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Introduction

WErtSER, %VAF._ER,KRUS and their associates (e.g., 1959) have suggest-
ed that tile administration of LSD-25 results ill a "regression" to more
primitive states ; and further, that there are "formal similarities" between
the cognitive-perceptual processes of organisms under LSD-25 intoxi-
cation and the mental processes of young children, schizophrenics, and
brain-injuredSs. One of the postulated"rcgrcssions" with direct relevance
for learning situations is that of "rigidity". For example, Wr:I¢N_:R(1948)
postulates that primitive organisms lack the flexibility to manipulate
their surroundings and thercfi)re respond in a fixed invariable manner to
their environment.

Consistent with this developmental interpretation of the action of
LSD-25 are the findi,,gs of PAWLOWSKI(1962) which indicate that LSI)-25
results in an increase in pcrsevcrative tendencies (rigidity) in rats. These
rats continued to make a jumping response which they had previously
learned oven though the situation required a modification of the jump-
ing response. Similarly, V%rlI,P1ZESKIand IIAM*LTON(1964) report that
rats receiving a 0.5mg/kg dosage of LSI)-25 were unable to inhibit a

previously-corrcet position response during spatial reversal learning.
However, thc question may be asked whether the persevcrat ion noted by
PAWLOWSKI all(l by 1,VII,I'IZESKI and ][AMI1,TON results from a general
persevcrativc tendency or fl'om some artifact specific to the exl)erimeutal
situations. To assess the various types of pcrseveration produced by
LSD-25 two studies were l)erfi)rmed: the first study evaluates the influ-
ence of LS1)-25 on ,_p_di.1 l_erseverative tendencies; tim second study
invoh'cs the effect of LSI)-25 upon ,_tit..l.s l)ersev(wat ivc t en(lcm'i_,s.

* Abstracted from a dissertation submitted in partial fidlilhm'nt ()f the re-
quirements for th(. I'h. 1).l)cgrec at ('lark Univ(wsitv. Wor_'('sicr.3l;l_._a('hus(qt_.
The study was supp(_rtc(II,y a N.I.I[. l'rcdocl.rat lh.s(.ar_'h]"cl}o_ship(17.3Ol).

The author exl_rcss('s his alq)recia|ion to ]){_NAI,I) Kilt's, S].:YM(_['I_. _,VAPNER,

all(| _[()B, TONI, VIEN Ell %',h.o suiwrviscd the (.on(lucting and _vritit_ of lh(" (lis_crtat h)n
and to H. ENGEIt ROS','OLD. )[oIUrlMEI¢. _|ISIIKIN, ;.itl|({ ,I(}SEI'IIINE SI.:31311.;S who

provided hell,ful guidance in the preparation of the ,namlscril,t.
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Experiment I

Procedure,_

Subjects. One hundred and twenty-eight albino rats weighing approxi-

mately 230gins. were employed ill tile itlvcstigation.
Apparat_ts. A maze consisting of a starting box (91/2 '' × 6" ;< 12"),

a runway (121/2 '' )< 6" )< 12"), a choice point (141/o '' "< 11" × 12")

with two vertically swinging doors (5" ;< 4")and two goal boxes (141/2 ''

× 6" _'Z12") was utilized. A paneleseent light was mounted on the back

o[' both doors. Except for the I)rcliminary training session, one panelcs-
cent was always off alld the other set at 117 volts.

The floor of the starting box, runway, and choice point consistc(l of a

brass electric grid.
Preliminary Training. The lit'st 40 trials during the initial CXl)crimen-

tal session consisted of prelimimtry trainitlg i1_ opening the l)lcxiglass

doors leading to the goal boxes. Thc animals were forccd to the right

' goal box on 20 trials and to the left goal box (m 20 trials. If the animal
(lid not enter a goal box withitt 10 scc the grid was clectrificd. Whctl the

animal cntcred the goal box, the shock was tcrmimlted and the animal was
removcd from the maze. SIN('(, there were marked individual (littk;rctlccs

in tolerance to shock, durit_g the lit'st 10 trials the investigator cstablishcd

an appropriate shock level for each rat, one which elicited rapid

running without squealing or attcml)S to jump out of the apparatus.
Pre/erence Me(tsuremeld. The last 20 trials of the first experimental

session were utilized to nleasure the strcngl h of the aninlal's 1)osition and

brightness prcfercnces. Both (leers, one of which was bright (117 volts)

and the other dark (0 volts), wcro exl)oscd simultaneously and passage

through both doors was unimt)cdcd. The right-left t)lacemcnt of the
bright stimulus was randomizcd.

Half of the 128 alfimals revealed strong position preferences (at lcast

18 out of 20 trials to either the right or left door). The 64 animals that did

not manifest str(mg l)osition preferences were required to learn (to a
criterion of at least 18 crrorh',ss trials out of 20) a right-left position dis-

crimination at the 1)cgimfizlg of the second ext)crimelttaI session. The

door leading to the im,orrcct goal box was locked from behind. A correc-

tion procedure was cmi)loyc_l thr(mgh()ut the rcmainder of thc expcri-
lnellt.

Brirdhtt*e.ss 7'r¢linit_ff. All atiimals wore switched from their [)()sition

l)references to a brightlmss dis('rimilmli_m ill which the bright (h)or was
correct for halt' the atlim;tls anal the clark (h)()r was ('()rrct't tl)r the other

halt'. Tim right-lcl't plac'(;metlt of the bright stimultls was raKld()mizc(I.

Brightness training c()zltintw(I for two 50-trial t t'aillitlg sessions sl)aced

a week apart or until the animals rca('hcd a criterion of 18 crvorlcss
trials out of 20.

30*
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Eight minutes before the beginning of brightness training half tile

animals were given i. p. a 0.5 mg/kg dosage of lysergic acid diethylaniide.

The remaining 64 animals served as placebo controls receiving i. p. a

5ce/kg dosage of distilled water.

For tim placebo animals, the same shock level utilized during prelimi-

nary tra{n[ng and preference mea._urement was employed during [,rightness

learning. Since LSD-25 produced a marked increase in sensitivity to shock
(due to anincreasein salivation and consequent soaking of the Ventral hair),

the shock level for the 1,8I)-25 animals was reduced during brightness

training to one-third of the voltage employed in the earlier experimental

sessions. (Pilot studies had indicated that for wet rats one-third the nor-

real voltage was equivalent to the full voltage used for dry rats, as meas-
ured by number of trials to learn a brightness discrimination and speed

of running in the maze.)

Results

Positio_ Perseveralion Scorex. A position perseveration score was

derived for each animal by subtracting tile number of error trials to the
non-pre[erred side fi'om tile

Table 1. Mea_ perseeeratio_ scorc,_"(po_ition nunlber of error trials to tile
and stimulus) and trials-to.criterion [or
LSD-25 and placebo Ss i_ exl_eriments I an II prelerred side during brightness

Experiment I discrimination learning.

Drug Position pcrse- Trials to Analysis of the position
groups veratiou scores criterion perseveration scores indicated

LSD-25 7.46 65.63 tlmt tim LSD-25 animals made

Placebo 2.98 53.59 significantly (p -_ .001) greater

Exlm,riment II scores than did the placebo

Drug Stimulu,_l)er.,e- Trials to animals. Table 1 shows tile
groups verati.n _('ore ('rit_,rion nlean position perseveration

LSD.25 2.83 26.11 scores for the two drug groups.

Placebo 5.50 32.78 Trials to Criterion. A sig-

Table 2. Distribution o/t)osition perseceraticc nificant (p </..005) difl'erenee
streaks for LSD-2,; and l,lucebo S,s i_ apl)eare(l between the mean

experiment I trials scores of tile two drug

INumt,er _,l" position I.'rseverali,m streaks grolll)S. TaMe 1 shows thatl)rllJ_

groups I[---0 .... 1- e a 7 the 1,S1)-25 animals required
more trials lo learn lho bright-

LSD-25 I 26 27 11
Pla(.elm I 4_; 1(; 2 ne,ss discrimination lhan did

the plauebo a,dmals.

P(*_ilio, l'er.serer, lice Streaks. In addilim_ to the position persevera-

tion scores, it was anticipated that position rigidity would manit\'st itself
in tile form of continuous streaks of nmning to the lwcfet'red side. Each
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time an animal ran nine or more times (within each block of ten trials)
to its preferred position, it was credited with one position perseverative
streak.

Chi square analysis yielded a significant difference (p < .01) between

the LSI)-25 +rodphecbo grmlps.As indicatedin Table 2, 11 LSD-25 com-
pared to only t_vo l)l_webo animal,q compiled between three and seven
st,reaRs while only 27 LS1).25 animals compared to 46 placebo animals
failed to comI)ile any streaks.

Experiment II
Procedures

Subjects. Thirty-six albino rats were utilized.

The identical apparatus, preliminary training, and prc/erence measure-
merits utilized in the first study were employed in the second study. All
38 rats manifested strong initial spatial preferences (at least 18 out of
20 trials to one side) for the right position.

Brightness Training. During the second experimental session, all
animals were first trained to respond to the bright door (117 volts) and
to avoid the dark door (0 Volts). On half the trials, the bright (leer was
on the right, on the other half, on the loft. Training was continued until
the animals roached a criterion of 18 urrorless trials out of 20.

Position Training. Immediately following the completion of bright-
ness training, the animals were switched to a position discrimination
problem in wldch the brightness value of the doors was an irrelevant cue.

Half the animals were trained to rest)end to the right door, the other
half to the left door. The right-left placement of the bright stimulus was
randomized. Training was continued until the animals reached a criterion
of 18 errorless trials out of 20.

Eight minutes before the beginning of position discrimitmtion training,
half the animals received an i. p. injection of LSI)-25 (0.5mg/kg). The
other half received i. p. injections of distilled water (Sec/kg). The LSD-25
and placebo groul)s were matclwd for number trials required to learn the
brightness discrimination.

As in the first study, for the l)hw(;bo animals tlm same shock level
utilized during preliminary training and ln'efcre, nce measurement was
employed (hiring position dist'riminalion training, while for the LSD-25
group the shock level was re(lu('ed th('-nt'-third of the voltage emph)ycd
in the earlier experimental s(,._sions.

Re._ult._+

Nlin*uhv_ I'(+r._re'redio_ ,%)'or¢'s.A _timulus Ferscvcration score was
comimte(t for (,a('h rat I,3- sul)tra(.ling the numt_er of error trials to the

dark door from lh("mmd_er ()f error trial_ to thc bright door during the
learning of t hc p()_it ion dis('riminat ion.
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As indicated in Table 1, the placebo animals made statistically signi-
ficant (p < .025) higher stimulus pcrseveration scores than did the LSD-25
animals.

Trials to Cr[lerion. Table l shows that the LSD-25 group required

significantly (p < .05) less trials to learn the position discrimination
than did the placebo group.

_[[mulus Perseverat[ve ,qtreak._. Every time an animal ran nine or
more times (within a block of ten trials) to the bright stimulus, it was
credited Mth one stimulus persevcrative streak.

No significant results appeared in the analysis of the stimulus perse-
verative streaks. However, the distributional trend shows that the placebo
animals (eight streaks) manifested more stimulus perseverative streaks
than did the LSD-25 animals (fi)ur streaks).

Discussion

Taken together, the results of the two studies at first appear opposed.
In the first, study, the LSD-25 animals revealed marked position pcrse-
veration and required a larNe nmnbcr of trials to shift from a position to
a brightness discrimination. In the second study, the LSD.25 group
manifested relatively little stimulus pcrsevcration and learned to shift
to a position discrimination more quickly than did the placcho controls.
The results may be reconciled, however, by observing that in both studies
the LSD-25 rats are perseverating a position response tendency or set.
In the first study, since the animals obtained reinforcement for responses
to the brightness dimension, perscvcration of a position response tendency
resulted in more errors; in the second study, since the animals received
rewards for position responding, pcrseveration of a position set resulted
in fewer errors and more rapid learning by the LSD-25 group.

These findings have direct implications for hypotheses concerning
the nature of perseverative response tendencies. It was anticil)ated origi-
nail'), that whatever response tendency was dominant at the time of
LSD-25 injection wouhl become rigid and invariable. Based upon the
assumption of perseveration of the momentarily dominant response ten-
dency, position pcrseveration was anticipated in the first study, stimulus
perseveration in the second stu(ly. IIowever, the d(mlinance of position
responding in 1)oth studies suggests that the response set manifested
under LSD-25 is not necessarily the momcntarily dominant one, rather
the one that is most natural or initial (i. e., the recruiter of a hierarchy of
response ten(lencies most cosily cli('itcd) in a part i('ular t(,sting situati,)n.
During the preliminary lWCfiwem'e testing in both studies, most rats

manifested strong positi()n rcsp()tlse tendcn<'ics. In Experiment I. _;4 vats
showed strong initial l)osititm prefercn('es (at h,as/ IS out t,f20 i,vc/i,w,n¢.c

trials to one position) and au additional :32animals revealed some pref-
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orence for one position (between I 1 and 17 out of 20 preferene0trials to

one poslflon). In ],_'xpcriement II, all 36 rats used showed strong position
preferences. Thus, in both experiments the initial tendency of the rats
was to respond on the basis of position and the effect of LSD-25 was to
produce a pcrseveration of their initial position tendencies.

In addition to their importance for perseveration concepts, the pre-
sent results also may have pertinent physiological implications. Some
recent investigations have suggested that stimulus and position perse-
verative tendencies may be related to different neuroanatomical struc-
tures. 5I_S_tKiX (1964) reports that stimulus perseveration is produced
by ablation of the orbital frontal cortex while position perseveration
appears to involve the dorsal-lateral frontal cortex. BrTTEa._tAN (1965)
reports that extensive cortical lesions in the rat produce retardation on
the reversal of visual discriminations (stimulus persevcration) but no
deficit on position reversals (position pcrsoveration). The possibility that
LSD-25 is effccting differentially neural structures involved with the
inhibition of po_ition and stimulus response tendencies suggests the
utility of investigations concerned with the relationship between adaptive
behavior and the localized application of LSD-25 to different brain struc-
tures.

Besides their implications for pcrseveration and physiological con-
cepts, the present findings suggest a shift of emphasis in psychopharma-
cological learning studies. Typically, the drug investigator concerns him-
self with the correlation between drug administration and the learning
and/or retention of a simple learning task (o. g., rope climbing, bar press-
ing). The results of the present studies suggest that analyses involving

: simple performances may sometimes be misleading. The ambiguity in
the seemingly opposed results of the two studies was resolved by trans-
cending the simple performance scores through an an'dysis of the animals'
response tendencies. The critical question is not whether LSD-25 impairs
or accelerates learning, rather how does LSD-25 influence the organism's
characteristic ways of coping with its environment. In the first study,
LSD-25 impaired speed of learning; in the second study, LSD-25 acceler-
ated speed of learning-but in both studies, the administration of LSD-25
resulted in a fixation of a single mode or means of environmental adjust-
ment (perseveration of position response tendencies).

SUmnlary

Two studies were perfi)rmcd to investigate the effect of LSD-25 on
position and stimulus l)evsevcrative tcudcncics in rats. ht Experiment I,
rats with strong position habits [eat'n(,l a brightness (liscriminati(m (in
which position was an irr(,h;vant (.uc) at'Icy I,SI)-25 or l)la(.eho injccti(ms.
Tim I:S1)-25 animals showed move position pcrseveratiou and slower
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learning than did the placebo controls. In Experiment II, rats with
brightness preferences learned a position discrimination (in which bright-
ness cues were irrelevant) under LSD-25 or control conditions. Compared
to the placebo animals, the LSD-25 rats manifested less stimulus (bright-
ness) perseveration and learned the position discrimination more quickly.

The results of the two cperimcnts indicate that LSD-25 does not proce-
dure a persoverat.ion of any momentarily domimlnt response tendency,

rather a persevcration of the animal's most natural or initial response
tendency in the particular experimental situation.
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