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Abstract

Molecular imprinting has played an important role in the fabricating pre-defined drug selectivity in synthesized
polymer products, which provides for significant changes in physicochemical property and recognition of its intended
application. The physical features of imprinting the cross-linked materials generating a formed shape imprinted
cavity have three-dimensional interaction sites contributing to chemical properties are useful for chiral separation of
two isomers of asymmetric therapeutically agents through skin crossing biological barriers. The potential methods
have created opportunities with advantages of tailor-made specific recognition sites for a given print molecule within
an enantioselective molecularly imprinted membrane or nanostructure of engineered devices. Considering recent
investigation regarding the in vivo behaviour of various formulation incorporated recognition system and release
of desirable enantiomer of chiral therapeutic compounds, which demonstrated enhanced pharmacological effects
of systemically administered pharmacologically active enantiomer of the chiral drugs as a result of use of delivery
modalities. A number of thus the imprint formulations have been developed to provide for the diffusion of chiral specific
molecules the challenges to realize the dream of producing effective biomimetic recognition systems. The review
highlights fundamental aspects of chiral recognition processes of a given enantiomer as well as the production of
binding site functionality still relies to a crucial extent on selective release of enantiomer of the racemic delivery, then
indicate their current use in dermal drug delivery. This review discusses the possible future uses that they contribute
advantageous drug delivery. In addition, the potential role of MIPs in studying the effect of physiological function as

well as their specific mechanisms is given here.
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Introduction

Manipulation of all knowledge emerging from various aspects
of biomimetic recognition system has been a challenge for several
applications including life science, bionanotechnology, pharmacy
and medicine over the long term. A novel approach to design and
creation of a recognition cavity is especially important, to implement
the functionality of necessary stereochemical feature in artificial
materials, and the discriminatory capacity of the specific sites for
the pharmaceutically active agents. In particular, one of the most
widely studied areas of advanced systems designed for molecular
recognition is their utilization as a system that requires an application
for enantiospecific analyses [1]. In this regard, recognition of the
stereoselectivity and stereospecificty occurring in biologically relevant
molecules of asymmetric compounds and biological process, the
essential products of life are asymmetrical and such symmetry requires
that any one stereoisomer is not superimposable on its image [2]. A
means of incorporation of molecule-imprinted polymer material within
a polymer is also providing opportunities of biomimetic recognitive
system that a design framework-incorporated mirror-image form has
been developed [3]. It is also worthwhile to look at constructing tailor-
made materials for stereospecific molecules [4]. An emerging technique
of functionalized materials integrated with biocompatible biomaterials,
based on premise of biochemistry and complementary chemistry
that have been also performed for implication in the pharmaceutical
sciences because the MIP-based devices should provide target delivery
and safe passage for pharmaceuticals through the living systems. Drugs
have pharmacological properties which they are given and adsorbed
to the tissue site, providing their actions. The drugs have to be acted,
biologically transformed and regulated by the biofunctional domains
in the organized function of the body. In other words a smart strategy
that served to fulfill a biomimetic interaction, whereby a polymer

matrix was able to mimic specific recognition properties achieving in
nature, yet present opportunity to create new materials highly tailored
for the efficiently functioning and activity of a chiral material in the
formed final product.

Enantiomers are molecular entities which exist as mirror image
or handedness, with non-superimposible structures. Enantiomer has
different arrangement around chiral center with the opposite form can
have similar pharmacological activities but different potencies. In non-
chiral environment enantiomorphs have the same physicochemical
properties, and therefore cannot be distinguished under these
conditions. However, transferring a pair of enantiomers from isotropic
environment to asymmetric environment, two different diastereomeric
species are formed with physicochemical features, in order to have all
suitably enantioselective forces for rendering enantiomer separation
in place. Biological elements as receptor or enzymes and whatever
functional materials are capable of undergoing covalent and transient
interactions with each of enantiomorphs, depending on the inherent
nature of interactions between the chiral entity of compound and the
stereochemical properties of recognition system. Discoveries showing
that each enantiomorph of a chiral drug has different properties [5,6].
This indicates the important of stereochemistry on the administration
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of stereoisomer of chirally active substances in mammalian body. These
phenomena were occurred because of biological molecular recognition
corresponds to optimal information content of receptor or antibody
for a specific molecule. This dubbed double complementarity principle
extending over energetical (electronic) as well as geometrical features.
The geometrically well-defined cavities with spatial arrangement of
atom, that is essential for a proper interaction with the site of action of
the bioactive molecule. This allows for the stereospecificity of a series
of chiral compounds to differ for different receptor systems and/or
the enzymes involved, and thus are responsible for pharmacological
activities.

The application of chemical principles to pharmaceutical
systems that generally allows for administration of pharmaceutically
racemate compounds when often one of them represents the more
pharmacologically active isomer (eutomer), while the other one
(distomer) might be even be active, but in a different way, and also
produce side-effects, toxicity, or acts as an antagonist, is now being
further developed. In other words, enantiomers have agonistic,
antagonistic or synergistic properties in relation to its mirror
image form. Nowadays, chiral separation techniques are becoming
increasingly important in the pharmaceutical industry. The specific
recognition ability to the molecule enantiomer via molecular
imprinting polymers has become a significant demand for efficient
processes in the field of analytical applications and drug development
[7]. However, the development of such synthetic materials have been
devoted to engineer via either conventional method or complex
fabrication of stereospecific molecules within a rugged highly cross-
linked polymeric network matrix with a high specificity for a given
enantiomer molecule of a chirally active ingredient in a pharmaceutical
product [8]. This will be beneficial not only lead to the feasibility of
mimicking of molecular recognition of a desired enantiomer and then
separation of stereoisomers, but which can also expedite the process
of selectivity to the active site. In addition some of the drug delivery
strategies that may overcome physical barrier of the skin which is of
important by the implement in innovative methods of science, that they
may have applications in dermal/transdermal drug delivery. Advances
in the mechanistic understanding of the molecular level requirement
that the inherent properties of a synthetic recognitive-based network
are needed for the development of known therapeutic moieties. Whilst
for artificial materials the receptor has to be created with a highly
selective recognition. The process in fabrication of synthetic polymers
with recognition has significance effect on chiral recognition capture
to facilitate targeted drug delivery of chiral bioactive molecules or
structurally closely related compounds through the barrier if the body
prevents the molecule from getting to that site of action. As this review
aims to provide a unique coverage of novel analytical method based on
fabricating of synthetic polymers with high specific recognition against
a chosen drug substance for recognition capabilities and delivery of
pharmaceuticals, addressing the foundations of the enantioselective
selectivity for helpful applications in research and drug development.

Molecularly imprinted polymers (MIPs)

The creation of new synthetic receptors have been increasing
attention over two decades, more generally for its significance in
intermolecular chemistry and in view of bioorganic implications. One
may say that recognition of biological mimics of molecular imprinting
like “lock and key”. This significant supermolecule characterized by
its thermodynamic and kinetic stability and the specificity can vary
from one individual or part of an individual to another [9]. Among the
different methods available for the polymer-based drug delivery system

[10], one of the most commonly used is the non-covalent imprinted
polymers. In the non-covalent approach selective recognition materials
can be achieved by equilibrating the enantiomer template molecules
with an excess of suitable functional monomers in the presence of
suitable cross-linking agents that can provide the required information
to form a template with the correct size and shape and stereochemical
features within their polymer systems that are fully complementary to
a specific stereoisomer. Nevertheless production by the covalent bond
method and cleavage requires tuning for the required performances.
Molecular imprinting is an advantageous technique for producing
highly cross-linked polymers with predetermined recognition sites for a
specific chiral compound [11]. As a consequence biological recognition
elements can be replaced by artificial materials but they are stable
for long period of time, and even withstand under harsh conditions.
This provides an alternative promising method for use to resolve
a pair of enantiomers for chiral therapeutic compound containing
pharmacological activities with residing side effect or toxicity in field
of pharmaceutical research and development of drug candidates. One
question raised is that how can a chiral compound possess essentially
multiple blocking actions such that the eudismic ratio of different
isomers or the macromolecule having different subgroups of specific
functions, differs for different receptor types? To achieve highly
selective recognition of the target species in the synthesized product
it is desirable that shape binding site has substrate specificity. This is
possible by making the drug of interest to be encapsulated with the
designed engineering principles of polymers to establish numerous
non-covalent binding interactions resulting in a tight-fitting unit and
to sense its molecular size and contour of charge distribution towards
original biological molecule. Therefore, the motifs of a molecular
substance with high structure-specific recognition can be created
within polymer matrix could then be tested either in test tube or in a
living cell.

MIPsare highly cross-linked polymeric phases with pre-determined
selectivity for a chiral molecule or a group of structurally related
molecules [11]. Scheme 1 illustrates the basic principle of preparing
for non-covalent molecular imprinting polymer. Selectivity needs to
be introduced during preparation of the MIP with the solubility of a
template molecule together with appropriate functional monomer in a
solvent. A molecular assembly for template molecules, using building
blocks of biocompatible networks and self-assembly is a very useful
as it could be considered to be a process that mimics biological self-
assembly with bioactive molecules. For self-organizing template and
monomer into a molecular imprinting to yield a target-selective cavity
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Scheme 1: lllustration of the concept and typical generation of MIPs; they)
produce polymer materials that are formed in the presence of a template
molecule that can subsequently be removed and yet leave an imprint cavity
in the polymer matrix that will recognize and allow for an environmentally
sensitive reversible rebinding of a specific template molecule or structurally
related compounds [7].
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template-monomer complex formation occurs, while the strength of
which will depend on such factors as the degree of complementarity
of the functional groups of the stereochemical template surrounding
by the solvent molecules. After addition of crosslinking agent,
whose hydrophilic or hydrophobic character can also be verified
significantly, followed by polymerization (where the solvent act as a
porogen and plays a pore-forming role). A washing scheme plays
imperative role in the imprinting process, in addition the unreacted
monomers, residues and template molecule are washed out from the
network with a thermodynamically compatible solvent, yet providing
for the diffusion and for accessible surface of specific binding site of
the template molecule in the memory sites. The subsequent removal
of the imprint molecules the binding sites that contain reversible
intermolecular forces attach to entire pore-wall of imprints which the
substrate molecule, can locate into, thus yielding suitable interactions
can be rearranged with complexity of substance binding sites directed
towards the target species. The molecular imprint of a racemate,
isomer, or an isomeric mixture has the ability to transfer direct
information on a sterically configured determinant for its biological
activity to be transferred into a polymer material. As new technologies
and biomedical applications, the design of stereochemically defined
site of one-handedness related to MIP has to be formulated that
allows for controlled release and efficient delivery at the drug target
site. Although extreme molecular recognition may be achieved with
rigidly, robust polymer by steric interactions, furthermore selective
interaction requires a built-in flexibility inside well-defined nanosized
environments, and yet a built-in flexibility which is of great importance
in biological-receptor-substrate interactions that usually effect of
interfacial interaction, adaptation and cooperative properties of both
the species is needed to accumulation and organization i.e. bringing
together binding sites and arranging them in a suitable pattern [12].
The key of pre-polymerization complexes, that allowed for self-
assembly of the mixtures to form internal imprint cavities because of
their non-covalent interactions with complementary functional groups
inside the cavities involve to some synthetic effort and the choices of
suitable material, and often it requires clearly defined optimization of
binding agents. A strategic design can be served to meet the challenges
of identifying recognition entities and specifically innovating in the
required functionality, developing a diversity of different drug carriers
and engineering delivery systems. The advances in polymer science
and polymer templating technologies have opened new avenues in
exploiting a wide variety of polymer and polymer systems for the field
of pharmaceutical research and development of drug candidates that to
fabricate the material sciences based on this new knowledge to enhance
efficacy of drug therapy.

While molecular asymmetry usually has an effect on the number
of interactions within a biological system such as a stereospecific
therapeutic activity of a pharmaceutically related compound, or a
chiral interconversion with the formation of a chiral metabolite. With
respect to molecular asymmetry this usually has an effect on a number
of its interactions within a biological system, such as stereospecific
therapeutic activity of pharmaceutically related compounds or chiral
interconversions and formation of chiral metabolites. Understanding
of the significance of biological processes that depend on, these
asymmetries; have provided the first insight into the stereospecificity of
biological actions and the idea of receptors. The concept of molecular
recognition occurs in biological system that the enzyme’s target, or
substrate, had to fit into a certain geometric space on the active binding
site. This is a key issue for a chiral recognition process, via the features
of either a single- or a multiple-point array that determined by the

stereoselective interactions leading well stereospecific complexation
of ligands with the spatially-oriented chiral sites. The generation of
materials based on biomimetic imprinting the shape of active site of a
natural enzyme or receptor in synthetic recognition materials, so that
biological recognition elements can be replaced by artificial materials
become advantageous in field of enantiomer separation and sensor
for analytical application, such as biomimetic sensors, membrane
separation [13] and in the fields of drug delivery systems [14]. This
feasibility for developing a method for biomimetic moiety imprinting
is mostly dictated by the molecular surface chemistry of interaction
between the template and functional monomer or binding polymer
chains. This chemistry can be modified by using tighter networks,
increasing the amount of polymer used and using an appropriate chain
length of cross-linkers all able to change the affinity, capacity, and release
times [15]. However, the relative strength of non-covalent recognition
interactions is really weak and intermolecular physical forces are
essentially governed by the conditions of the medium and physiological
parameters. The principles of the imprinted polymerization method
depend on various intermolecular interactions between the functional
monomer and the template while being surrounded by a cross-linking
network. However there have been several reports that have garnered
important structure-binding relationships between specificity and
atomic composition, topography and shape of the template molecule.
The rationally design MIP can be created to act as antibody biomimics,
is directly consisted of component, which is of enormously important
to contribute to our understanding of the biology and immunological
aspects of the delivery of drugs. Thus the physical properties of
molecularly enantioselective imprinted materials that play role to the
substrates re-binding and de-binding to their imprinted sites such
as the number of interactions between the functional monomer(s)
and the template; the innate binding strength and specificity of the
functional monomer(s) for the template and the nature of the non-
covalent interactions employed, and from the mass transfer differences.
The degree of their differences mostly depends on the specificity and
stereoselectivity due to the size and shape of the template species. These
include hydrophobic solvatophobic; electrostatic (ion-ion, ion-dipole,
dipole-dipole); hydrogen bonding; dispersion and induction forces;
n-nt stacking (face-face interaction); charge transfer interactions; the
cooperativity of template substructures towards binding; the size of the
template (sterics); the shape of the template; the spatial relationships
between template substructures; the conformational flexibility of
the template; hydrophobic fit with geometric match of hydrophobic
areas; and multiple interaction/large contact areas. All of these will
give some indication of the difficulty of forming a general set of rules
for predicting the binding behavior of MIPs. When used in specific
applications e.g. sensitive materials in pharmaceutical industry or for
drug analysis which influence of MIP formulation on enantioselective
release mechanism.

In contrast to natural products which display high levels of
stereospecificity, synthesized compounds are often obtained as
mixtures of stereoisomers such as racemates or diastereomers. (In
some cases enantiomerically pure compounds are also driven via
asymmetric synthetic protocols). These circumstances perhaps may
change with the development of stereospecific catalytic methods,
including biomimetic methods that might rely on the facilitation by
enzymes acting as catalysts by employing biomimetic systems or
enantioselective receptors. Stereoselective interactions of bioactive
molecules with substrates produce consequences that trigger their
different responses and pharmacological actions [16,17]. In addition
various regulatory processes for exogenous chiral entities, especially
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pharmaceutically active compounds, with pharmacological activity,
that produce unwanted side effects and toxicities because of the
action of the distomer [18]. Consequence of the phenomena and
enantioselective actions of chiral drugs administered to the body are
considered important prototypes of the profiles of drug activities. In
some situations, stereoisomers molecules with the same composition
but differing in essential biological interactions are governed by
the selective recognition of biological molecule, and therefore play
importantroles that differentiate the activities of pairs of enantiomorphs
[19,20]. At the molecular level, pharmaceutical compounds or other
bioactive molecules can be regarded as exogenous molecules that
can selectively interact in stereospecific environments with particular
enantiospecific sites of biological recognition system [21-23]. This,
in turn, leads to detailed investigations of the pharmacokinetics,
toxicological and metabolic activities of both stereoisomers that have
become essential, providing range of therapeutically effect blood
circulation and reduced toxicity. The creation of a critical idea is
with one of these synthetic processes tempting a mimic of an original
molecule since this strategy, based on the way the drug acts on by the
body by using MIP as the binding agent allows it possible to enhance
drug deposition and improve drug therapy. Such systems recognize
such a particular molecule as biological systems making it possible to
study the effects of drugs under physical condition or in the presence
of metabolized enzyme or in an intact immune system providing
development of diagnostic tests either in vitro or in vivo dominantly.

Molecular-specific recognition systems are extremely important
issues that will require introduction of the effective synthetic protocols
with regard to the tailor-made recognition polymers to be able to
memorize the intended stereoisomer in an appropriate environment.
For a MIP, they offer the possibility of providing for the direct
production of a highly efficient and stereoselective matrix. In these
systems possible advantages of enantioselective MIP materials are that
they have potential advantages over immunoaffinity materials [24].
In proof-of-principle in utilizing this technique from the material
of a recognition site, that relies on the influence of antigen-antibody
interactions well established and is producing valuable consequence
high (antibody-like) selectivity/affinity for templates and structurally
closely related compounds and are stable with high physicochemical
features, which would provide unlimited storage times, multiple-use
and ease of preparation [25]. This is not quite similar to biological
element, polymerization that the molecules while entrapped in an
unchanged three-dimensional network of a polymerizing between
functional monomer(s) and a cross-linking agent resulting in
immobilized target species. MIP demonstrates great potential a
recognition system owing to the affinity between the chemical entities
of template, actually achieving generation of the binding site formation
in molecularly imprinted polymers [26]. The latter aspect especially
will require technical and intellectual support for the production of
the MIP with enantioselective properties. Therefore, the development
of a tailor-made interaction site of the resulting polymers form
decipher a pharmacological and therapeutic point of view, as well
as chirality issues, etc. which provides detailed structural properties
as a ‘mirror image’ within a pore wall of the imprints. Strategies to
produce improved well-defined non-covalent polymeric materials
that will stabilize the respective assembled template-MIP complexes
should provide an increase in the number of existing specific micro-
binding cavities. This allows for the advantageous and more interesting
production of new synthetic recognition materials in biological
sensors [11,12], artificial antibodies in immunoassay [25], synthetic
receptor for affinity-based assays [27,28], and artificial enzyme

systems for catalytic applications [29]. Perhaps the polymer-template
self-assembly is a highly useful as an alternative attractive means for
strategies of exploiting an oriented immobilization [30], especially
facilitate insightful ‘site-directed synthesis’ experiments. A greater
understanding in supra organization provides great opportunity for
creating specific enantioselective recognition in the polymer material
during the synthesizing polymerization and entire extraction the
entrapped template and the recognition polymers exist the shape of
originally surrounding framework remained. Thus the goals and
strategies of a molecular imprinting technique link to the point of
view of producing a shape that fits the molecule without affecting its
activity inside a well-defined nanosized cavity in macromolecular
crosslinked networks. This approach facilitates for investigation in
biological recognition and applications in vivo for stereoisomers of
medicines having different activities that can pave the way for new
drug developments, screening candidates in discoveries of the drug and
synthesis of lead compounds.

The preparation process of enantioselective molecularly
imprinted polymers

In the last two decades several strategies in fabricating of molecular
imprinting product have been exploited to generate selective
recognition sites within a polymeric material. In any case, the tailored
selectivity and precise control over the resolving process required for
a rapid, inexpensive, and suitable recognition system that detailed
knowledge of the mode of variation in the cross-linking network
needed for a successful recognition. MIP can be designed to memorize
a desired enantiomer structure, whereby both the stereochemical
features and the corresponding surface chemistries with motifs of
subsequently added initial pharmacologically important compounds
are retained within the polymeric structure. However, the specificity
and affinity of chiral entities of any current known polymer system
is still perhaps not as high as those of occurring in natural enzyme
and antibodies. A greater knowledge of host-guest interaction in an
aqueous solution contributes to our understanding and solving some
of seemingly insurmountable problems of biological barrier, and the
scientific design for the implement of bioanalogous recognition abilities
into a material to elucidate the forces that control guest interactions
during complex biological processes. So, the judicious selection of a
particular imprinting method is primarily determined by the inherent
physicochemical properties and solubility of the template of interest.
The choices of monomers and other ingredients such as the conditions
under study are suitably varied corresponded to those for them in
the intended applications [31]. Although there is a requirement for a
novel imprinting method generating the specific imprinted cavities,
that structure does not collapse upon the removal of the imprinting
molecule. It is possible that an assembly of multiple weak interactions
can produce a highly efficient binding for its efficient chiral recognition.
Often, the conventional methods will provide the strategies or an
innovative method generating creation of sensitive, selective synthetic
polymers for a number of pharmaceutical compounds by molecular
imprinting [32]. The interesting point about the enantioselective
imprinted recognition system is the fact that both the stereochemical
features and corresponding surface chemistries are retained in
polymeric structure. By this approach can be utilized for producing
an active chiral recognition site in their polymers by incubating
a polymerization mixture containing the interactive functional
monomer(s), which becomes a chiral moiety to determine the imprint
(or the active chiral recognition sites)and that also accomplished by
derivatization of a highly crosslinked polymer consisting of an achiral
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or chiral functional monomer. In a strongly competing surrounding
environment, the functional imprinted materials with the site
accessibility to analytes compromised, with unfavorable consequences
with respect to chiral recognition capacity and selectivity. Nevertheless
the alternative concept of producing polymer-embedded MIP cavities
can be used by modulating the immediate selective environment
in a favorable fashion (e.g. non-toxic and compatible phases) with a
suitable assembly during the polymerization, yielding mimicking of
three-dimensional structure to biological target [33].

Alternative applications of biomimetic imprinting

In nature, most biological processes are usually governed by
mechanisms of molecular recognition. It is believed that in many cases
the “receptor” was chiral and affinity of the enantiomers of the drug
to receptor possessing its own pharmacological activity, side effect or
toxicity. An explosion of novel synthetic drugs, were usually provided
in their racemic form without regard to any potential problems. Figure
1 shows the chemical structures of some chiral drugs. These compounds
thus can have vastly differing potencies and this is thought to be the
way that the specific enantiomers of many important chiral drugs,
such as chlorpheniramine, morphine, promethazine and propranolol,
bind differently to their chiral receptor in the body with regard to
the charge distribution at the interface of the interacting molecules
and the spatial structural arrangement of the chirally imprinted
structure. The process of clotting prevents excessive bleeding on injury
in treatment for patients, whereas differences in the metabolism of
warfarin; 7-hydroxylation is the most favored metabolic pathway for
(S)-warfarin, whilst 6-hydroxylation is favoured by (R)-warfarin. In
particular coumarins are competitive inhibitors of that process, and a
number of them show stereoselectivity both in their therapeutic actions

CH3
CH3 N
CHCHaN
[ Hs
CH
N
Cl
Chlorpheniramine Morphine
(|:H3 _CHs /CH3
SN O—CH.CCH.NH CH
CH3 \
N CH3

Promethazine (R)-Propranolol

o)
N\CH;
N o
H
o O

(S)-Warfarin

(R)-thalidomide

Figure 1: Chemical structure of some chiral drugs.

and in their metabolism. The (S)-isomer of warfarin is several times
more potent than its antipode as an anticoagulant [34]. Even though an
increased awareness of potential problems the practice of administering
racemates is expected to diminish so that the therapeutic activity of
a single enantiomer and that the public concerns in adverse effect or
toxicity of bioactive enantiomer forced both the scientific community
and regulatory authorities to reconsider enantiomers. This will be
particularly important for the next generation of highly potent drugs,
such as peptides, genes and biomacromolecules, requires for analytical
methods for quality control, which this raises an important problem
and highlight separation of enantiomers from the racemic mixture.
Most of the chiral imprinted matrixes incorporate separation phases in
the sorption process that are target-specific with a reliable prediction of
the separability of a given pair of enantiomers. The development of new
enantioselective assay with use of enantioselective MIPs for a means
of chiral resolution was established in a solid-phase extraction process
[35], sensing systems and in drug bioanalysis for quality control and
biomedical applications [36]. The chromatographic techniques in
protein-bound and unbound forms of separation as specific probes has
been reported, as to the examination of equilibrium binding constants,
and allow average binding affinity of protein receptors that allows ready
comparison of protein receptors of different sources [37]. It is one of
the key challenges in rational design to implement of specific imprinted
polymer for stereoselectivity of an enantiomer of interest. A strong
potential benefit in the administration of chiral drugs will be achieved,
since the central objective of a delivery system is to release therapeutics
at the desired target site. Then, better therapeutic response of a
biologically important, generating increase in the therapeutic window
of racemic drugs. Therefore, the ability to regulate the rates of eutomer
release from polymer or a dosage form consisting a racemate. In part
because of the burdens associated with determining the profile and
toxicities of mixed compounds, racemates have virtually disappeared
from development as new molecular entities, composition profiling is
an informative approach for investigating the effects of a chiral drug in
pharmacological, toxicological well as clinical studies. As mechanisms
of toxicity can be elucidated that would have become more apparent,
impact of chirality on multiple aspects of toxicology. Therefore one
enantiomer might be completely able to complex with a particular
receptor or enzyme in a hydrophobic pocket and achieve appropriate
orientation at a catalytic of appropriately aligning with either the
active or the stabilization domain, yet rotational position. The method
successfully pinholed compounds of different molecular entities but
sharing a common target. This research showed that there were in fact
differences in the underlying stereoselective interaction mechanisms of
the racemic and enantiomers of an important pharmaceutically active
compounds. Likewise, in case of MIP complex binding to surface with
initial allergen proteins obtained from fresh rubber tree latex and
manufactured gloves, the determination of the affinity distributions
imprinted sites with specific recognition [38]. By sensor measurement,
the determination of spatial distribution and arrangement of surface
allergen imprinted layer affect protein attachment and subsequent
protein binding can be achieved with cross-selectivity of binding
affinity for related allergenic proteins on an inter-digitated electrode.

Potential and benefits

The scientific and economic relevance of producing designed
recognition substances to use for biomedical purposes has in the last
few years, spurred major developments in advanced drug delivery
[39]. A number of the delivery system of drugs and consequently,
the assumption has arisen that this will improve a drug’s therapeutic
action. Indeed, there is a growing awareness of these developments in
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the pharmaceutical industry. In this sense macromolecular polymers,
for use as drug delivery systems, seem to provide a number of
opportunities that require a detailed study. Asaresult of drugs becoming
progressively more potent, it is essential to fully understand the role and
importance of designing the drug delivery systems or carriers required
for rationale drug therapy [40]. Of particular in chirally imprinted
polymeric networks provide three-dimensional binding cavities that
recognize a drug and maintain it at a therapeutic level both in the drug
reservoir and at the target site, where it can be released to maintain an
appropriate dose of drug over an appropriate time so that it is never
present at a level that can cause side effects. However, there are still
a number of obstacles with traditionally designed polymeric delivery
systems that have limited their practical application. There has been a
huge surge in the interest of using enantioselective MIPs as a means for
improving the delivery profile of a variety of therapeutic active agents.
This especially requires a well-defined molecular imprinted network,
one able to bind and release only specific molecular species under a
particular condition. In numerous cases, changes in environmental
factors are too small to allow for any unambiguous mechanistic
models to be established using experimental techniques. Further in
vivo investigations are needed to confirm that such systems do create
significant improvements over the previous well-defined drug delivery
systems. Assessing the relative energetic contributions of individual
sites and their abilities to release compounds (or even the process modes
of recognition of the biological receptors with empirically established
models) can be extremely difficult. An interdisciplinary of advanced
material and physicochemical property of drugs in drug development
has provided novel approaches for predominantly controlled release
of drugs at the targeted regions for a prolonged period of time. The
preparation of a standard component of such systems offers even
more promising avenues to enhance good performance for intended
application.

Need and challenge

Advances in the mechanistic understanding of the molecular level
requirements of importance of the inherent properties of a synthetic
recognitive-based network is creating challenges for the development
of polymer recognition materials, parameter affects to function of
the synthesized molecular imprinting polymers, potential for skin
permeability enhancement by molecular imprinting techniques
[32]. This is associated with the design of system that are capable of
specifically interacting with the pharmaceuticals and formulation that
can generate interaction sites with a greater sensitively for very low
concentration of pharmaceuticals. Besides, the development of several
imprinting technologies for achieving a suitable rate of diffusion
and extend the level of therapeutics that there is still an urgent need
to develop new ideas for fabricating the precursors of the imprinted
materials that makes up the macromolecular networks. Different
strategies can be utilized for producing an active chiral recognition
site in a natural occurring substance and synthetic polymer [41]. The
optimum environmental conditions are expected for the achieving
of actual desired enantiomer recognition and subsequent selective
desorption if very high selectivity can be attained, but they are needed
to verify as a factor, which would enable modification of the recognition
and enantioselectivity for template by one of the two stereoisomers of
a racemic drug was used.

For the molecular optimal targeting by MIPs the enantiomer
selection is of great importance due to optically pharmaceuticals
undergoing racemization in vivo. It is intention to provide an entirely
relation of the circumstance, by including established methods

and advantages and limitation of general concepts for constructing
complementary protocol of synthesis of a chiral MIP. Synthesized
polymers with both the chiral molecular imprinted cavities for a given
template in either chiral or non-chiral polymeric matrix have been
used fabricating recognition system [42]. Also, research pointed out
the importance of chemical engineering design of recognition system.
Several influences on the physicochemical properties of re-uptake and
release of the initial stereoisomer template in a polymeric environment
are needed to overcome for limitations. Difficulties have been
encountered by current carriers such as extravasation to specific drug
targets. Other problems include: the stability of the drug carriers during
storage and in vivo; drug loading; immunogenicity; degradability and
release rate of drug. However advances in the field and establishment of
viable strategic innovations may be devised to solve all these problems
and achieve a standard goal in the field of biomedicine.

Potential role of MIPs to dermal/transdermal delivery

A combination of theoretical and experimental work would lead
to an easier way of developing molecular recognition systems that
they are comparable to their counterparts in the biological world.
Recognizing the inherent complexity of biological systems, innovative
strategies include designs for producing support materials and factors
associated with a successful realization of a tailored recognition for
advanced drug delivery across biological barriers [42]. This process
could be greatly improved if there was an enhanced understanding of
the underlying methodologies for producing engineered binding sites
and for fabricating a special composition for advanced drug delivery
across biological barriers. Strategies for producing an improved non-
covalent imprinted material for chiral sites have been established
by stabilizing assembled template-monomer complexes [43]. In
concert with combinatorial chemistry may provide an opportunity
for focusing chemical modifications of lead compounds. The use
of molecular imprinting technique may be highly integrated in
application of combinatorial chemistry to in vivo pharmacological and
biopharmaceutical studies to optimize the in vivo properties of a drug
candidate or may even be possible to design appropriate properties
into therapeutic agents that are produced specifically for dermal or
transdermal use [44].

Novel approaches and advanced drug delivery represents the
ongoing research activities involve transport across biological barriers,
which contribute an increasingly important problem for the drug
development process. This issue is the result of interaction or reaction
process of test compounds (e.g. new drugs, hit or candidates) to
epithelial barrier (e.g. stratum corneum). This agrees in principle and
would also involve to strategical role of in vitro barrier models in drug
delivery research. The thematic issue fit well to development of new
drugs. The considerable biological importance and biotechnology
of biomolecule has attracted increasing interest in developing MIP
artificial receptors capable of selectively binding biomolecules.

Strategies for the molecular imprinting approach have the potential
advantage of use in such diverse fields as analytical chemistry, drug
discovery and material sciences, each involving different steps in the
MIP synthesis protocols. MIP may also be shaped in an appropriate
format facilitates of interfacing enantioselective recognition
development have been seen, exemplified by either a planar or vesicular
layered nanoparticles. Attrition during the drug development process
is a serious economic problem for the pharmaceutical industry and it
is often a result of inappropriate physicochemical characteristics and
related poor absorption and poor pharmacokinetics. The introduction
of a combination of strategies has also proven to be advantageous for
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designing MIP systems in desired application [45]. In spite of many
efforts that have been devoted to create specific cavities by means
of template directed synthesis, the possibility of predicting ideal
combination. The introduction of a combination of strategies has also
proven to be advantageous for designing MIP systems for applications
facilitates identifying biological entities in approach that arises from
engineering devices coupled together to polymer with molecular
recognition [46].

Parameters for chiral recognition by MIP-based matrix

Apart from the promising concepts of MIP-based device,
considerable efforts have also concentrated on the formation of
MIPs based on tailored interaction sites in polymeric material and
biomimetic systems [11,47]. When designing or optimizing the
enantioselective release using an MIP-based system, one focuses
mainly on the following three criteria: resolution, control of release and
the robustness of the designed systems [48]. Sufficient selectivity of the
system and the absence of poor mass transfer characteristics are two
requirements to meet this goal. The selective recognition of enantiomers
by an imprinting polymer method is related to molecular recognition
mechanism and the design of the polymer or its matrix for delivering
a precise concentration of the drug or drug dose. For biomedical
applications, a high enantioselectivity together with a high loading
capability are essentially desirable attributes. In the following sections
some of the various parameters employed for designing functionalities
for MIP system or the development of MIP formulations, with an
efficient recognition and a controlled release property of a given target
species are briefly addressed.

In an analogous way to the binding of a drug to a receptor the spatial
arrangement about a chiral center of a certain molecule can influence
its ability to bind to a complex three-dimensional architecture that
exhibits supramolecular chirality inside live tissues. Thus, the insights
provided by these investigations into the phenomenon of molecular
imprinting have established mechanism of chiral recognition by
molecular imprinting and understanding for the extent of complex
chemical formation in a polymeric environment from organized
molecular entities into a chiral MIP [49]. Despite the systems and
future premise of MIP in chemical recognition influences on the
property of re-uptake and release of the initial stereoisomer template.
Chiral recognition mechanisms by the imprinted cavities that influence
interfacial interactions between the imprint and the enantiomer
template needs for being addressed while presence of the function of
the recognition site yet restoring the activity at the desired target site by
triggered extra/intracellular environment. However, the importance of
having binding groups of target or messenger molecule complementary
to functionality of binding sites optimize the resultant chemistry based
on what is considered to the efficient interaction between template and
functional monomer within delivery device [49].

The ability to discriminate chirally at a specific site by an
imprinted chiral agent is complementary principles concern the
charge distribution at the interface of the interacting molecules and
the spatial structural arrangement of the chirally imprinted structure
[50]. However current findings indicate that the effect of manipulating
structural parameters on the template binding parameters (such as
affinity, capacity, selectivity, transport) is of tremendous importance
in optimizing a formulation for a controlled release rate, rather than
the loading capacity and mechanical strength in controlling key aspects
of those phenomena [51]. In addition, the production of synthesized
products that are molecularly imprinted polymer on their surfaces
represents an alternative promising means that could be used for the

controlled delivery of a drug also provides an opportunity to study
membrane performance and the mechanistic recognition for drug
therapeutics.

The formation of MIP-template complexes

The general features of the type of membrane or solid nanoparticle
consisted of interface with MIP, additive, and the additional ingredients
or a polymer to stabilize disposition and distribution, the surface and
shell formulation partially resulted in complete release of drug through
the whole imprints. An innovative method evolves to the development
of advanced material to produce a reversible binding and desorption
to the target species that are based on the formation of complexes
between the preferred enantiomer and synthetic products. The primary
basis of chiral recognition is the difference between the intermolecular
interactions of the enantiomeric drugs, A, and A, and the binding
agents, MIP, and MIP, which are the imprinted polymers for the
recognition selectivity to particular optically pure compounds or at
least they are enantiomerically enriched. The subscript symbol denotes
isomer form of the chiral drug or analyte. These interactions are the
cause for the following complexation equilibria which are described
by the equilibrium constants K, and K, when assuming a simple 1:1
stoichiometry.

A+ MIP, A MIP,
A, + MIP, A, MIP,
_ [AgMIP] _ [ARMIP]
ST [AglIMIB] T [AR][MIP]

[AJ, [A], and [MIP] are the equilibrium concentrations of the free
enantiomers and the polymer imprinted with a template of interest,
respectively. The equilibrium constants, K, K, are related to the Gibbs
Free Energies of the complexation reactions, AG,; and AG,, according

to Equation (1).
AAGg =—RTInKgg and AAGgg = —RTInKgg (1)

In all instances where AG is equal to AG, due to enthalpic and/or
entropic effects in most instances both, the equilibrium constants for the
formation of the diastereomeric complexes will be different. The ratio
of the two complex constants can be defined as the thermodynamic (or
intrinsic) complexation (or binding) selectivity of the enantiomer-MIP
complex (a).

K

RS

Qg =

The temperature dependence of the equilibrium constants can be
approximately given by a simple form of the Van’t Hoff equation, AH
and AS being the enthalpy and entropy of complexation, respectively.
(This approximation is possible only if no changes in AH and AS
take place with T and no changes in binding mechanism and/or in
secondary equilibria occur with changes in T).

InKgg = ~AAHgg/RT + AASgs /R

InKgg = —AAHgg/RT +AASpg /R )

The temperature dependence of the intrinsic selectivity is given by
Equation (3).

K
In—S8 = _AAHgg /RT + AASgg /R 3)
RS

where AAHgpand AAS¢y, are the differences in the enthalpy and entropy
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of complexation between the enantiomers and are defined as the
enthalpic and entropic energy of complexation between enantiomers

and defined as AAHgy =AHgg—AHgg, and in a similar way for the

entropic term, which R is the gas constant of 1.987 cal mol'K" and
T is the absolute temperature in Kelvin. The ratio of each binding
constant obtained at different temperatures can lead to the total free
energy, enthalpy and entropy. At a certain temperature, the enthalpic
and the entropic contribution to the intrinsic selectivity cancel each
other exactly. At this temperature, the complexation constants are
equal for both enantiomers, the intrinsic selectivity coefficient becomes
unity, although the template-MIP system is intrinsically potential
enantioselective.

Two major sources are responsible for the different interfacial
interactions between the template and functional monomers on the
binding site within the imprinted cavity. Tighter binding (higher K)
between one enantiomer and the functional monomer might be a
source of reduced mass transfer and thus a slightly higher mobility of
the complex. In this instance, and when using MIPs to assist with the
drug transport, the drug diffusional selectivity counters the effect of
the binding selectivity. Template-monomer complexes generally have
slightly different pK_ values (This does not mean that these differences
are large enough to allow for their resolution on the basis of this effect.)
At pH values near to the pK values, even small differences might
result in significant different net-charges for the complexes and thus in
different interactions for the binding. The influence of binding capacity
of MIP on the transport and selectivity of enantiomers. A set of at least
6-7 precisely determined data points per enantiomer is required for
attaining reliable results for the two fitting parameters, K and association
capability, y. The number of MIP sites for which maximum selectivity,
a, is attained is commonly the optimum concentration of the MIP site.
The higher the association constants, the lower is the amount of the MIP
that corresponds to the maximum. In one example, this dependence of
[MIP]opl on K has been established [52]. In the case of predicting a shift
of the selectivity maximum to a higher concentration of the selective
site when the template-MIP complex was decreasing. This predicted
the absence of a differentiable maximum value at finite concentrations
when the effects of association of the template species or the bound
MIP were zero or when the functional groups of imprinted sites were
oppositely charged. This is also in agreement with temperature and the
recognition ability of the enantioselective MIP-based system.

Fundamental aspects in dermal
enantioselective MIP-based matrix

drug delivery by

There have been increasing interests in biomimetic molecular
imprinting as breakthrough technologies that the technique is
straightforward, robust and that due to sufficient ruggedness to
generate strong and highly selective systems possessing cooperative
effects. In order to generate the sensitive materials with a three-
dimension ordered pore structure, for example, enantioselective
MIP particles serve as a binding agent by being directly incorporated
from a casting method [53]. On this way, the template enantiomer is
allowed to attach to the existing MIP particle wherever there are void
spaces on the particle surfaces that can be infiltrated with a casted
solvent of a given polymer. Such a system shows an appreciable level
of enantioselectivity with improved physical and chemical because of
the intrinsic nature of the macromolecular chain differences and the
high enantiomer separation characteristics. Tailoring this MIP format
could provide a means for imprinting polymer particle surfaces with
accessible binding site and introduce stereospecific binding cavities
upon templating within both flat and sphere of solid matters.

An alternative advantage of the introducing a MIP system which
allows stereoselective recognition of a drug, that would be enormously
advantageous. The release of less pharmacologically active isomer or
toxic isomer of a chiral drug is retarded, whilst, the release of desire
isomer within a spatial well engineered device is selectively release to
transport passing through any of biological membranes. Therefore, the
ability to regulate the rates of eutomer release from polymer layer or a
dosage form consisting a racemate, is of important and strong potential
benefit in the administration of chiral drugs, where significant distinctly
differential pharmacological activities and toxicity are important. In
molecular imprinting an approach to surface immobilization of MIP
materials allows to obtain thin layer of MIPs with binding sites located
proximity to polymer surface [54]. The prepolymer mixtures are
casted on solid support surface after polymerization and subsequent
template removal, the resulting MIPs carrying surface binding sites.
On the other hand, MIP thin-layers were synthesized at surfaces on
the pores of membrane after derivatizing the support or underlying
membranes with the polymerization initiator providing accessed site,
as a consequence highly increase the efficacy of MIP. For this purpose,
the polymer chains attached to the surface at the same time which helps
facilitate the use of MIPs in advanced delivery of drug therapeutics,
biopharmaceutical products and environmental substances. New
approaches for application of MIPs offer even more promising avenues
to improve drug therapy in future.

Another attractive feature of functionalized materials can achieve
both an efficient chiral separation and enantioselectivity towards
a template isomer. Thus, if for a given enantiomer a molecular
surface imprinted approach has been focused on tailoring an MIP
format within a polymeric environment using biocompatible
macromolecules, to allow for an improved fitting to the template and
the selective construction of a selective shape while still providing an
ability to protect the binding groups of a chiral therapeutic molecule
from the potentially deleterious effects of moving solvent molecules.
This of course would not apply in those cases that are involved in
the re-binding of template. Some types of activity are dependent on
a flat structure, while other types of activity require a bulky three-
dimensional molecule. The MIP cavities formed are in size, shape,
and functional-group arrangements complementary to the templating
molecule, and therefore can act as a target-specific binding site. Factors
that can help to create complementary shaped cavities with a greater
selectivity are the underlying chemical and physical properties which
relate to the molecular parameters such as dielectric constant, dipole,
polarizability, and hydrogen bonding capability of the solvent in which
they are dissolved that the solvent should not interfere features of the
template with the polymer matrix. An aqueous solvent may compete
with crucial template-functional monomer interactions and thus any
intermolecular hydrogen bonds and dipole-dipole stacking motifs
exposed to the solvent are readily disrupted under polar solvent
conditions and thus the efficacy of the imprinted binding sites. On the
other hand, the size and shape of a therapeutic active molecule can be a
significant feature in its biological action.

A very promising research utilizing methods that involve a
number of different techniques to prepare monoliths, spherical
beads and composite built from polymer system or coated polymer
achieving either via the useful tools of direct synthesis or in situ
polymerization and even surface grafting polymerization process
for achieving of imprint surface selectivity [55]. Moreover, utilizing
the surface-immobilized binding site imprinted with the enantiomer
printed molecule and then incorporated in the membrane have been
recently developed. Whereas the synthetic membranes obtained from
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the biomaterials and self-assembly of the complementary functional
groups by polymerizing monomeric components containing a given
template into a confined entity as a result of direct the generation of
organized functional structures in equilibrium conditions [56]. The
presence of an immobilized molecular imprinted polymer surface with
an ability to selectively delivery a particular specific molecule. In this
respect the diversity of these synthetic polymer particles and that may
include some that have molecular coupling capabilities to immobilize
proteins, or polymers that change shape on heating or reversibly
soluble polymers. On the other word, the diversity of the synthetic

polymers used may include polymers that have molecular binding
capabilities to immobilize proteins, or some polymers that change
shape on heating or reversibly soluble polymers. With a multifunctional
monomer anchoring to the binding site within an imprinted cavity,
the interacting parts of both the MIP and a template undergo specific
structural rearrangements that is of important which lead to the
observed tight complex. Figure 2 illustrates the preparation process
and particular features of various formats of MIPs when incorporating
such molecular recognition surfaces into the nano/microparticles that
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Figure 2: Schematic illustrations of the preparation process and particular features of various formats of MIPs for enantioselective-controlled drug delivery [4,55,56].
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represent an attractive alternative approach, which turned out the
facility of enantioselective controlled drug delivery.

Oneformatofthe MIP requiresthatisthe presence ofanimmobilized
molecular imprinted polymer surface with possibility of accessible
site and an ability to selectively deliver a particular specific molecule
upon desorption process of the target analyte in complex matrix. In
this respect the diversity of these synthetic polymers may include some
that have molecular coupling capabilities to immobilize proteins (e.g.
antibodies), or polymers that change shape on heating or reversibly
soluble polymers. A network which is imprinted for a particular drug
can exhibit an improved drug release profile, by providing controlled
release of the therapeutic moiety and an extended residency for the
unwanted enantiomer, and can also be used to increase drug loading
within the network, or to select a specific enantiomer with a higher
therapeutic value. With a multifunctional monomer anchoring to the
binding site within an imprinted cavity, the interacting parts of both
the MIP and a template undergo specific structural rearrangements,
that lead to the observed tight complex [57]. The high stability of the
MIP-enantiomer complex can be seen as the end point of a process
of mutual fitting, rather than as the result of a built-in shape that is
ever coincidently complementarity between the interacting partners,
which turns out to be very advantageous in chiral recognition process
for biomedical applications. Consequently molecular organizations in
a given drug molecular are crucial for understanding pharmacological
and toxicity mechanisms in biological systems. Either forms of
organization in biomimetic system performed by preparing selectively
permeable enantioselective membranes using a molecular imprinting
technique present a way to understand the molecular organization of a
drug used clinically.

Minimizing the nonspecific adsorption of target compound or
bioactive molecule is important in order to preserve the performance
of the membrane. Hence, modification strategies for the control of
a selective release should include ways to produce biocompatible
membranes. One of the prominent of molecular imprinting method
is that creating molecular recognition in material, where combined
approach to the use of a material can selectively recognize and respond
to variations in the analyte concentrations and trigger a controlled
level of active determined by this molecular recognition event. And,
because of the ensuring simplification of the MIP matrix, this has the
possible potential for incorporation of a triggered-drug delivery system
allow for extracellularly activated release or as an interesting tool to
trigger transformation since in nature receptors at cell membranes
can recognize specific external signals and initiate an appropriate
cellular response. The mechanisms, of the extent and consequences
of receptor co-localization and inter-receptor communication may
significantly enhanced the understanding how a protein receptor and
enzyme activity in their skin and elicit luminescence or fluorescence
[58], as illustrated in Figure 3a. On the other hand, the real benefit
of attachment of sensing technology additionally, the presence of the
fluorescent MIPs having a fluorophore stemming in the imprinted
cavities make them amenable to mechanistic scrutiny by fluorescence
spectroscopic techniques could be visualize through skin. The derived
mechanistic rationales helped to establish method optimization
parameters by a genuine pattern of discrete fluorescence and evaluation
of the binding kinetics with sample surfaces exposing molecular-
imprinted polymer. When considering the differential activities of a
pair of drug enantiomers, that requires the isomeric print molecule
to be involved in the preassembly process of the monomers with the
binding group congeners involved in chiral recognition followed by a
polymerization into a polymeric chain network that possesses surfaces
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Figure 3: Top: illustration of topography and scanning electron microscope of
microspherical MIP. (a) Left: fluorescent image of for rat skin dorsal represent
image of cell receptors and enzyme activity led to fluorescence can be
detected by fluorescent microscopy method, right: compared to the bright field
image of rat skin [58]. (b) the relative rate of diffusion, accommodation and
deposition determine the interfacial interaction and morphology on the barrier
kinetic balance of a surface process where facile transport of the delivered
substance no interlayer transport occurs and diffusion is rapid before attach of
molecules and materials can occur in starking contrast (c) step down diffusion
the intermolecular forces between the delivered species is rapid with high
interlayer transport. (d) the hierarchically ordered surfaces forming between
MIP nanostructures and cast membrane by self-assembly polymerization,
showing ordered solid/liquid coexistence. Bottom: Two possible interfaces
that can be formed between a membrane consisted of MIP materials (e.g.
thin-layer or microparticle) onto the skin: (e) non-abrupt interface and (f)
reactive interface [69].

and confined accessible binding sites that the degree of stereoselectivity
demonstrated was considerably higher [32]. Therefore, strategies
for the preparation of membrane adsorbers could be applied also to
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membranes used for dialysis and for cell and tissue culture. An example
of an even more advanced biomaterial is membranes prepared for the
culture of adherent cells. This function is based on the specific capturing
of a cell surface target by changing the conformation of a grafted
copolymer prepared into a pH- or temperature-gating membrane. This
range of biological behavior is marked the method based on antibody-
antigen interactions, represents an alternative promising approach
for drug carrier or almost any other in vitro bioassays allowing for
the development of responsive, activated surfaces with a very specific
response that mimics natural responsiveness. The key question that has
fascinated biomedical scientists has been how to design and control
material properties to achieve a specific biological response.

The scientific considerations for process of MIP in dermal
drug delivery

The transfer of a drug from an aqueous topical solution across
the outermost layers of the epidermis depends upon the ability of
the molecule to diffuse through the vehicle, and stratum corneum
and across the interfaces between the stratum corneum and vehicle
and viable tissue. Hence, the drug-release profiles depend on various
physicochemical parameters: vehicle-membrane partition coefficient
for the drug, the ratio of drug-diffusion in the vehicle to the membrane
and the ratio of drug-diffusion in the vehicle to membrane thickness.
Enantioselective imprinted polymers consist of macromolecular
materials and their preparation depends on generating an accurate
molecular template for the enantiomer of interest for absorption of the
drug passing the intercellular domains of the stratum corneum, which
lipid-rich component, and then the epidermis permeability barrier
occurs. MIPs as enantioselective materials have properties that can be
used with high recognition capability which is of great important in
enantiomer separation science. Despite the wide application of a chiral
MIP in composite and carrying membranes for chiral separation and
drug bioanalysis, their use, particularly in the delivery field falls into the
modulated drug release based on: stereoselective recognition; release
of particular structures from racemic mixtures of pharmaceutically
active compounds; making artificial implants biocompatible and
non-toxic; allowing drug release (due to membrane dissolution) only
when particular environmental conditions occur; and simulating
the permeation properties of natural tissues. For these purposes, it is
taken from the two important formats categories: externally regulated
and self-regulated systems, both rely on the recognition property and
penetration permeability by the imprinted cavities. With growing the
nano level to the meso level and the macro level with internal structural
organization for MIP nanostructure incorporating within support
membrane, template binding to imprinted sites can either change the
pore network, therefore altering membrane permeability. In general the
permeation rate is controlled by the interaction with the well-defined
binding sites within micropore walls, thus functional integration
and external connection, or even self-connected. For example, the
modifications could activate a combination of several functions, via
the creation of the surface such as on surface of the polysaccharide
membranes with biomimetic recognition structures [59]. For tailoring
and optimizing MIP matrix/membrane of its recognition function, it
is critically important to control the affinity of MIP sites along with
their density in the membrane and to create a well-defined pore and
intended membrane morphology.

The choices of polymer or systems depend on their physicochemical
properties that can produce efficient MIP and allow for the release
of the delivered molecules through a relatively free permeation. The
appropriate materials should be a perfect host for the incorporating

procedure in terms of compatibility, and the components of the
resultant MIP material should have no negative effects on the
properties of the templated molecule because of any hostile conditions
or mechanical stresses during the templating process upon interfacial
process [60]. In addition, the components of the mixture should be
retained by the molecular imprinting system to enable a biotherapeutic
activity of any pharmaceutical compounds in response to some
particular signal that depended on the design of the system used for
incorporating the therapeutic agent. Obviously, the choice of the MIP
will depend on various other factors such as the degree of membrane
swelling, biodiversity, biocompatibility, and interactions with the drug
and excipients or components of polymers. When the MIP is embedded
in the polymeric matrix, membrane or any dosage formulation it is
important to preserve its intrinsic feature of the imprinted cavities and
to allow the diffusion of the solvent into the polymeric environment to
the location of selective sites. Consequently, the template enantiomer
that interacts strongly with the MIP will diffuse first, in advance of the
less strongly interacting enantiomer. The MIP recognition materials
are still capable of selectively binding to the enantiomer of a certain
molecule that is structurally similar to the print molecules, and
therefore may give rise to differential rebinding in the imprinted pores
and desorption of the template binding [61]. There is requirement for
a certain thickness for optimizing the process and for precluding the
possibility of some mismatching of the membrane perturbation energy
that will not affect the functionalization of the selective materials, for
example the nanotube MIP nanostructure and within internal pores.
In a subsequent release study using these membranes it was found
that it had enantioselective transport properties with the template
permeating more rapidly, with excellent enantioselectivity in vivo
[62]. This approach to imprinting represents an attractive alternative
method for the chiral separation of structurally related analogs with
similar stereochemicals to the enantiomeric template from a racemic
formulation. This necessitates the presence of a chiral environment,
required to render enantiomers distinguishable. The introduction of a
drug to a MIP may lead to enhanced efficacy for the drug by differential
distribution of the desired isomer of chirally pharmaceutical active
compound in body tissues before the release of the active form.
Decreased tissue distribution restricts the action of a drug to a specific
target site in the body and so decreases the toxic side localization of
drugs has been achieved with use of a non-toxic synthetic material
with predefined recognition which release the active drug within the
target site. Drug design based on molecular imprinting approach can,
of course, only be applied to existing drugs or basic types associated
with a known action but it means that once a desired biological activity
is detected in a parent molecule the pathway of the development to
therapeutically acceptable product is more direct and sure than
previously. Based on the principle of opposite enantiomer mobilities
when applying surface-immobilized MIP it was possible to efficiently
separate a pair of enantiomers of a chiral drug by the specific selective
sites with the recognition characteristics after administration of the
drug enantiomers into blood stream, by oral route in the animal model
[62].

On the other hand, dermal route of administration has the
advantage. Such a strategy represents an alternative means of
transdermal drug delivery when a highly metabolized drug is protected
from first-pass elimination. In addition, the short plasma half-lives of
the steady state conditions to be achieved rapidly. MIPs are capable
of selectively-controlled delivering drug stereosiomers and that there
certain parallels between their in vitro results and the efficacy of the
pharmacological active isomer in animal model. The cumulative
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amount of drug that diffuses through the stratum corneum into the
epidermis at any specific time is of interest when analyzing transport
properties. In addition the release rate of a drug from its release
formulation is necessarily controlled by the overall concentration of
the drug at a level that allows for both pharmacological activity and
safety.

The critical drug activity at the receptor site is usually related
to blood and other distribution fluid levels, as well as elimination
rates. Other factors affecting activity include deposition sites,
biotransformation processes protein binding and the rate of
appearance in the blood. Hence in order to obtain the desired
response, the drug must be absorbed both in sufficient quantity and at
a sufficient rate. On the other hand, dermal route of administration has
the advantage. Various aspects of the metabolism of pharmaceuticals
and xenobiotics in the skin have been studied, and it has been shown
that skin contains various enzymes including esterases which are
capable of hydrolyzing different esters [63]. In certain cases this
selectivity can be attributed solely to solubility differences between
pure enantiomers and racemates. Moreover, formulation aims in the
light of bioavailability considerations, are to produce a drug delivery
system such that doses contain the intended quantity of drug and the
drug is usually released but always in a controlled manner, in order to
achieve the required onset, or if a long duration of response, sustained
release is considered. Modification in structure of substance might
produce an active compound suitable for skin transport. The approach
represented a crucial key essential for the non-covalent bindings, that
led to the cooperative effects that resulted in the structural diversity
that was being directed by inter and intramolecular interactions that
implemented the molecular recognition process in the complex matrix
inside the biological barriers [64].

Once carrier-mediated epithelial transport processes are involved.
As may be derived from the available kinetic data, directed transporters
appear to exhibit high substrate selectivity as well as stereoselectivity.
When a drug racemate is administered, the two enantiomers may
be in similarity to their interaction with receptors exhibit similar
or different affinities to the respective binding sites. When both
enantiomers are transported via the same macromolecule, they may
compete at the binding site. In addition, the biological barriers may
affect the rate and extent of drug input into the systemic circulation,
some with the potential for steroselectivity, due to the involvement of
chiral macromolecules, and some without this potential. Thus if the
eutomer of chiral drugs and analogues are to be selectively transported
across the skin a better therapeutic response might be expected relative
to that obtained using a racemic mixture of the drug. The rationale
for designing the binding agents which enable stereoselective and
trans-membrane transport of the drug depends on two fundamental
assumptions: (a) the therapeutic effect of its administration arises from
an increase in the plasma concentration in body compartments and (b)
this increase is fostered by the desired enantiomer found in plasma that
can diffuse into fluid from racemic compounds from the molecularly
imprinted polymer.

Formulation strategies to overcome skin barriers

Percutaneous drug delivery is the transport of drugs from a
formulation, through the stratum corneum into the viable epidermis
followed by distribution into the blood capillaries and the lymphatic
system. The advantages of transdermal drug delivery over the other
routes of administration have been well documented, including
avoidance of variable absorption rates and initial metabolism with oral

delivery and improved therapeutic activity and bioavailability. Control/
tuning of surface chemistry and interfacial properties, enable assembly,
allow bottom-up self-assembled surface chemistries and provide
guided patterning of biological molecules for fundamental research
or practical integration in functional polymer. Challenge of trying and
integrating the data of drug delivery upon administration in biological
system to key to decide what it means and determine what to do next.
The results of a screening run tell us something about supra molecular
complementarity between the binding species, which in turn tells us
something about changes at target site. Despite the physicochemical
properties of the membranes: solubility, hydrophobicity, and localized
charge along the lipophilic domains that can be partially controlled by
changes in biological conditions.

The protective layer of stratum corneum can be modulated in
number of ways. In some cases, however, the outer most layer of skin,
the stratum corneum, serves as the actual barrier against water loss from
the body an also penetration of most the foreign and exogenous agents.
Subcutaneous is in principle a two-compartment-system. It consists
of elongated keratinized corneocytes embedded in extracellular highly
ordered liquid bilayers responsible for the essential function. In addition
the drug delivery that may overcome biophysical nature of the skin
that they may have application in dermal/transdermal drug delivery.
For example tested, it certainly cannot follow through all the other
metabolic processes that are essential to replace in the enzyme in vivo.
A difference in the observed enantiomeric ratio for the template with
some cross-selectivity, that can provide a diversity of conformational
structure and stereochemical properties relative to the template isomer
[56,61]. On the other hand among the many ingoing avenues for this
approach turn out to be beneficial due to a reduction in the metabolism
of the delivery species and the therapeutic agent can cross the stratum
corneum by using molecular imprinting. The use of polymer mimicking
with chiral recognition the ability of the cavities imprinted with the
enantiomer template pose complementary hydrogen bonding to the
functionalities of MIP binding sites. In this regard, physical size of the
imprinting isomers must fit better to enter the recognition site rather
than complementary preferential conformation of enzymes resulting
in catalytic and activity in loss-balance of physicochemical properties
than the opposite enantiomer under biological microenvironment in
the epidermis and the disappearance of stereospecificity of the enzyme’s
behavior by metabolic reaction it catalyzes eventually. Otherwise if this
chain of insertion for the polymer crosslink for recognition is broken
the species cannot thrive and multiply. All of these potential complex
interactions between the biophysical barriers and delivered enantiomer
therapeutics, in which penetration with the release from binding
imprints and remaining excess within the entrapped matrix the MIP
system offer the opportunities for enhancement of stereoselective
transport and serve to protect the stereochemical structures of more
pharmacologically active isomer (eutomer) conferring a useful shelf-
life to chiral pharmaceutical active compounds. In simple in vitro
biophysical testing techniques when the applying to skin as a drug
delivery route, assessing the fate of delivered compounds need for
the accessibility, often relating to biomembrane research. Moreover,
in vitro models for the evaluation of absorption and configurational
conversion are definitely required in the development of optically
active compounds for drug delivery. It is dramatically shown that the
dependence of the effective selectivity on the MIP is of major importance
to be considered for enantioselective controlled release of specific
substance [65]. A much enhanced diffusion rate of the enantiomer
templates or structurally close related molecules to the skin surface that
was comparable to the diffusion through the stratum corneum, due
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to the molecule spending more time as the result of a lower diffusion
coefficient [66]. With a large diffusion coefficient the mobility of
molecules for the enantioselective imprints, produce an imbalance of
the enantiomers in the aqueous donor vehicles. The features responsible
for these proven stereospecificities of the enantioselective imprinted
cavities can affect differentially absorption and diffusion to produce a
workable system and goes some way towards validating such MIPs as
potential receptor mimics. Otherwise the incorporation of special MIP
within the biocompatible biomaterials influences synergistic effects and
the mixture of enantiomer are retained by the MIP based matrix but
indicated that interaction was sensitive to small structure differences
in configurational of three-dimensional arrangement in skin [66]. The
permeability that it is sensitive to conformation in a complicated but
informative way and spectral changes. Furthermore, a release study is
conducted the constituents that influence the binding strength, even
if they do not affect the intrinsic selectivity of the system, can affect
the effective selectivity at a given concentration of MIP. This has
been demonstrated for the influence of organic solvent components
and for the buffer concentrations and ionic strength. The different
methods for effective enantiomeric separation can be achieved from
two (independent) stereoselective phenomena. The first arises from the
differences in the capacity and strength of the interactions between the
enantiomers and their binding to the MIP material.

With regard to possibilities of modulating the penetration of drugs
into skin, the study in systemically the influence of promising fatty
acids on either change the drug escaping tendency (thermodynamic
activity) due to changes in the solubility of the drug in its vehicle or the
barrier resistance of the subcutaneous. Although membranes need to
be passed during the absorption process and membranes are composed
of chiral elements, it is generally assumed that stereoselectivity is not
an issue with drugs that are passively absorbed by lipid diffusion,
whereas difference between enantiomers are feasible when active
transport mechanisms are involved. However in order to appreciate
their potential role the physiological barrier of skin relevant to drug
delivery are given. Thus, design and strategy of more selective features
of MIPs are used to indicate interactions in addition to configurational
change at asymmetric centre atom and enriched enantiomer and
feasible Saffman and Delbriick mobility of the transferred species,
especially cross physiological barriers to get to their sites of action. For
the primary route of exposure in skin drug delivery, the organization of
the intercellular lipid domains is considered to be important that can
form into small macroscopic domains necessarily to biophysic feature
of the stratum corneum. The drug delivery of hydrophobic drugs
from topical formulation across skin partition and diffuse through the
hydrophilic viable epidermis and dermis before uptake by the cutaneous
microcirculation. However, the layer with barrier existed either to large
molecules or nanoparticles. The polymer mosaics will not only bind
the community together, but will also form compartments, of differing
hydrophobicity and diffusivity throughout which the pharmaceutical
substances must interact. However, the layer provides a barrier to
the diffusions of micro/nanoparticles. It is possible to employ the
self-organized structures molecular imprinting to pharmaceutical
advantage in the transdermal drug delivery of enantiomers of chiral
compounds. The complexation in saturated solutions involved to the
diluting of the drug in similar vehicle and using MIP system which the
degree of saturation reflect the skin penetration of the pharmaceutical,
according to the recognition ability. While removing of the enantiomer
probes from the skin surface the source of inward and outward fluxes
that serve as the reservoir, so that the imprinted polymer incorporating
in a membrane support can control the rate of enantiomer release.

Because the resistance to the transdermal flux of charged drugs can
be reduced by disruption of the stratum corneum, by modification or
by increasing the lipophilicity of the ionized permeant. Furthermore,
interfacial of both attached layer and surface tension as well as the
bending rigidity are of particular important factors on the transport
of the drug loaded MIP materials when place on the stratum corneum
and then change of the vesicle and that for the lateral organization can
be similar, kinetics play an important role in determining the final
configuration [67]. With molecular imprinting explanation in surface
free energy of skin into the relative rate of diffusion, accommodation
and deposition determine the interfacial interaction and morphology
on the barrier kinetic balance of a surface process. On the basis of
in vitro strict isomorphous replacement, thermodynamically and
kinetically differences of species which appear to be feasible excludes
from binding in endogenous receptors or metabolic enzymes. The
whole process of imbibing an element, or energy-rich compound, of
it traversing many membranes, of its concentration being buffered
at each stage and of it being excreted involves in many complexing
reactions. First, transport of the substance no interlayer transport
occurs and diffusion is rapid before attach of molecules and materials
can occur, whilst an another type of process, step down diffusion the
intermolecular forces between the delivered species is rapid with high
interlayer transport as illustrated in Figure 3b and 3c, respectively.
The higher interlayer transport high amount of deposition, the greater
number of the adsorbed layer of contact.

Skinpenetrationstudieshaveusuallyfocused onthe physicochemical
factors affecting the transport of drugs across the skin. The change in
drug’s physicochemical properties might produce an active compound
suitable for skin transport, although the drug after absorption through
the stratum corneum is subsequently metabolized to the parent
compound. There is also some evidence for enantioselective differences
in transport across skin [68]. Despite routes of permeation have been
debated for many years and the precise mechanism of transfer across
the stratum corneum has not yet been unequivocally determined. This
is strong evidence that suggests that the intercellular route is important
the intercellular regions of the stratum corneum comprise an expanded,
structurally complex of which play important role in percutaneous
transport. Other ways of delivering the sensitive drugs as skin as the
delivery route for systemic effects are therefore required. The routes by
which this may be accomplished, which involves drug administered via
stratum corneum barrier in pharmacologically active stereoisomer. As
illustrated in Figure 3d and 3f, two possible interfaces for the delivery
devices and the barrier layer interfacing: with interfacial diffusion zone
or providing reactive boundary. For non-abrupt interface, advanced
modifications could activate a combination of several functions, via
the creation of biomimetic recognition structures on the membrane
surface: shielding, in order to avoid the adsorption and denaturation
of proteins via hydrophobic or ionic interactions, selective adsorption
and stabilization of the conformation of adsorbed proteins, covalent
immobilization of biomolecules, or induction of biomimetic effects
via synthetic structures. Secondly, reactive interface which represents
the specific capturing or the controlled release of substances with the
binding agent under an external environment, that is increasingly
integrated into biomedical applications. Shape selective pores have
been generated surface immobilization of the MIP materials (e.g.
nanoparticles, membrane) which involves change in conformation
or configurational modifications within a hybrid material or polymer
system [69].

Candidate physiologies include dormant quiescent cells, metabolic
enzymes, and expression of efflux pumps, as well stereoselective
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penetration of particular compounds [70]. The functional barriers of
these corneum adsorptions appear to depend on their linkages between
genes to create an interpretation of the genetic interaction networks that
may lead to new avenues for therapeutic intervention. The alternative
advantage of these biological mimicking polymers provides insights into
understanding the biofunctional and self-organization within living
tissues that will be valuable for clinical implications. There has been a
plethora of experiments to determine percutaneous absorption in vitro
and it is important to select a design where the transport is limited by
the skin and not in any stagnant diffusion layer placed to the underlying
skin surface, and which this is related to bio membrane research
[71,72]. The applicability of composite, functionalized MIP has shown
to be advantageous to the elucidation of the normal functioning of the
skin when the template enantiomer molecule binds to the respective
MIP, the active triggers the scintillator of living cells to generate a
response signal [7,73]. In this way the imprinted polymer can be looked
as an alternative means - it directly induces facilitation in the molecular
event of target binding and balance obtained from the limitations of
barrier and diffusion but other than the results lead to be efficient target
transfer with high selectivity - enantiomer transport to improve the
bioavailability across the membrane depend greatly upon the nature of
the drug. Clearly, the binding capacity of the polymer with the ability
to get drug through barrier, the level of agent used therapeutically, the
distribution of mass and local hydrodynamics, together with the rate
of turnover of the template-MIP binding relative to drug enantiomer
diffusion rate [74]. The volume and relative capacity of a membrane
support would be insufficient to deplete the bulk availability of the
enantiomers, and chiral specific-target sites within the matrix polymers
would become saturated with adsorbed/reacted drug enantiomers. The
net effect once again would be to delay, rather than to prevent, in the
physical function of epidermis (e.g. rat skin), and that they may have
application in transdermal drug delivery which is also discussed as
below.

By utilizing a biomimetic recognitive system of a self-assembly
polymerization or polymer system-incorporated mirror-image that
allow for the controlled release and selective delivery of specific
substance, then improve bioavailability of small organic drug molecules
with rapid passage across biological barrier into the blood circulation
[75]. For such purpose, the polymerization between cross-linking agent
and a polymerizable monomers with template present that exhibited
an accommodating environment for molecularly imprinted sites in
the polymer which is included in the underlying base that both static
and dynamic processes made possible for the selective and reversible
re-inclusion into the original surrounding polymeric macromolecular
[76]. Aggregation creates regions of reduced chain mobility in the
manner of polymeric crosslinks with adaptation providing functional
groups loosely attached to those of template complementary in the
surrounded by crosslinking structure. When the amount of the
templating species increased in deeper layer clusters of the aggregates
cause regions of the polymer to behave differently, and some at which
higher the imprint site continues to increase, the regions of restricted
motion begin to overlap and a single. The optimal placement of binding
sites of imprinted polymers should be near the cavities. In the event that
the interaction between a template and MIP is being fabricated with a
favorable manner which deposition of the system has been reduced to
a thin layer of soft tissue interposed between the polymer surfaces [77].

Some of the strategies for fabricating the delivery devices together
with selective materials that actually facilitate, the molecule’s ability
to cross the physiological barriers which the key is their ability to
recognize specific molecules [78]. In addition the specific binding of

a particular enantiomer imprinted polymer will improve its chemical
stability, and even prevent inversion or hydrolysis degradation of
enantiomer during physical process and administration of the drug.
To transfer the enantiomer, the use of a particular solvent has an
impact not only on the enantioselective controlled drug delivery of
the resulting polymeric material across biological barrier; it also is
an essential component inherently involved in the enantioselective
interaction between the template and functional monomer at multiple
levels. The components of the solvent medium - bulk solvent, buffers
and additives - not only dictate the conformational preferences of a
flexible template and their functional monomers; their functional
groups are also capable of complementary intermolecular interactions.
The adsorbed solvent may give the mobility necessary to change the
morphology in a decorated pore which the swelling of the films made
of hydrophilic and hydrophobic components of the copolymer results
in the reorganization and extend for random coil conformation [79].

Advances in the area of skin permeation together with information
of the use of molecular imprinting approach provide as a result of
research in chemical defense and efforts to identify the reasons for
the barrier properties of the skin and how these properties could be
further modified and use in the system and prediction. Considering
to the surface free energy, of skin or change in the Gibbs energy,
where the surface tension components of liquid that is unfavorable for
addition of matter to small clusters up to a critical size. After attaining
the critical nucleus size, further addition of material to the binding site
is energetically favorable. The formulation of this size depends on the
change in Gibbs energy [80]. The change in surface free energy of skin
for forming a different spherical MIP of radius r from number of N is

AG =-NAp + 4nr’y (4)

The first term is the chemical potential change brought about
by the phase transformation of N atoms into a sphere with a surface
energy given by the second term. The surface term is surface area times
the surface tension, y of the bulk interface between the coexisting
isotropic and nematic phases and this surface tension depends on the
angle between the director and the plane of the interface; the variation
of y is as high as 40% more when the nematic director is normal to the
plane than when it is parallel to the interface. The number of atoms in
the aggregate and the radius are related by

4mr’ Njp 47rr3—
3 M 3
Where N s the Avogadro constant, p the mass density, M the molar

(5)

mass, and o the number density. Combining both the above equations
and differentiating with respect to either N or yields values for the size
of critical classical nucleus.

N = 32ny3
CE ) 3 (6)

3p Ap

2y

and N=—"—

pAu

An aggregate with the critical radius r_is the smallest structure for
which the probability of growth is greater than the decay. Substitution
of the critical radius in the first equation gives the energy barrier.

2
4mrrly )
Assuming there is no additional activation barrier to formation of
the critical immobilization surface, or MIP, that is that the maximum
energy differences along the reaction path is equal to the Gibbs energy
change required to form the critical nucleus, Then E , =A G and

AmaxG =
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the rate of attach to the dispersed fractions of the imprinted polymer
crosslinks depends exponentially on the adsorbed layer in contact.

In a model considers a multilayer surface with terraces of width
I on which atoms diffuse with a mean diffusion length A. If the drugs
which are deposited with flux ], re-evaporate from the step with a
lifetime 7, then the equilibrium concentration of the drug diffused can
be evaluated. This model shows that for a given set of flux and diffusion
parameters, a critical temperature exists below which template-binding
imprint occurs. Above this temperature, the molecule accumulates
on the MIP particle surfaces. This is based on step-flow growth. The
difficulty of nucleating the new phase is expressed by the positive value
of A G. It is unfavorable for selective sites to grow until the critical
size is surpassed. The accretion and release of drugs from small particles
leads to same distribution of small particles [81]. At thermal equilibrium
the population of each size of microspherical MIP nanostructures leads
to some distribution of small particles. Attachment and evaporation
of atoms from the MIP nanostructures lead to constant conversion of
different sizes. Random fluctuations in attachment occasionally push
small cluster past the critical size, at which point they rapidly grow
larger. The rate of formation of immobilized MIP surface onto the
beads with the critical size determines the rate of formation of the new
phase. On a surface, this rate is related to the rate at which template
enantiomer molecules are bound to the original imprint site as well
as the rate of surface diffusion to and formed steps and between each
particle. In addition to energetic factors, nucleation can be affected
by structural features. Steps and or elastic stain interactions can lead
to preferential sites for template-monomer complex, which can have
dramatic implications for structure formation.

Transport process as well as the critical nucleus size effect the
evolution of layer morphology as material is added to the system, in
particular, the evolution of the particle size distribution if the system
is not following step flow growth. In nucleation regime, addition of
material to the substrate leads to the formation of rough layers, which
share the same mean size [82]. The number of nucleus changes but
not their size distribution. In the growth regime, the island density no
longer changes but the size of the interfaces increases. The mobility and
coverage of drug molecule added to the imprinted cavity must be such
that they are more likely to encounter and add to the cavities than to
find another one and form a MIP-template interaction. The extent of
their nucleation phase is, therefore, determined by the density of the
MIP pore walls.

Because of the importance of transport process — the interplay
between deposition rate, diffusion rate and the distance between the
imprints - the critical nucleus size can be determined not only by
thermodynamics, but rather by kinetic phenomena. At high coverage
direct incorporation of transferring template and diffusion capture
by stable imprints sites. At high coverage direct incorporation of the
template enantiomer into the stable MIP-template complexes can also
become significant [83]. The diffusion coefficient D depends on the
cluster as given by:

D =D, exp(-BE gs¢) ®)

where 8 = (k,T))" is the relative coverage of stable clusters and E the
diffusion activation energy. These equations demonstrate explicitly
how the imprint coverage depends on kinetic parameters such as the
transport diffusion rate of template, which is directly proportional
to the growth rate and the temperature dependence of diffusion
and detachment from the critical cluster. One consequence of the
importance of transport dynamics is that the critical cluster size as well

as the number of imprinted cavity can depend on the flux of incident
template molecules. Furthermore, anisotropic diffusion, strain fields or
anisotropic accommodation of the bound templates to the cavities can
lead to the formation of anisotropic accommodation. In addition, any
distribution of imprints that is created using kinetic control is subject
to a kinetic frame work which the temperature raised sufficiently to
facilitate diffusion in all directions.

Design and engineered enantioselective MIP-based device

Different approaches that can allow for a more efficient binding
of the template molecule with an expanded recognition of the
polymeric network have been proposed. This is of great significance
for the development of an enantioselective MIP site inside the matrix
or membrane or a dosage formulation consisted of a therapeutic
agent that offers the properties in terms of binding affinity, capacity
and diffusion. This means that only one of the two stereoisomers —
the eutomer (isomer of interest) — is required to be released for its
therapeutic effect, while the other remains more firmly bound so it
cannot exert any toxic effect. For the fabrication of imprinted sites
as a mean to separate enantiomers and the interaction with the other
chemicals in complex biological matrix and apply for recognition and
selectively release of the specific enantiomer in the body, a number of a
limitations still remain.

Transport across the biological membrane is essential. Compounds
must be soluble enough in the lipid to get into the membrane, but not
so soluble that they remain there. The extend of drug penetration in
fact, is that, the imprinted site within the membrane pores is exploited
to obtain very high selectivities, so site carrier membranes need to
intimate membranes and strongly limit diffusion that is not dependent
on carrier complexation. In previous studies the MIP system is one
of the best performing facilitated transport membranes with respect
to the enantiomeric separation of a pairs of mirror-imaged forms
and selective transport upon dissolution phase of pharmaceutical
formulations reported to date [53,58,63]. The selectivity behavior
for imprinted enantiomer remarkably superior over non-imprinted
enantiomer shows improvement with increasing cross-linking
density and decreasing flux compared to the unmodified membrane.
The enantioselectivity for template molecule increase significantly
compared to analogous recognition separations in situ place on the
biological barriers, which provides evidence for the existence of specific
cavities in the device due to its contribution to the observed changes
in chiral recognition properties and indicates that the extremely polar
solvent media stimulates for chiral recognition. The mobile membrane
proteins bearing electrical charges in a fluid/solid interface occur in
viscous matrix a lateral force or diffusion [84], or, in other words this
involves to forming dissipative structures powers by a concentration
gradient of salt govern the difference of Donan membrane potential
[85]. By molecular imprinting approach, the application of cationic
drugs across epithelial layer of excised skin might have been due to
a molecular effect by dissipative attractive forces inducing local
gradients of the membrane potential and change in polarization. The
effects of salvation on the electrostatic and van der Waals’ interactions,
are significance, giving rise to competitive effects of hydration and
hydrophobiceffect. There will be someloss of translational and rotational
entropy on solution. The translational and rotational entropy loss on
binding to receptor site thus is not very different between binding in
gas phase and solution. Although individual van der Waals interactions
are quite small, since they are common to all atoms, the net effect may
become dominant in the overall template binding to the MIP inside a
polymer system. However, upon binding and preferential configuration
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has a spreading of the perturbed frequency modes to both higher and
lower frequencies. The latter will dominate the entropy contributions
and may become significantly important. But internal rotations of the
molecule and vibration due to dihedral angle variation are generally
considered as more entropy-rich than all but the lowest-frequency
vibration modes. However, molecular channel in proteins caused by
specific ion conductivities in membranes [86], or as the electrophoresis
that membrane proteins are electrically charged, moving in an applied
field is considered [87]. The stability and selectivity translated of target
binding result from the introduction of specific recognition cavities
that contain intermolecular cavities capture and get the bioactive
molecule or biologically important substance and release through the
biological barrier that may be structurally translated into organization
within organized cell membrane [86].

As above described, the lateral organization of membranes may
be controlled externally e.g. by the adsorption of proteins. Thus,
molecular self-organization is advantageous. The model holds for
nature of individual distinct electrical potential and salt concentration
having mobile charged conductivity that provides lateral and traverse
transport combine together [87]. The deposition of small organic
molecule in biological-receptor-substrate interactions is of great
importance where adaptation is often required for regulation occurs. In
this way depends on two fundamental assumptions: physicochemical
properties of vehicle through the separating membranes obtained by
these imprinted polymers together with membrane and biofunction
of biological barriers, all of these that can indeed be altered to
good sufficient as they can diffuse into from racemic compound of
pharmaceutical active ingredients. However, we have to consider with
the balance between rigidity and flexibility is of particular importance
for the dynamic properties of the component, although this may deal
some synthetic effort and the choices of suitable material, and often it
requires clearly defined optimization of binding agents, thus yielding
suitable interactions can be rearranged with complexity of substance
binding sites directed towards the target species. However in the field
of biomembranes in addition to the transport with integral proteins
diffusing freely in a liquid/lipid bilayer it necessarily includes additional
features appeared to interactions with cell skeleton too. In other words,
this may be relevant to epithelial tissue, or otherwise abiotic membranes,
and phase boundaries. Also, the fabricating nanostructures, more and
more powerful methodologies provides the materials with highly
complex functional architectures, strong potential to providing the
adaptation and extend for ‘smart’ nanomaterials [88]. Supramolecular
nanochemistry contributes deeply in the self-organization processes
covering a wide range of self-processes determine the internal build
up and the operation of entity as well as the interaction to the external
environment through supramolecular nature. Such structural features
enable important groups, essential for activity, to be suitably oriented
in space so that drug interaction can take place. Any in situ-generated
product is a good binder because it will have the same entropic and
enthalpic factors that stabilized the complex ligand affinity, and they
will add to the overall binding interactions among receptor and
bound enantiomer template. The imprinted site as well as frame work
porosity derived from format of mesoporous MIP microsphere of
nanostructure within coating layer or core-shell having imprints on
a shell layer, it plays an important role in achieving a highly shape-
selective site generating from specific imprinted pockets. This approach
represents the extent of the template-monomer complexation to three
dimensions, and the control of functionality of functional monomer
positioning by organizing within polymeric microenvironments [89].
With respect to improving recognition feature, capturing ability and

chemical reactivity, yet leading the reactions occur within the template
self-assembled binding site possessing reactivity and catalysis is crucial
for the development of structural and reaction [90].

Factor that influence the enantioselectivity

A great deal of information concerning the stratum corneum, is the
outermost layer of the skin, presents the principle barriers to passive
diffusion of most molecules. The permeation of enantiomer template
molecules through the stratum corneum is believed to proceed through
the intercellular lipids. The extent of the optimal intermolecular
physical forces for the enantioselective binding properties by the
functional monomer is mainly governed by the chemical nature of
each of the components in the imprinting mixture and the physical
environment acting upon the polymerization process. These alternative
approaches require the use of external energy to act as a driving
force or a different pH gradient in order to enhance the template
polymerization and microenvironment of the synthetic polymerization
promote the selectivity [91]. Once we look at the subcutaneous that
has a unique structure in which the dead corneocytes are cemented
by intercellular lipids and glycoprotein structures (desmosomes) that
are covalently bound to the epidermis. The possibilities stand out for
potential improvement on these results so that adequate steric access to
the imprinted sites by the peptide chains which are themselves attached
to a truly vast, on a molecular scale, payload, namely glycoprotein. The
conformation of the receptor assembly enables specific regions to be
spatially oriented so that interactions may occur with complementary
groups on the drug molecule, thereby initiating a biological response.
In addition the lipid region consisted of lecithin which is the
ammonium salt of choline connected to a phosphate group by an ester
linkage. The nitrogen has a positive charge, as does the ammonium
ion. As a consequence differences in the complexation between the
enantiomers may be as small as 1% yet might be sufficient to cause a
crossing of the selectivity, and implicating an inversion of the transport
of the enantiomers. In all instances in which there is a drug and an
MIP-ligand complex, the separation of enantiomers can never reach
selectivity values that are as high as the intrinsic binding selectivity
of the template-MIP; usually it is found with a neutral monomer and
charged analytes and vice versa [92]. In cases, however, in which the
MIP-ligand complex is made by the positive charge of a monomer and
the unbound drug has a negative charge, an extremely high selectivity
value can be attained under certain conditions. Strategies with favorable
properties via molecular imprinting satisfying the following conditions
required to operate as a carrier in the co-transport mechanism: (a)
non-volatile and lipophilic - so that it will reside exclusively in a
lipoidal membrane, (b) some surface activity - so that it adsorbs and
desorbs at interfacial regions, and (c) exist in anionic form in order to
ion-pair with cation at a specified pH, i.e. pK, of the acid should be less
than pH of the system. To achieve a mass transfer of the template-MIP
complexation formed between a charged free drug and the oppositely
charged complex, in most cases multiple charged MIPs are required. At
a particular amount of imprinted site at which both enantiomers diffuse
with an equal but opposite effective transfer it is not at all a prerequisite
for diffusional transport to occur as the result of charge neutralization
and complexation. By carefully adjusting the amounts of imprint sites
to the values close to the discontinuity even small intrinsic selectivities
can be magnified to become large effective ones by a membrane [93].

In drug development, early information on human metabolism
of a new drug is critical in predicting potential clinical drug, drug
interactions and in selecting the appropriate animal species for toxicity
studies. The major metabolic pathway may be shifted, depending on the
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drug concentration used. Good absorption is one of the most important
criteria in selecting new drug candidates for development. Considering
a partition equilibrium of enantiomers by an MIP as carrier is still valid.
Thus, the carrier structure; complexation, aggregation or association
and their distribution, is not significantly influenced by the partition
process. If one can treat the MIP as a selector unit mimic, the binding
affinity of the MIP-template aggregation and penetration of the bound
template as the degree of partition into the system, or polymer. Its
dependence on the partition coefficient of the enantiomer between the
resultant membrane mass and MIP is then:

k
Pp=—02
R1+k

R

)

A dependence of the partition coeflicient, k, (and the polymer)
concentration, requires that the binding structure and their average
aggregation and association particularly the partition coefficients, k do
not depend on the amount of the polymer. This optimum k value again
depends on the relation between the mass transfer kinetics of the free
drug, by the imprint sites in a polymer [53,94].

In biological systems, phospholipids form bilayer, in which
the lipophilic tails line up against one another, forming a sheet like
lamellar membrane with hydrophilic heads, by which phase changes
can be induced at constant temperature by modulating chain packing.
The MIP, as the recognition factor with predefined selectivity, exerts
its influence by increasing the uptake of the targeted enantiomer
of a preferred substance into a solid layer, and not by increasing the
deposition of the substance. Differences in vehicle nature, tortuosity,
and construction of a gel network will affect template binding with
MIP in polymeric environment or the vehicle and thus its release rate.
The basis for molecular memory lies in the formation of a chiral print
molecule-functional monomer solution in the polymerization reaction.
The more stable is the enantiomer print molecule-functional monomer
complex, the greater will be the number, and fidelity of the resultant
synthesized MIP products. Chirally imprinted MIPs, in principle,
fulfill these major requirements and therefore may provide interesting
prospects for the development of the enantioselective transport with
target delivery by a means of molecular imprinting approach.

A single equilibrium has been considered, for complexation or
partition; given that the diffusional template transport and separation
of neutral and permanently charged enantiomers and MIPs can be
described. The fixed pH values are considered or the pH ranges may
be distant to the pK  values of weakly basic or weakly acidic groups
in the enantiomers and or flexible mobile carriers. As any change in
pH values that proximate to these pK, values will have a big effect on
the enantioselectivity. A similar treatment is required when combining
complexation and partition equilibria as for instance when using an
enantioselective MIP.

For weakly acidic and to weakly basic templates and MIPs,
respectively it is important to note that throughout, the pK_ values
are defined always in the direction of the deprotonation (dissociation
of neutral weakly acidic groups and deprotonation of the protonated
weakly basic groups); u,"* and y ™ =0). The complexation constants
of the neutral species are different from those of the corresponding
charged species, i.e., K, is unequal to K, and K, is unequal to K (and
accordingly, for the (S)-enantiomer; the intrinsic selectivity changes
when switching from a neutral to a charged species and can even be
inverted. If the four species involved for the (S)-enantiomer are SH
and R-MIP as well as SH-MIP and S-MIP, the complexation constants
are K, and K, (all items are analogous for the (R)-enantiomer). The

equilibrium constants for the dissociation of the free (noncomplexed)
enantiomers, K are equal, then the analogous equilibrium constants
for the complexed enantomers K . and K , are different.

The pH is now an additional and important tool for optimizing
separation. The equations allow one to calculate the effective mobility,
selectivity and effective charge as a function of the two variables,
polymer concentrations and pH. The parameter values of the non-
dissociated species of both enantiomers at very low pH values at
which the non-dissociated species are exclusively or far from being
predominantly present, and vice versa, by determining the analogous
constants for the dissociated species at high pH values at which the
dissociated species are exclusively present.

The accessibility of the binding site in vivo

The receptor is defined a binding site with structural specificity but
restrictive pharmacological deviation is to be preferred, although in any
case the factors involved in drug binding at a stereospecific site are the
same. Toward a flexible drug molecule, only a restricted conformation
or set of conformations is likely to bind to the active receptor site.
Alternatively, the rapid and straightforward layer synthesis also has the
advantage of allowing for the efficient design of imprinted cavity with
reversible binding and pronounced selectivity [95]. For percutaneous
absorption by the use of MIPs, the intracellular pathway through
the intercellular lipids, which water also penetrates via this pathway,
in fact this represents one of important route of administration of
pharmaceutical active ingredients and biopharmaceutical products
[96]. Therefore, many approaches have been considered so as to increase
entering at available accessed site after administration and percutaneous
absorption of such compounds to explore and rich physical properties
of soft two-dimensional materials, of which involves a large increase in
controlled diffusion efficiency [97]. The largest impact of the biological
sciences on nanotechnology may prove to be through the lessons
one can learn from biology, rather than from directly employing the
biological molecules themselves. To this end, it is important to support
research on various aspects of biomimetics, including activities in
which synthetic and biologically-based molecules are combined
in a chimeric fashion. It can be seen that nature’s biochemistry and
pharmacy is usually very specific. However, when we tries to design a
ligand to remove or mobilize a drug to produce a treatment, the best
we can hope for is selectivity, i.e. there will inevitably be some side-
reactions because more than the one desired enantiomer will be bound
in the imprint cavity. Or, drug application to the skin is steadily used
for local effects, also constructing dosage forms where passage through
the skin into the systemic circulation.

The enantiomer difference in affinity was frequently found to be
greater the higher the affinity of the more active enantiomer was, the
so-called Pfeiffer’s rule [98]. Most investigations have been directed
towards the production of enantioselective imprints, achieved by
means of this crucial stereochemically dependent interaction, to serve
for the specific target selectivity of a transported enantiomer. The
phenomenon of a selective release of therapeutic agents is derived
entirely from specific interactions with the immobilized template-
functional monomer sites. The eutomer of therapeutic agents are to
be selectively transported across the skin a better therapeutic response
might be expected relative to that obtained using a racemic mixture
of the drug. Other ways of delivering the drugs to targeted tissues
are therefore required, administered by topical administration in
pharmacologically active stereoisomer predominantly. There are three
ways of achieving by equilibrium competition for protein-enantiomer,
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decreasing the affinity of serum albumin, and stereoselective adsorption
and trans-membrane delivery of desired enantiomers into target site
for their therapeutic action.

The observed differences in chiral recognition between each of
separate enantiomers through the specific imprinted cavity on the
surface within the membranes with respect to differential interactions
lie in differences in skin permeation rates. Measurement of transport
rates, in a two phase system has been performed by which the test
membrane of two immiscible phases is created at the surface of a sinter
and solute transfer across the unstirred liquid and interfacial region
of the stirred measured: thinner filter (150 um) replaced, say the 3
mm-membrane, result interfacial transfer became more significant
and steady state fluxes were obtained rapidly [99]. There have been
reported on the interface layers led to differences in stereomeric
recognition of chiral molecules by an imprinted polymer surface [100].
The advantages of a greatly enhanced rebinding and accessibility due
to having the intrinsic underlying feature of the surface, overcome the
inherent thermodynamic hurdles associated with MIPs and allow for
improved mass transport characteristics. The introduction of imprinted
cavities acted an adsorbed molecule distributed onto surfaces can
facilitate transport across a membrane, for more control of the efflux
of the required enantiomer. The slightly removed drug templates
from a smoother surface from many tiny particles surrounded with
imprinted-polymer than polymeric environment, resulting in reduced
force of adhesion between functional group of both binding entities
providing reduction of disturbance of the binding sites and optimizing
an appropriate process of controlled drug release [101].

The permeation of topically applied chemical across the skin
has been subjected of considerable interest, both in the screening of
candidates for topical and transdermal delivery and for the evaluation
of cutaneous toxicity. Therefore, the tailored release of a drug continues
to be a challenging aspect for artificial recognition systems in vivo.
In addition to offering measurement of skin diffusion across excised
human skin appears generally to correlate well with in vivo data [102].
A number of animal models have been used to measure percutaneous
adsorption in vitro [103]. Bioavailability may be assessed by the
determination of the induced clinical response which, because it often
involves an element of subjective assessment, makes quantification
difficult. Measurement of drug concentrations at the receptor site is not
feasible; therefore, the usual approach is the determination of plasma or
blood levels as a function of time, making the implicit assumption that
these concentrations correlate directly with the clinical responses. An
invitro-invivo correlation (IVIVC) should be evaluated to demonstrate
that predictability of the in vivo performance of a drug product from
its in vitro dissolution characteristics is maintained over a range of in
vitro dissolution release rates and manufacturing changes. Developing
of IVIVC is to establish a predictive mathematical model describing
the relationship between an in vitro property and a relevant in vivo
response, the proposed evaluation approaches focus on the estimation
of predictive performance or, predictive error. Solubility and diffusion
in the vehicle are factors influencing the delivery rate of enantiomers
from racemic compounds. Further, any stereospecific interaction may
be subtle and readily overwhelmed if diffusant concentration is greater
than the capacity of the skin to differentiate between stereoisomers. As
in vitro experiments are useful tool during the development of dermal
preparations. Although it seem feasible the IVIVC approach has been
utilized to correlate skin permeation data to the in vivo drug profiles,
however standardization of experimental conditions are highly needed,
for instance the method, the calculated cumulative fraction of drug
absorbed at different time [104].

On the basis of the benefits of the molecular recognition based
on molecularly imprinted polymerization as abovementioned, were
developed for the discrimination within device for chiral recognition
applications and biomedicine. Owing to the high efficiency of the
method, offering possibility of creating tailor-made recognition
sites, new ways were opened towards a better understanding of the
various enantiomer selective release effects operative in aqueous
and under conditions mimicking physiological environment. The
self-organization of channels indicates an evidence of information
in physical features of the membrane, ie. protein, diffusion,
electrophoresis, membrane potential, channel conductance, may be
related to enourmous biological features [105]. Such interactions
must be considered in terms of partitioning and diffusion limitation,
the provision of interactive targets for the antimicrobial that compete
locally with those associated with the target organisms (reaction-
diffusion limitation), and the retention and organization of drug-
inactivating enzymes (enzyme-mediated reaction-diffusion limitation).
The considerations are nowadays inherent in the pharmacokinetic
modeling of the bioavailability of drugs in animals and humans in the
experiments proceeding with individual part or in whole body [106].

Skin metabolism has important implications in the pharmacological
and toxicological aspects of therapeutic agents that come in contact
with skin. Various aspects of the metabolism of pharmaceuticals and
xenobiotics in the skin have been studied, and it has been shown
that skin contains various enzymes including butyrylcholinesterase,
arylesterase and acetylcholinesterase which are capable of hydrolyzing
different esters. Despite genetic polymorphism in drug metabolism
is undesirable and can at times be problematic. The different enzyme
polymorphisms in drug metabolism and an inherited deficiency of
different drug-metabolizing enzymes could occur simultaneously
on the basis of probability. Genetic variants are known not only for
butyrylcholinesterase, but also for arylesterase [107]. However, it
should be emphasized that even if a large proportion of the metabolism
of a compound is subject to genetic polymorphism, this should not
influence its development as a drug. A catalytic (i.e. enzymatic) reaction
could lead to severe therapeutic penetration reduction, provided that
the turnover of substrate by the enzyme was sufficiently rapid. It has
been noted that cutaneous stereoselective hydrolyses that was superior
over by plasma and skin homogenate occurred. The stereoselectivity
on nature and biological function of the skin epidermis since the
reaction-diffusion limitation properties of the polymer matrix of
biomaterial could be significantly enhanced if it contained extracellular
enzymes that were capable of degrading the diffusing substrate [108].
In membrane-bound receptors, a wide variety of ligands, the peptide
and glycoprotein, the biogenic amines are associated coupling to
the enzyme. Moreover, transport processes are involved with either
electrical potential or nonreactive channels, which physical features
of membrane is hypothesized to be associated to biological features
of slim tiny living organism and nanoparticles can pass through. The
generating of imprinted material having high specific recognition with
mimicking biological enzymes, and that should have similar chemical
groups to those occurring in natural enzymes, even though the efforts
have to be paid resulted in enzyme activity, but there is need to make
the MIPs operate more effectively [109]. On the other hand, transport
in membranes by charged channel condensation is believed to involve
directly in electrophoresis in self-consist coupled the membrane
potentials to space and local conductivity derived from dynamics of
channel density which controlling of morphogenesis appearance
by well correlation in molecular and global properties of biological
significance regardless to channel density, reversal potentials and cell
size [110].
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Mechanism to enhance percutaneous drug delivery by MIPs

The partitioning of a drug, defined as the ratio of concentrations
between the vehicle and the membrane at equilibrium, depends on
both the drug and the membrane’s characteristics and which probe and
understand with more molecular detail is feasible when the examining
by spectroscopic method [111] or measurement by interfacing the
MIP layer with a biological barrier, or even a transduce for senor
measurement [66]. Whereas the mechanism of the phase behavior
was governed by repulsive electrostatics and attractive entropic forces:
a desirable amount of membrane bases was needed to reach the
critical concentration required for phase separation, shifting the phase
equilibriuminto the region of isotropic-chiral nematic phase coexistence
between chiral MIP material and membrane component. In Figure
4, it is a sketch of the ordered arrangement of the therapeutic agents
for specific adsorption on the imprinted layer as well as non-specific
adsorption showing the specific structure of adsorbed drug depends on
the balance between adsorption and adsorption energy of the imprint
[112]. The ordering of water molecules at an insulator surface responds
to the pH medium. The changing of pH the net charge on the polymer
surface determines order water layer and its orientation. Because
lateral compression of an ordered array of specific functional groups
at the surface yields pressure/area isotherms relating to intermolecular
interactions molecular species interacting with the respective MIP
present at the solid-liquid interface. This provides structural surface
in vacuum and the surface tension of solid/liquid interface on the
permeation of a drugloaded on the functional material and non-specific
layer across skin. This represents the areas of intriguing and rather
futuristic field of chemistry, which perspective lie, of course in the long
range. By the use of molecular non-covalent imprinting technique led
to the consequence of development in molecular and supramolecular
science and chemical biology of chirally active compounds in live cells
which offer feasibility of perspectives at the frontriers of chemistry
with physics and biology [113]. The following evidence obtained may
also be evaluated in the view of developing structure and biomimetic
properties to obtain substrate-specific MIPs make the possible future
uses for MIPs that would perform highly selective functions of
recognition, transformation, transfer, regulation and communication,
and allow signal and information process, it is really a challenging task

Polymer surface cb
@\ Fully solvated ion

Normal water structure

‘Water molecule
Imprint

Specifically adsorbed drug

Figure 4: A model of the solid/liquid interface with specific adsorption on
the imprinted layer and non-specific adsorption of the substrate, showing
the specific structure of adsorbed drug depends on the balance between
adsorption and adsorption energy of the imprint The structure of intact water
layer near polymer surface is formed (dash line) which is influenced by the
polar anchoring of the monolayer to the interface between polymer surface
and adsorbed species in case of specific adsorption on the polymer surface
and non-specific adsorption, respectively [112].

[114,115]. This implies operation via intermolecular interactions and
incorporation of the complex dimension into recognition events which
analogies with features of smart systems, thus linking processes of
artificial intelligence and molecular behavior.

As the conceptual framework has been progressively laid down
and very active task on molecular recognition, catalysis and transport,
together with extension to molecular surfaces and molecular assemblies,
is building up a vast body of knowledge on molecular behavior at the
supramolecular level. Studies have shown that each of three key lipid
classes is required for normal barrier function. For example, selective
inhibition of either cholesterol or fatty acid, or ceramide synthesis in
the epidermis delays barrier recovery rates after barrier perturbation
of hairless mouse skin in vivo. This demonstrates that the possibility
of species differences in transdermal enantioselectivity [116]. It holds
promise to create artificial materials that have chemical properties or
act as the potential of a selective inhibitor derived from MIP when
applied with disruption agent of the barrier [117]. Regardless of the
specific mechanism involved in the activation or deactivation of an
enzyme, the overall result is the same which this leads to change in
the treatment for agents used in the treatment of some of skin diseases
bacterial, fungal, parasitic, and viral infections and chronic diseases
such as cancer [118]. A change in receptor shape (i.e. protein, peptides)
leads eventually to the activation (or deactivation) of enzymes. Since
enzymes can catalyze the reaction of a large number of molecules, there
is an amplification of the signal. Substantial biotransformations have
been observed during the absorption process of a pair of stereoisomer
with difference in stereospecific interaction. Sometimes drug designed
against a specific target become less effective over time. Since cells have
a highly complex system of signaling mechanisms, it is possible that the
blocked of one part of that system could be by-passed. With cutaneous
drug metabolizing enzymes, have an imperative role in the barrier
function of the skin, any chemicals that are applied to be the surface
of the skin will, during the course of penetration and translocation
through this organ, be exposed to various biotransformation systems
[119]. However particles pass through the film, they leave sensitized
tracks where the chemical bonds break; the role of binding in hydroxyl
groups on the structure is known which they are commonly involved in
hydrogen bonding. The thought is that the proton of the hydroxyl group
is involved in the hydrogen bond to the receptor and if it is removed
the hydrogen bond is lost. Converting such a group to methyl ether
or an ester is straight forward and will usually destroy or weaken such
a bond. With molecules or small particles larger than the rated pore
size the chemical bonds of these molecules break, will be they usually
operate of osmosis if exceed the osmotic several salts as a function NaCl
will have an effect [120].

As a flourish interest of applications of MIPs in dermal drug
delivery, mechanism of biochemical pathways and identifying drug-
enzymes in the skin responsible to stereoselective events of chiral
pharmaceutical substances is of importance that play important role
in drug discovery research [121]. Metabolism by the skin can both
reduce the local and systemic exposure to potentially toxic species and
also lead to the generation of reactive species which may bind to skin
proteins. Molecular imprinting which represents a novel method that
are valuable tools for pharmacokinetic studies and even searching of
drug candidates; as selective and potent inhibitors for skin and other
metabolic enzymes this is valuable facilitating drug design and speed
up in development and discoveries of drug [31,122]. They enable the
identification of cutaneous enzymes that are responsible for drug
metabolism when they come to contact the skin and can be applied
to testing in tissue preparations [31]. The latter composite membranes
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could be developed toward tailored separation membranes, e.g. using
MIP microgel as fixed or even mobile carriers, or toward catalytically
active membrane-based on the immobilization of enzyme-mimicking
MIPs. Membrane-immobilized proteins, receptor sites density may
even be higher for MIP layers. These represent a crucial challenging
in biological evolution and present a promising to chemistry.
Furthermore, selective inhibitors can be used to elucidate drug-drug
interactions and for the identification of enzyme polymorphism.
Biochemical approaches via molecular imprinting technologies may
cause a further boost in drug delivery, primarily attributed to protection
form stereoselectively or selective metabolizing enzyme and to alter
permeability barrier as feasible approach. The scientific design of
imprinted materials for the delivery of the drugs are available and even
drug candidates in biological screening test, enhancing transdermal/
transcutaneous delivery of pharmaceutical agents, provides that
potentially develop safer, effective alternatives to drugs and minimize
potential side effects.

Conclusion and Remarks

The development of new, highly selective chiral MIP for active and
selective bioactive agents or biopharmaceutical substance recognition
selectivity, has evolved to a skill integrating many disciplines such
as organic chemistry, physical chemistry and biochemistry, closely

interlinked in biology in its widest understand and wisdom. As such,
modern advances in material sciences are now predicated upon the
rationale strategies that create tailored pre-defined recognition sites
for a specific target and engineered to have characteristics that mimics
to normal biological functions. To obtain the desired information
about the analyte molecule with a certain degree of confidence, it is
necessary to develop efficient methods. In concert with combinatorial
approach, the strategies of integration of molecule-imprinted
polymer functionalization within a biopolymer is also providing
opportunities of improving bioavailability of desired enantiomer of
chiral pharmaceutical active compounds to overcome the limitation
of biological barriers. In order to achieve the performance goals,
further improvements of the preparation of surface immobilized
MIP on nanostructures, or thin layer will be most effective approach.
However any additional biological responses from having interfacial
contact with the membrane system must be considered, particular
for metabolized enzymes and suppression of the pathological defense
mechanisms e.g. any immunoresponse and/or complement activation,
yet at the same time produce a minimum cell toxicity. Hence emphasis
on chemistry is consistent with the notion that recognition and
specificity are usually characteristic motifs used throughout biology.
Importance of analysis method is required for a molecular level and
network characterizations of such materials. Increasingly the chemical

Guidelines
The scientific design for the implement of bioanalogous recognition abilities into a material to elucidate the forces that control guest

interactions.

Design and creation of a recognition cavity is especially important, to implement the functionality of necessary stereochemical feature in
artificial materials, and the discriminatory capacity of the specific sites.

The chemical engineering design of recognition system influences on the physicochemical properties of re-uptake and release of the
initial stereoisomer template in a polymeric environment are needed to overcome for limitations.

The generating MIP material to achieve appropriate orientation at a catalytic of appropriately aligning with either the active or stabilization
domain, yet rotational position and assist to pinhole compounds of different molecular entities but sharing a common target.

Parameters for chiral recognition by MIP-based matrix relate to: resolution, control of release and the robustness of the designed

systems.

The ability to discriminate chirally by an imprinted chiral agent is complementary principles concern the charge distribution at the
interface of the interacting molecules and the spatial structural arrangement.

Tighter binding (higher affinity, K) between one enantiomer and the functional monomer might be a source of reduced mass transfer and

thus a slightly higher mobility of the complex.

The selectivity maximum to a higher concentration of the selective site when the template-MIP complex was decreasing, conferring to the
absence of a differentiable maximum value at finite concentrations when the effects of association of the template species or the bound

MIP were zero.

Molecular imprinted
receptor strategy

The biomaterials and self-assembly of the complementary functional groups by polymerizing monomeric components containing a given
template into a confined entity as a result of direct the generation of organized functional structures in equilibrium conditions.

The creating molecular recognition in material, where combined approach to the use of a material can selectively recognize and respond
to variations in the analyte concentrations and trigger a controlled level of active determined by this molecular recognition event.

The mechanisms, of the extent and consequences of receptor co-localization and inter-receptor communication may significantly
enhanced the understanding how a protein receptor and enzyme activity in their skin and elicit luminescence or fluorescence

The presence of the fluorescent MIPs having a fluorophore stemming in the imprinted cavities make them amenable to mechanistic
scrutiny by fluorescence spectroscopic techniques could be visualize through skin.

Growing the nano level to the meso level and the macro level with internal structural organization for MIP nanostructure incorporating
within support membrane, template binding to imprinted sites can either change the pore network, therefore altering membrane

permeability.

A certain thickness of membrane for optimizing the process and mismatching of the membrane perturbation energy that will not affect
the functionalization of the selective materials. And, the chiral molecularly imprinted microspheres are shown to have distinctly different
responses, and alterations of the cell surface in addition to those obtained by adding the parent compounds.

For stereoselective and trans-membrane transport The rationale for designing the binding agents involves the therapeutic effect of its
administration arises from an increase in the plasma concentration in body compartments and this increase is fostered by the desired

enantiomer found in plasma that can diffuse into fluid.

Nuclear magnetic resonance (NMR)

Characterization of Fourier transform Infrared spectroscopy (FT-IR)

recognition ability of MIPs
Fluorescence spectroscopy

Table 1: The guidelines for the construction of a synthesized recognitive network for potential application for dermal drug delivery.
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scientist is seeking ways to physically control biological responses
related to a greater understanding of the various understanding of the
different biological process in which receptors at membrane surface are
involved, affecting the delivery of drugs. Methods have been developed
to fabricate biopolymers that biopolymer-based products have been
shown to link to vital interactions between polymers and biological
systems, and that cover a wide variety of differences in bioactivity, yet
produce a method for new processing. Material and polymer-tissue
interactions indicate that the precise tailoring of physicochemical
properties will be essential for future progress in the chiral recognition
of drugs. Molecular imprinting has interesting implications for
chiral drug delivery which is used as a model to study a means for
administering single enantiomers from a racemate delivery through
the skin to the circulation. It is a possible way to direct a flexible
functionality in a minor abundant conformation adaptability at which
synthesizing of recognition site through native interactions of chiral
print molecules that are complementary to the imprinting mixture.
The development of this approach allowing rapid characterization of
chemical and pharmaceutical properties of the biologically important
compounds represents an exciting new advance in the pharmaceutical
sciences, which not only can lead to an improved understanding of
the biological barriers that limit the effectiveness of drug candidates,
but which can also expedite the process of optimization of imprinted
polymer materials to produce dermal or transdermal drug delivery
system (Table 1).
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