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ARTICLE INFO ABSTRACT
Article history: Because of the low concentration levels in plasma, blood, urine, and other metabolites, adequate
Available online 27 February 2017 analytical methods should be used for quantification of drugs at the trace levels. Molecularly imprinted
polymers (MIPs) are tailor made and stable polymers with special molecular recognition abilities that
Keywords: because of their high selectivity can be used for the extraction of selected target analytes and structurally
g?ological and environmental matrices related analogues in many bioanalytical approaches. Nowadays, MIPs are rapidly progressing for the
10Sensors

analysis of drugs in biological, environmental, and pharmaceutical samples. In this review, we discuss the

]\Dﬂr;ggnzgil_ﬁll; novel developments and uses of MIPs as new sorbents and fibers in solid phase extraction (SPE) and solid
MISPE phase microextraction (SPME), ultrasonic-assisted SPE, sensitive sensors, magnetic separations or
MISPME conjugating with carbon materials for trace and ultra-trace determination of drugs. We believe that our
review will be of assistance to drug analysis and analytical methods with highly selective separations/

detections.
© 2017 Elsevier B.V. All rights reserved.
1. Introduction levels. However, the all of the advanced analytical processes can
be impaired if an inappropriate sample preparation method has
The analysis of biological and environmental samples for drugs been used before the injection. So, selected analytical method and
quantification is a significant task in drug discovery. Till now, all of its instrumentations have an important role in the drugs
adequate analytical methods have been used to achieve high sep- analysis which is the theme of our discussion. The sample prepa-

aration efficiency and low detection limits in the ppb or sub-ppb ration has many different key roles such as the elimination of
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interferences, preconcentration, converting the analytes to appro-
priate form for separation and/or detection. Because of the low
concentration levels of drugs in plasma and the variety of the
metabolites, the selected extraction technique should be virtually
exhaustive [1].

In most cases, the complex matrix and their low concentration of
analyte strongly limit and lower the characteristic efficiency of most
analytical methods and persuade the researchers to introduce novel
preconcentration and/or separation techniques. Till now, several
analytical methods such as solid-phase extraction (SPE) [2], solid-
phase microextraction (SPME) [3], dispersive liquid-liquid micro-
extraction (DLLME) [4], electrochemical [5] and ion-pair cloud-
point extraction (IP-CPE) [6] have been applied for drugs quantifi-
cation in biological and environmental samples [7] and pharma-
ceutical preparations [8] using high performance liquid
chromatography with ultraviolet detection (HPLC/UV) [9], fluores-
cence detection (FD) [10], gas chromatography—mass spectrometry
(GC—MS) [11], liquid chromatography—mass spectrometry
(LC—MS) [12], high performance thin layer chromatography
(HPTLC) [13] and spectrofluorometric [10] to overcome such
limitations.

The molecular imprinting was first investigated in 1949 by
Dickey using the concept of instructional theory [14]. In the years
around 1985 to 2000, the enantiomer separations in liquid chro-
matography (LC) evaluation, which were reported by Mosbach,
Sellegren and co-workers [15,16], provided deep impression for the
practical possibility of molecular imprinting technology (MIT) as
new bio-mimic materials. Notably, molecularly imprinted polymers
(MIPs) had been widely studied in drug analysis during a few de-
cades from 1990, since the separation of drugs and structurally
related compounds is pretty complicated [17]. Fig. 1 presents the
milestones for the molecular imprinting technology and applica-
tion of MIPs in the bioanalytical extraction techniques.

MIPs are the synthesized and stable polymers with special mo-
lecular recognition abilities that can be used for the selective
extraction of selected molecules. In these tailor-made polymers, the
recognition sites are imprinted in the polymer matrix by the pres-
ence of a template during their synthesis which is formed according
to the shape, size, and the functional groups of the template mole-
cule [18]. The interaction between the self-assembled complex of
the functional monomers and target molecules achieve with the
templates via hydrogen bonding, electrostatic interaction, and hy-
drophobic interaction. This complex prepared with an excess of
crosslinking agent, large amount of porogenic solvents, and an ac-
curate polymerization initiator. Because of its characteristics such as
easy preparation, good performance, high selectivity and reus-
ability, potential applications to an extensive range of target mole-
cules and chemical stability, MIPs are widely utilized in various
fields of analytical chemistry such as food, drugs, biological and
environmental samples [18]. According to the recent rapid de-
velopments, novel MIP-based procedures such as MIPs as SPE sor-
bents (MISPE), MIPs as SPME sorbents (MISPME), MIPs in sensor
technology, MIPs in magnetic separation, and MIPs conjugated with
carbon materials have been introduced regarding the biological
and/or environmental samples and pharmaceutical compounds
analysis. These matrices are very complex and highly selective ad-
sorbents are necessary to ensure a robust and selective analysis. Due
to the selectivity and elimination of interferences are the most
important features of MIPs, combination of such materials with
liquid chromatography [19], capillary electrophoresis [20], capillary
electrochromatography [21], SPE [22], SPME [23], sensors [24],
enantiomeric separations [25], catalysis [26] and etc. lead to
simplifying, avoiding matrices effect, and also significant improve-
ment. The schematic image of the MIP preparation is summarized in
Fig. 2.

Recent years:
novel magnetic-MIPs configurations,
ultrasonic-assisted MISPE,
MIPs conjugated with carbon materials

2006: MIP for SBSE
(Zhu et al.)

2006: MIP for MEPS
(Abdel-Rehim et al.)

2001: MIP for SPME
(Koster et al.)

1995: MIP-based optical sensors
(Kriz et al.)

1994: MIP for SPE
(Sellergren)

1990: MIP-based electrochemical sensors
(Mosbach’s group)

1990: first application of MIPs on drug
analysis (Mosbach et al.)

1982: introduction of magnetic separation
technology (Rembaum et al.)

1972: covalent and non-covalent imprinting
(Mosbach et al.)

1949: molecular imprinting technology
(Dickey)

1940: introduction of instructional theory
(Pauling)

years

1890: lock and key theory (Fischer)

Fig. 1. Milestones in molecular imprinting technology and application of MIPs in the
bioanalytical extraction techniques.

Today, SPE is the standard and most commonly sample prepa-
ration technique in bioanalysis field which has many potential
advantages such as high extraction recovery, broad selectivity and
cleaner extract using different sorbents. SPE is widely used for the
extraction of trace amounts of various organic compounds and
metal ions from the biological and environmental samples. A
cleaner extract that is free of matrix interferences is the main goal
of the SPE. However, the retention of the analyte is based on the
non-specific interaction with the traditional SPE sorbents such as
C18 silica and activated carbon. Thus, the lack of selectivity arises,
that causes co-extraction of matrix interference components with
target analyte [27]. So, a sorbent with high selectivity and speci-
ficity for the target analyte is required to overcome this problem.

Recent developments and trends in SPE method focus on the
high-throughput, miniaturization of the process, and the utilization
from selective sorbents. Therefore, to increase the bioanalytical
method sensitivity and selectivity, the synthesis and design of more
selective sorbents such as MIPs are required. In this regard, due to
their individual features, the MIPs have attracted much attention in
the recent decades. However, the small particle size of the MIPs was
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