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CHAIT.L D, R L CORWIN AND C E JOHANSON A cumulative dosing procedure for admumstering maryuana
smoke to humans PHARMACOL BIOCHEM BEHAYV 29(3) 553-557, 1988 —Subjective, behavioral and physiological
effects of smoked maryuana were measured with a cumulative dosing procedure which allowed dose-related effects to be
determined within a single experimental session Five male and three female occasional maryuana smokers participated
Unit doses of maryuana smoke were administered in a standardized manner on four occasions during each session, each
occasion spaced 20 minutes apart This procedure resulted 1in a cumulative dose of active (1 4%-THC) marjuana of 0, 2, 4
and 8 puffs after the four successive smoking occasions, respectively Dependent vanables were measured after each
smoking occasion Smoke absorption was monitored by measuring expired air carbon monoxide levels Subjects partici-
pated 1n three 1dentical sessions spaced a week apart 1n order to assess the rehability of the procedure During a fourth
session, only placebo (0 09%-THC) maryuana was admimstered throughout the session as a control Significant linear
dose-effect functions were obtained on several measures, with good session-to-session replicability of most effects The
results demonstrate the feasibility of using a cumulative dosing procedure to evaluate dose-related effects of smoked
maryguana 1n humans The procedure would be especially useful for the assessment of shifts in dose-effect curves as a result
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of vanious experimental manipulations
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THE present study was designed to evaluate a cumulative
dosing procedure for studying the effects of smoked
maryuana in humans. Cumulative dosing techmques have
been adopted 1n recent years by behavioral pharmacologists
because these techmiques allow the determmation of a
dose-effect function within a single experimental session [3,
4, 12,21, 22] In contrast, behavioral studies using traditional
single-dose testing generally require a considerable length of
time to obtain dose-effect functions because of the need to
space sessions several days apart to mimmize ‘‘carry-over’’
effects The savings in time (sessions) provided by cumula-
tive dosing methods are particularly important for human
studies i which, for both practical and ethical reasons, the
number of experimental sessions in which each subject can
participate 1s lmited

A recent study from this laboratory successfully em-
ployed a cumulative dosing procedure for studying the ef-
fects of ethanol on eye tracking behavior in rhesus monkeys
and humans [2] The present study adapted this basic proce-
dure for use with maryuana smoking. A standardized smok-
ing regimen was employed to administer maryuana smoke,
and changes 1n expired air carbon monoxide (CO) level were
used to quantify smoke absorption [5,6] The effects of
maryuana were evaluated on a range of dependent vanables
shown previously to be sensitive to acute marjjuana adminis-
tration [5, 6, 16, 19] Finally, in order to evaluate the reliabil-

ity of the procedure, the cumulative dose-effect functions
were determined on three separate occasions, spaced one
week apart

METHOD
Subjects

Five male and three female adults participated They
ranged 1n age from 18-25 years (mean=20 9) All were expe-
rienced maryuana smokers Average use of maryjuana during
the previous 12 months ranged from once a month to 4-6
times per week No subject had a history of substance use
disorder (DSM-III criteria), except for tobacco dependence
Three subjects smoked tobacco cigarettes but none smoked
more than 10 cigarettes per day Subjects provided a detailed
drug and medical history, and received a psychiatric and
physical examination (including EKG) before beginning the
study. Informed consent was obtamned and subjects were
paid for their participation at the end of the study

Procedure

The study consisted of four sessions, each separated by
one week Sessions were held on weekday evenmngs from
700 to 1030 p m Each subject was tested separately in a
room (approximately 3.0x4 3 m) equipped with comfortable
furniture, reading material and a color television or stereo

'Requests for reprints should be addressed to L D Chait, Department of Psychiatry, Box 411, Unmiversity of Chicago, Chicago, IL 60637

553



554

equipment An attempt was made to provide a relaxed,
casual environment Before the study began subjects
attended a practice session to become famihiar with the ex-
perimental setting and procedures and to practice the behav-
1oral tasks

Subjects were told that the four experimental sessions
would be 1dentical procedurally, and that during the course
of the study they could receive either active or placebo
maryuana Subjects were nstructed not to smoke maryuana
or use any other drugs (except tobacco or caffeine) during
the 24 hours before sessions With this exception, subjects
were told not to deviate from their usual pattern of drug use
outside the laboratory Tobacco smokers were asked not to
smoke within 30 min of scheduled sessions and were not
allowed to smoke tobacco during sessions Subjects were
also not allowed to eat during sessions, but drinking water
was freely available After sessions subjects were provided
with transportation home

During each session subjects smoked margjuana on four
separate occasions, spaced 20 min apart This dosing interval
was chosen because most of the effects of marjjuana that we
intended to measure peak within 20 min of smoking Each
smoking occasion (bout) consisted of four umform puffs,
spaced 60 sec apart The time 1t took to smoke (approx-
imately 3 min) 1s included as part of the 20 min nterbout
interval For each puff subjects were instructed to inhale the
smoke for 5 sec. hold in the smoke for 10 sec, and then
exhale [S5] Baseline measures (heart rate, expired air CO
level, subjective effects and cognitive/psychomotor per-
formance) were obtained during the 20 min before the first
smoking bout, and during the ~17 min after each of the four
smoking bouts All measures except CO level were again
determined at the end of the session (about one hr after the
final smoking bout) On each occasion measurements were
made n the same sequence heart rate first, followed by CO,
subjective effects and performance

The dosage regimen was 1dentical for the first three ses-
sions the first bout consisted of four puffs of placebo
marijuana, the second and third bouts consisted of two puffs
of placebo maryuana followed by two puffs of 1 4%-THC
maryuana, and the fourth bout consisted of four puffs of
1 4%-THC maryuana Thus, after each successive smoking
bout subjects received 0, 2, 4 or 8§ cumulative unit doses
(puffs) of active maryuana, respectively For the last session
subjects received only placebo maryuana throughout all four
smoking bouts This last session served as a control condi-
tion, to ensure that any dose-related changes observed in the
first three sessions were not due solely to expectation effects
or to other uncontrolled variables unrelated to drug admins-
tration (e g , to the passage of time) Subjects were blind to
the dosing conditions

Maryuana Cigarettes

Standard, pre-rolled maryuana cigarettes weighing ap-
proximately 800-900 mg were supplied by the National Insti-
tute on Drug Abuse (NIDA) The cigarettes contained either
00 or 14% delta-9-THC (assayed by NIDA) Cigarettes
were stored 1 airtight containers in a cold room, and were
humudified for 48 hr at room temperature before use, accord-
g to mstructions provided by NIDA Cigarettes were cut 1n
half before smoking and were smoked through hollow plastic
cigarette holders Cigarettes were lit mechanically by the
experimenter Subjects took two puffs from each half-length
cigarette Further details on cigarette preparation appear
elsewhere [5]
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FIG 1 Group (N=8) dose-effect functions for exptred air carbon
monoxide level (expressed as change from pre-smoking baseline)
and heart rate The numbers 1, 2 and 3 indicate the first, second and
third sesston The dashed lines show the results obtained during the
fourth session, when only placebo marjjuana was adminstered

Dependent Variables

Sitting radial heart rate was measured digitally End al-
veolar expired air was collected according to the procedure
described 1n [7] Samples were read immediately with a port-
able CO meter (MimiCO Model 1000, Catalyst Research
Corp , Baltimore) Readings are presented as ppm and were
corrected for ambient level

Subjective effects were measured with two brief ques-
tionnaires One consisted of 20 true-false items from the
Addiction Research Center Inventory (ARCI) There were 8
“dummy’’ items and 12 items shown previously to be sensi-
tive to the effects of smoked maryuana (M scale, [6]) The
other questionnaire was a series of six 100-mm visual analog
scales (VAS), labelled ‘‘stimulated,”” ‘‘high,”” ‘‘anxious,”
“‘sedated,” ‘*down’’ and ‘“hungry’’ [6]

Performance effects of maryuana were measured with a
computerized version of the digit span test (forward only)
and a visual divided attention task Subjects performed the
digat span twice on each occaston, and the better of the two
scores (number of successive digits correctly recalled) was
recorded The divided attention task lasted for S min and
required subjects to respond as quickly as possible to a target
stimulus (the digit zero) in a continuous string of random
digits while at the same time counting the number of occur-
rences of a second target stimulus (the digit five followed
immediately by a digit larger than five) Detailed descriptions
of these two tasks can be found in McLeod et al [17]

Data Analysis

Each dependent variable was analyzed by two-way uni-
vanate analysis of vanance for repeated measures
(BMDP2V) The two factors were Dose (0, 2, 4, 8 puffs) and
Session (1st, 2nd, 3rd) Because the primary purpose of the
study was to evaluate the reliability (replicability) of the
dose-effect functions, data from the fourth (placebo) session
were not included n the analyses, but are shown n the fig-
ures for comparison With this method of analysis, a signifi-
cant main effect of Dose would indicate that the vanable was
sensitive to the cumulative dosing manipulation (assuming
that the change could not reasonably be attributed simply to
the passage of time) A significant main effect of Session
would indicate change in the variable between sessions,
which could be due to an unstable baseline or practice ef-
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FIG 2 Group (N=8) dose-effect functions for subjective effects

fects. Finally, a significant Dose X Session interaction would
indicate differences between sessions 1 sensitivity of the
variable to the dosing regimen, possibly the result of
tolerance or sensitization Significant Session effects or
Dose X Session interactions would raise serious questions
about the rehability and usefulness of the cumulative dosing
procedure.

When significant (p=<0 05) F values were obtamned from
the analyses of varnance, orthogonal polynomial trend
analysis was used to characterize trends across dose
Huynh-Feldt adjustments of within-factors degrees of free-
dom were used to protect against violations of sphericity
assumptions [9].

RESULTS

Sigmficant Dose effects were obtained for eight depend-
ent vanables. No significant effect of Session or Dose x
Session interaction was obtamned for any of the dependent
vanables, indicating that the dose-effect functions did not
differ across the three replications.

Carbon Monoxide

Expired air CO level increased as a linear function of dose
(Fig. 1), F(3,21)=16 7, p<0.005 CO levels increased to a
stmilar degree after placebo smoking during the fourth ses-
sion. This result demonstrates the efficacy and relhabihity of
the standardized smoking regimen. However, there was
much variability between subjects in the mean mcrease n
CO that occurred after each smoking bout, from about 1 ppm
to 7 ppm

Heart rate

Heart rate also increased as a linear function of dose (Fig
1), F(3,21)=26.4, p<0.0001. When placebo only was ad-
munistered during the final session, heart rate decreased
shghtly, demonstrating that the increased heart rate ob-
served during the first three sessions was a pharmacological
response to THC

Subjective Effects

Linear increases as a function of dose were obtamed for
three of the subjective effects scales (Fig. 2). ARCI M,
F(3,21)=14.4, p<00005, VAS ‘‘high,” F(3,21)=61 8,
p<0.0001, and VAS ‘“‘hungry,” F(3,21)=21.1, p<0.0005
For the M scale and rating of ‘‘high> the dose-related n-
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FIG 3 Group (N=8) dose-effect functions for the number of digits
correctly recalled on the digit span task, and the number of false
alarms made during the divided attention task

creases were clearly greater during the first three sessions
than during the final placebo session, evidence that these
subjective changes can be attributed to the pharmacological
effects of THC The situation was not as clear for ratings of
“hungry,”” however, due to baseline (0 puffs) differences
between the placebo session and the other three sessions.
However, the mean increase n ratings of ‘‘hungry’’ from 0
to 8 puffs was significantly greater than zero 1n each of the
first three sessions (Student ¢-tests, p’s<<0.025) but not in the
placebo session (p=0 13) This suggests that at least part of
the increase 1n ratings of ‘‘hungry’’ was dependent upon the
presence of THC.

Performance Measures

Both behavioral tasks showed dose-related effects (Fig.
3) The number of digits correctly recalled in the digit span
task decreased as a function of dose of active mamjuana,
F(3,21)=4 9, p<0 01, both linear and quadratic trends were
significant, and, unexpectedly, peak effects were consis-
tently observed after 4 puffs. There was no evidence of a
performance decrement during the placebo session There
was a tendency for the decrement 1n digit span performance
to diummish across the first three sessions, suggesting
tolerance development; however, this effect did not ap-
proach statistical significance (Dose x Session interaction,
F(6,42)=0 8, p>0 5)
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In the divided attention task, there were no effects of
marjuana dose on the number of misses of the zero stimulus
or on mean reaction time to the zero stimulus False alarm
rate (the number of zero-appropriate responses to the five
target) increased as a function of dose of active maryuana,
F(3.21)=3 9, p<0 05, but was unchanged during the placebo
session (Fig 3) The increased false alarm rate was not ap-
parent until after 8 puffs of active marjjuana

There was also a significant effect of dose on accuracy 1n
estimating the number of occurrences of the five target
stimulus 1n the divided attention task, F(3,21)=5 3, p<0 01
However, this effect was slight, showed a complex relation
to dose and was not outside the range obtamed during the
placebo session, making interpretation difficult

DISCUSSION

This study demonstrates that a cumulative dosing proce-
dure can be successfully employed n evaluating the effects
of maryuana smoking in humans Linear dose-related
changes were obtained on most of the dependent variables
that were selected for study These effects were replicable
when the dose-effect functions were twice redetermined at
weekly intervals The fact that these effects were absent or
considerably attenuated during the final (placebo only) ses-
sion 1s evidence that these effects were primarily the result of
THC absorption It was notable that placebo effects were
observed for the three subjective effects scales (Fig 2), but
not for the physiological measure of heart rate (Fig 1) Sub-
jective responses to placebo maryuana are not uncommon
[5,15], and the design of the present study should have been
particularly conducive to showing conditioned placebo ef-
fects, since the placebo session was scheduled after three
seemingly 1dentical sessions at which active marjuana was
administered {20]

Most of the dose-related effects of smoked marijuana ob-
tamned here with a cumulative dosing procedure have been
observed 1n other studies using single-dose administration of
maryuana or THC expired air CO level, heart rate, subjec-
tive “‘high” [5, 6, 13], digit span [19], and visual divided
attention [16] The apparent maryuana-induced increase in
self-reported ‘‘hungry’’ ratings was an interesting finding n
view of anecdotal and experimental reports of increased
appetite and food intake in humans after maryjuana smoking
or oral THC {1, 10, 11, 14]

It remains to be determined whether single-dose adminis-
tration of marpyuana smoke would yield dose-effect functions
equivalent to those obtained with the cumulative dosing
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technique Several studies have directly compared the be-
havioral effects of drugs with cumulative vs single dosing
techmques [3. 18, 21, 22] In all cases, quahtatively similar
effects were obtained with the two dosing procedures, and n
most cases the effects were quantitatively similar as well
Whether a cumulative dosing procedure will produce the
same dose-effect function as a single dosing procedure de-
pends upon a number of factors, including the particular drug
under study and the particular response being measured For
example, for a drug with a rapid onset and a long duration of
action, the effect of a cumulative dose should approximate
the effect of the corresponding non-cumulative (single) dose
[4]

A previous study from this laboratory [5] is relevant to
this 1ssue That study examined the effects of four puffs of
1 4%-THC maryuana administered as a single dose to six
subjects similar to those studied 1n the present report The
smoking procedure was identical to that employed here The
single-dose administration resulted 1in a mean *‘high’” rating
(20 min after smoking) of 43, and a mean heart rate increase
(5 min after smoking) of 28 bpm In the present study, this
same dose of marjuana administered cumulatively resulted
1n a mean (across the three determinations) “high’’ rating of
50, and a mean heart rate increase of 14 bpm Thus, ““high”
ratings were similar with the two procedures, but heart rate
change was less with the cumulative dosing procedure This
may reflect acute tolerance development to the cardiovascu-
lar effects of marijjuana, an effect reported elsewhere [6.8]
This difference also points out the fact that the comparability
of dose-effect functions obtained from single vs cumulative
dosing depends upon the response being studied

Cumulative dosing techniques are most useful for deter-
mining the variety of effects from a range of drug dosages,
where the precise quantitative details of dosage are not im-
portant [4] The type of procedure described here would be
particularly useful for studying relative shifts in the dose-
effect functions of smoked maryuana in response to experi-
mental manipulations, for example, 1n drug interaction
studies (to demonstrate antagomism or potentiation of
maryuana effects) or in studies examining the effects of
chronic drug administration on sensitivity to marjuana
(cross-tolerance or sensitization)
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