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INTRODUCTION

Humans consume cannabinoids primarily by smoking prepara-
tions of Cannabis sativa L. When cannabis plant material is pre-
pared for purposes of intoxication, it is referred to as “marijuana.”
Cannabis that is used as an intoxicant comes from many different
geographical sources around the world and is referred to as “drug
type” cannabis because it contains significant quantities of A®-
tetrahydrocannabinol (THC), the primary chemical ingredient of
the plant material responsible for the psychopharmacological
effect. Another type of cannabis equaly prevdent worldwide is re-
ferred to as “hemp type’ because originally, about four centuries
ago, it was cultivated for the manufacture of rope material. Canna
bis is not in fact a plant indigenous to the New World; it was intro-
duced to the Western Hemisphere by Spanish explorers, who used
large amounts of hemp rope in their shipping industry.

More than 60 cannabinoid compounds have been identified in the
“drug type’ cannabis used illicitly today. Some of the more impor-
tant ones are illustrated in figure 1. In addition, as in any plant
material, there is a large number of other chemical compounds
present, severa hundred of which have been identified in cannabis
1).
()Though cannabis contains many cannabinoid components and
other chemical substances, THC is the most prominent psychoac-
tive cannabinoid component, and its concentration determines the
“potency” of marijuana. Other cannabinoids may contribute to
THC's activity through interactions or direct effects on certain spe-
cific pharmacologic measures, but THC is the compound on which
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FIGURE 1. Cannabinoids of primary interest found in Cannabis Sativa.

most studies to date have concentrated. The psychopharmacologic
activities of either cannabinol or cannabidiol, for instance, are esti-
mated to be less than 10% as great in man as that of THC itself (2).
The predominant factor affecting potency is the genetic stock of
the plant. Seeds derived from cannabis of relatively high THC con-
tent will produce plants of relatively high potency, other factors
being equal. It should also be noted that the relative amounts of
cannabinoids in the plant can vary significantly depending on how
and where the plant is grown and harvested. Soil, climate, cultiva
tion, and age can have considerable effect on the final “product.”



METABOLISM AND DISPOSITION OF CANNABINOIDS 127

Samples of marijuana from illegal shipments, confiscated be-
tween 1979 and 1982 by the Drug Enforcement Administration and
analyzed by the NIDA potency monitoring program, averaged
above 3.0% THC by weight. Potency has increased significantly
since the program started in 1974, when confiscated materia was
found to contain less than 0.5%. A cannabis preparation called
“sinsemilla” has become increasingly available over the last 4
years and is currently averaging about 6% THC. Occasionad sam-
ples with potencies as high as 10% have been encountered. The po-
tential for ingesting psychologicaly dysphoric amounts of THC is
thus much increased with the availability of these more potent
forms of cannabis.

The THC in marijuana is predominantly in the form of A®THC-
2-(and a small amount of 4-)-carboxylic acid (also called
“tetrahydrocannabinolic acids” or “THC-acids’) (1). These THC-
acids are changed rapidly into THC itsedf when they are subjected
to the heat of the burning cigarette. The burning process also
causes pyrolytic destruction of a portion of the THC and THC acid
in the cigarette. The actual amount of THC delivered in the smoke
has been estimated at 20% to 70% in experiments conducted with
smoking machines (3). The estimate of 70% is derived from a study
in which the cigarette was burned with a continuous draw, and
20% was found when a 5-second puff each minute was used. The
latter rate is the standard for tobacco smoking experiments. Mari-
juana smokers probably fall in between these estimates since they
usualy inhale longer and more frequently than once a minute for
5 seconds. This assumption is supported by a study which deter-
mined that the bioavailability of THC from marijuana cigarettes as
measured in blood of human subjects ranged from 8% to 24%
(mean 18+6%) in 11 subjects (4). This “biocavailability” is the frac-
tion of THC in the cigarette which reaches the bloodstream. If for
instance, 35% of the THC in the cigarette were delivered in the
smoke and 50% of this passed through the lung to the blood, a
bioavailability of 17.5% would result, which is within the reported
range.

For the past 10 years NIDA has supplied cannabis cigarettes for
use in animal and human research on marijuana toxicity, pharma-
cology, pharmacokinetics, and chemistry. The cigarettes are sup
plied in potencies ranging from 0.5% to 3% by weight. The plant
material is grown under controlled conditions, and the material is
chemically characterized by quantitative analysis of eight major
cannabinoids. The cigarettes are supplied in a form similar in size
to unfiltered tobacco cigarettes.
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Other THC dosage forms developed by NIDA and made available
for research include ora doses of THC in sesame oil contained in
gelatine capsules, intravenous solutions of THC which are either
suspended in human serum abumen or dissolved in ethanol, and
ophthalmic preparations of THC in mineral oil. Each of these
dosage forms has its own unique time course of effect and metabol-
ic profile. Even though these dosage forms were developed for use
in research directed at consequences of marijuana abuse, they have
also served as dosage forms for studies in severa areas of therapeu-
tic research. The oral form is under investigation as an antiemetic
drug for patients undergoing cancer chemotherapy, and the oph-
thalmic preparation is being investigated as a treatment to relieve
intraocular pressure resulting from glaucoma.

METABOLISM AND DISPOSITION

When cannabis is smoked or ingested oraly, THC and the many
other cannabinoids present undergo extensive metabolism into
many oxygenated species. Most of the research on cannabinoid me-
tabolism has been carried out on THC itself. Metabolites of THC
which have been characterized and isolated from man (5,6,7) are il-
lustrated in figure 2.

The total number of metabolites resulting from human adminis-
tration of THC is undoubtedly much greater. In vitro and in vivo
animal studies indicate that a large number of hydroxylated and
carboxylated metabolites result from the metabolism of THC as
well as from the other cannabinoids found in the plant (8-14). In-
vestigators have also shown the presence of fatty acid conjugates of
THC (15,16), a variety of O-glucuronides (17,18), and C-glucuronides
(29).

The formation of glucuronide conjugates of THC and its metabo-
lites has been reported to occur on the phenolic position (17), on
the carboxylic acid position in 11-nor--A*-THC-9-carboxylic acid (9-
carboxy-THC) (18), and directly on the two and four positions of the
aromatic ring (19). It is unclear a this time how this conjugation
affects excretion, storage, and recirculation of material, but it is
clear that a major portion of the cannabinoid metabolites excreted
in urine are in the form of glucuronide conjugates (5,18,20). In the
case of 9-carboxy-THC, conjugation may occur at both the phenolic
and the carboxy position, thus leading to the possibility of three
different conjugated species. A recent study has provided the char-
acterization of 12 additional acid metabolites of THC (21). An ex-
tensve and complex cannabinoid metabolic profile in man is indi-
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cated when all the possible cannabinoid metabolites and their re-
spective conjugates are considered.

The metabolite concentrations in figure 3 are typica of the sig-
nificant differences found in blood after oral administration (22) of
THC as compared with administration via smoking (23). The 11-hy-
droxy metabolite probably plays a minor role after smoking as the
concentration is very low (5), less than 10% of the THC concentra-
tion at any time. After oral administration, however, 11-OH-THC
may play a more important role as its concentration is relatively
higher in blood, often higher than that of THC. Significant
amounts of THC are not observed after oral administration owing
primarily to the relatively dow absorption of THC and subsequent
extensive metabolism via the “first pass’ through the liver. The
blood profile of the oral dose indicates 9-carboxy-THC as the pre-
dominant metabolite.
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FIGURE 3. Plasma concentration versus time curve for THC and its metabolites
after ora and smoked administrations.

Several of the hydroxylated metabolites have been shown to have
some activity (24), but 9-carboxy-THC has shown little or no activi-
ty when administrated to either man (24) or animal. The only
active metabolite known to occur in any significant concentration
is 11-hydroxy-A®*THC, which has been shown to have activity equal
to or perhaps slightly greater than THC itself when administered
alone to man (25). The psychopharmacological activity in man of 8-
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beta-hydroxy-THC has been reported as about 4% of that of Ae®-
THC and 8-alpha-hydroxy-THC less than 10% (24).

In human studies it has been shown that 80% to 90% of the total
dose of THC administered is excreted within 5 days, mostly (65%)
in feces (26). The urinary fraction, which makes up the remaining
18% to 23% of the dose excreted, consists primarily of acidic meta
bolites such as 9-carboxy-THC and other related acids (21). Only
about 5% of the total urinary fraction consists of neutral cannabin-
oids, and THC itself makes up less than 1 % of this. The endpoint of
the rena pathway is therefore multi-oxygenated acidic metabolites.
The feces fraction consists of approximately equal parts neutral
and acidic metabolites, 9-carboxy-THC making up about 29% of the
extracted metabolites, THC about 8%, and 11-hydroxy-THC about
21% (5).

When the time course of the disappearance of THC from plasma
is compared with the very dow excretion of metabolites in urine, it
becomes obvious that some mechanism is contributing to this re-
tarded elimination of material. As mentioned above, 80% to 90% of
the THC dose administered 1V is accounted for in 5 days, the re-
mainder being eliminated dowly over a longer period of time. One
mechanism which probably contributes significantly to the long ex-
cretion of these metabolites involves enterohepatic recirculation,
since the mgor portion of 1V doses in humans is eiminated in the
feces (26) and reabsorption of biliary excreta has been demonstrat-
ed in the dog (27). Other mechanisms which could contribute in-
clude renal reabsorption and deeptissue distribution. Because of
the lipid solubility (28) of THC, a characteristic shared by many of
its metabolites, some portion of the dose is probably trapped in
fatty-tissue pools for dow release. Preferential absorption of THC
into the fat tissue of rats has been reported, while other tissues
such as brain, lung, and muscle absorbed a much smaller propor-
tion of the dose (29).

It is important to define both the mechanisms involved in this
slow excretion and what specific metabolites are involved. Even
though the acid metabolites are not likely to have psychoactivity,
other types of toxic effects cannot be excluded. The characteriza-
tion of fatty-acid conjugates of THC has led to speculation that spe-
cies of this type may contribute to storage of cannabinoids in body
tissue (15,161. Much research remains to be done to ascertain the
chronic toxicity of these or the many other THC metabalites.

The character of the metabolites and their mode of elimination is
important since the elimination process is measured in days, not
hours, and repeated administration via marijuana smoking likely
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leads to accumulation of both THC and metabolites and the possi-
bility of subsequent toxic consequences.

Much of the forensic interest in cannabinoid analysis of body
fluids has focused on the 9-carboxy-THC metabolite, the principa
acid metabolite of THC that has been characterized and synthe-
sized for study. This metabolite is an important species in both
blood and urine. As illustrated in figure 3, THC levels which are
initially quite high drop very rapidly and cross the rising 9-car-
boxy-THC curve at approximately 20 minutes. Although this curve
is based on a single dose, it does give credence to the hypothesis
that a blood analysis which shows similar concentrations for both
THC and 9-carboxy-THC could be an indication of very recent ad-
ministration of marijuana and perhaps of a high probability that
the subject is in an intoxicated state. This figure also illustrates
that, because of the rapid decrease in the concentration of THC in
blood, analytical methodology less sensitive than 1 or 2 nanograms
per milliliter is not likely to detect the presence of THC after sev-
eral hours except perhaps in a heavy chronic smoker. The curve
for 9-carboxy-THC in this figure shows a considerably longer time
course and therefore provides a better indicator of previous smok-
ing.

Urine metabolite assays which have recently become available
on the commercial market have made cannabinoid detection avail-
able to a much broader spectrum of laboratories including those as-
sociated with the armed forces, with private industry, and pena in-
gtitutions. These methods include the SYVA Co. EMIT system and
the Roche Diagnostics ABUSCREEN RIA system. The anadysis of
urine using these types of assays provides an indication of past use
of marijuana. Due to the relatively long detection period of canna
binoid metabolites in uring, this ‘past use’ cannot be more specifi-
caly pinpointed than between 1 hour and 1 week. This makes any
urine anaysis, regardless of the levels detected, inadequate for pre-
diction of intoxication or specific time of use.

As mentioned above, a blood analysis does have the potential for
providing information relevant to intoxication. Blood samples are,
however, difficult to obtain for many forensic purposes because of
their invasive nature. Saliva and breath are much easier samples
to acquire for drug detection and both have been investigated for
the presence of marijuana components after smoking. The use of
TIC methods for detection of THC in sdliva has been suggested by
several authors (30-34).

A study in humans using radiolabeled THC administered by in-
travenous injection (35) failed to detect any radioactivity in sdiva
samples. This suggests that neither THC or its metabolites pass
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into the saliva or lung from the blood and that cannabinoids de
tected in these biological matrices are sequestered during the
smoking process.

In a recent study, an RIA specific for THC was used (36) to ana
lyze a set of saliva samples (37) from subjects who smoked marijua-
na cigarettes containing cannabis of approximately 2% potency.
Mixed saliva samples were taken from these subjects over a 24-
hour period. The concentration of sequestered THC in these sam-
ples, illustrated in figure 4, is subject to considerably more fluctu-
ation over time than plasma levels due to the inherent variability
of mixed sadliva concentration and to the difficulty in precisdy ali-
quoting from a mixed saliva sample. It is clear, however, that sig-
nificant levels of THC remain in saliva for several hours after
smoking marijuana. During the first hour, in the absence of food
intake, some levels exceeded 100 ng/ml and levels above 5 ng/ml
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FIGURE 4. Human sdliva levels after smoking a single marijuana cigarette
containing 18 mg THC. N=8 at 20 min., N=7 at 60 min., N=5 for others.
Variahility expressed as standard deviation.
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were ill detectable in most samples beyond 8 hours even though
normal food and liquid intake was resumed after 3 hours.

These results give further indication that saliva could be a useful
fluid for presumptive detection of recent use. Even though no quan-
titative correlation can be made between saliva levels and intoxice
tion since only sequested THC is being detected, the capacity to
reduce the “past use” time frame from weeks to hours could have
useful research and forensic applications.

The use of breath as a screening medium has been investigated
using solvent and cryogenic traps with subsequent analysis by
HPLC/MS (38) and aso using solid matrix traps followed by con-
ventional RIA (39). The levels in breath appear to be lower than
those found in saliva after smoking, and use of such a medium for
detection would consequently require relatively more sensitivity in
the assay method as well as a more complex means of sample col-
lection.

PHARMACOKINETICS

Studies of the pharmacokinetics of THC have been receiving in-
creasing emphasis in the last few years as anaytical techniques for
the quantitative determination of cannabinoids in biological fluids
have improved. The pharmacokinetics of THC and its metabolites
is important to several research areas. A variety of studies have
suggested that long-term, chronic use of marijuana may lead to ad-
verse health effects in the individual (40). Some of these effects
could be related to a toxic accumulation of either THC or metabo-
lites of THC in the body. Pharmacokinetic studies of the mecha-
nisms by which these cannabinoids are eliminated from the body
are important in understanding the potential extent and rate of
this accumulation.

Detailed pharmacokinetic studies of THC in humans under both
acute and chronic dosing schedules are beginning to provide the
basic data that will alow blood levels of active drug to be related
to psychotomimetic, behavioral, and physiologica effects (4,23,26).
With the increasing availability of analytical methods for analysis
of cannabinoids in blood and urine, there is increasing interest in
providing analytical data for forensic purposes which can be relat-
ed to the intoxication of individuals involved in accidents, as well
as individuals who are legally liable for drug-taking behavior in
the armed forces, on probation, or in industry. It is important to
understand the kinetic mechanisms involved with THC and other
cannabinoids in order to relate these forensic questions to the
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meaning of a given blood level, particularly in cases where intoxi-
cation is a factor. The availability of more sensitive and more ac-
cessible analytical technology for the quantitative analysis of mari-
juana components in body fluids will play a key role in these ef-
forts.
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