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Abstract. The present study examined the effects of sys- 
tematic manipulation of breathhold duration (0 and 
20 s) on the physiological and subjective response to ac- 
tive (M; 2.3% delta-9-THC) and placebo (P; 0.0% delta- 
9-THC) marijuana in a group of ten regular marijuana 
smokers. During the eight-session experinaent, subjects 
were exposed twice to each of four experimental condi- 
tions (P0, P20, M0, M20), scheduled according to a ran- 
domized block design. A controlled smoking procedure 
was used in which the number of puffs and puff volume 
were held constant. Expired-air carbon monoxide (CO) 
levels were used to monitor smoke intake. Breathhold 
duration affected CO absorption; significantly more CO 
was absorbed from both P and M smoke after 20 s of 
breathholding (mean CO boost = 6.9 ppm) than after no 
breathholding (mean=4.4 ppm). Heart rate was mini- 
mally affected by the breathhold manipulation. Effects 
of marijuana on mood were not consistently affected 
by breathhold duration. The results confirm previous 
findings that prolonged breathholding does not substan- 
tially enhance the effects of inhaled marijuana smoke. 
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Both anecdotal reports and laboratory studies indicate 
that marijuana smokers often hold the smoke in their 
lungs for prolonged periods (10-15 s) (Perez-Reyes et al. 
1981, 1982; Wu et al. 1988) apparently in the belief that 
prolonged breathholding intensifies the effects of the 
drug. The topography of marijuana smoking may be 
clinically relevant, since extended breathholding could 
conceivably increase the health risks associated with 
marijuana smoking by increasing the pulmonary deposi- 
tion or absorption of toxic smoke components (Wu et al. 
1988). We recently examined the effects of breathhold 
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duration on the physiological, cognitive and subjective 
response to marijuana, and found little evidence that 
response to marijuana was related to changes in duration 
of breathholding (Zacny and Chait 1989). In that study, 
subjects smoked active marijuana according to a con- 
trolled smoking procedure and were exposed to three 
breathhold duration conditions (0, 10 and 20 s). The 
increase in expired air carbon monoxide (CO) level (an 
index of smoke absorption) and heart rate after smoking 
was similar across breathhold duration conditions, and 
so too was the magnitude of subjective effects. The lack 
of a breathhold duration effect on CO absorption was 
unexpected, however, since CO absorption from tobacco 
smoke is enhanced by prolonged breathholding (Zacny 
et al. 1987). 

The present study is a systematic replication of the 
previous one (Zacny and Chait 1989), with modifications 
designed to examine possible reasons why CO levels did 
not increase as a function of breathhold duration. One 
possible reason for the lack of effect was that maximal 
CO absorption may have occurred in the minimal (0-s) 
breathhold condition, due to the amount of time that 
it took to inhale and exhale the smoke in the controlled 
smoking procedure. In the present study, the smoking 
procedure was modified to minimize the duration that 
smoke resided in the lungs in the 0-s breathhold condi- 
tion. A second possible reason for the observed lack 
of a breathhold duration effect on CO absorption is 
that THC (or some other component present in mari- 
juana smoke but not in tobacco smoke) facilitates the 
absorption of CO, such that long breathhold durations 
are not required for complete CO absorption. This possi- 
bility could not be addressed in the prior study because 
a placebo control was not included; such a control was 
included here. 

Materials and methods 

Subjects. Six male and four female adults participated (mean age = 
25 years; range = 18-35). All were experienced marijuana smokers. 
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Average use of marijuana during the 30 days prior to participation 
ranged from one to six times per week. No subject had a history 
of substance use disorder (DSM-III criteria), except for tobacco 
dependence. Three subjects smoked tobacco cigarettes (range: 1(~ 
20 cigarettes per day). Subjects provided a detailed drug and medi- 
cal history, and received a psychiatric and physical examination 
(including EKG) before beginning the study. Informed consent 
was obtained and subjects were paid for their participation at the 
end of the study. 

Experimental design and general procedures. The study consisted 
of eight experimental sessions. In each session, subjects were ex- 
posed to one of four experimental conditions in which they smoked 
either placebo (P) or active (M) marijuana under one of two breath- 
hold duration conditions (0 or 20 s). Each of the four experimental 
conditions (P0, P20, M0, M20) was enacted twice, and the order 
of conditions was scheduled according to a randomized block de- 
sign. 

Sessions were held on Monday and Thursday evenings, from 
7:00-8:30p.m. Each subject was tested separately in a room 
equipped with an easy chair, reading material, and a radio/cassette 
player. Before the study began, subjects attended two practice ses- 
sions to become familiar with the experimental setting and proce- 
dures. 

Subjects were instructed not to smoke marijuana or use any 
other drugs (except tobacco or caffeine) during the 24 h before 
sessions. Tobacco smokers were asked not to smoke within 30 min 
of scheduled sessions and were not allowed to smoke tobacco dur- 
ing sessions. Subjects were also not allowed to eat during sessions, 
but drinking water was freely available. After sessions subjects were 
provided with transportation home. 

At the beginning of each session, subjects performed several 
tasks on a computer, and then rested in a chair for 20 rain so 
that heart rate would stabilize, hnmediately prior to smoking, sub- 
jects filled out mood questionnaires, had their heart rate monitored, 
and delivered a breath sample. All measures were redetermined 
one or two times after smoking. 

Subjects smoked marijuana in a controlled manner so that 
the volume of smoke inhaled and subsequent breathhold duration 
were controlled. The controlled smoking procedure was a modifica- 
tion of the procedure used in our previous study (Zacny and Chait 
1989). Briefly, the smoking apparatus consisted of a 100-ml glass 
syringe (Becton-Dickinson) and a 3-way polypropylene stopcock 
(Nalgene). To begin the smoking procedure, a marijuana cigarette 
was tit and placed in a hollow plastic cigarette hoIder. Connected 
to the proximal end of the hoIder was a piece of rubber tubing 
to which the glass syringe could be attached. The experimenter 
drew 50 ml of ambient air into the syringe, then attached it to 
the cigarette holder via the rubber tubing and drew 50 ml of smoke 
into the syringe. The syringe was then attached to one end of 
the stopcock. A plastic mouthpiece was attached to the opposite 
end of the stopcock. In order to standardize the point in the respira- 
tion cycle at which the smoking maneuver began, subjects first 
exhaled into a I 1 air collection bag. They then 1) inhaled the 
contents of the glass syringe, 2) took a deep and rapid inhalation, 
3) held their breath for the proper duration, and 4) exhaled. During 
the smoking maneuver, subjects wore noseclips to prevent nasal 
breathing. The experimenter timed breathhold duration with a 
stopwatch and instructed subjects when to exhale. In the 0-s condi- 
tion, subjects exhaled the smoke immediately after inhalation. Sub- 
jects took four "puffs," spaced about 60 s apart. 

Marijuana cigarettes. Marijuana cigarettes weighing approximately 
800-900 mg were supplied by the National Institute on Drug Abuse 
(NIDA). The cigarettes contained either 0.0% or 2.3% delta-9- 
THC (assayed by NIDA). Cigarettes were stored in airtight con- 
tainers in a cold room, and were humidified for at least 24 h at 
room temperature before use. Cigarettes were cut in half and lit 
mechanically by the experimenter. Two 50-ml "puffs" were ob- 
tained from each of the half cigarettes. 

Dependent variables. Sitting radial heart rate was measured digitally 
before smoking and 5 and 20 rain after smoking. Expired air sam- 
ples were obtained after a 20-s breathhold and were analyzed for 
CO (ppm) with a portable CO meter (MiniCO Model 1000, Cata- 
lyst Research Corp., Baltimore, MD) before smoking and 5 rain 
after smoking. 

Subjective effects were measured with three questionnaires. 
Two of the questionnaires were administered before smoking and 
15 min after smoking - a 53-item version of the Addiction Research 
Center Inventory (ARCI), and a series of six visual analog scales 
(VAS). The ARCI items yielded scores for six scales: PCAG, a 
measure of sedation; BG and A, measures of stimulant effects; 
LSD, a measure of somatic and dysphoric effects; MBG, a measure 
of euphoria; and M, a measure of marijuana effects. The six scales 
of the VAS were "stimulated," "high," "anxious," "sedated," 
"down," and "hungry." Both questionnaires are described in de- 
tail elsewhere (Chait et al. 1985). On the End-of-Session question- 
naire (administered 60 min after smoking), subjects were asked to 
rate 1) the intensity of the marijuana effect at its peak (from 1 = " I  
felt no effect from it at all." to 5 = " I  felt a very strong effect."); 
2) how high they got from smoking at the time of peak effect 
(on a visual analog scale of 0--100 with the following descriptors: 
0=not  high at all; 50=my usual level of high from marijuana; 
100=the highest I have ever been from marijuana); and 3) how 
much they liked the marijuana effects (on a visual analog scale 
of 0-100 with the following descriptors: 0=disliked a lot; 50= 
neutral; 100 =liked a lot). 

Psychomotor/cognitive performance was assessed with four 
computer tasks (logical reasoning, backward digit span, free recall 
and simulated driving) before and again 20 min after smoking. 
Since none of these tasks was significantly affected by marijuana 
in this study, no results will be presented. 

Data analysis. Individual subject means of the two determinations 
under each condition served as the basic units of analysis. Three- 
way univariate analysis of variance (ANOVA) with repeated mea- 
sures (Dixon 1983) was used to assess the effects of Drug (2 levels: 
P and M), Breathhold (2 levels: 0 and 20 s) and Time (2 or 3 
levels: pre- and post-smoking) on heart rate, CO levet, and ARCI 
and VAS scores. Two-way repeated measures ANOVA was used 
to assess the effects of Drug and Breathhold on scores from the 
End-of-Session questionnaire. For all variables, effects were consid- 
ered statistically significant for P<0.05, with adjustments of 
within-factors degrees of freedom (Huynh-Feldt) to protect against 
violations of symmetry (Dixon t983). When a significant Drug 
X Breathhold interaction was obtained, a single a priori paired 
t-test was used to compare the M0 condition to the M20 condition. 

Results 

The increase in CO level as a result  of  smoking  mari-  
j u a n a  (CO boost)  was greater after the 20-s brea thhold  
for bo th  P and  M [Fig. 1, left pane l ;  Breathhold  X Time:  
F(1 ,9)=51 .7 ,  P < 0 . 0 0 1 ] .  CO boos t  and  its dependence  
upon  b rea thho ld  du ra t ion  did no t  vary  significantly ac- 
ross the two drug condi t ions ,  a nd  considerable  differ- 
ences in response were observed between subjects. 

Smoking  M increased heart  rate [Fig. I, center panel ;  
Drug  X Time:  F(2 ,18)=73 .7 ,  P < 0 . 0 0 1 ] .  A significant  
Drug  X Breathhold X Time in terac t ion  was also ob- 
ta ined [F(2,18) = 3.8, P < 0.05]. This  in te rac t ion  ma in ly  
reflects the fact that  the heart  rate increase 5 rain after 
smoking  M was lower after the 0-s brea thhold  
(19.9 bpm)  than  after the 20-s brea thhold  (25.3 bpm).  
However,  the difference between these two means  was 
no t  statistically significant  (paired t-test, T = 2 . 1 1 ,  P =  
0.06). 
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Fig. 1. CO boost, heart rate change (5 rain post-smoking minus 
pre-smoking) and VAS "high'" change scores (15 rain post-smok- 
ing minus pre-smoking) plotted as a function of drug (P, placebo; 
M, active marijuana) and breathhold (0, no breathhold; 20, 20-s 
breathhold) conditions. Each letter represents the mean value of 
the two determinations for an individual subject. Horizontal bars 
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indicate the group means. The same subject is always represented 
by the same letter. Group mean baseline (we-smoking) CO levels 
ranged from 8.5 to 9.8 across the four conditions. Group mean 
baseline heart rates ranged from 69.9 to 72.1. Group mean baseline 
"high" ratings were all less than I on the 0 to 100 scale 

Table 1. Group mean subjective effects ratings 

S c a l e  Condition 

P0 P20 M0 M20 

Pre Post Pre Post Pre Post Pre Post 

ARCI 

PCAG 4.1 4.9 
BG 5.0 5.0 
LSD 3.4 3.6 
MBG 2.5 2.5 
A 2.1 1.9 
M 0.9 1.5 

VAS 

Stimulated 2.6 4.0 
High 0.2 5.6 
Anxious 2.1 2.6 
Sedated 6.7 4.9 
Down 1.1 3.0 
Hungry 9.2 •3.5 

End-of-session 

Peak effect 2.0 
Peak high 8.7 
Liking 45.8 

3.6 3.0 3.5 5.1 2.9 5.4 
5.6 5.6 4.9 4.2 5.5 4.3 
3.0 3.3 3.2 4.9 3.0 4.7 
2.3 2.7 2.3 3.5 2.2 3.1 
2.3 2.4 1.9 2.2 2.3 2.4 
0.6 1.2 0.7 3.7 0.3 3.6 

3.8 4.5 2.2 17.5 1.5 18.0 
0.4 2.9 0.3 39.3 0.3 43.4 
2.9 1.5 0.8 3.2 3.6 10.5 
2.5 0.8 1.5 6.4 1.0 11.4 
0.9 0.4 2.0 2.7 2.2 7.2 
5.0 12.7 7.8 14.6 2.4 12.5 

1.7 3.6 3.7 
5.4 45.1 50.3 

44.7 70.4 64.6 

Smoking M increased ratings on the " h i g h "  scale 
of  the VAS [Fig. 1, right panel; Drug X Time: F(1,9) = 
24.2, P <  0.001]. Breathhold duration did not significant- 
ly affect the magnitude of  " h i g h "  ratings in the group 
as a whole. Figure 1 also indicates that  between-subject 
variability after smoking M was greater for " h i g h "  rat- 
ings than for heart  rate change. 

Table 1 presents group mean scores f?om the other 
subjective effects scales. Smoking M increased scores on 
the P C A G  [Drug X Time: F(1,9)=5.9,  P<0 .05]  and 

M [Drug X Time: F(1,9)= 12.4, P<0 .01]  scales of  the 
A R C I  and also increased VAS ratings of  " s t imula ted"  
[Drug X Time: F(1,9)=6.0,  P<0.05] .  Smoking M de- 
creased scores on the BG scale of  the A R C I  [Drug: 
F(1,9) = 9.3, P < 0.01]. A significant Drug X Breathhold 
X Time interaction [F(1,9)= 8.6, P<0 .05]  was obtained 
for P C A G  scores. The mean increase in P C A G  scores 
f rom pre- to post-smoking was slightly larger in the M20 
condition than in the M0 condition (paired t-test, T =  
3.0, P<0 .01) .  

All three measures f rom the End-of-Session ques- 
tionnaire increased after smoking M compared with P 
[Drug: Fs (1 ,9 )>20 ,  P ' s<0.001] .  A significant Drug X 
Breathhold interaction for peak high [F(1,9)= 5.6, P <  
0.05] resulted f rom the combinat ion of  a small decrease 
in ratings f rom P0 to P20 and a small increase in ratings 
f rom M0 to M20 (Table 1). The mean increase in ratings 
f rom M0 to M20 was not statistically significant (paired 
t-test, T=2.14 ,  P=0.06) .  

Discussion 

The results o f  the present study largely confirm our pre- 
vious finding (Zacny and Chait 1989) that  substantial 
changes in breathhold durat ion produce little change in 
the magnitude of  mari juana effects. Some measures 
(heart rate, P C A G  scores, peak  high ratings) showed 
a hint of  an effect, but the changes were small. I f  pro- 
longed breathholding enhanced the absorption of THC,  
then one would expect that  all measures affected by mar-  
ijuana would show a similar response to manipulat ion 
of  breathhold duration. This clearly was not the case, 
since several reliable measures of  mari juana effects 
(ARCI  M scores, VAS " h i g h "  ratings, End-of-Session 
ratings of  peak drug effect) showed virtually no change 
as a function of breathhold duration. 
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In contrast to our prior study (Zacny and Chait 
1989), we did demonstrate that CO absorption increased 
with prolonged breathholding. Since the effect of breath- 
hold duration on CO boost did not differ for placebo 
versus active marijuana, we conclude that the presence 
of THC in marijuana smoke does not affect the alveolar 
absorption of CO. Therefore, our ability to demonstrate 
the dependence of CO absorption on breathhold dura- 
tion in the present study is probably due to the changes 
in the controlled smoking procedure which we incorpo- 
rated to minimize the duration that smoke resided in 
the lungs in the 0-s breathhold condition. In the pre- 
vious study, subjects inhaled a fixed volume of air from 
a plastic bag after inhaling the contents of the syringe; 
in the present study, subjects were instructed to take 
a "deep and rapid" inhalation after inhaling the con- 
tents of the syringe. Although the method of inhalation 
used in the present study did not control for inhalation 
volume, the method most likely resulted in a shorter 
duration that smoke resided in the lungs in the 0-s condi- 
tion. We feel there is no reason to believe that inhalation 
volume or some other parameter that we did not control, 
such as exhalation duration, varied systematically across 
experimental conditions to confound the results ob- 
tained in this study. The increased absorption of CO 
by prolonged breathholding of marijuana smoke is con- 
sistent with the results of Zacny et al. (J987), who stud- 
ied the effects of breathhold duration on absorption of 
CO from tobacco smoke. They found that increasing 
breathhold duration from 0 to 16 s approximately dou- 
bled CO boost. They also discovered that systematically 
increasing breathhold duration did not affect plasma 
nicotine levels. Evidence for a similar dissociation be- 
tween gas and particulate absorption was found in the 
present study in that breathholding marijuana smoke 
increased absorption of CO but had little effect on heart 
rate, an indirect measure of THC absorption (Perez- 
Reyes et al. 1981, 1982). 

In conclusion, our results indicate that marijuana in- 
toxication is not potentiated by prolonged breathholding 
of smoke in the lungs. So, then, why do marijuana smok- 
ers commonly hold the smoke in their lungs for pro- 
longed periods of time? Perhaps breathhold duration 

can affect subjective response to marijuana in the natural 
environment in conjunction with some other smoking 
topography parameter (such as depth or rate of inhala- 
tion) which was not controlled for in our laboratory 
procedure, On the other hand, it is possible that pro- 
longed breathholding of marijuana smoke is largely a 
superstitious behavior, an exaggerated "ritual" passed 
on from user to user. Yet another possibility was sug- 
gested by one of our subjects during the debriefing 
session: that breathholding reduced the sensation of 
harshness in the throat as the smoke was being exhaled. 
A definitive answer to this question will require further 
research. Our results do suggest, though, that marijuana 
smokers could achieve the same level of intoxication 
while lowering their exposure to CO (and possibly other 
toxic smoke constituents) simply by modifying a single 
aspect of their smoking behavior. 

Acknowledgements. This research was supported by NIDA grant 
DA-03517. The authors would like to thank Drs. Stan McCracken, 
K.G. Chua and Ed Senay for subject screening, and Karin Kirulis 
and Michael Lynch for technical assistance. 

References 

Chait LD, Fischman MW, Schuster CR (1985) °' Hangover" effbcts 
the morning after marijuana smoking. Drug Alcohol Depend 
15: 229-238 

Dixon WJ (ed) (1983) BMDP statistical software. University of 
California Press, Berkeley 

Perez-Reyes M, DiGuiseppi S, Davis KH, Schindler VH, Cook 
CE (1982) Comparison of effects of marijuana cigarettes of 
three different potencies. Clin PharmacoI Ther 31:617-624 

Perez-Reyes M, Owens SM, DiGuiseppi S (1981) The clinical phar- 
macology and dynamics of marijuana cigarette smoking. J Clin 
Phannacol [Suppl 8-9] 21:201S-207S 

Wu TC, Tashkin DP, Djahed B, Rose JE (1988) Pulmonary hazards 
of smoking marijuana as compared with tobacco. N Engl J 
Med 318:34~351 

Zacny JP, Chait LD (1989) Breathhold duration and response to 
marijuana smoke. Pharmacol Biochem Behav 33:481 484 

Zacny JP, Stitzer ML, Brown F J, Yingling JE, Griffiths RR (1987) 
Human cigarette smoking: effects of puff and inhalation pa- 
rameters on smoke exposure. J Pharmacol Exp Yher 240: 554- 
564 


