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KELLY, T H , R W FOLTIN AND M W FISCHMAN The effects of repeated amphetamme exposure on mulnple measures of 
human behavior PHARMACOL BIOCHEM BEHAV 38(2) 417-426, 1991 --Two groups of three healthy adult male volunteers 
(n = 6) participated m 15-day resldenttal studies Each study day was &Vlded into a private work period (1000 to 1630), dunng which 
subjects had access to four work tasks, and a socml period (1700 to 2330), during which subjects had access to a number of recre- 
ational activities available under socml or private condmons Occasionally dunng the study, access to h~gh-probabd~ty activities was 
made contingent upon participating m low-probablhty act~vlt~es Tobacco c~garettes and food were available throughout each day 
(0900 to 2330) Each subject received active and placebo d-amphetamine doses (0 or 10 mg/70 kg) twice dady during two, three- 
consecutive-day intervals Active and placebo dose intervals were presented m an alternating fashion, w~th order of exposure coun- 
terbalanced between groups Amphetamine consistently decreased food intake, improved accuracy of performance on some work 
tasks, and increased verbal interaction and cigarette smoking No tolerance to these effects was observed Increases m VAS ratings 
of dose "potency" and "hkmg," as well as "stimulated" and "anxxous," and decreases in "sedated" were observed dunng mltml 
amphetamine exposure, but tolerance to these effects developed rapidly The simultaneous measurement of muluple &menslons of 
human behavior estabhshes a profile of amphetamme's effects which ~s useful for comparison with the behaworal profiles of other 
drugs, such as marijuana 

d-Amphetamine Resldentml laboratory Human Ctgarette smoking Social behawor Performance 
Food retake Motlvatton Subjective effects 

AMPHETAMINE produces a variety of behavioral effects m hu- 
mans, including anorectlc effects [e g., (2,28)], performance en- 
hancement (32), and changes m social behavior [e.g., (7-9, 18, 
20, 22, 31)] and tobacco cigarette smoking (4,21). In addition, 
amphetamine produces a consmtent pattern of mteroceptlve stim- 
ulus effects, as in&cated by verbal reports of drug effects [e g ,  
(23)], and the drug functions as a reinforcer in normal volunteers 
]e.g , (23)] Whale it ~s clear that amphetamine affects a variety 
of measures of human performance, ~t is unclear whether there 
are differences m sensitlwty to the effects of amphetamine across 
these various dimensions There have been reports that amphet- 
amine reduces food intake at doses that have minimal effect on 
other &menslons of human behavior [e.g., (11)]; however, few 
stu&es have collected measures of the effects of amphetamine on 
more than a small sample of behaviors, and comparisons of am- 
phetamme's effects on multiple behavioral dimensions across stud- 
les are comphcated by procedural differences across studies and 
by mdwidual-subject differences m response to amphetamine 

within stu&es [e.g., (9,23)]. 
In the present study, a dose of d-amphetamine known to re- 

duce food retake (10 mg, b.l d.) was administered to s~x subjects 
in a res~dentml laboratory. The effects of amphetamine on a vari- 
ety of measures, m ad&tion to food retake, were collected to de- 
termine amphetamine's behavioral profile at a dose with known 
anorecttc potency. This profile was then compared with that pro- 
duced under similar con&tlons by a different pharmacological 
agent, smoked marijuana, in order to assess the specificity of this 
profile. 

METHOD 

Subjects 

Six volunteers, between 21 and 38 years of age, each passed 
me&cal and psychlatnc examinations and signed consent forms 
prior to participating m a 15-day residentml study. Table 1 pre- 
sents the subject characteristics Four were tobacco cigarette smok- 

tRequests for repnnts should be addressed to Thomas H Kelly, Ph D ,  Department of Psychiatry and Behavioral Sciences, DIvts~on of Behavioral 
Biology. The Johns Hopkins Umverslty School of Me&cme, 600 North Wolfe Street, Houck, East-2, Baltimore. MD 21205 
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TABLE 1 

SUBJECT AGE AND VERBAL REPORTS OF FREQUENCY OF DRUG USE 

Subject Age C~garettes Ethanol MariJuana Cocaine Heroin 

SI 38 20/D 2/W 4/W 1/W 
$2 21 5/D 2/W 
$3 28 30/D 5AV 
$4 27 2/W 2/W 
S 5 21 15/D 2/M 2/M 2/M 
$6 32 3/W 

1/W 

D Day, W Week, M Month 

ers who continued to smoke throughout the study, and all reported 
occasional drug use. 

Laboratory 

The study was completed In a residential laboratory designed 
for the continuous observation and analysis of human behavior 
over extended time periods (3). The residential facility consisted 
of six rooms interconnected by a single hallway. Three identical 
rooms, each eqmpped with a kitchen, bathroom, desk, and bed, 
functioned as private apartments, and each subject was assigned 
to a spectfic room. Subjects were not allowed to enter the other 
private rooms. Access to the remaining three social rooms, in- 
cluding a recreatton room, containing kitchen facilities, lounge 
furmture, a vldeogame system, board games and a televiston used 
for dlsplaymg videotaped movtes; an exercise room, eqmpped 
with exercise and laundry, facilities: and a bathroom, were avail- 
able to all three subjects at programmed times 

Output from video and audio equipment located throughout 
the residenttal facthty terminated in an adjacent control room. 
Subjects were continuously monitored except while in private 
dressing and bathroom areas. A computerized observation pro- 
gram (1) provided the structure for continuous recording of each 
subject 's behavior m categorical form All commumcations be- 
tween subjects and experimenters occurred over a networked 
computer system Computer terminals were located in each pri- 
vate room and in the recreation room, as well as In the control 
room. Communications between subjects and experimenters were 
hmlted to the reporting of food consumption and protocol com- 
phance. No other communication was permitted, and, to limit the 
potential effects of external events on behavior, telephones, tele- 
vtsion, newspapers, and mail were not available. No clocks or 
watches were available, but subjects recewed time prompts via 
the computerized commumcation system when activity changes 
occurred. 

Food 

Each mornmg, all subjects received a box of food items, m- 
cludIng a variety of snack and sandwich items, such as bread, 
meat, cheese, tuna, beverages, candy, fruit, cakes, cookies and 
chips A list of frozen food items was displayed near each pri- 
vate terminal, and subjects could also request meals, such as spa- 
ghettl, chicken, and pizza. Food items were available from 0900 
to 2330, and mtake was restricted only by the requirement that 
items be reported via the communicauon system immediately prior 
to consumption. Details of food consumption monitoring have 
been described prewously (17) 

Tobacco Cigarette Smoking 

Each room in the facility, with the exception of the bathrooms, 

was equipped with pressure sensors connected to color-coded 
plasttc ctgarette holders wtth PVC tubing. Subjects were each as- 
stgned a specific color and required to smoke all tobacco ciga- 
rettes through appropriately colored cigarette holders. The pressure 
sensors provided electrical signals for the duration of each puff. 
Output from the sensors was timed and recorded by a computer 
and generated tones in the adjacent control room to allow the ex- 
perimenters to monttor comphance wtth the smoking system. 
Subjects could smoke tobacco cigarettes anywhere in the faclhty, 
except in bathroom areas. Subjects had no access to matches, and 
all cigarette lighters were under camera survetllance for additional 
insurance of comphance with the smoking procedures. Subjects 
had access to thetr preferred brands of tobacco cigarettes and were 
allowed to smoke ad lib from 0900 to 2330 As a safety precau- 
tion, smoking was prohibited dunng sleeping hours, and lighters 
were removed durmg this interval Additional details concerning 
the smoking procedures are available elsewhere (26). 

Recordmg the begmnmg and end of successive puffs provtded 
a variety of measures of tobacco cigarette smokang topography, 
mcluding puff bouts per day, puffs per bout, puff duration and 
mterpuff interval, lnterpuff intervals greater than five minutes de- 
fined the boundaries of mdlvtdual puff bouts. Puff bouts usually, 
but not always, coincided with individual ctgarettes Puffs sepa- 
rated by interpuff intervals shorter than 0.2 seconds were com- 
bmed into single puffs measured from the start of the inlttal puff 
to the end of the subsequent puff. 

Drug Admlntstratzon 

d-Amphetamine ehxtr (Dexednne ~. 1 mg/ml of d-amphet- 
amme in a 10% ethanol solution, Smith, Khne & French, Phila- 
delphia, PA) was added to 177 ml of concord grape juice (Welch 
Foods, Inc., Concord, MA) to produce doses of 10 mg/70 kg 
body wetght. Placebo beverages consisted of 10 ml of 6% etha- 
nol concord grape wine (Mamschewitz, Naples, NY) added to the 
grape juice. At 0930 and 1630, subjects attached finger plethys- 
mographs (Model No. 77066, Lafayette Instrument Co., Lafay- 
ette, IN) to their index fingers and were instructed to sit quietly 
at their desks for ten minutes Assuming heart rate was stable and 
less than 90 beats per minute, subjects were then Instructed to 
consume the enttre beverage as quickly as possible No doses 
were withheld due to heart-rate considerations. Subjects received 
two doses per day, at 0930 and 1630, and both doses were either 
active or placebo All three subjects in a group recetved the same 
doses each day Placebo was substttuted for the 1630 active dose 
on day 9 for $5, due to his reports of GI discomfort. 

The two groups differed in that they received active doses in 
a counterbalanced order. No doses were admintstered to either 
group on day l. Group 1 received active doses on days 5-7 and 
11-13, and placebo on the remaining days. Group 2 received ac- 
tive doses on days 2--4 and 8-10 and placebo on remammg days. 

Visual Analog Rating Scale 

At 2330, each subject completed a rating scale consisting of 
six visual-analog scale (VAS) items ( "L ik ing , "  " 'Potency,"  
" 'High,"  " 'Stimulated," " 'Sedated,"  and "Anx ious" )  for each 
dose admmistered durmg the day. Subjects were instructed to 
complete the form based on their overall impression following 
each dose for each of the six adjectives by placing a mark along 
a contmuum indicated by a 100 mm lme anchored with endpolnts 
of "Not  at all'" on the left and "Ext remely"  on the right ( "L ike"  
and " 'Dislike" on the " 'Likmg" scale). Items were scored for 
each dose separately by measunng the distance between the sub- 
ject 's  mark and the left endpomt. This rating scale ts sensitive to 
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the effects of stimulants [e.g., (5,12)]. 

Private Period Activities 

Subjects were restricted to their private rooms each day from 
1000 to 1630. Four work activities were available: a computer- 
ized digit-symbol-substitution task (DSST), a computerized v~gl- 
lance task, a manual bingo-chip sorting task and a manual nonsense 
word-sorting task. 

The DSST task consisted of nine random three-row by three- 
column patterns of asterisks and dashes (one asterisk per row) 
&splayed across the top of the screen. The patterns were labeled 
1-9 from left to right across the screen, and the label was cen- 
tered directly below each pattern. A randomly generated number, 
between one and nine, was &splayed m the center of the moni- 
tor, indicating which of the nine patterns &splayed at the top of 
the screen should be copied by the subject on a particular trial. 
During each trial, subjects were required to press only the keys 
m a three-row by three-column keypad that corresponded to the 
positions of asterisks m the appropriately labeled pattern. Three 
responses were required per trial (one response in each row). and 
a new randomly generated number was &splayed m the middle of 
the screen immedmtely after each trial. Following the completion 
of 25 trials, a new random pattern of dashes and asterisks was 
displayed at the top of the screen. Subjects determined the rate of 
DSST trial completion, and overall trial and error rates dunng 
successive 25 trial sequences were monitored 

The vigilance task reqmred subjects to observe a counter lo- 
cated m the middle of the computer screen The counter increased 
by one or two umts once every 1.25 seconds. Subjects were re- 
qmred to press a key whenever the counter increased by two, 
rather than one, umt. This occurred on a random bas~s on 10% 
of the trials. Correct key presses resulted m the presentation of a 
" H I T "  message on the screen. If the key was not pressed within 
1.25 seconds after the counter increased by 2 units, a beep was 
presented and the message, " 'MISS,"  was flashed on the screen. 
A key press occurring when the counter increased by only a sin- 
gle unit resulted m a beep and the message, "FALSE A L A R M , "  
presented on the screen. Proportion of hits and number of false 
alarms were momtored. 

Two noncomputerized tasks, a bingo-chip sorting task and a 
word-sorting task. were also avadable dunng the private period. 
Subjects were provided a container of approximately 7360 plas- 
tic bingo chips of varying colors and designs and were mstructed 
to place the chips into separate compartments according to color 
and design. The rate of chips sorted, without regard for sorting 
accuracy, was measured. Subjects were also provided with an 
unlimited supply of 8 .5"  × 11" sheets of paper containing 33 of 
300 randomly generated 7 letter nonsense words, placed in three 
columns. Each sheet contained a different randomly generated hst 
of words. Subjects were instructed to cut out each individual word 
and sort ~t alphabetically. The rate of word sorting was also mea- 
sured w~thout regard for sorting accuracy. 

Social Period Activities 

From 1700 to 2330, subjects had access to s~x recreational 
actlviues. They could remain in their private rooms, engaging in 
one of five private actwities (reading, writing, artwork, model 
building or playing private games). The sixth actlwty consmted of 
engaging in any activity in the social area, such as v~deogames, 
o r  e x e r c i s e .  

Social Behavior 

Socml behawor was momtored during the social-access pe- 

TABLE 2 

EXPERIMENTAL DESIGN 

Day 1 2 3 4 5 6 7 8 9 10 ll  12 13 14 15 

Group l Drug i a P P IA g A l P  P P I g  g A P P 
Condition BASE 1 I BASE 2 I CONT 1 I CONT 2 

Day 2 3 415  6 718 9 10Il l  12 13 
Group2 Drug A A A P P P A A A l P  P P 

Con&tlon BASE 1 BASE 2 CONT I CONT 2 

Drug N= no drug, P= placebo, A = acuve (10 mg/70 kg, d-amphet- 
amine) 

Condmon BASE 1 = no resmcnons on actlvlnes, phase 1, BASE 2 = 
no resmctlons on acnvlt~es, phase 2, CONT 1 = contingency resmct~on, 
as deternuned dunng BASE 1, CONT 2 = contingency restnctlon, as de- 
termined dunng BASE 2 

14 15 
P P 

riod. The amount of time under socml conditions was determined 
by measunng the amount of t~me a subject spent in the socml area 
m the presence of at least one additional subject. Social behavior 
was further analyzed by determining the proportion of each sub- 
ject 's  socml t~me that was spent in verbal interaction w~th one or 
more subjects. Verbal interactions were scored begmnmg wlth 
the emission of a verbal response by a subject and continued un- 
til 60 seconds elapsed without any additional verbal response (13) 

Behavtoral Contingencies 

At any time dunng the private-work period, subjects had the 
option of taking one thirty-minute break. At all other Umes, sub- 
jects were instructed to engage m one of the four work activities. 
Recreauonal activities were available throughout the socml-access 
period, but no instructions were required to maintain continuous 
participation in these actlvitles. 

During basehne conditions, the amount of time each subject 
spent on each activity during the private and social periods was 
recorded, and behavior probabihty hierarchies, based on the rel- 
ative amounts of time subjects allocated to the available activi- 
ties, were detenmned. Separate hierarchies were determined dunng 
the private and socml period. During contingency phases, access 
to the most probable activity (~ e., the activity engaged in most 
often under basehne condmons) was made contingent on engag- 
ing m the least probable acuvity (the least common activity un- 
der basehne condttsons). Subjects were reqmred to increase the 
amount of time spent on the low-probability activity under base- 
line con&tions by a factor of four m order to maintain baseline 
levels of the amount of t~me spent on the high-probability activ- 
Ity. For example, if under basehne conditions, 10% of the avail- 
able time was devoted to the least-probable actlwty and 60% was 
devoted to the most-probable activity, then under contingency 
con&t~ons, a subject would be required to spend 40% of the t~me 
on the least probable activity m order to maintain 60% of the time 
for the most-probable act~wty. 

Table 2 presents the baseline and contingency conditions present 
during the private and social periods. Baseline and contingency 
con&tions were operative between days 2-7 and 8-13, respec- 
tively. These conditions were parallel but mdependent across the 
private and social periods 

Dunng basehne conditions, subjects were allowed to engage 
m activities w~thout restriction. Baseline act~wty patterns were 
measured separately during days 2-4  and 5-7,  corresponding to 
active and placebo dose con&tions. Two contingency con&t~ons, 
derived from these baseline patterns, were presented on days 8 -  
10 and 11-13. Contingency conditions consisted of making ac- 
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cess to h~gh-probabthty activities dependent on engaging m low- 
probabihty activmes [(e.g., (27)]. High- and low-probabdity 
activities were empirically determined during each basehne phase 
Placebo basehne and contingency conditions occurred during days 
2-4 and 8-10, respectively, whale basehne and contingency con- 
d~t~ons for the actwe dose occurred dunng days 5-7 and 11-13, 
respectively, for Group 1. Condiuons were counterbalanced for 
Group 2. Placebo basehne conditions were operative dunng days 
14 and 15 

During contmgency conditions, h~gh-probabd~ty, or contin- 
gent, actwmes were avadable unless a red restncuon light, lo- 
cated m the socml room and in each subject 's private room, was 
dluminated. If a subject engaged in a contingent activity when the 
restriction hght was on, he lmmedmtely received a "Restriction 
~s on Credtt t~me is used up.'" message on h~s computer. 
T~me earned for the contingent activity accumulated as long as 
the subject performed the low-probabihty, or instrumental, actw- 
~ty, and as long as ume had been earned, subjects were free to 
engage m any activity. SubJects were never restricted from en- 
gaging m the instrumental or in mtennedmte-h~erarch~cal actlw- 
ues. The amount of t~me earned for the contingent activity 
accumulated over the three days of each contingency condmon 
Each day, at the beginning of both the socml and private work 
periods, subjects received written mstrucuons describing the con- 
tmgencies in effect for the upcoming period, but no informauon 
related to the amount of earned time or number of days remain- 
mg m a contingency condmon was provided. After the first three- 
day contingency condition, subjects received the message "'This 
~s a new restriction. Credit has been reset to zero" w~th the pe- 
riod |nstrucuon. These contingencies have been described m de- 
tad elsewhere (14,15). 

Standard Day 

The dady schedule was constant throughout the study. Sub- 
jects were awakened at 0900 and weighed. Output from the scale 
was not available to subjects Each subject then received a food 
container. The first dose was admtmstered at 0930 The private 
period occurred between 1000 and 1630 At 1630, the second 
dose was administered. The socml period occurred from 1700 
until 2330. At 2330, subjects were reqmred to return tbe~r uncon- 
sumed food and complete the drug-rating scale. Cigarette lighters 
were also removed. Subjects were restricted to their private rooms 
between 2330 and 2400, and hghts were turned out at 2400 

Data Analys~v 

Measures of tobacco cigarette smoking topography (puff bouts 
per day, puffs per bout, puff duration and mterpuff interval) and 
social behawor (socml ume and verbal interaction) were analyzed 
by using repeated measures analysis of variance (ANOVA) with 
phase (first vs second exposure), dose (active vs. placebo) and 
day (1-3) serving as factors A fourth factor, t~me of dose (a.m. 
vs. p.m ), was included tn the analysis of VAS ratings. In addi- 
tion to phase, dose and day, period of the day (private vs socml) 
and act~wty (instrumental vs contingent) were included as factors 
m the analys~s of amphetamine effects on allocation of t~me to 
actwmes dunng basehne and contingency condlttons m the pri- 
vate and socml periods. 

Not all subjects participated on each task every day To deter- 
mine whether performance on the tasks changed across days, an 
ANOVA was conducted with phase, dose, and day serving as 
factors In the absence of any day effects, the dady means of 
measures of performance on the four tasks were averaged w~thm 
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FIG 1 The proportion of the total signals that were correctly identified 
(hits) dunng placebo and amphetamine sessions for subjects parnclpatmg 
on the v~gdance task (top panel), and the rate of incorrect trials during 
placebo and amphetamine sessions tor each subject pamopatmg on the 
digit-symbol substttutlon task (bottom panel) Error bars represent I SEM 

each drug-phase condmon, and the resulting means were ana- 
lyzed w~th repeated-measures ANOVA using dose and phase as 
factors. 

RESULTS 

Task Performance 

Amphetamine admimstration was assocmted with ~mproved 
performance of both computerized tasks. The top panel of Fig. 1 
presents the proporuon of signals responded to by subjects (Le., 
" 'h i ts")  dunng the vigilance task. Small but slgmficant improve- 
ments m vlgdance accuracy were observed following amphet- 
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FIG 2 The number of puff bouts over successive sessions m four tobacco cigarette smokers Data from days 
2 through 13 are presented Vertical lines represent transmon between placebo (P) and amphetamine (A) 
dose conditions 

amine administration, F(1 ,5)=8 .08 ,  p < 0  05 Amphetamine 
increased accuracy in four of six subjects (SI,  $2, $3, $5) Per- 
formance also improved across the study, as indicated by a sig- 
nificant phase effect, F( l .53)=5.00 ,  p<0.05,  but there were no 
interactions between drug and either day or phase. No changes in 
false alarm rates were observed following amphetamine ad- 
ministration. 

The bottom panel of Fig 1 presents the rate of incorrect trials 
on the DSST task, As with the Vigilance task, amphetamine en- 
hanced performance, as evidenced by a small but slgmficant de- 
crease m error rates. F(1,5)=6.57,  p=0 .05 .  Again, the effect 
was observed in four of six subjects (S1, $2, $4, $5). Perfor- 
mance remained stable across the study, and no drug interactions 
were observed Overall trial rate and correct trial rate were not 
altered by amphetamine. No significant changes in rates of word 
or disk sorting were observed as a function of phase, drug or day. 

Food Intake 

Amphetamine significantly decreased food intake along mul- 
tiple &mensions, including intake from both snacks and meals. 
These results have been previously reported (17) 

Tobacco Czgarette Smoking Topography 

Figure 2 presents dally number of puff bouts for each of the 
four tobacco cigarette smokers Amphetamine increased dally 
smoking rates in two subjects ($3, $5) and had no effect on 
smoking rates m the other two subjects Puffs per bout, puff du- 
ration and lnterpuff intervals remained unchanged across drug 

conditions. No statistically s~gmficant amphetamine effects were 
observed on any topography measure m these four smokers. 

Behavtoral Contmgenctes 

Dulang the private work period, the contingent actwlty during 
both placebo and amphetamine dose condttlons was word sortmg 
for SI,  $2, $3 and $5, and vigilance for $4. For $6, the contin- 
gent acuvlty durmg the placebo condition was disk sorting and 
during the amphetamine condition was word sorting. During th~s 
period, the instrumental activity during both placebo and amphet- 
amine conditions was &sk sortmg for S 1, $2 and $3, and DSST 
for $5 For $4, the instrumental activity during the placebo con- 
dltlOn was dtsk sorting and during the amphetamme con&tlon 
was word sorting For $6, the instrumental acttwty during the 
placebo condmon was vigilance and dunng the amphetamine 
condition was DSST. Durmg the social period, the contingent 
activity during both placebo and amphetamine condlttons was use 
of the social area for all subjects. The instrumental actlvtty dur- 
mg both placebo and amphetamine condmons was private games 
for S 1 and $2, reading for $3 and $4, and artwork for $5 For 
$6, the instrumental actlvlty during the placebo condition was 
prtvate games and during the amphetamine condition was 
wrttlng 

Figure 3 presents the cumulative time allocated to instrumen- 
tal and contingent activities during three-day basehne and contin- 
gent phases for placebo and amphetamine con&dons during the 
private and social periods. Over the entire study, subjects allo- 
cated greater amounts of time to contingent acnvmes (bottom two 
panels) than to instrumental activities [top two panels, F(1,5)= 
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FIG. 3 Total t~me spent on instrumental (low-probabthty) and contingent (hlgh-probabdity) acnvlties dunng either the private work 
period (1000 to 1630) or the socml period (1700 to 2330) dunng baseline (days 2-7) and contingency (days 8-13) phases dunng 
either placebo or amphetamine administration Each subject received placebo and amphetarmne for three consecutive days dunng 
both the basehne and contingency phases Each bar represents time on the activity cumulated over a three-day drug interval The 
upper left panel displays instrumental activities dunng the private period. The lower left panel displays contingent acttvmes dunng 
the pnvate period The upper nght panel displays instrumental activities dunng the social penod, and the lower right panel displays 
contmgent activities dunng the social period Activities are ~dent~fied m the text 

6.33, p=0 .05] .  Subjects allocated significantly more time to in- 
strumental and contingent activities, combined, during the socml 
period (right two panels) than during the private period [left two 
panels, F(1,5)=7.93,  p<0.05].  In addition, subjects allocated 
significantly more time to both the instrumental and contingent 
activities, combined, during the contingency phase (right half of 
each panel) than dunng the baseline phase [left half of each panel, 
F(1,5) = 23.06, p<O.005]. Allocation of time to instrumental ac- 
tivities was simdar dunng pnvate and social periods (top two 
panels), but significantly greater amounts of time were allocated 
to the contingent act,vit~es dunng the social period (lower right 
panel) than dunng the private period (lower left panel), as indi- 
cated by a period by task interaction, F( 1,5) = 16.03, p<0.05.  As 
expected, based on the contingency, a significant interaction be- 
tween phase and task was observed, F(1,5)=267.76,  p<O.001, 
as instrumental activities increased (top two panels) and contm- 
gent activities decreased (bottom two panels) between baseline 

and contingency phases. No slgmflcant drug effects were ob- 
served. 

Soclal Behavior 

Use of the social area was the contingent activity for all sub- 
jects. Therefore, dunng the contingency phase of the study, sub- 
jects were occasionally restricted from the social area. The top 
panel of Fig. 4 presents the amount of time subjects spent under 
social conditions during baseline and contingency phases. Sub- 
jects spent more time under social conditions during the baseline 
phase of the study (i.e., days 2-7) than during the contingency 
phase [i.e., days 8-13, F ( I ,5 )=  27.36, p<0.005].  A significant 
day effect, F(2,10) = 12 97, p<.005,  was also observed, result- 
mg from subjects spending less time in social settings dunng day 
1 than during days 2 or 3 in basehne and contingency conditions. 
Amphetamine produced no significant effects on total social time 
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FIG 4. The upper panel displays the mean dally tzme spent in the social 
area in the presence of one or two other subjects dunng placebo and am- 
phetanune sessions over baseline (days 2-7) and contingency (days 8-13) 
phases The bottom panel dzsplays the mean dady percentage of soczal 
tzme that subjects spent talking dunng placebo and amphetamine sesstons 
over basehne (days 2-7) and contingency (days 8-13) phases Error bars 
represent 1 SEM 

during either basehne or contingency phases. 
The amount of verbal interaction while under socml conditions 

was also measured. The bottom panel of Fig. 4 presents the per- 
cent of time that each subject engaged in verbal interaction while 
under social conditions. Amphetamine produced a marginally sig- 
nificant increase in verbal interaction, F(1,5) = 4 78, p = 0.08, and 
a szgnificant lnteracnon between drug and phase was also ob- 
served, F(1,5)=9.41,  p < 0  05. Amphetamine increased verbal 
interaction during the baseline phase, but no changes in verbal 
interaction were observed dunng the contingency phase. A signif- 

lcant interaction was also observed between drug and day, F(2,10) = 
48.98, p<0.001.  Amphetamine increased verbal interactions 
primarily on day 1, relative to placebo values, but no changes 
were evident on days 2-3. This pattern was observed dunng both 
baseline and contingency conditions. 

VAS Ratings 

Amphetarmne's effects on VAS ratings were charactenzed by 
increases in "Anxious ,"  " 'Potency," " 'Ltlong" and "Stim- 
ulated" (decreases for " 'Sedated") on the first day of drug ad- 
ministration, especially during the first drug phase. This pattern 
was evidenced by significant drug by session, F(2,10)=4.87,  
p<0.05,  and phase by drug by session, F(2,10) = 5.67, p<0.05,  
interactions on the " 'Anxious" scale, marginally significant drug 
by session interactions with "Stimulated,"  F(2,10) = 3.58, p = 
0.067, and " 'Liking," F(2,10)=3.65,  p = 0  064, a marginally 
significant drug by phase interaction with "Sedated,"  F(1,5)= 
5.77, p = 0.062, and a marginally significant four-way interaction 
between time-of-day, phase, dose and day with "Potency ,"  
F(2, i0) = 3.29, p =0.08.  Amphetamine's effects on the "Poten- 
cy"  scale (increases) were hmzted to ratings of the a.m. dose on 
the first day of the first exposure to amphetamine. No significant 
changes of ratings on the " 'High" scale were observed 

Table 3 presents the change from placebo VAS ratings of 
" 'Ltking," " 'Potency" and "Anxious"  following daily exposure 
to amphetamine. The interactions described above were related 
primarily to amphetamine's effects in $3, $4, $5 and $6 These 
subjects exhibzted substantial changes m VAS ratings on the first 
day of the first exposure to drug, but changes were smaller or 
absent on the second and third days. Occasional increases in VAS 
ratings were also observed on day one during the second exposure 
to amphetamine on the "Anxious"  and "Lik ing"  scales Lmle 
change m VAS ratings occurred in S 1 and $2. Placebo ratings for 
individual subjects were variable. 

Individual subjects also had different rating patterns across 
these scales. For example, while increased "Lik ing"  was evident 
on day 1 during the first exposure to ampbetamme in $3, $4 and 
$5, only $3 and $4 showed similar increases on the "Anxious"  
and "Potency"  scales. $6 exhzblted increases m "Potency"  and 
" 'Anxious," but not on the " 'Ltking" scale. A composite rating 
was calculated by adding scores on the "Lik ing ,"  " 'Anxious," 
" 'Shmulated" and "Potency"  scales and subtracting scores on 
the "'Sedated" scale. Analys~s of " 'Composite" scores indicated 
significant session effects, F(2,10)=8 12, p<0.01,  along with 
slgmficant tzme-of-day by session, F(2,10) = 8.12. p<0.01,  and 
drug by session, F(2,10)= 6.38, p<0.05,  interactions. 

DISCUSSION 

The results indicate that amphetamlne's effects can best be 
characterized with reference to specific behavioral measures. As 
has been previously reported (17), food intake by these subjects 
was decreased by 10 mg/70 kg, b.i.d., which is conszstent with 
previous reports [e.g., (2,28)]. Thzs substantml decrease in food 
retake contrasts with other rehable effects including small but 
consistent improvements on some measures of task performance, 
increased verbal interaction between subjects m the absence of 
socml restriction, and increased tobacco ctgarette smoking in two 
of four smokers. Changes m VAS ratings of "Anxious ,"  "Stim- 
ulated," "Potency ,"  "Lik ing"  and "'Sedated" were also ob- 
served, although for the most part, these changes were hm~ted to 
the first day of drug exposure during the first and occaszonally 
dunng the second drug phase. No changes m social time or in the 
allocation of time to available work and recreational activmes 
were observed 
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T A B L E  3 

AMPHETAMINE-INDUCED CHANGES IN PLACEBO VAS RATINGS OF "LIKING,' "POTENCY.' 
"'ANXIOUS" AND A COMPOSITE SCORE 

0930 Dose 1630 Dose 

Phase 1 Phase 2 Phase 1 Phase 2 

Subject DI* D2 D3 DI D2 D3 D1 D2 D3 D1 D2 D3 

"L lkmg"  

SI 0 t  0 0 0 0 0 0 0 0 0 0 0 
$2 2 12 12 3 8 3 - 2 - 2 8 8 - 2 - 7 
$3 13 8 13 - 10 - 10 - 25 20 15 25 5 0 5 

$4 35 - 4 5  0 0 0 0 35 - 4 5  0 0 0 0 
$5 27 - 13 7 20 - 50 0 - 10 - l0 - 10 0 0 0 
$6 0 0 - 5  - 2  - 2  - 2  0 - 5  0 - 5  0 0 

Mean 13 - 6  4 5 2 - 9  - 4  7 - 8  4 l 0 0 

" 'Po~ncy" 

SI 0 0 0 0 0 0 0 0 0 0 0 0 
$2 - 10 - lO 0 - 8  - 18 - 18 2 - 8  12 - 13 - 13 2 
$3 37 - 3 37 3 - 2 - 2 17 - 3 17 0 0 0 
$4 50 25 0 0 0 5 15 50 0 0 0 0 

$5 - 7 - 17 - 52 25 55 15 - 13 2 - 4 3  33 23 33 
$6 20 - 4 5  5 0 0 0 20 0 0 0 0 0 

Mean 15 - 8 - 2 3 6 0 7 7 - 2 3 2 6 

"Anxious" 

SI 0 0 0 0 0 0 0 0 0 0 0 0 

$2 0 0 0 - 2  - 2  - 2  0 0 0 0 0 0 
$3 97 7 - 3  5 0 0 55 5 0 0 0 0 
$4 50 0 0 0 0 0 0 15 0 0 0 0 

$5 0 - 15 - 30 33 - 27 23 0 0 - 5 5 - 5 30 
$6 63 3 - 2 0 0 0 80 55 5 0 0 0 

Mean 35 - 1 - 6  6 - 5  3 5 22 5 12 5 0 1 - 1  5 

Composite ("L~klng" + "Stimulated" + "Potency" + "Anxious" - " ' S e d a t e d " )  

SI 2 2 2 0 0 0 0 0 0 0 0 0 
$2 - 8  2 12 - 7  - 12 - 12 0 - 10 20 - 5  - 15 - 5  
$3 155 20 45 3 - 12 - 27 97 17 42 5 0 5 
$4 202 - 3 17 0 0 - 5 50 - 10 0 0 0 0 
$5 36 - 89 - 74 148 - 72 58 - 53 - 78 - 118 38 18 63 

$6 153 - 4 2  - 6  - 3 - 23 22 165 120 0 - 5 - 30 0 
Mean 90 - 18 - 1 23 5 - 2 0  6 43 6 5 - 9  5 5 - 4  5 10 5 

*Day within each 3-day active dose phase 
~Change, m mm 

Subjects  were required to part icipate on one of  four tasks for 
six hours per day over  f if teen consecut ive  days.  No cont ingencies  
on task rate or accuracy were p rog rammed  Under  these condi-  
t ions amphe tamine  decreased  error rates on the DSST task and 
mcreased  the proport ion of  hits on a v ig i lance  task,  a l though the 
improvemen t  m v ig i lance  per formance  across t ime l imi ted  the re- 
l iabi l i ty  o f  this result.  Previous reports o f  a m p h e t a m m e ' s  effects  
on behavior  indicate that the drug genera l ly  improves  subopt imal  
per formance  resul t ing from fat igue or boredom,  but does not en- 
hance op t imal  performance [e .g . ,  (32)]. The results  of the present  
s tudy are consis tent  wi th  these reports in that a m p h e t a l m n e ' s  ef- 
fects were l ikely  de te rnuned  under  condi t ions  in which  less than 
opt imal  performance was  observed as a resul t  of  the repet i t ive 
nature of  the tasks  and the absence of  any p rog rammed  contin- 
gencies  main ta in ing  per formance  accuracy.  

Four subjects in the present  s tudy smoked  tobacco cigaret tes .  
Amphe tamine  increased the number  of smoking  bouts per day in 

two subjects.  No other changes  in smok ing  topography were ob- 
served Previous  nonres ident ia l  s tudies have s imi la r ly  reported 

select ive increases in the number  of  c igaret tes  smoked  d u n n g  90- 
rmnute sess ions  in some,  but not all  tobacco cigaret te  smokers  
fo l lowing  amphe tamine  doses  up to 25 mg (4,21).  In combina-  
t ion, these results  indicate that amphe tanune  increases tobacco 

cigaret te  smolong  in some,  but not all  tobacco cigaret te  smokers ,  
and that these effects are observed under  h ighly  control led condi-  
t ions in a smokang laboratory d u n n g  90-minute  sessions as wel l  
as in a less restr ict ive resident ia l  laboratory over  longer  ( i .e . ,  
three-day) intervals.  

Previous  studies have reported increases in social  and verbal  
behavior  fo l lowing  amphe tamine  adminis t ra t ion [e.g , (18,31)] ,  
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as well as increases in choices of social over nonsocial options in 
subjects presented with mutually exclusive options (20,22). In the 
above studies, all subjects were physically isolated from their 
speaking partners. Griffiths and co-workers (18) also demon- 
strated amphetamine-reduced increases in social mteraction, de- 
fined as "behavior  which required the presence of or involved 
another person,"  in subjects residing on a residential research 
ward. In the present study, amphetamine had no effect on the 
amount of time subjects spent in social contact, but increased the 
percentage of social time spent in verbal interaction. However, 
this effect was observed only in the absence of restrictions on use 
of the social area. When social access was restricted, amphet- 
amine had no effect on social behavior. These results indicate that 
amphetamme produces differential effects on social and verbal 
behavior The relationship between amphetamine and so- 
cial/verbal behavior can be influenced by contextual factors, in- 
cluding availability of social stimuli, alternative nonsocial options, 
and preestabhshed social interaction patterns [e.g.. (29,30)]. 

The difference in time allocation between instrumental and 
contingent activities dunng baseline conditions was greater dur- 
ing the social period than during the private period, as described 
in previous studies incorporating time-allocation contingencies 
(14,15). When the behavioral contingency was operative, de- 
creases in time spent on the contingent activities and increases in 
time spent on the mstrumental activities, relative to baseline, were 
observed dunng both the private and social penods. Amphetamine 
produced no effect on the distribution of time to these activities. 
These results are in contrast to previous studies in which mari- 
juana increased time allocated for instrumental activities to a 
greater extent than placebo during the work period and decreased 
time allocated for instrumental activities, relative to placebo, dur- 
ing the social period (14,15). These studies indicated that marl- 
juana 's  " 'amotivational" effects were related to the contextual 
factors under which the effects were determined. The absence of 
amphetamine effects in the present study are not likely the result 
of an insensitive procedural manipulation. Rather, it appears that 
amphetamine, at the dose used m the present study, had little ef- 
fect on time allocation. 

At 2330, subjects rated the lnteroceptive effects produced by 
the two doses that were administered earher in the day. These 
ratings were based on subject 's recollection of drug effects. Peak 
drug effects, even following the second daily dose, had likely 
dissipated well before the ratings were completed. The advantage 
of this procedure was that subject activities dunng the day were 
not influenced by their own verbal reports of drug effect, and the 
ratings were based on effects observed at all ttmes following drug 
administration (i.e., amphetamine's  time-course of behavioral ef- 
fects are not equal across measures, and ratings completed at times 
closer to dose administration may have been heavily influenced 

by a subset of the behavioral measures). The obvious disadvan- 
tage of the procedure, however, was that the accuracy and sensi- 
tivity with which subjects recalled drug effects was potentially 
d~mimshed. Under these conditions, the VAS ratings must be in- 
terpreted with caution. 

When subjects were initially exposed to the 10 mg dose of d- 
amphetamine, they rated the interoceptive cues related to "'Stim- 
ulated" and " 'Anxious ,"  as well as the " 'Potency" and "L ik ing"  
of the dose, as increased from placebo, and "seda t ion"  as de- 
creased from placebo. No changes on the " H i g h "  scale were re- 
ported, otherwise the initial changes in VAS ratings were similar 
to those reported in other studies [e.g., (5,6)]. 

The VAS changes were observed primarily during the first 
active day of the first exposure to amphetamine, or occasionally 
dunng the first day of the second three-day drug phase Tolerance 
to the "subjec t ive"  effects of drugs have previously been re- 
ported during daily amphetamine administration [e.g., (19)] but 
not when doses are administered three times per week [e .g ,  
(6,25)]. A lack of tolerance to the reinforcing effects of stimulant 
drugs has been previously reported [e.g., (11,24)], suggesting 
that the tolerance to the lnteroceptive effects of amphetamine, in- 
dicated by changes in VAS ratings, may not be reflective of 
change in other functional effects of the drug. No tolerance to 
amphetamlne's  effects on task performance, verbal interaction, 
tobacco cigarette smolong or food intake was observed Clearly, 
additional research companng ratings of the interoceptive effects 
of the drug with the reinforcing functions and behavioral effects 
are necessary to separate these complex but potentially important 
factors operating during exposure to amphetamine 

These results provide a profile of amphetamine effects in&cat- 
mg minimal behavioral disruption at doses that significantly de- 
creased food intake. This behavioral profile is clearly distinct from 
that obtained when subjects are required to smoke marijuana cig- 
arettes under the same conditions Marijuana increased food in- 
take [e.g., (16)] and decreased tobacco cigarette smoking (26) 
and verbal interaction (13). Marijuana also produced differential 
effects on allocation of time to low- and high-probability activi- 
ties dunng the private and social period without affecting task 
performance (14,15) These results demonstrate that drugs from 
different pharmacological classes produce markedly different pro- 
files of effects across a range of behavioral measures, indicating 
the utility of the simultaneous measurement of multiple dimen- 
sions of behavior in the analysis of the behavioral effects of drugs 
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