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1. Introduction 

Molecular recognition processes found in nature have always inspired scientists to mimic 
these systems in synthetic materials such as molecular imprinted polymers. Selective receptors 
within a polymer have a huge range of applications such as in separation processes, analytical 
chemistry, sensors, catalysis, drug discovery and therapeutics. In this last area in particular, 
polymers are having a central role in recent developments and materials with molecular 
recognition ability can respond to new challenges and opportunities. 

The synergy of traditional pharmaceutical formulations with new polymers and hybrid and 
conjugated materials is leading to new approaches of treating diseases in medicine. In 2003 
Langer and Peppas have identified the combination of new polymers with molecular 
imprinting, as a new field in drug delivery but with applications not immediately 
forthcoming [1]. Since then the field has grown with increasing reported applications of 
molecular imprinted polymers for drug delivery and pharmaceutical applications, although 
not at the expected rate. From a literature search (Web of Knowledge database, April 2012) 
one can see that from the ca. 13000 published papers on molecular imprinting only less than 
170 are related to drug delivery. We believe this relatively small number of contributions 
can be attributed to difficulties in the synthesis and especially in the optimization of the 
polymers. Traditional methods are time-consuming involving multi-steps and in general 
MIPs are prepared using organic solvents which eventually leave toxic traces, incompatible 
with pharmaceutical and biomedical applications. Also safety, in particular biodegradability 
and cytotoxicity issues, must be addressed in applications where MIPs are in contact with 
biological tissues. In addition there is an extra difficulty of preparing MIPs with 
performance in aqueous solutions which is crucial to in vivo applications.  

It has already been demonstrated that MIPs are highly promissory drug delivery systems 
(DDS). Not just because of the high specificity of the active sites but also due to the 
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possibility of introducing stimulus-responsiveness by choosing appropriated monomers. In 
addition the physicochemical properties of MIPs are able to protect the drug from enzymatic 
degradation during trafficking in the body [2]. However, only recently MIPs have been 
applied to drug release [3]. The possibility of preparing cheaper robust materials with 
molecular recognition capability and with tailored properties, is highly attractive to 
pharmaceutical applications and in particular for drug delivery.  

This Chapter will focus on the use of supercritical fluid technology as a viable and greener 
alternative to the synthesis and processing of molecularly imprinted polymers for potential 
pharmaceutical applications in particular for drug delivery. 

2. Molecular imprinting 

Molecular recognition comprises the specific interactions that enable one chemical entity to 
selectively recognize its physical and chemically complementary target molecule. The 
recognition mechanism is mainly mediated by weak non-covalent interactions, such as 
hydrogen bonding, ion-pairing, hydrophobic interactions and dipolar associations that as a 
whole govern the structural conformation of macromolecules and influence their interaction 
with other molecules. In nature there are several examples of successful recognition 
mechanisms, such as DNA-protein, RNA-ribosome and antigen-antibody. Biomolecules 
however tend to lose their recognition properties in abiotic environments. Furthermore they 
are considerably expensive, which limits their applicability. For those reasons scientists have 
shown a great interest in the design of artificial supramolecular systems that exhibit 
molecular recognition. Examples of these materials are crown ethers and calixarenes, that 
selectively bind specific cations [4], derivatives of parental cyclodextrins [5], dendrimers [6] 
and molecularly imprinted polymers (MIPs). 

Molecular imprinting is an emerging technique to create high affinity polymeric matrices, 
MIPs, for target molecules. The methodology relies on the stabilization of the monomers-
template assembly in the pre-polymerization step and posterior copolymerization with a 
crosslinking agent, in the presence of a porogen [7]. Template removal from the imprinted 
polymer at the end of the reaction leaves accessible chemical and sterically complementary 
binding sites. The generally accepted mechanism for the formation of MIPs is schematically 
presented in Fig. 1. 

 
Figure 1. Molecular imprinting schematic mechanism: (1) Monomer and template pre-assembly; (2) 
Polymerization with crosslinking agent; (3) Polymer-template bonds disruption and subsequent 
template removal; (4) Template rebinding. [8]  



 
High Affinity Polymers by Molecular Imprinting for Drug Delivery 147 

Imprinted polymers are synthetic receptors with binding constants comparable to natural 
receptors [9,10], but capable of withstanding harsh conditions of pressure [11], temperature 
and extreme pH [12], and organic solvents [13]. They are cheap to synthesize and can be 
manufactured in large quantities with good reproducibility. These properties explain the 
growing interest in imprinted materials in the last decades, resulting  in a significant 
increase in reported works in such diverse areas as in synthesis and catalysis [14,15], solid-
phase extraction [16,17], chromatography [18,19], sensing [20,21] and in drug delivery [22,23].  

In literature one can find many functional monomers and their combinations, typically used 
in molecular imprinting. Mayes and Whitcombe listed a significant part of monomers 
typically used in non-covalent molecular imprinting and corresponding literature [24]. The 
most common monomers are methacrylic acid (MAA), acrylic acid (AA), 4-vynilpyridine, 
diethylaminoethyl methacrylate (DEAMA), acrylamides, 2-hydroxyethyl methacrylate 
(HEMA), etc. Typical cross-linkers used in molecular imprinting are acrylated-based (e.g. 
ethyleneglycol dimethacrylate EGDMA, trimethylolpropane trimethacrylate TRIM, etc), 
styrenic-based (e.g. divinylbenzene DVB), water soluble cross-linkers (e.g. ethylene-bis-
acrylamide), among many others. In 2004 Hilt and Byrne reported a quite complete list of 
molecularly imprinted biologically significant molecules, where is visible that methacrylic 
acid and ethylene glycol dimethacrylate are probably the most common monomer and 
cross-linker used in the synthesis of MIPs [25].  

3. Synthetic approaches and design of MIPs 

Molecularly imprinted polymers can be prepared according to a number of approaches that 
essentially differ in the way the template interact first with the functional monomer and 
later with the polymeric binding sites. Although  the divisions among them are becoming 
somewhat blurred due to the emergence of more complex hybrid strategies, the main 
molecular imprinting approaches considered are covalent, non-covalent, semi-covalent and 
metal ion-mediated imprinting.  

Covalent imprinting, first developed by Wulff [26], was the initial strategy to introduce 
molecular affinity in polymeric matrices. By means of this imprint methodology, templates 
with polymerizable groups are reacted to prepare the recognition matrix. At the end of the 
polymerization the template is cleaved from the matrix and the functionality left in the 
binding site is available for future covalent rebind of the target molecule. The great 
advantage of this approach is that the functional groups are only associated with template 
sites. However, difficulties in the cleavage of the template and limitations found in the type 
of compounds that can be imprinted by this way led to the development of other imprinting 
methodologies. 

Non-covalent imprinting, pioneered by Mosbach [27], is currently the most used approach 
to produce molecular recognition matrices because of its simplicity and easy availability of 
the commercial monomers used. The efficiency of MIPs prepared by non-covalent 
methodology relies in the successful stabilization of template-monomer (T-M) complexes 
formed in the pre-polymerization step, through numerous non-covalent interactions such as 
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hydrogen bonding, ion-paring and dipole-dipole interactions. After the matrix prepared and 
template-cleaved, the rebinding is achieved also via non-covalent interactions, providing 
higher kinetic constants than MIPs prepared by covalent imprinting. The simplicity of the 
method, allied with the easy and cheap preparation, as well as the high selectivity that the 
polymers can have, seem to overcome potential complex stabilization issues. 

Semi-covalent imprinting route combines both covalent and non-covalent interactions 
during the synthesis and rebinding process, respectively. When using this approach, a 
template with covalently bound polymerizable groups is used to prepare the recognition 
matrix, affording polymers with narrower distribution of the binding sites. Also, the 
inexistence of other kinetic restrictions than those encountered by diffusion can be 
considered a big advantage of this methodology. Two different approaches have been 
developed in which the template and the monomer are directly connected or, hence, have a 
sacrificial spacer group between them. This latter has been intensively developed by the 
group of Whitcombe [28].  

Metal ion-mediated imprinting uses metal ions to target a wide range of functional groups 
through the donation of electrons from heteroatoms of ligands to the unfilled orbitals of the 
outer coordination sphere of the metal. By means of this approach, a polymerizable ligand is 
used to complex the metal ion that coordinates to the template [29], yielding therefore 
matrices with highly specific active sites. 

The development of molecular recognition polymers involves the optimization of a number 
of experimental variables that determine the thermodynamic balance of the system and 
consequently the specificity of the matrix towards the template molecule. The most 
important parameters that have to be carefully optimized are the choice of the functional 
monomers according to the template nature, monomer: template (M:T) ratio, the 
crosslinking degree and the solvent of the polymerization. 

The non-covalent approach is the most widely adopted method due to the reasons already 
exposed above. M:T ratio has a major influence in non-covalent imprinting as it directs the 
equilibrium of formation of template-monomer complexes. Functional monomers are 
typically used in excess to shift the equilibrium towards complex formation, that results in 
some of functional groups being randomly distributed throughout the polymer, leading to 
non-specific binding [30]. Although there is no straightforward correlation between the 
amount of template and the formation of specific sites within the polymer, a slight decrease 
in the absolute number of high-affinity sites has been reported when low template 
concentrations are used while the relative yield in high-affinity sites increased [31]. 

This is extremely important in order to extend the application of non-covalent molecular 
imprinting to expensive or poorly soluble template molecules. On the other hand high 
concentrations of template lead to an increased number of random affinity binding sites, 
increasing non-specific interactions [31,32]. 

The cross-linker agent fulfils three main purposes in imprinting technique: 1) it controls the 
polymer morphology (whether the matrix formed is of gel type, macroporous or microgel 
powder); 2) it freezes the functional monomer-template complex within the matrix; and 3) 
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imparts mechanical stability to the polymeric network. The integrity of the binding sites 
responsible for the recognition mechanism usually requires a rigid structure, with high 
crosslinking density, which minimizes the possible conformations of the matrix. However, 
when lower ratios of cross-linker are used, the matrix is more flexible, which can turn the 
equilibrium between drug release and uptake in the recognition site faster. Therefore, a 
compromise between the rigidity and flexibility of the network is necessary [23]. The 
imprinted cavities should be stable enough to maintain the conformation in the absence of 
the template, but also flexible enough to ease the fast equilibrium between the release and 
re-binding of the template in the cavity during its application. 

The solvent or porogen used in the imprinting process has also a significant effect in surface 
morphology and molecular recognition properties of the polymers [33,34], particularly in 
the case of non-covalent imprinting.  The success of imprinting relies on the relative amount 
of cross interaction between the solvent and the intended non-covalent interactions 
employed during T-M complex formation. If the solvent interferes or competes with any of 
these interactions, less effective recognition will occur. Furthermore it is well known that the 
performance of the MIP is usually optimized in the solvent used in the synthesis achieving 
better selectivity and rebinding results, i.e., there is a memory effect [35]. 

The influence of pressure in the imprinting process was studied by Sellergren and co-
workers, by means of hydrostatic pressure, using three different solvents (dichlorometane, 
methanol and 2-propanol) and two different triazines as templates [36]. Their results 
support the idea that high-pressure could be used to stabilize template-monomer complexes 
and result in higher affinities.  

The increasing restrictions in the use of organic solvents prompted the development of new 
greener methods for the preparation of MIPs. Some efforts have been made in the synthesis 
of imprinted polymers in aqueous environment; however it presents many problems since 
the high concentration of water molecules weakens the interactions between the monomer 
and the template, decreasing the selectivity of the MIP for the template molecule [35]. 
Attempts have been made by using functional monomers that may stabilize the complexes 
through hydrophobic interactions, such as cyclodextrins [37], metal coordination [38] or by 
multi-step polymerization procedure which is time-consuming and energy intensive drying 
steps are required.  

4. Applications of MIPs 

Imprinted polymers play an important role in separation processes. MIPs can be used as 
absorbents in solid phase extraction [39,40], extraction of contaminants from environmental 
samples [41], food analysis [42], analytical chemistry [43] and chromatography, which is the 
most traditional application of MIPs. In particular, MIPs can be used as chiral stationary 
phases, replacing expensive chiral columns and avoiding chiral mobile phase additives and 
derivatisation with chiral reagents. Successful imprinting systems are able to deliver 
polymeric networks with effective enantiomeric recognition properties when templating a 
chiral molecule. Higher affinity to the template enantiomer is translated in a predictable 
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order of elution when using MIPs as chiral stationary phases, as the template establishes a 
higher number of interactions with the polymeric matrix and therefore is more retained. The 
use of MIPs as stationary phases has been object of intense research, with many papers 
published in the area [44,45,46,47,48]. 

Membrane technology is an active, growing field, which has gained a huge importance in 
the last forty years, as high-throughputs membranes were developed. New trends 
encounter the development of affinity membranes, with molecular recognition character 
inspired in natural mechanisms. Molecularly imprinted membranes (MIMs) emerge as 
potential affinity materials due to their low cost, ease of preparation and good molecular 
recognition performance [49]. Also the development of sensors and biosensors are gaining 
significant interest in the last years. MIPs have been used in transducers and integrated in 
sensors [2].  

Another very promising area is the application of MIPs in catalysis. The robustness and high 
selectivity of molecular imprinted polymeric materials turn possible their use at harsh 
conditions of temperature and pressures, in a wide range of organic solvents and pH 
conditions, replacing for instance enzymes [50].  

The use of molecular imprinted polymers in drug delivery systems is a new and attractive 
area of research. Developments in the field of polymer synthesis and polymerization 
mechanisms are being reflected in MIPs synthesis, where various mechanisms can be 
followed to obtain more controlled macromolecular architectures [51] and by exploring new 
intelligent analyte-sensitive hydrogel co-polymers [1]. We believe that the development of 
new biomimetic materials for controlled and targeted drug delivery will be for sure one of 
the most active areas of molecular imprinting in the next years, and where supercritical fluid 
technology can have a relevant role by delivering materials with the required features for 
pharmaceutical and biomedical applications. 

5. Supercritical fluid technology 

A supercritical fluid is a substance above its critical temperature and pressure but below the 
pressure required to condense it from the fluid to the solid state [52]. The properties of 
supercritical fluids are somewhat intermediate between those of liquids and gases (Table 1), 
they have gas-like diffusivities and liquid-like densities, in addition to an easily tuneable 
solvent power [53].  
 

 Diffusivity (cm2/s) Density (g/mL) Viscosity (Pa.s) 

Gases 0.1 10-3 10-5 

Supercritical fluids 10-3 0.3 10-4 

Liquids 5 x 10-6 1 10-3 

Table 1. Physical properties of gases, liquids and supercritical fluids (adapted from [53]). 
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Supercritical carbon dioxide (scCO2), in particular, possesses numerous properties that 
made it emerge as the most extensively studied supercritical fluid. It has a low critical point, 
is inexpensive, readily available in high purity and is a gas under ambient conditions, 
meaning that by simple depressurization of the system no solvent residues will be found in 
the final product. It is a GRAS solvent (Generally Recognized As Safe) 
([http://www.fda.gov) and considered a “green” alternative solvent.  

In the last years, scCO2 has already proved to be an excellent medium for the synthesis and 
processing of polymers [54,55,56], impregnation of active substances [57], formation of 
porous structures [58,59], textile cleaning [60], chemical reactions [61], extraction [62], etc. 

Polymers and other high average molecular weight macromolecules and polar materials are 
typically not soluble in supercritical carbon dioxide, with exception of silicones and 
fluorinated polymers. On the other hand monomers are usually very soluble. This means 
that initial homogeneous phases are easily obtained at mild pressure conditions at the 
beginning of the reaction and when the polymer reaches a certain threshold molecular 
weight it precipitates being collected inside the reactor (Fig. 2b). This is a typical 
heterogeneous reaction by precipitation. Depending on the solubility of template and 
monomers in the scCO2 medium, different polymerization approaches can be followed such 
as dispersion and emulsion [63]. 

Typically a polymer is synthesized in scCO2 inside a stainless steel high-pressure vessel 
equipped with a pressure transducer. Several types of reactors can be used with magnetic or 
mechanically stirring or equipped with visual windows to allow full observation of the 
inside (Fig. 2a). 

 
Figure 2. a) 33 mL high-pressure visual reactor used in our lab and b) ready-to-use dry MIP polymer 
powder synthesized in scCO2. 

Polymerization of the typical monomers used so far in scCO2-assisted molecular imprinting 
is radical initiated, usually with AIBN. That is why typical reactions are carried out at 
around 65ºC, the optimal initiation temperature. Initial pressure of the reaction is chosen in 
order to have a one single phase at the beginning of the reaction, with all reactants, 
monomers, cross-linker and initiator soluble in the CO2 continuous phase, as well the 
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template molecule. There is the possibility of adding a stabilizer that can further control the 
morphology of the polymer by minimizing the surface area of the particles forming 
spherical particles with monodisperse particle size distribution [64,65].  

Phase behaviour studies such as cloud point curve determination for the reaction mixture 
are important for the polymerization optimization [66]. In addition, as organic solvents are 
typically soluble in scCO2, a small amount of an organic solvent co-solvent can be added in 
order to tune the polarity of the medium, and help dissolving more polar molecules.  

6. Supercritical CO2-assisted synthesis of MIPs  

Supercritical CO2-assisted molecular imprinting has recently demonstrated to be a clean and 
one-step synthetic route for the preparation of MIPs, with attested performance in 
chromatography [47], drug delivery [67,68,69], and extraction [70,71,72,73]. The advantages 
of using scCO2 as solvent in the molecular imprinting process go beyond environmental 
concerns. By performing the synthesis in an apolar aprotic porogen, such as scCO2, the T:M 
complexes can be highly stabilized giving rise to well-defined active sites and leading to 
materials with high affinity [74]. Furthermore the matrices can have a controlled 
morphology and are obtained as dry powders, with no solvent residues, avoiding posterior 
purification and drying steps, which are major advantages over conventional methods. 
Moreover the use of supercritical fluids in the removal of template molecules can increase 
the diffusion coefficient at least 10-fold [75], which can overcome this actual limitation of 
conventional molecular imprinting. Thus the use of scCO2 can bring not just advantages in 
the synthesis of the polymers but also in the template desorption from the matrix at the end 
of the polymerization, and it can be further used in the impregnation of the bioactive 
molecules in the matrix by scCO2-assisted impregnation. 

Imprinted polymers have gained much importance over the last years, and their potential 
use in drug delivery applications, as unique delivery systems or incorporated into other 
drug delivery devices, are being widely studied. The use of MIPs could improve the control 
over the therapeutic release by sustaining the delivery of the agent and intelligently 
releasing the drug in response to small variations in the environment. Moreover the 
majority of the drugs act by a molecular recognition mechanism and molecular imprinting 
technique also enhances the loading capacity of the polymers towards the template drug.  

The first work reporting the potential use of MIPs as sustained drug delivery carriers was 
conducted by the group of Nicholls [76] and studied the drug dissociation kinetic from 
theophylline-imprinted polymers, at different pH and loaded with different amounts of 
drug. The imprinted polymers synthesized demonstrated higher affinity towards 
theophylline than to caffeine and displayed a more sustained delivery than the 
corresponding control polymer. This work was followed by many others reporting the 
development of MIPs with potential use as DDS. Some recent developments include the use 
of molecular imprinting in the preparation of materials for ocular, transdermal and oral 
drug delivery. Templates such as theophylline, histamine, ephedrine [77], propranolol 
[77,78,79,80,81], citalolpram [82], H1-antihistamines [83], sulfasalazine [84], 5-Fluorouracil 
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[85], norfloxacin [86], hyaluronic acid [87], levofloxacin [88] among many others have been 
used with success. Propranolol a β-blocker widely used for hypertension treatment, is one of 
the most used templates, and is indeed the most successful imprinted molecule.  Its choice is 
not only justified by its clinical relevance, inherent chirality and availability in 
enantiomerically pure and radio-labelled forms, but also because of its ability to stablish 
strong ion-pair interactions as well as hydrophobic [89]. The actual great challenge in the 
synthesis of MIPs is to imprint other interesting molecules such as macromolecules, charged 
or low functionality molecules [90].  

Over the last years a great effort has been made to develop imprinted matrices for drug 
delivery applications with some chain flexibility. Although the majority of imprinted 
polymers reported possess high crosslinking degree and therefore limited chain mobility, a 
certain degree of flexibility can be found in biological systems, with recognition occurring in 
aqueous environment as the result of numerous non-covalent interactions. Much of the 
theory concerning conformational memory in biological macromolecules, such as proteins, 
is valid for molecularly imprinted polymers. Thus, the design of imprinted matrices with a 
certain mobility of the polymeric chains has been studied to improve the properties of 
common hydrogels. 

Hydrogels are networks of hydrophilic polymers that have attracted wide research interest 
as controlled release devices due to their tunable chemical and three-dimensional physical 
structure, good mechanical properties, high water content and biocompatibility [1].  
Hydrogels can be successfully synthesized in scCO2 [91,92]. Poly(N-isopropylacrylamide) 
(PNIPAAm) hydrogel with controlled morphology was synthesised in scCO2, with 
advantages when compared with conventional polymerization since there is no need for 
intensive drying of the material before further processing or characterization steps. Thus the 
combination of hydrogel development using supercritical fluid technology with molecular 
imprinting has a strong potential in the design of new targeted DDS therapies.  

Supercritical CO2-assisted synthesis of MIPs as potential DDS was first developed by 
Casimiro and collaborators [67]. The work reports the synthesis in supercritical medium of 
spherical particles of poly(diethylene glycol dimethacrylate), PDEGDMA, using a carboxylic 
acid end-capped perfluoropolyether oil as stabiliser. Polymerisations were carried out in the 
presence of different concentrations of salicylic acid and acetylsalicylic acid and results 
showed that MIPs were able to uptake higher amounts of template drug during scCO2-
assisted impregnation and release it in a more sustained way when compared with non-
imprinted polymers (NIPs). In addition there was an evident correlation between the 
amount of template used in the synthesis and the loading capacity in the impregnation of 
the polymers using scCO2. These promising results prompted the optimization of other 
imprinting systems, through the study of the influence of some experimental variables in 
the performance of MIPs as drug delivery carriers.  

Copolymers of methacrylic acid (MAA) with ethylene glycol dimethacrylate (EGDMA) and 
N-isopropylacrylamide (NIPAAm) with EGDMA were designed in scCO2 to have molecular 
recognition to flufenamic acid (FA) [68]. The synthesized polymeric matrices with different 
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ratios between template and functional monomer and different crosslinking degrees were 
further impregnated with FA in scCO2 and the drug release profiles evaluated in vitro. The 
results showed that by changing the experimental parameters above mentioned it is possible 
to tune the molecular recognition of MIPs and therefore the drug delivery. Although highly 
cross-linked matrices possess higher imprinting factor, all the imprinted polymers presented 
more sustained release of FA than control polymers, due to the affinity introduced by 
molecular imprinting. High-pressure NMR was used to study the interactions between the 
template and the monomers in the pre-polymerization mixture. The results confirm that 
there are hydrogen bond interactions between the carboxylic acid groups of FA and 
monomers, which are responsible for the specificity of the binding sites. 

 
Figure 3. a) SEM image of MIP polymer and b) MIP particles in contact with Caco-2 cells (1500×, 20 kV) 
from [69]. 

Low cross-linked polymeric networks composed of 2-(dimethylamino)ethyl methacrylate 
(DMAEMA) and EGDMA with molecular recognition to ibuprofen were developed using 
supercritical fluid technology [69]. After impregnation of the matrices with the drug using 
scCO2-assisted impregnation, the polymers were evaluated as potential DDS in two 
different in vitro situations. In the first the polymers were allowed to release the drug over 
several days and in the second an oral administration situation was simulated and the 
polymers were subjected to different pHs and the drug release profiles studied for a period 
of 8 hours. The results show that MIP had an extraordinary ability to uptake the template 
drug during scCO2-assisted impregnation, when compared with the NIP (33.1 wt% versus 
10.2 wt%). Further, cytotoxicity experiments performed with Caco-2 cells revealed that the 
polymers are biocompatible and could therefore be used in biomedical applications. Fig. 3a 
shows the MIP particles synthesized in scCO2 and Fig. 3b the proliferation and the adhesion 
of Caco-2 to the particles which shows its compatibility.  

Furthermore, the affinity structures were able to maintain their selective recognition 
properties in aqueous environment. Water-compatible molecular recognition is a real 
challenge as traditionally MIPs present better performance in hydrophobic organic solvents. 
Supercritical CO2 can provide a potential alternative to the synthesis of MIPs with good 
performance in biological fluids, crucial for in vivo applications. 
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Though we believe the use of supercritical fluid technology is very promising and 
challenging in the development of MIPs, there are of course still some limitations. An 
example is the development of molecularly imprinted contact soft lenses where 
transparency of the polymer is a required parameter. Typically polymers are obtained as 
amorphous white powders not in accordance with this specific requirement. However even 
in these cases supercritical fluid technology can be beneficial for instance in the 
impregnation of drugs into the lenses taking advantages of the high diffusivity of scCO2 [93].  

Very recently a MIP was developed for the first time using the semi-covalent approach 
using supercritical fluid technology [71]. Molecularly imprinted polymeric particles with 
molecular recognition towards bisphenol A (BPA) were synthesized using bisphenol A 
dimethacrylate, a monomer containing the template. Bisphenol A was then cleaved from the 
polymeric matrix by hydrolysis with tetrabutylammonium hydroxide (n-Bu4OH) with 
scCO2, taking advantage of its high diffusivity. Once again the MIP showed a good 
performance in aqueous solutions, due to the fact of CO2 is an aprotic solvent, as explained 
above. This could open up a new possibility of molecular imprinting for drug molecules, 
which however needs the use of a template-containing molecule with polymerizable 
backbones. Still it could lead to a stricter control over the functional group location and 
uniform distribution binding sites, characteristic of covalent imprinting, and the reduced 
kinetic restriction during rebinding, characteristic of non-covalent imprinting approach. 

Recently supercritical fluid technology has also been proposed as a viable alternative to 
prepare hybrid MIMs [70]. This methodology took advantage of the ability of scCO2 to 
induce phase inversion of poly(methyl methacrylate), to prepare PMMA-based membrane 
with imprinted particles casted. Results showed that the immobilization of imprinted 
polymers by incorporation of MIPs into a casting solution for membrane production is a 
viable method to produce affinity membranes, which are able to be loaded with higher 
amounts of the template molecule than the non-imprinted membrane, even in dynamic 
conditions. This means that it is possible to confer molecular recognition to other types of 
structures and scaffolds by immobilizing MIP particles. 

7. Final remarks  

The continuous advances in materials science, in particular in the development of smart 
targeted DDS and materials with molecular recognition will for sure bring important 
progresses in biomaterials applications. The development of molecularly imprinted 
polymers as drug delivery systems although in an emerging stage, has already shown its 
high potential. The affinity to the target molecules, introduced by molecular imprinting, 
provides polymers with the ability to load higher amounts of the template molecule, 
compared to the non-imprinted polymers, either in aqueous solutions or in supercritical 
environment. In addition in vitro drug delivery experiments revealed that the macromemory 
effect yields polymeric DDSs able to release the drug in a more sustained way. Additional 
degrees of control in drug release can be introduced by tuning the MIP composition for 
instance with stimulus-responsive polymers. Furthermore the immobilization of imprinted 
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particles within porous structures, such as membranes, seems to be a feasible option for the 
preparation of affinity devices with potential application as DDS. 

Supercritical fluid technology is a very promising way to prepare MIPs. While it provides a 
clean route for the synthesis, since it avoids the use of organic solvents and multistep 
processes, it can also bring high control over the morphology of the polymers. We believe 
that this technology has still much to offer to molecular imprinting and that the combination 
of both technologies is a good synergy to design new materials and structures with a high 
purity level and tunable molecular recognition, with the needed requirements for 
biomedical and pharmaceutical applications.  

Author details 

Mara Soares da Silva and Teresa Casimiro * 
REQUIMTE, Departamento de Química, Faculdade de Ciências e Tecnologia, FCT,  

Universidade Nova de Lisboa, Caparica, Portugal 

Acknowledgement 

The authors would like to thank Fundação para a Ciência e Tecnologia (FCT-Lisbon) for 
financial support through project PTDC/QUI-QUI/102460/2008 and contract PEst-
C/EQB/LA0006/2011. 

8. References 
 

[1] Langer R, Peppas N A. Advances in Biomaterials, Drug Delivery, and 
Bionanotechnology. AIChE J. 2003; 49 (12): 2990-3006. 

[2] Vasapollo G, Sole RD, Mergola L, Lazzoi MR, Scardino A, Scorrano S, Mele G. 
Molecularly imprinted polymers: Present and Future prospective. Int. J. Mol. Sci. 2011; 
12:  5908-5945. 

[3] Byrne M E, Hilt J Z, Peppas N A. Recognitive biomimetic networks with moiety 
imprinting for intelligent drug delivery. J. Biomed. Mat. Res. A, 2008;  84(1):  137-147.   

[4]  Ludwig R, Dzung NTK. Calixarene-based molecules for cation recognition. Sensors. 
2002;  2:  397-416.  

[5] Malta LFB, Cordeiro Y, Tinoco LW, Campos CC, Medeiros ME, Antunes OAC. 
Recognition mechanism of D- and L-tryptophan enantiomers using 2-hydroxypropyl-
α- or β-cyclodextrins as chiral selectors. Tetrahedron: Asymmetry. 2008; 19 (10): 1182-
1188. 

[6] Pittelkow M, Nielsen CB, Kadziola A, Christensen J.B. Molecular recognition: 
minimizing the acid-base interaction of a tunable host–guest system changes the 
selectivity of binding. J. Incl. Phenom. Macrocycl. Chem. 2009; 63(3-4): 257-266.  

 

                                                                 
* Corresponding Author 



 
High Affinity Polymers by Molecular Imprinting for Drug Delivery 157 

 

[7] Alexander C, Andersson HS, Andersson LI, Ansell RJ, Kirsch N, Nicholls IA, O’Mahony 
J, Whitcombe MJ. Molecular imprinting science and technology: a survey of the 
literature for the years up to and including. J. Mol. Recognit. 2003; 19(2): 106-180. 

[8] Soares da Silva ML. Development of molecularly imprinted polymers using 
supercritical fluid technology, PhD Thesis, Universidade Nova de Lisboa, 2011a. 

[9] Chianella I, Lotierzo M, Piletsky SA, Tothill IE, Chen B, Karim K, Turner APF. Rational 
Design of a polymer specific for microcystin-LR using a computational approach. Anal. 
Chem. 2002; 74(6): 1288-1293. 

[10] Hoshino Y, Shea KJ. The evolution of plastic antibodies. J. Mater. Chem. 2011; 21: 3517-
3521. 

[11] Baggiani C, Giraudi G, Trotta F, Giovannoli C, Vanni A. Chromatographic 
characterization of a molecular imprinted polymer binding cortisol, Talanta. 2000; 51 
(1):  71-75. 

[12] Svenson J, Nicholls IA. On the thermal and chemical stability of molecularly imprinted 
polymers. Anal. Chim. Acta. 2001; 435(1): 19-24. 

[13] Bossi A, Bonini F, Turner APF, Piletsky SA. Molecularly imprinted polymers for the 
recognition of proteins: The state of the art.  Biosens. Bioelectron. 2007; 22 (6): 1131-1137. 

[14] Wulff G. Enzyme-like catalysis by molecularly imprinted polymers. Chem. Rev. 2002; 
102(1): 1-28. 

[15] Ramström O, Mosbach K. Synthesis and catalysis by molecularly imprinted materials. 
Curr. Opin. Chem. Biol. 1999; 3(6):  759-764. 

[16] Baggiani C, Anfossi L, Giovannoli C. Solid phase extraction of food contaminants using 
molecular  imprinted polymers. Anal. Chim. 2007 Acta, 591 (1): 29-39. 

[17] Andersson LI, Paprica A, Arvidsson T. A highly selective solid phase extraction sorbent 
for pre-concentration of sameridine made by molecular imprinting. Chromatographia. 
1997; 46 (1-2) 57-62.  

[18] Wei S, Mizaikoff B. Recent advances on noncovalent molecular imprints for affinity 
separations. J. Sep. Sci. 2007; 30 (11): 1794-1805. 

[19]  Kempe M. Antibody-mimicking polymers as chiral stationary phases. Anal. 
Chem.1996; 68(11) 1948-1953. 

[20] Guan G, Liu B, Wang Z. Imprinting of molecular recognition sites on nanostructures 
and its applications in chemosensors. Sensors. 2008; 8(12): 8291-8320. 

[21] Haupt K, Mosbach K. Molecularly imprinted polymers and their use in biomimetic 
sensors. Chem. Rev. 2000; 100 (7): 2495-2504. 

[22] Hung C, Huang Y, Huang H, Hwang C. Preparation of (S)-Ibuprofen-Imprinted 
Polymer and Its Molecular Recognition Study. J. Appl. Polym. Sci. 2006; 102(3): 2972–
2979.  

[23] Alvarez-Lorenzo C, Concheiro A. Molecularly imprinted polymers for drug delivery. J. 
Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2004; 804(1): 231-245.  

[24] Mayes AG, Whitcombe MJ. Synthetic strategies for the generation of molecularly 
imprinted organic polymers. Adv. Drug Del. Rev. 2005; 57: 1742-1778. 

 



 
Polymerization 158 

 

[25] Hilt JZ, Byrne ME. Configurational biomimesis in drug delivery: molecular imprinting 
of biologically significant molecules. Adv. Drug del. Rev.2004; 56: 1599-1620.  

[26] Wulff G, Schauhoff S. Enzyme-analog-built polymers. 27. Racemic resolution of free 
sugars with macroporous polymers prepared by molecular imprinting. Selectivity 
dependence on the arrangement of functional groups versus spatial requirements. J. 
Org. Chem. 1991; 56(1): 395-400. 

[27] Siemann M, Andersson LI, Mosbach K. Selective Recognition of the Herbicide Atrazine 
by Noncovalent Molecularly Imprinted Polymers. J. Agric. Food Chem. 1996; 44 (1): 
141-145. 

[28] Kirsch N, Alexander C, Davies S, Whitcombe MJ. Sacrificial spacer and non-covalent 
routes toward the molecular imprinting of “poorly-functionalized” N-heterocycles. 
Anal. Chim. Acta. 2004; 504(1): 63–71. 

[29] Qu S, Wang X, Tong C, Wu J. Metal ion mediated molecularly imprinted polymer for 
selective capturing antibiotics containing beta-diketone structure. J. Chromatogr. A. 
2010; 1217(52): 8205–8211. 

[30] Haupt K. Imprinted polymers-Tailor-made mimics of antibodies and receptors, Chem. 
Commun. 2003; 2: 171-178.  

[31] Yilmaz E, Mosbach K., Haupt K. Influence of functional and cross-linking monomers 
and the amount of template on the performance of molecularly imprinted polymers in 
binding assays. Anal. Commun. 1999; 36(5): 167-170. 

[32] Nicholls IA, Adbo K, Andersson HS, Andersson PO, Ankarloo J, Hedin-Dahlstrom J, 
Jokela P, Karlsson JG, Olofsson L, Rosegren J, Shoravi S, Svenson J, Wikman S. Can we 
rationally design molecularly imprinted polymers? Anal. Chim. Acta. 2001; 435(1): 9-18. 

[33] Esfandyari-Manesh M, Javanbakht M, Atyabi F, Badiei A, Rassoul D. Effect of 
porogenic solvent on the morphology, recognition and release properties of 
carbamazepine-molecularly imprinted polymer nanospheres. J. Appl. Polym. Sci. 2011; 
121 (2): 1118-1126. 

[34] Yu C, Mosbach K. Influence of mobile phase composition and cross-linking density on 
the enantiomeric recognition properties of molecularly imprinted polymers. J. 
Chromatogr. A. 2000; 888(1-2): 63-72. 

[35] Yu C, Mosbach K. Insights into the origins of binding and the recognition properties of 
molecularly imprinted polymers prepared using an amide as the hydrogen-bonding 
functional group. J. Mol. Recogn. 1998; 11(1-6): 69-74. 

[36] Sellergren B, Dauwe C, Schneider T. Pressure-Induced Binding Sites in Molecularly 
Imprinted Network Polymers. Macromolecules. 1997; 30(8): 2454-2459. 

[37] Asanuma H, Akiyama T, Kajiya K, Hishiya T, Komiyama M. Molecular imprinting of 
cyclodextrin in water for the recognition of nanometer-scaled guests, Anal. Chim. Acta. 
2001; 435: 25-33. 

[38] Piletsky SA, Andersson HS, Nicholls IA. Combined hydrophobic and electrostatic 
interaction-based recognition in molecular imprinted polymers. Macromolecules. 1999; 
32(3): 633-636.  

 



 
High Affinity Polymers by Molecular Imprinting for Drug Delivery 159 

 

[39] Turiel E, Martin-Esteban A. Molecularly imprinted polymers for solid-phase 
microextraction. J. Sep. Sci. 2009; 32(19): 3278-3284. 

[40] Qiao F, Sun H, Yan H, Row KH. Molecularly Imprinted Polymers for Solid Phase 
Extraction. Chromatography. 2006; 64: 625–634. 

[41] Andersson LI. Selective solid-phase extraction of bio- and environmental samples using 

molecularly imprinted polymers. Bioseparation. 2001; 10(6): 353-364. 
[42] Ramström O, Skudar K, Haines J, Patel P, Brüggemann O. Food analyses using 

molecularly imprinted polymers. J. Agric. Food Chem. 2001; 49 (5): 2105-2114. 
[43] Haupt K. Molecularly imprinted polymers in analytical chemistry. The Analyst. 2001; 

126: 747-756. 
[44] Fu Q, Sanbe H, Kagawa C, Kunimoto KK, Haginaka J. Uniformly sized molecularly 

imprinted polymer for (S)-Nilvapidine. Comparison of chiral recognition ability with 
HPLC chiral stationary phases based on a protein. Anal. Chem. 2003; 75(2): 191-198. 

[45] Huang BY, Chen YC, Wang GR, Liu CY. Preparation and evaluation of a monolithic 
molecularly imprinted polymer for the chiral separation of neurotransmitters and their 
analogues by capillary electrochromatography. J. Chromatogr. A. 2011; 1218(6): 849-855. 

[46] Khan H, Khan T, Park JK. Separation of phenylalanine racemates using d-phenylalanine 
imprinted microbeads as HPLC stationary phases. Sep. Purif. Tech. 2008; 62(2): 363-369. 

[47] Soares da Silva M, Vão ER, Temtem M, Mafra L, Caldeira J, Aguiar-Ricardo A, Casimiro 
T. Clean synthesis of molecular recognition polymeric materials with chiral sensing 
capability using supercritical fluid technology. Application as HPLC stationary phases. 
Biosens. Bioelectron. 2010; 25(7): 1742-1747. 

[48] Yilmaz E, Ramström O, Möller P, Sanchez D, Mosbach K. A facile method for preparing 
molecularly imprinted spheres using spherical silica templates. J. Mater. Chem. 2002; 
12(5): 1577-1581. 

[49] Donato  L,  Tasselli F, Drioli E. Molecularly Imprinted Membranes with Affinity 
Properties for Folic Acid. Sep. Sci. Tech. 2010; 45(16):  2273-2279. 

[50] Li S, Ge Y, Tiwari A, Wang S, Turner APF, Piletsky SA. “On/Off”-switchable catalysis 
by a smart enzyme-like imprinted polymer. J. Catal. 2011; 278: 173-180. 

[51] Matyjaszewski K. Controlling polymer structures by atom transfer radical 
polymerization and other controlled/living radical polymerizations. Macrom. Symp. 
2003; 195(1): 25-31. 

[52] Jessop P, Leitner W. Chemical Synthesis using supercritical fluids. New York: Wiley-
VCH; 1999. 

[53] Leitner W, Jessop PG. Handbook of green chemistry, Vol. 4: Supercritical Solvents. 
Weinheim: Wiley-VCH; 2010. 

[54] Kendall JL, Canelas DA, Young JL, DeSimone JM. Polymerizations in supercritical 
carbon dioxide.  Chem. Rev.1999; 99: 543-563. 

[55] Giles MR, Griffiths RMT, Aguiar-Ricardo A, Silva MMCG, Howdle SM. Fluorinated 
graft stabilizers for polymerization in supercritical carbon dioxide: the effect of 
stabilizer architecture. Macromolecules. 2001; 34: 20-35. 

 



 
Polymerization 160 

 

[56] Jung J, Perrut M. Particle design using supercritical fluids: Literature and patent survey. 
J. Supercrit. Fluids. 2001; 20(3): 179-219. 

[57] Kikic I, Vecchione F. Supercritical impregnation of polymers. Curr. Opin. Solid State 
Mater. Sci. 2003; 7: 399-405. 

[58] Reverchon E, Cardea S. Production of controlled polymeric foams by supercritical CO2, 
J. Supercrit. Fluids. 2007; 40(1): 144-152. 

[59] Temtem M, Casimiro T, Aguiar-Ricardo A. Solvent power and depressurization rate 
effects in the formation of polysulfone membranes with CO2-assisted phase inversion 
method. J. Membr. Sci. 2006; 283(1-2): 244-252. 

[60] Sousa M, Melo MJ, Casimiro T, Aguiar-Ricardo A. The art of CO2 for art conservation: a 
green approach to antique textile cleaning. Green Chem. 2007; 9: 943- 947. 

[61] Bogel-Łukasik E, Fonseca I, Bogel-Łukasik R, Tarasenko, YA, Nunes da Ponte M,  Paiva 
A, Brunner G. Phase, equilibrium-driven selective hydrogenation of limonene in high-
pressure carbon dioxide. Green Chem. 2007; 9: 427-430. 

[62] Simões PC, Carmelo PJ, Pereira PJ, Lopes JA, Nunes da Ponte M, Brunner G. Quality 
assessment of refined olive oils by gas extraction. J. Supercrit. Fluids. 1998; 13(1-3): 337-
341. 

[63] Kazarian S G. Polymer Processing with Supercritical Fluids. Polymer Science C, 2000; 
42(1): 78-101. 

[64] Christian P, Howdle SM, Irvine D. Dispersion polymerization of methyl methacrylate in 
supercritical carbon dioxide with a monofunctional pseudo-graft stabilizer. 
Macromolecules. 2000; 33(2): 237–239. 

[65] Casimiro T, Banet-Osuna A, Ramos A M, Nunes da Ponte M, Aguiar-Ricardo A. 
Synthesis of highly cross-linked poly(diethylene glycol dimethacrylate) microparticles 
in supercritical carbon dioxide. Eur. Polym. J. 2005; 41: 1947-1953.  

[66] Lora M, McHugh MA. Phase behavior and modeling of the poly(methyl methacrylate)-
CO2-methyl methacrylate system. Fluid Phase Equil. 1999; 157(2): 285-297. 

[67] Duarte ARC, Casimiro T, Aguiar-Ricardo A, Simplício AL, Duarte CM. Supercritical 
fluid polymerisation and impregnation of molecularly imprinted polymers for drug 
delivery. J. Supercrit. Fluids. 2006; 39(1): 102-106. 

[68] Soares da Silva M, Nobrega FL, Aguiar-Ricardo A, Cabrita EJ, Casimiro T. Development 
of molecularly imprinted co-polymeric devices for controlled delivery of flufenamic 
acid using supercritical fluid technology, J. Supercrit. Fluids. 2011b; 58(1): 150-157. 

[69] Soares da Silva M, Viveiros R, Morgado PI, Aguiar-Ricardo A, Correia IJ, Casimiro T. 
Development of 2-(dimethylamino)ethyl methacrylate-based molecular recognition 
devices for controlled drug delivery using supercritical fluid technology. Int. J. Pharm. 
2011c; 416: 61-68. 

[70] Soares da Silva M, Viveiros R, Coelho M, Aguiar-Ricardo A, Casimiro T. Supercritical 
CO2-assisted preparation of a PMMA composite membrane for Bisphenol A recognition 
in aqueous environment. Chem. Eng. Sci. 2012a: 68(1): 94-100. 

[71] Soares da Silva M, Viveiros R, Aguiar-Ricardo A, Bonifácio V, Casimiro T. Novel 
supercritical CO2- based strategy to prepare semi-covalent molecularly imprinted 

 



 
High Affinity Polymers by Molecular Imprinting for Drug Delivery 161 

 

materials with water-compatible molecular recognition, RSC Advances. 2012b; doi: 
10.1039/C2RA20426F. 

[72] Ye L, Yoshimatsu K, Kolodziej D, Francisco JDC. Preparation of molecularly imprinted 
polymers in supercritical carbon dioxide. J. Appl. Polym. Sci. 2006; 102(3): 2863-2867. 

[73] Kobayashi T, Leong SS, Zhang Q. Using polystyrene-co-maleic acid for molecularly 
imprinted membranes in supercritical carbon dioxide. J. Appl. Polym. Sci. 2008; 108(2): 
757-768. 

[74] Schweitz L, Andersson LI, Nilsson S. Capillary electrochromatography with 
predetermined selectivity obtained through molecular imprinting. Anal. Chem. 1997; 
69(6): 1179–1183. 

[75] Ellwanger A, Berggren C, Bayoudh S, Crecenzi C, Karlsson L, Owens P K, Ensing K, 
Cormack, P.,  Sherrington D, Sellergren B. Evaluation of methods aimed at complete 
removal of template from molecularly imprinted polymers. Analyst. 2001; 126 (6): 784-
792. 

[76] Norell MC, Andersson HS, Nicholls IA. Theophylline molecularly imprinted polymer 
dissociation kinetics: a novel sustained release drug dosage mechanism.  J. Mol. 
Recognit. 1998; 11: 98-102. 

[77] Allender C J, Richardson C, Woodhouse B, Heard C M, Brain K R. Pharmaceutical 
applications for molecularly imprinted polymers. Int. J. Pharm., 2000. 195: 39-43. 

[78] Suedee R, Srichana T, Martin GP. Evaluation of matrices containing molecularly 
imprinted polymers in the enantioselectivity-controlled delivery of -blockers. J. 
Control. Release. 2000; 66(2-3): 135-147. 

[79] Suedee R, Srichana T, Chotivatesin R, Martin GP. Stereoselective release behaviors of 
imprinted bead matrices. Drug Dev. Ind. Pharm. 2002; 28: 545-554. 

[80] Andersson LI. Application of molecular imprinting to the development of aqueous 
buffer and organic solvent based radioligand binding assays for (S)-propranolol, Anal. 
Chem. 1996; 68(1): 111–117. 

[81] Bodhibukkana C, Srichana T, Kaewnopparat S,  Tangthong N, Bouking P, Martin GP, 
Suedee R. Composite membrane of bacterially-derived cellulose and molecularly 
imprinted polymer for use as transdermal enantioselective controlled-release system of 
racemic propanolool. J. Control. Release. 2006; 113(1): 43-56. 

[82] Abdouss M, Asadi E, Azodi-Deilami S, Beik-mohammadi N, Aslanzadeh S A. 
Development and characterization of molecularly imprinted polymers for controlled 
release of citalopram. J. Mater. Sci: Mat. Med. 2011; 22:  2273-2281. 

[83] Venkatesh S, Sizemore SP, Byrne ME. Biomimetic hydrogels for enhanced loading and 
extended release of ocular therapeutics. Biomaterials. 2007; 28 (4): 717-724. 

[84] Puoci F, Iemma F, Muzzalupo R, Spizzirri UG, Trombino S, Cassano R, Picci N. Spherical 
molecularly imprinted polymers (SMIPs) via a novel precipitation polymerization in the 
controller delivery of sulfasalazine.  Macromol. Biosci. 2004; 4 (1): 22-26. 

[85] Puoci F, Lemma F, Cirillo G, Picci N, Matricardi P,  Alhaique F. Molecularly Imprinted 
Polymers for 5-Fluorouracil Release in Biological Fluids. Molecules. 2007; 12 (4): 805-
814. 

 



 
Polymerization 162 

 

[86] Alvarez-Lorenzo C, Yañez F, Barreiro-Iglesias R, Concheiro A. Imprinted soft contact 
lenses as norfloxacin delivery systems. J. Control. Release. 2006; 113(3): 236-244. 

[87] Ali M, Byrne ME. Controlled Release of High Molecular Weight Hyaluronic Acid from 
Molecularly Imprinted Hydrogel Contact Lenses.  Pharm. Res. 2009; 26(3): 714-726. 

[88] Mazzotta E, Malitesta C, Díaz-Álvarez M, Martín-Esteban A. Electrosynthesis of 
molecularly imprinted polypyrrole for the antibiotic levofloxacin. Thin Solid Films. 
2012; 520 (6): 1938-1943. 

[89] Mayes AG. Polymerisation techniques for the formation of imprinted beads. In: 
Sellergren B, editor. Molecular Imprinted Polymers. Man-made mimics of antibodies 
and their applications in analytical chemistry. Amsterdam: Elsevier Science BV; 2001. 

[90]  Luk Y, Allender CJ, Wirth T. Molecular imprinted polymers binding low functionality 
templates. Tetrahedron Letters. 2010; 51(45): 5883–5885. 

[91]  Temtem M, Casimiro T, Mano JF, Aguiar-Ricardo A. Green synthesis of a temperature 
sensitive hydrogel. Green Chem. 2007; 9(1): 75-79. 

[92]  Costa E, de-Carvalho J, Casimiro T, Lobato da Silva C, Cidade M T, Aguiar-Ricardo A. 
Tailoring thermoresponsive microbeads in supercritical carbon dioxide for biomedical 
applications. J. Supercrit. Fluids. 2011;  56(3): 292-298. 

[93]  Costa VP, Braga MEM, Duarte CMM, Alvarez-Lorenzo C, Concheiro A, Gil MH, de 
Sousa HC. Anti-glaucoma drug-loaded contact lenses prepared using supercritical 
solvent impregnation. J. Supercrit. Fluids. 2010; 53(1-3): 165-173. 


