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ABSTRACT

Therapeutic proteins are useful for the treatment of different diseases such as cancer, diabetes,
and immune disorders. The short life of proteins encourages the use of carriers for the delivery
of therapeutic proteins. An efficient carrier should be capable enough to control the protein
release. In addition, a controlled protein delivery system can also reduce the side effects and
the high cost of the therapy. High encapsulation and controlled release of cancer and
tuberculosis drug using folic acid (FA) as a nanocarrier encourage to develop a FA-based
protein delivery system. The larger and complex structure of therapeutic proteins as compared
to many other drugs motivate to investigate the FA nanoparticles for protein delivery
application. Therefore, the feasibility of FA as a nanocarrier for controlled delivery of protein
is explored in this project.

An understanding of the behaviour of FA self-assembly after addition of protein is
essential to examine the applicability of FA carrier for the protein delivery. Hence, an
investigation of FA self-assembly and FA-protein interaction was carried out before the
synthesis of protein loaded FA nanoparticle. Proteins such as bovine serum albumin (BSA) and
insulin are used for all experimental work in this project. Fluorescence emission study has been
carried out to investigate the behaviour of protein in the presence of FA molecules. This study
indicate about the associative interactions between the components in FA-protein mixture.
Molecular dynamics simulations confirm FA-protein association and indicate that the aromatic
rings in the structure of protein and FA are the probable sites of associative interactions
between FA and protein. Ordered structure of FA has also been investigated in the presence of
various guest compounds having aromatic moieties in their structure such as insulin, BSA and
tryptophan. Studies using X-ray diffraction technique were able to show that FA self-assembly

remains unaffected even after the addition of any guest compound.



After interaction studies, protein loaded FA nanoparticles were prepared using the
emulsification process followed by crosslinking using ZnCl, salt. First, studies with FA
particles loaded with model protein (BSA) has been carried out, then insulin (therapeutic
protein) encapsulated FA particles have been prepared and characterized. The studies with
model protein show that the size of the BSA loaded FA nanoparticles was in the range of 200
to 300 nm. These nanoparticles were further characterized by studying the release behaviour
of BSA from FA formulations. The release study of BSA from FA nanoparticles was performed
in 0.08% NacCl, 0.8% NaCl, and phosphate buffer saline. The quantification of BSA has been
carried out using high-performance liquid chromatography during the release study. The
release analysis suggests that more than 90% of the encapsulated BSA under the nanoparticles
(having BSA loading as high as 57% (wt/wt)) is released within 48 hours of release study when
phosphate buffer saline was used as release medium. Release results indicate that cation
concentration in the release medium plays an important role in the release mechanism.
Crosslinked cations on the nanoparticles are found to be the key parameters to control the
protein release. Thus, FA nanoparticles were found to be an efficient carrier for protein
encapsulation and controlled release with minimum drug loss.

Insulin-loaded folate nanoparticles were synthesized using the same synthesis process
as in the case of BSA loaded FA nanoparticles. The particle size study shows that the size of
these nanoparticles was in the range of 100 to 250 nm. The size of insulin-loaded nanoparticles
remains smaller than BSA-loaded nanoparticles due to the smaller size of insulin as compared
to that of BSA. More than 90% of insulin was encapsulated in these nanoparticles, with protein
loading levels up to 73% (wt/wt) of the FA used during synthesis. Crosslinking salt and FA
concentration are found to be the key parameters to control the insulin release. More than 95%

of the total FA and protein was released in the release medium within 24 hours of the study.



A separate investigation of FA release along with insulin/BSA release from the
nanoparticles reveals that the particles are formed through the folic acid-protein complex. The
similarity between FA release pattern from BSA and insulin loaded FA nanoparticles indicate
that the drivers responsible for protein loaded FA particle formation remain same irrespective
of the protein structure. The insulin release results fitted well to reciprocal-powered-time
model. The investigation of release rate from modeling reconfirms that the protein release from
the particles depend on the FA molecules in the surrounding of protein. Thus, the release results
from this project are sufficient to prove that controlled release of the protein is achievable

through FA nanoparticles with minimum loss of protein.
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F Fluorescence intensity of fluorophore with quencher
[Q] Concentration of quencher

K Binding constant (M)

A Angstrom (10-1° m)

0 Angle (degree)

F Fraction of protein released

K1 Constant

X,y Powers

t Time

Acronyms

Arg Arginine

BSA Bovine serum albumin

CMC Critical micelles concentration

DI Deionised

DLS Dynamic light scattering

E.coli Escherichia coli

XXi



FA

FRET

Gl

HPLC

HPMC

HSA

lle

Leu

Lys

MD

MB

Phe

PBS

PVA

Pro

RDF

TEM

TFA

Trp

Tyr

Folic acid

Fluorescence resonance energy transfer

Gastrointestinal

High performance liquid chromatography

Hydroxy Propyl Methyl Cellulose

Human serum albumin

Isoleucine

Leucine

Lysine

Molecular dynamics

Methylene blue

Phenylalanine

Phosphate buffer saline

Poly vinyl alcohol

Proline

Radial distribution function

Transmission electron microscopy

Trifluoroacetic acid

Tryptophan

Tyrosine
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XRD X-Ray Diffraction
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