
Effects of Centrally-Acting Drugs on Human 
Motor and Psychomotor Performance 

By DUANE G. WENZEL and CHARLES 0. RUTLEDGE 

The dose-effect and duration of action of several stimulants and tranquilizers were 
determined using motor and psychomotor performance tests with humans. Three 
doses of each of the following drugs were employed: placebo, caffeine, d-amphet- 
amine, phenmetrazine, methyl phenidyl acetate, phenobarbital, chlorpromazine, 
meprobamate, and oxanamide. Phenmetrazine and methyl phenidyl acetate were 
also studied with additional tests designed to measure fatigue. Deanol and placebo 
groups were tested weekly for 8 weeks of daily administration crossing treatments 
at 4 weeks. The tranquilizers did not affect performance as measured by the tests 
employed, while all stimulants produced some improvements in all tests. Phen- 
metrazine and methyl phenidyl acetate were the most promising central stimulants 
tested. These were found to mitigate fatigue by elevation of the initial performance 
level and by decreasing the time-related decrement. The action of deanol was 
equivocal with some indication of an interaction between the drug and subject 

interest. 

ROBLEMS inherent in the guidance of aircraft 
or anticipated spacecraft have increased to  

the point where, despite refinements in instru- 
mentatinn, they have begun to  exceed man's 
physiologic and psychologic limits. The obvious 
solution to the problem is to alter man himself. 
This might be accomplished through education 
and training and (or) through the mediation of 
centrally acting drugs. While i t  is perhaps self- 
evident that the improved control of rapidly 
mo\-ing objects is a worthwhile objective, an even 
more important objective could be the production 
of periods of  enhanced efficiency under conditions 
of stress or fatigue. r2lthough many studies have 
heen conducted to determine the effects of 
centrally acting drugs upon human performance, 
most of these have been clinical in nature, lack 
proper controls, or they have been oriented 
t0wdrd the treatment of mental illness. I t  is 
tliereforc difficult to compare the effects of such 
drugs upon nonnal performance. 

The minimuni requirements for the proper 
evaluation of a drug affecting performance would 
seem to lje that :  the temporal and dose effects of 
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the drug must be measured with several t \  1 x 5  o f  
performance; the subjects employed must he 
adequate in number and be reasonablr uniform, 
physiologically and psychologically, and the 
experimental design must provide adequate 
controls and employ suitable technique5 to  ayoid 
bias. 

In the studies which follow evert- effort \rai 
made to meet these requirements, although, as 
noted in the discussion, it became necessarv to  
reach certain compromises dictated 11v the 
limitations of time 

EXPERIMENTAL 

Central Stimulant Study.-Subjects cciiisisted of  
15 volunteer, male, college students between the 
ages o f  22 and 27, and weighing between 145 and 185 
pounds. All were experimentally naive prior to 
testing and were of approximately the same intellec- 
tual capacity as indicated by the rank in their class. 
Subjects were instructed in the test prcredure by 
means of detailed printed instructions a n d  a n  oral 
orientation period. They were then repeatedly 
tested in practice sessions until a stable level o f  
performance was achieved for each test. Treat- 
ments consisted of t h e  following drug doses: placeho; 
caffeine, 100, 200, and 300 nig ; d-aniphetainine, 2.5, 
5, and 10 mg. ; plientiictrazine, 12.5, 2.5, itrid 50 nig. ; 
and methyl phenidyl wetate, 5, 10, and  1.5 rng. 
Doses were selected by bracketing what mas 
thought to  be the amount of the drug which would 
induce definite physinfr~gical and psychi~logical 
effects. 

.4ll testing was performed between 1 : 00 and 5: 00 
p.m. At apprcmimntely 1 2 : O O  p . m . ,  1 hour prior to 
the administration o f  the drug, subjects a te  it light 
lunch consisting usually of  a sandwich, a glass of 
milk, and some fruit. They were instructed to re- 
frain from drinking caffeinated heverages and from 
smoking following breakfast. Five subjects were 
each tested four t'rnes n one afternoon ;it hourly 
intervals. The first test for all subjects, or control, 
was conducted oiie hour after Iuncli. Iinrnediatelv 
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careful preinstruction and continual observation by 
the experimenter. 

The key was wired into an electric timing circuit 
in such a manner that the first tap activated an 
adjustable timer previously set for the desired period 
Qver which the tapping rate was to be measured. 
Starting the timer simultaneously closed a relay 
connecting the key to an electric four-digit counter. 
The stopping of the timer a t  the end of the preset 
interval opened the relay and discontinued the 
counting. In this manner subjects could begin 
tapping whenever they felt that they were ready and 
the total count for the specified period was recorded 
automatically. The circuit for this counter system 
is shown in Fig. 1. 

One objective of the tapping test was to determine 
the maximum speed at  which a voluntary movement 
could be repeated. For this purpose the test must 
be conducted over an accurately measurable time 
interval yet one that is short enough t o  prevent 
fatigue. A 5-second period was employed. I t  was 
repeated four times at  each of 4 hourly test periods. 

The rate of tapping may also be used to observe 
the effect of fatigue on the motor activity of the dis- 
crete group of muscles controlling finger movement. 
For this purpose the test was conducted over a 60- 
second interval. Because of the problem of cumula- 
tive fatigue, it was possible to perform this test only 
twice in any one period, before and after an 8- 
minute interval during which the other tests were 
being performed. 

Simple Visual Reaction Time.-The visual stimu- 
lus for this test consisted of the light from a 120-v., 
6-watt, Sylvania S6 lamp mounted in a holder 
behind a 1-in., clear, jeweled lens. The lamp was 
placed in a cabinet about 3 ft. from the subject and 
was 6 in. above the desk top. The subject was 
seated before the light with his index finger on a 
snap-action switch having a pretravel distance of 
l / 1 6  in. With the subject in position, the experi- 
menter, seated behind the cabinet, gave a verbal 
signal of “ready,” a t  which time he siniultaneously 
closed a switch in a time-delay circuit. This circuit 
was previously and at  random varied by the experi- 
meter between time intervals of from 2 to 5 seconds. 
At the completion of the time-delay, the circuit to 
the lamp and a Beckman time interval meter model 
7250C were activated, turning on the light and 
starting the counter. When the snap switch was 
then closed by the subject, the timer was stopped 
and the time was measured to 0.1 msec. The circuit 
diagram of this apparatus is presented in Fig. 1. 
Four replicates of this test were conducted a t  each 
test period. 

Complex Reaction Time.-This test was modified 
from one described by Borkenstein ( 3 )  which mas 
termed “choice reaction ” The apparatus for this 
test consisted of a 9 X 9 inch panel of opalescent 
Plexiglas mounted on the sloping front of the cabinet 
containing the simple reaction time light. The panel 
was divided into sixteen 1.5 in. square spaces in a 4 
by 4 arrangement. Each space had a black 1-in. 
number arranged in the order from top row tobottoni 
row: 9-6-3-5, 6-2-4-7, 7-8-9-8, and 5-2-3-4. These 
numbers were on the reverse side of the Plexiglas 
panel and were not visible until individual lights, 
mounted separately behind each number, were lit. 
The lights could be lit in either of two manners. 
First, they could be lit two lights a t  a time in a con- 

following this tcst a No. 1 pink capsule containing 
the drug was administered with a glass of water. 
The selection of the drug-dose was randomized and 
double-blind conditions were maintained throughout 
the study. Testing was repeated three times a t  
hourly intervals following the first test and the 
administration of the drug. 

As each subject was to be tested with each of 13 
drug or placebo doses, it was anticipated that bore- 
dom or disinterest might influence the results after 
the novelty of early testing wore off In an attempt 
to minimize this possibility and yet not introduce 
new factors of variability, two techniques were 
employed in order to maintain positive motivation. 
Competitive motivation was used to the extent that 
the three highest individual scores for each test were 
posted weekly with the previous record score. No 
further efforts were made to induce individual or 
group competition because such methods have been 
found to create variable secondary effects (1). 
Self-competition related to knowledge of perform- 
ance (2)  was difficult to induce because of the 
changing drug factor. Subjects were not allowed to 
observe another’s performance nor did they receive 
information concerning their own scores except as 
indicated The second measure designed t o  stimu- 
late motivation was the encouragement of subjects 
to maintain a record of their own subjective responses 
to each treatment. They were informed that a t  the 
conclusion of the study they would be provided with 
their own test results and the drugs employed at 
each period. This procedure provoked considerable 
speculation and maintained interest in the effects of 
each treatment. Subjects were not informed of the 
drugs that were to be employed other than that 
moderate doses of nontoxic agents were to be used. 

All experiments were conducted in an isolated 
laboratory equipped specifically for this purpose 
The room was well lighted with overhead fluorescent 
lamps as the sole source of light Room tempera- 
ture was held between 70 and 72°F. Ambient 
noise consisted of the sound of the fan motor in the 
counter and the motors of the tracking test. These 
were kept running continuously throughout the 
entire afternoon of testing and provided a low steady 
noise level sufficient to mask external sounds. Con- 
versation between subject and experimenter was not 
permitted except for necessary signals and instruc- 
tions. 

Tests 
Tapping Rate.-A microswitch with a roller con- 

tact was used as a key in the tapping tests. The 
switch had a lever arm of 1 in., a pretravel distance 
of 1/4 in., and required an actuating force of 140 Gm. 
The roller tnaterially reduced finger friction and in 
the preliminary testing gave more consistent results 
than similar keys without the roller. I t  was 
mounted at  table height so that the subject sat 
facing the switch with his arm comfortably bent a t  
the elbow and his forefinger on the key. The thumb 
and remaining fingers were folded beneath the hand 
and kept in constant contact with the table. This 
precaution was necessary in order to avoid actuation 
of the switch with the muscles of the hand rather 
than of the finger. Use of the hand enabled sub- 
jects to obtain higher scores, especially in the 60- 
second test in which finger fatigue became marked. 
Conformity with this provision was assured by 
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Fig. I.--- --Circuit diagram of the unit controlling tapping tests and siiiiplc anti complex reaction times. 
. \ I 1  switches csccpt SI1, 12, la ,  rind SI, SPDT switch controlling 110 
v. a.c, power. S2, 4P 4-position switch controlling test function; -%, B, C, and D represent switch gangs; 
positions are 1, 2, 3, arid 4 beginning to the left of the pole and proceeding clockwise; all gangs are shown in 
position 2 ;  position 1, off; position 2, tapping rate; position 3, visual reaction time; and positiou 4, complex 
reaction time. Ss, SPDT off-on 
time delay switch. S7, D P  2-position switch to 
turn on motor switching varying pattern lights (Mz) and lights through relay RYz or to activate one of three 
titnc-delay switches (TDSI, ?, 8 ) ,  Ss and S9, SP 10-position switches controlling lighted number pair of com- 
plcx reaction time test. Slo, SP 3-position switch for selection of odd, even, or odd-even pairs, as indicated by 
piisitinns of Ss and S,. Sll, SPST momentary switch thrown by subject to complete visual reaction time. 
S,,, Sla, arid ,514, SPST momentary switches thrown by subject to complete odd, even, or odd-even pairs for 
coinplcx reaction time. RY,. SP, 2-position, 2-section latching relay controlling a.c. power. RY?, SP, 2-po- 
sii ion rclay to snpply power to motor-driven switch prior to activating time delay switches by S7. TDSI, 2 , 3 ,  

.\inperit e 2, 3 ,  and 5-second delay relays. M B ,  
varying pattcrn lights switch motor. 11, Stop position. 
1 11, Coininon. 

are mounted on the rear of the cabinet. 

Sa and S4, momentary SPDT, NO switches controlling RYI relay position. 
Ss, SP %position switch for selection of time-delay circuit. 

MI, Industrial Timer Corp., TD;1F-6O-second series timer. 
I, Start position on Beckman time interval meter. 

Circled letters represent common connections. 

tiiiuouslb* varying pattern by means of a motor- 
tlrivcn rotating multicontact switch. Secondly, 
<iny two sclected numbers could be lit by the expcri- 
mciitcr f<ill(iwitig a time delay of from 2 to  5 seconds. 
Thc  tcs t  was performed as follows: the subject sat 
facing the panel of  numbers with his thumb and 
forcfingcr on a 1.25-in. control stick of a Grumann 
automatic pilot controller, model GR2. When the 
iubjcct was ready, the experimenter threw the first 
\witch, causing various pairs of numbers to flash off 
: i i i d  on i n  an irregular manner. After approxi- 
inately 11) seconds of this irregular flashing of the 
iiumbcrs, a second switch was thrown, activating 
the previously selected time delay relay and dis- 
connecting the rotating switch. The panel of 
~iiiitihers now remained dark for the selected time 
period. This alerted the subject to be ready for the 
;ippcarance o f  the two numbers prkviously selected 

by the experimenter. With the closing of the circuit 
lighting the selected pair of numbers, the Beckman 
time interval meter was activated. The subject a t  
this titne seeing a pair of numbers, had to decide 
whether the pair was even, odd, or an odd-even 
combination. For an even combination the stick 
switch was to be pressed to the right, for an odd 
combination to the left, and for an odd-even com- 
bination, forward. Moving the stick in the correct 
direction closed a microswitch which stopped the 
counter. If the wrong combination was chosen, the 
counter remained activated and the result was re- 
corded as an error. The circuitry of this device is 
seen in Fig. 1. 

I t  had been previously determined in an iiiitkl 
study of this apparatus that an individual's score 
for a given number pair was quite consistent, but 
that there were considerable differences in the times 
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between different pairs. For this reason, ten odd- 
even pairs in which the numbers were approximately 
the same distance apart  on the panel had been tested 
repeatedly with a group of subjects. It was found 
that four of these pairs gave consistent reaction 
times varying between 825 and 875 msec. Each 
test consisted of five reaction times, two of which 
were obtained from the four consistent pairs. In the 
preliminary testing i t  was determined that  the sub- 
jects were ncrt aware of the fact that  certain number 
pairs were being repeated, 

Tracking Test.-The apparatus used to  measure 
motor coordination \WS similar in principle to many 
previously employed and is shown in Fig. 2. The 
object of the test was to hold a 15 inin. spot of light 
from a pistol-like flashlight on :i circular 1-ern. photo- 
cell that  was moving a t  a distance of 2.5 f t .  from the 
end of  the light gun. The photocell unit consisted 
of n basic motor which moved a :-in. arm through a 
vertical 70' arc, requiring 20 seconds for a complete 
cycle. To the end of this arm was connected a 15 
r.p.ni. synchronous motor, which in turn continu- 
( J U S I ~  rotated a second arrn 6 in. in length, also in the 
vertical plane. .4t the end of  the &in. arm was a 
%in. white circular target with a 1-cm. circular photo- 
cell in the center. The combined movements of 
both motors caused the photocell to travel at  an 
irregular speed and in a varying pattern. The speed 
with which the photocell moved relative to the sub- 
ject depended upon the relative motion of the com- 
ponent motors. When the directions o f  movement 
were the same, the phOtoce11 would move in a gradu- 
ally accelerating or sudden burst o f  speed, or if 
moving in opposite directions, the photocell might 
almost stop or move very slowly. In  order to induce 
irregularity further and prevent smooth continuous 
tracking, a universal joint was used to  connect the 15 
r.p.m. motor ~ I J  the (;-in. target arm. By adjust- 
ment of this joint it was possible to  cause the target 
to  make a bobbing movement at four points with 
each circular motion of the 15 r.p.m. motor. As 
these irregular movements occurred a t  varying 
positions of  the photocell and were dependent upon 
the relative positions of the two arms, the bobbing 
could not be anticipated. The critire apparatus 

- ELECTRIC MOTOR 
"lVERSAL (15 R P M  I 

J O I N T  . . . -70. ARC 
CONSTANT CONTACT 

SWITCH 

. E )  

c - 
IM L I G H T  SPOT 1 

Fig. 2.---Diagram of mechanical portion of the track 
ing test appnratus, 
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PHOTOCELL AMPLlFlER 

SP 

I 

Fig. :<.---Circuit diagram o f  amplifier used to  control 
the sensitivity of the tracking test photocell. 

was placed in the rear of a blackened box with the 
open end to the front. The dimensions of the box 
were 26 in. high by 26 in. wide and 34 in. deep. A 
black screen with a slot through which the blackened 
rotating arm extended concealed the apparatus from 
the subject who saw only an erratically moving 2- 
inch white circular target with a 1-cm. black center. 

The photocell was electrically connected through a 
constant contact rotating switch on the 6-in. arrn to  
an amplifier relay circuit shown in Fig. 3. Adequate 
light upon the photocell induced a sigual which, when 
sufficiently amplified, activated a relay and, in turn, 
closed a 60-cycle, 110 v. circuit connected to the 
Beckman time interval meter. Therefore, every 
second that  the photocell was adequately illumi- 
nated, 60 counts would be recorded. 

The experiment was performed with the subject 
sitting squarely before the target box having both 
feet flat on the floor. At a signal from the subject 
who was tracking the target, the experimenter 
threw a switch which si~nultaneously connected the 
Beckman time interval meter to the photocell circuit 
and started a 40-second timer. A perfect score for 
continuous contact throughout the 40-second period 
was a count of 2400. However, in order to allow for 
drug-induced increments or decrements in perform- 
ance, the amplification of the photocell output was 
so adjusted that  the average control score was less 
than half the perfect score. This test was repeated 
four times during each period. 

Central Depressant Study 
The study to  determine the effect of central de- 

pressants upon performance was aiso conducted with 
15 new subjects, but  with the same experimental de- 
sign and tests described for the stimulants. The  
drugs employed and their respective doses were : 
placebo, three doses; phenobarbital (as a standard 
sedative), 15, 30, and 45 mg.;  chlorpromazine, 25, 
50, and 100 nig.; meprobamate, 200, 400, and 800 
mg.; and oxanamide, 200, 400, and 800 mg. 

Central Stimulants Fatigue Study 
This study was designed to elaborate further upon 

certain results obtained with the initial central 
stimulant experiments. One objective was to deter- 
mine the effects of phenmetrazine and methyl 
phetiidyl acetate upon muscular fatigue. Each of 
these drugs had appeared promising in the 60-secoud 
tapping test and 110 indication was found in the 
literature that they had beeii tested for this effect. 
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X second objective was to  answer a hitherto unex- 
plained question of how the central stimulants affect 
fatigue. The question was whether psychomotor 
drugs act to  maintain the hase-line level of per- 
formance by suppressing the sense of fatigue or 
whether, by actually raising the initial level of per- 
formance, they simply negate ;L fatigue-induced 
decrement. Two tests were conducted to determitie 
these objectives. As the rate of tapping had been 
previously noted to decline steadily throughout the 
period of 60-second tapping, this test was extended 
to  3 minutes. Readings of the counts were made at 
half-minute intervals. The second test employed 
the tracking apparatus and was performed by ex- 
tending the period of testing to  6 minutes, during 
which time readings were made at minute intervals. 
T o  induce fatigue further, the subjects were re- 
quired to hold their arm with the light gun straight 
before them rather than with the elbow beqt arid 
touching the side. , 

Five subjects participated in this study. The 
treatments employed were: placebo, methyl phen- 
idyl acetate 15 mg., and pheninetrazine 50 mg. 
Subjects received each treatment twice in random- 
ized allocation and according to the manner pre- 
viously described. 

Chronic Deanol Study 

Eighteen volunteer, male, college students be- 
tween the ages of 21 and 33, weighing between 135 
and 205 pounds, served as subjects. Orientation 
arid tests were the same as  for the studies with 
central stimulants and depressants. Subjects were 
randomly divided into two groups with nine subjects 
in each group. Group 1 received a daily capsule 
containing a placebo (luring the first four weeks and a 
capsule identical in appearance containing 75 nig. of 
deanol (dimethylaminoethanol) for the nest four 
weeks. Group 2 received these treatments in the 
reverse order. Double blind conditions were main- 
tained throughout. The five tcsts were adminis- 
tered in the same manner as in the central stimulant 
and depressant studies except that  the testiiig of 
each subject was repeated at regular wcekly inter- 
vals from the onset of treatment. In  addition to  the 
usual tcsts, subjects were also examined for changes 
in mood and any other subjective responses. For 
the :malysis of a possible effect upciii mood, the adjec- 
tive check list of Nowlis (4)  was employed. This 
list coiisisted of 145 adjectives descriptive of mood, 
feelings, or states of mind. Each adjective could be 
categorized as being either positive (cheerful, self- 
confitlent, etc.) or negative (depressed, unsure, etc.) 
iii character. At each test period the subject 
checked those adjectives on the list which definitely 
described his feelings, usiiig a single check were 
applicable, a double check mark where the adjec- 
tive strongly applied, and a question mark when 
there W:IS some uncertainty. I n  addition to  the 
adjcctive list, subjects were further asked to  describe 
an)- change from normal in their mental or physio- 
logical functions, such as the presence of pain, 
miount of sleep required, or changes iu appetite, 
libido, study habits, and similar effects. 
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precision of the tests of significance, the means of 
12,480 raw scores were first adjusted for regression 
upon the corresponding control values. These ad- 
justed scores were esaniined by an analysis of 
variance (5).  The results are shown in Tahle I .  
The principal experiniental variables were drugs, 
doses, and times. In each test, drugs constituted :i 

significant source <if variation. This means simply 
that not only were the drugs employed capable of  
affecting performance, but also that the tests selected 
were adequate to detect these changes. The ab- 
sence of significant variations in dose response, es- 
cept for the 60-second tapping rate, would indicate 

RESULTS 

Central Stimulant Study.-- In ordcr to compensate 
for normal diurnal variations aiid to  incrcase the 

TABLE  ANALYSIS OF \'ARIANCE OF ADJUSTED" 
POSTTREATMENT SCORES OF CENTRAL STIMULASTS 

Variance df Square F f 

Pursuit Test 

Source of Mean 

Drug 3 6,266 
Dose 2 1,385 
Time 2 9,921 
Drug X dose 6 12,565 
Drug X time 6 1,989 
Dose X time 4 372 
Drug X dose X 

time 1" 538 
Total 30 

Drug 3 0 5849 
Dose 2 0 4688 
Time 2 0 9747 
Drug X dose 6 0 9610 
Drug X time F I) 266.5 
Dose X time 4 I) 0883 
Drug X dose X 

time 12 0 1613 
Total 3 6 

Five-Secorid Tap  

1 1 . 3 3  <o.ot 

1T.94 <(l.Ol 
2 2 . 7 2  <O.Ol 

2 .  .iO 

3.60 <I).O5 
0.67 

3 . 6 3  <0.03 
2 .91  
6 .04  <0 .03  
5.96 < O . O l  
1 .65  
n . st? 

Sixty-Sccond Tap 
Drug 3 63 4259 6.53 <O ( I 1  
Dose 2 301 2100 31.01 <0.01 
Time 2 I25 5413 12 93 <o 0 1  
Drug X dose 6 41 9323 4 32 <O (15 
Drug X time 6 6.5628 0.68 
Dose X t ime 4 12 9989 1.34 
Drug X dose X 

Total 
time 

Drug 
Dose 
Time 
Drug X dose 
Drug X time 
Dose X time 
Drug X dose X 

Total 
time 

Drug 
Dose 
Time 

12 9 7120 
36 
\.isual Reaction 
3 l."i5,955 6 t9 <0 0 1  
2 758,429 3 74 
2 21.562 0 11 

12 2n2,;4Ci 
36 

Cotnple\ Reaction 
3 37.381,699 3 56 <I) 0 1  
2 34,867,787 3.3" 
2 3,810,247 0 36 

Drug X dose 6 85,377,907 8 18 < O  01 
Drug X time f i  11,101,987 1 06 
Dose X time 4 15,545,967 1 48 
Drug X dose X 

Total 36 
time 12 10. 51)4,430 

n Adjusted score is the difference between mean treatment 
score and mean contr'd score. 
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that either the tests were not sufficiently sensitive to 
detect the overall effect of the dose as a variable or 
that the differences in the sizes of the dose were not 
adequate to demonstrate such an effect. This does 
not, of course, preclude the possibility that indi- 
vidual doses may induce significant variations from 
corresponding control values. The fact that time 
was significant for all tests except the reaction times 
tells that the length of time following drug admin- 
istration also influenced the response. 

In  order to determine which drug-dose-time per- 
formances were significantly different from those of 
the placebo, the t-test of Dunnett (6) was applied to 
the differences between the mean test scores and 
control values for the drugs and placebo. These 
data are presented in Table I1 and in Figs. 4-13. 
From Table I1 it is apparent that the tracking test 
was the most sensitive gauge of stimulant drug 
activity and that the lowest dose of caffeine, 100 
mg., and the highest doses of phenmetrazine and 
methyl phenidyl acetate, 50 mg. and 15 mg., respec- 
tively, were generally the most effective. 

The numerical values employed in Table 11 and 
their graphic presentation in Figs. 4-13 demonstrate 
the discrete changes resulting from the drug-dose- 
time interaction. Although with such presentations 
the individual values and treatments may be ob- 
served to vary significantly from those of the corre- 
sponding placebo or control, total drug-dose effects 
are not easily compared. In order to simplify such 
a comparison, the time-effect was integrated by 
measuring the areas under the graph curves with a 
planimeter. These values, measured in square, 
centimeters, were obtained from original graphs in 
which the coordinates measured 7.6 cm. and 15.3 
cin. for the x and y axes, respectively. The values 
obtained are the algebraic sums of the areas above 
and below the zero or control level, and are pre- 
sented in Table 111. 

The 5-second tapping test afforded an objective 
index of the speed of a simple repetitive muscular 
movement rather than a measure of precision. I t  is 
most apparent from Table I11 and from Figs. 4 and 
5 that methyl phenidyl acetate and phenrnetrazine 
can significantly improve 5-second tapping. As 
might be anticipated, peak activities appeared at 
the second hour posttreatment. While i t  is not 
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Fig. 4.-Five-second tapping rate 



1/01, 71, 1Vo. 7, July  1962 637 

1 8- 

- 3 i  -4-- , 
0 1 2 3  

6 

5 

4 

3 

2 

I 

0 

- I  

-2  

- 4  -3L.--i 0 1 2 3  

T I M E  IN HOURS 

PHENMETRAZINE CAFFEINE 

Fig. 5.-Five-second tapping rate. 

- I  1 
-2: 

-31 

DESTRO-.4MPHETAMINE 
METHYL PHENIDYL ACETATE 

Fig. 6.-Sixty-second tapping rate. 

surprising to find that central stimulants are capable 
of improving this type of performance, i t  is rather 
surprising that d-amphetamine did not cause a 
significant improvement. From Fig. 4 and Table 
11, it can be observed that d-amphetamine, while 
raising the level of performance over that of the 
placebo, was not as effective as the larger doses of 
pheninetrazine or of methyl phenidyl acetate. 
Further, these latter agents induce a dose-related 
effect. These differences may be the result of an 
improper selection of doses or they may reflect real 
differences in the actions of these drugs. The re- 
sults with caffeine, although not significant, are 
most interesting because of the inverse relationship 
between dose and effect. 

The information obtained from the 60-second 
tapping test is quite similar to that from the 5- 
second test, although the longer test appears to be a 
somewhrlt more sensitive measure o f  the drug effect. 
The principal difference in these two was the factor 
of fatigue in the longer test. All drugs demon- 
strated a significant improvement in performance a t  
one or more of the times tested (Table 11). From 
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Figs. -I-l3.-Placebo, 0; d-amphetamine, 1, 2.5 mg.,  A 5 mg ,o 10 mg. ; methylphenidyl acetate; 
c ,?rng., A 1 0 m g . , 0 1 5  mg.; phenmrtraziric. a 12.5 mg., A 25 mg. ,  0 50 mg.; caffeine, 0 100 mg., 
A 200 mg.,@300 mg. Filled-in synbols indicate a signific:int differelice ( P  < 0 . 0 5 )  from corresponding 
placebo snlues. 

TABLE III.--INTEGRATED DOSE-TIME EFFECTS OF CENTRAL STIMULANTS~ 

Tracking Five-Second Sixty-Second Visual 
Treatments Test Tap Tap Reaction 

Placebo 17.9 2 . 0 1 . 9  -21 .4  
Caffeine, 100 mg. 56.0 32.  .5 27 f i  -14.4 
Caffeine, 200 mg. 41 .1  21.0 55.5 - 8 . 2  
Caffeine, 300 mg. 12 .2  12 .6  4 0 . 9  1 . 0  
&Amphetamine, 2.5 mg. 27 .4  18 .2  35 .4  3 . ;  
d-Amphetamine, 5.0 mg. 29 .7  15.8 33.3 -9 .9  
d-hiphetarnine, 10.0 mg. 1 6 . 5  22 .1  32.1 10 .4  

Phenmetrazine, 50.0 mg. 49.2 45 .8  60.4 5 . 4  
Methyl phenidyl acetate, 5.0 mg. 26 .1  10 .4  12 .9  - 0 . 3  
Methyl phenidyl acetate, 10.0 mg. 41.2  30.9 31 .ti - 1 . 7  
Methvl nhenidvl acetate. 15.0 mrr. 52 .2  38.7 43 .2  9 .6  

Phenmetrazine, 12.5 nig. 13.1 1 9 . 3  24 .f i  1 7 . 8  
Phenmetrazine, 25.0 mg. 35 .2  30.1 40 .3  - 2 . 5  

Complex 
Reaction 

6 7  
44 2 
16 7 

--A 3 
3 1  

-2 (i 
34 1 
29 0 
31 9 

-27 8 
- i  1) 

-13 0 
6 1  

u The areas under curves were measured with a planimeter from original graphs in which the coordinates measured 7.1; crn 
Values are the algebraic sums of the areas above and below the zero or control and l.j.3 cm. for the x and y axes, respectively. 

level. 
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Table 111 and Figs. 6 and 7, it may be observed that 
the improvement was dose-related except in the 
case of caffeine. For reasons that are not apparent. 
the order of activity with caffeine was 100 < 300 < 
200 mg. 

The effects of the drugs upon both simple and 
complex reaction times were not as marked nor as 
consistent as those obtained with the tapping tests. 
This may be seen from examination of Tables I1 and 
111 and Figs. 8-11. Generally some improvement 
over the control values can be noted, but of  greater 
ineaning is the fact that  the time-related perform- 
:mce decrement of both tests, as seen by comparison 
with the placebo values, was prevented by most of 
the drug doses. Several effects stand out. First, 
in contrast to most of the othcr tests, in the simple 
reaction time, caffeine induced a slight improvement 
that was directly related to  the close. With the 
complex reaction time, however, the 100-mg. dose of 
caffeine produced significantly greater iruproveInent 
than the higher doses, again demonstrating an inverse 
relationship between the dose and the effect of this 
drug. This effect of a high dose of a stimulant 
causing a decrease in the complex reaction time per- 
forrnance was marked with the 50-mg. dose o f  phen- 
metrazine. 

From Tables I1 and 111 and Figs. 12 and 13,  it is 
apparent that  the tracking test was the most sensi- 
tive gauge of stimulant drug activity. Both methyl 
phenidyl acetate and phenmetrazine produced 
improvement in perforinance. In each case the 
effect was directly related to the size of the dose, arid 
with the highest doses it was significant. Caffeine, 
on the other hand, once again demonstrated an 
inverse relationship between dose and effect with the 
100-nig. dose inducing significant improvement. 
d-Amphetamine did not significantly affect this per- 
fnrniance test a t  any dose nor at any time tested. 

The side-effects observed with the central stimu- 
lants were minimal and usually consisted o f  no more 
than a marked increase in excitability and physical 
activity with the highest dose of each drug. ;\I1 suh- 
jects were nortnotensive and no symptoms were 
elicited from the cardiovascular system other than 
rnoderate iricreases in the heart rate. One subject, 
who did not drink coffee, became quite agitated after 
the first dose of 100 trig. of caffeine and was given fin 
further doses of this drug. Generally the subjective 
response to a11 the drugs was a feeling of well being, 
although the 3M-rng. dose of caffeine had a tendency 
to induce nervous tension that might he best de- 
scribed as the "jitters." 

Central Depressant Study.-Dunnett's t-test wits 
applied to the data from the study of the central 
depressants in the same manner as previously de- 
scribed for the stimulants. The results are sum- 
inarized in Table IV. Inspection of the mean 
values reveals that  only one score was significantly 
improved. This was the simple reaction time with 
chlorpromazine 50 xng., a t  the 2-hour test periocl. 
Examination of the raw data froin which this signifi- 
cant value was obtained gave no indication as  to the 
reason for the apparent improvernent. 

While the values obtained in the various tests are 
seeniingly quite variable in terms of the placebo 
effects, the per cent deviation from the control 
(initial) values are uniformly low (Table I v )  in 
comparison with the results from the samc tests 
using central stimulants (Table 11). I n  the stirnu- 
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laiit tests, the mean per cent deviation was fre- 
quently in the range of a 20 to  30% positive devia- 
tion, while with the central depressants, it  seldom 
exceeded 85, in either direction. 

Central Stimulants Fatigue Study.-The results 
of this study are presented in Figs. 14-19. While 
the manner in w-hich the data are presented does not 
indicate any apparent time-related decrement in 
performance, it should he rioted that the points in 
each curve represent the per cent deviation from the 
corresponding points measured during the control 
period. Therefore, while the relative values shown 
in the curves may indicate an  increase or little change 
in perforinatice, a plot of the absolute values would 
result in curves having a definite downward trend in 
almost all cases. \Vith this in mind, it may be seen 
that pheninetrazine induced a greater percentage 
improvement with the 6-minute tracking test than 
with the 3-minute tapping test. The prevention of 
fatigue with the stitiiulants, as  anticipated from the 
results o f  the previous 60-second tapping test, was 
most prominent 2 hours after taking tlie drug. In 
the 6-minute tracking test the results were significant 
( P  < 0.01) at  all times throughout the %-hour period 
and in all but one point a t  3 hours. In the 3-minute 
tapping, only tu-o points in the 2-hour test period 
were sigtiific:trit a t  P < 0.01 and P < 0.05. while 
none were significant a t  period three. Methyl 
phenidyl acetate significantly improved performance 
only a t  one time, 3 hours after the drug in the 6- 
minute tracking test. 

Chronic Deanol Study.-The results of the per- 
forinancc te%ts were ;inal>-zed with a nested 2 X 2 
factorial type design in order to measure the signifi- 
cance of each of the folloiring effects: drug effect ns. 
placebo; order o f  administration, i.e., drug first, 
pl:icebo last I'S. placebo last, drug first; and fin;tlly 
the interaction between the drug and the period 
tested, i.e., drug-test period differences (7).  

The nieatl \.slues for tlie motor and psychornotor 
tests at 4 and 8 ueeks are presented in Table V. In 
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Figs. 14---16.-Sis-minute tracking test ; placebo, 

0 ;  methyl plienitlyl acetate 15 tng , A :  and pheii- 
metrazirie 50 ing. ,  0. 
TABLE \ . . - ~ I E A N  CHRONIC DEANCIL SCORES AT 4 

A N D  &WEEK TEST PERIODS' 

,- Four Weeks - Eight Weeks 
Placebo Deanol Placebo Deanol 
Group 1 Group 2 Group 2 Group 1 

Tracking Test 660.2 780.7 649.8 635.2 
5-Second tap  3 1 . i  31.9 32.9 31.7 
60-Second tap  326.0 333.4 329.1 321.2 
\'isual reaction 228.3 221 . 2  216.1 YL2.9 
Complex reaction 814.2 764.0 7 2 8 . 3  7 3 3 . 2  

a Group 1 received 73 rng /day of deaool for first 4 weeks 
For the next 4 weeks, the while group 2 received a placebo 

treatments were reversed 
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Table \‘I the analysis of variance of the data indi- 
cates :I significant interaction only between order 
and drug for the pursuit test. It  is apparent that  
the reason for the significance lies in the relatively 
high score obtained with the drug when it was 
adniinistered in the first 4-week period. This score, 
when compared with the other three values in the 
pursuit test by a &test, was found to  be significant 
a t  1’ < 0.001 (8). 
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0; methy1 p h e n i d ~ l  acetate 15 mg.,  A ;  and  p1ie11- 
rnetrazine 50 mg., 0. 
TABLE VI.-ANALYSIS OF VARIANCE OF CHROXIC 

DEANOL SCORES 

Source of Mean 
Variation df Square F 

Tracking Test 
Order 1 12,656 0.96 
Error term 16 13,233 
Drug 1 4,738 2.84 
Drug X order 1 20,688 12.41 
Error term 16 1,667 

Order 1 4.41 0.12 
Error term 16 36.51 
Drug 1 2.25 1.20 
Drug X order 1 1.87 0.79 
Error term 16 2.38 

Five-Second Tap  

Sixty-Second Tap  
Order 1 529.00 0 1% 
Error term 16 1,296.62 
Drug 1 0.44 
Drug X order 1 186.78 0:90 
Error term l t j  189.+P 

\‘isuol Reactioii 
Order 1 434.03 0 44 

P 

<o 01 

. . .  

. . .  

. . .  

Error term 16 995.05 
Drug 1 0.25 . . . . . .  
Drug X order 1 250 70 1.03 . . . 
Error term 16 213.03 

Complex Reaction 
Order 1 B.%4 0.16 
Error term 16 13,331 
Drug 1 4,624 0 34 
Drug X order 1 30,625 2 28 
Error term 16 13.458 
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The results of the adjective check list test for 
mood were analyzed in several ways in order t o  ob- 
tain any possible indication of drug effect. As each 
adjective had a positive or negative mood charac- 
teristic, those that  were checked were graded 3 
points for a double check, 2 points for a single check 
and 1 point if they were undecided. The total num- 
ber of positive points over the total negative points 
was expressed as the mood index. These values 
ranged from a low of 0.26 to a high of 79.0. Corn- 
parison of the 4 and 8-week values revealed no 
significant difference between drug and placebo. 
Neither was there any tendency for the mood index 
to  increase during the 4 weeks of deanol adminis- 
tration when compared with the placebo adminis- 
tration. In some individuals, marked fluctuations 
in the mood occurred from week to week while with 
others. tlic values were relatively constant. Seither 
the direction nor the niagnitude of the change could 
he related to the presence or absence of thc drug IIOI 

to the period of testing. The comments of subjects 
concerning changes in mental or physiological func- 
tions were equally variahle and unrelated to the drug 
or the period. 

Joiirnal of Pharmaceutical Sciences 

tunately, much of the evidence is conflicting. I ts  
effect upon reactinn time presents a case in point. 
In our study, caffeine induced a significant dose- 
related improveineut in simple visual reaction time. 
I t  has, however, been reported to:  decrease the 
reaction time ( 1  1-14), lengthen the reaction time 
(15, l6),  produce no change in the simple reaction 
time after doscs as large as 600-900 mg. of caffeine 
citrate (17-20), and to produce either a decrease or 
an increase dependent upon the size of the dose (21). 
Srriall doses betwecn 60 and 240 rng. produced 
longer reaction times than the placebo, while larger 
amounts, 300-360 mg., shortened the times. 

There are several possible reasons for these diver- 
gent results with such a seemingly simple test. 111 
snme of the investigations, cups of coffee were 
eniplo!-ed to measure the dose of caffeine, a technique 
which raises suspicion a s  to the actual ainount 
of caffeine ulministcretl ( 1 3 ,  16). Further, the 
nieasurernent of the reaction time ( K T )  is dependent 
upon numerous variables which makes the test fairly 
complex to administer. For one thing, it tins beeii 
demonstrated that the reaction time is a fuuction of 
the sense modality stimulated, auditory KT’s being 
faster than visual IIT’s. Further, the number o f  
sense organs stimulated affect the times. as any 
combination of auditory, visual, and elcctrical or 
shock stimuli induce faster RT’s than do the 
itidivitlual stiniuli. .Atlditinnal factors influciicing 
the K T  include: stinnilus duration and intensity, 
period of readiness, stress, age, hody position, and 
the responding rnetnber (22). I t  is entirely possible 
that some of the reported cffects may have been the 
result of uncontrolled variables. For esainple, tlic 
optimum period of readiness before the stimulus is 
presented has been determiricd to be hetween 1 . 0  
and 4.0 seconds, ii longer tlclay resulting in :i lengtli- 
eucd K T .  This was the appri)xiiiiate range employed 
in our study although, in some o f  the results cited, 
the authors have U S K ~  indcfinite periods o f  readiness 
or pericds up to  10 seconds. 

Perhaps tlic niost significant finding with regard 
to caffehc was that  in three of the five tests, that  is 
%sec(mI tapping, cornplex reaction time, and the 
tracking tests, an invcrw relationship was found to 
exist with regard to  dose and effect. The only other 
drug which caused this effect was the 5O-mg. dose o f  
plienrnetrazine i n  the C O I T I ~ ~ C S  reaction time. That  
increasing the dose of  caffeine might be detriniental 
to performancc has been previously reported for 
tracking tests (18, 22, BY 1. The doses employed in 
thesr observations were i n  the 200 to 300-nig. range. 
We observed that with a close of 200 mg., perform- 
ance was still irnproved and that it required :300 ing. 
to induce a mi)dest a n t l  tionsignificant decrease in 
pcrfi~rmance. Such minor differences could be re- 
lated to subject or tcst variables. 

The reason for the impairment of performance 
with a task sucli :is tracking may be related to the 
fact that  caffeine has becn reported to  rcduce 
steadiness o f  the hand in doses of 300 mg. or inore 
(13, 17, 18, 2 0 ,  21, 24-2fi). While there has been no 
mention of an improved steadiness with lower doses 
of caffeine, an inverse dose-effect relationship has 
been reported in a test of coordination in which the 
time required to thrust a stylus into a series of holes 
was measured. In this test, 60 to 120 nig. of 
caffeine improved the performance, while dnses above 
180 mg. slowcd the response (21). This same 

DISCUSSION 

I n  any study of hunisn behavior the selection of 
test procedures not only can influence the results 
but, unfortunately, is rather empirical. The general 
types of tests that  may be employed can be cate- 
gorized as : conditioned response, affect change, 
neurophysiological, perceptual, motor, mental, and 
perceptual-motor tests. Tests employed in these 
studies were selected in order t o  meet several cri- 
teria. Because of the large total number of indi- 
vidual drug-test scores (34,860) in addition to the 
pretest training, i t  was necessary to consider care- 
fully the amount of time required for the actual per- 
formance of each test. I n  a more limited study. it 
might have been possible to  select tests which would 
have been more sensitive to  drug effects, although 
there is little information on this subject. Further 
requirements of each test were that the results must 
be reproducible, quantitative, and complerneiit the 
other tests employed rather than measure essentia1l)- 
the same parameters. The simple visual reaction 
time met these requirements for reaction time tests. 
While the complex reaction time test employed wa> 
not a well-known procedure, it combined both 
simple rnentation and reaction time, and it was 
t11i)ught that  when compared with the results of thc 
simple reaction time test it might serve to separatc 
the cornplex reaction time into the time required for 
inentation and that needed to complete thc simple 
reflex. Because of the variance within the couiple\ 
reaction times, such a comparison was not feasible. 
The tapping tests provided objective indexes cif 

motor activity in terms of the speed a t  which a 
simple voluntary movement could be repeated antl 
the effect of fatigue upon an  extended performance. 
The  pursuit, perceptual-motor in nature, integrates 
visual perception with a complex motor response. 
I t  has been suggested that tests requiring a complex 
response are most sensitive to  central drug effects 

4 s  caffeine was the first psychomotor drug to be 
known, a considerable number of perfommance tests 
have been conducted with this agent. Unfor- 

(9, 10). 
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inverse effect that  we also noted with the 5-second 
tapping test may help to  explain reports that  caffeine 
iricreases ( I  7, 20,21, 23), decreases (13), or produces 
no change (18, 27)  in the tapping rate. 

Obviously the effects of caffeine upon performance 
;ire dose-relnted and complex. I t  is suggested that 
the impaired steadiness or tremor induced by the high 
doses of c;iffeine ma)- be the primary factor, or a 
direct extension thereof, in the tests in which the 
drug reduced performance, although i t  is difficult to  
equate muscle tremor directly with a test such as 
complex reaction time. Reasons for the improved 
performances with caffeine are presumably similar 
to those applying to  the other psychomotor stimu- 
lants tested. It has been determined by others that  
cafieine heightens excitability. improves vigilance, 
facilitates simple intellectual tests, improves the 
mood, arid decreases fatigue. Whether these are 
different expressions of the same effect is difficult to  
say, but any or all would likely have influenced the 
performance tests in this study. One may conclude 
that if caffeine is to  be employed for the general 
iniprovement of performance. the dose should not 
exceed 100 mg. unless it can be definitely determined 
that the detrimental effect of larger doses is not a 
direct extension of the beneficial effect. In this 
case perhails, the impairment can be negated thrciugh 
the concomitant administration of appropriate 
ccntral depressants. 

The results of the d-amphetamine testing were i n  
general agreement with those previously reported. 
I t  had beeii found to  induce somewhat equivocal 
rcsults in the tapping rate. Both an increase (20) 
in the rate and no change (18, 28) have been re- 
ported. We observed a dose-related trend toward 
improvement which was not significant, although we 
did not use as high a dose as some of the reports 
which found improved performance. An important 
variable in this test is the state of fatigue. As indi- 
cated in the 60-second test, d-amphetamine produces 
a significant increase in the rate a t  both the 2 and 3- 
hour per'ods. Other workers have demonstrated 
that  &amphetamine can prolong the time that  an 
individual can perform physically fatiguing work 
(29~-32). Repeated testing, or testing with intervals 
longer than 5 seconds would be espected to  increase 
further the minimal improvement which we noted 
i n  the Fi-second test. While the d-amphetamine was 
iiot significantly effective in  any test escept 60 
second tapping, which is a measure of fatigue, i t  has 
been reported that  5 mg. of the drug significantly 
improves the score in a niultidimensional pursuit 
test (33). This difference may be attributed to  thc 
greater sensitivity of the rnultirlimensional pursuit 
test. 

Phenmctrazine and methyl phenidyl acetate 
significantly improved the performance in the 5 and 
(50-second tapping rate, visual reaction time, and the 
tracking test. It has been previously observed that 
subjects depressed with phenobarbital were able to  
perform simple arithmetic calculations faster when 
they received 20 mg. of methyl phenidyl acetate 
(34). Phenmetrazine was found to improve mental 
performance approximately 99& in well-rested sub- 
jects and 407, in the presence of fatigue (35). 
Studies comparable to  those reported in this paper 
have not been disclosed, but within the limitations 
imposed by the drug doses and the tests employcd, 
these agents gave indication of greater promise for 
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the improvement of performance than did either 
caffeine or d-amphetamine. 

The fact that  the central depressants did not 
significantly affect the performance tests is not 
surprising. Low doses of central depressant drugs 
have been generally found to  be without effect upon 
simple performance tests similar t o  the types which 
we used ( 3 6 , 3 i ) .  Kornetsky found that  meprobam- 
ate did not affect learning or reaction times in a dose 
of 800 mg., but  in a 1600-mg. dose, impairment of 
performance was observed (38). In  general, tests 
requiring integration of several functions, such as a 
simulated automobile driving apparatus (8) or a 
multidimensional pursuit test (39) are sensitive to  
moderate central depression. While the statistical 
analysis of the data did not demonstrate any depres- 
sant drug effects, a less sophisticated approach of 
simply observing trends gives some indication of a 
depressed performance. For example, as seen in 
Table IV, the greatest reduction in performance with 
the complex reaction time occurred with the largest 
doses of the tranquilizers. Further, the two larger 
doses of ch1orprc;mazine (50 and 100 mg.) produce a 
deteriorated performance in four out of the five tests. 
I t  had been reported that chlorpromazine a t  the 100- 
mg. level impairs the pursuit test, tapping rate, and 
hand steadiness (40). 

The tranquilizers should not be necessarily con- 
sidered as agents which reduce performance, as the 
ability to  perform certain tasks may actually be 
improved in the presence of fear, anxiety, or tension. 
This action has been demonstrated with both oxan- 
amide (41) and meprobamate (42) using subjects 
having demonstrable nervous tension. Unfor- 
tunately, the experimental production of anxiety or 
tension in human subjects has not been adequately 
studied. It has been demonstrated that  with an 
increase in muscle tension. performance will improve, 
but beyond a certain amount of tension i t  will 
rapidly fall off (43). It was previously noted in the 
discussion of the central stimulants that  increasing 
the dose of caffeine beyond 100 mg. generally re- 
sulted in a performance decrement. These larger 
doses of caffeine were a h  found to  induce tremor 
and other signs of muscle tension. I t  is possible 
with high dosage levels of caffeine, and perhaps of 
other central stimulants as well, that  the con- 
comitant administration of a tranquilizer may 
improve the level of performance above that  obtain- 
able with a stimulant alone. 

A number of investigators have suggested that 
both caffeine and the amphetamines prolong the 
period over which a n  individual can maintain the 
level of performance in physically fatiguing tests 
(29-31, 41--47). There has been little evidence, 
however, to  indicate the exact mechanism by which 
fatigued performance is mitigated. These drugs 
may either maintain the base-line level of perform- 
ance, thereby preventing a performance decrement, 
or they may elevate the initial performance level, 
thus allowing a decrement to  occur without dropping 
below the base-line. Neither caffeine nor d-amphet- 
amine were tested in this phase of the work as both 
phenmetrazine and methyl phenidyl acetate ap- 
peared to  be equally or more active, resulted in a 
better dose-response relationship, and had not been 
previously tested for their effect upon fatigue. 
Phenmetrazine in a 50-mg. dose was significantly 
effective in both the %minute tapping and 6-minute 
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pursuit tests. I:rom the iriitial points in I’igs. 15, 
16, 18, 19. it can be seen that the effect upon fatigue 
is accompkhecl in part by elevation o f  the iiiitial 
M e 1  d perfortnancul and, as best seen it1 the tracking 
test curves, also by the time-related widening of the 
dYfference between the points for the placebo and 
phemdetmzine. This increase in difference reflects 
:I reduction in the rate o f  fatiguc-induccd decrement. 

From the results ohviiiicil with deancd. several 
‘possible conclusions may lw rrxhed. As there was 
no indication of activity with the iiic~d test ant1 
most of the psychomotor tests, it micy be coiicluded 
that in the d m  and with the duration tested, deanol 
does not produce central stimulation of the magni- 
tude observed with the other stiniulants. Tlie rea- 
son for the highly significant (P < 0.001) differencc 
between the effect of deanol at the end o f  the first 4 
weeks of the %week test p e r i d  iind a t  the end of the 
second 4 weeks. is not clear. If this differeticu. is re- 
luted to the drug, then there i n u s  Ii:ive Ixen an 
interaction hetween the drug and wine unknown, 
uncontrolled factor that differed between tlie first 
:tnd the last 4 weeks of testing. I t  is suggested that 
the factor might have bccn the heightened interest or 
inotivation during the early st:igcs of testing. hl. 
though this type of interaction has not been reported, 
i t  is of interest to note in Tahle V that both the drug 
and placebu scores in the pursuit test were highest a t  
4 weeks. 

The observed effect of the deiinol trcattiient upnii 
mood and other subjective responses is a t  varianm 
with reported results (48). The responses described 
by others: a more affable mcxxl, greater ability to 
concentrate, the ability to  stop smoking, increased 
tolerance of cnntact lenses. and less stimulation 
from amphetamines, were presumably obta in4  with 
low daily dtms of from 10 to 30 mg. o f  tlie drug. 
Siniilar conclusions might bc drawn froin 3 casual or 
uncritical inspection of our own data. We found 
that nervousness was reported five times by indi- 
viduals taking deanol and four times by the cmtrols. 
An increased incidence of headaches wiis noted 
four times by the controls. An increased inciclencc 
(if headaches was noted four tinies hv dc;li>i)i suh- 
jects and six by the placebo group. Thtw were sis 
reports that more sleep was needed with clcmol ancl 
five with the placebo. Conversely, the need for less 
sleep was indicated nine tinies in the plirwho grnup 
i d  eight times in the tlcannl subjects. .An iticreasc 
in libido was noted tmcc in ench group. I t  tniiy be of 
sotnc conscquencc that during the first 4 weeks both 
drug and pkicehi p i u p s  nmde a tot:il of 96 coni- 
meiitsmnceriiirig subjective rc*sponses, while during 
the kist 4 week.., only 54 coii:ineiits wcrc made. 
Tlae suggestion, previously iidvancccl, that thc 
significant effect id de:iniil tipon tracking perfimi- 
iince during the first 4 weeks might Ir relittcul t o  iin 
intcnictioii with it Iieiglitciiccl initial ititcwst , ~vo~ilcl 
tend to he supported by this cvidencc. 

Any find interpretation of the eslwrirncnt;il rc- 
&It* in ternrs o f  their pcssil)lc application to useful 
tasks. must bc predicated upon tlie specific tests 
which were etnployed. Rwausr a pi t r t idar  drug 
&Id not he demonstrated to affect a specific test 
does not mmn that activity might not he ohscrvcd, 
tlerhims; in :i more aDproDriate or tn td  measure of 

.lourtinL of P~uirmoceirtical Sciemes 

xtritted t l D  be effective. it Illiiy genentlly be assumed 
that while more setisitivc test prcwedures would also 
I ) r  affected, total performance may still not tw: 
iiiiprovecl. 
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