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PREFACE

Colon cancer is one of the fourth most disastrous cancer and causes mortality and

morbidity worldwide. Colon cancer-associated death is mostly found in western countries

due to changes in their habitual lifestyle and food habit. In recent years more than 66,000

cases of colon cancer are also reported in India. Several types of natural and synthetic

drugs have been used as a chemotherapeutic agent for the treatment of colon cancer but

they have been associated with lots of biochemical side effects which predominantly

destroy the healthy cells of patients.

Capecitabine is one of the potent chemotherapeutic agent widely used for several decades

for the treatment of colon cancer. The major challenges related to oral administration of

capecitabine is attributed due to the short plasma half-life, rapid rate of elimination, high

dose of capecitabine is needed twice per day, unwanted dose-related toxicity like bone

marrow depression, cardiotoxicity, diarrhea, nausea, and dermatitis, etc. Keeping this

view, the present study focused on the development of a natural polymer gum odina-

sodium alginate based capecitabine loaded microsphere for the treatment of colon cancer.



The subject matter of the thesis has been divided into several chapters containing the

development of gum odina- sodium alginate based capecitabine loaded microsphere,

optimization of formulations, physicochemical characterizations, and biological

evaluation of formulation and in vitro and in vivo studies of optimized formulation to

investigate the role of the formulated microsphere as an ideal formulation for the

treatment of colon cancer.
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CHAPTER 1

INTRODUCTION



1 Introduction

This section covers the background and significance of colon cancer prevention,
the cause of colon cancer, and the importance of colon-targeted drug delivery
systems. It also explores the use of naturally obtained biopolymers for
formulation development and addresses the drawbacks of conventional dosage
forms. The thesis offers a concise overview of gum odina and sodium alginate-
based biopolymeric microspheres as promising biomaterials for colon cancer
prevention.

1.1 Background and importance of the study

Colon cancer increased most in economically developed countries due to changes
of life style, dietary changes, obesity, smoking, alcohol consumption, and
physical inactivity. However, more than 66,000 cases of colon cancer have been
documented in India in recent years [1]. The likelihood of developing colon
cancer can range from medium to high. Individuals without advanced colorectal
adenoma, intestinal bowel disease, polyposis syndrome, hereditary colorectal
cancer syndrome, or a family history of colon cancer have an average risk of
acquiring colon cancer after the age of 50 years. Most people with a high risk of
colon cancer start showing symptoms at a young age, which makes them
candidates for a specific screening and surveillance program [1]. Colon cancer is
the result of numerous multi-step mutational processes that occur in succession.
Seventy percent of colon cancer was mostly caused by spontaneous adenoma and

familial adenoma polyps, whereas thirty percent of colon cancer was caused by
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abnormalities in DNA mismatch repair, B-Raf proto-oncogene mutation, and
base-excision repair genes linked to mutY DNA glycosylase polyposis syndrome
[2]. Numerous chemotherapeutic drugs have been used to treat colon cancer, but
they have a negative impact on public health because to their high toxicity,
noxiousness, low permeability, excess solubility, and lack of target specificity.
Regular administration of medications that have been developed to preserve their
stability, activity, and bioavailability is often required for conventional therapy
[3]. The basic goal of a drug delivery system is to sustain medication levels in the
body for an extended length of time while still being within the therapeutic
window. Sustained or controlled release formulations that could maintain a steady
state plasma level for a long time are designed to address this issue with
conventional therapy [4]. Such formulations result in the least amount of drug
plasma level variation with fewer side effects. The most recent development in
drug delivery technology is the use of microspheres to circumvent some of the
drawbacks of traditional methods, including poor oral bioavailability, lack of
precise targeting, poorer aqueous solubility, and lower therapeutic indices.
Numerous studies have recently concentrated on using synthetic polymers instead
of natural biopolymers as drug delivery methods. Due to their biodegradability,
biocompatibility, affordability, sustainability, passive tumor-targeting, high
encapsulation efficiency, and capacity to transport a wide variety of therapeutic
drugs to the targeted spot, natural polymers are preferable to synthetic polymers

[5]. In order to create the microspheres for this study, we employed gum odina, a
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natural polysaccharide that was naturally liberated from the bark of Odina wodier
family Anacardiaceae. Gum odina-based microencapsulation enhances the
solubility of the drug, prevents early degradation in the upper gastrointestinal
tract, and supports targeted drug delivery and controlled drug release [6].

In this thesis work, the biopolymer gum odina-sodium alginate-based
microsphere will have all possible characteristics for being the ideal material for
colon cancer prevention at a realistic cost with improvement of patient
compliance.

1.2 Cancer

Cancer develops when a few body cells proliferate uncontrollably and spread to
other physical organs. Cancer can grow virtually anywhere among the billions of
cells that make up the human body. Human cells frequently divide to produce
new cells as needed by the body (a procedure known as cell proliferation and
multiplication). When aging or damage causes a cell to die, new ones replace the
old ones [7].

1.3 Types of tumor

Tumors can be classified as either benign or malignant, depending entirely on
how they spread. Unproblematic benign tumors typically remain in their original
locations rather than spreading to other parts of the body. Benign tumors grow
slowly and steadily, and their borders are clearly defined. Malignant tumors, on
the other hand, spread rapidly and uncontrollably from one area of the body to

another [8].
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1.4 Incidence of colon cancer

The frequency of colon cancer is rising in industrialized nations including
Western Europe, North America, Australia, New Zealand, and Japan. Colon
cancer is the third most prevalent type of cancer worldwide [9]. Each year,
250000 new cases of colon cancer are recorded in Europe, making up 10.3% of
all new cases in women and 7.4% of all new cases in men. There isn't a recent,
extensive population study available in Europe that details the incidence of colon
cancer in young people. Industrialization and urbanization both raise the rates of
this colon cancer-related death [10]. Overall, there are up to eight-fold differences
between countries in the incidence of colon cancer, which varies greatly by
location. There are substantial differences in the occurrence of colon cancer
worldwide. These differences are closely linked to the level of development in
each region, as measured by the Human Development Index (HDI) [9].

It also highlights that within individual countries, like the United States, there can
be significant disparities in colon cancer rates. For example, there's a nearly
threefold difference in colon cancer incidence between Alaska and the Southwest
region of the United States, and these differences are influenced by variations in
factors like access to screening and people's behaviors [3].

1.5 Earlier lesions

In terms of molecular genetics, colon cancer is the most complex (multistep)
malignancy that is now understood. The emergence of particular varieties of

neoplastic polyps in the intestinal mucosa is the initial stage of carcinogenesis.
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For assessing the possibility for malignancy, polyp histology is essential. The two
most prevalent histologic categories are adenomatous and hyperplastic.
Histologically, hyperplastic polyps have fewer cytoplasmic mucus and more
glandular cells, although they typically don't have nuclear hyperchromatism [11].
1.6 Histology

Based on the degree of preservation of typical glandular architecture and
cytologic features, colon tumors are categorized as highly differentiated,
moderately well differentiated, or poorly differentiated. Although the mutations
responsible for poor differentiation are yet unclear, poor differentiation is likely
a histologic indication of serious underlying genetic abnormalities.
Undifferentiated colon tumors make up about 20% of cases [12].

1.7 Signs and symptoms

Patients may experience a range of symptoms of colon cancer, depending on the
stages of the disease. Changes in bowel habits, general abdominal discomfort,
weight loss, aggressive attempts, and constipation are some of the early signs of
colorectal cancer in adults between the ages of 65 and 79. When a patient is 80
years old, the signs and symptoms of colon cancer are slightly different [13].

1.8 Risk factors for colon cancer

Multiple risk factors have been involved in the development of colon cancer have
been established. It has been shown that conditions such as familial polyposis
syndromes, inflammatory bowel illnesses, Type 2 diabetes might be increased a

person's risk of developing colon cancer. There is evidence that dietary factors
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are a significant contributor to development in colon cancer. Individuals with
overweight, physical inactivity, cigarette smoking, alcohol consumption, and
inappropriate dietary patterns are associated with an elevated risk of colon cancer.
Moreover, gut microbiome, age, gender race, and socioeconomic status are
known to influence colorectal cancer risk [14].

Hereditary colon cancer syndromes :

A number of particular genetic diseases, the majority of which are inherited in an
autosomal-dominant manner, are linked to an extremely high risk of developing
colon cancer.

The most prevalent familial colon cancer syndromes are lynch syndrome and
familial adenomatous polyposis (FAP), which together account for just 5% of all
colon cancer occurrences, with lynch syndrome accounting for the bulk of
instances of hereditary nonpolyposis colon cancer (HNPCC)[15].

FAP:

Less than 1% of colon cancers are caused by familial adenomatous polyposis
(FAP) and its variations. Colonic adenomas proliferate in large numbers during
childhood in the typical FAP. Average onset of symptoms is around 16 years, and
90% of untreated cases of colon cancer are discovered by the age of 45. Although
AFAP (attenuated familial adenomatous polyposis) has a higher than usual risk
of developing colon cancer, it is distinguished by fewer adenomas and a 54-year-

old median age at cancer diagnosis. In the same family, there may be age-matched



people with oligo-polyposis as well as people with thousands of adenomas, thus
clinical experience supports less differentiation between FAP and AFAP [16].
MAP:

The autosomal-recessive syndrome MAP, or MUTYH-associated polyposis, is
brought on by biallelic germline mutations in the base excision repair gene mutY
homolog (MUTYH). Although the phenotypic of MAP varies, it can manifest as
polyposis, usually with less than 500 adenomas. The APC (adenomatous
polyposis coli) gene appears to be particularly vulnerable to oxidative DNA
damage, which is repaired by the base excision repair mechanism. Somatic
mutations in APC and KRAS, particularly G:C to T:A transversions, are
frequently caused by base excision repair system failure and can result in a
polyposis phenotype [17].

Lynch syndrome:

About 3% of all colonic adenocarcinomas are caused by the autosomal-dominant
disease known as lynch syndrome, also known as HNPCC (hereditary
nonpolyposis colorectal cancer). It is more frequent than FAP. If there is a
significant family history of colon cancer, endometrial, or other malignancies,
lynch syndrome may be suspected [18].

Smoking:

Long-term smokers have a higher risk of developing colorectal cancer and dying

from it than non-smokers do [19].



Unhealthy diets and nutrition:

Some malignancies have a strong relationship with poor diets, nutrition, and the
food we eat. Consuming processed meats like ham, bacon, salami, and sausages
has been linked to bowel cancer in numerous studies [20].

Obesity:

A higher risk of 12 cancers is associated with being overweight or obese, where
the body is carrying extra weight. Endometrial, breast, ovarian, prostate, liver,
gallbladder, kidney, and colon cancers are among them [21].

Age and colorectal cancer with early start:

A significant risk factor for sporadic colon cancer is age. Before the age of 40,
large bowel cancer is uncommon. Between the ages of 40 and 50, the incidence
starts to considerably increase, and age-specific incidence rates rise in each
decade following that [21].

Risk of colon cancer and IBD (inflammatory bowl diseases):

In contrast to the general population, patients with IBD appear to have a
significantly higher risk of colorectal cancer, with one recent study showing a 7%
risk of the illness after 30 years. Patients with at least 8 years of illness duration
and colonic involvement are at an elevated risk of colorectal cancer. Dysplasia
surveillance plans should be made available to patients at risk for colorectal
cancer because they appear to lower that risk. Depending on the risk of each

patient, surveillance normally comprises a colonoscopy every 1-3 years [22].



1.9 The following tests and methods are used to diagnose colon cancer
Colonoscopy:

The whole colon and rectum may be seen during a colonoscopy thanks to the use
of a long, flexible, and thin tube connected to a camera and monitor. Surgery tools
may be inserted via the tube by a doctor to take tissue samples and remove polyps
[23].

Biopsy:

An operation called a biopsy is used to take a sample of tissue for laboratory
analysis. The tissue sample for colon cancer is frequently obtained during a
colonoscopy. Surgery may occasionally be required to obtain the tissue sample.
Tests performed in the lab can reveal the cells' growth rate and malignant status.
Additional examinations may reveal more details about the cancer cells [24].
Blood test:

Colon cancer cannot be diagnosed by blood tests. Blood tests, however, can
provide information about general health, including how well the liver and
kidneys are functioning. To check for low red blood cell levels, a blood test may
be utilized. This outcome might suggest that bleeding is being caused by colon
cancer [24]. Carcinoembryonic antigen, usually known as CEA, is a protein that
is occasionally produced by colon tumors. The level of CEA can be monitored

over time through blood tests.
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1.10 Gut microbiota and colon cancer:

Colon cancer developed when the intestinal epithelium, mucosal barrier, and 40
trillion microorganisms in the human gut microbiota interacted with the host cell
to sustain physiological activities such as energy production, metabolism, and
immune response. The kind of diet, age, region, race, external environmental
microorganisms, usage of antibiotics, infectious diarrhoea, or foreign
immigration all affect the composition and presence of microbes in the gut.
Numerous elements, such as inactivity, antibiotics, a western diet, advanced age,
smoking, and obesity may increase gut microbiota imbalance. Other cancers,
including hepatocellular carcinomas, pancreatic cancer, and breast cancer, are
also caused by changes in the gut flora [6]. Fusobacterium nucleatum,
Bacteroides fragilis, Streptococcus bovis/gallolyticus, Clostridium septicum, and
Enterococcus faecalis are the species most frequently associated with colon
carcinogenesis. According to recent findings, some bacteria like Bacteroides
fragilis, and Peptostreptococcus anaerobius may contribute to the development
of colon cancer by generating DNA damage and promoting the Thl7 cell
response. The phagocytosis of pathogenic Salmonella and E. coli could have been
caused by a variety of gut commensal Gram-negative bacteria inducing an IgG
response. Recent studies have suggested that the makeup of the gut bacteria may

play a part in affecting how cancer develops [25].
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1.11 Treatment of colon cancer:

Colon cancer is the third most common cause of cancer related deaths world wide.
The primary treatment of colon cancer depending on stages and an extent of the
recurrent tumor, treatment modalities including surgery alone or with radiation
therapy has been recommended. The people who are diagnosed with metastatic
colon cancer might be treated with cytotoxic chemotherapy, antibodies to cellular
growth factors, immunotherapy, and their combinations. Several studies through
clinical trials have demonstrated that variation in somatic cell and tumor
progression might be halt by tailoring treatment and genomic profiling
respectively. Most of the patients with metastatic colon cancer treated
with monoclonal antibodies (cetuximab and panitumumab), targeted
combination therapy with B-Raf Proto Oncogene and EGFR (epidermal growth
factor receptor) inhibitors might be effective treatment probably extend survival
upto 6 to 9 months compared with standard chemotherapeutic agent [26].
Howevere, for the 5% patients with abruptly variation in genetic sequence,
numerous insertions or deletions at repetitive DNA units, mismatch repair
deficiency, immunotherapy might be used as first line defence mechanism that
might be improved treatment outcomes and extended overall survival to 31.4

months [27].
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Chemotherapy:

Chemotherapy kills cancer cells by using potent medications. If the colon cancer
i1s big or has progressed to the lymph nodes, chemotherapy is typically
administered following surgery. Cancer cells that could remain after surgery can
be eliminated by chemotherapy. This lessens the possibility of the cancer

returning [28].

Palliative medicine:

Providing pain relief and addressing other symptoms of a serious illness are the
main goals of palliative care. A further level of support throughout cancer
treatment is provided by palliative care. People with cancer may feel better and
live longer when palliative care is combined with all other approved treatments

[29].

Immunotherapy:

Immunotherapy is a medical procedure that aids in the body's immune system's
ability to eradicate cancer cells. By targeting germs and other cells that shouldn't
be in the body, the immune system fends against infections. Cancer cells evade
the immune system in order to survive. Immunotherapy aids in the discovery and

destruction of cancer cells by immune system cells[30].
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Targeted treatment:

In targeted therapy, drugs are used to target specific compounds found in cancer
cells. Targeted therapy can kill cancer cells by inhibiting these substances.
Chemotherapy is frequently used with targeted therapy. Advanced colon cancer

patients often receive targeted therapy [31].

Radiation treatment:

Strong energy beams are used in radiation therapy to eliminate cancer cells.
Protons, X-rays, and other types of energy are the possible sources [32]. Before
surgery, radiation therapy can help a large cancer shrink so that it is easier to

remove.

1.12 Drug profile

The pro-drug of 5-fluorouracil (5-FU), capecitabine, is transformed to 5-FU in
the cancer cell through enzymatic breakdown. Due to its great tolerability and
high intra-tumor drug concentration following absorption from the
gastrointestinal system, capecitabine has been utilized extensively during the past
ten years in the treatment of metastatic colorectal cancer and breast cancer [33].
However, because capecitabine must be administered at a high dose of 1250
mg/m?, it is quickly eliminated from the body with a short plasma half-life of less
than 0.85 hours. The most common overdose toxicities caused by capecitabine's

adverse effects are dermatitis, diarrhoea, nausea, and vomiting, as well as
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cardiotoxicity and bone marrow depression [34]. It is critical to develop a
targeted delivery method that is efficient and long-acting in order to reduce the
drug's high clearance rates, which is an ongoing issue. Several different
pharmacological controlled release dosage forms have been developed to lessen
gastrointestinal adverse effects. A medication delivery system should have all the
following qualities: it should be inert, biocompatible, biodegradable, patient
compliance, mechanical strength, safety, and effectiveness. There are several
various methods that have been used to create controlled drug delivery systems.
Microparticle systems are one such formulation that can be employed for

regulated medication delivery [35].

O«

OH OH

Figure 1.1 Structure of capecitabine
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1.13 Description of polymer

Utilizing natural polymers in the creation of various drug delivery systems has
drawn a lot of research interest over the past few decades. There are many
benefits to using natural polymers, including their availability, affordability,
biodegradability, and biocompatibility. One of the polyanionic
polysaccharides that the FDA considers to be generally regarded as safe
(GRAS) is alginate. Brown seaweeds are the source of the natural
polysaccharide known as alginate. Alginate has been employed in numerous
fields since it was first discovered by Stanford1 in 1881, including food, textile
printing, paper, pharmaceuticals, and many more cutting-edge end uses.
Alginate is a great gel-forming substance that can contain a lot of water
because, it is a water-soluble polymer. Chemically, alginates are unbranched,
linear polysaccharides made of B-D mannuronic acid (M) and its C-5 epimer
a-1 guluronic acid (G) residues that are linked by (1-4) glycoside linkages [36].
The remains are often organized along the chain in a block-like arrangement
and vary greatly in composition and order. These homopolymeric B-D
mannuronic acid and a-1 guluronic acid block sections are interspersed with 3-
D mannuronic acid and - a-1 guluronic acid block regions of alternating
structure. The molecular weight, sequence composition, and length affect the
physical characteristics of alginates. Cold water slowly dissolves sodium

alginates, forming a thick, colloidal solution. Alcohol and hydroalcoholic
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solutions with an alcohol level of more than 30% by weight do not allow it to
dissolve. Additionally, it is insoluble in acids if the resulting solution's pH is
below 3.0 as well as in other organic solvents like ether and chloroform. The
pH of a 1% solution in distilled water is roughly 7.2 [37]. It does have certain
drawbacks, though, like an unregulated hydration rate, which might be
diminished by altering the solubility through cross-linking or complexation.
According to Nayak et al., an open lattice structure (egg-box) made of alginate
frequently results in porous beads and has a poorer retention capacity for
medications with a high water solubility [36]. Numerous authors have
developed a system to deal with the problem by i1onotropically gelating alginate
with Ca®" ions; however, the system's swelling capacity at pH 7.4 was subpar
due to the relatively strong coordination interaction between the carboxylic
groups of alginate and Ca®" which makes it difficult for drugs to be released
into the liquid of the gastro intestinal tract [38].

The bark of the Odina wodier plant, in the Anacardiaceae family, is where gum
odina(GO), an anionic polysaccharide, is found. It is a natural, biodegradable,
nontoxic substance that costs less to produce [39]. According to reports, it is a
negatively charged polyelectrolyte that is related to gum Arabic chemically and
is a member of the glycuronogalactan family of polysaccharides. Prior reports
on the structural compositions of the original GO and after degradation [40].
In essence, it is a polymer with d-galactose (63.7%), 1-arabinose (19.5%), two

types of uronic acids (11.5-17%), and one aldobiouronic acid, specifically 3-
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O-(d-galactopyranosyl uronic acid)-d-galactopyranose, which is responsible
for the gum's polyanionic nature. The 1,6-linked d-galactopyranosyl residue is
found in the core of GO, according to the examination of its chemical makeup.
A single unit side chain of the uronic acid (galactouronic and aldobiouronic
acid) is linked to the C3 of this galactose residue, and the side chains are made
up of singly branched galactopyranose units that are linked through C1, C3,
and C6 while those that are doubly branched are linked through C1, C3, C4,
and C6 in the main chain. However, C1, C3, and C5 are used to join the
branching arabinose units that result from the main chain. The negative rotation
of the degraded gum and its methylated product causes the bulk of the
glycosidic connections to be of the -type. According to a static calculation, the
molecular weight was stated to be 1.68x10° [41]. The safe pharmaceutical
excipient GO is suggested. Mukherjee et al. recently assessed the gum's
binding power by contrasting it with the conventional starch paste used as a
tablet binder [42]. This investigation proved that the gum, when used in
proportions noticeably less than those of starch paste, gives the formulation the
necessary hardness, binding, and disintegration time. According to the
rheology, the gum's aqueous dispersion displayed pseudoplastic flow [43]. A
promising choice for the creation of continuous release delivery systems,
according to the most recent studies, is GO.Gum odina -based systems have
gained widespread acceptance as potential site-specific, controlled drug

delivery tools for the colon targeting of medications among other naturally
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occurring biopolymer-derived drug delivery systems [44]. In order to change
the diffusion rate of the pharmaceuticals that are encapsulated, polyelectrolyte
complexes between the carboxyl and amino groups have been formed in
alginate and gum odina composite drug delivery studies. By electrostatic
attraction, these systems enable close contact with the negatively charged
mucus membrane [36]. Gum odina (GO) might be increase the bioadhesive
strength to some parts of the digestive tract, such as the colon, ileum, and small
intestine [45]. Additionally, an advantageous water solubility, high
biocompatibility, and probiotic-boosting property in a polysaccharide prebiotic
point to its potential for use in biomedical applications. It's interesting to note
that gum odina is excellent for intestine-targeting drug delivery because it is
unaltered in the upper gastrointestinal tract (GIT) and only destroyed by
microorganisms in the lower GIT [25]. In order to extend capecitabine’s half-
life, achieve its intestine-targeted distribution, and control the gut microbiota
for colon cancer treatment, we created a capecitabine-delivering microsphere
in this study. In the colon cancer mouse model, oral treatment of capecitabine
loaded formulation raises intra-tumoral capecitabine concentration while

delaying drug elimination in the circulation.
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Figure 1.2 Structure of sodium alginate

Above important, these findings provided evidence that the therapeutic efficacy
of capecitabine might be enhanced by a sustained release drug delivery system
that can deliver a concentration above the minimal effective dose. When
compared to system delivery for reducing the adverse effect, a local delivery
system loaded with capecitabine for preventing colon cancer from returning after

surgery may also have advantages.

Numerous techniques could be used to achieve the sustained release of
capecitabine for this purpose, including spray drying microspheres or emulsion-
solvent extraction, emulsion-solvent evaporation of nanospheres, and two-stage
polyelectrolyte complexation of shell-core enteric coated microcarriers [35].

Among these technologies, ionotropic gelation method was frequently employed

to provide long-term sustained release over the course of weeks, months, or even
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years, which might significantly lower overall dose and frequency of

administration, improve therapeutic outcomes, and minimize adverse effects

[46].

1.14 Mechanisms of Ionotropic Gelation

21

Chemically covalent:

Covalent crosslinking, which develops robust chemical networks, is used in
the chemical crosslinking process to produce microspheres. The main flaw is
that the majority of chemical cross-linkers do not guarantee biocompatibility.
Calcium chloride (CaCl,) is undoubtedly the one that receives the most
attention among them; it is frequently utilized as a crosslinking agent for a
number of biopolymers. Among them, cellulose, gellan gum, sodium alginate,
and chitosan can be recognized. For instance, polymer and calcium chloride
solutions can be combined with an oil and surfactant mixture to create
polymer microspheres [47].

pH-Induced:

Gelation that is pH-Induced can be produced by altering the pH of polymer
solutions. Each drop of a polymer solution gels upon contact with an acidic
or alkaline crosslinking medium. The shell is created during the early stage.
The process of gelation is then continued by ions diffusing through the shell.

[48].
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Temperature-Induced:

Thermotropic or cryo-gelation are further terms for temperature-induced
sol-gel transition. This technique makes use of the polymer chains'
propensity to associate into a more orientated form in response to
temperature, such as coil to helix and then double helix. Most of the process
happens once the temperature is lowered. These helices combine to form a
double helix, which subsequently gives rise to a gel network [49].
Non-Solvent:

NIPS, also known as a coagulation process or immersion precipitation, is a
type of non-solvent induced phase separation. This procedure involves
pressing a polymer solution in a particular solvent into a gelling bath that
also contains a non-solvent. After that, the polymer's solubility suddenly
drops, leading to phase separation. The polymer chains form a distinct 3D
network with the non-solvent. Generally speaking, the addition of non-
solvent causes the polysaccharide macromolecules to decrease. If the
polymer concentration is higher than the loading concentration, its structure
does not entirely collapse. There are shown schematic examples of the

gelation techniques stated [50].



1.15 Importants of controlled release dosage form

Controlled release systems are promising methods to maintain the bioactive
properties of molecules like polyphenols and to increase their bioavailability
because these active properties must be applied to the body frequently to benefit
from them due to their short half-lives and quick expulsion from the body [51].
Controlled release systems are made to avoid overdosing on the loaded dose when
using conventional methods, to maintain a steady concentration of the active

ingredient, or to prevent insufficiency [52].

In numerous industries, including farming, pharmacy, food engineering,
medicine, and chemistry, controlled release systems are used to lessen the toxicity
of medications and prevent negative effects. They are used in fertilization to
manage pesticide effect zones, prevent overdosing, assure more effective use of
agricultural lands, manage soil nutrient levels, and mitigate the negative effects

of chemical fertilizers [53].

The active ingredient is disseminated in the particles at a molecular or
macroscopic level in microspheres, which are structures made up of a continuous
phase of one or more miscible polymers and have a particle size range of 1-1000

um [54]. A technique called microencapsulation involves containing a bioactive
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chemical or substances in a polymer matrix. This allows the encapsulated
molecules to reach the targeted area without losing or deteriorating many of their
bioactive features, such as their antioxidative action. Controlled dose forms have
consistently proven to be superior to traditional or quick release versions.
Microspheres have recently been tasked with regulating medications,

vaccinations, antibiotics, and hormones [55].

In this study, formulations containing gum odina, a natural polymer, were utilised
to create capecitabine-containing microspheres using the ionic gelation method.
CaCl, was used as a complexing agent, and microsphere release tests were carried
out. Analysis using SEM, DSC, TGA, AFM, NMR, XRD, and FTIR was used to
describe the microspheres. HT29 cell line, Swiss albino mouse model, and DPPH
technique were used, respectively, to examine antioxidant activity and anticancer

activity.
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CHAPTER 2

AIMS AND OBJECTIVES



2 Aims and Objective

Colon cancer is the fourth most prevalent cause of cancer-related death and the
third most frequently diagnosed malignancy globally. More than 2.3 million new
cases of colon cancer will be diagnosed globally, and the illness will claim 1.2
million lives. In many industrialized nations, particularly in Western countries,
there has been a sharp rise in both colon cancer incidence and death as a result of
changes in people's customary lifestyles and diets. Herein, to minimize this
problem, we developed gum odina — sodium alginate based capecitabine loaded
microsphere for effective delivery of drug to colon cancer cells with a lower dose
and less systemic side effects.

The medicine capecitabine has been used extensively to treat colon cancer, but
due to its short plasma half-life of only 0.85 hours and fast body clearance, it must
be administered often. Additionally, the high dose of 1250 mg/m? that must be
administered twice daily causes the most frequent overdose toxicities, such as
dermatitis, bone marrow depression, cardiotoxicity, diarrhoea, nausea, and
vomiting.

The term oral colon targeting system refers to a system that should control the
release of therapeutic drugs taken orally until they reach the colon or cecum.
Because normal cells in the upper GIT are not destroyed, local action can be
applied to the sick area. This strategy reduces the drug's toxic or unpleasant
effects while also enhancing its therapeutic efficacy. Most conventional drug

delivery methods that target the colon failed, because, they are unable to
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successfully transport the medication to the desired location in the anticipated
concentration. The most difficult part of the therapy is creating a delivery system
that is safe and effective for the colon.

Utilizing natural polymers in the creation of various drug delivery systems has
drawn a lot of research interest over the past few decades. There are many benefits
to using natural polymers, including their availability, affordability,
biodegradability, and biocompatibility. One of the polyanionic polysaccharides
that the FDA has classified as generally regarded as safe (GRAS) is alginate. It
does have certain drawbacks, though, like an unregulated hydration rate, which
might be diminished by altering the solubility through cross-linking or
complexation. For the colon targeting of capecitabine, gum odina polymer was
combined with alginate and gum odina to circumvent this disadvantage. Another
intriguing strategy that will provide a new dimension to drug administration is
the creation of polyelectrolyte complexes between gum odina and alginate. As far
as we are aware, there are currently no reports on the one-step synthesis of gum
odina - alginate microspheres with calcium for the delivery of functional
ingredients. This has encouraged us to investigate the feasibility of creating
capecitabine-targeted gum odina -calcium-alginate microsphere using a one-step
approach without the need of any other harmful crosslinking agents.

The main objective of the thesis work is as follows

27



28

To develop natural polymer gum odina and sodium alginate based
capecitabine loaded microsphere by varying the concentration of gum odina
and sodium alginate.

Optimization of formulated microsphere by percentage yield, entrapment
efficiency, swelling index, particle size, and in vitro drug release kinetic study
and characterization of optimized formulation by wusing several
instrumentation analysis like DSC, TGA, SEM, AFM, XRD and FTIR.
Evaluation of biological characterizations of optimized microsphere through
antioxidant property, hemolysis potentiality and thrombogenicity, moisture
content, moisture uptake study, degradation study and accelerated stability
study of optimized formulation by following ICH guideline and in vitro cell
viability and ROS production of experimental formulation using HT29 colon
cancer cell line.

Evaluation of acute toxicity of gum odina in a rat model and therapeutic
efficacy and antiproliferative activity of prepared microsphere through in vivo

study using mice model.
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CHAPTER 3

EXPERIMENTAL SECTION



3 Experimental Section

3.1 Materials used in formulation of microspheres

From August to October, gum odina (GO) exudate was collected and purified using a
technique that has before been described[43]. In this investigation, GO that had been
purified was employed to create microspheres. Capecitabine, sodium alginate (SA),
calcium chloride were bought from Merck Specialties Private Limited, India.
Deionized water (pH = 6 to 6.4) was used for all analysis purposes.

3.1.1 Collection, refinement, and measurement of the carboxyl group
number of gum odina

Odina wodier, Roxb., an Anacardiaceae tropical deciduous plant from
Maheshtola South 24 Parganas District in West Bengal, India, was used to make

gum odina. The purification of gum odina was carried out using an already de et

al. described technique [18]. In order to fully swell the sample, the crude gum
odina was left in deionized water (pH of 6 to 6.4) overnight at temperature of 37°

C. The viscous solution was then allowed to swirl continuously for up to 6 hours

at room temperature using a mechanical stirrer (REMI Lab Stirrer, India). To
obtain a clear solution, the brown homogenized viscous solution was filtered
through muslin fabric after standing for 12 hours at room temperature (37°
C).Thermo Scientific Heraeus Biofuge Stratos Centrifuge, Osterode, Germany,
centrifuged the solution for 15 minutes at 1500 rpm. White precipitate was
produced after this solution was gradually added to 100% ethanol. The precipitate

was further refined using a mixture of dry ether and pure ethanol. The next day,
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the purified gum odina was left to dry at room temperature(37° C). Powdered
dried, purified gum odina was kept in a desiccator for further use. By back
titrating with sodium hydroxide, hydrochloric acid (HCI), and phenolphthalein as
indicators, the carboxyl group of gum odina was calculated [19]. Three separate
measurements of the carboxyl group in gum odina revealed a 27.86 g/L. carboxyl
group concentration.

3.2 Materials used in physicochemical and biological evaluations of prepared
microsphere

Dipotassium hydrogen phosphate, potassium dihydrogen phosphate, sodium
hydroxide pellet, sodium chloride, hydrochloric acid, DPPH (2, 2-diphenyl-1-
picrylhydrazyl) were purchased from Merck Specialties Private Limited, India.
3.3 Cell culture media and reagents for in vitro colon cancer study

For an in vitro cell line research of formed microspheres, HT29 colon cancer cell
line was purchased from National Centre for Cell Science (NCCS), Pune. Fetal
Bovine Serum (FBS) and Dublbecco's Modified Eagle's medium (DMEM) were
acquired from Gibco, Invitrogen Germany. From Promocell GMBH in Germany,
MTT (3-dimethylthiazole-2,5-diphenyl tetrazolium bromide) was purchased.
3.4 Reagents used for in vivo anticancer study

Hematoxyline, eosin, phenol, chloroform, formaldehyde, dipotassium hydrogen
phosphate, sodium hydroxide were purchased from Himedia Laboratories Pvt.

Ltd. (Mumbai, India). DMH (1,2 -dimethylhydrazine), DSS (Dextran sodium
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sulphate) and all other chemicals were purchased from Merck Specialties Private
Limited, India.

3.5 Preparation of capecitabine-loaded gum odina-sodium alginate
composite microspheres by ionotropic gelation method

Ionic gelation process was used to create capecitabine-loaded gum odina-sodium
alginate composite microspheres. Calcium chloride was used as a crosslinking
agent. The concentrations of capecitabine, the volume ratio of polymer to
crosslinker, the flow rate, pH, light, salts, stirring time, stirring speed, sonication
time, sonication power, and cryoprotectant during the ionotropic gelation process
were modified to create a series of formulations. Capecitabine was accurately
weighed out and added to polymeric matrix of different ratio of gum odina —
sodium alginate while being continuously stirred for up to 10 minutes using a
REMI Lab Stirrer from India. In all of the formulations, such as F1, F2, F3, F4,
F5, and F6, listed in Table 3-1, the ratio of the drug and polymer mixes was taken
to be 1:2. After preparation of the homogeneous mixture, it was added dropwise
into calcium chloride solution at several concentrations (2.5%, 5%, 7.5%) via a
26 gauge needle using a syringe under continuous stirring (REMI Lab Stirrer,
India) for 15 minutes at 50 rpm. The microsphere was then filtered using
membrane filters with particle sizes of 0.45 um, rinsed in water two to three times
to remove any excess calcium chloride, and dried for up to six hours at 40°C. The
dried microspheres were stored in a desiccator for further use. The best

formulation among all the formulated microspheres was optimized based on
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entrapment efficiency, swelling study, microspheres size, and drug release
kinetics. The optimized formulation was further subjected to several
physicochemical and biological evaluations. Antitumor efficacy of optimized
formulation was assessed by in vitro and in vivo studies [56].

Table 3-1 Composition of formulated microspheres

Formulation GO:SA Calcium chloride
Code (% w/v)
F1 1:2 2.50
F2 1:2 5.00
F3 1:2 7.50
F4 1:3 2.50
F5 1:3 5.00
F6 1:3 7.50

3.6 Optimization of formulated microsphere
Several formulations were developed by varying ratios of the polymeric mixture
( GO- SA) and crosslinking agent (calcium chloride) (Table 3-1) and these were

subjected to physicochemical evaluation like entrapment efficiency, swelling
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study, microspheres size, and drug release kinetics to optimize the best
formulation [57].

3.6.1 Optimization parameters

3.6.1.1 Drug entrapment efficiency and percentage yield of microspheres
Formulated dry microspheres approx. 20 mg were added to the mortar and pestled
to test the effectiveness of drug entrapment. Crushed microsphere powder was
added to phosphate buffer (pH 7.4), allowed to dissolve, and then kept at 40°C
overnight. After that samples were sonicated in bath sonicator at frequency of 20
kHz (Digital Ultrasonic Cleaner, Equitron PVT. LTD., India) for 15 minutes and
the absorbance of collected supernatant was analyzed by using a UV
spectrophotometer (Shimadzu, Japan) at 276 nm. The formula below was used to

compute the percentage of encapsulation efficiency [57] .

Actual drug content

Percentage of drug entrapment efficiency = X 100... (1)

Theoratical drug content

The percentage yield of microspheres was calculated using the following formula

Percentage yield = _Letalmassof microsphere o 1(()  (2)

Total added solid component
3.6.1.2 Microspheres size
The mean particle size of microspheres was determined according to the
following methodology as mentioned by Rastogi et al.[58] using an optical
microscope (Olympus India Private Ltd.). A stage micrometer was traditionally
used to calibrate the ocular micrometer [46].

3.6.1.3 Swelling study
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A swelling analysis of all generated microspheres was conducted in order to
evaluate the optimized microsphere's medication release pattern. Briefly, 20 mL
of each of two petriplates containing pre-weight dried all produced microspheres
(W,) were added together with phosphate buffer (pH 7.4). Then, the petri plates
were set aside for 24 hours. After using tissue paper to dry the surface of the
microspheres, the swollen microspheres (W;) were taken out of the petriplates and
precisely weighed [59]. The following equation was used to obtain the swelling

index's percentage:

(Ws ‘Wd)

Swelling index (%) = %X 100... (3)

W, stands for the weight of swelling microspheres, while W, stands for the weight
of drying microspheres.

3.6.1.4 In vitro release kinetics study

The in vitro drug release profile of capecitabine from microspheres in 0.1 N HCI
(pH 1.2) and phosphate buffer (pH 7.4) was measured using a USP type 1
dissolution apparatus (Campbell Electronics, India) while stirring continuously at
50 rpm. Exact weighted dried microspheres containing capecitabine were allowed
to soak for up to two hours in 900 ml of 0.1 N HCI (pH 1.2). It was then
maintained in a phosphate buffer (pH 7.4) for the following six hours. To keep
the sink condition, the 1 ml aliquot samples were removed and replaced with new
dissolving media. The samples were correctly diluted and filtered, and a UV-VIS

spectrophotometer (Shimadzu, Japan) set at 276 nm was used to determine the
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drug concentrations. To forecast the drug release kinetics, the in vitro drug release
data were plotted in a variety of kinetic models, including zero order, first order,

Higuchi, and Korsemeyer - Peppas [59].
3.7 Physiochemical characterization of an optimized microsphere

3.7.1 Micromeritics studies of optimized microspheres

Micromeritics studies of optimized microspheres were performed as earlier
described method [60].

3.7.1.1 Angle of repose

The fixed funnel approach was used to estimate the optimized formulation's angle
of repose using the following equation.

0 = tan™! (Wr)... ... 4)

Where, 0 is angle of repose, r is the radius, and 4 is the height.

Bulk density and tapped density

To precisely compute bulk density and tapped density, dried microspheres were
placed in a 100 mL graduated cylinder, and the final volume was recorded. Bulk
density (D;) was then calculated. After that, the cylinder was mechanically tapped
100 times to determine the tapped volume and determine the tapped density (D;).
Carr's index

Carr index and Hausner ratio were calculated using following equations:

Carr index = (D;—D;) x 100/ D; ...... (5)

Hausner ratio = (D;, Dy)....... (6)
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3.7.2 Surface morphology analysis (SEM)

Using a ZEISS EVO-18 scanning electron microscope, the surface morphology
and microstructure of a capecitabine-loaded optimized microsphere (F6) at a
distance of 15 cm from the sample and under ambient conditions. On a metallic
stub covered in double-sided tape, a sample of the improved formulation was
applied, and the platinum was then added using an auto fine coater [61].

3.7.3 Atomic force microscopy (AFM)

The surface topography of the optimized microsphere was measured by atomic
force microscopy (AFM) by dimension Icon, Bruker, Karlsruhe, Germany. On
the mica sheet's surface with a 20 mm diameter, the sample solution of the
optimized microsphere was spread out and left to air dry overnight. Using a
silicon nitride probe, a sample solution of F6 was scanned at a resonance
frequency of 150-350 kHz with a constant force of 0.4 N/m. Software called Pico
View 1.12 was used to analyze AFM pictures [43].

3.7.4 Fourier Transform Infrared (FTIR) Spectroscopy

FTIR was used to examine any potential chemical interactions between the
microsphere's component parts. The FTIR spectra of the optimized microsphere
(F6) and each of its component parts (gum odina, sodium alginate, and
capecitabine) was examined in the region of 4000 - 500 cm! with a resolution of
4 cm! and a scan speed of 1 cm/s using a Shimadzu 8400S FTIR spectrometer.

Optimized microsphere powder sample combined with KBr to form pellets using
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a hydraulic pellet press. Following that, the pellet was kept in the FTIR and
crushed to obtain the samples FTIR spectra. Both the blank and drug-loaded
microspheres were acquired with FTIR spectra of the individual microsphere
components [62].

3.7.5 X-ray diffraction (XRD) study

Utilizing an Ultima III theta-theta gonio x-ray diffractometer filled with a K-beta
filter and Cu as a radiation source, an X-ray diffraction (XRD) investigation was
used to determine the crystallinity pattern of capecitabine. Each sample's XRD
pattern was measured throughout a 5° to 60° scanning range. The X-ray tube was
operated at 40 kV tube voltages and 30 mA tube current with Cu as the radiation
source [62].

3.7.6 Thermal analysis

The Perkin Elmer instrument was utilized to assess the physical state of the
improved formulation and capecitabine using differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA). As a sample's physical and
chemical state changes with temperature, DSC is used to determine enthalpy
changes of its component parts. The sample's weight loss with steadily rising
temperature was investigated using TGA. A powder sample weighing between
0.5 and 2 mg was placed within an aluminum pane, sealed, and subjected to a
nitrogen purge at a rate of 30 mL per minute while being heated up by 20°C per

minute for analysis[63].
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The thermal kinetic study was performed for the formulated microsphere using

the Coats—Redfern integral method to calculate activation energy (Ea).

Coats—Redfern model: In [ﬂ] =In [%] (1

2RT ) Ea
TA2(K)

Ea

Where the response mechanism for various kinetic functions is represented by g
(o). The heating speed (°C/min) is. The gas constant, R, is regarded as having a

value of 0.008321 kJ/mol. The frequency factor (min') is K and A[40].
Thermodynamic study

The temperature at which the adsorption process was more impulsive was
identified using a thermodynamic evaluation. Gibbs free energy (G) using Eq.

(8), entropy (S), and enthalpy (H) were the parameters computed[64].
AG = AH-TAS...(8)
3.7.7 In vitro biodegradation study

A physiological media of PBS 7.4 with 0.2% (w/v) lysozyme was used to hold
dried microspheres (W) for 28 days at 37°C [62]. Every 7 days, sample (W;) was
removed, washed with deionized water, and dried. The study was performed in
accordance with Das et al., 2021[63] with some modifications to study the
biodegradability and morphological stability.

Degradation (%) = % X 100... (9)
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The rate constant of optimized formulation was estimated might be fitted to a first
order kinetic equation.
where C; is the product concentration, or the degree of hydrolysis at that moment

t. C 1s the concentration that corresponds to the end point and represents the total
: : : dc . .
amount of digested starch., and k is a first order rate constant and In (d—i) is the

logarithm of slope [65]. Differentiation of the given equation gives
Ct = Coo (1- &)

This equation might be expressed in logarithmic form as follows:
ln(%) = In (Coo k) - kt

3.7.8 Moisture content study

The moisture content of the optimized microsphere (F6) was assessed using the
technique reported by Wang et al. in 2020. About 250 mg of a dried sample of
the (Wj) optimized microsphere were put in a desiccator using silica gel.
Preweighed samples were used, and optimum microsphere weight (W,
measurements were made every day until a constant weight was noticed. The

following equation was used to calculate the moisture content [66].

Moisture Content (%) = (W"T‘:"f) x 100... (10)

3.7.9 Moisture uptake capacity of optimized microsphere
In order to assess the bulkiness of the microsphere caused by the presence of

hydrophilic components, moisture uptake capacity was performed. Using a
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saturated sodium chloride solution, microspheres were precisely weighed and
deposited in a desiccator at a relative humidity (RH) of 75% and at 45C
temperature. Periodically, the microspheres were removed and weighed to ensure
a steady weight [67]. The standard deviation was calculated after the studies were

completed in triplicate.
The percentage of moisture uptake was calculated by the following equation

Moisture uptake capacity (%) = (W"T‘:"f) X 100....(11)

Where, Wy is the initial weight of microsphere and W; is the final weight of

microsphere.

3.7.10 Antioxidant activity (DPPH assay)

The improved formulation (F6)'s DPPH radical scavenging activity was assessed
using the Das et al.,, 2021 technique. Antioxidant release is influenced by
oxidative stress. Free radicals and ROS (reactive oxygen species) produced by
oxygen may cause cell death, which is crucial for preventing colon cancer. In a
96-well plate containing 100 mg of dried prepared microsphere was incubated for
8 hours at room temperature in a dark area with 4 ml of an ethanolic DPPH
solution. Molecular Devices' Spectra Max microtitreplate reader was used to
measure the solution's absorbance at 517 nm (As) [63]. The control experiment's

absorbance was calculated as Ac.
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Percentage of DPPH radical scavenging activity was estimated according to the
following equation

The percentage of free radical scavenging activity (%)

:%xloo...(lz)

3.7.11 Haemolysis potentiality and thrombogenicity

According to the procedure described by Das et al., the formed microsphere's
capacity for hemolysis was examined. Briefly, microspheres were immersed for
up to 72 hours in a polypropylene tube containing 7 ml of pH 7.4 phosphate buffer
saline. After incubation, PBS was removed from the sample and 1 ml of recently
drawn citrate blood was added. After three hours of incubation, the tube was
allowed to centrifuge (REMI RM-12C) at 2000 rpm for 15 min. After that, the

supernatant was gathered to gauge the absorbance at 540 nm [63].

The Haemolysis potential (%) was obtained by Equation.

Asample—ANegative control
P g x 100.....(13)

Haemolysis potentiality (%) =

Positive control_ANegative control

Where, Asampie, Apositive controt AN Anegarive contror TEPrEsented as absorbance of
samples, absorbance of positive control and absorbance of negative control

respectively.

To assess the formulation microspheres' impact on erythrocytes, coagulation, and

the complement system, thrombogenecity was assessed. Before the experiment,
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formulations were soaked in the PBS solution for 48 hours at 37°C. The samples
were taken out of the PBS solution after incubation and replaced with
anticoagulated blood. The blood clotting test was started by adding 0.02 ml of 10
M CaCl, solution, and after 45 minutes, the process was halted by adding 5 ml of
water. The blood clots were preserved by adding 5 ml of a 36% formaldehyde
solution, followed by tissue paper drying, and then weighing [63]. Triplicate

measurements were made and the mean + SD was recorded.

3.7.12 Stability of capecitabine loaded microspheres in simulated
gastrointestinal fluids

The physical stability of the microsphere was tested using simulated stomach
fluid (SGF, pH 1.2), intestinal fluid (SIF, pH 7.4), and colonic fluid (SCF, pH
6.8). In order to predict the stability research of the microsphere, 1 mL of the
formulation was added to 9 mL of simulated gastrointestinal fluid and incubated
for up to 2 hours in the case of SGF, 4 hours in the event of SIF, and 8 hours in
the case of SCF. The mean particle size (micrometer) and outward appearance of
the microsphere were assessed after the incubation period in each simulated
media was complete, and these results were compared to the initial measurements

taken before incubation [68].

3.8 Accelerated stability study of formulated microsphere

In order to assess the product's stability, the accelerated stability analysis of the

optimized microsphere was carried out in accordance with the International
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Conference on Harmonization (ICH). The accelerated stability investigation was
conducted utilizing a stability chamber (THERMOLAB, Humidity Chamber) for
optimized microspheres (F6) for up to six months at 40 + 2°C and 75 % RH 5%.
The improved microsphere’s (F6) physicochemical stability was assessed
utilizing a number of physicochemical criteria, including entrapment
effectiveness, in vitro drug release studies, FTIR, DSC, and TGA [40]. To check
the stability of the microsphere during storage, samples were taken out of the
stability chamber at regular intervals. The assumed stability study plan design

was shown in Table 3-2.

Table 3-2 Represents the parameters found during the stability analysis.

Points Analysis
1 The entrapment efficiency
2 In vitro drug release
3 FTIR analysis
4 Thermal analysis (DSC/TGA)
5 X-ray diffraction study
6 SEM study
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Table 3-3 Design of the accelerated stability study plan with the point of

analysis

ICH conditions Time period (Days)

0O 14 30 60 90 180

40+2°Cand75% RH5% |[1-8 1-5 1-5 1-5 1-5 1-5

3.8.1 Drug entrapment efficiency and percentage yield

Optimized microsphere (F6) were stored under accelerated stability condition up
to 6 months to detect the changes of entrapment efficiency according to ICH
guidelines. The crushed powder of microspheres was dissolved in phosphate
buffer pH 7.4 and kept overnight at 40°C. After that samples were sonicated
(Digital Ultrasonic Cleaner, Equitron PVT. LTD., India) for 15 minutes and the
absorbance of collected supernatant was analyzed by using a UV
spectrophotometer (Shimadzu, Japan) at 276 nm [62]. The percentage of

encapsulation efficiency was calculated by the following formula.

Percentage of drug entrapment efficiency = 2. ‘i%%;”;i’;tem X 100... (14)
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3.8.2 In vitro release study

The in vitro drug release study of F6 kept under accelerated stability condition
(40+2°Cand 75 % RH 5%) was performed by USP type 1 dissolution apparatus.
Using a buffer solution with a pH of 7.4, which mimics the pH of colon
conditions, the release behavior of capecitabine from microspheres was
investigated at 37°C. A common procedure involved adding samples one at a time
to the buffer solution, then shaking the mixtures in the dark. Approximately 5 mL
of the supernatant were removed and replaced with an equal volume of new buffer
at a predetermined period. At 276 nm, the solution's absorbances were examined

[62].

3.8.3 Fourier transform infrared spectroscopy (FTIR)

The FTIR study of F6 was evaluated before and after accelerated stability to find
out the stability of drug within polymeric matrix. Using Shimadzu 8400S FTIR
spectrometer and KBr plates, FTIR measurements were made in the 4000-400

cm! scan range [69] .

3.8.4 (DSC and TGA) Thermal analysis

Optimized microspheres (F6) were analyzed before and after completion of 6
months accelerated stability study using TGA and DSC equipment, Perkin Elmer

Instrument, to obtain phase transition and weight loss preview of capecitabine
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loaded optimized microsphere. Both the reference pan and the sample pan were

tarred before loading the sample.

Both the sample and the reference pans were left empty after tarring. A nitrogen
environment with a flow rate of 10 mL/min was introduced into the furnace after
loading, and it was heated from ambient temperature to 450°C with a heat flow

rate of 10°C/min [63].

3.8.5 X-ray diffraction (XRD)

Ultima IIT theta — theta gonio was used for the XRD investigation of F6 in order
to examine the samples' structure and phase detection before and after the stability
study. Cu-K radiation acting at 40 kV and 30 mA was used to irradiate the
samples. At a temperature of 25°C, the diffraction patterns were acquired over an
angular range of 5° to 60° with a step size of 0.05° and a dwell period of 12 s per

increment [63].

3.8.6 SEM (Scanning electron microscopy)

Surface morphology has been studied using the ZEISS EVO-18 scanning electron
microscope examination at 15 kV. The dried samples were sputtered with
platinum and coated for 120 seconds in an argon environment prior to inspection
of microsphere during 6 months storage under accelerated stability condition

[62].
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3.9 In vitro cell line study

3.9.1 Cell lines and culture

The National Centre for Cell Science in Pune, India, was where the HT29 colon
cancer cell was purchased. The cells were grown in 25 cm? flasks of Dulbecco's
modified Eagle's media supplemented with 10% fetal bovine serum (FBS),
penicillin (100 U/ml), and streptomycin (100U/ml), all at 37°C in a humidified
incubator with 5% CO,. The prepared microsphere was sown over the HT29 cells
in a 96-well plate for the in vitro biocompatibility assay. For the purpose of
determining the IC50 value, cell viability, and ROS investigations, the cells were
washed three to four times with PBS for 30 minutes and twice with FBS-
containing DMEM [70].

3.9.2 Cell viability

In 96-well plates, 1x 10° cells were planted, and the cells were then left to incubate
for 24 hours. In the space of 2, 6, 8, 12, and 24 hours, respectively, the drug, a
blank formulation, and an optimized formulation were added. Cell viability was
assessed using the MTT test (3-dimethylthiazole-2,5diphenyltetrazolium
bromide) after 24 hours of treatment. With various amounts of the drug, polymer,
and produced microspheres at various times, a viability assay was conducted.
After a 24-hour incubation period, the culture medium was taken out and
subjected to a 4-hour MTT solution treatment to promote the development of

formazan crystals. The formazan crystal was solubilized by gently shaking the
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plates with 100 L of MTT solubilization solution DMSO and the cell after the
incubation period. The optical density of the supernatant was observed
spectrophotometrically at 570 nm [71]. The percentage of cell viability was

measured according to the following equation:

Absorbance of test sample

x 100 ......(15)

Absorbance of control
The outcomes were viewed as IC50 values, which were derived by graphical
representation using Graph Pad Prism InStat 3.1 software. All of the experiments

were carried out in a triplicate manner.

3.9.3 Measurement of reactive oxygen species (ROS)

HT29 cell ROS generation was measured using the chemical 2/, 7'-
dichlorofluorescein diacetate (DCFDA). For 48 hours, cells at a density of 1x10°
were incubated in 96-well plates. Following incubation, cells were given free
capecitabine and a formulation containing capecitabine for a maximum of 48
hours. Following trypsin-aided cell separation, cells were then rinsed in
phosphate buffer solution and treated with 10 M DCFDA for 60 minutes at 37°C
with 5% COa,. A spectrofluorimeter (PerkinElmer, USA) was used to measure the
generation of ROS at wavelengths of 485 nm for excitation and 530 nm for
emission [72].

3.10 Animals study

The male Wistar rats (8 weeks old, weighing 200-250 g) and Swiss albino mice

(6-8 weeks old) used in the animal investigations were acquired from
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Chakraborty Enterprise. The Institutional Animal Ethics Committee (IAEC) of
Jadavpur University in India (Ref No. JU/IAEC-22/05) approved the protocol for
the Department of Pharmaceutical Technology at Jadavpur University in Kolkata,
where all animals were acclimated to the laboratory environment for a week prior
to dosing. The animals were fed pellet food, given access to water, and kept in a
climate-controlled environment with a 12-hour light cycle, a relative humidity of
50-15 percent, and a temperature of 25 + 2°C. To lessen the pain and suffering
of animals, every attempt was made [40].

3.10.1 Acute toxicity study of gum odina

The goal of the acute toxicity study was to determine the maximum safe dose of
gum odina. For 14 days, gum odina 2000 mg/Kg was administered. Before
administering gum odina, the animals were fasted for a whole night. Following
the recommendations of the Organization for Economic Co-operation and
Development (OECD), this study was conducted on male wistar rats. All of the
study's animals were kept under observation for 14 days to look for the beginning
of clinical signs of toxicity, mortality, and behavioral abnormalities, as well as
alterations in their physical appearance, signs of injury, pain, and symptoms of
illness. Bodyweight measurements were taken before and after treatment. The
animals were sacrificed 14 days after the medication was administered. Following
the studies, blood samples from a cardiac puncture were collected into vials that
contained anticoagulant. Hematological and biochemical analyses were

performed on the blood that was drawn. The liver, heart, and kidneys were all
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collected, preserved in 10% formalin, and paraffin-embedded. Tissues were cut
after paraffin embedding, slides were made with hematoxylin and eosin staining,
and they were then examined using an optical microscope (Magnus microscope,
Chennai) to look for any noticeable morphological alterations [73].

3.10.2 Pharmacokinetic study

Swiss albino mice were divided (n=6) into two groups to determine the oral
bioavailability of a single dose of capecitabine and capecitabine-loaded
microspheres (30 mg/kg body weight). Blood samples were taken at various time
intervals following the completion of the dosage, including 2, 4, 8, 12, 24, and 48
hours. Colon tissue was also removed, and samples were maintained at 80 °C
until future use. In PBS 7.4, colon tissues were weighed and homogenized. A
cardiac puncture was used to extract about 0.5 cc of blood into EDTA tubes.
Serum was extracted from the blood and stored at -20°C before to analysis. Blood
was allowed to centrifuge at 5000 rpm for 10 minutes. The serum was put into a
container and subjected to HPLC analysis (Cyberlabs, Millbury, USA) [74]. The
pharmacokinetic parameters including peak serum concentration (Crax),
biological half-life (#,), and area under curve (AUC) were measured. The values
were expressed as mean + SD.

3.10.3 DMH+DSS induced colon cancer in mice model

The animals were split up into four groups at random. Group I acted as a vehicle
control group and was made up of the control group (n=3). Group II, often known

as the positive control group, had six participants and received DMH and DSS at
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a dose of 20 mg/kg body weight. After administering DMH for five weeks, 3%
DSS was added to drinking water for one week, followed by another two weeks
of monitoring. Group III (n = 6) began receiving DMH + DSS at the beginning
of the first remission cycle and continued until the completion of the research.
They also got capecitabine (30 mg/kg body weight; orally). Orally, DMH + DSS
and the suspension of the optimized formulation were given to Group IV (n = 6)
for up to 48 hours at a dose of 30 mg/kg body weight of the animals for up to 4

weeks [75].
3.10.4 Histopathological examination

When the therapy phase was through, the colon was removed and saline-flushed.
After being cut longitudinally on a 5 m thickness, the tissues were saline-washed.
These colonic sections were embedded in paraffin after being fixed in a 10%
formalin solution for up to 24 hours. Then, a segment of colonic tissue was
deparaffinized with ethanol and xylene, stained with hematoxylin and eosin, and
subjected to histological examinations using a Magnus microscope (Chennai) to
assess the existence of adenoma, polyps, hyperplasia, and colonic tissue

architecture [76].
3.10.5 In Vivo antitumor efficacy study

Swiss albino mice were used to compare the antitumor effectiveness of

capecitabine and a capecitabine loaded gum odina- sodium alginate-based

52



optimized formulation. For the experimental animals, changes in body weights
and food intake were tracked on a weekly basis. Following a 8-week course of
DMH and DSS, two groups of rats received separate 4-week courses of
capecitabine and a capecitabine-loaded optimal formulation. The animals were
slaughtered after four weeks, and the colon was removed and cleaned with PBS.
Slide calipers were used to quantify the volumes of colon tumors. Animals
receiving formulations after DMH+DSS therapy and all animals' body weight
changes over the course of the trial were tracked in order to assess changes in
body weight during that time and to assess the progression and regression of the

tumor [77].
Tumor volume (mm?®) = length (mm) x [width (mm)]?*/2...... (16)

3.10.6 Tumor marker detection test

The tumor marker test relied on a monoclonal antibody directed against an
antigen from a colon cancer cell line that had undergone metastasis. The retro-
orbital plexus was used to obtain the blood sample, and centrifugation was used
to obtain the serum. Using an electrochemiluminescence immunoassay
equipment (Roch Modular E170 electrochemiluminescence), the blood levels of
CA19-9 and CA125 were measured to examine cancer before and after treatment.

For CA19-9 and CA125, the reference range was 0 to 35 kU/L respectively [78].
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4 Results and Discussion

4.1 The development of microspheres

The intermolecular cross-linking between the negatively charged carboxyl group
of alginic acid and gum odina and the divalent calcium chloride caused
microspheres to form instantly when the polymeric mixture of sodium alginate
and gum odina was introduced gradually into CaCl, solution. Capecitabine-
containing freshly made formulations had a spherical, translucent, white, and
elastic look. However, after they dried, the produced microspheres shrank, grew
denser, and hardened; this is remarkably similar to the outcome shown in the

earlier work using mucoadhesive alginate beads by Sinha et al., 2018 [36].

4.2 Percentage yield and drug entrapment efficiency

The variation in capecitabine yield between batches, which ranges from 61.29%
to 86.66%, ( Figure 4.1 a ) may be the result of polymer agglomeration that occurs
when it sticks to the beaker wall and stirrer blades during the creation of
microspheres [79]. The amount of total drug actually entrapped in the
microsphere was used to express drug entrapment efficiency. Due to variations in
microsphere composition, the drug entrapment efficiency of various formulations
ranges from 21.44 = 0.87% to 4591 + 2.58% ( Figure 4.1 b ) [62]. It was
discovered that an increase in sodium alginate concentration considerably

improves drug entrapment efficiency (p < 0.05). This happened as a result of the
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polymeric matrix's internal structure, which was extremely dense and prevented
drug migration into the crosslinking solution. Once more, drug entrapment
effectiveness rose with increasing cross-linking agent concentration, which
stiffened the polymeric microspheres' outer layer and decreased drug leakage into

the exterior phase [80].
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Figure 4.1 (a) % Drug yield and (b) % drug entrapment efficiency of F1, F2, F3,
F4, F5 and F6,

4.3 Microsphere size

A key factor in determining drug release, biodistribution, cellular uptake, and
formulation stability is microsphere size. All microspheres (F1, F2, F3, F4, F5,
and F6) had particle diameters that ranged from 279.66 um to 568.33 um (Figure
4.2 ). With an increase in sodium alginate concentration in the formulations, a
substantial (p < 0.05) increase in particle diameter was seen. The creation of a

microsphere with a greater diameter may be caused by a polymeric mixture that
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has become more viscous and, as a result, flows through the needle less freely. In
comparison to smaller ones, larger microspheres have a higher propensity to
aggregate, which leads to sedimentation. Again, during the formulation of the
microspheres, smooth, spherical microspheres were produced with increasing
calcium chloride and sodium alginate concentrations. Variations in the
availability of binding sites for the crosslinking agent may be to blame for the
outcome. Additionally, a calcium chloride solution that was too concentrated
caused a decrease in the average size of the microspheres. This can be because a

stronger cross-linking agent caused the polymeric gel to shrink [80].

700
600 5()8.33

500 476.33 480

400 330.33

358 L = —
774 =
300 e {'66

200

Particle size(uum)

100

0
F1 F2 F3 F4 FS F6

Formulation code

Figure 4.2 Particle size (um) of F1, F2, F3, F4, F5 and F6.
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4.4 Swelling Study

The swelling behavior of capecitabine-loaded optimized formulations were
examined in 0.1 N HCI (pH 1.2) and phosphate buffer (pH 7.4). The shrinkage of
alginate caused the swelling index of synthesized microspheres to be at its lowest
at acidic pH, but the erosion of the polymer matrix caused the swelling index to
be at its highest in phosphate buffer pH 7.4. Microspheres swelling properties
were assessed in terms of an equilibrium swelling state. The outcome also showed
that swelling properties were depending on the cross-linking agent concentration.
It was discovered that the swelling index rose significantly (P< 0.05) along with
the decrease in crooslinking agent concentration for formulations F1, F2, F4, and
F5. Due to the stiff polymeric matrix and fewer surface pores with diameter of 2
to 6 um open to water penetration, the formulations (F3 and F6) with calcium

chloride concentrations greater than 5<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>