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The present investigation is concerned with the the left side key after the long stimulus. Correct sequences were

effects of d-amphetamine (AMP), chiorpromazine followed by conditioned reinforcers consisting ofa 1.3-s presentation

(CPZ), and dg-tetrahydrocannabinoi (THC) on the of a light above the food hopper (feeder-Ilash) and, on certain trials,
by grain. The length of the reinforcement cycle was inversely related

discrimination of duration in the pigeon. These corn-
to the weight of each pigeon (birds low in weight were permitted

pounds were chosen because each has been implicated longer access to the hopper) so that each bird was maintained at 80
in reports of perceptual distortions in humans (Barber, of its free-feeding weight from the food it received during the

1970) and because much is known about their be- experimental sessions and required no supplementary feeding.
Incorrect response sequences (pecking the left key after the pre-

haviorai effects in lower animals. The experiment was sentationoftheshortstimufusortherightkeyafter thelongstimulus)
designed to determine whether drug-inducedchanges in were followed by a time-out of 10 s (TO 10), during which all

the organism's sensitivity or accuracy to stimulus chamberlightswereextinguished and responding(on any of the keys)

duration (that is, in its 'sense of time') occurred and the had no consequences. Time-outs also occurred if any key was pecked
during the temporal stimulus, since there was some indication that

extent to which these changes were accompanied by birds have difficulty withholding responding to illuminated keys

changes in response perseveration or spatial bias. (Schwartz and Williams, 1971) and there is evidence that responses

during stimulus presentation interfere with the accuracy of the
discrimination (Stubbs. 1968). With the termination of the time-out
period, the feeder- flash, or the reinforcement cycle, the center key was

_ Materials and Methods again illuminated ,by the white light, and the next trial began.

Subjects. Four male, white, Carneaux pigeons (obtained from the The frequency of food reinforcement followingeitherleftor right

Palmetto Pigeon Plant, Sumter, South Carolina) were maintained correct sequences was varied independently so that either symmetri-

with food and water continuously available for 3 months, and a free- cal or asymmetrical probabilities occurred. When the symmetrical
feeding weight was obtained for each bird. The pigeons were then condition was in effect, every 10th correct left and every 10th correct

reduced to 80 _ of their free-feeding weights and kept at that level by right response was followed by food (10, IOj. During the asymmetri-
cal condition ( I) every fifth correct left response was reinforced whilevarying the amount of food mixture (40_ vetch, 50yo Kaffir corn,

10 _ hemp seed) they received during the experimental sessions. The every 25th correct right response was reinforced (5, 25) or (2) the
four birds were approximately 2 years old and, except for two that probabilities were reversed so that every fifth correct right response

had previously participated in a 'match to sample' study, were was reinforced and every 25th left response was reinforced (25.5).
experimentally naive. Water was always available in home cages, Nondrug baseline data were obtained for all subjects at all three
which were housed in a room of constant temperature (22_ C) and consequence conditions, but drugs were administered at only two
humidity (41)-50%) with a 12-h-light-dark cycle (7:00 a.m.- reinforeemcut frequencies for two birds (No48 - It), 10 and 5, 25;

7:00 p.m.). No. 37- !1), 10 and 25, 5) and at one reinforcement frequency for the

Apparatus. The experimental box was a commercially manufactured remaining two pigeons (No. 55 - 5, 25; No. 27- 25, 5).
three-key pigeon chamber (BRS/LVE Model 132-02). Each key could

be illuminated by any one of a series of 12 IEE visual patterns, in Pharmacological Procedure. Drugs were administered only after at
addition, two, dim 7-W house lights illuminated the chamber during least three consecutive days of stable responding, i.e., 5 % or less daily
the session. White noise was generated in the box to mask the sounds variation in accuracy (percentage correct) for each stimulus duration.
of external stimuli. The following drugs and dosages were injected i. m. in random order

Contingencies were programmed automatically by relay and in approximately 0.5-ml volumes no more than once a week to
timing circuits located in an adjoining room. Counters recorded prevent any development of tolerance: 0.01, 0.04, 0.16 mg/kg of

correct, incorrect, and premature responses (responses that occurred LSD; i.0, 2.0, 4.0 mg/kg of AMP; 7.5, 15.0, 30.0 mg/kg of (.'PZ;

_ during the presentation of the discriminative stimulus) while a 0.25mg/kgofTHC} ExceptforTHC, which was administered in the
running time meter recorded the time between sue_ssive trials (end of home cages 60 rain prior to the session to insure maximum effect

trial t-I or beginning ofthe session - until the center key response on (Layman and Milton, 1971), all drugs were injected immediately
trial t). before the sessions. All drugs were dissolved in isotonic saline except

the TiiC, which was snsr_.nded in a Trilon-X-I(tll solution diluted
Behavioral Procedure. The pigeons were trained to respond differen- with saline. The Triton-X-100 occasionally served as the control

tially to two temporal stimuli, 4.5 and 5.5 s in duration, by selecting injection on 'saline' days throughout the experiment and, like THC,

the correct side key. Each day, the pigeon was removed from its home was given 60 rain before the animal was run. Saline or saline-diluted
cage, weighed, and placed in the completely dark experimental Triton-X control injection were administered after two successive

chamber. At the beginning of the session, the house lights were turned days of stable responding.
on and remained on throughout the session, except for the 10-s time-

out periods that occurred when the pigeon responded either prema ...............

turely or incorrectly.The session consisted of 300 trials, each of which I All doses refer to the salts. I.SD was in the form of {}.l nlg/
began with the center key illuminated by a 1.3-cm diameter white ml ampules of LSD-tartrate manufactured by Sandoz

circle and with the two side keys dark. A single peck on the center key Pharmaceuticals and obtained from NIDA. Amphetamine

(the initiating response) turned off the white circle and initiated the (I mg/ml) was prepared from d-amphetamine sulfate powder
temporal stimulus: a 0.64-cm diameter red circle on the center key for obtained from K and K laboratories, Plainview, New York. CPZ
either 4.5 s ('short') or 5.5 ('long'). Short and long stimuli alternated (7.5 mg/ml) was prepared from ampules containing chlorpro-

randomly with the restriction that each stimulus occur on 50 _ of the mazine hydrochloride (Thorazine) obtained from Smith, Kline

trials during each session (150 trials) and that the same stimulus could and French, Inc., Philadelphia, Pennsylvania. THC was prepared
not occur on more than three successive trials. At the end of the from 25-ml ampules of Ag-TFIC dissolved in ethanol (I mg/ml)

temporal stimulus, the red light was extinguished and, simul- obtained from NIDA. The ampules were subjected to vacuum to
taneously, both side keys were illuminated by 1.3-cm diameter white remove the alcohol, and the resinous TIIC was then suspended in
circles. A correct response sequence consisted ofpeckinl_ the right _ide 0 5 ml _f 'l'ritcm-X-100. The su_pcnsitm was further dihated with

key Ill'tar tile plesentatioa t)l' tile shl)l'l tewnp4nal stimuh.is tu pecking t).t} '!,, st_diuul chhn ida It) a ct)act:ulratit_n iii I.O ulg/u|l t)l '111(_.
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Data dna(vsis. The effects of saline and of the four psychoactive e0
drugs (LSI), AMP, CPZ, and THC) were analyzed on three

measures of performance: (I) overall percentage correct, (2) per- ro g___ _

centage preference (i.e., responding on most frequently reinforced _, _-
key or. in the case of 'symmetrical" schedules of reinforcement. _'
percentage responding on the left key), and (3) reaction speed (i.e., _ so

to the first center key response). The data on each of these measures g
under the two asymmetrical conditions (5, 25; 25, 5) were pooled (N _ so
= 4), and the mean absolute difference scores were compared a priori "_
using Dunn's multiple comparison procedure (Kirk, 1968). For each _ _0 .............................
compound, stability of baseline was evaluated by comparing mean
absolute saline difference scores (saline day 2-saline day 3) prior to _ J00

each dose; i.e., the difference score prior to dose 1 was compared to -r -r-
the difference scores prior to doses 2 and 3, and the difference score _ so 7- 1]
prior to dose 2was compared to the difference score prior to dose 3;

drug effects were evaluated by comparing mean absolute saline-drug _ _ %

difference scores (saline day 3-drug day) to their respective saline _, _ 0o
difference scores prior to each dose. Alpha (0.05) was divided equally ¢t
among the six comparisons. No statistical comparisons were made on

- the data obtained under the symmetrical (10, 10) schedule because ,.=._0
only two subjects were exposed to these conditions. _ • LS0 _ -_

0 IHC

60 • _ICP

• CPt

Results _o .......................01 .o_ .,s ., ._ ._ ""; _ s to _o

The average accuracy (percentage correct) of the four t 0Goo_ t_/_G,

birds run under both asymmetrical schedules of Fig. I. Average accuracy (percentage correct) anti preference (per-centage responding on the most frequently reinlbrced key) of dis-
reinforcement (5, 25 : 25, 5) during both control (mean crimination based on duration of visual stimuli in four birds exposed
of the three saline days preceding each dose of each to asymmetrical schedules of reinforcement (5,25 for birds B-48and

drug) and drug sessions are shown, along with cor- B-55; 25, 5 for birds B-27and B-371.Open symbols: mean perlk,rm-
ance during 3 days of saline preceding each dose of each drug (&srh

responding standard errors, in the top portion of Fig. 1. symbols). Vertical bars: SEs
Even under control conditions, accuracy was rather

low; that is, the mean percentage correct was never

more than 70 9/,o.Statistical analysis (Dunn's procedure)

indicated that baseline performance was stable; i.e.,
there were no significant differences in any of the When drugs were administered, all of the birds

comparisons of absolute saline difference scores, changed their preference (criterion'?) - particularly
Following all doses ofevery drug except 1.0 mg/kg when doses were relatively high ([Zig. I, bottom).

of d-amphetamine, accuracy was lower than appro- Following 0.16 mg/kg of LSD, 2.0 and 4.0 mg/kg of

priate controls (Fig. 1, top) and, in general, these drug- AMP, and 30 mg/kg of CPZ, these changes were
induced decrements in performance were dose- statistically significant (when evaluated in terms of

dependent. They were statistically significant, however, absolute difl_renccs between saline day 2 and day 3 vs.

only following THC (0.25 mg/kg) and CPZ (15 and saline day 3 attd drug), in some cases, the change was

30 mg/kg), toward the more frequently reinforced key (i.e., an
The relative preference (percentage for the most increase in preference); in other cases, however, the

frequently reinforced key in the four birds under change was toward the less frequently reinforced key

asymmetrical schedules of reinforcement during both (e.g., following 30 mg/kg of CPZ). These effects are
control and drug sessions is also shown in Fig. I indicated in Fig. 1 (bottom) by the increase in standard
(bottom portion). Even following saline injections, error following drugs (even relative to the already large
there is a considerable amount of variability in this standard error following saline).

measure both between subjects and within subjects over The accuracy (percentage correct) and 'preference'

the course of {he experiment; i.e., the average per- (left key) of the two birds (B-37 and B-48) exposed to
centage preference varied between 64'_ and 78'_0, but the symmetrical (10, It)) schedttle of reinforcement are
the standard errors were often quite large (e. g., almost shown in Fig. 2. In general, the accuracy of discrimi-

13'_,, during saline treatment prior to 30 mg/kg of nation under these conditions (Fig. 2, top) is similar to
chlorpromazine). There were, however, no significant those previously observed (Fig. I, top). Following

differences in arty of the COlnp:ttisons of Iwcfcrctlcc salinc, pcrcenl_tgccolrcctw:tslowbntrcason:d_lyshd_lc
tneasures dttring saline sessions. (07- 75 ",,). All tit ugs except LSI) al_pClti'cd to tcdttcc
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Fig. 2. Average accuracy (percentage correct) and preference (per- Fig. 3. Mean speed (reciprocal reaction time in seconds) of font

centage responding on left key) of discrimination based on duration birds (B-27, B-37, B-48, B-55) under asymmetrical (5, 25: 25, 5) and

of visual stimuli in two birds (B-48 and B-37) exposed to a sym- two birds (B-37, B-48) under symmetrical (IlL I0) schedules of rein-
metrical O0. 10) schedule of reinforcement, Open symbols: mean forcement. Open symbols: mean performance during 3 days of saline

performance during 3 days of saline preceding each dose ofeach drug preceding each dose of each drug (,lark symbols). Vertical bars: SEs

(dark symbols). Vertical bars: SEs

accuracy - especially at relatively high doses; the data 7.5 mg/kg of CPZ) appeared to increase speed under
(from two animals) were not, however, subjected to asymmetrical schedules, moderate doses had wlriable
statistical analyses, effects, and high doses decreased response speed, but

The average speed (reciprocal reaction time) under only the disruptive effects of the highest doses
both schedules of reinforcement are shown in Fig. 3. (4.0 mg/kg of AMP and 30 mg/kg of CPZ) were
Under the asymmetrical schedule, speeds did not differ statistically significant.
significantly when comparisons were made of saline
difference scores.

LSD, which had no reliable effects on either of the
discrimination measures (above), appeared to decrea_ Discussion

response speeds at least as much as any other corn- The results, even though based on a small number of
pound. When tested (under asymmetrical schedules), animals (n = 4) and a restricted range of parameters
these decreases were significant at doses of 0.04 and (e.g., only two stimulus durations) are reasonably
0.16 mg/kg. The single dose of THC (0.25 mg/kg) also consistent with the literature involving similar experi-
decreased response speed significantly, mental situations.

The effects of AMP and CPZ were more complex in The data indicate that LSD (0.01 - 0.16 mg/kg)
that relatively low doses (e.g., 1.0 mg/kg of AMP |lad decreases response speed bill otherwise has no signif-
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icant effects on the accuracy of a discrimination based (lversen and lversen, 1975), and, in normal humans
on duration. This result may seen surprising in view of (i.e., patients not classified as paranoid-schizophrenic),
the many reports of drug-induced distortions of time phenothiazine-induced decreases in sensitivity to sti-
perception following ingestionofvarioushailucinogens mull that differ on the bases of auditory intensity
in humans (above); it agrees, however, with most of the (loudness) have also been reported (Rappaport et al.,
animal literature. For example, in unidimensional 1971).

discrimination tasks, LSD has no effect on the de- The decrease in accuracy produced by THC is also
tection of differences in visual intensity or brightness supported by at least three studies. Abel (1971) and
(Straub and Appei, 1975) in pigeons, or in either Zeidenberg et al. (19731 tested humans given ma-
auditory frequency or duration (Dykstra and Appel, rihuana cigarettes or THC capsules, respectively, and
1974) in rats (see also Appel, 1968). In squirrel mon- demonstrated a significant decrease in their ability to
keys, LSD has been reported to decrease the accuracy recognize words after a specified delay. Abel (1971) also
of a discrimination based on the duration ofpure tones found an increase in response persevcralion, in an
(Dykstra, 1972), but this effect has not been studied in experiment investigating the detection of audilory
many animals over a wide range of behavioral and signals, Moskowitz and McGIothlin (1974) reported a
pharmacological parameters. In any case, the extent to dose-related decrement in sensitivity following ma-
which reported differences in the effects of LSD are rihuana administration to 23 males.

related to species-specific phenomena, procednral dif- Although not subjected to statistical analysis, the
ferences, or some other variable (e. g., task complexity) results of the present experinaent suggest that, regard-
is not yet known, less of which compound is administered, the effects of

The lack of change in accuracy following LSD drugs on accuracy are often accompanied bysubstantial
cannot be atrributed to an insufficiently high dose increases in perseveration. Changes in percentage cor-
(0.16mg/kg) for even lower doses effectively modify rect are not, however, always accompanied by such
such other response measures as speed (in our expert- changes (especially at lower doses), and perseveration
ment) and rate or response bias in other studies (Appel, does not always occur on the most frequently rein-
1968; Dykstra and Appel, 1974). Also, several extra test forced key (in the case of asymmetrical schedules of
sessions were carried out at the end of the experiment reinforcement).
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not do so significantly, perhaps because of the small of the Llniversily of('hicago in partial fulfillment of the requirements
number of subjects studied. Recent studies indicate for the Ph. D. degree. We thank Mrs. Cheryl B. Fundcrburk for

more convincingly that this compound decreases the typing the manuscript.
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