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Introduction

The cannabinoid abuse is now spreading all over the world. A49-Tetrahydrocannabinol (THC), the
major active component of marihuana and hashish, is generally enhalated by smoking and absorbed
into human body vza the lung. Therefore, the amounts of THC in the blood and excreted into urine
are very low. For detecting the trace amounts of THC, gas chromatography/mass spectrometry
(GC/MS) methods provide the most specific and sensitive assays at the present time. Extensive works
were carried out on the assays of THC in human body fluids by GC/MS. -9 In most assays, the deu-
terated THC was used as an internal standard, but is not suitable for the actual forensic examina-
tion. In the present study, the author has found that tetraphenylethylene (TPE) can be an excellent
internal standard for the assay of THC, and thus succeeded in establishing a simple GC/MS
procedure for the quantitation of THC in human urine and blood plasma.

Materials and Methods
Materials

Blood was obtained from Hamamatsu Red Cross Blood Center. Urine was collected from healthy
volunteers. Authentic THC was kindly donated by Prof. I. YAMAMOTO, Department of Hygienic
Chemistry, School of Pharmacy, Hokuriku University, Kanazawa. TPE was purchased from Tokyo
Kasei Kogyo Co., Ltd., Tokyo; 3% OV-17 on 100/120 mesh Gas Chrom Q from Nihon Chromato
Works, Ltd., Tokyo; and Sephadex LH-20 from Pharmacia, Uppsala, Sweden.

GC/MS conditions

The GC separation was made on a 2.0 mx2 mm (internal diameter) glass column packed with 3%
OV-17 on 100/120 mesh Gas Chrom Q. The GC conditions were: injection temperature 310°C,
column temperature 280°C and helium flow rate 30 ml/min. The MS analyses were carried out on a
JEOL D-300 GC/MS instrument equipped with a computer-controlled data analysis system (JMA
2000E). The MS conditions were: electron energy 70 eV, separator temperature 310°C, ion source
temperature 200°C, acceleration voltage 3 kV and ionization current 300 uA.

Results and Discussion

Basic data

Fig. 1 shows the mass spectrum of the authentic THC. THC showed characteristic peaks at m/z
314, 299, 271, 258, 246, 243 and 231; the molecular ion at m/z 314 was the base peak. This spec-
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Fig. 1. Massspectrum of authentic THC and suspected fragmentation mechanisms.
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Fig. 2. Massspectrum of TPE.

trum is in good agreement with those of the previous papers.19 The suspected fragmentation mech-
anisms are depicted also in Fig. 1.

The mass spectrum of the authentic TPE, the internal standard used in the present assay, is illus-
trated in Fig. 2. The molecular ion at m/z 332 was the base peak. Therefore, for the quantitation of
THC by selected ion monitoring, the ions at m/z 314 and 332 were used as indicators of THC and the
internal standard, respectively.

Fig. 3 shows the mass chromatogram of the authentic THC using its specific ions.

Fig. 4 shows the total ion monitoring for the mixture of the authentic THC and TPE. The reten-
tion times of THC and TPE were 7.20 and 8.25 min, respectively.

Both THC and TPE were very lipophilic, suggesting that these compounds are easily extracted
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Fig. 3. Mass chromatogram of the authentic THC using its specific ions.
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Fig. 4. Total ion monitoring for the mixture of the authentic THC and TPE.

into organic layer. Therefore, TPE is very close to THC in their lipid solubility, retention time and

mass number used, showing that this compound is an ideal internal standard for the quantitation of
THC.

Recommended procedure

On the basis of the above data, the following procedures are recommended as standard assays for
THC in human urine and blood plasma.

After adding 50 ng of TPE and 1.0ml of 0.1 N HCI to 10 ml of urine, the mixture was extracted
with 10 ml of n-hexane three times by repeating shaking and centrifugation (3000 rpm, 5 min). The
combined organic layer was washed with 10 ml of 0.1 N NaOH and 10 ml of 0.1 N HCl by repeating
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shaking and centrifugation (3000 rpm, 5 min) and then evaporated to dryness. After dissolving the
residue in 30 ul of n-hexane, 1-3 ul of it was injected to the GC port for the selected ion monitoring
with ions at m/z 314 and 332.

For the analysis of THC in blood plasma, 2.0 ml of it was extracted with the same amount of n-
hexane as described above. The combined organic layer was evaporated to dryness, and the residue
was dissolved in 0.2-0.3ml of chloroform-n-hexane-ethanol (10/10/1). The organic solution was
subjected to column chromatography with Sephadex LH-20 (40 cmX1.0 cm internal diameter).)-
3112) The column was eluted with 50 ml of the same solvent system. The eluate fractions of 25-35 ml
were mixed with 10ng of TPE, evaporated to dryness and dissolved in 30 4l of n-hexane. A 1-3ul
aliquot was introduced to the GC port as described above.

For the analysis of THC in urine, TPE was added to urine on the initial step of extraction, but, for
that in blood plasma, it was added after the column chromatography. The latter is because TPE was
found to bind to the Sephadex tightly and thus not eluted efficiently.

Reliability of the method

Fig. 5 shows the calibration curve for the quantitation of THC using the peak ratio of the ion at
m/z 314 to that at m/z 332. The linearity was obtained up to 10 ng of THC. The detection limit of
THC was found to be 400 pg.

Fig. 6 shows the results of the selected ion monitoring with the extracts of urine and blood plasma
using m/z 314 after adding trace amounts of THC. As can be seen in the figure, there were no inter-
fering peaks due to impurities around the peaks of THC for both urine and blood plasma, showing
that THC can be measured specifically using the ion at m/z 314. The selected ion monitoring on the
extracts of urine and blood plasma using the ion at m/z 332 (TPE) was also performed; it was con-
firmed that the peak of TPE was not interfered with by impurities.
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Fig. 6. Selected ion monitoring on the extracts of
human urine and blood plasma, to which various
amounts of THC had been added.

The recoveries of THC added to urine and blood plasma were 72% and 68 %, respectively.

In the present paper, the author has presented detailed procedures for the assay of THC in human
urine and blood plasma by GC/MS. Our method employs TPE as an internal standard; this com-
pound seems very excellent as an internal standard, because its lipid solubility, retention time and
the mass number used are very close to those of THC. Since in actual forensic examination, the use of
the deuterated isotope of THC is not recommendable owing to its expensiveness or labor to synthesize
it, out present method seems of great use in forensic practice. In addition, our method is relatively
simple, very specific and sensitive.

Summary

Detailed procedures for the assay of 4%-tetrahydrocannabinol (THC) in human urine and blood
plasma by selected ion monitoring of gas chromatography/mass spectrometry are presented. This
method employs tetraphenylethylene as an internal standard; this compound was very close to THC
in its lipid solubility, retention time and mass number used for the assay, and thus ideal as an inter-
nal standard. The detection limit of the method was 400 pg. Because of its simplicity and sensitivity,
our method seems suitable for medicolegal examination.
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