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It’s my pleasure to recommend Ravichandran Manisekaran’s Doctor of Sciences
research work for publication in Springer Theses. This thesis describes the scientific
achievements made during his doctoral program at the Centre for Research in
Nanoscience and Nanotechnology, and the National Polytechnic Institute
(CINVESTAV-IPN), Mexico City. This work was devoted to develop a multifunctional nanoparticle system to enhance the chemotherapeutic efficiency of anticancer
drugs.
The field of nanotechnology opens up a new platform for all sciences. In recent
years, the functionalization of core-shell nanoparticles has attracted major attention
through its applications in biomedicine. Hence, his research work focused on the
design, synthesis, and characterization of gold-coated iron oxide core-shell nanoparticles and evaluating its biomedical application for cancer theranostics, i.e., as a pH
responsive drug delivery system, MRI contrast agent, and microwave-mediated
hyperthermal agent. Magnetic nanoparticle based technology is considered to be one
of the most innovative tools, for curing and treating many diseases; it’s also considered as next-generation multifunctional nanoparticles involved in probing, monitoring, and treating tissue-devastating disease.
In order to enhance the efficiency of these nanoparticles, gold shell was employed.
Apart from this, it also provides a path for various surface functionalization, importantly protecting the core from aggregation, oxidation, etc. The important highlights
of this research work is able to control the size, shape, composition, and surface
chemistry of nanoparticles.
This system acts as a contrivance encapsulating drugs for synaphic delivery only
to the diseased site. This zombie specifically migrates towards the pathological site,
thus decreasing the dosage and inimical side effects associated with nonspecific
uptake of drugs by normal cells. The designed nanoparticle complex works efficiently as a three-pronged paraphernalia which can be exploited as multimodal
imaging particles, synaphic delivery of drugs and on exposure to microwave, the
drug released is enhanced along with heat production in the cancerous milieu leading
to killing of cancerous cells.
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and corner of the body fluids and tissues, thus causing difficulty in identifying the
mischievous cell. While conventional treatments, such as radiation, surgery, and
chemotherapy are successful they come with detrimental side effects affecting the
healthy cells as well. Thus, the nanoparticle complex can be used to identify and
treat specific cancerous cells without having the same harsh side effects.
The research outputs of different nanoparticles have been published in peer-reviewed
journals such as Nature Scientific Reports, International Journal of Pharmaceutics,
and RSC Advances. Therefore, the publication of this thesis can extensively encourage
more scientific research in the field of nanomedicine.
Mexico City
June 2017

Velumani Subramaniam

Preface

Medical scientists in the field of nanomedicine are exploring novel hybrid nanomaterials for efficient designing of multifunctional nanoflotillas [1]. Over the past few
years, the combination of magnetic and plasmonic nanoparticles has drawn major
interest due to their unique characteristics [2]. Undoubtedly, iron oxide nanoparticles were considered as an efficient flotilla, and the engineering of such a biomedical platform with a biocompatible surface coating, usually gold shell, provides
stabilization under various physiological conditions. This modular design enables
these nanoparticles to perform multiple functions simultaneously, such as in multimodal imaging, drug delivery, and real-time monitoring, as well as combined therapeutic approaches which serve as one of the most promising candidates for various
biological applications [3].
In this thesis we have developed a multifunctional magneto-plasmonic core-shell
nanoparticle by single and iterative seeding based methods. This nanocargo consists
of an iron oxide nanokernel (Fe3O4, CoFe2O4, MnFe2O4) as a core and multiple layers of gold as a functionalizable active stratum. Gold-coated iron oxide nanokernel
helps in augmenting the physiological stability and enhancing surface plasmon
resonance property. We have also proposed a novel aspect of site-specific targeting
of Doxorubicin using iterative core-shell nanoparticles as a nanopayload and folic
acid as a targeting agent for cancerous cells. The gold coating and difference in shell
size and shapes, have been well explained using XRD and HRTEM. HAADFSTEM and line mapping confirms the formation of core-shell structure. One single
layer of gold offers the capability of binding drugs, but multiple coating further
augments the physiological stability and tunes surface plasmon resonance as well as
dielectrics for proficient loading of drugs as well as pH-dependent release in specific microenvironment. The functionalization of folic acid and Doxorubicin was
confirmed by UV-Visible spectroscopy, FTIR, and TGA which confirmed the formation of noncovalent interactions. SQUID explained the efficacy of iterative
method by confirming that even after the gold coating, the core-shell nanoparticles
were highly superparamagnetic. The stability of nanoparticles was scrutinized by
measuring the zeta potential, which was found to be in the range of −5 to −40 at
different pH. The nanoparticle complex was found to be nontoxic for normal cells,
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xiv

Preface

and considerably toxic for Hep2 cells detected by confocal microscopy and MTT
assay. The drug loading capacity was found to be more than 80%. The targeted
delivery of Doxorubicin using gold-coated iron oxide nanokernel as a nanopayload
is demonstrated in this thesis. Drug release was carried out at three different pH like
5.4, 6.8, and 7.4 and found that at pH 5.4 the release is maximum which is favorable
for cancer cell treatment. Doxorubicin release kinetics profile has been fit based on
Zero-order, First Order, Higuchi, and Hixson-Crowell model. MRI showed that
core-shell nanoparticles possess enhanced T2 contrast for imaging both normal and
cancer cells. Microwave-based magnetic hyperthermia studies exhibited an augmentation in the temperature due to the transformation of radiation energy into heat
at 2.45 GHz. There was an enhancement in cancer cell cytotoxicity when hyperthermia combined with chemotherapy. Hence, this single nanoplatform can deliver
3-pronged theranostic applications, viz. targeted drug delivery, MR imaging, and
hyperthermia. This drug delivery system can act as an efficient nanocarrier in the
cancer micromilieu for synaphic targeting, diagnosing, and killing of the cancer cells,
thus rescuing the life of patients.
Mexico City, Mexico

Ravichandran Manisekaran
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