significant differences between the groups it1 mean total 
trials given, mean total percentage response, rileall latency of GSR re- 
sponse, mean intertrial interval, or in percentage nlovement responses 
(Table 1) .  Series 3 (eyes uncoverecl) elicited a t~vofold increase iu Inove- 
ment, 5 sec post s t i~ l~ulus  in both groups. Distribution of these responses 
were liornogeneor~s across stimulus i~ltel~sities for both groups. 

C;ro111) N Grol111 Ah1 
- 

Total trials 62.0 68.3 

Total qb response 27.8 39.0 

Latency GSR (sec) 2.9 2.6 

Alean IT1 56.5 61.6 

70 AIoveme~lt respo~lse 41.2 36.8 

Discussion 

These results clearly indicate ~ l i a t  auiiygrlalectomizerl ~nonkeys do ?rot 
have a higlier than normal tllreslioltl to stimuli. Both rate a ~ ~ d  amplit~~tle 
of response measures show a lo?eler Iliresliolcl. In  addition, the rate of 
response measure for the control monlteps sl~olvs a lower thresholtl on tile 
ascending than on the descending side of tlie scale; this is probably run 
effect of the novelty of tlle situation, an effect not sIio\\.n by the amyda- 
lectomized animals. This finding is consistent with the failure of a~nygda- 
lectomized monkeys to show GSR orie~lting responses. 

A bonus finding here was the dependence of response rate on sti~liulus 
level in the normal group. Again, no such smooth differentiation occurrecl 
in the amygdalectomized group. Indivitlual curves shovqetl tlnat only one 
amygdalectomized monl<ey generated a cerntrally pcaltecl curve. A11 forrr- 
controls had typical centrally peaked curves. 

These two results, reduced threslioltl of GSR to sti~nuli and iridiscrillii- 
nate autonomic response to varying stimulus intensities, give us some llew 
evidence in interpreting the effects of amygdalectomy. Tlle suggestio~~ llas 
been made that tlie anlygdala ordinarily acts as a higher order contl-ol 
on the operation of the organism's servoniechanis~ns (6). Removal of this 
control ~vould be expected to leave tlie organism less se~~sit ive to nuances 
in stimulus cl~aracteristics. This expectation is confrmetl in the present 
study. Fro111 the results of otller studies, lio~\~ever, it is clear that this 



I)lunlillg of selisitivity call be overcome by differential reinforcement (5 ) .  
'l 'l~us it is likely tliat tl!e failure of nmygtlalccto~nized animals to show tllc 

' 

"registrational" colnponelits of the orienting reaction is but another mani- 
festation of the nl~sence of this higher order co~ltrol mechanism. 
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