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A method to identify and accurately measure non-labelled Al-tetra- 
hydrocannabinol (A1-THC) in blood of cannabis smokers has been 
developed. It consists of the following steps : To a 5 ml plasma sample 
is added deuterated A1-THC (A1-THC-d,) as internal standard. 
After extraction with light petroleum and evaporation, the A1-THC 
containing fraction is separated by chromatography on Sephadex 
LH-20 (1 x 40 cm) using light petroleum-chloroform-ethanol 
(10: 10: 1) as eluant. A fraction containing A1-THC is collected and 
subjected to mass fragmentography (LKB 9000; 3 % OV-l7/Gas- 
Chrom Q; 230"). The mass spectrometer was adjusted to record the 
intensities of mle 299 and 314 of A1-THC and mle 301 and 316 of 
Al-THC-d,. The standard curve was made by plotting peak height 
m/e 299/m/e 301. Peak levels of 19-26 ng ml-l were reached within 
10 min after smoking a cigarette containing 10 mg Al-THC. 

A technique for the identification and quantitative determination of non-labelled 
Al-tetrahydrocannabinol (A1-THC) and/or its metabolites in blood, urine and other 
body fluids of persons taking cannabis has long been desired both for pharmacokinetic 
and forensic purposes. 

Early reports claiming that identification of cannabis smokers could be effected by 
a simple t.1.c. analysis of a urine extract have not been verified (cf. Fish, 1972). 
However, recently it was shown (Andersen, Nielsen & others, 1971) that cannabinol 
was formed after p-toluenesulphonic acid treatment of a urinary extract from volun- 
teers taking cannabis orally. Immunoassay procedures have been discussed (Grant, 
Gross & others, 1972) but so far no technique of sufficient sensitivity and selectivity 
has been published. Recently, it was proposed that the formation of dansyl deriva- 
tives followed by fluorimetry would be a possible means of detecting Al-THC in body 
fluids (Just, Werner & Wiechmann, 1972). 

Studies with [14C] labelled Al-THC in man (Galanter, Wyatt & others, 1972) 
indicate that Al-THC levels of 25-50 ng ml-l plasma may be reached during cannabis 
smoking. This would normally be within the limit of g.1.c. procedures, particularly 
those using EC-sensitive derivatives (Schou, Steentoft & others, 1971). The absence 
of such methods may be due to the difficulties in purifying Al-THC sufficiently from 
naturally occurring lipophilic components in blood. 

Mass fragmentography (Hammar, Holmstedt & Ryhage, 1968) has found an 
increasing use in the determination of small amounts of drugs and endogenous com- 
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pounds (cf. Borgi, PalmCr & others, 1972). We now report a specific procedure that 
allows the quantitative determination of A'-THC in blood samples down to at least 
1 ng ml-l. 

MATERIALS A N D  METHODS 

Three cannabis smokers, one woman and two men, volunteered for the study, which 
was approved both by the National Board of Health and Welfare and the ethical 
committee of the Karolinska Institute. The volunteers were casual cannabis users, 
and none had been exposed to the drug during the month preceding the experiment. 
Except for contraceptive steroids in the woman's case, none had received any medica- 
tion for at least a year. They were physically healthy and a psychiatric examination 
showed no evidence of mental disturbances. 

Each volunteer smoked a cigarette containing 10 mg of A1-THC during 5 min. A 
blood sample was taken before smoking and 10, 30,60 and 120 min after the smoking 
was completed. The heparinized blood samples were centrifuged immediately and 
plasma stored at -20" in glass tubes until analysed. 

Nanograde (Fisher Scientific Co.) redistilled light petroleum was used for extraction 
and chromatography. All other solvents employed were of reagent grade and re- 
distilled. All glass ware was thoroughly cleaned with chromic acid, glass redistilled 
water and ethanol before use. 

Synthesis of deuterated A1-THC 

A mixture of 1-(3,5-dimethoxyphenyl)-l-pentanone (2.22 g) (Backstrom & 
Sundstrom, 1970) and sodium borodeuteride (0.42 g) in tetrahydrofuran (25 ml) was 
refluxed for 26 h. The resulting mono-deuterated alcohol (2.20 g) was dissolved in 
tetradeuteriomethanol and stirred over Pd/C (20%, 50 mg) in an atmosphere of 
deuterium. The reduction was accelerated by the addition of a small amount of 
deuterium chloride in deuterium oxide. After 3 h, one molar equivalent of deuterium 
had been consumed. The catalyst was filtered off and the solvent evaporated. The 
crude dimethylolivetol and hydroiodic acid (57 %, 25 ml) was stirred for 3 h at 110" 
under nitrogen. The mixture was poured into ice water and extracted with chloro- 
form. The extract was subjected to preparative thin-layer chromatography (Silica 
gel G; chloroform-methanol; 19: 1) giving pure olivetol (1.3 g), which was reacted 
with (+) trans-p-menthadien-(2,8)-01-(1). The resulting (-)-Al@)-THC was then 
isomerized (Petrzilka, Haefliger & Siekemeier, 1969) to (-)-Al-THC, which was 
purified by preparative thin-layer chromatography (Silica gel G ; ether-light petroleum; 
1 : 9). The plates were developed three times. 

Both non-labelled and deuterium labelled Al-THC were carefully dried before use 
and stored dissolved in ethanol (1-2 mg ml-I) at 4" in the dark. The concentration of 
A1-THC in the solutions was checked periodically by g.1.c. using triphenyl carbinol as 
internal standard (Agurell & Leander, 1971). 

Procedure 

To a sample of human plasma (5.0 ml) was added deuterated A1-THC (1000 ng) 
(A1-THC-d,) as internal standard. The plasma was extracted (Super-Mixer, Lab 
Line Instruments, Melrose Park, USA) four times with an equal amount of light 
petroleum containing 1.5 % isoamyl alcohol in a glass stoppered centrifuge tube. 
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After centrifugation for 10 min at 1500 g the light petroleum layers were drawn off 
and evaporated to dryness under a stream of nitrogen. The residue was chromato- 
graphed on a Sephadex LH-20 column (1 x 40 cm-void volume 15 ml) using light 
petroleum-chloroform-ethanol (10: 10: 1) as eluant (0.15-0-18 ml min-l). The 
fraction corresponding to the elution volume of Al-THC (28-34 ml) was collected and 
evaporated to dryness under nitrogen. The residue was transferred to a conic vial 
(0.3 ml) and dissolved in absolute ethanol (25-50 pl). 

This solution was subjected to mass fragmentography (3 % OV-17/Gas-Chrom Q 
100-120 mesh, 230") using a flexible gas chromatography-mass spectrometry- 
laboratory computer system for on line data collection and processing. A program 
to sample simultaneously four different masses and record the resulting data is part 
of this system (Elkin, Pierrou & others, unpublished). In this case the mass spectro- 
meter was adjusted to record (Fig. 1) the intensities of m/e 299 and 314 of A1-THC and 
m/e 301 and 316 of A1-THC-d,. 
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FIG. 1. 
purified extract of a plasma sample taken 10 min after smoking 10 mg A'-THC. 
of A'-THC 26 ng ml-I; retention time of A'-THC 2.9 min. 

Mass fragmentogram of internal standard (m/e 301, 316) and A'-THC (m/e 299, 314) in 
Plasma level 

A standard curve was prepared by adding known amounts (0, 10, 20, etc. ng ml-l) 
of Al-THC to blank plasma samples and carrying out the described procedure. The 
standard curve was made by plotting: peak height A1-THC (m/e 299)/peak height 
Af-THC-d, (m/e 301) against known amounts of added A1-THC in ng ml-l of plasma. 

RESULTS A N D  D I S C U S S I O N  

Mass fragmentography was previously tested by Agurell(l970) as a possible means 
of measuring levels of A1-THC in plasma of cannabis smokers. The technique of 
mass fragmentography was also used by Mikes, Hofmann & Waser (1971) to identify 
cannabinoid compounds after the administration of high doses (50-135 mg kg-I) of 
Al-THC to rats. 
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With metabolic work we have used Sephadex LH-20 columns for the purification 
of cannabinoids (cf. Paton & Crown, 1972). Separation on Sephadex LH-20 
(WnggBrd & Bergkvist, 1970) combined with mass fragmentography has proved to be 
a sensitive and specific assay for Al-THC in blood of cannabis smokers. The Sepha- 
dex LH-20 column procedure is reproducible and in separate experiments [3H] Al-THC 
added to samples of human plasma was recovered to 70 f 6% (n = 10) using the 
described extraction and purification procedure. 

The mixture of A1-THC and Al-THC-d, is analysed by mass fragmentography using 
the ratio: peak height m/e 299 (from Al-THC) vs m/e 301 (from Al-THC-d,). The 
molecular peaks of non-labelled (m/e 314) and labelled (m/e 316) Al-THC are also 
recorded (Fig. 1). 

The specificity in determining Al-THC is also ensured by the g.1.c. retention time 
and may, if necessary, be improved by the registration of further fragments in the 
mass spectrum of A1-THC. In a limited number of control samples we have so far 
encountered no background interference at the retention time of A1-THC when 
recording the selected four mass numbers. 

As shown in Fig. 1 Al-THC is readily identified in a plasma sample of a person 
who has smoked a cigarette containing 10 mg Al-THC. Al-THC, in radiolabelled 
form, has earlier been identified in human blood by t.1.c. (Galanter & others, 1972) 
and also from a large amount of plasma after oral administration of [3H] Al-THC, 
by gas chromatography-mass spectrometry (Wall, Brine & others, 1972). The 
latter authors, who tentatively identified an isomer of Al-THC as a metabolite, stress 
the importance of an adequate identification of A1-THC and question the use of t.1.c. 
in combination with radio-labelled material. 

Fig. 2 shows the plasma levels of A1-THC in three cannabis smokers who each 
smoked one cigarette containing 10 mg A1-THC each. The peak levels (19-26 ng 
ml-l) were apparently reached within 10 min followed by a rapid decline to 5 ng ml-l 
or less within 2 h. The present plasma levels agree well with those found by Galanter 
& others (1972) after [14C] Al-THC had been smoked. 

3'0 60 120 
Time (min) 

FIG. 2. 
in a tobacco cigarette. 

Plasma levels of A'-THC in three volunteers after each having smoked 10 mg of A'-THC 
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As far as we are aware this is the first method to identify and accurately measure 
non-labelled Al-THC in the plasma of persons who have smoked cannabis. The 
accuracy in the low concentration range may be increased by decreasing the concen- 
tration of the internal standard. 

The present method can be used for the correlation of plasma levels and pharmaco- 
logical-psychological effects and for pharmacokinetic studies in man. This technique 
may also form the basis for the forensic identification of cannabis. 
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