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Abstract

A fully validated procedure for the simultaneous determination of morphine (MOR), morphine-3-glucuronide (M3G), morphine-6-
glucuronide (M6G), 6-acetylmorphine (6AM), codeine (COD), codeine-6-glucuronide (C6G), acetylcodeine (AC), noscapine (NOS) and
papaverine (PAP) based on liquid chromatography followed by electrospray mass spectrometry applying multiple reaction monitoring (LC-
ESI-MS/MS) in urine samples is described. The extraction was carried out on a Zymark Rapid Trace Workstation using C18 solid-phase
extraction cartridges. The separation was performed in 19 min on an Agilent 1100 HPLC system, using a Phenomenex C18 AQUA column
(4 pm, 150 mmx 2 mm), which is coupled with an Applied Biosystems API 2000 mass spectrometer. Deuterated analogues were used as
internal standards. The limits of detection were in the range of 0.1 ng/ml (PAP) to 7.4 ng/ml (M6G), the coefficients of correlation were
higher than 0.996, the precisions ranged from 3% to 12% and the absolute recoveries were between 45% (M3G) and 98% (MOR). Analyses
of samples from patients of a heroin prescription program demonstrated the usefulness of the procedure for the analytical differentiation
between prescribed synthetic heroin (diamorphine) use and non-prescription heroin abuse on the basis of urine analysis. After the ingestion of
pharmaceutical heroin only general markers for heroin use were detected, which are MOR, M3G, M6G and 6AM, respectively. When illicit
heroin was abused, additionally to further general markers (COD, C6G) specific markers for non-prescription heroin abuse (AC, NOS, PAP)
were found. However, it must be kept in mind that only AC may be regarded as absolute specific marker of non-prescription heroin, because
all other compounds may appear in urine after ingestion of opiate alkaloids containing medicines or foods (e.g. poppy seeds). Therefore,
patients of a heroin prescription program should be advised not to ingest such products.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cal differentiation between prescribed pharmaceutical heroin
use and non-prescription heroin abuse on the basis of urine
Heroin abuse isawidespread problem in society, presentinanalysis.
diverse cultures and with extensive communal and economic  Several reports have described the analysis of opiates in
consequences. In order to reduce illicit heroin abuse, crime, urine to confirm an illicit consumption of heroin and to dis-
infectious disease and death, substitution programs were detinguish heroin use from codeine (COD) or morphine (MOR)
veloped in several countries. A heroin prescription program use[2—4]. The use of liquid chromatography mostly coupled
for addicts, formerly known in Switzerland and Great Britain, with mass spectrometry (LC/MS) allowed the simultaneous
was introduced in Germany 1.5 years §fjoA basic require- detection of glucuronidg®—10]. However, interpretation of
ment is that patients participating in this program do not use positive results can be difficult because of the presence of
any other illicit drugs, particularly non-prescription heroin. opiate alkaloids in medicines and foods (e.g. poppy seeds)
Part of the German heroin substitution program is the analyti- [11-14] when ingestion of these products leads to excretion
of COD and MOR in urine. Also other opium alkaloids like
* Corresponding author. Tel.: +49 228 738316; fax: +49 228 738368, 0Scapine (NOS) or papaverine (PAP) were found in food
E-mail addressf.musshoff@uni-bonn.de (F. Musshoff). [15]-
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In urine 6-acetylmorphine (6AM) is a specific marker of
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2.3. Solid-phase extraction system

heroin use, and several methods for its detection have been

reported[16-19} however, the detection window for 6AM

is short (<8 h). COD and especially acetylcodeine (AC) have
been suggested as markers of illicit heroin abji2ge-23]
COD s a natural constituent of illicit heroin preparations iso-
lated from opium, which is subjected to acetylation and pu-
rification. AC content in non-prescription heroin ranged from
0.25% to 10.2%20]. Other typical alkaloids in illicit heroin

Solid-phase extraction was performed on a Rapid Trace
Workstation from Zymark GmbH (Ruesselsheim, Germany)
using Chromaborfl C18ec-SPE-columns from Macherey-
Nagel (Dueren, Germany).

2.4. Chromatographic and mass spectrometric
equipment and conditions

preparations are noscapine (NOS) (0—61%) and papaverine

(PAP) (0.1-19.7%})24,25] As the pharmaceutical mainte-

The LC-MS/MS system consisted of an Agilent (Wald-

nance heroin is pure, the presence of COD and especially ofyy.o Germany) 1100 HPLC system (binary pump, de-

AC or also of NOS or PAP in the urine of patients indicate

gasser and autosampler) coupled with an Applied Biosys-

that they may be supplementing their prescribed heroin dosesgmg (Darmstadt, Germany) API 2000 triple quadrupole mass

with non-prescription heroin.

Therefore, a fully validated procedure was developed for
the simultaneous determination of general markers of heroin
use (6AM, MOR, M3G, M6G) together with specific mark-
ers of non-prescription heroin (AC, COD, C6G, NOS, PAP).
Liquid chromatography followed by electrospray mass spec-
trometry applying multiple reaction monitoring was used
(LC-ESI-MS/MS).

2. Experimental
2.1. Chemicals

COD, MOR, 6AM, M3G, M6G and their deuterated ana-
logues were purchased from LGC Promoch¥mWesel,
Germany), AC, NOS, PAP and C6G from Lipomed AG
GmbH (Bad Saeckingen, Germany); Agwlas synthesised
by acetylation of COD-gl (using acetic anhydride/pyridine
(3:2, vlv; reagents from Sigma, Deisenhofen, Germany) and
incubation for 30 min at 80C). The concentrations in the
text given as ng/ml refer to concentration of the compounds
as base.

CertiPuf pH 9 boric acid buffer solution was provided
by Merck KgaA (Darmstadt, Germany). All chemicals were
analytical reagent grade and were used without further pu-
rification.

2.2. Standard solutions
A methanolic stock solution containing COD, C6G, MOR,

M3G, M6G, NOS and PAP and a second solution containing
6AM and AC in acetonitrile were prepared. Four concen-

spectrometer.

LC separation was performed on a Phenomenex C18
AQUA column (4pum, 150 mmx 2 mm) using mobile phase
A (water/acetonitrile 98:2, 5mM ammonium acetate) and
mobile phase B (water/acetonitrile 10:90, 5mM ammonium
acetate) in a gradient program with a flow of 200min:
0-6min: 95% A— 0% A; 6-10min: 0% A— 0% A;
10-13min: 0% A— 95% A; 13-19 min: 95% A~ 95%

A.

Turbolon Spray for ESI-MS/MS in positive ion mode used
the temperature of 38 and ionspray voltage of 5000 V. In
multiple reaction monitoring (MRM) mode following transi-
tions were monitored: ACnz 342.1— 225.2), COD (z
300.0 —» 165.0), 6AM (/z 328.1 — 164.9), MOR (z
286.1— 151.8), NOSI(Vz414.2— 220.0), PAPI(vVz340.1
— 202.0), C6G 1(Vz 476.3— 300.0), M3G (Wz 462.3—
286.0), M6G (Wz 462.2 — 286.1), AC-¢ (m/'z 344.9—
265.5), COD-d (m'z 303.1— 199.1), 6AM-¢ (m/z 331.1
— 164.9), MOR-d (m/z289.1— 151.9) M3G-d@ (m/z465.3
— 289.0). For identity confirmation besides the specific pre-
cursor ion and product ion listed above a second structural-
specific product ion was detected. For quantification, peak
area ratios of the analytes to the corresponding deuterated
standards were calculated as a function of the concentration
of the substances. For some analytes no deuterated analogues
were available, so that C6G and NOS were calculated using
COD-ds, AC-d3 was used for PAP and M3Gsdior M6G.

2.5. Sample preparation

Urine samples (stored at18°C) were thawed, a volume
of 1000l was combined with 192l pH 9 buffer solution

tration ranges, adapted to the expected concentrations in thénd spiked with 4@l of both internal standard solutions. Af-

authentic samples, with nine different standard concentra-
tions were created: 1-100 ng/ml (PAP), 5-500 ng/ml (AC,
NOS), 10-1000ng/ml (COD) and 25-2500ng/ml (C6G,
6AM, MOR, M3G, M6G).

A methanolic stock solution containing COR;MOR-
d3 and M3G-d and a solution of 6AM-g with AC-d3 were
prepared in concentrations ofuy/ml, respectively. All so-
lutions were stored at18°C.

ter mixing on a rotary shaker (vortex), the 3 ml samples were
extracted automatically in a Zymark Rapid Trace Worksta-
tion using the following protocol.

2.5.1. Column conditioning

The columns were conditioned with 2 ml methanol, fol-
lowed by 2 ml bidestilled water and 2 ml pH 9 buffer solution
at a flow rate of 1 ml/min.
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Fig. 1. (A) Chromatogram of a spiked urine sample assayed to contain following concentrations: AC 50 ng/ml, COD 500 ng/ml, 6AM 1250 ng/ml, MOR
1250 ng/ml, M3G 1250 ng/ml, M6G 1250 ng/ml, NOS 250 ng/ml, PAP 50 ng/ml, AC 50 ng/ml. (B) Chromatogram of a blank urine sample.

2.5.2. Sample extraction 2.6. Calibration curves
The samples were loaded onto the columns at a flow rate
of 1.2ml/min and washed with 2ml pH 9 buffer solution In order to improve accuracy of measurement the con-

(flow rate 6 ml/min). Afterwards the cannula was cleaned by centration ranges of each analyte were divided into two seg-
a purge of 5 ml bidistilled water at a flow rate of 30 ml/min, ments for the analysis of high and low concentrations (e.g.

and the columns were dried with air for 3 min. AC: 10-100 ng/ml urine (high) and 1-10 ng/ml urine (low)).
This procedure seemed to be superior to weighted calibration
; curves.
2.5.3. Elution

Two fractions were collected in one vial. The first fraction
was collected with 0.7 ml of methanol, the second fraction
with 0.7 ml methanol/acetic acid (9:1), both at a flow rate of
1.2 ml/min.

2.7. Method validation

The method was fully validated according to interna-
tional guidelines using the program VALISTATor statistics
[26].

2.5.4. Preparation for the HPLC-MS/MS analysis In order to evaluate method selectivity blank urine sam-

The eluates were evaporated under a stream of nitrogenples from different sources were prepared as described,
at 60°C, reconstituted in 10@l of HPLC mobile phase A but without adding any analyte or internal standard nmx (
and put into the ultrasonic bath for 5min in order to improve = 6). Furthermore blank samples were analysed to check

dissolution. the absence of analyte ions in the respective peaks of the
Table 1
Recoveries of the whole procedure with automated off-line solid-phase extraction
High concentration Low concentration
Concentration (ng/ml) Absolute recovery (%) Concentration (ng/ml) Absolute recovery (%)
AC 50 52.28+3.60 25 55.09+£17.3
COD 500 90.96:9.61 25 92.43:11.34
C6G 1250 96.4%9.21 625 80.11+10.27
6AM 1250 59.44+6.09 625 59.44+7.08
MOR 1250 98.28: 15.70 625 97.41+11.37
M3G 1250 39.75:7.58 625 45.5+5.81
M6G 1250 46.76: 6.83 625 52.78+5.48
NOS 250 84.616.64 125 70.06+3.14

PAP 50 59.75:3.31 25 50.28+1.88
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Fig. 2. Comparison of two chromatograms. (A) Urine sample extract of a patient from the heroin prescription program, who ingested synthetialjeroin. O
general markers for heroin use were detected (MOR, M3G, M6G and 6AM). (B) In contrast in an authentic urine sample extract of a forensic cadg additional
to further general markers (COD, C6G) specific markers for non-prescription heroin abuse (AC, NOS, PAP) were detected.

internal standardsn(= 2). No matrix effect was found Additionally, two quality control (QC) samples (high and
(Fig. 1B). low, Table J) were prepared and analysed in duplicate over 8
For calibration blank urine samples were spiked with an- days.
alytes in equidistant concentrations. Replicates of all stan-  For determination of analytical limits (limit of detection,
dard samples were processed as described above, checkddOD; limit of quantitation, LOQ) blank urine samples were
for outliers (Grubbs-test) and averaged= 6). Using the spiked with 10 calibration standard mixes near the expected
mean values, calibration curves were checked for varianceLOD. These samples were processed and analyzed in dupli-
homogeneity -test) and for linearity (Mandel-test). cate as described above.
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Table 2
Linear regression data at low and high concentration ranges

High concentration Low concentration

Linear range Coeffiecient of Slope Intercept Linear range Coeffiecient of Slope Intercept

(ng/ml) correlation (ng/ml) correlation.
AC 10-100 0.999 260 089 1-10 0.999 2B -7.4
COoD 100-1000 0.999 29 722 10-100 0.999 36 9.88
C6G 250-2500 0.998 .07 —0.01 25-250 0.999 092 Q017
6AM 250-2500 0.998 2 14 25-250 0.999 a7 012
MOR 250-2500 0.996 .8 0.057 25-250 0.998 .02 0088
M3G 250-2500 0.998 .7 0017 25-250 0.998 .09 00027
M6G 250-2500 0.998 .828 Qo1 25-250 0.998 61 0016
NOS 50-500 0.999 a1 098 5-50 0.999 31 1147
PAP 10-100 0.998 51 06 1-10 0.998 8 002

Analytical recoveries were calculated on each analyte by rated chromatographically but could easily be differentiated
comparing the absolute peak-area ratios of the two differ- by different MRM-fragmentations. Chromatograms of blank
ent QC standard solution and the corresponding QC sampleurine samples gave no interferenégg 1B). Additionally,
replicates i = 6). blank urine samples combined with internal standard solu-

To evaluate freeze/thaw stability a standard of medium tions showed the absence of analyte ions in the respective
concentration rf = 6) was analyzed before and after two peaks. Cross interference between different analytes (e.g.
freeze/thaw cycles. For each freeze/thaw cycle, the samplesMOR and 6AM because of detoriation of 6AM) have not
were frozen at-18°C for 21 h, thawed, and kept at ambient been detected.
temperature for 3 h. Freeze/thaw cycles were repeated after
4,7,14, 28, 56 and 84 days. 3.2.2. Calibration

Theresulting calibration curves were divided into two con-
centration ranges (high and low). All coefficients of correla-
3. Results tion were higher than 0.99@4ble 2.

3.1. Solid-phase extraction -
d-phase ex I 3.2.3. Precisions and accuracy

The application of an automated off-line solid-phase ex- ~ Respectively, two QC samples were analysed in duplicate
traction system revealed satisfactory results. Absolute extrac-OVer 8 days to determine precision and accurdaple 3.
tion recoveries of the whole method ranged from 45% (M3G) |ntraday precision ranged from 4% (COD) to 12% (6AM),
to 98% (MOR), only M3G and M6G had recoveries lower interday precision from 5% (AC) to 12% (6AM) and accu-
than 50% Table 3. Using an automated system human, er- 'acy from 1% (6AM) to 11% (M6G). With a significance of

rors concerning the performance could be minimized. 95% and a results’ uncertainty of 33% the LODs and LOQs
were calculated and LODs ranged from 0.1 ng/ml (PAP) to

3.2. Method validation 7.4 ng/ml (M6G), LOQs from 0.33 ng/ml (PAP) to 26.1 ng/ml
(M6G).

3.2.1. Selectivity

A chromatographic run was performed in 19 min, includ- 3.2.4. Stability
ing 6 min of conditioning the LC column. I&ig. 1 chro- Concentration variations after freeze/thaw cycles were 8%
matogram A shows the separation of all nine analytes. M6G for AC and 9% for 6AM, for the other compounds variations
and C6G as well as 6AM and COD could not be sepa- were all smaller than 10%.

Table 3
Precision, accuracy and analytical limits
Concentration (ng/ml) Intraday precision (%) Interday precision (%) Accuracy (%) Limits (ng/ml)
High Low High Low High Low High Low LOD LOQ
AC 50 25 4.67 7.38 467 823 -8.95 59 0.35 116
COD 500 25 Ce] 7.01 554 701 -3.27 623 174 55
C6G 1250 65 8.77 6.65 1015 7.36 -8.23 205 304 10
6AM 1250 625 1165 657 1165 1057 142 -1071 283 986
MOR 1250 625 6.27 843 649 843 -3.05 -25 34 1238
M3G 1250 625 7.52 807 752 807 437 —8.46 5 1782
M6G 1250 625 5.57 635 1019 563 1146 809 74 261
NOS 250 15 6.57 741 7.56 101 107 515 048 156

PAP 50 25 6.96 647 833 636 356 437 01 0.33
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3.2.5. Applicability References
The applicability of the method was proven by analyses
of urine samples from patients of a heroin prescription pro- [1] http://www.heroinstudie.de
gram as well as from users of illicit non-prescription heroin. [21 B.D- Paul, L.D. Mell, J.M. Mitchell, J. Irving, A.J. Novak, J. Anal.
In Fig. 2a comparison of two chromatograms is given. Chro- Toxicol. 9 (1985) 222. . :
. . [3] E.J. Cone, P. Welch, B.D. Paul, J.M. Mitchell, J. Anal. Toxicol. 15
matogram Awas achieved from a urine sample extractofapa- = (1991) 161.
tient from the heroin substitution program, who ingested syn- [4] E.J. Cone, W.D. Darwin, J. Chromatogr. 580 (1992) 43.
thetic heroin. Only general markers for heroin use were de- [5] R. Pacifici, S. Pichini, I. Altieri, A. Caronna, A.R. Passa, P. Zuccaro,
tected, which are MOR, M3G, M6G and 6AM, respectively. J. Chromatogr. B 664 (1995) 329.

. . [6] N. Tyrefors, B. Hyllbant, L. Ekman, M. Johansson, B. Langsir
No COD, C6G, AC, PAP or NOS were found in this sample. J. Chromatogr. A 729 (1996) 279.

In contrast in ChromatOQram B__a_m authentic urine sample (7] m.J. Bogusz, R.D. Maier, M. Erkens, S. Driessen, J. Chromatogr. B
extract of a forensic case—additionally to further general Biomed. Sci. Appl. 703 (1997) 115.
markers (COD, C6G) specific markers for non-prescription [8] M.J. Bogusz, R.D. Maier, S. Driessen, J. Anal. Toxicol. 21 (1997)
heroin abuse (AC, NOS, PAP) were detected. These findings . 346 - o L
demonstrate the usefulness of the procedure for the analvti- [9] P. Zuccaro, R. Ricciarello, S. Pichini, R. Pacifici, I. Altieri, M. Pel-
; o . p ) y legrini, G. D’Ascenzo, J. Anal. Toxicol. 21 (1997) 268.
cal differentiation be_tw_een pregcrlbed pharmaceutu_:al herqm[lo] A. Dienes-Nagy, L. Rivier, C. Giroud, M. Augsburger, P. Mangin,
use and non-prescription heroin abuse on the basis of urine  J. Chromatogr. A 854 (1999) 109.
examination. [11] C.M. Selavka, J. Forensic Sci. 36 (1991) 685.
[12] D.S. Lo, T.H. Chua, Med. Sci. Law 32 (1992) 296.
[13] K.D. Meneely, J. Forensic Sci. 37 (1992) 1158.
[14] C. Meadway, S. George, R. Braithwaite, Forensic Sci. Int. 96 (1998)
29.
) ) ) [15] B.S. Paul, C. Dreka, E.S. Knight, M.L. Smith, Planta Med. 62 (1996)
The described procedure permit the simultaneous deter- 544,
mination of 9 substances, which are considered as generall6] J. Fehn, G. Megges, J. Anal. Toxicol. 9 (1985) 134.
markers of heroin use or rather as specific markers of non-[171 L.J. Bowie, P.P. Kirkpatrick, J. Anal. Toxicol. 13 (1989) 326.

.. i . . . [18] E.J. Cone, P. Welch, J.M. Mitchell, B.D. Paul, J. Anal. Toxicol. 15
prescription heroin us0-23] Satisfactory validation data (1991) 1.

Wer_e .a_Chieved for SeleCti\_/itYa linearity, recovery _and r_epro- [19] M. von Euler, T. Villen, J.0. Svensson, L. Stahle, Ther. Drug Monit.
ducibility. The procedure is useful for the analytical differ- 25 (2003) 645.
entiation between prescribed pharmaceutical heroin use and20] C.L. O'Neal, A. Poklis, Forensic Sci. Int. 95 (1998) 1.
non-prescription heroin abuse on the basis of urine exami-[21] M-J. Bogusz, R.D. Maier, M. Erkens, U. Kohls, J. Anal. Toxicol. 25
nation. However, it must be kept in mind that only AC ma: (2001) 431.

- , P y N3Y  [22] C. Staub, M. Marset, A. Mino, P. Mangin, Clin. Chem. 47 (2001)
be regarded as absolute specific marker of non-prescription ~ 391
heroin. All other compounds may appear in urine after inges- [23] R. Brenneisen, F. Hasler, D. Wursch, J. Anal. Toxicol. 26 (2002)
tion of morphine or codeine containing medicines or other 561. o
sources of opium alkaloids (e.g. poppy seeds). Therefore,[24] E. Kaa, Forensic Sci. Int. 64 (1994) 171.

tients of a h . bstituti hould be advi d[25] S. Klemenc, Forensic Sci. Int. 108 (2000) 45.

patien _S Of a heroin substitution pr(_)g_ram s O_U_ € advise [26] G. Schmitt, M. Herbold, F. Peters, Methodenvalidierung im
not to ingest any MOR/COD containing medicines and not forensisch-toxikologischen Labor, ARVECON GmbH, Walldorf,

to consume foods containing poppy seeds. Germany, 2003.

4. Discussion


http://www.heroinstudie.de/

	Validated assay for the determination of markers of illicit heroin in urine samples for the control of patients in a heroin prescription program
	Introduction
	Experimental
	Chemicals
	Standard solutions
	Solid-phase extraction system
	Chromatographic and mass spectrometric equipment and conditions
	Sample preparation
	Column conditioning
	Sample extraction
	Elution
	Preparation for the HPLC-MS/MS analysis

	Calibration curves
	Method validation

	Results
	Solid-phase extraction
	Method validation
	Selectivity
	Calibration
	Precisions and accuracy
	Stability
	Applicability


	Discussion
	References


