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ABSTRACT

The detection and quantitation of drugs of abuse in urine is of growing
interest in forensic and clinical toxicology. With the devel opment of highly
sensitive chromatographic methods, such as gas chromatography—mass
spectrometry (GC-MS), more and more substances can be determined in
urine. Thisreview includes method for the determination of the morphinein
biological samples, where morphine obtained by acidic hydrolysis from
urine samples was extracted using mixture of solvents followed by
trimethylsilylation. The derivatized extract was submitted to GC/M S analy-
sis of EI-SIM mode. Different factors were studied to five the optimum
condition for determination as pH, temperature, solvent of extraction and
time hydrolysis. Thecalibration curvesof morphine derivatized (MOR-TMS)
in urine sampleswerelinear in the concentration range from 5 to 100 ng/ml.
Thelimit of quantitation was 5 ng/ml. With measuring the optimum makes
this method is high sensitive to morphine and become good confirmatory
method for determination of morphinein urine.
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INTRODUCTION

Morphineisan alkaloid molecule, aterm given
to natural occurring nitrogen containing basesfound
mainly in plants. It isone of twenty-four such alka-
loidsfound within theresin of the opium poppy plant
— Papaver somniferum and it usually comprises 10%
of all opium extract. Designated with the chemical
formula C,H,,NO,,HCI,3H,O, morphine exists
mainly asabitter, white crystalline compound, one
that iswater insoluble. It has appeared and contin-
uesto appear in avariety of other forms, however,
including, but not limited to: pharmaceutical con-

coctions (i.e. Patent medicines), morphine acetate
(salt), morphine hydrochloride (salt), and morphine
sulfate (salt)™.

Morphineistheprincipleakaoid of opium, rang-
ingin concentrationfrom 4-21%, theusua rangebeing

e HCI, 3H,0

Figurel: Chemical structureof morphine
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8-14%. Licitly produced raw opium, know asIndian
Opium, contain not lessthan 9.5% morphine, cal cu-
lated as anhydrous morphine. (See Figure 1 for the
chemical structuresof related to morphine).

Testing for drugs of abuse is becoming more
prevaent in variousenvironmentsincluding forensics
and socid justice environmentsaswell asin sporting
events.

Morphineisamainstay in thetreatment of acute
and chronic pain. Glucuronidationisthemain route of
morphine metabolism, producing morphine-3-glucu-
ronide (M 3G) and morphine-6-glucuronide (M6G). Si-
multaneous determination of morphineconcentrations
has practical applicationin both pharmacokinetic stud-
iesand forensic assessment.

A variety of techniques have been used to quan-
tify Morphine. Immunoassaysoffer adequate sensitiv-
ity for morphinebut lack the specificity to distinguish
opiatesfromtheir corresponding glucuronides?™. Gas
chromatography mass spectrometry (GC-MS) pro-
videsthe needed sensitivity and selectivity*219 high-
performanceliquid chromatography (HPLC)**% and
HPLC/M S%-32,

This paper describesamethod to confirm and de-
termine urinary morphine; thismethod includesahy-
drolysisof conjugatesby strong acid (HCL), extrac-
tion and derivati zation of morphine.

Thehydrolysisisnecessary to freethe morphine
conjugated and this can be performed either by acidic
or enzymatic hydrolys's, acidic hydrolysisisconsdered
moreefficient and reproduciblethan acid or enzymatic
hydrolysig*!.

Theextraction procedure should be efficient and
selective. A good recovery isimportant, sincethetotal
amount of morphinepresent isvery low value. Dueto
thelow sengitivity of the mass detector to morphine,
derivatizationisusedto Sabilizeionsformedinthemass
spectrometer to favor sructurdly informativefragmen-
tation mode. So the Derivatization of morphinewith
N,O-bistrimethylsilytriflutoacetamide (BSTFA (was
needed in thismethod.

Inthismethod determined the optimum conditions
to determination of morphineby GC-MS, the pH of
extraction, solvent of extraction, timeof derivatization
and temperatureof derivatization.

Hnalytical CHEMISTRY o

EXPERIMENTAL

Chemicals

All chemicalsused through thework were of ana
lytical reagentsgrade. Thereagent included morphine
HCL (1gm/mL) wasobtained from Sigma-adrichgmbh
steinheim, germany. Stock solutionsof morphinewere
prepared in methanol (50 ug/ml) and stored at 5°C.
Thesilylation reagent BSTFA obtained from Sigma-
adrich gmbh steinheim, germany, Chloroform, Carbon
tetrachloride, Ethyl acetate, |sopropanol, Toluene, Ben-
zene, n-Hexane, Cyclohexane, Petroleum ether, Diethyl
ether and Methylenechloride (BDH), Sodium hydrox-
ide (10N) and (1N), (BDH), HCI concentrated and
(2N(, (BDH).

Urinesamples

Some precautions have been considered inurine
samples, the samplewas collected in duplicatein two
30 mL plastic bottles. Each plastic bottlewasfilled at
least 2/3full. Immediatdy after collection, thetempera:
ture (32°C- 38°C) within 4 min., pH, specific gravity
and credtininevaue of thefresh sampleswererecorded.
Urine sampleswerestored at 25 °C until theanaysis.

Instrumentation

Theanalysisof extracted morphine, the system
performed with aAgilent Technol ogies, 6890N Gas
Chromatograph (Agilent Technologies, USA) and
massdetector GCM S-5973N (Agilent Technologies,
USA), connected to adesktop computer with M SD
Chemstation D.01.00 software. The column em-
ployed Hp-5M S (30-m x 0.25-mmi.d., 0.25-pm film
thickness of 95% dimethyl-5% diphenyl polysiloxane
copolymer column) Restek, Bellefonte, PA, USA).
The carrier gasconsisted of ultra-puregrade helium
(Air Products, Parkersburg, WV, USA) at aflow
rate of 0.7 ml/min. Theinjector temperaturewasheld
at 250 °C. For MOR-TMS detection the oven
started with 50 °C to 0.5 min. and wasramped from
50t0 150°C at 25°C min and from 150 to 300 °C
at 10°C/min and hold for 5 min. to givearuntime
24.50 min., thetotal ion chromatograph of MOR-
TMSisreported in Figure 2, analysis was accom-
plished by selected ion monitoring of ions (high reso-
lution mode) between 3 and 24.50 min. at m/z =59,
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73, 124, 162, 204, 287, 342, 399, 400, 401, 402
and EMV at 1400.
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Figure2: Thetotal ion chromatogramof MOR-TM S
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Samplepreparation
Hydrolysis

Urine (10) ml was mixed with 2 ml of Concen-
trated HCL, the samplewas hydrolysed at 100°Cin
aheating unit for 30 min. with occasiond stirring. Af-
ter cooling to room temperature, 2 ml of 10N NaOH
were added and added few drops of HCL until ad-
just pH (8-9).
Effect of pH

Theeffect of pH isstudied to reach to optimum pH
for the extraction metabolite of Morphinefrom urine
sample, sotheeffect of pH wasstudy using spiked urine
with 30 ng/ml asshownin Figure3.
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Figure3: Effect of pH on extraction of mor phine.
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Extraction

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

—— Fuyl] Paper
Effect of solvent on extraction of morphine

The polarity of solvent affects on extraction effi-
ciency. Severd water immiscibleorganic solventschlo-
roform, benzene, Carbon tetrachloride, Chloroform,
Chloroform : Isopropanal (9:1), Cyclohexane, Diethyl
ether, Ethyl acetate, M ethylenechloride, n.Hexane, Pe-
troleum ether, and Toluene. Theeffect of extracting sol-
ventson extraction efficiency are represented graphi-
cdlyinFgure4.
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Figure4: Effect of solvent on extraction of mor phine.
Derivatization

Tothevia containing urineextract after complete
evaporation added 50 ul of ethyl acetate and 50 ul
BSTFA areadded, theviad whichisvortexed and heated
at 80°C for 30 min.

Effect of temperaturederivatization

The proper choiceof the Derivatization agent and
of itsoptimal amount appeared to be decisived for the
sengitivity of themethod. To establishthethermal sta-
bility of theMOR-TMS, the effect of temperature of
Derivatization on the Formation of theMOR-TM Swas
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Figure5: Effect of temperatureonformation of MOR-TM S,
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studied by measuring Conc. of theMOR-TM Sformed
at increased temperatureinterval s between 20 and 90
OC at constant timeasshownin Figure5.

Effect of timeof derivatization

Toestablishthethermd stability of theMOR-TMS,
Theeffect of timeof derivatization ontheformation of
the MOR-TM Swas studied by measuring concentra-
tion of the MOR-TM Sformed at increased timeinter-
valsbetween 5 and 40 min. at constant temp.80°C as
showninFigure®6.
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Figure6: Effect of timeon formation of MOR-TMS.

METHOD VALIDATION

Thelinearity of the method was verified using of
human urine samples spiked at ninelevels (5, 10, 20,
30, 40, 50, 60, 80, and 100 ng/ml) spiked. Theurine
sampleswere spiked with Morphinefrom astock so-
[ution 50 pg/ml), linear regression line was obtained by
plotting the peak areaversusthe MOR-TM S concen-
tration asshow in Figure 7. Coefficients of variation
(CV) forintra-day and inter-day precisionswerecal-
culated at three concentrations. Thelimit of detection
was determined by estimating the minimum concentra-
tion equivalent to, or greater than, threetimes of the
background noise. The Limit of quantificationwasde-
fined asfivestimesthe background noise.
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Figure7: Sandard curveof MOR-TMS.
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Precision and accuracy

Theintra-day precision waseva uated by replicate
anaysis(n=5) containing thefollowing concentration
of 5, 20 and 40 ng/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 amountsof MOR-TM S and thepeak areara-
tiosfor thesameanaytein the Standard preparation. It
isexpressed asarecovery percentage (Recovery %).
Valueswere processed according SFSTPrecommen-
dationg®,

TABLE 1: Recovery and precison for MOR-TM Sat three
target concentrations.

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

MOR-TMS Recovery CV Recovery cv
(ng/ml) (%) (%) (%) (%)
5.00 96 0.22 95 0.25
20.00 97 0.12 92 0.54
40.00 95 0.29 97 0.62

n = number of replicates

RESULT AND DISCUSSION

Severd seriesof experimentswere carried out for
optimization of thedifferent parameters of the proce-
duredescribed in Section 2.4. The optimum pH of ex-
traction of MorphinefromurinesamplesispH =8-9as
showninFigure3. (Chloroform: Isopropanal) (9:1) v/
v isthe best solvent to give good yield as shown in
Figure 4 and we can use another solvent like chloro-
form, Methylenechloride and Ethyl acetateif (Chloro-
form: Isopropanal) (9:1) v/v not available. Fromthe
Figure5, theoptimum temperature80°C givehighyidd
at constant time 30 min. and alsowefound 30 min. is
thegood timefor derivatization at constant temp. 80°C.
asshowninFigure6.

Figure 7 showsthe Standard curve obtained which
wasfound to beliner from 5-100 ng/ml, thegood re-
covery indicatesthat thegood conditionsfor extraction
and derivatization asshownin TABLE 1 and thegood
recovery.

TABLE 1 showsthat the Good recovery from 92
to 97 % for three concentration. The method proved to
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be precise in terms of both intra-day and inter-day

analyses, with coefficientsof variation lessthan 1%.
The(LOD) wasestimated with decreasing the con-

centrationasshowninFigure 7 was5ng/ml.
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