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a  b  s  t  r  a  c  t

The  analysis  of biological  samples,  such  as whole  blood,  comes  with  several  sample  preparation  chal-
lenges.  Biological  matrices  often  contain  a variety  of  endogenous  components  that  can  interfere  with
the  determination  of xenobiotics.  Especially  blood  plasma  proteins  (e.g. serum  albumin)  are  known  to
interfere  with  electrospray  ionization  and  result  in analyte  ion  suppression.  Sample  preparation  tech-
niques  should  guarantee  adequate  removal  of these  biomolecules.  The  current  study  aims  to  determine
to which  extent  proteins  are  removed  from  whole  blood  samples,  using  ionic  liquid-based  dispersive
liquid-liquid  microextraction  (IL-DLLME).  A  qualitative  comparison  of  the protein  presence  in  extracts
of  IL-DLLME,  solid-phase  extraction  (SPE)  and  protein  precipitation  (PP)  was  performed,  using  sodium
dodecyl  sulfate  polyacrylamide  gel  electrophoresis  (SDS-PAGE).  Additionally,  UV/VIS  spectrophotometry
was  used  to  determine  the  protein  content  of  a whole  blood  sample  and  IL-DLLME,  SPE and  PP extracts
of  the  same  sample.  Finally,  a  quantitative  comparison  of  matrix  effects  of  benzodiazepines  present  in
both  whole  blood  and  water  samples.  SDS-PAGE  results  showed  that  IL-DLLME  extracts  still  contained
proteins  (i.e.  albumin,  hemoglobin);  however,  band  intensities  were  comparable  to  SPE extracts.  Spec-

trophotometric  tests  showed  a total  protein  content  of  approximately  2  mg/mL  in the  final  extracts.  PP
showed  the  highest  protein  extraction  rate  (19  mg/mL).  Quantitative  ME  results  showed  no  significant
differences  (� = 0.05)  between  blood  and  water  IL-DLLME  extracts.  Overall,  this  is  the  first  study  to  con-
clude  that  IL-DLLME  is  able  to  sufficiently  remove  blood  proteins  from  whole  blood  samples,  in  order  to
avoid  significant  ion  suppression.

©  2018  Published  by  Elsevier  B.V.
. Introduction

Alternative solvents are introduced in sample preparation as a
esult of the increasing awareness of volatile organic solvent (VOS)
hortcomings. High flammability, high volatility and low selectivity

ake VOSs less attractive solvents when compared to ionic liquids

ILs). ILs are liquid salts with melting points below 100 ◦C. They have
 negligible volatility, low flammability and good thermal stability

Abbreviations: ACN, acetonitrile; BSA, bovine serum albumin; CV, coefficient
f  variation; IL, ionic liquid; IL-DLLME, ionic liquid-based dispersive liquid-liquid
icroextraction; ME,  matrix effect; MeOH, methanol; PP, protein precipitation; SDS-

AGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis; SPE, solid-phase
xtraction; Tris-HCl, tris(hydroxymethyl)aminomethane hydrochloride; TSIL, task-
pecific ionic liquid; VOS, volatile organic solvent.
∗ Corresponding author.

E-mail address: eva.cuypers@kuleuven.be (E. Cuypers).

ttps://doi.org/10.1016/j.jpba.2018.10.019
731-7085/© 2018 Published by Elsevier B.V.
[1,2]. Moreover, anions and cations can be easily tuned by adding
diverse functional groups, which results in task-specific ionic liq-
uids (TSILs) [3]. All these advantages make ILs important new
extraction solvents in sample preparation. To date, they are studied
and applied in several microextraction procedures [4]. Especially
the use of hydrophobic ILs, such as imidazolium-based ILs, have
been reported for the extraction of metal ions and organic com-
pounds in aqueous samples [5]. An important aspect of the further
implementation of ILs in analytical chemistry is their application
for drug analysis in biological samples.

In toxicology, biological samples are the most important source
of information. Especially blood is a frequently analyzed sample
matrix for the quantification of legal and illegal drugs [6]. There
are several challenges associated with the analysis of biological

samples, since they contain endogenous interferences that can
hamper accurate quantification, such as proteins, lipids and sug-
ars [7]. Proteins are the most abundant source of endogenous

https://doi.org/10.1016/j.jpba.2018.10.019
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2018.10.019&domain=pdf
mailto:eva.cuypers@kuleuven.be
https://doi.org/10.1016/j.jpba.2018.10.019


5 ical an

b
a
A
a
M
t
c
I
t
t
t
a
(
c
s
e
p
p
u
p
e
e
i
m
p
b

m
a
u
o
p
p
e
i
[
t
o
n
m
p
[

i
S
P
I
(
r
A
m
I
d
F
b
e
t
o

2

2

M

8 M. De Boeck et al. / Journal of Pharmaceut

iomolecules in blood, more specifically, serum albumin. Average
lbumin blood concentrations are estimated at 35–52 mg/mL  [8].
verage total protein concentrations, which primarily consist of
lbumin and globulins, are estimated at 65–85 mg/mL in adults [9].
oreover, if red blood cells in whole blood samples are ruptured,

he elevated concentration of free hemoglobin can form additional
hallenges, as these concentrations can reach up to 160 mg/mL  [10].
t is important to eliminate proteins from biological samples prior
o analysis, since high protein concentrations can co-elute with
he analyte, using liquid chromatography-electrospray ionization-
andem mass spectrometry (LC-ESI-MS/MS) and can drastically
ffect the ionization process [7]. These so-called matrix effects
MEs) can have a negative impact on method accuracy and pre-
ision, and - in case of ion suppression - can result in a decreased
ensitivity. Furthermore, the presence of proteins can hamper the
xtraction of drugs from complex sample matrices, as a result of
rotein-drug binding interactions [11]. To overcome the mentioned
roblems, it is necessary to implement an adequate sample clean-
p step in the analytical process. Established bioanalytical sample
reparation techniques are protein precipitation (PP), solid-phase
xtraction (SPE) and liquid-liquid extraction (LLE). PP is a fast and
asy alternative; however, it has the lowest matrix removal capac-
ty [12]. Contrarily, SPE is considered a superior sample clean-up

ethod, even so, it is less attractive due to complex and tedious
rocedures. Furthermore, reproducibility problems and cartridge
lockage limit the application of SPE [13,14].

Since the introduction of ILs as solvents in liquid-liquid
icroextraction protocols, several studies have demonstrated their

pplicability for the extraction of biological samples, such as blood,
rine, saliva, etc. [15]. However, little research has been performed
n the ability of hydrophobic ILs to remove biological matrix com-
onents. The presence of these endogenous substances, such as
roteins, can be a potential concern since ILs have been described to
xtract biomolecules. In 2005, Wang et al. demonstrated the abil-
ty of hydrophobic imidazolium-based ILs to extract amino acids
16]. These ILs are typically used in liquid-liquid sample prepara-
ion protocols and therefore can result in the undesired extraction
f protein and thus matrix effects. On the other hand, it should be
oted that larger proteins generally have a lower IL solubility. The
ain mechanisms of protein partitioning into the IL layer in two-

hase systems relies on electrostatic and hydrophobic interactions
5].

The present work focuses on the determination of proteins
n IL-based dispersive liquid-liquid micro-extracts (IL-DLLME).
odium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
AGE) was performed to compare serum protein presence in
L-DLLME, protein precipitation (PP) and solid-phase extraction
SPE) extracts. This qualitative test provides insight into the protein
emoval capacity of the mentioned sample preparation techniques.

 semi-quantitative comparison was performed based on the
easured protein content of whole blood samples, compared to

L-DLLME, SPE and PP whole blood extracts. Protein contents were
etermined using ultraviolet/visible (UV/VIS) spectrophotometry.
inally, quantitative ME  tests were performed for the analysis of
enzodiazepines in both whole blood and Milli-Q water IL-DLLME
xtracts. A comparison of both extracts provides information on
he influence of whole blood matrix components on the ionization
f benzodiazepines using LC-ESI-MS/MS.

. Materials and methods
.1. Chemicals and reagents

Solvents used for sample preparation were obtained from
erck (Darmstadt, Germany): acetic acid, acetone, chloroform,
d Biomedical Analysis 164 (2019) 57–61

ethyl acetate, methanol (MeOH) and potassium dihydrogenphos-
phate. 1-butyl-3-methylimidazolium hexafluorophosphate (BMIm
PF6, 99.5%), was purchased from IOLITEC Ionic Liquids Technolo-
gies GmbH (Heilbronn, Germany). Acetonitrile (ACN) was  obtained
from Biosolve (Valkenswaard, The Netherlands).

The following substances were purchased to pre-
pare SDS-PAGE running buffer and sample buffer:
tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl),
Coomassie Brilliant Blue R250 and hydrogen chloride were
obtained from Merck (Darmstadt, Germany). Glycerol and dithio-
threitol were obtained from Sigma Aldrich (Steinheim, Germany).
SDS was obtained from Boehringer (Ingelheim am Rhein, Germany).
Tricine and SimplyBlue

TM
SafeStain were purchased from Thermo

Fisher Scientific (Massachusetts, USA). Water was purified using a
Milli-Q Water Purification System (Millipore, Brussels, Belgium).
Tris (1 M)-Tricine (1 M)-SDS (1% v/v) aqueous running buffer (pH
8.3) was  prepared by dissolving 121.1 g Tris-HCl and 179.2 g Tricine
in 800 mL  Milli-Q water. pH was adjusted to 8.3 with hydrogen
chloride, followed by the addition of 50 mL  SDS 20% solution. The
buffer was  diluted to 1 L with Milli-Q water. Before use, the running
buffer was  diluted 1/10 v/v in Milli-Q water. Tricine sample buffer
(0.1 M,  pH 6.8) was  prepared by diluting 5 mL  of Tris HCl (1 M,
pH 6.8), 12 mL  glycerol, 4 g SDS, 1.55 g dithiothreitol and 10 mg
Coomassie Blue R250 to 50 mL  with Milli-Q water. Furthermore,
as a positive control, bovine serum albumin (BSA) (10 mg/mL)
was purchased from New England Biolabs (Massachusetts, USA).
PageRuler low range unstained protein ladder (3.4 to 100 kDa) was
purchased from Thermo Fisher Scientific (Massachusetts).

To perform ME  tests, the following methanolic benzodi-
azepine reference standards (1.0 mg/mL) were purchased: alpra-
zolam, clobazam, clonazepam, diazepam, flurazepam, lorazepam,
lormetazepam, midazolam, nitrazepam, nordiazepam, oxazepam,
prazepam, temazepam and zopiclone from Cerilliant (Round Rock,
Texas, USA). 7-aminoflunitrazepam, bromazepam, chlordiazepox-
ide, estazolam, etizolam, flunitrazepam, triazolam and zolpidem
tartrate were purchased from LGC (Molsheim, France). Powder ref-
erence standards of brotizolam, ethyl loflazepate and loprazolam
mesilate were obtained from EDQM Council of Europe (Strasbourg,
France), Sanofi-Aventis (Diegem, Belgium) and the British Pharma-
copoeia Commission Laboratory (Teddington, UK), respectively. All
powder standards were dissolved in MeOH to obtain a final con-
centration of 1.0 mg/mL. Clorazepate, clotiazepam and cloxazolam
were extracted from their commercially available tablets, respec-
tively, Tranxene

®
, Clozan

®
and Akton

®
. Extracts were diluted to

a final concentration of 1.0 mg/mL  in MeOH. A benzodiazepine
stock solution was prepared by mixing all reference compounds
to a final concentration of 1.67 �g/mL in MeOH. Stock solutions
were stored at −20 ◦C. All mobile phase solvents and additives
were LC–MS grade quality. MeOH and ACN were obtained from
Biosolve (Valkenswaard, The Netherlands). Ammonium hydroxide
and ammonium bicarbonate were purchased from Sigma-Aldrich
(Bornem, Belgium).

2.2. Biological samples

Blank whole blood samples were obtained from Blood Trans-
fusion Centre Leuven (Gasthuisberg, Leuven, Belgium). The
Committee for Medical Ethics (UZ Leuven, Belgium) permitted the

use of whole blood. To all blood samples, 1% sodium fluoride was
added and they were stored at −20 ◦C. Before use, samples were
screened for the presence of benzodiazepines, using a validated
SPE-LC-MS/MS method [17].
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Fig. 1. SDS-PAGE results of IL-DLLME, SPE and PP whole blood extracts. Lane 1:
PageRuler low range unstained protein ladder; Lane 2: solid-phase extraction (SPE)
of  whole blood sample; Lane 3: protein precipitation (PP) of whole blood sample;
M. De Boeck et al. / Journal of Pharmaceut

.3. SDS-PAGE

The IL-DLLME protocol for benzodiazepine extraction, described
y De Boeck et al. [18], was used for SDS-PAGE sample prepara-
ion. 1 mL  of blank whole blood was extracted using 60 �L of BMIm
F6. After separation of the aqueous and IL layer, 6 �L IL was col-
ected and mixed with 6 �L tricine sample buffer (0.1 M,  pH 6.8).
he used SPE protocol was thoroughly described by Verplaetse et al.
17]. The extraction was performed starting from 1 mL  blank whole
lood. The final eluted extract was evaporated to dryness using a
acuum concentrator. The residue was dissolved in 60 �L Milli-Q
ater. Finally, 6 �L of this solution was mixed with 6 �L tricine

ample buffer (0.1 M,  pH 6.8). The used PP protocol consisted in
dding 2 mL  ACN to 1 mL  blank whole blood. The supernatant was
ollected and evaporated to dryness. The residue was  dissolved in
0 �L Milli-Q water. Six �L of the solution was mixed with 6 �L
ricine sample buffer (0.1 M,  pH 6.8). As a positive control, 2 �L of
he BSA standard was added to 10 �L SDS sample buffer.

IL-DLLME, SPE, PP and BSA samples were heated for 2 min  at
0 ◦C to ensure denaturation of proteins. Twelve �L of each sam-
le and the protein ladder was loaded onto a NovexTM 16% Tricine
rotein Mini Gel (1.0 mm,  12-well) (Thermo Fisher Scientific, Mas-
achusetts, USA). Gel electrophoresis was performed for 1.5 h at
25 V, using a Xcell SureLock

TM
Mini-cell system (Thermo Fisher

cientific, Massachusetts, USA). Finally, the gel was stained follow-
ng the SimplyBlue

TM
SafeStain protocol.

.4. UV–vis spectrophotometry

Whole blood samples (n = 3 donors) were compared to their
espective IL-DLLME, SPE and PP extracts, based on protein content.
hree �L of each sample was measured (n = 5) using a Nano-
rop ND-1000 UV/VIS spectrophotometer (Isogen Life Sciences, De
eern, The Netherlands) at a wavelength that is strongly absorbed

y proteins; 280 nm.  Protein concentrations were automatically
alculated by the NanoDrop Software version 3.1.2, based on the
inear relationship between protein absorbance and concentration.
s a blank measurement, Milli-Q water was measured prior to each
ample.

The used IL-DLLME procedure was described in full detail by
e Boeck et al. [18]. One mL  of blank whole blood was extracted
sing 60 �L of BMIm PF6. Subsequently, three �L of the collected IL
as analyzed. The used SPE protocol was described by Verplaetse

t al. [17]. The extraction was performed starting from 1 mL  blank
hole blood. The final eluted extract was evaporated to dryness
sing a vacuum concentrator and the residue was dissolved in
0 �L Milli-Q water. Three �L of the final solution was analyzed.
he used PP protocol consisted in adding 2 mL  ACN to 1 mL  blank
hole blood. The supernatant was collected and evaporated to dry-
ess. The residue was dissolved in 60 �L Milli-Q water and three �L
f the final solution was analyzed. Next to the extracts, the initial
hole blood samples were analyzed. Prior to analysis, the whole

lood samples were diluted 1/20 (v/v) in Milli-Q water in order to
btain a measurable liquid.

.5. LC-ESI-MS/MS: matrix effect

A Shimadzu Prominence Ultra-Fast Liquid Chromatograph XR
ystem (Shimadzu Benelux, Jette, Belgium) equipped with a
inetex® Biphenyl LC Column (100 mm × 2.1 mm,  2.6 �m particle
ize) (Phenomenex, Utrecht, The Netherlands) was  used. The LC
ystem was coupled to a 3200 QTRAP mass spectrometer (Sciex,

alle, Belgium), operated in scheduled multiple reaction monitor-

ng (sMRM) scan mode.
For a detailed description of the used IL-DLLME-LC-MS/MS

ethod for benzodiazepine analysis, the reader is referred to the
Lane 4: ionic liquid-based dispersive liquid-liquid microextraction (IL-DLLME) of
whole blood sample; Lane 5: bovine serum albumin positive control (1.67 mg/mL);
Lane 6: PageRuler low range unstained protein ladder.

published work of De Boeck et al. [18]. The IL-DLLME preparation
was performed in triplicate on two  sets of samples: blank whole
blood and blank Milli-Q water. The samples were post-extraction
spiked at 167 ng/mL with benzodiazepine standard stock solution
and analyzed using LC-ESI-MS/MS. The post-extraction spiked sam-
ples were compared to a pure benzodiazepine standard in MeOH,
at the same concentration. ME  values were calculated as follows
[19]:

ME = AUCpost−extraction spiked sample

AUCstandard in methanol
• 100

ME values were calculated for both sample sets (whole blood
and Milli-Q water extracts) and compared by means of a multiple
t-test analysis (� = 0.05). Significantly lower ME  values for whole
blood extracts would indicate that interfering blood matrix compo-
nents were not sufficiently removed using IL-DLLME. Additionally,
coefficients of variation (CVs) (n = 3) were calculated and the accep-
tance limit was  ≤ 15%.

3. Results and discussion

3.1. SDS-PAGE

Fig. 1 shows gel electrophoresis results of IL-DLLME, SPE, PP and
BSA samples. The BSA sample shows a broad band at its molecular
mass of 66 kDa. The same albumin band was  observed in IL-DLLME,
PP and SPE sample extracts. It should be noted that the band could
also be a result of inadequate hemoglobin removal, since its molec-
ular weight is comparable to albumin, i.e. 64 kDa. However, the
chance of finding intact non-covalent tetrameric hemoglobin is
rather low, due to the denaturing conditions. As expected from
the literature, PP succeeds the least in removing interfering protein
and showed the most intense band [12]. IL-DLLME and SPE showed
comparable results. As ILs are known to extract proteins, it was
assumed that the IL-DLLME extract would contain a higher portion
of serum albumin/hemoglobin compared to SPE. However, this first
qualitative assessment does not support the assumption. When

comparing band intensities of the IL-DLLME and BSA (1.67 mg/mL)
sample, IL-DLLME blood protein removal could be estimated at
more than 100-fold, presuming the initial blood sample contained
70 mg/mL  albumin. Furthermore, in IL-DLLME and SPE samples,
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Table 1
NanoDrop UV/VIS spectrophotometry results: protein content of extracts and whole blood.

Protein content (mg/mL) of
whole blood extract

Protein content (mg/mL) of
whole blood

IL-DLLME SPE PP 1/20 (v/v) in H2O undiluted

Donor 1 1.31 1.96 19.42 2.98 59.56
Donor 2 0.97 3.49 19.18 3.21 64.28
Donor 3 1.28 3.63 19.29 4.69 93.80
Mean (RSD%) 1.18 (16.1) 3.03 (30.5) 19.30 (6.2) 3.63 (25.6) 72.55 (25.6)

I tion; PP: protein precipitation; RSD: relative standard deviation. Three different sources
o ults (highlighted in grey) were calculated from the diluted measurements, by multiplying
p
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Table 2
Matrix effect results of 28 benzodiazepines in IL-DLLME extracts of both whole blood
samples and Milli-Q water samples.

Benzodiazepine ME Blood (%) CV (%) ME H2O (%) CV (%)

7-Aminoflunitrazepam 16.3 9.7 16.4 3.5
Alprazolam 52.6 2.1 52.5 6.4
Bromazepam 24.1 5.9 24.5 14.2
Brotizolam 54.5 6.2 52.4 7.4
Chlordiazepoxide 52.0 7.4 49.6 7.2
Clobazam 53.2 3.2 52.2 5.9
Clonazepam 47.6 6.3 47.2 7.1
Clorazepate 46.5 5.5 44.1 6.2
Clotiazepam 56.6 1.1 54.0 2.6
Cloxazolam 48.5 7.4 46.7 10.3
Diazepam 57.8 6.4 54.0 5.4
Estazolam 51.8 3.6 51.5 0.5
Etizolam 57.7 3.3 53.6 3.1
Ethyl loflazepate 58.7 11.5 55.9 9.2
Flunitrazepam 58.7 6.4 59.2 7.0
Flurazepam 63.3 1.8 60.6 1.2
Loprazolam 73.3 4.8 67.1 5.1
Lorazepam 39.5 4.2 38.3 5.8
Lormetazepam 48.3 9.9 47.8 8.8
Midazolam 56.7 8.4 54.1 5.7
Nitrazepam 37.8 4.6 37.4 7.8
Nordiazepam 51.3 8.3 51.3 8.5
Oxazepam 36.6 11.1 37.9 4.7
Prazepam 56.1 3.9 53.6 4.0
Temazepam 53.1 1.4 52.3 3.2
Triazolam 47.5 1.6 44.4 4.7
Zolpidem 56.2 4.6 55.8 5.9
Zopiclone 52.2 4.5 57.2 8.9

ME Blood: matrix effect of whole blood extracted using ionic liquid-based liquid-
liquid microextraction (IL-DLLME); ME H20: matrix effect of Milli-Q water extracted
L-DLLME: ionic liquid-based liquid-liquid microextraction; SPE: solid-phase extrac
f  whole blood were used, indicated by donor 1, donor 2 and donor 3. Undiluted res
rotein concentrations by 20. RSD: relative standard deviation.

ands with low intensity were observed at ±15 kDa. Most likely,
hese could be linked to the presence of hemoglobin side chains,
.g. alpha chain (15.1 kDa) or beta chain (15.9 kDa) [20]. More-
ver, in the IL-DLLME extract, an additional low-intensity band
as detected at ± 14 kDa. This could be attributed to the presence

f beta-2-microglobulin (13.7 kDa), however, this protein is only
resent at low concentrations in plasma (10−7 g/mL) [8]. The low-
ass protein “band”, found in the PP extract, could be explained by

he fact that large proteins are more easily precipitated by organic
olvents compared to the smaller ones [21].

.2. UV/VIS spectrophotometry

UV/VIS spectrophotometric results for IL-DLLME, SPE, PP whole
lood extracts and 1/20 (v/v) diluted whole blood samples were
onverted to protein concentrations and displayed in Table 1. The
esults show that both IL-DLLME and SPE were able to efficiently
lean up the whole blood samples, with only 1.18 and 3.03 mg/mL
eft of the initial protein concentration, respectively. As could be
xpected from the SDS-PAGE results, PP is a less successful pro-
ein removal technique; almost a third (19.30 mg/mL) of the initial
rotein concentration could still be detected in the final extracts.
ccording to the obtained data, the average protein concentration
f the undiluted blood samples was estimated at 72.55 mg/mL. This
s in line with the average total protein concentrations in blood
hat were reported by Buzanovskii, i.e. 65–85 mg/mL  [9]. Donor 3
hows slightly higher concentrations, which could be attributed to

 possible hemolysis process. Notable are the high relative standard
eviation (RSD) values that were seen for SPE and whole blood mea-
urements. This could be caused by the variability in whole blood
omposition between the three tested donors and the manual oper-
tion variability of the SPE extraction. Including a higher number
f replicates could also result in improved RSD values. Overall, it
as concluded that the IL-DLLME procedure was able to remove a

ignificant portion of blood protein, which resulted in final protein
oncentrations that were ± 50 times lower than the initial whole
lood sample.

.3. LC-ESI-MS/MS: matrix effect

In Table 2, ME  results are shown for benzodiazepines in whole
lood and water extracts. ME  results are similar for both sample
ets and do not indicate additional suppression due to whole blood
atrix interferences. Multiple t-test analysis confirmed that no

ignificant (p > 0.05) differences were found between both groups
ased on the ME  results of 28 benzodiazepines. Therefore, the
bserved ion suppression can be solely attributed to the presence of

L. Especially benzodiazepines that co-elute with the IL peak maxi-

um are most affected, such as 7-aminoflunitrazepam (ME: 16%),
romazepam (ME: 24%) and lorazepam (ME: 39%). Furthermore, all
V values were lower than 15%, indicating good repeatability.
using IL-DLLME; CV: coefficient of variation (n = 3). Both sets of samples were spiked
at  167 ng/mL of benzodiazepine standard solution.

4. Conclusion

The obtained SDS-PAGE results showed that serum albumin
and/or hemoglobin were extracted from whole blood and could
be detected as a small band at 65 kDa in the IL-DLLME extract. A
protein band with comparable intensity was  found in the final SPE
extract. The PP extract showed a more prominent band, indicat-
ing less efficient protein removal. UV/VIS spectrophotometric tests
confirmed the SDS-PAGE results; both IL-DLLME and SPE protocols
were able to remove more than 95% of the sample protein con-
tent, however, IL-DLLME has proven to be more time efficient and
consumes less volatile organic solvents. The most straightforward
technique, PP, did only succeed in removing ± 75% of the total pro-
tein content. Nevertheless, it should be mentioned that the applied
PP protocol used a 2:1 (ACN:sample) ratio, while a study by Polson
et al. has proven that protein removal could be further maximized
by using 3:1 or 4/1 ratios [11]. Finally, the obtained ME  results for 28

benzodiazepines showed no significant differences between whole
blood and water IL-DLLME extracts. This means that endogenous
substances, such as proteins, did not have a significant influence
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hemoglobin. I. The separation of the alpha and beta chains and their amino
acid composition, J. Biol. Chem. 237 (1962) 1549–1554 (accessed May  30,
M. De Boeck et al. / Journal of Pharmaceut

n benzodiazepine ionization. The observed ion suppression could
herefore be attributed to the presence of IL. This is probably the
iggest disadvantage of IL-DLLME, fortunately, the IL matrix effect
as proven to be repeatable (CV < 15%) and can be considered in the
rocess of establishing calibration curves.

Overall, the performed tests demonstrate the efficient matrix
emoval capacity of the tested IL, i.e. BMIm PF6. Most ILs that are
sed for the extraction of small molecules are hydrophobic solvents
nd therefore have a weak tendency to dissolve proteins. This is

 desirable property for an extraction solvent in biological sample
lean-up. Care should be taken if hydrophilic ILs are used in aqueous
wo-phase systems for drug extraction, as BMIm Cl/K2HPO4 sys-
ems have been described to also extract proteins form biological
amples [5].
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