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Abstract-The aim of this study was to characterize the elimination 
half-life of A’-tetrahydrocannabinol in blood plasma in chronic 
marijuana users. The subjects smoked four cigarettes during a two 
day period, each cigarette containing 15 mg deuterium-labelled A’- 
tetrahydrocannabinol. The plasma concentrations of deuterium- 
labelled tetrahydrocannabinol were measured for I3 days using gas 
chromatography-mass spectrometry equippd with selected ion 
monitoring. The elimination half-life for A -tetrahydrocannabinol 
in blood plasma was calculated to be 4.1 f 1.1 days (range 2.9-5.0 
days) from the two week plasma level curves. Albeit the present 
results are based upon a small sample, an elimination half-life of 
A’-tetrahydrocannabinol in blood plasma of about 4 days is more in 
line with apparent half-life excretion of A’-tetrahydrocannabinol 
metabolites in the urine of chronic marijuana smokers. 

The frequent abuse of cannabinoid preparations has, during the 
last fifteen years, focused attention on the pharmacokinetic 
properties of A’-tetrahydrocannabinol (A’-THC), the psycho- 
active component in cannabis preparations, in man. Several 
studies have attempted to determine the elimination half-life of 
A’-THC in plasma after smoking marijuana (Ohlsson et al 1982; 
Barnett et a1 1982; Wall et al 1983; Lemberger 1973; Hunt & 
Jones 1980). Values ranging between 2-57 h have been suggested 
by different investigators. Differences between chronic and naive 
users have been reported. In these earlier studies the plasma 
levels were only measured up to 72 h after administration mainly 
due to low sensitivity of the assay. One can assume that the 
terminal elimination phase was not reached at  this point, and 
that the half-life should be much longer, as indicated in recent 
animal studies (Garrett & Hunt 1977; Harvey et al 1985; 
Leuschner et al 1986). 

This study was conducted to address this question and obtain 
a more exact value of the elimination half-life of A’-THC in 
chronic marijuana users. Plasma concentrations in three subjects 
were measured by selective ion monitoring for an extended time 
period after smoking [2H2]A1-THC. 

Materials and methods 

Labelled compounds. A deuterium-labelled analogue of A’-THC, 
I”-[2H2]A’-THC, was administered to the subjects and [2H7]A’- 

used as internal standard. The compounds were synthesized as 
described earlier (Ohlsson et al 1976). 

All solvents used were of analytical grade and redistilled twice. 

Subjects. Three men who used cannabis chronically (daily 
smoking of more than one marijuana cigarette) volunteered to 
take part in the study. Recent use was verified in part by a 
positive EMIT test for cannabinoids in the urine on at least three 
occasions before the experiment. 

The study was approved by the Institutional review board at  
Stanford University (USA) and Karolinska Institute (Sweden). 

THC ( I ” ~ 2 H - 2 ” - ? H - 3 ” - 2 H ~ ” ~ 2 H - 5 ” ~ 2 H ~ ~ A ’ ~ T H C )  was 
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The subjects received verbal and written information about the 
study, and written consent was obtained. The volunteers were 
free to withdraw from the study at  any time, and asked to abstain 
from all cannabis use as well as other illicit drugs during the 
experimental period. 

Treatment and experimenial design. The subjects smoked two 
marijuana cigarettes (obtained from National Institute on Drug 
Abuse, Bethesda), spiked with 15 mg [2H2]A’-THC each, on two 
consecutive days giving a total dose of 60 mg. The two cigarettes 
were smoked in the morning with a 4 h interval between them. 
The total dose smoked was estimated to be about 14 mg/ 
cigarette after analysis of the cigarette butts (Agurell & Leander 
1971). The loss of [2H2]A1-THC by pyrolysis, side stream smoke 
and expired air was not determined. 

Heparinized blood samples (5-10 mL) were withdrawn three 
days before smoking [2H2]A’-THC (blank sample), during the 
days of administration and during the discontinuation phase of 
28 days. The plasma was immediately separated and kept frozen 
( -  20°C) until the time of analysis. 

Sample analysis. 50 pL of internal standard (5.22 ng [’H,]A’- 
THC) was added to the plasma with volumes of about 3 mL. The 
plasma samples were extracted with organic solvent, purified by 
liquid chromatography and silylated with BSTFA (N,O-bis- 
(trimethylsilyl)trifluoracetamide; Pierce Chemical Co.) accord- 
ing to a method described earlier (Ohlsson et al 1976, 1979). 

Selected ion monitoring. Mass fragmentographic measurements 
were made with a LKB 2091 GC-MS instrument. The trap 
current and the ionizing potential were 50 pA and 50 eV, 
respectively. The retention time of the compounds were about 
3.5 min a t  230°C. The intensities of the molecular ions of 
unlabelled A’-THC (m/z 386), the administered compound (m/z 
388) and the internal standard (m/z 393) were recorded conti- 
nuously. Separations were made on a fused silica capillary GC- 
column (Durabond-liq.phase DB 17-30W. 25 pm). The present 
assay is capable of measuring A’-THC in plasma to 20 pg mL- I .  

Pharmacokinetic analysis. The terminal elimination half-life was 
calculated using the curve fitting program ‘Elsfit’ available from 
University of California, San Francisco (Peck et al 1984). 

Results and discussion 

Plasma levels of [2H2]A’-THC, were analysed in three male 
chronic marijuana users for 28 days after termination of drug 
use. However, the plasma levels after day 15 were below the 
detection limit of 20 pg mL-’. The plasma concentration vs time 
profile of the subjects (RH, DA and PE) are shown in Fig. I .  

The elimination half-lives were determined to 2.9, 5.0 and 4.5 
days for the three subjects RH, DA and PE, respectively, with a 
mean value of 4.1 f 1 . 1  days. These values are considerably 
higher than those reported earlier (about 24 h) after smoking in 
both heavy and naive users (Ohlsson et al 1982; Barnett et al 
1982). Values of 25 h and 29-36 h were reported by Wall et al 
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FIG. I .  Plasma concentration-time profiles of [2Hz]A1-THC after 
smoking in three male chronic marijuana users. 

(1983) in males and females after oral and i.v. administration, 
respectively. However, the plasma levels were only followed up 
to 72 h in these studies which was not enough to determine fully 
the terminal elimination phase. Lemberger (1973) has reported 
the half-life to be 28 h and 56 h in naive and heavy users, 
respectively, after i.v. injection of [I4C]A1-THC. These values 
were approximations since they were based on estimated 
radioactive unchanged A'-THC extracted from the plasma 
during a 3 day period. 

Our present findings are more in agreement with those 
reported using animal models. Harvey et al (1985) and 
Leuschner et al(1986) were able, using GC-MS with metastable 
ion monitoring (detection limit about 5 pg mL-l), to follow the 
plasma levels after a single i.v. administration in rabbits ( 1  mg 
kg-') and mice (30mg kg-I). Thecalculated elimination half-life 
was between 33-66 h in rabbits, and about 20 h in mice. 
Somewhat longer half-lives (up to 8 days) were reported in dogs 
after administration of radiolabelled A'-THC (Garrett & Hunt 
1977). 

Our results are in general agreement with the long excretion 
pattern, up to 77 days with an apparent half-life of 1-10 days, of 
A'-THC metabolites seen in the urine of chronic marijuana users 
(Dackis et al 1982; Cridland et al 1983; Ellis et al 1985). An 
elimination half-life in the plasma of 3-5 days indicates that 
THC is accumulated in a deep compartment, most likely in the 
fat tissues as proposed by several investigators based on animal 
experiments (Agurell et al 1970; Bronson et al 1984), and slowly 
released back to the blood and further metabolized before 
excretion. Enterohepatic circulation of A'-THC could also 
contribute to this long half-life, but probably only to a minor 
degree. 

Even though the plasma levels are not high enough to give any 
psychoactive effects, they can probably contribute to some of the 
side effects reported after long term use (Nahas 1984). 

N o  isotope effect was expected from the compound smoked, 
since the positions of the incorporated deuterium atoms are only 
affected by metabolism to a very small degree in man (Widman 
et al 1985). No major abstinence symptoms were observed in any 
of the subjects during the discontinuation period. 

Our study shows that previous studies using a sampling period 
of 72 h were too short to detect the long elimination phase of 
A'-THC. 
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