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KAJIAN MENGENAI AGEN ANTIMIKROB (AA) DIISI DENGAN
POLIPROPILENA (PP) UNTUK APLIKASI ANTIMIKROB

ABSTRAK

Jangkitan mikrob terkenal sebagai ancaman glarhhtap kesihatan manusia
dalam bidang bioperubatan. Jangkitan yang diselmalikeh mikrob di hospital
berkaitan dengan penggunaan peralatan perubatsantemya kateter. Dalam kajian
ini, polimer matriks komposit dihasilkan dengan ggabungkan zarah CuO dan FiO
ke dalam polipropilena melalui proses pencampueargdn Haake internal mixer pada
185°C untuk 10 minit diikuti dengan proses acuamgmapatan. Parameter yang
digunakan termasuk pelbagai komposisi PP, CuO, TAQ, AgNO; dan ZnO serta
suhu proses penyejukan pada QCW (10°C), QWW (3@e)and SC. Pencirian yang
digunakan termasuk mikroskop optik, SEM, XRD, DS&h dijian antimikrob (kaedah
terbenam dan pengiraan koloni). Terdapat tiga pkanyang terlibat seperti kesan
menggunakan pelbagai jenis AA dibenamkan dalam Bfiks, kesan campuran dua
atau tiga pelbagai jenis AA dan agen warna dibermangdalam PP matriks serta kesan
pelbagai keadaan penyejukan. Pada peringkat 1, RRui@An TiQPP menunjukkan
penyebaran zarah yang baik dan ujian antimikrolg y@aik yang kemudian digunakan
dalam peringkat seterusnya. PP/CuOAItO telah dipilih sebagai sampel terbaik
disebabkan oleh taburan AA dalam PP matrix yan§, bairang tahap penghabluran
dan ketahanan antimikrob yang baik. Kaedah penaalaialam air suam membuatkan
sampel PP/CuO/TifC lebih amorfus dan meningkatkan keberkesanamémtb.
Kesimpulannya, PP/CuO/THIC mempunyai potensi yang tinggi untuk mengurangkan
jangkitan yang disebabkan oleh mikrob. la juga bha&unakan untuk menggantikan

kateter yang pada masa kini sedang digunakan datiang bioperubatan.
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STUDIES OF ANTIMICROBIAL AGENT (AA) FILLED WITH
POLYPROPYLENE (PP) FOR ANTIMICROBIAL APPLICATION

ABSTRACT

Microbial infection is well recognized as a glolihteat to human health in
biomedical field. Infections caused by microbeshaspitals are associated with usage
of medical equipment and devices especially cathétethis study, polymer matrix
composite materials was produced by incorporate Gund TiQ particles into
polypropylene through mixing process in Haake maémixer at 185°C for 10 minutes
followed by compression moulding process. Parametesed included variety
composition of PP, CuO, TOAg, AgNO; and ZnO and temperature of cooling
process at QCW (10°C), QWW (30°C), CP and S6aracterizations used included
optical microscope, SEM, XRD, DSC and antimicrolsting (embedded method and
colony count). There were three stages involved &Kect of using different types of
AA embedded in PP matrix, effect of mixture of twothree different types of AA and
colouring agent embedded in PP matrix and effediféérent cooling conditions. At
stage 1, CuO/PP and Ti#PP shows good distributions particles and goouiréeriobial
testing which were then used in next stage. PP/O@QIC had been selected as the
best sample because of well distribution AA in P&mr, low crystallinity and good
antimicrobial resistance. Quenching method in wamater made PP/CuO/THI
sample more amorphous and increase antimicrobidicaey. Conclusively,
PP/CuQ/TiQ/C has high potential to reduce infection causednigrobes. It also can

be used as new replacement to current catheter i@amellical application.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

A microbe or microorganism is an individual livirgnimal or plant that is too
small to be seen by naked eyes and can only be wébnaid of a microscope.
Examples of microbes include algae, fungi, protoba&teria and viruses. Microbes are
found literally everywhere in the environment. Sospecies of them are pathogenic
which can cause cross infection, allergic reactioespiratory disorders, fouling, stains
and degradation (Rosdahl and Kowalski, 2008).

Pathogen can cause two categories of diseaseh ataanicrobial intoxications
and infectious diseases. A microbial intoxicatisraidisease that follows ingestion of a
toxic that was produced in vitro by a pathogen.d-borne botulism is an example of
microbial intoxication. On the other side, infectsodiseases are diseases that follow
colonization of the body by a pathogen. By follogvicolonization, the pathogen
proceeds to cause in vivo disease. According ®ghidy, catheter is more exposed to
infectious diseases which can cause in vivo diséaegelkirk and Duben-Engelkirk,
2008, Charney, 2012).

Microbes infection has become a major health gaoblem in medical field
causing an adverse impact on the quality of lifepatients, and there are many
alternatives and solutions that have been proptzsestercome the problems regarding
this situation (Burke, 2003). Infection happens wtee person is being harmed by
microbe. Lately in biomedical field, catheter whieh prone to microbial infection

becomes a major concern. Catheters play a crugialim hospital care, particularly in

1



the transport of intravenous fluids and medicatittnis a tube that is inserted in a
number of body cavities or vessels for providingidage or allowing injection of
fluids. Catheters can also be used to allow acfmessurgical tools. Any patients with
an indwelling catheter, either urethral or suprapubill develop a catheter-related
problem. Problems can range from relatively mirtom@ajor complications with serious
consequences for the patient’s health. It is ackedged that infection of medical
devices like catheter may cause allergic reactisns]len, nausea, fatigue, fever, severe
pain and dizziness (Trindade and da Silva, 201igjurE 1.1 shows swollen and allergic

reactions caused by catheter to human'’s skin.

Figure 1.1: Swollen and allergic reaction causeddiheter to human’s skin.



To minimize bio-contamination and reduce healtkahds, elimination of the
conditions in which these microbes thrive and, mhonyg in-situ sterilization, holds
immense significance. With the increasing conceofishealthcare, research and
development in the field of biomedical and surgiegipliances are being pursued
extensively. In order to decrease the risk of nb@binfection in catheter, antimicrobial
agent is introduced. Antimicrobial agent plays ampartant role in the biomedical
application in order to minimize the presence ofnabes by killing microorganisms or
inhibits their growth. This agent must be able todband inactivate a specific target
inside microbes cell (Mieny, 2003). In this studgpper oxide and titanium oxide are
used as antimicrobial agent.

Antimicrobial agents are classified into two greuwhich are organic and
inorganic compounds (Arefi et al., 2012, Shuklaakt Fang et al., 2006). However,
lately the organic antibacterial agents were nointérest for their poor antibacterial
properties (Shukla et al.). Therefore, nowadaysrganic antibacterial agents such as
metal and metal oxides are more preferred duedo #bility to withstand intensive
processing conditions, high durability, selectivatyd high resistance of heat (Hussain et
al., 2006, Rosenzweig, 2003). Polymer matrix comnipomaterials produced using
metal oxides particles and polymers are the masnhjzing type of materials applied in
biomedical field for antimicrobial purposes (Haretal., 2011).

There are numerous ways by which antimicrobial pprobes can be
accomplished in a polymer matrix. Incorporation wblatiie and non-volatile
antimicrobial agents directly into polymers, cogtiar adsorbing antimicrobials onto
polymer surfaces, immobilisation of antimicrobidts polymers by ion or covalent
linkages and the use of polymers that are inhgreamttimicrobial (Brody et al., 2010,

Ishitani, 1995, Ozdemir et al., 1999, Gray et 2003, Appendini and Hotchkiss, 1997,



Appendini and Hotchkiss, 2002, Goldberg et al.,@)98ecently, metal oxides polymer
matrix composite become more popular because af lingh flexibility in designing,
and better mechanical, chemical, electrical andcalpproperties as well (Altan et al.,

2011).

1.2 Problem Statements

Historically, catheter has been made from variefy plastics including
polytetrafluoroethylene (Teflon), silicone rubb@olyurethane and polyvinylchloride
(PVC). Catheter made of Teflon seems to be easily &nd its stiffness properties can
lead to endothelial injury and vascular mural thibanfror PVC catheter, the limitations
include contribute to high thrombogenicity, has hhifyiction and drugs can easily
adsorb to the plastic. Silicone rubber which hasain and soft characteristics means
that surgical incision and dissection is neededpfacement and predisposes them to
fracture or rupture. Polyurethane has higher tictand may get brittle with increasing
shelf age (King et al., 2008, Pettersson, 2001n&apames et al., 2001). The optimal
material still remains unknown and still being séadby most researchers. Figure 1.2

shows example of catheter tubes used in hospital.

Figure 1.2: Catheter tubes used in hospital.
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Currently, polypropylene also is the material bbice when comes to polymer
based biomedical appliance material. This is bexafithe convenience offered by this
polymer in terms of flexibility, film forming abily, light weight, chemical resistance
and barrier properties. However, polypropylenersnp to bacterial infection causing
an adverse impact on the health of patients. Updaper temperature and humidity
conditions, plastics like polypropyle can be a gooedium for the generation and the
propagation of microorganisms which can causeatrahs and infections (Palomba et
al., 2012). Therefore, transformation of those pwys from plain biomedical appliance
material to more specialized functional materiatparting antimicrobial and protective
properties termedActive biomedical appliance materials of immense commercial
interest to the medical industry.

Eventhough there are some potential AA that candeel to incorporate into PP
matrix like CuO, TiQ Ag, AgNO; and ZnO, this research will be more focused on CuO
and TiQ particles. However, testing regarding Ag, AghN&ahd ZnO types of AA still
being carried on in this study. Previous studied peoved the efficiency of CuO
particles in resisting microbes attack. Accordio@elgado, Quidaja and Palma (2011),
PRPCuOP composites present a higher release rate tharCEHPcomposites in a short
time, explaining the antimicrobial tendency. Coppeetal (CuP) and copper oxide
nanoparticles (CuOP) were embedded in a PP matnese composites present strong
antimicrobial behaviour against E.coli bacteria tihegpends on the contact time between
the sample and the bacteria. After just 4 hoursootact, theses samples are able to kill
more than 95% of the bacteria. CuOP fillers are mondre effective eliminating
bacteria than CuP fillers, showing that the antiobal property further depends on the
type of copper particle. Glireleased from the bulk of the composite is resipimsor

this behaviour.



Photocatalytic activity of Ti@refers to the ability of a material to form electr
hole pairs upon absorbing electromagnetic radiatibime reductive and oxidative
abilities of the electron-hole pairs can lead ® pnoduction of strong oxidizing agents
applicable for microbial decontamination. Bi@lways maintains its photocatalytic
abilities and for nanoscale TiOit has a surface reactivity that fosters its rnatéons
with biological molecules such as phosphorylateotgans and peptides (Liang et al.,
2006). Based on previous study, functionalizatidiTi®, nanoparticles with polymers
with good conducting properties can be used toctlithe charged electrons and
electropositive holes away from the surface of Ti@oreover, the addition of polymers
that allow for a large internal interface area kasw the polymer and the TiQ@article
aids in charge segregation and also prevents clacgenbination (Wang et al., 2009).
Bactericidal activity of TiQ nanoparticles, founded on their photocatalyticctigdy.
The illumination of the particles leads to the gatien of ROS that oxidize membrane
lipids and cause disruption to the outer and cysmpic membranes of the bacteria by
lipid peroxidation which leads to the death of teterial cells (Maness et al., 1999,
Kikuchi et al., 1997, Arora et al., 2007).

The concept of incorporating antimicrobial agedit®ectly into the biomedical
appliance is a very attractive approach. TherefGeQ, TiQ Ag, AgNO; and ZnO
antimicrobial agents will be incorporated into gwlgpylene to study the antimicrobial
properties. The optimum sample will be selectesgktam distribution of particles in PP

matrix, degree of crystallinity and antimicrobiéfieacy.



1.3

1)

2)

3)

Objectives

This research was done to achieve the followirjgaiives:

To study physical and thermal properties of AA-Rples. Physical properties
of the samples can be obtained by using opticatastope to see their internal
structures and SEM to investigate their externakpmology (texture). For
thermal properties, DSC was used to characterizkingetemperature and
degree of crystallinity for each sample.

To study the antimicrobial efficacy of AA-PP sanglerhe antimicrobial
efficacy can be acquired by using embedded methddcalony count method.
Both methods will shows which sample has high tasise towards microbes.
To obtain optimum AA-PP sample for antimicrobialphpation. The best
sample will be selected based on the result of eodxe method from stage 1
(effect of different types of AA which embeddedR®P matrix), stage 2 (effect
mixture two to three different types of AA and aalimg agent which embedded
in PP matrix) and stage 3 (effect of different @oglconditions). Other than
that, the sample needs to have good distributiopasficles in PP matrix and
low degree of crystallinity. Then, the chosen saamwill proceed to run colony
count method which is more quantitative analysiprove its effectiveness in

killing the microbes.



1.4  Scope of the Study

This study was focused in determining the appeaterantimicrobial agent which
can be incorporate with polypropylene to reduceraofies attack. The relationship
between distribution of AA patrticles in PP matiireat treatment effect and crystallinity
of sample with antimicrobial properties will be dissed in this study.
Characterizations used were optical microscopy mBsen, scanning electron
microscope (SEM) microstructure observation, ctysteucture analysis using X-ray
diffraction (XRD), thermal properties by differealti scanning calorimetry (DSC)
analysis and antimicrobial testing. For antimicedltésting, two methods had been used
that includes disk diffusion testing and colony mbtesting. Both methods were used to

study the effectiveness of AA-PP sample in reggstinicrobe attacks.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter provides the important informatiogameling the antimicrobial
agent materials which include CuO, FiGand PP together with the common
antimicrobial testing like disk diffusion testingdcolony count method. Basically, the
basic fundamentals, feasibilities, and findingsrfrprevious studies of antimicrobial
agents are discussed in this chapter. The infoomaitn this chapter is critically
reviewed to short list the type of antimicrobiakag (AA) which is suitable to use for

biomedical application.

2.2 Polypropylene

Polypropylene can be defined as any of variousntbplastic resins that are
polymers of propylene (Maier and Calafut, 2008).sltan important thermoplastic
polymer which compatible with many processing téghe and used in wide variety of
commercial applications, including automobile parteedical devices, drug delivery
systems, appliance parts, textiles, packaging atyrmore (Chen and Institute, 2007).

Polypropylene (PP) was first produced by Nattdpwang the work of Ziegler,
by the polymerization of propylene monomer in 19B#gler-Natta catalysts are the
most common commercial catalysts in polypropylersdyrperization. It was first
polymerized from organo-metallic catalysts basedtitamium and aluminium. The

resulting semi-crystalline polymer has strong meata properties which explain its
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rapid industrial development from its introductioio the market by Hoechst in 1965
(Chen and Institute, 2007, Tripathi, 2002, Kargeesis, 1995).

Polypropylene (PP) has some advantages that rhakedial compared to other
materials. Cost effectiveness and good performaricpolypropylene determine its
excellent growth rate. PP is considered as onéefightest thermoplastics. It has the
highest melting temperature of all commercial theptastics with better heat resistance
compared to other low cost thermoplastics. PP Igiseh stiffness at lower density. It
also has very good fatigue resistance as its @uktitin film can withstand more than
one million repeated flexing in testing. In additito this, PP offers good chemical
resistance, can be recycled easily, good envirotahstress cracking resistance, good
hardness, ease of machining and also good prodiégsiOther than that, PP can be
processed by many different methods, includingctiga moulding, blow moulding,
extrusion, blown and cast film, and thermoformiAg. these aspects make PP one of
the most used polymers by industry (Tripathi, 200Ben and Institute, 2007). Table

2.1 shows properties of unmodified PP compared atitler competitive thermoplastics.

Table 2.1: Properties of unmodified PP compareti wiher competitive thermoplastics
(Tripathi, 2002).

Property PP LDPE HDPE HIPS PVC ABS
Flexural modulus 15 0.3 1.3 2.1 3.0 2.7
(GPa)

Tensile strength 33 10 32 42 51 47
(MPa)

Specific density 0.905 0.92 0.96 1.08 1.4 1.05
Specific modulus 1.66 0.33 1.35 1.94 2.14 2.57
(GPa)

Maximum continuous| 100 50 55 50 50 70
use temperature (°C)

Cost (E/tone) 660 730 660 875 905 1550
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2.2.1 Chemical structure

Polypropylene is synthesized by polymerizing ptepg molecules, which are
the monomer units in the presence of a catalysemuodntrolled heat and pressure.
Propylene is an unsaturated hydrocarbon which gaseous byproduct of petroleum

refining. Figure 2.1 below shows molecular struetaf polypropylene.

\ —_—
/C_C\
H H

Figure 2.1: Molecular structure of propylene(Ched &nstitute, 2007).

During reaction of polymerization, propylene malles are joined one by one to
form one polypropylene long chain. First, propylereacted with transition metal
catalyst to provide site for the reaction. Therheotpropylene molecules are added
sequentially through a reaction between metallicfional group on growing polymer
chain and the unsaturated bond of the propyleneomen One of the double bonded
carbon atoms of incoming propylene molecules inggetf into the bond between the
metal catalyst and the last carbon atom of polyeoge chain. Thousands of propylene
molecules can be added sequentially to form a lpolymer chain until the chain
reaction is terminated (Chen and Institute, 200F)gure 2.2 below shows

polymerization reaction of propylene in the pregeatan organometallic catalyst.
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Figure 2.2: Polymerization reaction of propylenethe presence of an organometallic
catalyst (Chen and Institute, 2007).

2.2.2 Antimicrobial properties of polypropylene (PR

Polypropylene (PP) possesses superior mechanieaistance, abrasion
resistance and has high resistance to chemicablmgiral agents. However, PP is still
considered to be prone to microbes attack. Additivay impart antimicrobial activity
of PP. Some recent post-spinning treatments toilB#sf such as plasma exposure,
chemical modification and metal or metal oxide dgfen have been applied to
increase the reactivity, abrasion resistance, draliity of the surface though possible
drawbacks to these approaches. These actionshaaetto changes in morphology, loss
of polymer mechanical strength, and increase in ywebmeability (Arvidson et al.,
2012). Thus, the actions will give poor effects”RB properties and contribute to less

effective microbes attack.
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2.3 Antimicrobial Agent

Polymers and metals have been extensively ustéeifield of biomaterials and
can be tailored to suit numerous applications sicbatheters, guidewires, oxygenators,
blood filters stents and other implants. Typicaamples of these materials are nylon,
Pebax, polypropylene, polycarbonates, polyurethpobjvinylchloride, polyesters and
stainless steel. However, the biocompatibility ahé physical properties of these
materials are often less than ideal and can exHdiiciencies such as poor haemo-
compatibility, poor tissue compatibility, excessm@mplement activation, sensitivity to
bacterial colonization and high friction force. Asesult, development of novel surface
modification and coating technologies are in pregr® improve the biocompatibility
and performance of a wide range of biomaterialsl usenedical devices (Trindade and
da Silva, 2011).

Metals have been used for centuries as antimiaraigients. The selection of an
antimicrobial agent depends primarily on its atyi\against the target microorganisms
(Yam, 2010). Silver, copper, gold, titanium andczitave attracted particular attention
by each having different properties and spectra acfivity. With respect to
nanoparticulate metals, the antimicrobial properbé silver and copper have received
the most attention. Both of these materials hawenlm®ated onto or incorporated into
various base materials like PMMA and hydrogels. réhis an inverse relationship
between size of nanoparticles and antimicrobialigt Particles in the size range of 1-
10nm have been shown to possess the greatest dlictivity against microbes.
Indeed, it has been shown that smaller silver nartigfes are more toxic than larger
particles. At nanoscale, Adgons are known to be released from the surface. The
antimicrobial activity of small (<10nm) nanosilvparticles is dominated by Agons

while for larger particles (>15nm) the contributionf Ag™ ions and particles to the
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antimicrobial activity are comparable, the *Aign release being proportional to the
exposed nanosilver surface area (Subramani &Ml2).

Research efforts are driven towards the adaptfoconventional polymers to
impart physic-chemical properties that can leathtdti-functional materials. The focus
on polymer nanocomposites promises to provide efisttive alternative to suitably
address the challenges involved. The integratigpobfmer and inorganic materials has
constructed an attractive field in materials sogenDispersion of metal/metal oxide
nanoparticles in polymeric materials has proveddoan efficient method to improve
upon or add to the already existing propertiehefliulk polymer material. The unique
size or shape dependent on characteristics ofaheparticles can alter the performance
of polymer manifold. The changes are reflected amms of enhanced mechanical
strength, elasticity, optical properties, electrmanductivity and biological applicability
including antimicrobial action (Trindade and dav§jl2011). Table 2.2 below shows

examples of nanocomposites exhibiting specificraictiobial activity.

Table 2.2: Examples of nanocomposites exhibitirecgjg antimicrobial activity
(Trindade and da Silva, 2011).

Nanocomposite material Antimicrobial activity targe

Triglyceride oil based Gram-positive (S.aureus), Gram negative

polymer-Ag nanocomposites(P.aeruginosa) and spore forming (B.subtilis)
bacteria.

Ag/polyrhodanine Gram-negative (Escherichia c@ijam-positive

(Staphylococcus aureus and Candida Albicans)

[#)

Ag/TiO, Gram-negative (Escherichia coli), Staphylococci

Polystyrene/ TiQ Gram-negative (Escherichia coli), Gram-positive
(S.aureus)
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Among the antimicrobial metals, the use of cogfar) has a long tradition and
even ancient civilizations gain benefits from itscallent antimicrobial fects.
Nowadays, bacterial inactivation with Cu covers aewvspectrum including Cu-
surfaces, Cu-nanoparticles, or release of Cu-iBasteria interactions with materials
are very complex and can be influenced by variog$ofa such as surface charge,
hydrophobic/hydrophilic interactions or surface dregeneities (Klein et al.,, 2012,
Kumar and Munstedt, 2005a, Matthews et al., 2010).

A number of features of the antimicrobial agentd grolymer matrix can
influence the degree of  solubility, including: () olarity; (i)
hydrophobicity/hydrophilicity; (iii) crystallinity; (iv) differential solubility of the
polymer and antibacterial agents indifferent solsgrand (v) differential melting
temperatures, whereby the requirement for excedsdat to disperse one agent can
result in the degradation of the other. Consequemntlriation in the release profile of
the antimicrobial agent between samples can oftheie is inadequate dispersal of the
chemical agent within the polymer matrix (Hart ket 2010).

A recent study shows that impregnation methodgeats of coating the medical
device like catheter with nanoparticulate silvenproved the antimicrobial activity of
the device. This is due to the slow and continakdase of silver ions that prolonged the
antimicrobial effect (Li et al., 2006). However, adiner important advantage of
impregnation is the protection of both inner andeowsurfaces of catheters against
bacterial colonization. Material is overall prowttand thus can last longer from
microbes attack (Li et al., 2006, Furno et al.,£208ilcox et al., 1998, Darouiche et al.,
1999). Darouiche et al. (1999) also reported the¢ of central venous catheters
impregnated with either minocycline and rifampin ohlorhexidine and silver

sulfadiazine reduces the rates of catheter colooizand catheter-related bloodstream
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infection as compared with the use of unimpregnatatheters. In this study,
impregnated method was chosen to incorporate Afaimeto PP rather than coating

the polymer surfaces as it offers more advantages.

2.4  Types of Antimicrobial Agent

The metal oxides filled materials have to releliemetal ions to a pathogenic
environment in order to be efficacious. The enpirecess of metal ion release from
metal oxides filled material is composed of thrésmmentary processes. The processes
include diffusion of water into the composite speen, the reaction between the metal
oxides and water molecules leading to the formatibmetal ions and the migration of
metal ions through the composite specimen leadnipe release from the composite
specimen to the aqueous environment (Kawashitd.,eP@0, Kumar and Munstedt,

2005D).

2.4.1 Copper Oxide

Copper oxide is presumed to exert its antimicrlobeffect towards
microorganisms through inactivating functional gveun proteins by combining the —
SH groups of enzymes and its microbe’s inhibitorgciranism exactly same as an
antimicrobial mechanism of nano-silvparticles (Yoon et al., 2007Yhe schematic
overview of the different pathways inducing celtutaxicity by CuO nanopatrticles is

shown in Figure 2.3.
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Figure 2.3: Schematic overview of the differenthpays inducing cellular toxicity by
CuO nanoparticles (Chang et al., 2012) P@tential mechanisms of CuO
nanoparticles entry into cells; (b) Thaateve oxygen species (ROS) effect
of intracellular CuO nanoparticles (c) T¢mordination effect of Cii and

released from nanoparticles in cell; (dpeTnon-homeostasis effect
disrupted by Cil

Copper oxide has higher temperature supercondiygtiglectron correlation
effect, spin dynamics, higher durability, higherentical and physical stability, very
good in absorption and penetration (Ren et al.92(3a et al., 2012). Furthermore, it is
considered cheaper than silver, easily mixed wilymers, can be recyclable without
loss of properties, ease of use widely availablé lamg lasting product (Ren et al.,
2009). It can be prepared with unusual crystalcstine and high specific surface area
for certain antimicrobial application (Ravishankai and Bai, 2011)Polypropylene

(PP) matrix embedded with CuO particles (40 nmwsdtb better dispersion of CuO
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nanoparticles in PP matrix and strong antimicrob@lon against E.coli within 4 hour
with 99.9 % of bacterial reduction (Delgado et 2011).

CuO nanoparticles are more effective in killimgug-negative bacteria such as
E.coli when compared to the Cu nanoparticles dutheéda highest oxidation state in
naturally (Delgado et al., 2011). However, CuO aparticles were found to be most
toxic against few tested microbes which &w®cherichia coli, Bacillus subtilisand
Streptococcus aureuwhen compared to ZnO (except S.aureus), NiO, abDsS
nanoparticles (Baek and An, 2011, Karlsson e8I08). CuO nanopatrticles with sizes
ranging from 20 to 95 nm also showed activity aghiseveral bacterial pathogens,
including Staphylococcus aureus and E. coli (Dedgedal., 2011). Besides that, some
researchers showed that, higher release rate 9fd@n be achieved by using CuO as
antimicrobial filler when compared to Cu (Delgadaak, 2011). CuO fillers are much
more effective eliminating bacteria than Cu filléBelgado et al., 2011).

Highly ionic copper oxide nanoparticles with heghconcentrations were
required to achieve maximum Kkilling capability omde range of bacterial pathogens
when compared to the nano-Ag and nano-Cu (Ren.,e2@0D9, Ravishankar Rai and
Bai, 2011). Polymer embedded with nano-CuO had l@eatact-killing ability towards
Meticillin-resistant Staphylococcus aure(ldRSA strains (Ravishankar Rai and Bai,
2011). CuO nanoparticles were shown to cause afabixe stress, cytotoxic, genotoxic,
mitochondrial damage, and DNA damage, whereascthutd not be observed for CuO
micron-sized particles (Karlsson et al., 2008, Ig&son et al., 2009). High surface
reactivity and high toxicity of CuO nanoparticlasdaalso the release of Cu-ions lead to

cell death and DNA damage (Karlsson et al., 20@G8|dson et al., 2009).
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Therefore, CuO nanoparticles were much more tthan the Cu ions and the
bulk form of CuO (Karlsson et al., 2008, Karlssanaé, 2009). Besides that, CuO
nanoparticles were most potent regarding cytotopxi@and DNA damage when
compared to the Ti§ nanotubes, and ZnO (Karlsson et al., 2008). Tifé i6ns which
released from the polymer matrix composite is msponsible for any of the toxicity
effect to human health but few studies showed dhét copper nanoparticles and ionic
copper are highly toxic to human and mammaliarsd&klgado et al., 2011).

Nano-copper (23.5nm) and ionic-copper (0.072nm) rmaoderately toxic and
induce gravely toxicological effect and heavy imgsron kidneys, liver, spleen and
stomach of experimental mice (Liu et al., 2009, Nlen al., 2007, Chen et al., 2006).
But, micro-copper (17um) is practically non-toxindanot induce any toxicological
effect and heavy injuries on kidneys, liver, splegd stomach of experimental mice
(Liu et al., 2009, Meng et al., 2007, Chen et 2006). It has much smaller specific
surface area as 3.99 g 10’ cnf/g, which is about 1/940 to the nano-copper. #$®
chemically inert due to lower specific surface ar@deng et al.,, 2007). The
toxicological effect and injuries on kidneys, livespleen and stomach of experimental
mice for different size of copper is shown in Fig@.4 to 2.6. Therefore in this work,

micron size CuO is introduced in PP to determimeahtimicrobial properties.
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Figure 2.4: The appearance of spleens of experahamte (Chen et al.,

2006).

{a), Micro-Cu

(h). Nano-Cu

ic). Control

IIIIIlIIII'IIIIlllllllllllllllllllllllII|I111IIII

i

i

Figure 2.5: The appearance of kidneys of experiaienice (Chen et al., 2006).
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Figure 2.6: The appearance of mice’s stomach aftegle oral gavage for 24 hours
(Meng et al., 2007).
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2.4.2 Silver

The inhibitory action of nano-silver against mioes could be seen through the
dual mechanisms of denaturation and oxidisatimere silver ions attack some
functional groups in proteins by combining the —§tdups of enzymes and generate
reactive oxygen causes cell death of bacteria (Wasl Laga, 2009, Ruparelia et al.,
2008, Yoon et al., 2007, Radheshkumar and Munsg&fi5). Silver is a long lasting
biocide with high temperature stability and low atility (Cavalu et al., 20115ilver is
a superior antibacterial agent in eliminating baatecolonies ofS. aureusandE. coli
when compared to copper and titanium (Kaali, 2@Ruparelia et al., 2008). The silver
ion release rate depends on level of water uptakeekase AQions. The high
crystalline Ag-PA composite has lower level of watgtake and Agions release

(Damm et al., 2008). Therefore, amorphous polyragsreferable to enhance the ‘Ag

21



release (Damm et al., 2008, Radheshkumar and Miin2@05). Besides, crystallinity,
Ag” ions release was found to be dependent on speaifiace area.

For instant, silver nanoparticles with lower sfieciurface area of 0.78%g in
polyamide matrix had finer dispersion and highdease of silver ions compared to
PA/Ag composites which having SSA of 1.16 and 2.%gmin PA matrix had
agglomerated region in matrix which act as barf@r more silver ions release
(Radheshkumar and Munstedt, 2005, Kumar and Munsg805b). Silver showed
highest inhibitory activity against gram negativacteria such a&. coli than gram
positive bacteria such as S. aureus (RavishankiaariRiaBai, 2011, Cavalu et al., 2011,
Matthews et al., 2010, Sourav Ghosh, 2010). Bugulsstilis was more sensitive th&n
coli compared to silver nanoparticles (Kim et al., 200@on et al., 2007)Silver (25
nm) nanoparticles smaller size and high surfaca &ias highest antibacterial effect
compared silver microparticles (Hamouda, 2012\ e8ihas strong effect on both gram
positive & gram negative bacteria and several gseof bacteria (Ashe, 2011). Silver
kills bacteria by strangling them in a warm and sh@nvironment. Silver is 3—4 times
more active at pH8 than at pH6 (Wasif and Laga9200he use of silver nanoparticles
may cause of toxicity for humans and mammaliarsogflamouda, 2012, Sambhy and
Sen, 2008, Karlsson et al., 2008, Trindade andibda,S011, Linkov and Steevens,
2009, Raffi et al.,, 2008, Radheshkumar and Minst2@d6). Lately, the toxicity of
using micron sized silver particles in medicaldi&d less reported. This is probably due
to the fact that the antibacterial efficacy of AR-Romposite is reduced using micron

sized of antibacterial agenttine polymer matrix (Hamouda, 2012).
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2.4.3 Titanium oxide (TiQ,)

The photoexcited Ti@ particles under UV illumination produce activated
electrons and holes which strongly react with aphesic water and oxygen in order to
create ROS, such as active free hydroxyl radic@$l] that oxidize membrane lipids
and cause disruption to the outer and cytoplasnr@mbranes of the bacteria by lipid
peroxidation; this leads in turn to the death @& bacterial cells (Ravishankar Rai and
Bai, 2011, Arora et al., 2007, Adil M Allahverdiye2011). The photocatalysis
mechanism of titanium dioxide and bacteria inat¢torain the presence of an aqueous

suspension of different sized TiQarticles are shown in Figure 2.7 to 2.8.
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Figure 2.7: Photocatalysis mechanism of titaniuoxidie (Al-Anbagi et al., 2011).
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Figure 2.8: Bacteria inactivation in the presenicarbaqueous suspension
of different sized Tigparticles (Al-Anbagi et al., 2011).

Titanium oxide (TiQ) is a noncombustible and odorless white powdduraly
exists in anatase, rutile and brookite (Wang ¢t28107). Titanium oxide exhibits high
modulus of elasticity, high resistance to corrosibigh durability, poorly soluble
matter, excellent biocompatibility, light weightfrang oxidizing agent, excellent
balance of mechanical properties, high melting p@868°C), high specific strength,
hard, biologically inert, low wear and abrasionisesice, safe materials to human
beings and animals, broad spectrum antibiosis,bacitrial, self - cleaning, UV
protection, hydrophilic or ultra—hydrophobic, highemical stability, low cost, non-
toxic at microscale and gains clean photocatalytaperties when irradiated with UV
light (Davis, 2003, Acosta-Torres et al.,, 2011,ndade and da Silva, 2011, Adil M
Allahverdiyev, 2011, Wang et al., 2007, Dastjerdd &Montazer, 2010, Kale, 2011).

TiO, showed maximum antibacterial activity towards gmaagative bacteria
E.coli and minimum antibacterial activity againdtet fungi Candida albicans
(Mukherjee et al., 2011, Arora et al., 2007). Tidaonly exhibits strong antibacterial

effect towards bacteria, viruses and fungi in thespnce of near UV light (Mukherjee
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