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The present experiment was designed, primarily, to determine the

dose- and time-response relations for d-lysergie acid diethylamide
{t, SD-25). According to P_trSSELL (1 960), there lmve been relatively few

tNhadies of dose- and time-resi)mlse relations and yet there is an obvious
trod important need for such information. This is especially true for

LSD-25 since there is currently so much research being done with the drug.

A second purpose was to compare the effects of different doses of

the drug on behavior maintained by positive reinforcement with the

E_[ects on behavior maintained by negative reinforcement. Thus, sub-

_ts in one operant conditioning situation pressed a bar for food reward

aa(1 in the other situation subjects pressed to avoid shock.

Method

Subjects and Apparatus

The subjects wcre 12 male albino rats of the Wistar strain, purchased

from Research Animals, Inc., Pittsburgh, Pennsylvania. They were
00 to 100 days of age at the start of the experiment and averaged

172.6 gin. (SD -- 12.7) in body weight.

The apparatus consisted of two Skinner-type boxes, each placed

inside separate, relatively soundproof, ice chests. One box was wired so

that electric shock could be delivered through a grid scrambler to the
, *tloor of the experimental chamber. Shocks of 1.6 ma. with a duration

of 0.5 see. were used. The second box was equipped for food reinforce-

ment and delivered 45-rag. Noyes Co. pellets.

l?rogramming of tim testing sessions was controlled by thners and

relay circuitry which automatically delivered the shock and food pellets.

-- *Th_s in_,estigation was sut>portcd ir_ ?art :by a researelr grhnt, N[-4710, from
_lhe National Institute of Mental ticalth, National Institutes of Health, Public

Health Service.
The D-lysergic acid diethylamide used in this study was supplied by Sandoz

_harmaceutieals, Ilanover, N.J., through the courtesy of Sidn<'b _impcl.
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Tile number of bar presses made in each box as well as the numbcr of

pellets and shocks received was recorded by both magnetic counters and
cumulative recorders. This equipment was located in a room adjacent
to the experimental room.

Procedure and Experimental Design

Seven days before preliminary training all subjects were placed in
individual 1Ldng cages and fed 10 gin. of food per day. This feeding
regimen was continued for the duration of the experiment. Water was
continuousIy available in the home cages.

The 12 subjects were evenly divided into two groups that were
equated for body weight. One gToup was trained with a shock avoidance
procedure that has been described elsewhere (SImIA_ 1953). Shocks
were presented at 10 see. intervals as long as no bar-pxessing response
was emitted. Each bar press reset the timer that controlled the shock
and thus served to delay the shock for 10 sec. from the time of that

response. The second group of 6 subjects )vas trained to press the bar
for food pellets on an aperiodic reinforcement schedule (VI 2 min.).
After preliminary training, cach subject was tested at the same time
every day for 2 hrs. Immediately after the session, subjects were fed
the daily food ration in the home cages with amount for the food re-
inforcement subjects being adjusted according to the number of pellets
received during the session. Training was continued for 21 days by
which time relatively stable rates of responding were obtained. The
level of stability was computed by employing a procedure similar to the
one described by SHO_'ELI) et al. (1956). I_ was found that the differ-
enee between the 3-day submeans for each rat was less than 8 per cent
of the six day's mean.

D-lysergic acid diethylamide was dissolved in distilled water and
injected intrapcritoneally. Two concentrations of the drug were used so
that the volume of injection was always between 0.I and 0.5 co. regard-
less of the dose. It was found in an unpublished study carried o.ut in this
laboratory that volume differences within this range did not result in
significant differences in bar pressing.

Each subject served as his own control and was injected with a control
physiological saline solution, 0.05, 0.10, 0.20, 0.40, and 0.80 mg/kg of

•LSD-25. The principle of the latin square was used in assigning different
treatments to the subjects so that each treatment appeared in each
ordinal position. A similar experimental design was used for each of

the conditioning situations. Immediately after injection, the subject was
placed in a Skinner box for the 2-hr. session. Three control sessioils
with no injections were interspersed between each drug session.
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Results

The basic data consisted of number of bar presses for each of the two
, experimental situations, ,lumber of pellets, and number of shoclcs. Data

for the 2-hr. sessions were divided into 30-rain. periods for purp.oscs of
analysis.

i Ttle effects of different amounts of LSD-25 on bar pressing for food
are shown graphically in Fig. 1. On the ordinate is mean number of bar-
pressing responses and on the abeissa is time in 30-min. periods. Analysis
of variance of these data revealed that there wore significant differences
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Fig.1. Meannumberof barpressesfor foodduringsuccessive30-rain.periodsfollowinginjecHon

for the effects of the different drug dosages (F = 7.48; 5/40 d]; P < .01),
there were significant changes over time (F--4.11; 3]30 d]; P< .05),
and subject,s differed significantly (F : 13.70; 5/40 d]; P < .01). Differ-
ences in means for the individual pairs of dosage scores were tested for
significance at the .05 level by applying the t test. It was found that

injections of 0.40 _nd 0.80 mg/kg resulted in significantly fewer responses
over the 2 hrs. t.lmn any of the other treatments. Observation of the

animals incheated that with 0.80 mg/kg, performance was severly im-
paired 3 to 5 min. after injection and the subjects would often not press
the bar for as long ,_s 20 to 30 min. Doses of 0.20 mg/kg were found to
cause significantly fewer responses th_n 0.05 and 0.10 mg/kg.

The significant drugs by time interaction (F = 10.75 ; 15/75 d/; P < .01)
indicates differential effects for the various drug dosages over time. ]t is
apparent from inspection of Fig. 1 that the greatest, effect for the large
doses (0.20, 0.40, and 0.80 mg/kg) was obtained during the first 30 rain.
of the session. There is a suggestion that, when compared to the results
for the control injection, the greatest effect for 0.05 and 0.10 mg/kg was
obtained during t_hethird 30-rain. period. Comparison of pairs of means
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with t,hct test, indicated that injections of 0.05 n)g/kg resulted in a
significantly greater number of responses during thc first, 30 rain. than
the eontrrol injeet i(m of normal saline. With increasing amounts of the

drug the regulb during the first, time period was fewer bar presses for
food. By the lasl_ 30 rain. of the session there were no significant, differ-
ences between any of the treatment conditions.

AnMysis of the data for number of food pellets received revealed
results similar to those for number of bar presses, therefore, the analysis
is not presented here.
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Fig. 2. Mean mlmbcr of Mmcks received during successive 30-rain. periods foth)wing injection

In Fig. 2 is presentcd the mean nmnbcr of shocks received for the
different treatment conditions during each 30-rain. period of the avoid-
ance session. An analysis of variance of these data was carried out aft.er
Bartlett's test indieatcd that the variances were homogcneous. The

main effect of drug dose was significant (F= 2.77; 5/40 d/; P< .05),
there were significant changes over time (F=35.14; 3/30 d/; P_..01),
and subjects differed significantly (F=8.55; 5/40 d/; P<.O1). The
difference between means required for significance for the OVCl>all effects
of the drugs revealed that, with injections of 0.40 and 0.80 mg/kg, the
subjects received significantly more shocks than when the injections
were 0.05 and 0.10 mg/kg.

The trends within the 2-hr. session for the different drug dosages

are interesting. For the data on number of shocks received, there was
a significant interaction between dosage and time (F= 1.82; 15/75 d[;
P< .05). As can be seen in Fi(_. 2, amount, of drug was especially im-
portant in affecting the numb(_; •(_fshocks received during tile first hour
of the session. Comparison of the differences between pairs of means with
the t test_ indicated that animals treated with 0.05 mg/kg received fewer



43

shocks during the first 30 rain. than they did in the control condition.
Injections of 0.40 and 0.80 mg/kg regulted in significantly more shocks

being received during the first 30 rain. following injection. The signif-
icant decrease in number of shocks received from the first, to the second

30-min. period after the control injection is not usually found in animals

that have been trained for extended periods of time. There were no

significant differences between any of the conditions during the last
30 rain. of the session.

An analysis of number of bar presses emitted by those subjects in

the shock avoidance situation indicated only significant increases in

number of bar presses over time. No significant effects due to the
different drug dosages were found.

In order to determine whether a tolerance to the drug had developed

over the period of testing, the means and standard deviations were

computed for the six drug days. If a tolerance had developed, one would

exlmct a systematic change over days in the direction of less variability.
Inspection of the data and analysis of variance did not indicate that

there were any significant changes over time. Thus, it appears frmh the

behavioral data obtained in the present study with the rat; that a toler-

ance did not develop when 96 hrs. elapsed hctween injections. These

results agree with those found in a study by F*_EEOM,_, _et al. (1958) in
which no apparent tolerance in the rat was encountel:ed when injections

of LSD-25 were given every 72 hrs.

Discussion

The results of this experiment indicate that L81)-25 affects both

food- and avoidance-maintained behavior over a considerable rang(; of
doses. Small doses were found to increase the number of bar presses for
food and decrease the number of shocks received in/he avoidance situa-

tion; larger doses of the drug had just the opposite effects.
A facilitation of performance in food reinforcement situations has not

been found by mos¢. investigators of LSD-25 (BLOUGH 1957; GLOW ]957;

WINTEI_ and FI, ATAKE_ 1956). In several eases this difference can prob-

ably be attributed to a failure to use doses as small as those employed
in the present study. ];or example, BLotm_f found a decrease in rate of

responding in an operant-type situation with 0.20 and 0.50 mg/kg, t[ow-

ever, he did report an increase in accuracy of discrimination. According

to BIouoH, there was a suggestion that greater accuracy and less re-

sponse depression was obtained with the smaller dose. It is possible that
the experimental procedures employed by several other investigators

limited the direction in which changes in performance could take place.

Using performanee in a straightway and doses comparable to those
employed in the present study, GLow found significant increases in both

".+
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latency and running time with injections of large doses; the average

latency for "a group receiving 0.06 mg/kg was shorter than that of the
control group but the difference was not. statistically significant. Since

all subjects were well trained and the lateneies were small before testing
for drug effects, it is possible that a facilitating effect of the magnitude
necessary for a statistically significant difference could not be obtained
in this situation.

In the shock avoidance situation in the present study there were no

differences in nmnber of bar presses for the various drug doses but there
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Fig.3. Dose-responserelationsforLSD-95 and nmnber ofbar pressesforfood and Immber o_shocks

receivedduring the second 30-m|n. period followingi_ject.ion;o--. food-maintainedbeha_-i_r;
o---o avoidance-maintained behavior

were differences in number of shocks received. With injection of

0.05 mg/kg the subjects emitted the same number of bar presses dm'ing
the first 30 min. as in the control condition but they did receive fewer

shocks. A sinfilar improvemcn't in avoidance performance with very low
doses of LSD-25 was found by TAESCHLER et al. (1960) in latency of

• jumping on a rod, and ]IAMILTON (1960) for rmming speed in a straight-

way. When the shock avoidance subjects in the present study received
0.40 and 0.80 mg/kg, there was no significant change in the number of
bar presses emitted but more shocks were received over the first hour.

These results agree very well with the impaired performance of a pole-

climbing response found with large doses by COOK and W)_IOI_EY (1957).
The present finding with the Sidman-type avoidance procedure that
total number of bar presses was not affected while small doses resulted

in fewer shocks being received and larger doses resulted in an increase

in shocks should be confirmed with a study in which inca:: _'ements of

the time intervals between successive bar presses are obtained. This is

especially true since human observers in a clinical study of LSD-25
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reported that one effect of the drug was to distort the sense of time
(A_o_soN, SmvJ_r_s'r_-, and KL_ 1959).

The dose-response relations between LSD-25 and both food- and
avoidance-maintained behavior can best be seen in Fig. 3. In this
figure is presented the mean number of bar presses for food and the
mean number of shocks received for the dLfferent drug doses during the
second 30-rain. period following injection. It is apparent from inspection
of this figure that with the interval schedule the number of responses
increase, at low dose levels and decrease at high dose levels. With the
shock-avoidance schedule the number of shocks received decrease at the

low dose levels and increase at high dose levels. Such biphasie effects
with different doses on both food- and avoidance-maintained behavior

support an interpretation of central-stimulating and central-depressing
effects of LSD-25 depending on the dose level.

In general, the data on time-response relations agrees with other
investigators who have determined the duration of action of the drug
(B_ovGtr ]957 ; I-IA_HLTON1960). The effects of the drug were found to
persist for approximately 1 hr. and 30 rain. By the last 30 lnin. of the
session there were no significant differences between any of the treat-
ment conditions. No attempt was made to analyze the data to determine
the time between administration of the drug and onset, of the effects but
inspection of the cumulative curves and observation of the subjects
suggested that behavior was affected 5 to 7 rain. after injection.

Summsry
Twelve albino rats were used to determine the effects of LSD-25 on

ope..ran* behavior. Half of the subjects were trained to press a bar for
food on an aperiodic schedule and half were trained with a Sidman-type
avoicl_nee procedure to press a bar to avoid shock. A latin square design
was employed in which each subject served as iris own control and was
injected intraperitoneally with a control saline solution, 0.05, 0.10, 0.20,
0.40, and 0.80 mg/kg. The following results were obtained:

1. In the food-reward situation injection with 0.05 mg/kg increased
the number of bar presses emitted; doses of 0.20, 0.40, and 0.80 mg/kg
decreased the number of responses.

2. In the shock-avoidance situation there was a decrease in the

number of shocks received during the first 30 rain. when the subjects were
treated with 0.05 mg/kg but injections of 0.40 aud 0.80 mg/kg resulted
in more shocks during this time period. No significant differences in
number of bar presses were found for any of the do:_ages.

3. The effects of the drug were found to persist for approxbnately
1 hr. and 30 rain. following injection.

The present, results support an interpretation of central-stimulating
and central-depressing effects of LSD-25 depending on the dose level.

'-0
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