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SUMMARY ______________________________________________________ __ 

Effects on airway dynamics, heart rate, and the central nervous system of various doses of ~9-
tetrahydrocannabinol administered in a random, double blind fashion using a Freon®-propelled, 
metered-dose nebulizer were evaluated in ll healthy men and 5 asthmatic subjects. Effects of aer
osolized ~!)-tetrahydrocannabinol were compared with aerosolized placebo and isoproterenol and 
with 20 mg of oral and smoked ~9-tetrahydrocannabinol. In the normal subjects, after 5 to 20 mg of 
aerosolized ~9-tetrahydrocannabinol, specific airway conductance increased immediately, reached 
a maximum (33 to 41 per cent increase) after l to 2 hours, and remained significantly greater than 
placebo values for 2 to 3 hours. The bronchodilator effect of aerosolized ~9-tetrahydrocannabinol 
was less than that of isoproterenol after 5 min, but significantly greater than that of isoproterenol 
after l to 3 hours. The magnitude of bronchodilatation after all doses of aerosolized ~9-tetrahy
drocannabinol was comparable, but 5 mg of ~9-tetrahydrocannabinol caused a significantly 
smaller increase in heart rate and level of intoxication than the 20-mg dose. Smoked ~9-tetrahy
drocannabinol produced greater cardiac and intoxicating effects than either aerosolized or oral 
~9-tetrahydrocannabinol. Side effects of aerosolized ~9-tetrahydrocannabinol included slight 
cough and(or chest discomfort in 3 of the ll normal subjects. Aerosolized ~9-tetrahydrocanna
binol caused significant bronchodilatation in 3 of 5 asthmatic subjects, but caused moderate to 
severe bronchoconstriction associated with cough and chest discomfort in the other 2. These 
findings indicate that aerosolized ~9-tetrahydrocannabinol, although capable of causing signifi
cant bronchodilatation with minimal systemic side effects, has a local irritating effect on the airways, 
which may make it unsuitable for therapeutic use. 

Introduction 
Previous studies have demonstrated that the 

smoking of marijuana or the ingestion of its 

principle psychoactive ingredient, ~9-tetrahy

drocannabinol (~9-THC), causes acute bron-
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chodilatation both in healthy young men (I, 2) 
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induced bronchodilatation has been shown not 
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effect (5). This suggests that cannabinoid com

pounds may have therapeutic utility, because 

they appear to relax bronchial smooth muscle 
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by a mechanism different from that of currently 

available bronchodilator agents. Smoking would 

not appear to be a satisfactory route of adminis

tration of ll9-THC for possible therapeutic 

purposes, however, in view of the potential of 

smoked marijuana for depressing alveolar ma

crophage bactericidal activity (6) and for caus

ing bronchial irritation and impaired airway 

dynamics in heavy users (7, 8). Oral a9-THC, al

though capable of causing significant, pro

longed bronchodilatation in man (2, 3), is 

also not suitable for therapeutic use, because 

of unwanted psychotropic and cardiovascular 

effects. The possibility was considered that in

halation of pure ll9-THC as an aerosol might 

have potentially useful therapeutic advantages 

over smoked marijuana by causing less irritation 

of the airways than the smoked plant material. 

In addition, it was believed that aerosolized 

ll9-THC might have advantages over both 

smoked marijuana and oral a9-THC, by pro

ducing more bronchodilatation by topical ac

tion while minimizing systemic physiologic ef

fects. In the present study, the cardiopulmonary 

effects, intoxicating influence, and side effects of 

various doses of aerosolized a9-THC were eval

uated both in healthy men and in asthmatic 

subjects. In addition, the effects of aerosolized 

ll9-THC were compared with those of a com

parable quantity of smoked or ingested .:l9-

THC. 

Materials and Methods 

Healthy subjects. Eleven young, male, experienced 
marijuana smokers 22 to 33 years of age and without 
evidence of significant medical, pulmonary, or psy
chiatric disease were studied on 7 separate days with 
at least 48 hours intervening between each study 
day. On the first study day, a medical, psychiatric, 
and drug-use history, a detailed questionnaire con
cerning respiratory symptoms, a physical examina
tion, a 12-lead electrocardiogram, and a battery of 
pulmonary function tests were administered. The lat
ter included spirometry, with calculation of forced vi
tal capacity (FVC), forced expiratory volume in 1 sec 
(FEV 1), and forced expiratory flow during the middle 
half of the FVC (FEF25-75%); single-breath dif
fusing capacity for CO (DLco) (9); and whole-body 
plethysmographic measurements of airway resistance 
(Raw), thoracic gas volume (Vtg). and specific air
way conductance (SGaw), calculated as the ratio of 
the reciprocal of Raw to the simultaneously measured 
Vtg (10-12). Spirometric and plethysmographic 
measurements were repeated at serial intervals after 
inhalation of a standard therapeutic dose (1.25 mg) 
of isoproterenol for comparison with results of sub-

sequent administration of a9-THC by aerosol, 
smoking, and ingestion. 

During the remaining 6 study days, subjects in
haled 0, 5, 10, or 20 mg of synthetic a9-THC as an 
aerosol; smoked a cigarette containing 900 mg of 
marijuana assayed at 2.2 per cent a9-THC, or in
gested 20 mg of synthetic a9-THC dissolved in 
sesame oil within a gelatin capsule. The order in 
which the various test preparations were adminis
tered was randomized in a crossover fashion, and 
administration of the various doses of aerosolized 
a9-THC was double blind. The aerosol device 
consisted of a 15-ml capacity cannister fitted with a 
0.067-ml metered-dose valve (Emson Research, Inc., 
Bridgeport, Conn.) and containing various quantities 
of a9-THC dissolved in 6 ml of ethyl alcohol (U.S.P.), 
3 ml of alcohol (U.S.P.), 0.068 g of sorbitan trioleate 
(detacifier), 5 g of difluorodichloromethane (propel
lant 12), and 2.5 g of tetrafluorodichloroethane (pro
pellant 114) (13). Four aerosol preparations were 
used: one did not contain a9-THC (placebo), and 
the other 3 delivered 0.5, I, and 2 mg of a9-THC 
per actuation, respectively. On the days when sub
jects were scheduled to receive aerosol preparations, 
they exhaled to near residual volume, wrapped their 
lips around the mouth-piece of the nebulizer, in
spired deeply while activating the nebulizer, and 
held their breath for several seconds. This proce
dure was repeated 10 times at 30-sec intervals, so that 
subjects inhaled a total dose of 0, 5, 10, or 20 mg of 
a9-THC, depending on which aerosol preparation 
was used. 

On each test day, subjects were studied beginning 
at approximately 9 A.M., after an overnight fast and 
after having refrained from use of cannabis or other 
drugs for more than 12 hours. Measurements con
sisted of systolic and diastolic blood pressure, heart 
rate, respiratory rate, spirometry (FVC, FEV1, and 
FEF25-75%). and plethysmography (Raw, Vtg, and 
SGaw). In addition, a catheter was inserted into a 
peripheral vein to obtain serial 10-ml samples of 
blood for subsequent determination of plasma con
centrations of a9-THC and metabolites. Two sets 
of control measurements 15 min apart were obtained 
before administration of the scheduled drug prepa
ration, and measurements and blood sampling were 
repeated at 5, 15, 30, 60, 90, and 120 min and hourly 
thereafter until 6 hours after drug administration. 
In addition, at each measurement period, subjects 
were asked to rate their level of intoxication, or 
"high," on a scale of 0 to 7, the latter representing 
the maximal "high" they had ever experienced in 
the past. They were also asked to indicate whether 
or not they experienced any other unusual reactions 
after drug administration, such as dryness of the 
mouth or throat, bronchial irritation, cough, discom
fort in the chest, or nausea. 

After completion of studies in the healthy sub
jects, the effects of aerosolized a9-THC were also 
evaluated in 5 patients with clinically stable bron-
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chial asthma. The asthmatic subjects consisted of 
3 men and 2 women 31 to 64 years of age. Four of the 
asthmatic subjects had used cannabis in the past; 
however, 2 of these 4 subjects had sampled mari
juana only in conjunction with previous studies of 
the bronchial effects of A9-THC (3, 4). The 
asthmatic subjects were studied using a protocol 
identical to that followed for the healthy subjects, 
except that smoked marijuana, oral A9-THC, and 
the aerosol preparation delivering 20 mg of A9-THC 
were omitted, and venous blood samples were not 
obtained. In addition, the asthmatic subjects were 
requested not to take oral or inhaled bronchodilator 
medication for 8 hours and 4 hours, respectively, 
before study. None of the asthmatic subjects was 
on corticosteroids or disodium cromoglycate therapy 
at the time of the study. 

Calculations. The 2 sets of baseline control mea
surements on any study day were averaged for each 
subject. At each time interval after drug adminis
tration, post-drug measurements were calculated as 
percentage changes from the mean control values. 
For every drug and dosage, control values for each 
variable and percentage changes from control values 
at each time interval were averaged. Significance of 
the change at each time interval after each test 
preparation was determined by comparing the per
centage change after that preparation with the per
centage change after placebo at the same time inter
val, using "Student's" t test for paired data. A P 
value < 0.05 was considered significant (2-tailed 
test). 

Results 

Normal subjects. Mean anthropometric and 
baseline pulmonary function data are indicated 

in table I. All subjects smoked marijuana at 
least occasionally, and 5 subjects did not smoke 
tobacco. All subjects had normal baseline lung 
function. 

Aerosolized, oral, and smoked A9-THC 
resulted in no detectable changes in systolic, 
diastolic, or mean blood pressure, respiratory 
rate, or FVC. Spirometric flows (FEV 1 and 
FEF25-7G%) increased significantly 15 min to 2 
hours after smoked marijuana and 15 min to 
3 hours after all doses of aerosolized A9-THC, 
but not after either placebo aerosol or oral A9-
THC. Peak increases in FEV1 after 5 to 20 mg of 
aerosolized A9-THC ranged from 6.4 to 7.8 
per cent greater than baseline values. Peak in
creases in FEF25-75% after 5 to 20 mg of aero
solized A9-THC ranged from 17.4 to 19.1 per 
cent more than baseline values. These increases 
in flows were significantly greater than the 
changes after placebo aerowl. No significant dif
ferences were observed among increases in spi
rometric flows after various doses of aerosolized 
A9-THC or between aerosolized A9-THC 
and smoked marijuana. 

The changes in SGaw at various times after 
the different doses of aerosolized THC and after 
1.25 mg of isoproterenol are shown in figure l. 
Small, but significant, mean increases in SGaw 
(9 to 21 per cent) were noted I to 6 hours after 
placebo aerosol compared with baseline, pre
drug values. After 5 to 20 mg of aerosolized 
A9-THC, SGaw increased immediately, was 
maximal at 1 to 2 hours, and remained signifi-

TABLE 1 

Subjects 

Normal 

Mean 
SD 

Asthmatic 

HG 
HM 

KM 
MS 

GE 

Mean 

SD 

ANTHROPOMETRIC AND BASELINE PULMONARY FUNCTION DATA* 

Sex 

F 
F 

M 

M 
M 

Age 
(years) 

24.6 

4.3 

62 
64 

31 
55 

47 

51.8 

13.4 

Height 
(inches) 

72.1 
2.4 

62 
66 

65 
71 

59 

64.6 

4.5 

FVC 
(% pred.) 

104.4 
13.2 

54 

56 
4ti 
91 
74 

64.2 

18.1 

SGawt 

FEV 1 FEF 25_75 % (/iter/sec/ 
(%pred.) (%pred.) cmH2 0/Iiter) 

108.6 
15.2 

45 

45 

29 
71 
54 

48.8 

15.3 

98.5 

27.4 

20 

22 
13 
45 
43 

28.6 
14.5 

0.19 
0.053 

0.040 

0.080 
0.040 
0.055 

0.075 

0.058 
0.019 

DLco 
(% pred.) 

111.3 

6.0 

95 

82 
100 
100 

131 

101.6 

18.0 

Definition of abbreviations: FVC ~ forced vital capacity; FEV1 forced expiratory volume in 1 sec; 
FEF 25_ 75 % ~forced expiratory flow during the middle half of the FVC; SGaw ~specific airway conductance; 

DLco ~diffusing capacity of the lung for CO;% pred. ~per cent of the predicted value. 

*Predicted values for spirometric indices and for DLco are base<l on the regression equations of Morris and 
associates (14) and of Cotes (15), respectively. 

tNormal values~ 0.151iter/sec/cm H 2 0/liter based on data from our laboratory. 
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Fig. 1. Mean percentage changes {% ~) in specific airway conductance with time, after 1.25 mg of 
isoproterenol, and after 0, 5, 10, and 20 mg of aerosolized ~9-tetrahydrocannabinol (~9-THC) in 11 
normal subjects. Vertical bars represent I SEM. 

candy greater than baseline values for 5 to 6 
hours and greater than placebo values for 3 to 
5 hours (figure 1). Although the mean changes 
after the largest dose of .:19-THC were gener
ally greater than those after the smaller doses, 
these differences were not significant. The mean 
increases in SGaw after isoproterenol were 
greater than or comparable to those after aero
solized .:19-THC at 5 to 30 min, but were sig
nificantly less than those after .:19-THC at 
subsequent time intervals. 

Comparison of the changes in SGaw after 20 
mg of smoked, aerosolized, and oral .:19-THC 
is shown in figure 2. After both smoked and 
aerosolized .:19-THC, SGaw increased immedi
ately and remained significantly greater than 
values after oral .:19-THC for 1 hour. The SGaw 
increased significantly 1 hour after ingestion of 
.:19-THC and remained increased for 6 hours. 
After 1 hour, the changes in SGaw that followed 
smoked marijuana decreased progressively and 
were significantly less than the changes that fol
lowed aerosolized and oral .:19-THC at 3 to 6 
hours. 

The effects of various doses of aerosolized .:19-
THC, 1.25 mg of isoproterenol, 20 mg of smoked 
~9-THC, and 20 mg of oral .:19-THC on 
heart rate are shown in figure 3. After placebo 
aerosol, heart rate decreased slightly. Aero-

solized .:19-THC resulted in significant in
creases in heart rate, with maximal increases 
(9 to 13 per cent) occurring 5 min after in
halation. Heart rate returned to values not sig
nificantly different from placebo 30 min after 5 
mg, and 90 and 120 min after 10 and 20 mg of 
.:19-THC, respectively. A late increase in heart 
rate occurred 5 to 6 hours after 20 mg of .:19-
THC. A dose-response effect was noted, in that 
pulse increments after 20 mg of .:19-THC were 
significantly greater than those after 5 and 10 
mg of .:19-THC at 5 to 90 min. After isopro
terenol, heart rate increased significantly only 
at 5 min. After oral .:19-THC, heart rate did 
not change. The changes in heart rate during 
the first 30 min after both smoked and aerosol
ized .:19-THC were significantly greater than 
those after oral .:19-THC, and the increases in 
heart rate after smoked marijuana significantly 
exceeded those after aerosolized .:19-THC. 

Effects of aerosolized, smoked, and oral .:19-
THC on subjective "high" are shown in figure 4. 
No significant "high" was experienced after pla
cebo aerosol. The slight "high" reported after 
5 and 10 mg of .:19-THC persisted for as long 
as 3 hours. After 20 mg of .:19-THC, the "high" 
was significantly greater than that observed after 
5 or 10 mg of .:19-THC, most often 15 to 240 
min after inhalation of the aerosol. During the 
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Fig. 2. Comparison of mean percentage changes (% 6) in specific airway conductance with time after 
20 mg of aerosolized, smoked, and oral t.9-tetrahydrocannabinol (t.9-THC) in 11 normal subjects. 
Vertical bars indicate 1 SEM. 

first hour after smoked ~9-THC, the "high" 
experienced was significantly greater than that 
after aerosolized or oral ~9-THC, and the 
"high" experienced after aerosolized ~9-THC 
was significantly greater than that after oral ~9-
THC. Subsequently, the intoxicating effects of 
~9-THC administered by all 3 routes were 
comparable. 

Aside from a pleasant feeling of intoxication 
and slight dryness of the throat in one subject 
after smoking, no other side effects were reported 
after smoked marijuana or oral ~9-THC. 

Only 2 subjects reported side effects after pla
cebo aerosol (dry mouth and moderate throat 
irritation). No adverse side effects of aerosolized 
~9-THC were volunteered by 7 of the 11 sub
jects on direct questioning. Reported side ef
fects after 5 to 20 mg of aerosolized ~9-THC 
included slight to moderate throat irritation in 
4 subjects, dry mouth in one subject, bronchial 
irritation in 3 subjects, slight chest discomfort 
in 2 subjects, slight cough in 3 subjects, and 
moderate nausea in one subject. Most reported 
side effects occurred within 5 min of inhalation 
of the aerosol, subsided within 15 min, and were 

of a similar magnitude after all doses of aero
solized ~9-THC. 

Blood concentrations of ~9-THC and metab
olites after aerosolization of various doses of 
~9-THC and after the smoking and ingestion 
of 20 mg of ~9-THC are not yet available. 

Asthmatic subjects. Anthropometric and base
line physiologic data for the asthmatic subjects 
are indicated in table 1. The asthmatic subjects 
had mild to moderately severe airway obstruc
tion (FEV1 values 74 to 46 per cent of predict
ed) without evidence of diffusion impairment. 
The plethysmographic responses of each asth
matic subject to 1.25 mg of nebulized isoproter
enol and 0 (placebo), 5, and 10 mg of aerosol
ized ~9-THC are shown in figure 5. The pres
ence of reversible bronchospasm was document
ed by increases in SGaw of 24 to 185 per cent 
(mean increase, 119 per cent) within 30 min 
of inhalation of isoproterenol. After placebo 
aerosol, SGaw showed little change in 3 subjects, 
increased moderately in one subject, and de
creased in another subject. After 5 and 10 mg 
of aerosolized ~9-THC, 2 subjects developed 
moderate to severe bronchospasm, requiring dis-
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Fig. 3. Mean percentage changes (% d) in heart rate with time, after 1.25 mg of isoproterenol, and 
after 0, 5, 10, and 20 mg of aerosolized d9-tetrahydrocannabinol (d9-THC), 20 mg of smoked d9-THC, 
and 20 mg of oral d9-THC in 11 normal subjects. Vertical bars indicate 1 SEM. 
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Fig. 4. Average subjective level of intoxication, or "high," at various times after 0, 5, 10, and 20 mg of 
aerosolized d9-tetrahydrocannabinol (d9-THC), 20 mg of smoked .6.9-THC, and 20 mg of oral d9-THC 
in 11 normal subjects. 
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Fig. 5. Specific airway conductance, in liter/sec per em H2 0/liter, as a function of time after 0, 5, 
and 10 mg of aerosolized .:19-tetrahydrocannabinol (A9-THC), and after 1.25 mg of isoproterenol in 5 
asthmatic subjects. 

continuation of the study after 0.5 to 2 hours 
in one of these patients. On the other hand, 
in the other 3 subjects, both doses of aerosolized 
.:19-THC resulted in marked bronchodilatation 
(maximal increases in SGaw of 100 to 252 per 
cent above control values). 

The effects of isoproterenol and 0 to 10 mg 
of aerosolized .:19-THC on FEV 1 in the asth
matic subjects are shown in figure 6. All subjects 
demonstrated a 10 per cent or greater initial 
increase in FEV 1 after isoproterenol. Placebo 
aerosol was followed by little change in FEV1 in 3 
subjects, an early decrease in FEV1 in one sub
ject, and a sustained increase in FEV1 in there
maining subject. Both doses of aerosolized .:19-
THC caused modest to moderate, sustained in
creases in FEV 1 in 3 subjects, a slight decrease in 
FEV1 in one subject, and a moderate decrease 
in FEV1 in the remaining subject. Adverse side 
effects of nebulized .:19-THC in the asthmatic 
subjects included, in addition to bronchospasm, 
mild to severe throat constriction, dry mouth, 
and chest discomfort in 2 subjects, and cough in 

4 subjects. The 2 patients in whom broncho
spasm developed exhibited the worst cough and 
were the only ones who complained of chest dis
comfort. These side effects were noted within 
5 min of inhalation of the aerosol and persisted 
for 15 min after the 5-mg dose and for as long 
as 120 min after the 10-mg dose, although symp
toms persisting beyond 15 min were of only 
mild severity. 

Discussion 

The development of significant physiologic 
changes after inhalation of aerosolized A9-THC 
indicates that A9-THC can be effectively ad
ministered by this route. The finding of cardiac 
and psychologic, as well as bronchial, effects in
dicates that the administered A9-THC was sys
temically absorbed after inhalation of the aer
osol. Systemic absorption of A9-THC prob
ably occurred at least partially from the respira
tory tract andjor oropharyngeal cavity, because 
systemic effects were noted almost immediately 
after aerosolization of the drug, compared with 
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Fig. 6. Forced expira,tory volume in 1 sec (FEV 1 ), in 
liter (L), after 0, 5, and 10 mg of aerosolized .11.9-tetra
hydrocannabinol (.11.9-THC) and after 1.25 mg of iso
proterenol in 5 asthmatic subjects. 

the delay in onset of psychophysiologic effects 
after ingestion of orally administered .11.9-THC. 
On the other hand, some aerosolized .11.9-THC 
may have been absorbed across the gut after 
swallowing of pharyngeally deposited aerosol, 
because cardiac effects tended to be greater 2 
to 6 hours after aerosolized .!l9-THC compared 
with effects noted during the same time period 
after smoking the same quantity of .11.9-THC. 
This possibility is also suggested by previous 
findings indicating gastrointestinal absorption 
of a major fraction of nebulized, radiolabeled 
isoproterenol (16). The relatively short dura
tion of systemic effects after nebulized isopro
terenol, in contrast to aerosolized .11.9-THC, is 
probably due to the rapid conversion of isopro
terenol to inactive metabolites after absorp
tion (16), in contrast to the metabolism of .11.9-
THC to active compounds (17). 

In the small number of subjects studied, 
changes in SGaw did not appear to be related 
to the dose of inhaled drug, whereas the chang
es in heart rate and "high" were dose dependent. 
It is of interest that the smallest dose of aerosol
ized .11.9-THC (5 mg) resulted in a peak bron
chodilator effect approximating SO per cent of 
that after 20 mg of .11.9-THC and 72 per cent of 
that after 1.25 mg of isoproterenol. In addition, 
the bronchodilator effect of 5 mg of .11.9-THC 
was longer-lasting than that of isoproterenol (5 
hours versus 30 min). Moreover, the broncho-

dilatation after 5 mg of aerosolized .11.9-THC 
was accompanied by only a modest (8 per cent), 
short-lived (15-min) increase in heart rate and 
no significant "high," in contrast to significant 
cardiac changes of I to 2 hours' duration after 
10 to 20 mg of aerosolized .11.9-THC and a 
"high" lasting 6 hours after the 20-mg dose. The 
8 to 16 per cent increase in SGaw I to 6 hours 
after placebo aerosol may represent diurnal var
iation (18) and underscores the need for pla
cebo control measurements even in normal sub
jects. 

Comparison of the same dose of .11.9-THC 
administered by smoking, by aerosol, and by in
gestion revealed a comparable speed of onset 
and peak bronchodilator effect of the aerosolized 
and smoked drug, in contrast to a slower onset 
and smaller peak bronchodilatation after oral 
.11.9-THC. The duration of bronchodilatation 
after aerosolized .11.9-THC was comparable to 
that after oral .11.9-THC, but longer than that 
after smoked marijuana. The pulse increments 
and "high" were greater after smoked mari
juana than after aerosolized .11.9-THC and 
greater after aerosolized .11.9-THC than after 
oral .11.9-THC during at least the first 30 min 
after drug administration. 

These findings in healthy subjects suggest 
possible therapeutic advantages of aerosolized 
.11.9-THC, particularly in low doses (5 mg), 
over both smoked and orally administered .11.9-
THC, with respect to the greater magni
tude, speed of onset, and duration of broncho
dilatation and the Jesser cardiac and central ner
vous system effects; however, the throat and chest 
discomfort associated with inhalation of aero
solized .11.9-THC suggests that the relatively 
large particles of .11.9-THC generated by our 
Freon-propelled nebulizer were deposited in the 
upper and central airways, causing mucosal ir
ritation. This irritating effect on the airways of 
normal subjects produced only minimal discom
fort and did not prevent the development of sig
nificant bro~chodilatation in these persons with 
normally reactive airways. On the other hand, 
in the 5 asthmatic subjects studied, aerosolized 
.11.9-THC resulted in more frequent and severe 
cough and chest discomfort than was observed 
in the healthy subjects and caused moderate 
to severe bronchoconstriction in 2 of the asth
matic subjects, although marked bronchodila
tation was noted in the other 3. 

The observations described suggest that aero
solized .11.9-THC may be unsuitable for thera
peutic use in patients with bronchospastic dis-
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ease; however, in preliminary studies involving 
a few asthmatic subjects, Vachon and associates 
(19) have minimized bronchial irritation by 
nebulizing a solution containing a small con
centration of D-9-THC (1.25 per cent) using 
a cascade-type of aerosol delivery device, which 
produced particles with a mean aerodynamic 
diameter of 2 >'m, and none more than 5 >'m, pre
sumably minimizing delivery of relatively large 
amounts of D-9-THC to any one site in the 
airway. Unfortunately, the particle size of the 
aerosols of D-9-THC used in the present study 
was not measured. Additional studies would 
be of interest to determine the local airway and 
systemic effects of low doses of aerosolized D.9-
THC in the small- to medium-sized particle 
range in patients with reversible airway obstruc
tion. Another approach toward developing a 
potentially useful cannabinoid compound for 
therapeutic bronchodilatation involves the syn
thesis of chemical derivatives of the D-9-THC 
molecule, which might retain the bronchodilator 
activity of the parent compound when orally 
administered, but not the unwanted psychophys
iologic effects. 
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