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Abstract. Detailed procedures for gas chromatography/mass spectrometry (GC/MS) assays of
cannabidiol and cannabinol in human urine and blood plasma are presented. Both cannabinoids
were #-butyl dimethylsilylated prior to the GC/MS analysis, because this derivatization gave simple
and strong peaks suitable for quantitation. Tetraphenylethylene was satisfactory as an internal
standard. The detection limit of the method for both compounds was 200 pg in an injected volume.
We can recommend this method for actual forensic examination because of its simplicity,

specificity and sensitivity.
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Introduction

The main components of hashish is known to be A%-
tetrahydrocannabinol, cannabidiol (CBD) and
cannabinol (CBN). All these components are
general inhaled into the body by smoking, although
the latter two have no hallucinogenic activities. In
the previous paperd, the author reported a gas
chromatography/mass spectrometry (GC/MS)
method for quantitation of A°-tetrahydrocanna-
binol in human urine and blood plasma. In the
present paper, we have extended the study to assay
for CBD in CBN in human samples, which are
useful for actual forensic examination.

Materials and Methods

Materials ‘

Human blood was obtained from the Hamamatsu
Red Cross Blood Center. Urine was collected from
healthy volunteers. The authentic CBD and CBN
were kindly donated by Prof. I. Yamamoto,
Department of Hygienic Chemistry, Hokuriku
University School of Pharmacy, Kanazawa. Tetra-
phenylethylene (TPE), #-butyl dimethylsilyl (-
BDMS) chloride and imidazole were obtained from
Tokyo Kasei Kogyo Co., Ltd., Tokyo; 3% OV-17
on Gaschrom Q (100/120 mesh) from Nihon
Chromato Works Ltd., Tokyo; Sephadex LH-20
from Pharmacia, Uppsala, Sweden ; and N,N-dime-

thylformamide from Pierce, Illinois. Other common
chemicals used were of the highest purity com-
mercially available.
GC/MS conditions

A JMS-D300 GC/MS instrument with a JMA-
2000E computer-controlled data analysis system
was used. The GC separation was made ona 2.0m
x 2 mm (internal diameter) glass column packed
with 3% OV-17 on Gaschrom Q (100/120 mesh).
The MS conditions were: electron energy 20 eV,
separater temperature 300°C, ion source temperat-
ure 250°C, acceleration voltage 3 kV and ioniza-
tion current 300 gA.
Derivatization

Samples were evaporated to dryness under the
stream of nitrogen in a small glass tube. After
adding 50 zl of imidazole solution (2 M in dry NN-
dimethylformamide) and 50 ul of :-BDMS chloride
solution (2 M in dry N.N-dimethylformamide) to
the residue, the tube was capped and heated at
100°C for 1 hr. To the mixture, were added 2.0 ml
of n-hexane and 1.5 ml of water and shaken witha
Vortex-type mixer. After standing for 5 min, the
organic layer was evaporated to dryness under
nitrogen gas. The residue was dissolved in 60 ul of
n-hexane and 3 u! of it was injected into the GC
port.
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Results and Discussion

Basic data

Figure 1 shows mass spectra of the authentic
underivatized CBD and CBN. The molecular peaks
were small for both compounds. The base peaks,
which can be used for quantitation, appeared at m/z
231 for CBD and at m/z 295 for CBN. The peak at
m/z 231, however, is not specific for CBD, because
AMtetrahydrocannabinol and many metabolites
show peaks at the same mass number?. In addition,
the use of underivatized compounds with multiple
hydroxy! groups, such as CBD, for GC is not desi-
rable because of their loss due to adsorption to the
GC column. Therefore, CBD and CBN were deri-
vatized with #-BDMS chloride, which gave satis-
factory mass spectra for quantitation.

Figure 2 shows mass spectra of the authentic
CBD-+-BDMS, CBN-#-BDMS and TPE. The CBD-¢-
BDMS gave fragment peaks at m/z 417 and 474
and a molecular peak at m/z 542. The CBN-t
BDMS showed peaks at m/z 367, 409 and 424
(molecular peak). TPE, which had served as an
internal standard for quantitation of A9%tetrahy-
drocannabinol in our previous paper?), was also
tested in the present study ; it shows a very simple
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spectrum with a molecular and base peak at m/z
332.

The suspected fragmentation mechanisms are
shown also in Fig. 2.

For the quantitation by selected in monitoring
(SIM), therefore, the base peaks at m/z 474, 409
and 332 were employed for CBD, CBN and TPE
(internal standard) respectively.

The retention times of CBD--BDMS, CBN-t-
BDMS and TPE were 3.1, 4.4 and 4.4, respective-
ly.

Analysis with urine

On the basis of the above data, the following
procedure was adopted as standard assays for CBD
and CBN in human urine.

After adding 30 ng of TPE and 1.0 ml of 1 M
phosphate buffer (pH 7.3) to 1.0 ml of urine, the
mixture was extracted with 2.0 ml of n-hexane
three times by repeating shaking and centrifuga-
tion (3000 rpm, 3 min). The combined organic layer
was evaporated to dryness under nitrogen gas, and
the residue was subjected to the derivatization with
t-BDMS chloride as described before (Materials
and Methods). The amounts of CBD and CBN in
urine were thus quantitated using the intensities of
ions (area) at m/z 474 and 409, respectively, as

250 300 350 4B0 450 580
295
+
M
238} 550
259 300 358 400 450  500y£

Fig. 1. Mass spectra of underivatized CBD and CBN.
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Fig. 2. Mass Spectra of CBD-#-BDMS, CNB-#-BDMS and TPE.

compared with that at m/z 332 (TPE as an internal
standard) by SIM.
Analysts with blood plasma

For the analyses of CBD and CBN in human
blood plasma, 1.0 ml of it was extracted with 2.0 ml
of n-hexane in the presence of 1.0 ml of 1 M phos-
phate buffer (pH 7.3) as described above. The com-
bined organic layer was evaporated to dryness
under the stream of nitrogen and the residue was

300 480 s08 500, £

TPE

300 400 508 500w, £

dissolved in 0.2-0.3 ml of m-hexane-chloroform-
methanol (10/10/1). The organic solution was sub-
jected to column chromatography with Shephadex
LH-20 (16 x 0.8 cm internal diameter). The column
was eluted with 30 ml of the same solvent system.
The eluate fractions of 9-15 ml were mixed with 20
ng of TPE, and evaporated to dryness under
nitrogen gas. The resulting residure was deri
vatized and subjected to the SIM quantitation as
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Fig. 3. SIM for a mixture of the authentic CBD-+-BDMS, CBN--BDMS and TPE,
and for extracts of human urine and blood plasma (1 ml of each), to which 40, 40
and 20 ng of CBD, CBN and TPE, respectively, had been added.
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described above.

It should be noted that, for the analyses of CBD
and CBN in urine, TPE was added to urine at the
initial step of extraction, but, for those in blood
plasma, it was added after the column chromato-
graphy. The latter is because TPE was found to
bind to the Sephadex tightly and thus not eluted
efficiently.

Reliability of the method

SIM was performed with ions at m/z 332, 367,
409, 417, 424, 474 and 542 for a mixture of the
authentic CBD, CBN and TPE and for the extracts
of human urine and blood plasma, to which trace
amounts of CBD and CBN had been added, as
shown in Fig. 3. All peaks were not interfered with
impurities, showing the high specificity of the
present method.

For the SIM quantitation of CBD, the ion in-
tensity ratios (area) at m/z 474 to at m/z 332 (in-
ternal standard) were plotted against the concen-
trations of CBD; satisfactory linearity was ob-
tained up to 5 ng of CBD in an injected volume (3
ul) (Fig. 4). The calibration curve for CBN with ions
at m/z 409 and 332 was also satisfactory (Fig. 4).
The detection limit was 200 pg/3 ul for both
compounds.

The recoveries of CBD added to urine and blood

plasma were 96.5 and 85.0%, and those of CBN
were 98.5 and 82.0%, respectively.

In the present paper, the auther has presented
detailed procedures for the assays of CBD andCBN
in human urine and blood plasma by GC/MS.
Although many papers have been published on the
detection of 49tetrahydrocannabinol in biological
samples by GC/MS»»~6), to our knowledge, com-
parable information is lacking for CBD and CBN.
Only Ohlsson’s group3” dealt with GC/MS assays
for CBD and CBN in human blood plasma; they
synthesized the deuterated compounds as internal
standards, which are not suitable for actual
forensic practice. We have employed TPE as an
internal standard in the present study. TPE seems
excellent also for the assays of CBD and CBN, be-
cause its lipophilicity, retention time and the mass
number employed are close to those of CBD and
CBN. Our present method seems useful for actual
forensic analyses of the cannabinoids in human
samples and also in other materials such as Can-
nabis plants, because of its simplicity, high speci-
ficity and sensitivity.
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nanograms of TPE were added to each vial.

Prof. I. Yamamoto for his providing the author with the
authentic cannabinoids.

References

1) Hattori, H.: Detection of cannabinoids by gas
chromatography/mass spectrometry (GC/MS). Part I.
Quantitation of A%tetrahydrocannabinol in human
urine and blood plasma by GC/MS. Jpn J Legal Med,
35,67-72, 1981.

2) Turner, C.E., Bouwsma, O.]., Billets, S. and Elsohly,
M.A.: Constituents of Cannabis sativa L. XVIII-
Electron voltage selected ion monitoring study of
cannabinoids. Biomed Mass Spectr, 7, 247-256,
1980.

3) Ohlsson, A., Lindgren, J.-E., Leander, K. and
Agurell, S.: Detection and quantification of canna-
binoids in human blood plasma. I» Mass Spectrom-
etry in Drug Metabolism (Ed. Frigerio, A. and

4) Ohlsson, A., Agurell,

5

6

~—

~

Ghisaberti, E.L.), pp. 429-440, Plenum Press, New
York (1976).

S., Lindgren, J.-E. and
Leander, K.: Improvement of the mass fragmento-
graphic technique for quantification of tetrahydro-
cannabinol in human blood plasma. Ir» Cannabinoid
Analysis in Physiological Fluids (Ed. Vison, J.A.), pp.
73-79, American Chemical Society, Washington,
D.C. (1979).

Rosenthal, D. and Brine, D. : Quantitative determina-
tion of 4%tetrahydrocannabinol in cadaver blood. ]
Forensic Sci, 24, 282-290, 1979.

Wall, M.E,, Brine, D.R., Bursey, J.T. and Rosenthal,
D.: Detection and quantitation of tertahydrocanna-
binol in physiological fluids. In Cannabinoid Analysis
in Physiological Fluids (Ed. Vinson, J.A.), pp. 39-57,
American Chemical Society, Washington, D.C
(1979).



Dec. 1983

7) Agurell, S., Carlsson, S., Lindgren, J.-E., Ohlsson,
A., Gillespie, H. and Hollister, L. : Interactions of 41-
tetrahydrocannabinol with cannabinol and canna-

Detection of Cannabinoids by GC/MS 769

bidiol following oral administration in man. Assay of
cannabinol and cannabidiol by mass fragmento--
graphy . : Experientia, 37, 1090-1091, 1981.

HArzw=t7574—/BEGSHE (GC/MS) b
Cannabinoids D #& H
2. GC/MS I B F RiebOiMBFDON v FETH—A L
hvFEe)—=LOER

> 32 e vt 2
R B F OH
BRENKEEESHE

(2 BEFIS84E 5 A301, BMHE ( BEAS8E6 A 7 H)

WME AROERDBA-F +SeFarvry
)=, AvFESH—n (CBD) b0 HVFVE
/=n (CBN) TH 2%, fiHo®ECize +REMmME
FOA-F PSSk FrhdvFE s, —adGC/MS X
PEROFHEMBEYBE L, SEOWETITICBD &
(BN oWtz o c#®E T 5, CBD &
CBN % t-butyl dimethylsilyl{t L CHxD A =2 + 1
YRELIE A, HENEERERCEMTLLD

WoE— 27 %R, ERCHL WD LR,
CBD T m/z 474, CBN Tiim/z 4090 &F/ v — 27 %
v, Ft57z=2nr=70 vy RAHEELLTAW
T, selected ion monitoring 1 X 5 R & i3 o CBD
& CBN O BEOFHMELRE L, RHBRIKK
200pg THotc, AETBELBET, RELEL, &
FRABORFEOALE LT, ARKEHORECSEHT
HHLEbhS,




