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Abstract-Lungs of rats given 14C-A9-tetrahydrocannabinol (A9-THC) by smoke 
inhalation showed a retention and metabolism of the cannabinoid, with further retention 
and metabolism by the liver. Only the liver showed retention and metabolism when “C- 
A9-THC was given by i.v. injection. The brain showed a greater penetration or retention 
of unmetabolized cannabinoid after smoke inhalation than after i.v. injection. ll- 
Hydroxy-A9-THC was observed soon after smoke inhalation of “C-A9-THC in all of the 
organs and tissues except brain, and concentrations of a dihydroxy metabolite increased 
with time. A still unidentified metabolite was retained in the liver and spleen 15 days 
after an i.v. or chronic i.p. injection of 14C-A8-THC or 14C-A9-THC. 

THE ACTIVE components of marihuana have been shown to be AQ-tetrahydrocanna- 
binol (AQ-THC) and Aa-tetrahydrocannabinol (A8-THC);lp2 and since the AQ-isomer 
is the predominant compound, it is considered to be the principal active constituent. 

Metabolic and distributional studies of AQ-THC, A*-THC and other cannabinoids 
have previously been hampered by the lack of pure labeled compounds. Miras3 
measured the distribution of radioactivity in tissues of rats after intraperitoneal (i.p.) 
injections of a purified THC preparation from a plant grown in 14C02. With the syn- 
thesis of A8-THC and AQ-THC, and the labeling of these compounds, first witb 
3H4*5 and later with 14C,6 additional metabolic studies became possible. The dis- 
tribution and excretion of radioactive A8-THC and A’-THC have since been studied 
by oral, i.p., or intravenous (i.v.) administration in the rabbit,‘s8 the ratg-” and in 
humans.12J3 These results showed that THC is rapidly extracted from the circulation 
by the liver and metabolized to more polar compounds, with excretion taking place 
primarily in the rabbit via the urine and in the rat and human via the feces. Very low 
levels of radioactivity were seen in the brain of the rat and rabbit after administration 
of THC by these methods. When 3H-Ag-THC was given rats by smoke inhalation, the 
distribution pattern was very similar to that from the peritoneal route, except for 
initial retention by the lung.14 

A metabolite of A8-THC was found in our laboratories in the liver of rats injected 
in uiuo with 14C-A8-THC’s and could also be produced in vitro using the microsomal 
procedure of Dixon et ~1.‘~ This metabolite was identified as 11-hydroxy-As-tetra- 
hydrocannabinol(1 1-hydroxy-As-THC). l s When AQ-THC was used as a precursor, a 

* This investigation was supported by the Center for Narcotic Addiction and Drug Abuse Studies 
National Institute of Mental Health, under Contract No. PH-43-68-1338. 
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similar metabolite identified as 1 1-hydroxy-Ag-THC was also found by other in- 
vestigators.17~18 The metabolite of A*-THC has also been isolated and identified in 
urine of rabbits.lg Using a rat liver microsomal fraction, Wall et al.l* found a further 
conversion of Ag-THC to 8, 1 I-dihydroxy-Ag-THC. Other workers have reported that 
cannabinol is also metabolized to 1 l-hydroxycannabinol.20 The identification and 
distribution of the metabolites of A*-THC and Ag-THC in the other organs and tissues 
of rats and rabbits have not been reported. However, a comparison was made by 
Christensen, et aL21 of the relative proportions of Ag-THC to its total metabolites 
in specific organs of the mouse 10 min after intravenous or intracerebral administration 
of Ag-THC. 

EXPERIMENTAL METHODS 

The initial intravenous studies were performed using 14C-A*-THC.* After 14C- 
Ag-THC became available, it was added to placebo marihuana for smoke inhalation 
studies and was also used for comparison with 14C-A*-THC in 15-day i.v. and i.p. 
cannabinoid retention studies. 

Because of their insolubility in aqueous solvents, 14C-A*-THC and 14C- 
Ag-THC were injected i.v. and i.p. as an ethanol-glycerol-saline emulsion made with 
Tween 80 into Wistar male rats (200-250 g) at a dose of 9 mg/kg (sp. act. 06-0*7 
&i/mg). In the smoke inhalation studies, four 200-250 g Wistar male rats at each 
time period were exposed to smoke from a reefer smoked in a positive pressure 
smoking machine. The reefer was made from 0.8 g placebo marihuana enriched with 
approximately 10 mg 14C-Ag-THC (sp. act. l-2 &i/mg). The rats were contained in 
holders in an animal exposure chamber connected to the smoking machine and 
exposed to a 10: 1 dilution with air of the smoke from the reefer. Recovery studies of 
the whole animal showed consistently that 1-O & O-1 % of the 14C-Ag-THC in the 
reefer was transferred to each rat to give a dose of O-6 & O-5 mg/kg. After i.v. injec- 
tions of 14C-Ag-THC, 75-85 per cent of the radioactivity was consistently recovered. 
Because of the limited supply of 14C-Ag-THC, doses of higher concentrations were not 
investigated in the smoking studies. 

At the designated interval after the termination of the smoking period (6 min), 
or after i.v. or i.p. injection, the rats were decapitated and exsanguinated. The blood 
was collected in a beaker containing EDTA and centrifuged to obtain plasma. The 
major organs were removed and the urine was collected from the bladder. The small 
intestines were rinsed with normal saline to obtain the fecal materials. Fat was taken 
from the perirenal depots and muscle tissue from the abdominal wall. In the initial 
experiments using 14C-A*-THC, a representative aliquot of the tissue or excretion 
product (about 200 mg) was homogenized and counted directly in Bray’s solution 
by a Packard Tri-Carb liquid scintillation spectrometer, model 3375. In subsequent 
experiments, all samples were first homogenized in distilled water with a Polytron 
homogenizer, lyophilized, and an aliquot was then counted for radioactivity. The 
radioactivity in each aliquot was corrected for quenching from standard curves, and 
the total radioactivity of each sample determined. Quenching was not a serious 
problem, however, with any of the tissues except red cells. One experiment was 

* ‘V-Aa-THC, W-A9-THC and placebo marihuana were supplied by the National Institute of 
Mental Health, Marihuana Research Program. 
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performed to compare any differences in total distribution of radioactivity found in 
lyophilized tissue with that obtained when only an aliquot of the sample was homog- 
enized and counted. Less than 5 per cent difference was observed in the two methods. 
Lyophilization was preferred, however, since it facilitated the complete extraction 
of the radioactivity with methanol. 

Usually three extractions with at least 15 : 1 (v/w) volume of methanol were sufficient 
to remove > 95 per cent of the radioactivity. Portions of the extracted tissues were 
counted for radioactivity to ascertain that extraction was complete. The methanol 
extract of the tissue was dried under nitrogen and the dried residue redissolved in a 
known quantity of methanol. An aliquot of the extract was counted for radioactivity 
and another aliquot was spotted on Silica gel plates (Q-l, Quantum Industries) for 
separation of the radioactive cannabinoids. Solutions of A*-THC, Ag-THC and 1 l- 
hydroxy-As-THC were also spotted on the same plate to give R, reference standards. 
The plates were developed in heptane-benzene-methanol-ethyl acetate (55 : 15 : 20 : 10) 
and the standards and free cannabinoids of sufficient concentration in the extract were 
detected with a O-5 % solution of fast Blue B salt. Sections of the plate were scraped 
into counting vials containing Bray’s solution and their radioactivity was determined. 
No loss of radioactivity was observed in the transfer of extract to thin-layer chromatog- 
raphy (T’LC) plates. 

In the 15-day experiments, 300-g rats were injected either i.v. at a single dose of 
2.7 mg (9 mg/kg) or i.p. chronically for 5-10 days at a dose of 1 mg/day. The rats were 
placed in metabolic cages and the urine and feces collected and examined for radio- 
active cannabinoids at regular intervals. At the end of 15 days, the rats were killed 
and their major organs removed and analyzed for cannabinoids. 

RESULTS AND DISCUSSION 

Table 1 shows a comparison of the distribution of radioactivity in tissues and 
excretion products of rats given 14C-A8-THC by i.v. injection and 14C-Ag-THC by 
smoke inhalation. Both routes of administration show a rapid uptake of radio- 
activity by the liver once the cannabinoids have entered the circulation. This was 
observed at 5 min by i.v. injection, but was not evident with smoke inhalation until 
approximately 30 min after administration. This lag in the smoke studies may be 
explained by the retention of cannabinoids in the lungs (> 50 per cent up to 15 min), 
and gradual release into the blood. Very little radioactivity was present in the lungs 
at any time in the i.v. studies. This was not in agreement with the observations of 
Klausner and Dingell,’ l and Agurell et al.,’ who found a high concentration of radio- 
activity in the lungs of rats and rabbits after an i.v. injection of radioactive Ag-THC. 

A very low percentage of the total radioactivity was found in the brain. At 5 min, 
however, the percentage in the brain after smoke inhalation was twice that with i.v. 
injection. This becomes more noteworthy when it is observed that in all other organs, 
except lungs, the percentage was lower during the entire period. Smoke inhalation 
may thus be a more efficient method than i.v. injection for introducing cannabinoids 
into the brain of rats. 

Increasing concentrations of radioactivity were found with time in the spleen in the 
i.v. studies. This may be related to the phagocytic behavior of the spleen toward large 
amounts of foreign substances. In the smoke studies, where the total concentration of 
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cannabinoids in the rat was much lower, decreased retention of radioactivity was ob- 
served after 30 min. In both studies, there was also very little retention of radioactivity 
by the other organs and tissues after 30 min. Excretion was primarily via the feces 
with both methods of administration. 

A comparative study of 14C-A*-THC and 14C-Ag-THC by the same method of 
i.v. injection showed very little difference in their ultimate retention, distribution, 
excretion or rate of metabolism. 

Five min after smoke inhalation of 14C!-Ag-THC, unmetabolized Ag-THC comprised 
approximately 25 per cent of the cannabinoids found in the liver and lungs (Table 2). 
This was considerably lower than the 60 per cent unmetabolized A*-THC observed in 
the liver 5 min after an i.v. injection of 14C-A*-THC (Table 3). Fifteen min after 
i.v. injection, unmetabolized 14C-As-THC had only decreased to approximately 35 
per cent of the cannabinoids in the liver, and this value remained constant up to 2 hr. 
In contrast to the relatively slow rate of decline of unmetabolized 14C-A*-THC in the 
liver after i.v. injection, very little unmetabolized 14C!-Ag-THC was seen in either the 
liver or lungs 15 min after smoke inhalation. The liver was the only organ examined 
for metabolites in the earlier 14C-As-THC i.v. injection studies because of its en- 
richment in radioactive 1 1-hydroxy-As-THC, which we were interested in identifying.’ 5 
The metabolites of 14C-As-THC were also not differentiated from each other in the 
TLC system used at that time. 

TABLE 3. PERCENTAGE OF UNMETABOLIZED As-THC IN CANNABINOIDS PRESENT IN LIVERS OF RATS 
GIVEN ‘-+C-A*-THC INTRAVENOUSLY* 

Smin 15 min 30 min 60 min 

61.3 & 3.6 37.4 + 3.2 32.5 f 1.8 33.0 zt 1.0 

* Results expressed as percentage of total radioactivity on TLC plate. 

120 min 

35.1 + 6.9 

The increased percentage of metabolites observed in the liver of rats after smoke 
inhalation compared to i.v. injection, and the high percentage of metabolites present 
in the lungs, even at 5 min, suggested that the lung may also metabolize Ag-THC and 
As-THC before they reach the liver. Preliminary experiments in our laboratory have 
shown that metabolites of As-THC can be produced by a rat lung microsomal system 
in vitro. Subsequently, Nakazawa and Costa 22 have reported the metabolism of Ag- 
THC by lung homogenates of rats treated with methylcholanthrene. Since our results 
also showed the lungs to contain over 30 per cent of the cannabinoids observed in the 
rat 1 hr after smoke inhalation of 14C-Ag-THC, the lungs may be of more importance 
than the liver for the study of the effects of smoking marihuana. 

Ag-THC comprised nearly all of the cannabinoids seen in the brain up to 30 min 
after smoke inhalation of 14C-Ag-THC. After 2 hr, it still constituted approximately 
25 per cent of the cannabinoids present. Thus, Ag-THC either penetrates the brain 
easier than its metabolites, or is preferentially retained. This high percentage of A’- 
THC relative to its metabolites in the early minutes after smoke inhalation, and its 
long retention in the brain, strongly support the hypothesis that it, rather than a 
metabolite, is the primary active component. When the behavioral effects of mari- 
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huana are known to be declining, we also see a decline in Ag-THC and an increase 
in its metabolites in the brain. 

Although only a very low concentration of cannabinoids was present in any of the 
tissues and organs, except lungs, 2 hr after smoke inhalation of 14C-Ag-THC, un- 
metabolized Ag-THC was still observed in the brain, muscle and carcass. 

Very little free Ag-THC was observed in the blood at any time. The cannabinoids 
in the blood may be complexed or bound to a lipoprotein, as suggested by Wahl- 
qvist et a1.23 since they moved very little on the TLC plate. Similarly, TLC immobility 
of the excretion products, especially the urine, suggests possible conjugation or forma- 
tion of an additional metabolite(s) of higher polarity. 

In the tissues and organs analyzed, the II-hydroxy metabolite of Ag-THC was 
formed initially from the parent compound, with the dihydroxy metabolite then being 
formed in increasing concentrations with time. Thus, the metabolism of Ag-THC in 
vivo in the rat, up to 2 hr after smoke inhalation, appears to involve first the formation 
of a monohydroxy and then a dihydroxy metabolite. 

Studies on the retention of cannabinoids in rats after i.v. injections of 14C-A*-THC 
or 14C-Ag-THC showed that 50-60 per cent of the radioactivity from both of these 
compounds was excreted in the feces within 48-72 hr and IO-15 per cent in the urine 
within 24 hr. When they were injected i.p., approximately 30 per cent of the injection 
was recovered in the faeces and 8 per cent in the urine. This is in good agreement with 
the results found in rats by Miras,3 when 14C-Ag-THC was administered i.p., and 
also by Klausner and DingelI” and Agurell et aZ.,1° when 14C-Ag-THC and 3H-Ag- 
THC were administered i.v. Certain organs and tissues of these rats examined 15 days 
after the initial injection showed a retention of radioactive cannabinoids (Table 4). 

TABLE ~.RETEN~ONOF~NKNOWN METABOLITEINORGANS ANDTBSUESOFRATS~~ DAYSAFTERINTRA- 

VENOUSOR CHRONICINTRAPERITONEALINJECTIONSOF W-A*-THC OR W-A9-THC 

i.v. injection 
of 2.7 mg 

‘%-A*-THC 
&g/g) 

i.v. injection i.p. injection i.p. injection 
of 2.7 mg of 10 mg (1 mg/day) of 5 mg (1 mg/day) 

W-A9 THC 14C-A-8-THC 14C-A9-THC 
(pg/g) &g/g) hdg) 

Muscle 0.3 f 0.1 0.3 f 0.1 5.6 f 2.0 1.6 f 0.2 
Fat 1.1 f 0.2 3.7 f 0.3 23.7 f 4.8 7.8 f 1.7 
Brain <O*l & 0.0 <O.l f 0.0 <O-l f 0.0 10.1 f 0.0 
Kidney 0.3 * 0.1 0.3 f 0.1 2.1 f 0.4 0.9 j, 0.2 
Liver 2.7 f 0.3 2.1 f 0.3 18.9 f 3.6 7.6 f 2.1 
Spleen 12.2 + 2.3 9.3 f 1.9 24.6 * 5.8 8.4 zk 2.6 

* Results are averages of five rats + S.E.M. 

The concentration of 14C-Ag-THC retained in most cases was slightly less than that of 
14C-As-THC. This difference, however, may only be a result of a difference in actual 
injected dosages of A*-THC or A’-THC, since increased retention of cannabinoids 
was observed at the higher dose levels and later analysis showed that the Ag-THC 
used in these experiments was only of 75 % purity. 

With i.v. injection of both compounds, a high concentration of radioactive canna- 
binoids was observed in the spleen, with lesser amounts in the liver and fat. A small 
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amount of radioactivity was found in muscle and kidney. However, with both com- 
pounds and by both methods of injection, there was very little, if any, radioactivity 
retained in the brain. 

A very similar retention pattern was observed with i.p. injection of larger amounts of 
both compounds. The spleen still showed the highest concentration, but the increase 
was lower relative to the other tissues. Increased retention of radioactivity was ob- 
served in the muscle and fat, especially at the higher concentration. No attempt was 
made to determine total recovery of radioactivity after i.p. injections, since we were 
primarily interested at that time in producing and attempting to identify an unknown 
metabolite retained in the liver and spleen. However, the increased concentration of 
ra~oactivity in muscle and fat, and decreased ~n~ntration in the excreta when 
compared to iv, injections, indicate that there was incomplete absorption of THC. 

Thin-layer chromatography of extracts of the livers and spleens removed after 15 
days showed that an unidentified metabolite comprised at least 80 per cent of the radio- 
active cannabinoids retained by these organs. This unknown cannabinoid was present 
after both 14C-As-THC or 14C-Ag-THC injection, and after both methods of ad- 
ministration. It has a TLC R, value (O-8) above that of A*-THC or Ag-THC (0.74) 
in our developing system. It could also be found in the bone marrow, and was an 
increasing percentage of the cannabinoids found in feces, but not urine, after 5 days. 
Subsequent examination of this metabolite by gas-liquid chromatography-mass 
spectral analyses verified that this cannabinoid was not cannabinol, cannabidiol, 
A8-THC, AQ-THC, or one of their hydroxy or carboxy metabolites. The ident~~tion 
of this metabolite is of irnpo~n~ because of its long retention, and possible inter- 
action or interference with other drugs and metabolic processes, and is being pursued. 
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