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Abstract: Cannabis (Marijuana) is one of the most widely used drugs in the world, and its distribution has
been controlled in South Korea since 1976. Identification of 11-nor-A’-carboxy-tetrahydrocannabinol (THCCOOH)
in urine can provide important proof of cannabis use, and it is considered scientific evidence in the forensic
field. In this study, we describe a simultaneous quantitative method for identifying THCCOOH and THCCOOH-
glucuronide in urine, using simple liquid-liquid extraction (LLE), and liquid chromatography-tandem mass
spectrometry (LC-MS/MS). THCCOOH-D; and THCCOOH-glucuronide-D; were used as internal standards.
Validation results of the matrix effect, as well as recovery, linearity, precision, accuracy, process efficiency, and
stability were all satisfactory. No carryover, endogenous or exogenous interferences were observed. The limit
of detection (LOD) of THCCOOH and THCCOOH-glucuronide were 0.3 and 0.2 ng/mL, respectively. The
developed method was applied to 28 authentic human urine samples that tested positive in immunoassay
screening and gas chromatography/mass spectrometry (GC/MS) tests. The ranges of concentrations of
THCCOOH and THCCOOH-glucuronide in the samples were less than LOQ~266.90 ng/mL and 6.43~2133.03
ng/mL, respectively. The concentrations of THCCOOH-glucuronide were higher than those of THCCOOH in
all samples. This method can be effectively and successfully applied for the confirmation of cannabinoid use

in human urine samples in the forensic field.
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Fig. 1. Metabolic pathways of tetrahydrocannabinol (THC).
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Table 1. MRM transitions, retention times and conditions for THCCOOH, THCCOOH-glucuronide, THCCOOH-D;, and

THCCOOH-glucuronide-Ds

Precursor ion Product ion Retention time

Compound (m/z) (m/z) (min) DP? EPY CE® cxpY
THCCOOH 343.0 ey 8.0 o o o o
THCCOOH-glucuronide 519.0 % 7.0 gg ig :28 ig
THCCOOH-D; 346.0 % 8.0 igg ig ig :} ;
THCCOOH-glucuronide-Dj; 521.9 % 7.0 :} 88 jg :52 j;

The quantification transition is underlined.

DP?, declustering potential; EPY, entrance potential; CE®, collision energy; CXPY, collision cell exit potential
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Fig. 2.

Representative chromatograms of THCCOOH, THCCOOH-glucuronide, THCCOOH-D; and THCCOOH-glucuronide-

D; in authentic urine samples (A), fortified standards (B) and blank urine samples (C).
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Fig. 2. continued

Table 2. LOD, LOQ and linearity, precision and accuracy for THCCOOH and THCCOOH-glucuronide in urine samples

Calibration curve c Intra-assay Inter-assay
onc.
Analyte LOD LOQ Correlation 1) Precision Accuracy Precision Accuracy
Slope Intercept . (ng/mL) . .
coefficient (r) (CV, %) (bias, %) (CV, %) (bias, %)
10 8.94 -3.74 2.43 7.23
THCCOOH 03 2.5 0.0156 0.0270 0.9999 50 6.18 7.58 9.77 4.79
100 12.18 1.95 2.16 0.40
10 2.89 2.79 3.78 -3.82
THCCOOH-glucuronide 0.2 2.5 0.0263 0.0043 0.9998 50 2.68 2.11 4.98 -2.37
100 2.50 -2.92 3.50 -0.78

Table 3. Matrix effect, recovery, process efficiency, stability at room temperature, 4 and -20 °C for THCCOOH and THCCOOH-
glucuronide in urine samples

Room oc 3 freeze-thaw
Matrix effect Recovery  Process efficiency temp. (72 h) cycles
Conc (24 h) (-20 °C)
(ng/mL) M cV M cV M cv
ean ean ean 0/ N—SY0/ N— 0/ Ne
) ) ) @) %) () UENTENT) 06N
THCCOOH 10 1090 73 816 69 889 73 -1330 -10.72 9.26
100 925 12 84 16 817 27 -1245 -11.76 -11.67
THOCOOH] " 10 985 7.6 964 63 947 59  -1240 -10.73 -6.30
-glucuronide 100 818 44 1061 84 8.6 45 713  -856 -10.81
THCCOOH-D; 50 909 86 817 146  73.6 8.5
THCCOOH-glucuronide-D; 50 913 86 9.1 72 90.3 7.9
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Fig. 3. Distribution of ratio of THCCOOH-glucuronide/
THCCOOH in 22 urine samples.

Table 4. Concentration of THCCOOH, THCCOOH-glucuronide and ratio of THCCOOH-glucuronide /THCCOOH in authentic

urine samples

LC-MS/MS (ﬁ/nl\fs LC-MS/MS Gciﬁfs
Sa;r;p le conc.(ng/ml.) Ratio (ng/mL) Sa]f]r;p le Cone. (ng/ml.) Ratio (ng/mL)
THCCOOH | HCCOOH- THCCOOH THCCOOH HECOOH- THCCOOH
glucuronide glucuronide
1 3.99 16.98 4.26 31.93 16 2.50 6.43 2.58 16.34
2 14.42 27.73 1.92 36.12 17 15.16 358.72 23.66 411.36
3 10.81 15.79 1.46 59.11 18 6.53 50.66 7.75 65.01
4 168.51 220.20 1.31 390.35 19 <LOQ 38.52 - 66.85
5 20.94 85.69 4.09 187.87 20 <LOQ 9.95 - 19.87
6 9.79 99.68 10.19 134.28 21 3.59 55.65 15.52 97.57
7 226.90 444.64 1.67 515.40 22 165.72 376.06 227 669.81
8 42.70 179.60 421 466.31 23 70.91 165.15 2.33 228.36
9 <LOQ 10.32 - 30.25 24 5.00 31.87 6.38 31.38
10 5.46 14.33 2.62 26.19 25 5.05 21.77 431 31.75
11 71.68 329.64 4.60 374.31 26 <LOQ 27.05 - 28.11
12 107.22 2133.03 19.89 2652.37 27 <LOQ 10.81 - 29.24
13 117.70 480.48 4.08 582.03 28 42.86 133.78 3.12 442.21
14 54.49 90.42 1.66 221.14
15 <LOQ 7.67 - 13.39
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