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FABRIKASI DAN PENCIRIAN CAMPURAN POLI(3-HIDROKSIBUTIRAT-
ko-4-HIDROKSIBUTIRAT)/KITOSAN DAN BAHAN NANOKOMPOSIT

PERAK

ABSTRAK

Pembalut luka yang ideal boleh mempercepatkan penyembuhan luka dengan
mengawal jangkitan secara berkesan. Selain itu, terdapat beberapa criteria pembalut
luka yang penting seperti keupayaan menyerap cecair dari luka dan boleh
dibiodegradasikan. Oleh itu, bahan campuran yang baru telah difabrikasi daripada
poli(3-hidroksibutirat-ko-4-hidroksibutirat) [P(3HB-ko-4HB)] dan kitosan dengan
menggunakan kaedah acuan pelarut yang mudah kerana polimer-polimer tersebut
memenuhi ciri-ciri yang penting sebagai pembalut luka. Kesan kandungan kitosan (5,
10, 15 dan 20 b/b%) dan komposisi 4HB monomer (10, 18, 28 dan 44%) yang
berbeza terhadap sifat filem hibrid telah dikenalpasti. Interaksi di antara P(3HB-ko-
4HB) dan kitosan dalam bentuk ikatan hidrogen intermolekul telah disahkan melalui
peralihan kumpulan karbonil kopolimer dan kumpulan amida kitosan pada spektrum
FTIR. Kelarutan filem telah berkurang daripada 10% kepada 5% manakala kapasiti
penyerapan air telah meningkat kepada 59-68% apabila kandungan kitosan adalah 20
b/b% di dalam setiap kopolimer. Selain itu, campuran dengan 20 b/b% kitosan telah
meningkatkan pemanjangan pada takat putus dan menurunkan modulus Young
kopolimer. Penurunan suhu lebur dan peningkatan kestabilan terma telah
diperhatikan dari segi sifat terma. Imej mikroskopik menunjukkan filem campuran
mempunyai permukaan yang berliang dan kasar. Di samping itu, filem tersebut
mempamerkan perencatan yang baik terhadap Escherichia coli (22%) dan

Staphylococcus aureus (11%). P(3HB-ko-4HB)/20 b/b% kitosan adalah lebih
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hidrofilik, fleksibel, berliang, kasar dan mampu menghalang pertumbuhan bakteria.
Oleh itu, filem campuran ini telah disilangkait secara kimia dengan kepekatan
glutaraldehid yang berbeza [1, 3 dan 5% (b/i)]. Ikatan kovalen di dalam filem
campuran yang telah disilangkait secara kimia disahkan melalui kehadiran jalur
penyerapan di dalam lingkungan 1641-1631cm™ yang mewakili ikatan imine. Di
samping itu, ujian kapasiti pertukaran ion telah mendedahkan penyilangan di dalam
filem campuran adalah setakat 52-55%. Kekuatan mekanikal filem campuran juga
telah meningkat daripada 3 kepada 7 MPa. Walau bagaimanapun, keupayaan
hidrofilik, kestabilan terma dan morfologi permukaan telah terjejas akibat kehadiran
penyilangan di dalam matriks polimer. Prestasi antimikrob dengan jelas
menunjukkan filem campuran telah mengurangkan pertumbuhan kedua-dua E. coli
(35%) dan S. aureus (23%). P(3HB-ko-44%4HB)/20 b/b% kitosan yang telah
disilangkait secara kimia dengan 5% (b/i) mempunyai tahap penyilangan yang tinggi
berserta dengan kekuatan mekanikal, saiz liang dan kekasaran permukaan yang lebih
baik dari filem lain. Oleh itu, aktiviti antimikrob filem tersebut dipertingkatkan
dengan menggabungkan kandungan nanopartikel perak yang berbeza. Kehadiran
nanopartikel perak telah disahkan melalui kajian FTIR dan XRD. Gabungan dengan
nanopartikel perak telah meningkatkan kekuatan mekanikal, pemanjangan pada takat
putus dan kekasaran permukaan. Pertumbuhan bakteria telah dihalang sehingga
100% oleh filem nanokomposit yang mengandungi nanopartikel perak sebanyak 9
b/b%. Akhir sekali, kajian degradasi dengan menggunakan lisozim mendedahkan
filem campuran dan nanokomposit telah didegradasi dengan lebih cepat berbanding
dengan kopolimer tulen disebabkan oleh kehadiran kitosan. Bahan-bahan bioaktif ini
mempunyai masa depan yang cerah di dalam bidang pembalutan luka disebabkan

oleh ciri-ciri fungsi mereka yang canggih.
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FABRICATION AND CHARACTERIZATION OF POLY (3-
HYDROXYBUTYRATE-co-4-HYDROXYBUTYRATE)/CHITOSAN BLEND

AND ITS SILVER NANOCOMPOSITE MATERIAL

ABSTRACT

A desirable wound dressing should be able to accelerate wound healing with
infection controlled effect. Other than that, there are few important features of the
wound dressing such as ability to absorb the exudates from wound and to be
biodegradable. Therefore, a new blend material was fabricated from poly(3-
hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] and chitosan through
simple solvent casting method as they meet the essential requirements of the wound
dressing. The impact of different contents of chitosan (5, 10, 15 and 20 wt%) and
compositions of 4HB monomer (10, 18, 28 and 44%) towards the properties of
hybrid film was determined. The interaction between P(3HB-co-4HB) and chitosan
in the form of intermolecular hydrogen bonding was confirmed with the shift in the
carbonyl group of copolymer and amide group of chitosan in the FTIR spectra. Film
solubility was decreased from 10% to 5% whereas water absorption capacity was
increased up to 59-68% when the content of chitosan was 20 wt% in each of the
copolymer. Besides, blending with 20 wt% of chitosan improved the elongation at
break and lowered the Young’s modulus of the copolymers. In term of thermal
properties, depression in the melting temperature and increment of thermal stability
were observed. The microscopic images indicated that the blend films had porous
and rough surface. Furthermore, they exhibited good inhibition against Escherichia
coli (22%) and Staphylococcus aureus (11%). P(3HB-co-4HB)/20 wt% chitosan

were more hydrophilic, flexible, porous, rougher and bactericidal. Therefore, these
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blend films were chemically cross-linked via different concentrations of
glutaraldehyde [1, 3 and 5% (w/v)]. The covalent bonding in the cross-linked blend
films was confirmed with the presence of new absorbance band in a range of 1641-
1631 cm™ representing the imine linkage. Moreover, ionic exchange capacity test
revealed the extent of cross-linking in the blend films was up to 52-55%.
Interestingly, mechanical strength of the cross-linked blend films was also improved
from 3 to 7 MPa. However, the hydrophilicity, thermal stability and surface
morphology were adversely affected by the presence of cross-linking in the polymer
matrix. The antimicrobial performance clearly showed that blend films greatly
reduced the growth of both E. coli (35%) and S. aureus (23%). P(3HB-co-
44%4HB)/20 wt% chitosan cross-linked with 5% (w/v) of glutaraldehyde had high
degree of cross-linking together with good mechanical strength, pore size and surface
roughness than other films. Therefore, the antimicrobial activity of this film was
further enhanced by incorporating different contents of silver nanoparticle (SNP).
The presence of SNP was verified by FTIR and XRD studies. Impregnation of SNP
had resulted in improved mechanical strength, elongation at break and surface
roughness. The bacterial growth was inhibited up to 100% by nanocomposite film
with 9 wt% of SNP. Finally, degradation study using lysozyme revealed that the
blend and nanocomposite films were degraded faster than the pure copolymer due to
the presence of chitosan. These bioactive materials have a promising future in the

wound dressing field due to their sophisticated functional properties.
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1.0 INTRODUCTION

Recent advances in the science and technology enable mankind to invent and
employ the new environmentally friendly materials instead of the synthetic based
materials. Serious attention is paid in the innovation of these materials due to the
increasing concern over the sustainability of our earth. Biodegradable polymers from
renewable resources are the great alternative to resolve this issue because most of the
countries are now reducing their plastic usage from the cheap fossil fuel; petroleum
which will be depleted in future (Sudesh and Iwata, 2008). Based on the current
dilemma, a benign approach such as development of greener polymeric materials
without the usage of toxic or noxious component in their manufacturing process and
the ability to degrade naturally is required (Ray and Bousmina, 2005).

Natural polymers have attractive properties such as non-toxicity,
biodegradability and biocompatibility. Therefore, polymers have found diverse
applications in biomedical field such as wound dressing. The main objective of the
wound dressing is to accelerate the wound healing by providing optimum
environment for wound repair with their functional properties. An ideal wound
dressing should be able to absorb exudates from wound, elastic and resistance to
microbe penetration to protect the wound from infection (Kokabi et al., 2007).
Despite of unique properties of polymers, the single homopolymer is unable to meet
up the vast demand of a wound dressing, thus blending technique is selected to
upgrade their performance (Kweon et al., 2001). On the other hand, blending the
natural polymers is very challenging since the natural polymers have irregular
molecular structures such as wide range of molecular masses. Therefore, controlling
the processing factors is crucial as these decisive factors have huge effect in

developing a reproducible product (Moraes et al., 2010).



Polyhydroxyalkanoate (PHA) is synthesized by microbes under the stress
condition when phosphorus or nitrogen is limited and in the presence of excessive
carbon supply. This stage is known as accumulation stage whereby the cells will not
divide or grow but they will convert their metabolism towards biosynthesis (Jurasek
and Marchessault, 2004). Poly(3-hydroxybutyrate) [P(3HB)] and their copolymers
are the mostly known members of PHA (Noda et al., 2005).

Poly(3-hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-co-4HB)] copolymer
can be tailored into different monomer compositions by the utilization of different
carbon sources for the 3HB and 4HB monomers generation (Lee et al., 2004). In
fact, general precursors namely 4-hydroxybutyrate, y-butyrolactone and 1,4-
butanediol have the ability to produce the P(3HB-co-4HB) (Valentin and Dennis,
1997). Besides, the properties of the copolymer can be altered from hard crystalline
plastics to very elastic rubber through the manipulation of the 4HB content (Martin
and Williams, 2003). However, P(3HB-co-4HB) has a few drawbacks in the
properties such as absence of hydrophilicity and bioactivity. Therefore, blending
with another polymer should be done in order a new low cost product can be
obtained with diverse properties (Keshavarz and Roy, 2010).

Moreover, blending with natural polymer such as polysaccharides is an
excellent way to develop a novel biomaterial because they have active groups such as
amine, amide and hydroxyl which will enable the interaction with PHA
macromolecules (Moraes et al., 2010). Chitosan is one of the natural polysaccharide
obtained from the removal of N-acetyl group of chitin and it is a linear copolymer
linked by $-1,4 glycosidic bonds (Wu, 2005; Yap et al., 2011). Chitosan has gained
interest due to its filmogenic property, antimicrobial activity, biocompatibility,

biodegradability, non-toxic and of low cost (Camacho et al., 2010; Witt et al., 2010).



These characteristics of chitosan opened the window for the pharmaceutical and
biomedical applications (Ramachandran et al., 2011).

Nanoparticle in a scale of 1-100 nm has larger surface area and surface atoms
than the microscale sized particles (Azeredo, 2009). As one of the member, silver
nanoparticle (SNP) has created a new era in overcoming the resistance of bacteria
against antibiotics (Vimala et al., 2010). The antimicrobial efficiency of the
developed blend film can be upgraded by incorporating this nanoparticle into the
polymer matrix. As a result, a novel nanocomposite of P(3HB-co-4HB), chitosan and
SNP can be fabricated.

This work aims to shed light in the fabrication of blend film and
nanocomposite material as wound dressing. The attempt of this study is to develop a
biomaterial based on the following components namely P(3HB-co-4HB), chitosan
and SNP which will be investigated thoroughly in term of their physical, chemical,
thermal and biological properties. Two different approaches will be applied in the
blending of the polymers such as simple solvent casting technique and chemical
cross-linking via glutaraldehyde. One of the methods will be selected based on the
properties and SNP will be incorporated into the polymeric matrix to create a
nanocomposite with improved antimicrobial performance. Finally, the in vitro
degradation of the blend and nanocomposite films using lysozyme will be carried

out.



Thus, there are several objectives that need to be achieved at the end of this

research:

1)

2)

3)

To fabricate P(3HB-co-4HB)/chitosan blend films with hydrophilic and
antimicrobial property in different formulations by varying the
composition of P(3HB-co-4HB) and content of chitosan.

To study the effect of fabrication techniques on the physical, chemical,
thermal and biological properties of the blend material.

To enhance the antimicrobial activity of the blend film by the
incorporation of the SNP and to investigate the in vitro biodegradability

of the blend and nanocomposite films.



2.0 LITERATURE REVIEW
2.1  Polyhydroxyalkanoate (PHA)

Polyhydroxyalkanoate (PHA) is the polymer of hydroxyalkanoate that is
intracellularly synthesized as distinct granule when the growth is limited whereas the
carbon source should be in excessive form (Choi and Lee, 1999). All the PHASs share
similar characteristics among themselves such as hydrophobicity (insoluble in
water), high degree of polymerization (10° — 10 Da), non-toxicity, biocompatibility,
inherent biodegradability and they are enantiomerically pure chemicals consisting
only R-stereoisomer (Steinbuchel , 2001).

PHA is classified into two categories namely short chain length PHA (scl-
PHA) and medium chain length PHA (mcl-PHA) consisting of 3-5 carbon atoms and
6-16 carbon atoms, respectively (Akaraonye et al., 2010). The material properties
can be indentified based on the component monomer as the scl-PHA is thermoplastic
and can be very brittle whereas the mcl-PHA is elastomeric and become softer when
the monomeric chain length increases (Thomson et al., 2010).

P(3HB) homopolymer is an eminent member of the PHA and its copolymers
are synthesized by the incorporation of secondary monomer (scl-PHA) such as 3-
hydroxyvalerate (3HV) and 4-hydroxybutyrate (4HB) (Taguchi and Doi, 2004).
Moreover, copolymer consisting of scl-PHA and mcl-PHA such as poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate)  [P(3HB-co-3HHx)] can also be
synthesized (Nomura et al., 2004). In addition, copolymerization of different
monomers leads to the formation of terpolymer such as poly(3-hydroxybutyrate-co-
3-hydroxyvalerate-co-4-hydroxybutyrate) [P(3HB-co-3HV-co-4HB)] (Amirul et al.,

2008a). The common structure of the PHA is shown in Figure 2.1.
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