Introduction

1. INTRODUCTION
Today nanomedicine is proving their efficacy in many diseases. These technologies are new but
quickly increasing day by day. In this science materials the nanoscale range are utilized for the
drug delivery purpose'. In disease contrast the major challenge is large sized drugs, there
delivery and concentration at targeted site that includes the poor bioavailability, in vivo
unsteadiness, and insufficient solubility that affects the absorption of drug in the body. The issue
through targeted delivery not only reflects efficiency but adverse effects too. In these
consequences recent approaches of targeted delivery may be a good option 23,
1.1 Nanomedicine
is a promising field employing the usage of scientific information’s through methods of
nanoscience in disease management. Applicability of nanoscience is increasing day by day that is
in nanorobots, nanosensors in dignostical kits which are not only providing treatment but health
awareness too amongst the global population. Applicability of = nanoparticle-based method
reported which is having combined approach i.e. disease management and imaging modes for
diagnosis puposes4, this increases the applicability of mineral nanoparticles focused on specific
delivery of drug. Nanoparticles seemingly give support to drugs from the destruction of
gastrointestinal acid secretions and show usefulness in drug delivery of frugally water-soluble
drugs.
The available research data suggest that Nanodrugs have higher oral bioavailability due to uptake

method of absorptive endocytosis.
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The Nanoparticles reside in systemic circulation for longer duration which enables release of
complex drugs as per specific doses. These findings reduce the adverse effects and fewer plasma
fluctuations’.

The nanosized particles enter the tissues and provide the drug uptake through cells which give an
effective delivery of drug with targeted therapeutic achievement. The drug acceptance through
cells from nanoparticles is greatly than large particles with various sizes between 1 and 10 pm®”.
More ever, the targeted action of nanoparticles assures therapeutic efficacy with lesser toxicities.

The applicability of nanoparticles in drug delivery is related to physicochemical features of drugs
therefore the natural bioactive compounds with nanoscience are growing quickly. It gives
advantages and specificities to deliver the drug at targeted sites.

It is applicable for those drugs which are having poor solubility, lesser absorption can be targeted
with these nanoparticless.

1.2 targeted drug delivery system

The basic rule that is applicable in the optimization is the therapeutic goals of drug with
minimization of toxicities due to target related to dosages, molecular bases and concentrations at
different sites’.

The receptor targeting by drugs all the way through optimized drug delivery techniques is not the
only way to achieve or enhance the therapeutic goals, however it’s also important to decerease

the toxicities related to low therapeutic index and elevated doses'’.
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The applications of targeted drug delivery in many treatments and diagnostic procedures such as
cancer , ocular and brain delivery, vaccines, radio imaging, transdermal delivery and many

more.

1.2.1 Carriers used commonly for Targeted Drug Delivery

. Colloidal Carrier drug delivery system
These are nano scaled targeting vesicular dosage form, which includes noisome, multiple
emulsions, liposomes, and nanospheres. They are helpful in improving the of drug efficacy also
decreasing its toxicity. They are very important and promising entities basically essential for
effective passage of drugs. It is the drug vectors, which appropriately deliver and hold the active
drug to route of administration, although they deliver it within the area of targeted site'".

o Vesicular Carrier Systems
Nanosomes are one of the recent advancements in these carrier systems. The different forms of
nanosomes are ethosomes, liposomes, transferosomes, niosomes. These all are vesicular carriers
nanosome according to modifications in their structure, however their individuality and

concentration throughout preparation and storage proposed for therapeutic applicationslz’ B,

o Microparticulate Systems
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The microparticulate systems are based on minute sizes such as micro liter and millimeter on
scale. The role of micro-particulate system is the enhancement in bioavailability of predictable
medicines and to reduce the toxicities. The examples of micro-particulate systems are NPs,
magnetic microspheres, and microparticles'*.

Polymeric Carriers
In formulation development polymer is one of important parameter as polymers have unique
properties which have not accomplished by other ingredients. The advancement in polymer
technology leads the progression of numerous NDDS, with specificity of surface and bulk
properties that contribute the dosage form more effective with lesser toxicities. The Polymer
technology is an important tool in advancement of drug delivery, as they give direction in
delivery of excipients that allows controlled and targeted delivery of medicament'”.

Polymeric micelles
Polymeric micelles are nanosized structures which are having hydrophobic center and a
hydrophilic covering, in which encapsulation of drugs are in the central part. The polymeric
nanovesicles structure suggests bilayer in aqueous center which facilitates dividing the center
from the exterior middle. The encapsulation also prevents the interaction between hydrophilic
drugs and hydrophobic molecules inside the membrane; as a result these vesicles have the

potential for delivering the incompatible drugs like proteins, anticancer drugs, and genes e

° Dendrimers
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Other types of polymeric carriers are dendrimers which is used for drug targeting purposes. The
dendrimers are mono-dispersed macromolecules which are having fit expressed and multi-
branched structures with bulbous units. They contain three parts on functional basis that is
central point, functional groups on external surface, and interior branching units.

The polar and non polar drugs targeted in dendrimers through electrostatic interface in addition
to hydrophobic division. In dendrimers active medicaments are bounded with inner shell by
covalent linking to outer groups. Nucleic acids and Gene plasmids are illustration which can link
during electrostatic interactions. The release of drug is firmed by the character linkage”. The
essential parameters for dendrimers are particle size, rigidity, surface, shape, flexibility,

structural design and rudimentary composition should be considered'®.

o Monoclonal Antibodies

They are showing good results as beneficial agents in targeting delivery for various diseases, like
cancer and viral/bacterial infections. The monoclonal antibodies are helpful in the disease
management through conjugation among anti cancer drugs, bacterial toxins, enzymes
radioisotopes, cytokines, and for targeting of tumors. Today human monoclonal antibodies are
being formulated as anticancer drugs. The first human monoclonal antibodies adalimumab is
convincingly approved for clinical use'”.

1.2.2 Drug targeting types

J Active Targeting
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The challenge with active targeting is to determine the suitable targeting agent, selectivity
and transport nanoparticle systems to cancerous tissue site. The strategies are based on
the targeting agents’ or ligands’ ability to attach to the cancer cell. The interactions lead

to beneficial delivery the therapeutic on the tumor-specific regions™.

. Passive Targeting
In passive targeting the drug targets are available in systemic circulation and they work
through the systemic physiology based on physic-chemical distinctiveness of drug which
will depend on the concentration of drugs at targeted location, like in tumor tissue for
anticancer drugs®'. Nanoparticles are mostly used in passive targeting as a carrier for the
targeted delivery which strengthen noteworthy concentration of the drug in targeted level
the process is through slow lymphatic drainage the EPR effect™.
. Inverse Targeting

This drug targeting is based on passive uptake of the colloidal carrier through reticulo-

endothelial systems.

Dual Targeting

This targeting is based on carrier mediated delivery of molecule by means of its own

beneficial activity and therefore escalating the curative effect of the drug23 .
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. Double Targeting
The targeting is based on combination of sequential and spatial methods i.e. structural position to
precise location and sequential delivery at a restricted rate.

. Combination targeting
This method is facilitated by delivery on targeted sites by means of carriers and other devices of
molecular specific which provide direction to reach at targetlg’ )

. Physical, Biological and Chemical Targeting
In Physical targeting is based on various parameters like size, composition, or other characters
not especially intended for the direction of a natural receptor.
Chemical targeting includes delivery of drugs on targeted sites at all the method through the
utilization of prodrugs at specific site. Mediator agent can be bound for the region through
enzymes or chemical reactions with the aim to guide them for the targeted delivery of drug and
vehicle.
Biological targeting permits the delivery of antibodies, peptides and proteins, other bio-molecule
in a precise way. Gene appearance is able to mark to zones for the cellular level explicit
supporters in body systems™.

o Specific and systemic Targeting
In systemic targeting the drug delivery is through curative systems based on a persistent route

like i.e. administration of nano-technological structures. Local targeted approaches are aim to

deliver the drug at the local site. These systems transport the drug through blood circulation after
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the completion of distribution but main restrictions of this system take place in toxicities of drug
in specific tissue *°.
. Targeting based on Location and Disease

Targeting the drug in intracellular is the best method i.e. gastrointestinal, brain, and respiratory
tract targeting are a number of model of site specific targeting. The Intracellular drug distribution
of proteins, nanocarriers, and Abs, permits the efficacy through nucleus or specific organelles.
Various drug release systems have been employed with target specificity to the gastro-intestinal
system. For treating tumors and other infectious diseases, disease-based targeted delivery is
preferable to polymer based drug delivery like dopamine-liposome conjugates. It is possible to
treat infections with nano-DDSs as an alternative to antibiotics. Designing of nano vaccines for
accomplish superior targeting and enhanced cellular reaction is a new vision. Some important
pathogens are targeted with specific and specialized approaches to prevent their persistence

. . . . . 2 2 2
inside cells; that can be seen in the structures of antimicrobial agent’s nanoparticles > %27 *428,

J Carrier Systems, Vehicle for Targeted Drug Delivery
In addition to specific carrier systems, TDDSs require specific targeting mechanisms by
encapsulating or bonding with a spacer moiety. These drug-delivery vehicles are utilized as
carriers for example lipoprotein-based carriers micelles, liposomes, and NP-based carriers™".
The unique characteristics requires for carriers in delivery of drugs i.e. should be steady,

biodegradable, biocompatible, and released out of the body and should not affect homeostatic

parameters. The release of drug and biodegradation of polymer are vital steps in formulating the
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nano-sized system. Other parameters such as diffusion, and solubility are necessary for drug
release procedure 3,

1.3 Cancer

Cancer is the growing concern as it causes fatality across the globe, in the times past, many
researches showed their interest in finding novel therapeutics to decrease the adverse effects
related to available treatments. During the disease progression, tumor proliferates that creates a
varied inhabitant cells distinguished by dissimilar structures and the various responsivity to
treatments”>. The Identification of important genes involves in tumor genesis and spread of
cancer is key parameters for understanding pathophysiology of disease and finding therapeutic
goals. Various researchers worked for identification of cancer biomarkers™.

The most common cancers in males are in respiratory, excretory and urinary system related;
however in women, respiratory, endocrine and reproductive system related are reported *,

1.3.1 Pathogenesis of cancer

The disease pathogenesis based on the different forms of cancer i.e. primary cancer and
secondary cancer”. Tumor means growth of unusual cell that is neoplasms, can be malignant,
according to the findings the benign tumors are specific to small area but the malignant tumor
can move and metastasize to other parts of body.

The findings suggest that proteinase an enzyme secerated by metastatic cancer cell, degrade
proteins and help in the movement of these cells to other locations 3,

The angiogenesis process leads the removal of cellular waste from the blood and oxygen. In

disease hypoxic conditions cause the induction of some proteins such as HIF-1(hypoxia
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inducible factor-1lalpha) which results in the increase expression of vascular endothelial growth
factor >,

1.3.2 Role of immune system in cancer

Our immune system is enriched with different compounds and molecules like amino acid,
cytokines which forms a network for biochemical progression to identify and show defense
against the foreign Antigens. Our homeostasis play an important role in the maintenance for
immune system through adaptive and innate responses that helps in first line of defense 9,

In the case of microbes and allergic antigens our nonspecific responses are mediated by innate
this is so quick as far as time is concern because of immediate responses its short and hence not
able to store in immunological memory. Inborn immunity system is not very strong to produce
an immunological retention, but it is capable to distinguish within “self” and “non self” or
dissimilar collections of pathogens and the threat related to pathogen40. On the basis of another
theory the inborn (inert) immunity system conveys rapid defense to the host cell by involving
signaling bioactive protein like cytokines. The cytokines protein has numerous persistence liable
on the situation they were released in the cells and the site of the receptor it binds to*!. The
significant cell which is used in phagocytosis are usual killer cells called phagocytes which
provides rapid host defense by engulfing cells*. In the case of adaptive immunity growth of
immunological retention is related to definite kind of immune responses which targets the

foreign antigens. Acquired immunity includes specific antibody and immune cells which attacks

and abolish foreign antigens and is capable to protect from diseases by remembering in the future
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of that substances impression and rising a new immune response. Such kind of immunity
develops through the lymphocytes, called the T and B cells®.

Some T cells can identify as “non self” organic molecules which do not require mediated antigen
presentation.** *.

According to the immunological reactions the binding of specific genes contributes the inhibition
of T cell activation. Some researchers reported that some cancer cells also having the induction
property which leads suppression of immune system46.

In the maturation process of white blood cells are important because they activate the other
helper cells that are having antibodies specific for the individual immunologic responses and
they are known as immunoglobulins47.

The functions of all antibodies are different in terms of their functions though the antibodies

. . . . . 48, 49
functions remain same that is to deactivate the antigen™™ .

1.3.3 Some common types of cancer
Cancer can be classified according to their presence in specific body part. It can be
classified as™:
Carcinoma- That starts from skin and tissues, the different types of carcinomas are
adenocarcinoma, carcinoma of basal, squamous and transitional cell carcinoma. As
epithelial tissues find in the outer coverings of organs so carcinoma starts from these

tissues and further progress tacks place inside the part.
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. Sarcoma- the connective tissues support in the attachment of various parts of the
body i.e. cartilage, bone muscles the sarcoma affects them and disease aggravation can be
seen at these site specifically.

. Lymphoma — It is the important systems of our body and useful in immunity of
the body through the network of capillaries which help in filtration of body fluid. The
lymphoma starts from the lymph glands and further progress in this our white blood cell
are dividing in atypical manner.

. Myeloma- Such type of cancer develops in plasma cell. Plasma cells are nothing
but akind of white blood cell, situated in the bone marrow. They are able to
prepare antibodies known as immunoglobulins, very helpful to fight infections. It can be
out of control by multiplying itself.

J Leukemia- This cancer is related to white blood cell®’. This cancer is one of the
commonest blood cancers among kids and teenagers, every one out of three cancers is
leukemia. Leukemia is of two types, ALL and CLL. ALL is very common in children.
Chronic lymphocytic leukemias are infrequent in children.

a) Acute lymphocytic leukaemia (ALL)- This is a cancer of white blood cells. This
cancer develops, once bone marrow cell grows mistakes in its DNA assembly. Common
symptoms are enflamed lymph nodes, frequent fever without proper cause, pale skin,
fatigue, bleeding gums due to frequent infections. Chemotherapy and targeted drug

delivery is mostly used in the treatment.
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b) Chronic lymphocytic leukemia (CLL)- This kind of cancer develops in blood as well
as bone merrow. Its progress is slower as compared to other type of cancer. Generally, it
effects older adults. CLL symptoms cannot be seen for a year. When it starts showing
symptoms it may cause fatigue, swelling of (but painless) lymph nodes, fever, weight
loss, bruising etc. Treatment includes chemotherapy, bone merrow transplantation is the
final treatment in the case of aggressive stage. Survival rate of patients now exceeded to
7- 8 yearsSI.

1.3.4 Blood cancer scenario in India

Studies recommend that in India, blood cancer is most communal reasons of death and around

one lakh people identified every year with a type of blood cancer for example lymphoma,

leukaemia and multiple myeloma. Lymphomas and leukemia influence adults as well as children

but Myeloma is comparatively common disorder in adults >2_ Blood cancer scenario is shown in

the figure.1.1.
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Figure 1.1. Blood cancer scenario in India
1.3.5 Disadvantages of anticancer drug
e Most of the drugs are poorly water soluble/hydrophobic in nature which promotes
their precipitation in aqueous medium.
e Anticancer drugs are much weak in the selection of their targeted tissues.
e The anticancer drugs experience a huge distribution in a bulky body volume with
chronic adverse effects in non-target tissues.

e Their unintentional eruption can cause harm of healthy tissues.

1.4 Types of nanoparticles:
A) Lipid based nanoparticles- This kind of nanoparticle is made up of minimum one lipid

bilayer surrounding an internal water compartment.

Development, Optimization And Evaluation of Nanosized Particles Containing Anticancer Drug

Page 14



Introduction

a) Solid lipid nanoparticle: SLN mostly composed lipids and phospholipids that remain
in solid segment and a surfactant is required for emulsification process. The size ranges from
50 to 1000 nm. SLNs includes inimitable character like minor size, big surface area, great
drug loading efficiency, and having better ability to advance the performance of

C a3
nanoparticles™.

b) Liposomes: They are the most discovered nanoparticles used in site specific
delivery systems. It is the sphere-shaped lipid vesicles (generally 50-500 nm in
diameter made up of one or more then one lipid bilayers, because of emulsifying
synthetic or natural lipids in an aqueous medium.

¢) Nanostructured lipid carrier (NLC): They are having aqueous medium as core
matrix already containing surfactants. Lipids are multipurpose particles that can
produce inversely structured solid matrices. NLC may represent an inadequate
loading efficiency because of drug removal next to polymorphic changes
throughout the storage, mainly if the lipid matrix contains alike molecules.

B) Polymeric nanoparticles
a) Nano capsules — It is the systems of drug delivery in which active the drug is solubilized
in a core material which is kept into a cavity enclosed by thin polymeric wall. Nanocapsules is

used as nano sized drug carriers to achieve controlled release and effective drug targeting.
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b) Nanospheres- Nanospheres are solid polymers in which have entrapped drug in the
polymer medium. It is available in spherical shape and the particles size ranges between 10-200

54
nm .

c) Polymeric vesicles: It is also known as polymersomes made up of hollow spherical
nanoparticles containing aqueous cavity surrounded by polymeric membrane. Polymeric vesicles
having great abilities in drug delivery, gene therapy, theranostics, because of its exceptional cell
membrane-like assembly.
d) Polymeric Micelles: Micelles characterize a significant drug delivery arrangement used
for poorly water-soluble or hydrophobic anticancer drugs. Due to its nano size (10—100 nm),
biocompatibility, high degree of stability and extended flow time period in the blood it is used as
versatile carrier drug deliverySS.
e) Dendrimers- They are small-sized, outwardly symmetrical particles containing definite
assembly with a characteristically balanced core, an internal shell, and an external shell.

A) Inorganic nanoparticles-
a) Nanoshells: They are sphere-shaped molecules containing a dielectric (poor conductor of
electricity) core (silica) surrounded by a thin metallic cover (usually gold) most commonly gold.
For its optical and chemical belongings, these nanoparticles are very useful in cancer treatment.
b) Quantum dots: They are nanocrystals of semiconductor material available in less than

. . 56
10nm in size ~".
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1.4.1 Method of preparation of polymeric nanoparticles- Polymeric nanoparticles can be

prepared by following method:

. Solvent evaporation method

J Ionic gelation method

. Solvent diffusion method

. Salting out method

. Supercritical fluid technology

Solvent evaporation technique

This method comprises, dissolution of polymer in an organic (volatile) solvent
(dichloromethane, acetone, chloroform) followed by dispersion of drug in polymer containing
organic solvent to form dispersion. This dispersion solution should be added to large volume
aqueous solution already containing some emulsifier. Finally, o/w emulsion is prepared by
allowing the evaporation of volatile solvent at suitable temperature with continuous stirring
followed by sonication and drying. It is very much useful in the formulation of hydrophobic

drug.
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Figure 1.2. Solvent evaporation method

Ionic or inotropic gelation method

This technique includes a combination of two liquids (aqueous phases) here, first solution is the

polymeric solution of chitosan polymer, and the second one is polyanionic tripolyphosphate. The

method involves interaction of positively charged and negative charge of tripolyphosphate for

the preparation of nanosized particle.
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Figure 1.3. Ionic gelation technique

Solvent diffusion method

This method is the commonest method employed for miscible solvent depicted in figure no. 1.4.

Polymer precipitation
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00|l 9, 0 °° oq=6"5
. o BN oo 0® 0, g
Continuous phase X 0 0 ) 0 Solvant diffusion
(aqueous) i
Magnetic stirrer bar Stabilizer
Figure.1.4. Solvent diffusion technique
Salting out method

This method is used for good solubility properties ease of separation from the aqueous medium,
acetone 1s used as water miscible solvent. Generally drugs and polymer are mixed followed by
emulsification by continuous stirring into the aqueous gel solution containing stabilizer and
salting out agent. Finally, the diffusion of drugs and polymer will form nanoparticles. This
method is appropriate for those drugs and polymers which are soluble in glacial solvents like

acetone or ethanol.
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1.5 Prospects of Nanoparticle drug delivery:

Nano-technology and concept of nanomedicine is growing day by day. In many diseases
nanomedicine has played a vital role with target specific action. The uses of nanomedicine in
targeted delivery not only reduce the dosage but toxicities too. In disease contrast the toxicities
of anticancer drugs is already well known, many clinical trial is going on which will prove the
efficacy and safety of anticancer nano formulations. The need of the hour is to develop the nano

formulation with specific targeted delivery.
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2. RESEARCH ENVISAGED & PLAN OF WORK

Cancer is growing concern amongst global population. Anti- cancer drugs are available but their
toxicities is well known, so for that need is to develop the effective formulation which should be
effective and safe.

However, no advancement can be observed in the earlier period against cancer with least
toxicities.

Objectives of the current research work were to develop the nanosized particles of anticancer
drug for CLL disease which can minimize the dosages as well as the toxicities of current
available treatment for the disease.

2.1 EXPECTED OUTCOME OF THE PROPOSED WORK

The proposed research work was thought to be a beginning step in the development of-(D)
glucosamine based novel delivery system of preferred anticancer drugs. (D) glucosamine
complexation is anticipated to conquer the difficulty of poor drug solubility and nanocarrier will
help to attain desired release. These nano-platforms based on amalgamation of strategy are one
amongst the current novel approaches and can assist in enhancing the efficiency of drugs. In
addition, the delivery system with desired delivery features will lead to a better therapeutic
potential in order to meet the needs of the patients at the required time and level.

The present study is an approach for the development, optimization and evaluation of nanosized
particles containing anticancer drugs. In order to fulfill this following studies have been
undertaken:

1. Review of literature
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2. Selection of drug, Poly-(D) glucosamine Chitosan based polymers and delivery system
based on physiochemical properties.
3. Drug - anticancer category
4. Poly-(D)glucosamine based polymers Chitosan
5. Preformulation studies
» Physiochemical characterization of drugs
» Identification of drug
6. Preparation of Nano-sized particles of selected drugs with Poly-(D)glucosamine based
polymers and PLGA polymers
8. In vitro characterization of prepared nanocarrier
» Particle size and particle size distribution
» Shape and morphology (SEM and TEM)
» zeta potential
» Percentage yield
» Entrapment efficiency
9. Optimization of various parameters: (by Factorial design using design expert software)
» Formulation parameters
» Processing parameters
10. Preparation and evaluation of suitable dosage form
11. Stability studies as per ICH guidelines

12. Compilation and presentation of data

Development, Optimization And Evaluation of Nanosized Particles Containing Anticancer Drug

Page | 22



Literature Review

3. BRIEF REVIEW OF THE WORK ALREADY DONE IN THE FIELD

The comprehensive literature review carried for the cancer and nanocarirers used in the
treatment, various nanocariers and polymer used in the treatment including targeted site. The
nanocarriers are the unique delivery system for drugs like cancer. Till date, few work
focused on anticancer nanoparticles, so our work can give a new aspect in this area. A detail

of the important work that has been carried out is summarized below:
1. Disease

2. Nano particles

3. bandamustine

4. anti-cancer drugs

» Kyung Hyun Min et al., (2008) reported the work based on chitosan nanoparticles-

encapsulated camptothecin for cancer treatment o7,

» Jae Hyung Park et al., (2010) reported the role of low molecular drugs in targeted

delivery 8,

» Wang et al.,, (2011) formulated chitosan-cyclodextrin nanospheres of doxorubicin
hydrochloride by in situ formation to achieve sustained release )
> Rajashree Nanda et al., (2011) prepared and performed characterization of chitosan—

polylactide composites blended with Cloisite 30B .

» Joung-Pyo Nam et al., (2013) formulated paclitaxel and lauric acid-O-  carboxymethyl

. . . 61
chitosan-transferrin micelles ~ .
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» Chao Feng et al., (2014) reported oral bioavailability of chitosan and doxorubicin
hydrochloride .

» David Lucio et el., (2014) reported role of polymorphism of chitosan and carboxymethyl

chitosan and its solubilisation .

» Khan et al., (2016) formulated Bendamustine nanoparticles by using different polymers
i.e. PLGA, PEG) and evaluated that these nanoparticles have anticancer activity against
various cells **.

» Gidwani and Vyas (2016) reported through research work based on stability studies of
bendamustine PLGA nanospheres for three months that showed the slight variations in
zeta potential and particle size .

» Franiak et al., (2017) reported through his research work Glycodendrimer PPI which
showed that the dendrimer have significant action on gene protein with lesser harmful
effects in  CLL cells .

» Bhandari et al., (2017) revealed by research work based on aerogels of cellulose
nanofibre and its applicability in oral drug delivery ¢’.

» Taylor et al., (2017) reviewed the genetics bases, diagnosis and types of hematological
cancer. They elaborated that genetic changes affects TP53 which can be used for
therapeutic site for disease management and BRAFV600E mutations can be for the
diagnosis of chronic lymphocytic leukemia .

» Vinhas et al., (2017) reviewed the utilization of nano particles for the leukemia treatment
management. They discussed about the novel approaches and types of constructs of
nanomedicines in liquid tumors .

> Hallek et al., (2018) reported the current progression in the lane of treatment and
management of CLL with the challenges ahead .

» Thomas et al., (2018) studied the optimized and fabricated Bendamustine loaded

hydroxyapatite nanoparticles through in vitro, in vivo, and analytical studies '

Development, Optimization And Evaluation of Nanosized Particles Containing Anticancer Drug

Page | 24



Literature Review

» Ziemba B et al., (2020) revealed through his research work in-vitro studies in xenograft
model by Glycodendrimer Nanoparticles. The reported results showed inhibition in
extend of CLL 7.

» Franiak et al., (2020) formulated the dendrimers and explained that Cationic PPI-G4-M3
has maximum anti cancer activity and elevated toxicities as compare to neutral
dendrimers, fludarabine in CLL B,

» Shakeran et al.,, (2021) Designed chitosen based biodegradable nanocarriers for
methotrexate drug delivery in breast cancer. The result showed that significant decrement
in viability of cells achieved at low concentrations *.

» Cavalcante et al., (2021) reported through their research work based on the
methotrexate and PLGA nanoparticles in which they targeted the STAT3/NF-«B
signaling »,

» Li et al.,, (2021) reported that PLGA based nanocarrier of Paclitaxel have precise
targeting capability in colorectal cancer '°.

» Ghilardi et al., (2022) revealed that Bendamustine have similar efficacy and lesser
toxicities as compare to fludarabine and cyclophosphamide in lymphodepletion .

» Ghaz-Jahanian et al., (2022) reviewed the chitosan nanocarriers application in tumor
targeted drug delivery system ’°.

> Resen et al, (2022) reported the usefulness of fluorouracil and gemcitabine
hydrochloride based citosan coated nanoparticles in breast cancer ”,

» Priya et al., (2022) reviewed the pharmaceutical applications of nanofibres based on
polysaccharides ™.

> Rinaldi et al., (2022) Prepared nanostructures of oleic acid ( pH-sensitive). That suggests
the combining drug delivery in pH-dependent show the anti cancer effect for fatty acid
and is the key feature for future based treatment for melanoma disease °'.

» Zhang et al., (2022) reported the role of lipid polymer nanocomplexes in disease
managementgz.

> Xiong et al., (2022) confirmed the DTIC-NPs-Apt as active target for anticancer drugs in

the treatment with no side effects in melanoma .
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» Singh et al., (2022) designed the micelles of PLGA and (soya) lecithin for improved

. . 4
efficacy of methotrexate in cancerous cells **,
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4. DRUG AND EXCIPIENT PROFILE

4.1 Bendamustine:

Bendamustine is an anticancer drug and is derivative of mechlorethamine with a purine-like
benzimidazole ring belongs to electrophilic alkyl groups 8

4.1.1 Brand Name:

It is available in different brand names across different countries examples are Bendeka,
Belrapzo,Treanda®,Vivimusta.). In India, it is available commercially with different brand
names as lyophilized powder for injection®®. The brand name and marketed preparation of
bendamustine in India are highlighted in table 1.1.

Table.1.1 Bendamustine brands in India:

Sr No. | Brand Strength volume | Dosage form
Name

1 Bendit Bendit 100x20 ml | 2ml Bendit Injection

2 Bimode Bimode 100mg Iml Bimode Injection

3 Maxtorin Maxtorin 100mg | 20ml Maxtorin Injection

4 Mustin Mustin 100 mg 1 ml Mustin Injection

5 Purplz Purplz 100mg 1 ml Purplz Injection

6 Rolanda Rolanda 100 mg | 1 ml Rolanda Injection

4.2 Drug category:

Antineoplastic agent, Alkylating agent

4.3 Physicochemical property:

Bendamustine is off-white coloured powder with molecular formula C;sH2,CI3N30, The
drug is higher in organic solvents. It’s melting point ranges from 150-154°C. Its molecular
Weight is 394.72 g/mol with partition coefficient of 4.23 It is photosensitive in nature.
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4.4 Chemical structure:
Chemically, it is 5- [Bis (2-chloroethyl)-amino]-1-methyl-1H-benzimidazole-2-butanoic acid.

The structure of bendamustine is shown in figure.1.5.

Cl

ci
b ‘
N o
CH,

Figure.1.5: Structure of bendamustine

4.5 Pharmacology and mechanism of action:

It is mechlorethamine derivative ableto form electrophilic alkyl groups which can covalently

bond to another molecule.

4.5.1 Dosage and route of administration
It is administered parenterally as Injection (i.v. infusion) and for adult dose in Chronic

Lymphocytic Leukemia is 100mg.

4.5.2 Pharmacokinetics:

Absorption
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Bendamustine is administered through intravenous infusion. After a single IV dose
of bendamustine, Cmax occurs at the end of infusion with value of 11.5ug/ml 87,
Distribution

About 95 % bendamustine is bounded to protein (generally to albumin). Data says that it is
not probable to dislocate or be dislocated by extremely protein-binding drugs.BM is not
extensively distributed in tissues. The volume of distribution (Vs) is around 25 L.It is having
short half-lifecauses the rapid metabolism and excretion.

Metabolism

Bendamustine is mostlyhydrolysed to active HP; and HP, and also metabolised CYP1A,;
enzymes to active M3 and My, which effect their extreme concentrations closeto the same
time just like the main drug.

Elimination

The findings suggest the half of administered drug excreted through urine and faecal.

Bendamustine clearance from plasma is quick and the half life is 40 minutes.

4.5.3 Drug Interactions:

Bendamustine is not approved yet in combination form, butitmayenhanceinclusive response
rates when combined with rituximab *®.

4.5.4 Adverse effects/Side effects:

Adverse effects including signs of an allergic reaction, hypersensitive reactions is very
common andanaemia, neutropenia, thrombocytopenia, anorexia, diarrhoea, dyspepsia,
nausea, pyrexia, constipation, herpes simplex, herpes zoster, pneumonia, fatigue,
hypersensitivity, headache, hypokalemia, tumor lysis syndrome, myelosupression, vomiting,

cardiac failure, infusion reactions has also seen in patients.
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4.6 EXCIPIENT PROFILE:

4.6.1 Chitosan

Chitosan is a sugar used and has linear polysaccharide made up of B--linked D-glucosamine
as well as N-acetyl-D-glucosamine **. Chitosan is widely used in pharma manufacturing.
Synonyms-Chitosan, Poliglusam,Chicco, Flonac C, Flonac N, Sea Cure Plus, Kytex H.

Structure-

OH n

Fig. 1.6 Chemical structure of Chitosan

4.6.2Properties

Physical Properties- Chitosan is off white free flowing powder.However, it has a
unique fishy odor, and when added to pharmaceutical preparation, significantly impair the
aroma of the preparation.

Molecular Formula- Cs¢H03N9O39

Molecular weight- 1526.5

Solubility- the solubility depends on solvents more ever chitosan is sparingly soluble in
water. The solubility is higher in organic solvents.

Acidity/Alkalinity (pH)- Its pH is between 6-6.5.

Density- in the range of 0.20- 0.38 g/mL.

Melting point- The melting point of chitosan is between214.77 - 216.69°C.

4.7Application:
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Chitosan having an excellent property and that is why used in various formulation
manufacturing *°.

4.8 Sodium Tripolyphosphate (SYP):

Sodium triphosphate is an inorganic compound having formula NasP;0y.

Structure-

NaO\IC':;) ’Cg) E,ONa

NaO~ O | O ONa
ONa

Fig. 1.7: Chemical structure of Tripolyphosphate

4.8.1 Physicochemical properties- It iswhite, freeflowing and odourless powder without
any contamination. TPP is Incompatible with strong oxidizing agents and strong acidsand
Hygroscopic in nature.

Molar mass- 367.864 g/mol

Density- 2.52 g/cm3

Melting point- 622 °C

Solubility -It is easily soluble in water, and its aqueous solution is alkaline.Sodium
Tripolyphosphate is accessible in white crystalline and powder form. It easily dilutes in water
and is insoluble in ethanol. The solubility in water is 14.5 g/100 mL (25 °C).
Acidity/Alkalinity (pH)- pH range 5.0-6.5.

4.9 Application:

TPP acts as a stabilizer in the preparation of nanoparticles o
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4.10. PLGA (Poly lactic-co- glycolic acid):

PLGA or poly is used in the formulations of many nanocarrier systems, due to its
biodegradability and biocompatibility. It belongs to the category of polyesters. These
polymers are classified on the origin of different substituent (R1, R2) on the support with a

primary ester linkage.

4.11 Structure:

Fig1.8: Chemical structure of PLGA

4.12 Molecular formula-CsHgOs

4.13 IUPAC name: 2-(2-hydroxyacetyl)oxypropanoic acid

4.14 Synthesis:

PLGA is prepared by different ratios of monomers, lactic and glycolic acid at 120 °C
temperatures.

4.15 Physicochemical properties:

Appearance- Available in white to off- white powder.

Molecular weight-148.11

Density-Pure PLGA powder should have a density of 1.25 g/cm®

Melting Point-240°C-280°C

Solubility- It is freely soluble in organic compounds like methylene chloride and others.
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Acidity/Alkalinity (pH)-It is basic in nature. pH ranges between 5.5-7.4

4.16 PVA (Polyvinyl alcohol):

PVA is biodegradable and highly flexible, nontoxic polymer used as an emulsifying agent for

. . . . . 92
lowering the solutions interfacial tensions .

4.17 Structure:

H H

|

C C

‘_n
H OH

Fig.1.9: Chemical structure of PVA

4.18 Molecular formula- (C,H;O)x

4.19 IUPAC name- poly (1-acetyloxiethylene)

4.20 Physicochemical properties:

Appearance- Polyvinyl alcohol appears as odourless white to cream-colored granules or
powder.

Molecular weight- 44.5

Melting point- 200°C
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Flash Point- 79.44°C
Density- 1.19-1.31 g/cm3
Solubility- solubility of PVA depends on hydrolysis and molecular weight It is Insoluble

in most organic solvents. Its slightly soluble in ethanol and other organic compounds.

4.21 Application:

It’s generally used as surfactant in various pharmaceutical industries.
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5 MATERIAL AND METHODS
5.1 Material

The drug sample was received from the pharma industry as a gift sample on request and all the
chemicals were analytical grade.

5.2 Method:

5.2.1 Introduction

Preformulation is the study that emphasis on the physic-chemical characteristics of a newly
discovered drug that may influence the drug function, behavior and the advancement of a dosage
form. The study will offer significant material for formulation, strategy and the necessity for
molecular variation. These studies are intended basically to discover the conditions in which the

molecule will be more stable ** %>

. It is required to progress a well-designed, stable, effective and
safe dosage form by founding the compatibility with added excipients and by determining the

physical and chemical parameter of newly discovered drug materials.

Before starting a preformulation study following points are required:

e The study of existing physical and chemical data with chemical structure, potency of the
new products and the dosage form are required %
e Probable dosage quantity and the planned route of drug administration is necessary.

e It provides condition and progress schedule of newly discovered dosage form.
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The present research work, is based on selected drug bendamustine (BM) tested for its
recognition by melting point, solubility studies, partition coefficient, UV absorption maxima

study and FTIR spectroscopy.

5.2.2 Physical and morphological evaluation of drug

In physical and morphological evaluation of Bendamustine, color, odor and texture were
examined visually.

Procedure: Melting Point determination is the necessary parameter to determine the purity of
active drug. The melting point of (BM) is examined with the help of capillary tube technique. A
minor amount of powdered sample was located into a capillary tube. The drug filled tube was
then positioned in the melting point apparatus. The temperature at which powder started to melt
as well as the temperature when the powder melted completely, was noted .

5.2.3 Solubility study

Procedure: Finding out the solubility of bendamustine at various temperatures for three different
solutions was taken, both solutions tested, for the equilibrium solubility 10 ml of each solvent
was taken in different test tubes. Then exactly weighed quantity of each drug (BM) (approx.10

mg) was added in small increment and shaken for 5 minutes every time till precipitation occurs

98

5.2.4 Determination of absorption maxima (A max):
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Procedure: The maximum absorbance of (BM) was determined by UV-Spectrophotometer
(double beam) consuming methanol as solvent and scanning the solution (100ug/ml) between

200-400nm *°.

5.2.5 Preparation of standard solution:
Procedure: For the analysis purpose standard solution of Bendamustine prepared in 1mg/ml
by dissolving the 100mg of drug in 100ml of methanol . Furthermore the solution was diluted by

methanol to obtain standard solutions of 100ug/ml '°.

5.2.6 Determination of calibration curve of Bendamustine:

Procedure: From the prepared standard solution 20ml of solution withdrawn in 100 ml of
volumetric flask to obtain 40pg/ml solution. From this stock solution of 40 pg/ml aliquots of
0.5,1,2,3,4,5------ 10 ml was withdrawn and further diluted with 10ml of methanol to achieve
dilutions of 4, 8, 12, 16, 20, 24, 28, 32, 36 and 40 pg/ml. The absorbance of resultant dilutions

was determined at 329 nm '°!.

5.2.7 FTIR Spectroscopy of pure drug
Procedure: The active drug spectrum was determined with the help of (FTIR Shimadzu —DRS-
8000). In which no need to make KBr pellets, just directly 1-2mg of drug was located in the

sample holder after that the spectrum was recorded ',
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5.2.8 Drug —Excipient Compatibility by FTIR

Drug-Excipient compatibility study is important for maximizing stability of dosage form and to
get good quality of product by avoid the incompatibilities during production. The drug and
excipient compatibility characterizes a significant stage in the study of preformulation part for
the development of all dosage kind forms. Drug particles having several sensitive and reactive
functional groups 103,

Procedure:

For the compatibility study drug and excipients were prepared in 1:1 ratio i.e., 10 mg of pure
drug, polymer and drug plus polymer samples taken and directly assessed by FTIR (Shimadzu —
DRS-8000).

5.2.9 Determination of Partition coefficient:

This is described as the equal parts of unionized drug that is dispersed in the organic as well as

aqueous phase till the equilibrium achieved.

Pofw = (Coil/Cwater) at equilibrium
Procedure: For the Assessment of degree of lipophilicity i.e. partition coefficient for BM was
completed separately by shaking flask process. Firstly, 10mg of pure BM was mixed with 25 ml
of distilled water and 25 ml of n- octanol too. Then the blend was shaken separately up to half an
hour duration. After that both the phases (oil and water) were mixed together in a separating
funnel and shaken for 4 hrs on a mechanical shaker. After shaking the mixtures, allow them to

stand till the phase separation process ended. The total quantity of substance present in both
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phases was determined by UV analysis and related with the amount of the substance initially

104
used %,

5.3 Preparation and characterization of nanoparticle '*°

5.3.1 Ionic gelation technique: In ionotropic or ionic gelation technique the polymeric
nanoparticles can be assessed by the cross-linking process of biodegradable hydrophilic polymer
(chitosan) with drug Bendamustine.

Chitosan nanoparticles have grown more reflection as carriers’ system due to its enhanced
stability, very less toxicity, easy preparation method and providing versatile routes of
administration'®.

5.3.2 Emulsion solvent Diffusion technique:

In this method initially, nano emulsion was formulated. The Polymer (PLGA) was dissolved in
organic solvent dichloromethane. After that the desired quantity of bandmustine was dispersed in
polymeric solution. Then the sample was added gently in aqueous solution of PVA (surfactant)
under continuous magnetic stirring followed by sonication process (Prob sonicator, meco
Ultrasonics, India) for 5-7 minutes. For the smooth conduction of emulsification process,
magnetic stirring (Remi, India) was continued for 5-6 hours. After that Oil in water emulsion
was formed and in this step dichloromethane diffused in the aqueous phase and therefore,
nanoparticles formed by polymer precipitation. For the whole diffusion of DCM the extra
amount of water was added. Finally, the nanoparticles were obtained by centrifugation method

106

5.3.3 Freeze drying
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This process involves the total exclusion of water and other solvents of the given sample by
sublimation process. This method is also known as lyophilization. It keeps the temperature of the
sample very low as much as essential throughout the procedure to skip the variations of the dried
sample appearance and characteristics'"’.

e Preparation of Bendamustine loaded Chitosan Nanoparticles by ionic gelation

technique:

In this technique, different concentration of chitosan polymer ranging from 1-5mg/ml was
dissolved in 1% v/v solution of acetic acid. The chitosan solution pH was adjusted to 4.5-4.6
with 0.1 N NaOH. Then the calculated amount of 2 mg/mL Bendamustine in methanol mixed
with chitosan solution (5ml). In the next step cross linking agent or surfactant tripolyphosphate
was also mixed in deionized water. Finally, magnetic stirring was done in that the surfactant
solution was added in the chitosan solution by carefully adding drop by drop at room
temperature for some period of time followed by sonication for 5-7 minutes, until an opalescent
suspension was obtained. Then centrifugation process for 30 minutes at 15,000 rpm also water
was used for washing of nanoparticles. After that they were kept for freeze drying and treated by

3% of mannitol used as protecting agent in lyophilization process.
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e Preparation of nanoparticle through solvent diffusion technique:

The second method was emulsion solvent diffusion technique adopted for the for Bendamustine
nanoparticles. The precisely weighed quantity of PLGA and drug was mixed in (10 ml) of
dichloromethane. After that the obtained polymeric drug solution added to aqueous solution of
PVA (4%w/v) with continuous stirring for 4 hours, until the oil in water emulsion was formed.
30 ml of deionized water was also added for complete diffusion of organic phase into water.

The finally Nanoparticles separated by centrifugation technique at 10,000rpm for 30min
afterward separation of the supernatant from precipitants was completed. This precipitant

containing nanoparticles was freeze dried and evaluation studies were performed.

5.4 Optimization of Chitosan based nanoparticles prepared by ionic gelation technique

The study was designed to assess persuade of process variables on characteristics parameters that
is particle size and entrapment efficiency of nanoparticles. The variables chosen through
preliminary studies, single variable always changed at that time while keeping all others
constant. Optimization was done in three steps. In step one preliminary studies done
experimentally using the process parameters which was Polymer concentration (0.5%-0.75%),
concentration of surfactant (0.5-1%) and sonication time (5-7mim) for nanoparticles.

These factors are very much important in to control size, size distribution and other
physiochemical parameters of nanoparticles. In the next step process parameter based on pre
study was selected once again and optimized. Total 8 batches of formulations were selected and
characterized. In last step the suitable nanoparticle formulation obtained through drug
entrapment efficiency with minimum particle size. With the help of this method the best
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experimental formulation with same concentration ingredient was prepared and percentage bias
. 1
was determined .

5.4.1 Process and formulation parameter of Chitosan Nanoparticles

Procedure

The prepared nanoparticles were optimized for selected variables based on the preliminary study
applying the Box-Behnken design in which 8 batches were selected using 3 factors and 2 levels
and data was generated for each batch. Amount of polymer A, Amount of Surfactant B and
sonication time C called the independent variables (three factors) which would affect the
dependent variable. The optimization was done by Design expert (version 10) software.
Through the optimization process a formulation with greatest desirability factor was carefully

chosen and data was studied '%°.

Tablel.2: Process and formulation parameter of Chitosan Nanoparticles prepared by Ionic

gelation technique®: *

1) Preliminary studies for the formation of CS nanoparticles

Variables Range Selection Parameter
Concentration of chitosan 0.1-1.0%w/v Formation of nanoparticle
Concentration of Surfactant 0.5-1.0%

2) Selection and optimization of key variables

Key variable Range Selected parameter
Polymer Concentration 0.5-0.75%w/v | Particle size and Drug entrapment efficiency
Surfactant Concentration 0.5-1.0%
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Sonication time 5-7 min

Tablel.3: Process and formulation parameters for PLGA Nanoparticle prepared by

emulsion solvent Diffusion technique:

1) Preliminary studies for formation of nanoparticles

Variable(s) Range Selection parameter
Conc. of PLGA (Polymer) 1.0-4.0 %w/v Formation of Nanoparticle
Conc. of PVA (surfactant) 1.0-5.0 % w/v

2) Selection and optimization of key variables

Key variable Range Selection parameter

Conc. of PLGA (Polymer) 0.5-3.0% wiw Particle size and drug
entrapment efficiency

Conc. Of PVA (Surfactant) 1.0-4.0 %

Sonication time 5-7 min

In the next step prepared nanoparticle were optimized for selected variables based on the initial
study through with Box-Behnken design. The quadratic model produced by the design was:

Y = A0 + A1X1 + AZX2 + A3X3 + A4X1X2 + ASX2X3 + A6X1X3 + AVX12 + ABX2 2
+A9X3 2 ... ....equ.l

Where Y is a kind of measured response also known as dependent variable related
individually to factor level combination; Ay to Ag are called regression coefficients of particular
variables. X; X, and X3 are the respective codes of independent variables. The independent

variables were denoted by —1, and +1 level related to the maximum and minimum (low and high)
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separately. The independent variables Y; and Y, were denoted as PS which is particle size and
%EE for drug entrapment efficiency. To represent the measured responses; 3D graph was plotted
to describe the connection among independent variables as well as dependent variables. The
value of % bias expressed the reliability of the model. The value of bias was determined by using
equation

Predicredvalie— Experimeml value :
z ———— 100 equation.2

o B‘J o —
aBias =
Predicredvalue

The independent parameters also selected from preliminary studies were also used for
optimization through design expert software. The range of parameters selected for Chitosan
nanoparticle were based on various parameter i.e.

a) Amount of polymer (0.5% - 0.75%) and

b) Amount of surfactant (0.5% - 1.0%)

¢) Sonication time (5-7min)

The coded values for variables (independent, dependent) in experimental plan in table 1.4.

Table.1.4: Highest and lowest range of selected independent variable for ionic gelation

technique.
Independent variables Levels Dependent Variables
Low (-) High (+)
Polymer Concentration (A) 0.5 0.75 (Y1) Particle size and (Y2)
drug Entrapment Efficiency
Concentration of Surfactant 0.5 1.0
(B)
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Sonication time (C) 5 7

Table 1.5: The independent variables with their coded and actual values of 8 batches of

Chitosan Nanoparticle

Nanoparticles Independent variables Independent variables
Formulation Coded values Actual values
A B C A B C
NPF1 1 1 1 075 |1 7
NPF2 -1 1 1 0.5 1 7
NPF3 1 1 -1 0.75 1 5
NPF4 -1 1 -1 0.5 1 5
NPF5 1 -1 1 0.75 0.5 7
NPF6 -1 -1 1 0.5 0.5 7
NPF7 1 -1 -1 0.75 0.5 5
NPF8 -1 -1 -1 0.5 0.5 5
Dependent variables Limits
Y1 - Particle size (nm) Minimize
Y2 - Drug Entrapment efficiency (%) Maximize

where, A = polymer concentration , B = surfactant concentration , C= sonication time and (-1), and (+1) low and high level individually

for independent variables
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The formulation parameters of PLGA prepared nanoparticles through solvent diffusion technique
were optimized meant for minimum particle size and maximum entrapment efficiency using
response surface quadratic model. Created on the preliminary study, PLGA (polymer) and PVA
(surfactant) were optimized by design expert software respectively. For the outcome of
dissimilar variables on formulation parameters such as particle size (PS), (Y1) and Entrapment %
EE (Y2) of the already prepared nanoparticles factorial design response was used. The
independent variables were as follows:

a) Concentration of polymer (A) [0.5%-3%]

b) Concentration of surfactant (B) [1.0%-4%] and

¢) Sonication time (C) [ 5-7 MIN]

The coded values for independent and dependent variables in experimental design models

are given in table 6T-5.

Table 1.6: Highest and lowest range of selected independent variables for solvent diffusion

technique.
Independent variables Levels Dependent Variables
Low (-) High (+)
Polymer Concentration (A) 0.5 3 Y1 (Particle size), Y2
(Entrapment Efficiency)
Surfactant Concentration (B) 1 4
Sonication time (C) 5 7
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The chosen independent variables considerably affect the detected responses for the particle size,

% EE. The key effect and interaction factors were obtained by Design-Expert software by

Polynomial equations. ANOVA was used for the numerical justification of the equations. The

design engaged for optimization process for 8 batches of Nanoparticle formulation, has been

shown along with the results in table.1.7.

Table 1.7: Independent variables with their coded and actual value of 8 batches of

Bendamustine loaded PLGA Nanoparticle

Independent variables Independent variables
Nanoparticles [Coded values] [Actual values]
Formulation
A B C B C
NPF1 -1 1 -1 0.1 4 5
NPF2 1 1 -1 3 4 5
NPF3 -1 1 -1 0.1 1 5
NPF4 1 1 1 3 4 7
NPFS -1 1 1 0.1 4 7
NPF6 1 -1 -1 3 1 5
NPF7 -1 -1 1 0.1 1 7
NPF8 1 -1 1 3 1 7
Dependent variables Limits
Y, = Particle size (PS) Minimize
Y, = Entrapment efficiency (% EE) Maximize

Characterization of prepared nanoparticles 19,

5.5
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To get maximum optimized formulation along with least particle size, greatest drug entrapment
efficiency, the 8 unlike groups of each Chitosan and PLGA nanoparticles were characterized for

parameters written below:

5.5.1 Particle size distribution, PDI and Zeta potential:

The particle size distribution, PDI and zeta potential of chitosan and Poly lactic co glycolic acid
based nanoparticles were calculated by dynamic light scattering using Malvern Instruments. The
analysis was performed in a triplicate manner at an angle of 90° at the temperature of 25°C. Both
the testing samples were dispersed in the adequate quantity of ultra-pure water (pH-7) before
starting the experimentation. The polydispersity index can be described by particle size
distribution which is defined as width or broadness of molecular mass. The zeta potential was

calculated by using Helmholtz—Smoluchowski equation H

....... equ.no.3

& for zeta potential (mv)

A for electrophoretic mobility

I for viscosity of dispersion medium
€ for dielectric constant

5.5.2 Percentage yield '
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The nanocarriers of Chitosan and PLGA were estranged from aqueous medium by centrifugation
at about 15,000-20,000 rpm and dried up at room temperature then weighed and percentage

yield of the formulation was calculated using equations.no.4.

Percentage yield =Weight of nanoparticles /weight of polymer + weight of drug x

100...equation.4
5.5.3 Drug loading, entrapment efficiency:

For the calculation of drug loading and entrapment efficiency, initially both chitosan and PLGA
nanoparticles were mixed in 10 ml methanol followed by centrifugation with high-Speed cooling
Centrifuge for 30 minutes at 14,000 rpm and after that it was filtered with membrane filter. Then
the filtrate was diluted with methanol again later scanned with UV Spectrophotometer at 330 nm
"3 The percentage of drug entrapment efficiency and drug loading was obtained by the resulting

formula.

% Entrapment Ef ficiency
_ Weight of drug in nanoparticle — Weight of drug in supernatant

X100
Weight o f drug in nanoparticle

% of Drug loading =
Total weight of drug entrapped,/ Total weight of nanoparticle X100
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5.5.4 Transmission electron microscopy:

Surface methodology and contour of nanoparticles were assessed by TEM. In Transmission
electron microscopy a beam of electrons is passed on all the way through a sample to create an
representation. For the study, initially diluted sample was positioned as drop on a carbon coated
copper grid and then marked with a drop of aqueous solution of phosphotungstic acid 2 %. Extra
staining was cleaned through filter paper. Samples were dried at room temperature and finally
the transmission electron microscopy image was captured 1,

5.5.5 Differential scanning calorimetry

DSC was done for the determination of physical nature of the drug Bendamustine and polymer
interaction in nano carrier system. The DSC curves were recorded for pure drug BM with
chitosan and PLGA, along with the lyophilized drug laden nanocarriers. The calibration was
done by using alumina powder as the standard. For the DSC examination a slight amount of test
sample was kept in hermetically sealed aluminum pans and was heated at 50-300 °C under the
continuous flow of dry nitrogen with heating rate of 10 to 11°C/min '

5.5.6 X-ray diffractions study (XRD)

This was executed for the examination of crystalline or unstructured nature of prepared
nanoparticles. The lyophilized powder test samples (BM loaded chitosan and PLGA
nanoparticle) were kept in the stage and scanned in the range of 2° to 60° with a specified voltage

current “6.

5.5.7 In-vitro drug release
The in-vitro drug release of BM loaded chitosan as well as PLGA nanoparticles and pure drug

suspension was assessed by dialysis membrane. Initially the dialysis membrane was put into
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distilled water for 24 hours. After that the accurately weighed nanoparticle samples were placed
in the donor section of dialysis membrane and was in 10 ml of dissolution medium (phosphate
buffer, pH7.4 for BM) at the temperature of 37°C + 0.5°C by continuous stirring with 100 rpm.
Aliquots were withdrawn in a regular interval of time and exactly the similar amount of
dissolution medium added during the analysis. All these withdrawn test samples were properly
weakened by adding methanol, examined by UV-visible spectroscopy at 329nm. The percent of
cumulative release of drug was calculated ',

5.5.8 Kinetics of Drug release ''*

The drug released data is very much useful in concluding the kinetics of drug release and its
methodology. To obtain different mathematical models normally one or two circumstances
arisen. In the first case, the drug movement method will be Fickian diffusion and case 1I will be
non-Fickian. The models studied given below in a tabulation form:

Table.1.8. Interpretation of Drug release mechanism

Release exponent (n) Drug release mechanism Order of release
0.5 Fickian diffusion t7?

0.45<n=0.89 Non-Fickian diffusion "

0.89 Case II transport Zero order release
More then 0.89 Super case II transport ™!

a) Zero order drug release Kinetics — in this study concentration did not affect the drug
release rate. Here, the graph was designed among the cumulative percent drug released

and time.
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b) First order drug release kinetics — this kinetics depends on concentration.

c) Higuchi’s kinetics — It is also known as the Higuchi’s classical diffusion equation/
Higuchi matrix. In this system, the drug release is related to Fickian diffusion through
insoluble matrix.

d) Korsmeyer Peppas exponential Kinetics — This model is very valuable once the release
mechanism is unidentified or when additional type of drug release mechanism is
involved.

9

5.6 Formulation and evaluation of dosage form '':

5.6.1 Introduction:

Pharmaceutical dosage form is a type of physical form in which a drug has administered. Here
the active drug is mixed with excipients considering the parameters like particle size, solubility,
polymorphism, pH to form the final drug product. It is a carrier system for drug to reach in the
site of action?. In the current study and research, the best optimized formulation (NPF-4) and
(NPF-8) of bendamustine loaded chitosan and PLGA nanoparticle was formulated as dry
lyophilized powder and evaluated. Bendamustine causes hydrolysis, so it is formulated as
lyophilized powder. The conventional marketed formulation of Bendamustine is marketed as
lyophilized powder which is very much suitable for intravenous administration.

Based on the outcomes of in-vitro experiment, entrapment efficiency and cumulative percentage
drug release, chitosan and PLGA nanoparticles were formulated into lyophilized powder. These

prepared nanoparticles were additionally estimated for in-vitro and experimentation.
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5.6.2 lyophilized Powder
Lyophilization technique was used for get rid of water from test sample by freezing it, then the
ice form was changed directly from solid to vapor by skipping the liquid phase. It was found that
the injection routes have significant influence on pharmacokinetics of drug. The lyophilized
powder is best for parenteral preparation as it is easily reconstituted with water for injection.
Advantages of Lyophilized powder:

» Lyophilization is required when bulk drug ingredient is not stable in liquid or frozen

form.

» Processing a liquid with ease so it is compatible with aseptic operation

» It is necessary to enhance the stability of dry powder dosage form.

» Dissolution of final product is very rapid,
5.6.3 Formulation of lyophilized powder of bendamustine loaded chitosan and PLGA
nanoparticle:
Both the nanocarrier system (NPS-4, NPS-8) was formulated into dry lyophilized powder by
(Heto Power Dry LL 3000 freeze dryer, Stuttgart, Germany) lyophilizer at temperature —40°C
and pressure 0.10 mbar for 48 hours for BM- PLGA nanoparticle and -35°C for 60 hours. The
lyophilized powder was prepared and stored for further study.
5.7 Evaluation of prepared lyophilized formulations:
The prepared lyophilized powder formulations were estimated for following parameter:

» Drug Content

» Mean particle size and Zeta Potential
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» Entrapment efficiency

» In-vitro drug release

5.7.1 Drug Content 120,
The drug content was calculated by 10ml of each formulation was dissolved in 10ml water and
set aside for 24 hours. The sample was diluted about 10pg/ml with methanol and scanned by

using UV-Spectrophotometer. The absorbance was noted at 329 for BM.

5.7.2 Drug entrapment efficacy '*':
Percentage of entrapment efficacy of each formulation was based on this formula

Percentage of entrapment efficacv=total drug added-free non-entrapped total drug added

5.7.3 Particle size Distribution and Zeta Potential '**:

The particle size distribution, and zeta potential of chitosan, PLGA-based formulations were
calculated by DLS using Malvern Instruments. Analysis was performed in a triplicate manner at
an angle of 90° at the temperature of 25°C. Both the testing samples were dispersed in the
adequate quantity of pure water before experimentation.

5.7.4 In-vitro drug release '*:

In-vitro release of BM loaded chitosan as well as PLGA lyophilized formulations and pure drug
suspension was assessed through dialysis membrane using modified Franz diffusion cell, was

already discussed in the preparation of nanoparticles.
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5.7.5 In-vitro Cytotoxic study **

Cytotoxicity study has chosen as a trial model and an significant pointer for cell toxicity
assessment because it is very simple, rapid and highly sensitive as it can protect experimental
animals from toxicity.

The cytotoxic study of lyophilized powder of both the formulation loading bendamustine was
determined using the cell line, Z-138 Lymphocytic Leukemia. After 48 hours of contact with the
drug and cell line, cell viability was calculated with the help of MTT assay and ICs, (Inhibitory

concentration) values. The results were compared with pure drug suspension.

5.7.6 MTT Assay '*°

Now a days the most normally used technique for the examination of cell growth rate and
toxicity. In this method, cells were seeded in 96 well microtiter plates with in minimum vital
medium and incubated during the night. Serial dilution was done in triplicate and again
incubated for another 48 hours in specified conditions. After that the cells were treated with
MTT then after 4.5 hours the complete medium was drawn out from the wells. The absorbance
was measured at 570 nm through 96 well microplate readers. The percentage of cell viability was

estimated through the following formula:

Absorbance of Sample

Cell Viability % = 100

X
Absorbance of control
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5.7.7 ICsy calculation '**

ICsp was calculated according to the drug concentration at which the cell viability reduced to 50
%.

5.7.8 Stability study *’

Pharmaceutical stability testing and study is very much significantly used in the determination of
drug product’s shelf life, ideal storage environments, retest time duration, and declaring its
general quality for patients. In this study product should be monitored, whether any physical,
chemical, biological, and microbiological changes is occurring or not in a fixed interval of time.
The formulations of bendamustine were studied as per the ICH guidelines for formulations at
room temperature 25°C + 2°C and for accelerated conditions 40°C + 2°C in stability chamber.
Both the formulations were stored for 6 months time period and checked, for any changes in the

content of drug at intervals of one, three and six months.
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6. RESULT AND DISCUSSION:

6.1 Preformulation study data of Bendamustine loaded Chitosan and PLGA nanoparticle:
6.1.1 Physical and morphological Evaluation

The pure drug bendamustine was appeared as off-white colored microcrystalline powder with
amphoteric properties.The melting point was found to be 150°C. The official range stated in
literature is 150-154°C. Results are given in table.no 1.8.

Table.1.9: Physical and morphological properties of Bendamustine:

Sr.no | Property Observation

1 State Microcrystalline powder
2 Color Off- white

3 Odor Odorless

4 Melting Point | 152°C

6.1.2 Solubility study

The bendamustine is freely soluble in methanol and partially soluble in water. The result of

solubility is depicted in tablel.10
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Table.1.10: solubility study of bendamustine

Solvent Solubility Inference
Distilled water 1 part of solute is soluble in 30 parts of solvent. Sparingly soluble
Chloroform 1 part of solute in more than 10000 parts of solvent. | Insoluble
Dichloromethane | 1 part of solute in 20 parts of solvent. Soluble

Acetone 1 part of solute in more than 10000 parts of solvent. | Insoluble
Ethanol 1 part of solute in 20 parts of solvent. Soluble
Methanol 1 part of solute in 10 parts of solvent. Freely soluble
Iso- propanol 1 part of solute in 20 parts of solvent Soluble

6.1.3UV-Visible Spectroscopy study

6.1.3.1 Absorption maxima and standard curve

A UV absorption maximum of BM in methanol was calculated by scanning the solution
(40pg/ml) of BM from 200 nm to 430 nm by UV-Spectrophotometer. The maximum absorbance
of BM solution was recorded 329 nm in methanol. The standard calibration curve of BM was
prepared in solvent methanol in the concentration of 4-40 pg/ml with good correctness for

methanol. The absorption maximum of BM in methanol is shown in figure.1.10
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Figure.1.10: Standard calibration curve of bendamustine

6.1.3.2 Calibration curve of BM

Thecalibration curve of bendamustine wasaccessed in methanol by using UV-spectrophotometer.
The prepared drug solutions of concentration ranging 4-40 pg/ml were scanned at Amax
(absorbance maxima) 329 nm and the absorbance was determined. The data are shown in

Tablel.10. The calibration curve of BM is shown in figure.1.11
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Table.1.11: Absorbance of bendamustine solution at 329nm:
S. No. | Concentration (ug/ml) | Absorbance
1. |4 0.136
2. |8 0.236
3. 112 0.332
4. |16 0.426
5. 120 0.534
6. |24 0.639
7. 128 0.728
8. |32 0.832
9. |36 0.924
10.] 40 1.028
Absorbance
1.2
y = 0.0248x + 0.0363
1 R?= 0.99921//‘9

g 0.8
c
© /
206
§ / —o— Absorbance
<04 / Linear (Absorbance)

0.2 7

0 T T T T 1
0 10 20 30 40 50

Concentration( pg/ml)

Figure 1.11: Calibration curve of Bendamustine
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6.1.4 FTIR Spectra of pure drug and Excipients (for chitosan bendamustine nanoparticle)
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Figure 1.12: FTIR Spectra of Bendamustine

The FTIR spectra of BM explained which show distinguishing peaks at 3315 cm'due to O-H

stretching bond , at 2715.01cm'C-H stretching,1502.600m'1, N-CHj stretching and 1634.06 cm’
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Table. 1.12: Important absorptionpeaks of bendamustine

Functional group Observed wave

number (cm'l)

-OH stretching 3315

-C-H stretching 2715 .01
C=C stretching 1650.06
-N-CH3 stretching 1502.60
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Figure 1.13: FTIR Spectra of Chitosan
An FTIR spectrum of chitosan was characterized by typical absorption band at about3478.68cm’
!(:OH stretching). The absorption peaksat about 1656.80cm™,1571 and 1422.53cm™ were related
tooccurrence of C=0 stretching of the amide I band with bending vibrations of N-H amide II

band, C-H bending, OH bending respectively.
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Important peaks of Chitosan

Table.1.13
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Figure 1.14: FTIR Spectra of TPP

In the FTIR spectra of TPP distinguishing bands were observed at 1211 cm™ (P = O stretching),
1145cm'symmetric and asymmetric stretching vibrations in PO,group,1087 cm’l and 865 cm’

'stretching of P-O-P bridge.

6.1.5 Drug Excipient compatibility study by FTIR:

In order to find out the interaction/compatibility between BM, selected polymer
(Chitosan),selected surfactant (TPP), FTIR spectra were recorded and the major peaks were
determined. The spectra of mixtures of BM with chitosan, TPP showed the occurrence of
typicalpeaks of the drug (BM) at 3414.8 cm™'O-H group stretching, 2953.01 cmC-H group
stretching, 1502.60 cm™ N-CHjstretching and 1634.06 cm™ C=C stretching of aromaticwith
slight variation or shifting in the peaks.

The spectrum of bendamustine with the selected excipients (Chitosan, TPP) respectively showed
all the characteristic peaks of BM with no additional or new peaks other than peaks of individual

components. This indicatesthe compatibility of BM with selected excipients.
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Figure 1.16: FTIR Spectra of Bendamustine with Chitosan

FTIR Spectra of drug and Excipients (for bendamustine loaded PLGA nanoparticle):
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Figure 1.17: FTIR Spectra of PLGA
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The FTIR spectra of PLGA showed the typical absorption peaks of —CH, -CH,,-CHj stretching at
approximate range of 2850-3050 cm™', C-O stretching at 1020-1270 cm™, and carbonyl group
C=O0 stretching in the range between 17001800 cm™. The figurel.17 shows the FTIR spectra
of PLGA.

Table.1.14: Important peaks of PLGA

Functional group | wave number(cm™)
OH- stretch 3512
-CH- stretch 2995
C=0 stretch 1757
C-O stretch 1368
C-C stretch 868
100~
ao -
60 .
%T
404 1141
204 il 1087
. 1731
O 1
4000 3000 2000 1500 1000 650

Wavenumber (cm')

Figure 1.18: FTIR Spectra of PVA
The FTIR spectra of PVA showed peaks related to hydroxyl and acetate groups. The many bands
observed inside 3550 and 3200 cm™ are correlated to stretching of O-H group and the intra-

molecular and intermolecular hydrogen bonds. Findings suggest between 2840-3000 cm’ the
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stretching of C-H group (alkyl group) and at 1750-1735 cm™ is due to the stretching of C=0, C-
O (acetate group).

In order to study the compatibility between BM, selected polymer PLGA and other excipients
like PVA, acetone, dichloromethane the spectra was recorded and the main peaks were
determined. The spectra of mixtures of BM with PLGA, PVA, acetone and dichloromethane
showed theoccurrence oftypicalpeaks of the drug peaks (BM) at 3414.8 cm™ due to O-H group
stretching, at 2953.01 cm™ C-H group stretching of aliphatic, 1502.60 cm™ N-CHj; functional
group stretching and 1634.06 cm-1 C=C stretching of aromatic with slight shifting or
variation in the peaks. Though, no additional or new peaks were observed that clarifies the pure
drug was completely compatible with all the selected excipients. The IR spectra of BM with

PLGA, PVA aredepicted in figure no. 1.19 to 1.20.

4500 TS50 2000 2250 1500 =
—_ . Acm

Some important characteristic absorption peak of compatibility between BM and PLGA
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Table.1.15: Important peaks obtained from BM and PLGA interaction

Functional group | wave number (cm™)

OH- stretching 3415.8
C-H stretching 2952.01
C=C stretching 1631.06

N-CHjs stretching 1502.6

CH,; stretching 2840
CH; stretching 3050
C-O stretching 1135

C=0 stretching 1765

20{
115{
15{
125{

10—

AS00 3750 3000 2250 1500 50
- Aem

Table.1.16: Some characteristic peaks obtained from BM and PVA interaction:
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Functional group

Wave number (cm'l)

OH- stretching 3415.8
C-H stretching 2952.01
C=C stretching 1631.06
N-CHjs stretching 1502.6
CHjstretching 2840
C-O stretching 1135
C=0 stretching 1764

6.1.6 Partition Coefficient:

The partition coefficient of bendamustine was estimated 4.2. The observed results are depicted in

table 1.16 Results of partition coefficient value of BM confirmed its lipophilic nature.

Table.1.17: Partition coefficient of Bendamustine

S. No. | Medium Partition coefficient(n-octanol/aq. Phase)
1. n-Octanol: Water 4.2
2. n-Octanol: PBS pH (7.4) 3.8

6.2 Preparation of Chitosan Nanoparticles:

Chitosan nanoparticle was successfully prepared through ionic gelation method. The master

formula for the preparation depicted in the table. 1.17.
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Table.1.18:The formula for the preparation of chitosan nanoparticles

Sr. No Name of Ingredient Quantity

1. Chitosan Smg/ml
2. Sodium Tripolyphosphate 1%wlv
3 Methanol Sml
4. Mannitol 1%

3. Water 10ml
Conditions

Sonication time 5-7 min

Sonication time 5 minutes

Temperature Room temperature

6.3 Optimization of Chitosan nanoparticle:

In the Optimization process firstly, Preliminary studies were done to determine the suitable
range of polymer and surfactant for the formation of nanoparticles with the drug. Different
concentrations of polymer 1.e.0.1-0.75% w/v of chitosan and surfactant 0.5-1.0%w/v were taken
for the preparation of chitosan nanoparticles through ionic gelation method. The results revealed
that within selected range of polymer and surfactant concentration demonstratedthree kinds
ofphenomena 1.e. solution, with low and high concentration of polymer and surfactant were
further observed for formation of optimum nanocarriers through design expert software. So, the
result of key variables of particle size and other physiochemical parameters of nano sized

particles were studied primarily for finding the correct ratio that result in nanoparticle of small

Development, Optimization and Evaluation of Nanosized Particles Containing Anticancer Drug
Page | 70



size of nano range by means ofconstrictedsize distribution.Table 1.18 shows selected
formulations of chitosan nanoparticles particle size and their entrapment efficiency.

Table.1.19: Formulations of Chitosan Nanoparticles Particle Size And Their Entrapment

Efficiency

Nanoparticle Particle size (nm) | Entrapment efficiency %
formulation no.

NPS1 140.12+4.2 60.18+0.16
NPS2 110.514£6.2 50.01£0.21
NPS3 124.12+£2.3 53.05%0.19
NPS4 130.27£3.4 64.11+0.13
NPSS 145.09+43.5 61.15£0.17
NPS6 151.15+4.1 63.16+0.23
NPS7 137.194£3.6 57.124+0.20
NPS8 160.09+5.1 63.18+0.12

6.3.1Effects on Particle Size of Chitosan Nanoparticle

The particle size of 8 batches of Chitosan nanoparticle ranged from 110.51+6.2 nm to 169+5.1
nm for three factors, two level combinations.The following quadratic equation described the
influence of independent variables on particle size:

Y; (Particle size) =130.70+9.22A + 7.34B - 6.12C+1.67AB-0.65AC- 0.48BC+

22.43A%4+27.11B%*+ 17.18C>
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From this equation that was clear through increased concentration of polymer particle size
quickly increased where as it also implicates that increased polymer concentration gave positive
effect on particle size. The considerableenhancement of polymer concentrationmaybe
attributedthe increase in the quantity of chitosan chains for the dispensationof bigger particles
once stimulatedby TPP a cross linking agent. It is also notable that decreased cross linking
density between chitosan and TPP, resulted particle accumulation and formation of large
particles. Similarly, it also implicated that elevated concentration level of TPP encourages a
quicker cross linking observable fact thatmay be the reason for particle sizeimprovement. The
negative value before coefficientC shows increased sonication time would decrease the particle
size. Increased sonication time delivers more energy therefore, creating smaller size of
nanoparticle.

3D plot showing the effect between PC-SC, PC-ST and SC-ST have been given away in
figure.1.21, 1.22 and 1.23 respectively, where ST is the sonication time, SC is concentration of

surfactant and PC is concentration of polymer
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Figure 1.21: 3D response surface plot PC and SC
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Figure 1.22: 3D response plot between PC and ST
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Figure 1.23: 3D surface plot between SC and ST
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6.3.2Result on Entrapment Efficiency:
The entrapment efficiency of 8 batches of BM chitosan nanoparticle ranged from 50.01%=%2.1 to
64.11+3.1 % for two level three factor combination. The following quadratic equation described

the influence of independent variables on entrapment efficiency.

Y2(EE)% = 59.57 +0.11A- 1.99B— 0.35C+0.98AB- 1.23AC- 1.99BC, 0.70A* - 4.38B*" 3.40C>
From the equation no.8 it was clear that thecoefficientA had a positive effect on Y2 (entrapment
efficiency) which clarifies EE% increases with increase in polymerconcentration.All the results
were significant at p<0.05. 3D surface plot on behalf of the influence between PC-SC, PC-ST

and SC-ST have been given in figure 6F-17 to 6F-19 for EE% respectively.
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Figure 1.24: 3D surface plot between PC and SC

Development, Optimization and Evaluation of Nanosized Particles Containing Anticancer Drug
Page | 77



Result And Discussion
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Figure 1.25: 3D surface plot between PC and ST
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Design-Expert® Software
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Figure 1.26: 3D surface plot between SC and ST

The design expert version 10 software was used to evaluate the required process for getting best
optimized formulation.The optimization results were based onpredeterminedprinciple of highest
entrapment efficiency and smallest particle size.

It 1s clear from results obtained in table.1.18 the nanoparticle formulations (NPF-4) prepared
with polymer (0.75%) and surfactant (0.5%) concentration respectively, were in desired nano
size range (130.27+3.4) and good entrapment efficiency (64.11+3.1)and 6 min sonication time.
So, the formulations NPS-4 was considered as optimum formulations and were designated for

further studies.
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The results of ANOVA model depicated in table 1.20 summary and results of analysis of
variance for PS and EE (for BM-CH nanoparticle). The significance of determination
coefficient(R?) and adjusting coefficient were greater than 90% which proves that the model is
exceedingly significant.

Table.1.20: Summary and results of analysis of variance for PS and EE (for BM-CH

nanoparticle)

Response Sum of | Degree of | Mean | F value R? Adj.R* Perp.
squares freedom | square R?

Particle size | 1176.23 7 680.62 | 10.60 0.9972 | 0.9824 0.9723

Entrapment | 221.52 7 111.23 | 6.05 0.9921 | 0.9812 0.9608

efficiency

6.4 Characterization of Bendamustine loaded chitosan nanoparticle:

6.4.1 Result of Mean Particle Size, Polydispersity Index

The average particle size of blank chitosan nanoparticle 128.24+1.06 and the size of optimized
chitosan nanoparticles was 130.27nm#£3.4 with Polydispersitylndex(PDI) i.e. 0.245 It is
markable that particle size of blank nanoparticle is smaller than that of drug loaded nanoparticle.
Zeta potential of blank nanoparticle was found around -19 + 0.22mV and the drug loaded
nanoparticle was around -21.3 +0.02mV with slight increase. The rise in zeta potential may be
because of the charge absorbed by Bendamustine particle surface. The negative or positive
charge is required for particle repulsion and to make stable nanoparticle as they do not form any
aggregates. Figure.1.27 and 1.28 illustrates the narrow particle size range and zeta potential of

Chitosan loaded nanoparticle.
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Figure 1.27: Result of Mean Particle Size, Polydispersity Index formulation.no.4
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Figurel.28: Zeta potential of preferred formulation.no.4(Chitosan nanoparticle)
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6.4.2 Result of Entrapment Efficiency, Process Yield and Drug Loading Percentage of
Optimized Chitosan Nanoparticle

Result of percentage yield of optimized chitosan nanoparticle formulation was 66.20+£0.20%,
where as the% drug loading of preferred formulation was 25.20% with entrapment efficiency
found to be 64.11 £ 0.13%.

6.4.3 Result of Transmission Electron Microscopyof Chitosan Nanoparticle

The TEM was used to determine the particle size, shape, and distribution. Transmission electron
microscopy examine imagedisplays the image of nanoparticles that is in spherical shape.
Scanned images also confirmed that particles uniform size and polydispersity index with
distribution in within the range. All the particles were non-accumulated. The Transmission

electron microscopyimages are depicted in figure 1.29.

50 nm

Figurel.29: TEM image of chitosan nanoparticle
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6.4.4 Result of Differential Scanning Calorimetry of Chitosan Nanoparticles

The thermograms of differential scanning calorimetryforchitosan, bendamustine and optimized
chitosan nanoparticle (NPS -4) are given in figure 1.30. The active drug bendamustine displayed
a narrowpeakwhich resembled toits melting pointat155°C, representing that the drug iscrystalline
in nature. Because of the thermal decomposition of drug, a broad peak was observed with high
temperature at around 400°C.

The results of Chitosan polymer showed a broad endothermic peakaround 91.26°C. After that
exothermic peak started at 270°C. The drug was not showing any endothermic peak in
nanoparticle formulation which confirms the amorphousphase and presence of drug in the

polymeric nanoparticles.

Chitosan

\v4
Y —

mV
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w BM CS Nanoparticle
L ] S0 100 150 200 150 300
Temperatwrs (O

Figurel.30: DSC Thermogram of TPP,Chitosan,Bendamustine and Chitosan

Bendamustine nanoparticle
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6.4.5 Result of X-Ray Diffraction Studies

The x- ray diffraction patterns of chitosan, TPP and chitosan nanoparticle were recorded in the
fig. 1.32. The pattern of chitosan shows two peaks at 20=10° and 20° indicating the crystalline
structure of chitosan. Though these peaks become weak as formation of new peaks were
observed at 20=11.6,16.5,18.2 and 22.1°. Subsequently, crosslinking with TPP throughout the
preparation of chitosan nanoparticles, the crystalline structure of inherent chitosan was

demolished and shifting of small peak was observedat 20 = 18.85°.
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6.4.6Result of In-Vitro Drug Release Studies:

The In vitro studies on drug release of bendamustine and chitosan nanoparticles were calculated
on the basisof phosphate buffer pH7.4 and compared through pure suspension of drug for 48
hours and it was observed that BM drug suspension releasednearly 99.3% of its pure drug
towards the end of 6™ hours, though 80.3 % ofrelease was detected at the end of 48"™ hour from
chitosan nanoparticle which displayed steady and sustained release throughout the complete
cycle of study. The drugrelease patternofchitosan nanoparticle arisen in biphasicway, with an
earlyeruptionand rapidreleaseproceeded by sustained release of drug. The result can be seen in

table.1.21: results of in vitro drug release of optimized bendamustine and chitosan nanoparticles

Table.1.21: results of In Vitro drug release of optimized bendamustine and chitosan

nanoparticles
Time Cumulative percent of drug release | Cumulative Yo drug release
(hrs) of pure BM suspension Bendamustine chitosan nanoparticle)
0 0 0
0.5 30.9 £1.23 20.6+0.22
1 41.8 £0.69 47.6+0.27
2 60.4+0.11 49.3+0.18
4 71.1+£0.31 54.6+0.21
6 99.1+ 0.40 58.4+0.16
8 - 62.6+0.16
10 - 70.9+ 0.20
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12 - 72.7£0.11
18 - 76.9+0.29
24 - 78.19+0.24
48 - 80.3£0.25

In vitro drug release chitosen
nanoparticles
120
100
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60 —@— pure BM suspension
40

20 —@— Bendamustine chitosan
nanoparticle

% cumulative release

0 20 40 60
Time in hours

Figurel.32: Drug release study of pure drug suspension and Bendamustine loaded chitosan

nanoparticle

6.4.6.1 Result of Drug release kinetics

According to thebest fit of ANOVA model and with the uppermost correlation R2value (0.96)
and the degree of drug releaseproponentn=0.78 thatspecifies the pattern of drug release is non-
fickianand also followed the standard koresmeyer-peppas model. The drug release kinetics result

can be seen intable 1.22 drug release behavior of BM from optimized chitosannanoparticle.
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Table.1.22: Drug release behavior of BM from optimized Chitosan nanoparticle

Optimized Zero order First Order Higuchi Korsmeyer-peppas
nanoparticle model

formulation no. | K R’ K R’ K R’ K n R’
NPF 4 1.3160x10" [ 0.8195 | 1.7463x10° [ 0.945 |2.178 |0.932 | 5.868x10™ [ 0.78 | 0.96

6.5. Results of Preparation of PLGA Nanoparticles by Solvent Diffusion Technique:

The PLGA nanoparticles were finally prepared by solvent diffusion methodwere prepared by

were successfully prepared by emulsion- solvent diffusion method. The master formula was

given in table.1.23.
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Table.1.23: The formula for the PLGA Nanoparticles by Solvent Diffusion Technique

Name of Ingredient Quantity
1. Polylactic glycolic acid (Polymer) 3mg/ml
2. Polyvinyl alcohol (Surfactant) 2% wiv
3 Dichloromethane 10ml
4. Acetone 10ml
5. Water 50ml
Conditions
Stirring speed 500 RPM
Sonication time 5-7 minutes
Temperature Room temperature

6.6 Optimization of PLGA nanoparticle:

In the Optimization process of PLGA nanoparticle firstly, Preliminary studies were done to

determine the suitable range of polymer and surfactant for the formation of nanoparticles (just

like chitosan nanoparticle) in the presence of drug. The different concentration of polymer (0.5-

3.0 % w/v of PLGA) and surfactant (1.0-2.0 % w/v) were selected for preliminary study for
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preparation of PLGA nanoparticles by solvent diffusion technique. Outcomes of preliminary
studies within selected range of polymer and surfactant concentration demonstrated two kinds of
phenomena i.e., solution, PLGA initial low concentration was 0.5% w/vwith surfactants 1% w/v,
and the higher concentration of PLGA 3% w/v with surfactant 2 % w/v aggregates or precipitates
were obtained.

As founded on the results of preliminary studies, ranges of opalescent parameters were selected
as key variables (concentration of Polymer and surfactant) were further examined for formation
of optimum PLGA nanoparticle nanoparticles. Table 1.24 The particle size and entrapment
efficiency of 8formulations of nanoparticles were shown in table.1.23results of PLGA

formulated nanoparticles on particle size and entrapment efficiency.

Tablel.24: Results of PLGA formulated nanoparticles on Particle size and entrapment

efficiency

NSF Particle size in Entrapment

(nano meter) efficiency in
(%)

NPF1 150.9+£0.51 81.20+0.04

NPF2 145.240.17 80.09+0.07

NPF3 135.6£0.02 79.11£1.03

NPF4 128.2+1.05 76.20+£2.31

NPF5 121.3£1.23 74.15£1.12
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NPF6 111.2+0.22 70.10£1.03
NPF7 107.6+0.6 60.23+ 3.12
NPF8 103.5+0.04 78.13+4.16

6.6.1Results of BM-PLGA Nanoparticle on Particle Size
The particle size of 8formulations of BM-PLGA nanoparticle ranged from103.5+0.04 nm
t0150.9+0.51 nm for 3 factor- 2 levels combinations. The influence of independent variables

dependent variable i.e. the quadratic equation was designed to describe the particle size.

Y, (particle size) = 115 + 2.165A + 0.740B — 0.672C + 0.94AB - 4.17AC- 6.22BC+ 11.30A% +

27.06B*+ 16.12C

Thepositive values of factor in the equation show the response factor in the equationspecifies
thatincrease in the response variablewith the factor. In this A is a polymer concentration which is
independent variable had a noteworthy plus positive effect on equation.It also emphasize that

increase in the concentration of polymer raised particle size instantly that is because of during
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the emulsification process increase in polymer concentration will increase the viscosity of
organic phase which may promote thedevelopment of larger size of nanodroplets.

The positive sign of the equation indicates that increased concentration of surfactant may
increase the particlesize. Surfactant helps to provide the stability to emulsion nanodroplets and
protect them from coalescence with each other.Thus, a smallest quantity of surfactant is essential
to get optimum range of nanoparticle?.

The 3D response plot was plotted for the effect among ST&SC, PC & S, and SC& PC have
depicted in figure 1.33,1.34 and 1.35 respectively; where ST is the sonication time, SC

Surfactant concentration and PC is polymer concentration.

Design-Expert® Software
Factor Coding: Actual
particle size (nm)

% 151.9

101.3

X1 = A: polymer concentration

X2 = B: surfactant concentration 160
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=

B: surfactant concentration (% Wiv A9-golymer concentration (% w

Figure 1.33: 3D surface plot between PC and SC (For BM-PLGA nanoparticle)
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Figure 1.34: 3D surface plot between PC and ST
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Design-Expert® Software
Factor Coding: Actual
particle size (nm)
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101.3

X1 = B: surfactant concentration
X2 = C: sonication time

Actual Factor
A: polymer concentration = 1.55

particle size (nm)

Figure 1.35: 3D surface plot between SC and ST

6.6.2 Results of Entrapment Efficiency of PLGA Nanoparticle

The result on entrapment efficiency of 8 batches was ranged between58% to 82 % .Result was
validated through the equation based on independent variable and dependent variables which

can be described by following reaction:

Y, (EE%) = 75.67 + 3.14A-1.41B- 1.07C- 0.98AB+1.26AC- 1.35BC+ 0.70A%- 4.28B>- 3.50C>
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Positive sign before A indicates that the entrapment efficiency increases as polymer
concentration raised. The negative value before B and C signifies that entrapment efficiency
decreases when surfactant concentration and sonication time increases.

All the results were significant at p<0.05.
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Figure 1.36: 3D surface plot between PC and SC
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Figure 1.37: 3D surface plot between PC and SC
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Figure 1.38: 3D surface plot between SC and ST

Theparticle size and entrapment efficiency for optimized formulations NPF-8 obtained with
sonication time6 minutes were found to be suitable. According to these results, formulation NPF-
8 was the optimized formulation with particle size 103.5 nm and 79 % entrapment efficiency.
Table 1.25 Summary and results of analysis of variance for PS and EE (for BM-PLGA
nanoparticle) based on ANOVA model with significant values. The value of determination
coefficient (R?) and adjusting coefficient were greater than 90% which proves that the model is
significant.

Table.1.25:Summary and results of analysis of variance for PS and EE (for BM-PLGA

nanoparticle)

Response Sum of | Degreeof | Mean F value | R Adjs. R? Perp. R’

square | freedom | square

Particle size | 2321.46 |7 687.38 10.60 0.9948 | 0.9845 0.9723
Entrapment | 575.88 |7 19.01 8.70 0.9807 | 0.9756 0.9678
efficiency

6.7 Characterization of PLGA nanoparticles

Results of mean particle size and zeta potential

The particle size of blank PLGA nanoparticle was 101.23 £+ 0.04 nm, and the size of preferred
formulation loaded with BM was calculated 103.50 £ 0.04 nm with the 0.307 poly dispesity
index. It was observed that the particle size of drug loaded PLGA nanoparticles were greater than

blank nanoparticles.
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The zeta potential for drug loaded optimized nanoparticles was-31.9+3.06 mV. The zeta

potential of PLGA nanoparticles were shown in figure 1.39 and 1.40.

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 103.57 Peak 1: 65479 100.0 43.98
Pdi: 0.307 Peak 2: 0.000 0.0 0.000
Intercept: 0.670 Peak 3: 0.000 oo 0.000
Result quality : Good
Size Distribution by Intensity
a8
T
E‘ (5]
55
LT
= 4
B
5 3
=

N

Size (d.nm)

Figure 1.39: Mean particle size of PLGA BM nanoparticle

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -31.9 Peak 1: -31.9 100.0 721
Zeta Deviation (mV): 7.21 Peak2: 0.00 0.0 0.00
Conductivity (mS/em): 0.00798 Peak 3: 0.00 0.0 0.00

Result quality :

Zeta Potential Distribution
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Figurel.40: Zeta potential of PLGA BM nanoparticles
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6.7.1 Results of BM Loaded PLGA Nanoparticle Thrugh Transmission Electron Microscopy

TEM scan displays the development of sphere-shaped nanoparticle. TEM graph also discloses
that the particles have a relatively uniform size. The particles were segregated with each other.
The dimension of the nanoparticle detected in thegraphs were in better arrangement by the
informationattained from Malvern particle size analyzer. The TEM scan imagearecharacterized

in figure 1.41.
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Figure 1.41: TEM image of BM loaded PLGA nanoparticle
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6.7.2 Results of Differential Scanning Calorimetry of BM-PLGA Nanoparticle

The differential scanning calorimetrystudiesof pure Bendamustine, PLGA and bendamustine
PLGA nanoparticles shown in fig. no 1.42 DSC thermogram of BM-PLGA nanoparticle. The
thermogram of BM were already discussed. The PLGA polymer established a characteristic peak
at 45.43°C indicating towards glass transition temperature. The differential scanning
calorimetrythermogramofBM-PLGA nanoparticledisplayed that polymer is stable up to 250°C

with no crystalline material due to nonappearance of shrillpeak of bendamustine.
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Figure 1.42: DSC thermogram of BM-PLGA nanoparticle

6.7.3 Result of X- ray Diffraction Studies of BM- PLGA Nanoparticle
An x - ray diffraction study of Bendamustine has already studied in prior formulation. In PLGA

nanoparticlesdistorted peak ofBM was detected, representing that the pure drug is mixed with
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PV Aand which does not exist in free form and comparative reduction in the XRD studies. This is
due to the variation or decreases in the excellence of crystals of BM and itenhances the change
incrystalline form of the drug in amorphous form that helpsinsolubility enhancement. X-ray

diffractogram of pure drug BM, PLGA, PVA and nanoparticle is shown in figure 1.43.
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Figure 1.43: X-ray diffraction study of BM- PLGA nanoparticle

6.7.4 Results of In-Vitro drug release of BM Suspension and BM Loaded PLGA
Nanoparticles
The results of in-vitro drug release of BM suspension and BM loaded PLGA nanoparticleswere

calculated for 24 hours of duration. The drug release profile was determined in phosphate buffer
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pHat 37°C was givenin figure.1.44and compared with BM pure drug suspension. From the drug
release graph, it is sure that pure drug suspension of BM releasednearly98.32% of + 0.40 of drug
towards the end of 6"hours and optimized PLGA nanoparticle released 85.2 + 0.24% of drug at
its 48™ hour. The formulation exhibited a two phase i.e.,biphasic release manner
withearlyeruption release, and thenproceeded by sustained drug release. The The
preliminaryquick release was observedbecause of drugparticlesadsorbed in peripheral of
nanoparticle surface. All drug molecules dissolvedrapidly as they arrive the medium.

Table.1.26: Results of In-Vitro drug release of BM Suspension and BM Loaded PLGA

Nanoparticles

Time (hrs) Cumulative percentage | Cumulative percent of drug
drug release of pure BM | release of PLGA
suspension Bendamustine nanoparticles

0 0 0

0.5 30.9 £1.26 36.4+£1.13

1 41.8 £0.71 47.5+0.20

2 60.5+0.13 49.9 +0.59

4 72.1+0.31 54.2 £0.05

6 98.2+0.40 58.4 £0.28

8 - 63.6 £0.18

10 - 69.7 £0.19

12 - 72.5 £0.04
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18 - 75.8 £1.03
24 - 77.9 £0.02
48 - 85.2+0.24

In vitro drug release study of PLGA

Bendamustine nanoparticle
120

100
80
60
40
20

Cumulative % drug release

0 10 20 30 40 50 60
Time In Hours

—@— pure BM suspension —@— PLGA Bendamustine nanoparticle

1.44: Drug release of pattern of BM suspension and BM loaded PLGA nanoparticle

6.7.4.1 Drug Releasee Kinetics

The optimized formulation of BM-PLGA nanoparticle confirms the first order release pattern in
phosphate buffer pH 7.2 as coefficient determination (R*)>0.9.According to the best fitthrough
the maximumRZ?value (0.98) the degree of drug release proponent n=0.67 that specifies the
pattern of drug release is non-fickianand also followed the standard koresmeyer-peppas model.
The drug release kinetics result can be seen intable 1.27 drug release behavior of BM from

optimized PLGAnanoparticle.
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Table.1.27: Drugreleaseperformance of BM from preferred PLGA nanoparticle

Optimized | Zero order First Order Higuchi model | Korsmeyer-peppas
nanoparticl

K R’ K R’ K R’ K n R’
e
formulation
no.

Lyophilized | 0.0120x10™" [ 0.846 | 1.3209x10” [0.9012 |1.902 [0.960 |5.9492x10° | 0.674 |0.978
formulation

of BM-CH

Pure BM |0.0189x10" [ 0.826 | 1.3101x10° [0.9010 |1.898 |0.940 |5.9492x107 | 0.564 | 0.965

suspension

*K is release constant, R” for coefficient of determination, n is for release exponent

6.8 Formulation and evaluation of dosage form:
6.8.1 Formulation of dry lyophilized powder of Bendamustine loaded Chitosan

nanoparticle:
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The dry lyophilized powder of chitosan nanoparticle was (NPF.no.4) formulated with mannitol
which was used as cryoprotectant. The lyophilized powder (approx. 25 mg) was reconstituted
with 10 ml water for injection via shaking. This research showed that no aggregate or clumps

were formed during reconstitution with WFI (water for injection).

6.8.2 Evaluation of dry lyophilized powder:

6.8.2.1 Drug Content:

The percentage drug content of lyophilized formulation of BM loaded chitosan nanoparticle
wasdetermined by UV-spectroscopic method and was found to be 61.12%.

6.8.2.2 Results of Entrapment Efficiency of preparedLyophilized Formulation of BM
Observed results suggest that percentage entrapment -efficiencyreconstituted lyophilized
formulation of BM was 64.11%.

6.8.2.3Results of Particle size, zeta potential of preparedLyophilized Formulation of BM
The reconstituted lyophilized formulation of BM was found 130.25+3.2 nm with PDI 0.307 and
zeta potential of reconstituted lyophilized powder of BM was found -21.3 +0.02 mVshowed
excellent stability.

6.8.2.4 Results of In- vitro drug release studies of prepared Lyophilized Formulation of BM
Thein- vitro drug releaseof prepared lyophilized BM loaded chitosan formulation was
significant, shown by graph plotted betweencumulative drug release v/s time profile. The
percentof drug release from reconstituted lyophilized powder of BM and the suspension of pure

drug BM is given in figure 1.45. Data is shown in table. 1.27.
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Table.1.28. Results of In- vitro drug release studies of prepared Lyophilized Formulation of

BM

Time (hrs) Cumulative Cumulative percent of
percentage drug | drug release of
release of pure BM | lyophilized formulation
suspension

0 0 0

0.5 30.9 £1.23 20.6+0.22

1 41.8 £0.69 47.6+0.27

2 60.4+0.11 49.3+0.18

4 71.1£0.31 54.6+ 0.21

6 99.1+0.40 58.4+0.16

8 - 62.6+0.16

10 - 70.9+ 0.20

12 - 72.7£0.11

18 - 76.9+ 0.29

24 - 78.19+ 0.24

48 - 80.3£0.25
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In vitro drug release chitosen
nanoparticles
120
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= —@— pure BM suspension

®— Bendamustine chitosan
nanoparticle

% cumulative release
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Figure.1.45:Results of In-Vitro drug release of BM Suspension and BM Loaded chitosan

Nanoparticles

¢ Drug release kinetics of lyophilized formulation of BM-CH
Based on the results of above graph it has been observed that the lyophilized formulation of BM
shown sustained drug release as compared to pure drug suspension. This drug release could be
due to the diffusion through polymer matrices. The study specified that pureBM suspension
released nearly 99.1% of the pure drug towards the end of 6th hours,whereas 80.3 % release was
detected through lyophilized formulation of BM at the end of 48"™ hours, which displayed the
steady release during the wholestudy. The in vitrodrug release profile arisen in biphasicway
through a primaryeruption(burst) and speedy release stageproceeded by sustained (slower)
releasestage. The drugrelease kineticswere studied through estimating the R* value. (Shown in

table.1.28).
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Table.1.29: Drug release behavior of lyophilized BM-CH formulation

Optimized Zero order First Order Higuchi Korsmeyer-peppas
nanoparticle model

formulation K R* K R” K R’ K n R*
Lyophilized 1.3160x10" | 0.8195 | 1.7463x107 | 0.945 2.178 [0.932 | 5.868x107 | 0.78 | 0.96
formulation of

BM-CH

Pure drug | 1.3060x10" | 0.8067 | 1.7234x107 | 0.925 2.067 |0.912 | 5.758x107 | 0.68 | 0.95
suspension

P Pl - - p B P
*K is release constant; R” for coefficient of determination, n is for release exponent

The highestvalue of R? was near about 0.96 for reconstituted lyophilized formulation of BM.

That revealed the drug release as of the selected optimized formulation followed the Korsmeyer-

Peppas pattern (Table 1.28).

6.8.2.5 Results of In- vitro cellular Cytotoxic studyof BM Suspension and BM Loaded

chitosan Nanoparticles

The cytotoxic property of pure drug BM loaded chitosan as lyophilized formulation was

evaluated by Z-138 cell line. thecontacttime was 24, 48 and 72 hours MTT assay was used to

evaluate the cell viability. The cell viability(ICsp) values of pure drug bendamustine and its
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lyophilized formulation (NSF-4)was found to be 36.16 + 0.05 and 18.14 <+
0.12pmindividuallynext72 hours contact. The ICsy value explainsthatlyophilized formulation
(BM-CH) possesses noteworthy in-vitro anticancer action (antileukemic activity) in comparison
with pure drug.No cytotoxic effect was noted when the formulations were exposed to Z-138 cell-
line,approvesthat the formulation is safe.

Table.1.30: The half maximallnhibitoryconcentration (ICsy) of pure BM suspension also

lyophilized formulation of BM-CH on Z-138 cells after 24, 48 and 72hours.

Cell line Treatment ICS50 pm

7Z-138 24 hours 48hours 72 hours

Pure BM suspension

50.6 £0.09 | 48.2 £0.12 | 36.16 £0.05

Lyophilized formulation of

BM-CH 46.6 £0.21 | 29.06 £1.19 | 18.13 £0.12

The straightcontactwithindrug and cellcan cause toxic effects to cell and this might be
decreasedthrough incorporation ofactive druginto the polymeric nanoparticles. All the results
reveal that loading of drug into lyophilized formulation powerfully decreased the cellular
cytotoxicinfluencewhen compared to activedrug. The percentage of cell viability at different

concentration after 24 48, and 72 hours are shown from figure.1.46 to 1.48.
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PERCENTAGE CELL VIABILITY AFTER
24 HRS OF INCUBATION

120
100
80

60
mBM
40
m BM-CH
20
0 - \
0 10 20 30 40 50

Drug concentration (uM)

cell viability (%)

Figure 1.46: Z -138 viability after 24 hours of incubation with pure BM suspension and

lyophilized BM loaded chitosan formulation

PERCENTAGE CELL VIABILITY AFTER
48 HRS OF INCUBATION
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Figurel.47: 7 -138 viability after 48 hours of incubation with pure BM suspension and

lyophilized BM loaded chitosan formulation
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PERCENTAGE CELL VIABILITY AFTER
72 HRS OF INCUBATION
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Figure 1.48: Z -138 viability after 72 hours of incubation with pure BM suspension and

lyophilized BM loaded chitosan formulation

6.8.3 Stability study:

In stability testingit was observed that the lyophilized powder of BM, degraded about0.06%
ofitsamount in initial month andl.03%during6thm0nthoncekeptonr00m temperature (25°+2°C,
60+5%RH). In theaccelerated stabilitycondition(40°+2°C,75+5%RH)thelyophilized formulation
degraded drugabovel.5% inl1* month and near about2.11% during6thmonths (shown 1n table
1.30).

Therefore, the lyophilizedformulation (lyophilized powder) of BM was considered to be more
stable at room temperaturewhen compared to the pure drug suspension and not

anynoteworthydeviations were observed in particle size, Zeta potential and drug content. The
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effectof storage conditions in % residual anddrug content f BM lyophilized formulations isgiven

in figure 1.49.

Table.1.31: Effect of storage condition on % residual drug content of BM

Formulation code

Room temperature

Accelerated condition

% Residual drug content

M 3M | 6M 1M M 6M
Lyophilized formulation of BM-CH | 61.06 | 61.03 | 60.03 | 60.56 60.45 58.45
Pure BM suspension 60.12 | 60.06 | 59.06 | 58.62 58.60 56.62

62

61

% Residual drug content
[e)] ~ (o] (o]

vl

60
5
5
5
5
5
54
IM  3M 6M IM  3M 6M

Room temperature

Time in months

Accelerated condition

B Lyophilized formulation of
BM-CH

B Pure BM suspension

Figure 1.49: Effect of storage conditions on percent residual drug content of pure drug

suspension and lyophilized formulation of BM-PLGA
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6.9 Formulation of BM loaded PLGA lyophilized powder

Thedry lyophilized powder of BM-PLGA nanoparticle was (NPF.no.8) formulated just like
chitosan BM loaded lyophilized powder using mannitol as cyroprotectant and WFI

6.9.1 Evaluation of BM-PLGA lyophilized powder:

Percentagedrug content:The percentage drug content of lyophilized formulation of BM-PLGA
was estimated by UV-spectroscopic method and was found to be 75.28%.

6.9.1.1 Entrapment efficiency:

The percentage entrapment efficiency of reconstituted lyophilized formulation of BM loaded
PLGA nanoparticle was found to be 78.16%.

6.9.1.2 Particle size and zeta potential:

The particle size of reconstituted lyophilized formulation of BM was found to be 103.84+0.91
nm with PDI 0.32. Zeta potential was assessed to get evidence about the surface properties of
nanoparticles.

6.9.1.3 In vitro drug release:

The in-vitrodrug release manner of prepared lyophilized BM-PLGA formulation signified
graphically by plotting a graph between percentage cumulative drug release v/s time profile.
According to the graph plotted above, it has been observed that the lyophilized formulation of
BM- PLGA shown sustained drug release as compared to pure drug suspension also specified
that BMsuspension released nearly 99.3% of pure drugtowards the end of 6 hours whereas 81.59
% drugrelease was detectedthrough thelyophilized formulation of BM which exhibited sustained

releaseduring the entireprocess of study.
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Table 1.32: Cumulative percent ofdrugrelease from reconstituted lyophilized powder of

BM and the suspension

Time In Hours

Cumulative % drug release

Cumulative % drug release

of pure BM suspension (PLGA Bendamustine
nanoparticle)

0 0 0

0.5 30.9 +£1.26 364 +1.13
1 41.8 £0.71 47.5+0.20
2 60.5+0.13 49.9 £0.59
4 72.1+£0.31 54.2 £0.05
6 99.2+ 0.40 58.4+£0.28
8 - 63.6 £0.18
10 - 69.7 £0.19
12 - 72.5 £0.04
18 - 75.8 £1.03
24 - 77.9 £0.02
48 - 85.2+0.24

Development, Optimization and Evaluation of Nanosized Particles Containing Anticancer Drug

Page | 113




Result And Discussion

In vitro drug release study of PLGA
Bendamustine nanoparticle
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Figure 1.50: Drug release study of pure drug suspension of BM and BM loaded PLGA

nanoparticle

6.9.1.4 Drug release kinetics:

According to the bestfit with the maximum correlation coefficient (R2 ) value (0.97) and
thedegree of drugreleaseexponent(n=0.67)specifies that the drug release pattern is non-Fickian

and followedKorsmeyer-Peppas model. Thedrug release kinetics of formulation were studied

through estimating the R’ value of different mathematical models.(Shown in table.1.32).
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Tablel.33: Release kinetics of pure BM suspension and BM-PLGA lyophilized formulation

in phosphate buffer.

Optimized | Zero order First Order Higuchi model | Korsmeyer-peppas
formulation

K R’ K R’ K R’ K n R’
no.
Lyophilized | 0.0120x10" | 0.846 | 1.3209x10”° [0.9012 [ 1.902 [0.960 |5.9492x10” | 0.674 |0.978
formulation
of BM-CH
Pure drug |0.0189x10" | 0.826 | 1.3101x10” [0.9010 | 1.898 0.940 |5.9492x10” | 0.564 |0.965

suspension

" Vi . - . p .
*K is release constant; R” for coefficient of determination, n is for release exponent

6.9.1.5 In-vitro cellular cytotoxic study:

The cytotoxic study of pure BM and BM loaded Poly lactic glycolic acid (PLGA) as lyophilized
formulation was evaluated withZ-138 cell line. Subsequent 24,48 and 72 hours of contact. MTT
assay performed for cell viability and maximum inhibitory concentration value of formulations
were calculated.

Themaximum inhibitory concentrationvalues (ICsg) of pure drug Bandamustine and its
lyophilized formulation (NPF-8) was found to be 36.17 + 0.05 and 16.13 + 0.12 pmindividually
after 72 hours cell contact to drug. The valueswere given in table.1.33, it explains about the

lyophilized formulation (BM-PLGA) possesses noteworthy antileukemicactionin comparison to
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BM suspension. Not any cellular cytotoxic effect had seen which clear cut approves that the

formulation is safe.

Table.1.34:The 1Csy value of pure drug suspension also lyophilized formulation of BM-

PLGA on Z-138 cells after 24, 48 and 72hours

Cell line Treatment ICS50 pm
7Z-138 24 hrs 48hrs 72 hrs.
Pure BM suspension
50.6 £0.09 | 48.2 £0.15 | 36.17 £0.05
Lyophilized formulation of
BM-CH 45.6 £0.21 | 28.06 £1.19 | 16.13 £0.12
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Figure 1.51: Z-138 cells viability after 24 hours incubation with Pure BM suspension and

lyophilized formulation of BM-CH
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Figure 1.52: Z-138 cells viability after 48 hours incubation with Pure BM suspension and

lyophilized formulation of BM-CH
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Figure 1.53: Z-138 cells viability after 72 hours incubation with Pure BM suspension and

lyophilized formulation of BM-CH

6.9.2 Stability study:

In stability testingit was observed that the lyophilized powder of BM-PLGA
degradednearly0.03%  of active drugamount in initialmonth and 0.06% in
nextsixmonthsoncekepton25°C+2°C room temperature and 60+5% RH . In the accelerated
studies at 40°C+2°C  and 75+5% RH the lyophilized formulation degraded around1.0% drug
throughoutinitial month and near about1.7% in next 6 months (shown in table.1.34).

Therefore, thelyophilized powderof BM was considered asmore stable at room temperature
(25°C £ 2°C,60+ 5% RH) as compared to BMsuspension and not anynoteworthyvariations were
observed in mean particle size, drug content, and zeta potential. The results were shown in figure
1.54.

Table.1.35:Result of % residual drug content of BM on storage condition

Formulation Room temperature Accelerated condition

(25°£2°C,60+5%RH) (40°+2°C,75+5%RH)

% Residual drug content

1M 3M | 6M 1M M 6M

Lyophilized formulation of BM-
75.25 75.20 | 75.14 | 74.28 74.25 72.55
PLGA
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Pure BM suspension 60.12 60.06 | 59.06 | 58.62 58.60 56.62
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Figure 1.54: Result of % residual drug content of pure drug suspension and lyophilized

formulation of BM-PLGA onstorage conditions
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7.1 General overview

Many current chemotherapeutic and anticancer drugs have low water-solubility and high
lipophilicity. For the solubilization of these drugs require high concentration of surfactant and
co-solvents which can cause severe side effects.The nanocarrier drug delivery system can be
an alternative to overcome this problem. Numeroustypes of nanocarrier systems are studied
broadly for drug delivery of poorlywater-solubleanticancer drugs.

In the present research work, bendamustine loaded chitosan and PLGA nanoparticle were
prepared, optimized, characterized and finally formulated in desired dosage form.lonic
gelation and solvent diffusion methods were used in the preparation of chitosan and PLGA
nanoparticles respectively.Both of nanoparticles were selected for parenteral administration

due to its nano size range.

The present research work was classified into three foremostphases.In the first step
preparation of both the nanoparticles were done.During the second phase the optimization of
chitosan and PLGA nanoparticles was done with the help of preliminary study to select the
suitable independent variables and parameters for the preparation of nanoparticle.In
preliminary trials suitable range of concentration of polymer, concentration of surfactant
andsonication time (independent variable) was determined. These results were again
optimized usingdifferent factorial design to find out the greatest optimized formulation of
nanoparticles. The optimization was completed through Design Expert Software (Version.
10), here total 8 formulations of chitosan and PLGA nanoparticles were prepared and
characterized. These nanoparticles were characterized according totheir respective particle
size and encapsulation efficiency. One of the best nanoparticles (chitosan and PLGA)
preparation was selected built on lowest particle size and greatestencapsulation efficiency as
dependent variable.An experimental batch of optimized formulation was prepared and the %
of bias was determined between predicted and observed responses. The best nanoparticle
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formulations (BM-CH and BM-PLGA) were then evaluated for zeta potential, PDI
(polydispersityindex)Transmission electron microscopy (TEM),DSC(Differential scanning
calorimetry), X-ray diffraction, percentage yield of drug, drug loading capacity,
cumulativerelease of drug and in- vitrodrug release profile.

In the third and last phase both the best optimized preparations (NPF.4 and NPE.8) were
formulated into a dry lyophilized powder. These dry lyophilized powder formulations were

evaluated for in vitro study, cytotoxic study and stability study.
7.2. Objective of the research

The objective of the current research work is to develop and formulate and optimized the
preparation of bendamustine loaded chitosan and PLGA nanoparticles by using two different
methodsi.e.,ionotropic gelation and emulsion solvent diffusion technique, to find out which
technique is more suitable and promising for accessing nanoparticle ofnon- toxic, site
specific, bettersurface properties, acceptable drug release pattern, narrow size distribution and

maximum entrapment efficiency.
7.3. Preformulation study

Thestudies ofactive drug ingredient and excipients beforeformulationmainlyknown as-
pre-formulationstudies.The study is very necessary to evaluate the purity of drugby its
melting point, drug- excipient interaction or compatibility studies were determined by FTIR
and solubility study.

The melting point of bendamustinewas found to be 150°C. Bendamustine was freely soluble
in methanol and dimethyl sulfoxide (DSMO). It was sparingly soluble in water. The aqueous
solubility of bendamustine was 0.0618mg/ml. The maximum absorbance of drug in
methanol was calculated as329nm. The FTIR spectra of bendamustine displayed
characteristic peaks at3315 cm™ (O-H stretching vibration),2715.01 cm™ (C-H stretching,
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aliphatic), 1502.60 cm’! (N-CH3 stretching) and 1634.06 cm’! (C=C stretching, aromatic).
All thesespectrawere alike to standard spectra of BM compound. No chemical interaction
among drug, excipient and polymer(for ion gelation technique and solvent evaporation
technique) were found in compatibility study. The partition coefficient of BM in octanol:
water was found to be 4.2 showing that the drug is lipophilic in nature.

7.4. Optimization of chitosan Nanoparticles

Chitosan nanoparticleswere prepared by ionic gelation methodat room temperature
maintained 6 minutes of sonication. For the optimizationprocess, preliminary studies were
performed to obtainedthevariables influencing the development of chitosannanoparticles.
The independent variables examined were, Aconcentration of chitosanpolymer (0.1%-
1.0%),B concentration of TPP (Tripolyphosphate) surfactant(0.5%-1.0%) andCsonication
time(5-7 min).It was denoted by —1, and +1, analogous to the minimum,andmaximum
values and the dependent responses were PS (particle size) (Y1) and %EE (entrapment
efficiency) (Y2). On the basis of preliminary studies, opalescent nanoparticleswere obtained
at moderate concentration of chitosan (0.1-0.75% w/v) and surfactant (0.5-1.0 % w/v). This
range was optimized once againusing factorial Design Expert (Version.10 Stat-Ease Inc.,
MN) software. Here,response surface methodology was employedusing Box-Behnken
design,where 8-runs were performed out with 3-factors and 2-levels to optimize and attain
the best formulation.Eight batches of chitosan nanoparticle were prepared and characterized
(NPF-4). The outcomes of the test for dependent variables were given significant result (p <
0.05). (NSF-4) nanoparticle formulation no.4was having the particle size and entrapment
efficiency 130.27£3.4 nm 64.11+3.1%respectively, thatsignified good relation with the
predicted values.The composition of formulation attained 0.4% (w/v) polymer concentration,
0.75% (w/v) surfactant concentration and 6minutes ofsonication time. The observed

response variables were obtained significant for the dependent variables presented by the
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value of Rand results of ANOVA.

7.5. Characterization of nanoparticles

The optimized nanoparticle formulation was having the zeta potential of-21.3 =+
0.02mV with poly dispersity index 0.245. The drug content and drug loading
efficiency were found to be61.12% and 22%=0.14respectively.

The TEM image of the optimized formulation [NPS-4] assured that the nanoparticles
were non-aggregated,almost spherical in shapecontaining a narrow size distribution.
TEM image was in aproperarrangement and the graph obtainedfrom particle size
analyser.

The BM and chitosandisplayed an endothermic peak at 155°C and 102°C
respectivelyas data obtained from DSC thermogram,showing its melting point. The
thermal decomposition of BM occurs at maximum temperature 400°C because a broad
peak was obtained. The chemical interaction between drug and polymer was not
found.

The pure drug BM displayedsharpdiffraction peak in x-ray diffractogram at 20 of 3.3,
11.2, 12.0, 16.6, 7.8, 13.6, 15.4, 23.1 and 32.0. The graph showed the crystalline
structure of chitosan.The structure wascompletelydemolishedbecause of thecross
linkagewith TPP during the preparation of nanoparticle.The two peaks were
disappeared slowly with the pattern which shows the it is amorphous in nature.
In-vitrodrug releasewas calculated in phosphate buffer pH 7.4 using Franz diffusion
cell.It was detected that almost 99.3% of pure drug suspension was released at the end
of 6™ hour but chitosan nanoparticle was released 80.30% of drug at the end of 48"
hours, showed asteady and sustained drug release during completeduration of study.
The release pattern of CH-NPswas in two phasicways, with aprimaryeruptionfollowed

byfast release phase and then attained sustainedrelease. In primaryphase, aburstof
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nanoparticle and then drug release of 35 % was observed at the initial 30 minutes due
to the drug desorption.TheR2 (coefficient of determination) value of optimized
formulation was greater than 0.9 suggesting its first order release. Model confirmed
that chitosan nanoparticlepresented a non-fickian (anomalous)transport mechanism
for the drug release, here the value of R? was calculated as 0.96 and n = 0.78.

7.6. Formulation and evaluation of dosage form

Drug molecules are delivered to sites of action within the body with the help of
dosage form.In the present study, the best optimized formulation (NPF-4)chitosan
nanoparticle was formulated as dry lyophilized powder and evaluated. As
bendamustine suffers hydrolysis, so it is formulated as lyophilized powder. The dry
lyophilized powder of BM-CH nanoparticle was successfully prepared with mannitol
as cyro-protectant. The lyophilized powder (approx. 25 mg) was reconstituted with 10
ml water for injection withshaking.

The percentage drug content of lyophilized formulation of BM-CHwas assessed by
UV-spectroscopic method and was found to be 61.10% as well as the percentage
entrapment efficiency of reconstituted lyophilized formulation of BM was found to be
64.09%. After the lyophilization process the particle size ofreconstituted lyophilized
formulation was found to be 130.20+3.2 nm with very minute change thePDI 0.24.
The zeta potentialof BM loaded chitosan lyophilized formulation was found to be -
21.3 £0.02mV, which specifies that the formulation is in good stability condition

¢ In-vitro drug release mechanism

In-vitro drugrelease of pure drug suspension was almost 99.4% at the end of 6"hrs
though 80.16 % drugrelease was detected from BM-CH lyophilizednanoparticles,
which presented steady and sustained release throughout thewholeduration of test.

The value of R* was found to be greater than 0.9 suggestingthat the drug release
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pattern was first order.  Model fitting confirmed asnon-fickian (anomalous
transport)patternfor drug release, here the R? was calculated as 0.98 and n = 0.68. The
value of n was found to be within limit i.e. (0.5-1.0) for Korsmeyer-Peppas model.
e Cellular cytotoxicity
The cellular cytotoxicity/in-vitro anticancer activity of pure drug (BM) and lyophilized
formulation of BM was calculatedwitha cell line named Z-138. Next 72 hours contact
with drug, cellularviabilityand ICsgvalues of the formulation was calculated by MTT
assay.The ICsgvalues of pure drug bendamustine and its lyophilized formulation (NPF-
4)was found to be 36.16 £ 0.05 and 18.13 £ 0.12 puM respectively after 72 hours
exposure. Results explainedthat the lyophilized formulation havinga noteworthyin-
vitroantileukemic activity,when compared with pure drug suspension.
e Stability study
In stability testingit was observed that the Ilyophilized powder of BM
degradedabout0.06% of its content in theinitial month and 1% in 6months when stored at
25+2°C, 60+%RH. In the accelerated stability study (40+£2°C, 75£5%RH)thelyophilized
formulation degradedhigher than 1.5% drug during thel*month and near about2% in the
period ofsix months.Therefore,the lyophilized powder of BM was consideredasmore
stable on 25+2°C, 60+%RH (room temperature)conditions when compared with thedrug
suspension and no noteworthy changes were observed in meanparticlesize, zeta potential
and drug content.The effectof storage conditions in % residual drug content of BM
formulations is 61.06% in 1se month and 60.03% in the end of six months at the room

temperature condition.

7.7. Optimization of PLGA nanoparticles
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PLGA nanoparticleswere prepared by emulsion solvent diffusiontechnique at room
temperature maintained 6 minutes of sonication. For the optimization process,
preliminary studies were performed to obtained thevariables influencing the development
of PLGAnanoparticles. The independent variables examined were, A concentration of
PLGApolymer (1.0%-4.0%), B concentration ofPVA (Polyvinyl alcohol) surfactant
(1.0%-5.0%) and C sonication time (5-7 min). It was denoted by —1, and +1, analogous
to the minimumand maximum values and the dependent variables were PS (particle size)
denoted as Y1 and (%EE) (entrapment efficiency) as Y2. On the basis of preliminary
studies, opalescent nanoparticles were obtained at moderate concentration of PLGA (0.5-
3.0% w/v) and surfactant (1.0-4.0 % w/v). This range was optimized once again using
factorial Design Expert (Version.10 Stat-Ease Inc., MN) software. Hereresponse surface
methodology was employedusing Box-Behnken design,where 8-runs were performed out
with 3-factors and 2-levels to optimize and attain the best formulation with lowest
particle size and highest entrapment efficiency.Total 8 batches of PLGA nanoparticle
were prepared and characterized. The outcomes of the responseare significant (p < 0.05).
The optimized formulation (NPF-8) was having the particle size and entrapment
efficiency of 103.5+0.04nm and 78+4.16% respectively.It signified good relation with
the predicted values.The selected formulation (NPF-8) was in the composition of1.55%
(w/v) polymer concentration % (w/v) surfactant concentration and 6 minutes of
sonication time . The observed response variables were obtained significant for the

dependent variables presented by the value of R* and results of ANOVA.

7.8. Characterization of PLGA nanoparticles
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e The nanoparticleswere having the zeta potential of -31.9 + 3.07 mV with poly
dispersity index 0.307.The % yield and drug loading efficiency were found to be
80.20% and 28%=0.14 respectively.

e The TEM images of the optimized formulation (NPS-8)specifies that the
nanoparticles were non-aggregated andalmost in spherical shape withthe narrow size
of distribution. TEM images were shown the diameter of each particle in a good
arrangement obtained with the help of particle size analyser.

e BM and PLGA (polymer)displayed an endothermic peak at 155°C and 102°C
respectively showing its melting point in the DSC thermogram. The thermogram of
BM were already discussed. The PLGA polymer established a characteristic peak at
45.43°C indicatingtowardsglasstransition temperature. No separate peak of its
melting point was observed due to the amorphous nature of PLGA. The polymer is
thermally stable upto 250°C. The optimized nanoparticle had not shownany drug
material which is crystalline, due toabsence of sharp peak of bendamustine.

e In X-ray diffraction study of PLGA nanoparticlesthe distorted peak of BM was
detected, showing that the drug is mixed with PVA and does not exist in free form
and comparative reduction in the diffraction intensities was observed in the
nanoparticles. Thismight be because of the decrease in the superiority of crystals of
BM and this result enhances the change of crystalline drug into amorphous
naturehelpful in enhancement of solubility.

e In-vitro release of pure drug suspension was calculated nearly 99.1% of the drug at
the end of 6th hrs, though 85.20 % release was observed from PLGAnanoparticles of
optimized formulation, which showed good results. Model fitting of PLGA
nanoparticle showed non-fickian mechanism for the release of drug where the R* was

found to be 0.98 and n = 0.67.
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7.9. Formulation and evaluation of PLGA nanoparticles
A formulation of desired dosage form is required for targeted drug delivery. In the
present study, the best optimized formulation (NPF-8) BM-PLGA nanoparticle was
formulated as dry lyophilized powder and evaluated. As bendamustine suffers
hydrolysis, so it is formulated as lyophilized powder. The dry lyophilized powder of
BM-PLGA nanoparticle was successfully prepared with mannitol as
cyroprotectant.The lyophilized powder (approx. 25 mg) was reconstituted with 10 ml
water for injection via shaking.

e The percentage drug content of lyophilized formulation of BM (PLGA polymer) was
assessed by UV-spectroscopic method and was found to be75.28%as well as the
percentageentrapment efficiency of reconstituted lyophilized formulation of BM was
found to be 78.13%. The particle size of reconstituted lyophilized formulation of BM
was found to be 103.57+3.2 nm with PDI 0.307. Zeta potential was estimated to get
information about the surface properties of nanoparticles.The zeta potential of BM
loaded chitosan lyophilized formulation was found to be -31.9 + 3.07, which specifies
that the formulation is in good stability condition.

e In the in-vitro study, it was observed that pure drug suspension released almost 99.2%
of the drug at the end of 6™ hrs while 85.20 % release was observed from
PLGAnanoparticles. The R” (coefficient of determination) value of BM from
optimized formulation in phosphate buffer was > 0.9 signifying first order release
pattern. Model fitting confirmed that PLGA nanoparticle showed anomalous
transport (non-fickian) mechanism for the release of drug, where the R? was found to
be 0.98 and n = 0.67. The value of n was found to be within limit i.e. (0.5-1.0) for
Korsmeyer-Peppas model.
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e The cellular cytotoxicity/in-vitro anticancer activity of pure drug (BM) and
lyophilized formulation of BM was calculated using Z-138 cell line. The ICs, values
of pure drug BM and its lyophilized formulation (NPF-8) was found to be 36.16 +
0.05 and 16.13 £ 0.15uM respectively after 72 hours exposure. Results explained that
the lyophilized formulation having significant in-vitro antileukemic activities
compared to pure drug suspension.

e In stability testing of lyophilized powder of BM-PLGA, it was observed that the
formulation degraded almost 0.03% of drug content in first month and0.09% in
6months when stored at room temperature (25+2°C, 60£5%RH). In the accelerated
condition (40+2°C, 75+£5%RH) the lyophilized formulation lost more than 1.0% drug
during first month and near aboutl.5% in 6 months.Thus, the prepared formulation
(Iyophilized powder) of BM was found to be more stable at room temperature
conditions as compared to pure drug suspension and no noteworthy changes were
observed in particle size, zeta potential and drug content. The effect of storage
conditions in % residual drug content of BM formulations in the 1* month was 75.25
and 75.14%during the end of 6"months at room temperature.

7.10. Conclusion:

From this research work it was concluded that, both the techniques (ionic gelation and

solvent diffusion)were useful in the preparation and development of BM

nanoparticlesbut, the solvent diffusion technique is more suitable and promising method

to get nanoparticles.
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