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ABSTRACT

The main aim of this work is to synthesize and characterise antimicrobial chitosan- sea
urchin bioceramic by using N, N’ menthylenediacrylamide as a crosslinker via UV
irradiated photo-polymerization reaction. Bioceramics were prepared by UV irradiation at
λ = 254nm in the absence of the photoinitiator under heterogenous conditions and solvent
casting method. Scanning Electron Microscope (SEM), X-ray Diffraction (XRD) analysis,
and antimicrobial susceptibility testing (disc diffusion method) were applied to characterise
the chitosan sea urchin (CU) blended bioceramics.
Five CU blend bioceramics samples were tested against six human pathogens using the
disc diffusion method. CU1, CU2 and CU4 were found to be the most effective against
E.coli. CU1 and CU2 were effective against B.cereus, P.aeruginosa and showed a larger
inhibition zone when compared with E.coli. The XRD analysis of CU showed that the
degree of crystallinity of the CU is higher than that of the pure chitosan. SEM analysis
indicated that the bioceramic have porous structures, elongated but bonded to each other.
The porous structure of the CU bioceramic suggests the likelihood of cell attachment and
possibly proliferation.
These results demonstrated that the chitosan- sea urchin bioceramic have potential
applications in tissue engineering.

Keywords: Chitosan; sea urchin; bioceramics; photopolymerization; antibacterial
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ÖZET
Bu çalışmanın amacı, biyomedikal uygulamalarda kullanılmak üzere, N, N’ metilen
diakrilamid çapraz bağlayıcı kullanarak fotopolimerizasyon reaksiyonu ile kitozan-deniz
kestanesi biyoseramikleri sentez ve karakterizasyonunu yapmaktır. UV-fotopolimerizasyon
tekniği ile λ = 254 nm, heterojen koşullarda oluşturulan biyoseramikler Taramalı elektron
Mikroskopu (TEM), X-ışın difraksiyonu (XID), antibakteriyel duyarlılık testi ve Disk
yayılım Metodu kullanılarak karakterize edildiler.
Biyoseramik örneği altı insan patojeni kullanılarak disk yayılım metodu ile test edildiler.
CU1, CU2 ve CU4 örnekleri E.Coli ye karşı en etkili byoseramik örnekleri olarak
gözlemlendi. B.cereus ve P.aeruginosa karşı ise E.coli den olduğından daha etkili
oldukları

gözlemlenmiştir.Biyoseramiklerin

kestanesibiyoseramiklerin,
olduğuınugöztermiştir.

saf

XID

kitozandan

TEM

ile

analizleri

daha

yapılan

sonucu,

kristal

bir

analizlerde

kitozan-deniz
yapıya

sahip

Kitozan-deniz

kestanesibiyoseramklerin, dağınık gözenekli ve birbirine bağlı olarak yayılmış bir yapıya
sahip olduğu göstermiştir. Bu yapının hücre yayılımı ve bağlanmasını destekleyici olduğu
önerilmektedir.
Çalışma

sonuçları,

kitozan-deniz

kestanesibiyoseramiklerinin

doku

mühendisliği

çalışmalarında kullanma alanlarının çok fazla olabileceğini göstermektedir.
Anahtar Kelimeler: Kitozan; deniz kestanesi; UV-işin fotopolimerizasyonu; anti-bateriyel
özellik

v

TABLE OF CONTENTS

ACKNOWLEDGEMENTS .......................................................................................... ii
ABSTRACT .................................................................................................................. iii
OZET ............................................................................................................................. iv
CONTENTS .................................................................................................................. v
LIST OF TABLES ........................................................................................................ vii
LIST OF FIGURES ...................................................................................................... vii
LIST OF ABBREVIATIONS ....................................................................................... ix
CHAPTER ONE: INTRODUCTION
1.1 Chitosan .................................................................................................................... 1
1.2 Biological properties of chitosan ............................................................................... 2
1.2.1 Biodegradation ................................................................................................. 2
1.2.2 Biocompatibility ............................................................................................... 3
1.2.3 Low toxicity ..................................................................................................... 3
1.3 Physical Forms of Chitosan ....................................................................................... 4
1.4 Mechanical Properties of Chitosan ............................................................................ 6
1.4.1 Enhancing mechanical properties of chitosan .................................................... 6
1.5 Sea Urchin ................................................................................................................ 7
1.5.1 General overview of sea urchin ......................................................................... 7
1.5.2 Tissue engineering relevance of biomaterials from sea urchin ........................... 9
1.5.2.1 Adhesive protein ................................................................................... 9
1.5.2.2 Calcite and calcium carbonate ............................................................... 9
1.5.2.3 Collagen ............................................................................................... 10
1.6 Antimicrobial Activity of Sea Urchin ........................................................................ 10
1.7 Antimicrobial Activity of Chitosan............................................................................ 11
1.7.1 Factors affecting the antimicrobial activity ....................................................... 11
1.7.1.1 Intrinsic factors ..................................................................................... 12
1.7.1.2 Extrinsic factors .................................................................................... 12
1.7.2 Antimicrobial mode of action ........................................................................... 13
1.7.3 Method to detect antimicrobial activity of chitosan ........................................... 14
1.7.3.1 Disk diffusion method ........................................................................... 14
1.8 Bioceramics Synthesis ............................................................................................... 14
1.9 Aim/Objective of thesis ............................................................................................. 15
1.9.1 Problem Statement............................................................................................ 15
CHAPTER TWO: MATERIALS AND METHODS
2.1 Bioceramic Synthesis ................................................................................................ 16
2.1.1 Materials used .................................................................................................... 16
2.1.2 Preparation of the CU blended bioceramics ........................................................ 16
2.2 Sterilization ............................................................................................................... 18
2.3 Antimicrobial Activity .............................................................................................. 18
2.2.1 Microorganism strains and culture conditions ................................................... 18
2.2.2 Antimicrobial susceptibility testing ................................................................... 18
2.2.3 Disk diffusion method ...................................................................................... 19
2.3 Material Characterizations ......................................................................................... 19
2.3.1 X-ray diffraction analysis (XRD) ...................................................................... 19
vi

2.3.2 Scanning electron microscopy (SEM) ............................................................... 20
CHAPTER THREE: RESULTS AND DISCUSSION
3.1 Disk Diffusion Analysis ............................................................................................ 24
3.2 X-ray Diffraction Analysis (XRD) ............................................................................ 25
3.3 Scanning Electron Microscopy (SEM) ...................................................................... 26
CHAPTER FOUR: CONCLUSION
4.1 Conclusion ................................................................................................................ 29
REFERENCES ............................................................................................................. 31

vii

LIST OF TABLES
Table 1.1: Principal properties of chitosan in relation to its use in biomedical applications
....................................................................................................................................... 2
Table 2.1: Weight/volume ratio of CU blended bioceramics ........................................... 17
Table 3.1: Inhibition Zones obtained from Disc Diffusion method.................................. 21

viii

LIST OF FIGURES
Figure 1.1: Routes for preparation of various chitosan physical forms ............................ 6

Figure 1.2: Diagram of paracentrotus lividus ................................................................. 7
Figure 1.3: Diagram showing the 3D skeleton of a sea urchin ........................................ 8
Figure 2.1: Diagram showing air dried blended sea urchin skeleton ............................... 16

Figure 2.2: Mixing on a magnetic stirrer ........................................................................ 17

Figure 2.3: Casting on a glass slide ................................................................................ 17
Figure 2.4: (a) Cs-Urchin composite in distilled H 2 0 (b) Pure chitosan swelling in
distilled H 2 O ................................................................................................ 18
Figure 2.5: Disk diffusion method procedure ................................................................. 19
Figure 3.1: Inhibition Zones of CU blended bioceramic against a) Escherichia Coli
b) Staphylococcus aureus............................................................................. 22
Figure 3.2: Inhibition Zones of CU blended bioceramic against
c) Enterococcus faecalis. d) Bacillus cereus ............................................. 22
Figure 3.3: Inhibition Zones of CU blended bioceramic against
e) Pseudomonas aeruginosa. b) Candida albicans ................................... 23
Figure 3.4: Graphical representation w/v of CU blended bioceramic and inhibition
zones against Staphylococcus aureus, Bacillus cereus, Pseudomonas
aeruginosa and Escherichia coli .................................................................. 23
Figure 3.5: XRD diffractogram of 0.20g CU blended bioceramic ................................... 25
Figure 3.6: SEM micrograph 0.20g CU blended bioceramic at x100 .............................. 26
Figure 3.7: SEM micrograph 0.20g CU blended bioceramic at x500 .............................. 26
Figure 3.8: SEM micrograph 0.20g CU blended bioceramic at x1.000 ........................... 27
Figure 3.9: SEM micrograph 0.20g CU blended bioceramic at x 2.500 .......................... 27

ix

LIST OF ABBREVIATIONS
CU:
DD:
SEM:
FTIR:
XRD:
Mw:
MHA:
MIC:
C. albicans:
E.coli:
B. cereus:
S. aureus:
P.aeruginosa:
E.facealis:
mm:
PM:
P.lividus:
TD:
EDTA:
S.enterica:
V.Vulnificus:
Spp:
CLSI:
ATCC:
W/v:

Chitosan-Urchin
Degree of deacetylation
Scanning electron microscope
Fourier Transform Infrared Spectroscopy
X-ray diffraction
Molecular weight
Muellen Hinton Agar
Minimum inhibitory concentration
Candida albicans
Escherichia coli
Bacillus cereus
Staphylococcus aureus
Pseudomonas aeruginosa
Enterococcus faecalis
Millimetres
Peristomal membrane
Paracentrotus lividus
Test Diameter
Ethylene-Diamine-Tetra-Acetic acid
Salmonella enterica
Vibrio Vulnificus
Species
Clinical and Laboratory Standards Institute
American Type Culture Collection
Weight per volume

x

CHAPTER 1
INTRODUCTION

1.1 Chitosan
Chitosan is an amino-polysaccharide biopolymer produced from chitin by partial
deacetylation with sodium hydroxide. It is the main structural component of the
exoskeleton of arthropods (crustaceans and insects) and can be found in some fungal cell
walls, marine diatoms and algae (Kumar, 2000; Tharanathan and Kittur, 2003).
Chitosan has three reactive functional groups; an amino group, primary and secondary
hydroxyl groups at the C-2, C-3 and C-6 positions (Furaski et al.,1996). Hence, it is
composed of random beta (1-4) linked D-glucosamine (deacetylated unit) and N-acetyl-Dglucosamine (acetylated unit) (Tharanathan and kittur, 2003).
Singla and Chawla (2001) noted that different properties of chitosan such as degree of
deacetylation (DD; 75-95%), molecular weight (Mw; 50-2000kDa), pKa values, and
viscosities are largely dependent of the variation of proportions of the two
monosaccharides in chitosan. Commercial chitosan have deacetylated units >85% and
molecular weights ranging from 100- 1000kDa. Molecular weights (Mw) can be grouped
into low, medium and high molecular weights though not specified standard but it is
accepted that Low Mw < 50kDa, Medium Mw 50-150kDa and High >150kDa (Rejane et
al.,2009).
Chitosan is a weak base that is soluble in dilute aqueous acidic solution as long as it is
below pka (~6.3) but its insoluble in water. At its pka of ~6.3 it can change glucosamine
units (-NH 2 ) into a soluble protonated form (-NH +3 ). Chitosan’s solubility is dependent
upon its biological origin, molecular weight and degree of acetylation (Shepherd et al.,
1997).
Chitosan is soluble in acidic aqueous media because of the presence of free amine group
present along its chain and due to the protonation of these groups rendering the chitosan
salt soluble. Nature of the salt counter-ion, degree of deacetylation, molecular weight, pH,
ionic strength are important values that should be accounted for when working with
chitosan solutions (Aranaz et al., 2009).
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1.2 Biological Properties of Chitosan.
Chitosan and its derivative have shown its relevance commercially in the medical,
industrial and pharmaceutical industry. Chitosan has several applications as shown below
in table 1.1 and it is due to the possession of properties such as high biocompatibility, low
toxicity, ability to biodegrade (Kong et al., 2010).
Table 1.1: Principal properties of chitosan in relation to its use in biomedical
applications (Rinaudo, 2006)
Biomedical applications

Principal properties

Surgical sutures

Biocompatible

Dental Implants

Biodegradable

Artificial skin

Renewable

Bone Remodelling

Film forming

Corneal contact lenses

Hydrating agents

Controlled drug release

Non-toxic, biological tolerance

Encapsulating material

Hydrolysed by lysosyme

Wound healing properties

Efficient against bacteria, viruses, fungi

There are other properties of chitosan such as antibacterial property which has been tested
invivo (Lee et al., 2009; Moon et al.,2007; Rabea et al., 2003), antimicrobial activity
against viruses (Kurita, 2006), hemostatic, analgestic, antitumor, hypocholesterolemic and
antioxidant (Koide, 1998; Kumar, 2000; Kumar et al., 2004).
1.2.1 Biodegradation
Biodegradation of chitosan refers to the breakdown of the polymer compound into its
monomeric units (N-acetyl-glucosamine and D-glucosamine) and is catalysed by
chemicals, enzymes (lysozyme, pepsin, papain, cellulose, pectinase, lipase and proteases)
in-vitro and by physical methods (Pantaloen et al., 1992; Darmardji and Izumimoto, 1994;
Yalpani and Pantaloen, 1994; Kumar et al., 2004).
The key players in the control of degradation rates are the degree of deacetylation (DD)
and molecular weight (Mw). Enhanced cellular adhesion and elongated degradation time is
2

obtained by using chitosan with a DD close to 0% or100%, intermediate DD shows rapid
degradation rates causing a drawback of limited cell adhesion (Frieier et al., 2005). A study
reported that chitosan membranes with intermediate DD of 65% to 80% triggered
inflammatory reactions that subsided overtime resulting in degradation of the films,
granulation tissue formation and osteogenesis while the membranes of about 94% DD
elicited minimal degradation, minimal osteogenesis and mild inflammatory reactions
(Hidaka et al, 1999).
1.2.2 Biocompatibility
A natural polymer such as chitosan has the ability to interact with living cells, tissues and
organs without being toxic or injurious to the body and this property is known as
biocompatibility. Chitosan does not trigger immune system reactions and rejections while
functioning invitro or invivo. Biocompatibility also considers cytocompatibility,
genocompatibility and hemocompatibility. Modifying chitosan to an applicable form by
alterations of its surface properties (physical and chemical) through varying degrees of
deacetylation, crosslinking, polyethylene glycol treatment, heat treatment, wheat germ
agglutinin treatment, graphene reinforcement and oxygen plasma treatment may affect
chitosan’s biocompatibility and biodegradation (Albanna et al., 2013). In 1995, Shigemasa
and Minami documented that chitosan is well tolerated in living tissues which includes the
skin, ocular membranes and nasal cavities.
1.2.3 Low toxicity
Chitosan is safe when compared with other natural polysaccharides and this property of
low toxicity makes it a biomaterial of choice. In 1968, Arai in his study deduced that
chitosan showed low toxicity levels and that the LD50 (lethal dose for 50% of test
population) in mice exceeded 16kg and this is similar to that of salt and glucose (Singla
and Chawla, 2001).The DD has great effect on chitosan’s toxicity and the molecular
weight has less effect on its viability (Richardson et al., 1999). DD also affects the
solubility, hydrophobicity and the electrostatic interaction with polycations by affecting the
number of protonatable amine groups of chitosan. Lower DD nanoparticles showed lower
toxicity in-vitro (Huang et al., 2004).
An article by Ylitalo et al. (2002) reported no side effects following chitosan’s ingestion
for about 12weeks in human studies. The intestinal microbial flora, however, can be
affected after prolonged clinical use of chitosan (Tanaka et al., 1997).
3

1.3 Physical Forms of Chitosan
Chitosan with its blends can be found to exist in some various physical forms. These forms
of chitosan are as a result of the process and nature of applications. Chitosan forms
includes
1. Resins (beads)/microspheres
2. Hydrogels
3. Films/membranes
4. Fibers
5. Sponge
1. Resins (beads) /Microspheres
This form of chitosan is prepared by various methods which are the solvent evaporation,
coacervation and emulsion methods (Peniche, 2003; Genta, 1997). The emulsion technique
can be used to prepare smaller and uniform beads(Lim, 1997).The formation of the beads
involves a crosslinker and dissolving chitosan in acetic acid which is then mixed for
sometime like about 6-7 hrs and the amount of ciprofloxacin hydrochloric is added to the
polymeric solution followed with mixing/stirring for some 2hrs (Bodemier et al.,1989;
Srinatha et al., 2008).The pH of the mixed chitosan is controlled by a dilute alkali solution
at a pH of 4-4.5, after which the solution is collected with a syringe, the beads are formed
and are allowed for few minutes. The beads are collected by filtration, washed and dried at
500c for 4hr, then left at room temperature for 12hrs and they can be used in different areas
of applications.
2. Hydrogels
The application of the hydrogels as a form of chitosan can be seen used in fields of
pharmaceutical, biomedical and environmental industries. Chitosan hydrogels can be
obtained from several procedures (Berger, 2004a; Berger, 2004b).The process involves
dissolving the chitosan into an organic solvent, the emulsions or coercervates are formed
then crosslinking of the polymer occurs (Koseva, 1999; Kumbar, 2002). Improvement of
hydrogel stability can be achieved when modifications to the chitosan is increased.
3.

Films/Membranes

Chitosan can be made into films easily by the casting method (Kanke, 1989; Bonvin, 1993)
especially because chitosan is now easily used in skin care, contact lens production,
4

cosmetic industries, membranes, separators and in other technologies. These films of
chitosan are homogeneous, clear, and flexible with good oxygen barrier mechanical
properties (Hoagland, 1996; Kittur, 1998). Chitosan films have low water vapour barrier
characteristics (Butler, 1996). The films are also dense and do not possess pores
(Muzzarelli, 1977; Hirano, 1982).
Chitosan degrades before melting hence; it has to be dissolved in a right amount of solvent
prior to casting into films. Chitosan is affected by its molecular weight due to its properties
that depends on morphology (Butler, 1996; Chen, 1996), the origin, level of deacetylation,
the process of film preparation, the mechanism of the free amine regeneration and the
solvent used in dissolving it (Samuels, 1981; Lim, 1995).
4.

Fibers

This form of Chitosan was reported firstly in 1926 (Kunike, 1926). There is some
advantages of fibers such as superior mechanical properties which is better compared to
the same material in heavy form. There have been studies on blends of chitosan fiber with
collagen (Chen, 2006; Chen, 2008a), starch (Wang, 2007), polyethyleneoxide (Bhattarai,
2005) polyvinylalcohol (Jia, 2007; Zhou, 2006) silk fibroin (Park, 2004) and alginate
(Liao, 2005).
5.

Sponge

In drug carrier systems, the sponges from chitosan have great value and high interest. This
is based on the biocompatibility, biodegradability, antibacterial and non-toxicity of
chitosan. In this study, the chitosan solution was combined with gelatine (Poole, 1989),
which led to the formation of polyionic complexes possessing slower dissolution rate that
native chitosan at the same pH value (Tharachodi, 1995). These complexes could be used
in drug release in a wound where the spongy form absorbs the wound fluid (Oungbho,
1997). There are also blends of chitosan/alginate sponges (Shapiro, 1997; Kofuji, 2001;
Kataoka, 2001; Singla, 2001; Kumar, 2000; Coppi, 2002; Lai, 2003).
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Figure 1.2: Routes for preparation of various chitosan physical forms (No and Meyers,
1995; No et al., 2000).
1.4 Mechanical properties of chitosan
The physical forms of chitosan such as hydrogels, films, fibers or sponges aforementioned
are used in the biomedical domain owing to the biocompatilibity of chitosan. Chitosan; a
derivative of chitin is much easier to process but the stability of chitosan forms is lower
because of its hydrophilic character and pH sensitivity. Hence, various techniques are
employed to control both mechanical and chemical properties (Rinauldo, 2006)
1.4.1 Enhancing mechanical properties of chitosan
A study showed that the low toxicity capability of chitosan can be maintained even after
enhancing its mechanical properties. For example chitosan fibers were crosslinked with
heparin and the following were observed increased diameter, lower strength, higher
breaking strain values and stiffness properties but when all individual properties were
taken into consideration, a higher mechanical property was observed. The mechanically
6

improved fibers and heparin crosslinked fibers promoted valvular interstitial cells
attachment and growth in ten -day cultures (Albanna et al., 2013).
1.5 Sea Urchin
Sea urchin (Paracentrotus lividus) is a marine invertebrate can be found along the shallow
waters (sublittoral to 20m) of the Mediterranean and north east atlantic. It forms permanent
burrows on rocky substrates and along sea grass meadows. Their growth rates ranges from
40mmTD (4-5years) to 70+mm (>12years) and 75mmTD as the maximum size. They
mature at about 13mmTD and reproduction occurs in spring to early summer
(Boudouresque and Verlaque, 2001).

1.5.1 General overview of the sea urchin; Paracentrotus lividus
Paracentrotus lividus is the edible specie of the sea urchin family. Generally sea urchin is
important in both basic and applied biology because of its application as a renowned
experimental model (Di Benedetto et al., 2014).

Figure 1.3: Diagram of paracentrotus lividus (Legg and Jones, 1988)

They belong to the Echinoidea (Phylum Echinodermata). Echinoids have an internal
skeleton constituted of calcitic plates within their skin.
Echinoderms can undergo hydrothermal processing which changes the mechanical and
chemical properties of their structure making it similar to the human bone (Aizenberg and
7

handler, 2004). In order to facilitate mass transfer and tissue development, sea urchin
skeletons are formed from a three- dimensional crystalline meshwork termed stereom
which can be seen under high magnification in (Fig1.4). There are regular series of pores
in the sea urchin’s skeletal plate and are in direct contact with each other. Three quarters of
the pores are exits on the tube feet while the remaining is connected to the reproductive
and alimentary canal. The size of the pores and the thickness of the rods forming the
stereom differs according to the type of soft tissue that attaches to that part of the skeleton.
A boundary exists between two stereoms, one associated with muscle attachment (top
right) and the other with normal epithelium (skin - bottom left) can be observed in figure
1.4 below. Stroma is a connective tissue that fills the pore spaces when the urchin is living.
The prevention of crack propagation through the plate was assumed possible based on the
design of the echinoid’s skeleton (Smith, 1981).

Figure 1.4: Diagram showing the 3D skeleton of a sea urchin (Smith, 1981).
The replamine form technique has been used in several studies to replicate the structural
elements of echinoderms thereby generating promising hard tissue replacements to bone.
The sea urchin uses the available materials in the sea water to produce its spicule, hence it
is made up of organic and inorganic materials. The spicule has a starlike shape devoid of
8

facets. This unique morphology is attained by depositing a disordered amorphous mineral
phase first, allowing it to slowly transform to a crystal with a ordered lattice structure. This
unsusual transformation from amorphous to an ordered crystalline structure at room
temperature needs to be understood for directional growth in next generation biomaterials
(Aizenberg and Hendler, 2004; Ben- Nissan and Green, 2014).
1.5.2 Tissue engineering relevance of biomaterials from sea urchin
Adhesive protein, calcite, calcium carbonate and collagen are biomaterials that can be
obtained by several processes from various parts of the sea urchin (Aritra et al., 2014; Di
Benedetto et al., 2014).
1.5.2.1 Adhesive protein
Bindin is an insoluble, 30000mw protein component that is secreted from the acrosomal
vesicle of the sea urchins sperm during fertilization. Bindin encourages the adhesion of the
sperm to the vitelline layer (glycocalyx) covering the egg (Vacquier and Moy, 1977;
Rossignol et al., 1981).
Glabe et al. (1982) suggested that the complementary egg surface ligands for the bindin
protein are high molecular weight, sulphated fucose containing glycoconjugates. Sulphated
fucans are constituents of the cell surfaces of marine animals, vitelline layer in species of
sea urchins and eggs of algae. DeAngelis and Glabe (1986) reported that the interaction of
the proteins is dependent on polysaccharide structural features such as its sulphate esters
and

high

molecular

weight.

A

major

component

of this

adhesive

is

3,4

dihydroxyphenylalanine (DOPA) which is a by-product of post-translational modification
of tyrosine (Deming,1999). The absence of DOPA causes the loss of its adhesive ability
along with characteristics such as biocompatibility and biodegradability that makes it
suitable as industrial and medical adhesives (Grande and Pitman, 1987; Yu et al., 1999).
1.5.2.2 Calcite and Calcium carbonate
The sea urchin’s spicule is the source of calcite and calcium carbonate in the sea urchin.
The spicule is formed within a clump of specialised cells as the sea urchin lays down a
single crystal of calcite from which the remaining spicules are formed. There is a
directional growth that starts from the three radii at the crystalline centre of the intended
location of the spicule. These three radii are amorphous calcium carbonate but slowly
transform to calcite. This mechanism is not perfectly understood but theories such as
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ordered precipitation and growth mechanisms at crystallographic regions are assumptions
yet to be fully verified (Ben- Nissan and Green, 2014; Milev et al.,2004).
Calcium carbonate is the most abundant form of calcium in the marine environment. It
exists in a crystalline form as calcite in sea urchins (Stupp and Paul, 1997; Wilt, 2002).
Calcium carbonate of marine origin has a lot of features that makes it a good candidate for
orthopaedic and dentistry applications such as porosity, pore interconnectivity and
architecture (Laine et al., 2008).
1.5.2.3 Collagen
Collagen is the main structural constituent of animal tissues which functions mainly by
conferring elasticity and strength to the tissues thereby enhancing its mechanical properties
(Barnes et al., 2007; Satmov and Pombe, 2012). Due to its high biocompatibility, collagen
type 1 is considered as the gold standard for tissue engineering applications such as the
basic for a cell culture system. Injectable matrices and scaffolds for bone regeneration are
obtained for fibril forming collagen which includes type I, II, III, V, XI. Scaffolds derived
from marine sponges displayed good cell viability and osteo-inductive potential (Oliveira
et al., 2009; Paranteau-Bareil et al., 2010).
The peristomial membrane (PM) of the sea urchin is a soft tissue which surrounds its
mouth. It is composed of mammalian-like collagen. A recent study showed that sea urchin
P.lividus can be a valuable low cost source of collagen for mechanically resistant
biomedical devices (Di Benedetto et al., 2014). Collagen fibrils were synthesized from sea
urchin P.lividus without any damage, in substantial amount and purity for fibrillar scaffold
production (Barbaglio et al., 2012).
1.6 Antimicrobial activity of sea urchin
Biomaterial associated infections can be attributed largely to staphylococcal biofilms.
Polymer related infections could be rooted more to staphylococcus epidermis while metal
related infections is attributed to staphylococcus aureus (Gotz, 2004).
Conventional antibiotics to a large extent has been unable to treat these infections because
of the high resistance of the microbial biofilms (Gilbert et al., 1997). Hence, an important
goal was established with the discovery of anti- infective agents which are active against
both plankton microoorganisms and biofilms (Projan and Youngman, 2002).
The immune system of marine organisms was found to be an under utilised source of
antimicrobial agents. A study focussed on the coelomocytes effector cells of the sea urchin
10

P.lividus, a wide range of immunological functions was observed as well as cellular
recognition, phagocytotosis and cytotoxicity (Arizza et al., 2007).
P.lividus survival shows that its innate immune system is active, potent and effective.
Antibacterial activity was observed from a 60kDa protein which was isolated from lysates
of coelomocytes from P.lividus (Stabili et al., 1996).
Another study centered on the antimicrobial peptides in P.lividus being the first of its kind.
The antimicrobial activity of a 5-kDa peptide fraction from the coelomytes cytosol (5- CC)
against human pathogens was evaluated. Furthermore the invitro inhibitory capacity of the
5-CC against S.epidermis 1457 biofilm and reference staphylococcal biofilm was also
evalauted using static chamber system. Minimal inhibitory concentrations (MICs) ranging
from 253.7 to 15.8 mg ml was determined. They observed an inhibitory activity and antibiofilm properties of 5-CC against staphylococcal biofilms of reference strains
Staphylococcus epidermidis DSM 3269 and Staphylococcus aureus ATCC 29213. The
biological activity of 5-CC could be attributed to three peptides belonging to the sequence
segment 9–41 of a beta-thymosin of P. lividus. It was concluded that the effector cells of P.
lividus profers a source of marine invertebrates-derived antimicrobial agents in the
development of new strategies to treat staphylococcal biofilms (Schillaci et al., 2010).
1.7 Antimicrobial activity of chitosan
1.7.1 Factors affecting the antimicrobial activity
Several studies exploring the antimicrobial activity of chitosan from different sources
under diverse experimental conditions have been performed. Numerous irregularities were
observed in the results from these studies. It was reported that 0.1% of chitosan had greater
inhibitory effect on Gram-positive than Gram-negative bacteria (No et al., 2002). Chhabra
et al. in 2006 also stated that chitosan had stronger antimicrobial activity against S. aureus
than S. enterica and V. Vulnificus thereby suggesting that chitosan has greater inhibitory
potential against Gram-positive than Gram-negative bacteria. A discrepancy to the earlier
studies was observed by Helander et al. (2001), the study demonstrated that chitosan
presented a higher antimicrobial activity against Gram-negative than Gram-positive
bacteria. These discrepancies observed is not surprising because chitosan’s in-vitro
antimicrobial activity is based on various intrinsic and extrinsic factors which is related to
chitosan itself (type, Mw, DD, viscosity, solvent and concentration) and environmental
conditions (pH, test strains, temperature, physiological state and culture medium, EDTA,
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metal ions e.t.c) (Raafat and Sahl, 2009). Various methodologies applied in studies are
other factors contributing to different results of antimicrobial activity of chitosan.
1.7.1.1 Intrinsic factors
Despite the knowledge from many studies about the intrinsic and extrinsic factors affecting
the antimicrobial activity of chitosan, determining the influence of Mw or the DD value on
the antimicrobial activity of chitosan is still a challenge. For example, it was noted that
oligosaccharides and D-glucosamine possessed little or no antibacterial activity, hence,
chitosan is said to be largely affected by its Mw (Rhodes and Roller,2008; No et al.,2002).
Jeon et al., (2001) also stated that for proper microorganism inhibition a minimum of
10kDa chitosan is required. Although Raafat et al. (2008) did not observe any appreciable
antimicrobial activity at a molecular size above 10kDa, having tested a large number of
chitosan preparations. There is a minimum degree of polymerization required for
antimicrobial activity. Higher DD depicted a higher degree of bacterial growth inhibition
than those with a lower DD maybe due to the higher percentage of protonated amine
groups (Shigemasa et al., 1994; Liu et al., 2001). No et al. (2002) suggested that the
minimal inhibitory concentrations (MICs) of chitosans ranged from 0.05% to above 0.1%
for different bacteria tested and Mw of chitosan used. Studies showed that Campylobacter
spp. was the most sensitive microorganisms to chitosan, and the MIC of chitosan for
Campylobacter ranged from 0.005 to 0.05% (Raybaudi-Massilia et al., 2009).
1.7.1.2 Extrinsic factors
The antimicrobial activity of chitosan is strongly dependent on pH. Yoshihiko et al.(2003)
reported that antimicrobial activities might be the resulting effect of dissolving chitosan in
an acidic media such as acetic acid, hence, stronger antimicrobial activity was observed at
lower pH. The inability of chitosan to remain bactericidal at pH 7 (neutral) is probably due
to the presence of a majority of positively uncharged amino groups and poor solubility of
chitosan (Aiedeh and Taha, 2001, Papineau et al., 1991 and Sudarshan et al., 1992).
While its antimicrobial activity is inversely affected by pH, it is directly affected by
temperature and in the presence of EDTA (Tsai and Su, 1999; Jumaa et al., 2002; No et al.,
2002).
Contradictory evidences as regards ionic strength of chitosan exists, where one study
reported that the presence of divalent cations reduces the antimicrobial activity of shrimp
chitosan against E.coli (Tsai and Su, 1999), probably because the increase of metal ions,
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especially divalent ions, could decrease the chelating capacity of chitosan (Kong et al.,
2010). In contrast, Chung et al. (2003) suggested that the higher ionic strength could
enhance the solubility of chitosan and therefore increase its antimicrobial activity. It is
probably due to existing cations in medium may interact with the negative-charged
components mainly on the cell wall of bacteria besides polycationic chitosan, consequently
weakening the antimicrobial activity.
1.7.2 Antimicrobial Mode of action
Although a lot of factors influence the antimicrobial activity of chitosan, the exact mode of
action is yet to be determined and fully understood.
The polycationic structure is essential to its antimicrobial action. It forms unnecessarily in
acidic conditions because grafted groups of chitosan’s derivatives may change the
pKa(6.3) of chitosan and cause protonation at higher pH values (Yang et al., 2005). In the
native chitosan, when pH is below pKa, NH 3 + groups of glucosamine interact
electrostatically with the anionic components of the microorganism’s surface. This causes
leakage of proteins and intracellular microbial cell components thereby impairing the vital
bacteria activities. Hence, it is said that chitosan possesses growth inhibitory capacity as a
result of the physiological adaptation of the bacteria cell to chitosan stress (Muzzarelli et
al., 1990; Helander et al., 2001; Je and Kim, 2006; Raafat et al., 2008; Kong et al., 2010).
Electrostatic interaction is dependent on the number of amino groups linked to the C2 on
chitosan backbone. This is indicative that antimicrobial activity can be enhanced by large
amounts of amino groups. Therefore higher DD chitosan shows stronger inhibition than
chitosan with lower DD (Kong et al., 2010).
Distinctive modes of antimicrobial action can be observed from different molecular
weights (Mws) of chitosan and its physical states. For HMw water soluble and solid
chitosan, interaction occurs only at the surface, no cell wall penetration but formation of an
impermeable layer around the cell, hence blockage of vital solutes into the cell (Kong et
al., 2010). For LMw water soluble chitosan, penetration of the cell wall occurs and
interaction with DNA to prevent mRNA synthesis and transcription of DNA (Sudharshan
et al., 1992).
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1.7.3 Method to Detect Antimicrobial Activity of Chitosan
1.7.3.1 Disk diffusion method
In the disk diffusion method a large number of antimicrobials can be tested at the same
time in an easy and flexible manner. The microorganism inoculum is fine tuned to certain
concentration, inoculated to the whole surface of a (150mm in diameter) Mueller-Hinton
agar (MHA) plate with a sterile cotton-tipped swab to form an even lawn. The paper disks
are infused with diluted antibiotic solution and placed on the surface of each MHA plate
(6mm in diameter) using a sterile pair of forceps. Plates were incubated aerobically for 1624 hrs at 35-37oC and the diameter of zone inhibition was measured by a ruler or vernier
calliper. The results are then allotted to three categories, susceptible, intermediate, or
resistant based on the diameter of inhibition zone and the CLSI interpretative data (CLSI,
2012). The larger the diameter of the inhibition zone, the more susceptible is the
microorganism to the antimicrobial. The major advantages of this method are that it does
not require any special equipment; selection of disc is flexible and can be easily
interpreted. The results are qualitative hence unable to generate the MIC value (i.e., not
quantitative) and difficult to examine the susceptibility of majority of fastidious and slowgrowing bacteria (Wilkins and Thiel, 1973; Dickert et al., 1981; Jorgensen and Ferraro,
2009).Other drawbacks is that disk diffusion is labor intensive and time-consuming
(Klancnik et al., 2010). Disk diffusion was used to determine the antimicrobial activities of
chitosan in many studies (Kulkarni et al., 2005; Pranoto et al., 2005; Coma et al., 2006;
Kim and Kim, 2007; Cao et al., 2009; Mayachiew et al., 2010); however, chitosan was
reported to be effective against bacteria, yeast, and fungi without mentioning MIC values.
1.8 Bioceramics Synthesis
Samur et al. in 2013 conducted a study where apatite structures, such as hydroxyapatite
(HA) and fluorapatite (FA), from precursor calcium phosphates of biological origin (sea
urchin) was synthesized by mechano-chemical stirring and hot-plating conversion method.
The resulting materials were heat treated at 800°C for 4 hours. The experimental results
suggests that sea urchin skeleton may be an alternative source for the production of mono
or biphasic calcium phosphates with simple and economic mechano-chemical (ultrasonic)
conversion method.
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1.9. Aim/objective of thesis
1

The development of a stepwise solvent casting method in order to obtain composite
materials containing chitosan and sea urchin for tissue engineering applications.

2

Applying the disc diffusion method on the chitosan-urchin based bioceramic to determine
its potential as anti-bacterial filler for tissue engineering applications.

3

Physicochemical characterizations of composites with respect to their composition,
structure, and properties will be achieved. Analytical methods and techniques such as
Antimicrobial susceptibility testing, Scanning electron microscopy (SEM), X-ray
Diffraction (XRD) will be involved. A range of analytical methods must be employed to
investigate the composite samples since each of these methods has its own limitations and
therefore it is necessary to combine all results to obtain a comprehensive view.
1.9.1 Problem Statement
Several research is in progress as regards the synthesis of calcium phosphates from natural
materials such as eggshells, shells of some marine molluscs e.g. sea urchins, mussels, sea
and land snails and cuttlefish bones (Coelho et al., 2006; Goller and Oktar, 2002;
Agaogullarý et al., 2012; Vecchio et al., 2007; Kel et al., 2012). It is safe to say calcium
phosphate can be obtained from sea urchin proving relevant to dental and orthopaedics
applications.
Composite materials are composed of a polymer matrix and inorganic fillers such as bone,
dentine (collagen and apatite), shell of crustaceans (chitin, proteins and calcium carbonate),
shell of eggs (glycoproteins and calcium carbonate) having either role of protection,
mechanical support or strength are just some examples from nature. Being inspired by
nature we try to imitate such composite biomaterials whereby chitosan is the polymer
matrix and the sea urchin as the inorganic phase. The motion to use chitosan is based on
several factors such as: biocompatibility, biodegradability, low toxicity, antibacterial etc.
Chitosan has been established as an antimicrobial agent though lacking adequate
mechanical properties. Its use has been limited as a result of poor mechanical properties,
weak barrier properties of the film and high moisture sensitivity (Domard, 2011). Doping
chitosan with sea urchin to confer mechanical stability to the composite and anti-bacterial
ability to the composite thereby developing infective resistant materials.
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CHAPTER 2
MATERIALS AND METHODS

2.1 Bioceramic Synthesis
2.1.1 Materials Used
Sea urchin (Echinoidea) was obtained from the marine area of the saltwater bed of the
Girne sea located in the Turkish Republic of North Cyprus. Medium molecular weight
chitosan with a viscosity of 200-800cp, 1wt% in 1% acetic acid with a deacetylation
degree of 75%-85% (Batch 448877-50G, Sigma Aldrich, U.S.A), Glacial acid and N, N’methylene diacrylamide used as a crosslinker from Merck chemicals, Germany.
2.1.2 Preparation of the CU Blended Bioceramic
Crosslinker (N, N’ methylene diacrylamide)- 1M was prepared by dissolving 1.54g in
100ml of distilled water.
Sea Urchin was air dried and blended to a powdery form.
0.2g of chitosan was acetylated with 0.1M acetic acid (1%) at 25oC on a magnetic stirrer
and refrigerated for 24hours.

Figure 2.1: Diagram showing air dried blended sea urchin.
Varying concentrations of the chitosan and urchin powder were sonicated in the presence
of a cross-linking agent (N, N-methylene diacrylamide) for 20 minutes.
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Table 2.1: Weight/volume ratio of CU blended bioceramics.
Samples

Urchin(g)

Chitosan(ml) CH 2 =CHCONH) 2 CH 2 (ml)

CU1

0.200

2

0.25

CU2

0.100

2

0.25

CU3

0.025

2

0.25

CU4

0.050

2

0.25

CU5

0.010

2

0.25

control 1

____

2

_____

control

0.200

____

_____

2(urchin)

Figure 2.2: Mixing on a magnetic stirrer.

Figure 2.3: Casting on a glass slide

The heterogeneous suspension was immediately cast on a clean glass plate and was
irradiated in a vacuum ultraviolet device using a short wavelength (λ= 254nm) for about
3hours. The composite was air dried overnight and lifted off the glass plate with a thin
spatula by immersion in distilled water. Cs-Urchin composite was conditioned at room
temperature for further analysis.
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Fig 2.4(a) Cs-Urchin composite in distilled H 2 0 2.4(b) Pure chitosan swelling in distilled
H2 O
2.2 Sterilisation
The samples were sterilised with hydrogen peroxide prior to further analysis at the
sterilisation unit of Near East hospital, Lefkosa. The hydrogen peroxide solution was
introduced into a vaccum chamber thereby creating a plasma cloud. Hydrogen peroxide
inactivates the microorganism by oxidising their cellular components.
An energy source is required for the process to occur and when it was turned off, water
vapour and oxygen were formed, hence absence of toxic residues or harmful emissions.
The samples were wrapped before sterilisation; the sterilisator was maintained at a
temperature of 40oC-50oC and takes between 45-55minutes to complete s cycle (Reichert
and Young, 1997; Rutala 1998)
2.3

Antimicrobial Activity

2.3.1 Microorganism Strains and Culture Conditions
The six strains of micro-organisms used in this study included gram-positive bacteria
Enterococcus faecalis ATCC 25922, Bacillus

cereus ATCC 17666, Staphylococcus

aureus ATCC 25923 and gram-negative bacteria Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 and fungi Candida albicans ATCC 29212.
Cultures were incubated at 35oC for 24hrs.
2.3.2 Anti-microbial Susceptibility Testing
The microorganism suspension were prepared by suspending 3-5well isolated colonies
from agar plates into 3ml Liquid broth culture medium (adjusted to a pH of 5.9)(No et al,
2002) and the turbidity was adjusted to the 0.5McFarland standard.
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100µl of the 0.5McFarland suspension was further diluted in 10ml of the liquid broth
culture medium, which was used as the final inoculums.
2.3.3 Disk Diffusion Method
The microorganism suspension prepared above was inoculated onto the entire surface of a
Mueller-Hinton agar plate with a sterile cotton-tipped swab to form an even lawn. Disklike sizes of the chitosan-urchin composite were placed on the surface of the plates using a
sterile forceps. The treated plates were placed at room temperature for 10 minutes and then
incubated at 35±0.1 °C for 24-48 hours. At the end of the incubation period, inhibition
zones of the bioceramic formed on the medium were measured with a transparent ruler in
millimetre.

Fig 2.5- Disk diffusion method procedure

2.4 Material Characterizations
2.4.1 X-ray Diffraction Analysis (XRD)
Powder X-ray diffraction analysis was carried out at Tubitak Marmara Research Institute,
Turkey by using a shimadzu XRD-600 model diffractometer with a Cu- X-ray tube
(L=1.5405Ao). The diffractometer scans at the rate of 2o/min within the region of 2θ and
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resulting diffraction intensity curves obtained was produced. The crystallinity index was
calculated by using the principle of Jaworska et al., (2003).
2.4.2 Scanning Electron Microscopy (SEM).
The morphology (particle size, roughness or smoothness) of CU blend bioceramic was
observed by scanning electron microscopy (SEM). SEM analysis was carried out at
Tubitak Marmara Research Institute, Turkey using a SEM- Jsm- 6510 model at an
acceleration voltage 10kV.The device produces images of the samples by focussing a beam
of electrons on it and samples were sputter-coated with gold to prevent charging.
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CHAPTER 3
RESULTS AND DISCUSSION

Table 3.1: Inhibition zones obtained from disc diffusion method
Microorganisms

Bioceramics

Inhibition
zone diameter(mm)

E.faecalis

controls,1,2,3,4,5

-

C.albicans

controls,1,2,3,4,5

-

B. cereus

control 1

10

control 2(urchin)

-

CU 1

17

CU 2

20

CU 3-5
E.coli

P.aeruginosa

S.aureus

-

control 1

23

control 2(urchin)

10

CU 1

13

CU 2

14

CU 3

-

CU 4

10

CU 5

-

control 1

24

control 2(urchin)

-

CU 1

18

CU 2

20

CU 3-5

-

control 1

24

control 2(urchin)

16

CU 1-5

-
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Figure 3.1: Inhibition Zones of Cs-Urchin composite against
a)Escherichia Coli. b) Staphylococcus aureus

Figure 3.2: Inhibition Zones of Cs-Urchin composite against
c) Enterococcus faecalis. d) Bacillus cereus
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Figure 3.3: Inhibition Zones of Cs-Urchin composite against
e) Pseudomonas aeruginosa f) Candida albicans

Figure 3.4: Graphical representation of w/v of CU blended bioceramic and inhibition
zones against Staphylococcus aureus, Bacillus cereus, Pseudomonas aeruginosa and
Escherichia coli.
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3.1 Disc Diffusion Analysis.
Antimicrobial activity of chitosan-sea urchin composite was evaluated based on the
diameters of clear inhibition zone surrounding the disks. If there is no inhibition zone, it is
assumed that there is no antimicrobial activity, hence, E.faecalis and C.albicans showed no
inhibition zone thereby assuming little or no antimicrobial activity. Fig 3.1, Fig 3.2 and Fig
3.3 shows representative disk diffusion plates with different bacteria after 24 h incubation.
The diameter of inhibition zone of Bacillus cereus and Pseudomonas aeruginosa is larger
than that of Escherichia coli, indicating Bacillus cereus and Pseudomonas aeruginosa is
more susceptible to chitosan-sea urchin composite than E. coli. However, three of the five
proportions (0.05, 0.10, 0.20) are showed similar inhibition zones against E.Coli. This
antimicrobial result is a bit surprising owing to the fact that chitosan is an established
antimicrobial agents against all the microorganisms used above. The absence of
antimicrobial activity against E.faecalis and C.albicans could be attributed to the
concentration of the chitosan used and the form in which it was used (Shaik et al., 2014).
The biological properties such as antimicrobial activity of chitosan can vary based on the
form in which it exists after preparation (Kumirska, 2011). Pure chitosan and pure urchin
were effective against S.aureus but in the blend were found ineffective probably as a result
of the cross-linking agent used (Cai et al., 2010; Schillaci et al., 2010; Xie, et al., 2002;
Yang et al., 2002)
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3.2 X-ray diffraction Analysis (XRD)

Figure 3.5: XRD diffractogram of 0.20g CU blended bioceramic.
X-ray powder diffraction analysis is one of the most powerful tools for identifying the
crystal structure and mineral phases in the CU blended bioceramic (Rahman et al., 2013).
The X-ray diffraction analysis was carried out to verify the mineral phase in the CU
blended bioceramic. The XRD pattern is shown in Figure 3.5 above and the strongest peak
was observed at 2θ= 29.5o, smaller peaks at 23o, 36o, 40o, 43.5o, 48o, 58o and 61.5o were
also noted from the xrd raw data. Previous studies shows an almost exact xrd pattern of
CU blended bioceramic to calcium carbonate and calcite, furthermore the crystallinity of
pure chitosan was found between 20 o and 25o hence the degree of crystallinity of the Cu
blended ceramic is higher than pure chitosan (Tsipursky and Buseck, 1993; Rahman et al.,
2013).
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3.3 Scanning Electron Microscopy (SEM)

Fig 3.6- SEM micrograph 0.20g CU blended bioceramic at x100

Fig 3.7- SEM micrograph 0.20g CU blended bioceramic at x500
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Figure 3.8: SEM micrograph 0.20g CU blended bioceramic at x1.000

Figure 3.9: SEM micrograph 0.20g CU blended bioceramic at x 2.500
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The porosity, particle size, crystal size and surface roughness of the sample were analysed
to determine the composite morphology. The sample was studied under the scanning
electron microscope at 10kv at different magnifications as shown in figure 3.3, figure 3.4,
figure 3.5 and figure 3.6. The results showed aggregations and long interconnections of
particles, this shows the function of the crosslinker (N,N’-menthylenediacrylamide) used.
The presence of fiber particles was observed and the SEM result showed that the
composite were rough, elongated but connected. Di Benedetto et al. (2014) also observed
the presence of open porous structures that are interconnected and this corresponds with
our result.
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CHAPTER 4
CONCLUSION

Chitosan swells in neutral solution (water), dissolves in acidic medium and precipitates in
basic medium. In this study we fixed the volume of chitosan and N,N’methylene
diacrylamide to observe the effect of the sea urchin. We observed that increasing the
concentration of the sea urchin reducing the swelling of chitosan thereby proferring
stability to the bioceramic.
Five chitosan-urchin blend bioceramic samples made from medium molecular weight (50150kDa) chitosan were tested against six human pathogens using the disc diffusion
method. CU1, CU2 and CU4 were found to be the most effective against E. coli. CU1 and
CU2 were effective against B.cereus and P.aeruginosa also showing a larger inhibition
zone when compared with E.coli. CU1 – CU5 were ineffective when compared with
E.faecalis and C.albicans and surprisingly pure chitosan and pure urchin were effective
against S.aureus but in the blend were found ineffective probably as a result of the
crosslinking agent used. Therefore, the application of CU blend bioceramic in inhibiting
bacteria related infections for biomedical applications is needed for future work.
The crystallinity of the CU blend bioceramic was determined by XRD and the bioceramic
had its strongest peak at 29.50 with small area under the peak, we can conclude its a
crystalline material and that its crystallinity is higher than pure chitosan which is atabout
200.
The presence of fiber particles was observed and the SEM result showed that the
composite were rough, elongated but connected. The roughness of the CU blend
bioceramic suggests the likelihood of cell attachment and possibly proliferation.
In conclusion, this study appears to be the first of its kind where chitosan is blended with
sea urchin and where disk diffusion is used to determine the antimicrobial activity of CU
blend bioceramic. The resistance to some of the microorganisms suggests the need to apply
other methods when conducting in vitro antimicrobial susceptibility testing of CU blend
bioceramic since the antimicrobial activity results from numerous studies need to be
comparable.
29

REFERENCES
Agaogullarý D., Kelb D., Gökçea H., Dumana I., Öveçoðlua M.L., Akarsubaþi A.T., Bilgiç
D. and Oktard F.N. (2012). Bioceramic Production from Sea Urchins. Acta Physica
Polonica A, 121, 23-26.
Aiedeh, K., and Taha, M.O. (2001) Synthesis of iron-crosslinked chitosan succinate and
iron-crosslinked hydroxamated chitosan succinate and their invitro evaluation as
potential matrix materials for oral theophylline sustained-release beads. European
Journal of Pharmaceutical Science, 13, 159–168.
Aizenberg, J. And Hendler, G. (2004). Designing efficient microlens array: lessons from
nature. Journal of Material Chemistry, 14, 2066- 2072.
Albana, M.Z., Bou-Aki, T.H., Blowytsky, O., Walters, H.L and Matthew, H.W.T. (2013).
Chitosan fibers with improved biological and mechanical properties for tissue
engineering applications. Journal of the Mechanical Behavior of Biomedical Materials,
20, 217–226.
Aranaz, I., Mengíbar, M., Harris, R., Paños, I., Miralles, B., Acosta, N., Galed, G., and
Heras, A. (2009). Functional characterization of chitin and chitosan. Current Chemical
Biology, 3, 203-230.
Arai, K., Kinumaki, T., and Fujitta, T. (1968). Toxicity of chitosan. Bulletin of Tokai
Regional Fisheries Research Laboratory, 56, 89-94.
Aritra, S., Richa, Y., and Rajendran, N. (2014). Biomaterials from Sponges, Ascidians and
Other Marine Organisms. International Journal of Pharmaceutical Science Review and
Research 27(2), Article No. 17, Pages: 100-109.
Arizza, V., Giaramita, F.T., Parrinello, D., Cammarata, M. And Parrinello, N. (2007) Cell
cooperation in coelomocyte cytotoxic activity of Paracentrotus lividus coelomocytes.
Comparative Biochemistry and Physiology- Part A: Molecular and Integrated
Physiology, 147, 389–394.
Barbaglio, A., Tricarico, S., Ribeiro, A., Ribeiro, C., Sugni, M., Di Benedetto, C.,
Wilkie, I., Barbosa, M., Bonasoro, F., and Candia Carnevali, M.D. (2012). The
mechanically adaptive connective tissue of echinoderms: Its potential for bio-innovation
in applied technology and ecology. Marine Environmental Research, 76, 108–113.
Barnes, C.P., Pemble, C.W., Brand, D.D., Simpson, D.G., Bowlin, G.L. (2007). Crosslinking electrospun type II collagen tissue engineering scaffolds with carbodiimide in
ethanol. Tissue Engineering, 13, 1593–1605.

30

Ben-Nissan, B and Green, D.W. (2014). Marine structures as templates for biomaterials. In
Advances in calcium phosphate biomaterials, Ben-Nissan(Ed) Springer series in
biomaterials and engineering 2, 391-404. doi,10,1007/978-3-642-53980-013.
Berger, J., Reist, M., Mayer, J.M., Felt, O., Peppas, N.A., and Gurny, R. (2004a).
Structure and interactions in covalently and ionically crosslinked chitosan hydrogels for
biomedical applications. European Journal of Pharmaceuticals and Biopharmaceutics,
57, 19–34.
Berger, J., Reist, M., Mayer, J.M., Felt, O., and Gurny, R. (2004b). Structure and
interactions in chitosan hydrogels formed by complexation or aggregation for
biomedical applications. European Journal of Pharmaceuticals and Biopharmaceutics,
57, 35–52.
Bhattarai, N., Edmondson, D., Veiseh, O., Matsen, F. A and Zhang, M. Q. (2005).
Electrospun chitosan-based nanofibers and their cellular compatibility. Biomaterials,
26,6176–6184.
Bodmeir, R., Oh, K.H, and Parmar, Y. (1989). Preparation and evaluation of drug
containing chitosan beads. Drug Development Industrial Pharmacy, 15, 1475–94.
Bonvin M. M and de Bertorell, M. M. (1993). In vitro sodium salicylate release from
chitosan film. Polymer Bulletin., 31, 375-379.
Boudouresque, C. F., and Verlaque. M. (2001). Ecology of Paracentrotus lividus. In: J. M.
Lawrence, editor. Edible sea urchins: biology and ecology. Amsterdam: Elsevier. pp.
177–216.
Butler, B. L., Vergano, P. J., Testin, R. F., Bunn J. M and Wiles J. L. (1996). Mechanical
and barrier properties of edible chitosan films as affected by composition and storage.
Journal of Food Science, 61, 953-955.
Cai, Z.X., Mo, X. M., Zhang, K.H., Fan, L.P., Yin, A.L., He, C.L., and Wang, H.S. (2010)
Fabrication of chitosan/silk fibroin composite nanofibers for wound-dressing
applications. International Journal Molecular Science., 11, 3529–3539.
Cao, R., Xue., C. H., and Liu, Q. (2009). Changes in microbial flora of Pacific oysters
(Crassostrea gigas) during refrigerated storage and its shelf-life extension by chitosan.
International Journal of Food Microbiology, 131, 272-276.
Chen, R. H and Hwa, H. D. (1996). Effect of molecular weight of chitosan with the same
degree of deacetylation on the thermal, mechanical and permeability properties of the
prepared memberane. Carbohydrate Polymers, 29, 353-358.
Chen, Z. G., Mo, X. M. and Qing, F. L. (2006). Electrospinning of chitosan-collagen
complex: To mimic the native extracellular matrix. Tissue Engineering, 12, 1074.

31

Chen, Z., Mo, X., He, C and Wang, H. (2008a). Intermolecular interactions in electrospun
collagen–chitosan complex nanofibers. Carbohydrate Polymer, 72,410–418.
Chen, C. H., Wang, F. Y., Mao, C. F., Liao, W. T and Hsieh, C. D. (2008b). Studies of
chitosan: II. Preparation and characterization of chitosan/poly(vinyl alcohol)/gelatin
ternary blend films. International Journal of Biological Macromolecules, 43, 37- 42
Chen, R. H., and Tsaih, M. L. (1998).Effect of temperature on the intrinsic viscosity and
conformation of chitosan in dilute HCl solution. International Journal of Biological
Macromolecules, 23, 135-41.
Chhabra, P., Huang, Y. W., Frank, J. F., Chmielewski, R. and Gates, K. (2006). Fate of
Staphylococcus aureus, Salmonella enterica serovar typhimurium, and vibrio vulnificus
in raw oysters treated with chitosan. Journal of Food Protection, 69, 1600-1604.
Chung, Y. C., Wang, H. L., Chen, Y. M., and Li, S. L. (2003). Effect of abiotic factors on
the antibacterial activity of chitosan against water-borne pathogens. Bioresource
Technology, 88, 179-184.
CLSI. (2012). Performance Standards for Antimicrobial Disk Susceptibility Tests. Clinical
and Laboratory Standards Institute. 12, M02-A12.
Coelho, T. M., Nogueira, E. S., Steimacher, A., Medina, A. N., Weinand, W. R., Lima, V.
M., Baesso, M. L., and Bento, A.C. (2006). Characterization of natural nanostructured
hydroxyapatite obtained from the bones of Brazilian river fish. Journal of Applied
Physics, 100, 094312-1 - 094312-6.
Coma, V., Martial-Gros, A., Garreau, S., Copinet, A., Salin, F. And Deschamps, A. (2006).
Edible antimicrobial films based on Chitosan matrix. Journal of Food Science, 67,
1162-1169. 51
Coppi, G., Iannuccelli, V., Leo, B., Bernabei, M. T and Cameroni, R. (2002). Protein
immobilization in crosslinked alginate microparticles. Journal of Microencapsulation.,
19, 37-44.
Darmadji, P., and Izumimoto, M. (1994). Effect of chitosan in meat preservation. Meat
Science, 32, 243-254.
DeAngelis P.L., and Glabe C.G. (1987). Polysaccharide structural features that are critical
for the binding of sulphated fucans to bindin, the adhesive protein from sea urchin
sperm. Journal of Biological Chemistry, 262, 13946-13952.
Deming, T.J. (1999). Mussel byssus and biomolecular materials, Current Opinion in
Chemical Biology, 3, 100-105.
Di Benedetto, C., Barbaglio, A., Martinello, T., Alongi, V., Fassini, D., Cullora, E.,
Patruno, M., Bonasoro, F., Barbosa, M., Candia Carnevali, M.D., and Sugni, M. (2014).
Production, Characterization and Biocompatibility of Marine Collagen Matrices from
32

an Alternative and Sustainable Source: The Sea Urchin Paracentrotus lividus. Marine
Drugs, 12, 4912-4933, doi:10.3390/md12094912
Dickert, H., Machka, K., and Braveny, I. (1981). The uses and limitations of disc diffusion
in the antibiotic sensitivity testing of bacteria. Infection, 9, 18-24.
Domard, A. (2011). A perspective on 30 years research on chitin and chitosan.
Carbohydrate Polymers, 84, 696-703.
Freier, T., Koh, H.S., Kazazian, K., and Shoichet, M.S. (2005). Controlling cell adhesion
and degradation of chitosan films by N-acetylation. Biomaterials, 26, 5872-5872.
Furusaki, E., Ueno, Y., Sakairi, N., Nishi, N., and Tokura, S. (1996). Facile preparation
and inclusion ability of a chitosan derivative bearing carboxymethyl-β-cyclodextrin.
Carbohydrate Polymers, 9, 29-34.
Genta, I., Giunchedi, P., Pavanetto, F., Conti,B ., Perugini, P., Conte, U., Muzzarelli,
R.A.A., and Peter, M.G. (1997). Chitin Handbook; Atec: Italy, 391.
Gilbert, P., Das, J. and Foley, I. (1997) Biofilm susceptibility to antimicrobials. Advances
in Dental Research, 11, 160–167.
Glabe, C. G., Grabel, L.B., Vacquier, V.D., Rosen, S.D. (1982). Carbohydrate specificity
of sea urchin sperm bindin: a cell surface lectin mediating sperm-egg adhesion. Journal
of Cell Biology., 94, 123-128.
Gotz, F. (2004) Staphylococci in colonization and disease: prospective targets for drugs
and vaccine . Current Opinion in Microbiology 7, 477–487.
Goller, G. and Oktar, F. N. (2002). Sintering effects of biologically derived dentine
hydroxyapatite on mechanical properties. Materials Letters, 56, 142-147.
Grande, D.A, Pitman, M.I. (1987). The use of adhesives in chondrocyte transplantation
surgery, preliminary studies. Bulletin of the Hospital for Joint Diseases Orthopaedic
Institute, 48, 40-148.
Helander, I. M., Nurmiaho-Lassila, E. L., Ahvenainen, R., Rhoades, J. and Roller, S.
(2001). Chitosan disrupts the barrier properties of the outer membrane of Gramnegative bacteria. Journal of food Microbiology, 71, 235-244.
Hoagland, P. D and Parris N. (1996). Chitosan/Pectin Laminated Films. Journal of
Agricultural Food Chemistry, 44, 1915-1919.
Hirano, S., and Tokura, S. (1982). Chitin and Chitosan: Proceedings of the Second
International Conference on Chitin and Chitosan. Sapporo, Japan, July 12-14.

33

Hidaka, Y., Ito, M., Mori, K., Yagasaki, H., and Kafrawy, A.H. (1999) Histopathological
and immunohistochemical studied of membranes of deacetylated chitin derivatives
implanted over rat calvaria. Journal of Biomedical Material Research, 46, 418-423.
Huang, M., Khor, E., and Lim, L.Y. (2004).Uptake and cytotoxicity of chitosan molecules
and nanoparticles: Effects of molecular weights and degree of deacetylation.
Pharmaceutical Research, 21, 344- 353.
Jaworska, M., Sakurai, K., Gaudon, P., and Guibal, E. (2003). Influence of chitosan
characteristics on polymer properties: I: Crystallographic properties. Polymer
International, 52, 198-205.
Je, J. Y., and Kim, S. K. (2006). Chitosan derivatives killed bacteria by disrupting the outer
and inner membrane. Journal of Agricultural Food Chemistry, 54, 6928-6937.
Jeon, Y. J., Park, P. J., and Kim, S. K. (2001). Antimicrobial effect of
chitooligosaccharides produced by bioreactor. Carbohydrate Polymers, 44, 71-76.
Jia, Y.T., J. Gong, X.H. Gu, H.Y. Kim, J. Dong and Shen, X.Y. (2007). Fabrication and
characterization of poly (vinyl alcohol)/ chitosan blend nanofibers produced by
electrospinning method. Carbohydrate Polymers, 67, 403-409.
Jiang, L. (2011). A dissertation on the Comparison of disk diffusion, agar dilution, and
broth microdilution for antimicrobial susceptibility testing of five chitosans.
Jorgensen, J.H., and Ferraro, M.J. (2009). Antimicrobial susceptibility testing: a review of
general principles and contemporary practices. Clinical Infectious Diseases, 49(11),
1749-55. doi: 10.1086/647952
Jumaa, M., Furkert, F. H., and Muller, B. W. (2002). A new lipid emulsion formulation
with high antimicrobial efficacy using chitosan. European Journal of Pharmaceutical
Biopharmaceutics, 53, 115-123.
Kanke, M., Katayama, H., Tsuzuki S., Kuramoto H. (1989) Application of chitin and
chitosan to pharmaceutical preparations. Chemistry and Pharmaceutical Bulletin, 37,
523–525. doi: 10.1248/cpb.37.523.
Kataoka, K., Suzuki, Y., Ohnishi, K., Suzuki, K., Tanihara, M., Ide, C., Endo, K and
Nishimura, Y. (2001). Alginate, a bioresorbable material derived from brown seaweed,
enhanced elongation of amputated axons of spinal cord in infant rats. Journal of
Biomedical Material Research, 54,373-384.
Kel, D., Gökçe, H., Bilgiç, D., Aðaoðullarý, D., Duman, I., Öveçoðlu, M. L., Kayalý, E. S.,
Kýyýcý, I. A., Agathopoulos, S., and Oktar, F. N. (2012). Production of Natural HA
from Land Snails. Key Engineering Materials, 493-494, 287-292.
Kim, J. S., and Kim, Y. H. (2007). The inhibitory effect of natural bioactives on the growth
of pathogenic bacteria. Nutrition Research and Practice, 1, 273-278.
34

Kittur, F. S., Kumar, K. R and Tharanathan,R. N. (1998). Functional packaging properties
of chitosan films. Lebensm Unters Forsch A., 206, 44-47.
Klancnik, A., Piskernik, S., Jersek, B., and Mozina, S. S. (2010). Evaluation of diffusion
and dilution methods to determine the antibacterial activity of plant extracts. Journal of
Microbiology Methods, 81, 121-126.
Koide, S. S. (1998). Chitin-chitosan: properties, benefits and risks. Nutrition Research, 18,
1091-1101.
Kong, M., Chen, X. G., Xing, K., and Park, H. J. (2010). Antimicrobial properties of
chitosan and mode of action: a state of the art review. International Journal of Food
Microbiology, 141, 51-63. 53
Koseva, N., Manolova, N., Markova, N., Radoucheva, T., and Rashkov, I. (1999).
Chitosan gel beads as drug carriers. Polymer Bulletin, 43, 101- 107.
Kulkarni, A. R., Kulkarni, H. V., Keshavayya, J., Hukkeri, V. I. and Sung, H. W. (2005).
Antimicrobial activity and film characterization of thiazolidinone derivatives of
chitosan. Macromolecular Bioscience, 5, 490-493.
Kumirska, J., Weinhold, M.X., Thöming, J., and Stepnowski, P. (2011). Biomedical
Activity of Chitin/Chitosan Based Materials—Influence of Physicochemical Properties
Apart from Molecular Weight and Degree of N-Acetylation. Polymers, 3, 1875-1901;
doi:10.3390/polym3041875.
Kumar, A. B. V., Varadaraj, M. C., Gowda, L. R., and Tharanathan, R. N. (2005).
Characterization of chito-oligosaccharides prepared by chitosanolysis with the aid of
papain and pronase, and their bactericidal action against Bacillus cereus and
Escherichia coli. Biochemistry, 391, 167-175.
Kumar, M. N. V. (2000). A review of chitin and chitosan applications. Reactive and
Functional Polymers, 46, 1-27.
Kunike, G. (1926). Chitin und chitinseide. Kunsideide (Chemiefasern), 8, 182-188.
Kumar, M. N., Muzzarelli, R. A., Muzzarelli, C., Sashiwa, H., and Domb, A. J. (2004).
Chitosan chemistry and pharmaceutical perspectives. Chemistry Research, 104, 60176084.
Kumbar, S.G., Kulkarni, A.R and Aminabhavi, T.M. (2002). Crosslinked microspheres
microspheres for encapsulation of diclofenac sodium: effect of crosslinking agent.
Microencapsulation, 19, 173- 180.
Kurita, K. (2006). Chitin and chitosan: fuctional biopolymers from marine crustaceans.
Marine Biotechnology, 8, 203-226.

35

Lai, H.L., Abu'Khalil, A. and Craig, D.Q.M. (2003). The preparation and characterisation
of drug loaded alginate and chitosan sponges. International Journal of
Pharmaceuticals, 251, 175-181.
Laine, J., Labady, M., Albornoz, A., Yunes, S. (2008). Porosities and pore sizes in
coralline calcium carbonate. Materials Characterization, 59, 1522-1525.
Lee, B.C., Kim, M.S., Choi, S.H., Kim, K.Y., Kim, T.S. (2009). In vitro and in vivo
antimicrobial activity of water-soluble chitosan oligosaccharides against Vibrio
vulnificus. International Journal of Molecular Medicine, 3, 327–333.
Legg, G., and Jones, R. E. (1988). Pseudoscorpions. Synopses of the British Fauna (New
Series) (ed. D.M. Kermack & R.S.K. Barnes), The Linnean Society of London. Avon:
The Bath Press.
Liao, I., Wan, A. C., Yim, E. K., Leong K. W. (2005). Controlled release from fibers of
polyelectrolyte complexes. Journal of Control Release, 104, 347–358.
Lim, L.Y., Wan, L.S.C., and Thai, P.Y. (1997). Chitosan microspheres prepared by
emulsification and ionotropic gelation. Drug Development Industrial Pharmacy, 23,
981–985. doi: 10.3109/03639049709149150.
Lim, L. Y., and Wan, L. S. (1995). The effect of plasticizers on the properties of polyvinyl
alcohol film. Drug Development Industrial Pharmacy,, 21, 839-846.
Liu, X. F., Guan, Y. L., Yang, D. Z., Li, Z., and Yao, K. D. (2001). Antibacterial action of
chitosan and carboxymethylated chitosan. Journal of Applied Polymer Science 79,
1324-1335.
Mayachiew, P., Devahastin, S., Mackey, B. M., and Niranjan, K. (2010). Effects of drying
methods and conditions on antimicrobial activity of edible chitosan films enriched with
galangal extract. Food Research International, 43, 125-132.
Milev, A.S., Kannagara, G.S.K, Ben-Nissan, B., and Wilson, M. (2004). Template directed
synthesis of nano-sized bone-like apatite. In shuttle J(ed). Proceedings of the Asia
pacific nanotechnology forum 2003. World Scientific Publishing Co. Singapore, 87-92.
Moon, J.S., Kim, H.K., Koo, H.C., Joo, Y.S., Nam, H.M., Park, Y.H., Kang, M.I. (2007).
The antibacterial and immunostimulative effect of chitosan oligosaccharides against
infection by Staphylococcus aureus isolated from bovine mastitis. Applied
Microbiology Biotechnology, 3, 989–998. doi: 10.1007/s00253-007-0898-8.
Muzzarelli, R. A. A. (1977). Chitin. Pergamon Press Ltd, Hungary. (p. 83-143).
Muzzarelli, R., Tarsi, R., Filippini, O., Giovanetti, E., Biagini, G., and Varaldo, P. E.
(1990). Antimicrobial properties of N-carboxybutyl chitosan. Antimicrobial Agents and
Chemotherapy, 34, 2019-2023.
36

No, H. K and Meyers S. P. (1995). Preparation and characterization of chitin and chitosan.
A review, Journal of Aquatic Food product Technology, 4, 27–51.
No. H. K., Park, N. Y., Lee, S. H. and Meyers, S. P. (2002). Antibacterial activity of
chitosans and chitosan oligomers with different molecular weights. International
Journal of Food Microbiology, 74, 65-72.
No, H. K., and Meyers S. P. (1995). Preparation and characterization of chitin and
chitosan. A review, Journal of Aquatic Food product Technology, 4, 27–51.
No, H. K., Cho, Y. I., Kim, H. R and S. P. Meyers, S. P. (2000). Effective deacetylation of
chitin under conditions of 15 psi/121ºC. Journal of Agricultural Food Chemistry, 48,
2625-2627.
Oliveira S., R. Ringshia, R., Legeros, E., Clark, L., Terracio, C., Teixeira, M., and Yost.
(2009). An Improved Collagen Scaffold for Skeletal Regeneration. Journal of
biomedical research, 94(2), 371-379.
Oungbho, K., and Muller, B.M. (1997). Chitosan sponges as sustained release drug
carriers. International Journal of Pharmaceutics, 156, 229-237.
Pantaleone, D., Yalpani, M., and Scollar, M. (1992). Unusual susceptibility of chitosan to
enzymic hydrolysis. Carbohydrate Research, 237, 325-332.
Papineau, A. M., Hoover, D. G., Knorr, D. and Farkas, D. F. (1991). Antimicrobial effect
of water-soluble chitosans with high hydrostatic pressure. Food Biotechnology, 5, 4557.
Paranteau-Bareil, R., Gauvin, R., Berthod. (2010). Collagen based biomaterials for tissue
engineering Applications. Materials, 3(3), 1863- 1887.
Park, S.I. and Zhao, Y. (2004). Incorporation of a high concentration of mineral or protein
into chitosan- based- films. Journal of Agricultural Food Chemistry, 52, 1933-9.
Peniche, C., Arguelles-Monal, W., Peniche, H., and Acosta, N. (2003). Chitosan: An
attractive biocompatible polymer for microencapsulation. Macromolecular Bioscience,
3, 511.
Poole, S. (1989). The foam-enhancing properties of basic biopolymers. International
Journal of Food Science Technology, 24, 121–137. doi: 10.1111/j.13652621.1989.tb00626.x
Pranoto, Y., Rakshit, S. K., and Salokhe, V. M. (2005). Enhancing antimicrobial activity of
chitosan films by incorporating garlic oil, potassium sorbate and nisin. LWT – Food
Science and Technology, 38, 859-865.
Projan, S.J. and Youngman, P.J. (2002) Antimicrobials: new solutions badly needed.
Current Opinion in Microbiology, 5, 463–465.
37

Raafat, D., Bargen, K. V., Haas, A., and Sahl, H. G. (2008). Insights into the mode of
action of chitosan as an antibacterial compound. Applied and Environmental
Microbiology, 74, 3764-3773.
Raafat, D., and Sahl, H. G. (2009). Chitosan and its antimicrobial potential – a critical
literature survey. Microbial Biotechnology, 2, 186-201.
Rabea, E. I., Badawy, M. E. T., Stevens, C. V., Smagghe, G., and Steurbaut, W. (2003).
Chitosan as antimicrobial agent: Applications and mode of action. Biomacromolecules,
4, 1457-1465.
Rahman, M.A., Halfar, J and Shinjo, R. (2013). X-Ray Diffraction is a Promising Tool to
Characterize Coral Skeletons. Advances in Materials Physics and Chemistry, 3(1A),
120-125.
Raybaudi-Massilia, R. M., Mosqueda-Melgar, J., Soliva-Fortuny, R., and Martin-Belloso,
O. (2009). Control of pathogenic and spoilage microorganisms in fresh-cut fruits and
fruit juices by traditional and alternative natural antimicrobials. Comprehensive reviews
in food science and food safety, 8, 157-180. 56
Reichert, M., and Young, J. (1997). Sterilisation technology for healthcare facility.
Gaithersburg, M.D: Aspen publication, 2, 110-115
Rejane, C. G., Douglas, D., Assis, O.B. G. (2009). A review of the antimicrobial activity of
http://dx.doi.org/10.1590/S0104chitosan.
Polímeros,
19(3).
São
Carlos.
14282009000300013.
Rhoades, J., and Roller, S. (2000). Antimicrobial actions of degraded and native chitosan
against spoilage organisms in laboratory media and foods. Applied and Environmental
Microbiology, 66, 80–86.
Richardson, S.C., Kolbe, H.V., Duncan, R. (1999). Potential of low molecular mass
chitosan as a DNA delivery system: biocompatibility, body distribution and ability to
complex and protect DNA. International Journal of Pharmaceutics, 178, 231–243.
Rinaudo, M. (2006). Chitin and chitosan: Properties and applications. Progress in Polymer
Science, 31, 603–632
Rossignol D.P., Roschelle, A.J., and Lennarz, W.J. (1981). Sperm egg binding:
identification of a species- specific sperm receptor from eggs of sprongylocentrotus
purpuratus. Journal of Supramolecular Structure and Cellular Biochemistry, 15, 347358
Rutala, W. (1998). Sterilization and antisepsis in healthcare., Champlain,Newyork :
Polyscience publication. In Sterilisation: a review of the basics. Managing Infection
Control, 2004, 66-71.
38

Samuels R. J. (1981). Solid state characterization of the structure of chitosan films. Journal
of Polymer Science, Part B. Polymer Physics, 19, 1081-1105.
Samur R., Ozyegin, L., Agaogullari, D., Oktar, F.N., Agathopoulos, S., Kalkandelen, C.,
Duman, I., and Ben-Nissan, B. (2013). Calcium Phosphate Formation From Sea Urchin(Brissus Latecarinatus) Via Modified Mechano-Chemical (Ultrasonic) Conversion
Method. Metalurgija, 52(3), 375-378.
Schillaci, D., Arizza, V., Parrinello, N., Di Stefano, V., Fanara, S., Muccilli, V., Cunsolo,
V., Haagensen, J.J.A., and Molin, S. (2010). Antimicrobial and antistaphylococcal
biofilm activity from the sea urchin Paracentrotus lividus. Journal of Applied
Microbiology, 108, 17- 24.
Shapiro, L., and Cohen, S. (1997). Novel alginate sponges for cell culture and
transplantation. Biomaterials, 18, 583- 590.
Shaik, J., Garlapati, R., Nagesh, B., Sujana, V., Jayaprakash, T., and Naidu, S. (2014).
Comparative evaluation of antimicrobial efficacy of triple antibiotic paste and calcium
hydroxide using chitosan as carrier against Candida albicans and Enterococcus faecalis:
An in vitro study. Journal of Conservative Dentistry
: JCD, 17(4),
335–339.
doi:10.4103/0972-0707.136444.
Shepherd, R., Reader, S., and Falshaw, A. (1997). Glycoconjugate Journal, 14, p.535-542.
Shigemasa, Y., and Minami, S. (1995). Applications of chitin and chitosan for
biomaterials. Biotechnology and Genetics Engineering Review, 13, 383-420.
Shigemasa, Y., Saito, K., Sashiwa, H., and Saimoto, H. (1994). Enzymatic degradation of
chitins and partially deacetylated chitins. Journal of Biology Macromolecules, 16, 4349.
Singla, A. K., and Chawla, M. (2001). Chitosan: some pharmaceutical and biological
aspects – an update. Journal of Pharmacy and Pharmacology, 53, 1047-1067.

Smith, A. B. (1981). The stereom microstructure of the echinoid test. Special Papers in
Palaeontology, 25, 1-85. In Smith, A. B. and Kroh, A. (ed) The Echinoid Directory.
www.electronic publication. http://www.nhm.ac.uk/research-curation/projects/echinoiddirectory/
Srinatha, A., Pandit, J.K., and Singh, S. (2008). Ionic cross linked chitosan beads for
extended release of ciprofloxacin: in vitro characterization. Indian Journal of
Pharmaceutical Sciences, 70, 16–21.
Stabili, L., Pagliara, P. and Roch, P. (1996) Antibacterial activity in the coelomocytes of
the sea urchin Paracentrotus lividus. Comparative Biochemistry and Physiology Part B:
Biochemical and Molecular Biology, 113, 639–644.
39

Stamov, D.R. and Pompe, T. (2012). Structure and function of ecm-inspired composite
collagen type I scaffolds. Soft Matter, 8, 10200 – 10212.
Stupp S.I., Paul, V.B. (1997). Molecular manipulation of microstructures: Biomaterials,
Ceramics and Semiconductors. Science, 277, 1242-1248.
Sudharshan, N. R., Hoover, D. G. and Knorr, D. (1992). Antibacterial action of chitosan.
Food Biotechnology, 6, 257-272.
Tanaka, Y., Tanioka, S., Tanaka, M., Tanigawa, T., Kitamura, Y., Minami, S., Okamoto,
Y., Miyashita, M., and Nanno, M. (1997). Effects of chitin and chitosan particles on
BALB/c mice by oral and parenteral administration. Biomaterials, 18(8), 591-595.
Tharanathan, R.N., and Kittur, F.S. (2003). Chitin-The Undisputed Biomolecule of Great
Potential. Critical Reviews in Food Science and Nutrition, 43(1), 61-87, doi:
10.1080/10408690390826455.
Thacharodi, D, Rao, K.P. ( 1995). Collagen-chitosan composite membranes for controlled
release of propranolol hydrochloride. International Journal of Pharmacy, 120(1), 115–
118.
Tsai, G. J., and Su, W. H. (1999). Antibacterial activity of shrimp chitosan against
Escherichia coli. Journal of Food Protection, 62, 239-243.
Tsipursky S.J., and Buseck, P.R. (1993). Structure of magnesian calcite from sea urchins.
American Mineralogist, 78, 775-781.
Upadrashta , S.M, Katikaneni, P.R., and Nuessle, N.O (1992). Chitosan as a tablet binder.
Drug development and Industrial Pharmacy,18, 1701-1708.
Vacquier, V. D., and Moy, G. W. (1977). Isolation of bindin: the protein responsible for
adhesion of sperm to sea urchin eggs. Proceedings of National Academy of Science
USA, 74, 2456-2460.
Vecchio, K. S., Zhang, X., Massie, J. B., Wang, M., and Kim, C.V. (2007). Conversion of
sea urchin spines to Mg-substituted tricalcium phosphate for bone implants. Acta
Biomaterialia, 3, 785-793.
Wang, Q., Zhang, N., Hu, X.,Yang, J. and Du, Y.(2007). Chitosan/starch fibers and their
properties for drug controlled release. European Journal of Pharmaceutics
Biopharmaceutics, 66, 398–40
Wilkins, T. D., and Thiel, T. (1973). Modified broth-disk method for testing the antibiotic
susceptibility of anaerobic bacteria. American Society for Microbiology, 3, 350-356.
Wilt, F.H (2002). Biomineralization of the spicules of sea urchin embryos. Zoological
Science, 19, 253-261.
40

Xie, W., Xu, P., Wang, W., and Liu, Q. (2002). Preparation and antibacterial activity of a
water-soluble chitosan derivative. Carbohydrate Polymer, 50, 35–40.
Yalpani, M. and Pantaleon, D. (1994). An examination of the unusual susceptibility of
aminoglycans to enzymatic hydrolysis. Carbohydrate Research, 265, 159–175.
Yang, T.C., Chou, C.C., and Li, C.F. (2005) Antibacterial activity of N-alkylated
disaccharide chitosan derivatives. International Journal of Food Microbiology, 97,
237–245.
Yang, L., Hsiao, W.W., and Chen, P. (2002). Chitosan-cellulose composite membrane for
affinity purification of biopolymers and immunoadsorption. Journal of Membrane
Science, 197, 185–197.
Ylitalo, R., Lehtinen, S., Wuolijoki, E., Ylitalo, P., and Lehtimäki T. (2002). Cholesterol
lowering properties and safety of chitosan. Arzneimittelforschung, 52, 1–7.
Yoshihiko, O., Mayumi, S., Takahiro, A., Hiroyuko, S., Yoshihiro, S., and Ichiro, N.
(2003). Antimicrobial activity of chitosan with different degrees of acetylation and
molecular weight. Biocontrol Science, 8, 25-30.
Yu, M., Hwang, J., and Deming, T.J. (1999). Role of L-3, 4-dihydroxyphenylalanine in
mussel adhesive proteins. Journal of the American Chemical Society, 121, 5825-5826.
Zhou, Y.S., Yang, D.Z and Nie, J. (2006). Electrospinning of chitosan/ poly (vinyl
alcohol)/ acrylic acid solutions. Journal of Applied Polymer Science, 102, 5692- 5697.

41

