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ABSTRACT: A simple and sensitive assay for the cannabinoids is presented using a dabsylation
procedure. Dabsyl derivatives of Ag-tetrahydrocannabinol (A%-THC) and cannabinol (CBN) wete
prepared by reacting with 4-dimethylaminoazobenzene-4'-sulfonyl chloride (dabsy! chloride) in
acetone in the presence of sodium carbonate-sodium bicatbonate buffer (pH 10). Crystalline dab-
sylcannabinoids gave intense absorption in the visible region. With these derivatives, analysis by
thin-layer chromatography (TLC) and high performance liquid chromatography (HPLC) were
tested. These techniques gave good separation and nanogram detection of dabsyl-THC and -CBN
by using n-hexane-ethyl acetate-diethylamine (20:5: 1) for TLC and MeOH—H,0 (95: 5) at 450
nm for HPLC.
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Cannabinoid-containing samples are commonly encountered in forensic science
laboratories. Identification of cannabis has been made generally by color test, thin-layer
chromatography (TLC), or gas chromatography (GC) of A%tetrahydrocannabinot (THC), a
major active component of Cannabis, as well as by its morphological characteristics [/]. On
the other hand, for the detection and analysis of THC in biological fluids, there are several
methods currently available as will be discussed later.

Recently, fluorescent analysis by means of TLC has been developed as a suitable method
for routine analysis [2,3]. The dansyl derivative of THC gives a fluorescent spot detectable at
0.5 ng on a thin-layer plate [2], and this method has also been applied to HPLC analysis [4].
But as its weak point, the derivative has been reported to be very unstable to light.

In this paper, we describe TLC and high performance liquid chromatography (HPLC)
methods suitable for routine use for the detection of cannabinoids using a new chromophoric
labeling reagent, 4-dimethylaminoazobenzene-4’-sulfonyl chloride (dabsyl chloride).
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Experimental Procedure

Materials

Cannabis grown in the Shimane prefecture of Japan was used. Dabsyl chloride was pur-
chased from Dojindo Laboratories, Kumamoto, Japan. Silica gels used were as follows:
Wakogel B-5F® (325 mesh for preparative use, Wako Pure Chemical Industries, Japan),
Wakogel Q-23% (100-200 mesh for column chromatography) and Silica gel 60 (for analytical
use). Florisil (60-80 mesh, subdivided from Florisin Co.) was furnished by Wako Pure
Chemical Industries, Japan. For HPLC a Shimadzu LC 3A liquid chromatograph equipped
with a Model SPD-1 variable wavelength photometer was used and the column was of
stainless steel packed with Zorbax BP-ODS (octadesyl silanebonded silica, Du Pont).

Sample Collection of Cannabinoids

Samples of cannabinoids were obtained from Cannabis by the method of Aramaki et al
[5). The details are as follows. The Cannabis was dried in a desiccator and powdered. The
powdered sample was allowed to stand in methanol in a covered vessel at room temperature
and shaken at intervals. After filtration, the extract was evaporated to dryness. The crude
extract was chromatographed through a Florisil column using benzene as eluting solvent.
The eluate was examined by a spot test with Gibbs reagent (40 mg of 2,6-dichloroquinone-4-
chlorimide in 10 mL of ethanol), and the positive fractions were combined and evaporated
under reduced pressure. The residue was very viscous and slightly brown colored. This was
then applied to preparative TLC (plate: Wakogel B-5F, 0.75 mm in thickness, homemade)
using two solvent systems: (1) benzene-n-hexane-diethylamine (25:10:1) and (2) n-hexane-
ethyl ether (3:1). THC and cannabinol (CBN) were found at R; 0.43 and 0.33, respectively,
by Solvent 1, and at R¢ 0.41 and 0.36, respectively, by Solvent 2. When the components from
preparative TLC required still more purification, they were applied to preparative HPLC
(column: Zorbax BP-ODS, 25 cm by 7.6 mm inner diameter; mobile phase: acetonitrile-water
at 75:25; flow rate: 2.0 mL/min; and detector: ultraviolet at 280 nm).

Preparation of Dabsylcannabinoids

Dabsyl derivatives of THC and CBN were prepared at 70°C for 30 min with dabsyl
chloride (60 mg in 70 mL of acetone) and the Cannabis oil (50 mg) obtained from column
chromatography as described above in the presence of sodium carbonate (200 mg in 20 mL
of water). After removal of acetone under reduced pressure and addition of chipped ice, the
precipitate was filtered, washed thoroughly with water, and dried over solid potassium
hydroxide in a desiccator. The dried precipitate was dissolved in a small amount of ethyl
ether and was applied to a column packed with Wakogel Q-23. As eluting solvent, n-hexane-
ethylether (3:1) was used. The red-orange fractions were collected and evaporated. The
residue was purified using preparative TLC (plate: silica gel 60, 0.25 mm in thickness,
homemade, solvent system: n-hexane-ethylacetate-diethylamine at 20:5:1). Dabsyl deriva-
tives of THC and CBN were observed at Ry 0.35 and 0.31, respectively, on the plate. The
melting points of these compounds were measured. Electronic spectra were determined on a
Hitachi 220A spectrophotometer. Infrared (IR) spectra were recorded with a JASCO IRA-1
spectrophotometer. Chemical ionization (CI) mass spectra were obtained on a JEOL JMS-D
300 equipped with a computer-controlled data analysis system (JMA 2000E) using a direct
introduction method under the following conditions: electron energy: 180 eV, ion source
temperature: 250°C, acceleration voltage: 3 kV, ionization current: 300 uA, and reacting
gas: ammonia. Nuclear magnetic resonance (NMR) spectra were measured with a JEOL
JNM-PMX 60 spectrometer in chloroform-d; using tetramethylsilane as an internal stan-
dard.
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Analytical Procedure

A small amount of Cannabis or an extract from a cannabinoid-containing sample was
mixed with 0.2 mL of dabsyl chloride solution (0.1% in acetone) and 0.2 mL of sodium
carbonate-sodium bicarbonate buffer (pH 10). The mixture was tightly stoppered with a
glass stopper and allowed to react at 70°C in a water bath with constant shaking for 10 min.
Then 0.2 mL of dabsyl chloride solution and 0.2 mL of buffer were again added to the mix-
ture, and allowed to react under the same condition. The acetone of the resultant mixture
was partially evaporated by a nitrogen stream. The residual mixture was then extracted with
2 mL each of ethyl ether three times. After centrifuging, the organic layers were combined
and evaporated. The residue was dissolved in methanol and examined by TL.C and HPLC.

TLC Analysis of Dabsylcannabinoids

Silica gel plates (precoated TLC plate of silica gel 60, 0.25 mm in thickness) were used for
the TLC analysis of dabsylcannabinoids using n-hexane-ethylacetate-diethylamine (20:5:1)
as developing solvent.

HPLC Analysis of Dabsylcannabinoids

HPLC of dabsylcannabinoids was accomplished under the following conditions: stationary
phase: Zorbax BP-ODS, mobile phase: MeOH—H,0 (95:5), column: 25 cm by 4 mm inner
diameter, flow rate: 1.2 mL/min, column temperature: 50°C, and detector wavelength:
450 nm. The solvent was filtered through a 0.45 um filter to remove suspended particles and
degassed in an ultrasonic bath just before use.

Results

Identification of Dabsylcannabinoids

The structures of dabsylated THC and CBN, prepared as described above, were con-
firmed by elemental analysis (Table 1), IR spectra, CI mass spectra, and NMR spectra. [R
spectra are given in Fig. 1. Presence of sulfonic ester groups (—SO;—O—) in these dab-
sylated cannabinoids were revealed by their IR absorptions around 1140 cm™! and
1380 ecm ™. In the CI mass spectra of these dabsylated cannabinoids (Fig. 2), the m/z 602
for dabsylated THC and the m/z 598 for dabsylated CBN corresponded respectively to the
protonated molecular ion of these dabsylcannabinoids.

The electronic absorption spectra of dabsylated THC in ethanol and in 0.2N hydrochloric
acid/ethanol solution are illustrated in Fig. 3.

Conditions for Dabsylation

To establish a practical analysis of cannabinoids by dabsylation, conditions of the reaction
were investigated as to pH, temperature, and reaction time. As illustrated in Fig. 4, forma-
tion of dabsyl-THC reached an optimal peak at about pH 10. As compared with the pH’s ef-
fect, variation in temperature (25 to 70°C) or in time (S to 30 min) did not give much dif-
ference in the yield of dabsyl-THC. However, in the dabsylation at a lower temperature,
increased formation of by-product was noted. The optimum condition for dabsylation
therefore proved to be at pH 10 and at 70°C for 10 min.

TLC and HPLC Analyses of Dabsylcannabinoids

Analysis of Cannabis was tested with the use of the TLC and HPLC methods. Figure 5
shows a thin-layer chromatogram of a reagent blank, standard samples of dabsyl-THC and
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FIG. 1—Infrared spectra of dabsyl-THC (1) and dabsyl-CBN (2).

dabsyl-CBN, and an authentic sample. Dabsyl-THC and -CBN were observed as yetiow-
orange spots at R; values of 0.35 and 0.31, respectively, and were well separated from
naturally occurring compounds. Dabsylcannabinoids could be detected clearly to about
15 ng on the TLC plate. However, by spraying 10% hydrochtoric acid solution in ethanof,
the spot’s color changed from yellow orange to wine red and a higher sensitivity of 5 ng was
achieved.

Figure 6 shows an HPLC analysis of Cannabis by dabsylation. The presence of CBN and
THC in Cannabis is confirmed by Peaks 1 and 2, respectively, with retention times cor-
responding to that of dabsylated standards. Both peaks were well resolved and were not
disturbed by naturally occurring compounds.

Figure 7 shows a calibration curve by HPLC for the quantitation of THC up to 30 ng.
Good linearity with a coefficient of correlation of 0.999 was observed. The minimum sensi-
tivity for THC detection was 1 ng.

HPLC Analysis of Cannabinoids in Human Urine and Plasma

The HPLC method was also applied to the routine analysis of human urine and blood
plasma. The procedure of extraction from urine and blood plasma is as follows. After adding
1 mL of 0.1N hydrogen chloride to 5 mL of urine, the mixture was shaken with 10 mL of
n-hexane and centrifuged (3000 rpm, 5 min) three times, respectively. The combined
organic layer was washed with 1 mL of 0.1V sodium hydroxide and evaporated to dryness.
For the analysis of THC in blood plasma, 1 mL of plasma was extracted with 3 mL of
n-hexane as described above. The combined organic layer was evaporated to dryness. The
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FIG. 2—Mass spectra of dabsyl-THC (top) and dabsyl-CBN (bottom) by chemical fonizativn.
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FIG. 3—Electronic absorption spectra of 1 X 107% M dabsyl-THC in ethanol (solid line) and in
0.2N hydrochloric acid/ethanol (broken line).
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FIG. 4—Effect of pH on amount of dubsyl-THC produced. Dabsylation of THC was carried out at
70°C for 10 min in 0. 1M phosphate buffer (pH 6, 7. and 8). in carbonute-bicarbonate buffer (pH 9. 10,
and 11), and in carbonate-sodium hydroxide (pH 12 and 13). The amount of dabsyl-THC was deter-
mined by HPLC. The other conditions are described in the text.
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FIG. S—TLC separation of dabsyl-THC and dabsyl-CBN where a = blank, b = dabsyl-THC, ¢ =
dabsyl-CBN, and d = Cannabis leaf.

extracts from urine and blood plasma were then dabsylated for analysis. The dabsylation
procedure was as described in the experimental section.

Figure 8 shows the result of HPLC of urine and blood plasma after adding about
100 ng/mL of THC. As can be seen in Fig. 8, there were no interfering peaks caused by im-
purities around the peak of dabsyl-THC for both urine and blood plasma. Recoveries of
THC added to urine and blood plasma were 63 and 54%, respectively.
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FIG. 6—HPLC chromatogram of dabsylated Cannabis where 1 = dabsyl-CBN and 2 = dabsyl-THC.
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FIG. 7—Calibration curve for THC by HPLC. Sample size is 10 uL. For other conditions. see text.
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FI1G. 8—HPLC detection of THC (arrow} in biological samples where left = urine and right = blood
plasma.

Discussion

The active physiological level of THC in biological fluids is usually quite low, rarely ex-
ceeding 100 ng/mL of blood [6], and what is more unfavorable for analysis is the rapid
metabolism and excretion of THC [6-10]. Accordingly, the detection method of can-
nabinoids in biological materials must have sufficient sensitivity. GC has been shown to have
requisite sensitivity when a suitable derivative is made for electron capture or flame
photometric detection [/1-13]. But these GC methods require an extensive cleanup in order
to remove naturally occurring interferences. Mass fragmentography used in combination
with GC offers excellent sensitivity and selectivity [7, /4-16]. However, this method is too ex-
pensive for routine monitoring and requires considerable expertise. Immunoassay technique
has been developed in recent years, and the rapidity and sensitivity of the technique have
been emphasized [8,16-18]. TLC is the simplest and least expensive technique and thus
suitable for routine use. However, as for the TLC with color forming reagents, sensitivity is
much lower than the other methods.

Dabsyl chloride used in this work is a sensitive chromophoric labeling reagent whose
sulfonyl group reacts easily with primary and secondary amino groups, thiols, phenols, and
so on. Recently, Lin, Chang, and their respective co-workers have investigated on effective
detection of amines and amino acids by dabsylation and have found that the dabsy! derivatives
are easily crystallized, having high sensitivity and high photo-stability [/9-21].

In the present study, we successfully obtained the crystallized dabsyl derivatives of THC
and CBN, the major components of Canrabis, with strong absorption at visible region. The
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FIG. 9—Formation of dabsyl-THC.

reaction of dabsyl chloride with the phenolic group of THC used in the present study is
assumed as in Fig. 9. This reaction was confirmed by disappearance of the phenolic proton
signal of THC from the NMR spectrum and by the presence of a sulfonic ester group re-
vealed by IR absorption at 1140 and 1380 cm ™1,

For analysis of cannabinoids by dabsylation, TLC and HPLC techniques were tested and
found to be suitable for routine use. The TLC gave good separation of dabsyl-THC and
dabsyl-CBN from other components by employing n-hexane-ethylacetate-diethylamine
(20:5:1) as developing solvent. The intense chromophoric character of dabsylcannabinoids
permitted their direct detection as colored spots on thin-layer plate in the range of 10710 to
1011 mol. Since dabsylcannabinoids have the methyl orange structure, their spots’ color
turned from yellow orange to bright red by using an acidifying reagent which resulted in a
significant increase of the detection limit. The HPLC technique also gave good separation
and higher sensitivity of 1-ng order of THC and proved to be favorable for quantitative
analysis of cannabinoids. Good linearity in the calibration curve was obtained for the quanti-
tation of THC. The HPLC was then applied to the analysis of urine and plasma with added
THC, in order to approach to the detection with dabsylation technique of THC and its
metabolites in biological materials. There were no interferences from endogenous com-
pounds of these samples. Since 11-nor-9-COOH-A%THC is the major metabolite after tak-
ing Cannabis, the chromophoric labeling of the substance would also be expected to be
useful for analysis of biological materials from Cannabis users.

It is well known that the storage of THC as a standard material is very difficult because of its
unstability. OQur previous study has proved, on the other hand, that the THC and CBN when
crystallized by dabsylation are unchanged for at least one year.3 The stability after dabsylation
would therefore be favorable as a standard sample for analysis. The crystallization of these
substances has the further advantage of easy treatment during analytical work.

Acknowledgment

The authors wish to thank Dr. Y. Arano, Kyoto University, for measurements of nuclear
magnetic resonance spectra and elemental analyses.

References

[I] Pharmaceutical Society (Japan), Standard Methods of Chemical Analysis in Poisoning, 1st ed.,
Nanzando Co., Tokyo, 1974, pp. 207-216.

3C. Maseda, Y. Fukui, K. Kimura, and K. Matsubara, unpublished data.



[2

[3

(6]

[7

(81

[9

[10]

[11]

[12]

(13

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

MASEDA ET AL » LABELING OF CANNABINOIDS 921

Forrest, I. S., Green, D. E., Rose, S. D., Skinner, G. C., and Torres, D. M., “Fluorescent-
Labeled Cannabinoids,” Research Communications in Chemical Pathology and Pharmacology,
Vol. 2, No. 6, Nov. 1971, pp. 787-792.
Vinson, J. A., Patel, D. D., and Patel, A. H., “Detection of Tetrahydrocannabinol in Blood and
Serum Using a Fluorescent Derivative and Thin-Layer Chromatography,’”” Analytical Chemistry,
Vol. 49, No. 1, Jan. 1977, pp. 163-165.
Abbott, S. R., Abu-Shumays, A., Loeffler, K. O., and Forrest, I. S., High Pressure Liquid
Chromatography of Cannabinoids as their Fluorescent Dansyl Derivatives,” Research Com-
munications in Chemical Pathology and Pharmacology, Vol. 10, No. 1, Jan. 1975, pp. 9-19.
Aramaki, H., Tomiyasu, N., Yoshimura, H., and Tsukamoto, H., “‘Forensic Chemical Study on
Marihuana. I. A Detection Method of the Principal Constituents by Thin-Layer and Gas
Chromatographies,” Chemical and Pharmaceutical Bulletin, Vol. 16, No. 5, 1968, pp. 822-826.
Law. B., “Cases of Cannabis Abuse Detected by Analysis of Body Fluids,” Journal of Forensic
Science Society. Vol. 21, 1981, pp. 31-39.
Valentine. J. L, Bryant, P. J., Gutshall, P. L., Gan, O. H. M., Lovegreen, P. D., Thompson,
E. D., and Niu, H. C., “High-Pressure Liquid Chromatographic-Mass Spectrometric Determina-
tion of A%Tetrahydrocannabinol in Human Plasma following Marijuana Smoking.” Journal of
Pharmaceutical Sciences, Vol. 66, No. 9, Sept. 1977, pp. 1263-1266.
Gross, S. J. and Soares, J. R., “Validated Direct Blood A%>-THC Radioimmune Quantitation,”
Journal of Analytical Toxicology, Vol. 2, May/June 1978, pp. 98-100.
Rosenthal, D., Harvey, T. M., Bursey, J. T., Brine, D. R.. and Wall, M. E., “Comparison of Gas
Chromatography Mass Spectrometry Methods for the Determination of A%-Tetrahydrocannabinol
in Plasma,” Biomedical Mass Spectrometry, Vol. 5, No. 4, 1978, pp. 312-316.
Agurell, S.. Carlsson, S., Lindgren, J. E., Ohlsson. A.. Gillespie, H., and Hollister, L., “‘Interac-
tions of A'-Tetrahydrocannabinol with Cannabinol and Cannabidiol Following Oral Administra-
tion in Man. Assay of Cannabinol and Cannabidiol by Mass Fragmentography.’” Experientia,
Vol. 37, 1981, pp. 1090-1092.
Garrett. E. R. and Hunt, C. A., “Picogram Analysis of Tetrahydrocannabinol and Application to
Biological Fluids,” Journal of Pharmaceutical Sciences, Vol. 62, No. 7, July 1973, pp. 1211-1214.
Fenimore, D. C., Freeman, R. R., and Loy. P. R.. "“Determination of A% Tetrahydrocannabinol
in Blood by Electron Capture Gas Chromatography,” Analytical Chemistry, Vol. 45, No. 14, Dec.
1973. pp. 2331-2335.
McCallum, N. K.. Cairns, E. R., Ferty. D. G., and Wong, R. J., “A Simple Gas Chromato-
graphic Method for Routine A'-Tetrahydrocannabinol Analyses of Blood and Brain,” Journal of
Analytical Toxicology, Vol. 2. May/June 1978, pp. 89-93.
Detrick, R. and Foltz, R.. “Quantitation of A’-Tetrahydrocannabinol in Body Fluids by Gas
Chromatography/Chemical lonization-Mass Spectrometry,” Research Monograph Series—Na-
tional Institute on Drug Abuse (U.S.A.), Vol. 7, 1976, pp. 88-95.
Hattori, H., “‘Detection of Cannabinoids by Gas Chromatography/Mass Spectrometry (GC. MS).
Part 1. Quantitation of A%-Tetrahydrocannabinol in Human Urine and Blood Plasma by
GC/MS," The Japanese Journal of Legal Medicine, Vol. 35, No. 1, Feb. 1981, pp. 67-72.
Bergman, R. A., Lukaszewski, T., and Wang, S. Y. S., "The Detection of Tetrahydrocannabinol
in Blood: A Compatative Study.” Journal of Anulytical Toxicology, Vol. S, March/April 1981,
p. 85-89.
E;’eale, J. D., Forman, E. J., King, L. J., Piall, E. M., and Marks, V.. *“The Development of a
Radioimmunoassay for Cannabinoids in Blood and Urine.” Journal of Pharmacy and Phar-
macology, Vol. 27, 1975, pp. 465-472.
Yeager, E. P.. Goebelsmann, U., Soares, J. R.. Grant, J. D.. and Gross, S. J., »A% Tetra-
hydrocannabinol by GLC-MS Validated Radioimmunoassays of Hemolyzed Blood or Serum,”
Journal of Analytical Toxicology, Vol. 5, March/April 1981, pp. 81-84.
Lin, J. K. and Chang, J. Y., “Chromophoric Labeling of Amino Acids with 4-Dimethyl-
aminoazobenzene-4’-sulfonyl Chloride,” Analytical Chemistry, Vol. 47, No. 9. Aug. 1975, pp.
1634-1638.
Chang, J. Y. and Creaser, E. H., “Separation of 4-N N-Dimethylaminoazobenzene-4’-Sulfonyl
Amino Acids on Polyamide Sheets,” Journal of Chromatograpthy, Vol. 116, 1976, pp. 215-217.
Lin, J. K. and Lai, C. C., “High Performance Liquid Chromatography Determination of Natu-
rally Occurring Primary and Secondary Amines with Dabsyl Chloride.” Analytical Chemistry,
Vol. 52, No. 4, April 1980. pp. 630-635.

Address requests for reprints or additional information to
C. Maseda

Shimane Medical University

Department of Legal Medicine

[zumo 693, Japan



