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(2) 319–326, 1999.—The
aim of the present experiment was to examine the relationship between the discriminative-stimulus and self-reported effects
of drugs in humans. To accomplish this aim, nine healthy adult volunteers (four females, five males) were trained to discrimi-
nate between placebo and 10 mg 

 

d

 

-amphetamine (low-dose group) or 20 mg 

 

d

 

-amphetamine (high-dose group). After acquir-
ing the placebo-amphetamine discrimination, a range of doses of 

 

d

 

-amphetamine (1.25–20 mg) was tested to determine if
they shared discriminative stimulus effects with the training dose. Participants in the low-dose group exhibited a significant
leftward shift in the dose–response function for discrimination performance, which is concordant with previous preclinical
and human drug discrimination studies that assessed the effects of training dose. Consistent with the drug discrimination find-
ings, participants in the low-dose group exhibited a significant leftward shift in the dose–response function for several self-
reported drug effects (e.g., Like the Drug and Stimulated). However, several other self-reported drug effect items were not
significantly influenced by training condition (e.g., Anxious/Nervous and Bad Effects). These results suggest that the discrim-
inative-stimulus and self-reported drug effects of 

 

d

 

-amphetamine overlap, but are not isomorphic. Furthermore, these results
illustrate that behavioral history significantly influences subsequent drug effects in humans. © 1999 Elsevier Science Inc.
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-Amphetamine Stimulants Humans Drug discrimination Subjective effects

 

THE discriminative-stimulus and self-reported effects (i.e.,
subjective effects) of drugs in humans are thought to be re-
lated (16,20). Drugs that substitute for the training drug in
drug-discrimination procedures generally produce a similar
constellation of self-reported effects. By contrast, drugs that
do not substitute for the training drug generally produce a dif-
ferent constellation of self-reported drug effects. For exam-
ple, in a previous study conducted in our laboratory, nondrug-
abusing adults were trained to discriminate between 20 mg

 

d

 

-amphetamine and placebo (18). 

 

d

 

-Amphetamine (2.5–20 mg)
and methylphenidate (5–40 mg) increased drug-appropriate
responding as a function of dose. The two highest doses of

 

d

 

-amphetamine and methylphenidate occasioned 

 

>

 

75% drug-
appropriate responding. 

 

d

 

-Amphetamine and methylphenidate
produced a similar pattern of self-reported effects in that both
drugs dose dependently increased ratings of Alert-energetic,
Vigorous, Elated, Good effects and Like the Drug. Triazolam, a
benzodiazepine hypnotic, by contrast, occasioned low levels of

 

d

 

-amphetamine–appropriate responding and produced a distinct
profile of self-reported drug effects (i.e., increased ratings of
Drowsy, Sleepy, and Tired). A similar relationship between the
discriminative-stimulus and self-reported effects of drugs has
been observed with compounds from other pharmacologic
classes including opioids and sedative/hypnotics [e.g., (12,19)].
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Although the discriminative-stimulus and the self-reported
effects of drugs overlap, it is important to emphasize that they
are not interdependent. There are several instances in which
the discriminative-stimulus and self-reported effects of drugs
have been shown to dissociate [e.g., (5,18)]. For example, in
the previous study conducted in our laboratory that was de-
scribed above, buproprion (50–400 mg), an antidepressant,
occasioned less than 40% 

 

d

 

-amphetamine-appropriate re-
sponding (18). Interestingly, bupropion, like 

 

d

 

-amphetamine
and methylphenidate, dose dependently increased participant
ratings of Alert-energetic, Vigorous, Elated, and Good ef-
fects. In another study, nondrug-abusing adults were trained
to discriminate between 10 mg 

 

d

 

-amphetamine and placebo
(5). High doses of phenylpropanolamine and mazindol, two
commonly prescribed anoretics, occasioned 

 

>

 

80% 

 

d

 

-amphet-
amine responding. 

 

d

 

-Amphetamine and phenylpropanola-
mine produced a similar pattern of self reported drug effects.
Mazindol, on the other hand, produced relatively few self-
reported drug effects. Thus, some drugs produce similar self-
reported drug effects, but different discriminative-stimulus
effects (18). By contrast, some drugs produce similar discrimi-
native-stimulus effects, but different self-reported drug ef-
fects (5).

The aim of the present experiment was to further examine
the relationship between the discriminative-stimulus and self-
reported effects of drugs in humans. To accomplish this aim,
we trained separate groups of participants to discriminate be-
tween 

 

d

 

-amphetamine (10 or 20 mg) and placebo. Training
dose has previously been shown to influence subsequent
drug-discrimination performance in nonhuman animals
trained to discriminate between a stimulant and vehicle
(4,6,8,11,13, 21–24). To the best of our knowledge, there are
only two published human drug-discrimination studies that
have prospectively manipulated training dose, and measured
subsequent discrimination performance and self-reported
drug effects (14,15). For example, in one study, separate
groups of participants were trained to discriminate between
placebo and either 10 or 30 

 

m

 

g/kg nicotine. The nicotine drug-
discrimination dose–response function was shifted leftward in
the low- vs. high-dose group. Similar group differences were
observed on participant ratings of Head Rush and Urge to
Smoke. In the second study, however, when discrimination
performance was maintained at progressively lower training
doses of hydromorphone (20–3.5 mg), self-reported drug ef-
fects decreased significantly (15). Whether a similar relation-
ship between the discriminative-stimulus and self-reported
drug effects would be observed with compounds other than
nicotine or opioids is unknown.

 

METHODS

 

Participants

 

Nine healthy (four females, five males), nondrug-abusing,
paid volunteers who were recruited through newspaper ads,
flyers, and word of mouth, completed this study. Volunteers
were paid $10/session to participate in this experiment, and
earned performance-based payment as outlined below.

The nine participants ranged in age from 21 to 50 years
(mean 

 

5

 

 31) and in weight from 53 to 102 kg (mean 

 

5

 

 70).
Participants reported consuming 0 to 20 alcohol-containing
beverages per week (mean 

 

5

 

 3.4), 0 to 340 mg caffeine/day
(mean 

 

5

 

 126), and had completed 12 to 19 years of education
(mean 

 

5

 

 16). One subject reported smoking six tobacco ciga-
rettes/day. Participants completed questionnaires assessing
drug use, medical and psychiatric history, were interviewed

by a psychiatrist, and provided written informed consent be-
fore participating. Individuals with current or past histories of
serious psychiatric disorder (i.e., Axis I of the Diagnostic and
Statistical Manual of Mental Disorders), except nicotine de-
pendence, were excluded (2). All participants were in good
health and were free from contraindications to stimulant
medications. Drug urine analyses conducted during screening
were negative for amphetamines, benzodiazepines, barbitu-
rates, cocaine, and opioids. In the female participants, urine
pregnancy tests before and periodically during study partici-
pation were negative. The experimental protocol and the in-
formed consent document were approved by the Institutional
Review Board of the University of Mississippi Medical Center.

Once all screening measures had been completed, partici-
pants were randomly assigned to one of two separate training
dose conditions. The low-dose group received 10 mg 

 

d

 

-amphet-
amine as a training dose, while the high-dose group received
20 mg 

 

d

 

-amphetamine as a training dose.

 

General Procedures

 

Participants enrolled as outpatients at the Laboratory of
Human Behavioral Pharmacology at the University of Missis-
sippi Medical Center each morning Monday through Friday
for between 16 and 28 experimental sessions (mean 

 

5

 

 21).
Prior to participation, volunteers were informed that they
would receive various drugs that could include placebo, vari-
ous sedatives, muscle relaxants and anxiolytics, stimulants
and weight-loss medications, antidepressants, and antihista-
mines. Participants were told that the purpose of the study
was to see if they could tell the difference between various
drugs and to see how these drugs affect mood and behavior.
Other than receiving this general information, participants
were unaware of the type of drug administered. Participants
were given no instructions regarding what they were sup-
posed to do or what outcomes might be expected. On each
experimental session day, participants arrived at the labora-
tory between 0715 and 0900 h and provided a urine sample
that was screened on a random, unannounced basis for drug
use outside the laboratory. Participants also provided an ex-
pired air specimen that was assayed for the presence of alco-
hol by means of a handheld Alco-Sensor (Intoximeters, Inc.,
St. Louis, MO). All urine and expired air specimens were
negative, and indicated that participants had complied with
our requests.

On all experimental-session days, heart rate and blood
pressure were recorded, and participants completed the Ad-
diction Research Center Inventory (ARCI) and a Drug-
Effect Questionnaire before drug administration. Subjects in-
gested four capsules then left the laboratory. Participants
were provided with five sets of questionnaires (ARCI, Drug-
Effect Questionnaire and Drug-Identification Questionnaire)
and instructed to complete one set 1, 2, 4, 6, and 8 h after drug
administration. Participants reported to the laboratory ap-
proximately 24 h after drug administration to turn in their
completed forms from the previous day and to complete the
drug-discrimination task described below. Experimental ses-
sions were generally conducted on Monday–Thursday. On
Friday, participants reported to the laboratory, turned in their
completed forms from the previous session, and completed
the drug-discrimination task.

 

Experimental Phases

Medical safety session. 

 

Prior to participation in the experi-
mental phases, all participants completed a single medical-



 

d-
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safety session to ensure that they could tolerate the effects of
the highest 

 

d

 

-amphetamine dose to be tested. On this day,
participants reported to the laboratory at approximately 0800
h. Before drug administration, heart rate and blood pressure
were recorded, and subjects completed a computerized ver-
sion of the ARCI, a Drug-Effect Questionnaire, and a Circu-
lar Lights Task. Participants then ingested four capsules that
contained a total of 20 mg 

 

d

 

-amphetamine (i.e., 5 mg/cap-
sule). Participants remained at laboratory for approximately
6.5 h. The cardiovascular effects of 20 mg 

 

d

 

-amphetamine
were recorded 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, and 6 h after drug ad-
ministration. Participants that exhibited a clinically significant
cardiovascular response to 20 mg 

 

d

 

-amphetamine were ex-
cluded from further research participation. No participants
were excluded on the basis of this criterion. The ARCI, Drug-
Effect Questionnaire and Circular Lights Task were completed
1, 2, 3, 4, 5, and 6 h after administration of 20 mg 

 

d

 

-amphet-
amine. Approximately 6 h after drug administration partici-
pants completed an End-of-Day Questionnaire.

 

Sampling phase. 

 

All participants completed two sampling
sessions to acquaint them with the effects of the training dose
of 

 

d

 

-amphetamine and the daily procedures. During both of
these sessions, participants ingested four identical capsules that
contained a total of 10 mg (low-dose group) or 20 mg (high-
dose group) 

 

d

 

-amphetamine. 

 

d

 

-Amphetamine was identified
by a unique letter code (e.g., DRUG A) for each participant,
but participants were not explicitly informed of the capsules’
content. During both sampling sessions, volunteers were in-
structed to pay close attention to how DRUG A made them
feel, because in future sessions, they would not be told
whether they received DRUG A and that they could earn ex-
tra money by correctly identifying when they had received
DRUG A. Participants were further instructed that they
could also earn extra money by correctly identifying when
they did not receive DRUG A (i.e., NOT DRUG A). Partici-
pants also completed a paper-and-pencil version of the ARCI
and Drug-Effect Questionnaire during the sampling sessions.

 

Test-of-acquisition phase. 

 

After the sampling phase, a test-
of-acquisition phase was conducted to determine if partici-
pants could discriminate between the training dose of 

 

d

 

-amphet-
amine (i.e., 10 or 20 mg 

 

d

 

-amphetamine) and placebo. On
test-of-acquisition days, participants ingested four capsules
under double-blind conditions, but were not told whether the
capsules were DRUG A (i.e., 

 

d

 

-amphetamine) or NOT
DRUG A (i.e., placebo). Participants were not explicitly in-
structed that they would be attempting to acquire a drug–
placebo discrimination. Participants were provided with ques-
tionnaires and instructed to complete them 1, 2, 4, 6, and 8 h
after drug administration and then allowed to leave the labo-
ratory. Participants reported to the laboratory approximately
24 h after drug administration and turned in their completed
forms from the previous session, and then completed the
drug-discrimination task. After completing the drug-discrimi-
nation task, participants opened an envelope that told them
whether they had received DRUG A (i.e., 

 

d

 

-amphetamine)
or NOT DRUG A (i.e., placebo) the previous session. Sub-
jects were thus provided feedback regarding the accuracy of
their response. The criterion for having acquired the discrim-
ination was 

 

$

 

80% drug-appropriate responding on four con-
secutive sessions. Subjects who did not reach this criterion in
12 sessions were excluded from further research participa-
tion. Two subjects in the low-dose group and one subject in
the high-dose group failed to acquire the discrimination.
Data from these subjects were not included in subsequent
analyses.

 

Test-of-novel doses. 

 

After the test-of-acquisition phase,
participants completed a test-of-novel-doses phase to deter-
mine if other doses of 

 

d

 

-amphetamine shared discriminative-
stimulus effects with the training dose. The test-of-novel-
doses phase consisted of 6 test days. During this phase, partic-
ipants were instructed that there would be days on which they
would not be given any feedback concerning the accuracy of
their drug discrimination performance, and on these days
they would be credited with the total amount of money
earned on both response options (i.e., the DRUG A option
and the NOT DRUG A option). Thus, these test days were
identical to test-of-acquisition days except that participants
did not receive any feedback concerning their drug discrimi-
nation performance and that they received the total amount
of money earned on both response options. Participants were
not told the purpose of these test days, nor did they know
when the test days were scheduled until after they opened the
sealed envelope.

To ensure that participants maintained the original 

 

d

 

-amphet-
amine–placebo discrimination throughout the test-of-novel-
doses phase, test-of-acquisition days were randomly inter-
spersed among the test days. These test-of-acquisition days
were identical to those in the test-of-acquisition phase. If a
participant responded incorrectly on a test-of-acquisition day,
additional test-of-acquisition days were scheduled. These ad-
ditional test-of-acquisition days continued until the partici-
pant correctly identified both training conditions once (i.e.,
either 10 mg or 20 mg 

 

d

 

-amphetamine and placebo). If partic-
ipants were unable to correctly identify both training condi-
tions within six additional sessions, they were excluded from
further research participation. No participants were excluded
based on this criterion.

On test days during the test-of-novel-doses phase, partici-
pants received placebo, 1.25, 2.5, 5, 10, or 20 mg 

 

d

 

-amphet-
amine. Each dose was administered one time. Thus, the train-
ing conditions (i.e., placebo and 

 

d

 

-amphetamine) for each
group were administered once to each participant under test
conditions. The order of drug administration was quasi-ran-
dom in that an active dose of drug was never administered on
more than three consecutive sessions.

 

Dependent Measures

Drug-discrimination task. 

 

In this procedure, the participant
distributed 100 points between two options (e.g., DRUG A or
NOT DRUG A). Points allocated to the correct option were
exchangeable for money at the rate of $0.05 per point. Thus,
participants were able to earn a maximum of $5.00 per session
on this task. The dependent measure in this procedure was
percentage of points allocated to the DRUG A (i.e., percent

 

d

 

-amphetamine-appropriate responding).

 

Subject rated drug effects. 

 

Participants completed three pa-
per-and-pencil questionnaires. The first questionnaire was the
short form of the ARCI. The ARCI consisted of 49 true–false
questions, and contained five major subscales: Morphine-
Benzedrine Group (MBG; a measure of euphoria); Pentobar-
bital, Chlorpromazine, Alcohol Group (PCAG; a measure of
sedation); Lysergic Acid Diethylamide (LSD; a measure of
dysphoria); and benzedrine group (BG) and Amphetamine
(A) scales (empirically derived amphetamine sensitive scales)
(9,10). The second questionnaire was a Drug-Effect Question-
naire that consisted of 11 items. Participants rated each item
on a five-point scale (0 

 

5

 

 “Not at all,” 1 

 

5

 

 “Quite a bit,” 2 

 

5

 

“A little bit,” 3 

 

5

 

 “Moderately,” and 4 

 

5

 

 “Extremely”). The
items rated were: How much can you FEEL THE DRUG



 

322 KOLLINS AND RUSH

right now? How much do you LIKE THE EFFECT of the
drug right now? How much is the drug STIMULATING you
right now? How much does the drug make you feel like
TALKING/SOCIALIZING right now? How much is the
drug making you feel NERVOUS/ANXIOUS right now? Do
you feel any BAD EFFECTS of the drug right now? Do you
feel any GOOD EFFECTS of the drug right now? How much
is the drug IMPAIRING YOUR PERFORMANCE right
now? How much is the drug IMPROVING YOUR PER-
FORMANCE right now? How much is the drug making you
feel TIRED/SLEEPY right now? and How HUNGRY are
you right now? The third questionnaire was a two-item Drug-
Identification questionnaire. The first item asked participants
which drug do you think you received today: DRUG A or
NOT DRUG A. The second item on this questionnaire asked
participants how confident were they about their selection.
Data from the first item of this questionnaire were not ana-
lyzed statistically because there were no monetary contingen-
cies involved. Participants completed the ARCI and the
Drug-Effect Questionnaire before drug administration, and
were instructed to complete the ARCI, Drug-Effect Ques-
tionnaire and Drug-Identification Questionnaire 1, 2, 4, 6, and
8 h after drug administration.

 

Drug Administration

 

All drug conditions were administered in a double-blind
fashion. During each experimental session, participants orally
ingested four capsules with approximately 150 ml water.
Doses were prepared by encapsulating commercially avail-
able 

 

d

 

-amphetamine in a size 00 capsule. 

 

d

 

-amphetamine cap-
sules contained 1.25, 2.5, or 5 mg (Dexedrine, SmithKline
Beecham Pharmaceuticals, Philadelphia). The remainder of
all capsules were filled with lactose. Placebo capsules con-
tained only lactose. Dose was manipulated by administering
the appropriate number of drug- and placebo-containing cap-
sules (e.g., 10 mg dose 

 

5

 

 two 5-mg capsules plus two placebo
capsules).

Drug administration procedures were designed to ensure
that participants swallowed the capsules and did not open
them in their mouths and taste the contents (1). To accom-
plish this, the research assistant (a) watched the participant to
ensure that he or she swallowed the capsules and did not re-
move them from his or her mouth, (b) conducted a brief oral
examination to ensure that the participant was not hiding the
capsules under her or his tongue, and (c) spoke with the par-
ticipant to determine if he or she had anything in his or her
mouth.

 

Data Analysis

 

Statistical analyses of group data were conducted with
analysis of variance (ANOVA) (SuperANOVA, Abacus
Concepts, Inc., Berkeley, CA) to examine drug effects on the
drug-discrimination task, self-reported drug-effect question-
naires and cardiovascular measures. For all statistical analy-
ses, effects were considered significant for 

 

p

 

 

 

<

 

 0.05. For re-
peated-measure ANOVAs, Greenhouse-Geisser adjusted

 

p

 

-values were used.
Drug-effect questionnaire performance and cardiovascular

data from the medical safety session were analyzed with a
two-factor mixed-model ANOVA. Factors for these analyses
were Training Condition and Time (predrug, 1, 2, 3, 4, 5, and 6
h after drug administration for behavioral measures; predrug,
0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, and 6 h after drug admin-
istration for cardiovascular measures). Training condition was

a between-subject factor, while time was a within-subject fac-
tor. Data from the End-of-Day questionnaire were analyzed
with one-factor ANOVA with training condition as the factor.

Drug-discrimination data collected during the test-of-
acquisition phase were averaged across all exposures to pla-
cebo and 10 or 20 mg 

 

d

 

-amphetamine on the four sessions
that subjects met the discrimination criteria. Drug-discrimina-
tion data were then analyzed by two-factor mixed-model
ANOVA with training condition (10 or 20 mg 

 

d

 

-amphet-
amine) and drug (placebo and 10 or 20 mg 

 

d

 

-amphetamine)
as the factors. Training condition was a between-subject
factor, while drug was a within-subject factor. Data from the
self-reported drug-effect questionnaires collected during
the test-of-acquisition phase were analyzed by three-factor
mixed-model ANOVA with training condition (10 or 20 mg

 

d

 

-amphetamine), drug (placebo and 10 or 20 mg 

 

d

 

-amphet-
amine), and time (predrug, and 1, 2, 4, 6, and 8 h after drug)
as the factors. Training condition was a between-subject fac-
tor, while drug and time were within-subject factors.

Drug-discrimination data collected during the test-of-
novel doses phase were analyzed with a two-factor mixed-model
ANOVA with training condition (10 or 20 mg 

 

d

 

-amphetamine)
and dose (placebo, 1.25, 2.5, 5, 10, and 20 mg 

 

d

 

-amphetamine)
as factors. Training condition was a between-subject factor,
while dose was a within-subject factor. For the Drug-Effect
Questionnaire, Drug-Identification Questionnaire, and ARCI,
peak effect (i.e., the maximum subject-rated effect observed
after drug administration) was determined for each of the in-
dividual subjects and analyzed in a similar fashion.

 

RESULTS

 

Behavioral and Physiological Effects During the
Medical-Safety Session

 

Subject ratings of “Feel the Drug” on the Drug-Effect
Questionnaire changed as a function of time (

 

p

 

 

 

5

 

 0.01), but
the low- and high-dose groups did not differ significantly in
this regard. There were no significant effects on the other
items on the Drug-Effect Questionnaire. There were no sta-
tistically significant effects on any of the ARCI scales. There
were no statistically significant differences between the low-
and high-dose groups on any of the items on the End-of-Day
Questionnaire. Performance on the circular-lights task im-
proved as a function of time (

 

p

 

 

 

5

 

 0.01), but the low- and high-
dose groups did not differ in this regard. Heart rate, systolic
pressure, and diastolic pressure changed as a function of time
(

 

p

 

-values 

 

,

 

 0.003), but the low- and high-dose groups did not
differ significantly on these measures.

 

Discrimination and Self-Reported Drug Effects During the 
Test-of-Acquisition Phase

Drug-discrimination performance. 

 

The four subjects in the
low-dose group met the discrimination criterion in 8, 4, 5, and
4 (mean 

 

5

 

 5.3) sessions. During the four sessions in which
these subjects met the criterion, mean percent drug-appropri-
ate responding was 80, 100, 100, and 100 (mean 

 

5

 

 95) for the
individual participants when 10 mg 

 

d

 

-amphetamine was ad-
ministered, and 10, 10, 10, and 0 (mean 

 

5

 

 8) when placebo
was administered. The five subjects in the high-dose group
met the discrimination criterion in 4, 4, 6, 6, and 4 (mean 

 

5

 

4.8) sessions. During the four sessions in which these subjects
met the criterion, mean percent drug-appropriate responding
was 100, 90, 100, 100, and 100 (mean 

 

5

 

 98) for the individual



 

d-
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participants when 20 mg 

 

d

 

-amphetamine was administered,
and 0, 0, 0, 0 and 0 (mean 

 

5

 

 0) when placebo was adminis-
tered.

During the four sessions in which the subjects met the cri-
terion, placebo occasioned significantly more drug-appropri-
ate responding in the low- vs. the high-dose group (

 

p

 

 

 

5

 

 0.01).
There were no other statistically significant differences be-
tween the groups.

 

ARCI, drug-effect questionnaire, and drug-identification
questionnaire. 

 

There were no statistically significant effects
on any of the ARCI scales during the test-of-acquisition
phase. Significant effects were observed on two items from
the Drug-Effect Questionnaire during the test-of-acquisition
phase: subject ratings of “Feel the Drug” and “Feel like Talk-
ing or Socializing.” Figure 1 shows time–action functions for
the training dose of 

 

d

 

-amphetamine and placebo in the low-
and high-dose groups. Relative to placebo, 

 

d

 

-amphetamine
increased ratings of “Feel the Drug” as an orderly function of
time in both the low- and high-dose groups. However, drug
effects were larger in magnitude, peaked later, and abated
more slowly in the high-dose vs. the low-dose group (i.e., in-

teraction of dose, time, and training condition, 

 

p

 

 

 

,

 

 0.02). Rel-
ative to placebo, 

 

d

 

-amphetamine also increased ratings of
“Feel Like Talking or Socializing” as an orderly function of
time in both groups (i.e., interaction of dose and time, 

 

p

 

 

 

,

 

0.03). However, the magnitude of the drug effect and the
time-action function of 

 

d

 

-amphetamine did not differ signifi-
cantly across the groups (i.e., main effect of training condi-
tion, 

 

p

 

 

 

.

 

 0.42; interaction of dose, time, and training condi-
tion, 

 

p

 

 

 

.

 

 0.34).
Subject ratings of confidence on the Drug-Identification

Questionnaire were not affected to a statistically significant
degree by the administration of 

 

d

 

-amphetamine.

 

Discrimination and Subject-Rated Effects During the Test-of-
Novel Doses Phase

Drug discrimination performance. 

 

Accurate discrimination
performance was maintained on the test-of-acquisition ses-
sions that were interspersed among the test sessions in the
test-of-novel doses phase. During these sessions, on average
placebo occasioned 25 percent (range 

 

5

 

 17–33) drug-appro-
priate responding on in the low-dose group (Fig. 2, circles
above ND) and 0% drug-appropriate responding in the high-
dose group (Fig. 2, squares above ND). 

 

d

 

-Amphetamine (10
mg) on average occasioned 86% (range 

 

5

 

 67–100) drug-
appropriate responding in the low-dose group (Fig. 2, circles
above D). 

 

d

 

-Amphetamine (20 mg) on average occasioned
95% (range 

 

5

 

 75–100) drug-appropriate responding in the
high-dose group (Fig. 2, squares above D). During these test-
of-acquisition sessions, placebo occasioned significantly more
drug-appropriate responding in the low-dose group vs. the
high-dose group. By contrast, the training dose of 

 

d

 

-amphet-
amine occasioned significantly less drug-appropriate respond-
ing in the low-dose group vs. the high-dose group (i.e., inter-
action of training condition and dose, 

 

p

 

 

 

,

 

 0.002).
Figure 2 also shows that 

 

d

 

-amphetamine increased drug-
appropriate responding as an orderly function of dose in both
the low- and high-dose groups (i.e., main effect of dose, p ,
0.001). However, the d-amphetamine dose–response function
was shifted significantly leftward in the low- vs. high-dose
group (i.e., main effect of training condition, p , 0.02). The
interaction of training condition and dose did not attain statis-
tical significance. d-Amphetamine (0, 1.25, 2.5, 5, 10 and 20
mg) on average occasioned 12.5, 0, 45, 50, 100, and 100%
drug-appropriate responding, respectively, in the low-dose
group. d-Amphetamine (0, 1.25, 2.5, 5, 10, and 20 mg) on av-
erage occasioned 0, 0, 0, 0, 70, and 100% drug-appropriate re-
sponding, respectively, in the high-dose group.

ARCI, drug-effect questionnaire and drug-identification
questionnaire. Three subscales from the ARCI were signifi-
cantly affected by dose: A, BG and MBG (p-values , 0.04).
Scores on these scales generally increased as a function of
d-amphetamine dose in both the low- and high-dose groups.
There were no statistically significant differences between the
groups (i.e., main effect of training condition, p-values . 0.15;
interaction of training condition and dose, p-values . 0.09)
on these scales.

Eight items from the Drug-Effect Questionnaire were sig-
nificantly affected by dose: Anxious/Nervous, Bad Effects,
Feel the Drug, Good Effects, Improved Performance, Like
the Drug, Stimulated, and Feel Like Talking or Socializing
(p-values , 0.03). d-Amphetamine generally increased these
ratings as an orderly function of dose in both groups. The
d-amphetamine dose–response function was shifted signifi-
cantly leftward in the low-dose group vs. the high-dose group

FIG. 1. Time course functions for d-amphetamine (10 and 20 mg)
and placebo for the two items from the Drug-Effect Questionnaire
that were significantly affected during the test-of-acquisition phase:
subject ratings of “Feel the Drug” and “Feel Like Talking or Socializ-
ing.” X-axes: time after drug administration in hours; P indicates pre-
drug. Data points show means of four subjects for the low-dose group
and five subjects for the high-dose group averaged across the four
sessions during which the subjects met the discrimination criteria.
Error bars are omitted for clarity.
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on four of these items: Improved Performance, Like the
Drug, Stimulated, and Feel Like Talking or Socializing (main
effect of training condition, p-values , 0.05). By contrast,
training condition did not significantly influence subject rat-
ings of Anxious/Nervous, Bad Effects, Feel the Drug, and
Good Effects (i.e., effect of training condition, p-values . 0.10;
interaction of training condition and dose, p-values . 0.45).
Figure 3 shows d-amphetamine dose–response functions for
four of these items: Like the Drug, Stimulated, Anxious/Ner-
vous and Bad Effects. There were no significant effects on
subject ratings of confidence on the Drug-Identification
Questionnaire.

DISCUSSION

In the present experiment, separate groups of participants
were trained to discriminate between placebo and a low (10
mg) or high dose (20 mg) of d-amphetamine. For those partic-
ipants trained to discriminate between placebo and 10 mg
d-amphetamine, testing a range of doses of d-amphetamine
1.25–20 mg) resulted in a significant leftward shift of the drug-

discrimination dose–response function relative to those par-
ticipants trained to discriminate between placebo and 20 mg
d-amphetamine. These findings are concordant with other hu-
man drug-discrimination studies that assessed the effects of
training dose on subsequent drug-discrimination performance
(14,15,17). For example, as noted above, in one previous
study separate groups of participants were trained to discrim-
inate between placebo and 10 or 30 mg/kg nicotine (14). The
nicotine drug-discrimination dose–response function was
shifted leftward in the low- vs. high-dose group.

The findings of the present study are also concordant with
preclinical drug-discrimination studies that examined the in-
fluence of training dose (4,6,8,11,21–24). In these studies,
when a range of doses of the training drug are tested, the
dose–response function is shifted leftward as animals are
trained to discriminate lower drug doses. Interestingly, pre-
clinical studies suggest that manipulating training dose also
alters the substitution profile of other compounds [e.g.,
(3,7,24)]. For example, norepinephrine uptake blockers like
tomoxetine and nisoxetine dose dependently increased co-
caine-appropriate responding, and the highest dose of each
compound produced . 80% cocaine-appropriate responding,
in rats trained to discriminate between vehicle and 3 mg/kg
cocaine (24). By contrast, norepinephrine uptake blockers do
not occasion significant levels of drug-appropriate responding
in rats trained to discriminate between vehicle and 10 mg/kg
cocaine (3,7). Future human–drug discrimination studies

FIG. 2. Dose effects for d-amphetamine for percentage drug-appro-
priate responding on the point distribution procedure for the low-
dose (circles) and the high-dose group. X-axes: dose in mg. Data
points above “ND” indicate placebo values from the additional test-
of-acquisition sessions that were interspersed among “test.” Data
points above “D” indicate d-amphetamine (10 or 20 mg) values from
the additional test-of-acquisition sessions that were interspersed
among “test.” Data points above “PL” designate values from the pla-
cebo “test” session. Y-axes: percent drug-appropriate responding.
Data points show means of four subjects for the low-dose group and
five subjects for the high-dose group. Error bars are omitted for clarity.

FIG. 3. Peak dose effects for d-amphetamine for subject ratings of
Like the Drug, Stimulated, Anxious/Nervous, and Bad Effects from
the Drug-Effect Questionnaire from the test-of-novel-doses phase.
Other details are the same as in Fig. 2.
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should determine if manipulating training dose alters the sub-
stitution profile of other drugs.

A significant leftward shift in the dose–response function
was also observed with several subject-related drug-effect
items in the low-dose vs. the high-dose group. The demon-
stration of a covariation between the discriminative-stimulus
and self-reported effects of drugs after the explicit reinforce-
ment of discrimination performance, but not self-reported
drug effects, suggests a functional relationship between the
discriminative-stimulus and self-reported effects of drugs.
The present findings are concordant with the results of two
previously published reports that examined self-reported
drug effects after experimentally manipulating discrimination
performance (14,17). In the first study, as noted above, sepa-
rate groups of participants were trained to discriminate be-
tween placebo and 10 or 30 mg/kg nicotine (14). The nicotine
drug-discrimination dose–response function was shifted left-
ward in the low- vs. high-dose group. Similar shifts were ob-
served on participant ratings of Head Rush and Urge to
Smoke. In the second study, participants were trained to dis-
criminate between placebo and progressively lower doses of
diazepam or buspirone (17). The drug-discrimination dose–
response functions for diazepam and buspirone were shifted
leftward in a low-dose generalization vs. a low-dose training
phase. A similar leftward shift was observed for subject rat-
ings of Drug Strength. The results of the present experiment
extend previous findings of a possible functional relationship
between the discriminative-stimulus and self-reported drug
effects of drugs to another compound, d-amphetamine.

Although the results of present experiment suggest a pos-
sible functional relationship between the discriminative-stim-
ulus and self-reported drug effects of drugs, it is important to
note that a significant shift of the dose–response function be-
tween the low- vs. high-dose group was observed on only half
of the subject-rated items. Despite significant differences be-
tween the two groups in terms of discrimination performance,
participant ratings of Anxious/Nervous, Bad Effects, Feel the
Drug, and Good Effects did not differ significantly as a func-
tion of training condition. Similarly, training condition did
not significantly influence the self-reported drug effects of
d-amphetamine as measured by the ARCI. Such discordance
between discriminative stimulus and self-reported drug ef-
fects has been noted previously. In one recent study, individu-
als were trained to discriminate progressively lower doses
(20–3.5 mg) of the opioid agonist hydromorphone from pla-
cebo (15). Although discrimination performance was main-
tained (75–98% correct drug identifications), physiological
and self-reported drug effects generally did not differ from
placebo at the lowest training doses.

It is possible that the small size of the training groups in
the present study may have limited the statistical power nec-
essary to detect significant main effects for some of the self-
reported drug-effect items (e.g., Feel the Drug) The main ef-
fect of training condition that was detected for some, but not

all, of the self-reported drug-effect items possibly reflects the
variable nature of self-reported drug effects in general. Such
variability is probably due to the fact that human research
participants bring to the laboratory extensive, but diverse, be-
havioral histories regarding their verbal responses to environ-
mental stimuli. By contrast, research participants probably
have limited experience with the behavioral responses typi-
cally employed in human drug-discrimination experiments.
Moreover, human research participants in drug-discrimina-
tion experiments are trained extensively regarding the drug
effects before testing is initiated, and thus they are provided
with a common behavioral history. Consequently, the human
drug-discrimination paradigm may be better suited than self-
reported drug-effect questionnaires to study the complex re-
lationship between behavioral history and drug responses.

The differences between the low- and high-dose groups
described above appear to be due to the training history of
the participants rather than a preexisting difference between
the groups (e.g., self-reported drug use). During the medical
safety session, prior to any discrimination training, partici-
pants in the low- and high-dose groups did not differ signifi-
cantly from one another in terms of their behavioral and
physiological responses to 20 mg d-amphetamine. Although
several measures (e.g., participant ratings of Feel the Drug,
heart rate and blood pressure) showed significant main ef-
fects of time, the effects of 20 mg d-amphetamine did not dif-
fer significantly across the two groups. These results suggest
that the participants in both groups were similar with respect
to their responses to 20 mg d-amphetamine, and that the
group differences that emerged during the test-of-novel-doses
phase were related to the discrimination training history.
Such results further highlight the significant influence that be-
havioral history exerts on subsequent drug effects.

In summary, in this study we demonstrated that training
dose significantly influences the dose–response function for
the discriminative-stimulus effects of d-amphetamine, as well
as some self-reported drug effects. However, manipulating
discrimination performance did not significantly alter all of
the self-reported drug effects of d-amphetamine. Thus, the
discriminative-stimulus and self-reported drug effects of
d-amphetamine overlap, but they are not isomorphic. Future
research is needed to better define the relationship between
the discriminative-stimulus and self-reported effects of drugs.
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