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FANT, R. V., S. J. HEISHMAN, E. B. BUNKER AND W. B. PICKWORTH. Acute and residual effects of marijuana
in humans. PHARMACOL BIOCHEM BEHAYV 60(4) 777-784, 1998.—Marijuana continues to be the most commonly
abused illicit drug in the United States. Because many people abuse marijuana during the evening and on weekends and then
go to work or school the next day, more research is needed on the residual effects of marijuana. The current study sought to
examine both acute and residual subjective, physiologic, and performance effects of smoking a single marijuana cigarette.
Ten healthy male volunteers who reported recent use of marijuana resided on a residential research ward. On three separate
days, subjects smoked one NIDA marijuana cigarette containing either 0%, 1.8%, or 3.6% A°-tetrahydrocannabinol (THC)
according to a paced puffing procedure. Subjective, physiologic, and performance measures were collected prior to smoking,
five times following smoking on that day, and three times on the following morning. Subjects reported robust subjective ef-
fects following both active doses of marijuana, which returned to baseline levels within 3.5 h. Heart rate increased and the pu-
pillary light reflex decreased following active dose administration with return to baseline on that day. A new finding was that
marijuana smoking acutely produced decrements in smooth pursuit eye tracking. Although robust acute effects of marijuana
were found on subjective and physiological measures, and on smooth pursuit eye tracking performance, no effects were evi-
dent the day following administration, indicating that the residual effects of smoking a single marijuana cigarette are
minimal. © 1998 Elsevier Science Inc.
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MARIJUANA is one of the most commonly used illicit sub-
stances in the United States today (42). Recent evidence indi-
cates that the use of marijuana is on the rise, particularly
among young people (43). In 1994, approximately 16.7, 30.4,
and 38.2% of 8th, 10th, and 12th graders, respectively, re-
ported having ever used marijuana; an estimated 7.8, 15.8, and
19.0% of these students reported having used within the past
month (43). Additionally, marijuana has been cited as the
most commonly abused illicit substances with 15% of full-
time employed males using the drug within the past month;
however, the correlation between positive urine screen and
performance impairment is unclear (24). Because many peo-
ple use marijuana in the evenings or on weekends and then re-
port to school or work the next day, it is important to under-
stand the residual effects of marijuana smoking as well as the
acute effects.

The acute effects of marijuana have been well documented.
Marijuana has been shown to influence subjective states, per-
formance, and physiological measures. For example, one study
found that marijuana produced significant changes on visual
analog scale items of high, stoned, impaired, sluggish, con-
fused, clear-headed, and relaxed (2). The same study found
performance decrements on digit recall, digit symbol substitu-
tion, and divided attention visual search tasks. Another study
found similar changes in subjective and performance mea-
sures, as well as dose-dependent increases in heart rate (16).

The effects of some other drugs of abuse have been shown
to carry over to the next day after dosing. For example, vari-
ous “hangover” symptoms of alcohol have been reported by a
very large percentage of current drinkers (37). Some labora-
tory studies have shown that performance on the day after
drinking is impaired (23,35); however, others have not (8,39).
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Residual subjective and performance effects have also been
reported in laboratory studies the morning after barbiturate
(32) and benzodiazepine (25,32) administration.

In contrast, the residual effects of marijuana have been diffi-
cult to verify (24). A review of studies on the residual effects of
marijuana concluded that a brief “drug residue” effect may be
observed up to 24 h after a single marijuana smoking bout (33).
For example, studies on the next-day effects of marijuana on
airline pilots found significant impairment on flight simulator
performance on the day following smoking (20,47); however, a
third study failed to replicate this next-day effect (19). Chait
etal. (7) found that subjects who smoked marijuana in the
evening reported mild subjective “hangover” effects the morn-
ing after smoking (about 9 h postsmoking); however, the resid-
ual performance effects were minimal. A subsequent study
found small decrements in reaction time on a divided attention
task as well as substantial decrements in performance on back-
ward digit span on the day following marijuana (6). After smok-
ing two or four marijuana cigarettes, subjective and cardio-
vascular measures returned to baseline levels on the day follow-
ing smoking marijuana; however, performance impairment
persisted for as long as 24 h after smoking (14).

Because previous studies have shown performance impair-
ment as long as 24 h following two or more marijuana ciga-
rettes, the present study was designed to determine the effects
of a single marijuana cigarette on the day of smoking and the
day after. To test these effects, a battery of subjective, physio-
logic, and performance measures was used.

METHOD
Subjects

Ten healthy male subjects participated in this inpatient
study. Their mean age was 26.8 years (range: 24-31) and their
mean weight was 68.0 kg (range: 59.5-76.4). Inclusion criteria
included: age 21-31; current marijuana use of at least twice in
the past month but not to exceed three marijuana cigarettes
per week. Exclusion criteria included: history or active cardio-
vascular disease, seizure disorder, addiction to drugs other
than caffeine or nicotine. Volunteers resided on the clinical
ward of the Addiction Research Center for the 2-week dura-
tion of the study. Subjects were paid approximately $550 for
completion of the study; they were able to earn up to an addi-
tional $50 in incentive bonus for the performance tasks as de-
scribed below. Before participation in the study, each subject
signed an informed consent document that was approved by
the local institutional review board and met guidelines devel-
oped by the U.S. Department of Health and Human Services.

Procedure

Each of the subjects participated in three experimental ses-
sions; each session was separated by at least 3 days. During
each session, subjects smoked a single cigarette containing ei-
ther 0, 1.8, or 3.6% A°-tetrahydrocannabinol (THC) according
to a paced-puffing procedure (15): eight puffs per cigarette,
20-s puff retention, 40-s interpuff interval. The THC content
of the cigarettes averaged 0, 15.6, and 25.1 mg, respectively.
Because of safety concerns for the volunteers, the order of
treatments was force-randomized such that the subjects al-
ways smoked the low dose before the high dose. All of the
subjects were exposed to all treatment conditions in a double-
blind manner. Subjects were trained to a level of performance
where their speed and accuracy plateaued as in other experi-
ments (29,38). Specifically, each subject participated in a min-
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imum of 15 trials on each performance task. An individual’s
performance was regarded as stable when the scores of three
successive trials did not differ by more than one standard de-
viation of the mean of those trials.

Experimental Measures

Physiologic, subjective, and performance measures were
collected twice in the hour prior to smoking; at 0.25, 1, 1.75,
3.5, and 5.5 h after smoking to assess acute effects; and at 23,
24, and 25 h after smoking to assess the residual effects.

Physiologic measures. At each measurement time, pulse
rate, systolic and diastolic blood pressure, skin temperature, and
respiratory rate were recorded. Pupillary diameter was mea-
sured using a computer-based video system, EPS-100 Eye Per-
formance System (Eye Dynamics, Inc., Torrance, CA). Pupil-
lary diameter was recorded in the dark (prestimulus) and the
responses were recorded to two levels of light stimuli: 8 foot-
candles (fted) for 5 s and 20 ftcd for 8 s. At each level of light
stimulus, the following light-reflex measures were recorded
from each eye: response latency, minimum diameter, recovery
slope, percent of recovery at the end of the light stimulus, and
hippus (number of oscillations during the recovery phase of
the light reflex).

Subjective measures. The subjective effects of marijuana
were quantified using the 17-item marijuana scale of the Ad-
diction Research Center Inventory (ARCI) (12). In addition,
seven visual analog scales were presented which measured
subjective ratings of: “feel drug effect,” “high,” “like drug,”
“sleepy,” “drunk,” “stoned,” and “impaired.” Subjects re-
sponded to the questions on a computer-delivered 100-mm vi-
sual analog scale anchored with “not at all” on one end and
“extremely” on the other.

Performance measures. Smooth-pursuit eye movements
were measured using a computer-based video system, EPS-
100 Eye Performance System (Eye Dynamics, Inc., Torrance,
CA). This instrument tests for smooth-pursuit eye movements
in each eye as subjects followed a target moving between 0
and 45 degrees of horizontal visual angle. For purposes of
analyses, the tracking angle was divided into the central visual
field (0 to 22 degrees) and peripheral visual field (22 to 45 de-
grees). Tracking was recorded twice. In the first instance, the
target moved at 15 degrees per second through the entire 45
degree visual field; in the second instance, the target moved at
15 degrees per second in the first 35 degrees, and at 6 degrees
per second in the final 10 degrees.

Psychomotor performance was measured using the circular
lights task (14). In this task, subjects were required to rapidly
press a single lighted button on a 71 X 71 cm panel of lights
that contained 33 button-lights arranged in three concentric
circles. When the illuminated button was pressed, another im-
mediately lighted. Subjects performed the task for 1 min. The
number of correctly pressed buttons was the dependent mea-
sure. As an incentive for performance subjects were awarded
$.01 for each correct response.

Four computer-delivered tasks from the Walter Reed Per-
formance Assessment Battery (PAB) (41) were chosen to
measure aspects of cognitive performance. These tasks mea-
sured rapid arithmetic skill, digit recall, logical reasoning, and
spatial perception as described below. For each task, three de-
pendent variables were analyzed: number of correct re-
sponses, percentage of correct responses, and response time.
Subjects were awarded $.01 for each correct response.

In the serial addition/subtraction task, two digits appeared
sequentially on the screen for 250 ms followed by a plus or mi-
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nus sign. The subjects were required to perform mentally the
indicated operation and to answer with a single keystroke on the
numeric keypad of the computer. If the answer was a two-digit
number (e.g., 15), the correct response was the unit digit (e.g.,
5). If the answer was a negative number (e.g., —2), 10 was added
to the answer and the resulting single positive digit was entered
(e.g., 8). The task had a maximum of 50 problems or 120 s.

In the digit recall task, nine digits appeared on the com-
puter screen for 1 s followed by 3 s of blank screen. Then eight
of the digits appeared in a different order and the subject was
required to enter the single missing digit on the numeric key-
pad of the computer. Ten problems were presented.

In the logical reasoning task, a statement describing the re-
lationship between two letters (e.g., A precedes B) appeared
on the video screen. Below the statement the letters appeared
in the order AB or BA. The subject was required to determine
with a single keystroke (“Y” or “N”) whether the statement
accurately described the sequence of the letters (true or false).
A total of 32 trials (or 150 s) were presented.

In the mannequin task, a stick figure of a person holding a
square-shaped object in one hand and a circular shaped object
in the other was presented on the monitor. The mannequin
could be facing the viewer or facing away from the viewer and
could be upright or inverted. Surrounding the mannequin was
a square or circle. The subject was required to determine in
which hand (right or left) the mannequin held the object that
corresponded to the surrounding shape. A total of 16 trials
was presented.

Data Analyses

Each dependent measure was subjected to two-way re-
peated measures analysis of variance (ANOVA) (46). Data
collected at the two baseline time points were averaged. The
two factors of each of the ANOVAs were dose (three levels:
placebo, 1.8 and 3.6% THC) and time (nine levels: baseline,
0.25,1,1.75,3.5,5.5, 23, 24, and 25 h postsmoking). Because of
the possibility of baseline differences prior to smoking, only
significant dose by time interactions were taken to indicate
significant drug effect. For all subjective measures, data from
one of the subjects were eliminated, and data from two sub-
jects were eliminated for measures of drunkenness and feeling
a drug effect because of inconsistencies in ratings. For pupil-
lary measures, data from the two eyes were averaged into a
single score. Where there were significant dose by time inter-
actions, post hoc analyses were performed using Tukey’s hon-
estly significant difference test to determine time points that
were significantly different from baseline and/or placebo.

To examine the possibility that subjects learned to perform
the tasks better across subsequent session days because of
practice, baseline data for the three experimental session days
were examined without regard to the drug administered on
that day. To examine the possibility of carry-over effects,
baseline data were examined as a function of the drug admin-
istered on the previous session. Because of the forced ran-
domization used in the experimental design, the 3.6% THC
marijuana dose was administered in the final session for 7 of
the 10 subjects; therefore, carry-over comparisons were only
made between the placebo and the 1.8% THC marijuana dose.

RESULTS
Subjective

Marijuana smoking produced dose by time interaction ef-
fects on six subjective visual analog measures including: “feel
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drug effect,” F(16, 128) = 14.5, p < 0.001, “high,” F(16, 128) =
16.4, p < 0.001, “like drug,” F(16, 112) = 7.0, p < 0.001),
“drunk,” F(16, 128) = 2.3, p < 0.01, “stoned,” F(16, 112) =
7.4, p < 0.001, and “impaired,” F(16, 128) = 3.3, p < 0.001.
The pattern of responding was similar for each of these mea-
sures; mean response scores on the measure of “high” are rep-
resentative and are shown in Fig. 1. In general, post hoc analy-
ses showed that visual analog scores were highest at the 0.25-h
time point and remained significantly elevated above placebo
levels up to 1.75 h postsmoking in the 1.8% THC condition
and up to 3.5 h postsmoking in the 3.6% THC condition.
While the duration of effects was longer in the 3.6% THC
condition, there was no difference in the magnitude of effects
between the two active dose conditions. Dose by time interac-
tions were not significant on the visual analog measure of
“sleepy” or on the marijuana scale of the ARCI.

Cardiovascular

Dose by time interactions were demonstrated on measures
of heart rate (Fig. 2), F(16, 144) = 6.45, p < 0.001, systolic
blood pressure, F(16, 144) = 1.7, p < 0.05, and skin tempera-
ture, F(16, 144) = 1.8, p < 0.05. Post hoc analyses showed that
heart rate was increased significantly above placebo levels in
both active marijuana conditions at the 0.25-h postsmoking
time point and remained significantly elevated through the 1-h
postsmoking time point in the 3.6% THC condition. Systolic
blood pressure was only increased above placebo levels in the
1.8% THC condition at the 0.25-h postsmoking time point.
The effects of marijuana on skin temperature were small in
magnitude and did not reach statistical significance over pla-
cebo levels in post hoc analyses.

Pupillary

Initial pupil diameter (preceding exposure to the light
stimulus) was not significantly affected by marijuana; no sig-
nificant dose by time effects were noted preceding either the
bright or dim light exposure. Pupillary responses to the light
stimuli were diminished by marijuana, as shown in Fig. 3.
Dose by time interactions were shown on the constriction am-
plitude measure (the difference between initial and minimum

100 - "High"

75
£ -
£ 50

25 -

0_ L L
I T T T T T T 771 T 1

Bl 0 2 4 6 23 25
Time after Smoking (hr)

FIG. 1. Mean ratings of self-reported ratings of “high” on a comput-
erized 100 mm visual analog scale before and after smoking one mar-
ijuana cigarette containing 0% THC (placebo) {+, 1.8% THC @,
or 3.6% THC 4A-.
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FIG. 2. Mean heart rate before and after smoking one marijuana
cigarette containing 0% THC (placebo) {F, 1.8% THC -@-, or 3.6%
THC A

diameters) in both dim, F(16, 144) = 2.0, p < 0.05, and bright,
F(16, 144) = 2.1, p < 0.05, stimulus conditions. These effects
were statistically significant from placebo in the 3.6% THC
condition only; effects were evident at the 0.25-h time point
and lasted for up to 1.75 h after smoking in the dim condition
and up to 1 h in the bright condition. Marijuana did not affect
the time taken to reach the minimum diameter following ei-
ther light stimulus. The final diameter (diameter at the end of
the stimulus presentation, the measure of pupillary escape)
was significantly affected by marijuana in the bright stimulus
condition, F(16, 144) = 2.2, p < 0.01. Post hoc analyses
showed that these effects were only significantly greater than
placebo following the 3.6% THC dose and were increased sig-
nificantly as soon as 0.25 h postsmoking, and were the largest
at the 1.75-h time point. Final diameter was unaffected by
marijuana following dim stimulus presentation.

Performance

Smooth pursuit was significantly impaired by marijuana
dosing, particularly in peripheral visual fields (Fig. 4). Signifi-
cant dose by time interactions were shown for peripheral pur-
suit measures for trials in which a constant pursuit speed of 15
degrees per s was required, F(16, 144) = 3.0, p < 0.001). Post
hoc analyses showed that pursuit speed was slowed below pla-
cebo levels in both the 1.8 and 3.6% THC conditions; how-
ever, only speeds in the 3.6% THC condition were signifi-
cantly slowed. Tracking speed was significantly decreased from
baseline levels 1 h after smoking and were largest at the 1.75-h
time point, at which time speeds following the 3.6% THC
marijuana cigarette were significantly slower than placebo
speeds. Similar slowing was noted in the peripheral trial in
which a change in pursuit speed from 15 degrees per second to
6 degrees per second was required. In this trial, pursuit speeds
after both active doses of marijuana fell significantly below
placebo speeds and were most marked at the 1.75-h time
point. Similar decrements in pursuit speeds were noted in the
central field pursuit trials; the ANOVA performed on data
from the second trial showed a dose by time interaction that
neared significance (p < 0.07). Pursuit speed was decreased
primarily in the 3.6% THC dose condition and was slowest at
the 1.75-h time point.
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FIG. 3. Mean constriction amplitude in response to a dim (8 ftcd) or
bright (20 ftcd) light stimulus before and after smoking one
marijuana cigarette containing 0% THC (placebo) {F, 1.8% THC
@, or 3.6% THC A

Changes in other performance measures following mari-
juana smoking were very small. Of the other performance
variables examined, only the response time measure of the
logical reasoning task showed significant dose by time interac-
tions, F(16, 144) = 1.8, p < 0.05. However, the effects were
not dose dependent, and no post hoc comparisons reached
significance at p < 0.05.

Practice and Carry-Over Effects

Of the many subjective, physiologic, and performance mea-
sures employed in the study, only two of the four computer-
delivered cognitive performance measures systematically
changed more than 20% across session baselines when exam-
ined without regard to drug administration. On the logical
reasoning task, performance speed was increased across ses-
sions; mean response times at baseline were 7.9, 5.8, and 4.9 s
on the first, second, and third sessions, respectively. Because
response times were faster on this task, the number attempted
and the number of correct responses were likewise increased;
however, the percentage of correct responses was not in-
creased, demonstrating that accuracy was not changed across
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Smooth Pursuit
Eye Tracking
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FIG. 4. Mean smooth pursuit eye tracking speeds before and after
smoking one marijuana cigarette containing 0% THC (placebo) {F,
1.8% @, or 3.6% THC -A&. “Central” refers to tracking speeds
within 0 degrees to 22 degrees from the center of the visual field;
“peripheral” refers to speeds from 22 degrees to 45 degrees from the
center.

sessions. Performance speed on the mannequin task was like-
wise increased with response times decreasing from 4.4 s at
baseline on the first session to 3.1 and 3.0 in the second and
third sessions, respectively.

With regard to carry-over effects, there were no differ-
ences greater than 20% on baseline measures on sessions pre-
ceded by placebo or the 1.8% THC marijuana dose.

DISCUSSION

The doses of marijuana smoked in the present study pro-
duced pronounced subjective effects (i.e., high, stoned, drug
liking), indicating that psychoactive doses of THC were deliv-
ered to subjects. These effects peaked at the time point imme-
diately after smoking and lasted up to 3.5 h after smoking in
the high dose (3.6% THC) condition. The peak magnitude of ef-
fects was similar for both active doses; however, the effects de-
clined at a faster rate in the low dose condition. These subjective
effects were of a similar magnitude as those found elsewhere (2).
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Marijuana smoking also produced cardiovascular effects
similar to those reported elsewhere (2,16). Heart rate was sig-
nificantly increased over placebo levels in both active THC
conditions. This effect was evident immediately after smoking
and lasted up to 1 h after smoking in the high dose condition.

Pupillary measures have been proposed as a sensitive in-
dex of drug-induced performance impairment and as a non-
invasive measure to detect recent drug ingestion (28). Marijuana
(3.6% THC) significantly reduced the pupillary constriction
amplitude and final constriction diameter. These effects were
observed in both eyes, after both a low and high light stimu-
lus; the effects were maximal about 1 h after smoking the mar-
ijjuana cigarettes. These data strongly suggest that marijuana
administration diminishes the response to a light flash (phasic
response), but the lack of effect on the prestimulus diameter
of the pupil indicates that marijuana causes no effects on
mechanisms involved in the tonic regulation of pupillary size.
The results of the present study are similar to those reported
by Waldorf et al. (44). Tennant (40) also reported that mari-
juana obtunded the light reflex but did not cause a change in
the pupil diameter. In another study, a high dose of smoked
marijuana diminished the constriction amplitude, constric-
tion, and dilation velocities of the light reflex and caused a
small (0.5 mm) decrease in pupil size (28). Taken together,
these studies suggest that marijuana smoking consistently af-
fects the phasic response to a light flash; however, the effect
on the resting (tonic) diameter is small.

The dissociation between neural mechanisms controlling
phasic response to a light stimulus (light reflex) and tonic pu-
pil size has been observed after opiate administration to ani-
mals (30,36) and humans (27,31). However, disassociation of
tonic and phasic responses are confounded by the profound
miosis caused by the opiates. Specifically, it is difficult to de-
termine if the light reflex is obtunded by a direct action of the
opiates or because their miotic effect allows less light to stim-
ulate the retina. The marijuana-induced diminution of the
light reflex without changes in pupil size observed in the
present study support the notion that separate neural mecha-
nisms mediate the tonic and phasic reactions to light in the hu-
man pupil.

A new finding of the study was that there were consistent
decrements in smooth pursuit eye tracking in the central (0 to
22 degrees) and peripheral (22 to 45 degrees) visual fields. Af-
ter both doses of marijuana, smooth-pursuit velocity was sig-
nificantly less than the velocity in the placebo condition. This
effect was evident at 0.25 h after smoking and persisted for up
to 5.5 h after smoking, although there were no significant re-
sidual effects on the day after smoking. Eye movement con-
trol is mediated in widely distributed regions of the brain in-
cluding the cortex, brain stem, and cerebellum (22). Eye
movement recordings are extremely sensitive indicators of
brain functioning and could be useful markers of drug intoxi-
cation and neuropathology. Several studies have shown that
saccadic eye movement is adversely affected by centrally act-
ing drugs including opiates, benzodiazepines, barbiturates,
and ethanol [review: (11)]. A study on the effects of marijuana
on eye movements, however, found no effects on saccadic eye
movement or smooth-pursuit velocity (3). The results of the
present study indicate that marijuana affects smooth-pursuit
eye movement.

Although marijuana affected smooth pursuit eye move-
ments, smoking one marijuana cigarette did not impair per-
formance on any of other the cognitive or psychomotor tests.
The lack of impairment found in the present study is consis-
tent with numerous other studies that also reported minimal
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or no effects after smoking one or more marijuana cigarettes
on a variety of psychomotor and cognitive tests (1,8-10,15).
Some other studies that have used comparable dosing param-
eters (number of puffs, marijuana potencies) have reported
marijuana-induced impairment on psychomotor (16,17,45)
and cognitive (4,13,18) tests. For example, one study in which
the number of puffs of marijuana was varied from 4 to 25, re-
ported that only the 25-puff, high-potency (3.55% THC) con-
dition reliably impaired performance (2). Thus, the perfor-
mance effects of smoking a single marijuana cigarette may
depend upon the drug history of subjects, environmental fac-
tors, and performance tests. Because of the effects of mari-
juana on smooth pursuit eye tracking, it is possible that labo-
ratory tasks in which relevant stimuli are presented in the
peripheral area of the visual field (driving and flight simula-
tors) may be more sensitive to the effects of marijuana than
those employed in the present study in which the tasks were
presented in the central visual field (i.e., on the computer).
Given the lack of acute effects on performance measures
other than smooth-pursuit eye tracking, it is not surprising
that we found no evidence of impaired cognitive or psycho-
motor performance 24 h after marijuana smoking. A review
supported by the National Research Council (24) could not
conclude occasional marijuana use produces measurable next-
day performance effects. Lack of evidence for a residual effect
occurred in other studies that used doses of marijuana compa-
rable to those used in the present study. For example, Chait et
al. (7) found no residual impairment in tests of card sorting,
free recall, and digit symbol substitution; however, perfor-
mance on a time estimation task was impaired. Similarly,
Chait and Perry (8) reported minimal next-day impairment on
a test battery that included digit symbol substitution, back-
ward digit span, logical reasoning, divided attention, and free
recall. However, in studies with larger dose of marijuana, re-
sidual impairment was more likely to be observed. When sub-
jects smoked the equivalent of one marijuana cigarette (eight
puffs) in the afternoon and in the evening, they were impaired
the next morning on tests of time estimation, backward digit
span, and divided attention (6). Heishman et al. (14) found
evidence for residual impairment on tests of arithmetic and
digit recall after subjects had smoked two or four marijuana
cigarettes the day before. It appears that observance of resid-
ual marijuana-induced behavioral impairment is a function of
dose, and that one marijuana cigarette is not sufficient to pro-
duce next-day impairment on relatively simple laboratory
tests. On complex tasks, such as a flight simulator, studies
have reported impairment 24 h after smoking one marijuana
cigarette (20,47). However, another study failed to replicate
this finding (19). More research using complex “real-world”
performance measures is needed to expand the scope of in-
vestigation of drug-induced residual behavioral effects.
Another factor that may influence the likelihood of ob-
serving next-day effects is the drug history of subjects tested.
In the present study, subjects with moderate marijuana use
(<3 times weekly) were tested. Block and Ghoneim (5) have
shown that heavy (=7 times weekly) marijuana users exhib-
ited deficits in mathematical and verbal abilities on standard-
ized educational tests compared with matched subjects who
did not use marijuana. Such deficits were not observed in sub-
jects who used marijuana less frequently. A recent study re-
ported that daily marijuana users were impaired in their abil-
ity to sustain and shift attention after at least 19 h of
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marijuana abstinence compared to infrequent marijuana users
(34). Thus, heavy use of marijuana may predispose an individ-
ual to exhibit residual behavioral impairment.

The forced randomization procedure used in this study
may have confounded some of the performance measure re-
sults. Because the 1.8% THC marijuana dose was always ad-
ministered before the 3.6% THC dose, it is possible that sub-
jects may have done better after the larger dose because of
the additional day(s) of practice. To test for the presence of a
practice effect, baseline data were compared across the three
sessions. Only 2 of the 13 cognitive performance measures
showed changes across the sessions. Both of these changes
were related to speed of performance rather than accuracy.
This indicates that performance was stable across session days
at baseline and that there was no evidence of a practice effect.

Because the low-dose THC condition always preceded the
high THC condition, some THC may have been in the circula-
tion at the time of high-dose delivery. To test for “carry-over”
effects, baseline session data were examined with regard to
the drug administered in the prior session. There were no
baseline differences greater than 20% on days preceded by
administration of the placebo vs. the 1.8% THC dose, sug-
gesting that carry-over effects were not evident following the
1.8% dose. However, because the 3.6% THC marijuana dose
was administered in the final session for seven of the subjects
and because the 1.8% THC condition never followed the
3.6% condition, comparisons could not be made between
baseline data preceded by this dose vs. the 1.8% and placebo
doses. Thus, a completely randomized experimental design
may have yielded slightly different results because of the pos-
sibility that the effects of the 3.6% THC dose may have still
been evident if followed by other doses.

Finally, there is the possibility that subjects learned to per-
form the tasks under the influence of marijuana in the 1.8%
THC condition, which may have aided them while under the
influence of the higher marijuana dose. Dissociation, or state-
dependent learning, refers to the fact that information learned
while drug free may not be easily recalled while on a drug
and, conversely, that information learned while on a drug may
not be easily recalled while drug free (21). This phenomena
has been demonstrated using a variety of drugs and tasks (26).
Thus, in the present study, the practice obtained while sub-
jects were under the influence of the low dose of marijuana
may have influenced performance while under the high dose.
Without this practice, marijuana-induced performance im-
pairment in the 3.6% condition may have been more evident.

In summary, the results of the present study and others
suggest that the dose of marijuana, the complexity of the task,
and the drug history of the subject are important determi-
nants for the residual effects of marijuana. Although acute ad-
ministration of marijuana caused subjective, physiologic, and
performance changes, these effects were short-lived, and none
were present 24 h later. Extremely sensitive psychomotor and
cognitive testing will be needed to verify potential residual ef-
fects of a single marijuana cigarette.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the nursing efforts of Nelda
Snidow, R.N., and the technical assistance of Janeen Nichels and
Marsha Butschky. We are especially appreciative for the help of Ron
Waldorf and Eye Dynamics, Inc. for the automated pupillometry sys-
tem used in this study.



MARIJUANA EFFECTS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

783

REFERENCES

. Azorlosa, J. L.; Greenwald, M. K.; Stitzer, M. L.: Marijuana

smoking: Effects of varying puff volume and breathhold duration.
J. Pharmacol. Exp. Ther. 272:560-569; 1995.

. Azorlosa, J. L.; Heishman, S. J.; Stitzer, M. L.; Mahaffey, J. M.: Mar-

ijuana smoking: Effects of varying A’-tetrahydrocannabinol content
and number of puffs. J. Pharmacol. Exp. Ther. 261:114-122; 1992.

. Baloh, R. W.; Sharma, S.; Moskowitz, H.; Griffith, R.: Effect of

alcohol and marijuana on eye movements. Aviat. Space Environ.
Med. 50:18-23; 1979.

. Block, R. L; Farinpour, R.; Bravermen, K.: Acute effects of mari-

juana on cognition: Relationships to chronic effects and smoking
techniques. Pharmacol. Biochem. Behav. 43:907-917; 1992.

. Block, R. I.; Ghoneim, M. M.: Effects of chronic marijuana use on

human cognition. Psychopharmacology (Berlin) 110:219-228; 1993.

. Chait, L. D.: Subjective and behavioral effects of marijuana the

morning after smoking. Psychopharmacology (Berlin) 100:328-
333;1990.

. Chait, L. D.; Fischman, M. W.; Schuster, C. R.: “Hangover” effects

the morning after marijuana smoking. Drug Alcohol Depend. 15:
229-238; 1985.

. Chait, L. D.; Perry, J. L.: Acute and residual effects of alcohol

and marijuana, alone and in combination, on mood and perfor-
mance. Psychopharmacology (Berlin) 115:340-349; 1994.

. Foltin, R. W.; Fischman, M. W.: The effects of combinations of

intranasal cocaine, smoked marijuana, and task performance on
heart rate and blood pressure. Pharmacol. Biochem. Behav. 36:
311-315; 1990.

Foltin, R. W.; Fischman, M. W.; Pippen, P. A.; Kelly, T. H.: Behav-
ioral effects of cocaine alone and in combination with ethanol or
marijuana in humans. Drug Alcohol Depend. 32:93-106; 1993.
Griffiths, A. N.; Marshall, R. W.; Richens, A.: Saccadic eye move-
ment analysis as a measure of drug effects on human psychomo-
tor performance. Br. J. Clin. Pharmacol. 18:735-82S; 1984.
Haertzen, C. A.: Development of scales based on patterns of drug
effects, using the Addiction Research Center Inventory (ARCI).
Psychol. Rep. 18:163-194; 1966.

Heishman, S. J.; Arasteh, K.; Stitzer, M. L.: Comparative effects
of alcohol and marijuana on mood, memory, and performance.
Pharmacol. Biochem. Behav. 58:93-101; 1998.

Heishman, S. J.; Huestis, M. A.; Henningfield, J. E.; Cone, E. J.:
Acute and residual effects of marijuana: Profiles of plasma THC
levels, physiologic, subjective, and performance measures. Phar-
macol. Biochem. Behav. 37:561-565; 1990.

Heishman, S. J.; Stitzer, M. L.; Bigelow, G. E.: Alcohol and mari-
juana: Comparative dose effect profiles in humans. Pharmacol.
Biochem. Behav. 31:649-655; 1988.

Heishman, S. J.; Stitzer, M. L.; Yingling, J. E.: Effects of tetrahy-
drocannabinol content on marijuana smoking behavior, subjective
reports, and performance. Pharmacol. Biochem. Behav. 34:173—
179; 1989.

Kelly, T. H.; Foltin, R. W.; Emurian, C. S.; Fischman, M. W.: Per-
formance-based testing for drugs of abuse: Dose and time profiles
of marijuana, amphetamine, alcohol, and diazepam. J. Anal. Tox-
icol. 17:264-272; 1993.

Kelly, T. H.; Foltin, R. W.; Fischman, M. W.: Effects of smoked
marijuana on heart rate, drug ratings and task performance by
humans. Behav. Pharmacol. 4:167-178; 1993.

Leirer, V. O.; Yesavage, J. A.; Morrow, D. G.: Marijuana, aging,
and task difficulty effects on pilot performance. Aviat. Space
Environ. Med. 60:1145-1152; 1989.

Leirer, V. O.; Yesavage, J. A.; Morrow, D. G.: Marijuana carry-
over effects on aircraft pilot performance. Aviat. Space Environ.
Med. 62:221-227; 1991.

McKim, W. A.: Drugs and behavior. Englewood Cliffs, NJ: Pren-
tice Hall; 1986.

Moses, R. A.; Hart, W. M.: Adler’s physiology of the eye, 8th ed.
St. Louis, MO: The C.V. Mosby Company; 1987.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

Myrsten, A.-L.; Rydberg, U.; Idestrom, C.-M.; Lamble, R.: Alco-
hol intoxication and hangover: Modification of hangover by chlor-
methiazole. Psychopharmacology (Berlin) 69:117-125; 1980.
National Research Council.: Under the influence? In: Normand,
J.; Lempert, R. O.; O’Brien, C. P., eds. Drugs and the American
work force. Washington, DC: National Academy Press; 1994.
Ott, H.: Are electroencephalographic and psychomotor measures
sensitive in detecting residual sequelae of benzodiazepine hyp-
notics? Psychopharmacology (Berlin) (Suppl.) 1:133-151; 1984.
Overton, D. A.: State dependent learning produced by alcohol
and its relevance to alcoholism. In: Kissin, B.; Beigleter, H., eds.
The biology of alcoholism, vol. 2. New York: Plenum Press; 1972:
193-217.

Pickworth, W. B.; Bunker, E.; Welch, P.; Cone, E.: Intravenous
buprenorphine reduces pupil size and the light reflex in humans.
Life Sci. 49:129-138; 1991.

Pickworth, W. B.; Fant, R. V.; Bunker, E. B.: Effects of abused
drugs on pupillary size and the light reflex. In: Karch, S. B., ed.
Handbook on drug abuse. Boca Raton, FL: CRC Press; 1998:
266-275.

Pickworth, W. B.; Fant, R. V.; Butschky, M. F.; Henningfield, J. E.
Effects of transdermal nicotine delivery on measures of acute nic-
otine withdrawal. J. Pharmacol. Exp. Ther. 279:450-456; 1996.
Pickworth, W. B.; Sharpe, L. G.: Morphine-induced mydriasis
and inhibition of pupillary light reflex and fluctuations in the cat.
J. Pharmacol. Exp. Ther. 234:603-606; 1985.

Pickworth, W. B.; Welch, P.; Henningfield, J. E.; Cone, E. J.: Opi-
ate-induced pupillary effects in humans. Methods Find. Clin.
Pharmacol. 11:759-763; 1989.

Pishkin, V.; Lovallo, W. R.; Fishkin, S. M.; Shurley, J. T.: Resid-
ual effects of temazepam and other hypnotic compounds on cog-
nitive function. J. Clin. Psychiatry 41:358-363; 1980.

Pope, H. G.; Gruber, A. J; Yurgelun-Todd, D.: The residual
neuropsychological effects of cannabis: The current status of re-
search. Drug Alcohol Depend. 38:25-34; 1995.

Pope, H. G.; Yurgelun-Todd, D.: The residual cognitive effects of
heavy marijuana use in college students. JAMA 275:521-527; 1996.
Seppala, T.; Leino, T.; Linnoila, M.; Huttunen, M.; Ylikahri, R.:
Effects of hangover on psychomotor skills related to driving:
Modification by fructose and glucose. Acta Pharmacol. Toxicol.
38:209-218; 1976.

Sharpe, L. G.; Pickworth, W. B.: Pharmacologic evidence for a
tonic muscarinic inhibitory input to the Edinger-Westphal nucleus
in the dog. Exp. Neurol. 71:176-190; 1981.

Smith, C. M.; Barnes, G. M.: Signs and symptoms of hangover:
Prevalence and relationship to alcohol use in a general adult pop-
ulation. Drug Alcohol Depend. 11:249-269; 1983.

Snyder, F. R.; Henningfield, J. E.: Effects of nicotine administration
following 12 h of tobacco deprivation: Assessment on computerized
performance tasks. Psychopharmacology (Berlin) 97:17- 22; 1989.
Takala, M.; Siro, E.; Toivainen, Y.: Intellectual functions and
dexterity during hangover. Q. J. Stud. Alcohol 19:1-29; 1958.
Tennant, F.: The rapid eye test to detect drug abuse. Postgrad.
Med. J. 84:108-114; 1988.

Thorne, D. R.; Genser, S. G.; Sing, H. C.; Hegge, F. W.: The
Walter Reed performance assessment battery. Neurobehav. Tox-
icol. Teratol. 7:415-418; 1985.

United States Department of Health and Human Services Pre-
liminary estimates from the 1994 National Household Survey on
Drug Abuse. United States Department of Health and Human
Services, Public Health Service, Substance Abuse and Mental
Health Services Administration, Office of Applied Studies: Wash-
ington, DC; 1995.

United States Department of Health and Human Services.:
National survey results on drug use from the Monitoring the
Future Study, 1975-1994, Vol. 1, Secondary school students. NIH
Publication No. 95-4026. United States Department of Health



784

44.

and Human Services, Public Health Service, National Institutes
of Health: Rockville, MD; 1995.

Waldorf, R. A.; Tashkin, D. P.; Fairbanks, L.; Ungerleider, J. T.:
Effects of smoked marijuana of varying potency on pupillary size
and response to dim and bright light. In: Harris, L. S., ed. NIDA
Research Monograph #162 Problems of Drug Dependence 1995:
Proceedings of the 57th Annual Meeting. U.S. Government
Printing Office: Washington DC; 1996:205.

45.

46.

47.

FANT ET AL.

Wilson, W. H.; Ellinwood, E. H.; Mathew, R. J.; Johnson, K.
Effects of marijuana on performance of a computerized cogni-
tive-neuromotor test battery. Psychiatr. Res. 51:115-125; 1994.
Winer, B. J.; Brown, D. R.; Michels, K. M.: Statistical principles
in experimental design, 3rd ed. New York: McGraw-Hill; 1991.
Yesavage, J. A; Leirer, V. O.; Denari, M.; Hollister, L. E.: Carry-
over effects of marijuana intoxication on aircraft pilot performance:
A preliminary report. Am. J. Psychiatry 142:1325-1329; 1985.



