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Session I: Epidemiology of Inhaled Substances of
Abuse: Scope of the Problem

Chairs: Pushpa V. Thadani, Ph.D.
Donald P. Tashkin, M.D.

Health Effects of Smoking Drugs of Abuse: Implications for Prevention,
Treatment and Policy

Timothy Condon, Ph.D.
Associate Director, National Institute on Drug Abuse, Bethesda, MD

Abstract Not Available

Trends in prevalence of inhaled drugs of abuse

Patrick O’Malley, Ph.D.
Institute for Social Sciences, University of Michigan, Ann Arbor, MlI

Cigarette smoking rates among 8th, 10th, and 12th graders increased in the early
1990s, peaking in 1996 or 1997; there were declines in all three grades in 1998. It
remains to be seen if the era of increases has indeed passed. But current smoking
levels are still distressingly high: in 1998, 19% of 8th graders, 28% of tenth
graders, and 35% of twelfth graders were current smokers (i.e., smoked in the past
30 days).

Marijuana smoking rates followed a similar trend of increases in the 1990s,
peaking in 1996 or 1997, with declines in all three grades in 1998. Current
marijuana use rates in 1998 stood at 10% of 8th graders, 19% of tenth graders, and
23% of twelfth graders. These are distressingly high figures, considering that this
is a highly illicit behavior. But the downturn in 1998 is encouraging, though again,
it remains to be seen if the peak has passed.

Crack cocaine smoking also increased somewhat during the 1990s, and there was
no downturn in 1998. Rates of crack cocaine current use are relatively low, at
about 1% in all three grades in 1998.
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Follow-up data show very high rates of continuation of smoking cigarettes through
age 32; continuation rates of marijuana were somewhat lower, though still
substantial

Gender differences in cigarette smoking rates were very slight. Males smoked
more marijuana than did females. African-American students smoke cigarettes less
than Hispanic or white students. African-American twelfth graders' rates of
smoking cigarettes declined substantially throughout the 1980s, but have recently
increased, along with the other ethnic groups. African-American students reported
less marijuana use then either Hispanic or white students.

Individuals' use of marijuana and cigarettes appear closely associated with
perceptions of risk of harm from use.

Aggregate trends in use of marijuana seem very closely linked to trends in
perceived risk of harm associated with marijuana use. Aggregate trends in use of
cigarettes also seem linked to trends in perceived risk of harm associated with
cigarette use, though not so closely as for marijuana.

Interrelationships among Tobacco, Marijuana, and Cocaine Smoking

David A. Gorelick, M.D., Ph.D.
Intramural Research Program, National Institute on Drug Abuse
Baltimore, MD 21224

The use by individuals of more than one smoked drug raises important questions for
evaluating the pulmonary, immunologic, and other consequences of smoked drug use.
These questions include: How prevalent is multiple smoked drug use? What drug
combinations are used? What is the temporal pattern of drug smoking, e.g., sequential,
concurrent, or simultaneous? Are there any direct effects of using or quitting one drug on
the smoking of another drug? Answers to these questions come largely from survey data
(usually by self-report) and from direct assessments of drug use and interactions (e.g., in
human laboratory studies). Frequent limitations of survey data are that they do not report
multiple drug use by individuals and the route of drug administration

Data from the Drug Abuse Warning Network and other sources suggest that the drugs
most frequently smoked in the US are tobacco, marijuana, cocaine, and PCP, with
smoking of methamphetamine and heroin much less common. Popular drug
combinations smoked simultaneously include tobacco with marijuana or cocaine and
cocaine with marijuana or PCP.

Cross-sectional surveys, especially of adolescents (e.g., 1995 Youth Risk Behavior
Survey) indicate that cigarette smoking is a significant risk factor for other drug use,
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including marijuana, cocaine, and alcohol, and that there may be a dose-effect
relationship, i.e., the more cigarettes smoked, the greater the risk of other drug use. The
vast majority of adult cocaine smokers smoke marijuana; many also smoke cigarettes.
Longitudinal surveys, both prospective and retrospective, suggest that many multiple
drug smokers follow a typical temporal sequence of smoked drug use: cigarettes first,
then marijuana, and then cocaine. This sequence has been termed the "gateway" theory
of drug involvement. One study of 228 current cocaine smokers (with no history of
injection drug use) found the following lifetime histories of drug smoking: 61%
marijuana and cigarettes, 18% marijuana, and 17% cigarettes (Gorelick et al., 1997).
Only 4% had never smoked marijuana or cigarettes. The majority of subjects followed
the gateway sequence of drug use: first cigarette use at age 17 years, first marijuana use
at 18 years, first smoked cocaine use at 29-30 years, and first regular smoked cocaine use
at 31 years. The initiation of regular cocaine smoking was associated with a marijuana
quit rate of 45% over the subsequent 5 years, but a cigarette quit rate of only 2%. These
findings suggest that cigarette smoking may be more resistant to disruption by other drug
use than is marijuana smoking.

There are relatively few published studies on the acute effects of drug use or drug
cessation on cigarette smoking. Two outpatients studies and three of four inpatient
experimental studies have reported significantly increased cigarette smoking associated
with cocaine use or cocaine administration. One study reported a significant decrease in
cigarette smoking in outpatients who stopped cocaine use, consistent with the cocaine
administration studies. However, an inpatient study found no change in cigarette smoking
during the first week of cocaine abstinence. A recent experimental study found that
administration of the dopamine receptor agonist bromocriptine reduced cigarette
smoking, while the dopamine receptor antagonist haloperidol increased cigarette
smoking. This finding is contrary to what would be expected from cocaine
administration, and suggests that further research is needed on the mechanism of the
cocaine-cigarette interaction.

In contrast to the studies with cocaine, all four published studies report little or no effect
of marijuana use on cigarette smoking. The data reviewed above have significant
implications for investigators studying the pathophysiological effects of smoked drug
use:

1) Lifetime drug use should be carefully assessed in all smoked drug users.

2) Observed abnormalities in smoked drug users may be difficult to attribute to a
particular drug.

3) Several study designs can be used to tease out the effects of particular drugs, e.g., Use
of comparison groups with different drug use patterns to "subtract out" the effect of a
particular drug; Evaluation of dose-effect relationships.

Gorelick DA, Simmons MS, Carriero NJ, & Tashkin DP: Characteristics of smoked drug
use among cocaine smokers. American Journal on Addictions 6:237-245, 1997.
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Changing Potency of “Street” Marijuana (Potency Trends of Confiscated
Marijuana from 1980-1997)

Mahmoud Ahmed EISohly, Ph.D.
National Center for Natural Products Research School of Pharmacy,
University of Mississippi, University, MS 38677

Analysis of 35, 312 cannabis preparations confiscated in the United States over a period
of 18 years (1980-1997) for delta-9-tetrahydrocannabinol (_*-THC) and other major
cannabinoids was carried out. Samples were identified as cannabis, hashish, or hash oil
and cannabis samples were categorized as marijuana (loose material, kilobricks, and
buds), sensemilla, Thai sticks and ditchweed (wild cannabis growing in the USA
Midwest).

Since the sample collection form had no classification for ditch weed prior to 1995,
cannabis samples analyzed from 1980-1994 were retrospectively examined and classified
as ditchweed if they met the qualification criteria of having less than 1% _°-THC and
CBD greater than _ >-THC. The data showed that more than 82% of all confiscated
samples (cannabis, hashish, and hash oil) were in the marijuana category (loose material,
kilobricks, or buds) for every year except 1980 (61%) and 1981 (75%). The potency of
marijuana samples rose from less than 1.5% in 1980 to approximately 3.3% in 1983 and
1984. The THC level then dropped to 2.4% in 1986 before it rose again to 3.3% in 1988.
From 1988-1992, the average THC level fluctuated slightly around 3%. Since 1992, the
THC concentration in confiscated marijuana samples has continuously risen, going from
3.1% in 1992 to 4.2% in 1997. The increase in marijuana potency was evident even
when high potency outliers were excluded from the analysis.

The potency of all cannabis samples including sinsemilla and ditchweed along with
marijuana was almost parallel to that of marijuana. The average levels of _°-THC over
the last 7 years showed a gradual rise from 3% in 1991 to 4.47% in 1997. Hashish and
hash oil, on the other had, showed no specific potency trends. The average _°-THC in
hashish samples ranged from less than 3% to greater than 19% while hash oil showed an
average of approximately 13%-20% _°-THC for most samples.

For other major cannabinoids (CBD, CBC, and CBN), there were no trends in their
levels. The average concentration of these cannabinoids for all cannabis samples was
typically less than 0.5%. The levels of these cannabinoids were much higher in hashish
and hash oil samples, which also varied from year to year.
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Session 2: Chemistry and Toxicology of Smoked
Substances

Chair: Billy Martin, Ph.D.

Comparison of gas-phase cytotoxins in marijuana and tobacco Smoke

Gary Huber, M.D.
Texas Nutrition Institute, Inc., Tyler, TX

Abstract Not Available

Genotoxic and Cytotoxic Potential of Marijuana and Tobacco Smoke

Ted Sarafian, M.D.
Department of Medicine, UCLA School of Medicine,
Los Angeles, CA

Oxidative stress is an important element in a wide range of physiologic and pathologic
processes, particularly in the area of neuropathology. Oxidative injury occurs in
Alzheimer’s disease, Parkinson’s disease, ALS, stroke and head trauma. In an effort to
apply techniques developed to study neurotoxic oxidative stress mechanisms to the
problem of cell injury caused by marijuana (MJ) smoke, | began collaboration with Drs.
Mike Roth and Don Tashkin.

We set up a series of smoke chambers that could be operated in parallel to expose cells
cultured in multi-well plates to cigarette smoke in controlled volumes and durations.
Cells used for these experiments were an endothelial cell line, ECV304. Cells were
preloaded with a fluorescent probe, placed in respective chambers and cigarette smoke
delivered in 50 cc boluses. Chambers were then sealed for 15-30 min. after which the
plates were removed for assays using a fluorescent plate reader. In some experiments a
Cambridge filter was inserted to trap smoke particulate phase materials and to permit
only gaseous components to reach the cells.

Initially, a probe for reactive oxygen species (ROS) and free radicals called dichloro-
fluorescein (DCF) was used and revealed that tobacco smoke increased DCF oxidation
significantly above control levels. Control levels of ROS reflect the level of basal
metabolism in cells, which results in the conversion of a small percentage of molecular
oxygen to superoxide anion. When we examined marijuana smoke from a cigarette
containing 3.9% D’-tetrahydrocannibinol (THC) we found an even greater increase in
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oxidative stress. However, a placebo MJ cigarette with 0 % THC did not increase
cellular ROS, suggesting that THC made a significant contribution to the ROS effect.
We demonstrated a dose-effect showing that increasing the number of cigarette puffs
produced a corresponding increase in ROS. Antioxidants such as ascorbate and dithiol
compounds could block MJ-induced ROS generation. We compared MJ cigarettes
containing different amounts of THC and found ROS decreased with lower amounts of
THC, providing more evidence to suggest that THC or some other cannabinoid was
causing ROS production.

However, in contrast to these results, little difference was observed when comparing MJ
and placebo cigarette smoke using a fluorescent probe for glutathione (GSH) level called
monochlorobimane. Cellular levels of GSH, a primary intracellular antioxidant defense
molecule, were decreased by tobacco, MJ and placebo smoke to similar degrees. This
demonstrated that placebo MJ smoke does produce a form of oxidative stress. We further
asked, how much of the ROS signal was caused by the particulate phase of the smoke,
which is where the THC is located. After removing particulates with a Cambridge filter,
ROS levels did not decrease, but substantially increased. This suggested that the
particulate phase expressed antioxidant activity. These observations are consistent with
reports that cigarette smoke contains polyphenolic compounds in the particulate phase,
which can act as antixoidants and can inhibit serum lipoprotein oxidation. Thus overall
oxidative stress from cigarette smoke appears to reflect a balance between free radical
generation from gas-phase components and antioxidants in the particulate phase.

Are these oxidative stresses associated with cell injury? Since no cell death was observed
after 30 min. smoke exposure, cells were exposed to smoke for 10 min and then returned
to fresh smoke-free medium for prolonged CO, incubation. After 24-48 hr, extensive cell
death was produced by both MJ and placebo cigarette smoke, demonstrating irreversible
events associated with oxidative stress from MJ smoke.

Since oxidative stress in known to cause cell death by apoptosis in a variety of systems
we examined MJ smoke-exposed cells for apoptotic death using the TUNEL (Terminal
UTP nick end labeling) assay for DNA fragmentation. Smoke exposure produced no
increase in TUNEL staining, indicating that cell death was uniformly the result of
Necrosis.

In order to examine this process in more detail, we began studies with A549 cells, a lung
epithelial tumor cell line. These cells were not only more relevant to lung tissue
pathology and carcinogenesis but were also readily induced to undergo apoptosis by
treatment with interferon-G and anti-Fas antibody. This antibody treatment caused
induction of caspase-3 activity after 24 hr. Caspase-3 is one of the central effector
enzymes in the apoptosis pathway. Both MJ and tobacco smoke could block this
induction of caspase-3. N-acetylcysteine could prevent this inhibition, suggesting that
oxidative stress was responsible for the inhibition. Analysis of the particulate phase
smoke extract showed that MJ but not tobacco or placebo smoke extract had a fairly
strong ability to inhibit caspase-3 activity. Synthetic THC also showed a strong
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inhibitory activity, which suggests that this may be the component of MJ smoke with the
highest activity.

This inhibition may be the mechanism underlying our observed absence of apoptotic cell
death and the prevalence of necrotic death. These results could have important
implications for smoke-induced tumor promotion in lungs since apoptosis is an important
defense mechanism against malignant transformation. MJ smoke may be especially
hazardous in this respect not only causing generation of free radicals, DNA mutation, and
malignant transformation, but also suppressing the cell suicide pathway, allowing
damaged cells to survive for longer periods of time.

Pyrolysis and Volatilization of Cocaine

Billy Martin, Ph.D.
Department of Pharmacology & Toxicology, Medical College of Virginia
Richmond, VA

Abstract Not Available

Session 3: Smoking Topography and Smoking
Methodology: Relation to Bioavailability

Chairs: Dorothy Hatsukami, Ph.D.
Donald P. Tashkin, M.D.

Effects of marijuana smoking profile on respiratory deposition of
tar and absorption of CO and A°-THC

Donald P. Tashkin
Department of Medicine, University of California Los Angeles,
Los Angeles, CA

We previously observed that smokers of 3-4 marijuana cigarettes a day had a similar
prevalence of chronic respiratory symptoms and tracheobronchial histopathologic
alterations to that noted in regular smokers of >20 tobacco cigarettes a day. To explain
this similarity of adverse respiratory consequences of habitual smoking of much smaller
amounts of marijuana than tobacco, we hypothesized that the smoke from a single
marijuana cigarette delivers more noxious particulate and gaseous irritants to the lung
than the smoke from a single tobacco cigarette of the same weight. To test this
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hypothesis, we first compared the tar and CO yield of a single NIDA-supplied marijuana
cigarette of varying THC content with that of various brands of filter-tipped tobacco
cigarettes of comparable weight using a standardized in vitro smoking technique
employing a syringe. The tar yield of the marijuana cigarettes was 1.9-2.6 times that of
the tobacco cigarette, most likely due to less filtration of the tar through the more loosely
packed and non-filter-tipped marijuana cigarette. On the other hand, the CO yield of the
two cigarettes was similar. We next compared the smoking profile for tobacco and
marijuana of varying potency (0.0, 1.24 and 2.74% THC) and the respiratory deposition
of tar (using a previously described specially designed proportional filter smoking device
(Rose et al. Behav Res Methods, Instrum Comput 1987; 19:295; Wu et al. N Engl J Med
1988; 318:347) and absorption of CO (measured as the pre- to post-cigarette boost in
blood carboxyhemoglobin (COHb) from the two types of cigarettes (of roughly
comparable weight) in 11 habitual smokers of both substances. Smoking of marijuana
compared to tobacco was associated with 34% fewer puffs, a 30-78% larger puff volume
(resulting in a roughly comparable cumulative puff volume across the different types of
cigarettes), a 40-54% greater inhaled volume, a 3.9-5.2 longer breathholding time (BHT),
an approximately 3-fold greater delivery of inhaled tar, a 40% greater respiratory
deposition of the inhaled tar and a >3-fold greater boost in blood COHb. The
combination of the 3-fold greater inhaled tar delivery and the 40% greater deposition (or
retention) of the inhaled tar in the lung resulted in a >4-fold greater tar burden to the lung
from a single marijuana cigarette than a single tobacco cigarette, thus amplifying the
potential respiratory and cardiovascular hazards of smoking marijuana compared to
tobacco. It is noteworthy that while the technique (profile) of smoking tobacco differed
considerably from that of smoking marijuana, few differences were noted in the
technique of smoking the different strengths of marijuana, aside from a slightly lower
puff volume and slightly shorter BHT during the smoking of the highest potency of
marijuana studied (2.74% THC), compared to lower strengths (0 and 1.24% THC).

We next addressed the question of how much of the greater tar deposition and CO
absorption from marijuana was dependent on the above differences in smoking technique
and, if so, what characteristics of marijuana smoking technique were most important. To
answer this question, we determined the effects of varying smoking profile for marijuana
(simulating the profile characteristic of tobacco and/or marijuana) on deposition of tar in
the lung, absorption of CO across the lung and absorption of D’-THC. For these studies
10 healthy habitual smokers of marijuana were studied on 6 separate days. On each day
they smoked a single NIDA-supplied marijuana cigarette using one of 6 different
smoking profiles typical for marijuana (puff volume ~70 ml; BHT 14-16 sec) or tobacco
(puff volume ~45 ml; BHT 4-5 sec) or a combination of the two (puff volume ~70 ml and
BHT 4-5 sec; or puff volume ~45 ml and BHT 14-16 sec). Inhaled volume (1.5 liters),
interpuff interval (30 sec) and no. of puffs (6) were all fixed, except that for the ~45-ml
puff volume condition, the no. of puffs was increased to 10 in 2 additional sessions to
standardize the cumulative puff volume (and thus the total amount of cigarette
consumed). We found that the longer BHT significantly increased both the percent of
inhaled tar deposited in the lung and the pre-to post-smoking rise in blood COHb, serum
THC and heart rate, independent of puff volume. These findings indicate that the longer
BHT (and not the larger PV) characteristic of marijuana smoking contributes to the
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greater COHb boost and lung retention of inhaled tar during marijuana compared to
tobacco smoking, in addition to enhancing THC absorption.

Previous studies have shown that with successive puffs, various smoke components (e.g.,
tar condensate, CO and HCN in tobacco and D’-THC in marijuana) become concentrated
in the remaining portion of the cigarette. At the same time, we and others have shown
that puff volume decreases during the smoking of a single marijuana cigarette, possibly
offsetting the effects of increasing concentration of noxious smoke components in the
proximal portion of the cigarette on the delivery of these components to the lung. We
therefore compared the respiratory delivery of tar, CO and D’~THC from the distal vs. the
proximal halves of a NIDA marijuana cigarette to determine whether the proximal half
delivers more of these components to the lung (despite possible changes in smoking
profile), thus leading to potentially greater health effects. On 4 separate days, ten
habitual smokers of marijuana smoked nearly all or ~_ of a NIDA marijuana cigarette (83
mm length; 800-900 mg; 1.24% THC) as follows: day 1, “whole” cigarette (60 mm
smoked, leaving a 23 mm butt); day 2, distal half (first 30 mm); day 3, proximal half
(second 30 mm) after the distal half was pre-smoked with a syringe); and day 4, proximal
half after the distal half was excised. Puff volume and inhaled tar were measured as
described previously (Wu et al., ibid; Rose et al. ibid). Puff volume and number were
allowed to vary spontaneously (provided the specified length of cigarette was consumed),
while inhaled volume (1.5 liters), BHT (14 sec) and interpuff interval (30 sec) were held
constant. Blood samples were withdrawn before and serially following smoking for
analysis of blood COHb and serum D’-THC, and heart rate and self-reported “high” were
recorded. Compared to the distal half, smoking the proximal half delivered more tar, CO
and THC to the smoker’s lungs, as indicated by a greater amount of inhaled tar and a
larger boost in COHb and serum THC. Moreover, boosts in blood COHb and serum
THC were significantly greater following smoking the proximal half after the distal half
had been pre-smoked rather than excised. These findings are probably due to 1) less rod
filtration of insoluble particulates, 2) increased concentration in the proximal half of the
cigarette of carbonaceous material and THC volatilized by prior combustion of the distal
half, and 3) possible differences in the burn rate due to effects of pre-combustion of the
distal half on moisture content of the proximal half. Clinical implications of these
findings are that smoking fewer marijuana cigarettes down to a shorter butt length to
deliver more THC and achieve a greater “high” is potentially more harmful to
cardiorespiratory health than consuming a comparable amount of marijuana contained in
more cigarettes smoked to a longer butt length.

Supported by USPHS grant DA 03018 from the National Institute on Drug
Abuse/National Institutes of Health.
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Administration of Precise Doses of Cocaine-Base Using a Smoke Delivery Device

Dorothy K. Hatsukami, Ph.D.
University of Minnesota Department of Psychiatry,
Division of Neurosciences, Minneapolis, MN

The validity of examining the effects of specific doses of inhaled substances depends on
the precision of our delivery devices. The reliability and validity of the drug delivery
device is demonstrated by: a) evidence that a known quantity of the drug is delivered by
the device, b) the purity of the drug delivered, c) the precision in the amount delivered to
the subject; and d) clear dose-related responses. The device that was developed in our
laboratory consists of a nichrome wire coil on which specific doses of cocaine are
applied. The coil device is inserted into a glass mouthpiece and connected through a
small smoking chamber. The smoking chamber has an airflow opening on the bottom.
This airflow opening is connected by tubing to a pneumotachographic device, which is a
differential pressure transducer sensitive to changes in air-flow within the smoking
chamber. The output from the pneumotachograph is received by a computer, which
activates the power supply whenever a change in airflow is detected. The cocaine base is
then electrically heated and rapidly vaporized (Hatsukami et al. 1990).

The first experiment involved determining whether known guantities of cocaine could be
applied to the coils (Hatsukami et al. 1990). Specific doses of tritiated cocaine base were
delivered on the coils in a solution of ethanol, which was then allowed to dry, leaving
crystallized cocaine on the coils. The cocaine delivered on coils was then placed in
separate vials of scintillation fluid. Specific doses were also delivered directly in vials
filled with scintillation fluid. The results showed at low doses, there were no differences
in the amount of cocaine delivered to the coil vs. the amount delivered directly in the
scintillation fluid. In addition, when the coils were heated and then placed in the
scintillation fluid, negligible levels of cocaine were detected. The second experiment
examined the purity of cocaine delivery. Cocaine, when heated at high temperatures, will
result in pyrolysis products (Martin & Lue 1989). The wire for our delivery device is
heated to less than 200 degrees, so minimal pyrolysis products would be expected. In
another experiment, we examined the amount of pyrolysis products from 51-70 mg of
cocaine delivered at various airflow rates (500 cc/ 10sec, 1000cc/ 10sec, 1500 cc/10 sec,
2000cc/ 10 sec). The results showed that 98.3% to 100.0% of the heated product was
cocaine (Thompson & Hatsukami, unpublished). The third experiment examined the
reliability of the amount of cocaine delivered to the subject (Hatsukami et al. 1990). In
order to maximize the specificity in the amount of cocaine delivered, smoking
topography was controlled. Puff duration was set for 10 seconds and inhalation duration
for 15 seconds. Subjects (n=5) were given the same dose of cocaine in two separate,
experimental sessions. The results from this study showed a within-subject correlation
coefficient of .99 (p < .001) between the peak blood cocaine concentrations measured at
Time 1 and the concentrations measured at Time 2. An additional analysis was
undertaken on plasma concentrations of cocaine obtained from single deliveries of 0.4
mg/kg given on three separate occasions. No significant differences were observed for
plasma cocaine levels across the three deliveries. The final experiments examined the
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dose-response effects of smoked cocaine. Results showed significant dose-response
effects for cocaine plasma concentrations, subjective responses, physiological responses
and cocaine self-administration (e.g., Hatsukami et al. 1990, Hatsukami et al. 1994a;
Hatsukami et al. 1994b; Lexau & Hatsukami 1995; Dudish et al. 1996).

In summary, these studies show a systematic method for testing the reliability and
validity of a device for delivering smoked drugs as well as data showing the accuracy of
delivering precise doses of inhaled cocaine using our device. Other methods used to
enhance precision of delivery include weighing coils before and after cocaine
administration and of course, assessing plasma levels of the drug.

1. Dudish, S. A., Pentel, P. R., & Hatsukami, D. K. (1996). Smoked cocaine self-
administration in females. Psychopharmacology, 123(1), 79-87.

2. Hatsukami, D., Keenan, R., Carroll, M., Colon, E., Geiske, D., Wilson, B., &
Huber, M. (1990). A method for delivery of precise doses of smoked cocaine-
base to humans. Pharmacology Biochemistry and Behavior, 36, 1-7.

3. Hatsukami, D. K., Pentel, P. R., Glass, J., Nelson, R., Brauer, L. H., Crosby,
R., & Hanson, K. (1994a). Methodological issues in the administration of
multiple doses of smoked cocaine-base in humans. Pharmacology
Biochemistry and Behavior, 47(3), 531-540.

4. Hatsukami, D. K., Thompson, T. N., Pentel, P. R., Flygare, B. K., & Carroll,
M. E. (1994b). Self-administration of smoked cocaine. Experimental and
Clinical Psychopharmacology, 2(2), 115-125.

5. Lexau, B. J., & Hatsukami, D. K. (1995). A laboratory model of the self-
administration of smoked cocaine. In L. S. Harris (Ed.), Problems of Drug
Dependence 1994 (Vol. 153, pp. 224). Rockville MD: U. S. Department of
Health and Human Services.

6. Martin, B. R., & Lue, L. P. (1989). Pyrolysis and volatilization of cocaine.
Journal of Analytical Toxicology, 13, 158-162.

Can experienced marijuana smokers self-titrate delivery of A>-THC?

Donald P. Tashkin, M.D.
Department of Medicine, UCLA School of Medicine, Los Angeles, CA

We previously showed that compared to tobacco, marijuana-smoking results in ~4-fold
greater deposition of tar in the lung and a 4- to 5-fold larger boost of carboxy-hemoglobin
(COHD) in the blood when equivalent amounts of the marijuana and tobacco are smoked.
These differences appeared to be due mainly to 1) less filtration of marijuana than
tobacco cigarettes, resulting in a relatively greater tar yield from marijuana, and 2) the
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longer breathholding time (BHT) during marijuana smoking, resulting in a greater
fractional retention in the lung of the inhaled tar and a greater absorption of CO. These
findings suggest that, at least for equivalent amounts of plant material smoked, marijuana
might have a greater potential than tobacco cigarettes for adverse health effects related to
the carcinogenic and respiratory irritant effects of tar components and the reduced
myocardial oxygen delivery caused by an elevated COHb. It has been hypothesized that
the health hazard from toxic components in marijuana smoked could be reduced if
marijuana users smoked higher potency marijuana. This hypothesis is based on two
assumptions: 1) that smokers are able to “titrate” the amount of THC absorbed during
marijuana smoking to achieve a given desired level of intoxication, thereby decreasing
their cumulative puff volume of inhaled smoke when smoking a more potent compared to
a less potent preparation; and 2) that the yield of tar relative to D’-THC from marijuana of
different potency does not increase as the THC concentration increases. To test this
hypothesis and these assumptions, we studied the effects of varying THC concentrations
in marijuana cigarettes on the deposition of tar in the lung, COHb boost and subjective
and physiologic measures reflecting the bioavailability of THC in 10 habitual smokers of
marijuana.

Subjects were studied on 3 separate days ~1 wk apart. On each day they smoked a single
NIDA marijuana cigarette (85 mm length, 734-833 mg) of a different potency (0.00, 1.77
or 3.95% THC) in a single-blind, randomly ordered manner. They were instructed to
smoke each cigarette to achieve the same desired level of “high”. Measurements
included smoking topographic variables (puff volume, no. of puffs, cumulative puff
volume [puff volume x no. of puffs], inhaled volume and BHT), tar delivery and
deposition, THC delivery and retention, pre- to post-smoking boost in COHb and THC,
heart rate and level of “high”. Previously described techniques were used for
measurement of smoking topography and tar and THC delivery and retention (Rose et al.
Behav Res Methods, Instrum Comput 1987; 19:295; Wu et al. N Engl J Med 1988;
318:347).

On average, smoking topography and COHb boost did not differ across the different
strengths of marijuana, while THC delivery, as well as heart rate, were significantly
greater (p<0.01) and tar deposition significantly less (p<0.03) for 3.95% than 1.77%
marijuana. Although individual adaptations in smoking topography to 3.95% compared
to 1.77% marijuana were highly variable, 3 subjects with the lowest ratios of cumulative
puff volume (CPV) during 3.95% marijuana smoking to CPV during 1.77% marijuana
smoking also displayed the lowest 3.95%: 1.77% ratios for tar deposition. In vitro
studies using a standardized smoking technique revealed a mean 25% lower tar yield for
3.95% than 1.77% marijuana (p<0.05), but no difference between 1.77% and 0%
marijuana.

In summary, in the small number of habitual marijuana smokers studied, we found the
following:

1) Adjustments in smoking topography to different strengths of marijuana cigarettes were
highly variable between subjects;
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2) smokers generally appeared unable to “titrate” THC delivery to achieve a uniform
“high”;

3) tar delivery was reduced relative to THC content in a minority of subjects;

4) reduction in tar delivery was related to a) reduced intake of smoke (i.e., decreased
cumulative puff volume) in a few subjects, and b) the reduced tar yield of the stronger
marijuana preparation; and

5) COHb boost, “high” and heart rate were often more increased after smoking higher
than lower potency marijuana cigarettes.

We conclude that, compared to lower potency marijuana cigarettes, stronger preparations
appear to lead to a modest reduction in exposure of the lung to tar in some individuals,
but not to carbon monoxide. We did not assess the influence of varying THC content on
the respiratory delivery of volatile constituents other than CO in the gas phase of
marijuana some, some of which are known to be biologically hazardous. Although it is
possible that relatively reduced exposure to carcinogenic components in the tar phase of
marijuana from smoking cigarettes with a higher THC content might reduce the
carcinogenic risk of marijuana smoking, the true health implications of these findings are
as yet unclear.

Session 4A: Impact of Marijuana on Pulmonary
Symptoms and Lung Function

Chair: Donald P. Tashkin, M.D.

Pulmonary function and substance smoking: Statistical methods fro cross-sectional
and longitudinal study design and current findings

Duane Sherill, Ph.D.
University of Arizona Medical School, Arizona Prevention Center,
Tucson, AZ

To evaluate the effects of substance smoking on measures of pulmonary function it is
important to first understand how lung function develops with age in healthy normal
subjects and to have an understanding of the different ways substance smoking could
affect lung function. Lung function increases with age throughout childhood and
adolescence and is followed by a period termed the "plateau™ phase where it appears that
there is little or no growth in lung function. This period is followed by a steady decrease
throughout the remainder of life. This "plateau” period is critical for studies of substance
abuse since this is the age range of most abusers (17-35 yr.). Recent research looking at
the effects of smoking on lung function measures has suggested that the early effect of
smoking maybe to shorten or eliminate the "plateau™ period. This would imply that
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longitudinal studies of substance abuse might not detect my change in slope with age
related to abuse but instead a change in the onset of decline in lung function.

Cross-sectional studies have the advantage of being less expensive than longitudinal
studies but they are not able to determine temporal relations between substance exposure
and decreases in lung function. This requires a longitudinal study, which, because of the
large amount of variability in lung function measures, needs to be over a long period (at
least 5 years with 3 or more annual observations). It has been demonstrated in several
studies that the cross-sectional slope estimates with age for lung function measures are
not the same estimates that one gets using longitudinal data and longitudinal methods of
analyses. Thus, prohibiting inference from cross-sectional studios about longitudinal
trends.

Analyses of lung function measures require adjustment for several potential confounding
factors namely: height, weight, ago, and BMI. These factors can be adjusted for by using
published prediction equations for lung function measures, normalizing each individual’s
lung function measure, or including the potential confounders as covariates in a multiple
variable analyses. Prediction equations are used most frequently but have the
disadvantage of not being applicable for study populations other than those -used to
generate the equations and often do not completely adjust for the effects of age and
height. Normalization, such as dividing the lung function measure by height squared can
be done, but this has been demonstrated to work best among children and adolescents.
Including the potential confounders as covariates in a multiple regression procedure
works well to adjust for confounders and has the advantage of also adjusting all other
factors that are in the model.

Cross-sectional data can be analyzed using simple “t” tests or ANOVA once the lung
function data are adjusted for potential confounders. If they are to be adjusted for in the
model then ANCOVA can be used. Longitudinal data will almost certainly contain
missing data and thus will require using Random Effects Models (REM) or also called
Mixed effects models (SAS). These procedures allow different subjects to have lung
function measures that are at different times. Depending on the age range or subjects
included in the analyses caution must be used to insure that the "true™ longitudinal slope
is not convoluted with the cross-section slope. This can be accomplished by including the
time of testing as the time dependent variable and age as a fixed covariate.

Current studies assessing the lung function effects of "freebase"” crack cocaine smoking
suggest that significant reductions in diffusion capacity can result and that these
reductions can occur after only a short period of abuse and these effects to not appear to
be reversible. It has been suggested that these effects may be a direct result of the
vasoconstriction caused by the cocaine on the pulmonary vasculature.

The results from studies relating marijuana smoking and damage to lung function have
been mixed, Early studies looking at chronic (47-59) days of heavy daily marijuana
smoking demonstrated significant reductions in several measures of lung function that
appeared to approach normal after a short period of follow-up. In contrast, results from a
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much larger cross-sectional study of marijuana and marijuana and tobacco smoke
indicated the tobacco smoking scorned to effect primarily the gas exchange capabilities
(reflected in the DLCO measures) while marijuana primarily effects the airways
resistance. Longitudinal studies of marijuana have suggested no significant difference in
slopes between those who smoke marijuana and never smokers, while tobacco smokers
do demonstrate more rapid rates of decline with age.

Respiratory effects of habitual smoking of marijuana &/or tobacco in
a community-based convenience sample

Donald P. Tashkin, M.D.
Department of Medicine, UCLA School of Medicine, Los Angeles, CA

The smoke of marijuana contains may of the same respiratory irritants found in tobacco
smoke, including noxious gases (e.g., aldehydes, oxides of nitrogen, hydrocyanic acid)
and particulates (e.g., procarcinogenic polycyclic aromatic hydrocarbons, phenols,
metals) (Hoffmann et al., Recent Adv Phytochemistry 1975; 9:63), in addition to ~60
cannabinoid compounds. Consequently, there is concern over the potential long-term
pulmonary consequences of regular marijuana smoking by analogy with the well-known
effects of regular tobacco smoking on the lung. The latter include chronic obstructive
pulmonary disease (COPD, consisting of chronic obstructive bronchitis and/or
emphysema), bronchogenic carcinoma and predisposition to lower respiratory tract
infection. Results of animal studies have yielded mixed results, with some showing
marijuana-related damage to bronchioles (the major site of COPD) in experimentally
exposed primates (Fligiel et al. Pharm Biochem Behavior 1991; 40:637), and others
failing to find any morphometic or physiologic effect of emphysema in exposed rats
(Huber & Mahajan, 1988, Proceedings of the Melbourne Symposium on Cannabis 2-4
Sept, 1987, pp. 19-24). Early human studies (before 1980) also yielded conflicting
results and can be criticized because of uncontrolled observations, selection bias, lack of
follow-up data and/or failure to control for the potentially confounding variable of
tobacco smoking.

In 1983, a long-term follow-up study was initiated at UCLA to examine the relationship
between regular use of marijuana and respiratory problems in a relatively large
convenience sample (recruited from the greater Los Angeles metropolitan area) of
nonsmokers (NS), regular daily smokers of marijuana alone (MS) or along with tobacco
(MTS) and regular smokers of tobacco alone (TS). As part of this study, the relationship
of marijuana to respiratory symptoms and lung function abnormality was evaluated both
cross-sectionally and longitudinally, controlling for the effect of tobacco. Inclusion
criteria included: Caucasian, non-Spanish surname; ages 25-49 yrs; and a history of
smoking 210 joints (or joint-equivalents) per wk for 35 yrs (marijuana subgroup) or not
smoking cannabis at all within the past 12 months or 3 50 times in their lifetime (non-
marijuana control subgroup). Exclusion criteria included: a history of current or previous
use of other illicit substances potentially hazardous to the lung (e.g., intravenous drug
abuse or smoking illicit substances other than cannabis, e.g., cocaine, PCP, heroin) 3 12 x
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per lifetime or within the past 6 months; significant occupational exposures (e.g.,
asbestos, sandblasting); a history of chronic respiratory disease (e.g., asthma, cystic
fibrosis, tuberculosis, bronchiectasis) or chest surgery; or a recent (£6 wks) acute
respiratory illness. Enrolled subjects included 144 MS, 135 MTS, 70 TS and 97 NS with
mean ages of 31-37. Ages were similar between smoking categories except that TS were
slightly older. MS and MTS had a mean history of 50 and 57 joint-yrs (1 joint-yr =1
joint/day x no. of yrs. smoked), respectively, with an average smoking history of 3-4
joints per day for approximately 15 yrs. MS smoked more tobacco (22 pack-yrs) than
MTS (16 pack-yrs). All subjects underwent a detailed respiratory and general health and
drug use questionnaire and an exhaustive battery of pulmonary function tests at study
entry (1983-86) with more limited tests performed at follow-up visits at intervals of 3 1
year for up to 8 years.

Compared with nonsmokers, a significantly higher proportion of MS reported chronic
cough (i.e., cough on most days for 2 3 months out of the year for 3 2 yrs) (1.1 vs. 18.4%,
respectively), chronic sputum production (5.6 vs. 19.7%) and wheeze (7.8 vs. 24.8%), as
well as acute bronchitic episodes (>1 within 3 yrs lasting 2 3 wks) (2.2 vs. 13.4%)
(p<0.01). A slightly higher proportion of TS and of MTS than MS reported similar
chronic respiratory symptoms, but these differences were not statistically significant.
Thus, habitual heavy smoking of marijuana alone was associated with a significantly
higher prevalence of symptoms of chronic bronchitis and a higher incidence of acute
bronchitis compared to nonsmoking of any substance. Moreover, the effect of marijuana
alone on respiratory symptoms was comparable to that of tobacco alone, and the effects
of both substances in combination did not appear to be additive.

Annual follow-up questionnaires were administered over a period of nearly 10 years to
>68% of the study sample at least once. During this interval most of the MS (73%) and
MTS (67%) continued to smoke marijuana and most of the TS (82%) continued to smoke
tobacco. Complete cessation of smoking was reported by 27% of the MS, 13% of the
MTS and 18% of the TS, with 20% of the MTS discontinuing tobacco smoking but
continuing to smoke marijuana and another 20% discontinuing marijuana smoking but
continuing to smoke tobacco. Among the MS, MTS and TS whose smoking status
remained unchanged, the prevalence of chronic respiratory symptoms declined slightly
but not significantly and remained significantly higher than NS. Among the smokers
who quit smoking completely, respiratory symptoms declined substantially, whereas the
MTS who continued to smoke at least one substance (either marijuana or tobacco)
continued to have an abnormally high prevalence of chronic respiratory symptoms.

Cross-sectionally, MS exhibited uniformly normal results of lung function with the single
exception of a modest ~25% increase in airway resistance (a test of large airway caliber).
It is particularly noteworthy, that all tests that reflect the function of the small airways
(the earliest site of abnormality, as well as the predominant site of airflow limitation in
COPD) were entirely within normal limits among MS but were frequently abnormal in
TS and MTS. These tests include the maximal mid-expiratory flow rate (FEF25-750),
closing volume and closing capacity (both derived from the single-breath nitrogen
washout curve), volume of isoflow and change in maximal expiratory flow at 50% of
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vital capacity after breathing 80% helium-20% oxygen compared to air (D Vmax50).
Moreover, unlike TS and MTS, MS did not exhibit any abnormality in the single-breath
diffusing capacity for carbon monoxide (D_CO), a sensitive, albeit nonspecific,
physiologic indicator of emphysema. These findings suggest that habitual smoking of
marijuana is not likely to lead to chronic obstructive pulmonary disease (COPD) since the
earliest evidence of functional abnormality in COPD (obstruction in small airways and/or
D, CO abnormality) cannot be demonstrated in even heavy, habitual smokers of
marijuana alone.

We next examined the possibility that regular smoking of marijuana might lead to an
accelerated rate of decline in lung function when assessed longitudinally, despite the
absence of evidence of lung function abnormality cross-sectionally. This assessment is
clinically relevant since it has been shown that tobacco smokers who are destined to
develop clinically significant COPD exhibit an accelerated loss of lung function
(generally measured as the forced expired volume in 1 sec (FEV1) with age, compared to
nonsmokers. Lung function evaluable subjects at study entry included 131 MS, 112
MTS, 65 TS and 86 NS (total n = 394). FEV; was measured in all 394 participants at
study entry and in 255 subjects (65%) on up to 6 additional occasions at intervals of 3 1 yr
(1.7 £ 1.1 yr) over a period of 8 yrs. Random-effects models were used to estimate mean
rates of decline in FEV; and to compare these rates among smoking groups. Although
men showed a significant effect of tobacco on FEV; decline (p<0.05), in neither men nor
women was marijuana smoking associated with greater declines in FEV; than
nonsmoking. Moreover, no additive effect of marijuana and tobacco was noted, nor was
any significant relationship found between the number of marijuana cigarettes smoked
per day and the rate of decline in FEV;. These results indicate that regular tobacco, but
not marijuana, smoking is associated with greater annual rates of decline in lung function
than is nonsmoking. Therefore, these findings do not support an association between
regular marijuana smoking and COPD but do not exclude the possibility of other adverse
respiratory effects.

In summary, our findings were as follows:

1) Heavy habitual marijuana smoking is associated with symptoms of acute and
chronic bronchitis, independent of the effect of tobacco. These symptoms persist with
continuing smoking of marijuana and/or tobacco and decrease with complete cessation of
smoking.

2) Heavy habitual smoking of marijuana alone is associated with modest evidence of
large airways narrowing, but does not appear to result in impairment of small airways
function or gas transfer (D, CO) and is not associated with any progressive decline in
lung function.

We conclude the following:
1) Heavy, regular use of marijuana, in the absence of tobacco, is unlikely to
result in the development of clinically significant chronic obstructive

** This program book was prepared by a federal government official as part of the
official duties.



Pulmonary Pathophysiology and Immune Consequences of Smoked Substance Abuse
Organizing Committee: Drs. Donald P. Tashkin, Michael D. Roth and Pushpa V. Thadani**

pulmonary disease (COPD), including smoking-related chronic obstructive
bronchitis, small airways disease of pulmonary emphysema.

2) However, the marijuana-associated symptoms of acute and chronic bronchitis
are consistent with chronic marijuana-related airway injury that could
predispose to other smoking-related adverse pulmonary consequences,
including predisposition to respiratory infection and bronchogenic carcinoma.
Other methods of human investigation (e.g., endoscopic airway visualization,
bronchial biopsy and bronchoalveolar lavage, as well as epidemiologic
studies), in addition to focused cellular and animal studies, are needed to
investigate the latter possibility.

Poster Presentation and Workshop I: Methodologic
Considerations in Designing Studies to
Investigate the Biologic Effects of Smoked
Substances: In vitro Studies, Animal Models,
Human Experiments, Clinical Trials,
Epidemiologic Studies

Poster Presentations

Inhibition of human cytokine production by phenolic components of
cigarette tar

BM Freed, LT Rael, S Perlman, and MT Aubrey
Division of Allergy and Clinical Immunology, Department of Medicine,
University of Colorado Health Sciences Center, Denver, CO

Cigarette smoking has been shown to induce profound, but localized, suppression of T
cell responses in the lungs and lung-associated lymph nodes. We previously
demonstrated that both HQ and catechol, at concentrations found in a single unfiltered
cigarette (30-50uM of each), cause an immediate cessation in DNA synthesis in human
lymphocytes. In the current project, we studied the effects of HQ and catechol on human
cytokine production in vitro. Human peripheral blood mononuclear cells were treated
with 50uM HQ or catechol for three hours, then stimulated mfith 1 ug/ml ConA and 3nM
PMA. Supernatants were collected at 16 hrs (IL-1 b and TNFa) and 24 hours (I L-2 and
IFNg) and assayed for cytokines levels by ELISA. HQ and catechol inhibited production
of IL-1 b, IL-2 and IFN-g by >75-95% without loss of cell viability, but TNFa production
was relatively resistant. Unlike the effects on DNA synthesis, which were immediate and
reversible, the inhibitory effects of HQ and catechol on IL-2 and IFNg production
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required a three-hour incubation with the cells and could not be reversed by washing.
These experiments suggest that HQ and catechol have distinct effects on early and late
events in T cell activation.  Supported by NIH grants HL60538 and ES05673.

Exacerbation of asthma in an urban population: Treatment modalities
and prevalence of cocaine use

Lauren A Rome, MD, Michael L Lippmann, MD, William C Dalsey, MD,
Pamela Taggert, Ph.D, Sherry Pomerantz, Ph.D.
Albert Einstein Medical Center, Philadelphia, PA

Obijectives: To assess the prevalence of cocaine use, and its impact upon severity of
presentation, amongst adults presenting to the Emergency Department (ED) with asthma.
A secondary aim was to assess the utilization of various asthma treatment modalities,
with reference to the 1997 National Asthma Education and Prevention Program (NAEPP)
guidelines.

Methods; All adults, aged 18-55 presenting to this institution's ED with an asthma attack,
were approached to participate in the study, which required informed consent, a
facilitated questionnaire and a urine sample for drug screening.

Results: Patients were enrolled over a 7month period. A total of 163 patients were
approached to enter the study; 116 patients consented to participate in the study, with 103
complete urine samples. Thirty-seven patients refused to participate and 10 were
excluded. 68% of the patients were females, with a mean age of 33 years.
African-Americans made up 89% of the total group, 35% were smokers. Urine cocaine
tests were positive in 13% (13/103); 5.86% (6/103) were positive for opiates. In the
cocaine positive group, 5/13(38%) were admitted to hospital, including 2 patients
requiring intubation and mechanics ventilation. Of the total group, 23/103 patients (22%)
were admitted, 5/23 (22%) admitted patients were cocaine-positive. Length of stay was
significantly longer (5 days vs 2.5 days p<0.05) in the cocaine-positive admitted patients.
46% of all patients reported using inhaled corticosteroids (ICS); 39% of admitted patients
were using ICS. 32% of all patients had obtained 3 or more refills of their beta-2 agonist
inhaler in the previous month.

Conclusions:

1) The prevalence of cocaine use may be much higher than the 12% shown in this study,
due to patients' refusal to participate in the study.

2) The severity of exacerbation appears to be worse in the cocaine-positive group.

3) The majority of patients presenting did not utilize ICS in concordance with the NAEPP
guidelines.
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A%-Tetracannabinol suppresses antigen-induced proliferation and
interferon-y production by human T-cells

Michael D. Roth, Michael Yuan, Marcy Mendenhall, Sylvia Kiertscher &
Donald P. Tashkin
UCLA School of Medicine, Department of Medicine, Los Angeles, CA

Peripheral blood leukocytes express CB1 and CB2 receptors, suggesting that both
endogenous cannabinoids and delta-9-tetracannabinol (D’ ~THC) might act as immune
modifiers. D’ ~THC was therefore evaluated for its effects on antigen-specific immunity
using purified human T cells and antigen-presenting dendritic cells in vitro. CD3 4, T
cells were purified from the blood of normal healthy donors and stimulated with
allogeneic dendritic cells in a mixed leukocyte reaction (MLR). Addition of D’-THC to
the MLR assay, in the range of 5-5000 ng/ml, produced a concentration-dependent
reduction in T cell proliferation as well as a reduction in the release of interferon-gamma
(INF-g). D’- THC had no effect on the production of IL-4, resulting in a shift in ratio of
Thetper (ThI) t0 Theiper2 (Th2) cytokines. A decrease in the Thl/Th2 cytokine ratio has been
implicated as a causative factor in the suppression of cell-mediated immunity. However,
addition of exogenous INF-gor TL- 12 (an INF-ginducer) to the MLR assay did not
restore T cell proliferation, suggesting that the effects of delta-9-THC on T cell
proliferation and cytokine production are independent. Intracellular cytokine staining is
being used to evaluate the role of delta-9-THC on cytokine production at a single cell
level. T cells were stimulated with CD3/CD28 for 4 days and then activated with
Calcium ionophore and PMA in the presence of 5000 ng/ml of delta-9-THC. The
presence of delta-9-THC caused a decrease in the number of cells producing INF-_ and in
the amount of INF- _ produced within each cell. The production of IL-4 remained the
same. This suggests that delta-9-THC suppresses the cell's ability to produce INF-g CB1
and CB2 specific agonists and antagonist are currently being used to determine the
receptor pathways responsible for these effects. Adverse effects of delta-9-THC on the
function of antigen presenting cells and T cells could suppress innate immunity,
predisposing marijuana users to opportunistic infections and cancer.

This work was supported by the National Institute on Drug Abuse / National Institutes of
Health grant #D03018

Effect of habitual smoking of marijuana, cocaine and/or tobacco on
bronchial and alveolar cytology

Shay AH, Roth MD, Kleerup EC, Choi R, Lill M, Simmons MS, Tashkin, DP,
Baldwin GC
UCLA School of Medicine, Department of Medicine, Los Angeles, CA

We have previously found that habitual smoking of marijuana or cocaine is associated
with histopathologic evidence of significant airway injury as well as pulmonary immune
impairment. To further evaluate the effects of marijuana and cocaine alone, or with
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tobacco, we assessed: bronchial and alveolar cytology; the extent of hemosiderin positive
macrophages; and the amount of endothelin-1 in the bronchoalveolar lavage (BAL) fluid,
following fiberoptic BAL. Although no significant differences were detected between the
various smoking categories in macrophages, lymphocytes, PMNs or eosinophils
(expressed both as % of total cells and # of cells/ml), we found a significant increase in
hemosiderin positive alveolar macrophages in the BAL of cocaine smokers. This has
prompted us to investigate other parameters of inflammation and tissue damage in the
pulmonary microenvironment

An in vivo characterization of an MDI generated A°-THC Aerosol in Mice

David M. Wilson®, Joanne Peart*, Peter Byron*, Billy R. Martin, Aron H.
Lichtman®
Department of Pharmacology and Toxicology', Department of Pharmaceutical
Sciences*, Medical College of VA, Virginia Commonwealth University,
Richmond, VA

The issue of medicinal marijuana is currently a subject of considerable debate.
Proponents for the legalization of medicinal marijuana believe that marijuana is superior
to current therapeutic agents for many indications °. Because marijuana is inhaled, it has a
fast onset of action and undergoes little first pass metabolism*?, presumably allowing
patients to exercise fine control over the dose. However, smoking marijuana in order to
achieve therapeutic benefit also exposes the patient to harmful byproducts of pyrolysis
and chemicals that may interact adversely with other drugs. On the other hand, the
development of a delta-9-THC aerosol would share many of the same pharmacokinetic
characteristics as smoking, but without the byproducts. The present study evaluated
whether inhalation exposure to delta-9-THC could produce pharmacological effects in
mice. To test if inhalation of delta-9-THC is plausible, we exposed mice to a delta-9-THC
aerosol generated by 20, 40, or 60 actuations (100 pl/actuation, 1.0 mg delta-9-THC/
actuation) from a Metered-Dose Inhaler (MDI) or 60 vehicle actuations. Four behavioral
endpoints were assessed to determine pharmacological effects. Five minutes after
inhalation exposure, spontaneous locomotor activity was recorded for 10 minutes.
Twenty minutes after exposure, antinociception to radiant heat was determined. Ring
Immobility was recorded for 5 minutes at the 40 minute time point, and after one hour,
rectal temperature was measured. Mice exhibited significant changes in the behavioral
endpoints for 40 and 60 actuations in all endpoints measured when compared to vehicle:
a) inhibition of locomotor activity [ED50=32.4 actuations (95% C.L. 25.5-41.2)], b) tail
flick assessment of antinociception [ED50=29.5 actuations (19.9-43.5)1; c) catalepsy
[ED50=29.6 actuations (22.3-39.2)]; and d) change in core temperature [ED50=33.1
actuations (24.7-44.4)). Finally, 10 mg/kg (i.p.) of the cannabinoid antagonist,
SR141716A, significantly antagonized all of these delta-9-THC induced effects. These
data suggest that, even with the extensive filtering done by obligate nose breathers,
MDI-generated delta-9-THC aerosol produces behavioral effects through a cannabinoid
receptor mechanism of action when inhaled. This may imply that a delta-9-THC MDI
could be a viable alternative to smoking marijuana in order to achieve safe
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pharmacological effects of delta-9-THC. Acknowledgments: This work was supported
by grant DA03672 from the National Institute on Drug Abuse.

Wor kshop Presentations

Chairs. Michael D. Roth, M.D. & Stephen Sidney, M .D.

Methodological consideration in study design to evaluate the biologic
effects of cocaine: In vitro Models of Acute Effects of Cocaine on Immune
Function

Jenny Mao, M.D.
Department of Medicine, UCLA School of Medicine, Los Angeles, LA

The following summarizes the In vitro models used to study the effect of cocaine on
peripheral blood lymphocytes (PBL) cytokine production, with emphasis on the
methodological considerations and the advantage as well as limitation of these in vitro
experiments.

It is well known that cocaine use is linked with an increased prevalence of infectious
diseases, vascular events and malignancies. Previous studies have shown that cocaine is
capable of modulating a broad range of biologic functions, including the immune system.
Therefore, cocaine may operate as a cofactor in the pathogenesis of a variety of diseases.
One pathway whereby cocaine may influence immune response is through the
modification of the cytokine network. Because cytokines are biologic response modifiers,
essential in regulation of a variety of immune response, interference with the induction or
release of pro-inflammatory cytokines may profoundly effect immune function.
Therefore, we designed a series of in vitro experiments to evaluate the effects of cocaine
on PBL cytokine profile and the molecular mechanism involved.

Methodology and results:

This was accomplished by isolating PBL from random donor leukopacks via Ficoll-
Hypaque gradients followed by monocyte depletion via adherence. PBL were cultured in
AIM V with various concentrations of cocaine (( 0, 1, 10, 100, 1000 ng/ml) with or
without IL-2 stimulation (100 u/ml). Conditioned supernatant were harvested and
evaluated by cytokine-specific ELISA ( IL-4, 5, 8, 10, IFN- __and TGF-_).

We found that cocaine abrogated the IL-2-induced production of IFN-_and IL-8 in a
dose responsive manner and did not alter the production of IL-4, 5, and 10. The
maximum suppression occurred at 10-100 ng/ml, which is within the plasma range
obtained from human subjects following IV administration.
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To determine if cytokine mRNA expression correlated with these decrement in 1L-2
induced IL-8 and IFN-_ protein production, total RNA was isolated using guanidium
thiocyanate protocol and analyzed by PCR, Northern blot and dot blot analysis. Cocaine
down-regulated IFN-_and IL-8 mRNA expression in a dose responsive Manner.
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There are several ways in which down-regulation of message expression can occur.
These include a reduction in the transcriptional activity of the ege in question, an
alteration in the processing of primary transcripts, or a decrease in the stability of mature
MRNA. To determine if cocaine affected IL-8 and INF-_ mRNA stability, RNA
degradation assays were carried out with actinomycin-D (5 _g/ml) to IL-2-stimulated
PBL with or without cocaine (100 ng/ml) after 16-hr incubation. Cells were then
collected at time O, 2 hr, 4 hr, and 8 hr. Cocaine exerted no effect on the stability of
IL-2-induced IFN-_ and IL-8 mRNA expression.
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The fact that cocaine did not alter the stability of mRNA raised the possibility that the
down regulation of IL-8 and IFN-g mRNA expression is through inhibition of the
transcriptional activity of these genes. Conditioned PBL nuclei were harvested and
transcriptional activity assessed by nuclear run-on assays after overnight exposure to I1L-2
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with or without cocaine. And in deed, cocaine down regulated IL-2-induced IL-8 and
IFN-_ gene transcription.
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We conclude that the immunomodulatory effects of
cocaine may be mediated, in part, by modification of cytokine production by PBL.

Advantage and Disadvantage of In Vitro System:

The advantage of in vitro models include the ability to control various aspects of the
experimental conditions and modify protocols and trouble shooting; the experiments are
less time consuming and answers fundamental questions at the microscopic level and
frequently serve as the basis for in vivo studies.

The major limitations of in vitro studies are that test tube environment fails to address the
complex interaction between various regulatory pathways in vivo. Therefore, while the in
vitro results provide useful scientific inferences, similar findings may not translate

equally in the in vivo environment. In addition, these studies are limited to the evaluation
of acute drug effects.

Severe combined immune deficient (SCID) mice: an in vivo model for assessing
the impact of cocaine and marijuana on HIV infectivity and replication

Gayle Cocita Baldwin, Ph.D.
Department of Medicine, UCLA School of Medicine, Los Angeles, CA

Active use of both marijuana (1-4) and crack cocaine (4-7) has been linked to progression
of disease in HIV-infected individuals. However, there are inherent difficulties in
analyzing the in vivo effects of inhaled drugs of abuse on viral replication in HIV-
infected individuals. HIV-infected drug users are exposed to a variety of confounding
factors that can complicate meaningful data analysis, including, but not limited to, other
infections and medications. The net result is that published epidemiological studies
provide strongly suggestive, but indirect evidence that marijuana and cocaine may
potentiate HIV replication in vivo. In contrast, in vitro studies can directly assess the
impact of drugs of abuse on the biology of HIV, but they cannot control for the complex
interactions that occur when an individual is repeatedly exposed to a drug over time.
Moreover, in vitro studies cannot address the possibility that drugs of abuse such as
cocaine and marijuana may affect HIV replication indirectly, for example through an
intermediate which could be released following absorption of these drugs in vivo. In
light of these limitations, we have recently defined and established a murine model
system to evaluate whether drugs of abuse enhance the infectivity and replication of HIV
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in human lymphocytes in vivo. This model system utilizes the human lymphocyte/SCID
(huPBL/SCID) mouse model, which was first developed by Mosier and colleagues (8) as
a means of providing a relevant animal model for assessing HIV pathogenesis in vivo.

The huPBL/SCID mouse is constructed by the transplantation of human peripheral blood
lymphocytes (PBLs) or cord blood lymphocytes, both targets for HIV infection, into the
peritoneal cavity of SCID mice. Since these mice lack mature B- and T-cells, the human
cells are not rejected and can engraft. Various strains of HIV can be introduced into this
model, resulting in CD4" cell depletion within two weeks of exposure to virus. As this
system has proved useful for assessing viral pathogenic properties, we are currently using
the huPBL/SCID mouse to analyze the in vivo effects of cocaine on HIV infectivity,
replication and pathobiology.

We initially focused our in vivo model studies on cocaine, since several lines of evidence
from our laboratory as well as others have suggested that cocaine may directly affect the
replication of HIV in vitro. Cocaine-enhanced viral replication was first reported by
Peterson et al (9) who found that very low concentrations of cocaine (0.3 pg/ml to 0.3
ng/ml) potentiated the proliferation of HIV in peripheral blood mononuclear cells
(PBMC) from normal donors. These studies were also corroborated by Bagasra and
Pomerantz (10) who treated PBMC with a signficantly higher dose of cocaine (50mg/ml)
than Peterson et al, but also showed increased levels of HIV-1 replication in the cocaine-
treated cells when compared to untreated PBMC. We have recently confirmed these
results and shown that in vitro exposure of alveolar macrophages to cocaine (0.1 ng/ml to
1 g/ml) increases virus production following experiemental infection with HIV. That
cocaine directly affects virus production in HIV-infected cells in a dose-dependent
manner provides the most convincing evidence for a link between cocaine and AIDS.
Moreover these studies have provided us with a compelling rationale for investigating the
effects of cocaine on HIV infectivity in our huPBL/SCID mouse model.

Preliminary results obtained with the huPBL/SCID mouse model indicate that systemic
cocaine administration (at 18 days post-huPBL implantation; 4 days post-HIV infection,
5mg cocaine/kg, qd for 10 days) significantly increases HIV infectivity and significantly
decreases the number of human CD4" target cells in cocaine-treated mice when compared
to untreated HIV-infected control animals (saline injections qd for 10 days). Since short
term exposure to cocaine in the absence of HIV infection (5mg/kg, qd for 10 days; at 18
days post-huPBL implantation) does not affect the implantation and/or function of human
cells (as measured by human IgG in mouse sera) or the distribution of human T cell
subsets, this result suggests that the profound decrease in CD4" cells in HIV-infected
animals is most likely due to a cocaine-mediated increase in HIV infectivity and
commensurate CD4" target cell lysis.

In summary, we have found the huPBL/SCID mouse model is an extremely effective
model system for analyzing the effects of drugs of abuse on HIV replication in vivo. In
experiments assessing the effects of acute systemic cocaine exposure, we have found that
the drug is well tolerated by SCID mice and, in the absence of HIV infection, does not
affect the implantation and/or distribution of human cells in these mice. Significantly, we
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have shown that the total percentage of HIVV-infected human cells is increased and the
number of CD4" target cells is decreased in cocaine-treated HIV-infected huPBL/SCID
mice when compared to untreated HIV-infected control animals. This is the first report
indicating that cocaine can directly affect HIV replication in vivo. Furthermore, our
results suggest that the huPBL/SCID model has the potential to define how other drugs of
abuse, alone or in combination, affect HIV pathobiology in vivo.
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The CB2 Knockout Mouse: A Tool to Investigate the Role of the CB2
receptor in the Immune System

Nancy E. Buckley®, Kathleen L. McCoy?, Eva Mezey', Tom Bonner®, Anne
Zimmer®, Christian C. Felder®, Michelle Glass* and Andreas Zimmer®
'Basic Neuroscience Program, National Institute of Neurological Diseases and Stroke,
National Institutes of Mental Health, Bethesda, MD 20892, USA,; 2Dept. of Microbiology
& Immunology, Medical College of Virginia, Virginia Commonwealth University,
Richmond, Virginia 23298, USA,; Laboratory of Genetics, National Institute of Mental
Health, “Laboratory of Cellular and Molecular Regulation, National Institutes of Mental
Health, Bethesda, MD 20892, USA; °Eli Lilly Research Laboratories, Lilly Corporate
Center, Indianapolis, IN 46285, USA

Cannabinoids have immunomodulatory as well as psychoactive effects. Because the
cannabinoid CB1 receptor is highly expressed in many neuronal tissues and the
cannabinoid CB2 receptor is highly expressed in immune cells, it has been suggested that
the CNS effects of cannabinoids are mediated by CB1 and that the immune effects are
mediated by CB2. We have used a genetic approach to test this hypothesis by generating
the first mouse strain with a targeted mutation in the CB2 gene. Binding studies using the

highly specific synthetic cannabinoid agonist [3H] CP-55940 or CB1 antagonist

[3H]SR141716A revealed no residual cannabinoid binding sites in the spleen of the CB2
knockout mice, while binding in the CNS was unchanged. CB2 knockout mice, appear
healthy, are fertile and care for their offspring. FACS analysis showed no differences in
immune cell populations between CB2 knockout and wild type mice. We investigated
the immunomodularoty effects of cannabinoids in CB2 deficient mice using a T cell co-
stimulation assay. Delta-9-Tetrahydrocannabinol (THC) inhibits helper T cell activation
through macrophages derived from wild type, but not from knockout mice, thus
indicating that this effect is mediated by the CB2 receptor. In contrast, CNS effects of
cannabinoids were not altered in these mice. We propose that the CB2 receptor knockout
mouse is a unique animal model in which to investigate the role of cannabinoids in the
immune system.

Future studies using the CB2 knockout mouse model include further studies to discern
the macrophage co-stimulatory molecules affected by THC and studies to determine the
role of CB2 in cytokine production.

Human and animal models for studying cannabinoid receptors on
immune cells

Thomas Klein, M.D.
Department of Medical Microbiology & Immunology, University of South
Florida, School of Medicine, Tampa, FL

Abstract Not Available
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Genetic approaches to evaluate susceptibility to smoking-induced lung cancer

Sisko Anttila and Oliver Hankinson
Finnish Institute of Occupational Health, Helsinki, Finland, and
University of California, Los Angeles, CA

Great inter-individual differences exist in the susceptibility to smoking-induced
carcinogenesis. These differences are at least partially explained by the balance of
activation and detoxification of smoking-derived carcinogens. Several procarcinogens
including polycyclic aromatic hydrocarbons (PAH) need to be activated mainly by
cytochrome P450s (CYP) to exert their carcinogenic potential. A large number of CYP
and detoxification enzymes take part in handling of smoking-derived carcinogens.
Functional polymorphisms of enzyme-coding genes or regulatory genes are likely to be
responsible for the inter-individual variation of enzyme expression. Once these
polymorphisms have been detected it is straightforward to screen large populations using
PCR technique on blood DNA samples.

In order to find new genetic polymorphisms it would be feasible to investigate relevant
genes and human populations instead of screening a large number of genes and
unselected populations with time-consuming techniques. When considering which genes
are likely to carry polymorphisms that may affect susceptibility to cancer, important
matters to take into account are the substrate specificity, whether the enzyme is expressed
in target tissue and whether there is inter-individual variation in enzyme expression.
CYP1A1l is a good candidate gene, because it is expressed in the lung and induced by
tobacco smoking, it is involved in bioactivation of PAH procarcinogens and there is a
wide variation of expression between individuals. We determined a CYP1A1-dependent
enzyme activity and CYPL1A1 protein in lung tissue of 75 active smokers and found 9
individuals in whom CYP1A1 was undetectable in contrast to the others in whom the
expression varied from low to high. The expression of CYP1ALl is regulated by a
cytoplasmic aryl hydrocarbon receptor (AHR). Upon binding of a ligand, for example a
PAH compound, AHR forms a complex with another protein, AH receptor nuclear
translocator (ARNT), is transferred into the nucleus, binds to xenobiotic responsive
element located upstream of CYP1A1 gene and turns on CYP1A1 transcription.

In the search for mutations we concentrated on CYP1A1, AHR and ARNT genes from
active smokers with undetectable induction of CYP1AL. Expression of CYP1A1, AHR
and ARNT mRNA was studied by semiquantitative reverse transcription-PCR from total
lung RNA. Low induction of CYP1A1 may result in either nonfunctional CYP1Al
promoter or AHR or ARNT genes. Because AHR and ARNT were transcribed we
concluded that AHR and ARNT promoters are functional. AHR and ARNT coding
regions can be studied by amplification of full-length cDNAs by reverse transcription-
PCR and sequencing the amplification product, and CYP1A1 promoter by amplification
and sequencing of 5’-flanking region of CYP1AL gene. Several other genes, known and
unknown, participate in the AH receptor-mediated regulation of CYP1AL induction.
Functional mutations of genes involved, if detected, give new information about the
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regulation of CYP1AL1 induction, metabolism of smoking-derived carcinogens, and about
host factors affecting susceptibility to smoking-induced carcinogenesis.

Cohort studies of potential long-term health consequences of marijuana.

Stephen Sidney, M.D.
Kaiser Permanente, Division of Research, Oakland, CA

The concept of cohort study was described, and a brief description of the Northern
California Kaiser Permanente marijuana study cohort was given. The main results of the
cohort study of the mortality study in this cohort were described. Compared with nonuse
or experimentation (lifetime use six or fewer times), current marijuana use was not
associated with a significantly increased risk of non-AIDS mortality in men (relative risk
[RR] = 1.12, 95% confidence interval [CI] 0.89, 1.39) or of total mortality in women (RR
=1.09, 95% CI = 0.80, 1.48). Current marijuana use was associated with increased risk
of AIDS mortality in men (RR = 1.90, 95% CI = 1.33, 2.73), an association that probably
was not causal but most likely represented uncontrolled confounding by male
homosexual behavior. Relative risks for ever use of marijuana were similar. The
importance of importance of performing stratified as well as multivariable analysis of
cohort study data was emphasized.

Case-control approach to estimate cancer risk of marijuana use

Zuo-Feng Zhang, M.D., Ph.D.
Department of Epidemiology, UCLA School of Public Health,
Los Angeles, LA

Abstract Not Available

Session 4B: Impact of Smoked Cocaine Base on
Pulmonary Symptoms and Lung Function

Chair: Donald P. Tashkin, M .D.

Pulmonary consequences of crack cocaine use
Michael Lippmann, M.D.
Department of Medicine, Albert Einstein Medical Center, Philadelphia, PA
Abstract Not Available
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Acute and Chronic Effects of Cocaine on Pulmonary
Symptoms & Lung Physiology

Eric Kleerup, M.D.
Division of Pulmonary & Critical Care Medicine, UCLA School of Medicine,
Los Angeles, CA

Cocaine freebase (crack) smoking may cause damage to the lungs or airways. Study of
injury and abnormalities in crack smokers is complicated. Many of the smokers also
smoke tobacco and/or marijuana, which are known to or are suspected of causing many
of the abnormalities under study. Many of the abnormalities of interest take many years
to develop in tobacco smokers and therefore also presumably in crack smokers. The
effects of acute administration may be different than those of chronic administration. The
route of administration or even the method of smoking may also be important. Smoke
from "street™ crack contains impurities and combustion products in addition to vaporized
drug and these may cause additional toxicity.

Symptoms
Crack cocaine use is associated with a high frequency of acute pulmonary symptoms

(Tashkin, Khalsa et al. 1992). Notably, black sputum is occasional in 34% of users and
"most of the time" in 10%. Hemoptysis (bloody sputum) occurs occasionally in 6%.
Chest pain is occasional in 31% and "most of the time in 7%. Sixty-four percent of these
cases are pleuritic in nature. The prevalence of chest pain is significantly higher among
those who used a butane lighter (47%) than among those who used a dipstick soaked in
alcohol (26%) to ignite the cocaine.

Pathology of Acute & Chronic Lung Injury

A number of case reports have implicated cocaine in variety of acute and subacute lung
injuries including: acute respiratory distress syndrome (ARDS), bronchiolitis obliterans
with organizing pneumonia (BOOP), pulmonary infiltrates with eosinophilia (PIE),
diffuse alveolar hemorrhage, diffuse alveolar damage (DAD)/ alveolar hemorrhage/
eosinophilic infiltrates, transient diffuse infiltrates and chronic interstitial pneumonitis
with mild fibrosis have all been attributed to crack cocaine use. Some case studies have
implicated cocaine in pulmonary vascular damage including pulmonary arterial medial
hypertrophy and hyperplasia, pulmonary artery intimal and medial hyperplasia and
pulmonary arterial hypertension (1V use).

Pulmonary Epithelial Injury

Alveolar permeability is increased in tobacco and tobacco/cocaine smokers as measured
by DTPA clearance (Tashkin, Kleerup et al. 1997). This indicates an injury to the
alveolar lining cells. There is no independent effect of crack.
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Figure 1: DTPA Clearance as a Measure of Alveolar Permeability and
Injury
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A shorter half life indicates faster clearance of small molecules and increased alveolar
permeability consistant with epithelial cell injury. CS cocaine only smokers, CTS
cocaine and tobacco, TS tobacco smokers, NS non-smokers

Diffusion Impairment

Diffusing capacity reduction is the pulmonary function test abnormality most commonly
associated crack cocaine use (See Figure 2) (Itkonen, Schnoll et al. 1984; Weiss, Tilles et
al. 1987; Dean, Clark et al. 1988; Suhl and Gorelick 1988; Tashkin, Khalsa et al. 1992).
Diffusion impairment is a decrease in the lungs ability to move oxygen from the inspired
air into the blood.
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Figure 2: Diffusing Capacity Impairment in Cocaine Smokers
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Studies indicating diffusion impairment in users of cocaine. Smoking categories as in
Figure 1.

One possible explanation of this is an injury to the pulmonary vascular bed which might
be due to vasoconstriction acutly following cocaine administration. After administering
intravenous cocaine there was no change in pulmonary artery pressure measured by
doppler echocardiography (Figure 3) (Kleerup, Wong et al. 1997).

Pulmonary artery pressure (PA) was measured noninvasively by doppler
echocardiography before and after administration of placebo saline and cocaine
intravenously. The dashed line represents the mean pulmonary artery pressures for
placebo and at the two time points after cocaine administration. The vertical solid lines
are the 95% confidence intervals for the change in pulmonary artery pressure from
baseline for the first 5 minutes following cocaine administration and for all measurements
(average 16 minutes) following infusion.

To help determine the cause of a reduction, the diffusing capacity can be divided into 2
parts Dm (the membrane component) and ThetaVc