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2 & 4aW F vl $8oiE E3=t 7|50] == tetrahydrocannabinol (THC)S] thARA] Ad#-<1
11-nor-9-carboxy-A’-tetrahydrocannabinol (THCCOOH)E A’ &% (solid-phase extraction, SPE)3} 7}
2aEntEa 9/ (GOMS)E o83t A&siA #4 & 5 e WS At 2 4
P Aol 21 3 mLE FHal B714 (pH 10) 2NN 7HEel] & F, Yol2w 3t JMEAE AL
&3t THCCOOH S Aelzeg F&sta, S - A3d ths f=A v AlA GOMSE &
Akttt 2 Az AP A& (LOD)YE 04 ng/mLol, %3] (LOQ)E 1.2 ng/mLo]$ith.
ARZA L XA ABAS () 1.2 (LLEE 1.3)~50.0 ng/mLe] FE=H oA 09995 Yellith 2
2|2 PIE (precision)?} FBE (accuracy)= BT £1.20% oW Z QHFZ 0] o™, 3]4E (recovery)
83.6~90.7%% A=At} A F598 (liquid-liquid extraction, LLE)Z} B3 w), SPE Wy o] 3|4=&
& SR A&, AR, AUE 9 FEmoM = & Zolrt g1tk 18y LLE WS &3
goll A7t mgo] o] = Wb, SPE WS AR F5 Ao 7Hdska A& &5
o, & AFEE 76T SPEE ©&3 FEWN S tre] tivt SR auel A8l o
7120l AHE-SP LLE W srh 7hastar, AEsiA] tivh thAA] &40 7Fsat3it.

Abstract: 11-nor-9-carboxy-A’-tetrahydrocannabinol (THCCOOH) is the major metabolite of tetrahydrocannabinol
(THC) which is the primary psychoactive component of marijuana. It is also the target analyte for the
discrimination marijuana use. A method using solid-phase extraction (SPE) and gas chromatography/mass
spectrometry (GC/MS) was developed for the determination of THCCOOH in human urine. Urine samples
(3 mL) were extracted by SPE column with a cation exchange cartridge after basic hydrolysis. The eluents
were then evaporated, derivatized, and injected into the GC/MS. The limits of detection (LOD) and quantitation
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(LOQ) were 0.4 and 1.2 ng/mL, respectively. The response was linear with a correlation coefficient of 0.999
within the concentration range of 1.2 (LLE 1.3)~50.0 ng/mL. The precision and accuracy were stable within
1.20% and the recovery was 83.6~90.7%. The recovery of SPE method was lower than that of liquid-liquid
extraction (LLE), but there were no apparent differences in LOD, LOQ, precision and accuracy between the
two methods. While SPE method is used as a very effective and rapid procedure for sample pretreatment, and
clean extracts, LLE method was not suitable for the extraction procedure of THCCOOH in urine. The

applicability of the method was proven by analyzing a urine samples from a marijuana abusers.
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= AW B4 ginl 4 R E BsE 7184

AF7HA OF 601F o)de] tuk FEo] £l & ®olth! A R mEY WS o]&ste] divt

A=A, 1 AEE F  tetrahydrocannabinol TN AgRE AT F Y UL TA T 4-8

(THC)3} tetrahydrocannabivarin 3% %to] 3zt g 3} A ZFEE H & 17L7HA] 7ss Aoz O

7F de Aem gAY (Fig 1)."? THCE Egri«l Ak

o] A3 91X we} ASTHCS} A’-THC F £77} ZAFS vfo] oabm AwA il tAbA] RS

EA5M A-THCS] $ztasirt B & A Oi & A 5le dHeR GC/MS37 4 LC/MS, P GC/MS/

HATS MS,'® HPLC/ESI/MS'75¢] B xej=] St} L &

THCS] QA F2 thAMA AE S 2 11-hydroxy- GC/MS "ol THCCOOHE #Hlst=d 71 2ol
THC®} 11-nor-9-carboxy-A’-THC (THCCOOH)7}F & AF&-=3 Qth GCOMSE #4317 HsiAe
H2 dow, drt FAA THCE 54 49 ¢F  THCCOOH A&e] B3 Astd Fejz LMo
95 ~99%7F AMAI = W3St 3, 1~5%= THC AHA A7) W&ol 7heial dAe #Ao] Jasirh

oA T3 A3E A FeElel THCCOOHES
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(liquid-liquid extraction, LLE)Z} 334 32 ¥ (solid-
phase extraction, SPE)°] &o| o] &% 9t}
HkE o0 2 SPE W& LLE ¥ Hrt} H[go] Zo]
EAT A RE A& HEsof st WA &
ofell A= A AlZko] &a 2= ZFAS SPE W
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wol ol ol g% 2o,
Tetrahydrocannabivarine CH; C3Hy B QT ful Yadl LAl AH s FAdA &
,5.9- tetrahydrocannbinol (THC) CH; CsHyy WS 7ha g uH LLE ¥ tjAale] A2 7F 7+A s
11-hydroxy-THC OH  CsHy SPE W& 483t tiul A A+ THCCOOH
1 1-nor-9-carboxy-A’-THC (THCCOOH)  cOOH CsHy, & FE313, GCMSZE B4 & e Al&s Wy
Fig. 1. Chemical structure of major cannabinoids. £ skt 2 H2 o] Stk
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21. AeF 9 Xz
®FEZ  11-nor-9-carboxy-A’-tetrahydrocannabinol
(THCCOOH)# Fa7t A gkd WHE==2 11-
nor-9-carboxy-A’-tetrahydrocannabinol-d;( THCCOOH-

d;)2 "=} CerilliantAloll A R8I ZAY F5

4 cartridge= ¥ol2 ¥ (60 mg)7t TZE T
=+ WatersAt MCX cartridgeE AH&-3H T =4 Al

ko 2 N O-bis(trimethylsilyl)trifluoroacetamide(BSTFA)
9l 1% trimethylchlorosilane(TMCS) H71e &3 A <F
2 v Allech? oA T3tk F2 39 AL
° gl 9 Aoke BE EAS ASSIGT BE
= 1 ug/mL=

rc=
o=

o %o 1 pgmLE XA AL8-3isiet.
T AR Aol 20°CellA] BasalTt.

22 2M717] & =HsZ=A

A AEFE4P = WS CaliperAl©] Rapid-
Trace™7} AFEE AT #4717 Pl=F Hewlett-
PackardA}2] HP 6890 Series Gas Chromatograph/HP
5973 Mass Selective DetectorS AF&3}5 0™, A&
255U 7= HP 6890 series injectors AHE-3}31T).
A A& ul= Agilent TechnologiesAte] DB-
5MS(30 mXx0.25 mm LD., 0.25 um film thickness)

& AHEETE SRIAlE dF 7HAE ARREe
H, %52 07 mL/minS = 01-03\:]- a8 exe
200°Col A 13870 §A A1 F 200°C7HA & 30°C/

min £52 £55 Fo|i, I F 300°C7HA =
35°C/min £E22 52 ¢ o5 2% &< FAA A
FATo AE79 2xE Zh7 250°Cet 280°CE

9439 A T
den, ol A
2Eg H g3

splitless .= W48 A&

W2 selected ion monitoring

23. A&

A7o] AHEE ABE AT P2 vl oA
S AUAA U NI
el s W8-S (TDx) A37F G4l 319
A L3l A A Alse 4°Ce] A
& ] ir&o}aﬂu} TElw tz W AEE T
A= 384 AARE YA AW
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241, FEUi

(1) AL F=H

A& 3 mLE AE3H(16X125 mm)o] ¥ 3

FFEZ(1 ugml) 30 uLE H7FsHoh 10 M KOHS

7Fsled pH 1022 243137, sulfamic acid 100 mgE
7k 3 R 2 2ol 102 53 EFEh &

2]
FH3F Al Fof| acetic acidE 7}5}] pH 42 274 3+ %,
&3} 381 hexane/ethyl acetate(9:1, v/v) 3 mLE %1
o] 20% Bt R FZ3k 3000 rpm°ﬂ*1 10% &<t
AR o EEE /718 E S 45°Ce] FEx
o HA7E(HE 4.5 psi) dtell %‘E‘a} - 23X 70T

() XA FEH

ANE 3 mLE A FFA16X100 mm)o] ¥e F 1
pgmL F=o WEEFEZR 30 uLs H7hetoh 10
M KOHE Ar&3te] pH 1008 2&3}aL, sulfamic

acid 100 mgE H7Ist T WH7]E o] &-3fo] 2
A 10% Bt EFSTE £ A 5E A A
Z7g) o) &), AlFol| acetic acidE 718l pH
472 29t WEES SRTE 1 mL 4 SAHR
2 mL/min $5X2 &9 cartridges A4 3}A171TH &
A3+9 cartridgeel] A EE 2 mL/min £5 2 F¢ g},

A 9 F SEEE AAE 98] 0.1 M NaOH 2
mLE 2 mL/min $=2 8+ &, 755 2 mL9}

hexane 4 mLE <A E 8 mL/min £ 2 S8 &}
W Edo] AlA & cartridgeol] =81l ethyl acetate
3mLE 2 ml/min %2 Y3t THCCOOH *é# =
FZ 3t} Cartridged X 28 F29S 45°C9 &=
ZoA AL Y4 E 45 p51) alol] S - 7437—/‘]?_]‘4'.

242 O':XHEP E';U.:,*
Zzolo Zu).
ol ethyl acetate 30 uL
AHEF Y714 vialol
(BSTFA/1% TMCS) 30 UL

70°CollA] 15+ B¢ XA S W8-S A7) vk
S 4oz WAAZ ts 2 F 1uLE GC/MSO
FYste] A g

243 ZANYZM =Y U RN Y

=
5% 1 pgml BEENS olgate] AYIAH 24

& E%Oﬂf’ 12 (LLEE 1.3), 2, 5, 10, 20, 50 ng/mL
o FER AZST AFFH A9e BEAe o)
2 2W 3 mLo) Z47te] FEe] wiol RE g
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Foto] s spol 2AA 7, 247he] 5
) (THCCOOH-d;, 1 pg/mL) 30 pLE
J

Lol W
A 7Ystod
A e A2 SPESF LLE 747He] Al &
P sl AElet £ st AEFAE
;}3‘5\‘:}

&3 (limit of detection, LOD)E A& th %+
(51gnal/n01se, SIN)7F 3 o]l T=& A
2 A3Ach 283 A FSA (limit uantitation,
LOQ)= S/N H|7F >1081 & A o= 43}
ATt

e

i R

%
S
=
HO

B

}LoZ:SEﬂHN

[¢]

=
o

—

§}L Ulo

=

AEd
of q

4 1 %Xéfd ﬂE—E— H]Lo}oq
T3t em, 1 A3= WE A5 (coefficient of variance,
% CV)Z Jetdth 2383 Zgse 2t $59] &

MG HA5l] A& =75 (calculated concentration)
¢} A 715 X (nominal concentration)s Y| .3} 3}
At 2 A= BEGH(%, bias) o= YEPITH
Intraday= 1 &<t 33 A¥e A4&E /AL +
It 28] interday= 109 &< W A 2

3} 7w 2489

244 AE FAMo| mE sz HHst

Heh A4 aue SR U
sMse o 71- +
stttk ol HE 5
FEH S 01250 ng/mL)yel 3=

237 wEelth. 84 wge

zz29 gz iﬂd% Z4zk ARgeke] 5, 10, 209 =
ATk FAA AU TR U Ao 747

s]4ate] FH|S Al EE SPE Wl we 33 &3
3L GOMSE A3 F, S48 e FaA &M
o] Fro} vl Sg-5 Takth

3. &3 ¢ o

3.1. §do|l2 ¥

thu} AR AE THCCOOHE 3}8F1%2)(Fig. 1)
o] 7t2 84 7](-COOH)%} F~4t3}7](-OH)7} 3= o]
Aol GCol 7 WHo] F3o] dojut &7t g4
Bk wEbA Ao Eeleh A=E FEAT7] 98l
M 7IE2EA79 42181 E HlSA] AR AR
FE A3 BYo] st o] F Y8l = A
°¥035TFA/1% TMCS)S AH&-3F TMS Fr=dS st
o B4 Table 12 tiw} tjAFAI9] THCCOOH-
2 TMSSF H-EF52 THCCOOH-d;2 TMS?| A&
ol MEE AIZHE YER Zlolth, Fig. 29| (A=
)% 24 (blank urine)®] ZEvlEIAOZ (B)2} (C)
AZnfEaYP ) A FY 3 919 HEF A7
A e Ed o]l A YeRA] eaghh. B3 Fig. 39
A ~AEY O R RE U B4R SA0lR ms
371, 473, 488 M) YR EFZE A EAo]L i
374, 476, 491 M+)S =H15ksict.

32 #¥IMI /M A¥ZEY

AR TS LLESF SPE WY 25 F#3H 9] oA
ABA (1) 0.999¢] 2.“8*3 < el thTable 2). 3
F&& LLE W4 94.1~96.1%, SPE W&
83.6-90.7%= zx%E]gic} LLE % SPE Wi 2% 7
Z3(LOD)E 04 ng/mLE SU3sIRon, 4 st
(LOQ):= LLE ¥ 1.3 ng/mL, SPE W2 1.2 ng/
mLE A HAc A8 4343 LLE H(}%el bias
e 1.6~ -0.6% HAE eI M, SPE W2 8.6

Table 1. Retention time and characteristic ions of the trimethylsilylated (TMS) THCCOOH

. Retention Characteristic ion
Compounds Molecular weight fime (min) (m/2)
THCCOOH-2 TMS 488 8.73 71°% 473, 488
THCCOOH-d;-2 TMS (IS?) 491 8.70 374, 476, 491

“Underlined ion used for the quantification
®Internal standard

Analytical Science & Technology



Abundance
1000/
(A)
800 m/z 374
\ - NN /
i '\mfz 371
400,
' m/z 476 /z 473
200 m/z 491&%}2 488
Time-> 0 830 840 850 860 870 880 890 900 9.10
Abundance 8.70
5800
5000 (B)
THCCOOH-d4
4000 ﬂ
THCCOOH
m/z 37
3000
m/z 476
2000 m491\ |
1000
Time—> 07 530 840 650 660 670 680 880 900 810
Abundance
8000 870
70005 (C)
THCCOOH-d;
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4000 4\
i m/z 476
30001 \ /z 371
| m/z 491 ! /
2000} \ m/z 473
1000'2 ‘//mfz488
Time--> 0'"'s.so"e4o"asc"seo“"a'm"sscs"sgcs"gac"gao"'

I GC/MSE ©]-8-3F 21 F v} thALA]l (THCCOOH) 4

445

Fig. 2. GC/MS SIM chromatograms of TMS derivatived THCCOOH and THCCOOH-d; (IS) in human urine. (A) blank urine,
(B) urine sample spiked at 5 ng/mL. THCCOOH and 10 ng/mL IS, (C) positive sample.

~-0.1% BAE YETE AUE
-°4 CV k& 2.1~4.5% H9]o] 2, SPE ¥
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Abundance
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(IJ(]OSi—‘CHg
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CHa
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CH;

Cy
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(A)

473

374

HeCD3 476

491

358
342

401 432

m/z--> 0 140 160 180 200 220 2'4'0"260 280 300 320 340 360 380 400 420 440 460 480
Fig. 3. EI mass spectra of TMS derivatives of (A) THCCOOH and (B) THCCOOH-d;.
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Table 2. Validation data for the analysis of THCCOOH in human urine.

LLE SPE
Concentration range (ng/mL) 1.3~50.0 1.2 ~50.0
Linearity () 0.999 0.999
LOD? 0.4 0.4
LOQ® 1.3 1.2
Recovery (%) Mean = SD¢ Mean = SD
5.0 ng/mL 94.9 + 3.1 90.7 + 3.5
15.0 94.1 £ 1.8 83.6 + 2.1
40.0 96.1 = 0.8 86.0 = 2.4
Intraday (n=3 Interday (n=10
Accuracy® (% bias) y @073) A )
LLE SPE LLE SPE
5.0 ng/mL 4.3 -1.3 -1.6 -8.6
15.0 -5.6 2.5 -0.6 -44
40.0 -3.0 -0.1 -4.5 2.7
Precision® (% CV)
5.0 ng/mL 3.9 72 45 8.3
15.0 32 4.5 2.1 45
40.0 29 4.7 45 72

Limit of detection *Limit of quantitation “Standard deviation
dCalculated as [(mean calculated concentration-nominal concentration)/nominal concentration]< 100
*Expressed as the coefficient of variance of the peak area ratios of THCCOOH/THCCOOH-d;

Table 3. The matrices effect of the concentration of a urine Table 4. The quantitative results of THCCOOH using LLE

sample diluted with blank urine and deionized and SPE in urine samples (ng/mL)

water on the recoveries of THCCOOH on the SPE

method. Subject GC/MS Subject GC/MS
NO. NO.

Dilution (times) 5 10 20 LLE SPE LLE SPE
Matrices 1 6.5 - 17 4.5 -
Deionized water 97.9° 98.6 99.4 2 2.5 - 18 5.8 -

cronized wate (0.6)° (0.4) (0.0) 3 8.2 - 19 6.8 ;

. 97.3 97.7 96.8 4 74 - 20 4.5 -

Blank urine (0.2) (0.1) (0.2) 5 41 ; 21 6.9 ;
Recovery (%) 6 414 407 2 260 259
®Standard deviation 7 4.9 - 23 5.5 -
8 5.7 5.2 24 3.0 -

9 4.9 - 25 4.8 5.1

SPE Hg.tg_% H].J?.. 7&5?:5_]: é_ﬂ_ SPE HJ"?;\% LLE Ho].tg 10 6.8 5.7 26 94 -

- - = - 11 6.3 - 27 18.7 18.2
o] H|s 2| ZA o] 7V AL % A7 o
| Blsted HEsige] 2usra Az AL #@en, 2 188 167 28 246 243
FEE AREn i o R /sl gk 13 124 127 29 64 -
5 ERlS flste] vl 21 ARE AlS - A eeH) 14 48 - 30 4.4 .
A gsoF = mhekR 72 wokollM = AlE Al 15 4.1 4.0 31 533 518
Bel A5s7t Basith 2e 7129 LLE e 16 99 100

AR B FE23 A4EE A AsEt |
o 702 SPE W LLE Wl vlste] AA )zt EFo=, divp FAA 2wl SPE FEWH I GO/
=2} Q.
H (¢

H
of HEHT, MRH £ FREL QL 4 AL W Msol e BANNS A8stonn (s, A%
wohulet 2 APl AR APAAT. A A FAY: Belo] Psaant
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