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The treatment of menta

I.

methods known ag 'Yshock

he methods were Pirst intro-

by insulin injection., In 1974 won MMeduna nroduced convulsions by inject-

ing metrazol., In 19%8 Cerletti

and Eini enployed the passag

ecity through the head to induce the convulsive attack ( 48). Other

methods, euch as the use of coramine,

amuoniun

chloride, nitrogen inhalstion,

electronarcosis, etc,, have been used ocecasionzlly, but insulin, metrazol,

and elsctroshock remain by far

Tresatment.

In szpite of the generic

differences among the three

name

3

the most widely accepted methods of chock

metho

by injection,

C

iz, In

ghoeck theraples, there are some

uiin

(l’l

whil

and metrazol are pharmaco-
e electricity is a physical

head, Experience with a

s that ionsulirn 1s somewhat more eifective

,

for schizophrenia, while metrazol and eleetricity have sghown hetter results

with the affective disordsrs

necessary to prolong the

Nearly all workers are agr

0 O

ny thersaplsts believe that it ig not

ulin coma until the patient has conwmlsions,

sccomnany the administration of

recults, The somatic and therapeutic effect

geern t0 be very similar. Since elsctricity

eed, hnweve?, that the major motor attack must

metrazol or electricity Cor best therapeutic

ha
na

g of metrazol and electrieity

s & number of advantages over

g rather gepnerally replaced the drug. In some hospitals it

Flectroshock, therefore, is now the most widely
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used orgenic therapy in psychlatry (14).
The results with shock therapies have been encoursging, but there are sone

disadvantages to thelr use, Come patients show fear of the treatment and others

.

have had bones fractured by tlie convulsion. Hemory impaliment is oftén obzerved
as & complication of the Lreatment. Ipn this ﬁaper we have chosen thig memory
complication for study. Psychiatrists concerned with shock therspy have often
agsumad that the meéhanism (e%111 largely unknown) whereby shock treatment pro-
duces relief from symntoms bears little relation to the disturbance of the memory
function, As the following review of the liﬁeratura will show, however, sonme
writers hold that improvement LThrough shoclk therapy may be besically an amnesia
for recent evenis, In view of this hypothesis it seems valuablé/to investigate

the merory impairmment produced by ome of the major types of shoek treatment. Re-

cause of its widesprsad sdoption, cerebrel elsctroshock was chosen for study.

Specifiecally, the present experiments are concerned with the severity of the am-
nesia for & learned response when the shocek is applied $o rats at different times

following the responge.

Two groups of experiments will be rerporded. In the first group it will be
shown that when two conflicting maze hﬁbits are succsasively established in rais,
a single cerebral electroshoek will disrupt the mors recently leafned habit,
thereby peruitting the old habii o regain dominance, only when the shock is
administered within a eertain time after training on the recent habit., In the
second group it will be shown that there ig a direct relstion between impaiment
of learning and the interval between each trial snd the ensulng cerebral shock
in the conditioned svoidance situation.

Before reporting these experiments the work on shock-induced impairment in
intellectual capacity will be reviewsd., The clinlical saspects of shock therapy
will be omitted since they have been reviewed by Stainbrock (48), ané by

Kalinowsky and Hoeh (14).
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IZ. Changes in intellectual funciions
1

ag a result of shcc&: review of the literature
i

A, Studies on human patients

In this section we have made an attempt to celaseify the papers into

everal categories., Beecause grouping of this difficult and often

arbitrary, many of the studies overlap. UIor t sake of clarity, however, we

have divided this literature into (1) gqualitative rerorts, {2) the use of

quantitative tests, (&) the use of batteries of tests, and (4) theoreticsl
DADET S,

1. Guelitatlve reporis
In eclinical discussions of shock therany many therapiste repnort the

occurrence of memory los: only as an incldental observation. We shall include

only thoge papers in which the memory defect was

r many weeks

Fortis (§3 ) wrote that memory difficulties
if ten or more treatmenis are given.

Smith, Hughes, Hastings, and Alpers (44 ) revorted that almost all
patients experienced sonme memcry defect during treatment and that the patients
congidered it an unplesssnt symptom. Ocecasionally the defect was prominent
and in somé patients it nersisted for several months. The authors reported
no patientes in whom the loss was permanent and Indicated that it was usually
a spotty defect, ordinarily anplying to proner names, places, and dates.

Levy, Serota, and Grinker (17 ) trested twelve patients with electroshock
and elsaven others with metrazol. Ther found that impaixﬁent in intellectual
funections oeccurred more frecuently in the electrically treated patients.
Irmnairment in electroshocked patients lasted Trom one to several weeks, and

patients with more shocks showed greater defect.




i A

|
i
|

rocoverad from thelr sywontoms and
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Plattner (g9 ) treated seven patients w corbined insulin-metrazol

+1

by

therapy. At the end of the trestment three o hesa patients showed slight
disturbances of comprehension., The other four showed a marked cmnesie

syndrome that for ths time being serioucsly interfered with their sbility to

".}

elving only metrazol, no

o !

work, In an analogous study with five patients rec

memory loss anpeared.

)

i3]

Birois { 1 ) found that 20 petients out of a total of 41 treated with

electroshoek showed disbturbances of memory. All types of aunesias were

of retro-anberograde, and 2

oheerved, 7 cases of

cases of pure anterograde., A1l defects wers fragnentery pather than globsl

=344

in character, The apterpgrade ammesia wag transitory, lasting 1F days at

the maximum after terminstion of treatment. The retrograde smnesia nersisted

longer. The restoration of memory, beginning with the end of treatment,

wae gradual,.

£mith, Hastings, and Hughes (45 ) reported on 512 patients treated with

i

shock. All developed some degres of meﬁory loss. This ranged from slight
impairment lasting 2 few hoursg to more serlous defects lasting =5 long as
nine months., No permanent defects were seen., The menory defect incressed |
with the number of treatmentse. There was no apparent relationship betwesn

the age of the patient and the degree of impairment, but in the older patisnts

the defect lasted longer tharp in the younger patients.

always reversible,

Most shock
except perhaps in old patientsz, Brody ( ), however, renorted Tive cases w

in which the logs seemed 1o be nermanent. These csges were all comnletely ,

ot

rad been out of the hoenital at least a
: s 43 19 s 3 |
year at the time of writins., A1l »natients hed reported some recovery from

the mesory impeirment, but it had n3+ cleared un entirely. The author wrote
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that the memory disturbance seemed to be chiefly & loss of long-known familiar
materiel, particularly nemes of pereons and places and habits of work. Brody
believed that his findings implied permanent or semi-permanent damage to the
brain. He therefore believed his results contraindicated shock therapy for
those individusls whose work required them to remember names of persons and
places,

cnulitative though they are, these reports afford evidence that shock
therapy does induce disturbances of memory. Various workers disagree,
however, as to the serioueness of this complication. £ince nearly all ther-

apiste believe that the memory loss is reversible, it 1s not considered

gericus enough to be a conitraindication to thersny.

2. The use of quantitative tests

There ere still too few studies of a gquantitative nature on memory loass
from shock fharapy. Besides the papers renorted in this section the reader
may find that some of the experimente reviewed in ssctions 7 and 4 below
are Trelevant.

Zubin and Barrera (s5g ) taught several patierts paired word ascsoclates
under different conditions. Some learned before taking electric treatment,
some during the course of treatment, snd others after a series of shocks.
Fecall, recognition, and relearning were tested under the same conditions.
Control groups were utilized throughout. They report that when no chock
intervened between learning and relearning, the number of trials saved was
sipnificent ﬁhen compared to its standerd error. However, when a chock was
interpolated between learning and relearning there was no saving, and indeed
there was & glight but non-slgnificant loss. They emphasize that learning
ability was no poorser after shock than before shoeck. Recsll after shock

was found to be significantly less than recall after the control and non-ghock

.
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rericds. The highest recall was Tound when bhoth lesraing and recszll occurred
in the post-treatinent pericd. Concerning recognition the suthors revort that
the patients were &ble to recoguize correctly both paired associates nearly
94% of the time under control conditions. Under shock conditions this drooped
to 81,5, They note, however, thet sheck interfered only slightly with
recognjtian gince the post-shock vecognition wes B7% as strong as the post-
control recognition. Eome of the pafients had been taught the material some
time belfore treatment, while others had been taught 1t immediately before
treatment, The authors were therefore sble to report on the differential
effect of shock on recent and remote learning, They found that the shock
affected the materizl learned immediztely bhafore shock more than the older

From a paper by Sherman, Y

AL

rgener, and Levitin (41 ) we obtained the

resulte of some invesitlgsitors whose work was not available to us 1n the original,

These authors reported that Toobh and Blsckburn tested sixteen metrazol-treated
patients with a modified form of the Babecock test. The results on this test
were compared with the pre-psychotic intelligence level as estimated from a
vocabvulary secore. HNine of the subjects comulaiged of memory difficulties and

the test recsults showed evidence of an impalrment in elght of tThem., Chemuan

et al, reported, however, that Wittman, and later Wittman snd Russell, found no

evidsnce of memory defect from shock therapy.

Shernsn, Mergener, and Levitin's own experiment consisged of administering
a saries of six tests before, during, and after a course of grand mal selzures
in ten patients, Four patients receivel elsatric shocks and gix received
chemieal ones, Thney found an inerease in the average scores on four standard

memory tests when the responses during the course of therapy were compared with

those preceding the exneriment, The inerease, however, was not significant
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except in one test {report of a paragraph heard) but the fact that there wag a
glgght {mprovement in all teste sugzested that the treatment had a Pavorsbhle
.effect. ‘This effect was attributed to improvement in attention and concentra-
tion, compared with the efficacy of these processes before treatient,

Zubin ( 57 ) studied the 'interference' effect as influenced by electro-
~ shock, Paired assoelstas (household commodities paired with pseudo-brand names)
.wére taught before shock and again after shock. Although it is not eclear what
I'he means, Zubin sayes that direct interferencs was introduced by utilizing the
- same commodities each time, Under control conditions the interfsrenée effect
Iwas marked and Zubin had predicted that when shock was introduced between
.1earning and releerning the interference would disappear. Instead it was
Vwaecentuated. The muthor's tentative conclusion was that electroshock dis-
jgrganizes but does not destroy the memory trace, The maze experimente to be

| . reported in our paper tend to bear out this conelusion.

Stone {51 ) was interssted both in memory loss attributable to shock and
..in_the recovery Irom this impairment, He used two distinet groups of patiente.
. Group 1 received the Wechsler Yemory Scele, Form I, one day before the first
?jﬁconvulsive shock and Form II one day after the last shock, Group 2 recelved
_the sane test, Form I, one day after their last shock and Form II approximatsly
2 weeks later, TFor éroup 1 the loss was 16% of_the original score; Tor CGroup 2
’tiﬁ gain was 27 of the Tirst score. In both cases the changss in performance
7)&5}3 statietically significant. This carefully planned experiment affords
clinching evidence both of the memory loss due to chock and of the gradual
ﬁﬁ%ovament in memory following treatment.

Purcell (32 )} performed a number of psychometric experiments on patients

eceiving electroshock., We vpresgent a summary of the results,

When shock preceded learning the effect on memory wae more deleterious




than when shock was interposzed betwesn learning and retention.

™

. Eele 1rriﬁé scores for the group where shock nreceded learning did not
¥
differ pigpificantly from the group where shock occurred betwsen learning
and relearning..
3. Recsall was significantly better for learning on non-sghock days than for
learning on shoeck dave.
4, HRecognition scores for materlal learned after glock did not differ

5

icently Irom scores when learning precsded shock,

2l
b
H,

ign

5, The results of & b*r and Barrera, see above (56 )}, on savinge and recog-
nition were not confirmed,

Although the experimenters whose wofk has been reviewed in thls section

used quantitative tssts, these tests were not always standardized, This

o)

increages the difficuliies in swmarizing this materisl and may account for
some of the disagreement. Nevertheless it is obvious that nearly sll workers

found some memory impairment from shock, The main source of disagreement,

2

disregarding differences in method, lies in which functions of the memory

& are most geriously alTected by shoek,

o

DTroce

U?

3+ 'The use of batteries of tests

Although the main emphasis in the study of intellectual impairment from
shock therapy has been on memory, some experixenters have studied the effect
of shock on global intelligence, or on an array of psychologicsl functions,
We shall omit the papers in which personzlity tests wers utilized and review
only those experiments which employed the more 'intellectual' teste.

Stone (50 ) admingﬁtereﬁ Tive Torms of the Army Alpha intelligence tezt
to 15 hospital Da+ientc during snd after & course of electroszhock therapy.

With but few exceptions the test scores showed an sppreciable decline from

the Tirst to the last of the test series and & corresponding rise in =cores
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during the three weeks following the last treatment. The mean of the final

: test scores was approximately 10% higher than the mean of the best previous
i v

?,' ] - ? .

] 2 gecores (usually the initial test scores).

ik

‘:- i

- 4 MeNeel, Dewan, Myers, Proctor, and Goodwir ( 22 ) compared the psychiatric
E rating of 33 schizophrenic patients with the results from a psychological test
&_ battery given before and during insulin treatment. Their results showed that '
5

H if the peychiatric rating approached normality after chock, so did the psycho-
i

¢ metric rating.

¥

In the first of a series of two papers Sechnack, Shakow, and Lively (59 )

i o
T —

<3

administered the 1918 Stanford-Bilnet, the Kent-Rosanoff Word Assceiation Test,

and a test of Level of Aspirztion to 70 male 001120ﬂnrenic pabients. Thelr
interest was in finding test itenme which would serve &s prognostic indicators

of long-run elinical ioprovement from insulin and metrézol therapy. In a
second study renorted in the ssme paper the authors resexamined the test results
to secure any information regarding the differential effeet of the shock treat-
ment on psychological Tunctions. The genersl result was that considersble
changes in the dirsction of improvement were noted in most of the measures,
To test the signifiesnce of the test chamges comparison was made with
individually matched eontrol patients who had had neither form of shock
therapy, but who had been given two tests while under routine hosnlisl care.
The results indicated that approximately two-thirds of the improvement could
be attributed to the ordinsry hospital regime and to Tfemiliarity with the test
situation.

Wechsler, Halpemrn, and Jaros (52 ) used Wechsler's vocational interest
blank, a test of counting by threes, naming words in three minutes, and a

gimilarities and directions test. These tests were administered to schizo-

nhrenic oatients before and after insulin treatment. A clinical appraisal of




the patients, made § o iB nonths after treatment, was compared with the test
results.,  Although it would seem dirficult to give an exact Tigure, the suthors
revort a correspondence of $7% betvween the cliniesl judgment and the test
regults., Their anslvsis fursther suggested that certain natients may be harmed
by the ghock ftreatment insofar as teet performance after trestment is concerned,

Taborsiky (19 ) gave a battery of 22 psychometric tests to 12 patients
before, during, &and after trestment by electroshock, He made two comparisons:
between scores before shock and scores during shock, and between scores before
shoek end scores after shock. The schizophrenic patients showed a general
decrease in test scores in the before-during commarison snd a less marked
decreace in the before-after comparison. The depressive patients, howaver,
showed large-score increases in the before-during comparison and further in-
ereases in the before-sfter comparison.

e

Perlison (88 )} repcried the unusual ezse of a 27 year old male patient who
received 248 shock trezitments, O thesge, 94 were metrazel injections, 158 were
alectroghock convuleions, snd 2 were by electronavcosis. Several days after
~the last ehoek the focllowing tests were adminigtered: the O0tis Employment

Test 1, the Americern Council on Eduecation Exanination 1840

College Tdition, the Ohio Stste University Psychologiesl Examination Form 21,
the Bennett Test of Mechanical Comprehensicon Forn 44, the Likert and Guasha

Fevised Mionesota Puper Form Boord Test Ceries A4, and the Kuder Preflerence

well;

Feccri Test Form BB, In all ol these tests the patient did surprising
no intellectual or emotional deteriorntlcon was disclozed,
Evidently there is greater disagrecnent when batteries of teslts are used
then when simple memory tests are employed. Pafticularly in this group of

studies, wide differences in method and in tests emnloyed preclude adequate

comnarison of results. MNevertheless, when the experiment ls designed to allow
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A 5 for accurate comparisen of test results, elther on the basls of control groups
3 or standard gcores, = of intellectusl ability has usually been
| 2 s ]
i found.
¥ 4, Theoretical papers
} : A minerity of writers hasg attached theoretical significance to the
3 e cecurrence of memory impairment from choek therszpy. In some cases thess
| : ¥y
g theoretical interpretations which may or may not be based upon resesrch, are
4 little more than the author's conclusions on the nrohlemn.
3 ¥
5 Myercon (26 ) believes that the basis of improvement znd recovery throuch
i .
i shocll therapy lies in the depression of the higher activities of the brain,
2 Thug the memory 1s impaired snd the most recent acouisitions, whieh include
5
4 the pathological state, are forgotten. As the brsin recovers, the well-
bl § = 5
k| established trends, those which sre relstively normal, come back.
ﬁ The latest conclusions of Zubin are renorted in sn abstract of & paper
4 ‘
g given before the Hidwestern Psychologicel Assoclation in 1948 (53 ). He be-
- !
2 lieves that learning and retentlon, when measured by recall and relearning,
|
T - - -
f sre adversely affected by electric shock therapy. Recognition suffers only
o
% insofar as & 'Jemais vu' phenomenon is observed, Retention is present for
i
P
; materiales learned on shock days, Genersl intelligence declines during the
3 treatment veriod,
i
i 4 \
B Zickind (54 ) has presented = very comnlete discussion of the memory
"
2 defect occurring under shock treatment. He has also formulated a theory re-
lating the memory loss to symptom relief, We shall summarize his paper in
come det=il. .
In considering the nature of the memory defect Ziskind says that the
*
. persistent amnesia resulting from metrazol therapy resembles the memory im-

pairment noted in orgmnic psychoses, In ite mildest form it is a lacunar

5
=
-
]
fet

Salindod 0 /o6
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disturhance for isolzted events of recent oripgin, With greater severity,
remote memory is slso affechted, Etill more pronounced forme present the

_’V

Korsako?? syndrome,

Ziskind warns that memory defects may be overlooked, partiecularly in

patients with various degrees of inacoe eibiiity. On the other hand, the
memory impzirment may give the Impression that the patient is zetting worse
and lead te discontinuance of the treaﬁmemt. Sueh practlce will glve rise to
therapeutic failures and has probsbly colored statistics unfavorsbly. For
satisf&cﬁory continusnce of treastment the physician judiciously spaces subse-

guent treatments farther apzrt, In faet, Ziskind saye that shock treatment is

highly quantitative. ©OSuccess or failure may depend on adeqguate spacing of

convulsicne with reference to the favoreble effect on svmptoms on the one hand,

and the adverse effects on menory on the other.

Concerning the genesis of the memory defect, Zicskind says that there is
pnronounced impairment of menory after each metrazol econvulsion. It is brief
and trensient and is probably entirely reversible for one or more of the early
selzures, CSome workers give the duratlion as up to two hours, others up to
elght hours. It is to be expected that the duration will becone progressively

oo

longer as the injections become more numerous and more frequent. The post-

convulsive amnesia is chiefly for events of recent origin, When the patient
wekens from the posteconvulsive stupor he shows loss of mémory prineipally for

the occurrences of the same morning, Recovery takes place progressively so

=

that the earliest happenings of the day sre recalled first, and then subse-
quent events in order up to the time of the injection, The injection itegelf
ig recalled las

After the later convuleions minor residusl memory defects may persist and

finally cumulate to produce the more enduring amnesias. This development may
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e figualized as'the resultant of two forces. The first is the primary de-
‘rq;£1va or depressive effecis or.metraﬁal on neursl funetions; the second is
“a fécuparative, nutritive, or anabolic functions of the braln. The primary
tion of each metrazol comvulsion is shown as & precipitete diminution or
dﬁﬁressian of memory. This corresponds with the period of unconsciocusness and
qﬁ's;guent confusion. The recuperstive phasge then sgets in and the loss of
iﬁﬁcﬁiﬁn iz shown to be reversible. With repsated Injections the‘funetional
logs is regained more elowly and 1néompletely, and residual impairment persists

nﬁ the end of the interval between treatmente. This residusl defeet increases

uith‘repeated treatments and Bends to become more pronounced and of longer

dﬁraﬁgon. Finally 1t becomes permanent. Ziskind believes that there is pro-
hahl;féetual injury to nerve cells., This damsge parallels the loss, reeovary,
qﬁd'fésiéual defect in memory. IT the ﬁ;offered interpretation of the memory
16#3 §§ correct, the persistent arneslas are but the.cumulative, more enduring,

rggiduals of the acute postconvulsive memory impsirments.
fit - 4

Zigkind goes on to presend his theory of the relation of the ammesis to
i

bhe mechenism of shock therapy. The similarities in the loss of symptoms and

g}iﬂibal similarities are:

'1l¢ Both symptoms and memory tend to become effaced as therspy progresses.

R

The effect on symptoms is greater in degree and earlier in occurrence

I%£an that on memory. This is in conformity with the complete loss of
;;fmbtams after therapy, 2% which time memﬁry, a5 a ruie, is but little
Iéffected.

Tﬁe fluectuation in sympboms and in memory iz essentlally similar after
%g%éividual treatments. As with memory, there iz an early transient

A :

- Dosteconvuleive loss of symptoms. The acute temporsry dlsappearance

;hﬂ loss of memory under trestment sugzest a common underlying mecheniem, The




of the depression, and even displacement by elstion, 1s zet infrequently

noted after a metrazol selzure, With eszsch ~uh;eﬂnrat treatinent the

relief from éymptozu, like the arrest of memory, is progressively longer
and greater, ©Soon the symptoms are gone for the iﬂter—treq nent inter-
val_of from one to four days. Cure isc susnected but the depresszsion

may recur if the treaiment is terminsted. TFinally the symptoms dissp-

menory defect would be

(8]
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pear completely and permsnently. The
the persistent Korsakoflf syndrome.

T the loss of symptoms 1s the counterpart of the

This sequence of
patient's loss of mewmory. A common underliying mechanism, which Ziskind

recognizes as vhysico-chemieczl for the memory defect, 1s therefo "é
rngwahtea for the therapeutic results and for the smnesia, Fortunately
Tor therapy, in the early stages of mental disorder the abnormal funec-
tions of the nervous system (symptome) are more vulnerzble than the
normal fun"tiun such &g MenoIry.

It should be neted that Ziskind, in his relerence to theraspy, has limite
himselfl td the manic-depressive depressions, It le In this disorder that one
sees the response to metrezol most easlily and constantly,

He suggests that the greater wulnerability of the syaptoms is probably -
correlated with thelr pathologic unstable substratum and thelr more recent
development, as contrasted with the normal amotomico-physilologle ch%;uctbr an
greater longevity of the memory process. Barced on these conslderations, he 1
congtructing a test Tor nrognosis.

Ziskind next discugses the relation of the memory defect to dogage., The

degres of menmory loss 1s in vroportion, smong other things, to the number of
convulsions. Thic is in keepling with the greater incldence of the memory
complication late in the course of therapy., In his experlence, three convul-

gions per week tend to produce pronouneced impairment of memory. Ie therefore

d
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prefasrs not to

minister more than twe treciments, although this schedule can
gometimes be viclated for one or two weeks. le notes that some suthors have
advocated the induction of a period of confusion and amnesia, believing this

to have definite therspeutic volue, Beczuse of the danger of irreversible

~residuals, he has vrelerred not to hazard this stete.

Firnally, Zicskind considers the significance oi the memory impairment for
the future of shock therapy. The question eppesrs to be one of dosage. Severe
damage to the nervous system has been produced with metrazol, Whether the .
usual course of treatment results in injury to the nervous system csnnot as yvet
be stated, The revérsibility of the memory defect in almost all casges removes H
this as & contraindication to the therapy. ‘ h

Ziskind's theory ssems re&seﬁable. hﬁimply because the menmory defect pro-
duced by cshock i: not e long-lesting or ss severe ss the changes produced on
the symptoms, we have no right to assume that the memory ilmpsirment is an

epirhenomenon, or thet 1t is not related to the mechanism of symptom relief,

Obviously, the chsnges in memory and in symptons are boith behevioral represen~ It
tations of a fundsmental disturbance in the brain, both produeced by shock, A4 |

theory which attempts to account for both memory loss and symptom relief 1s

3

wre likely to be correct than & theory of the mechsnism of shock which

it

glosses over the menory impalmment zs & mesningless and not tco sgerlious oceur-

g

rence. The latter type of theory ig 21l %co frequently stated or implied in
the writings of most shock therapists, The followlng two papers present
further evidence in support of Ziskind's theory.

Rodnick (35 ) also argues that the effect of shock therapy is to knock out
recent as conpared with remote habits. In the case of schizophrenies, these

recent hebits sre the psychotic symptoms, The older habits ere the more normal

modes of adjustment, with which the recent hzbits are ilicompatible. FRodniek
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precents the following evidence:
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Best results are clzimed with cases in which the oﬁset of the psychosis i
quite recent. Older czses zre notoriously resistant to treatment.

The best prognosls oceurs in the relatiﬁsly intect cases, in which schizo-
phrenic traits suchk as apathy, withdrawel, ané‘autism ars minimal,

In meny cages the effects of shock are only temporsry zsnd are later followed
by & return to the psychotic condition. The temporary chasnges in the
psychotic patterns may sccount for the fact that schizophrenics tend to

ghow much more partisl improvement than complete remission. Experience st
some hospitals indicates that shock therspy may be more eifective il =
program of pesychotherapy 1s included between shoeks. Thue, durirg the time
that the newer gchizoyhrﬁnié natterns are in 2 weakened conditicn because

of shock, the psychotherapy may &er%e to strengthen the more normal

behavior patterns which are temporarily dominent., This ig in line with the
observation that one of the main effects of metrszol therapy is to mske the
patient mofe accessible to psychotherapy.

The fact that & number ol shocke sre essential to the therspy supvorts the
hypothesis. Freguent repetitions of the shock may serve to weaken the
newer patferns still more, with the result that the dominance of oldér
patterns becomes more permanent,

The fact that metrazol shock has been tried on several other forms of
psychosis, with perhaps even better success, indicates that it is by no
means & specifie for schizophrenia., The logieal deduction is that the
efTicacy of metrazol lies primarily in its elfsct on the habit systems in-
volved in the behavior of the psychotic.

Metrazol may be effective only in those cases where the older, more normal

patterne are not effsctively extinguished (in the conditioned response
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sense), such as may be the case in oider deteriorated psychoties. 1In the
newer cases, where complete exticction of the rormal responseg has not yetb
takanlplace,‘the ghock aids in return to dominance of the older habits,
This conforme to various reports that shock therzpies may not actually
show a much higher remiseion rate than spontaneous remissions, but may

merely =erve to hasten the process of remission., DBut if the schizophrenic

@

patterne are tco well entrenched, so that the difference in strength be-

tween the clder and newsr patiterns le too great, the shock is not sulficlent

to affect the dominance hierarchy. (Some experimental support for such én

hypothesis will be found in the resulits of our own maze sexperiments fo be

reported later.)

Rodnicik describes sn sxperiment of his own. The experimental group con-
gisted of 21 schizophrénic patiénts undergoing metrazol therapy., The control
-grcup of 21 schizophrenics was not glven metrazol. Two conflicting hablts wére

taught., Habit I consisted In training the subject to move his fingsr to the

-

right for a tone of £500 cycles znd to the left for a tone of 700 eyecles. TFer

¢

Habdit II the subject wzs trained to move hig finger in the direction opposite
to that in Habit I. On the first session the 5's were given 100 training
trizls, B0 to each tone, the stimuli alwsys being presented in a predetermined
varied order, This constituted the $raining on Habit I. On the second
session, 24 hours later, the S's were traired on Habit 11 by being instructed
to reverse the direction of their responses to the tones. In this second

session 75 training triels were given. The number ol training trials fto estab-

1ieh the hablts was chosen after preliminary work on a separate group of
controls, This had indiczited that in most subjects 10C ¥risls on Heblt I and

7% on Habit II did not strengthen either habit to a point where it was strongly
dominant at the time of retect.

One hour after the training on Habit IX the subjects of the experimental
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crould were given a mebrazol injection. They were retested 1% hours alfter the
injection to determine which habit was dominant. On this retest session the

Sts were instructed not to deeide in =zmdvance in which dirsction to move the

)

finger, but to respond as cuickly as possible when the tone was presented, Ten

v

)

retest trisls wers given, Tive to each tonme. For both groups of S'sz the time
relationships were identical betwsen the lsarning zsnd retesting sessions.
Since there were 10 test trizsls any £ cculd vary from O to 10 reversals

to the older habit. On this basis the following table of results was cobbained,

Ho. of reversals Experimentals Controls
0 3 s
1 3 4
2 1 3
3 0 2
4 ¢ 1
5] 2 1
& 1 2
7 3 0
8 ) 4 G
9 1 1

10 e 0
N =21 N = 21

It may be seen that 7 members of the metrazol group chowed less than 0%

-

reversals while 14 cshowed 50% or more reversals. For the control group 17
subjecté showed less than 0% reversals while 4 showel 20% or more. The com-
puted chi square for these numbers (with the Yates correction for small N) 1is
7.88, This corresponds te a P of less then 0.01 for this distribution. It is
etriking to notice that only one control case showed more reversals than did
the median shock patient.

From these results it appears that one metrazol shock Las a grester
weskening effect on newer acquisitions thar on older acquisitions which ars
incompatible. This is true even though thers i1s only a comparatively small

difference in the age of the habits at the time of chock.
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Rbdnick does not believe that his fesults are t0 be explained by con-
fugion of the patients at the time of testing. Most of the auﬂject& seemed
quite well oriented and neither group showed a2 large number of respoﬁses en-
tirely to one habit. Neither does he think that an ampesia Tor the events
immediately preceding the shock explaine the results., The training head
preceded the shock by one hour znd queationing of the subjecte revealed no
retrogrude amnesia., On the other hand, he says that even 1l some general
factor such as aumesia is an important varisble in the eifect cobtained, it
dees not thereby disprove ths hypothesis. It iz indeed guite probeble that
the amnesia itselfl results from the same condition which produces the reversal
of the habits, In &any case, the empirical recults are the ssme.

Fodnick believes that the imporbance of this study lies in Indiceting
that & metrazol shock does have a differential eifect cn older as compared

It suggests thet a general psychologiecal

m
*

with more recently scguired hsbit
prineiple, quite amalogous to the temporary inhibition of conditioned re-
sponees, may play a role in metrazol therspy. EHowever, he csutlons against
the tco geners=l applicatiorn of this principle to the complicated structure of
symptoms seen in schizophrenia.

The experiment of Ziskind, Loken, and Cengerelli ( £5) is rslevant here.
These authors hypothesize that symptoms are of most recent origin. and affect
chiefly cortical st}uctureﬁ; therefore they should be the hablits most vulner-
gble to metrzzol attsck. For their experiment they wanted to estzblish new
learning of & feirly high order, that at the seme time would be subject to
objective eontrél. for this purpose & code trenscription procedure was
chosen,

The authors do not meke quite clear the nature of the task, They say

that atter preliminary explanation and demomstraticn the patient was acked to
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trenscribe from memory & nonsense syllable code as rapidly as possible. He
worked 4 minutes; his score was the nunber transcribed. After Z minutes' rest
he wse given 6 minutes of practice at transcription. Then followed another 2-
minute rest interval and a 4-minute retest. The number of iteme trenscribed
in this latter period was called Retest Score 1, .During the week following
Retest 1, two or three metrazol injections were administered. At the end of
the week another 4-minute retest was given; this constituted Fetest Score 2.
By comparing the scores made on Retests 1 snd 2, changes in performance
induced by metrazol could be detected,

Two econtrol experiments were used, In Control I the same pabtients were
givern an alternate and ;omparable form of the code test, but during the period
of forgetting no metrazol was given., Control II consisted of administering
the tests to another group of patients not undergoing metrazol trezsiment.
There were 6 patients and 5 controls.

The results ars presented in the following table.

Average difference in scores between Retest 1 amd 2

Metrazol cases «~25,1%
Control I + B2,7%
+ 3.5%

Control II

The differvences between the conbtrel groups snd the metrazol group are
statisticelly relizble., The authors conclude that the impalrment in per-
formence aiter metrazol appears to be due to impalred memory.

S. Summary
fhe evidence presented tends to indieate that inéuiin, métrazol, or
electricity can have & deleterious effect on certain intellectusl cepacities.

There is still dissgreement as to which funeciions sre most affected by shoek.

Some suthors have emphasized a loss in &bility to recall evenis which occurred
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, but they vary in the repcrted extent and persistence oi the

. before the shodl
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loss, Other workers huve shown tnat shoes therupy clhe the ability to

[
’h

Ty most found a loss, but some reporbted lmprovement in this function.
Eizaily, those whe gbudied intelligence, or an syray of other psychological
functions, 4o not agree oOn éither the direction or the extent of the shock-~
induced changes., There is one rather obvious explanstion for some of the
divergent r@sults. Lack of motivaticn to do well in {he tests is sll too
frecquent in psychotic natients., Under wmobivation we include interest, abten~

N a . - A
L

=1 one 01 the common definitions of

w0

a psychosis is "=

ticn, rappord, etc.

disense which incapacitates the person for work,™ it is not hard %o understand

that the liability of test scores on such persons isg liksely tc e low. This
critieisn ig most valid when the btests are adminigtered in the zeute stage of

. the symptone, the tine when shock therepy is most likely to de introduced.
Even if we allow for the difriculties in working with mental patients,

thers is still comsidersble evidence that zbock therapy «doss produce some

depressicr of Tunctilon, particulsrly in yeezall memory. But it is interssting

to note that the two most recent reviews of shock therapy, both appearing in

importance of the memory loss,

1946, differ in the en
Kelirnowsky and Hoch (14 , particularly pp. 1BE3Z-1Z6) tend to play down the
memory loss and to stress the advantages gained from shock.. Cn the other
bsnd, Stalnbrook says, "Whatever may be the reports concerning the complete
disappearance of shock-induced memery impairment, no one who has talked %o
patients who have undergone electroshock treatment can doubt that there 1s a
congidersbles amount of experisnce surrounding and during the course of tresat-
ment which remains permanently inmccescible to memory.™ (48 , pp. 45-458)
Perhaps the most interesting formulatlon to come out of this literature

is the hypothesis thet shock is more effective in disrTupting recent learning
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than o-lfxar learping. This hypothesis forms the basis for thoge experiments
to be reported in this peper in which the maze was used., Such a behavioral
‘hyfpot;hoesis will not serwve ms& the Tinal explanstion of the mechanism of shock
on.the body., Eventually we mucst know the physiologicel effect of shock
therapy. But at the present stage of knowledge, & behavioral hypotheels

must serve.



A number of experiments to determine the effects of insulin, metrazol, or
i electricity have been performed upon animels, Thesge studies have been chiefly

concerned with ths seffects of shock on the learning, the retention, or the

recovery ol habits. The following review will show that there is some
divergence among the results of the various experimenus. This disagreement is
in part due bo the different technigues used by different investigatore. It
may also be partly due to the fact thet meny of those experimenters who found

no effect from shock used relatively simple habits. FHesults from the precent

& experiments indicateithat it is difficult to produck changes in behavior with

electroshoek when the problem confronting the animal is quite simple. In

reviewing this literature we have zpgain sattempted %o classify the sxperimente,

We distinguish between experiments in which (1) maze and problem situations,

and (2) conditioning methods were used.

1. The maze and problem situations
Mogt of the experimenits %o be reported in this section are rzther recent.
Although there are severasl papers to report, the work haes not been as exten-

sive or as varied as that done with buman subjecte.

2y

Buneh and Mueller { 4 ) have shown that rats subjected to a series of

metrazol convulsions manifest no differences from a control group in the sub-

secuent learning of a l4-unit multiple T maze.

Stainbrook and LOwenbach { 46 ) have found that in & simple water maze 2
long series of electroshock convulsions does not alter the maze behavior of
the rat insofar ss error scores are concerned., Time scores, however, are

significantly increesed.

ot
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fiegel (43 ) taught rsts a modified Graham-Gagné rTunway. Ons group was

=
.




then subieeted to ten electrosghoek convulsiong; the other group had the
electrodes clamped to the ezre once each day bub recelved no shock over the
gams period. Im the first retention triazl bath groups showed a slight loss of
the habit but the loss was equal for both. In ssveral subsequend relsarning
trizls there was very little difference bebtween the two groups. Siégel Con-
cludes that electric shoeks had no effect on the retention of & barely-learned
response, end that the ability %o lsarn @ simple habit is not adversely
affected by a series of shocks.

-

In contrast to the experiments cited smbows, several workers have found
behaviow changes after shock. In most casges the habits tested were more
@ifficult tharn thosé used by experimsnters who found no effect.

Loken {18 )} reported fairly large time and error differences iun his
animals! relearning of & 6-unit maze after mebtrazol convulsions.

Working from the hynothesis that the known effect of insulin on the
brain, cerebral anoxisz, tends to bresk up recently formed habits more tham
older ones, Riess and Bermen (18 } reported several experiments., Using a
relatively complex and & eimple maze, $hey found that: (1) Insulin had a
grester disintegrative effect on the continued lsarning of a partially learned
habit than on a hablt of greater fixation. (2) Insulin had a greater detri-
mental effect on the longer and more difficult maze than on the shorter and
pasler maze, (3) Insulin had & disintegrating effect on the initial aequisi-
tion of & maze habit when compared to the learning of the seme hablt under
normal conditions.

Stainbrook (47 } found that the relearning time for a maze waes greatly
lengthened followling a long series of eleetroshock convulsions, although the
relsarning errors were no greater than in a control group.-

The present writer reported sn experiment using the Leghley III maze (8 ).



This maze wes chosen because it has pe a fairly difficult

problem for the rat (18 ). Rats were trained on this maze until they had
learned it to a criterion of three errorless trials, They were then divided
into three groups, equated as nearly as possible in ferms of learning scores:
One group rscelved 85 volts A.C. for .2 gec, once a day for 7C days, the shock
passing through the head. "Another group received the same seriez of shocks
but the slectrodes were attached to the hind lezs, The third group received
no shock., Shoecking was begun 24 hours after the last criterion trial for

each reat. The rats were retralred or the maze beginning 24 hours sfter the

20-day shock period and were retrained to the originel criterion. The results

were clearcut, The group that hed been shocked through the head was signifi-
cantly inferior $o the other two groups in terms of: (a} trials, errors, and
time scores during relearning, (b) percentages saved in trials, errore, &n

time in relearning over lesrning, and, (¢) errors and time on the first reten-

tion trial.v The group shocked through the lege was sllightly, but not
pignificantly, inferior to the group thet had received no shock. The reczults
thus indicated that shocks through the head c¢zused an impaifment thet showed
up either as & loss of vretention or of relearning ability (or of both) for
this habit. Most of the loss seemed to be in retention.

Teking tbelr cue from this experiment, McGinnies end Schlosberg (21 )
studied the effect of electroshock on double alternation lever pressing in
the rat, It is kpown from the work of Hunter and his students (see particu-
larly the paper by Hunter and Hall (17) ) that the double alternation meze is
a particulerly difficult cne for rafs.. Sehlosberg and Katz (38 ) extended
this work with the double zlternmation lever pressing problem which, although
more eeconomical of time than the maze, is still e very difficult task for the

rat to perform correctly. It therefore seemed to McGinnies end Schlosberg
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that this habit would be particularly sensitive %o the effect of eleetroshock.
Their results amply support this hypothesis.

In the experiment McGinnies and Schlosberg atte 1ptﬁﬂ to train four rats
%o the correct double alternation sequence of lever pressing for food reward.
Only two of the animals reached the criterion of 80% correct double alterna-
tions in the daily recordings of 20 runs. The other two rats which never
mastered the problem sappeared excited and over-setive in the sitnation. The
animals were then subjected to warious elecbroshock procedures. The results
showed that ezch of the two rabts that had learned to eriterion exhiblted
breakdown of performance following each of two psirs of cersbral shocks., In
each rat one pair of shocks was followed by & rest period of 20 days; the
other palr of shockes wes succeeled by inmediate rebrsining. The results
suggeéted that electroshock is followed by a short period during which the rat
cannot profit from retraining.'

Following this experiment the suthors subjected the same two animals to
a series of convulsions induced twice weekly eand sccompanied by daily prsetice
in the spparatus. The reaction tc the initisl shocks wés sudden breakdown

-

followed by repid recovery, This was succeeded by & period of variable or
generally poor performance. Xinelly, both animals again rezched criterion
and remalned there despite continuvance of bi-weekly convulsions,

In the finsl ezperiment one ol the rats which had never pe“lormed at
criterion was subjected to & schedule of daily shocks, This animal was
larger than the others and had exhibited considerable over-activity in
original training. He improved steadily during the pesriod of convulsions
and, following 19 consecutive shocks, performed better than he had for amy
comparable period prior to tlie shocks, The results of these experiments led

the suthors to conelude that the effect of the shock was to decrease actividy
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le?ei, which in normally active rats resulted in impairment in the habit but
which in an over-actlive rat led to improvement in performance.

Horowifz and Stone (12 ) tested the hypothesis that a previocusly-learned
habit, disorganized by electro-convulsive shock, would give less interference
with the learning of a new habit. Thirty animals were run on the Stone
¥ultiple Diserimination Box to a criterion of four out of five trials., Of
twenty-three successful animals, thirteen Pormed the shoeck group and ten the

- eontrol, The new habit consisted in switching the’correct path to the dark
alleys, The shock had & messurable disorganizing effeect on the original heabilt,
but in switching %o theﬂnew habit the control group tended to learn more
readily. The original hypothesis was therefore discarded. It.is interssting
t0 note the similarity in procedure and results of this experiment with that
of Zubin on the effect of electroshock on interference, (57 }. Zubin found
that the interference introduced by changiﬁg only the stimulus words of
paired associates was accentuated in human patients. receiving electroshoek
therapy when compared with a eontrol group. As in Horowitz and Stone's

experiment, the control group learned more readily.

In a recent experiment Sharp, Winder, and Stone (40 ) studied the effect
of electric shocks on 'reasoning' ability in rats., The apparatus used was a
modification of one which Maler designed to study reasoning ability. The
behavior of the animals was recorded on 22 post-shock trials with 22 hours of
recovery from each shock, and on 10 post-shock trials with 13 hours of
recovery time. The impairment of éerformance was assessed in terms of (a)

curtailment of distance traveled during the exploratory perlod before the

test runs, (b) time, as measured from the moment of release for a test run

until the enimal found the reward, and (¢} eorrect choices made, The results

showed that the mean of exploration distance dropped appreciably in the 22
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hour post-shock series and dropped even more in the 1l hour series. The mean
time of test runs following shock was greatér than in the pre-shock period,
.and the time after short recovery periods greatly exceeded that after long
recovery times, JFinally, the accuracy scores showed & downward trend which
fesembled that of the other measures., The consgisteney of downward trends for
all measures suggested that there was a real impairment in the funetion
measured by the Mailer test.

It bas been suspected by a number of workers that one of the effects of
electroshock is a depression of genersl actlvity. Time scores often shoot up
considerably in the performance of skilled habits after shock and it 1s fre-
gquerntly observed that the sctivity of & shocked animal is less than that of
his caze mates., Stone (49 ) mede a quantitative study of the effect of
electroshock on general activity in rats. The rate lived in revolving drums.

As soon as a baseline was established the snimals were put through a series of

one convulsive shock per day for D days, followed by 5 days wibthout shoeck, then

5 more shock days, and so on for & elternating periods of shoek and no-shoek,
plus 2 additional post-shock periods. It was apparent from the sctivity graph
that the rats were much less active during the shock periods than during the
no-shock periods. Reduction in activity began in the first 24 hour# alter
a convualsive shock and disappeared during the second day beyond the last
shock, Although the major depression of aciivity occurred within the first
24 hours after a shock and disappeared within 48 hours after the last shock,
it was not until 2 weeks after the final shock that the majority of the
enimals began %o spproach their pre-shock level of activity,

Page (87 ) has also found that general activity of rats is depressed
during electiric shock series and that the shocked animals lose welgnt.

In summary of this seetion 1t may be sazid that most experimenters have
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' found that shock impairs learning or performance of skilled habits. This is
particularly true when the hablts used are sufflciently sensitive; i.e.,

‘aifficult for the animal,

2, Conditioning experiments
Except for the extenslve research of Gellhorn and his associates, few
gxperimenters have used the conditlonling situation as a measure of the effecte

of shock, This is unfortunate since & conditioned discrimination, perticularly

if the animsl is pushed $o the 1limit of 1its ability, should be especislly
uzeful in aetermining the effsct of shock on behavior, We do, however, have
some evidence,

Page (27 ) tried to'condition the electroshoek convulsion by sounding a
it bell just before the elsctricity passed through the rat's head, No condition-
ing was obtained,

Bose, Tainton-Pottherg, and Anderson (56 ) administered a series of
insulin shocks to & well-trained sheep in which & conditioned reflex had been
Standardized in tests extending over a period of seven years, They found
that, following the hypoglycemic treatment, the conditioned reflex, which had

been almost entirsly absent Tor ope year, reappeared with abnormal vigor.

Hovements of the reaction 1limb (left foreleg) were graphically recorded during
the recovery pefiod Trom each of 7 insulin shocks., FYor the first time in the .
history of the animal movements of the leg appeared in the rest interval be-
tween signals. These responses gometimes reached a frequency of 8 per minute,
Such movements had been previously observed only in animals exhibiting

experimental neurosis. On each occasion the number of such movements gredu-

;3
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ally decreased ss the animal recovered from the coma and as this occcurred the
conditioned reflex {leg movements to the conditioned stimulus only) reappeared.

o Rosen and Gantt { 37 } reported & brief experiment on the effect of
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metrazol convulsions in dogs. They conditioned two dogs to make a salivary
resysnﬂe,_and two others to make s motor response. Discrimination of the
.conditioned stimulus to the motor habit was markedly impaired by the metrazol;
the effect on the salivary discrimination was less pronounced.

Partly on the basis of hils conditioned response experiments with shock,
Gellhorn has formulated a2 theory of the mechanism of shock therapy. Later we
shall briefly summarize his theory, but first we must review his experiments
in some detail, since in several of them the procedurs is rather involved,

Xeseler and Gellhorn ( 15 ) investigated the effect of electrically amnd
chemically induced convulsicns on conditioning In rats. They first trained
rats to a bell plus a grid shock in an avoidance situation, The response con-
slsted Qf jumping over a partition in the center éf the grid to avoid the
grid shock. When this hablt was established it was extinguished by amittipg
the grid shock. hen several cerebral electroshocks through the head or
metrazol injections were administered. ZEither type of shock ceused a
temporary recovery from the extinction, although control experiments had
shown that there was no spontanecus recovery.

It remained to be determined whether or not insulin could produce the
same effect as had cerebral eleciroshock and mebrazol. Thls was studied by
Gellhorn-and Minatoya ( 7 ). The procedure and apparatus were the same &s
in the experiment by Kessler and Gellhorn, except for the use of.insulin. As
before, when the CR had been inhiblted by lack of reenforcement, no sponta-
neous recovery from the extinection was found in control rats.. However, in
rats subjected to insulin injections, the response appedred with full
magnitude, .

in view of these results the question arises whether the action of
insulin coma on conditioned reflexes consists only in the removal of inhibi-

tions, or whether excitatory reactions are also influenced. In the same
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paper Gellhorn-and Minatoya veported an experiment to decide this question.
.Animals were trained in the avoidance apparatus until they had just begun %o
learn the habit. Before complete learning had tzken plaee, one group was
glven insulin shocks, It was found that the subsequent leérning of the habit
to criterion was facilitated in those animsls that had received ineulin. The
authors concluded that the chronic effect of insulin hypoglycemia is not re~
stricted to its action on inhibition, but affects likewise those excitatory
processes which are the basis of the establishment of the CR. Although the
authors did not meke the point, it would seem that the insulin effect on
excitation 1s opposite to its effect on inhibitilcon, facilitating the former
but-impairing the latter.

In & further investigation Gellborn ( 8 ) studied the effect of shock on
geveral CR's., In one group of enimalsg, 2 or 5 CR's were established in sue-
cesslon, but no néw CR was formed until the preceding one had been inhibited
by lack of reenforcement. The apparatus and procedure were the seame as in
Gellhorn's previous e:gpériments, with the exception that the different CkK's

were established by using different conditioned stimuli. lhiese were a door-

bell, a sound of 250 vibratiens, and a light. Results with this first group.
of animals showed that electroshoek or insulin restored extinguished condi-
tioned fesponses, as had been found previcusly. But they also showsd that
this effect may be exhibited simultaneously on several conditioned responses
whieh had been establ;shed and extinguished in & definite sequence. In the
original establishment end inhibition of the responszes the sequence was:
doorbell first, 230 sound next, and light last, However, in the recovery from
inhibition after shock this sequence was exactly reversed in terms of magni-

tude of recovery, the response to the doorbell being recovered most and that

to the light least, Thise result would seem to fit in with the hypothesis of
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the effect of shoeck on recent and remoie learning, except that we know thet a
sound is likely to be a more powerful stimulus for the rat than is a light.
In a second group of experiments reported in this paper Gellhorn egtudied

the effeect of shock on positive snd negative CR's which were being maintained
simultaneously in the same animal., The érocedure was.to establish one or two
responses and then inhibit them by lack of reenforcement. Following this a
third response was established asnd maintained in the rat. Apimals trained in
this fashion were used to decide the guestion as to whether the action of
insulin coma or elsctrically induced convulsions is restricted to inhibited
CR's, or exerts & depressant effect on non-inhibited CR*s., When the animals
wers subjected to insulin comas and then retested it was found that the
inhibited responses had been restored but thai the poéitive CR remained unin-
fluenced and positive., The experiments thus showed that shock e¢an act
specifically on inhibited CR's without influencing positive Cﬁ’s. Gellhorn
contrasted this ezxperiment with that of Rosen and Gantt, see sbove ( 37).
© The latter workers had found a loss of discriminative =bility in their dogs
after a series of mebrazol comvulsions., Gellhorn, however, found no effect
of shoek on positive CR's and thus no loss of differentiating ability, where-
as the shock had produced a marked recovery in inhibited CR's. Gellhorn did
not make the point, but it should be noted that a loss of inhibitory processes
should bresk up sensory discriﬁination, if we accept Pavlov's view that
inhibition is necessary teo restfict generzalized excitatory processes. This
findirg of Gellhorn's, that shock will remove iphibition but not exeitation,
is of particular intersst to the present suthor, since he will later report
results that are in some disagreement with those of Gellhorm.

" Gellhorn's most recent experiment is a further study of the relative

effect of shock on positive and negative conditioned reactions, ( 9 ). Befors

i



making the geperalizstion that shock acted only on tﬁe iphibited CR's, it
gseemed necessary o Gelihern to investigate the effect of shock on & positive
CR which, overtly at lemst, was similar to the negative CR. The author wantqd
to establish a positive CR resulting in suppreession of a motor response, and
in the same animal form a negative CR in which the rat likewise refreired from
motor activity because of lack of reenforcement. If these two responses re-
acted differently to insulin coma, then new light would be thrown on the
nature of the insulin etf'fect.

In contrast to the Z-chamber apparatus used in all of the previous
experiments, Gellhorn now employed a circular spperstus divided into 6 cham-
bers, In this device the rat could escape from ths shosgk, or avoid the shock,
by munning into either of the two adjacent compartments., After this condi-
tioned response was established it was inhibited by lack of reenforcement as
in the earlier work., Insulin coma was then produced. This consgtituted the
first part of the experiment. Thereafter the CR was again fully established
by reeniorcing the conditiomed stimulus., Then this CR was abolished, not by
internal inhibition but by countershock; i.e., the charge was applied to the
grid of the two adjacent chambers when the CS was presented. Upon presente-
tion of thé ¢S the rat Junped into one of the adjacent compartmernts but was
driven beck into $he original compartment by the grid shoek., Repetiilon of
this procedure for seversl days abolished completely the reSpqnsa'of running
into an adjacent comparitment when the CS was sounded, Then insulin coma was
applied again, and the degree of recovery of the original running response
was determined. Following this the rat wes agaln condltionsd, extinguished
by omitting reenforcement, and given insulin as in the first part of the

experiment, It was found that when the running response was abolished by

lack of reenforcemsnt, the administrstion of insulin indueced recovery of the




-

CR, as in the earlier experiments., II, however, the CR had besn Inhibited

by countershock, insulin produced no significant recovery of the response,
Then when the rat was again retrained as in the first part of the experiment
and again iphibited by omitding the unconditioned stimulué, insulin, as usual,
led to recovery of the CR.

The fajlure of insulin coma o lead to recovery of the nositlve CR after

countershogk had been applied was obviously not due to a gpontaneous change

in the animal, since the repetition of the first part of the experiment again
ghowed the striking recovery of an inhibited CR by insulin when the inhibition
bad been produced by lack of reenforcement. It was shown in later experiments
that it was immaterial whether the suppression of the response by countershock
preceded or followed the suppression of the response by lack of reenforcement.
The recovery of the abolished CR through insulin coma was possible only when
this reaction had been eliminabted by internal inhibition, and not when it
had-been eliminated éy countershock,

In discusging his resulte Gellhorn says that the clue fo an undersbanding

of the experiments sesms to lie in the fact that the significence of the (S,
previously the signal for an escape reaction, was alvered by ita cambination
with countershoek. In these circumstances the escape reactlon was suppressed
and the behavior of ;he suimals wae overtly similar to that seen after inter-
nal inhibition. But important physiologicsl differences existed betwsen the
two conditions. In the condition prssent in part 4 of the eaperiment the
temporary association of the CR sund €8 still sexisted, though in sn ineffeetual
form, so that, owlnz to the ldwerad‘axcitability of the brein as & whole &s

a result of internal inhibition, the €S was unable to slicit the positive
escape reaction. Under the influénce of insulin econt these weuk links be-

tween the C3 and CR were apparently intensified and thus the original sscape
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reaction resppeared In response to the CS, However, in the case 1n which the
CR was abolished by countershock the situation was quite different, since a
pew positive CR was substituted for the old ome. Since this reaction was
established under the influence of a strong unconditioned stimulus, counter-
shoek, it quickly replaced the former CR., The new behavior was easily acquired
and apparently was a very stable response in whick the animal refrained from
running in response %o sound. I the actlon of insulin coma and other related
procedures had produced sn increase in the gsnerél level of execitebility, 1t
might have csused the animal to rsaet to the bell with a vigorous escape re~
action in both parts A and B of the experiment, regardless of the fundasmental
difference in the physiological reactions which forﬁ the basgis of the two
regponses, The experimental results showed clearly that this was not the case.
The specificity with which shocek procedures restore inhibited conditioned
reactions, without affecting the avoldance reaction to céuntarshock, indicates
that cerebral shock aects only on those cortical processes whieh, a&lthough
latent during internal inhidition, are the basis of the CR. Thiz interprets-
tion is in agreement with the results In previous studies in which the
effectifene&s of insulin coma and electroshock in the restoration of inhibited
CR's was direectly related to the stability of the CR. EReactions to a bell,
which were established with sase but abolished with difficulty, were more
effectively resiored by shock precedures than were CR's to a light, which were
asbablished with difficulty but abolished with ease, indicating & lesser degree
of gtability. The experiments reported in this as well as in previous papers
seen 0 warrant the statement that positive CR's, no matter w@ether the CR
consiste in a movement or in the suppression of & movement, are nct altered by
insulin coma,

These experiments of Gellhorn are part of an extensive series of investi-

gations into the nature of shock therapy. From this work he has evolved a
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theory of the effect of shock therapy which he helleves accounts for the
physiological ehanges which occur when a mental patlent is relieved of sympitoms
by a course of shock, This theory 1s explsined in detail in bis book

Autonomic Regulations ( 10) and new papers relating to the theory appear fre-

guently. Brieily, Gellhorn's thesory is that in mentsl disease there is an
abnormal lack of balsnce between the yago»insulin branch and the sympsthetico-
adrepal branech of the sutonomie nervous system. When the patient 1s subjected
to insulin, metrazol, or slechiroshock, the sympathetico-adrenal syestem is
stimulated $o great activity, and this activity eontinues for a long time after
the shoek has been adminlstered. Prolonged excitabion of the sympathetle
centers may restore the patient's disturbed autonomic balance and exert far-
reaching effects on the cortex itself, This is shown by the restoration of
inhibited conditioned reactions after shock procedures, ard by other lines of
evidence that we cannot review here.

In support of Gellhorn's theory it may be said that it is the only theory
of the underlying mechanism of shock therapy.which is supported by much experi-
mental evidence. But almost &ll of this evidence has been contributed by
Gellhorn and his collaborztors, and the experimen%s ars often s0 poorly
deseribed that they may be difficult to repest. The only other theory worth
mentioning is & descriptive ons in which the shock is zssumed to lmpair recent
but not remote memories. It is only fair Ho mention, however, that in the
recent book by Kalinowsky and Hoch (14 ), where a whole chapter is devoited to
a discussion of theories of jhe mechanism of shock therapy, both Gellhornt's

theory and the amnesia theory are given short shrift.

3, Sunmary
We have pow reviewed the pertinent literature on the effect of shock

procedures on learning and retention in human end animal subjects. The



conclusion seems justifisd that after one of more shoeks, induced by any onse
of the three major methods of shock procedure, changes in psyehologiesl
functions may oceur, These changes are usually, but not always, depressions
in the fupctions atudied. The changes are often greatest, particularly when
adequately measured, in the learning or the retenticn of verbal or motor |
habits, slthough in human mental petients the emctionel changes, in the sense
of symptom relief, may well be more siriking.

In view of %he frequent report of amneslc difficulties from shock, and
particularly because of the emphasis placed upon these amnesias by many |
writers, it is obvious that adequate experimentatién on the problem is of
greatest Importance. Ths psychologist, limited in other respeets im research
on shock therapy, 1s especially able to investigate habif disintegratiorn and
memory lmpairment due to shock. We shall now report a series of esxperiments
which are oriented shout the hypothesis that shock impsirs recently learned
resﬁonses more than older respomses, If this hypothegis is tenable, 1t may
help considerably in the attempt to explain the underlying mechanism of

ghock therapy.
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III. Maze expsriments
A, Introcduction

Qur purpose in these experiments'was to determine the effect of electro-
shock on & racenfly learned habit which matched in strenghth an older
conflieting habit. We have slready precented some evidence from the work of
previous experimgnters that shock procedures can weaken & recent habit, thereby
pernitting an older incompatible habit to regain dominance. Except for the
work of Rodnick ( 35 ), however, the previous zuthors utilized rather compli-
cated habits and a series of shocks. Thelr experiments are therefoie subject
to.the eritieism that uncontrolled variables may have been opersting to bias
the results. This criticism is particulsrly valid regarding the time of
application of the sghock, the spacing of the shocks, snd the number of shocks
administsred. These variables are important; several writers have stressed
the value of treating patisnts by skoek therapy early in the history of the
disorder, and Ziskind { 54 ) has emphasized thet, in view of the cumulstive
nature of shock, the number and spacing of the convulsions are crucial. It
is difficult to assess the results of many papers which do not report these
factors in exact detail.

In the present series of experiments we attempted to eclarify these
Tactors by keeping the lemrning situstion simple. Hence we used a single
unit T maze, which gave & choice of two simple, e¢lear-cut responses; & turn
to the right, or a turn tc the left, One of these habits was strengthened by
repeated reinforcement with a snall portion of food, with practice distributed
over many days. The @nimals wers then coasxed down the other arm of the T,
using a trail of food, apd rewarded with a large portiorn of focd, until the

npew habit was stronger than the old one, In a typilcal series, some of the




snimals were then given a cerebral shock, and later retested on the maze, The
eritical question was whether the shoek had weskened the new habit more tham
the old one, This is the basic scheme of all our maze experimente. The
vreliminary experiments were designed to determine the eonditions of practice
and reward_necessary to yield two habits of fairly equal strength, The main
experiments were concerned with the effect of verying the time intervals

between the training and shoek, and between the shock and testing.
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Bs Genersl procedure and apparatus
1. Appsratus

‘The maze uced in all of the experiments wes en elevated one unit T maze.
The stem of the T was 60 inches, and each arm 20 inches in length. Small
wire mesh cages in the shape of Quonset huts served as a starting box and the
two goal boxes. These cages wers hinged on one side to allow insertion or
removal of the rat, The interior of the starting box and the top of tﬁe maze
were well lighted by an overhead bulb. The goal boxes were darkened by
covering the wire mesh with black cloih and were placed st Tight angles to
the ends of the maze arms, This prevented the animsl from geeing the food
reward until he had actuelly entered the goai bex. The maze 1s shown in
Figure 1,

As will be described below, it was necessary at times to have Tood
particles on the arms and etem of the maze., At other times all traces of
this food had %o be removed to prevent the operation of olfactory cués. To
accomplish this the .top ol the maze was covered with strips of Masonite,
which formed the running surféce for the rat. One strip covered the stem of
the maze and another coversd the two erms; all stripns were 2 inches In width.
Several of these covers were available, permitting a complete change oi run-
ning surfece in a few seconds, Tactual cues which might determine the rTatts
ehoice of turn were also controlled by changlng the‘ﬁaze covers, Visual and
auditory cues were contrclled by illuminsting all séctions ot the maze
equally by the overhead light and by running the animals in the evening when
the building was quiet.

The elecdroshock apparatus permitted varying the voltage and the dura-

tion of current flow. These two factors are reciprocal in their effects; an
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Figure 1

The maze used in the present experiments
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increase in either increases the chances of inducing & major comvulsion.

Leads from the ordinary A.C. circult in the building were attached to
the poles of a 27 olm potentiomeber, Wires from the potentiometer led 3o
alligator-clip electrodes. The jaws of the electrodes were wrapped in gauze
and were soaked in physiclogical salt solution just before sn animal was
shocked. Throughout all the experiments the potentiometer was set at 85 volte,
as determined by a volimeter in the eircuit.

The following device was built to control the duration of the eurrent
flow. A phonograph motor was mounted in & wooden box with the shaft protrud-
ing through the cover of the box. To this shaft was fixed a Masonite turntable
9 inches in diameter. A wooden lug 4 inches long and 4 inches wide was bolted
to the top of the turntable. On top of the wooden box and directly beside the
turntable & ringstand and clamp were mounted. The elamp held a wheel micro-
switch which rested on the turntables As the turnbtable revolved, the wheel of
the microswitch passed over the lug, dripping the current on and off, By
mdvﬁng the ringstand clamp the microswitch could be m&dg $0 pass over the lug
at any point between the perimeter and the center of the turntable*! The total
range of durations thus obtained varied between .05 and 35 of a second. A
«01 second stop-clock was used to determine the duration of the shock. In &ll
of the experiments the timer was set for .20 second., Thus, the cerebrsal

slectroshock consisted of 85 volits A.C. lasting for .20 second., The electro-

shock apparatus is shown, somewhat schematically, in Figure 2.

7/

2. General procedure

The two habits employed were the running to the right or to the left on
the T maze for Tood reward., The assumption was made that these habits were

of equal difficulty for the rat when the operation of position habits had
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been controlled. The habits were, of course, confliecting in that the perw
formance of one precluded the simulianeous performance of the other,

Since we wanted to balance, the relative strengths of the two habits,
several preliminary experimenis were run in which the amount of practice and
reward were varied. After considerable work the following general procedure

was chosen, and was then used throughout the main series of experiments.

1 arm of the maze for small food

Rats were trained to run %o the lefh
reward, approximately .l gram of wet mash belng glven for each trisl. The
animals were run 3 trials per night. To permit greater distributed practice ,
the 3 trials were run in alternation, i.e., a&all animals ran their first trial,
then all their second trial, etc. Since the animals were always run in groups
of 6, the inter~trial interval was zbout 3 minutes. Training was continued
in this way for 15 to 20 days. During this time no .food was present in the
right goal box and the rats quickly learned to run only to the left. At the
end of this training, running to the left comstituted an old, well-established
habit, |

Training on the recent habit was begun 24 hours after the last night of
practice on bhe old habit. This newer habit consisted of running to the right
for a large food reward, asbout 2 grams of mash being glven for each trial,

On the night following the last night of training on the 0ld left hsabit the
enimals were first allowed to run 2 trials to the left as usual. The right
food box was then baited with the large (2 gram) reward and training was
begun on the right habit. Since the rats cou{d not know that the right habit

was now rewarded, 1t was neecessary to lure them down the right arm of the maze.

l"I‘o avoid confusion incconsidering the results we shall always write ss 1f

. the left habit were the clder habit. Actuelly, to prevent biasing the results
by position hebits, half of the rats received their Initdal training on the
right, eand thus turning to the left became thelr recent habit.
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This was accomplished,by»placing small food particles on the stem of the maze
near the choice poilnt and along the right arm. The particles were placed
about 1 inch apart end led directly into the right gosl box. As the rat ran
down the stem of the T he encountered the food particles near the choice point,
end in eating the successive particles was lured down the right am and into
the right gosl box. He was allowed to eat the 2 gram reward and was then
placed back in the sbarting box for the next lured trial, FEach rai ran all of
his trials to the right in succession, since it was found to be very difficult
to change %the habit preference if the methed of running in alternation were
used, After each rat had run 3 or 4 lured trials, fresh covers were placed

on the maze and the rat was run withodt benefit of the olfactory cues from the
food stains on the maze covers used during luring. In practically every case
the animals coptinued to run Yo the right for the large rewa:d.l If not, one
more lured trial was always sufficient té change thé animal's breferenee to.
the right hablt, After the luring trials snother 1 to 3 trials to the right
were run without luring, The entire right treining never exc;;ded 7 %risls,

including the luring trials. The right habit was now dominant, at least

temporerily, over the left hebit. Preliminary experimentation had indieated
that the animals would continue to run to the right until satiated; The rats i
had been trained, then, 3 trials per night for at least 15 nights ?o the left |
for small rewerd, and 4 to 7 trials, a2ll given in one night, to the right for

large reward. The right habit, although pfaeticed much less than the left

habit, was slightly dominant over t?e'older habit beceuse of the much greater

reward associated with it. However, it must be emphasized that the old habit

had not been extinguished, in the classical sense, for the small reward was

always present in the left food box.

At varying times after the last right trial some of the rats were given
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a single electroshock. Alligator-clip electrodes, wrapped in gauze and sosked
in physlological salt solution, were ettached to the rat's ears amd 85 volts
A.C. passed through the head for .2 second. In some of the experiments the
experimental animals were shocked immediately (within 20 seconds) after their
last right trial., In otlier experiments the rats waited in their cages up to

2 bours after finishing right training before being shocked. Control animals
were treated in the same way as the experimental rats throughout, except that
they racelved no shock.

We wented to test both the immedlate and the long-run effects of the
shock. Therefore, in some experimenis the animals were.tested on the maZe &
balf hour after the shock, while in others they were tested 24 hours after the
shock, No animals were tested sariier than a half hour after shocking. It
was found that the shocked animals needed at least this much time for recovery
from the convulsion; otherwise they could not be induced to run. Since the

) 3 §
control animals were tested on the maze st the same time as the shocked rats,

we could determine if there had been eny spontansous recovery of the left hepit,

Our chief interest was in the rats* choice of turn (hasbit) on the first test
trial, Z¥nough test trials were Tun, however, to &llow the animals to exhibit a
definite preference, since some animals would occasionsally change to the cther
habit after a few trials. |

The animels used were male and female albino rate between 60 and 100 days
of age at the time of the experiment, It is sometimes difficult to produce the
full electroconvulsive attack in animals much older then this, presumably be-

cause of the increased thickness of the skull. In each experiment the animals

usged had had no previous experience in experimental work,
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€., Preliminary experiments

Since the procedures used in the preliminary experiments were rather
involved, the experiments will not be described in detell, Only the results
will be summarized, since from them we derived the methods used in the main
experiments,

The first problem considered was the smount of reward to be given for
each of the two habits. We found that there were actually two questions to-
be answered: how much more food would induce the asnimals to ¢hange their
preference from the left to the right, and how large should be the differential
bétween the rewards to prevent frequent reversals to the left. After trying
several variations in the relative amounts of food reward, we finally chose .1l
gram of wet mash for the left end 2 grams for the right. With so large a
differential the rats not only learned to go right in very few trials, but
reversals to the left rarsly occurred,

Holding the rewards constant at the values given above, the problem of
balancing the strengths of the two habits was solved by wvarylng the relative
degrees of practice on each., The results of severel experiments indicated
that 4 b0 7 trisls of praectice would make the right habit dominant, The right
preference built up sé rapidly, however, that electroshock would never induce
reversals to the left hablt unless the latter had had several deys of practice.
Therefore, in the main experiments at least 15 days of left tralning were
given. With this amount of practice the old habilt was strong enough so that
reversals to it could be induced even if the new habit were domlnant at the
time of shocking. |

The final problem concerned the time of application of the electroshock.
In experiments to amswer this question it was found necessary to giﬂe all of

the right training in one session, and to introduce the shock no more then 2
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or 3 hours after the last right trlal., If more than one day of practice on:
the right were allowed, & long serles of shocks would not ceuse reversals to
the left., Furthermore, there seemed to be a 'consolidation: effect of the
right training, sinee an electroshock would not causge revsrsals if 1t were
~administered several hours after the last right trisl.  Therefore, to show
the effeet of a single electroshock most clearly, the shock was administered
within 3 hours after termination. of a singlé session of practice on the recent
habit,

In summsary, then, the following resulis were obtained in the preliminary
experiments, To ﬁroduce quickly a stable change of preference from an old
habit to a new habit, the former should be poorly rewarded while the latter
15 highly rewarded. With a highly rewarded new habit the old habit should be
well practiced, and only one session consisting of few trials ellowed on the
recent habit; otherwise, the new habit will become so dominant that electro-
shoek will not disrupt i%. Finally, when the habiis have bheen earefully'
balanced, a single eleptroshobk will cause reversals to the older habit only
if the shock is edministered within s few hours after termination of trsining

on the recent habit.
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D. Main acquisition experiments

The purpose of this group of five experiments was to debtermine the
effects of a single electroshock on a recent habit which closely mabched in
strength an older habit. Two factors in the situation were varied:; +the time
elapsing between termination of ¢training on the recenﬁ habi£ end &he admini g-
tration of the shock, and the time allowed for recovery from the shock before
the test trials were run.

In the case of the first varlable, how soon the shock was applied after
training on the new (right hand)habit, three intervals were sbtudied; in
different experiments the shock was given irmediately (within 20 seconds),
one half hour, and tﬁo-hcurs after the last trial on the recent habit, Pre-
limirnary attempts to demonstrate the effects of a single shock applied much
later than two hours after right training‘wére unsuceessful, It will be noted
that at the time of administering the shock the right habit must necessarily
be slightly dominant over the left. If & shock is applied within 2 or 3 hours
after the right training this dominence can be disrupted, as the resulds of
the preliminary experiments suggésted. Buf if many hours elapse between the
last right trial and the shock, test trials show that the shock has had little
effeet, Thus, there seems to be a 'consollidatlont or 'perseveration! effect
of the right training, such that the slight dominemnce of the right habit bew
comes grester withéut additional practice. In the main eiyeriments, therefors,
the shock occured no later than 2 hours after right training,

For the other variable, time allowed for recovery from the shock, two
intervals were used; in different experiments, the test trials came one half
hour or 24 hours after the shock. In this way we hoped to differentiate be-
tween immediate and long-run effects of the shock., We had hoped to run both

a half hour test and a 24 hour test for each of the three shock administration




intervals. However, in the case of the shock given one half hour after right
training, we were able to run test trials only omne half hour after shock.
Other work nscessitated interfuption of the series of studies before data ware
~obtained on test triels Tun 24 hours after a shock which followed right $rain-
ing by one helf hour, Thus, the experiments may be described as follows:
Fxperiment I, shock given immediately after right training, tested one half
hour later; Experiment II, shoeck given immediately after right training, tested
24 hours later; Experiment III, shock given one half hour after right training,
tested one half hour later; Experiment IV, shock given 2 hours after right '
| training, tested one half hour later; and Experiment V¥, shock given 2 hours
aftor right training, tested 234 hours later,

The training procedure on the left habit2 was identieal 3in 21l experi-
ments. The snimals were run 3 trials per day for 15 days. The reward was .1
gram of wet mash for each trial and the trials were run in alternation,

On the 15th day the animals were trained on the right hebit. The right
goal box was balted with 2 grams of magh, while the left gdal box still con~
tained the small reward, The rats were lured 3 trials to the right and then
ran 1 0 4 trials without luring. The five experiments thus differed slightly
in the total number of right trials allowed; the minimum being 4 and the
maximum, 7. The reason for this variation in the number of right trials was
that in some experimenis a few more right trials wers obviously necessary to
assure dominsnce of the new habit.

As soon as it was decided that the right habit was dominant, sraining
was terminated. Certain of the animals were selected to recelve the shock,

while the others served as controls. The experimental animals then received

2'It might be pointed out again that "left™ and "right™ serve as convenient
designations for old and new habits, respectively, In practice, the old habit
was $o the right for half of the animals,
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a 2ingle electroshock consisting of 85 volts A.C. passed through the head for
.2 second. As noted above, in different experiments the shock was administered
. lmmediately, one half hour, or 2 hours after right training. All animals were
allowed either one half hour or 24 hours rest and were then tested on the maze.

In the test trials an arbitrary standard of habit preference was adopted,
Test trials were continued until each animal had run 4 consecutive trials o
the left.or 2 consecutive trials to the right. Preliminary work had indicated
that only rarely did a reversal of habit preference occur after either
eriterion had been satisfied. Furthermore, we did not want either habit to
become greatly domipant as a result of the test trials, since some of the rate
were to be used In later extinction experiments'in which the questiog of habit
dominance would agaln be of primary importance.

Rach of the five experiments employed & like-sexed albino rats. All
animals were naive 1o experimental work., In each experiment 4 rats served as
the Shock Group, and the other 2 as the Contrel Group. The small number of
animgls in each experimenﬁ was made necessary by the laborious training pro-
cedure on ﬁhe right hablt.

The results are presented in Tables 1 through 5, In the tables en S
following the enimal's number indicates Shock Group, & C indicates Control
Group,

Experiment X

After 15 days of left training the animamls were given 4 trials on the
right habit. The shock was administered immediately (within 20 seconds) after
the last right trial and testing occurred one half hour later, The results

are prefented in Table 1.
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Table 1

Shocked immediabely afber right
training, tested ¢ hour later,

BT i

Ret 15~ 28 3C 48 5C 88 '1 i
it
Trial 1 L L R R R L | “1
2 L L R R R L file
3 L L L il

4 L L L i

Table 1 shows that 3% of the 4 shocked animals returned t0 the old left

habit when tested one half hour after they had been shocked. All 3 of thesze

animals were consistent in their behavior. The other shoecked rat, 43, con-

tinued to run right., The table also shows that the one half hour rest did not

affect the 2 control rats, since they continued to choose the right habit,

The results of the experiment show that a single cerebral electroshock,

sdministered immediately after training on a recent hablt, can disrupb the

temporary dominsnce of the new habit, thereby permitting an old habit 0 be

reasserteds

b Experiment II

The training procedure was the ssme as in the first experiment except that
7 trials were necessary to obtaln dominanece of the right habits Again the

shock was administered immedliately after the last right trial, but the test

trials were not run until 24 hours after the shock. The results are presented
in Table 2,
Pable 2
Shogked immediately after right
fraining, tested 24 hours later.
Ret 1S 25 38 4 B¢ 68
Triall R L R L R R (il
2 L R R L R R (I
¢ R L e
i
i 18
i it
(&



Table 2 shows that only one member of the Shock Grouwp, rat 2, returned
to the o0ld4 habit on the filrst trial. The animal then reversed to the recent
habit. The other 3 shocked rats chose the recent habit on bheir first best
trial, and except for the single rever.sal by‘rat 1 on the second trial, con-
tinued to Tum rigiﬂ;. The behavior of the control animals further confuses the
results. Rat 5 chose the right hebit consistently, but rat 4 was equally
consistent in choosing the old left habit,

The results of the experiment are inconclusive. ZEven if it could be said
that the shock did not affect the experimental animals, the behavior of the

control rats remsins unexplained,

Experiment III
Again there was no variation in fraining procedure except thet 5 trials
were Tun on the right habit., In this experiment the animals were shocked
one half hour after the last right trial end tested one half hour later., The

results are presented in fable 3.

Table 3

Shocked % hour after right
training, tested ¢ hour later,

Rat - 15 2¢ 38 4 58 68

Trial 1 L R L R L L
2 L R R L L R
3 L. R R L R
4 L R L

Table 3 shows that the shock caused a return to the o0ld left habit in
all 4 of the shocked rats on the first test trial. Although rats 1 and B
were consistent, the other shocked rats, 3 and 6§, changed back to the recent
habit on the second trial, 'Except for one reversal on the second trial by .
rat 4, both control amimsls conbtinusd to echoose the new hablt after the one

hour rest,
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The results of this experiment show that even 1f one helf hour of rest
is permitted before the shock is applied, the new habit is disorganized when

testing occurs ome half hour after the shock.

Experiment IV

The trailning procedure was again the same with 5 trials being given on
the right habit. The animals were shocked 2 hours after the last right trial

and tested one half hour later., The results are presented in Table 4.

Table 4

Shocked 2 hours after right
training, tested z hour later,

Ret 1S 2¢ 38 4 58 69

—

Trial 1 L L R R L L
2 L R R L L L
3 R L R L L
4 R, R L L L
S L R
& R L
7 R R
8 L
9 kR
10 R

Table 4 shows that 3 of the 4 shocked rats returned to the old habit
after the shock., Rat 35, however, showed no loss of the new habit., Of the
3 Shock Group rats showing loss of the recent habit, number & and § were
consistent, while rat 1 changed back to the right habit on the third trial,
The two control animals did not reaect in the same way. The table shows that
rat 2 went left on the first test trial, while rat 4 went right. Furthermore,
for the first time we encounter snimals needing more than 4 test trials to
show a definite habit preference by our standard, 4 consecutlve L or 2 eon-
secutive R. Before the right habit was finally chosen, rat 2C ran 7 trials

and rat 4C ren 10 trials. The behavior of the controls is particularly




difficult to explain in view of the falrly consistent behavior of the
experimental rats.

Altbough the behavior of the comtrol rats reduces the conclusiveness of
the experiment, the results with the. shocked rats indicates that a new habid
may be disorganized when the shock 1s administered 2 hours after temmination

of training on the recent habit.
Experiment V

Training was sagain the same as in ithe previous experiments with 7 trials
being allowed on the recent habit., As in Experiment IV the rabts were shocked
2 hours after the last right trial, but test trials were not run until 24

hours after shocking. The results are presented in Table 5.

Table 5

Shocked 2 hours after right
training, Tested 24 hours iater.

Ret 18 28 35 4 5C 68
Trial 1 L L L R Rk R
2 R R R R L R
3 R R R L
4 R
S R

Table 5 shows that 3 of the 4 shocked rats returned to the old left
habit on the first tesh trial, All 3 of these animals, however, changed baek
to the recent habit on the second triel, The other member of the Shock Group,
rat 6, was not affected by the shock. Both of the control animels showed a
right preference on the first trisl; in rat i this preference was stable, but
ratsg.;showed‘ sore alternation of response.

The results of this final amequisition experiment show that the effects
of a single electroshock, administered & hours after training on the recent

habit, can be demonstrated as long as 24 hours after the shock,

0y




Diccusslon

Although the data are ocecasionally inconclusive, the results suggest, on
the whole, that & single cerebral electroshock can weaken a recent habit,
thereby permitting an old habit to regain  dominsnce. We would.agree with
Rodnick ( 35) that the loss of the recent habit hay be only temporary, end
would emphasize that this is particularly true wheﬁ'only onelelectroshock has
been given. In shock therapy with mental patients the tendency has been to
glve many shocks in a course of treatment before the theraspist concludes that
the patient has not benefited., 2Ziskind {54 ) has pointed out that termirnation
of the treatment after only = few shocks has probably colored statistics on
remissions unfavorably.' It may weli be that in the present mazZe experiments
a series of shocks would have mbolished the recent habit completely, provided
that the series of shocks begen soon aflter the tralning on the recent habist.
However, we would not support such a prediction without experimental evidence.
Furtbermore, the use of a series of daily shocks would introduce complications,
especially when one is dealing with habits of different ages. & trecent! habit
is obviously not very recent 1f ité acquisition and testing are separsted by
a week of shocks, On the other hand, testing the rat after each shock would
reinforce one or the other habit. Hence, 1t seemed best to limit the
experiment to one shock.

The fact that many of the animals in our experiments returned to the
recent habit after showing an initial reversal to the old habit indicates that
the effect of a sﬁock is to disorgsenize rather.than to destroy the recent
menory traces. This conclusion has also been reached by Zubin (57 ) in Rkis
experiment showing that in human patients electroshock accentuated rather than
minimized *interference' effects.

In running test trials one half hour after a shock it was noted that the




shocked rabts often appeuared confused. At times a shocked animel would not
leave the startirg box. However, if the enimal wes pushed out onto the maze,
he would then run t0 cne of the gosl boxes without further urging. In trials
preceding the shock the entire run from starting box to gosl box occupled only
a few seconds, and almos’ never did hesitatlon at the choice peint oceur. But
rets tested one half hour after a shock proceeded very slowly along the maze
and often paused several minutes at the cholce poirt before turning left or
right. Although no quantitative record was kept, considerable VITE behavior

at the choice point was observed in eamimals run one helfl hour after & shocks.
¥uch less VI'E was exhibited in erimale run 24 hours after the shock, and rever
was any hesitation or slowness In rumning observed. If generslizations can bhe
made to shock therapy in himan patients, we would emphasiZze that a courze of
psychotherapy should rurn eoncurrently with a course of shock therspy. We have
previously cited Rodnick (35 ) to the effect that results with shock therspy
appear to be better when the shock treatments are supplemented with psycho-
therapy. If we accept the evidence, presented in these and in previous
experiments;, that shock weekens but does not destroy recent habits which corn-
flict with older habits, thern any method (psychotherepy, retraining, guidsnce,
etc,) which aids in the return to dominsnce of the older habit should be
valuable. In our animal experiments no inducement to choose one or the other
habit was employed, Such inducement could not have been Introduced without
biasing the basie method of the experiments. Therefore, in both humen and
animal subjechts that have been subjected to shpck the situatiocn sappears to be
about as follows. At the time the shqck or seriss of shocks is introduced the
recent habit is more rewarding, Only in this way can welexplain the persis-
tence of the psychotic symptoms or the preference for the right hahit, When

now the rat or patient i1s shocked the recent habit is disorgsnized but by no
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means Gestroyed. The subject is now sllowed a choice of habit, Whether though
confusion, amnesis, or punishment there is no strong preference for the recent
habit., At the same time, however, nothing has been done, at lesast 8irectly,

to induce the orgeniem to.choose the 014 hebit. Any choice of the old habit
rests entirely on the state of disorgepization produced in the new habit by the
shoek. If the orgenism is allowed to choose freely which habit it prefers, it
may frequently prefer the older habit with no added inducement, However, as
has been reported with mentsl patients and as wes observed with our rats,
choice of the old habit is frequently only temporary, and the organism soon
returns to the more recently learned response. But 1f during the period of
recovery from the shock some encoursgement is given to relinquish the recent
habit in favor of the old, choice of the o0ld responss may hecome much more
stable than if the organiam 1s allowed t0 choose freely.

We emphasized that at no time in the experiments here reported was the cld
habit entirely unrewarded, Exbtinection of the o0ld response, at least in the
classical sense of Pavlov, did not ocecur., Rather the new hablt was so much
more rewarding that the goal of the old feaponse'was overshadowed. If we accept
the view that psychotic behavior is a response to frustration of normal modes
of behavior, then the present maze procedure probably parsllels the situation
with humens, It seems likely that when a human relinquishas normal behavior
patterns he does so not because these patterns are extinguished by lack of
reinforcement, but because abnormal patterns are more highly rewarding relative
to the reward value of normal behavior, We would not want to press this dis-
tinchion too far, but it may be noted that some organisms will conitinue to work
for poor rewards,'while none will persisat indefinitély in thé face of complete
lack of reward. It somefimes happenad in our experiments that a rat would not

learn the right habit in splte of our best efforts, This may be analogous o




those situations where some lnmarme #iil continue %o react with normal though
poorly rewarded reséonées, while others subjected to tha same conditions will
choose abrormal behavior putterns which to them are nore rewarding.3 This
point is 1llustrated very clearly in Grinker and Splegel's discussion of war
neuroses (11 ), It should be emphasized, however, that we do not consider the
right habit on the T maze any more 'normal' or ‘abnormal! than the leflt.

The effects of a single electroshock ares probuably very slight, except for
the immediate effects of unconsciousness snd confusion. In a way it is sur-
prising that we were able o demonstrate any behavior changes rewvuliting from
a single shock, especially in those experimenté where 24 hours were éllowéd fof
recovery. As far as the suthor kpows, no case has been reported whkere a single
shock treatment produced recovery from a psychosis. Furthermore, the habita
used In our experiments were relatively simple for the ret. In reviewlng the
work done on anlmals with shock we pointed out that the majority of writeirs
who used simple habits found o effects from shock, wheress in almost‘all the
experiments in which & more difficult habit was used, seme loss of the habit
resulted from the shock., What success we did eschieve 1s probably to be ex-
plained in terms of & delicate balange between the two hablits. The shock could
disturb this balance by a slight disruptive effect on the pewer habit. It may
be well to point out here that it was difficult to equate the two habits in
strength. The fact that in some animels a.single shock d1@ not ceuse return
to the old habit probably indicates that the new hebit was strong emcugh to

resist disorgenization.

B Our interpretaticn of abpormality &s a 'progression?! from normal to
meladjusted patterns of bshavior would seem to confllict with the Freudien
theory of mental disorder as a tregression' to esrller modes of adjustment.
However, the regression theory is confused, and ls not subscribed to dy
all psychopathclogists.
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Any conclusions drawn from these five acquisition experiments are to be
considered as tentabtive only. To obtain results that are reliable in a statis~
ticel sense large numbsrs of animels would be required. The time involved in
training an adequate ssmple of animals would be prohibitive. However, &
summary of the results suggests the following conelusions.

A single cerebral electroshock can often wesken a recent habit which con-
flicts with an older habit, so that the o0ld hebit again becomes dominant., This
effect is difficult to demonstrate if the shock occurs more then a few hours
after training on the recent habit. The éffect ig usually cnly temporary, the
recent bhabit again becoming dominant. It is possible that a shocked animal
would return to the old habit more frequently and more persistently if added
induéement wore given over and sbove the disorganiziné effect of the shock,

We can perhaps generalize from this conclusion and suggest ths value of a
course of psychotherapy along with shock therapy in human patients. In con-
tiruing to reward the old habit while attempting training on the new habit we
have probably paralleled the situation with humens where the normal response
patterns are continually, though poorly, rewarded, while at the same time
sbnormal patterns are highly rewarded. IFinally, the permanent effecfs of &

8ingle electroshock ére probably slight, perticularly on rather simple habits.
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E. Main extinction experiments

The series of main acquisition experiments demonstrated that a single
cerebral electroshock could weeken a newly acquired habit to the extent +hat
an older confliecting habit often rega;ned dominance. In view of these results
on acquisition we msy ask if electroshock has the same dismuptive effect on
extinction, Gellhorn has attempted to answer this question in a series of
experiments utilizing the avoidance conditioning situation ( 7, 8, 9, 15).
Although we have &lready reviewed Gellhorn's work briefly, we shall consider
his experiments in more detail later, since hls results do not completely agree
with iho;e to be reported here.

The purpose of the extinction experiments was to determine if electro~
shock would weaken the internal inhibition of the right habit, when this habit
had been extinguished by omitting reinforcement. It may be well to point out
again that this is the first time we induce hebit reversal by the classical
technique of extinction. In the acquisition experiments the animals were
lured to the new habit while the old habit remained rewarded. In preliminary
training for the extinction experiments this is agaln the ease, but when we
wish to induce a second habit reversal, from the new hablt back to the old,
this is accomplished by discontinulng relnforcement of the new habit. We
therefore produce internal inhibition of the new habit by the classical method
and study the effect of electroshock on this inhibition,

The training procedure in the series of extinction studies was similar
to that used in the acquisition experiments, Anjimals were trained to the left
on the T maze for several days, receiving .1 gram of food for sach trial. The
animals were then trained on the right hablt for 2 grams reward, using the
luring procedure described ebove, After the right hebit was well established,

the food reward was removed from the right goal box. Extinction trisls were
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run until all enimals had returned to the old left habit. Throughout the
entire experiment the left habit was always reinforced wlth the small rewsrd.
After the right habit had been inhibited, some of the rats were given one
cerebral eleectroshock., All enimals were tested on the maze one half hour
after the shock. Since details of the procedure varied from one experiment

to another, the exact method will be reported for each experiment seperately.

Experiment 1

Six rats were trained to the left for 20 days, running 3 trisls per day.
The reward was .1 gram of wet mash for esch trial. On the 21st day the rats
were lured to the right by placing small particles of Tood along the right

arm, The reward on the right was 2 grams of mesh, On this first retraining

day the animals were run 3 lured and 1 unlured trials. In order to strengthen

the new right habit, 3 more days of training were given. On each of these

days 3 trials were run to the right. Thus, the animels had received 60 trials

in 20 days to the left and 13 trials in 4 days to the right. All animals were
then glven & 10 day rest. They were tested on the maze after the 10 day rest,
at which time it was found that the right habit was st1ll dominant in all 6
rats. On the following night the right habit was extinguished, Food was
removed from the right goal box and the animals were run 20 extinetion triels

each, TFor all rats the last 6 of the 20 extinction trials were eonsecutively

to the left, Thus, it eppeared that the right habit was completely extinguiched,
at least for the moment. Immediately following the 20th exbtinction trial rats
.g:}é, and 6 were given an electroshock., Again the shock consisted of 85 volts

A.C. passed through the head for ,2 second. Rats 1, 3, and S served as

controls. All enimals were tested on the maze one half hour after the shock.

During the test trials, both habits were rewarded with their usual amounts of
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food.,
The results are presented in Table 6 below. In the table, an 8 indicates
Shock Group, & C indicates Control Group.
Table 6

Shocked immediately after 20th extinciion
trial on the right, tested % hour later.

Ret 1 28 3¢ 48 50 68
Trial 1 L L L L L L
2 L L L L L L
3 L L L L L L
4 L L L L L. L

Table 6 shows that the one half hour rest did not cause spoentaneous
recovery from the extinction in the control rata. Furthermore, the single
shock did not wesken the inhibition of the right habit in the shocked rats,
All 6 rats continued to go to the left,

On the following night the rats were again tested on the maze to deter-
mine if the right habit was st1ll extinguished. The test showed that the
right habit was still inhibited; all snimals ran to the left. All 6 snimals
were then given one shock and tested one half hour later. Again all rats
continued to run left after the shock,

The results of this experiment show that & single electroshock eould nob
weaken the internal inhibition produced by extinction of the right habit.
However, the results also show that the right habit was rather $horoughly
extinguished, since no spontaneous recovery occurred in the control rats.
Perhaps the shock eould show an effect if the extinction were not so complete.

Evidence on this point is presented in the experiments below.

Experiment II

The training procedure on both the left and right habits was the same
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in this sxperiment as in ExPeriment I. Again & test after the 10 day rest l;
showed the right habit still dominant. On the following night the right habit

|
was extinguisghed. In this experiment only 16 extinction trials were run, the il”

last 2 of which were consecutively to the left for all rats. Immedistely after . ﬂ
the 16%h extinetion trial rats 1, 2, eand 4 were given one shock. Rats 3, 5, i

and 6 were conbrole, All animals were tested one half hour later. The 1

results are- presented in Table 7.

3 Teble 7

Shocked immediateix after 16th extinction
trial on the right, tested 4 hour later,

Pat 1§ 28 3¢ 48 56 6C
il
Trial 1 L L L R L L it
3 L L L L L L il
3 L L L L L L ;
4 L L L L L L }

Table 7 shows that the shock had no effect in weskening the inhibition

I
|
of the right habit except in rat 4 on the first trial. The table elso shows jﬂ
l
that the one half hour rest did not produce spontansous recovery in the control ;H
rat g.

On the following night the rats were tested to determine if the effects

of extinction on the right habit had worn off, Agein all animals continued Il
to Tun %o the left, It thus appeared that the right habit had been completely ﬁ‘

inhivited and i% was not considered worthwhile to test the effect of another

shock.
The results of the experiment show that even with only 16 extinction

trials on the right habit, neither shock nor spontaneous recovery weakens the

WL

inhibvition.
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Experiment III

The procedure in this experiment varied slightly from that of the pre-
vious experiments. Only 15 days of left training were given, followed by 3
days of right training. On the last (3rd) day of right training the animals
were given 5 rewarded right trials. Food was then removed from the right goal
box and extinction on the right begun. The method of giving sn equal number
of extinction trials to each rat, as in the previous 2 experiments, was
abandoned. In this experiment each animal was run until he had made 3 con-
secutive left choices, -at which time the right habit was considered to be
inhibited. Immediately after the Srd left trial for each rat he was either
glven a shock or put back in the living cage. All animals were tested on the
maze one half hour after the shock or the lasti extinction trial,.

Since in this experiment we are using 3 consecutive trials to the left
as a criterion of extinction of the right habit, the number of extinction
trials is not the same for all rats. The number of extinction trialsvfor each
rat, including the last 3 cr;terion trials, is presented with the test trials
in Table 8. |

The Shock Group consisted of rats 1, 3, 5, and 6. The Control Group

was rats_g and'g.
Pable 8

Shocked immediately after I consecutive
left trisls, tested 3 hour later.

Ret 1§ 26 B 4 58 68
No. of trials
to extinction 7 13 10 11 14 6
Test trial 1 L R L R R L
2 L R L R R L
3 L L L
4 L L L
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Table 8 shows that in 3 of the 4 shocked rats the shock did not remove
the extinctlon of the right habit. Odly rat;gﬁ returned to the right after
the shock, Surprisingly emough, however, both control animals showed sponta-
neous recovery from the extinction after the half hour rest; when tested they
ran to the right.

It may also be seen from the table that the 3 enimals that 'showed no loss
of the extinction, rats 18, 3S, and 68, ran fewer extinction trials than the
3 animals that returned to the right. The interpretation of this fact is not
particularly clear; perhaps those sanimals needing more extinction trials had
a stronger right preference, In any case, as will be seen below, repetition
of the experiment gives exactly the same results on the test trials, even
tﬁougﬁ‘the number of extinetion trials differs.

On the following night the snimals were retrained on the right. IT
necessary, the animals were lured; 8ll were run untll each had completed 6
right trials, at which time the'right habit was again dominant. ITmmediately
after the last right trial all rats were sgain extinguished on the right.
Again the criterion of exbtinction was 3 consecutive left trials,

Immediately after the last extinction trial for each rat he was elther
shocked or put back in the living cage. The Shock Group and the Control
Group were the same as the previous night. All animals were tested one half
hour after the shock or the last extinction trial. The results on the test
trials, as well as the number of trisls to extinction, sre presented in

Table 9.
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Table ¢

Retrained on right, extinguished to
3 consecutive left trials, shocked
immedistely, tested § hour later.

Ret 18 2 38 4 55 68
No, of trials
to extinebion 19 14 16 1 14 8
Test trial 1 L R L R R L
-2 L R L R R L
3 L L L
4 L L L

It is striking to notice that the results of Table 9 are identical with
those ‘of Table 8. Although a Mean of 13,7 extinction trials was necessary as
compared to a Mean of 10,1 on the previous night, the hehavior of each rat
was the same when tesﬁed one half-hbur after the sheck or the 1aét eitinction
trial, The same 3 animals, rats 1, 3, end 6, showed no effect of the shock,
while rat ©§ returned to the right. Again the one half hour rest produced
spontaneous recovery in the control rats, since both returned to the right.

The results of this last extinction experiment would seem to indicate
that when the extinction of the new right habit is not too thorough the in-
hibition may be weekened by spontaneous recovery, thus allowing the new habit
to regailn dominance., On the other hand, the shock seems to accenbuate rather
than diminish internsl inhibition, since 3 out of 4 of the shocked animals
continued to go left while the control animsls were showing spontaneous
recovery. An alternate sxplanation might be that the shock interferes with
gpontaneocus recovery. We see no clear way of differentiating between these

two alternatives,

Discussion

Paken as a whole the results of this series of experiments on the effect
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of electroshock on acquisition and extinetion do not corroborate the comelu~
sions of Gellhorn ( 7, 8, 9, 15 . }« In one paper { 8 ) this author takes
issﬁe with the results of Rosen and Ganbt. The latter workers had found thab
ten metrazol convulsions led to an impairment of differentiating ability in
dogs, as shown by the conditioned response technique { 37 ). Gellhorn contra-
diets Rosen and Gantt on the basls of his own experiments, JIn one of
Gellhorn's studies { 8 ) two or three conditioned responses were successively
established. Using the avoidsnce situation with iats, the animals were first
conditioned to one conditioned stimulus. This response was then inhibited by
omitting reinforcement, foilowing which the animals were trained to a different
céﬁditioned stimulﬁs. Thus two'or three responses were sﬁccessively‘conditioned
in bhe.same animel, one or two being inhibited while the other was maintained
at one hundred percent, When this had been asccomplished, electroshocks or
insulin comas were administered to the animals., It was found that the positive
CR remained unaffected, whereas the inhibited responses returned to a high
positive level., On the basis of these results Gellhorn argues that & diminished
abllity to diseriminate, as Rosen and Gantt observed, would leed one to expect
not only an increase in the response of previously inhibited reasctions but also
a diminution in the response of positively established reactions4 The fact
that suech a diminution was never seen by Gellhorn leads him to conclude thet
shock procedures d;minish inhibitory processes and enhance excitatory processes.
Although in our experiments we used a different type of learning situation,
it should be pointed out that our results contradiet Gellhorn's conclusions.
In the acquisition experiments we found that an electroshock weakened the
excitatory proecesses asscciated with the new right habit, thereby allowing

the old habit to regain dominsnce., Furthermore, it would not be strietly

‘The present suthor does not necessarily agree with Gellhorn's deductions.
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aecurgte to say that the shock had merely remoyed the inhibition associated
with the old habit, since inhibition in the sense that Gellborn has used i%
was not present., Instead, the old habit had been actively blocked by & newer
and stronger one.

Our results with the extinction experiments also fail to corroborate
Gellhorn. In the extinection studles the e¢lasslical type of inbternal inhibition
was prbdﬁced by omitting reinforcement of the right habit, In this situation
Gellhorn might predlet that shoek would remove the Inhibitory effects, thus
allowing the right hablt to bscome domirant once mecre. This prediction'was
not borne out. It might be argued that in Experiments I and II of the ex-
tinction series the internal inhibition was too strong to be affected by a .
gingle electroshock, in view of the fect that neither one half_hour or 24
hours rest produced any spontaneous recovery in the control animals, But this
is not true of Experiment III, Here the mean number of extinction trials was
less than in the two . previous experiments., TFurthermore, the control snimals
showed spontanecus recovery of the right hasbit after the one half hour rest,
But in 3 out of 4 of the ghocked rets the shock seemed to accentuaste rather
than to weeken the inhibitioﬁ, since they continued to show extinction of the
right habit when tested after shock,

Although we must emphasize again the differences in method hetween
Gellhorn's experiments and ours, it sappears that we cannot accept his conclu-
sions without some qualification. IT suggestions concerning the theory of
shock therapy are to be drawn Ifrom animal éxperimentation, we musgt make such
suggestions only on the basis of consistent results. This is particularly
important in view of the faet that Gellhorn has evolved & rather elaborate
theory of the mechanism of sghock therapy which draws much of its support from

his work on the effect of shock on conditioned responses, Turthermore, the
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dangers of generalizing from results on "normal® rats to "asbnormal®™ human
beings sre gresat,

We may conclude from our T maze experiments that electroshock epparently
weekens excitatory processes., With less assurance the suggestion is pade that
shock seems %o have little effect on irnhibitory processes, except perhaps to
accentuate them slightly: It is to be noted that these conclusions are not
in agreement with those of some other investigators. This disagreement may
be dus to the smell numbers of animals used =snd the methodological difficulties

involved in our experiments.

et e e e v
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IV. Conditloned Avoidance Experiment
A. Introduction

The results of the maze studies indicated that a single eleetroshock
could disrupt a recently acquired habit. During the preliminary work for
those experiments it was observed that the time between the terminabion of
training on & habit and the application of the electroshock was importént in
determining the effect of the shock, Thus, in the maze acquisition experi-
ments, if the shock was administered more than 3 or 4 hours after training on
the recent right habit, later test trials showsd no effec¢t of the shock, No
very careful deberminations were made of the effeét of varying the time of
interpolation of the shock in the maze work., It 1s the purpose of the present
experiment to investigate this variable more thoroughly.

The study to be reported measures the result of varying the time between
the completion of each trial in‘an avoidance situation and the administration
of the electroshock, This method should enable us to determine the retroac-
tive effect of elsetroshock on leerning., Petients undergoing electroshock
treatment frequently report a retrograde amnesia as a result of the shock.

By varying the time bétween completion of a response and application of the
shock we had hoped to measure the hackward temporal spread of retrograde
amnesia, The results of the experiment reported below show a definite retro-
active effect of the electroshock, In the discussion we shall consider the
guestion as to whether our results are related to retrograde ammnesia in the
clinical sense,

Since we wanted to vary the time interval studied over a range of a few
seconds to several hours, it was necessary to employ & situatlon in which the

behavior of the animals was falrly well controlled by the experimenter, TWith
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the maze the behavior in any one trizl may show considerable variability both

ir time consumed and in responses made, Therefore, for the present experiment

the method of conditioned évoidance was enployed. In the typleal avoidance :Fff
apparatus the animal escapes from an electrically charged grid into & safe %:
compartment. After a few trials the animal responds before the grid is | E i
charged; i,e., he avoids the charge,  For our purposes the avoidance method ; 2 é
has the advantages that the behavior is relatively simple and that the animal Jé'd
is forced to respond quickly to escape or avoid the grid. Thus, we are able .I?
to measure with fair accuracy the time elapsing bebween the termination of a ;?
single trial and the application of an electroshock, and can vary éhis interval  £

over & wide range.
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B. -Apparatus and Procednrs

The apparatus consisted of a box, 14" long, 10" wide, and 9" high. The
box was divided into two compartments by & partition extending from side to
side and reaching from the floor to the top. One side of the apparatﬁs con=-
sisted of a plastic window through which the snimals could be observed. The
floor of the grid compartment was a series of quarter-inch steel rods, spaced
half en inch apart. The floor of the safe compartment was wire mesh. A small
opening in the partition allowed the animals to Tun from‘tﬁe grid compartment
ﬁ5 the safe compartmenf.

The sides and top of the grid compartment and the floor below the griad
were painted flat black, All surfaces of the safe compartment were white.

A 100-watt bulb enclosed in a light-proof housing shone directly through the
plastic window into the safe compartment.  Thus, with low room illumination,
the grid compartment was gqulte dark while the safe compartment was well lighted.
Since the grid was not charged until 10 seconds after am snimel had been

placed in the grid compartment, lighting the safe compartment prevented the
animals (albino rats) from wandering into the safe side, particularly in the
early trlals, , ’

The grid was charged from the output of a 220 volt stepup transformer
and a varlable potentiometer, A 350,000 ohm resistance in the output of the
potentiometer reduced_to 2 minimum effects of changes in bhe rat's resistance.
The apparatus is shown, somewhat schematically, in Figure 3.

The snimals used were albino rats bebtween 60 snd 100 days of age at the
beginning of the experiment. As noted above, if rats much over 100 days of
age are employed, the standard electroshock 1s not always successful in pro=-
ducing a convulsion,

The electroshock apparstus has slready been described and is shown in
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Figure 2. Throughout the zveidsnce experiment the electroshock consisted of
&5 volts A.C. passed through the head for .2 second.

The proecedure in the avoldance appesratus was the same for all Experimental
Croups and the Control Group. On the first day of training an snimal was
placed on the grid and the ecover of the avoidence box was put in place. The
snimal was ellowed to explore the apparatus for at least £ minutes and until
he hed made one or more trips into the safe compartment. At some convenient
time when the animal was stending or the grid, the cherge wass spplied. By
meens of the transformer the voltage on the grid wes varied in &n attempt to
get & gtimmlus strong enough to drive the animal into the safe compartment but
not strong enough to evoke violent jumplng. The time from the application of
the grid charge until the apimzal's body hed passed through the door of the
partition into the safe compartment was recorded &g & latency.

On the following day the animal was again placed on the grid amd at the
same time a watch was started. When the wateh had reached 10 seconds the grid
was charged and the watch was stopped when the snimel had Tun into the safe
compartment, Thus, the amimal had 10 seconds in which to run énd avoid the
shock., Cerebral electroshock may produce a depression of general asctivity
level and a lowered running speed in some animsls., By using & CS«US intervel
of 10 seconds dthese effects were minimized, as the results will show, No mat-
ter whether the snimsl avolided or esesped the grid; i.e:s, whether the animai
ren snticipatorily or waited until the 10 seconds were up, the grid was
charged at all times when the animal was in the safe campartment, thus prevent-
ing the ret from returning to the grid. This procedure, allowing the rat 10
seconds in which to run hefore the grid was charged, remained constant
throughout the rest of the experiment. The animals were glven one trial per

day and the experiment continued for 18 days.




There were 8 Experimentel CGroups. At a certain time.after the =mimal
had rn into the safe compartment, the time differing for each group, a
cerebral electroshock was adninistered. The electroshock wae administered at
the same time after each of the first 17 trials; the experiment was then ter-
minated efter the 18th trisl. The Experimental Groups were as follows: TYor
Group I the electroshock followed each trial immedistely (within 20 seconds);
for Group II the electroshock followed esch trial by 40 seconds; for Group III,
60 seconds; for Group IV, 4 minutes; for Group V, 15 minutes; for Group Vi,

1 hour; for Grouf VII, 4 hours; and for Group VIII, 14 hours.’ A Control Group
was run in the same way as the Experimental Groups, but received no cerebra;‘
shock, Hereafter, each e;perimental group will be referred to by the time
which elapsed between the dally trial and the application of the electrosﬁock
in that group.

The measure of learning was the number of anticipatory runs; l.e., the
runs in which the animal avoided the grild shoek by running before the 10 sscond
CS-US intervsl was up. Our hypothesis was that if the cerebral electroshock
had a retrograde amnesic effect this would be shown by a failure of certain
of" the Experimental Groups %o anticipate the grid charge, since they would
not "remember® from one trial to the next that the grid was punishing, Thus,
by verying the time between the completion of each trial and the interpolastion
of the electroshock in different groups, we should obtain & measure of the
durstion of the retroactive effect, Presumsbly, with a long enough interval
between completion of the daily trial and application of the elsctroshock, the
retroactive effect of shock would not ‘extend back to the time of day when the
trial was yrun, and the snimels 1n that group would learn to anticipate as well
as the controls. We should not expect a2 definite break between groups learning
to anticipate and those showing no evidence of learning. More probably a

gradient of amticipation will occur.
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Cs Results

Using the number of snticipatory runs as the measure of leafning, l.e2.,
the number of rums in which the animal ran with a latency of less than 10
geconds and Thus avoided the grid shock, the data in Table 10 were obtained,
In fhe table the 8 groups that reeceived cerebral electroshock are designated
by the time which elapsed between each trial and the application of the shock,
The group called "Immediate Group™ lndicates animals that were shocked through
the head as quickly as the experimenter could remove the rat from the safe
compartment of the avoidance apparatus after the daily trial and apply the
alectrodes, In no case did this require more then 20 geconds, The table aleo

includes the data for the Control Greup, which received no cerebral shoeks,

Table 10

Data for anticinatory responses for all 9 groups. Each
animal ran 18 trials at the rate of 1 triel per day.

No, of ,  Mean anticipatory

Croup animals Tresponses 8D SBy
Immediate 11 2,54 2.7 .85
40 second 7 5485 2,52 1l.02
60 second 9 8.00 2.20 » 77
4 minute 8 9.11 - 4,70 1.66
15 minute 10 10,20 2,36 79
1 hour 6 12.33 1.52 68
4 hour . 6 12.16 3.05 1,36
14 hour 15 12.66 2495 o 58
Control 18 12,00 2.21 « 93

*The number of animals which begen the experiment for each group (in the same
order as the groups appear in the table) is as follows: 12, 12, 12, 123, 12,
6, 6, 18, and 18, However, deaths dus to the cerebral electroshock reduced
the number of animals in every group, except, of course, in the Control Group.




Teble 10 clearly shows the gradual incresse in the mean number of antiel-
patory responses as the intervel between the daily trial amd the applieation.
of the electroshock increases. We may represent these results graphically by
plotting the mean antieipatory runs as a function of the logarithm of the time
between the completion of each trisl and the electroshoek, When this is done
the curve shown in Flgure 4 is obtained. The marked retroactive effeect of
electroshoek on learndng, particularly In the early groups, shows distinetly
in this graph. At the same $ime the steep slope of the line connecting the
maané indicates that thls retrcactive effect drops off rapldly as more time is
allowed between each day's run and the administration of the shock. Actually,
within the limits of the number of groups used, no retroactive effect'of the
shock 1s found when the shock 1s administered more than 15 minutes after the
day's trisl; no depression of learning ability was found in the one hour, four
hour, or l4 hour groups.

The significance of the differences between the means of each of the
experimental groups and the Control Group was determined by the t test., It
was found that the Immediate, 40 second, 60 second, 4 minute, and 15 minute
Groups were significantly different from the Control Group at, at least the
five per cent level of probabilit&. The one.hour, four hour, and 14 hour
Groups were not sigﬁificantly different from the controls,

Since Figure 4 presents only the mean aniticlpatory runs for.all 18 trials,
it does not show any possible progressive changes in behavior over ths sxperi-
mental period. To show the progress of learning, therefore, Flgure b was
gonstructed., In this graph the period of learning is brokén up into units of
three trials each. Thus, any polint on the graph represents the mean antici-
patory runs during the tbree-day interval indicated on the abelssa,

The eurves in Figure 5 show that three different types of learning
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function were produced by the electroshock. The first type is shown by the
one hour, four hour, and 14 hour groups. Electroghock had no detrimental
effect on these thres groups; they learned as well as the controls. We feel
Justified, therefore,_in plotting on the graph only the range of means of
thése four groups, with a dotted line indicating the size of the range at
each abelssa point. The solid line connécting the midpoints of thesé ranges
is above all other curves except at days 1-3, where éll groups showed little
evidence of learning, and aﬁ daye 16«18, where the renge overlaps the mean
of the 15 minute Group..

The second type of response to the electroshock conslsted of a depression
in the rate of learning over the entire experimental period., This effect of
the shock is characteristic of the 15 minute, the 4 minute, and the 60 second
groups. None of thesels groups learned as well as the conirols exceﬁt, as
neted gbove, the 15 minute animals on days 16-18. The 4 mipute animals pro-
gressed more slowly than the 13 minute gnimals, with one Inverslon on days
10~12, The 60 second group learned seven more slowly then the 4 minute group
except on days 4-6, where a platesu beginse. This plateau in the learning of
the 60 second group continues Qntil days 10-12, after which there is again
improvement.

The Immediate and 40 second groups show & third type of response to the
shock. After some initial improvement the curves of these two groups show &
definite drop late in learning. The 40 second animals learn more rapldly at
first, but they eventually show the same fall in the learning curve as is
shown by the Immediste snimals.

I the curves in Figure © are representative of real differences in
response to electroshock, the mechanism underlying the behavior should_be of

interest. Later in the discussion we shall present a tentative explanation
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for the diffareﬁces among the groups.

Littls information of value could be derived from the data on latency
of running, In atbempting to treat letencies to obtain & useful measgure of
responsge, d4lfficulty was encountered beeause of the cut-off score'at 10
geconds. Since the grid was charged 10 seconds after the animal had been
placed in the apparatus, latencles of runs occurring before 10 seconds are
not strictly comparable to latencies longer than 10 seconds., However, purely
for purposes of illustration, we have presented in Figure & the percent fre-
quency of occurrence of each latency plotted as a function of latency in
seconds. Only latencies up to 19 seconds are sghown, since any longer lsten-
cles oceurred very rarely. If all 9 groups of animals are represented, the
graph becomes almost impossible to read; we have therefore presented only the
data for the Immediste, 40 second, and 14 hour groups, and the Control Group,.
Tables in an appendix show the latencies of &1l t$rials for all animals.

The econditioned latencies of the four groups in Figure € show some over-
lap, The mazimum percent frequency for the Control Group occurs at 28 seconds,
- the maximum for the 14 hour Group is at 1 seeond, and the maximum for the 40
second Group is at & seconds. The Immediate Group shows no particular.
maximum in the avoldant latencles.

Sharp differences smong the groups eppear at the 11 second escape
latency. Since latency was recorded from the instant the animal was put into
the apparatus, 1l seconds indicates that the animal arrived in the safe éom-
partment 1 second éfter the grid had been charged., Although the 14 hour and
the Control enimals show & relatively high frequency at 11 seconds, the pille-
up is not nearly as great as it is for the Immediate and 40 gecond arimals,
for these latter two groups the peréent frequency at 11 seconds falls far off

the graph with the ordinate scale used. Beyond 1l seconds the frequeney drops

off rapidly for all four groups.
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D. Discussion

-’TE"'""'?"‘__' b A i ’Jg,‘

If our assumption is correct, %hat the learning curves in Figure 5 can %%;il

be classified into 3 different types of response to electroshoeck, an edequate

explanation is difficult to find, There are two chief obstacles to a simple
explanation: First, the 1 hour, 4 hour, and 14 hour groups learn as well as

the control animals, and'second, the Immediate and 40 second groups show a

distinctive drop in thé learning curves after some initial improvement. Pre- 'kﬂiﬁ
sumably an explamation whieh could account for these two exbtreme phenomena A |

would also encompase the compromise behavior of the 60 second, 4 minute, and f

T T e T T R Y S0 TE 7T

15 minuté groups. No attempt will be made to present a quantitative explana- i

tion of the empirical curves., Except for the familiar increazse in habit

known about the wvariables operating in this experiment, and we do not feel

Justified in attempting to derive functions describing these varlables from

|

|
strength with repeated reinforcement, little or nothing of an exact nature is j?

|

the empirical data., However, if we. assume that in addition to the expected

imprdvement in performsnce with practice two other variables are operating,

we can offer a tentative explanation of the empirical curves.

The first of these variebles is the time allowed after each trial before

the electroshock 1s administered, Both Figures 4 and 5 show that when the il

shoeck is applied within 15 minutes after the daily trial, learning is hindered,
The next group beyond 15 minutes is the 1 hour Group, which learned as well

as the controls., The results indicatse that a period somewhat longer than 15

minutes, but less then an hour, must be allowed after each trial for \ ll
veconsolidation™ or "perseveration™ to run its cecourse, Attentlon has already
been called to a similar finding in the previocusly reported maze experiments.,

As & result of that work, 3 to 4 hours was suggested as the interval of rest

following the response, after which electroshock had no effect. The much




shorter gonsolidation time iIound in the avoidance experiment is probably due
to the fact that there was no conflicbing habit as in the maze work, and that
the reinforcement, grid shock instead of food, was different. Thus, the first
varieble is the trial-shock intervsl, the consolidation tine.

The second variable which we assume to be operating is the gereral
physiologleal effect of cerebral electroshock. It is known that electroshoeck
has a debilltabing §ffect on the orgenism; in addition bo the numerous studies
showing that shock produces memory impairment we have the evidence of étone
{ 4% that the general activity leyvel of the rat is reduced alfter as little &s
one cerebral shock. TFurthermors, there is reason o believe fhat with frequent
shoecks this ganeralidebilitating effect cumulatss. We have already reviewed
Ziskindte paper ( 5% in which he warned against the administration of tco
frequent shocks in treating mental patlients. He argued that the memory im-
pairment from shock treatment is cumulative, and that the severity of the
nemory loss depends to a considerable extent on the fregquency with whieh
shocks are administered. In other words, after the immediate effects of the
convulsion have worn off, there remains a general depression of function which
lasts many hours, If a long recovery period, perhaps of the ordsr of several
days, intervenes before the next skock, this depression will be dissipated.
But wilth frequent shocks, as, for example, one per day in the present experi-
ment, %there femains a residual impairment which is not regained. This
impalrment graduslly cumulstes, and finslly may become overt in the behavior
of the animal, |

These two varisbles, the time between the daily triel and the shock, and
the debilitating effect of the shock cumulating in measurable impairment, may
interact in the following way. In the first place, the grid avoidance situa-

tion is a simple one for the rat, and the only measurable "error" is a delay
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of Tesponse long enough to receive the grid charge. We have previously em-

phasized the fact that considersble care 1s needed to demopstrate sny effect

of electroshock when the response is simple. Thus, although the 1 hour, 4 i

] hour, &nd 14 hour groups are recelving elsctroshcek daily, the shoeck comes
too late after ezoh trial to have any effeet on lesarning; the consolidation

. |

period after each trial is long enough so that inerements to habit strength 'ﬂ

are not affected. However, when the shock 1s &pplied within 1 to 15 minutes ‘“

after each trial, the comsolidaiion interval is slightly shortened, but not I
entirely eliminated., Learning 1s partly interfered with, and shows up &s a i
slower rate of Improvement. Finally, when ths trial-shock interval is less

than 1 minute, there seems to be an setual disturbance of retention. The con-

solidation time after each trial ie so shortened $hat the inorements to habit
strength are small. The gradually ircreacing increments of shock-induced
general impaimment (including memory impairment) Teatceh up with™ and become
greater than +the gradually decreasing increments to habit strengih, resulting

in an actual drop in the learning curves, Such & drop was not observed in

animals recelving a long delayed cerebhpral shock becsuse, with the longer con-~

golidation time, they had developed a highly stable habit which was resisbant 'L
|
\

to the cumulsted impeirment,
|

An elternative to the "general decrement™ theory might be phrased in
terms of inhibition df reinforcement. We may assume that each reinforecement
sets Uup both execitatory and inhibitory response tendencles and that achusl
performance ls & resultant of the two. If the excltatory tendencies are more
sensitive to the effeets of the shoek then are inhibitory ones, there might
be an excess accumulation of inhibitory effects toward the end of learning
in the Immediate and 40 second groups. Thus, vhe learning curves of these |
two groups would fall. The further elaboration of this interpretation is

similar %o that for the general decrement theory. Although there
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is some evidence in our maze experiments that excitation is more seriously
affected by shock then 1s inhibivion, the question is still controversial.
Hence, we prefer to use the more,firmly egtablished theory of genersl iwmpair-
.ment 8z an explanation for the shape of the learning curves.

Anj explanation of the shape of the obtained learning curves is offered
as ons possibility, not as the final answer, Perhaps dissgreement ls mogt
likely to ar;se in connection with our use of the wvariable eslled "consoilds-
tion time." We ghall, therefors, consider the results from the point of view
of' the retroactive effeet of the electroshock, snd determine what evidence
thére may be for a theory of consolidaticn.

In considering the rehroactive effect of one activity upon smother, we
may distinguish two %ypes of study, which represent extremss, The first ig
the classlcal retroactive inhibitlon situation in which the interpolated task
is similar to the original task, TFor example, most of the studies of retro-
active inhibition reviewed by Britt ( o ) &nd by MeGeoch ( 89 ) involve an
original tagk, whieh may be verbal or motor, and an interpolated task whieh
ig ginmilsr in nature to the original task. d

In the second type of study, the interpolated actlivity is quite different
from the original activity. This type ig exemplified by the clinical studies
of retrograde ammnesia, anoxié, brain leslons, efc. The initisl task may de
almost any sort of learned activity; that which disrupts the retention of the
learned behavior may be a blow on the head, exposure to severe oXygen lack, or.
eershral electroshock, to name but a few of this class of disorgenizing agents,
Ordinarily, the term "retroactive inhibition® has not been applied to situa-
tions of this type.

The mechanism that has been used to explain the impaired retention of

the initial task slso differs for the two types. Retroactive inhibition has




usually been explained by habilt interference, by which is meant competition

of responzes at the time of measurlng the retention of the original tasik,

-

McGeoch (20 ), Competition of responses is probably to be sxpected in 4%

1

he
elassical retroactive inhidvition deslagn whers the initial and the interpolated
tasks are simllsr in content.

not appropriate In those situationsg where

m

Habit interferencs, however, 1
the interpolatsd actlvity is very different from the initisal sctivity, as, for
example, where @ blow on the head has caused 2 rstrograde smmesia for the
events occurring & short time before the Injury. Attenys at sxplenation of
the retroactive effect in these cases have heen less systenatie than in the
eage of retroanctive inhibition. Usuazlly the impairzent is referred to some

general disorganizing or disrupting effect on brsin funetlon, Cobb (O },

1o}

In view of the type of interpolated material used, it ls understandable
that the retroactive inhibition studies have nobt tended to confirm a persevera-

n theory. McCeoch's {20 ) conclusion that the perseveration theory dos

ot
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not suffice to explaln the facts of retrodctive inhibition is based almosh
entlirely on studl as wherse the interpolated activity was very similar to the
originai activity. The transfar, or compebltion of response, theory sdvanced
by MeGeoch to explain retroaective inhihitlon rests heavily upon the variable
of similarity between lnlitiasl and Intervening tasks:

It iz significapt, however, that since'the work of Melton and his colla;
borators (83 ,84 ) investigators have tended to add another variable, along
with habit interference, to explain retroactive inkibitlon, HeGeoch (20 ),
Postmen and Alper (90 ), Postman (31 ), Minsmi and Dellenbach (25 ), Melton
proposed that ap unlesrning factor, occurring during the interpolsted activity,

be added to competition of responses. According to this view the imwpalrment




in retention of the original activity cannot be eptirely accounted for by
hahit interference &b the vime of measuring the retention of the original
task, Melton therefcre proposed that the residual decrement was due to an
unlearning of the initial tesk induced by the interpolated tasik, Witk the
proposal of a two Lactor theory of.reﬁrcac,iVQ imhivition we bslieve the 28D
has been bhridged between the cliniceal type of study emphasizing disruption
of traces znd the typicsl experiment on retrcaciive inhibition emphasizing
habit inte rence Gus to similarity.

It geems Teasonable t0 assume that thoge studies emphasizing unlearning

or disruption best illustrate the perssveratlon theory. Ths purest case would

ot

s cne in which the Interpclated activity is very different from the criginal
activity. Purthermore, the interpolated response éhould be praesented soon
enough after the Initial response to fall within the persevers tiﬂn period,
We would agree with ¥cGeoch when hs s&ys that no one has assumed thabt psrssver-
ation continues for mors then s few minutes, IT thabt is trie then the ideal
experimental design for testing the perseveration btheory would be one where
the intervening responee is presentéd within a few seconds or minutes after
the original response, and where habit interfearence plays no role.

The experiment of Minami and Dallenbach {25 J iz sn intermediute case,
The original task consisted of lsarning ko aveld a darkened bhox. The inter-
polated task consisted of rumning on a treadmill. Of their several experiments
only one concerns us here, In thisg part of ths work the interpolatsd achtivity
was nreseatad at various pointes in the three hour interval bebtween learning
and relsarning. It was found that when bthe forced rumning on the treadmill
ocourred lmmediately after learning, & hours after, and Z hours aflter
(1tmmedizntely before relearning), & slgnificant deerement in re;9arning ability

appearsd, No decrement was found when the forced activity oceurr l hour



Mineawmi and Dallenbach conclude that their rasulte favor the persereration

thecry. Argulng on the basle of & two factor interprebabion they ssy that
the inpalired retenition which supeared whep the inferpelinted setivity followed

an apti-consolidation factor.

1 bour after learning, no dsecre-

hat =3

Factor T, which the authors cull excibenent or irritability, must bs postulded

to explain the decrement when ths interpolated activity ogcurred immediztely

o 1 hour before relearnings

=

Qur results gupport LThe posltion taken by Minesid and Dallenbach. Thoese
iovestigators belleve that the detrimentel effect of interpolated activity
when close Yo ths originsl lezrming xav depend on ths following conditions:
(1) the interpolmted zetivity muset be strong snough to involve a generzl ex-
citement, and (2) orlginsl learning must not be too well established, Roth of
these conditione are msh in_the present experiment.

Iv terms of thse present exnperiment, then, there ocecurs after each trial
a period of perssveration or consolidation. This period ig leszss $hsan 1 hour
end very probably le not significantly longer than 13 minutes, I some dis~
rupting fector, in particuler the violent convulsion induced by electroshoek,
cceurs during the interval of perseveration, retention is impsired. Thre loss
will show up as impalred reproducticon or relearning when the famililer A-B-4
crds: is used, PBubt when lesrning btriasls are alternaied wilih the disrupting

actlivity, @«s in bthe present experiment, the loss shows up ag a slower rats of

he-

i

learning. The closer the intervening sectivity is in time to the precedin

havior, the greseter lg the decrament when bthe origlnel response 1s retested,

¥Finally, whez the lnterpelaied activity is introduced after perseveration has




nrecedes relearning, no decrement

o

2ich

wit

but before a

ceaned,

is found.
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V. Suspary acd Concluslons
A, Maze experiments

The sxperiments were designed to determine the effect of a single

cerabrnl electroshock on the acguisition and extinction of a recently learned
habit which was belanced in strength with an older incompatible habit. In
the fivs acguisition experiments radts were trained to go to the left on a T
mazs for a small reward, consisting of 1 grem of wet mashk, In the typieal
experiment training on the left continued =% the rate of 3 trials per day for

2,

15 daye, On the day following terminpation of left braiming the animals were

tralned $o0 go to the right. The right goal box had not previcusly been re-

warded; it was now rewarded with 2 grams of mash. Feod particles on the right

arm of the maf? lured the animals 30 the right goal box. A1l animals chose

the right habit after from 4 to-7 trials with the large & grem revward; all

right trials were given in one sesslon: Some of the rads were then selected

to receive the electroshock, while thg others served as controls, The Shouck
Group snimals received 85 volts A.C. passed through the head for .2 second.
In different experimerts the shock was adninistered immediately after, ons
helf hour after, or 2 hours arlter the last right trial.‘ Both the shocked
animals and the controls were ftestied Tor habiv dominance on the maze elther
one halfl hour or 24 hours after administration of the shock.

In most cases it was found that when the animuls were tested For hebilt
preference, the shocked animals returned to the old left habli, while the
control animals conbinued to Choose the right. Thus, even though the recent
hablt was dominant at the time of shocking, a single shock was sufficlent to
allow the old habit to regaln dominunce,

The reburn %0 the old hablit was only tewporary in most of the shocked

B T P i T R S
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animals; after a few trisls they sgain chose the recent, more highly rewarded
resgponse, The shock therefors d;éorganizes rather than destroys the regent -
memnory btraces,

In test trials run one half hour after & shock the shocked rats were
slow, sppearsd confused, and showed considerable VI'E at the choice point.

This suggests the value of payéhotherapy concurrently with shoek treatment in
buman patients,

In order to demonstrate any effects of & single electroshock it wae nec-
essary to balance the conflicting habits rabther earefully. Tﬁis'suggests that
a single shock produces no permenent effects, particularly on simple hablts.

The training procedurs iﬁ the three extinction experiments was the seme
838 in the ecequisition experiments for both habits., Following the last trisl
on the recent right habit, the reward was removed from the right goal box and
sxtinction of the right hablt begun. Exbtinetion was continued until all
animals had returned to the old left habit. The three experiments differed in
the number of eztinction trials allowed., Immediately after the last extinction
trial some of the rats were given 2 single elsctroshock. Both shocked and
control animals were tested on the maze one hal?f hour after the shock, A
second test for habit preference was given 24 hours after the first test.

.In the Iirst two experiments tha effecte of the exbinction were not dis-
gipated by either,the.shock in the experimental groups or spontanecus recovery
in the eontrol groups when the sanimals wére tesfad one half hour sfter the
shock. TPhig result. was confirmed &t the second test 24 hours later.

In the third experiment fewer extinction frials were allowed. The con-
trol animals showed spontansous recovery after one halfl hour of rest, in@icated
by their return to the right habit. Howevér, except for one animel, the

shocked rats eoﬁtinued to run left; extinction of the right hablt was not




affected by the electroshock. Both groups of snimals showed the same behavior
on the second test, 24 hours later.

It is econcluded that the resulte of the acquisition and extinction
experiments somewhat contradict the theory that shock procedures dimin;sh
excltation and enhsnce inhibition. In the present experiments a single

cersbral electroshock disrupted excitation but not Inhibition.




per day was given on each of 18 days. Eight of the groups recelved an electro-

B. Conditioned avoidance expsriment

Nine groups of animals were trained to avold a charged grid. One trial

shock of 85 volts A.C. passed through the head for .2 second at various bimes

after each trial. The groups were as follows, designated by the time which

elapsed'between the daily trial and the administration of the sleetroshock:

Immediate (shocked within 20 seconds after each trial), 40 second, 60 second;

4 minute, 15 minute,.l hour, 4 hour, and 14 hour. The remsining group con-

sisted of control animals that recelved no electroshock, Anticipatory runs

and lateneies of running were recorded.

1.

4.

When learning was measured by the mean aenticipatory runs over all 18
trials,. the groups were ranked in the following order from poorest %o
best learning: Immediate, 40 second, 60 second, 4 minute, . 15 minute,
and finally all other groups. The differences between the means of
each of the first five groups and the Control Group were statistically
gignificant,. No significant differencss were found between the means
of the 1 hour, 4 hour, and 14 hour groups, and the Control Group.

When learning curves were plotted for the groups it was shown that

the IMmediéte and 40 second groups exhibited an actual loss in the
latter half of learning, i.e,, after an initial rise the learning
eurves of these two groups dropped. T2 gecond, 4 minute, end 15 min-
ute groups showed a slower rate of lsarning than the controls over all
18 trisls. The 1 hour, 4 hour, and l4 hour groups showed as rapid a
rate of learning as the controls.

No particularly useful measure of the eff&ét of shoeck on iearning
gould be qbtained from the data on latency of running.

A tentative explanation was offered for the three types of response %o




5.

«0 5w

the shock as shown by the learning curves. This explenation Invelved
the variables oé perseveration time snd shock-induced general
impaiment,

The results as @ Qhole were interpreted as evidence for a perseveration
theory. Learning wes lmpslired because the shoek dlsrupted the normal
process of perseveration; the shorter the trisl-shock Interval, the

greater was the impairment.
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VII. Appendix

The following tables show the latency of running (in seconds) for each
animal for every trial in the conditioned avoidance experiment. Latency was
measured from the moment the animal was placed on the grid until %he animslts
body exelusive of tall arrived in the safe compartment of the apparatus. A

_separate table is presented for each group of animals; the title of the table
indicates the Hime which elapsed between each trial and the application of the

cerebral electroshock in that group. All runs less than 10 seconds permitted

the snimal to aveid the grid charge and were counted as antieipstory runs.

Table A
Immediate Group
Trial 1 8 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18

2 L7 B 1 I 12 B o 3¥{ 8 A 11 1k A1 13 13 33 B 1L
B &5 TR S O (R ) = ([ o O (S 1 " 1 RS v w5 SRR s S AT R o S NS - s 4
8 4% B 3 318 23 A3 13 3123 A L A i il i 31 1o 31
3 S s (RS T A s P s v IS B I S i S 4 e ' RS SEN R I e A O I 5
12 11 14 12 S5 11 7 12 11 6 A I R - I S . T E
12° L& I 411 X3 11 1) "33 L3y 131 RS OEE O3l 3 o3 3 o1
85 9 11 % 11 12 13 12 11 11 11 i1 13 11 11 13 12 11
13 14 14 13 died -

13 1B 12 12 J1)p 4 2 ‘@ % 1l- 21 .31 2 11 2 11 X 13
10 11 X4 I3 1® 11 1} 3 1r 2 21 311 311 1} 1k 3% .13 kL 13
il 11 312 131 11 4 & 185 18 11 4 4 11 1} 11 6 11 11 11
i3 3~ 14 I8 =2 % % 2 & 2 § M B2 13 )1 €& A1 I 12
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Table B
40 Seeond Group
4 Trial 1 2 b 4 & 8 7 18 9 10 11 12 13 14 15 16 17 18
Rat ‘1 12 19 died
- 2 13 15 12 2% 11 11 12 12 15 11 11 11 11 11 12 Adied
1 & 17 27 87 18 12 12 14 12 died
; 4 12 13 13 11 died
5 5 14 21 12 died . :
5] llB 11 12 14 12 11 12 3 8.8 9 11 % 1k 1L 1)} 21 7
Vi.l® 11 B3 22 Ry 13 3 3 81k 3 3 3 11 2 2 11 11
g8:13 40 182 12 11 9 & -2k 1% A1 2 3 3 3 3 8 11 11
9 11 9 B2 40 17 11 9 B ALk Ik Xk 31 7 11 11 4 11 11
L 10 17 14 11 31 18 11 11 11 1% 11 12 11 11 14 13 11 1k 11
; 11 1l 20 12 8 4 g 11 "1X. Ik 7 & 7 3 11 4 4 11 11
; 12 16 21 12 13 LT 1 R i - (s R 8 | [ i S 1 S I 7 (S 1 A & |
l Table €
80 Second Group
" Trial 1 a 3 4 5 6 7 8 g 10 11 12 13 14 15 1ls 17 18
Rat 1 12 23 11 11 13 11 18 4 11 2 5 11 é 12 2 3 11 11
2 11 12 15 14 13 2 £ 2 11 11X 1 11 123 2 3 4 3
3 12 20 18 13 9 3 5 3 6 11 20 11 2 4 5 6 3 4
4 12 15 13 11 2B o L. Lk B 4 3 4 15 3 11 1 1
$ L 11 1F 2 312 1t 13 QR 1B 11 14 8 1l 3 4 17 1l 3
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10 12 11 35 11 died
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12 12 38 15 9 8 g AL -kl X AL Ik Il LXK 5 12 2 i 7
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Table D

4 Minute CGroup

Trial L 2 8 4 5 6 ¥ & 8 W@ A1 18 18 l& I8 16 217 1B

Rafr - 2 I8 23 11 31 33 031 1@ X A 31 30 3 A3 033 33 B 13 1%
2 12 26 13 9 9 4 & B & died
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4 18 3 9 9 $ 11 ¢ 1L 4 & E 2 B 5 B 2 8 B
5 17 14 18 11 died .
& 36 X 13 28 1% M B 3 P 8 L 42 32 13 3 11 % 1
7 12 12 iR 1¥ 11 31} 31 11 ¥ 11 7 6 I 2 ¢ 4 § 8
g 1% 4% I2 1% 11 13 11 B 1L R B ¥ 1 & § ® 4 B
8 14 11 kg 8 11 11 1A 13 & B 8B 5 B @ p~'% Z -4
10 18 19 11 12 g Lk Ik 9 2 g 2 2 5 -4 B B v 3
1} 42 11 1} 12 1 8 & 2 2 4 % 1 9 B 8 B2 & B
12 12 12 12 9 & 3 3 2 3 3 2 3 3 7 2 O ¢B 11
Table B
15 iinute Group
Trial 1 2 3 4 5 6 7 8 9 30 11 12 13 14 15 18 17 1B
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Table B g
14 Hour Group il
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