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ABSTRACT KEYWORDS
Gas chromatography mass spectrometry (GC/MS) analysis of 11-Nor-A°- Cannabinoides;
tetrahydrocannabinol-9-carboxylic acid (THC-COOH), the major metabolite GC/MSanalysis;
of tetrahydrocannabinol inbiological samplesisreported, the THC metabo- THC-COCH;
lite obtained by alkaline hydrolysisfrom urine sasmpleswere extracted using Tetrahydrocann-abinol;
mixture of solvents followed by trimethylsilylation. The dervatized extract Biological samples.

was submitted to GC/M S analysis of EI-SIM mode. Different factors were
studied as pH, temperature, time to establish the best conditions for the
determination. The calibration curves of THC-COOH derivatized (THC-
COOH-TMYS) in urine samples were linear in the concentration range from
10 to 150ug/ml. the proposed method is able to detect the major metabolite
of cannabisderivativesat very low level (10ug/ml) with high specificity so
these analytical procedure can be used as confirmatory method in drug
testing of cannabis use. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION cannabinol (THC), Cannabinol, Cannabidiol, that can

beisolated from cannabis plants'® and are a so present

Consdering theincreasing abuse of marihuanaor  in cannabissmoke, only thefirst demonstrate narcotic
hashishinthelast years, the detection of along-term  action.

exposureby urineanayss. Thisactionisdosedependents, driving performance

Asrule, thecannabiscongtituentsare Tetrahydro-  is seriously compremised because the perception of

COOH COO-Glucuronide

O-Glucuronide

A°-THC (THC) 11-Hydroxy-A®-THC 11-Nor-D9-THC-9-carboxylic acid 9-Carboxy-THC
(9-carboxy-THC) mono-/Diglucuronide
Figure 1: Metabolic pathway of THC
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Figure 2: Sructure of N,O-bistrimethylsilytrifluroacet-
amide(BSTFA)
timeand spaceisdisturbedif inhaled, THC isabsorbed
faster and inlarger amount than when taken orally and
owingtoitsstronglipophilic nature, itisrapidly spread
throughout the system and lessthan 1 % of unchanged
THC isrecovered in the urin. When smoked, intia
metabolism occursinthelung, whereasthistakes place
intheliver when hashishistaken orally. Seventy-two
hoursafter smoking, gpproximately 50 % of theinhaled
THC isexcreted asmetabolitesand theremaining 50%
distributed throughout the body. Whereitismostly ab-
sorbed by thefatty tissue and excreted dowly over the
next few days. Execrationismainly viaurine 25 % and
faces 65 % Although over 20 metaboliteis 11-Nor-
A°-tetrahydrocannabinol-9-carboxylic acid (THC-
COOH) whichisconverted to di-glucuronide conju-
gates and thesethe magjor forms of the metabolites ex-
creted inuriné. (The metabolic pathway of THCis
summarizedinfigurel.

Various method for analysisof cannabinoidshave
been devel oped using radioimmunoassay (RIA)7,
fluorescencepol ari sati onimmunoassay(FPIA)Y, using
According totherecent EU recommendation on drugs
of abusetesting and the M andatory Guideinesfor Fed-
era Verkplace Drug Testing Programs (USA) samples
should be screened by validated Immunoassays and
specific substance should be confirmed by chromato-
graphic method using mass spectrometric detection.

Immunoassay screening can lead to false positive
results because of antibody cross-reactivity with mol-
eculesof similar structure hence the need for aconfir-
mation method®. Immunoassaysfor THC metabolites
areusudly cdibrated to give postiveresultsfor samples
concentration (50ug/ml( cut-off concentration, sothe
conformation method must bemore sensitive.

GC-MSisan excellent method for determination
of metabolite of hashishinurine. The paper describesa
method to confirm and determineurinary THC-COOH,
this method include a hydrolysis of conjugates by

F3C
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TABLE 1: Recovery and precision for THC-COOH-TM Sat
threetarget concentrations

Intra day (n =5) Inter-day (n =15)

THC-COOH-TMS Recovery CV  Recovery CV
(pg/ml) %) (%) (%) (%)
10.00 94 0.12 94 0.17

20.00 98 0.07 93 0.22

30.00 97 0.14 96 0.10

NaOH, extraction and derivatization of THC-COOH.

Thehydrolysisisnecessary to freethe metabolite
and this can be performed either by alkaline NaOH®
18 or enzymatic hydrolysis, akalinehydrolysisiscon-
sidered moreefficient and reproduciblethan acid or
enzymatic hydrolysig*9.

Theextraction procedure should be efficient and
selective. A good recovery isimportant, sincethetotal
amount of cannabinoidspresent isvery low. Duetothe
low sengitivity of the massdetector to THC-COOH in
theinjection port dueto temperature, derivatization are
used to reduce the thermal decompositionto themass
spectrum and a so used to stabilizeionsformed inthe
massspectrometer tofavor structurdly informativefrag-
mentation mode??, so the Derivatization of THC-
COOH was needed inthismethod N,O-bistrimethyl-
slytriflutoacetamide (BSTFA). Figure2 BSTFAisusd
asderivatizing agent!.

EXPERIMENTAL

Chemicals

All chemicalsused through thework were of ana
lytical reagentsgrade. Thereagent included 11-nor-A°-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH)
(1gm/mL) was obtained from Sigma-aldrich gmbh
steinheim, germany. Stock solutionsof THC-COOH
were prepared in methanol (100 ug/ml) and stored at
5°C, thesilylation reagent BSTFA obtained from Sigma:
adrichgmbh steinheim, germany, Ethyl acetate (BDH),
n-Hexane, potassium hydroxide (10N), (BDH), HCI
(2N), (BDH).

Urinesamples

Some precautions have been considered in urine

samples, the samplewas collected induplicatein two

30 mL plastic bottles. Each plastic bottlewasfilled at
least 2/3full. Immediatdy after collection, thetempera:
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Figure3: Theion sdlected for deter mination of THC-COOH-
TMS
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Figure5: Effect of solvent on extraction of THC-COOH
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Figure7: Effect of Timeon formation of THC-COOH-TM S
ture (32°C 38°C) within4 min., pH, specific gravity
and credtininevaueof thefresh sampleswererecorded.
Urinesampleswerestored at -5°C until theanalysis.
I nstrumentation

Theandysisof extracted THC-COOH derivati zed,
the system performed with aShimadzo, GC-2010 Gas
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Figure4: Effect of pH on extraction of THC-COOH
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Figure6: Effect of Temperatureon for mation of THC-COOH-
T™MS
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Figure8: Sandard curveof THC-COOH-TM S

Chromatograph (Shimadzo Technol ogies, Japan) and
mass detector GCM S-QP2010 (Shimadzo Technolo-
gies, Japan), connected to a desktop computer with
GCMS solution (Version 2.21.00) software. The col-
umn employed RTX-1MS (30-mx0.25-mm i.d.,
0.25um film thickness of 95% dimethyl-5% diphenyl
polysiloxane copolymer column ( Restek, Bellefonte,
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PA, USA). Thecarrier gascons sted of ultra-puregrade
helium (Air Products, Parkersburg, WV, USA) at aflow
rate of 1.5 ml/min. Theinjector temperaturewas held
at 250°C and the detector at 300°C. For THC-TMS
detection the oven started with 120°C to 2 min. and
wasramped from 120 to 200°C at 50°C minand from
200to 280°C at 15°C/min. to givearun time 29.93
min., Anaysi swasaccomplished by selected ion moni-
toring of ions(high resol ution mode) between 9 and 30
min. at m/z = 371, 398, 473, 475, 488, 489, 490 and
EMV at 1400 asshow infigure 3.

Samplepreparation
Hydrolysis

Urine(10) ml wasmixedwith2 ml of 10N KOH,
thesamplewashydrolysed at 50°C in aheating unit for
20 min. with occasiond stirring. After cooling toroom
temperature, 4 ml of 5N HCL were added and added
few dropsof HCL until adjust pH 22222,

Effect of pH

Theeffect of pH isstudied to reach to optimum pH
for the extraction metabolite THC-COOH from urine
sample, so theeffect of pH was study with used spiked
urinewith 30pg/ml asshow infigure4.

Extraction

Liquid-liquid extractionwith 80 ml mixtureof sol-
vent and was shaking for two minutesand allowed to
separateinto two phases. The organic layer was col-
lected and evaporated to drynesswith stream of air4l,
Added smal amount of the same solvent of extraction
and transfer into small vial, evaporateto drynesswith
stream of air at room temperature.

Effect of Solvent on extraction of THC-COOH

The polarity of solvent affects on extraction effi-
ciency. Severd water immiscibleorganic solventschlo-
roform, benzene, petroleum ether, diethyl ether, ethyl
acetate, n-hexane, cyclohexane, pet. Ether : ethyl ac-
etate (7:1), carbon tetrachl oride, toluene, and n-hex-
ane: ethyl acetate (7:1). Theeffect of extracting sol-
ventson extraction efficiency are represented graphi-
cdlyinfigure5.

Derivatization
Tothevia containing urineextract after complete
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evaporation added 30ul of ethyl acetate and 30l
BSTFA areadded thevid whichisvortexed and heated
at 70°Cfor 25 min.

Effect of temperaturederivatization

The proper choiceof the Derivatization agent and
of itsoptimal amount appeared to be decisivefor the
sengitivity of themethod. To establishthethermal sta-
bility of the THC-COOH-TMS, the effect of tempera-
ture of Derivatization on the Formation of the THC-
COOH-TM Swas studied by measuring Conc. of the
THC-TMSformed at increased temperatureintervas
between 20 and 90 °C at constant time as show in
figure6.

Effect of timeof derivatization

To establish the thermal stability of the THC-
COOH-TMS, Theeffect of timeof Derivatization on
the Formation of the THC-COOH-TM Swas studied
by measuring Conc. of the THC-COOH-TM Sformed
at increased timeintervals between 5 and 40 min. at
constant temp. 70°C asshowninfigure?.

Method validation

Thelinearity of the method was verified using of
human urine samples spiked at ninelevels(10, 20, 40,
60, 80, 100, 120, 140, and 160ug/ml) spiked Theurine
sampleswere spiked with THC-COOH from astock
solution 100ug/ml), linear regressionlinewasobtained
by plotting the pesk areaversusthe THC-COOH-TMS
concentration asshow infigure8. Coefficientsof varia
tion (CV) for intra-day and inter-day precisionswere
calculated at three concentrations. Thelimit of detec-
tion was determined by estimating the minimum con-
centration equivalent to, or grater than, three times of
thebackground noise. TheLimit of quantification was
defined asfivestimesthe background noise.

Precision and accuracy

Theintra-day precision waseva uated by replicate
andyss(n=5) containing thefollowing concentration of
10, 20 and 30ug/ml. For inter-day precision, the
sampleswereandyzed intriplicateon 5 different days
over a3-weekperiod (n = 15) and Coefficientsof varia
tion (CV) wasca culated asshownin TABLE 1. Accu-
racy was established by comparing the peak areara
tiosfor amounts of THC-COOH-TM S and the peak
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arearatiosfor the same analytein the Standard prepa-
ration. Itisexpressed asarecovery percentage (Re-
covery %). Vaueswere processed according SFSTP
recommendationg?.

RESULT AND DISCUSSION

Severd seriesof experimentswere carried out for
optimization of thedifferent parametersof the proce-
duredescribed in Section 2.4. The optimum pH of ex-
traction of THC-COOH from urine samplesispH =2
asshowninfigure4, (n-hexane/ethyl acetate(7:1v/ivis
thebest solvent to givegood yieddd asshowninfigure5,
the optimum temperature 70°C givehigh yield at con-
stant time 20 min. Asshowninthefigure7. 20 min.is
thegoodtimefor derivatization at constant temp. 70°C.

Figure 8 showsthe Standard curve was found to
beliner from 10-160ug/ml, the good recovery indi-
cates that the good conditions for extraction and
derivatization as shownintable 1 and the good recov-
ery.

TABLE 1 showsthat the Good recovery from 93
to 97 % for three concentration. Themethod proved to
be precise in terms of both intra-day and inter-day
analyses, with coefficients of variation lessthan 10%.

The (LOD) wasestimated with decreasing the con-
centrationsasshown infigure8were 10ug/ml.
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