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Abstract

A procedure based on liquid chromatography—mass spectrometry (LC—MS) is described for determination of 6-
monoacetylmorphine, morphine, morphine-3-glucuronide, morphine-6-glucuronide, codeine, cocaine, benzoylecgonine and
cocaethylene in meconium using nalorfine as the internal standard. The analytes are initially extracted from the matrix by
methanol (6-monoacetylmorphine, morphine, codeine, cocaine, benzoylecgonine and cocaethyleneMoa@u@bnium
hydrogen carbonate buffer (morphine-3-glucuronide, morphine-6-glucuronide). Subsequently a solid-phase extraction with
Bondelut Certify columns (6-monoacetylmorphine, morphine, codeine, cocaine, benzoylecgonine and cocaethylene) or ethyl
solid-phase extraction columns (morphine-3-glucuronide, morphine-6-glucuronide) was applied. Chromatography was
performed on a ¢ reversed-phase column using a gradient of acetic acid 1%—acetonitrile as a mobile phase. Analytes were
determined in LC-MS single ion monitoring mode with atmospheric pressure ionisation-electrospray (ESI) interface. The
method was validated in the range 0.005-1.@0 g using 1 g of meconium per assay and applied to analysis of meconium
in newborns to assess fetal exposure to opiates and cocaine.
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1. Introduction of newborns. Various neonatal birth defects are

thought to be related to fetal exposure to drugs,
Drug abuse during pregnancy is a major problem chemical agents and other xendhiotics

because of the associated high incidence of perinatal In utero exposure to heroin can result in a

complications and high morbidity and mortality rates fluctuating cycle of fetal intoxication and withdrawal
and neonatal abstinence syndrof@g¢ In particular
increased startle reflex, tremors, inability to self-
quiet, abnormal sleep patterns, fever and seizures
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hypertension, small head size, reduced birth weight
and fetal death4].

Accurate assessment of fetal exposure to drugs of
abuse through the objective measure of biomarkers
could be of major importance since it provides the
basis for appropriate treatment and adequate follow-
up of the newborn, which can present symptoms of
drug withdrawal. Furthermore, information regarding
the real prevalence of drugs of abuse use during
pregnancy could also be disclosed.

During the last decades, urine has been the
specimen of choice for screening drugs of abuse at
delivery [5]. However, since drugs present in the
urine reflect consumption or exposure during the
preceding 1-4 dayg8], abstinence from drug use by
the mothers for several days prior to delivery may
produce a negative resyli]. Recently, investigators
have reported the utility of meconium as a test
specimen in the screening of newborns for drug
abuse [6—8]. Meconium is the first fecal matter

passed by a neonate. Its formation starts between the

12th and 16th week of gestation and usually accumu-
lates in fetal bowel until birth and is passed by the
neonate 1-5 days after birth. For this reason,
meconium analysis extends the window of detection
of drug use to approximately the last 20 weeks of
gestation, being more informative than urine for the

nation of

drugs and metabolites found in meconium speci-

mens. However, none of these methods simultan-

eously determined opiates and cocaine, using the
same extraction and analysis procedure, nor included
the detection of morphine glucuronides.
Within the framework of a pilot study aimed at
estimating chronic fetal exposure to pharmaceuticals,

drugs of abuse and tobacco smoke in Italy and Spain,

the development of more easily used, sensitive and

specific methods for the determination of different

analytes in this biological matrix were found to be
necessary. A combined HPLC—mass spectrometric

method was the favorite choice due to its versatility,

feasibility for simultaneous determination of lipo-

philic parent drugs and hydrophilic metabolites and

because of simplified sample preparation.
The present paper describes a sensitive and selec-
tive analytical method based on HPLC-MS using
electrospray ionization detection for the determi-
6-monoacetylmorphine,  morphine,
morphine-3-glucuronide,  morphine-6-glucuronide,
codeine, cocaine, benzoylecgonine and cocaethylene
in meconium using nalorfine as the internal standard.
This analytical method meets the accepted criteria
for bioanalytical method validasgto].

detection of drug exposure in pregnariéy10]. 2. Experimental
Immunochemical assays have been described as

useful analysis methods for screening for the pres- 2.1. Solvents and chemicals

ence of opiates and cocaine in meconium specimens

[1]. On the other hand, chromatographic methods
have been applied for confirmation purposes and to
investigate the disposition of parent drugs and me-
tabolites in meconiunfl].

In particular, two assays based on high-perform-
ance liquid chromatography coupled with UV de-
tection[11,12] analyzed a limited number of analytes
(i.e. cocaine, benzoylecgonine and morphine). Other

studies suggested the use of gas chromatography—
(Palo Alto, CA, USA) and ethyl solid-phase ex-

mass spectrometry (GC-MS|13-16] or liquid
chromatography—tandem mass spectrometry (LC—
MS—MS)[17] and a broader spectrum of heroin and
cocaine metabolites was examined. The linearity of
these methods ranging between 0.005 and.#jdg

for cocaine and metabolites and between 0.005 and 2

rg/g for opiates, was adequate for concentrations of

Heroin free base, 6-monoacetylmorphine—HCI (6-
MAM), morphine—HCI, codeine—HCI, nalorphine—
HCI, cocaine—HCI, morphine-3-glucuronide (M3G),

morphine-6-glucuronide (M6G) and benzoylec-

gonine tetrahydrate (BEG) were purchased from

Salars (Como, lItaly). Cocaethylene metanolic solu-
tion (106/ml) was a gift from Professor J. Segura

(IMIM, Barcelona, Spain). Bond Elut Certify solid-
phase extraction (SPE) columns were from Varian

traction columns were from J.T. Baker (Milan,
Italy). Acetonitrile was obtained from Panreac
Quimica (Barcelona, Spain) and methyl alcohol was

obtained from Riedel-de Haen (Germany). All other

reagents were of analytical grade and from Carlo
Erba (Milan, Italy).
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2.2. Meconium samples

Meconium samples came from the Hospital del
Mar in Barcelona (the fourth largest hospital in the
city), Spain as part of the “Meconium Project”
Italian—Spanish joint study. The study protocol,
which was approved by the local ethical committee
(CEIC-IMAS) and by the Spanish Ministry of
Health, started at the beginning of 2002, and
meconium specimens from at least 1000 newborns
will be collected and analyzed. Once collected,
samples are aliquoted and stored -aR0°C until
analysis.

2.3. Instrumentation

The HPLC/MSD system consisted of an Agilent
1100 series (a G1312A binary pump, a G1322A
degasser, a ALS G1329A autosampler, a G1946D
mass spectrometry detector; all from Agilent Tech-
nologies, Palo Alto CA, USA). Masses were ac-
quired on a Agilent spectrometer equipped with an
atmospheric pressure ionisation-electrospray (ESI)
interface.

2.4. Liquid chromatography—mass spectrometry

Chromatographic separation was achieved at am-
bient temperature using a Zorbax Eclipse XDB-C
column (15x4.6 mm; Agilent Technologies, Palo
Alto, CA, USA) and linear gradient elution consist-
ing of 97% acetic acid (1% aqueous solution) and
3% acetonitrile at the start of the run, changing to
73% acetic acid (1% aqueous solution) and 27%
acetonitrile in 11 min, and returning to initial con-
ditions in 14 min. The flow-rate was 1 ml/min. All
chromatographic solvents were degassed with helium
before use. The injection volume was gDand the
column temperature was set at ‘&

The mass spectrometer was operated in positive
electrospray ionization mode and selected ion moni-
toring (SIM) acquisition mode. The following ESI
conditions were applied: drying gas (nitrogen), 13.0
I/min; nebulizer gas (nitrogen), 40 p.s.i.; gas tem-
perature, 350C; capillary voltage at 3000 V and
fragmentor (the exit end of the capillary) at 250 V
for opiates and 200 V for cocaine and metabolites.
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Qualifying ions were:m/z 328, 268 and 172 for
6-MAM; m/z 286, 227 and 209 for morphinen/z
462, 286 and 257 for M3G and MGG300, 241
and 181 for codeimz, 312, 212 and 152 for
nalorphin®yz 304, 212 and 182 for cocaine)/z
290, 190 and 168 for BEG;nazd318, 196 and

327 for cocaethylene. lon ratio acceptance criterion

was a deviatisr20% of the average of ion ratios of
all the calibrators. hfzs328 for 6-MAM, m/z
286 for morphife462 for M3G, m/z 462 for
M@® z 300 for codeinem/z 312 for nalorphine,
m/z 304 for cocainem/z 290 for BEG, andn/z 318

for cocaethylene were selected for quantification.

2.5. Preparation of calibration standards and
quality control samples

Stock standard solutions (1 mg/ml) were prepared
in methanol. Working solutions at concentrations of
10 and 1pg/ml were prepared by dilution of the
stock standards with methanol and stored-&0°C
until analysis. The internal standard (I.S.) working
solution was used at a concentration of 1§/ml.

Calibration standards containing 1, 0.5, 0.1, 0.05,
0.01, 0.0051g/g meconium were prepared daily for
each analytical batch by adding suitable amounts of
methanol working solutionsot1 g of pre-checked
drug-free meconium pool. Quality control samples of
0.85 pg/g (high control), 0.12ug/g (medium
control), 0.012ug/g (low control 1) and samples at
the limit of quantification (LOQ) of each analyte
were prepared in drug-free meconium, aliquoted and
stored at —20°C. They were included in each
analytical batch to check calibration, accuracy and
precision, and stability of samples under storage
conditions.

2.6. Sample preparation

A 1-g amount of meconium witll D® I.S.
working solution was transferred into 15-ml screw-

capped glass tubes and 4 ml of methanol were added.
The tubes were placed in a horizontal shaker for 20

min. After centrifugation at 2000 rpm for 10 min the

organic layer was transferred to another tube and the

solvent was evaporated to drynes€airgler a
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nitrogen stream. The residue was dissolved in 2 ml nabinoids (9-tetrahydrocannabinol and 11-nor-9-
0.1 M phosphate buffer, pH 6.0 and applied on a carboxy-tetrahydrocannabinol), benzodiazepines
Bond Elut Certify solid-phase extraction (SPE) (clorazepate, diazepam, lorazepam, oxazepam, al-
column, which had been preconditioned with 3 ml prazolam, triazolam), and antidepressants (imipra-
methanol, 3 ml water and 1 ml 0.M phosphate mine, desipramine, clomipramine, desmethyl-
buffer, pH 6.0. clomipramine, amitriptyline, nortriptyline, fluoxetine,

The column was washed with 3 ml water, 1 ml norfluoxetine, paroxetine) were also evaluated by
potassium acetate buffer (pH 3), 3 ml ethyl acetate: spiking 1 g of pre-checked drug-free meconium pool
hexane (1:1) and 3 ml methanol. The analytes (6- withnd of the aforementioned substances and
MAM, morphine, codeine, cocaine, benzoylecgonine carrying out the entire procedure.
and cocaethylene) were eluted with 3 ml dichloro- The potential for carry-over was investigated by
methane:isopropyl alcohol (80:20) with 2% ammo- injecting a blank meconium, with added internal
nium hydroxide. The eluent was evaporated to standard, immediately after the highest point of the
dryness under a stream of nitrogen and redissolved in calibration curve on each of the 3 days of validation
50 pl 1% acetic acid. In case of M3G and M6G, the protocol and measuring the area of eventual peaks
same portion of meconium left from methanol present at the retention times of analytes under
extraction was added with 2 ml 0.0 ammonium investigation.

hydrogen carbonate buffer, pH 9.3 and mixed in a
horizontal shaker for 20 min. After centrifugation at 2.7.2. Recovery

2000 rpm for 10 min, the buffer layer was directly Analytical recoveries were calculated by compar-
applied to ethyl solid-phase extraction columns using ing the peak areas obtained when calibration samples
a procedure described in the literatuf23]. The were analyzed by adding the reference substances
eluent was evaporated to dryness under a stream of and the internal standards in the extract from drug-
nitrogen and redissolved in 501 1% acetic acid. free meconium prior to and after the extraction
The two portions of 1% acetic acid, coming from the procedure. The recoveries were assessed at three
two different extractions, were combined and ad0-  concentration levels (1, 0.05 and 0.0p%5/g) using
volume was injected into HPLC column. four replicates at each level.
For an evaluation of the matrix effect, the peak
2.7. Method validation areas of extracted blank samples spiked with stan-
dards after the extraction procedure were compared
Prior to application to real samples, the method to the peak areas of pure diluted substances.

was tested following a 3-day validation protocol.
Selectivity, recovery, linearity, precision, accuracy, 2.7.3. Calibration and sample quantification

limits of detection and quantification were assayed. Calibration curves were tested over the quantifica-
tion limit: 1 pg/g range for all the analytes. Peak

2.7.1. SHectivity area ratios between compounds and I.S. were used

A total of 20 meconium samples from newborns, for calculations. A weighted (1/concentration) least-
whose mothers had a negative history of illicit drug square regression analysis was used (SPSS, version
exposure during pregnancy, were extracted and 9.0.2 for Windows). Five replicates of blank samples
analysed for assessment of potential interferences were used for calculating the limits of detection
from endogenous substances. The apparent response (LOD) and quantification. Standard deviation (SD)
at the retention times of the analytes under in- of the analytical background response was used to
vestigation was compared to the response of analytes determine the detection limit (LOD: 3 SD) and the
at the limit of quantification. Furthermore, potential guantification limit (LOQ: 10 SD).

interferences from principal amphetamines and re-

lated substances (amphetamine, methylamphetamine2.7.4. Precision and accuracy
3,4-methylendioxyamphetamine 3,4-methylendioxy- A total of five replicates at three different con-
methamphetamine, ephedrine, norephedrine), can- centration standards (LOQ, 0.12, anpd)/@B5
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Fig. 1. SIM chromatogram of an extract of 1 g drug-free meconium sample spiked withn.§.68VIAM, morphine, M3G, M6G, codeine,
cocaine, BEG and cocaethylene.
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Fig. 2. SIM chromatogram of an extract of 1 g drug-free meconium sample.
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added to drug-free meconium samples and extractedTable 1
as reported above were analyzed for the determi-

Recovery of analytes under investigation

287

nation of intra-assay precision and accuracy, while Compound n  Concentraton  Meanrecovery  SD
the inter-assay precision and accuracy were deter- (ng/9) (%)
mined for three independent experimental assays of 6-MAM 4 0.005 89.9 1.0
the aforementioned replicates. Inter-run precision 4 005 90.6 2.3
was expressed as the relative SD (RSD) of con- 4 1 89.5 53
centrations calculated for quality control samples. Morphine 4 0.005 83.0 18
Inter-run accuracy was expressed as the relative error 4 005 84.7 5.0
of the calculated concentrations. 4 1 835 2.8
M3G 4 0.005 71.9 9.5
2.7.5. Sability 3 2-05 77;’; fg
The effects of three freeze—thaw cycles (storage at ' '
—20°C on the compound stability in meconium M6G 4 0005 84.3 24
were evaluated by repeated analysis-3) of quality 3 2'05 398'5’ gf
control samples (0.012, 0.12, and 0.g§/g for all ' '
the analytes). The stability was expressed as a Codeine 4 0005 84.2 6.7
. . 4  0.05 83.3 6.5
percentage of the initial concentration of the analytes 4 1 83.7 16
spiked in meconium and quantified just after prepara- ,
tion. Cocaine 4 0.005 82.1 7.8
4 005 83.2 8.0
4 1 82.8 0.4
3. Results and discussion BEG : 8’825 883': 525
_ o 4 1 85.0 2.0
3.1. Mass spectra analysis and selectivity Cocaethylene 4 0.005 88.6 0.6
4 005 85.4 5.4
A representative chromatogram obtained following 4 1 88.9 1.8

the extraction of 0.05ug 6-MAM, morphine, M3G,
M6G, codeine, cocaine, BEG and cocaethylene
spiked in 1 g of drug-free meconium is shownHiy.

1.

A chromatographic run was completed in 12 min,
and initial conditions were restored in 25 min. No
additional peak due to endogenous substances that
could have interfered with the detection of com-
pounds of interest was observeHid. 2). None of
the drugs of abuse other than analytes under in-
vestigation or aforementioned medications carried
through the entire procedure interfered with the
assay. Blank samples injected after the highest point
of the calibration curve did not present any traces of
carry-over. Nonetheless, a 5-min run of methanol
was introduced between each injection of study
samples.

tigation.

3.2. Recovery

nolic and SPE extraction of meconium are presented
Tiable 1.These results suggested that there was no
relevant difference in extraction recovery at different
concentration levels for the analytes under inves-

With respect to the matrix effect, comparison
between peak areas of analytes spiked in extracted
blank meconium samples versus those for pure
diluted standards showed less than 10% analytical
signal suppression due to coeluting endogenous
substances.

3.3. Linearity and calculation of limits of detection
and quantification

Linear calibration curves were obtained for the

The recoveries (meanSD) obtained after metha-

compounds of interest with a correlation coefficient
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Table 2
Method calibration
Analyte Calibration Calibration Correlation LOD L3Q
line, slopé line, intercept coefficiehtr § (ng/9) (ng/9)
6-MAM 8.098+0.6141 0.022-0.0342 0.999:0.0010 0.0003 0.001
Morphine 10.1391.0352 0.0580.0212 0.999:0.0004 0.0012 0.004
Codeine 9.276:0.2530 0.0140.0451 0.9980.0021 0.0012 0.004
M3G 0.938+0.2147 0.016:0.0040 0.996:0.0015 0.0012 0.004
M6G 0.467+:0.0268 0.002:0.0027 0.9850.01724 0.0003 0.001
Cocaine 11.6542.1838 0.0940.1070 0.994:0.0071 0.0009 0.003
BEG 4.215-0.4164 0.006:0.0005 0.9996:0.0001 0.0012 0.004
Cocaethylene 19.2091.517 0.162:0.0519 0.9996:0.0002 0.0012 0.004
*MeantSD of three replicates.
®LOD and LOQ are calculated from SD of the blank samples (see text).
Table 3
Intra-day precision and accuracy obtained for analytes under investigation
Compound n Concentration Estimated Precision Accuracy
(rg/9) mearxSD (ug/g) (RSD) (error %)
6-MAM 5 0.001 0.000<:0.0001 11.1 10.0
5 0.12 0.112-0.008 7.3 6.6
5 0.85 0.8430.136 16.1 1.0
Morphine 5 0.004 0.00360.0004 11.1 10.0
5 0.12 0.11@:0.005 45 8.3
5 0.85 0.81@:0.095 11.7 4.7
M3G 5 0.004 0.003Z0.0003 8.1 7.5
5 0.12 0.116:0.005 43 3.3
5 0.85 0.835:0.022 2.6 17
M6G 5 0.001 0.000£0.0001 11.1 10.0
5 0.12 0.11%0.007 6.3 7.5
5 0.85 0.83%0.020 2.3 1.2
Codeine 5 0.004 0.00350.0004 11.4 125
5 0.12 0.11%0.006 5.1 25
0.85 0.843%0.021 2.4 15
Cocaine 5 0.003 0.00270.0003 11.1 10.0
5 0.12 0.11@:0.003 2.7 8.3
5 0.85 0.7550.057 7.5 11.1
BEG 5 0.004 0.00360.0005 13.8 10.0
5 0.12 0.1030.005 4.8 10.3
5 0.85 0.756:0.031 4.1 11.0
Cocaethylene 5 0.004 0.0038.0004 10.5 5.0
5 0.12 0.105:0.008 7.6 12.5
5 0.85 0.749:0.044 5.8 11.8

(r®) higher than 0.99 in all cases, and limits of 3.4. Precision and accuracy
detection and quantification were considered

adequate for the purpose of the studyalfle 2. Tables 3 and 4show the results obtained for
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Table 4
Inter-run precision and accuracy obtained for analytes under investigation
Compound n Concentration Estimated Precision Accuracy
(ng/qg) meartSD (u.g/g) (RSD) (error %)
6-MAM 15 0.001 0.0008:0.0001 11.1 10.0
15 0.12 0.108:0.007 6.4 10.0
15 0.85 0.82#0.100 12.2 3.4
Morphine 15 0.004 0.01%0.0003 2.7 8.3
15 0.12 0.109:0.005 4.6 9.2
15 0.85 0.806:0.065 8.0 5.1
M3G 15 0.004 0.00350.0003 8.5 12.5
15 0.12 0.106:0.005 4.7 11.6
15 0.85 0.825:0.022 2.6 2.9
M6G 15 0.001 0.00090.0001 11.1 10.0
15 0.12 0.10%0.007 6.5 10.8
15 0.85 0.828:0.020 2.4 2.4
Codeine 15 0.004 0.00360.0004 11.1 10.0
15 0.12 0.10%:0.005 4.8 12.5
15 0.85 0.750.103 13.5 10.7
Cocaine 15 0.003 0.00270.0002 7.4 10.3
15 0.12 0.1080.002 1.9 10.0
15 0.85 0.79%:0.051 6.4 6.5
BEG 15 0.004 0.003%0.0005 135 7.5
15 0.12 0.108:0.005 4.6 10.0
15 0.85 0.786:0.033 4.2 75
Cocaethylene 15 0.004 0.0088.0004 10.5 5.0
15 0.12 0.109:0.007 6.4 9.2
15 0.85 0.7680.036 4.6 9.6
intra-assay and inter-assay precision and accuracy in Barcelona. Up to 117 samples have been analyzec
calculations for all analytes. Precision and accuracy to date with only three providing positive results for
of analytes under investigation at reported concen- cocaine and/or opibadée (5; Fig. 3. These
trations satisfactorily met the internationally estab- preliminary findings seem to disclose a prevalence of
lished acceptance criter{d8,19].
Table 5
35 Stability Analytes concentration in meconium samples positive for cocaine
and/or opiates
With reference to freeze—thaw stability assays for Analyte Sample 063~ Sample 066 ~ Sample 088
quality control samples, no relevant degradation was (h9/9) (ng/9) (n9/9)
observed after any of the three freeze—thaw cycles, 6-MAM 0.005 0.142 0.006
with differences in the initial concentration being '\C"Oéph'”e ’5‘%15 063318 N’\'IDD
0 odeine . .
less than 10%. V3G ND 0.120 ND
o ) _ M6G ND 0.091 ND
3.6. Application to meconium sample analysis Cocaine 0.878 0.903 0.072
BEG 0.527 0.847 0.134
The method here presented is being applied to Cocaethylene  0.015 0.051 ND

meconium samples collected at the Hospital del Mar  ND, not detected.
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Fig. 3. SIM chromatogram of an extract of sample 066 containing Oulgl2y 6-MAM, 0.397 ng/g morphine, 0.12G.g/g M3G, 0.091
rg/g M6G, 0.05ug/g codeine, 0.88.g/g cocaine, 0.85.g/g BEG and 0.05.9/g cocaethylene.
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