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a b s t r a c t
Objectives: Investigation of the practicability and performance of a magnetic micro-particle based method
for protein depletion of serum samples, preceding the quantitative analysis of small molecules by LC–MS/MS.
Design and methods: A commercially available kit including a protein denaturation reagent and functionalized magnetic particles together with a magnetic separator device was tested by addressing the quantiﬁcation
of amiodarone in serum as an exemplary analyte by LC–MS/MS with on-line SPE. A standard method validation
protocol was applied.
Results: The sample preparation protocol was found to be convenient, straightforward and robust. Validation data characterized the entire analytical method – combining particle-based protein depletion and
two-dimensional chromatography – as compatible with the analytical needs regarding selectivity, accuracy
(102–106%), linearity (r 2 ≥ 0.99), reproducibility (CV b 7%), and control of ion suppression.
Conclusions: Since this novel approach of sample preparation does neither require centrifugation nor
the technically demanding application of positive or negative pressure, as in conventional solid phase extraction
protocols, it seems highly attractive for developing fully automatized preparation systems for LC–MS/MS analyzers.
© 2013 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

1. Introduction
For more than a decade, the technology of LC–MS/MS has been
demonstrating its usefulness and applicability in laboratory medicine
[1]. Essential strengths of this technology include the straightforward
implementation of new methods without the need for antibody development, its capability of performing multi-analyte quantiﬁcation,
and high analytical reliability, in particular when applying the principle
of stable isotope dilution internal standardization. However, still the
application of this powerful technology is limited to rather specialized
laboratories and cannot be considered a standard technology in clinical
laboratories. Reasons for this can be found in the fact that there is still
no commitment of big companies in the diagnostic industry towards
this technology, and the expensive instrumentation required, as well as
the need for laborious protocols for sample preparation. Consequently,
concepts to streamline sample preparation are of utmost importance
for further development in clinical mass spectrometry; this particularly
includes the goal of full automation of the entire analytical process in
LC–MS/MS [1,2].
Thanks to the high analytical speciﬁcity of LC–MS/MS, the requirements of sample preparation are rather limited for this technology,
for instance, when being compared to conventional HPLC, LC–MS/MS
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applies far less analyte-speciﬁc UV-detection. However, a main requirement for quantiﬁcation of small molecules using LC–MS/MS is the removal of proteins from serum or plasma samples. This is due to the
fact that the latter interfere with conventional chromatographic separation and electrospray ionization. Protein precipitation by organic solvents,
salts or acids – followed by centrifugation – is the most widely applied
technique for protein removal from blood derived materials. This
approach is rather cost-effective and straightforward; on the other
hand, it is difﬁcult to include centrifugation into robotic automation
solutions, especially when random access instead of batching is desired.
As an alternative to centrifugation, deproteination following protein denaturation can be achieved by ultraﬁltration. Solutions for this aim are
commercially available, based on 96 well ﬁltration plates [3–5]. However, this process cannot be easily automated since positive pressure or
vacuum has to be applied. Besides this, the required consumables are
expensive and batching is required.
Surface-functionalized magnetic micro-particles have been suggested
for sample preparation protocols in different ﬁelds of mass-spectrometric
analyses, addressing large and small molecules alike [6–9]. Magneticparticle based protocols are ideally suited for automation since no pressure or vacuum has to be applied. As a matter of fact, this basic principle
of sample manipulation experienced a high acceptance and widespread
use in immunoanalyzers, as well as in fully automated DNA-extraction.
For the ﬁrst time, the application of a kit for deproteination of
serum samples, based on protein-denaturation by using a proprietary
reagent which is supported by magnetic micro-particles (MagnaMedics
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Diagnostics BV, Geleen, The Netherlands) is herewith reported. The aim
of our study was to investigate the practicability and performance of
this technology within the context of a LC–MS/MS with on-line SPE
method for quantiﬁcation of an exemplary, clinically relevant analyte.
2. Methods and results
2.1. Chemicals and reagents
Stock solutions of amiodarone hydrochloride (Sigma-Aldrich,
Schnelldorf, Germany) and amiodarone-D4 (Toronto Research Chemicals,
North York, Canada) with a concentration of 100 mg/L were separately
prepared in methanol (J.T. Baker, Griesheim, Germany) and stored at
−20 °C. Seven calibrators (0.2, 0.5, 1.1, 1.6, 2.2, 3.3, and 5.4 mg/L) and
four quality control samples (QCs) (0.3, 1.1, 1.6 and 2.7 mg/L) were prepared by spiking drug-free human serum.
2.2. HPLC–MS/MS conditions
The LC–MS/MS system consisted of a Waters Alliance 2975
HPLC-module, coupled via a switching-valve with a Waters Quattro
Micro MS/MS-instrument (Waters, Milford, USA). Waters XBridge
C8 (100 mm × 3.5 mm, 2.1 μm), equipped with a LiChroCart C8
pre-column (Merck, Darmstadt, Germany), was used as the analytical column. As described previously [10], on-line solid phase extraction was applied, using Waters OASIS HLB (20 mm × 2.1 mm, 25 μm)
as the extraction column and an additional isocratic HPLC pump
(Waters 600). The mobile phase for the analytical column was 90%
methanol/10% water (J.T. Baker, Griesheim, Germany) containing 0.1%
formic acid (Merck, Darmstadt, Germany) delivered with a ﬂow rate
of 0.4 mL/min (kept at 40 °C). The HPLC pump ﬂow for the extraction
column was set at 4.0 mL/min with a mobile phase of 90% water and
10% methanol for sample clean-up. The injection volume was 20 μL.
The total analytical run-time was 6.5 min.
The MS/MS instrument was run in positive ionization mode with
the following settings: capillary voltage of 2.0 kV, cone voltage of
40.0 V, collision energy of 30 eV, source temperature set at 120 °C,
and desolvation temperature set at 350 °C. For amiodarone, the mass
transition m/z 646 → 201 was recorded, and for deuterated amiodarone
the mass transition was m/z 650 → 201 [11].
2.3. Sample preparation
For preparation of serum samples, a pre-commercial MagSi kit
was used (MagnaMedics Diagnostics BV, Geleen, The Netherlands);
this includes a suspension of proprietary surface-modiﬁed MagSi magnetic micro particles and a proprietary protein denaturation reagent.
For extraction, 100 μL of serum was added into a 1.5 mL polypropylene
microcentrifuge tubes. Subsequently, 25 μL of amiodarone internal
standard solution and 25 μL of magnetic particle suspension were
added. After adding 200 μL of precipitation organic-solvent mix from
the kit, the tubes were vortex mixed and incubated at room temperature for 2 min. In addition, the samples were sonicated for about 5 s,
as suggested by the manufacturer. Then, the tubes were placed in a
magnetic particle separator (MagnaMedics MM-Separator M 12+ 12)
in order to immobilize the micro-particles towards the wall of the
tube. After a few seconds, the particle-free ﬂuid was transferred with
a pipette directly from the tubes into HPLC-vials for LC–MS/MS analysis
with on-line SPE.
3. Results
3.1. Validation
A full validation protocol, according to FDA Guidelines, was conducted,
addressing speciﬁcity, accuracy, intra- and inter-day imprecision, limit of

detection, limit of quantitation, linearity, recovery, stability of processed
samples and defrosting stability [12].
Linear response of the calibration series ranging, from 0.2 to
5.4 mg/L, was observed in all validation series. A linear calibration
function, weighted 1/x, with a regression coefﬁcient of (r2) ≥ 0.99 was
observed.
In order to assess the speciﬁcity/selectivity of the assay, a serum-pool
taken from intensive-care patients who did not receive amiodarone was
analyzed six times without adding an internal standard. There were
no interferences at the retention time of amiodarone (3.7 min).
Limit of detection was deﬁned as the lowest concentration, which
could be measured with a signal to noise ratio ≥ 3/1. A serum sample
spiked to a concentration of amiodarone of 0.03 mg/L was analyzed in
three replicates. The achieved signal to noise ratio was greater than
10/1. In order to assess the limit of quantitation, six samples at a concentration of 0.1 mg/L were prepared. The results were reproducible,
at an accuracy of 90–110%.
Recovery of the extraction method was tested by comparing the
results of extracted samples at four concentrations (QCs) with
unextracted standard solutions spiked to the same concentrations
representing 100%. The mean recovery for amiodarone was rated as
98%. Peak areas for amiodarone and internal standard were similar.
In order to test the accuracy and imprecision of the entire method,
four quality control samples in typical concentration levels were prepared by spiking serum (target concentrations: QC 1, 0.3 mg/L; QC 2,
1.1 mg/L; QC 3, 1.6 mg/L; and QC 4, 2.7 mg/L). Accuracy was assessed
by performing ﬁve determinations per QC. The following results were
observed: QC 1, 101%; QC 2, 106%; QC 3, 102%; and QC 4, 102%. Accuracy and imprecision was tested in four independent series; in these
series, each of the four QC samples were analyzed six times, resulting
in 24 results per sample. The results for intra- and interday precision
are presented in Table 1. Coefﬁcients of variation of less than 7% were
observed for all samples.
Following an initial analysis, the stability of the analyte in the
processed samples was determined by storing the HPLC vials containing
the extract for 24 h at room temperature. A visual inspection showed no
clouding. Repetition of the analytical run after 24 h delivered the following results, in relation to the initial ones (n= 6 each): QC 1, 98%;
QC 2, 101%; QC 3, 101%; and QC 4, 99% (Table 2). Results and peak
areas remained at the same level.
For investigation of ion suppression effects at the elution time of
amiodarone, post column infusion was applied [13]. By infusing a solution of amiodarone (0.5 mg/L) with a syringe pump and a T-piece into
the column efﬂuent, a background signal was generated. The injection
of an extract from the pooled serum samples without amiodarone
resulted in a decrease of the background signal for several seconds;
however, at the retention time of amiodarone baseline ionization, efﬁcacy was regained, thus excluding substantial suppression of the ionization of amiodarone by sample extracts. Matrix effects were further
investigated by post-extraction spiking experiments in three individual
serum samples. The response of spiked extracted samples was analyzed
in comparison to spiked neat extraction solvent. For calculation of the

Table 1
Validation results for the quantiﬁcation of amiodarone by isotope dilution MS/MS with
a sample preparation protocol based on micro-particle supported deproteination and
two-dimensional chromatography.
Target concentration

QC 1
(0.3 mg/L)

QC 2
(1.1 mg/L)

QC 3
(1.6 mg/L)

QC 4
(2.7 mg/L)

0.3
6.6

1.2
4.4

1.7
3.7

2.8
2.7

Inter assay (n = 24, 4 series)
Observed mean conc.
0.3
CV %
6.1

1.1
6.8

1.6
6.2

2.8
3.0

Intra assay (n = 6)
Observed mean conc.
CV %
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Table 2
Stability of processed samples, stored for 24 h at room temperature. Recovery was determined in relation to the ﬁrst measurement.
QC 1
(0.3 mg/L)
24 h at RT (n = 6)
CV %
0.3
Recovery %
98

QC 2
(1.1 mg/L)

QC 3
(1.6 mg/L)

QC 4
(2.7 mg/L)

3.4
101

4.4
101

1.9
99

matrix effect, the formula described by Matuszewski et al. was used
[14,15]. A mean value of −9% was observed, which indicated a low degree of ion suppression.
The robustness of the HPLC system was monitored by documenting
column back-pressure and on-line extraction column back-pressure
(Fig. 1). During the process of method development and validation,
nearly 600 serum samples were measured, while the back-pressure of
both columns remained constant.
We used residual 10 serum samples from patients on amiodarone for
a comparison between the MagSi kit and the application of conventional
deproteination by precipitation with organic solvents. For this, we used
200 μL of acetonitrile/methanol (9/1) added to 100 μL of serum, vortexed
for 2 min and centrifuged for 10 min at 16,000 g. The serum amiodarone
concentrations ranged from 0.6 to 3.3 mg/L. Very close agreement of the
results was observed (r2 =0.99; no statistically signiﬁcant difference
according to the paired t-test (p=0.40); differences of less than 5% for individual sample).
With the same set of samples we tested a potential effect of omitting
the sonication step which is recommended for the MagSi kit. Excellent
agreement was also found for this experiment (r2 = 0.99; differences
of less than 5% for individual samples).
4. Discussion
With this paper, we report for the ﬁrst time about a micro-particle
based technology for deproteination of serum samples, coupled with
two-dimensional liquid chromatography-fractionation of the extracts, as
a sample-preparation strategy for quantitative MS/MS analysis in clinical
diagnostics. This novel concept was tested and validated for amiodarone
as an exemplary analyte of clinical relevance, addressed by isotope dilution internal standardization. Our validation results were fully compliant
with the requirements of clinical laboratory testing and we experienced
the handling as very convenient and straightforward. In particular very
good control of matrix effects was observed, and a high degree of robustness and close agreement of results were obtained using conventional
protein precipitation by organic solvents and centrifugation.
The evaluation study was performed in a manual protocol format;
as a goal for the near future, however, our work aims to fully automate
application, and implement it on robotic liquid handling systems. Hardware components for such manipulation of magnetic micro-particles on
respective platforms are available, but may require further optimization.

Fig. 1. Back-pressure of analytical column (Sunﬁre) and on-line extraction column (OASIS)
during method development and validation involving nearly 600 sample injections.
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The sonication step recommended by the manufacturer of the kit was
found to be unnecessary, which facilitates automation. When using manual application of the MagSi kit, relevant time-saving compared to conventional protein precipitation is achieved since no centrifugation is
required.
Protein removal is essential for the chromatographic separation of
small molecules using LC–MS/MS, since proteins cause clogging of
standard HPLC columns after few injections. Conventional approaches
towards sample deproteination include protein denaturation using
organic solvents, salts or acids, followed by centrifugation for precipitation or ﬁltration of the denatured proteins by using ﬁltration devices which have become available in 96-well format during recent
years [3–5]. This latter approach, however, requires the application
of vacuum or positive pressure, which is rather complex in pipetting
systems. In contrast, the micro-particle supported principle of protein
removal, which is described in this paper, can, by far, be more easily
automated and cause no infectious solid waste. Neither centrifugation
nor application of pressure is required, but merely a time-controlled
application of a magnetic ﬁeld, just like what has been realized in a
number of immunoanalyzer systems today.
We have previously demonstrated the applicability of C18-surface
modiﬁed magnetic micro-particles [6,7] for sample preparation, involved in the quantiﬁcation of itraconazole, as a representative analyte.
In contrast to this generic, multi-step application, the speciﬁc compositions of the kit's components used for our present study, are proprietary
and have not been disclosed by the manufacturer. However, compared
to the earlier reports on protocols for the preparation of biological samples for quantitative small-molecule MS/MS-analytics, the approach
tested in our present study is substantially more straightforward: the
particles need to be immobilized only once during the whole process,
since no separate step for washing or elution is required. Clean-up of
the samples beyond this one-step protein-removal – in particular
addressing salts, amino acids, and phospholipids, as well as removal of
protein-denaturating compounds from the kit and remaining matrix
constituents – and concentration of the analyte is achieved by automated solid phase extraction (SPE) in our protocol. Finally, fractionation of
the extracted compounds, according to the individual requirements of
an analyte-speciﬁc MS/MS-assay, is realized by HPLC. Thus, a combined and potentially fully automated, three-step sample processing
work-ﬂow has been developed (particle supported protein removal>
on-line solid phase extraction >reversed phase chromatography).
Given the wide range of materials available for on-line SPE and chromatographic separation, it can be assumed that a very wide spectrum
of analytes (regarding polarity and molecular mass) can be addressed
by this basic protocol. This, however, will require analyte speciﬁc optimization and validation.
On-line solid phase extraction, based on constantly used extraction columns and column-switching – which represents a part of
our suggested three-step approach – has been recognized as a very
powerful and convenient technology for sample clean-up in clinical
tandem mass-spectrometry. By now, this has been applied for a variety
of analytes (e.g., immunosuppressants) [16] in a large number of routine
laboratories for more than a decade now. The principle of turbo ﬂow
chromatography [17] claims the potential for direct analysis of serum
samples, however, at the price of very high ﬂow-rates and substantial
consumption of expensive chromatography solvents. Nevertheless,
efﬁcient protein removal is found to be necessary for most extraction
columns, in order to realize the cycle numbers of several thousands
of samples with on-line SPE.
Still, the pre-dominant obstacle for a widespread application of
isotope dilution MS/MS in the setting of clinical routine laboratories is
the evident lack of comprehensive automation [1,2]. Our results and experiences suggest to further address the concept of particle supported
protein precipitation with subsequent on-line SPE as a promising and
versatile technology for realizing fully-automated, random-access
LC–MS/MS analyzers for clinical laboratories in the near future.

Please cite this article as: König K, et al, Deproteination of serum samples for LC–MS/MS analyses by applying magnetic micro-particles, Clin
Biochem (2013), http://dx.doi.org/10.1016/j.clinbiochem.2013.01.003

4

K. König et al. / Clinical Biochemistry xxx (2013) xxx–xxx

Acknowledgment
This study was supported by the Joint German Association of Clinical
Chemistry and Laboratory Medicine (DGKL; Stiftung Pathophysiologie
und Molekulare Diagnostik).
MagnaMedics Diagnostics BV (Geleen, The Netherlands) supported
the study by providing the MagSi kit free of charge; no further funding
was obtained from MagnaMedics.

References
[1] Vogeser M, Seger C. A decade of HPLC–MS/MS in the routine clinical laboratory—goals
for further developments. Clin Biochem 2008;41:649–62.
[2] Vogeser M, Kirchhoff F. Progress in automation of LC–MS in laboratory medicine.
Clin Biochem 2011;44:4–13.
[3] Kole PL, Venkatesh G, Kotecha J, Sheshala R. Recent advances in sample preparation techniques for effective bioanalytical methods. Biomed Chromatogr 2011;25:
199–217.
[4] Williams MG, Palandra J, Shobe EM. Rapid determination of rat plasma uridine levels by
HPLC–ESI-MS utilizing the Captiva plates for sample preparation. Biomed Chromatogr
2003;17:215–8.
[5] Smalley J, Xin B, Olah TV. Increasing high-throughput discovery bioanalysis using
automated selected reaction monitoring compound optimization, ultra-high-pressure
liquid chromatography, and single-step sample preparation workﬂows. Rapid
Commun Mass Spectrom 2009;23:3457–64.
[6] Vogeser M, Geiger A, Herrmann R, Kobold U. Preparation of plasma samples for
chromatographic analyses using functionalized ferromagnetic micro-particles
manipulated in a high pressure liquid system. Clin Biochem 2009;42:915–8.

[7] Vogeser M, Geiger A, Herrmann R, Kobold U. Sample preparation for liquid
chromatography–tandem mass spectrometry using functionalized ferromagnetic
micro-particles. Clin Biochem 2008;41:1417–9.
[8] Fiedler GM, Baumann S, Leichtle A, Oltmann A, Kase J, Thiery J, et al. Standardized
peptidome proﬁling of human urine by magnetic bead separation and matrix-assisted
laser desorption/ionization time-of-ﬂight mass spectrometry. Clin Chem 2007;53:
421–8.
[9] Fiedler GM, Leichtle AB, Kase J, Baumann S, Ceglarek U, Felix K, et al. Serum
peptidome proﬁling revealed platelet factor 4 as a potential discriminating peptide associated with pancreatic cancer. Clin Cancer Res 2009;15:3812–9.
[10] Vogeser M, Schiel X, Spohrer U. Quantiﬁcation of voriconazole in plasma by liquid
chromatography–tandem mass spectrometry. Clin Chem Lab Med 2005;43:730–4.
[11] Kuhn J, Gotting C, Kleesiek K. Simultaneous measurement of amiodarone and
desethylamiodarone in human plasma and serum by stable isotope dilution liquid
chromatography–tandem mass spectrometry assay. J Pharm Biomed Anal 2010;51:
210–6.
[12] Guidance for industry-bioanalytical method validation. U.S. Department of Health
and Human Services—Food and Drug Administration; 2001 [http://www.fda.gov/
downloads/Drugs/…/Guidances/ucm070107.pdf].
[13] Annesley TM. Ion suppression in mass spectrometry. Clin Chem 2003;49:1041–4.
[14] Chambers E, Wagrowski-Diehl DM, Lu Z, Mazzeo JR. Systematic and comprehensive strategy for reducing matrix effects in LC/MS/MS analyses. J Chromatogr B
Analyt Technol Biomed Life Sci 2007;852:22–34.
[15] Matuszewski BK, Constanzer ML, Chavez-Eng CM. Matrix effect in quantitative
LC/MS/MS analyses of biological ﬂuids: a method for determination of ﬁnasteride in
human plasma at picogram per milliliter concentrations. Anal Chem 1998;70:882–9.
[16] Seger C, Tentschert K, Stoggl W, Griesmacher A, Ramsay SL. A rapid HPLC–MS/MS
method for the simultaneous quantiﬁcation of cyclosporine a, tacrolimus, sirolimus
and everolimus in human blood samples. Nat Protoc 2009;4:526–34.
[17] Kozak M, Ruzicka R, Bodepudi V, Zonderman J. Quantitative analysis of immunosuppressant drugs in whole blood using high throughput LC–MS/MS. San Jose,
CA, USA; Fremont, CA, USA; Franklin, MA, USA: Thermo Fisher Scientiﬁc; 2010
[Application Note: 487b].

Please cite this article as: König K, et al, Deproteination of serum samples for LC–MS/MS analyses by applying magnetic micro-particles, Clin
Biochem (2013), http://dx.doi.org/10.1016/j.clinbiochem.2013.01.003

