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I. INTRODUCTION

Cannabinoid research recently has been branched into a
number of clinically important areas. Mechoulam cited several
potential clinical applications for delta-9-tetrahydrocannabi-
nol (THC) and related cannabinoids, including the treatment of
glaucoma, nausea, ulcers, and hypertension {1). As a result
the metabolism and disposition of THC have been studied to a
great degree (2,3).

One piece of important information which has been lacking
has been an accurate measure of the biocavailability of orally
administered THC, OCOhlsson et al. reported bioavailability of
THC at 0.06, but their study terminated in six hours and used
a chocolate cookie as a vehicle (4). Wwall et al. reported
values of 0.11 and 0.19 for female and male subjects, respec—
tively, using sesame o0il capsules, but their protocol prohib—
ited the simultaneous administration of oral and intravenous
doses of the same subjects.
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This study is an effort to assess the biocavailability of
THC in male subjects after simultanecus administration of a
tracer intravenous (i.v.) dose and a 20 mg oral dose.

II. MATERTIALS AND METHODS

A, Subjects

Six, healthy, male paid volunteers of average height and
weight and eating normal diets were used in this study. All
had used marijuana in a recreational manner.

B. Chemicals and Materials

[3H]—delta-9—THC, THC, and various standard cannabinoids
were obtained from the National Institute on Drug Abuse
(NIDA). Precoated thin layer chromatography (TLC) plates, 20
x 20 cm, silica gel 60F-245 (E. Merck, Dramstadt, West Ger-
many) were used for all TLC, Scintillation counting was per-
formed using Triton X-100:toluene:Omniflor (1 1l.:2 1.:18 g).
Radioimmunoassay (RIA) kits for THC and 9-COCH-1l-nor-delta-9-
THC were obtained through NIDA from Dr. C. E. Cook (Research
Triangle Institute, Research Triangle Park, NC).

C. Drug Administration

Each subject was given a single-bolus intravenous 1njec—
tion of [ H]-delta-9-THC (0.141 mg/123 mcCi) dispersed in
human serum albumin (5) and a simultaneous oral dose of 19.98
mg THC dissolved in sesame o0il (0.5 ml) and administered in a
gelatin capsule,

D. Sample Collection

Blood samples were drawn by means of an indwelling venous
catheter for the first 4 hours and by independent venipuncture
for all other periods, Samples were taken from all subjects
for 24 hours. Samples from three subjects were collected for
96 hours. Samples from three subjects were collected for 96
hours, Urine samples were obtained for all subjects for 24
hrs while feces was collected only for the three subjects
studied for 96 hours.
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E. Analytical Procedure

The procedure described by Wall et al, (3), as modified
in Wall et al. (6), was used for quantitation of tritiated
cannabinoids., Briefly, the system involves solvent extraction
followed by TLC and scintillation spectrophotometry. Non-
radiolabeled THC and 9-COCH-1l-nor—delta-9-THC were assayed by
RIA according to published procedures (7,8). Gas chromatog-
raphy/mass spectrometry (GC/MS) was used to quantitate the 11-
Ob-metabolite of THC in plasma (9).

F. Pharmacokinetics

All nonlinear curve fitting was done using NONLIN (10).
Plazema concentrations of [3H]—delta—9—THC were weighted as
l/C and fitted with a biexponential function. The cumulative
urinary excretion curves (B vs. time) for total [3H] ~cannabi-
noids and [ H] —9-C00H-11-nor—-delta-9-THC were fitted with a
monoexponential accumulation function, The first derivative
of the fitted curve was evaluated at at least six time points
for which there were corresponding plasma values (C;) for the
species, respectlvely, and the renal clearances calculated as
the mean of (dA,/dt);/ AUC (0-t) for [ 34]-delta-9-THC and
THC were calculated be use of the log-trapezoidal rule, AUC
{t-infinity) was calculated by use of the weighted mean esti-
mate of lambda, (or beta) and the last observed plasma concen-
tration. AUC (0 infinity) was adjusted to account for the
area contributed by any THC present at t = 0., Standard for-
mula were used for all pharmacokinetic calculations (11).

III. RESULTS

The concentrations of [3H]-—delta-9—THC and its major
metabolites in plasma are present in Table I. The concentra-
tion of [3H]-delta-9—THC in plasma is plotted in Figure 1
along with the fitted biexponental curve., A mean elimination
phase half-life of 50 hours was observed. The mean terminal
phase volume of distribution (V;) was 578 +/= 76 (mean +/-
S.E.M.) liters. The total body clearance of [3H]-delta-9-THC
from plasma (CL) was 135 +/- 13 ml/min.

The concentrations of THC, 9-COCH-1l-nor—delta-9-THC, and
11-0OH~delta~9-THC in plasma as determined by RIA and GC/MS are
presented in Table II. The observed and fitted concentration
of THC in plasma is plotted in Figure 2. The systemic bio-
availability (£) of orally administered THC was 0.13 +/- 0.02.
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The cumulative excretion of radiolabeled cannabincids in
urine and feces is presented in Tables III and IV, respec-
tively. After 72 hours 21 +/- 1% and 40 +/- 2% of the admin-
istered radiolabel was accounted for in urine and feces,
respectively. Cumulative urinary excretion of total tritiated
cannabinoids and tritiated 9-COOH-11-nor-delta-9-THC were fit—
ted with an exponential accumulation function using NONLIN.

TABLE II. THC, 11-Nor-9-carboxy- and ll-Hydroxy-
delta-9-THC in Human Plasma (see text for doses)

IV Dose 0.141  mg [3H]-A°-THC
Oral Dose 19.98 mg A°-THC

ng/ml
A°-THC 11-Nor-9-COOH-A®-THC 11-0H-A%-THC

Time (n) (n) (n)

o' (6) 2.8+1.5 (6) 13.7 + 12.3

5! (6) 7.3+2.3 (6) 17.4 + 12.4

10' (6) 4.0 +1.5 (6) 17.6 + 13.7

20! (6) 3.4 + 1.8 (6) 17.3 + 13.5

30! (6) 5.1 +3.1 (6) 20.9 + 18.4 (5) 1.5+ 1.1
60" (6) 19.4 + 13.2 (6) 101.8 + 74.5 (5) 7.8+ 1.3
90" (6) 20.7 + 4.3 (6) 206.9 + 79.1 (6) 9.5 + 2.1
120’ (6) 21.2 _ 5.3 (6) 223.8 + 23.6 (5) 8.4+ 2.1
150" (5) 17.6 + 6.1 (5) 231.0 + 58.1 (5) 6.9 + 2.4
180" (6) 14.4 + 2.9 (6) 214.7 + 71.4 (6) 5.2+ 1.5

4h (6) 9.7 + 1.5 (6) 136.1 + 30.8 (5) 3.2+0.9

6h (6) 8.5 + 3.6 (6) 103.9 +27.3  (6) 2.3+ 0.8

8h (6) 10.0 + 6.7 (6) 97.6 + 32.8 (5) 2.0+ 1.1
11h (6) 6.0 + 1.2 (6) 82.0 + 23.8 (5) 1.4 +0.5
24h (6) 4.6 +1.5 (6) 50.6 + 25.8

30h (3) 3.6 + 0.4 3) 25.1 + 9.7

48h (3) 2.6 + 0.4 3) 17.6 + 4.2

72h 3) 2.3+ 0.5 (3) 9.2 + 3.4

96h (3) 2.3 +0.7 (3) 7.1+ 4.0
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The observed and fitted curves are presented in Figure 3, The
renal clearances of total tritiated cannabinoid and [3H]—9—
COOH-11-nor-delta—9-THC were calculated by dividing the first
derivative of the fitted accumulation curves by corresponding
concentrations in the plasma. The renal clearances were 7.9
+/- 0.3 ml/min and 11.1 +/- 0.8 ml/min for total cannabinoids
and 9-C00H-11-nor-delta-9-THC, respectively.

Iv., DISCUSSION

The observed concentrations of cannabinoids in various
biological samples in this experiment are in general consis-
tent with the previous work of Wall et al (6). The elimina-
tion half-life reported here (50 hours) is longer than that
reported by Wall et al (6). This may be accounted for by the
fact that THC with a higher specific activity was used in the
present study and more accurate estimates of the concentra-
tions of THC at 72 and 96 hours were obtained.

Plasma samples taken before dosing revealed the presence
of small amounts of THC in the plasma. Subjects were asked to
refrain from the recreational use of marijuana for at least
two days prior to the start of the experiment. The AUC (0~
infinity) was corrected for the levels of THC at zero time by
subtracting Co/beta from the AUC for each subject.

The contribution of the present work is that for the first
time the systemic biocavailability of orally administered THC
was assessed after simultaneous oral and IV administration of
the drug. Simultaneous use of two routes of administration
appeared to have no significant effect on the pharmacokinetic
parameters of either when used alone, The relatively low
bioavailability (f = 0.13) is likely due to a significant
first pass effect in the liver since previously reported
values for oral absorption of THC are over 90% (6,12). This
value for the bioavailability of THC is higher than that
reported by Ohlsson et al. (4) and is probably due to the
difference in the choice of oral vehicles, Sesame oil appears
to be the more effective vehicle,
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