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Abstract

Abstract

The aim of the present research was to synthesize and characterize enzymatically
produced resistant starch coated drug microspheres,for the colon targeted delivery of
Ciprofloxacin (Cipro).Resistant starch (RSI11) was produced by the debranching of maize
flour using microbial amylase and pullulanase enzymes isolated and purified from
Bacillus licheniformis.The single emulsion evaporation method was used for the synthesis
of the microspheres,by the dropping of organic phase containing RS(I1I) and drug in
dimethyl sulfoxide (DMSO) into aqueous solution containing 0.5% tween 80 as stabilizer
under stirring.The encapsulation efficiency of 86.73% was found.The size and
polydispersity index (PDI), was measured and analyzed by Dynamic Light Scattering
(DLS),X-ray Diffraction (XRD) analysis indicated that crystalline form of Ciprofloxacin
is completely transformed into amorphous form and drug is encapsulated in resistant
starch. The light microscopy and Scanning Electron Microscopy (SEM) showed that the
different flat, compact block like structures of Resistant Starch were converted into the
spherical microparticles, while Fourier Transform Infrared Spectroscopy (FTIR) results
showed chemical and electrostatic interactions between the RS(I11) and Ciprofloxacin
used for the preparation of microspheres.Antimicrobial potential was measured by agar
well diffusion method against E.coli and S.aureus.For in vitro drug release studies, RS(111)
coated drug microspheres were incubated in simulated gastric fluid, intestinal fluid and
colonic fluid, respectively.RS(I11) remain stable and retarded drug release in stomach and
small intestine,about 5% of drug was released in(stomach)acidic medium while at pH 7.8
drug release was about 52%.Release profile of drug from microspheres was evaluated by
using various kinetic models these models showed concentration dependent sustained
drug release.Drug release studies have shown that the enzymatically produced resistant
starch could deliver the drug to the colon.These results indicate that the resistant starch
prepared by bacterial enzymes can be used as a potential drug carrier in colon-targeted
drug transport system.

Key words; Resistant starch, Ciprofloxacin, Microspheres, In vitro release,

Antibacterial potential.
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Chapter 1 Introduction

Introduction

One of the broad research field in pharmaceutical sciences is the drug delivery, for
which novel material appropriate for the controlling of drug release based on therapeutic
needs to be developed(Wang, Hu et al. 2010, Carbinatto, de Castro et al. 2012, Prezotti,
Meneguin et al. 2012) Modified starch that contains 70% of amylose have improved
properties for controlled drug delivery.(Abbas and Baeten 2016;Soares, de Castro et al.
2013)As the bio-based RSIII has public acceptance hence its potential use for food
industry is potentially favored. The RSIII has high resistance making it resistant to
enzymatic digestion, hence using it as a coating material for vitamin, probiotics and

controlled drug delivery into colon.

The RSIII has resisted enzymatic digestion even after 120 min (Ashwar, Gani et al.
2016) and granules water compartments that entrape molecule and affects action of
delivery.Hence the polysaccharides serve for and effective drug delivery purposes via
gastrointestinal tract (Singh, Dhiman et al. 2016).Release of drug into GIT and its
spatial control represents a crucial research topic in field of drug delivery as particular
targeting to tissue or organ can expand the bioavailability of numerous drugs
specifically those that are stable, soluble or have permeability problems in drastic
conditions of the upper part of GIT i.e. stomach.But to find an appropriate and
efficacious way to overcome the problem. Colon provides conditions like slow transit
time, less proteolytic activity and pH close to neutral that makes the environment

favorable for drug delivery mainly peptides and proteins.

For drug targeting, coating of solid dosage forms with polymeric material that is
degraded by the colonic microbiota or whose solubility is dependent on pH is quite a
relevant approach.Additionally, this polysaccharide could escape the digestion and it is
fermented under enzymatic action of the colonic bacteria (Mura, Cirri et al. 2016).
Though starch is non-toxic but native starch is modified physically and chemically to
enhance its properties (da Rosa Zavareze and Dias 2011). So the starch derivatives are
being used in making of micoparticles, tablets and coating films in order to achieve a
required drug release rate (Marinich, Ferrero et al. 2012: Teaca, Bodirlau et al. 2013,

Meneguin, Cury et al. 2014). The RSIII resists the enzymatic digestion in duodenum,

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
Drug Microspheres and their Antimicrobial Potential 1



Chapter 1 Introduction

stomach but ultimately degraded by the microbiota in colon (Htoon, Uthayakumaran et
al. 2010). Properties of resistant starch make it a favored candidate for designing the
colon-based delivery of drug system. The RS is categorized into various subtypes, one
such is retrograde starch (RSIII) which is prominent because of its low solubility,
hardness, birefringence analysis, rheological and thermal stability hence making it
appropriate for the colon based drug delivery after testing its digestion against the

pancreatic enzymes.

The antibiotics administrated orally have very limited bioavailability. Some portion of
dose is metabolized or even expelled out of body before biological materials could
overcome it. So in order to maintain the therapeutic drug concentration at the site of
infection more enhanced and frequent dose is required. But unfortunately such dosage
may cause high level of toxicity and cause side effects that is inconvenient for patients.
Though some antibiotics that are delivered intravenously they have 100%
bioavailability, but still fail to reach some body parts like bone. Additionally, another
obstacle is formation of bacterial biofilm responsible for infection in patients with
medical devices like urinary catheters or implants. The conventional antibiotic therapy
is sometimes not effective much due to enhanced bacterial resistance inside biofilms.
The increased resistance may also be due to lack of proper use or using of
broadspectrum antibiotics. All such problems have paved the way for development of
effective infection therapies, novel drug delivery systems(DDSs) way that can help in

making treatment more effective.

Use of polymers for purpose of drug delivery opens up new possibilities for antibiotics
delivery to the particular tissues, cells etc. and provides an effective way for drugs to
reach at infection sites. Various other advantages involve drug modifications and its
pharmacokinetics (controlled release, protection against elimination or fast
degradation) (Chen, Li et al. 2018). So drug dose must be reduced and administrated
less frequently to improve the patient amenability. Active compounds delivery to the
colon can prove to be quite effective for numerous applications like reduce
administrated dose, avoiding unnecessary digestion, improved bioavailability of drugs
for the systemic absorption, side effects of anti-inflammatory drugs for local treatment
etc (Afifi, Mandour et al. 2015). Also RSIII retrograded starch was also reported to be

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
Drug Microspheres and their Antimicrobial Potential 2



Chapter 1 Introduction

used as film coating material with a high affinity for the colon-based drug delivery
merely by physically modifying it (Chen, Yu et al. 2007) Coating of drug by adding
various material could improve the mechanical strength that would prevent unnecessary
early release (Yang, Salas et al. 2016). Nano drug delivery systems in patient treatment,
and its safety is of great concern. Smaller size nanoparticles show highest toxicity due
to their increased surface to volume ratio (Dunphy Guzman, Taylor et al. 2006).
Nanoparticles synthesized from metals such as copper, cobalt, titanium and silicon and
of their respective oxides have inflammatory and severe toxic effects on cells (Dunphy
Guzman, Taylor et al. 2006)). An innovative oral colon based delivery of drug has been
developed by using resistant starch (Chen, Pu et al. 2011) The present research focuses
on the development of a colon-specific sustained release system in the form micro
particles by a single emulsion evaporation method. The approach is based on two main
parts; the first part is the preparation of RSIII. It is prepared in form of paste by the high
pressure/temperature (HTP) followed by the enzymatic debranching and retro
gradation. Efforts were also made to determine the RSIII resistance to acidic pH
(gastric), intestinal enzymes present in upper gastrointestinal tract by observing its
resistance to digestion and various characteristics (Chen, Li et al. 2018). The second
part deals with preparation of drug loaded microspheres and their characterization t. An
active compound, Ciprofloxacin was selected as a model drug because it was easily
available and its surveillance was comparatively easy, to study the behavior during the
release from microspheres in the in vitro experiments in the conditions of simulated
gastrointestinal fluids (Chen, Li et al. 2018). The drug chosen was encapsulated in the
resistant starch microspheres. It belongs to the second drug generation i.e. antibacterial
fluroquinolones extensively used to deal with numerous infectious diseases like urinary

tract infections, osteomyelitis, respiratory, gonococcus and enteric infections.

The purpose of current study was to synthesize resistant corn starch crusted drug loaded
microspheres and their characterization. The influence of solvent extraction and
enzymatic debranching on granular configuration and morphology of starch samples
were analyzed by the FTIR, XRD and SEM (Chouhan, Bajpai et al. 2010). Parameters
like chemical composition, size of microspheres, encapsulation efficiency morphology

release behavior, antimicrobial affinity of enzymatically formed RS-based

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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Ciprofloxacin loaded microspheres were examined analytically.Further it was studied
on basis of particle size value, drug loading efficiency, antimicrobial study, X-ray
diffraction,FTIR analysis, morphology, in vitro discharge comportment of
ciprofloxacin. The FTIR studies showed an interaction between RSIII and drug. Sample
formulation was studied to be stable with desirable drug entrapment efficiency
(86.73%), its size ranged in micrometers 964 nm about 1um. In vitro studies indicated
a cumulative drug release (> 40%) for up to 8 h was observed.

Challenge in field of functional foods for the aim of disease deterrence and health
elevation is to know about the incorporation of bioactive compounds in food to maintain
its stability in food processing, for storage and in GIT system. It is necessary to enable
the availability of such compounds by the controlled release at the target site in GIT
(Chen, Liang et al.2016).

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
Drug Microspheres and their Antimicrobial Potential 4



Chapter 1 Introduction

Aim and Objectives
Aim:
Aim of the current study was to utilize the natural, biodegradable and biocompatible

enzymatically produced resistant starch for the synthesis of drug loaded microspheres
in colon targeted drug delivery.

Objectives:

1. Preparation of Drug loaded microspheres through Single emulsion evaporation
technique and optimization of process parameters.

2. Evaluation of microspheres and drug loading through different
characterization techniques.

3. Evaluation of sustained drug release from microspheres in terms of in vitro
release studies.

4. Determination of antimicrobial potential of microspheres by using agar well
diffusion method.

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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Chapter 2 Review of Literature

Review of Literature
2.1 Enzymes:

Enzymes are natural catalytic bodies which are responsible for catalysis of biochemical
reactions in a living cell. They speed up conversion of substrate into product by
lowering down activation energy(Mollania, Khajeh et al. 2010).As they can accelerate
the reaction rate up to 10'? times, so they are considered as highly effective biocatalysts.

In their absence, many metabolic reactions would be too slow for a normal metabolism.

Enzymes have the potential to specifically catalyse their respective substrates in a
chemical reaction. Substrate specificity makes enzyme more beneficial for industrial
use (Li, Yang et al. 2012).For catalytic activities enzymes are more preferred than
chemicals because of many reasons. Some of them are; regiospecificity, ease of product
formation, economic feasibility, optimization and modification etc., Enzyme catalysis
results in production of a product in pure state. Making modification and optimization
of product easily. Which further lowers down the overall downstream problems and

cost of purification.

All enzymes are protein in nature. They are biomolecules composed of long linear
amino acid chains that are folded into a 3D structure. Catalytic site (a small portion of
enzyme consists of 2-4 amino acids) perform substrate (Gurung, Ray et al. 2013).
Enzyme catalysed processes have attained more interest because they are non-toxic,
cost effective, eco-friendly and required less processing time. Today, enzyme is
considered as a best substitute for the previously used toxic chemical catalysts. Thus
their use on industrial scale is more beneficial. Microbial enzymes have been used from
old Greek times up till now for different applications such as baking, alcohol, cheese
production, brewing and in pharmaceutical and chemical industries (Dhar, Banerjee et
al. 2012) The global industrial enzyme market is estimated to exceed 7.1 billion dollars
by 2018 that would have about 8.2% CAGR (Dhar, Banerjee et al. 2012). In the global
enzyme market, carbohydrases have the maximum share of approximately 37% and
have been mainly utilized in bakery. Different hydrolytic enzymes are used in industries

for processing of starch. Where starch containing biomass such as, wheat, potato, sago,

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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Chapter 2 Review of Literature

banana etc. are utilized as substrates for production of energy, pharmaceutical products,

chemicals and biofuels.

Both enzymes and chemicals are exploited for breaking of polymeric starch into
monomers. Previously, chemicals and acids were used for starch hydrolysis but they
are now replaced by enzymatic hydrolysis, which is more efficient and beneficial.
Enzyme specificity and hydrolytic properties results in a syrup of sugar with less side

reactions and undesirable changes (browning).
2.1.1 Starch Hydrolysing Enzymes:

A starch usually contains amylose and amylopectin. Starch hydrolysed into low

molecular weight monomeric compounds by group of enzymes.

Generally, Starch hydrolysing enzymes can be divide into the following four groups:
(Van Der Maarel, Van der Veen et al. 2002)

1. Endoamylases

2. Exoamylases

3. Debranching enzymes

4. Transferases (Van der Veen et al. 2002)
2.1.2Debranching Enzymes:

Hydrolysis of a-1, 6-glycosidic bonds OF starch molecule is carried by these enzymes.
and convert starch into low molecular weight particles. Pullulanase and Isoamylase are

categorized in this group.(Van Der Maarel, Van der Veen et al. 2002)
2.2 Starch:

Starch is the well-known polysaccharide found on the earth. It is considered as one of
the most vital component of life because of its usage as energy source specifically as
an animal and humans feed across the whole world (Cherubini and management
2010)(Streb and Zeeman 2012)It is 98-99% composed of two D-glucose

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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homopolysaccharides namely amylopectin and amylose. Starch obtained from most
plants consists of amylopectin and amylose. These two alpha-glucans are further made
up of number of glucose units connected with glycosidic bonds (Wandee, Uttapap et
al.

2017).

/
- /
-// . - < - -
- - /
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- - 2
o~ -
/ Makone
P~ S - e

Figure 2.1: Action pattern of starch degrading enzymes (Yang, El-Ensashy et al.
2013)

2.2.1 Amylose:

Amylose is one of the major constituent that made up polymeric starch.,Mostly occurs
in a liner configuration and is connected by alpha-1-4 glycosidic linkages (Parada and
Aguilera 2009).1ts degree of polymerization is studied to be 6000. mylose have an
average molar mass of nearly 105-106g/mol. Most commonly, it is found in a right
handed helical or spiral structure (Karmakar, Ban et al. 2014, Kong, Zhu et al. 2015).

2.2.2 Amylopectin:

The second major component of polymeric network of starch is generally known as
amylopectin. Which is extensively branched and contained 1-6 glycosidic linkages.
This homopolymer is abundant in glucose units which are arranged in a linear
configuration (Karmakar, Pahari et al. 2014)Figure 2.2.2 shows amylopectin’s

structure.(Kalinga, Bertoft et al. 2014)

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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2.3 Classification of starch:

Several enzymes, convert starch into its monomer i.e. glucose. For example in digestive
system, starch is first encountered by a-amylase of oral cavity. Then its digestion is
further conducted by pancreatic enzymes in small intestine(Syahariza, Sar et al.
2013)For the purpose of nutrition, starch is classified into different fractions. Such

classification is mainly based of degree of digestibility of starch.

. H
HO CH,OH

12}
H HESE a—{1,6)
O
1,,,,,,/f”” a—(1,4)
2 H CH,OH O o
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HO H H CH, o
ON X & a
H HO S H CH,OH -3
o H
- OoH o "
2 H

60A A chains
100AI

] "cluster”

| =[] |w] =] <]m| <[] <]
4

160A

Figure 2.2 Amylopectin cluster model indicating A, B and C chains (Whistler and
BeMiller 1997)

2.3.1 Rapidly digestible starch (RDS):

Is a fraction of starch which is digested by enzymes rapidly, when ingested, in just 20
minutes. Such fraction is naturally in amorphous form. When consumed, RDS is
quickly hydrolysed into monomers (glucose), by the action of small intestine enzymes.
This rapid release of glucose units into the bloodstream cause increased sugar and
insulin level in blood. Therefore, considered a potential cause of diabetes and

cardiovascular diseases.

2.3.2 Slowly digestible starch (SDS):

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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Starch which gets digested in a time interval of 20-120mins is called SDS. Invitro
digestion models of SDS proposed that SDS after the first 20 mins is first hydrolysed
into glucose by a-amylase of intestine. While SDS complete digestion is occur within
120 mins. This causes a slow release of glucose in the blood. (Lehmann, Robin et al.
2007)

2.3.3 Resistant Starch (RS)

RS is the content of starch that is resistant to enzymatic digestion by pullulanase and
aamylase treatment in vitro. It is considered as an important part of total dietary fibre
(TDF) and resist to digestion by enzymes of small intestine (Lehmann, Robin et al.
2007). RS resists the action of a-amylase and Pullulanase for more than two hours and
IS not converted into glucose/dextrin. In its intact form, RS escapes from small intestine
into large intestine in a healthy individual. There, it is degraded by the colonic
microbiota. (Lockyer and Nugent 2017). RS content is directly proportional to the
content of amylose the starch.have been proposed a positive correlation between
amylose contents of maize starch and RS content. Resistance starch fermentation in
large intestine by colonic microbiota results in the reduction of pH of intestine, phenols,
acids and ammonia. Which further promotes the production of shot chain fatty acids
(SCFAs) especially butyrate. SCFAs are anti-inflammatory and anti-carcinogenic

maintaining colonic health(Zhang, Tang et al. 2012)
2.3.4 Status of research interest in the field of resistant starch:

One of the important energy source for humans is resistant starch. Starch normally have
two physical forms i.e. granular and amorphous starch. The former resists rapid
digestion while the later form gets readily hydrolysed leading to increased blood
glucose level which can cause serious health issues (Juntunen, Niskanen et al. 2002).
(Sekirov, Russell et al. 2010)

RS has several health benefits by producing short chain fatty acids. Short chain fatty
acids produced with the colonic fermentation of RS, helps to control diabetes, obesity

and reduces the risk of cardiovascular diseases(Fuentes-Zaragoza, Riquelme-Navarrete
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et al. 2010) (Paterson, Wendel et al. 2012)Moreover, RS has numerous physiochemical

properties making it a suitable food ingredient.(Simsek and El 2012)

Both RS and SDS as compared to RDS, are more health beneficial as they reduce the
risk of; diabetes incidence by prolonged blood glucose release, harmful metabolic
disorders and colonic cancer. Because of such potentials, the interest of nutritionals

have been increased in RS(Reddy, Suriya et al. 2013)
2.4 Classification of resistant starch:

On the basis of conformational and structural changes and addition of RS to the

polymer, RS can be categorized to five types i.e. RS1-RS5 (Haralampu 2000)
2.4.1 Resistant starch type I:

RSI is a type of starch that is difficult to digest due to the presence of external hard
coating surrounding the grain. It is also known as physically inaccessible starch

entrapped inside partial or whole milled seeds and grains.(Singh, Dartois et al. 2010)

When grains are meshed and milled, the protecting matrix finally broken down
exposing the starch on the interior of matrix to the action of amylase (Singh, Dartois et
al. 2010, Alsaffar and technology 2011)

2.4.2 Resistant Starch type II:

RSII is a kind of resistant starch whom resistance to digestion is because of
configuration and organized structure of the raw native granules. (Lehmann, Robin et
al. 2007)On contrary, RSII upon heating converted to an easily digestible amorphous
structure which is more susceptible to enzymatic hydrolysis(Jyothsna, Hymavathi et al.
2017) Both RS1 and RS2 can lose their resistivity and rigidity to digestion, during the

process of cooking.
2.4.3 Resistant starch type I11:
RSIII is also known as retrograded starch because when it is heated at high temperatures

its amorphous polymers gelatinized completely. Through which it exhibits a robust

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
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crystalline configuration that is recalcitrant to action of enzyme in the small intestine.
This property also causes the starch to be high heat stable, which is more beneficial
when using this starch in food and other edible products. This kind of starch can sustain
a heat of about 120°C.(Yuan, Xu et al. 2011)

2.4.4 Resistant starch type IV:

RS IV is also referred as chemically modified starch because it is synthesized through
chemical modification and its acceptance is low because of consumer’s choice. In
which different functional groups including esters, ethers or phosphate groups are
added to starch for making it resistant to hydrolytic action of various enzymes(Zigba,
Szumny et al. 2011)The resistivity of starch can be further enhanced by adding resistant

content i.e. corsslinkers.
2.4.5 Resistant starch type V:

RS V is a complex synthesized from the combination of linear amylose and lipids. The
starch used here is high in amylose that at high temperatures quickly gelatinizes and is

quite susceptible to retro gradation. (Ng, Fleming et al. 2014).
2.5 Important Characteristics of Resistant starch type IlI:

There are many methods for the synthesis of RS but synthesis through enzyme is mostly
preferred. Because enzymatic synthesis is safe, cost effective, thermal stable,

ecofriendly, quick and effectively improve the percentage of RS contents(Raturi 2016).
2.5.1 Physical Modifications:

RSIII physical modification can be carried out by exposing resistant starch to high
thermal treatment and gelatinization at high-pressure and then finally storing at low
temperature (Zhou, Baik et al. 2010)While other methods include annealing, pressure
treatments, freezing and hydrothermal treatments.Starch of treated rice showed more
RS content (30.31-38.65%) than starch of untreated rice (4.42-10.94%) (Ashwar, Gani
et al. 2016)Longer the cooling greater will be the percentage of retrograded starch with
higher RS content(Hidayat, Muslihudin et al. 2018).
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2.5.2 Chemical Modifications:

Chemical modifications lead to increase in the content of amylose. This method
includes alcohols and acids treatment which hydrolyse the amorphous regions of starch
especially amylopectin portion. Treatment with acids and alcohols are included in
chemical modifications which cause hydrolysis of starch amorphous regions
particularly the amylopectin branches producing linear residues(Rafig, Singh et al.
2016)

2.5.3 Enzymatic debranching:

Enzymatic treatments are also done to modify the starch making it more resistant to
digestion till small intestine while its digestion is by colonic bacteria. The increase in
RS is primarily because debranching enzymes which increases the amylose content.
This causes an increase in its retro gradation which results in tightly packed, organized
crystals of amylose units contributing ultimately to enhanced crystallinity(Ma, Shen et
al. 2011). Pullulanase and Isoamylase are the most commonly used debranching

enzymes for modification of starch.
2.5.3.1 Reaction pattern of pullulanase:

Starch is composed of amylopectin,the enzymes which exclusively act upon these sites
are called debranching enzymes e.g., pullulanase and isoamylases. Once provided with
optimum conditions these enzymes are capable of hydrolysing pullulan, amylopectin

and all other saccharides containing a-(1,6)-glycosidic linkages.
2.5.3.2 Reaction pattern of Alpha amylase:

Amylolytic enzymes is the class of all the enzymes which can cleave the glycosidic
bonds present in the starch molecule. These enzymes are produced by all living
organisms (Guo 2018).And oa-amylases results in cleavage of the a-1, 4 glycosidic
linkages liberating oligosachharides with alpha configuration in starch. For example,
on comparison of alpha amylases produced from Bacillus licheniformis, Pseudomonas

fluorescens, the later has the best catalytic action because of its ability to attack on
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multiple chains of starch polymer producing low molecular weight products (Ooms,
Vandromme et al. 2018).

2.6 Resistant Starch content:

RS contents in food can be determined through several methods. Berry method is the
most commonly used method (Berry, 1986), it quantify RS in food after digestible
starch removal from the food(Jeong, Han et al. 2018).(Shi, Sun et al. 2019) is most
extensively use nowadays.Increase resistant starch content is due to increase amylose
content as reported by(Jeong, Han et al. 2018). Linear chain of amylose is formed as

a result of amylopectin debranching(Shah, Masoodi et al. 2018).
2.7 Physicochemical properties of Resistant Starch:
2.7.1 Amylose content:

The extent of digestibility can be reduced further by using amylose which form
complexes with metals in comparison to carbohydrate alone(Ai and Jane
2018).Therefore enhancement of amylose and RS3 content is occurred by debranching

of starch through pullulanase.
2.7.2 Water absorption capacity (WAC):

Starch water holding capacity is called water absorption that is an essential parameter
for viscosity(Saito, Tamura et al. 2019).Maxing condition is represented by WAC,

increased starch WAC represent increased solubility and leaching.
2.7.3 lodine Staining Index (IS1):

It is one of the important property of any type of starch due to the iodine residue in
starch. The complexing ability of starch can be indicated by this tool. Resistant starch
sample must have this ability for its various application like an encapsulating agent,
drug carrier, baking and cooking due to interaction of starch with other compounds.
Amylase determination is also done by this procedure (Knutson 2000, Lei, Shao et al.
2016)
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2.7.4 Fatty acid binding:

(Yotsawimonwat, Sriroth et al. 2008) method can be used for determination of starch
sample fatty-acid binding capability with some modification and iodine staining index
can be evaluated before fatty acid addition. The difference in starch-FA complex and
free starch ISI values (A) represent the ability of fatty acid binding to starch in which
the formal one is more stable. Butyric acid and palmitic acid is used to represent the

short and long chain of starch.(Klaochanpong, Puttanlek et al. 2015)
2.7.5 Antioxidant potential of RS:
DPPH radical scavenging activity and reducing power:

This method is used for the antioxidant potential assessment of starch sample in which
antioxidant molecule squinch DPPH purple colour and convert into colourless products
detected by spectrophotometrically. Depending on the sample reducing power, various
shades of green color are formed. Hydroxyl group present in starch polysaccharide are

related directly to the extent of starch antioxidant potential.(Oliveira, Sousa et al. 2008)

Similarly, the free radical scavenging activity is due to hydroxyl group(Oliveira, Sousa
et al. 2008, Sreeramulu and Raghunath 2010) Thereby reducing power methods and
DPPH scavenging method show increase radical scavenging ability(Ashwar, Gani et al.
2016)

2.8 Digestion of starch:

When mechanical digestion such as chewing and mastication occur starch digestion
starts. During this time salivary a-amylase also help in digestion through hydrolysis of
the starch glycosidic bonds, a-1,4 glycosidic bonds are cut down randomly by camylase
and products like dextrin’s, maltotriose and maltose occur. The process of digestion
occurs in stomach where pepsin activation occurs by HCL. A protein, act as a barrier
protection for starch is degraded by pepsin and assist in the hydrolysis of starch (Dhital,
Warren et al. 2017)After this pancreatic enzyme undergo the resting process of

digestion in duodenum (Maughan 2009).Pancreatic amylase also perform the function
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as that of salivary amylase and oligosaccharide formation occur which on hydrolysis

by the enzyme like sucrose, maltase, lactase form monosaccharide.

The portion of starch that remain undigested e.g.,short chain fatty acid are produced by
the digestion of resistant starch in small intestine by bacteria.(Alsaffar and technology
2011)

2.9 Invitro digestibility of Resistant Starch:

In vitro elucidation of starch is being digested through various methods in laboratory
(Singh, Dartois et al. 2010)Lipase, pepsin, amyloglucoidase, and pancreatic alpha
amylase are used in this process. Gelatinization of starch is one of the method used for
hydrolysis of starch enzymatically. After treatment with enzyme it is incubated for 30
minutes at 37°C in shaker water bath. Dinitrosallicylic acid DNS is used for

quantification of the products.

Pancreatin, pepsin and salivary a-amylase are used for digesting starch samples
sequentialy in the in vitro enzymatic digestion system (Sigma Chemicals Ltd.) This
mimic the condition from mouth to small intestine correspondingly(Fassler, Arrigoni
et al. 2006) (Pongjanta, Utaipattanaceep et al. 2009)resistant starch was lower in
digestion as compared to low resistant starch of native flour containing lower resistant
starch.(Giuberti, Gallo et al. 2015).

2.10 Starch derivatives in the emerging field of nanodrug delivery
2.10.1 Nanotechnology

With the help of nanotechnology different problems have been removed that are
associated with many of drug molecules. When these particles are converted into
micron size their properties like degradation, uptake, flow and physicochemical
properties changed completely. This delivery system is very suitable which solved
many conventional formulation limitations and related pharmacokinetic limitations
(Cevc and Vierl 2010)Many different system related to nanoparticles like, polymeric
nanoparticles (Han, Wang et al. 2017)dendrimers(Gonzalez-Rubio and Liz-Marzan

2018) quantum dots (Joos, Ding et al. 2017)liposomes, have been prepared
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successfully. Now a days considerable efforts have been made for biodegradable
nanoparticles designing (Kumari, Pandey et al. 2017)Polymers have been utilized that
can distribute drugs to specific targeted sites. The main objective of therapeutic system
is to release the therapeutic agents continuously at an optimum concentration for a long
time (Stebbins 2014).Polymeric nanoparticles have some advantages like, it improves
drug molecules stability encapsulated within the polymers. Nanoparticles preparation
from these biodegradable polymers occur through natural or synthetic sources. Due
some of their improved properties like specific targeted distribution of drugs the
biodegradable polymers are very important part of the present research work.(Uchegbu
and Schatzlein 2006).

2.10.2 Barriers in Oral Route

Mostly drugs are delivered through oral route due to their great patient compliance and
ease of administration while the most important thing is the cost effectiveness of this
route(Baghel, Cathcart et al. 2016).Delivery through other routs generally have some
barriers like gut wall permeation and GIT fluid dissolution which are overcome by this
system (Vo et al., 2013). GIT dissolution is the major problem among these (Childs et
al., 2013). But there are also some issues related to oral route like solubility problems.
If the solubility does not occur properly in GIT, drug molecules will not be absorbed
through this route.(Bou-Chacra, Melo et al. 2017)

The second problem is lumen gut enzymes and enzymes released by bacteria. Here the
drug substances are metabolised by these enzymes which will prevent the drug fractions
to reach the systematic circulation and bioavailability of these drug substances are
diminish there. (de Sousa and Bernkop-Schnirch 2014)

Metabolism of some drugs occur completely in first phase either in liver or gut before
reaching the systemic circulation which cause a major problem in oral route delivery
(Wilkinson 2005).
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2.10.3 Nanotechnology in Pharmaceutical Field

New opportunities are being provided by pharmaceutical nanotechnology which have
many applications in management of disease and diagnostic field. Beside these

nanoparticles are also

Used for drug delivery as a carrier agent for diagnostic and bioactive agents.(Farokhzad
and Langer 2009).This delivery system offers some advantages like efficacy,
tolerability of drugs with improved safety. Nanoparticles also have other applications
in increasing the residence time of medicinal agents and improving the solubility which
reduces the toxicity and expenses and the patient are benefited(Akerib, Aradjo et al.
2016).Nanoparticles prevent quick degradation of drugs and drug are absorbed slowly
in favoured environment. It also increases the bioavailability and tissue retention time.
The preference of nanoformulations over other conventional formulation is its
persistency and the long retention time in blood circulation(Surendiran, Sandhiya et al.
2009).

2.10.4 Different Nanosystems and their characteristics.
Table explains the variety of nanocarriers,and their role in drug delivery.

Table 2.10.4 Different nanosystems and their functions(Nahar, Dutta et al. 2006)

Types of Characteristics Applications
nanosystems | Size

(nm)
Carbon 0.5-5 Carbon mostly occur in
nm allotropic ~ form,  carbon

nanotubes ]
nanotubes is one of them

which have two categories of
single and multiple walled
nanotubes.

Breakdown of nanotube
bundle  occur  during
functionalization which
result in increased
solubility and incursion to
cytoplasm of the cell.
Through these gens and
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peptides are delivered into
the cell nucleus. Drug are
also being delivered to the
cancerous/tumour affected

cells through these.

Dendrimers | <10 nm Its utilization occur in
targeted and controlled
delivery drugs of bioactive
to liver targeting and

Due to the distinctive three
dimensional structure of

dendrimers it has some | Macrophages.
superior ~ chemical  and
physical  properties like
monodispersity  molecular
weight and well define
structure over other.
Liposomes 50-100 It has long and safe
nm circulatory time. Peptides,

Liposomes are present in| protein, drugs and other
small vesicalar shape. These | agents are delivered active
vesicles are consisted of | and passively.
phospholipids and
cholesterol. The entrapment
efficiency of these vesicles
are also good.

Metallic <100 Binding of  magnetic
nanoparticles| nm nanoparticles to biological
molecules occur easily and

Silver, gOld and iron oxide drug and genes de"very
nanoparticles  which  are

having large surface area to
volume ratio and having
dangling bonds in large
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number as well as lowpoccur in highly sensitive
coordination sites. diagnostic assays.

Also poses excess electron
storage capacity.
Polymeric 10-200 | Self-assembly  of  block
nanomicelles | nm copolymers are used in
polymeric micelles that are| The ~ use  of  these
core shell type nanoparticles. | Nanoparticles occur in
passive and active targeting
of drugs as well as for
diagnostic purpose.
Polymeric 101000 Sustainable and controlled
nanoparticles| nm Drug is found entrapped in release of drug occur
through these
nanoparticles, or it could be nanoparticles.  Bioactive

dissolved or attached to the
matrix highest entrapment
efficiency has been found as
to other

compared drug

delivery systems.

In polymeric nanoparticles
drugs are entrapped in solid
colloidal particles in which

drugs are dissolved.

As compared to other system
they are possessing high
entrapment efficiency

materials occur active and
passively through these
surface modified
nanoparticles.

2.10.5 Polymeric Nanoparticles as Carriers for Drug Polymeric nanoparticles

(PNPs) are in the form of colloidal particles in solid form in the size range of 10
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100 nm while the carrier drugs are attached or dissolved to the matrix of
nanoparticles (Jawahar, Meyyanathan et al. 2012).Currently there are present
many innovative drug delivery systems with the help of advancement in new
technology. PNPs are an interesting option for controlled and targeted drug
delivery. In recent years PNPs are gaining more and has a very important role in
different fields. The current market requirements are being fulfilled by the
increased tendency of the PNP(Sumit and Sciences 2012). PNPs can also be used
to deliver drugs to targeted tissues and to other site like for tissue engineering.
Volatile drugs get stability when entrapped in these nanoparticles.
Manufacturing of these nanoparticles occur through different methods(Jawahar,
Meyyanathan et al. 2012).Polymers used for the preparation of certain
nanoparticles should meet with certain requirements like its compatibility with
body fluids and organs and should be economical. It should be nontoxic non-
immunogenic should be characterised and manufactured easily and should be
biodegradable (Dadwal, Solan et al. 2014)

2.10.6 Methods of preparation of Polymeric Nanoparticles

Polymeric nanoparticles can be prepared through numerous methods. Main categories

are the following(Rao and Geckeler 2011).

» Through the polymerization of monomers
* lonic gelation method

» from dispersion of preformed polymer

» Dialysis

* Nanoprecipitation

2.10.6.1 PNPs through the polymerization of monomers

Preparation of particular size nanoparticles require suitable polymers which are
designed and prepared by monomer’s polymerization. These polymerization methods
include interfacial polymerization, (Mahdavian, Ashjari et al. 2007)micro and

miniemulsion polymerization(Landfester 2009),(Landfester 2009).
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2.10.6.2 lonic gelation

In ionic gelation PNPs preparation through hydrophilic biodegradable polymers,
gelatine and chitason. There are two agueous phases in ionic gelation method one
containing sodium tripolyphosphate and the other containing chitosan. Cationic group
of chitosan interact electrostatically with tripolyphosphate which is an anionic group

and form coacervates.
2.10.6.3 PNPs from dispersion of preformed polymers

Dispersion of performed polymers include emulsification/solvent diffusion
(GalindoRodriguez, Allemann et al. 2004, Hu, Hong et al. 2004) supercritical fluid
technology (SCFT) and solvent evaporation (Desgouilles, Vauthier et al.
2003).Superficial fluids are used for designing non-toxic method for PNPs
preparation.(Banik, Fattahi et al. 2016) (Sane and Limtrakul 2009)

2.10.6.4 Dialysis

Dialysis is a valuable and easy method to prepare PNPs. Utilization of a variety of
copolymers with polymers are used to prepare PNPs in this method.(Guo, Liu et al.
2014)

2.10.7 Nanoprecipitation

Nanoprecipitation or single emulsion evaporation method is cost effective and easy
method. In this technique organic phase is drop wise poured into aqueous phase.In
Current work polymeric microspheres are prepared through nanoprecipitation method
due to its ease and simplicity and cost-effectiveness. There are numerous process which
are describe in detailed in this method and can affect particle formation. (Miladi, Sfar
et al. 2016).This process was developed by Fessi and his co-workers which result in
instant formation of nanoparticles. A solution of polymers is made in organic or non-
organic polar solvent that are water soluble which are then injected into the surfactant
present in the organic phase.(Maaz, Abdelwahed et al. 2014)
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2.10.8 Mechanism of particle formation by nanoprecipitation

Aggregation, growth and nucleation are the major three mechanisms for particle
formation (Budhian, Siegel et al. 2007)Supersaturation is the driving force for all
phases it is very important for nucleation (Maaz et al., 2014).Surface tension difference
is important factors for nanoparticles formation McManamey finding described this
(McManamey and Woollen 1973). Aqueous phase has more surface tension as
compared to organic phase therefore the molecule of aqueous phase are pulled more
strongly in aqueous phase. This difference lead to thermal variation and interfacial
turbulence which cause solvent twisters in both phases.(Mora-Huertas, Fessi et al.
2010)

2.10.9 Components of methodology

Following components are required in the preparation of PNPs through

nanoprecipitation technique.

A Drugs

Hydrophilic drug molecules were found better as compared to nanoprecipitation
techniques in lipophilic drug molecule incorporation. PCL was used in aqueous
medium as polymer in NPs synthesis by Bilensory et al (Bilensoy, Sarisozen et al.
2009). The same techniques has been used by Govender and his colleagues in PLGA
NPs synthesis (Govender, Stolnik et al. 1999).

B Organic phase

Hexane, Methylene chloride and Methanol Ethanol, water soluble organic solvents are
present in oil phase. Other compounds include vegetable oil, triglycerides, hydrophobic
surfactants etc. when these substances are added as a result the formation of Nano

capsules instead of nanospheres (Bukhari, Idris et al. 2014)

C Aqueous phase

In this phase same hydrophilic surfactants which are either natural or synthetic are

present in water for particles aggregation like tween 80 and PVA(Bukhari, Idris et al.
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2014). Beside these some other substances like drug molecules and polymers are

present in aqueous phase.

D Polymers

PNPs preparation utilize a number of polymers most common of which are PCL, PLA,
and PLGA which are resistant type-3 polysaccharide polymers with suitable

performance(Noor, Shah et al. 2018)
2.10.10 Influence of operating conditions

Three steps are involved in nanoprecipitation in which first step involved organic and
aqueous phase preparation in second phase injection of organic phase occur into
aqueous phase under continuous stirring condition and finally organic phase of the
solution is evaporated either through rotary evaporator or at ambient temperature There
are a number of parameter that influence nanocarriers characteristics (Dong et al.,
2015).

a. Amount of polymer

Nanoparticles characteristics with reference to concentration of polymers have been
checked through various studies. Increase occur in encapsulation efficacy and particle

size as we increase concentration of polymers.

b. Molecular weight of the polymer

Particle properties are greatly influenced the parameter that is very critical. Lince and

co-workers associated.

c. Surfactant concentration

A number of studies shows the effect of concentration of surfactant on particles
characteristics. This study shows that larger particles are formed in presence of high
polyvinyl alcohol (PVA) concentration (5-10%)(Arica, Lamprecht et al. 2005)While
decrease in surfactant concentration give smaller sized nanoparticles(Allémann, Gurny
et al. 1992)

Synthesis and Chracterization of Enzymatically Produced Resistant Starch coated
Drug Microspheres and their Antimicrobial Potential 24



Chapter 2 Review of Literature

d. Organic to aqueous phase ratio

In another study Fonseca et al. shows that reduction occur in 1; 2 oil to water phase
(Fonseca, Goya et al. 2002).

e. Stirring rate

Magnetic stirring is frequently used for stirring in nanoprecipitation in which particle
size get reduce if we increase the stirring rate.For the sake of gaining excellent

characteristics of the particles all these parameters including should be control.

The importance of this method is its simplicity and importance and NPs precipitate
faster. Relatively low concentration of surfactants and polymers is required for this
method. Achieving small and controlled size particles is easy in method (Miladi et al.,

2016). Figure 2.10 represent the flow diagram for drug loaded nanoparticles preparation

3

through nanoprecipitation technigues.
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Figure 2.3 Schematic representation of nanoprecipitation technique.

2.11 Rationale of selection of resistant starch as drug carrier
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Resistant starch resist digestion process in abdomen and stomach but colonic microbes
can degrade it (Htoon, Uthayakumaran et al. 2010).Due to this property this starch can
be used to deliver drug to specific sites in colon. There are different categories of
resistant starch, retrograded starch (RS 3) is important among them because of its low
solubility and thermal stability (Haralampu 2000).Preparation of this starch occur by a
enzymatic processing which more organized form (crystalline) is formed from
pregelatinized form (amorphous) (Thompson and Technology 2000, Chung, Shin et al.
2008).The responsible factor for this recrystallization is intra molecular forces and
hydrogen bonds which is a spontaneous process (Thompson and Technology 2000,
Liu, Xie etal. 2011).These changes attribute time of retrogression process, temperature,
concentration of polymers and variation in botanical origin (Zhou, Wang et al.
2008)(Najafi, Baghaie et al. 2016) The chemical and physical properties of native starch
make it unsuitable for controlled release of drugs. To gain more food and biomedical
applications of starch its properties should be improved through different sorts of
modifications like hydropyrrolation, crosslinking, chemical and blending modification
and oxidation etc. have been consider by many researchers in this area of
researches.(Najafi, Baghaie et al. 2016)

Starch is break down into its monomers by different types of enzymes like a-Amylase
digest starch in oral cavity other enzymes like glucoamylase, sucrose isomerase, and
pancreatic amylase digest starch in small intestine. Resistant starch are those which
resist digestion for about 120 minutes and escape from small intestine without being
digested by the enzymes are considered as resistant starch(Haralampu 2000, Dupuis,
Liu et al. 2014, Lockyer and Nugent 2017)

Major health problems are caused by the rapid digestion of such starch flour i.e.
elevated release of postprandial glucose and blood concentration of insulin
increase(Apostolidis and Lee 2010) (Foster-Powell, Holt et al. 2002)Release of high
glucose in the blood constantly force the high release of insulin which sometimes lead
to chronic diseases like diabetes, metabolic disorder, obesity and in some cases it also
causes cardiovascular diseases (Sekirov, Russell et al. 2010).Hence, the addition of
resistant starch in our daily food will surely be a better step to control the development

of harmful disease which are arising due to the rapid digestion of starch into glucose.
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More insulin is released in response to glucose concentration which is harmful for
health like cause obesity, cardiovascular disorder, metabolic disorders and diabetes etc
(Sekirov, Russell, Antunes, & Finlay, 2010). The development of harmful disease can
be controlled through the use of this starch in our daily food these disease are basically
arising due to the rapid digestion of starch into glucose (Lunn and Buttriss 2007,

Fuentes-Zaragoza, Sanchez-Zapata et al. 2011, Van Soest 2018).Furthermore, resistant
starch upon fermentation by colonic bacteria in the large intestine produce short chain
fatty acids (SCFA).Fermentation of resistant starch in the colon results in lowering of
pH in large intestine (Geurts, Neyrinck et al. 2013)as well as these acts as an energy
source for the dwelling bacteria of the intestine and also provides energy for colon cell.
Additionally, it enhances the flow of the blood in colon which help to stop the

development of colitis (Malago & Sangu, 2015).

Short chain fatty acid like butyric acid, acetic acid and propionic acid are produced in
large intestine by colonic bacteria which result in lowering the pH after fermentation
(Geurts, Neyrinck et al. 2013, Hoseinifar, Safari et al. 2017)

It also act as energy source for dwelling intestinal bacteria and energy is being provided
for the colon cells. While colitis development are also stop as it facilitate the flow of
blood in colon.(Han, Gao et al. 2013)

2.11.1 Ciprofloxacin

Bayer developed ciprofloxacin (Figure 2.11.1), in 1981.l1t is a floroquinolone
antibiotic.drug carriers lowers the solubility of drugs.Colloidal drug carriers system like
nanosuspension, microparticles, nanoparticles and liposome lower the solubility
problem of drugs . Suitable delivery vehicles like chitosan nanoparticles improve

ciprofloxacin’s bioavailability problem.
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Polymer-based drug

SRS

Figure 2.4 Structure of Ciprofloxacin

For easy carrier removal and appropriate release of drug biocompatible and
biodegradable polymers are the best suggestion to use. In this study, ciprofloxacin was
used for formulation of resistant starch nanoparticles in a method called
nanoprecipitation. Further characterization were done by,SEM.FTIR,XRD.DLS,
Invitro release of the drug, antibacterial activity, drug entrapment efficiency and

crystallinity.(Singh, Mishra et al. 2018).
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Material and Methodology

Study Area:

| have performed my research at the Applied, Environmental and Geomicrobiological
Laboratory (AEG), Department of microbiology, Quaid-i-Azam University Islamabad,
Pakistan, during the session 2017 to 2019.

It included the synthesis and characterization of enzymatically produced resistant

starch coated drug microspheres and their antimicrobial potential.
3.1 Materials:

3.1.1 Different types of starches used in experimentation

Maize flour used was purchased from the local market of Swat, KPK Pakistan, and
isolated pure corn starch was purchased from Sigma chemicals limited company.Starch
with high amylose content also known as Industrial Starch was purchased from

Megazyme International Ireland Limited.

3.1.2 Reagents and enzymes

Pullulanase and Amylase enzymes were extracted and purified from Bacillus
licheniformis an indigenously isolated thermophilic strain. Protease enzyme was

purchased from Sigma Chemical Company (St. Louis, MO, USA).

Resistant starch content was determined by the Megazyme Kkit, purchased from
Megazyme Ltd.Other material used in the study were 0.2M sodium phosphate buffer,
dimethylsufoxide, (DMSO), tween 80, 90% DMSO,10% DMSO, lodine crystals,
deionized water, methanol, ethanol, 1IN NaOH, 0.1N HCI buffer, lodine reagent,
distilled water, GOPOD reagent, Ciprofloxacin as model drug.
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3.2 Methodology

3.2.1. Resistant Starch Production from Maize flour by using thermo stable

enzymes:

Resistant Starch production is carried out by, the method given by Englyst et al with
some modifications, 0.5 molar citrate buffer of pH 5 was added in 5g of sieved maize
flour and gently shaken for dissolution. The starch was autoclaved at 121°C for 20mins
for the process of gelatinization. Then it was cooled to 50°C after which purified
protease enzyme was added for the removal of network of proteins and then incubated
for about 40 minutes. After that placed in the boiling water bath for the inactivation of
protease enzyme. Starch was then cooled to about 50°C by addition of a combination
of both amylase and pullulanase enzyme, in RS(I11) production. For the attainment of
the proper degree of polymerization slurry was incubated for a time of 16hrs in shaker
incubator of 50°C with the speed of 100rpm. After this the starch slurry was placed in
a hot water bath for the inactivation of enzymes.1hr of autoclaving is performed again
for more gelatinization and debranching of the starch. Afterwards retrogradation of 4°C
for 24hrs is performed, followed by drying of the starch in an oven at 105°C for 5hrs.
Finally the dried starch was milled properly to a fine powder and pass it from sieve

stored in bottles in refrigerator for the determination of its RS content.

3.2.2 Determination of resistant starch content

Megazyme kit assay was used to measure the resistant starch content, measure (0.1g)
of the dried powder of the enzymatically produced starch. Add 4ml of prepared solution
of a-amylase and (AMG) amyloglucosidase (3U/ mL) to the falcon tube containing
starch sample.Each falcon tube is capped tightly and vortexed then placed in horizontal
position in a shaking water bath along the direction of motion for 16 hrs at 37 °C, till
the completion of incubation, then the tubes were taken out and the surface water of the
tubes was cleaned with a towel or tissue paper. After that, stopping agent to stop further
enzymatic reaction was added in reaction mixture such as 4.0 mL of absolute ethanol

(99% v/v) and the mixture was vortexed for proper mixing, then centrifuged at about
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3000 rpm for 10 minutes, soluble starch is separated in supernatant, and resistant starch
as a pellet in the bottom, then added 2ml of 50% ethanol in pellet after the removal of
supernatant,6 ml 50% ethanol was added again in same, vortexed appropriately and
then centrifuging it for 10 minutes to remove the remaining soluble starch.The
supernatant was wasted and the pellet was stored for further analysis.This process was
repeated to carry proper washing of soluble starch.Carefully transfer the supernatants

and excess water was drained by keeping the tubes in an inverted position.

3.2.3 Quantification of Resistant starch content:

The resistant portion of the starch is in the form of the pellet that is obtained at the end
of the above procedure. To quantify 2 ml of 2M KOH solution added in to the pellet
place it over the ice water bath and gently shaken with a magnetic stirrer for the proper
dissolution of resistant starch. Addition of 8 mL of sodium acetate buffer of (pH 3.8)
to each tube was completed for further dissolution and stirring on a magnetic stirrer to
counterbalance the alkaline solution. Instantly added 0.1 mL of AMG solution (3300
U/mL), and vortexed for proper mixing after that the tubes were placed in a water bath
at 50 °C for about 30 minutes with alternating mixing. Solution is then transferred to a
50 mL flask after 30 minutes adjust volume up to 50 mL by the addition of distilled
water. Then centrifuged the solutions at 3000 rpm for about 10 minutes, then 3 mL of
GOPOD reagent was added to 0.1mL of supernatant in glass tube, and incubating the
samples for 20 minutes at 50°C. Absorbance of the samples was measured against

reagent blank at 510 nm.
3.3 Solubility measurements

Solubility was determined by using simple dissolution method,RSII1 and Ciprofloxacin
was taken about ,omg in 5mL of each
solvent,(Dichloromethane,Acetone,Methanol,Ethanol, DMSO,Water)test tubes are
then vortexed in order to enhance the solubility of RSIII and drug in solvents, placed
them in shaker incubator at 50 °C with continuous shaking for 30 minutes, and then

centrifuged the samples at 4000 rpm for 20 minutes at 4°C then solubility is measured
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by taking absorbance using uv-visible spectrophotometer at 510 nm for RRSIII and for

Ciprofloxacin at 271nm.

3.4 lodine staining index

Resistant starch (RSIII) sample and industrial starch sample of (0.125g) was taken
separately, and dissolved in (1.25 mL) of 90% DMSOQO, cooked it for 30 minutes in a
hot water bath at 90°C, (11 mL) deionized water (autoclaved distilled water) was added.
Then (0.125 grams) of sample from native starch was taken and add (12.5 mL) of
deionized water in it, cooked for 30 minutes in boiling water bath for 30 minutes,50 pL
from above solutions was taken in different covered test tubes,5 mL of 0.6 molar
solution of iodine was added in 10% DMSO.Incubated for 30 minutes. lodine staining
index of debranched starch iodine complex stated as the absorbance at 460 nm for short

chains and 570 nm for long chains is observed through spectrophotometer.
3.5 Preparation of Solutions

3.5.1 Preparation of organic phase

Add 100mg of RS(111) and 10mg of Ciprofloxacin in 20 mL of DMSO with stirring and

light brownish clear solution was obtained.

3.5.2 Preparation of 0.5% Tween 80 solution

For the preparation of 0.5% Tween 80 solution, 0.5 mL of tween 80 and add this into
100 mL of distilled water.

3.5.3 Phosphate buffer (pH 6.8 and7.8)

For this, first 0.2 M NaOH and 0.2 M KH2PO4 were prepared and mixed to obtain
desired pH.

3.5.40.1 M HCL buffer (pH 1.2)

4.08 mL of HCI was added in to 500 mL of distilled water and adjust the pH 1.2
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3.6 Preparation of drug loaded microspheres.

Microparticles were prepared by using single emulsion evaporation
technique(nanoprecipitation). Tween 80 was taken 0.5% as stabilizer in a beaker with
distilled water and stir it,100 mg of RSIII and 10 mg of Ciprofloxacin added into
DMSO, and poured dropwise into the aqueous phase, with stirring.Centrifuged the
above formulation at 12000 rpm for 20 minutes, microspheres were collected at the

bottom then washed with distilled water and frozen before lyophilized.
3.7 Experimental Design for Optimization of Process Parameters

Various parameters were optimized to get desired size and entrapment efficiency of
microspheres. Formulations with different phase ratios from aqueous to organic (1:2,
and 1:4), various stirring speeds 200, 400, 600, 800, and 1000 rpm for different time
periods (1, 2, 3, 4 and 5 hours) and different injection rates of organic phase (0.5
mL/min, ImL/min and 1.5 mL/min) were prepared. Size of spheres and encapsulation
efficacy were checked for each formulation. The formulation with lowest size and

highest encapsulation efficiency was selected as the optimized one.

3.8 Characterization of Microspheres.

Characterization of microspheres was performed by using different analytical
techniques.

3.8.1 Light Microscopy

Light microscopy was performed to investigate the morphology and structural features
of treated starch microspheres.Samples were arranged for microscopic study by
suspending the powder in a drop of 50% glycerol and spread it on a microscopic slide
correctly and samples were covered by a glass coverslip. The samples were observed
within 30 minutes of the slide preparation.40 X resolution was used to carry

microscopic examination. Images were then captured.

3.8.2 Particle size measurements and dispersion studies.
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Size of spheres and dispersity index was examined to confirm the micro range by using

Dynamic light scattering (DLS).

3.8.3 Surface properties, morphology and shape of RS and drug loaded MPs.

The morphological appearance and surface features of the resistant starch coated drug
loaded microspheres were observed under the SEM in dry powder form. A round
aluminum stub covered by an adhesive tape from one side it was cling with the stub
and from the other side stick with sample. The prepared samples were passed through
electric shock and then coated with a thin layer of about 20 nm gold. Samples were
ready for the examination of electron microscopy. High accelerating electron beam was
then used to examine the samples,and different resolution images were taken. Where
an accelerating potential of 20 kV was used for the examination.

3.8.4 Fourier transform infrared radiation (FTIR) analysis

Potential interaction and composition of the ingredients used in the formation of
microspheres was studied through FTIR. For this purpose, Ciprofloxacin, RSIII and
final formulation of drug loaded microspheres were fixed with KBr discs and their
FTIR bands were investigated. Samples were prepared by mixing the microspheres
with KBr and grind it properly for about 10 minutes in infrared lamp, and water
molecules were removed from the samples, just to eliminate its interfering in the
absorption peaks in generating spectra. Then peaks were generated for the samples. The
2 mg of microspheres mixed with KBr and pressed under the sheet and then scanned

for the spectra. Area from 1000 to 4000 cm™ was scanned at a resolution of 4cm.

3.8.5 X-ray diffraction (XRD) studies

XRD studies were performed for scanning of drug loaded microspheres. All the four
samples, RSIII, Drug, their physical mixture and drug loaded microspheres were in
dried powder form and were prepared for scanning before the analysis. Moistness was
controlled by keeping the samples in a closed desiccator. Strong radiation of Cu
generated from X-ray diffractometer with angle of 2 theta of 5°C to 550°C. XRD
profiles were classified according to pattern given by zobel 1964, and relative
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crystallinity was analyzed by the method used by Nara and Komiya in (1983) for
measuring the crystallinity, Quantitative estimation of relative crystallinity was
analyzed by software (Origin version 8.5).The graphs were plotted for RSIII,
Ciprofloxacin, and their physical mixture and for the final formulation between the
angles of 2e of 5 and 45 degrees. Then graphs were smoothed by the adjacent tools in
the origin software. The analysis was done to confirm the encapsulation of drug within
resistant starch and the nature of individual ingredients used in the preparation of
microspheres i.e. Ciprofloxacin, and RSIII as well as nature of Ciprofloxacin within

microspheres and physical mixture of RSIII and Ciprofloxacin.
3.9 Percentage yield of Microspheres

It is very important factor it determines the capacity of polymer to entrap the drug, and
calculated by measuring weight of dried microspheres divided by total amount of drug
and RSIII taken.

3.10 Entrapment efficiency

3.10.1 Standard calibration curve of ciprofloxacin in distilled water.

Ciprofloxacin of about 1mg was dissolved in 1mL of distilled water for the preparation
of stock solution. Dilutions of 0.1mg/mL, 0.2mg/mL, 0.3mg/mL, 0.4mg/mL,
0.5mg/mL,0.6mg/mL,0.7mg/mL,0.8mg/mL, 0.9mg/mL were made and run at 271 nm
on UV-Vis spectrophotometer and distilled water was taken as blank. Calibration curve
was drawn with by using Microsoft excel and then unknown concentration of drug was
determined.

3.10.2 Encapsulation efficiency and drug loading capacity

Drug encapsulating and loading capacity of RSIII was determined by , centrifuging
the formulation for 30 minutes at 12,000 rpm, and then 1ImL of supernatant was taken,
diluted with 10 mL of distilled water and analyzed in UV-Vis spectrophotometer at 271

nm. Following formula was used.

3.10.3 Encapsulation efficiency (Ali et al., 2016):
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2
x 100

W
% Encapsulation Ef ficiency(EE) =
W1= total Ciprofloxacin added.

W?2= free Ciprofloxacin in supernatant.

2 4100
3

% loading capacity (LC) = le;
W3= amount of RS added

3.11 In Vitro Release Studies

3.11.1. Construction of calibration curve of Ciprofloxacin in simulated
gastrointestinal fluids (HCI buffer of pH 1.2 and phosphate buffer of pH 6.8 &7.8)

Drug concentration was estimated in release medium of respective pH, taken as
simulated fluids, calibration curves were constructed in simulated gastric fluid ( HCI
buffer of pH 1.2),simulated intestinal fluid (phosphate buffer of pH 6.8) and simulated
colonic fluid( phosphate buffer of pH 7.8). For this persistence, 1 mg of drug was
dissolved in 10 mL of respective fluids and drug content was analyzed at 271 nm from

calibration curve.

3.11.2. In vitro drug release from microspheres.

Amount of drug released from Simulated gastric fluid (HCL buffer of pH 1.2), intestinal
fluid (phosphate buffer of pH 6.8) and colonic fluids (phosphate buffer of pH 7.8) was
measured.First of all, 3 mg of microspheres were taken in each dialysis membrane add
5 mL of respective medium in it and placed this into 50 mL of release medium. Take 1
ml from each release medium after the time interval of 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,
45,5, 55,6, 12, and 24, hours.Samples were analyzed at 271 nm pH 1.2,6.8 and 7.8,

mechanism of drug release from microspheres was analyzed by various kinetic models.
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3.11.3. Kinetics of drug release

Overall release profile of drug from microspheres was analysed by using various
models. These models were in use to predict the in vivo bio performance from the data

provided after in vitro drug dissolution. Following kinetic models were applied.

A. Zero order kinetics model (Schwert and Eisenberg 1949)

Zero order Kinetics defined the constant and controlled drug release.Graph between

drug release and time was used to find the release mechanism.
W1=Kit

W1= cumulative drug released T=

time in hrs.
K1= zero order release constant

B. First order kinetics model (Beers and Sizer 1952)

First order kinetics describe the amount of drug present initially in the system. (Larisch,
Goss et al. 2017), log of cumulative drug release and time was plotted and shows the

first order kinetics.
In (100-W) = In100kat Where

ko= first order release constant

C. Hixson crowell’s cube root model (Hixson, Crowell et al. 1931)

Dissolution limited the drug release and it is defined by Hixon crowell’s model and

explained in equation bellow.

(100)+31003-W=-Kat
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Where

Ks=Hixon release constant

D Korsmeyer peppas equations (Korsmeyer, Gurny et al. 1983)

Drug release data is used to plot the log of time and log of cumulative drug release by

using drug release data, and following equation is used to explain it.

Mt/M*=K5t"

Where, Mt/M*= drug fraction released at time t

Ks=rate constant, n=diffusion exponent

release mechanism of drug from polymeric system was evaluated by n value release

exponent as demonstrated in table
E. Higuchi square root of time equation (Higuchi 1963)

This model describes the diffusion based release of drug from the polymeric matrix. In
this model a graph is plotted between square root of time and cumulative drug release
(Skardal et al., 2017). Explained in equation:

W= kgt

Where

Ks=Higuchi dissolution rate constant

3.12 In Vitro Antibacterial Assay

Antimicrobial activities of microspheres were determined by agar well diffusion
method (Balouiri, Sadiki et al. 2016).
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3.12.1 Agar well diffusion method

Excessively used method to estimate the antimicrobial activity,the method comprises

of following steps.

3.12.2 Preparation of the sample

The assay was performed by preparing the samples for this 3mg of each fraction was
dissolved in 1000 micro liters of DMSO.

3.12.3 Preparation of inoculums

Inoculums were prepared by dissolving colonies of E.coli and S.aureus in nutrient broth

medium to grow bacteria.

3.12.4 Preparation of media for bacterial growth

Mueller Hinton Agar (MHA) was used to grow bacteria,it was prepared by dissolving
38 g/L and then autoclaved at 121°C for 15 minutes. The plates were incubated for 24
hours to confirm sterility.

3.12.5 McFarland turbidity standard (0.5 BaSOa4)

Bacterial culture turbidity was standardized by using, 0.5 McFarland standard.It was
made by the addition of 0.5 ml of 0.048 M BaCl> to 99.5 ml 0f 0.36 N H2SO4 and then

it was kept in test tubes with screw for the comparison of turbidity.

3.12.5 Bacterial strain used

Two strains of bacteria were used; which were, Escherichia coli (ATCC 10536), and
Staphylococcus aureus (ATCC 6538). These strains were maintained at 4 °C for 24
hours on nutrient agar medium and then mixed with normal sterilized saline solution
(0.9% w/v) and the turbidity was corrected by using McFarland turbidity standard (0.5
BaSO4).For making the bacterial lawn on MHA petri plates these freshly prepared

inoculums were used.
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3.12.6 Sample inoculation

Bacterial lawn of different strains were prepared on MHA plates. The drug loaded
microspheres samples of 100 microliters of concentrations were placed in the wells of
plates with the help of sterile micropipette,Ciprofloxacin was taken as positive control,
and incubated for 24 hours at 37°C.

3.12.7 Measurement of zone of inhibition

Zone of inhibition was measured with the help of scale and compared with control.
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Results

Resistant starch was enzymatically prepared by the treatment of maize flour according
to optimized protocols with purified thermophilic enzymes such as amylase and

pullulanase.

The Invitro digestibility and different physicochemical characteristics of this
enzymatically produced starch was determined and compared to the untreated maize
flour. Moreover, the encapsulation of Ciprofloxacin by resistant starch(RSIII) was
conducted to prove the ability of RSIII as a colon targeted drug carrier. Insights about,
antimicrobial potential physical and structural characteristics of drug loaded
microspheres were also given by, antimicrobial assay, light microscopy, scanning
electron microscopy (SEM) X-ray diffraction studies. (XRD), Fourier transformed

infrared spectroscopy (FTIR), and Dynamic light scattering (DLS) techniques.

4.1 Determination of Resistant content of untreated Maize starch and

Enzymatically produced starch:

4.1(a). Resistant Starch (RSI11) Content:

The untreated maize flour as well as enzymatically treated starch samples were
compared and resistant content was quantified according to the standardized protocol
of Megazyme Assay kit (Ireland).The Resistant starch content of enzymatically
produced starch was found to be about 19% and is shown in Fig No. 4.1 Industrial RS
obtained from Meagzyme International was used as a positive control with the highest
RS content of 44%. After IR, enzymatically produced RSIII having a RS content of
19% as compared to the native maize flour. Native Maize showed the least RS content.
RS showed the highest RS content because of involvement of two enzymes in its

debranching and re-alignment into a more compact resistant structure.
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Figure 4. 1 RS content (%) of starch samples
4.2 Solubility measurements.

4.2.1 Solubility of resistant starch in different solvents.

Solubility of RSIII was assayed in different solvents and was demonstrated by the
absorbance taken at 510 nm. The solubility of RSIII ranged between absorbance values
of 0.206-1.261. Highest solubility was found in DMSO and the least in distilled water
and slightly soluble in acetone, methanol and water.
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Figure 4.2 Solubility of resistant starch in different solvents.

4.2.2 Solubility of Ciprofloxacin in different solvents.

Solubility of Ciprofloxacin was assayed in different solvents and was demonstrated by

the absorbance taken at 271nm.
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The solubility of Ciprofloxacin ranged between 0.291-0.38. Highest solubility of the
drug was found in distilled water with complete dissolution.It was only sparingly

soluble in acetone with the least solubility in dichloromethane.
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Figure 4.3 Solubility of Ciprofloxacin in different solvents.
4.3 lodine Staining Index.

Binding ability of iodine with untreated maize flour and enzymatically produced
resistant starch were performed and stated as the absorbance at 460 nm is directly
related to short chains and at 570 nm with longer chains starch samples showed
different absorbances at 460 nm are explained in Fig No 4.4 and absorbance at 570 nm
is presented in Fig No 4.5 RSIII showed greater binding ability explained by
absorbance at 460 nm for short chains and 570 nm for long chains, the untreated maize
flour showed low values of absorbance at above mentioned wavelengths (Knutson,
1986).
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Figure 4.4 lodine ability of different starch samples at 460 nm.
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Figure 4.5 lodine ability of different starch samples at 570 nm
4.4 Preparation and Selection of Optimized Drug Loaded Microspheres

Drug loaded microspheres were synthesized, and then an optimized formulation was
selected for further characterization (Table 1). Based on the above criteria formulation
(Sr.4) containing 100 mg RSIII, 10 mg Ciprofloxacin and 0.5% tween 80 was
considered as the optimized one as has the minimum particle size (964 nm) with
maximum encapsulation efficiency (86.73 %).
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Table 1: Optimization of process parameter for the desired size and encapsulation

efficiency of drug loaded microspheres.

Sr Stirring Stirring Injection Organic to Resistant Drug Size EE

no speed in time rate aqueous starch in inmg in (%)
rpm Hrs mL/min phase ratio mg nm

1 200 1 2.5 1:2 100 10 4156 53.3

2 400 2 2 1:2 100 10 1548 58.6

3 600 3 15 1:4 100 10 1041 79.0

5 1000 5 0.5 1:4 120 10 743 65.5

4.5 Characterization of drug loaded microspheres

4.5.1 Light Microscopy

Figure No 4.6 (A) and Figure No 4.6 (B): are the particular light micrographs of drug
loaded microspheres and enzyme treated starch of maize flour. Samples were observed
under 40 X magnification.Both of the micrograph have clear differences in RSIII

shows compact granular,flat block like structures while microspheres are round in

shape and smooth in textue.

Figure 4.6 Light Micrographs of (A) Drug loaded microspheres ,(B) Enzymatically
produced RSIII.
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4.5.2. Particle size analysis of drug loaded microspheres.

Results

Dynamic light scattering ( DLS) technique was used to evaluate the particle size and

poly dispersity indexn(PDI) of optimized drug loaded microspheres.Size was found

964 nm about 1um and PDI of 0.452 showing the ideal monodispersity of the system

Figure No 4.7

Results

Size (d.nm): % Intensity: St Dev (d.n...

Z-Average (d.nm): 964 Peak 1: 964.6 100.0 161.2

Pdl: 0.452 Peak 2: 0.000 0.0 0.000

Intercept: 0.844 Peak 3: 0.000 0.0 0.000

Size Distribution by Intensity

Intensity (Percent)

0.1 1 10 100
Size (d.nm)

10000

Figure 4.7 shows the size of spheres 964 nm about 1y and PDI of 0.452.
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4.5.3 Morphology of resistant starch and drug loaded Microspheres

SEM analysis in Figure No 4.8 (A) showed compact block like clusterious aggregates

of resistant starch and Figure No 4.8(B) showed spherical, dispersed drug loaded

microspheres.

Figure 4.8 SEM Analysis of (A) Resistant starch, (B) Drug loaded microspheres

4.5.4 Fourier transform infrared (FTIR) analysis

FTIR spectra of Ciprofloxacin was showing a prominent characteristic peak between
3500 and 3450 cm™ and it was due to OH stretching vibration (intermolecular hydrogen

bonding).

In the FTIR spectra of the final formulation drug loaded microspheres, the prominent
band in the region of 3550 and 3500 cm™ were due to single bridge hydrogen bonding.
While the bands in the range of 3450 to 3400 cm™ were assigned to polymeric hydrogen
bonds, the strong hydrogen bonding was represented by bands between 2650 and
2600 cm™.The bands from 1650 to 1600 cm™ was shown by carbonyl stretching
vibration. The peak between 1100 and 1000 cm™ represented C-F groups, while the
band at 800 cm™ was indication of the meta distribution of aromatic group FTIR
spectrum confirm the presence of chemical and electrostatic interactions of the

components.
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Figure 4.9 FTIR Spectrum of drug loaded microspheres, drug. RS(I11).

4.5.5. X-Ray diffraction (XRD) analysis of druqg loaded microspheres

Ciprofloxacin spectrum was showing sharp peaks in the range of 20-40° confirming
the crystalline nature of drug can be seen in the Figure No 4.10. However, when it
was loaded into enzymatically produced resistant starch microspheres, there were no
peaks in the range of 20-40°, thus confirming the loading of drug into RSIII and
crystalline nature of pure drug was completely masked within the polymeric

microspheres.
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Figure no 4.10 XRD spectrum of RS, Drug, Physical mixture and drug loaded
microspheres.

4.6 Encapsulation efficiency

Encapsulation efficiency was found to be 86.73%.

Table:2
Absorbance (271nm) | % EE Average EE
0.136 88.6%
86.73+
0.013597
0.165 86.2%
0.174 85.4%

4.7 Percentage yield of microspheres.

Percentage yield was found to be 79.3% for drug loaded microspheres as shown
below
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Table 3 Percentage yield of dried microspheres

Weight of dried Weight of Percentage Average+
Microspheres polymer used + yield STD
Drug in mg
86 110 78.1%
89 110 80.9 % 79.3£0.0143
87 110 79 %

4.8 In Vitro Drug Release Studies

Results

4.8.1 Calibration curve of ciprofloxacin in simulated gastric fluid (HCL buffer of

pH1.2)
Calibration curve of Ciprofloxacin in HCL buffer of pH 1.2 has been shown in Figure
No 4.11
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Figure 4.11 Standard curve for ciprofloxacin in HCL buffer of pH 1.2

4.8.2. Calibration curve of Ciprofloxacin in simulated intestinal fluid (phosphate

buffer of pH 6.8)
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Ciprofloxacin in phosphate buffer of pH 6.8. Calibration curve has been shown bellow
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Figure 4.12 Standard curve for cipro in phosphate buffer of pH 6.8

4.8.3 Calibration curve of ciprofloxacin in simulated colonel fluid (phosphate
buffer of pH 7.8)

Table is showing the values of concentration and absorbance of Ciprofloxacin in
phosphate buffer of pH 7.8.
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Figur 4.13 Standard curve for cipro in phosphate buffer of pH 7.8

4.8.4. In vitro release of drug from microspheres.

Release profile of Ciprofloxacin from enzymatically produced resistant starch based

microspheres was determined by using shaking water bath method in simulated gastro
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intestinal fluids of respective pH upheld at 37°C. From the Figure 4.14, microspheres

showed increase release at pH 7.8 and almost 52% of drug was released within 24 hours,

while 48% of drug was released within 6 hours, showed sustained drug

release.However, in case of simulated gastric and intestinal fluids, only 5 to 8% of the

drug was released from microspheres, confirming that drug has been successfully

encapsulated in RSIII.
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Figure 4.14 Commulative release profile of Ciprofloxacin

4.9. Kinetics of drug release from Microspheres.

To evaluate release profile of drug from microspheres,various kinetic models like zero

order, first order, Higuchi, Korsmeyer peppa’s and Hixon-Crowel were applied on

release data.

4.9.1. Kinetics of drug release from microspheres in simulated gastric fluid

R?value (as shown in table) obtained in the case of simulated gastric fluid of pH 1.2

and suggests first order kinetics model to be followed in stomach.

Table 4 R?value of drug release from microspheres

Zero Order 1t order Korsmeyerpeppas

Higuchi

Hixon-Crowel

0.900 0.9109 0.567

0.833

0.87
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Figure 4.15 First order kinetics model to be followed in stomach

4.9.2. Kinetics of drug release from microspheres in simulated intestinal fluid

Similarly, kinetic models were applied on release profile from simulated intestinal and
colonic fluids. R? value obtained in that case of drug release denotes that Higuchi

release model has been followed.

Table 5. R2value of drug release from microspheres.

Zero Order | 1%t order Korsmeyerpeppas Higuchi Hixon-Crowel
0.909 0913 0.616 0.953 0.911
Higuchi

y =5.4542x-0.325
R?=0.9532

==f==Higuchi

Linear (Higuchi)

cumulative %drug released

0 T T T 1
0.000 0.500 1.000 1.500 2.000

SQRT of Time
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Figure 4.16 Higuchi kinetics model of drug release was followed in simulated
intestinal fluid.

4.9.3 Kinetics of drug release from microspheres in simulated colonic fluid

Table 6. R?value of drug release from microspheres.

Zero Order | 1storder Korsmeyer | Higuchi Hixon-Crowel
peppas
0.630 0.658 0.214 0.859 0.648
Higuchi
30 - y =12.201x + 3.7306
° R%=0.8597
2 25
o
@ 20
5
5 15
S === Higuchi
o 10
2 Linear (Higuchi)
s 5
=
5 0 T T T 1
0.000 0.500 1.000 1.500 2.000
SQRT of Time

Figure 4.17 Higuchi kinetics model of drug release to be followed simulated

colonic fluid.
4.10 In Vitro Antibacterial Assay

Antimicrobial activities of microparticles were determined by agar well diffusion
method(Balouiri, Sadiki et al. 2016).Microspheres has been shown to possess
antibacterial activity against E.Coli and S.aureus. The activity has been attributed to
the encapsulation of drug by resistant starch.Ciprofloxacin was the positive control with
drug loaded microspheres. Figure 4.18 antibacterial effects from the polymer and drug
can be seen from drug loaded microspheres in the present study.A ZOI of 22 mm for
pure drug and 20 mm for drug loaded microspheres has been seen.
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Figure 4.18 Antibacterial potential of Drug loaded Microspheres against E. coli

and S.aureus.

Figure 4.19 Antibacterial activities against E. coli and S.aureus
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Discussion

The current research study concentrate to explore the ability of enzymatically modified
resistant starch (RSIII) from maize flour as a drug carrier for colon targeted drug
delivery by exploiting the GIT track conditions.Natural biodegradable micro carriers
were designed to deliver model drug i.e. Ciprofloxacin to the colon via oral route for
achieving the advantage of stimuli-responsive ability of RSIII coated microspheres on
one side and to minimize toxicity on the other side. Resistant starch is one of the
biopolymers, is a biodegradable and is familiar as important prebiotic for stimulation
growth of probiotic bacteria in colon.(Roth and Lowe 2017).Safety of nanocarriers is
the important concerned.(Dunphy Guzman, Taylor et al. 2006) Metallic nanoparticles
are toxic and causes inflammatory disorders(Dunphy Guzman, Taylor et al. 2006).So
natural biodegradable carriers were prepared to deliver drugs through oral route to
minimize danger of toxicity.Natural and biodegradable drug carriers are attracting the
interest in the field of drug delivery. Starch has attained considerable importance in
this field.Native starch is rapidly degraded by the intestinal enzymes after
ingestion.And content of starch that is resistant to degradation by intestinal enzymes
and it is only degraded by colonic bacteria can be used as potential drug
carrier.(Rodrigues and Emeje 2012).RSIII coated drug microspheres can control the
pH based drug release (Sahle, Giulbudagian et al. 2017).The aim was fulfilled by using
single emulsion evaporation technique and drug loaded microspheres were prepared.
This method was selected because it is simple,cost effective and easy method. (Chorny,
Fishbein et al. 2002)(Bilati, Allémann et al. 2005).0n the other side, encapsulation
efficiency of this was 86.73+0.013 estimated. (Feczko et al., 2011; Wang et al., 2009).

Various formulations were prepared with different concentrations of tween 80 for
optimum size of microsphere. With an increased concentration of tween 80, smaller
particle size was obtained and vice versa. Concentration of RSIII and tween 80 has a
great impact on encapsulation efficiency. It was observed that upon increasing the
concentration of RSIII, encapsulation efficiency was increased and vice versa. The
possible reason for improving encapsulation efficiency is that the hydrophilic nature
of both RSIII and Ciprofloxacin and higher viscosity of oil phase, which promotes the

escape of drug from oil phase to aqueous phase. Along with the optimization of
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polymer and emulsifier concentrations, other additional factors like stirring speed,
stirring time, injection rate and aqueous to organic phase ratio and their effect on
particle size and encapsulation efficiency was also scrutinized. The particle size
increased with increasing aqueous phase because the evaporation of organic phase
become difficult with increasing the volume of aqueous phase, it results into formation
of aggregates hence producing larger size microspheres. Rate at which organic phase
is injected into the agqueous phase is very crucial factor that play major role in
preparation of optimal size microspheres. It was observed that upon slow addition of
organic phase, particle size got condensed. The credible reason is that higher injection
rate of organic phase results in improper mixing of two phases, while slow injection
promotes the prolonged contact time of organic phase with aqueous phase that can
result in smaller particle size.Process parameters were optimized to get the highest
encapsulation efficiency and minimum particle size (Dong et al., 2015). (Budhian et
al., 2007). High stirring speed is also a helpful parameter for proper mixing and getting
smaller particle size,because it allow rapid diffusion of oil phase into aqueous phase
resulting in diffusion of more drug into aqueous phase and ultimately effect the
encapsulation efficiency.(Budhian et al., 2007: Mehrotra and Pandit 2012). (Asadi et
al., 2011). SEM images showed that RSIII has compact, block like structure, while the
drug loaded RSIII microspheres have spherical and uniform distribution and also has
small size of about 1 micrometer. The FTIR peaks assigned to C-O and a C-O-C bond
representing acrylates and esters confirm the esterification interactions between
polymeric OH group and -COOH group of drug (Ciprofloxacin). C-F group showed
stretching vibrations and remained almost unchanged. FTIR peaks between 3550 and
3500 cm™, 3450 and 3400 cm™, and 2650 and 2600 cm™ are assigned to prominent
intermolecular hydrogen bonding, indicate single bridge O-H...O, polymeric O-
H.OH...O-H and strong hydrogen bonding.The bands from 1650 to 1600 cm™ showed
carbonyl stretching vibration. C-F groups are indicated by the peaks in the range of
1100 and 1000 cm™, while peaks at 800 cm™ in the spectra is an indication of meta
distribution of aromatic group FTIR peaks of Ciprofloxacin in the range of 1750 to

1700 cm* were not detected in the final formulation most probably due to interaction
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with polymer RSIHILFTIR spectrum confirmed the presence of chemical and
electrostatic interactions of the components used in the preparation of microspheres
FTIR bands are sharp in case of intramolecular hydrogen bonding while broad bands
represent intermolecular hydrogen bonds.(Ramesh, Ranganayakulu et al. 2010,Sahoo,
Chakraborti et al. 2011Tom, Suryanarayanan et al.2004) In Dynamic light scattering
(DLS) analysis size of about 964 nm almost 1um and poly dispersity index (PDI) of

0.452 was measured,results are showing ideal monodispersity system.

XRD results illustrated that Ciprofloxacin have sharp peaks in the range of 20-40°
confirming the crystalline nature of drug. But, when it was loaded into RSIII, there
were no characteristics peaks in the range of 20-40°; however, the spectrum of EM-
RSIII remains same before and after loading of drug into polymer. Physical mixture of
drug and RSIII also confirmed that complete encapsulation of drug only occur by
single emulsion evaporation method. Hence confirming the loading of drug into
microspheres and crystalline nature of pure drug was completely masked within the
microspheres. Key advantage of this is an increase in solubility and thus enhanced
bioavailability of drug. These results are in accordance with the results reported by
Eesfandiarpour Boroujeni, as the drug changed its nature from crystalline to

amorphous form.(Esfandiarpour-Boroujeni et al., 2017: Qindeel, Ahmed et al. 2019)

Percent yield of microspheres is critically important from industrial and economic
point of view. Higher the percent yield of micropaticles more will be the economic
benefit of selected method used for preparation. Percent yield of microspheres was
measured to be approximately 79.3 %, which proved that amount of reactants lost
during the preparation method was much less than product produced. Hence, the
preparation method is highly beneficial. Higher encapsulation efficiency is the most
important features for delivering high dose of drug to the targeted site. Encapsulation
efficiency measured was 86.73+0.014 for the optimized formulation. Higher
encapsulation efficiency was achieved as compared to previous studies where
encapsulation efficiency was found to be 67 % + 8% in which they prepared pH

sensitive curcumin loaded NPs(Beloqui et al., 2014).
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In vitro release studies of the drug encapsulated microspheres revealed a faster and
higher release of drug at pH 7.8 (simulated colonic fluid) and almost 52% of drug was
released from microspheres in 24 hours. The coating of RSIII is resistant to gastric
conditions and sensitive to higher pH and is also fermented by colonic bacteria. In the
absences of colonic bacteria the outer coating of RSIII impart additional stability to
microspheres. Although even in simulated colonic fluid (phosphate buffer of pH 7.8)
the release of drug from microspheres was only 52% in 24 hours, but as colonic
bacteria will also digest the polymer so drug released will be more enhanced at colon
(Chen et al., 2017). While in case of simulated gastric and intestinal fluids only 5 to
8% of the drug was released from microspheres, confirming that drug has been
successfully encapsulated in RSIII, similar results were also concluded.The in vitro
release of Ciprofloxacin from microspheres at pH 7.8 was observed to be in a constant
manner. The reason for this constant release is due to the functional groups of polymer
RSIII that gets ionized and resulting into structural changes like swelling of polymer,

which ultimately tailor the slow release of drug from network of microsphere

where, pH sensitive nanoparticles exhibited significant difference in release profile at
acidic and neutral pH (Beloqui et al., 2014; Sahle et al., 2017) (Thakral et al., 2010).
To investigate release mechanism of drug from microspheres various kinetic models
were applied on the release data,like zero order, first order, Higuchi, Korsmeyer
peppa’s and Hixon-Crowel were applied in release data. In simulated gastric buffer R?
value closer to 1 explains that drug release form microspheres follows first order
kinetics which explains concentration dependent release of drug form polymer matrix.
On the other hand, in simulated intestinal fluid and colonic fluid it follows Higuchi
release kinetics with R2 = 0.951. Higuchi model explains diffusion based drug release
from matrix system (Fernandez-Colino et al., 2016).Antibacterial assay was carried
out to have strong evidence that drug was encapsulated into RSIII. The antibacterial
effect seen in case of drug loaded microspheres was the confirmation of encapsulation
ability of RSIILI..
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Conclusion

» It was concluded from the current study that enzymatically produced resistant
starch can be used as a potential drug carrier in oral delivery of drugs.

» Microspheres were successfully prepared by single emulsion evaporation
technique.

» Characterization studies including ingredients compatibility, particle size,
polydispersity index, morphology, encapsulation efficiency and antibacterial
assay of drug loaded microspheres explains their compatibility for targeted
delivery of drug.

* In vitro release study showed pH dependent release profile of drug from

microspheres. In case of mimicking colonal conditions substantial amount of
drug was released at pH 7.8 and insignificant amount of drug was released in

acidic medium.
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Future Prospects

* In vivo study should be conducted for the further permeation of drug loaded

microspheres.

» Polymer utilized in the preparation of formulation is a prebiotic, natural,
biodegradable resistant to enzymatic degradation, and highly stable, so

formulations of this drug carrier system can be scaled up to commercial level..

* Method utilized for the preparation of microspheres is suitable for

hydrophobic and hydrophilic drugs as well.

» Variety of drugs, probiotics, proteins and enzymes can be encapsulated in

resistant starch.
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Appendices

Table 1 Resistant Starch (RS) Content of Starch samples:

Starch Sample RS1 RS2 RS3 Avg RS STD
Native 1.88 1.54 1.99 1.80 0.23
RS(P+A) 18.95 19.01 19.05 19.00 0.05
IR 42.99 45.05 43.97 44.00 1.03
Table 2 Solubility of Resistant Starch (RS) in different solvents:

Resistant | Resistant Resistant | Resistant starch | Resistant | Resistant
starch in starch in starch in in starch in | starch in
DMSO. ethanol methanol | Dichloromethane | Acetone water
1.2606 0.090 0.234 0.093 0.108 0.206

Table 3 Solubility of drug Ciprofloxacin in different solvents:
Cipro | Ciprofloxaci | Ciprofloxaci | Ciprofloxacin | Ciprofloxac | Ciprofl
floxac | n in ethanol nin in inin oxacin
inin methanol Dichlorometha Acetone in
DMS ne water
O
0.291 0.292 0.250 0.023 0.04 0.380

Table 4 lodine staining index of RS at 460 and 570 nm:

Starch concentration Absorbance at 460 nm Absorbance at
(Yow/v) 570 nm
Native starch 0.007 0.0016
Resistant starch 0.06 0.05
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Table 5 Calibration curve of ciprofloxacin in distilled water

Sr NO. Concentration Absorbance at 271 nm
in mg/mL
1 0.1 0.020
2 0.2 0.041
3 0.3 0.062
4 0.4 0.081
5 0.5 0.110
6 0.6 0.120
7 0.7 0.140
8 0.8 0.161
9 0.9 0.18

Table 6 Calibration curve of ciprofloxacin in HCL buffer of (pH 1.2)

Sr number Concentration Absorbance at 271 nm
in mg/ml

1 0 0

2 0.1 0.124
3 0.2 0.21
4 0.3 0.31
5 0.4 0.392
6 0.5 0.481
7 0.6 0.582
8 0.7 0.681
9 0.8 0.782
10 0.9 0.883
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Table 7 Concentration versus absorbance of ciprofloxacin in phosphate buffer of (pH 6.8)

Sr number Concentration Absorbance at 271 nm
mg/mL

1 0 0

2 0.1 0.12
3 0.2 0.2
4 0.3 0.28
5 0.4 0.36
6 0.5 0.44
7 0.6 0.52
8 0.7 0.6
9 0.8 0.68
10 0.9 0.76
11 1 0.84

Table 8 Calibration curve of ciprofloxacin in phosphate buffer of (pH 7.8)

1 0 0

2 0.1 0.11
3 0.2 0.18
4 0.3 0.26
5 0.4 0.31
6 0.5 0.37
7 0.6 0.42
8 0.7 0.48
9 0.8 0.54
10 0.9 0.61
11 1 0.67
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Table:9 Antibacterial activity of drug loaded microspheres against E.coli

Samples Zone of inhibition
DMSO Omm
Ciprofloxacin positive control 22mm
Drug loaded microspheres 20mm

Table:10 Antibacterial activity of drug loaded microspheres against S.aureus

Samples Zone of inhibition
DMSO negative control. 0
Ciprofloxacin positive control 20mmm
Drug loaded microspheres 19 mm
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