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Abstract

Magnetic carbon nanotubes with magnetic imprinted polymer (MCNTs@MIP)
extraction techniques are great current interest for the determination of active
pharmaceutical ingredients. Magnetic carbon nanotubes (MCNTs) can be manipulated
by magnetic fields, so that when functionalized, they can be used for the purification
and separation of biomolecules and even whole cells. The aim of this study was to
understand the interaction between carbon nanotubes (CNTs) and active pharmaceutical
ingredients and evaluate the drug-loading ability of CNTs. Molecularly imprinted
polymers (MIPs) are artificially synthesized polymeric materials, each of which
contains a large number of cavities that are complementary in terms of shape, size,
and functional groups present to a specific target molecule. Therefore, MIPs show the
ability to recognize specific molecules, and high binding affinities for these target
molecules. In recent years, MIPs have been widely used in various fields, such as
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separations, sensors, and catalysis.

Abbreviations: MiIPps, molecularly imprinted polymers;
MCNTs@MIP, magnetic carbon nanotubes with magnetic imprinted
polymer

Introduction

The drug discovery and development process has undergone
dramatic changes particularly in the last decade. Progress in drug
discovery has been fuelled by improvements in methodologies
and technologies including automated high performance liquid
chromatography (HPLC), LC-MS/MS, GC-MS/MS LC-NMR and
high throughput purification methods."> At each phase of drug
development the analyses of varieties of samples are performed
to adequately control and monitor the quality of the prospective
drug candidates, excipients, and final products, which require
bioanalytical as well as impurity profiling methods. Effective and
fast method development is of paramount importance throughout
the drug development life cycle. In view of the continuous demand
for bioanalytical methods in drug discovery and impurity profiling
method for maintaining the quality and safety of drugs, their analysis
represents several problems and poses many challenges to analytical
chemists. For instance, the administration of drug dosage to the
animals is small. It leads to decrease in concentration levels of drug
and its metabolites in biological samples like blood, serum and urine
etc. Thus determination of trace level drugs in such complex biological
fluids requires efficient sample preparation procedures prior to their
separation, detection and quantification.*

Today, the analytical methodology is in a period of transition due
to technological advances and modified policies of the governmental
regulatory agencies. In view of above strategy current analysts and
researchers are following Magnetic Carbon Nano Tubes with Magnetic
Imprinted Polymer (MCNTs@MIP) extraction techniques. Magnetic

separation technology has received considerable attention in recent
years for its great potential application in cell separation, drug delivery
and enzyme immobilization. It can provide the easy removal of
template, high adsorption capacity, low mass transportation resistance,
and fast adsorption kinetics by applying appropriate magnetic field.
The chemical, mechanical and thermal stability together with high
selectivity for template molecules, molecularly imprinted polymers
(MIPs) have been utilized for a wide variety of applications, including
chromatography,’® protein separation,® solid-phase extraction,” drug-
controlled release® and sensor devices.”!° The imprinting technique
is a well established and simple technique for synthesizing materials
with specific molecular recognition properties. Although the bulk MIP
prepared by conventional methods exhibits high selectivity,! some
disadvantages were suffered, such as the heterogeneous distribution
of the binding sites, embedding of most binding sites, and poor site
accessibility for template molecule.'?

To resolve these problems, scientists have made efforts to
prepare core—shell structural MIP. By preparing the MIP film on a
solid—support substrate, the surface-imprinting technique provides
an alternative way to improve mass transfer and reduce permanent
entrapment of the template. In previous investigations, SiO,, "* TiO,"
and Fe,0,"" have been widely used in the surface imprinting process.
Recently, in order to avoid leakages and fragility of traditional support
materials, special attentions have been directed to combine magnetic
nano particles (MNPs) with nano sized materials such as carbon nano
tubes (CNTs) for magnetic carbon nano tubes (MCNTSs) preparation
(Figure 1). Various MCNT synthetic methods have been described in
the literatures. These nano materials including molecularly imprinted
polymers (MIPs), M-MIPs, carbon nano tube (CNTs), magnetic-CNTs
(M-CNTs) and magnetic-MIP-CNTs can absorb drugs and other bio
molecules by forming stable covalent or non-covalent bonds between
nano materials and analyte.'® Among these nano materials, magnetic-
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Current trend for the accurate determination of active pharmaceutical ingredients in blood, serum and

urine samples by Mcnts@MIP using chromatographic techniques

MIP-CNTs seem to be the best candidate not only for drug delivery
system in therapeutics but also for SPE in drug analysis. Magnetic
molecularly imprinted polymer is a spherical polymer endowed
with magnetic properties.'”” They have highly selective binding
characteristics to the target template and homologues. The proposal of
preparation of MCNTs by a simple solved thermal process, which can
easily alter the size (100-350 nm), location and denseness of Fe,O,
beads, fixed on CNTs as well as the MCNT structure via controlling

the reaction parameters.'®
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Figure | Procedure for preparing magnetic protein imprinted polymers.
Work flow

a. Synthesis of MCNTs (magnetic carbon nano tubes), synthesis
of MCNTs@MIP (molecularly imprinted polymer based on
magnetic carbon nano tubes), study of the capacity of the MIP,
binding experiments, adsorption selectivity, characterization,
binding characteristics of imprinted materials, applications to
biological materials like rat serum sample analysis for some
new API drugs and its metabolites using liquid chromatographic
analysis.

b. Development of bio analytical method for the determination
and quantification of API in adsorbed MCNTs@MIP by liquid
chromatography.

c. Finally to provide a more sensitive, selective, rapid and versatile
method for the new API molecules than other analytical methods.
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