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W. Van Thuyne, P. Van Eenoo, The deconvolution reporting software (DRS) combines quantitation and identification
W. Van Gansbeke, and F. T. Delbeke based upon self-created libraries and the NIST library. This study shows that the DRS
Doping Control Laboratory software can be implemented in routine doping control and is very reliable. For the
Ghent University — UGent review of full scan data, it was found that one reviewer and DRS can replace the cur-
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Introduction

Several screening methods currently used in doping control
rely on GC-MS. Using this technique, stimulants, anabolic
androgenic steroids, aromatase inhibitors, narcotics, and
other substances can be detected in the urine of athletes [1,
2]. Except for anabolic steroids, which have to be detected at
a minimum required performance level (MIRPL) of 10 ng/mL
according to the World Anti-Doping Agency (WADA) guide-
lines, these substances can be detected using the GC-MS
instrument in the full-scan mode.

At present the GC-MS data generated is interpreted by two
independent reviewers by looking at two ion traces of diag-
nostic ions in a retention time window typical for the compo-
nent. In case of a suspicious sample, the full-scan spectrum
aids in the decision to start a confirmation procedure. This
process is time consuming and requires trained and concen-
trated staff to avoid reporting a false negative result.

The deconvolution reporting software (DRS), introduced in
2004, is a tool to produce an easy-to-read report based upon
four different aspects. These are retention time, mass selec-
tive detector (MSD) ChemStation software, an automated
mass spectral deconvolution and identification system
(AMDIS), and the National Institute of Standards and
Technology (NIST) library.

The goal of this study was to evaluate the possibilities of DRS
in routine screening methods in doping control by implement-
ing it in the GC-MS screening method for narcotics and
stimulants.

Materials and Methods

All urine samples were extracted according to the procedure
previously described by Van Thuyne et al. [2]. Analysis was
carried out on an Agilent 5973 MSD directly coupled to an
Agilent 6890 GC. Interpretation of the results was performed
by two scientists, after which each sample was processed
using the DRS present in the MSD ChemStation software
(Revision D.03.00).

The sensitivity of the DRS software was examined by spiking
nine different components to negative urine in the range

10 to 500 ng/mL. These substances were: mephentermine,
amphetamine, methoxyphenamine, crotethamide, benzylpiper-
azine, MDEA, methylphenidate, pipradrol, morphine, and
fenethylline.

Afterward, 1,366 routine samples were interpreted by both
operators, followed by the DRS software.

Results and Discussion

The goal of deconvolution is to extract one signal from a com-
plex mixture. In this way, the mass spectrum of coeluting
peaks can be purified, allowing a better identification and
confirmation of its structure. The tool to perform this process
in the DRS software is AMDIS. AMDIS works by grouping all
extracted ions having the same peak apex and a similar rise
and fall of the ion trace. AMDIS has no correlation with peak
integration.

In order to use the DRS software, several steps have to be
taken. The first one is to develop or reform an existing GC
method to a retention time-locked method. As the identifica-
tion is based upon both retention time and mass spectral cri-
teria, it is of utmost importance to keep the retention times
constant. After locking the GC method, a library has to be cre-
ated and calibrated (that is, adding retention time data). The
development of the library is done by injecting one or more
reference mixtures and can be performed in two different
ways. The first one relies on the MSD ChemStation software.
Using this procedure, all information present in the spectrum
of the component is stored in the library. The second way is
to use the deconvoluted spectra obtained by AMDIS to create
a library. Both methods have their advantages. Using the
ChemStation software is much faster than using AMDIS.
However, using this approach, all monitored ions, including
those that are part of the background, are present in the refer-
ence spectrum. Using the deconvoluted spectrum results in a
limited number of ions, which can be attributed with a cer-
tainty of 100 percent to the reference component, which are
then transferred in the library. Using amphetamine as an
example, 333 different m/z values were entered in the library
using the ChemStation software, while this number was
restricted to 12 ions using the AMDIS approach. As a result,
analysis of a spiked sample with MDA (500 ng/mL) results in
a match factor of only 36 percent using the ChemStation soft-
ware, while using the AMDIS database resulted in a match
factor of 98 percent. Every small ion present in the spectrum
in the ChemStation library is taken into account to determine
the match factor. The absence of these ions in the deconvo-
luted spectra (because they are not present or belong to the
background and therefore are filtered out) results in the low
match factor.



Table 1.

DRS Output of MDA Using the ChemStation Library (A) and the AMDIS Library (B)

A

Agilent NIST

CAS Compound ChemStation AMDIS RT. Diff Reverse Hit
RI number name amount (ng) Match sec. match number
8.9707 4764174 MDA-TMS 36 —4.0
B Agilent NIST

CAS Compound ChemStation AMDIS RT. Diff Reverse Hit
RT. number name amount (ng) Match sec. match number
8.9749 4764174 MDA-TMS 98 0.0

After the library is optimized, several options can be selected
to customize the layout of the output, including a quantifica-
tion using the ChemStation software and a reconfirmation of
the detected substances using a comparison with the NIST
library. However, not all substances are present as their TMS
derivatives in the NIST library and not all substances are
added in the NIST with their common names. Therefore, the
reconfirmation using NIST was skipped from the processing
method. However, for unknown samples this can be a helpful
tool.

In order to optimize the cutoff match value used by the DRS

negative urines samples were spiked with nine different com-
ponents in a concentration range between 10 and 500 ng/mL.

The selection of the components was made based upon their
full-scan spectrum. TMS-derivatized morphine shows a good
spectrum for deconvolution because it possesses numerous
ions over its complete mass spectrum with medium to high
relative intensities. The other selected components, however,
only have a poor mass spectrum. These substances are stim-

ulants, showing only one abundant fragment ion with a low
specificity and a small molecular ion. The goal of selecting
these substances was to investigate the potential influence
of a (small) matrix interference on the DRS match value
obtained. This value should be optimized in such a way that
all substances can be detected at a concentration as low as
possible without the risk of a false positive result. This was
the case when applying a cutoff value of 45 percent at a con-
centration of 50 ng/mL, where a false positive result for
methoxyphenamine was obtained (Table 2).

Setting the cutoff value to 65 percent would result in false
negative results for MDEA and morphine. At a concentration
of 100 ng/mL, which is below the MRPL of all substances in
this screening method, all nine components are detected
using a cutoff of 65 percent. Therefore, this value of 65 per-
cent was used. In addition, a maximal deviation in retention
time of 6 seconds compared to the reference library was
applied. This makes retention time locking of utmost impor-
tance.

Table 2. DRS Output of Negative Urine Spiked with Nine Components at 50 ng/mL Using a Cutoff of 45 Percent
Agilent NIST
ChemStation AMDIS R.T. Diff Reverse Hit
RT. Compound Name Amount (ng) Match sec. match number
3.6341 Mephentermine 91 —4.1
47247 Amphetamine-TMS 88 -2.3
8.4520 Methoxypenamine-TMS 45 29
9.2010 Crotethamide 79 -1.7
9.2239 Benzylpiperazine-TMS 91 -15
10.0936 MDEA-TMS 49 -1.3
10.5285 Methylphenidate-TMS 73 -1.0
11.8508 Pipradrol-TMS 79 2.0
13.4639 Morphine-bis-TMS 56 -1.2
14.4412 Fenethylline 86 -0.6



In order to test the capabilities of the DRS, a library contain-
ing more than 100 components was created to implement in
the screening method for stimulants and narcotic agents. The
DRS interpretation of the data was performed after both oper-
ators had reviewed the macros of the samples in order to
avoid influence of the DRS output on the operators’ conclu-
sion. The DRS did not produce any false negative results.

All positive results observed by the operators were also
picked out by the DRS. In total, 105 samples contained one or
more substances identified in both ways. However, the DRS
picked out three additional positive samples, which remained
unnoticed by the analysts. The first case was a sample posi-
tive for amphetamine. Normally amphetamine elutes at a
retention time of 4.78 minutes and the ions m/z 116 and m/z
192 are monitored. Figure 1A shows the ion traces in a QC
sample. As can be seen, a systematic interference elutes at
the end of this retention time window that can also be
observed in a negative urine sample (Figure 1B). With this

knowledge, both operators interpreted Figure 1C as negative.
However, due to a large interference at the beginning of the
chromatogram, retention times were shifted with approxi-
mately 0.1 minute. Because the peak apex was found within
an interval of 0.1 minute from the expected retention time, the
DRS recognized this sample as an amphetamine-positive
sample, which was confirmed during a consecutive B-analy-
sis.

The second case was a sample positive for methylphenidate.
Figure 2 shows the ion traces as printed in the macro and the
corresponding mass spectrum. The lack of the detection of
m/z 91, diagnostic for methylphenidate, and differences
between the obtained spectrum and a reference spectrum
lead to the conclusion that this sample was negative.
However, DRS identified methylphenidate, which was later
confirmed by the detection of ritalinic acid in the diuretic
screening method.
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Figure 1.

lon traces for amphetamine in a QC sample (A), negative sample (B), and DRS-positive sample (C).
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Figure 2. lon traces for methylphenidate and corresponding spectrum for the peak at RT 9.59 min.
The third sample was positive for morphine. Because of the Obviously, the routine sample shown in Figure 3A contains
structural resemblance between morphine and hydromor- morphine. A confirmation procedure pointed out that the con-
phone, both substances elute within a small time interval and centration was higher than 50 pg/mL. According to the DRS
have the same diagnostic ions monitored in the screening software, this sample also contains hydromorphone. Because
method. At MRPL level, both substances are separated by the ion traces in the macro are scaled to the highest peak
0.06 minute as can be seen in Figure 3B. detected in a retention time window, small amounts of a sub-

stance closely eluting to a highly concentrated peak remain

lon 429.00 (428.70 to 429.70): 0905.D\data.ms lon 429.00 (42870 to 429.70): REF_2.D\data.ms

Abundance Abundance
Morphine
250000 70000
200000 600003 1y 4romorphone
50000 B
150000 A 20000
100000 30000
20000
50000
10000
-t R 0 : ‘ ‘ ‘ : : :
13.35 13 40 13.45 1350 13. 55 13.60 13.65 13.35 13.40 13.45 13.50 13.55 13.60 13.65
Time Time
Abundance Abundance
250000 70000
lon 414.00 (413.70 to 414.70): 0905.D\data.ms 0000 lon 414.00 (413.70 to 414.70): REF_2.D\data.ms
200000 6
50000
150000 40000
100000 30000
50000 20000
10000
0 T T T T T T 1 e e e e L B e o s o e e o o o o e
13.35 13.40 13.45 1350 1355 13.60 13.65 13.35 13.40 13.45 1350 13.55 13.60 13.65
Time Time

Figure 3. Positive screening result for morphine (A) and QC sample for morphine/hydromorphone (B).



unnoticed. The presence of hydromorphone in this sample
could be confirmed. The presence of hydromorphone in the
urine of people taking high amounts of morphine has been
described in the past [3].

Besides the presence of other doping substances, matrix
interferences can also hamper the detection of substances of
interest. As described previously, the use of ethyl acetate as
extraction solvent for a comprehensive method for the detec-
tion of anabolic steroids, narcotic agents, and stimulants
was hampered because of a large interference at the reten-
tion time of several stimulants, including amphetamine [4]
(Figure 4). This interference has been identified as glycerol
and can also be detected in smaller amounts using diethyl
ether (cfr Figure 1A). Applying the DRS on a sample spiked at
500 ng/mL and using ethyl acetate as extraction solvent

results in a match factor of 89 percent, proving the applicabili-

ty of the DRS to identify target substances in complex matri-
ces.

The deconvolution software is developed to operate in the
full-scan mode. However, in doping control, anabolic andro-
genic steroids have to be detected using selected ion moni-
toring because of the low level excreted in urine. At present,
analytical equipment offers the possibility of combining SIM
and scan runs in one analytical run due to improved electron-
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ics, allowing a faster data transfer. However, the DRS is
designed to operate using only one dataset, making its use in
SIM/scan impossible.! Its use in a method using only SIM,
however, is possible. For this purpose, at least three diagnos-
tic ions have to be selected for each component to avoid
numerous false positive results. Because only a selected
number of ions are used, the resulting match factors are also
higher. This requires different settings compared to a pro-
cessing method for scan data. This optimization has been per-
formed for approximately 20 different anabolic steroids using
a match factor cutoff value of 85 percent. Using this process-
ing method, identification of oral-turinabol in a WADA PT-
sample was possible.

Conclusions

The DRS software is a tool that combines quantitation and
identification based upon self-created libraries and the NIST
library. During this study it was proven that DRS software can
be implemented in routine doping control and is very reliable.
Therefore, the current system of reviewing obtained data, for
example, two analysts looking at macros, can be reduced to
one person and the DRS software. However, in order to use
the DRS software in SIM/scan methodology, several improve-
ments have to be made, including the incorporation of more
diagnostic ions for anabolic androgenic steroids monitored in
the SIM mode.

Acknowledgements

The authors wish to acknowledge Agilent Technologies for
providing the DRS software and the Ministry of Culture, Sport,
Youth and Media of the Flemish Community for its financial
support.

0 e e e ST

460 470 480 490 5.00 510 520 530 540
Time

T

Figure 4. Extracted ion chromatogram for amphetamine using ethyl acetate as

extraction solvent.

The DRS software can process both the SIM and scan datafiles from a sin-
gle SIM/scan run, but requires extra steps. Running the file as acquired will
result in the scan data being processed by DRS. The datafile can then be
copied to a new name and the Scan file is renamed from DATA.MS to DATA-
SCAN.MS. The SIM file (DATASIM.MS) is then renamed to DATA.MS. The
SIM part of the SIM/scan datafile can now be processed with a DRS method
constructed for the SIM data.
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