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ABSTRACT

Based on reversed phase high performance liquid
chromatography with gradient elution and diode-array detection
(HPLC-DAD) a specific and sensitive assay for the quantitation of
diacetylmorphine (heroin, DAM) and its primary and secondary
metabolites 6-acetylmorphine, morphine, morphine-3-β-D-
glucuronide, morphine-6-β-D-glucuronide and nor-morphine in
plasma was developed.  Confirmation of the peak assignment was
performed by atmospheric pressure ionization-mass spectrometry
(API-MS).  Plasma samples were extracted on C18 ODS-2
columns using an automated solid-phase extraction (SPE) unit.
The recovery was between 45 and 68%.
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The quantitation limit of DAM and its metabolites was 50 and
10 ng/mL, respectively.  The inter-day precision was in the range
of 4.0 to 17.6%.   The described method was applied for
pharmacokinetic studies which were part of the evaluation and
validation of DAM preparations used within a heroin-assisted
treatment program for dependent drug users.

INTRODUCTION

In 1994 the Swiss Federal Office for Public Health (SOPH) initiated
heroin-assisted treatment programs for dependent drug users, i.e. the medical
prescription of diacetylmorphine (heroin, DAM) to heavy heroin addicts under
strictly controlled clinical conditions.  Supporting pharmaceutical research was
mainly focussed on the pharmacokinetic and pharmacodynamic evaluation and
validation of different application forms (intravenous, rectal, oral, pulmonal) of
high-dosed DAM.  The HPLC-DAD method used at the beginning of the project
for plasma profiling showed limited specificity and sensitivity, was sensitive to
matrix interferences, and not suited for mass analysis.1  Other HPLC methods,
basing on fluorimetric,2-5 electrochemical,6-8 ultraviolet,9,10 or diode-array
detection11,12 or combination of these techniques,13-16 were developed only for the
analysis of morphine (M) and its pharmacologically active metabolites
morphine-3-β-D-glucuronide (M3G) and morphine-6-β-D-glucuronide (M6G).
Recently, HPLC-MS with electrospray,17,18 atmospheric pressure (API),17,19 or
atmospheric pressure chemical ionization (APCI)17,20 interfaces has been
introduced for opiate plasma analysis.  The aim of the present work was to
establish a highly specific HPLC-DAD-MS method with automated sample
preparation which should allow the quantitative serial monitoring of the
complex metabolic pattern of DAM in plasma including 6-acetylmorphine
(6AM), (M), M3G, M6G and normorphine (NM).

EXPERIMENTAL

Chemicals and Standards

Ethylmorphine hydrochloride (EM, IS; Merck, Basel, Switzerland); DAM
(Sanofi Chimie, Gentilly Cedex, France) and M (Hänseler, Basel, Switzerland),
both provided as hydrochloride; 6AM and NM, both synthesized as
hydrochloride at the Institute of Pharmacy, University of Bern, Switzerland;
M3G (Sigma, Buchs, Switzerland); M6G (Lipomed, Arlesheim, Switzerland).
The identity and purity of all substances were checked by HPLC-DAD and/or
GC-MS.  All other chemicals and reagents were of analytical grade or HPLC
quality and supplied by Merck (Basel, Switzerland).
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Instrumentation

The HPLC system consisted of a Hewlett-Packard (HP) 1090 Series II
liquid chromatograph (Hewlett-Packard, Waldbronn, Germany), a HP 1090L
autosampler, a HP 1040M diode-array detector, and a 3DChemstation (Revision
A.02.05).  For validation of the HPLC-DAD procedure a Hewlett-Packard (HP)
1100 Series LC/MSD system (Hewlett-Packard, Waldbronn, Germany) with 3D
ChemStation Rev. A.05.01 Software (1997, Windows NT) was used.

An ASPEC (Automatic Sample Preparation with Extraction Columns)
system equipped with a Dilutor 401 (Gilson, Villiers Le Bel, France) was used
for the automated solid phase extraction (SPE) of plasma samples.

Chromatographic Conditions

The separation of the plasma extracts was performed at 45°C on a 125 x 2
mm i.d. column and a 8 x 3 mm i.d. precolumn, both packed with Nucleosil-120
C-8 and a particle size of 3 µm (Macherey-Nagel, Oensingen, Switzerland) by
the following multi-step gradient: 0-1 min, 3.5% B, isocratic; 1-3 min, 3.5-13%
B, linear; 3-4 min, 13-15% B, linear; 4-20 min, 15% B, isocratic; 20-21 min, 15-
100% B, linear; 21-24 min, 100% B, isocratic; 24-25 min, 100-3.5% B, linear.
A: bidistilled water, containing 0.05% (v/v) trifluoro acetic acid (TFA), B:
acetonitrile, containing 0.05% (v/v) TFA.

The reconditioning time was 15 min. The flow rate was set at 330 µL/min.
Detection and quantitation were at 210 nm.  Online DAD spectra were recorded
from 192 to 350 nm and used for peak purity checks.  Peak assignment was
achieved by library match of the recorded UV spectra and by recording the
molecular masses m/z 272 for [NM+-H]; m/z 462 for [M3G+-H] and [M6G+-H];
m/z 286 for [M+-H]; m/z 328 for [6AM+-H]; m/z 314 for [EM+-H] and m/z 370
for [DAM+-H].

Calibration

The quantitation of DAM and its metabolites was performed on the basis
of peak areas using the internal standard method.  Data for the calibration graphs
were recorded with aqueous solutions of pure standards at known
concentrations.  Each calibration graph was calculated by linear regression
analysis from triplicate determinations at the low, medium, and high
concentration level of 10, 100, and 1000 ng/mL, respectively.  To match the
levels found in real samples the additional calibrators 500 (NM), 3000 (M6G,
M), 4000 (DAM), 6000 (M3G), and 7000 ng/mL (6AM) were used.
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Figure 1. HPLC-DAD profiles of blank (----) and spiked plasma (-). Legend: (1) M3G;
(2) NM; (3) M6G; (4) M; (5) 6AM; (6) IS; (7) DAM.

Extraction Procedure

The extraction of plasma samples was performed on C-18 ec, 3 mL, 500
mg SPE columns (Macherey-Nagel, Oensingen, Switzerland) by using a robot
system.  Conditioning was by 10 mL of methanol, followed by 5 mL of
acetonitrile - 0.01  M  phosphate   buffer  (pH  2.1)   40:60  (v/v)  and  10  mL      of
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Figure 2. HPLC-DAD-API-MS plasma profile 6 min after the intravenous injection of
200 mg DAM. Legend: see Fig. 1.

bidistilled water.  To 1.5 mL of plasma, 4.5 mL of a 0.5 M carbonate buffer (pH
9.3) and 150 µL of the IS solution (0.001% EM in water) were added and
vortexed for 10 sec.  4.1 mL (aliquot of 1 mL plasma) of this solution was
applied on the SPE column.  Washing was done by 20 mL of 0.005 M carbonate
buffer  (pH 9.3)  followed   by  0.5  mL of   bidistilled  water   and  0.35  mL          of
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Table 1

Validation Data

Inter-Day Precision Limit of
Recovery (RSD, %, n=6) Quantitation

Analyte (%, n=6) at 100/1000/* ng/mL (ng/mL)

DAM 44.8 16.5/14.3/12.2 50
6AM 59.2 6.3/7.7/10.1 10

M 66.5 14.8/7.4/4.0 10
NM 63.8 17.6/10.1/12.8 10
M6G 50.1 12.0/11.8/12.8 10
M3G 53.5 9.2/10.5/4.9 10

IS 67.7 ------ 10
__________________
* 4000 (DAM), 7000 (6AM), 3000 (M, M6G), 500 (NM), 6000 (M3G)
ng/mL.

acetonitrile-0.01 M phosphate buffer (pH 2.1) 40:60 (v/v).  Elution of the
analytes was by two portions of 0.6 mL of acetonitrile-0.01 M phosphate buffer
(pH 2.1) 40:60 (v/v).  The eluate was evaporated to dryness under nitrogen,
reconstituted in 100 µL of bidistilled water and a 10 µL-aliquot injected into the
HPLC-DAD.

Precision

For every concentration level six blank plasma samples were spiked with
the analytes.  These samples were then extracted as described above and
analyzed at different days within a month using the present method.

Sample Collection

Blood specimens (9 mL) from 5 participants of the SOPH heroin-assisted
treatment programs were obtained through a peripheral vein catheter and
collected in heparinized tubes.  Samples were drawn 10 min before (baseline)
and 1, 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60, and 120 min after the intravenous
injection of 200 mg DAM.

After centrifugation (2500 g, 10 min) the plasma samples were stored at
-25°C in two polypropylene tubes containing sodium fluoride (20 mg/mL
plasma).
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Figure 3. Plasma  concentration-time  profiles  of  DAM  (mean ± SD,  n = 5, 200 mg
DAM i. v.).

RESULTS

Sample Preparation

Figure 1 shows that with reasonable recoveries of the analytes (Table 1)
most of the plasma matrix can be eliminated by extraction on reversed phase
SPE columns.  The robotic SPE workstation allows automated conditioning,
washing, and elution and is, with a capacity of 35 samples per 24 h, suited for
serial analysis.  To prevent in vitro enzymatic desacetylation of DAM and 6AM
sodium fluoride is added as soon as possible to the collected plasma specimens.
At -20°C the plasma samples and extracts are stable for several months.

HPLC System

HPLC procedures based on C18 reversed phase materials with o-phosphoric
acid, acetonitrile, and hexylamine as mobile phase have shown good selectivity
and reproducibility for the determination of basic compounds differing strongly
in their physicochemical characteristics.  They are routinely used in our lab for
the analysis of psychoactive compounds in pharmaceutical preparations21 and
biological  matrices  (body fluids,  plant  materials).22-27   However,  this  type     of
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Figure 4. Plasma  concentration-time  profiles  of  6AM  (mean ± SD,  n = 5, 200 mg
DAM i. v.).

mobile phase is not compatible with particle beam (PB) or atmospheric pressure
(API) HPLC-MS interfaces.  Therefore a new chromatographic system had to be
evaluated.  Experiments with C8 reversed phase materials and water-acetonitrile
mixtures containing 0.01% (v/v) TFA showed a good resolution and a nice
separation of the analytes of interest (Figure 1 and 2).  Peak assignment was
achieved using the retention time of standards, the corresponding DAD-UV
spectra and the MS of the protonated compounds.  The low UV cut-off of the
mobile phase allowed the detection at 210 nm where most of the opiates exhibit
a UV maximum.  Calibration curves were linear in the range of 10 to 6000
ng/mL, and the regression equation showed correlation coefficients r ≥ 0.999.
The inter-day reproducibility was in the range of 4.0 to 17.6%.  At a signal-to-
noise ratio between 4.5 (DAM) and 15 (M, M3G) the limits of detection and
quantitation were 50 ng/mL for DAM and 10 ng/mL for the metabolites.  The
validation data are summarized in Table 1.

Pharmacokinetic Application

The described method is extensively used for pharmacokinetic studies in
heroin addicts participating in the SFOPH heroin-assisted treatment programs.
Plasma-concentration time curves (mean ± S.D.) of DAM and its active
metabolites  6AM,   M   and  M6G   (M3G  not   shown)  after   the     intravenous
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Figure 5. Plasma  concentration-time  profiles   of   M  (mean ± SD,  n = 5,  200 mg
DAM i. v.).

administration of 200 mg DAM to 5 subjects are shown in Figure 3-6.  The
interindividually very variable peak plasma levels of DAM (Cmax 3380 ± 2737
ng/mL) and 6AM (Cmax 2670 ± 1309 ng/mL) appeared already 2.5 ± 1.5 min and
2.5 ± 1.6 min after injection, respectively.  This demonstrates the extremely
rapid desacetylation of DAM (t1/2β 2.3 ± 0.3 min).  6AM was eliminated from the
plasma within 60-125 min (DAM (t1/2β 23.4 ± 13.4 min) by metabolization to M.
The highest concentrations (Cmax 447 ± 79.5 ng/mL) of M were measured 7.0 ±
7.6 min after injection, decreasing to about 50% within 150 min.

By glucuronidation M was further metabolized to M6G and M3G, the
dominating metabolite of DAM in plasma.  Characteristic for M glucuronides
was the slowly dropping curve of M6G after reaching the maximum plasma
levels of 751 ± 168 ng/mL at 64.5 ± 31.0 min.  NM could not be detected.  We
assume, that as like M, this minor metabolite is present mainly in the form of
glucuronides.

DISCUSSION

The efficiency of the described HPLC-DAD procedure combined with
automated sample preparation has been proven by the successful
pharmacokinetic   profiling  of  DAM and  its polar and  nonpolar metabolites         in
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Figure 6. Plasma  concentration-time  profiles  of  M6G  (mean ± SD,  n = 5, 200 mg
DAM i. v.).

hundreds of plasma samples.  As with 200 mg, very high intravenous DAM
doses were administered and the sensitivity of DAD was, by far, sufficient for
quantitation.  After method development and validation the routine use of the
costly MS detection in addition to DAD was no longer necessary.  A check of
the HPLC-DAD runs by HPLC-MS was later only required in rare cases of
matrix interferences resulting in uncertain peak assignment.

ACKNOWLEDGMENT

This work was supported by the Swiss Federal Office for Public Health
(grant no. 316.94.8051).

REFERENCES

1.  D. Bourquin, T. Lehmann, R. Hämmig, M. Bührer, R. Brenneisen, J.
Chromatogr. B, 694, 233-238 (1997).

2.  R. F. Venn, A. Michalkiewicz, J. Chromatogr., 525, 379-398 (1990).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

DIACETYLMORPHINE AND ITS METABOLITES IN PLASMA 2673

3.  P. A. Glare, T. D. Walsh, C. E. Pippenger, Ther. Drug Monit., 13, 226-232
(1991).

4.  R. Hartley, M. Green, M. Quinn, M. I. Levene, Biomed. Chromatogr., 7, 34-
37 (1993).

5.  J. Huwyler, S. Rufer, E. Küsters, J. Drewe, J. Chromatogr. B, 674, 57-63
(1995).

6.  J. L. Mason, S. P. Ashmore, A. R. Aitkenhead, J. Chromatogr., 570, 191-197
(1991).

7.  A. W. E. Wright, J. A. Watt, M. Kennedy, T. Cramond, M. T. Smith, Ther.
Drug Monit., 16, 200-208 (1994).

8.  P. P. Rop, F. Grimaldi, J. Burle, M. N. De Saint Leger, A. Viala, J.
Chromatogr. B, 661, 245-253 (1994).

9.  R. W. Milne, R. L. Nation, G. D. Reynolds, A. A. Somogyi, J. T. van
Crugten, J. Chromatogr., 565, 457-464 (1991).

10. L. J. Murphey, G. D. Olsen, J. Liq. Chromatogr., 16, 2545-2561 (1993).

11. J. O. Svensson, A. Rane, J. Säwe, F. Sjöqvist, J. Chromatogr., 230, 427-432
(1982).

12. D. Wielbo, R. Bhat, G. Chari, D. Vidyasagar, R. I. Tebbett, A. Gulati, J.
Chromatogr. B, 615, 164-168 (1993).

13. S. P. Joel, R. J. Osborne, M. L. Slevin, J. Chromatogr., 430, 394-399 (1988).

14. M. Pawula, D. A. Barrett, P. N. Shaw, J. Pharm. Biomed. Anal., 11, 401-406
(1993).

15. Y. Rothsteyn, B. Weingarten, Ther. Drug Monit., 18, 179-188 (1996).

16. J. O. Svensson, J. Chromatogr., 375, 174-178 (1986).

17. H. H. Maurer, J. Chromatogr., 713, 3-25 (1998).

18. R. Pacifici, S. Pichini, I. Altieri, A. Caronna, A. R. Passa, P. Zuccaro, J.
Chromatogr. B, 664, 329-334 (1995).

19. P. Zuccaro, R. Ricciarello, S. Pichini, R. Pacifici, I. Altieri, M. Pellegrini, G.
D’Ascenzo, J. Anal. Toxicol., 21, 268-277 (1997).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

2674 BOURQUIN ET AL.

20. M. J. Bogusz, R.-D. Maier, S. Driessen, J. Anal. Toxicol., 21, 346-355
(1997).

21. H. J. Helmlin, D. Bourquin, M. de Bernardini, R. Brenneisen, Pharm. Acta
Helv., 64, 178-182 (1989).

22. D. Bourquin, R. Brenneisen, Proceedings of the 41th AAFS Meeting, Las
Vegas, American Academy of Forensic Sciences (AAFS), Colorado
Springs, 1989, p. 143.

23. R. Brenneisen, K. Mathys, S. Geisshüsler, H. U. Fisch, U. Koelbing, P.
Kalix, J. Liq. Chromatogr., 14, 271-286 (1991).

24. K. Mathys, R. Brenneisen, J. Chromatogr., 593, 79-85 (1992).

25. H. J. Helmlin, R. Brenneisen, J. Chromatogr., 593, 87-94 (1992).

26. H. J. Helmlin, D. Bourquin, R. Brenneisen, J. Chromatogr., 623, 381-385
(1992).

27. H. J. Helmlin, K. Bracher, D. Bourquin, J. Styk, D. Vonlanthen, R.
Brenneisen, J. Anal. Toxicol., 20, 432-440 (1996).

Received April 5, 1999
Accepted April 19, 1999
Manuscript 5026

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081JLC100102050

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=JLC&title=DIACETYLMORPHINE+AND+ITS+METABOLITES+IN+PLASMA+BY+HPLC+WITH+DIODE-ARRAY+AND+ATMOSPHERIC+PRESSURE+IONIZATION+MASS+SPECTROMETRIC+DETECTION&offerIDValue=18&volumeNum=22&startPage=2663&isn=1082-6076&chapterNum=&publicationDate=10%2F05%2F1999&endPage=2674&contentID=10.1081%2FJLC-100102050&issueNum=17&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A40%3A08&publisherName=dekker&orderBeanReset=true&author=Daniel+Bourquin%2C+Petra+Bundeli%2C+Thomas+Lehmann%2C+Rudolf+Brenneisen&mac=00SSf1VA4vaOEtYBJqvoSQ--

