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,ton-Century Sensory and Associative Effects of LSD
none induced in Classical Conditioning of Rabbit
,exualactivity (Oryctolagus cuniculus) Nictitating Membrane Response
vior, 1977, 8,

and demascu- I. Gormezano and J. A. Harvey
ce, 1972, 175, University of Iowa

tes femalebe- Three experiments were conducted to determine the effects of LSD (30 nmol/
stressedmale kg) on the acquisition of the rabbit's classically conditioned nictitating mem-
Physiological brane response. Experiment 1 revealed that LSD significantly enhanced the
alters plasma acquisition of conditioned responses [CRs], and control groups receiving un-
'e, 1980, 207, paired conditioned stimulus/unconditioned stimulus (CS/UCS) presentations

served to identify LSD's effect to be on learning. Accordingly, subsequent ef-
E. Effectsof forts were directed at determining whether LSD's enhancing effects could
nsive and un- have arisen from its altering the sensory processing of the CS and/or the UCS.
gy, 1961, 69, In Experiment 1, unconditioned response (UCR) amplitude to a 3-mA UCS

was not significantly affected by LSD. Moreover, Experiment 2 revealed that
cts ofan-terior LSD had no significant effect on the psychophysical functions relating UCShavic Jre-
and Behavior, intensity to the frequency or amplitude of UCRs and that the drug did not af-

fect the UCS-intensity threshold for evoking UCRs. On the other hand, Ex-
¢ofthe intra- periment 3 revealed that LSD significantly enhanced the frequency of CRs to

consecutive an extended range ofCS intensities in the psychophysical function relating CS
minteraction intensity to CR frequency. Furthermore, LSD lowered the CS-intensity
_iology of Re- threshold. The drug's enhancement of the sensory processing of the CS was

postulated to facilitate conditioning through both learning and performance
estrogenand mechanisms._havior in the
_n, 1976, 15,

Recently, Gimpl, Gormezano, and Har- regardless of dosage, the enhancing effect of
_r4, 1979 • vey (1978) employed the rabbit nictitating LSD on the acquisition of CRs could not be

membrane response (NMR) preparation in attributed to such nonassociative factors as
a classical defense conditioning study de- an alteration in the base rate of responding,
signed to establish a dose-response function sensitization, or pseudoconditioning.
for LSD (1, 10, 30, 100, or 300 nmol/kg iv) on The precise basis for the facilitating as-
the acquisition of conditioned responses sociative effects of LSD on the acquisition of
(CRs). The study revealed a biphasic CRs reported by Gimplet al. remains to be
dose-response function in which dosages of delineated. However, in accounting for their
1 to 100 nmol/kg LSD significantly enhanced findings, Gimpl et al. suggested that the ef-
CR acquisition, with a peak enhancement fects of LSD on conditioning could be due to
occurring at 30 nmol/kg, whereas at 300 an alteration in the sensory processing of
nmol/kg LSD, CRs were retarded relative to stimuli that enter into the conditioning
those of vehicle controls. Moreover, the process (i.e., CSs and/or UCSs). This hy-
performance of control groups given un- pothesis appears particularly plausible since,
paired CS-alone and UCS-alone (condi- first, enhanced auditory and visual evoked
tioned stimulus and unconditioned stimulus, potentials have been reported in the cat
respectively) presentations revealed that, (Purpura, 1956) and rabbit (Burian,

Flemming, & Featherstone, 1958) at low
dosages of LSD. Second, the abducens nu-

This research was supported by National Institute cleus, which directly activates the final
of Drug Abuse Grant DA 01759. The assistance of neural pathway (the VIth cranial nerve) for
Ellen Aycock is gratefully acknowledged, eliciting membrane extension in the rabbit,Requests for reprints should be sent to I. Gormezano,
Department of Psychology, The University of Iowa, in addition to receiving inputs from pe-
h)wa City, Iowa52242. ripheral UCSs like paraorbital shock or
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642 I. GORMEZANO AND J. A. HARVEY

corneal air puffs (Cegavske, Thompson, Method anirr
inje(

Patterson, & Gormezano, 1976), also receives Subjects. The subjects were 48 male and female
inputs from the auditory and visual systems albino rabbits obtained from Morrison Rabbitry, West (LS!tion_
(Borg, 1973; Grantyn & Grantyn, 1976; Liberty, Iowa. They were 80-100 days old, and each steri
Rasmussen, 1946). Third, it has been weighed about 2 kg on arrival in the laboratory, vein
demonstrated that both NM CRs and UCRs Apparatus. The conditioning chambers and trans- rem_

ducers for recording the NMR have been described by ject(
(unconditioned responses) result from the Coleman and Gormezano (1971), who detailed depar- wat_
activation of abducen motor neurons (Ce- tures from earlier specifications (Gormezano, 1966; in a
gavske et al., 1976). Fourth, while tone CSs Gormezano et al., 1962). In brief, the transducer for yard
do not elicit unconditioned NMRs (Gorme- recording the NMR consisted of a resistive photocell was

assembly, which generated a signal that was recorded
zano, 1966, 1972; Gormezano, Schneider- andon an Offner oscillograph operating at a paper speed of
man, Deaux, & Fuentes, 1962), tones do in- 250 mm/sec. The conditioning chambers were fabri- thera re_

crease the "excitability" of NM UCRs as cated from legal-sized, fireproof filing cabinets to which cedi
measured by an increase in the amplitude of individual blowers, exhausts, and stimulus panels had and

been added. Two CSs were employed. One CS, an recc
the UCR to subsequent application of pc- 800-msec, 75-dB (SPL), 1000-Hz tone, superimposed
ripheral UCSs (Ison & Leonard, 1971; upon a 70-dB background ventilation noise, wasdeliv-
Young, Cegavske, & Thompson, 1976) or ered through an ll.4-cm speaker mounted in the center Re:
direct electrical stimulation of the abducens of the stimulus panel. The other CS consisted of a

nucleus (Young et al., 1976). Hence, not 10-Hz, 800-msec flashing of two 6-W, 24-V house lights,
one mounted on each side of the speaker. The flashing ]

only does the abducens nucleus receive in- of the house lights caused a change in illumination, to 1
puts from stimuli that can serve as CSs and measured at the animal's eye level, from approximately the
UCSs for conditioning, but these stimuli also 32.0 Ix to 8.0 Ix. The UCS was a 100-msec, 3-mA, 60-Hz of 1
interact with each other. Fifth, and finally, shock delivered to electrodes positioned 10 mm apart

the empirical manipulation of the intensity bit'sand15rightmmeye.pOsteriorto the dorsal eanthus of the tab- Un,rel
of CSs and UCSs, upon which conditioning ProcedUre. All animals received 1 day of prepara- en]
was based, has been amply documented to tion, 1 day of recovery, 1 day of adaptation, and 10days tht

affect the formation of CS-CR connections of acquisition training. On the preparation day, a small sct
(cf. Gormezano & Moore, 1969). Accord- loop of surgical nylon (Ethicon 00) was sutured into the

rabbit's right NM, the surrounding hair was clipped, fol
ingly, the behavioral laws of conditioning and the remaining hair was removed by the application or_
and the anatomical organization of the reflex of a chemical depilatory. The UCS electrodes (Autoclip
pathways of the NMR have led us to exam- wound clips) were than applied. On the adaptation
ine the possibility that the enhancing asso- day, the animals, secured in a Plexiglas restraining box,
ciative effects of LSD on the acquisition of were positioned in the conditioning apparatus for aperiod equal to the length of the subsequent eondi-
NM CRs (Experiment 1) could be due to tioningsessions. No stimuliwerepresentedduringthe
alterations in the sensory processing of the adaptation session, although to obtain an index of base
UCS (Experiment 2) and/or the CS (Ex- rate of responding, the data records were scored for re-
periment 3). sponses occurring at times corresponding to the usual g

CS-UCS observation intervals.
Following adaptation, all subjects received 10 days

of acquisition training in which two experimental groups

Experiment 1 (n = 12) received 60 CS-UCS paired conditioning trials v
daily at a CS-UCS interval of 800 msec. The condi-
tioning trials were composed of 30 tone and 30 light

The purpose of the present investigation CS-UCS pairings presented in a randomized sequence
was to confirm the observation by Gimpl et within 10-trial blocks with the restriction that not more _
al. (1978) of enhanced CR acquisition under than three tone or three light CS trials could occur
the LSD dosage (30 nmol/kg) previously consecutively. Trials occurred at intertrial intervals
shown by them to produce peak enhance- of50,60, andT0sec, with a mean of 60 sec. In addition,two control groups (n = 12} were exposed to explicitly
ment, and to confirm that the source of such unpaired CS and UCS presentations in which each daily
enhancement is associative. Furthermore, session consisted of 30 tone CS, 30 light CS, and 60
determinations were made of the effects of shock UCS trials presented in a randomized sequence Fi

LSD, relative to vehicle control, on (a) the within 20-trial blocks with the restriction that no more of
than three tone, light, or shock trials could occur con- hi,

initiation (rate) of conditioning, (b) condi- secutively. Trials in the unpaired controls occurred at C,_
tioning to tone and light CSs, and (c) UCR 25-, 30-, and 35-sec intervals, with a mean of 30 sec. co
amplitude. Thirty minutes prior to each acquisition session, all
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animals in oneexperimentaland one controlgroupwere variance which revealed significant effects
female injected with d-lysergic acid diethylamide tartrate of groups, F(1, 22) = 18.78, p < .01, days,
y, West (LSD,molecular weight 430.5),obtained from the Na- F(9, 198) = 60.92, p < .01, and Groups Xtional Institute of Drug Abuse. The drug, dissolvedin
_deach steriledistilled water,was injected into the marginalear Days, F(9,198) = 2.34, p < .01. The acqui-?.

_trans- vein at a dosage of 30 nmol/kg. Animals in eachofthe sition of CRs to tone and light CSs were
ibed by remaining experimental and control groups were in- highly similar--the mean levels were 57%
depar- jected in the marginal ear vein with sterile distilled and 59%, respectively--and the analysis re-water. Animals were injected with the vehicleor drug
,, 1966; vealedthat modalitywasnot a significantJcer for in a volumeof .4ml/kg at a rate of 3 mi/min by a Har-
mtocell vardinfusionpump. Throughoutthe experiment,a CR source of variation and that it did not enter
;corded wasdefined as any NMR extension exceeding .5 mm into any significant interactions. To obtain
peed of and occurring during the 800-msecpresentation of el- a finer grain assessment of the effect of LSD
e fabri- therCS. In addition, forthe unpaired controlgroups,
owhich a responseoccurring during the 800-m_ecinterval pre- on the acquisition of CRs, we made deter-
letshad cedingeach UCS was recorded as a baseline response, minations of the number of trials to the first

and the amplitude of the UCR (greater than .5 ram) was CR as well as to successively more stringentcs, an
nposed recordedfor each of the 60 daily UCS presentations, criteria of 2 to 10 consecutive CRs. The
sdeliv- meannumberof trialsto eachof thesecri-

center- Results teria revealed that LSD facilitated not only
edof the initiationofthefirstCR(21.8),relativee lights,
lashing Figure 1 presents the percentage NMRs to vehicle control (42.0), but also the at-
nation, to tone and light CS trials combined across tainment of each successive criterion. Thus,
imately the 10 days of acquisition training for each for example, under LSD the mean numbers
,,60-Hz of the four groups. The figure reveals that of trials required to attain criteria of 5 and 10n apart
he rab- under the paired CS-UCS condition, LSD, consecutive CRs were 80.2 and 86.0, respec-

relative to the vehicle control, substantially tively, and under vehicle they were 148.7 and
repara- enhanced the overall level of CRs as well as 190.2, respectively. An analysis of variance
10 days the rate of acquisition of CRs. These de- of the number of trials to each of the 10 cri-
a small scriptive aspects of the percentage CR data teria revealed a significant effect of groups,.nix)the
:lipped, for the paired CS-UCS groups were corrob- F(1, 22) = 16.94, p < .01, criterion, F(9, 198)
lication orated by a repeated measures analysis of = 38.91, p < .01, and Groups × Criterion,
,utoclip F(9, 198) = 4.78, p < .01. Moreover, a sub-
ptation ,oo sequent Tukey honestly significant differ-
ng box,
ts for a _o ence (HSD) analysis (see Winer, 1971) of the
condi- significant groups contrast revealed that
ringthe ,o LSD-injected animals required significantly
of base fewer trials than vehicle controls at each

Ifor re- ,o criterion (all ps < .05).e usual
_ _ 6o P_,_eocs-ucs Panel A of Figure 2 presents the frequency

tO da: _z o-_ _so of baseline responding during the 800-msec
groups _o ........ prior to UCS delivery under the unpaired
_gtrials
condi- _ "° CSfUCS condition for LSD and vehicle

_0light _ 3o groups over the 10 days of training. The
quenee figure indicates that the levels of baseline
)t more 2o u,P,,Rt_ cs,o_ responding were low and undifferentiated by
t occur drug condition as revealed by mean levels of_tervals ,o
idition, responding of 1.2% and 1.0% for LSD ani-
plieitly o __ ....... :: mals and vehicle controls, respectively. TheA 1 ;_ 3 4 5 6 7 I_ 9 10

:hdaily mean level of baseline responding during
and60 ,cQo,s,r,o, _"_ adaptation whenneither CSsnor UCSswere
quence Figure I. Mean percentage of response during each presented and no drug had been injected was
tomore ofthe 10daysofacquisitiontrainingunderLSDor re- 1.3%. Hence, as is characteristic of the
ur con- hide forgroups receivingpaired CS--UCSand unpaired rabbit NMR preparation (cf. Gormezano,_rredat CS/UCS trials. (NM = nictitating membrane; CRs =
)sec. conditionedresponses;CS =conditionedstimulus;UCS 1966, 1972), the presentation of CSs and
ion, all = unconditioned stimulus.) UCSs did not synergistically interact to alter
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Figure 2. Frequency of baseline responding (panel A) and UCR amplitude (panel B) under LSD or Ajifiedvehicle for groups receiving unpaired CS/UCS trials, and frequency of UCRs under LSD or vehicle as
proc

a functionof UCS intensity. (NMR = nictitating membrane response;UCR = unconditioned response; rahh
CS = conditioned stimulus; UCS = unconditioned stimulus.) day

inje(
the base rate of NMRs. In addition, as re- cesses. Yet, the locus of the associative ef- thro

vealed by a reexamination of Figure 1, under fects of LSD remains to be specified since it dail,at ra
the unpaired condition the levels of re- may reflect the ability of the drug to facili- (witl
sponding to the CSs were low, never ex- tate directly the formation of a CS-CR offi
ceeding 2%, and LSD, relative to vehicle, connection and/or to alter the sensory pro- tens;
showed no significant or systematic effects cessing of the CS and/or the UCS upon mA.
on CS responding. Accordingly, the en- which conditioning is based. Unfortunately, in abloc..'
hancing effects of LSD on CR acquisition no methods presently exist for determining were
cannot be attributed to the drug's effects on the effect of drugs directly on the formation
such nonassociative factors as base rate of of a CS-CR connection since, in part, the Res
responding, sensitization, or pseudocondi- neural pathway(s) linking the CS with the
tioning. CRremainsunknown. Onthe otherhand, P

The results of the above control contrasts determining whether LSD affects the sen- phy
served to specify the enhancing effects of sory processing of the CS and/or UCS is an UC
LSD on the acquisition of CRs as having operationally testable proposition. And, in cle-
arisen from its effects on associative pro- fact, the outcome of one such test can be seen dic_
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from an inspection of panel B of Figure 2. were virtually identical under LSD and ve-
The figure (and statistical analysis) reveals hicle. Furthermore, an analysis of variance
that under the unpaired CS/UCS condition revealed that while there were significant
the amplitudes of UCRs to the 3-mA UCS effects of UCS intensity, F(9, 198) = 532.38,
were virtually identical across the 10 days for p < .01, and days, F(2, 44) = 7.75, p < .01,
LSD (M = 4.5 mm) and vehicle (M = 4.4 LSD had no significant effect on UCR fre-
mm). Thus, it appears that LSD had no quency and that there was no significant
effect on the sensory processing of the UCS interaction of drug condition with UCS in-
as revealed by the amplitude of UCRs elic- tensity or with days. In addition, a deter-
ited by the 3-mA UCS. mination of the UCS-intensity threshold for

each rabbit from its UCS-intensity-UCR-

Experiment 2 frequency function, by determining the UCS
intensity at which UCRs would have oc-

Although in Experiment 1 LSD was ob- curred 50% of the time, revealed no signifi-
served to have had no effect on the ampli- cant effect. Finally, the psychophysical

- tude of UCRs, the relatively intense UCS function relating UCR amplitude to UCS
employed may have obscured the detection intensity (figure not shown) also revealed a
of LSD effects. Accordingly, the purpose of significant UCS-intensity effect, F(9, 198)
the present experiment was to examine the = 110.34, p < .01, but again no main or in-
effects of LSD on UCRs under a wide range teractive effect of drug condition.
of UCS intensities. In particular, the

present experiment determined the effects Experiment 3
of LSD (30 nmol/kg) on the UCS-intensity
threshold and on the psychophysical func- The findings of Experiments 1 and 2 in-
tions relating UCS intensity to the frequency dicate that the enhancing effects of LSD on
and amplitude of UCRs. conditioning of the rabbit's NMR do not

appear to be due to any effect of the drug on

Method those UCS-UCR functions upon which
conditioning is known to be based (cf. Gor-

Subjects. The subjects were 24 male and female mezano & Moore, 1969). Therefore, the
albino rabbits obtained from Morrison Rabbitry. They present experiment was addressed to the
were 80-100 days old, and each weighed about 2 kg on question of whether LSD might enhancearrival at the laboratory.

Apparatus and procedure. Unless otherwise spec- conditioning by altering the sensory pro-
Ls ified,theapparatus,recordingtechnique,andgeneral cessing of the CS.
e; procedurewereidenticalto thoseofExperiment1. The

rabbits wereassignedto two groups (n = 12),and on the Method
- day followinga 50-min adaptation session, they were

injected with LSD or vehicle 30 min prior to each of Subjects. The subjects were 22 male and female
le ef- three dailyexperimental sessions. In each of the three albino rabbits obtained from MorrisonRabbitry. They
_ce it dailysessions, all rabbits received 50 UCS-alone trials were 80-100 days old, and each weighed about 2 kg on
acili- at randomized intertrial intervals of 50, 60,and 70sec arrival at the laboratory.

(with a mean of 60sec). The 50trials were composed Apparatus and procedure. Unless otherwise spec-
_-CR of five lOO-msecpresentations at each of 10 UCS in- ified, the apparatus, recording technique, generalpro-
pro- tensities: .0625,.125,.25,.35, .5,.7, 1.0,2.0,3.0,and 4.0 cedure, and stimulus parameters were identical to those
Llpon mA. Each of the 10UCS intensitieswaspresented once of Experiment 1. Thus, as inExperiment 1,all rabbits
ttely, in a randomized fashion within each of five 10-trial received 1day of preparation, 1day of recovery,1day
ining blocks. The occurrence and amplitude of the UCR of adaptaton, and 10 days of acquisition training.
_tion were recorded on every trial. However,during each acquisitionsession,only tone CSs

were employed for all 60 CS-UCS pairings, and no
, the Results subject was injected_ith either LSDor vehicle. Onthe
I the day after the last acquisition session, Phase 1 was ini-
and, Panel C of Figure 2 presents the psycho- tiated: Rabbits were randomly assigned to two groups
sen- physical functions relating the frequency of (n = 11)and injected with either LSD (30nmol/kg) or
is an UCRs to UCS intensity for LSD- and vehi- vehicle 30 min prior to each of three additional dailysessions of 60 tone CS-UCS pairings except that CS
d, in cle-injected animals. The figure clearly in- intensity was randomly varied over 12 values within
seen dicates that the psychophysical functions each of five12-trial blocks. The CSintensities were 0,
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35, 40, 45, 50, 55, 60, 65, 70, 75, 80, and 90 dB, with re- Results je,
sponding during the 800-msec prior to UCS delivery, p_

when no tone was presented (0 dB), providing a measure By the last 4 days of acquisition training, C',
of baseline responding. After Phase 1, rabbits were
given 3 days of rest followed by 3 days of retraining all rabbits had achieved asymptotic levels of 14
under the original acquisition conditions with no LSD responding to the 75-dB tone CS which av- w
or vehicle injected. In Phase 2, rabbits previously re- eraged about 95%. The panels of Figure 3 a
ceiving LSD were injected with vehicle, and those pre- present the subsequently obtained psycho-
viously injected with vehicle were injected with LSD 30
min prior to each of three additional sessions of expo- physical functions relating CS intensity to t_
sure to the 12 CS intensities, percentage CRs for LSD- and vehicle-in- 1.
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jected animals in Phases 1 and 2. As ex- equal facility and could not be attributed to
pected from the results of an earlier study of the drug's potentiating such nonassociative

Lraining, CS-intensity effects (Scavio & Gormezano, factors as base rate of responding, sensiti-
levels of 1974), the figure and statistical analyses re- zation, or pseudoconditioning. Moreover,
'hich av- vealed that for Phase 1, percentage CRs was the pattern of LSD effects on CR acquisition
Figure 3 a direct function of CS intensity, F(11,220) was essentially the same before and after the
psycho- = 134.44, p < .01, and a significant interac- occurrence of the first CR. Specifically, in
msity to tion of drug with CS intensity, F(11,220) = addition to the enhancing effect of LSD on
hicle-in- 1.93, p < .05, appeared to reflect the en- the overall acquisition of CRs, the drug

hancing effect of LSD at tone CS intensities markedly facilitated the initiation of con-
between 40 and 70 dB. A subsequent Tukey ditioning, as revealed by LSD-injected ani-
HSD follow-up analysis to localize the source mals requiring substantially fewer trials to
of the significant interaction revealed that make their first CR as well as by the more
LSD significantly enhanced responding at rapid attainment of each successive CR cri-
each of the CS intensities between 45 and 65 terion up to 10. Accordingly, whatever may
dB (all ps < .05). Furthermore, a CS-in- be the mechanism by means of which LSD
tensity threshold was determined for each enhances the acquisition of CRs, it is oper-

- rabbit in Phase 1 by calculating from its own ative during the CS-UCS pairings prior to
psychophysical function relating CS inten- the first CR.
sity to CR frequency, the CS intensity at Under the unpaired CS/UCS procedure,
which CRs would have occurred on 50% of LSD had no significant effect on UCR am-
the trials. It was found that LSD signifi- plitude to a fixed-shock UCS intensity.
cantly lowered threshold (p < .01) in that the Furthermore, LSD did not affect the psy-
mean 4- SE for vehicle was 57.1 + 2.7 dB and chophysical functions relating a wide range
for LSD, 50.9 4- 2.3 dB. of UCS intensities to the frequency or am-

In Phase 2, percentage CRs was also a di- plitude of UCRs, nor did LSD affect the
rect function of CS intensity, F(ll, 220) = UCS-intensity threshold for eliciting UCRs.
250.90, p < .01, the occurrence of CRs was Hence, LSD does not appear to exercise its
significantly enhanced by LSD, F(1, 20) = affects on conditioning through an alteration
32.22, p < .01, and a significant interaction of the sensory processing of UCS compo-
of drug with CS intensity, F(ll, 220) = 7.47, nents involved in the UCR system. These
p < .01, appeared to reflect the enhancing results also indicate that the enhancing ef-
effects of LSD at all but the most extreme fects of LSD on the acquisition of CRs can-
value of CS intensity. A Tukey HSD anal- not be attributed to any alteration in the
ysis of the significant interaction revealed motor response system, since both CRs and
that LSD significantly lowered threshold (/9 UCRs involve the abducens nucleus, the
< .05); the mean 4- SE for the vehicle group final common pathway (via the VIth cranial

- was 51.1 + 2.2 dB and for LSD, 42.8:1:1.8 nerve) for NMRs (Cegavske et al., 1976). It
dB. Although the rabbit's audiogram has is important to note that while these con-
not been reported, clearly these high clusions are based on negative findings, the
threshold values would not be expected to statistical power of the experiments was
correspond with the values that might be considerable, so if LSD does affect the sen-
obtained under procedures directed at ob- sory processing of the UCS, its effects could
taining "absolute" threshold determinations, not be very appreciable.
Nevertheless, they do reveal substantial ef- Phase 1 of Experiment 3 revealed that
fects of the drug on the sensory processing of LSD enhanced the frequency of CRs to an
the CS. extended range of CS intensities and also

lowered the CS-intensity threshold. These
Discussion results unequivocally indicate that LSD can

Licle operateto enhancethe sensoryprocessingof
e 2) The enhancing effect of LSD (30 nmol/kg) an auditory CS. Moreover, to the extent
ned on the acquisition of NM CRs was observed that these functions were obtained following

to occur to both visual and auditory CSs with essentially asymptotic levels of CR acquisi-
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tion, adherents of a learning-performance proportional to V1, and although CR
distinction would identify LSD's effects to strength may continue to accrue at the point G
be on performance. Further support for a of contiguity, all anticipatory CRs are as-
performance interpretation of LSD's en- sumed to result from the generalization of G
hancement of the sensory processing of the association along an intensity dimension
CS comes from the ready reversibility of ef- from the point of CS-trace-UCR contiguity
fects revealed in Phase 2 and from studies to earlier portions of the trace at a level c.
currently in progress which reveal that LSD proportional to the intensity of the trace (V2)
(30 nmol/kg) potentiates the excitability of ,at the point of generalized CR occurrence.
NM UCRs to tones. On the other hand, Therefore, if, as appears to be the case, LSD G

Experiment 1 clearly identified LSD's en- enhances (or potentiates) the sensory pro-
hancing effects on CR acquisition to be as- cessing of the CS, it appears to do so in a
sociative. Although appearing to be con- manner consistent with a Hullian learning- _
tradictory, it has been well recognized in performance account of CS-intensityeffects
behavioral theories of conditioning that an on the initiation of CRs, subsequent l-
enhanced or more intense CS may operate as strengthening of CRs, and postasymptotic
a learning or performancevariable or both. frequency of CRs. t_
Thus, although all behavioral theorists have
not adhered to a learning-performance di- References
chotomy (e.g., Guthrie, 1935), the majority
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fects in classical conditioning (Grice, 1968, auditory system of the rabbit: Part II. Descending

1972; Grice & Hunter, 1964; Hull, 1943, 1949, connections. Acta Morphologica Neerlando-
Scandinavica, 1973, 11, 49-62.

1952; Logan, 1956; Perkins, 1953; Razran, Burian, H. M., Fleming, W. J., & Featherstone, R.M. I
1957) contain such a distinction. Electroretinographic effects of LSD-25, brom-LSD, i

From among the theoretical accounts of and LSM (lysergic acid morpholide). Federation *

CS-intensity effects, Hull (1943, 1949, 1952) Proceedings, 1958,17, 355. i

has been the most explicit in postulating that Cegavske, C. F., Thompson, R. F., Patterson, M. M., &
Gormezano, I. Mechanisms of efferent neuronal

CS intensity affects both the acquisition of control of the reflex nictitating membrane response

CRs (through V1) and the energizing of CRs in rabbit (Oryctolagus cuniculus). Journal of
once conditioning has occurred (through V2). Comparative and Physiological Psychology, 1976,
Specifically, in Hull's analysis, stimulus in- 90, 411_123.

Coleman, S. R., & Gormezano, I. Classical conditioning
tensity dynamism (V), which is postulated of the rabbit's (Oryctolagus cuniculus) nictitating
to enter into a multiplicative relation with membrane response under symmetrical CS-UCS
habit strength, is composed of associative interval shifts. Journal of Comparative and Phys-

(V1) and nonassociative (V2) components, iological Psychology, 1971, 77,447-455.
As a determiner of habit (associative) Gimpl, M.P.,Gormezano, I.,&Harvey, J.A. Effects

of LSD on learning as measured by classical condi-
strength, V1 was considered to be a mono- tioning of the rabbit nictitating membrane response.
tonically increasing function of the CS's Journal of Pharmacology and Experimental Ther-
"neural stimulus trace intensity" contiguous apeutics, 1978,208, 330-334.
with the UCS/UCR, whereas the perfor- Gormezano, I. Classical conditioning. In J. B. Si-dowski (Ed.), Experimental methods and iastru-
mance factor, V2, was held to have a dy- mentation in psychology. New York: McGraw-
namogenic effect (i.e., response evocation Hill, 1966.
was postulated to be proportional to the in- Gormezano, I. Investigations of defense and reward
tensity of the CS). Thus, Hull's analysis conditioning in the rabbit. In A. Black & W. F.

assumes that associative strength (condi- Prokasy (Eds.), Classical conditioning II. New
York: Appleton-Century-Crofts, 1972.

tioning) accrues at the point of contiguity Gormezano, I., & Moore, J.W. Classical conditioning.
between the CS trace and the UCS/IJCR and In M. H. Marx (Ed.), Learning: Processes. To-

that the strength of conditioning will be ronto: Macmillan, 1969.
proportional to the intensity of the trace (V1) Gormezano,I., Schneiderman, N.,Deaux,E., &Fuentes,

I. Nictitating membrane: Classical conditioning
at the point of contiguity. Accordingly, the and extinction in the albino rabbit. Science, 1962,
first CR is assumed to be conditioned at the 138, 33-34.
point of CS-trace-UCR contiguity at a rate Grantyn, A., & Grantyn, R. Synaptic actions of tecto-



CLASSICAL CONDITIONING UNDER LSD 649

h CR fugal pathways on abducens motoneurons in the cat. Perkins, C. C., Jr. The relation between conditioned

point Brain Research, 1976, 105, 269-285. stimulus intensity and response strength. Journal
Grice, G.R. Stimulus intensity and response evocation, of Experimental Psychology, 1953, 46, 225-231.

ire as- Psychological Review, 1968, 75, 359-374. Purpura, D.P. Electrophysiological analysis of psy-
_ion of Grice, G.R. Conditioning and a decision theory of re- chotogenic drug action: I. Effect of I_D on specific
ension sponse evocation. In G. H. Bower (Ed.), Psychology afferent systems in the cat. Archives o[ Neurology

:iguity o/learning and motivation (Vol. 5). New York: and Psychiatry, 1956, 75, 122-131.
Academic Press, 1972. Rasmussen, G.L. The olivary peduncle and other fiber

level Grice, G. R., & Hunter, J.J. Stimulus intensity effects projections of the olivary complex. Journal of
:e (V2) depend upon the type of experimental design. Comparative Neurology, 1946,84, 141-219.
rence. Psychological Review, 1964, 71,247-256. Razran, G. The dominance-contiguity theory of the

_,LSD Guthrie, E.R. The psychology of learning. New York: acquisition of classical conditioning. Psychological
Harper, 1935. Bulletin, 1957, 54, I_16.

y pro- Hull, C.L. Principles of behavior. New York: Ap- Scavio, M. J., & Gormezano, I. CS intensity effects on
O in a pleton-Century-Crofts, 1943. rabbit nictitating membrane conditioning, extinction,

rning- Hull, C. L. Stimulus intensity dynamism (V) and and generalization. Pavlovian Journal of Biological
fffects stimulus generalization. Psychological Review, 1949, Science, 1974, 9, 25-34.

quent 56, 67-76. Winer, B.J. Statistical principles in experimental
Hull, C.L. A behavior system. New Haven, Conn.: design (2nd ed.). New York: McGraw-Hill, 1971.

ptotic Yale University Press;1952. Young, R. A., Cegavske, C. F., & Thompson, R. F.
- lson, J. R., & Leonard, D. W. Effects of auditory Tone-induced changes in excitability of abducens

stimuli on the amplitude of the nictitating membrane motoneurons and of the reflex path of nictitating
reflex of the rabbit (Oryctolagus cuniculus). Jour- membrane response in rabbit (Oryctolagus cunicu-

nal of Comparative and Physiological Psychology, lus). Journal of Comparative and Physiological
1971, 75, 157-164. Psychology, 1976, 90, 424-434.

instem Logan, F.A. A note on stimulus intensity dynamism
ending (V). Psychological Review, 1956, 63, 63-73. Received August 17, 1979 •
lando-

,R.M.
_-LSD,
'ration

.M.,&
uronal

_ponse
_al o/

1976,

:ioning
itating
;-UCS
Phys-

_ffects

condi:.--,
ponse
Ther-

B. Si-
_stru-
_raw -

eward
W.F.
New

)ning.
To-

entes,

oning
1962,

:ecto-


