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Abstract
The use of carbon black-Fe3O4 magnetic nanocomposite (CB-Fe3O4) as a probe for surface-enhanced laser desorption ionization
mass spectrometry (SELDI-MS) with a high extraction efficiency and sensitive detection is described. The magnetic nanocom-
posite was synthesized and fully characterized using X-ray photoelectron spectroscopy, X-ray diffraction, Raman spectroscopy,
Fourier transform infrared spectroscopy, Ultraviolet-Visible spectroscopy, transmission electron microscopy and nitrogen sorp-
tion. The feasibility of the SELDI probe to extract and detect three classes of drugs (labetalol, metoprolol, doxepin, desipramine,
triprolidine and methapyrilene) spiked in wine is demonstrated. All the drugs were successfully and reproducibly extracted and
detected with high efficiency and with limits of detection (LOD) between 1 and 1000 pg mL−1. The adsorption capacity of the
nanocomposite for the drugs was evaluated by UV-Vis spectroscopy. The results showed that 27.8–36.1% of the drugs were
adsorbed on the magnetic probe within 3 min. The nanocomposite was also applied for efficient analysis of amino acids and fatty
acids. Both types of analytes can be extracted within a few minutes and then successfully quantified by SELDI-MS.

Keywords Surface-enhanced laser desorption ionization mass spectrometry . Magnetic probe . Small molecules . Extraction .
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Introduction

The escalation in the number crime reports has prompted the
development of reliable, convenient and cost-effective ap-
proaches to perform analyses that can fulfill jurisdictional re-
quirements and are scientifically supported by robust analyti-
cal techniques [1]. These analyses should be performed with
high-throughput and efficient methods, especially in local and
federal laboratories where evidence is subjected to multiple
analyses on a regular basis. Specifically, the occurrence of
drug consumption and abuse has risen rapidly in most modern
societies. Therefore, there is an increasing demand for im-
proved confirmatory techniques for the analysis and identifi-

cation of controlled substances that might be present at crime
scenes [2].

Surface-assisted laser desorption ionization-mass spec-
trometry (SALDI-MS) has emerged as a substantial technique
offering rapid analysis with high discriminatory power in var-
ious fields, especially forensic science [2]. SALDI-MS utilizes
active substrates, including nanoparticles (NPs), quantum dots
(QDs), functionalized carbon-based materials and metal
organic-frameworks (MOFs), hence avoiding common issues
encountered with the conventional MALDI techniques, such
as matrix interferences in the low mass region and the pres-
ence of a ‘sweet spot’ [3, 4]. Additionally, SALDI technique
offers low sample consumption, a very high detection sensi-
tivity and a limit of detection (LOD) in the femto-mole range,
thus facilitating the analysis of trace evidence, where minute
amounts of sample are available [5]. Furthermore, SALDI
analysis has been used to detect drugs that can be present in
latent fingerprints [6], beverage samples [7] and saliva [8].

In forensic analyses, it is sometimes imperative to extract
targeted drug(s) (i.e., substances of interest) from samples.
This requires the use of conventional chromatography (such
as GC or HPLC) and other purification techniques, which can
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be tedious and time consuming. Therefore, surface-enhanced
laser desorption ionization mass-spectrometry (SELDI-MS)
has advanced since 1993 and has served as a powerful com-
plementary technique to SALDI [9]. SELDI technique elimi-
nates the use of conventional organic matrices and utilizes an
active probe for direct extraction, purification, enrichment,
desorption and ionization of the targeted analyte, thereby re-
ducing the time required for sample pretreatment.
Furthermore, a SELDI probe can be manipulated and func-
tionalized to enhance its specificity and selectivity for differ-
ent applications [10].

Many studies have employed nanomaterials as efficient
adsorbents for the enrichment of analytes; for example, ze-
olite nanocrystals have been used to enrich peptides and
proteins [11] and mesoporous silica particles have been
used to enrich small molecules [12]. Nevertheless, these
techniques require ultrahigh centrifugation, which can be
laborious and may lead to the co-separation of undesirable
molecules [13] and can hinder the analysis of small mole-
cules due to the presence of organic matrices necessary for
the analysis. Most SELDI probes have been used in proteo-
mics and biological samples [14], or they have been used in
medical diagnostics to identify biomarkers associated with
specific lesions (e.g., lung and ovarian cancers) [15].

Thus far, there is a great demand for fast and effective
tools that can be directly employed in forensic laboratories.
Therefore, the main goal of this study is to construct a plat-
form that can be used by forensic chemists to rapidly extract
and subsequently analyze evidence that might be collected
from a crime scene. In this work, a carbon black-Fe3O4 (CB-
Fe3O4) magnetic nanocomposite was synthesized and fully
characterized using various analytical methods. The feasi-
bility of the magnetic nanocomposite to act as a SELDI
probe for the detection of various drugs spiked in wine
was investigated. The Fe3O4 NPs exhibit a strong spectral
absorption in the UV region [6], enabling the high absorp-
tion efficiency of the laser irradiation and subsequent trans-
fer of energy to the analyte(s) mainly via thermal effects.
Furthermore, the Fe3O4 NPs possess good magnetic prop-
erties, facilitating the isolation of the analyte(s) in the solu-
tion [13]. On the other hand, the unique properties of CB,
including large surface area, low thermal conductivity and
various surface functionalities, endow the nanocomposite
with high loading capacities for analytes with different
functional groups. Thus, combining the distinctive proper-
ties of Fe3O4 NPs with those of CB forms a magnetic nano-
composite with remarkable physicochemical, optical and
magnetic properties, which can be used to extract and detect
analytes present in individual’s drinks, and this is the pri-
mary aim of this study.

Experimental

Chemicals

Iron(III) chloride (FeCl3, reagent grade, 97%), iron(II) chlo-
ride (FeCl2, 98%), ammonium hydroxide (NH4OH, 28–
30%), serine (ReagentPlus®, ≥99% (HPLC)), valine (re-
agent grade, ≥98% (HPLC)), tryptophan (reagent grade,
≥98% (HPLC)), myristic acid (Sigma Grade, ≥99%),
arachidic acid (≥99%), labetalol hydrochloride (powder,
>98% (TLC)), metoprolol tartrate (≥98%), doxepin hydro-
chloride (≥98% (GC)), desipramine hydrochloride (powder,
≥98% (TLC)), triprolidine hydrochloride (≥99%) and
methapyrilene hydrochloride (analytical standard) were
purchased from Sigma Aldrich (www.sigmaaldrich.com).
C65 conductive carbon black (CB) was obtained from
MTI Corporation (www.mtixtl.com). All the chemicals
were used without further purification, and double-
distilled water (DI-water) was obtained from an Elix Milli
Q water deionizer, which was used for all the experiments.

Synthesis of the carbon black-Fe3O4 magnetic
nanocomposite (CB-Fe3O4)

The magnetic CB-Fe3O4 nanocomposite was synthesized
by mixing 0.20 g of CB with an aqueous solution containing
6.10 g of FeCl3 and 1.88 g of FeCl2. Then, 10.00 mL of an
NH4OH aqueous solution (28–30%) was added dropwise to
the mixture, and the resulting mixture was stirred for 60 min
at room temperature. The precipitate was collected using an
external magnet and washed several times with DI-water
and, finally, with ethanol. The magnetic nanocomposite
was dried overnight in an oven at 80 °C.

Characterization of the CB-Fe3O4 nanocomposite

The surface elemental analysis of the magnetic Fe3O4-CB
nanocomposite was carried out by X-ray photoelectron
spectroscopy (XPS) using an ESCALAB250 xi XPS spec-
trometer with an Al Kαmonochromatic source and a charge
neutralizer. The binding energies are referenced to the C 1s
peak at 284.5 eV. The powder X-ray diffraction (XRD) pat-
terns were obtained using a Bruker, D8 ADVANCE diffrac-
tometer with a Cu Kα radiation source (λ = 0.1542 nm) op-
erating at 40 kVand 40 mA, and the scanning range was 10–
80° 2θ. Raman spectra were obtained using a Renishaw
inVia confocal Raman spectrometer connected to a CCD
camera detector; an argon ion laser was used, where the
excitation wavelength was 514.5 nm, the exposure time
was 10 s, and the grating was 2400 1 mm−1. Fourier trans-
form infrared spectroscopy (FT-IR) was used to characterize
the various functional groups present on the magnetic nano-
composites using a Jasco 6300 FT-IR instrument in the
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range of 400–4000 cm−1. A scanning speed of 2 mm s−1 was
used to analyze the samples. The optical properties were
investigated by collecting UV-Vis spectra on an Agilent
Cary 5000 Scan UV-Vis-near-infrared (UV-Vis-NIR) spec-
trophotometer. The surface area analysis was performed
using the Brunauer–Emmett–Teller (BET) method; this
method was applied to the adsorption data by measuring
the nitrogen sorption isotherms of the samples at −195 °C
on a model Gemin i VII , ASAP 2020 automat ic
Micromeritics sorptometer (USA). The samples were
degassed at 110 °C for 12 h prior to the analysis. The mor-
phologies of the magnetic nanocomposite were analyzed
using transmission electron microscopy (TEM), and the
TEM images of the nanocomposites were acquired using a
JEOL JEM 1230 (JEOL Ltd., Japan) instrument operating at
120 kV.

Sample preparation for SELDI-TOF-MS

Solutions of β-blockers (labetalol and metoprolol), antide-
pressants (doxepin and desipramine), antihistamines
(triprolidine and methapyrilene), amino acids (serine, valine
and tryptophan) and fatty acids (myristic acid C14 and
arachidic acid C20) were prepared separately in DI-water
(the final concentrations were 1 mg mL−1). All the drug stan-
dards were accurately weighed and diluted with DI-water to
obtain concentrations from 1 mg mL−1 to 1 pg mL−1 for each
class of drugs. Wine was spiked with an equal volume of the
drug mixture, and the spiked wine was sonicated for 30 min to
homogenize the mixture.

Both spiked and unspiked wine samples were studied using
the magnetic nanocomposite-based SELDI probe. The sam-
ples were prepared for SELDI-TOF-MS analysis as follows:
1 mg of the magnetic nanocomposite was introduced into a
microcentrifuge tube containing 2 mL of either spiked or
unspiked wine, and then, the mixture was vortexed for
3 min. The magnetic composite was removed with the aid
of an external magnet and redispersed in 1 mL of ethanol.
The mixture was sonicated for 15–20 min, and then, 2 μL of
the suspension was deposited on a polished steel target plate
and allowed to dry at room temperature. Meanwhile, the anal-
yses of the amino acids and fatty acids were carried out as
follows: 1 mg of the magnetic nanocomposite was introduced
into a microcentrifuge tube containing 1 mL of either the
amino acids or the fatty acids solutions. The mixture was
vortexed for 3 min, and then, the liquid was decanted using
an external magnet. Thereafter, the magnetic nanocomposite
was redispersed in 1 mL of ethanol and sonicated for 15–
20 min. Then, 2 μL of the suspension was deposited on a
polished steel target plate and allowed to dry at room
temperature.

SELDI-TOF-MS analysis

Mass spectra were obtained using a Bruker ultrafleXtreme
system equipped with a Smartbeam II laser using a reflectron
time-of-flight mass spectrometer. The analyses of the β-
blockers, antidepressants and antihistamines were performed
in positive ionization mode using 20% laser power, and 500
shots, on average, were collected for each sample. On the
other hand, the analyses of the amino acids and fatty acids
were conducted in negative ionization mode using a reflectron
time-of-flight mass spectrometer and 40% laser power, and
500 shots, on average, were collected for each sample. The
average spectra were obtained for the analytes using a random
walk raster with a frequency of 2000 Hz over a mass range of
100–500 Da. The instrument was calibrated prior to the anal-
yses using a ProteoMass™ calibrant mix with a normal range,
and the data processing was performed using Bruker
flexAnalysis.

Reproducibility and LOD measurement

The reproducibility of the magnetic nanocomposite was deter-
mined by acquiring 5–6 spectra for each sample, and the av-
erage intensities and relative standard deviations (%RSDs)
were calculated. For the LOD determination, a range of con-
centrations of the drugs (from 1 mg mL−1 to 1 pg mL−1) were
spiked into wine, and these spiked samples were subjected to
analysis using the magnetic nanocomposite-based SELDI
probe. The results of the LOD were considered as the inves-
tigated analyte produced a signal-to-noise ratio greater than 3
for the spectral peak.

Adsorption experiment

The amount of drug adsorbed on the magnetic nanocomposite
was estimated as follows: 1 mL of the drug (100 μg mL−1)
solution was spiked into 1 mL of DI-water. The mixture was
sonicated for 15 min. Then, 1 mg of the magnetic nanocom-
posite was introduced into the mixture, and the mixture was
vortexed for 3 min. The UV-Vis spectra were obtained for the
drug solutions before and after applying the magnetic nano-
composite and recorded using a UV-Vis spectrometer. The
experiment was performed in triplicate, and the average ad-
sorption efficiency (AE) and %RSD of the magnetic probe for
the investigated drugs were calculated using the following
equation:

%AE ¼ Co−Ctð Þ
CO

� 100 ð1Þ
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where Co and Ct represent the initial drug concentration and
the drug concentration at time t, respectively.

The effect of time on the AE of the SELDI probe was
carried out using the same experimental procedure; however,
the concentration of the drugs was evaluated at definite time
intervals and analyzed spectrophotometrically.

Results and discussion

Characterization of the carbon black-Fe3O4 magnetic
nanocomposite (CB-Fe3O4)

XPS was used to determine the elemental composition and
oxidation state of the magnetic nanocomposite. Figure 1a-c
shows the XPS spectra of the CB-Fe3O4 nanocomposite,

which confirmed the presence of Fe, O and C. In Fig. 1a, the
binding energies at 711.3 and 724.5 eV were attributed to Fe
2p3/2 and Fe 2p1/2 of iron oxide, respectively, which can be
deconvoluted to six peaks at 710.5, 711.6, 713.8, 723.5, 724.9
and 727.1 eV [16]. The peaks at 710.5, 711.6, 723.5 and
724.9 eV corresponded to the Fe-O bond of the Fe2+ ion,
whereas the peaks at 713.8 and 727.1 eV were assigned to
the Fe-O bond of the Fe3+ ion in the Fe3O4 phase [17].
Furthermore, the small satellite peaks at 719.2 and 733.1 eV
were attributed to Fe3+ in the Fe2O3 phase, revealing that the
surface of the magnetic nanocomposites were slightly oxi-
dized in the environment [16]. The photoemission spectra of
O 1s can be deconvoluted into two peaks at 530.5 and
531.8 eV, which can be assigned to Fe-O and H-O, as shown
in Fig. 1b [18]. Furthermore, the XPS spectrum of C 1s, as
shown in Fig. 1c, was deconvoluted into three peaks at 284.7,

534 533 532 531 530 529 528

500

1000

1500

2000

2500

3000

3500

4000

C-O, O-H
(531.8 eV)

O 1s
(530.5 eV)

Binding energy (eV)
735 730 725 720 715 710

500

1000

1500

2000

2500

3000

3500

Fe(III)Fe2p
1/2

Satellite

Fe3+

(727.1 eV)

Fe2+

(724.9 and 723.5 eV)

Fe2p
1/2

(724.5 eV)

Fe3+

(713.8 eV)

      Fe2+

(711.6 and 710.5)

Fe2p
3/2

(711.3 eV)

Fe(III)Fe2p
3/2

Satellite

Binding energy (eV)

a

c

b

d

I

II

III

10 20 30 40 50 60 70 80

16
20
24
28
32
0

10
20
30
40
50
0.0
0.5
1.0
1.5
2.0
2.5

22
0

44
0

51
1

40
0

31
1

2-Theta (in degree)
Fig. 1 (a-c) XPS spectra of Fe 2p, O 1s and C 1s for the CB-Fe3O4 nanocomposite, respectively, and (d) XRD patterns of (I) CB-Fe3O4 nanocomposite,
(II) CB and (III) Fe3O4 NPs
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285.8 and 288.9 eV, which were assigned to C-C, C-OH and
C=O, respectively. The C-C peak is mainly attributed to the
carbonaceous materials from the CB, whereas C-O and C=O
is assigned to the partially dehydrated residues on the surface
of the nanocomposite [19].

Figure 1d (I-III) show the XRD patterns of the CB-Fe3O4

nanocomposite, CB and Fe3O4 NPs. In Fig. 1d (I), the posi-
tion and relative intensities of all the diffraction peaks obtain-
ed for the CB-Fe3O4 nanocomposites at 2θ = 30.20, 35.60,
43.40, 57.10 and 62.90° correspond to those of the 220, 311,
400, 511 and 440 basal planes of magnetite, respectively,
which confirmed the presence of the pure cubic spinel crystal
structure of Fe3O4, as shown by Fig. 1d (III) [20]. However,
the broad peaks characteristic of carbonaceous CB at 2θ = 24
and 42° [21] disappeared in the XRD pattern of the nanocom-
posites, as illustrated for the pure CB shown in Fig. 1d (II),
which is due to the low concentration of CB used to prepare
the nanocomposite. Therefore, the Raman spectroscopy mea-
surements were carried out to further elucidate the formation
of the CB-Fe3O4 magnetic nanocomposite and to characterize
the structural features of the carbonaceous materials [22].
Figure 2a shows the Raman spectrum obtained for the nano-
composite; the peaks at 213, 273, 393, 483 and 595 cm−1 were
assigned to the Fe-O and Fe-C bonds in Fe3O4 [23], while, on
the other hand, the two peaks observed at approximately
1340 cm−1 and 1600 cm−1 in the spectrum correspond to the
D and G bands of the carbonaceous materials, respectively
[24]. Thus, the mixed phase structure of the individual

components confirms the formation of the CB-Fe3O4 magnet-
ic nanocomposite.

The chemical interactions between the substrate and the
analyte molecules are of paramount importance for stimulat-
ing selective and efficient extraction and sensitive laser
desorption/ionization (LDI) detection of analytes by the sub-
strate [25]. Depending on the nature of the analyte and the
surface chemistry of the substrate, the specificity of a SELDI
probe can be tuned for the adsorption of a wide range of
molecules, or its affinity for a specific type of compound can
be limited. Therefore, the FT-IR spectral analysis was con-
ducted to investigate the functional groups present on the
magnetic nanocomposite (Fig. 2b). The characteristic peaks
at 1629 and 1427 cm−1 observed in the FT-IR spectrum of
the magnetic nanocomposite corresponded to the C=C and
C-O stretching vibrations, respectively, while the broad peak
at 3432 cm−1 was ascribed to the stretching vibration of O-H
[26]. In addition, the spectrum of the CB-Fe3O4 nanocompos-
ites showed two overlapping peaks at 588 and 631 cm−1,
which can be attributed to the Fe-O bond stretching vibrations
of Fe3O4 [27]. Therefore, this analysis proved that the chem-
ical composition of the magnetic nanocomposite can stimulate
different chemical interactions with the targeted analyte due to
the presence of different functional groups through interac-
tions, such as hydrogen bonding and van der Waals
interactions.

The efficiency of the substrate to absorb laser irradiation
and the ability of the substrate to subsequently transfer the
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irradiation to the analyte(s) are vital factors in determining
SELDI performance. Therefore, substrates that have substan-
tial absorptivity in the UV-Vis region are potential candidates
for SELDI technologies [28]. Therefore, the UV-Vis spectrum
of the CB-Fe3O4 nanocomposite (Fig. 2c) was obtained to
assess the absorption efficiency of the magnetic nanocompos-
ite in the UV-Vis region. Patently, the absorption occurring
from 200 to 600 nm was observed in the UV-Vis spectrum
of the magnetic nanocomposite, which can be ascribed to the d
orbital transitions of Fe3O4 [29], whereas the peak at approx-
imately 240 nm can be assigned to the π- π* absorption of the
CB. Thus, the high absorption efficiency of the magnetic
nanocomposite in the UV-Vis region leads to its potential ap-
plicability in SELDI analysis.

The surface capacity of the probe plays an important role in
the adsorption of the analyte, and a large surface area provides
a high loading capacity of the analyte molecules, thereby im-
proving the SELDI performance [10]. Therefore, to validate
the surface properties of the magnetic nanocomposites, N2

adsorption-desorption was employed, as shown in Fig. 2d.
The obtained N2 isotherm can be characterized as type-IV,
and the hysteresis loop can be classified as H3, indicating
the mesoporous nature of the nanocomposite [30]. The N2

sorptometry measurements revealed that the surface area of
the CB-Fe3O4 nanocomposite significantly increased from
60.09 to 115.10 m2 g−1 with respect to the pristine CB.
Additionally, both the pore volume (Vp) and pore diameter
(Dp) of the magnetic nanocomposite dramatically increased
from 0.0002 to 0.010 cm3 g−1 and 8.32 to 16.6 nm compared
to the pristine CB, respectively. Consequently, the enlarged
surface area of the magnetic nanocomposite compared to the
pristine CB can enhance and improve its SELDI performance.

The morphologies of the CB-Fe3O4 nanocomposite were
analyzed using TEM, as shown in Fig. 2e-f. The TEM images
of the CB-Fe3O4 nanocomposite showed that most of the par-
ticles were spherical in shape and approximately 30 nm in
size.

Application of the SELDI probe for the analysis
of spiked wine

In SELDI technologies, different properties should be consid-
ered to construct a probe with a high extraction efficiency and
sensitive detection of the analyte. Of these properties, the
scaffold chemistry of the substrate can promote different bind-
ing interactions with the analyte, including hydrophobic, van
der Waals, hydrogen and electrostatic interactions.
Furthermore, the surface capacity of the probe plays a vital
role in SELDI analysis, and thus, a probe with a high surface
capacity can explicitly bind to a large number of analytes;

meanwhile, the functional groups present on the surface of
the probe can stimulate selective and specific binding interac-
tions with the analyte, thereby enhancing the extraction effi-
ciency of the probe [10].

The amount of the SELDI probe used is a pivotal factor in
the analysis and represents the capacity of the probe to extract
the analyte of interest in the solution. Therefore, the extraction
efficiency of the magnetic nanocomposite was initially opti-
mized using 10, 5 and 1 mg of the magnetic SELDI probe. All
the nanocomposites performed well as SELDI probes and
exhibited a high detection sensitivity for the analytes (note
that the results are not shown). However, to avoid background
signals and/or ion source contamination, which can result
from the use of carbon-based materials [31], the lowest con-
centration of the magnetic probe (1 mg) was employed in the
following experiments.

Initially, the unspiked wine was analyzed using the mag-
netic probe, as shown in Fig. 3. Patently, the mass spectrum
was very clean and had a low background signal, and almost
no fragments were obtained. Additionally, a high signal inten-
sity was observed at 218.9 m/z, which corresponded to the
potassium adduct of glucose and/or fructose, which are pres-
ent in high concentrations in wine. Upon enlarging the spec-
trum between 100 and 219 and 215–500 m/z, more features
were observed, confirming the presence of other constituents
in wine (Fig. 3b and c). In Fig. 3b, peaks at 150.3, 156.7,
202.7 and 212.7 m/z can be assigned to the radical cation of
tartaric acid, the sodium adduct of malic acid, the sodium
adduct of glucose and/or fructose and the potassium adduct
of the amino acid arginine, respectively. On the other hand, in
Fig. 3c, a peak at 220.8m/zwas detected, corresponding to the
potassium adduct of mannitol and/or sorbitol molecule(s).

Then, three different classes of drugs, namely, β-blockers,
antidepressants and antihistamines, were spiked into wine and
applied for the SELDI analysis using the magnetic nanocom-
posite, as shown in Table 1 and Fig. 4a-c. All the mass spectra
showed pronounced signal intensities of the drugs with min-
imum background signals and fragmentation. Figure 4a shows
the positive ion mass spectra representative of the β-blockers
labetalol and metoprolol obtained using the magnetic probe.
Surprisingly, both drugs were detected in their potassium
forms, and labetalol and metoprolol had LODs of 1000 and
100 pg mL−1, respectively. Furthermore, Fig. 4b shows peaks
at 267.5, 280.4, 305.4 and 318.4 m/z, which were ascribed to
[desipramine + H]+, [doxepin + H]+, [desipramine + K]+ and
[doxepin + K]+, respectively, and the LOD of this class of
drugs was 1.0 pg mL−1. The high signal intensity of the
doxepin molecule compared to the desipramine molecule
can be attributed to the nature of the analyte [32], which en-
hanced the interaction between the substrate and analyte and
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prevented the early desorption of the analyte via thermal ef-
fects [33]. Finally, the analysis of the antihistamine showed
peaks at 300.3 and 317.3 m/z, which corresponded to the
potassium adducts of the methapyrilene and triprolidine mol-
ecules, respectively; the potassium adducts of the
methapyrilene and triprolidine molecules had LODs of 10
and 1000 pgmL−1, respectively (Fig. 4c). Thus, these findings
proved that all the compounds were extracted and were de-
tected with high efficiencies, which can be attributed to the
strong binding affinity between the targeted analyte and the
magnetic nanocomposite.

Adsorption experiment

The adsorption efficacy is a critical factor in SELDI technol-
ogy, especially when high throughput and efficiency are im-
perative elements in the analysis. Therefore, the adsorption
capacity of the magnetic SELDI probe towards three classes
of drugs was explored. To assess the amount of drugs
adsorbed on the magnetic nanocomposite and to eliminate
the contribution of wine, the drugs were spiked into DI-water,
and then, the magnetic nanocomposite was introduced into the
solution. The solution mixture was vortexed for 3 min, and the
remaining concentration of drugs in the solution was deter-
mined by a UV-Vis spectrometer. The AE of the investigated
probe was determined using Eq. 1, and the results are shown
in Table 2. The findings showed that, within 3 min, the aver-
age AE of the magnetic SELDI probe towards the ß-blockers,
antidepressants and antihistamines were 35.94, 27.78 and
36.06%, respectively.

Table 1 The intensity (I) and %RSD of the spiked drug analytes
(1 mgmL−1) using the magnetic nanocomposite SELDI probe; the results
were obtained using a laser power of 20% and 500 shots, where n = 5–6

Analyte m/z Intensity %RSD LOD (pg mL−1)

β-Blockers

Labetalol: [M +K] + 367 770.0 26.5 1000

Metoprolol: [M +K] + 306 898.5 24.2 100

Antidepressants

Doxepin: [M +H]+ 280.4 328.3 21.7 1.0

[M +K]+ 318.4 110.3 15.1 1.0

Desipramine: [M +H]+ 267.5 40.6 27.7 1.0

[M +K]+ 305.4 19.4 31.1 1.0

Antihistamines

Methapyrilene: [M +K]+ 300.3 186.5 21.6 10

Triprolidine: [M +K]+ 317.3 338.3 30.4 1000
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Fig. 3 (a) Analysis of the unspiked wine using the magnetic
nanocomposite-based SELDI probe; (b) enlargement of a from 100 to
219m/z; and (c) enlargement of a from 215 to 500m/z. The spectrumwas
obtained in positive ionization mode using 20% laser power
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Furthermore, the effect of time on the AE of the SELDI
probe for the drugs was investigated and shown in Fig. 5. The
AE of the SELDI probe for the drugs drastically increased
after 3 min, and then, a state of equilibrium was achieved after
almost 4 min of the adsorption process. This can be attributed
to the accessibility of the vacant surface sites on the magnetic
SELDI probe for the immediate adsorption of the drug during
the initial stage [34]. These results proved that the magnetic
nanocomposite can be used as an efficient probe for SELDI
analysis, enabling the simple and rapid extraction of various
substances that might be present in individual’s drinks.

Application of the SELDI probe for the analyses
of amino acids and fatty acids

To further validate the use of the magnetic SELDI probe for
the analysis of nonconjugated small molecules, extraction and
detection were carried out for amino acids and fatty acids,
which are examples of species involved in physiological and
pathological processes. To perform the validation, a mixture
of three amino acids, serine, valine and tryptophan, and two
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Fig. 4 Mass spectra of (a) the β-blockers (1 mg mL−1): labetalol (M +
K = 367 m/z) and metoprolol (M + K = 306); (b) the antidepressants
(1 mg mL−1): doxepin (M +H = 280 m/z, M +K = 318.4 m/z) and desip-
ramine (M+H = 267.5 m/z, M + K = 305.4 m/z); and (c) the antihista-
mines (1 mg mL−1): methapyrilene (M +K = 300.3 m/z) and triprolidine
(M +K = 317.3 m/z). All the drugs were spiked in wine, and the spectra
were obtained using the magnetic nanocomposite-based SELDI probe in
positive ionization mode with 20% laser power
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Fig. 5 The effect of time on the adsorption efficiency of different drugs
(100 μg mL−1) onto the magnetic SELDI probe

Table 2 Average adsorption efficiency and %RSD for the analysis of
spiked drug molecules (100 μg mL−1) using the magnetic nanocomposite
SELDI probe, where n = 3

Drug Average AE (%) RSD (%)

ß-blockers* 35.94 3.3

Antidepressants** 27.78 8.1

Antihistamines*** 36.06 9.9

*Wavelength used for the calculation is 220 nm

**Wavelength used for the calculation is 226 nm

***Wavelength used for the calculation is 247 nm
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fatty acids, myristic acid (C14) and arachidic acid (C20), were
analyzed, as shown in Fig. 6a-b. The SELDI spectrum obtain-
ed for the amino acids had low background ion interferences
and showed peaks at 103.8, 115.9 and 202.9 m/z, which
corresponded to the deprotonated forms of serine, valine and
tryptophan, respectively (Fig. 6a). A high signal intensity was
observed for the peak corresponding to the deprotonated form
of serine, whereas the peak corresponding to tryptophan had a
relatively low signal intensity. The labeled peak at 112.5 m/z
can be assigned to [valine-2CH3 + Cl]−, resulting from the
fragmentation of valine at a high laser power.

In contrast, the spectrum of the fatty acids demonstrated
peaks at 226.9 and 311.1 m/z, which can be ascribed to the
deprotonated forms of myristic acid (C14) and arachidic acid
(C20), respectively (Fig. 6b). Importantly, the signal intensity

of the peak corresponding to the fatty acid with the shorter
chain (C14) was more pronounced than that of its longer chain
counterpart (C20). Thus, the investigated probe can be used to
extract and subsequently detect both conjugated and noncon-
jugated analytes.

Conclusions

A novel and simple magnetic SELDI-MS probe was fabricat-
ed and characterized using various analytical instruments in-
cluding XPS, XRD, Raman spectroscopy, FT-IR, UV-Vis
spectroscopy, TEM and N2 sorptometry. The findings showed
the successful formation of the magnetic nanocomposite, and
the magnetic nanocomposite was shown to have a high con-
tent of Fe3O4 and an enlarged surface area compared to
carbon black (CB). The nanocomposite was applied as a plat-
form for the rapid extraction and subsequent analysis of var-
ious drugs spiked in wine. All the drugs were detected in their
potassiated forms with a satisfactory limit of detection. The
adsorption capacity of the magnetic SELDI probe was exam-
ined, and this study proved that the magnetic nanocomposite
enabled the successful extraction of the targeted drugs. In
addition, to test the applicability of the probe, it was applied
for the analysis of amino acids and fatty acids, and the findings
showed that all of the analytes were successfully extracted and
detected. Thus, the high efficiency of this method will ad-
vance material science and will enable the use of SELDI-MS
as an effective analytical tool that can be employed for routine
analysis in various laboratories. However, the selectivity of
this probe is an issue that can result in the extraction of several
undesired compounds in the sample matrix. This can be
circumvented by functionalizing the probe with more selec-
tive functional groups to promote the binding affinity of the
probe towards the analyte of interest.
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