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SIEGEL, S. AND D. X. FREEDMAN. Effects of LSD-25 on classical trace conditioning. PHARMACOL BIOCHEM 
BEHAV 30(2) 427--431, 1988.mThis study examined the effects of LSD-25 on the excitatory properties of auditory 
conditioned stimuli as a function of the interstimulus interval. The rabbit's eyeblink response was conditioned using a 
discriminative trace procedure by the pairing of a 500-msec auditory conditioned stimulus with a 100-msec shock uncon- 
ditioned stimulus at intervals of 1000, 2000, 4000 and 8000 msec. Animals were able to acquire conditioned responses across 
all intervals. They then received doses of 35 or 85/zg/kg of LSD-25 prior to additional conditioning sessions. LSD-25 
produced an increase in the magnitude of conditioned responses to both the positive and negative conditioned stimuli at all 
interstimulus intervals. It was concluded that LSD did not alter discriminative conditioning but rather enhanced the 
excitatory properties of both positive and negative conditioned stimuli. 

LSD-25 Classical trace conditioning 

THIS investigation was a preliminary attempt to determine 
the effects of  d-lysergic acid diethylamine (LSD-25) on con- 
ditioned responses.  This study was undertaken at Yale in 
1965 and the report  prepared in 1966, at a time when each of 
the authors moved to other l o c a l e s n a  distraction that 
preempted the steps necessary for final publication. Because 
the data are deemed relevant to ongoing inquiries, we now 
repair that lapse. 

A classical trace conditioning paradigm [15] was em- 
ployed,  in which the conditioned stimulus (CS) terminates 
before the onset  of  the unconditioned stimulus (US). This 
procedure seems to be especially appropriate for systemati-  
cally investigating reports of  drug-induced heightened per- 
ceptual sensitivity (e.g., [1,14]). Specifically, the use of  an 
auditory trace CS might enable evaluation of  introspective 
reports of drug-induced hyperacusia  (e.g., [ 18]). Inasmuch as 
the anticipatory conditioned response (CR) is based on the 
trace of  the CS (rather than its actual coincidental applica- 
tion with the US), it might be expected that with LSD a 
subject should demonstrate an ability to condition effectively 
with longer traces,  i .e.,  a longer CS-US interval. 

One problem inherent in using conditioning techniques to 
investigate drug effects on the reception of  stimuli is that of 
motor  side effects such as hind limb ataxia with LSD (e.g., 
[11]). This can be obviated in the trace conditioning 
paradigm by utilizing a response measure not directly af- 

fected by drugs. The usual autonomic responses (e.g., heart 
rate, GSR) studied in the classical conditioning situation also 
seem to be affected by LSD-25 [3,19]. Although many of  
these previously reported drug-induced reactions were 
duplicated with a wide range of  dosage levels in our labora- 
tory,  no evidence was obtained indicating that the drug af- 
fects unconditioned eyelid closure. Eyelid closure can be 
elicited by a small electric shock delivered to S ' s  cheek,  and 
this serves as an effective US in the classical conditioning 
situation [5]. Preliminary investigations indicated that the 
topography of  this unconditioned eyelid response and unaf- 
fected by the range of  dosage of  LSD-25 employed in this 
experiment.  

METHOD 

Subjects 

The Ss were seven, male, New Zealand White rabbits,  
weighing 2.7 to 4.5 kg. 

Apparatus 

Conditioning was conducted in a sound-attenuated, 
temperature-regnlated chamber.  The eyeblink response was 
graphically recorded by modified version of  the system em- 
ployed by Thomas and Wagner [20]. Briefly, movement of 
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S's right eyelid was transmitted, via a small string and pulley 
arrangement, to the shaft of a microtorque potentiometer. 
This potentiometer, which was attached to the top of S's 
head before each daily conditioning session, was held in 
place by means of two stainless steel screws chronically im- 
planted in S's skull.Voltage changes through this poten- 
tiometer provided a measure of unconditioned and con- 
ditioned eyelid activity. The US, a shock to the right cheek, 
was delivered through a pair of chronically implanted stain- 
less steel electrodes, mounted approximately one cm apart 
and one cm below the right eye. The auditory conditioned 
stimuli were provided by LeHigh Valley Stimulus Genera- 
tor. The visual stroboscopic stimulus was provided by a 
Grass Instrument Company strobe light. A tape programmer 
enabled presentation of trials at appropriate intervals, and 
automated stimulus programming equipment enabled pre- 
sentation of conditioned and unconditioned stimuli at appro- 
priate times during a trial. 

Procedure 

The stainless steel screws for the mounting of the mic- 
rotorque potentiometer and the stainless steel electrodes 
through which the shock US was delivered were implanted 
while Ss were anaesthetized. Following recovery, Ss were 
habituated for two daily 2-hr sessions by being restrained in 
the experimental apparatus. 

Following habituation, all Ss received discriminative 
trace conditioning training. Each S received 64 trials per day, 
half of them consisting of a positive auditory CS and shock 
US, and the other half consisting of a negative auditory CS, 
which was not followed by a US. One of the auditory stimuli 
was a train of clicks (8/sec), and the other was a moderately 
loud 1000 cps tone. For some Ss, the tone was the positive 
stimulus, and the clicks the negative stimulus, while this 
relationship was reversed for other Ss. This CS was pre- 
sented for 500 msec. At some interval following the termi- 
nation of the positive CS (the CS-US interval), the US was 
presented. The US consisted of a 4.0 mA shock of 100 msec 
duration delivered to S's right cheek. No US was presented 
following the negative CS. A conditioned response (CR) 
would be an eyelid closure which occurred during the CS-US 
interval. Since this interval was varied during the investiga- 
tion, it was necessary to adjust the situation such that the 
frequency of CRs was not spuriously large on trials when 
there was a relatively long CS-US interval; on such trials S 
would have a greater period of time in which to evidence a 
CR. Hence, on every trial, at a predetermined period after 
the positive or negative CS was terminated, a strobe light (20 
flashes/sec) was turned on. This strobe lasted for 600 msec, 
during the last 100 msec of which the US was presented on 
positive trials (no US being presented on negative trials). 
This signal served to accentuate the inhibition of delay gra- 
dient [15] such that, for all Ss, virtually all CRs occurred 
during that 500 msec segment of the CS-US interval in which 
the strobe was on, but before the US was delivered on posi- 
tive trials. On negative trials, all eyelid closures which oc- 
curred during the first 500 msec of the isolated action of the 
strobe were scored as conditioned responses. Short latency 
reflex blinks to the CS, or "alpha responses" [12] were not 
evidenced by any Ss. 

The sequential relationship of the presentation of stimuli 
is schematically illustrated in Fig. 1. On positive trials, the 
interval between the offset of the positive CS and the onset 
of the US will be referred to as the CS-US interval. On 
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FIG. 1. Schematic representation of temporal parameters of the 
conditioning paradigm. 

negative trials, this term will be used when referring to the 
interval between the offset of the negative CS and that period 
starting during the last 100 msec of the isolated action of the 
strobe, i.e., the interval between the offset of the negative 
CS and the start of the period during which the US would be 
presented were the trial a positive one. As may be seen in 
Fig. 1, the other temporal parameters of the paradigm were 
held constant throughout the investigation. 

All Ss were initially trained with a CS-US interval of 1000 
msec. The schedule of positive and negative trials was such 
that the first order sequential probabilities of type of trial 
(positive or negative) were counterbalanced. The intertrial 
intervals were varied between l, 2, and 3 min and averaged 2 
min. All Ss were trained in this manner until they had 
reached a level of performance such that CRs were evi- 
denced on more than 80% of the 32 daily positive trials, and 
less than 20% of the 32 daily negative trials. Starting with the 
next daily session, the CS-US interval was varied from trial 
to trial. On each of the positive and negative trials, this inter- 
val was equally likely to be 1000, 2000, 4000, or 8000 msec. 
That is, within a dally session, eight types of trials were 
presented. These are schematically represented in Fig. 2. 
First order probabilities of CS-US interval (1000, 2000, 4000 
or 8000 msec), as well as type of trial (positive or negative), 
were counterbalanced. With the exception of this constraint, 
trials were presented in a predetermined random order. 

Subjects were trained in this manner until analysis of their 
daily records indicated that they had reached a stable level of 
discrimination performance. For each S, a measure of con- 
ditioning was computed daily for both positive and negative 
trials at each of the four CS-US intervals. Following a period 
of stabilization of the magnitude of discriminative condition- 
ing, the effects of LSD-25 were tested. The drug, in ampules 
containing 100/~g/ml, were supplied by Sandoz Pharmaceu- 
ticals. It was administered intraperitoneally immediately be- 
fore the animal was placed in the conditioning apparatus. 
Each S was run under the effects of the drug for two succes- 
sive days, and was run without the drug for several days 
following the last day of drug testing. For each S, data from 
the two drug days were combined, and were compared to 
that S's performance on the day preceding the f'wst day of 
drug administration and the day following the last day of 
drug administration. Three of the seven Ss received a dosage 
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FIG. 2. Schematic representation of the different types of trials pre- 
sented. Each day, each S received eight presentations of each of the 
eight types of trials. 

of 85 ~g/kg of  LSD-25 on each of the two drug test days. The 
dosage for the remaining four Ss was 35 #g/kg. 

RESULTS 

Conditioned response magnitude was determined by Pen- 
nypacker's [16] technique. This measure is defined a s  the 
intergral of the amplitude of the conditioned eyelid closure 
over the time course of the blink, and may be approximated 
by measuring the area (in square mm) of the graphic record 
o fS ' s  CR. This magnitude measure provides a description of 
the physical properties (amplitude and latency) of the CR 
which is statistically superior to the more commonly used 
measures, and apparently is more sensitive to the physiolog- 
ical determinants of the eyelid closure [16]. 

The data from the Ss injected with 85/~g/kg of LSD-25 
showed a good deal of within- and between-Ss variability not 
found with the Ss injected with the lower dosage of 35/~g/kg. 
The overall effect of the higher dosage level, however, was 
to increase the magnitude of the CRs at all CS-US intervals, 
for both the positive and negative conditioned stimuli. This 

tU 

Z 
o 
O~ 
UJ 
n "  

(3  
tU 
Z 
g 
I -  
Q 
Z 

8 
o 
a 

z 

UJ 

Z 

C~ 
W 

W 
Z g 

1000 ms. 2000 ms. 4000 ms. 8000 ms. 

150 

100 

50 

4- - 

Drug 

\ , .x 

\ 
+ --  + - 

No Drug 
Drug 

/ 
/ 

\ ] /  
\1/  

/ 

÷ - -  

No 
Drug 

EFFECTS OF LSD-25 ON CTC 429 

+ - + - 

No Drug 
Drug 

4- -- ÷ - -  

No Drug 
Drug 

A 

k -  

u .  

o 
UJ 
GI 

I -  

200- 

150 - 

100- 

50 

200 

150 

100 

50 

1000 ms. 2000 ms. 4000 ms. 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 7 1  
÷ --  + - -  

No Drug 
Drug 

R'--I 
I \ 1  

+ - 

No 
Drug 

\ 

+ - + - + - -  

Drug No Drug 
Drug 

1000 ms. 2000 ms. 4000 ms. 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
÷ --  ÷ - -  

NO Drug 
Drug 

\ 
\ 
\ 
\ 
\ 

÷ -- 4- - -  

No Drug 
Drug 

+ - + - -  

No Drug 
Drug 

S000 ms. 

B 

+ - -  + - -  

No Drug 
Drug 

8000 ms. 

C 

÷ - -  4- - -  

No Drug 
Drug 
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same general finding was evidenced, albeit considerably 
more clearly, at the lower dosage levels. 

Examination of the data from the two successive days of 
drug testing did not indicate a systematic cumulative effect 
of  the drug. 

Figure 3 presents the mean CR magnitude at all CS-US 
intervals for each of  three Ss injected with 35/zg/kg of  LSD- 
25. The results from the fourth S were similar, but not di- 
rectly comparable because of  its anomalously low baseline 
level of  conditioned discrimination learning. The "no  drug" 
values presented in Fig. 3 were determined by taking the 
mean of  S ' s  last days session prior to the tin'st administration 
of  the drug, and its first session subsequent to the second 
administration of the drug. The "d rug"  values were obtained 
by averaging performance over  the two successive daily 
sessions during which S was run immediately after injection 
of  LSD-25. 

As may be seen from examination of Fig. 3, all Ss main- 
tained a conditioned discrimination while under the effects of 
the drug, as they did while not under the effects of  the drug. 
That is, they tended (except perhaps as the longest CS-US 
interval) to consistently respond to a greater extent to the 
positive stimulus than to the negative stimulus. The absolute 
magnitude of responding, however, was strikingly different. 
Response magnitude to the traces of both the positive and 
negative stimuli were considerably larger at all CS-US intervals 
for each S when it was run under the effects of the drug than 
when it was run in the undrugged state. 

COMMENT 

The present findings may be interpreted in a number of 
ways. It is possible that the drug somehow acts on the learn- 
ing process (as suggested by Ivonova et al. [11]), therefore 
increasing conditioned response magnitude. However ,  the 
fact that CR magnitude increased to both positive and negative 
conditioned stimuli would indicate that the drug primarily 
produced an increase in stimulus dynamism which would be 
expected to increase both learning and performance varia- 
bles [10]. 

Thus, the effect of  LSD on response magnitude would be 
similar to the occurrences of  larger responses when con- 
ditioned stimuli are increased in intensity. This phenomenon 

has been amply demonstrated in the classical conditioning 
situation (e.g., [9,17]). 

It might further be proposed that the relevant effect of the 
drug was to increase the noxiousness of  the shock US. How- 
ever, analysis of the graphic record of each S ' s  URs under 
drug and no drug conditions did not indicate any systematic 
changes in the parameters of  their topography. The ampli- 
tude (i.e., maximum degree of  unconditioned eyelid closure), 
latency (i.e., speed of  initiating blink response following pre- 
sentation of  the US) and slope (i.e., speed of completing 
unconditioned closure once initiated) did not appear  to be 
affected by the drug. Actually increasing the intensity of the 
shock US a slight amount led to a sharp increase in ampli- 
tude and slope of the UR. Thus, the fact that such changes in 
UR topography did not occur under LSD-25 cannot be at- 
tributed to a "ceil ing effect ."  Tolerance to LSD-25 (evident 
in food reinforced behavior in operant paradigms [4] but not 
in shock-induced escape behaviour [6]) was not systemati- 
cally tested. 

The present results indicate that LSD-25 affects CR 
magnitude in the classical trace conditioning situation by en- 
hancing the excitatory properties of  the CS. Since a trace 
procedure was employed,  one can also conclude that the 
increased excitation produced by the CS persisted for at 
least 6900 msec after its offset. These conclusions are in 
agreement with previous studies in our laboratories. For  
example,  in a study of flicker-fusion using operant condition- 
ing with pigeons, the effects of  LSD were concluded to be 
due to an enhanced sensory impact of  the stimuli [1]. Similar 
conclusions have been reached in studies examining the ef- 
fects of LSD on EEG arousal (e.g., [2,13]). The formulations 
of  stimulus intensity dynamism by Hull [10] and experi- 
mental demonstrations [9,17] predict that the increased ex- 
citatory properties of a CS would not only increase the mag- 
nitude of an evoked CR, but also would enhance the rate at 
which the CS enters into associative learning. 

Subsequent to the completion of these studies with trace 
conditioning, there have been a number of reports which 
have in general replicated and extended these findings using 
delay conditioning procedures [7]. Most recently, these trace 
conditioning findings with intervals from 1,000 to 8,000 mil- 
liseconds have also been replicated by Harvey et al. [8] at 
intervals from simultaneity to 800 milliseconds. 
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