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Disclaimer

The findings in this report are not to be construed as an official Department of the
Army position unless so designated by other authorized documents.

The usc of trade names in this report docs not constitute an official endorsement or
approval of such commercial hardware or software. This report may not be cited for purposes of
advertisement.
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FOREWORD

The work described in this report was authorized under Project 1BO6G1T02B71A, Lite
Sciences Basic Research in Support of Matenal — Chemical. This work was started in May 1971 and
completed in July 1971,

The volunteers in these tests are enlisted US Army personnel. These teosts are governed
by the principles, policies. and rules for medical volunteers as cstablished in AR 70-25 und the
Declaration of Helsinki.

Reproduction of this document in whole or in part is prohibited ¢xcept with
permission of the Commander, Edgewood Arsenal, Attn:  SMUEA-TS-R, Aberdeen Proving
Ground, Maryland 21010: however, DDC and the National Technical Information Service are
authorized to reproduce the document for US Government purposes.
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DIGEST

The present experiment is one in a series directed toward the development of an
operant task which is sensitive to the effects of low doses of various drugs and agents. Four hunn
subjects were given limited training on an operant task that required doth attention and modermely
tast response rates. Intravenous injections of 1 ml saline, § mg diazepam. 250 mg sodium
amobarbital, and 10 mg methylphenidate were given in successive sessions in random order.
Numbers of responses and errors were subjected to variance analyses. Overall, saline had no
signiticant effect on cither response or error rates. Compared to saline, diazepam produced w slight
mcrease inerror rates, but it did not alter response rates; amobarbital depressed response rites mnd
ihcreased error rates; whereas methyiphenidate increased both response rates and error rates.
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EFFECTS OF DRUGS ON HUMAN OPERANT PERFORMANCE

l. 'N1RODUCTION.

In most human drug studies of performance, different tests are used to mcasure
cye-hand coordination. attention, and cognitive ability, etc. These tests, normally given once or
twice cach hour, require only a few minutes of concentration by the subject. This does not allow
the experimenter to observe the rate of the change in performance or the time at which a man
might be considered to be incapacitated. Operant conditioning techniques may provide a means ol
studying several different aspects of performance with a minimum of interruptions in observation ol
drug ¢ffects over time. In the present study. an operant task was used to study the effects of a
stimulant (methylphenidate), a tranouilizer (diazepam), and a sedative (sodium amobarbital) on
human performance. The object of the experiment was to determine the functional value of the
operant task in studying drug effects on human performance.

Ad haoc hypotheses regarding the effects of the drugs used in this experiment are based
on the properties attributed to the drugs. Diazepam, a muscle relaxant, may improve or impair
performance, depending on the individual subject. The sedating influence of sodium amobarbital
should depress response rate and hence result in the subjects not being able to make the number of
responses that are required on cach trial. Methylphenidate as a stimulant should result in increased
response ries and in better attention, which will result in an improvement in performance.

1. METHODS.

The four US Army enlisted men who volunteered to serve in the experiment were given
tharcugh physical and psychological examinations. Except for their weight (mean = 77.6 kg. range
659 to 90.0 kg). there was a close similarity between the subjects. For example, their ages ranged
from 21 to 24 years: GT scores ranged from 123 to 147, mean = 139: and years of education runged
trom 14 to 16 years. mean = 15 years. The subjects reported to the ward tor the duration of the
experiment.

The subjects worked at the operant task 30 minutes a day for 6 days. Days one and

two served to give 1iem practice on the task and to establish baseline performances. During the ne 1

4 days. carh subject received intravenous injections of 1 ml saline: 10 mg methylphemdate

hydrochioride U.S.P. (RitalinR. Ciba Company). 5 mg diazepam, N.F. (ValiumR, Roche

Laboratories). and 250 mg sodium amobarbital, U.S.P. (AmytalR, Eli Lilly and Company).

Because of the weight difference between subjects, the dose for each subject (in mg:kg) is

presented in the table, The first § minutes of each session served as a “warme-up’™ peniod and

' allowed the experimenter to determine if the drug given the previous day had any residual
cffects on performance. Drugs were administered using 4 double-blind  techmque.

Preceding page blank
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Table. Dose Levels* and Order of Drugs® Given Each Subject®

The dose levels in this table represent the mg/ke dose the subject actuslly received from the

constant size dose of | ml saline, S mg diazepam, 250 mg sodium amobarbital, and 10 mg
methylphenidate.

Session
Subject Weight

_ kg . dose
S2 T 76.8 0.130 (D4) 1.000 (D1) 3.255(D3) 0.065 (D2)
S3 77.7 3.217 (D3 0.129 (D4) 1.000 (D1) 0.064 (D2)
S4 90.0 0.055 (D2) 0.055 (D2) 0.111(D4) 2778 (D3)
Ss 65.9 1.000 (DD 3.794 (D3) 0.076 (D2) 0.152 (D4)

a All saline doses are 1.0 ml. All other dose levels are in mg/Kkg.

b DI = saline; D2 = diazepam; D3 = sodium amobarbital; D4 = methylphenidate.

< S| was given saline each day: therefore, his data were excluded from the analysis. 84 was
inadvertently given diazepam on the day he was scheduled to receive saline.

A brief description of the task was given in the initial briefing; and each day before
beginning the task. the volunteers read a set of instructions covering the test procedures. The
stibject sat alone in a room facing a stimulus panel containing three lights (red, yellow, and green),
two levers (a green one on the right and a yellow one on the left), and two counters (**points won"
and “points lost™). When the green light was lit alone, the subject was required to press and release
the green lever. On the 31st release. a yellow light came on in combination with the green light. The
subject had to hold the next press of the green lever and press and release the yellow lever four
times to turn off the yellow light, thus completing one trial. A “point won'’ was registered for each
correct trial. If the subject failed to complete the trial in 15 seconds, he lost one and a half points. If
he made an error such as pressing and releasing the green lever too many times or responding to the
yellow lever without holding down the green key, he lost one-half point. The red light came on
briefly each time an error occurred.

The reward used in this experiment was time off from normal duties. Time off was
calculated by subtracting points lost from points won. The remaining points were converted to
minutes on a one to one basis. with 480 points equalling one day. The maximal reward was 3 days
off.
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1. RESULTS.

Fach 30-minute session was divided into six S-minute periods for analysis purposes.
The response and error data were analyzed separately using a repeated measures analysis of variance
design.! The analysis of variance for numbers of responses revealed that the following were
statistically significant: (1) subjects responded at different average rates. (2) drugs affected response
rates ditferently. (3) response rates diffeced within sessions, and (4) there was an interaction
between drugs and time periods.

The first observation reflected the presence of individual differences in the experiment.
In addition. the subjects’ rates were not equally and (in some cases) similarly affected by the drugs.
Paired 1 tests were used to compare the overall rates for all sessions between pairs of subjects:
significant differences were tound tor all pairs. Significantly lower response rates in decreasing order
were found for subjects 82,85, S3. and S4.

A test of simple main effects was performed because the sigmificant interaction
betwevn drugs and time periods indicated that the drugs affected pertormance ditferently within
sessions. For example. amobarbital produced a rapid decrease in the number of responses. whereas
the increase in the number of responses after methylphenidate occurred later in the session tigure
1. The results of the variance analysis of simple main effects revealed no differences o periormance
for the warmeup period. This finding was interpreted to mean that the subjects demonstraied no
abservable residual drug offects betwecen sessions. Unfortunately, the sessions were not long enough
to allow the subjects’” performance (after amobarbital or methylphenidate) te return to baschne.

The vanance analysis of the numbers ot errors revealed a significant hlock citedt
representing individual differences in drug sensitivity, indicated by the range of standard deviations
m figure 2. Tukey's HSD test was used to compare the mean numbers of crrars hetween pairs of
drugs. Subjects made significantly more errors after the injection of diazepam than alter the
injection of saline. A greater number of errors occurred following sodivm amabarbital and
methyviphenidate than following cither saline or diazepam. On the other hand. sodium amobarbital
and methylpheadate did not differ significantly.

Absent in the varance analysis was a significant time-period effect. although the data
in tigure 2 suggest that such an effect was present. The most plausible explanation for the lack of
statistical  contirmation of the time-period effect is the inter-subject variance. Onset of the
depressant action of amobarbital was very rapid. The response rate dropped sipnificantly. and the
crror rate increased threefold during the first § minutes. The response rate renmained depressed for
the entite session. but the error rate returned almost to the pre-drug level. The error rate associated
with methyphenidate increased for the first 15 minutes after the imjection and returned atmost o
the presdrug devel for the last 10 minutes. The error rate assoctated weth diazenpam ncreased
transiently during the second S-minute period and was generally greater than thao for saline.

INNTIN I vpemmeintad Design Procedures toe the Behaviorat Sciences. Belmont, Cabitornie Hrooks Cale 11968)
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Subjective effects of the drugs were obtained using the symptoms check lists and
written statements, both completed by the subjects. The results of the check lists and the written
statements generaily agreed with the perfermance data.

V. DISCUSSION.

Overall, the subjects exhibited small quantiiative changes in performance. but these
changes differentiated among the drugs statistically. Thus, the aperant task was sufficiently sensitive
to detect low-dose dug cffects. Viewed as group data. the results support some ol the ad lioc
hypotheses of the introduction and fail to support others.

Diazepam has been found to produce both increments and decrements in
discriminative  conditioncd avoidance responding:®> however. on a continuous. non-signaled
avoidance task. rats performed better at low doses than at high doses. as compared to baseline.?
Cats increased  their responding on  a fixed-interval schedule of food reinforcement after
reometrically increasing dose levels of diazepam.* Human subjects given 10 mg intravenously
showed transitory decrements in solving arithmetic problems® and also increased tolerance to C'S.
o-chlorobenzilidine  malononitrile (CS), a mucous membrane irritunt.® In the present study.
dinzepam was given in amounts too small to affect response rate, although it did slightly increase
the subjects’ tendency to make errors.

Sodium amobarbital shows few manifestations of acting on peripheral mechanisms
when given in sedative or hypnotic doses.” but it dees seem to act as a pharmacological block to
consolidation of information input.® It has been given in large cnough doses in human studies 10
produce decrements on an arithmetic task.®® The performance decrements on the grithmetic task
were found to be functionally related to persomality characteristics. In another study, amobarbital
inhibited both spontaneous recovery and reconditioning of the galvanic skin response (GSR)
conditior:2d to a light flash followed by clectric shock.'® These findings suggest that the depressed
response rate and increased error rate in the present experiment were manifestations ol depressed
central mechanisms,

2 tapvik, MO F Drugs Used i the Treatment of Paychiatne Disorders. 1n: The Pharmacological Basis of Therapeanes. 08
Goodnun and A Gilman (1ids). pp 151203, The Maemillan Company. New York, New York, 1970,

Hese, G AL and Boft, . Continuous  Avoidance  av  a Hinchine  for Measuring  Beboviorat Tty of
Drugs Py chophasmacologia 3, 264-282 (1962).

-~

1ichelle. M Combined Action of Disscpam and d-Amphetamine on Lined-Interval Performance in Cats. dournal ot
Fpenzmental Analysis ot Behaviar 12, 989998 . 1969).

L TN JoAL and McColloch. M. A, UATR 3583 Personality  and  Reactiiy e Trnguibizers Seprember
Jai UNCEASSUIED Report

thewr 1A and MeColloch, Mo AL LATR 458E The fftect of hazepam on Tokerance of g Mucaus Membirane
frrrant Noserber 19710 GNCLASSTHHD Report.

S S R lypraies and Sedatives | The Barbiturates In The Pharmacologreal Basis of Therapeuties. 1 S. Goaduun
W e o e e b b Macuallaa Company , Ser York, New Yoik 1970,
o Lt vaabore 1K Diysnomia and Impaement of Verbal Memory Following ITntracaromd Emcction ol Sodium

Ay Wrane Research 31, 159-168 (1971).

Fiesce 000 g McColloch, M. A FATR 4564, Personality and Reactivity fo Stmulants and Deprecants . November
1270 UNCLE ASSHAH D Report

FUsone der RN and Covdae, 1P Vhe Inlubiting and | avilitating Ffects of Ams 1al. Chlotpromazine. and Phemds Late on the
U b L S Leeremse. Amenicsn Jesrnal of Medies) Scienee 233.418-422(1957).
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Mcthylphenidate, considered to be a moderate stimulant for motor and mental
activitics, may improve attention span.!' In the GSR conditioning study mentioned above.
nicthylphenidate failed to affect spontaneous recovery, but it did facilitare reconditioning of the
response foHowing extinction.!? It has also been demonstrated to increase continuous avoidance
rates in rats® and to produce differcntial increases in human arithmetic performance as a function
of personality characteristics.? In the present study, response speed was competitive with attention.
Methylphenidate increased mean response rate slightly in the last few minutes of the session. This
increase was preceded by a transient increase in the number of errors, suggesting a possible lag in the
stimulunt cffects on motor activities in contrast tc mental activities.

Further devclopment in the operant task will be directed toward reducing the
inter-subject variability. This may be done by imposing more stringent test criteria to reduce the
tolerunce for error. At the same time, however. the test has to allow enough tolerance for crror 1o
reflect dose-response effects. Testing sessions will be lengthened, amount of training will be
increased, and several dose levels will be used.

Hopaphin, D.W.oand Fsplin, B, Z. Central Nersous System Stimulants. In: The Pharmacologicyl Hasiv ol [herapeutios 1S
Goodman and A Gilman (1ds.). pp 348-357. The Muemillan Company. New York, New York. 1970
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