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Abstract: A multi-template molecularly imprinting polymer (MT-MIP) strategy has been proposed
and is increasingly utilised to synthesise MIP with multiple recognition sites in a single polymer using
multiple target species as templates. This approach can expand MIP applications for simultaneous
recognition and extraction of more than one analyte. The advantages of MT-MIP are simultaneous
analyte extraction in one process, lower solvent consumption, cost-effectiveness, and short analysis
time. The use of multiple templates to prepare a MIP reduces the effort required to prepare different
MIPs for different analytes separately. Although there are many studies about developing MT-MIP,
there are no review articles that discuss the success rate of MT-MIP. Therefore, in this review, we
summarise MT-MIP synthesis, including the polymerisation method being used, the important
factors that affect the quality of MT-MIP, and MT-MIP applications. MT-MIP has great potential in
chemical isolation and analysis. MT-MIP produces a product that has good sensitivity, selectivity, and
reusability. Furthermore, many templates, functional monomers, and crosslinkers can be formulated
as MT-MIP and have a high success rate. This is evidenced by the good values of the maximum
absorption capacity (Qmax), imprinting factor (IF), and reusability. We expect that the evidence
presented in this review can encourage additional research on the development and application
of MT-MIP.

Keywords: molecularly imprinted polymer; multi-template; drugs; organic molecules; proteins

1. Introduction

Molecularly imprinted polymer (MIP) has selective binding sites in the form of cavities
or pores formed due to template removal through an extraction process after polymer
formation. The function of the selective binding sites is to identify target molecules with the
same sizes, shapes, structures, and properties as the template [1,2]. MIPs have numerous
advantages, including high selectivity, affinity, and physical and chemical stability, ease of
preparation, low costs, and resistance to harsh environmental conditions [3]. As a result,
molecular imprinting has received a lot of attention and is now widely used for a variety of
target molecules, including chemicals and drugs.

MIP components comprise a template, a functional monomer, a crosslinker, a solvent
(called porogen), and an initiator. These components have an important role in the process
of forming the MIP [4]. Molecular detection in MIPs depends on the interaction between the
template and the functional monomer by the formation of a suitable cavity. The functional
monomers must be able to provide suitable functional groups to form a stable complex with
the template [5]. The monomers commonly used are methacrylic acid (MAA), acrylamide
(AM), 4-vinylpyridine (4-VP), and itaconic acid [6]. In the process of preparing a MIP,
the crosslinker fixes the functional monomer bonds around the template so that the rigid
structure of the MIP remains unchanged after template removal. In other words, the
crosslinker functions as an adhesive/glue to secure the polymer’s shape and maintain
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its stability [7]. Commonly used crosslinkers are dicumyl peroxide, triallyl isocyanurate,
N,N-methylendiacylamide, ethylene glycol dimethacrylate (EGDMA), tetraethoxysilane,
and diphenyldiethoxysilane [6]. The solvent used is generally called a porogen (pore
generator) and also acts as a dispersion agent [4]. Commonly used solvents are chloroform,
acetonitrile, N,N-dimethylformamide (DMF), dichloroethane, methanol, tetrahydrofuran
(THF), 2-methoxyethanol, and toluene [6]. The formation of MIPs by the free radical
polymerisation method requires a free radical source. In this case, an initiator is used as a
source of free radicals [4]. Commonly used initiators are azobis (nitriles) and peroxides [6].
Figure 1 provides an illustration of how MIPs are synthesised.
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Figure 1. Illustration of molecularly imprinted template production.

In the vast majority of cases, the molecule chosen as the template is the one that must
be extracted by the MIP, ensuring optimal recognition during the extraction process [5]. In
addition, there are other factors to consider when choosing a template, such as selecting a
template with a low cost, a large molecular volume so that it is not easy to enter or exit the
MIP’s moulding cavity, and thermal stability [8].

A single template molecule is commonly used to create a MIP that is highly selec-
tive for a target analyte [9,10]. Table 1 provides a summary of templates that have been
used to generate single-template MIPs (ST-MIPs). Although ST-MIP has good selectivity
and sensitivity, it is less effective when applied to the isolation or analysis of more than
one compound. This is because new MIP synthesis is required for each different com-
pound. However, for practical purposes, imprinting procedures are not limited to a single
template [11].

Table 1. Single templates used for molecularly imprinted polymers (MIPs).

Template Type Template Polymerisation Method Application Reference
Valsartan Bulk polymerisation SPE [12]
Surface-initiated atom
Ofloxacin transfer radical SPE [13]
polymerisation
Drugs Not mentioned, but it can be

Dexamethasone

utilised in any application
where a sorbent is required to [14]
purify and concentrate a
target analyte

Surface imprinting
polymerisation
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Table 1. Cont.
Template Type Template Polymerisation Method Application Reference
. Co-precipitation . . .
Olanzapine polymerisation Medical (brain drug delivery) [15]
Pseudoephedrine Free radical polymerisation SPE [16]
Drugs
& Pentamidine Precipitation polymerisation SPE [17]
Precipitation and
Tbuprofen bulk polymerisation SPE [18]
Melamine Precipitation polymerisation SPE [19]
Dibutyl phthalate Bulk polymerisation GC-MS [20]
Not mentioned, but it can be
Surface imprinting utilised in any application
Organic compounds Auramine O polymerisation where.a sorbent is required to [21]
purify and concentrate a
target analyte
Catechins Bulk polymerisation SPE [22]
Genistein Electro polymerisation LFD [23]
Not mentioned, but it can be
Surface imprintin utilised in any application
Bovine haemoglobin printing where a sorbent is required to [24]
polymerisation .
purify and concentrate a
Proteins target analyte
17B-oestradiol One-pot surface imprinting HPLC [9]
method
17B-oestradiol Free-radical SPE [25]

thermal-polymerisation

GC-MS: gas chromatography-mass spectrometry; HPLC: high-performance liquid chromatography; LFD: lateral
flow devices; SPE: solid phase extraction.

To synthesise MIPs with multiple types of recognition sites in one format using
dual/multiple targets/species as templates, a multi-template imprinting strategy has been
proposed and is being used more frequently. This strategy can expand the applications
of MIPs for simultaneous recognition and extraction of multiple analytes [9]. The use of
multi-template MIPs (MT-MIPs) has been developed because they have several advantages
over ST-MIPs, including simultaneous analyte extraction in one process, lower solvent
consumption, cost effectiveness, and short analysis time. The use of multiple MIP templates
reduces the effort required to prepare different MIPs for different analytes separately [26].

We believe that preparing MT-MIPs is necessary, and these products have very good
future prospects. This is evidenced by the abovementioned advantages of MT-MIPs.
Although there are many studies about developing MT-MIPs, there are no review articles
that discuss the success rate of MT-MIPs. Therefore, in this review, we summarise the
MT-MIP synthesis process, including the polymerisation method being used, the important
factors that affect the quality of MT-MIPs, and MT-MIPs applications. In addition, we
present the advantages of MT-MIPs over ST-MIPs and the success rate of using various
types of templates and functional monomers in the synthesis of MT-MIPs. We expect
that this review will encourage additional research on the discovery and development
of MT-MIPs.

2. Multi-Template Strategy
2.1. Multi-Template Structure

Figure 2 shows a schematic of MT-MIP synthesis. It begins with dissolving the
templates, functional monomer, crosslinker, and initiator in a solvent (porogen) [27]. The
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template interacts with the functional monomers to form a complex. This complex is
called prepolymerisation because the polymer structure has formed but is not yet rigid [28].
Therefore, a crosslinker is added, which surrounds the complex and makes the complex
structure rigid and stable [29]. The next stage is the template removal process. This step is
usually conducted by extraction using a solvent. After the template removal process, the
expected MT-MIP is obtained [30,31].
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Figure 2. Illustration of the multi-template molecularly imprinted polymer production.

2.2. Polymerisation Method

The polymerisation method for an MT-MIPs is the same as for an ST-MIPs. What
distinguishes the two methods is the composition of each template, functional monomer,
crosslinker, and solvent used. An MT-MIPs uses two or more templates, and this ap-
proach affects the selection of the other reagents [32,33]. Table 2 presents a summary
of the polymerisation methods for MT-MIPs with the advantages and disadvantages of
each method.

Table 2. Summary of polymerisation methods for multi-template molecularly imprinted polymers.

Polymerisation Method Procedure Advantages Disadvantages Reference
Polymerisation is - Shape, Parti.cle size,
carried out using an - Universal and active sites tend
Bulk polymerisation organic solvent, - Easyandsimple t(ilbe hetgrogene.ous [34-38]
followed by sieving method - The binding cavity
and erindin can be damaged in
& & the grinding process
Polymerisation e .
. o ne step - Requires large
o oeeurs m solution; preparation amounts of templates
Prec1p1t.at1o.n precipitation occurs - Same shape and - Requires more [37,39-41]
polymerisation after the polymer is particle size and solvent than bulk

formed and makes it

high yields
insoluble in solution

polymerisation
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Table 2. Cont.
Polymerisation Method Procedure Advantages Disadvantages Reference
- Requires a surfactant
- The process of
removing surfactants
Polymerisation - The product is is difficult
requires surfactants monodisperse - Surfactants can affect
Emulsion polymerisation to emulsify the - Very small size, the efficiency of [42,43]
organic phase and the around 10-100 nm polymerisation
aqueous phase because it affects the
interaction between
templates and
monomers
i Orr;e Zf‘j\}’:ion - The large particles
T prepatat are micromillimetres
. Polymerisation is - The particle shape
Suspension . . . - The use of water
.. carried out using is the same [44-48]
polymerisation . tends to be
water as a medium and round . : .
incompatible with
- Canbemadeona
the procedure
large scale
Surface grafting of - The product is
thin molecularly monodisperse - Adifficult and
Surface polymerisation imprinted polymer - Thin imprinted complicated process [21,49-52]
layers is used in surface - Takes along time
polymerisation
The initiator’s ) )
Multi-step swelling/seed oil-in-water emulsion -  1he shape.and size - A complicated
o }znerisati c:gn is used to generate of the particles are process ' [53-55]
poly spherical particles, the same - Takes along time
which then swell
A mixture of
porogens is used to )
dissolve the template, - So1mple method - Extensive
i - ne step e
Monolithic imprinted functional monomer, reparation optimisation is
o crosslinker, and prep necessarv for each [56,57]
polymerisation L 1 - Free radical y
initiator, which is 1 o new template system
then degassed and polymerisation
putinto a

stainless-steel column

The most common and widely used polymerisation method in the manufacture of
ST-MIPs and MT-MIPs is bulk polymerisation (see Tables 1, 3-6). This is because bulk
polymerisation is universal, simple, and easy [35]. This method requires sieving and
grinding after polymer formation because the polymer is formed in bulk [58]. This sieving
and grinding tend to produce various shapes and sizes of particles. In addition, this process
damages the binding cavity, thereby reducing the effectiveness of polymerisation [37]. In
MT-MIP synthesis (see Tables 3-6), bulk polymerisation is compatible with most monomers,
namely MAA, AM, 3-aminopropyltriethoxysilane (APTES), 2-vinylpyridine (2-VP), and
4-VP. Bulk polymerisation can be used for templates such as drugs, organic compounds,
and proteins. Jafari et al. [59] reported very good absorption capacity and imprinting factor
(IF) values. This shows that MT-MIP has good quality even though it has gone through
sieving and grinding [59].

Precipitation polymerisation is also widely used for MT-MIP synthesis because it is a
one-step preparation, produces uniform shapes and sizes, and has a high yield [60]. This
polymerisation occurs in a solution/solvent; then, the polymer particles form precipitate



Polymers 2022, 14, 4441

6 of 22

from the solution. Therefore, this method requires a lot of solvents and templates [40].
Chauhan et al. [61] used precipitation polymerisation with MAA as the functional monomer
and produced an average particle size of 300 nm. Abdulhussein et al. [62] also synthesised
MT-MIP using precipitation polymerisation. They used 2-VP and obtained particles >50 nm.
This variation in particle size occurs because of the stirring factor and the nature of the
template [40,63].

Multi-step swelling/seed polymerisation is another method that can be used for
the synthesis of MT-MIP. The polymerisation process with this method is quite difficult
and complicated because it requires specific reaction conditions [64]. In this method, the
initiator’s oil-in-water emulsion is used to generate spherical particles, which then swell [53].
The method produces particles that are monodisperse in size and shape. In addition to the
controlled size, the particles formed are directly in the form of beads [55]. Luo et al. [65]
synthesised MT-MIP using the multi-step swelling/seed polymerisation method with 2-VP
and produced monodisperse particles with a size of 3-5 um (the expected size).

We also found several studies that synthesised MT-MIPs using solvothermal poly-
merisation (see Table 6). This process occurs in a solvent at a temperature greater than the
solvent’s boiling temperature [66,67]. Gao et al. [67] synthesised MT-MIPs with APTES and
phenyltrimethoxysilane (PTMOS) and obtained a particle size of 100 nm. This size was
obtained due to the temperature and stirring factors.

2.3. Influencing Factors
2.3.1. Template

Templates are a crucial component in the MIP production process. This is because
templates affect the selection of functional monomers, crosslinkers, initiators, and poro-
gens [28]. The templates themselves are usually the target compounds that will be used for
analysis [68]. The templates used in MIP synthesis must be able to form stable complexes
with functional monomers. To form stable complexes, templates must have inert functional
groups. In addition, templates must have good temperature and chemical stability [69] so
that they do not degrade during polymerisation. Some polymerisation processes require
heat, radical compounds, and porogens, which can affect the stability of the template [70,71].
In making MT-MIP, these conditions also apply.

Michael et al. [72] stated that the molecular weight that produces the best MIP is
in the range of 200-1200 Da. In general, templates can be divided into four groups,
namely ions (Cu®*, Cd?*, and Pb%"), organic molecules (drugs and chemicals), biomacro-
molecules (albumin and adenosine), and cells (viruses) [27]. So far, the templates used
in MT-MIP have mostly been compounds in the same group [32,33,73-75]. The selec-
tion of compounds in the same group aims to facilitate the easy selection of functional
monomers, crosslinkers, initiators, and porogens because the templates have similar char-
acteristics [73]. Examples of templates that have been used for MT-MIPs are cephalosporin
antibiotics (cefoperazone, cefazolin, and cephalexin), non-steroidal anti-inflammatory
drugs (NSAIDs; naproxen, ibuprofen, and diclofenac), and sulphonamide antibacterial
drugs (sulphanilamide, sulphacetamide, sulphadiazine, sulphathiazole, sulphamerazine,
sulphamethizole) [32,33,73,75-77].

2.3.2. Functional Monomer

The characteristics of functional monomers affect the success of creating MIP. Func-
tional monomers are an important factor for binding interactions in molecular imprinting
technology. The strength and type of template-monomer interactions are taken into consid-
eration while choosing the optimal monomers for the synthesis of imprinted materials to
create a particular donor—receptor interaction because the success of molecular recognition
depends on the creation of a stable template-monomer complex [77,78]. To maximise their
interactions and to create highly specialised holes created for the template molecule, it
is imperative to match the activity of the functional monomer to that of the imprinted
molecule (template). In addition, the choice of monomer must consider its interactions



Polymers 2022, 14, 4441

7 of 22

with the solvent: the monomer must be stable and soluble in the chosen solvent [79]. The
best monomers can be chosen that will likely exhibit cage effects or strong interactions
in the specified solvent. This will boost the capacity of binding cavities and have an
effect on their homogeneity. The monomer also needs to be adapted to a certain poly-
merisation method [80]. Moreover, the monomers used for MIPs must withstand thermal
and chemical changes and are not easily affected by environmental influences [81,82].
The most commonly used monomers are MAA, 2-VP, 4-VP, 1-vinylimidazole, AM, tri-
fluoromethyl acrylic acid (TFMAA), 2-acrylamido-2-methylpropane sulphonic acid, and
2-hydroxyethylmetacrylate (HEMA) [77].

2.3.3. Crosslinker

The crosslinker has the same function in ST-MIP and MT-MIP synthesis, namely
binding the functional monomer complex and the template to form a rigid structure [29].
If the MIP formed has a rigid structure, the monomer structure around the template will
not change even if the template is removed. Therefore, the use of a crosslinker greatly
affects the stability of the MIP that is formed [77]. The amount of crosslinker usage should
be carefully considered. Insufficient use of crosslinkers can lead to poor MIP stability
and template leakage during synthesis [83]. Meanwhile, the use of too many crosslinkers
results in impaired cavity banding between functional monomers and templates so that the
sensitivity of the binding site is reduced [29,84].

In selecting the crosslinker used, there are several things that must be considered,
namely the functional monomer, the type of bond between the functional monomer and
templates, the type of polymerisation, and the solvent [6,84-86]. The types of functional
monomers and crosslinkers must have the same reactivity so that when random copolymeri-
sation is carried out, the functional groups of monomers can be evenly distributed [6,85].
The bond between functional monomers and templates is also a matter that must be
considered because the improper selection of crosslinkers can disrupt the bonds that are
formed [84,86]. The type of polymerisation is also a consideration because the presence
or absence of free radicals in the polymerisation process will affect the MIP formed [6,85].
The crosslinkers commonly used for free radical polymerisation are EGDMA, divinyl-
benzene (DVB), and trimethylolpropane-trimethacrylate (TRIM) for non-covalent bonds,
and triallyl isocyanurate (TAIC), dicumyl peroxide (DCP), and bis-(1-tert-butylperoxy)-1-
methylethyl)-benzene (BIPB) for covalent bonds [6,85,87]. In addition, the solvent must
also be considered: the crosslinker used must be insoluble in the solvent used. Commonly
used crosslinkers for inorganic solvents are N,N-methylenebisacrylamide and the usual
crosslinkers for organic solvents are DVB and EGDMA [6,85].

2.3.4. Porogen

In the MIP process, the nature and volume of the solvent play important roles. The
porogen influences how the target and the monomer interact. During polymerisation,
the porogen acts as a dispersion medium and helps to form a homogeneous cavity. For
MIP synthesis, toluene, chloroform, dichloromethane, or acetonitrile are the most often
utilised solvents. In the polymerisation process, the solvent serves to combine all of the
constituents (monomer, template, initiator, and crosslinker) into one phase and is what
provides macroporous polymers with their pores. To ensure that the resultant MIP has
good flow-through properties, the solvent should produce large pores; as the volume of
the solvents increases, so do the polymer’s pore sizes. For this reason, the term porogen is
frequently used to describe the solvent [77,82].

The interaction between the template molecule and the functional monomer can be
impacted by the porogen'’s polarity. Organic solvents that tend to be non-polar, with low
dielectric constants, such as toluene, acetonitrile, and chloroform, are often used for polar
non-covalent printing because they enhance the formation of complexes that facilitate polar
non-covalent interactions such as hydrogen bonding. The interaction force between the
analyte and the polymer tends to decrease when a more polar solvent is used because more
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polar solvents tend to detach the non-covalent interactions in the prepolymer complex,
especially protic solvents which leads to a high degree of hydrogen bond disruption in the
monomer template [77,86,88,89].

Mansour et al. [90] listed the requirements that must be fulfilled before a substance
may be utilised as a porogen. (1) The porogen must be inert, have a high boiling point,
and not polymerise or react with monomers, other materials, or other substances in the
polymerisation mixture. (2) If a thermal initiator is to be used, a solvent with a boiling point
higher than the initiator’s decomposition temperature is typically chosen. The porogen
must also be compatible with the initiation method. (3) When combined with monomers
and crosslinkers, porogens must be miscible with one another and capable of forming
homogenous solutions. The partition coefficient (log P), polarity index (PI), and solubility
factors are also additional selection criteria for pyrogens. MIPs with small diameters and
substantial surface areas can be made by solvents with strong dipole moments, and low
log P. MIPs with small pores can also form when solvents with a high polarity index are
used. The Hildebrand solubility parameter (5) of the solvent can be used in selecting the
combination of porogens by comparing the value of 6 in each solvent with the value of 6
in the monomer. In general, organic solvents are considered good if the difference in the
value of § < 1.7 MPa# [90].

2.3.5. Initiator

The most widely used polymerisation method for the synthesis of ST-MIPs and MT-
MIPs is free radical polymerisation. This process consists of three stages, namely initiation,
propagation, and termination [91,92]. An initiator compound is required during the initia-
tion stage. As the name implies, the initiator serves to start polymerisation [93]. Initiation
occurs when the initiator breaks down into fixed original molecule pieces called starter
pieces. These pieces contain free electrons that find a partner by bonding to one of the
carbon double bonds in the functional monomer and start the polymerisation process.
Therefore, the use of an initiator is very important because it can determine the success of
the polymerisation process [92]. A good initiator is a compound that can be decomposed
easily. Compounds that are commonly used as initiators are peroxy compounds and azobis.
2,2'-Azo-isobuttyronitrile (AIBN) is used as the initiator because it can be decomposed by
photolysis and thermolysis (50-70 °C) [28,29].

3. A Review of MT-MIPs That Have Been Created

The first study to synthesise an MT-MIP used salicylic acid and hydrocortisone as the
templates [94]. In this 1998 study, the authors used HEMA as the functional monomer and
EGDMA as a crosslinker. They produced MIPs in acetonitrile solutions of salicylic acid,
hydrocortisone, and their mixture. The MT-MIPs had a higher absorption capacity than the
control, which was higher than the control for aspirin extraction. MT-MIPs have mostly
been applied as absorbents in solid phase extraction (SPE) (Tables 3-5). SPE itself has been
applied in the field of extraction and separation for a long time [95,96]. However, general
absorbents cannot absorb the analyte optimally due to the presence of a complex matrix
mixed with the analyte [97,98]. Therefore, we need absorbents that have high selectivity
and are stable, reusable, low cost, and time efficient [98-100]. As previously explained,
MT-MIP has these advantages. That is why the use of MIP as an absorbent in SPE has
good potential. In some studies, the application of MT-MIP is not specific [54,67,101,102].
However, MT-MIPs can be used in analytical processes involving sorbents and analytes in
the purification or separation processes.

3.1. Template
3.1.1. Drugs
The most widely used templates in MT-MIP synthesis are drugs because some drugs

leave residues that are toxic to the environment and the body. Hence, there is an urgency
to analyse drug levels in the environment and humans [103-107]. The existence of drug
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residues in this environment is due to industrial waste, expired drug products, hospital
waste, and the metabolic products of human and animal excretion [105]. Therefore, an
efficient, low-cost, highly sensitive, and fast analytical method is required to detect these
drugs [108-110]. MT-MIPs represent a solution to this problem.

The drugs used as templates in MT-MIP are mostly drugs in the same class (see Table 3).
This is to facilitate the selection of other components, such as monomers, crosslinkers,
initiators, and porogens [28]. The more similar the basic structure of a compound, the more
similar the physicochemical properties of the compound will be. The physicochemical
properties of the template determine the other components that will be selected [69], for
example, selecting monomers considering their functional groups and porogens based on
the polarity of the template [111]. Examples of drugs that have been used for MT-MIP
templates are NSAIDs, cephalosporin antibiotics, and sulphonamide antibiotics.

Table 3. Drugs used as templates in multi-template molecularly imprinted polymers.

Polymerisation Application of
Template Monomer Method QOmax (mg/g) IF MT-MIP Reference
Acetaminophen Bulk 8.76 4.09
Codeine APTES polymerisation 6.29 4.16 SPE 59
Cefoperazone Bulk 0.0027 41
Cefazolin MAA olvmerisation 0.0029 3.3 SPE [75]
Cephalexin POy 0.0026 3.4
Ginsenoside Rb1 Surfa
Ginsenoside Rg1 AM ¢ - 211 SPE [112]
Notoginsenoside R1 polymerisation
Ibuprofen 7.6
Naproxen Precipitation 8
I;i?g;;f:? VP polymerisation ) gg SPE [113]
Clofibric acid 4.1
Naproxen
Tbuprofen 2-VP Bulk - - SPE [73]
Diclofenac polymerisation
Naproxen
Tbuprofen 2-VP Bulk - - SPE [33]
Diclofenac polymerisation
Naproxen
Tbuprofen 2-VP Bulk - - SPE [32]
Diclofenac polymerisation
Naproxen
Tbuprofen 2-VP Bulk - - SPE [74]
Diclofenac polymerisation
Rutin Amino 11/)_ Itrieth Bulk 0.025
Scoparone Propy S 0.057 - SPE [114]
Quercetin oxysilane- polymerisation 0.025
methacrylic ’
Sulphadiazine
Sulphathiazole
Sulphamerazine . L Precipitation
Sulphamethazine 4-vinylbenzoic acid polymerisation ) ) SPE [115]
Sulphamethoxazole

Sulphadoxine
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Table 3. Cont.

Polymerisation Application of
Template Monomer Method Omax (mg/g) IF MT-MIP Reference
Sulphanilamide 6 1.56
Sulphacetamide 5.1 2.7
Sulphadiazine Bulk 4.2 1.7
Sulphathiazole APTES polymerisation 9.8 3.9 SPE 76l
Sulphamerazine 3.7 1.13
Sulphamethizole 9.8 4.52
Not mentioned,
but it can be
utilised in any
. Multi-step application
Chlorpromam.ne MAA swelling - - where a sorbent [54]
Bromopromazine .o, . .
polymerisation is required to
purify and
concentrate a
target analyte
. Multi-step
Genistein 4-VP swelling - - SPE [65]
Naringin . O,
polymerisation
Ibuprofen 3.388 1.113
Naproxen Bulk 4.852 1.275
Diclofenac 2-VP olvmerisation 5.643 1.195 SPE [116]
Fenoprofen POy 3.655 1.174
Gemfibrozil 4.897 1.159
Thiamethoxam Precipitation
Thiacloprid VP polymerisation ) ) SPE [62]

AM: acrylamide; APTES: 3-aminopropyltriethoxysilane; IF; imprinting factor; MAA: methacrylic acid; Qmax:
maximum adsorption capacity; SPE: solid phase extraction; VP: vinyl pyridine.

The monomers that have been used in MT-MIP are mostly monomers for non-covalent
molecular imprinting procedures, namely MAA, AM, 2-VP, 4-VP, 4-vinylbenzoic acid, and
APTES. Likewise, a crosslinker is used to form non-covalent interactions. The most widely
used crosslinker is EGDMA. Non-covalent molecular imprinting has been chosen because
of the simple method and easy template removal process [117]. The porogens used are
mostly non-polar. However, semi-polar porogens have also been chosen based on the
polarity of the template used [111]. Some of the porogens that have been used in MT-MIP
synthesis are toluene for NSAIDs and sulpha antibiotics and acetonitrile for cephalosporin
antibiotics. Free radical polymerisation is mostly used for MT-MIP synthesis [118]. The use
of initiators is very important because the success of free radical polymerisation depends on
this molecule. The initiator commonly used is azobis, and other initiators include AIBN, 1,1’
azobis-(cyclohexanecarbonitrile) (AHCN), 2,2"-azobis (2,4-dimethyl valeronitrile) (AMVN),
and 4,4'-azobis (4-cyanovaleric acid) (ACV) [32,54,62,75,117].

The most widely used polymerisation method in the synthesis of MT-MIPs with drug
templates is bulk polymerisation. As previously mentioned, bulk polymerisation is used
because the process is simple and universal [35]. Although it requires sieving and grinding,
the resulting MT-MIP still has good sensitivity and reusability. This is evidenced by the
maximum absorption capacity (Qmax) and IF values of the formed MT-MIP. MT-MIP with
cefoperazone, cefazolin, and cephalexin templates, functional MAA monomer, EGDMA
crosslinker, AIBN initiator, and ethanol porogen produced Qmax values of 0.0027, 0.0029,
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and 0.0026, and IF values of 4.1, 3.3, and 3.4 for cefoperazone, cefazolin, and cephalexin,
respectively [75]. These values indicate that the formed MT-MIP has good sensitivity
and much better performance than non-imprinted polymer (NIP). Other studies have
produced good Qmax and IF values using bulk polymerisation (Table 3). In addition
to bulk polymerisation, several studies have used precipitation polymerisation [113,115].
Duan et al. [113] synthesised MT-MIP using an NSAID template and obtained IF values of
3.5-76 (Table 3). There is also a study using multi-step swelling polymerisation [54,65]. This
method is rarely used because it is difficult to carry out due to the complicated procedure,
and it requires many types of reagents and special tools. However, the resulting MT-MIP
had uniform size, good selectivity, and good reusability [53].

In addition, MT-MIP has excellent reusability and reproducibility. This is evidenced
by MT-MIP, which could be used for re-extraction five times for different analyte targets
without experiencing significant loss [75]. This shows that MT-MIP has better potential than
ST-MIP in terms of the efficiency of the MIP manufacturing process [5]. The synthesis is
streamlined, one process for all templates rather than separate processes for each template,
and the resulting MT-MIP has good sensitivity, selectivity, and reusability.

There are not many studies using the same composition and type of template, functional
monomer, crosslinker, and porogen between ST-MIP and MT-MIP. Therefore, it is difficult to
make a comparison between ST-MIP and MT-MIP due to the lack of study resources. There
are several studies using the same template, functional monomer, and crosslinker. However,
the composition of the two studies is different, making it hard to compare.

Table 4 shows a comparison of ST-MIPs and MT-MIPs generated using the same
monomer and template. ST-MIPs have higher Qmax and IF values than MT-MIPs. In one
study, the authors used ibuprofen, naproxen, ketoprofen, diclofenac, and clofibric acid as
templates and obtained an IF value of 5.2 for diclofenac [113]. This value is close to the
ST-MIP IF, which is 7.185 [119]. However, Nkosi et al. [116] obtained an IF that was quite
far from the ST-MIP IF, with a difference of 5.99. There have also been marked differences in
ST-MIPs and MT-MIPs generated using fenoprofen and cephalexin templates (Table 4). This
marked difference is influenced by many things, such as the polymerisation method and the
template:monomer:crosslinker ratios [4]. In MT-MIP, the binding cavity formed is specific
for each template used. That is, the binding cavity in an ST-MIP is only for one template,
while in an MT-MIP, the cavity is divided into several templates. For example, one study
synthesised ST-MIP using cephalexin as a template, MAA as functional monomer, and
EGDMA as crosslinker with a ratio of 1.01:4.03:20.1 mmol (template:monomer:crosslinker),
resulting in an IF of 14.7 [120]. Another study synthesised MT-MIP using cephalexin as one
of the templates, MAA as a functional monomer, and EGDMA as crosslinker with a ratio of
0.127:0.557:12,713 mmol (template:zmonomer:crosslinker). In the 0.127 mmol template, the
cephalexin composition is 0.046 mmol. The formed MT-MIP has an IF value of 3.4 against
cephalexin [75]. The difference in the ratio of the number of cephalexin templates used
is the cause of IF deficiency in MT-MIP. In addition, the two studies used significantly
different amounts of porogens. The ST-MIP used 5.6 mL acetonitrile and MT-MIP used
60 mL acetonitrile [75,120]. Therefore, the Qmax of an MT-MIP is smaller than that of
an ST-MIP [75,113,116,119-121]. Although MT-MIP has lower Qmax and IF values than
ST-MIP (Table 4), it does not make MT-MIP worse than ST-MIP. That is because the main
purpose of developing MT-MIP is to isolate several different compounds simultaneously or
continuously without having to synthesise new MIP. The IF of MT-MIPs is still maintained
at >1 (Tables 3 and 4). This shows that the formed MT-MIPs have better sensitivity than the
NIPs and show great potential [4].
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Table 4. Comparison of single-template and multi-template molecularly imprinted polymers gener-
ated using drug templates.

Qmax (mg/g) IF
Monomer Template Reference
ST-MIP MT-MIP ST-MIP MT-MIP
5.643 1.195
2-VP Diclofenac 3248 ———— 7185 T [113,116,119]
2-VP Fenoprofen 38.8 3.655 1.9 1.174 [116,121]
MAA Cephalexin - 0.0026 14.7 3.4 [75,120]

2-VP: 2-vinylpyridine; 4-VP: 4-vinylpyridine; IF; imprinting factor; MAA: methacrylic acid; MT-MIP, multi-
template molecular imprinted polymer; Qmax: maximum adsorption capacity; ST-MIP, single-template molecular
imprinted polymer; VP: vinyl pyridine.

3.1.2. Organic Compounds

Organic compounds, including phenolic compounds, are often used as templates [9].
Phenolic compounds, particularly chlorinated compounds, are harmful and persistent in the
environment at low concentrations and have been added to the priority pollutant list [9,122].
Hence, researchers have synthesised MT-MIPs to recognise these compounds, including
polycyclic aromatic hydrocarbons (PAHs) as templates. PAHs are a type of persistent organic
pollutant that is typically detected in low concentrations in the environment. Household
human and chemical waste, automobile exhaust products, storm water run-off from both
impervious and pervious areas such as roads, parking lots, and construction sites, industrial
effluents from chemical manufacturing, and carbonaceous waste incineration are all sources
of PAHs in urban areas. They subsequently make their way into wastewater treatment
plants through the sewage system [61,123-126]. PAHs have also been added to priority
pollution lists due to environmental and possibly carcinogenic health concerns [126,127].

Ma et al. [102] used nitrogen compounds (aniline, indole, and 3-methylindole) in oil as
templates; these compounds are pollutants and harmful to the environment. Other research
has also used organic compounds that are harmful to the environment as templates, includ-
ing dibutyl phthalate (DBP), diethyl phthalate, and dimethyl phthalate, which are phthalate
esters (PAEs), synthetic organic compounds intensively used as important additives in
plastic industry. PAEs can escape from plastic materials into the environment because they
are not chemically linked to the polymeric matrix [101]. In one study, the authors used
methyl parathion and quinalphos, organophosphorus pesticides (OPPs) that are irreversible
acetylcholine esterase (AChE) inhibitors, as templates. OPPs are frequently used to control
pests in agriculture. However, OPP residues are a human health risk because prolonged
exposure to OPPs might damage several organs [128].

For the enrichment of tracing this toxic organic compound, many traditional and
novel pretreatment strategies have been reported, including SPE. It is a simple and easy-to-
automate approach that has been widely used in environmental sectors. Target analytes
are frequently retained on their functionalised surface by physicochemical interaction for
the most commonly used SPE sorbents. Other matrix molecules may unintentionally be
retained on SPE sorbents in addition to the target. Thus, MIPs with artificial recognition
cavities complementary to the template molecules in shape, size, and chemical functionality
can specifically rebind the template molecules from the complicated matrices that are being
utilised for SPE [9,27,129].

In addition to analysing components that are harmful to the environment and health,
MIPs with organic compounds as a template are used to separate compounds from herbal
plants. Researchers have used phenyl pyruvic acid and DL-tyrosine as templates. These
compounds contain an amino (-NH2) group, a carboxylic acid (-COOH) group, and a
keto acid (-COCOOH) group, which is present in dencichine. This compound is the
primary component of Panax notoginseng and other traditional Chinese medications; it
increases platelets and promotes haemostasis [130,131]. Numerous analytical techniques
have been developed for its identification due to the positive and negative pharmacological
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activities of dencichine. Even though extraction and purification of individual bioactive
components from traditional Chinese medicines and natural products are tough, they is
necessary for drug development and pharmaceutical analysis. SPE with MIPs could be
particularly useful to extract compounds due to high selectivity, mechanical/chemical
stability, and inexpensive preparation. Indeed, this technique has been used to selectively
extract dencichine from P. notoginseng [132].

As shown in Table 5, the most widely used functional monomer when using organic
compounds as templates is MAA. It is preferred because it interacts with neutral or basic
target molecules. In fact, MAA can develop hydrogen and ionic bonds with basic molecules
and operate as an H* donor and acceptor with strong dipole-dipole interactions [79]. AM
and 4-VP have also been used as functional monomers. The most widely used crosslinker is
EGDMA, which can increase resistance to heat, solvents, and abrasion in the copolymerisa-
tion process [133]. In addition, EGDMA can form polymers with good flexibility; EGDMA
creates a space between the polymer chains that facilitates analyte molecule accessibility
and attachment to the functional groups of EGDMA. The hydrophilicity and polarity of
EGDMA provide it with a high affinity for the aqueous phase, and it does not exhibit steric
constraints when used as an adsorbent [134].

Table 5. Organic molecules used as templates for multi-template molecularly imprinted polymers.

Polymerisation Qmax Application of
Template Monomer Method (mg/g) IF MT-MIP Reference
PAHs P-vinylbenzene = Not mentioned - - SPE [126]
Not mentioned, but it
. can be utilised in any
Aniline MAA, AM, and Seed?d 47.49 55 application where a
Indole AVP emulsion 42.45 4.15 sorbent is required to [102]
3-methylindole polymerisation 39.87 3.68 . d
purify and concentrate
a target analyte
Not mentioned, but it
. can be utilised in any
Aniline MAA, AM, and Twp—fstage 46.39 489 application where a
Indole recipitation 29.34 2.89 . . [102]
4-VP. precip sorbent is required to
3-methylindole ’ polymerisation 25.81 2.83 .
purify and concentrate
a target analyte
Not mentioned, but it
- can be utilised in any
. Capsaicin - Bulk 0.04625 application where a
Dihydrocapsaicin MAA and AM - 0.04538 - ) . [135]
Fueenol polymerisation 0.04738 sorbent is required to
& ' purify and concentrate
a target analyte.
Not mentioned, but it
Dimety i s 0%
Diethyl phthalate MAA Step 1.38 - pphcal . [101]
. polymerisation sorbent is required to
Dibutyl phthalate 7.09 .
purify and concentrate
a target analyte.
Phenol
4-chlorophenol
2,4,6-trichlorophenol Precipitation
2,4-dichlorophenol MAA polymerisation i ) SPE &

2-chlorophenol
2,6-dichlorophenol
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Table 5. Cont.

Polymerisation Qmax Application of

Template Monomer Method (mg/g) IF MT-MIP Reference
1-naphthol Precipitation 37
9-phenanthrol MAA ol mzrisa o - 3.1 SPE [61]
9-hydroxyfluorene POy 2.6
2,4,6-triaminopyrimidine Bulk
4-hydroxy-2-butanone MAA L - - SPE [136]
; polymerisation
Imidazole
Methyl parathion Bulk 13.13
Quinalphos MAA polymerisation 31.47 ) SPE [128]
Chlorogemc acid AM Bul.k ' ) ) SPE [137]
Rutinum polymerisation
Phenyl pyruvic acid Bulk
DL-tyrosine 4-VP polymerisation ) ) SPE [132]
N-tert-butyloxycarbonyl-1- Not mentioned, but it
phenylalanine can be utilised in any
N-acetyll- Bulk application where a
phenylalaninyl-1- MAA polymerisation sorbent is required to [138]
tryptophanyl methyl ester purify and concentrate
yohimbine a target analyte.
AtrazinePrometryn MAA Bulk - - SPE (wang)
it Polymerisation &

4-VP: 4-vinylpyridine; AM: acrylamide; IF: imprinting factor; MAA: methacrylic acid; MT-MIP, multi-template
molecularly imprinted polymer; Qmax: maximum adsorption capacity; SPE: solid phase extraction.

MT-MIPs synthesised with organic molecules as templates have presented good results,
with IF values >1 (Table 5). Using the seeded emulsion polymerisation for aniline, indole,
and 3-methylindole as templates produced an IF of 5.5, 4.15, and 3.68. Using two-stage
precipitation polymerisation for aniline, indole, and 3-methylindole produced an IF of
4.89, 2.89, and 2.83 [102]. In another study, the IF for 1-naphthol, 9-phenanthrole, and
9-hydroxyfluorene was 3.7, 3.1, and 2.6 [61].

Wang et al. [139] synthesised MT-MIP to synthesise 17 triazine herbicides. MT-MIP
was synthesised with atrazine and prometryn as a template, MAA functional monomer,
TRIM crosslinker, AIBN initiator, and acetonitrile as porogen. In this study, the synthesis
of NIP and ST-MIP for each template was also carried out. MT-MIP produces a selectivity
percentage of 72.9%, while NIP produces a selectivity percentage of 30.9%. This shows that
the formed MT-MIP has good selectivity. In addition, in comparison with ST-MIP, MT-MIP
is more effective for the extraction of several analytes at one time. This is evidenced by
the inability of ST-MIP to absorb chloro-triazine while MT-MIP can. The formed MT-MIP
also has good reusability. After being used 25 times for five cycles, it was observed that the
extraction efficiency was still in the range of 77.8-112.1%. Even after 25 cycles, MT-MIP did
not suffer any significant damage [139].

MT-MIPs generated using organic compound templates produced good Qmax values
(Table 5), indicating their good selectivity. In one study, MT-MIP was synthesised using
MAA as a monomer and methyl parathion as one of the templates; the Qmax was 13.13 [128].
In another study, methyl parathion was used to generate ST-MIP with the same monomer,
and the Qmax was 12.9 [140]. However, IF cannot be compared between the study because
one of the studies did not include this measurment [128]. In addition, ST-MIP and MT-MIP
cannot be compared. This is because the two studies have different variables, as explained
in the drugs section.
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3.1.3. Proteins

Researchers have also used proteins as templates, namely 17-oestradiol, oestriol, and
diethylstilbestrol [66]. The latter is an endocrine-disrupting compound (EDC) that can
interfere with the regulatory function of wildlife and humans by mimicking or antago-
nising endogenous hormones [141-143]. EDCs can accumulate in the environment and
food chains. This is due to pollution from cosmetic products, contraceptives, hormone
replacement therapy, and rapid human population growth [144-146]. Manifestations of
these effects include a decrease in the quality and quantity of human sperm, an increased
risk of prostate and breast cancer, and feminisation in marine life [147-150]. Another study
also synthesised MT-MIP using protein templates in the form of bovine haemoglobin and
bovine serum albumin [67].

Both studies were carried out using solvothermal polymerisation with APTES and
PTMOS as functional monomers and produced good Qmax and IF values (Table 6). In
addition, the formed MT-MIPs had good reusability. After six absorption cycles, Qmax
remained >90% of the initially formed MT-MIP value [66]. This indicates that the use of
multiple templates in MT-MIP does not make the MIP formed less sensitive or selective.
This also makes MT-MIPs superior to ST-MIPs because they do not require separate MIP
synthesis for each template.

Table 6. Proteins used as templates in the synthesis of multi-template molecularly imprinted polymers.

Polymerisation Application of

Template Monomer Method QOmax (mg/g) IF MT-MIP Reference
Not mentioned, but
Bovine it can be utilised in
haemoglobin APTES and Solvothermal 73.12 5.54 Wﬁigggﬁf& 7]
Bovine serum OTMS polymerisation 44.25 4.98 . .
albumin required to purify
and concentrate a
target analyte
17B-oest1jad101 APTES and Solvothermal 3.74 32
Oestriol PIMOS olvmerisation 6.02 6.38 SPE [66]
Diethylstilbestrol poly 6.89 5.69

APTES: 3-aminopropyltriethoxysilane; OTMS: octyltrimethoxysilane; PTMOS: phenyltrimethoxysilane; Qmax:
maximum adsorption capacity; SPE: solid phase extraction.

4. Conclusions and Future Aspects

MT-MIPs have great potential in chemical synthesis and analysis. MT-MIPs show
good sensitivity, selectivity, and reusability compared to NIP. Furthermore, many templates,
functional monomers, and crosslinkers can be formulated as MT-MIPs and have a high
success rate. This is evidenced by the good Qmax, IF (maintained > 1), and reusability.
Despite this, in some studies, MT-MIP has lower Qmax and IF values than ST-MIP, but it
does not make MT-MIP worse than ST-MIP. That is because the main purpose of developing
MT-MIP is to isolate several different compounds simultaneously or continuously without
having to synthesise new MIP, so it is more cost-effective, has a short analysis time, and
is easy to prepare. Despite their benefits, a lot of research is required to ensure MT-MIPs
can be utilised as greener and more efficient options compared with ST-MIPs. Moreover,
research comparing ST-MIP and MT-MIP with the same template from different chemical
compounds is still required to elucidate the benefits of MT-MIPs.



Polymers 2022, 14, 4441 16 of 22

Author Contributions: N.M., original draft preparation, revision, and editing of the draft; A.L.T,,
original draft preparation, revision, and editing of the draft; D.R., supervision; A.N.H., conceptualisa-
tion, funding acquisition, and review and editing of the draft. All authors have read and agreed to
the published version of the manuscript.

Funding: Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia
through the Penelitian Dasar Unggulan Perguruan Tinggi Research Scheme Grant No. 1318/UN6.3.1/
PT.00/2022.

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the Directorate of Research and Community Engagement
Universitas Padjadjaran and Ministry of Education, Culture, Research, and Technology of the Republic
of Indonesia through the Penelitian Dasar Unggulan Perguruan Tinggi Research Scheme Grant.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Syahputra, A.; Nurhadini, N.; Puspitasari, FI. Pemilihan Monomer Fungsional Terbaik Dalam Molecularly Imprinted Polymer
(MIP) Monogliserida Lard Menggunakan Metode Komputasi. Al-Kimia 2021, 9, 23-33. [CrossRef]

2. Amin, S.; Damayanti, S.; Ibrahim, S. Studi Interaksi, Sintesis Dan Karakterisasi Molecular Imprinted Polymer Menggunakan
Monomer Fungsional Asam Metakrilat Dan Dimetilamilamin Sebagai Molekul Template. J. Ilmu Kefarmasian Indones. 2018, 16,
12-19, ISSN 2614-6495. [CrossRef]

3. He, S.; Zhang, L.; Bai, S.; Yang, H.; Cui, Z.; Zhang, X,; Li, Y. Advances of Molecularly Imprinted Polymers (MIP) and the
Application in Drug Delivery. Eur. Polym. ]. 2021, 143, 110179. [CrossRef]

4. Denizli, A. Molecular Imprinting for Nanosensors and Other Sensing Applications; Elsevier: Amsterdam, The Netherlands, 2021.

5. Pichon, V.; Delaunay, N.; Combeés, A. Sample Preparation Using Molecularly Imprinted Polymers. Anal. Chem. 2020, 92, 16-33.
[CrossRef]

6.  Sooraj, M.P; Archana, S.N.; Mathew, B.; Thomas, S. Molecularly Imprinted Polymer Composites: Synthesis, Characterisation and
Applications; Woodhead Publishing: Cambridge, UK, 2020.

7. Kutner, W,; Sharma, P.S. Molecularly Imprinted Polymers for Analytical Chemistry Applications; Royal Society of Chemistry: London,
UK, 2018; p. 499.

8.  Fan,].P; Xu, X.K;; Xu, R.; Zhang, X H.; Zhu, ].H. Preparation and Characterization of Molecular Imprinted Polymer Functionalized
with Core/Shell Magnetic Particles (Fe304@SiO,@MIP) for the Simultaneous Recognition and Enrichment of Four Taxoids in
Taxus x media. Chem. Eng. ]. 2015, 279, 567-577. [CrossRef]

9. Lu, W; Wang, X.; Wu, X,; Liu, D.; Li, J.; Chen, L.; Zhang, X. Multi-Template Imprinted Polymers for Simultaneous Selective
Solid-Phase Extraction of Six Phenolic Compounds in Water Samples Followed by Determination Using Capillary Electrophoresis.
J. Chromatogr. A 2017, 1483, 30-39. [CrossRef]

10. Wang, D.; Liu, Y.; Xu, Z.; Zhao, D.; Liu, Y,; Liu, Z. Multitemplate Molecularly Imprinted Polymeric Solid-Phase Microextraction
Fiber Coupled with HPLC for Endocrine Disruptor Analysis in Water Samples. Microchem. J. 2020, 155, 104802. [CrossRef]

11. Meng, A.C,; LeJeyne, J.; Spivak, D.A. Multi-Analyte Imprinting Capability of OMNiMIPs versus Traditional Molecularly
Imprinted Polymers. J. Mol. Recognit. 2009, 22, 121-128. [CrossRef]

12.  Kaabipour, M.; Khodadoust, S.; Zeraatpisheh, F. Preparation of Magnetic Molecularly Imprinted Polymer for Dispersive Solid-
Phase Extraction of Valsartan and Its Determination by High-Performance Liquid Chromatography: Box-Behnken Design. J. Sep.
Sci. 2020, 43, 912-919. [CrossRef]

13. Li,J.; Zhao, L.; Wei, C.; Sun, Z.; Zhao, S.; Cai, T.; Gong, B. Preparation of Restricted Access Media Molecularly Imprinted Polymers
for Efficient Separation and Enrichment Ofloxacin in Bovine Serum Samples. J. Sep. Sci. 2019, 42, 2491-2499. [CrossRef]

14. Du, W,; Zhang, B.; Guo, P,; Chen, G.; Chang, C.; Fu, Q. Facile Preparation of Magnetic Molecularly Imprinted Polymers for the
Selective Extraction and Determination of Dexamethasone in Skincare Cosmetics Using HPLC. J. Sep. Sci. 2018, 41, 2441-2452.
[CrossRef] [PubMed]

15. Asadi, E.; Abdouss, M.; Leblanc, R M.; Ezzati, N.; Wilson, ].N.; Kordestani, D. Synthesis, Characterization and In Vivo Drug
Delivery Study of a Biodegradable Nano-Structured Molecularly Imprinted Polymer Based on Cross-Linker of Fructose. Polymer
(Guildf) 2016, 97, 226-237. [CrossRef]

16. Fu, Y. Pessagno, F; Manesiotis, P; Borrull, E; Fontanals, N.; Maria Marcé, R. Preparation and Evaluation of Molecularly Imprinted
Polymers as Selective SPE Sorbents for the Determination of Cathinones in River Water. Microchem. . 2022, 175,107100. [CrossRef]

17. Pataer, P; Muhammad, T.; Turahun, Y.; Yang, W.; Aihebaier, S.; Wubulikasimu, M.; Chen, L. Preparation of a Stoichiometric
Molecularly Imprinted Polymer for Auramine O and Application in Solid-Phase Extraction. J. Sep. Sci. 2019, 42, 1634-1643.
[CrossRef]

18.  Olcer, Y.A.; Demirkurt, M.; Demir, M.M.; Eroglu, A.E. Development of Molecularly Imprinted Polymers (MIPs) as a Solid Phase

Extraction (SPE) Sorbent for the Determination of Ibuprofen in Water. RSC Adv. 2017, 7, 31441-31447. [CrossRef]


http://doi.org/10.24252/AL-KIMIA.V9I1.10893
http://doi.org/10.35814/jifi.v16i1.430
http://doi.org/10.1016/j.eurpolymj.2020.110179
http://doi.org/10.1021/acs.analchem.9b04816
http://doi.org/10.1016/j.cej.2015.05.045
http://doi.org/10.1016/j.chroma.2016.12.069
http://doi.org/10.1016/j.microc.2020.104802
http://doi.org/10.1002/jmr.901
http://doi.org/10.1002/jssc.201901058
http://doi.org/10.1002/jssc.201900103
http://doi.org/10.1002/jssc.201701195
http://www.ncbi.nlm.nih.gov/pubmed/29542253
http://doi.org/10.1016/j.polymer.2016.05.031
http://doi.org/10.1016/j.microc.2021.107100
http://doi.org/10.1002/jssc.201801234
http://doi.org/10.1039/C7RA05254E

Polymers 2022, 14, 4441 17 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Yusof, N.A.; Rahman, S.K.A.; Hussein, M.Z.; Ibrahim, N.A. Preparation and Characterization of Molecularly Imprinted Polymer
as SPE Sorbent for Melamine Isolation. Polymers 2013, 5, 1215-1228. [CrossRef]

He, ].; Lv, R,; Zhan, H.; Wang, H.; Cheng, J.; Lu, K.; Wang, F. Preparation and Evaluation of Molecularly Imprinted Solid-Phase
Micro-Extraction Fibers for Selective Extraction of Phthalates in an Aqueous Sample. Anal. Chim. Acta 2010, 674, 53-58. [CrossRef]
Yang, Y.; Meng, X.; Xiao, Z. Synthesis of a Surface Molecular Imprinting Polymer Based on Silica and Its Application in the
Identification of Nitrocellulose. RSC Adv. 2018, 8, 9802-9811. [CrossRef]

Ma, W.; Dai, Y.; Row, K.H. Molecular Imprinted Polymers Based on Magnetic Chitosan with Different Deep Eutectic Solvent
Monomers for the Selective Separation of Catechins in Black Tea. Electrophoresis 2018, 39, 2039-2046. [CrossRef]

Sundhoro, M.; Agnihotra, S.R.; Amberger, B.; Augustus, K.; Khan, N.D.; Barnes, A.; BelBruno, ].; Mendecki, L. An Electrochemical
Molecularly Imprinted Polymer Sensor for Rapid and Selective Food Allergen Detection. Food Chem. 2021, 344, 128648. [CrossRef]
Zhang, Z.; Li, L. Efficient Synthesis of Molecularly Imprinted Polymers with Bio-Recognition Sites for the Selective Separation of
Bovine Hemoglobin. |. Sep. Sci. 2018, 41, 2479-2487. [CrossRef] [PubMed]

Sarafraz-Yazdi, A.; Razavi, N. Application of Molecularly-Imprinted Polymers in Solid-Phase Microextraction Techniques. TrAC
Trends Anal. Chem. 2015, 73, 81-90. [CrossRef]

Jafari, M.T.; Rezaei, B.; Zaker, B. Ion Mobility Spectrometry as a Detector for Molecular Imprinted Polymer Separation and
Metronidazole Determination in Pharmaceutical and Human Serum Samples. Anal. Chem. 2009, 81, 3585-3591. [CrossRef]
[PubMed]

Chen, L.; Xu, S.; Li, J. Recent Advances in Molecular Imprinting Technology: Current Status, Challenges and Highlighted
Applications. Chem. Soc. Rev. 2011, 40, 2922-2942. [CrossRef] [PubMed]

Haupt, K.; Linares, A.V.; Bompart, M.; Bui, B.T.S. Molecularly Imprinted Polymers. In Molecular Imprinting; Topics in Current
Chemistry; Springer: Berlin/Heidelberg, Germany, 2012; Volume 325, pp. 1-28. [CrossRef]

Yan, H.; Kyung, H.R. Characteristic and Synthetic Approach of Molecularly Imprinted Polymer. Int. . Mol. Sci. 2006, 7, 155-178.
[CrossRef]

Iskierko, Z.; Sharma, P.S.; Bartold, K.; Pietrzyk-Le, A.; Noworyta, K.; Kutner, W. Molecularly Imprinted Polymers for Separating
and Sensing of Macromolecular Compounds and Microorganisms. Biotechnol. Adv. 2016, 34, 30-46. [CrossRef]

Li, S;; Cao, S.; Piletsky, S.A.; Turner, A.P.E. Molecularly Imprinted Catalysts: Principles, Syntheses, and Applications; Elsevier:
Amsterdam, The Netherlands, 2015.

Madikizela, L.M.; Chimuka, L. Determination of Ibuprofen, Naproxen and Diclofenac in Aqueous Samples Using a Multi-
Template Molecularly Imprinted Polymer as Selective Adsorbent for Solid-Phase Extraction. J. Pharm. Biomed. Anal. 2016, 128,
210-215. [CrossRef]

Madikizela, L.M.; Chimuka, L. Synthesis, Adsorption and Selectivity Studies of a Polymer Imprinted with Naproxen, Ibuprofen
and Diclofenac. J. Environ. Chem. Eng. 2016, 4, 4029-4037. [CrossRef]

Balamurugan, K.; Gokulakrishnan, K.; Prakasam, T. Preparation and Evaluation of Molecularly Imprinted Polymer Liquid
Chromatography Column for the Separation of Cathine Enantiomers. Saudi Pharm. . 2012, 20, 53-61. [CrossRef]

Gonzalez, G.P.; Hernando, PF,; Alegria, ].5.D. A Morphological Study of Molecularly Imprinted Polymers Using the Scanning
Electron Microscope. Anal. Chim. Acta 2006, 557, 179-183. [CrossRef]

Haupt, K.; Dzgoev, A.; Mosbach, K. Assay System for the Herbicide 2,4-Dichlorophenoxyacetic Acid Using a Molecularly
Imprinted Polymer as an Artificial Recognition Element. Anal. Chem. 1998, 70, 628-631. [CrossRef] [PubMed]

Mohajeri, S.A.; Karimi, G.; Aghamohammadian, J.; Khansari, M.R. Clozapine Recognition via Molecularly Imprinted Polymers;
Bulk Polymerization versus Precipitation Method. J. Appl. Polym. Sci. 2011, 121, 3590-3595. [CrossRef]

Poliwoda, A.; Moscipan, M.; Wieczorek, P.P. Application of Molecular Imprinted Polymers for Selective Solid Phase Extraction of
Bisphenol A. Ecol. Chem. Eng. S 2016, 23, 651-664. [CrossRef]

Lai, ].P; Yang, M.L.; Niessner, R.; Knopp, D. Molecularly Imprinted Microspheres and Nanospheres for Di(2-Ethylhexyl)Phthalate
Prepared by Precipitation Polymerization. Anal. Bioanal. Chem. 2007, 389, 405-412. [CrossRef] [PubMed]

Li, P; Rong, E; Yuan, C. Morphologies and Binding Characteristics of Molecularly Imprinted Polymers Prepared by Precipitation
Polymerization. Polym. Int. 2003, 52, 1799-1806. [CrossRef]

Li, W.H,; Stover, H.D.H. Monodisperse Cross-Linked Core-Shell Polymer Microspheres by Precipitation Polymerization. Macro-
molecules 2000, 33, 4354-4360. [CrossRef]

Dvorakova, G.; Haschick, R.; Chiad, K.; Klapper, M.; Miillen, K.; Biffis, A. Molecularly Imprinted Nanospheres by Nonaqueous
Emulsion Polymerization. Macromol. Rapid Commun. 2010, 31, 2035-2040. [CrossRef]

Yang, J.; Li, Y.; Wang, J.; Sun, X.; Cao, R.; Sun, H.; Huang, C.; Chen, J. Molecularly Imprinted Polymer Microspheres Prepared by
Pickering Emulsion Polymerization for Selective Solid-Phase Extraction of Eight Bisphenols from Human Urine Samples. Anal.
Chim. Acta 2015, 872, 35-45. [CrossRef]

Khan, H.; Park, J.K. The Preparation of D-Phenylalanine Imprinted Microbeads by a Novel Method of Modified Suspension
Polymerization. Biotechnol. Bioprocess Eng. 2006, 11, 503-509. [CrossRef]

Lai, J.P; Lu, X.Y.; Lu, C.Y,; Ju, H.F; He, X.W. Preparation and Evaluation of Molecularly Imprinted Polymeric Microspheres by
Aqueous Suspension Polymerization for Use as a High-Performance Liquid Chromatography Stationary Phase. Anal. Chim. Acta
2001, 442, 105-111. [CrossRef]


http://doi.org/10.3390/polym5041215
http://doi.org/10.1016/j.aca.2010.06.018
http://doi.org/10.1039/C7RA13264F
http://doi.org/10.1002/elps.201800034
http://doi.org/10.1016/j.foodchem.2020.128648
http://doi.org/10.1002/jssc.201701479
http://www.ncbi.nlm.nih.gov/pubmed/29466619
http://doi.org/10.1016/j.trac.2015.05.004
http://doi.org/10.1021/ac802557t
http://www.ncbi.nlm.nih.gov/pubmed/19361231
http://doi.org/10.1039/c0cs00084a
http://www.ncbi.nlm.nih.gov/pubmed/21359355
http://doi.org/10.1007/128_2011_307
http://doi.org/10.3390/i7050155
http://doi.org/10.1016/j.biotechadv.2015.12.002
http://doi.org/10.1016/j.jpba.2016.05.037
http://doi.org/10.1016/j.jece.2016.09.012
http://doi.org/10.1016/j.jsps.2011.06.004
http://doi.org/10.1016/j.aca.2005.10.034
http://doi.org/10.1021/ac9711549
http://www.ncbi.nlm.nih.gov/pubmed/21644761
http://doi.org/10.1002/app.34147
http://doi.org/10.1515/eces-2016-0046
http://doi.org/10.1007/s00216-007-1321-0
http://www.ncbi.nlm.nih.gov/pubmed/17551717
http://doi.org/10.1002/pi.1381
http://doi.org/10.1021/ma9920691
http://doi.org/10.1002/marc.201000406
http://doi.org/10.1016/j.aca.2015.02.058
http://doi.org/10.1007/BF02932074
http://doi.org/10.1016/S0003-2670(01)01115-1

Polymers 2022, 14, 4441 18 of 22

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Mayes, A.G.; Mosbach, K. Molecularly Imprinted Polymer Beads: Suspension Polymerization Using a Liquid Perfluorocarbon as
the Dispersing Phase. Anal. Chem. 1996, 68, 3769-3774. [CrossRef] [PubMed]

Pang, X.; Cheng, G.; Li, R;; Lu, S.; Zhang, Y. Bovine Serum Albumin-Imprinted Polyacrylamide Gel Beads Prepared via
Inverse-Phase Seed Suspension Polymerization. Anal. Chim. Acta 2005, 550, 13-17. [CrossRef]

Pérez-Moral, N.; Mayes, A.G. Comparative Study of Imprinted Polymer Particles Prepared by Different Polymerisation Methods.
Anal. Chim. Acta 2004, 504, 15-21. [CrossRef]

Hou, L.T; Chen, ].J.; Fu, HJ.; Fu, X.L. Chiral Recognition of L-Carnitine Using Surface Molecularly Imprinted Microspheres via
RAFT Polymerization. Adv. Mater. Res. 2014, 884-885, 33-36.

Riickert, B.; Hall, A.].; Sellergren, B. Molecularly Imprinted Composite Materials via Iniferter-Modified Supports. ]. Mater. Chem.
2002, 12, 2275-2280. [CrossRef]

Wei, X.; Li, X.; Husson, S.M. Surface Molecular Imprinting by Atom Transfer Radical Polymerization. Biomacromolecules 2005, 6,
1113-1121. [CrossRef]

Zhu, L.; Yang, X.; Cao, Y. Preparation of Surface-Imprinted Polymer Magnetic Nanoparticles with Miniemulsion Polymerization
for Recognition of Salicylic Acid. Anal. Lett. 2013, 46, 982-998. [CrossRef]

Nakamura, Y.; Masumoto, S.; Kubo, A.; Matsunaga, H.; Haginaka, J. Preparation of Molecularly Imprinted Polymers for Warfarin
and Coumachlor by Multi-Step Swelling and Polymerization Method and Their Imprinting Effects. J. Chromatogr. A 2017, 1516,
71-78. [CrossRef]

Nishimura, K.; Okamura, N.; Kimachi, T.; Haginaka, J. Evaluation of Molecularly Imprinted Polymers for Chlorpromazine
and Bromopromazine Prepared by Multi-Step Swelling and Polymerization Method—The Application for the Determination
of Chlorpromazine and Its Metabolites in Rat Plasma by Column-Switching LC. J. Pharm. Biomed. Anal. 2019, 174, 248-255.
[CrossRef]

Sambe, H.; Hoshina, K.; Haginaka, J. Molecularly Imprinted Polymers for Triazine Herbicides Prepared by Multi-Step Swelling
and Polymerization Method: Their Application to the Determination of Methylthiotriazine Herbicides in River Water. ].
Chromatogr. A 2007, 1152, 130-137. [CrossRef]

Huang, X.; Zou, H.; Chen, X.; Luo, Q.; Kong, L. Molecularly Imprinted Monolithic Stationary Phases for Liquid Chromatographic
Separation of Enantiomers and Diastereomers. J. Chromatogr. A 2003, 984, 273-282. [CrossRef]

Liu, H.; Kyung, H.R; Yang, G. Monolithic Molecularly Imprinted Columns for Chromatographic Separation. Chromatographia
2005, 61, 429-432. [CrossRef]

Zhang, W.; Dong, Q.; Lu, H.; Hu, B.; Xie, Y.; Yu, G. Glucose-Directed Synthesis of Pt-Cu Alloy Nanowires Networks and Their
Electro-Catalytic Performance for Ethylene Glycol Oxidation. J. Alloys Compd. 2017, 727, 475-483. [CrossRef]

Jafari, M.T.; Rezaei, B.; Bahrami, H. Magnetic Dual-Template Molecularly Imprinted Polymer Nanoparticles for the Simultaneous
Determination of Acetaminophen and Codeine in Urine Samples by Ion Mobility Spectrometry. Anal. Sci. 2018, 34, 297-303.
[CrossRef] [PubMed]

Wang, J.; Cormack, P.A.G.; Sherrington, D.C.; Khoshdel, E. Monodisperse, Molecularly Imprinted Polymer Microspheres Prepared
by Precipitation Polymerization for Affinity Separation Applications. Angew. Chem. Int. Ed. Engl. 2003, 42, 5336-5338. [CrossRef]
[PubMed]

Chauhan, A.; Bhatia, T.; Singh, A.; Saxena, P.N.; Kesavchandran, C.; Mudiam, M.K.R. Application of Nano-Sized Multi-Template
Imprinted Polymer for Simultaneous Extraction of Polycyclic Aromatic Hydrocarbon Metabolites in Urine Samples Followed by
Ultra-High Performance Liquid Chromatographic Analysis. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2015, 985, 110-118.
[CrossRef]

Abdulhussein, A.Q.; Jamil, A. K.M.; Bakar, N.K.A. Magnetic Molecularly Imprinted Polymer Nanoparticles for the Extraction and
Clean-up of Thiamethoxam and Thiacloprid in Light and Dark Honey. Food Chem. 2021, 359, 129936. [CrossRef] [PubMed]
Cacho, C.; Turiel, E.; Pérez-Conde, C. Molecularly Imprinted Polymers: An Analytical Tool for the Determination of Benzimidazole
Compounds in Water Samples. Talanta 2009, 78, 1029-1035. [CrossRef]

Haginaka, J.; Sanbe, H. Uniformly Sized Molecularly Imprinted Polymer for (S)-Naproxen Retention and Molecular Recognition
Properties in Aqueous Mobile Phase. . Chromatogr. A 2001, 913, 141-146. [CrossRef]

Luo, Z.; Xiao, A.; Chen, G.; Guo, Q.; Chang, C.; Zeng, A.; Fu, Q. Preparation and Application of Molecularly Imprinted Polymers
for the Selective Extraction of Naringin and Genistein from Herbal Medicines. Anal. Methods 2019, 11, 4890-4898. [CrossRef]
Gao, R;; Hao, Y.; Zhao, S.; Zhang, L.; Cui, X,; Liu, D.; Tang, Y.; Zheng, Y. Novel Magnetic Multi-Template Molecularly Imprinted
Polymers for Specific Separation and Determination of Three Endocrine Disrupting Compounds Simultaneously in Environmental
Water Samples. RSC Adv. 2014, 4, 56798-56808. [CrossRef]

Gao, R;; Zhao, S.; Hao, Y.; Zhang, L.; Cui, X.; Liu, D.; Zhang, M.; Tang, Y. Synthesis of Magnetic Dual-Template Molecularly
Imprinted Nanoparticles for the Specific Removal of Two High-Abundance Proteins Simultaneously in Blood Plasma. J. Sep. Sci.
2015, 38, 3914-3920. [CrossRef] [PubMed]

Alvarez-Lorenzo, C.; Concheiro, A. Handbook of Molecularly Imprinted Polymers; ISmithers Rapra Publishing: Manchester, UK,
2013; ISBN 9781847359599.

Broekmann, P.; Détz, K.H.; Schalley, C.A. Templates in Chemistry III; Topics in Current Chemistry; Springer: Berlin/Heidelberg,
Germany, 2009; Volume 287, ISBN 9783540896920.


http://doi.org/10.1021/ac960363a
http://www.ncbi.nlm.nih.gov/pubmed/21619249
http://doi.org/10.1016/j.aca.2005.06.067
http://doi.org/10.1016/S0003-2670(03)00533-6
http://doi.org/10.1039/B203115A
http://doi.org/10.1021/bm049311i
http://doi.org/10.1080/00032719.2012.745089
http://doi.org/10.1016/j.chroma.2017.08.016
http://doi.org/10.1016/j.jpba.2019.05.063
http://doi.org/10.1016/j.chroma.2006.09.003
http://doi.org/10.1016/S0021-9673(02)01768-5
http://doi.org/10.1365/s10337-005-0531-x
http://doi.org/10.1016/j.jallcom.2017.06.205
http://doi.org/10.2116/analsci.34.297
http://www.ncbi.nlm.nih.gov/pubmed/29526896
http://doi.org/10.1002/anie.200352298
http://www.ncbi.nlm.nih.gov/pubmed/14613169
http://doi.org/10.1016/j.jchromb.2015.01.011
http://doi.org/10.1016/j.foodchem.2021.129936
http://www.ncbi.nlm.nih.gov/pubmed/33957328
http://doi.org/10.1016/j.talanta.2009.01.007
http://doi.org/10.1016/S0021-9673(01)00555-6
http://doi.org/10.1039/C9AY01503E
http://doi.org/10.1039/C4RA09825K
http://doi.org/10.1002/jssc.201500882
http://www.ncbi.nlm.nih.gov/pubmed/26450133

Polymers 2022, 14, 4441 19 of 22

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.
88.

89.

90.

91.

92.
93.

94.

95.

96.

Bunte, G.; Hiirttlen, J.; Pontius, H.; Hartlieb, K.; Krause, H. Gas Phase Detection of Explosives Such as 2,4,6-Trinitrotoluene by
Molecularly Imprinted Polymers. Anal. Chim. Acta 2007, 591, 49-56. [CrossRef]

Urraca, J.L.; Hall, A.J.; Moreno-Bondi, M.C.; Sellergren, B. A Stoichiometric Molecularly Imprinted Polymer for the Class-Selective
Recognition of Antibiotics in Aqueous Media. Angew. Chem. Int. Ed. Engl. 2006, 45, 5158-5161. [CrossRef] [PubMed]
Whitcombe, M.J.; Chianella, I.; Larcombe, L.; Piletsky, S.A.; Noble, J.; Porter, R.; Horgan, A. The Rational Development of
Molecularly Imprinted Polymer-Based Sensors for Protein Detection. Chem. Soc. Rev. 2011, 40, 1547-1571. [CrossRef]
Madikizela, L.M.; Mdluli, PS.; Chimuka, L. An Initial Assessment of Naproxen, Ibuprofen and Diclofenac in Ladysmith
Water Resources in South Africa Using Molecularly Imprinted Solid-Phase Extraction Followed by High Performance Liquid
Chromatography-Photodiode Array Detection. S. Afr. . Chem. 2017, 70, 145-153. [CrossRef]

Madikizela, L.M.; Mdluli, P.S.; Chimuka, L. Experimental and Theoretical Study of Molecular Interactions between 2-Vinyl
Pyridine and Acidic Pharmaceuticals Used as Multi-Template Molecules in Molecularly Imprinted Polymer. React. Funct. Polym.
2016, 103, 33—-43. [CrossRef]

Nurrokhimah, M.; Nurerk, P.; Kanatharana, P.; Bunkoed, O. A Nanosorbent Consisting of a Magnetic Molecularly Imprinted
Polymer and Graphene Oxide for Multi-Residue Analysis of Cephalosporins. Microchim. Acta 2019, 186, 822. [CrossRef]
Kechagia, M.; Samanidou, V.; Kabir, A.; Furton, K.G. One-Pot Synthesis of a Multi-Template Molecularly Imprinted Polymer
for the Extraction of Six Sulfonamide Residues from Milk before High-Performance Liquid Chromatography with Diode Array
Detection. J. Sep. Sci. 2018, 41, 723-731. [CrossRef]

Vasapollo, G.; Del Sole, R.; Mergola, L.; Lazzoi, M.R.; Scardino, A.; Scorrano, S.; Mele, G. Molecularly Imprinted Polymers:
Present and Future Prospective. Int. . Mol. Sci. 2011, 12, 5908-5945. [CrossRef]

Pratiwi, R.; Megantara, S.; Rahayu, D.; Pitaloka, I.; Hasanah, A.N. Comparison of Bulk and Precipitation Polymerization Method
of Synthesis Molecular Imprinted Solid Phase Extraction for Atenolol Using Methacrylic Acid. J. Young Pharm. 2018, 11, 12-16.
[CrossRef]

Lafarge, C.; Bitar, M.; El Hosry, L.; Cayot, P.; Bou-Maroun, E. Comparison of Molecularly Imprinted Polymers (MIP) and
Sol-Gel Molecularly Imprinted Silica (MIS) for Fungicide in a Hydro Alcoholic Solution. Mater. Today Commun. 2020, 24, 101157.
[CrossRef]

Advincula, R.C. Engineering Molecularly Imprinted Polymer (MIP) Materials: Developments and Challenges for Sensing and
Separation Technologies. Korean J. Chem. Eng. 2011, 28, 1313-1321. [CrossRef]

Lim, H.J.; Saha, T.; Tey, B.T.; Tan, W.S.; Ooi, C.W. Quartz Crystal Microbalance-Based Biosensors as Rapid Diagnostic Devices for
Infectious Diseases. Biosens. Bioelectron. 2020, 168, 112513. [CrossRef] [PubMed]

Ozcelikay, G.; Kaya, S.I.; Ozkan, E.; Cetinkaya, A.; Nemutlu, E.; Kir, S.; Ozkan, S.A. Sensor-Based MIP Technologies for Targeted
Metabolomics Analysis. TrAC—Trends Anal. Chem. 2022, 146, 116487. [CrossRef]

Navarro-Villoslada, F.; San Vicente, B.; Moreno-Bondi, M.C. Application of Multivariate Analysis to the Screening of Molecularly
Imprinted Polymers for Bisphenol A. Anal. Chim. Acta 2004, 504, 149-162. [CrossRef]

Waulff, G.; Knorr, K. Stoichiometric Noncovalent Interaction in Molecular Imprinting. Bioseparation 2001, 10, 257-276. [CrossRef]
Komiyama, M.; Takeuchi, T.; Mukawa, T.; Asanuma, H. Molecular Imprinting: From Fundamentals to Applications; Wiley: New York,
NY, USA, 2003; p. 147.

Chen, L.; Wang, X.; Lu, W.; Wu, X,; Li, ]. Molecular Imprinting: Perspectives and Applications. Chem. Soc. Rev. 2016, 45, 2137-2211.
[CrossRef]

Wypych, G. Handbook of Curatives and Crosslinkers; Chem Tech Publishing: Toronto, ON, Canada, 2019; pp. 1-258.

Ariffin, M.M.; Miller, E.I; Cormack, PA.G.; Anderson, R.A. Molecularly Imprinted Solid-Phase Extraction of Diazepam and Its
Metabolites from Hair Samples. Anal. Chem. 2007, 79, 256-262. [CrossRef]

Hasanah, A.N.; Fauzi, D.; Witka, B.Z.; Rahayu, D.; Pratiwi, R. Molecular Imprinted Polymer for Ethylmorphine with Methacrylic
Acid and Acrylamide as Functional Monomer in Butanol Using Two Polymerization Method. Mediterr. J. Chem. 2020, 10, 277-288.
[CrossRef]

Mansour, ER.; Waheed, S.; Paull, B.; Maya, F. Porogens and Porogen Selection in the Preparation of Porous Polymer Monoliths. J.
Sep. Sci. 2020, 43, 56—69. [CrossRef] [PubMed]

Braun, D.; Cherdron, H.; Rehahn, M.; Ritter, H.; Voit, B. Polymer Synthesis: Theory and Practice: Fundamentals, Methods, Experiments;
Springer: Heidelberg, Germany, 2005; pp. 1-385. [CrossRef]

Matyjaszewski, K.; Davis, T.P. Handbook of Radical Polymerization; Wiley: New York, NY, USA, 2002; p. 920.

Kryscio, D.R.; Peppas, N.A. Critical Review and Perspective of Macromolecularly Imprinted Polymers. Acta Biomater. 2012, 8,
461-473. [CrossRef] [PubMed]

Sreenivasan, K.; Sivakumar, R. Imparting Recognition Sites in Poly(HEMA) for Two Compounds Through Molecular Imprinting.
J. Appl. Polym. Sci. 1999, 71, 1823-1826. [CrossRef]

Tahmasebi, E.; Yamini, Y.; Moradi, M.; Esrafili, A. Polythiophene-Coated Fe304 Superparamagnetic Nanocomposite: Synthesis
and Application as a New Sorbent for Solid-Phase Extraction. Anal. Chim. Acta 2013, 770, 68-74. [CrossRef] [PubMed]

Wang, P; Yuan, T,; Hu, J.; Tan, Y. Determination of Cephalosporin Antibiotics in Water Samples by Optimised Solid Phase
Extraction and High Performance Liquid Chromatography with Ultraviolet Detector. Int. J. Environ. Anal. Chem. 2011, 91,
1267-1281. [CrossRef]


http://doi.org/10.1016/j.aca.2007.02.014
http://doi.org/10.1002/anie.200601636
http://www.ncbi.nlm.nih.gov/pubmed/16927333
http://doi.org/10.1039/C0CS00049C
http://doi.org/10.17159/0379-4350/2017/v70a21
http://doi.org/10.1016/j.reactfunctpolym.2016.03.017
http://doi.org/10.1007/s00604-019-3985-5
http://doi.org/10.1002/jssc.201701205
http://doi.org/10.3390/ijms12095908
http://doi.org/10.5530/jyp.2019.11.3
http://doi.org/10.1016/j.mtcomm.2020.101157
http://doi.org/10.1007/s11814-011-0133-2
http://doi.org/10.1016/j.bios.2020.112513
http://www.ncbi.nlm.nih.gov/pubmed/32889395
http://doi.org/10.1016/j.trac.2021.116487
http://doi.org/10.1016/S0003-2670(03)00766-9
http://doi.org/10.1023/A:1021585518592
http://doi.org/10.1039/C6CS00061D
http://doi.org/10.1021/ac061062w
http://doi.org/10.13171/mjc02003211282anh
http://doi.org/10.1002/jssc.201900876
http://www.ncbi.nlm.nih.gov/pubmed/31589375
http://doi.org/10.1007/B138247/COVER
http://doi.org/10.1016/j.actbio.2011.11.005
http://www.ncbi.nlm.nih.gov/pubmed/22100344
http://doi.org/10.1002/(SICI)1097-4628(19990314)71:11&lt;1823::AID-APP12&gt;3.0.CO;2-E
http://doi.org/10.1016/j.aca.2013.01.043
http://www.ncbi.nlm.nih.gov/pubmed/23498688
http://doi.org/10.1080/03067311003778649

Polymers 2022, 14, 4441 20 of 22

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Zhu, T,; Li, S.; Row, K.H. Molecularly Imprinted Monolithic Material for the Extraction of Three Organic Acids from Salicornia
Herbacea L. J. Appl. Polym. Sci. 2011, 121, 1691-1696. [CrossRef]

Feng, Q.; Chen, Y;; Xu, D.; Liu, L.; Zhang, Z.; Feng, Q.; Chen, Y.; Xu, D.; Liu, L.; Zhang, Z. Molecularly Imprinted Micro-
Solid-Phase Extraction for the Selective Determination of Phenolic Compounds in Environmental Water Samples with High
Performance Liquid Chromatraphy. Open J. Polym. Chem. 2013, 3, 54-62. [CrossRef]

Lay, S.; Ni, X.; Yu, H.; Shen, S. State-of-the-Art Applications of Cyclodextrins as Functional Monomers in Molecular Imprinting
Techniques: A Review. J. Sep. Sci. 2016, 39, 2321-2331. [CrossRef]

Maranata, G.J.; Surya, N.O.; Hasanah, A.N. Optimising Factors Affecting Solid Phase Extraction Performances of Molecular
Imprinted Polymer as Recent Sample Preparation Technique. Heliyon 2021, 7, €05934. [CrossRef]

Deng, D.; He, Y.; Li, M.; Huang, L.; Zhang, ]. Preparation of Multi-Walled Carbon Nanotubes Based Magnetic Multi-Template
Molecularly Imprinted Polymer for the Adsorption of Phthalate Esters in Water Samples. Environ. Sci. Pollut. Res. 2021, 28,
5966-5977. [CrossRef] [PubMed]

Ma, P; Yang, W.; Fan, T.; Liu, H.; Zhou, Z; Li, ].; Zhang, L.; Xu, W. Surface Imprinted Polymers for Oil Denitrification with the
Combination of Computational Simulation and Multi-Template Molecular Imprinting. Polym. Adv. Technol. 2015, 26, 476-486.
[CrossRef]

Agunbiade, F.O.; Moodley, B. Pharmaceuticals as Emerging Organic Contaminants in Umgeni River Water System, KwaZulu-
Natal, South Africa. Environ. Monit. Assess. 2014, 186, 7273-7291. [CrossRef] [PubMed]

Carmona, E.; Andreu, V.; Picd, Y. Occurrence of Acidic Pharmaceuticals and Personal Care Products in Turia River Basin: From
Waste to Drinking Water. Sci. Total Environ. 2014, 484, 53-63. [CrossRef] [PubMed]

Debska, J.; Kot-Wasik, A.; Namiesnik, J. Fate and Analysis of Pharmaceutical Residues in the Aquatic Environment. Crit. Rev.
Anal. Chem. 2010, 34, 51-67. [CrossRef]

Farré, M.; Ferrer, I.; Ginebreda, A.; Figueras, M.; Olivella, L.; Tirapu, L.; Vilanova, M.; Barceld, D. Determination of Drugs in
Surface Water and Wastewater Samples by Liquid Chromatography—Mass Spectrometry: Methods and Preliminary Results
Including Toxicity Studies with Vibrio Fischeri. J. Chromatogr. A 2001, 938, 187-197. [CrossRef]

Patrolecco, L.; Ademollo, N.; Grenni, P.; Tolomei, A.; Barra Caracciolo, A.; Capri, S. Simultaneous Determination of Human
Pharmaceuticals in Water Samples by Solid Phase Extraction and HPLC with UV-Fluorescence Detection. Microchem. |. 2013, 107,
165-171. [CrossRef]

Guo, L.; Ma, X,; Xie, X.; Huang, R.; Zhang, M,; Li, ].; Zeng, G.; Fan, Y. Preparation of Dual-Dummy-Template Molecularly
Imprinted Polymers Coated Magnetic Graphene Oxide for Separation and Enrichment of Phthalate Esters in Water. Chem. Eng. ].
2019, 361, 245-255. [CrossRef]

Wang, R.; Ma, X.; Zhang, X,; Li, X.; Li, D.; Dang, Y. C8-Modified Magnetic Graphene Oxide Based Solid-Phase Extraction Coupled
with Dispersive Liquid-Liquid Microextraction for Detection of Trace Phthalate Acid Esters in Water Samples. Ecotoxicol. Environ.
Saf. 2019, 170, 789-795. [CrossRef]

Xie, X.; Ma, X.; Guo, L.; Fan, Y.; Zeng, G.; Zhang, M.; Li, ]. Novel Magnetic Multi-Templates Molecularly Imprinted Polymer for
Selective and Rapid Removal and Detection of Alkylphenols in Water. Chem. Eng. . 2019, 357, 56—65. [CrossRef]

Cormack, P.A.G.; Elorza, A.Z. Molecularly Imprinted Polymers: Synthesis and Characterisation. J. Chromatogr. B. 2004, 804,
173-182. [CrossRef] [PubMed]

Sun, C.; Wang, J.; Huang, J.; Yao, D.; Wang, C.Z.; Zhang, L.; Hou, S.; Chen, L.; Yuan, C.S. The Multi-Template Molecularly
Imprinted Polymer Based on SBA-15 for Selective Separation and Determination of Panax Notoginseng Saponins Simultaneously
in Biological Samples. Polymers 2017, 9, 653. [CrossRef] [PubMed]

Duan, Y.P; Dai, C.M.; Zhang, Y.L.; Chen, L. Selective Trace Enrichment of Acidic Pharmaceuticals in Real Water and Sediment
Samples Based on Solid-Phase Extraction Using Multi-Templates Molecularly Imprinted Polymers. Anal. Chim. Acta 2013, 758,
93-100. [CrossRef] [PubMed]

Li, G.; Ahn, W.S.; Row, K.H. Hybrid Molecularly Imprinted Polymers Modified by Deep Eutectic Solvents and Ionic Liquids with
Three Templates for the Rapid Simultaneous Purification of Rutin, Scoparone, and Quercetin from Herba Artemisiae Scopariae. J.
Sep. Sci. 2016, 39, 4465-4473. [CrossRef] [PubMed]

Fan, Y.; Zeng, G.; Ma, X. Effects of Prepolymerization on Surface Molecularly Imprinted Polymer for Rapid Separation and
Analysis of Sulfonamides in Water. J. Colloid Interface Sci. 2020, 571, 21-29. [CrossRef]

Nkosi, S.M.; Mahlambi, PN.; Chimuka, L. Synthesis, Characterisation and Optimisation of Bulk Molecularly Imprinted Polymers
from Nonsteroidal Anti-Inflammatory Drugs. S. Afr. ]. Chem. 2022, 76, 56—64. [CrossRef]

Alexander, C.; Andersson, H.S.; Andersson, L.I; Ansell, R.J.; Kirsch, N.; Nicholls, I.A.; O'Mahony, J.; Whitcombe, M.]. Molecular
Imprinting Science and Technology: A Survey of the Literature for the Years up to and Including 2003. J. Mol. Recognit. 2006, 19,
106-180. [CrossRef] [PubMed]

Carraher, C.E., Jr. Seymour/Carraher’s Polymer Chemistry; CRC Press: Boca Raton, FL, USA, 2007. [CrossRef]

Dai, C.M,; Geissen, S.U.; Zhang, Y.L.; Zhang, Y.J.; Zhou, X.F. Selective Removal of Diclofenac from Contaminated Water Using
Molecularly Imprinted Polymer Microspheres. Environ. Pollut. 2011, 159, 1660-1666. [CrossRef]

Beltran, A.; Fontanals, N.; Marcé, R M.; Cormack, P.A.G.; Borrull, FE. Molecularly Imprinted Solid-Phase Extraction of Cephalexin
from Water-Based Matrices. J. Sep. Sci. 2009, 32, 3319-3326. [CrossRef]


http://doi.org/10.1002/app.33755
http://doi.org/10.4236/ojpchem.2013.33011
http://doi.org/10.1002/jssc.201600003
http://doi.org/10.1016/j.heliyon.2021.e05934
http://doi.org/10.1007/s11356-020-10970-2
http://www.ncbi.nlm.nih.gov/pubmed/32981015
http://doi.org/10.1002/pat.3476
http://doi.org/10.1007/s10661-014-3926-z
http://www.ncbi.nlm.nih.gov/pubmed/25027777
http://doi.org/10.1016/j.scitotenv.2014.02.085
http://www.ncbi.nlm.nih.gov/pubmed/24686145
http://doi.org/10.1080/10408340490273753
http://doi.org/10.1016/S0021-9673(01)01154-2
http://doi.org/10.1016/j.microc.2012.05.035
http://doi.org/10.1016/j.cej.2018.12.076
http://doi.org/10.1016/j.ecoenv.2018.12.051
http://doi.org/10.1016/j.cej.2018.09.080
http://doi.org/10.1016/j.jchromb.2004.02.013
http://www.ncbi.nlm.nih.gov/pubmed/15093171
http://doi.org/10.3390/polym9120653
http://www.ncbi.nlm.nih.gov/pubmed/30965954
http://doi.org/10.1016/j.aca.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23245900
http://doi.org/10.1002/jssc.201600892
http://www.ncbi.nlm.nih.gov/pubmed/27730734
http://doi.org/10.1016/j.jcis.2020.03.027
http://doi.org/10.17159/0379-4350/2022/v76a09
http://doi.org/10.1002/jmr.760
http://www.ncbi.nlm.nih.gov/pubmed/16395662
http://doi.org/10.1201/9781420051032
http://doi.org/10.1016/j.envpol.2011.02.041
http://doi.org/10.1002/jssc.200900268

Polymers 2022, 14, 4441 21 of 22

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Mbhele, Z.E.; Ncube, S.; Madikizela, L.M. Synthesis of a Molecularly Imprinted Polymer and Its Application in Selective
Extraction of Fenoprofen from Wastewater. Environ. Sci. Pollut. Res. 2018, 25, 36724-36735. [CrossRef]

Alizadeh, R.; Kashkoei, PK.; Kazemipour, M. Zinc Oxide-Copper Oxide Nanoplates Composite as Coating for Solid Phase
Microextraction Combined with High Performance Liquid Chromatography-UV Detection for Trace Analysis of Chlorophenols
in Water and Tomato Juice Samples. Anal. Bioanal. Chem. 2016, 408, 3727-3736. [CrossRef]

Zorpas, A.A.; Coumi, C.; Drtil, M.; Voukalli, I. Municipal Sewage Sludge Characteristics and Waste Water Treatment Plant
Effectiveness under Warm Climate Conditions. Desalin. Water Treat. 2011, 36, 319-333. [CrossRef]

Cai, Q.Y;; Mo, C.H.; Wu, Q.T.; Zeng, Q.Y.; Katsoyiannis, A. Occurrence of Organic Contaminants in Sewage Sludges from Eleven
Wastewater Treatment Plants, China. Chemosphere 2007, 68, 1751-1762. [CrossRef] [PubMed]

Singh, R.P.; Agrawal, M. Potential Benefits and Risks of Land Application of Sewage Sludge. Waste Manag. 2008, 28, 347-358.
[CrossRef]

Ncube, S.; Kunene, P; Tavengwa, N.T.; Tutu, H.; Richards, H.; Cukrowska, E.; Chimuka, L. Synthesis and Characterization of a
Molecularly Imprinted Polymer for the Isolation of the 16 US-EPA Priority Polycyclic Aromatic Hydrocarbons (PAHs) in Solution.
J. Environ. Manag. 2017, 199, 192-200. [CrossRef] [PubMed]

Shailaja, M.S.; D'Silva, C. Evaluation of Impact of PAH on a Tropical Fish, Oreochromis Mossambicus Using Multiple Biomarkers.
Chemosphere 2003, 53, 835-841. [CrossRef]

Liu, L.; Yang, M.; He, M,; Liu, T.; Chen, F; Li, Y.; Feng, X.; Zhang, Y.; Zhang, F. Magnetic Solid Phase Extraction Sorbents Using
Methyl-Parathion and Quinalphos Dual-Template Imprinted Polymers Coupled with GC-MS for Class-Selective Extraction of
Twelve Organophosphorus Pesticides. Microchim. Acta 2020, 187, 503. [CrossRef]

Wen, Y,; Chen, L,; Li, J.; Liu, D.; Chen, L. Recent Advances in Solid-Phase Sorbents for Sample Preparation Prior to Chro-
matographic Analysis. Matrix Solid-Phase Dispersion Metallic Nanoparticle Metal Organic Framework Molecularly-Imprinted
Polymer Sample Preparation Solid-Phase Extraction Solid-Phase Microextraction Solid-Phase Sorbent (SPS). TrAC Trends Anal.
Chem. 2014, 59, 26-41. [CrossRef]

Bell, E.A. Nonprotein Amino Acids of Plants: Significance in Medicine, Nutrition, and Agriculture. J. Agric. Food Chem. 2003, 51,
2854-2865. [CrossRef]

Ng, T.B. Pharmacological Activity of Sanchi Ginseng (Panax Notoginseng). J. Pharm. Pharmacol. 2006, 58, 1007-1019. [CrossRef]
Ji, W;; Xie, H.; Zhou, J.; Wang, X.; Ma, X.; Huang, L. Water-Compatible Molecularly Imprinted Polymers for Selective Solid Phase
Extraction of Dencichine from the Aqueous Extract of Panax Notoginseng. J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2016,
1008, 225-233. [CrossRef] [PubMed]

Gang, L.; Ting, W.; Maofang, H.; Tianming, G.; Xin, F. Effect of Ethyleneglycol Dimethacrylate Crosslinker on the Performance of
Core-Double Shell Structure Poly (Vinyl Acetate-Butyl Acrylate) Emulsion. J. Appl. Polym. Sci. 2015, 132, 41899. [CrossRef]
Shaipulizan, N.S.; Jamil, S.N.A.M.; Kamaruzaman, S.; Subri, N.N.S.; Adeyi, A.A.; Abdullah, A.H.; Abdullah, L.C. Preparation of
Ethylene Glycol Dimethacrylate (EGDMA)-Based Terpolymer as Potential Sorbents for Pharmaceuticals Adsorption. Polymers
2020, 12, 423. [CrossRef]

Liu, Z.; Wang, X.; Chen, J.; Gao, J.; Yu, S.; Wang, X. Three-Template Magnetic Molecular Imprinted Polymer for the Rapid
Separation and Specific Recognition of Illegal Cooking Oil Markers. Microchem. J. 2020, 157, 105052. [CrossRef]

He, X.; Wang, J.; Mei, X. Dummy Fragment Template Molecularly Imprinted Polymers for the Selective Solid-Phase Extraction of
Gonyautoxins from Seawater. Anal. Lett. 2017, 50, 1877-1886. [CrossRef]

Tang, W.; Ma, W.; Row, K.H. Determination of Chlorogenic Acid and Rutinum in Herba Artemisiae Scopariae with Multitemplate
Molecularly Imprinted Polymers for Solid-Phase Extraction with High-Performance Liquid Chromatography. Anal. Lett. 2017, 50,
2105-2116. [CrossRef]

Sabourin, L.; Ansell, R.J.; Mosbach, K.; Nicholls, I.A. Molecularly Imprinted Polymer Combinatorial Libraries for Multiple
Simultaneous Chiral Separations. Anal. Commun. 1998, 35, 285-287. [CrossRef]

Wang, S.; She, Y.; Hong, S.; Du, X,; Yan, M.; Wang, Y.; Qi, Y.; Wang, M.; Jiang, W.; Wang, J. Dual-Template Imprinted Polymers for
Class-Selective Solid-Phase Extraction of Seventeen Triazine Herbicides and Metabolites in Agro-Products. . Hazard. Mater. 2019,
367, 686—693. [CrossRef]

Xu, S.; Guo, C,; Li, Y.; Yu, Z.; Wei, C.; Tang, Y. Methyl Parathion Imprinted Polymer Nanoshell Coated on the Magnetic Nanocore
for Selective Recognition and Fast Adsorption and Separation in Soils. J. Hazard. Mater. 2014, 264, 34—41. [CrossRef]

Gadd, ].B.; Tremblay, L.A.; Northcott, G.L. Steroid Estrogens, Conjugated Estrogens and Estrogenic Activity in Farm Dairy Shed
Effluents. Environ. Pollut. 2010, 158, 730-736. [CrossRef]

Kolpin, D.W,; Furlong, E.T.; Meyer, M.T.; Thurman, E.M.; Zaugg, S.D.; Barber, L.B.; Buxton, H.T. Pharmaceuticals, Hormones, and
Other Organic Wastewater Contaminants in U.S. Streams, 1999—2000: A National Reconnaissance. Environ. Sci. Technol. 2002, 36,
1202-1211. [CrossRef]

Robinson, I.; Junqua, G.; Van Coillie, R.; Thomas, O. Trends in the Detection of Pharmaceutical Products, and Their Impact and
Mitigation in Water and Wastewater in North America. Anal. Bioanal. Chem. 2007, 387, 1143-1151. [CrossRef] [PubMed]

Grassi, M.; Rizzo, L.; Farina, A. Endocrine Disruptors Compounds, Pharmaceuticals and Personal Care Products in Urban
Wastewater: Implications for Agricultural Reuse and Their Removal by Adsorption Process. Environ. Sci. Pollut. Res. Int. 2013, 20,
3616-3628. [CrossRef] [PubMed]


http://doi.org/10.1007/s11356-018-3602-x
http://doi.org/10.1007/s00216-016-9457-4
http://doi.org/10.5004/dwt.2011.2773
http://doi.org/10.1016/j.chemosphere.2007.03.041
http://www.ncbi.nlm.nih.gov/pubmed/17509650
http://doi.org/10.1016/j.wasman.2006.12.010
http://doi.org/10.1016/j.jenvman.2017.05.041
http://www.ncbi.nlm.nih.gov/pubmed/28538194
http://doi.org/10.1016/S0045-6535(03)00667-2
http://doi.org/10.1007/s00604-020-04465-7
http://doi.org/10.1016/j.trac.2014.03.011
http://doi.org/10.1021/jf020880w
http://doi.org/10.1211/jpp.58.8.0001
http://doi.org/10.1016/j.jchromb.2015.11.053
http://www.ncbi.nlm.nih.gov/pubmed/26680322
http://doi.org/10.1002/app.41899
http://doi.org/10.3390/polym12020423
http://doi.org/10.1016/j.microc.2020.105052
http://doi.org/10.1080/00032719.2016.1256408
http://doi.org/10.1080/00032719.2016.1269120
http://doi.org/10.1039/a806195e
http://doi.org/10.1016/j.jhazmat.2018.12.089
http://doi.org/10.1016/j.jhazmat.2013.10.060
http://doi.org/10.1016/j.envpol.2009.10.015
http://doi.org/10.1021/es011055j
http://doi.org/10.1007/s00216-006-0951-y
http://www.ncbi.nlm.nih.gov/pubmed/17146622
http://doi.org/10.1007/s11356-013-1636-7
http://www.ncbi.nlm.nih.gov/pubmed/23532534

Polymers 2022, 14, 4441 22 of 22

145.

146.

147.

148.

149.

150.

Kostich, M.; Flick, R.; Martinson, ]J. Comparing Predicted Estrogen Concentrations with Measurements in US Waters. Environ.
Pollut. 2013, 178, 271-277. [CrossRef] [PubMed]

Souza, M.S.; Hallgren, P.; Balseiro, E.; Hansson, L.A. Low Concentrations, Potential Ecological Consequences: Synthetic Estrogens
Alter Life-History and Demographic Structures of Aquatic Invertebrates. Environ. Pollut. 2013, 178, 237-243. [CrossRef]

Fowler, P.A.; Bellingham, M.; Sinclair, K.D.; Evans, N.P; Pocar, P; Fischer, B.; Schaedlich, K.; Schmidyt, J.S.; Amezaga, M.R,;
Bhattacharya, S.; et al. Impact of Endocrine-Disrupting Compounds (EDCs) on Female Reproductive Health. Mol. Cell. Endocrinol.
2011, 355, 231-239. [CrossRef]

Hu, W.Y,; Shi, G.B.; Hu, D.P; Nelles, J.L.; Prins, G.S. Actions of Estrogens and Endocrine Disrupting Chemicals on Human
Prostate Stem/Progenitor Cells and Prostate Cancer Risk. Mol. Cell. Endocrinol. 2012, 354, 63. [CrossRef]

Okoh, V.; Deoraj, A.; Roy, D. Estrogen-Induced Reactive Oxygen Species-Mediated Signalings Contribute to Breast Cancer.
Biochim. Biophys. Acta 2011, 1815, 115-133. [CrossRef]

Stouder, C.; Paoloni-Giacobino, A. Specific Transgenerational Imprinting Effects of the Endocrine Disruptor Methoxychlor on
Male Gametes. Reproduction 2011, 141, 207-216. [CrossRef]


http://doi.org/10.1016/j.envpol.2013.03.024
http://www.ncbi.nlm.nih.gov/pubmed/23587857
http://doi.org/10.1016/j.envpol.2013.03.038
http://doi.org/10.1016/j.mce.2011.10.021
http://doi.org/10.1016/j.mce.2011.08.032
http://doi.org/10.1016/j.bbcan.2010.10.005
http://doi.org/10.1530/REP-10-0400

	Introduction 
	Multi-Template Strategy 
	Multi-Template Structure 
	Polymerisation Method 
	Influencing Factors 
	Template 
	Functional Monomer 
	Crosslinker 
	Porogen 
	Initiator 


	A Review of MT-MIPs That Have Been Created 
	Template 
	Drugs 
	Organic Compounds 
	Proteins 


	Conclusions and Future Aspects 
	References

