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Carboxymethyl sago starch (CMSS) is one of the natural polymers that have high
value as polymeric devices for medical application due to its potential as a
biocompatible material. The aims of this project were to prepare and characterize
hydrogels for controlled release application, targeted for gastrointestinal route, using
CMSS, with the degree of substitution (DS) 0.75, and methacrylic acid (MAA) via
electron beam irradiation technique. The hydrogels were prepared by irradiating the
CMSS/MAA mixture with electron beam at 5, 10, 15, 20, and 25 kGy doses.
Besides, the effect of preparation conditions, such as the amounts of CMSS and
MAA added,the irradiation doses on the gel fraction, and the swelling behavior of the
hydrogels, were investigated. The hydrogels were then characterized by infrared
analysis, thermal properties, surface morphology, and drug release behavior. The
study showed that 40% (w/v) of CMSS hydrogels were sufficient for further
formulation as controlled release devices. Furthermore, from the study, it had been
proven that the optimum amount of 5.0 g or 12.5% of MAA addition gave the
highest gel fraction, which was 66.12% and a swelling degree of 94.23 (g/g). The gel
fraction also increased with the increase in dose of irradiation. As a matter of fact,
the swelling behavior suggested that the hydrogels are pH responsive, whereby
minimal swell occurred at pH 2, and optimal swell took place at pH 7. Then, the
Fourier Transform Infrared (FTIR) analysis revealed that MAA took part in the
formation of CMSS/MAA hydrogels due to the appearance of a new peak at low
intensity at 1698 cm™, which indicated that the MAA was successfully grafted onto
the CMSS hydrogel. Furthermore, the thermal analysis results showed that the
thermal stability of the hydrogel increased with the addition of MAA into the CMSS
hydrogel by shifting the decomposition temperature to a higher temperature, which
was 309.1 °C. In addition, the surface study showed that the morphology of the



CMSS/MAA hydrogel was dependent on the amount of MAA. The study is then,
extended for controlled release evaluation by using the Bovine Serum Albumin
(BSA) as a model drug. The observation showed that hydrogel irradiated at 15 KGy
obtained the optimum loaded drug of 44.0 % (w/w) with 88.5 % (w/w) of drug
release within 24 hours. In conclusion, this preliminary study suggested that
CMSS/MAA hydrogels could be used as a controlled release device for drug released
applications.
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Karboksimetil-kanji sagu (CMSS) adalah salah satu polimer semulajadi yang
mempunyai nilai yang tinggi sebagai peranti polimer untuk aplikasi perubatan ini
kerana potensinya sebagai bahan yang bersifat bioserasi. Tujuan projek ini adalah
untuk menyediakan dan mencirikan hidrogel untuk aplikasi kawalan pelepas untuk
laluan gastrousus menggunakan karboksimetil-kanji sago dengan tahap penggantian,
(DS) 0.75 dan asid metakrilik (MAA) melalui teknik penyinaran elektron. Campuran
hidrogel CMSS/MAA telah disediakan daripada campuran CMSS/MAA melalui
teknik penyinaran alur elektron pada dos 5, 10, 15, 20 dan 25 kGy. Kesan komposisi
CMSS dan MAA, Kandungan gel yang terhasil dan tingkah laku pembengkakan
hidrogel yang disintesis telah disiasat. Hidrogel kemudian dicirikan untuk analisis
inframerah, sifat haba, morfologi permukaan dan pelepasan dadah. Kajian
menunjukkan bahawa, dengan 40% (w/v) CMSS sudah cukup untuk formulasi
seterusnya sebagai bahan pelepasan dadah. Menurut kajian ini lagi, penambahan
MAA sebanyak 5.0g atau 12.5% (w/v) akan menghasilkan hidrogel dengan pecahan
gel yang tertinggi iaitu 66.12% dan pembengkakan hydrogel sebanyak 94.23 (g/g).
Pecahan gel juga dilihat semakin bertambah dengan peningkatan dos penyinaran.
Disamping itu, sifat pembengkakan hidrogel pula menunjukkan hidrogel yang
terhasil bersifat peka terhadap pH dimana pembengkakan minima berlaku pada pH 2
dan pembengkakan optima pada pH 7. Kemudian, Fourier Transform Infrared
(FTIR) pula menunjukkan bahawa, MAA telah terlibat dalam pembentukan hidrogel
CMSS/MAA kerana kewujudan puncak baru dengan intensiti rendah pada 1698 cm™
yang menunjukkan MAA berjaya dicantumkan kepada hidrogel CMSS. Tambahan
pula, keputusan analisis terma menunjukkan bahawa kestabilan terma hidrogel
meningkat dengan tambahan MAA ke dalam hidrogel dengan suhu terkompos



beralih pada 301.9 °C. Seterusnya, kajian menunjukkan morfologi permukaan
hidrogel CMSS/MAA bergantung kepada komposisi MAA. Kajian ini kemudian,
dilanjutkan untuk penilaian pelepasan terkawal dengan menggunakan Serum
Albumin “Bovine” (BSA) sebagai model dadah. Pemerhatian menunjukkan bahawa,
hidrogel dengan dos penyinaran 15 kGy adalah paling optima dengan menunjukkan
peratusan pengumpulan dadah sebanyak 44.0% (w/w) dan pelepasan model dadah
adalah sebanyak 88.5% (w/w) dalam masa 24 jam. Kesimpulannya, kajian awal ini
mencadangkan bahawa, hidrogel CMSS/MAA boleh digunakan untuk aplikasi
pelepasan dadah secara terkawal.
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CHAPTER 1
INTRODUCTION

1.1  Background of the research

Hydrogels are a unique type of polymeric material. Interests on research
development in polymeric hydrogels have started around the 1950s (Guenet, 1992).
Hydrogels are simply known as materials that swell when placed in a fluid.
Hydrogels have a variety of definitions that describe this new polymeric material.
Most often, hydrogels can be defined as three dimensional polymer networks that
can absorb large amounts of water or biological fluids, and can hold the fluid without
dissolution (Peppas and Mikos, 1986). In addition, hydrogels are also known as
polymeric material when water-insoluble polymer absorbs a huge amount of water
fluid, or else they are simply defined as water-swollen polymer network (Swarbrick,
2006).

Some hydrogels are considered as smart materials due to the uniqueness of their
properties. Hydrogels have biocompatible properties, which can be designed to
archive desirable properties (e.g. solution-to-gel transitions or swelling/collapse) in
response to environmental stimuli, such as pH, temperature, solvent polarity, ionic
strength (Mart et al., 2006; de las Heras Alarcon et al., 2005), and so on. As a result,
hydrogels have been applied in various fields, such as food industries,
superabsorbent material, and in pharmaceutical area. Among them, the applications
of hydrogels in pharmaceutical area and biomedical disciplines are the most vital and
promising in their usage. In this area, hydrogels have been used as contact lenses in
ophthalmology, as absorbable sutures in surgery, as well as to cure illnesses, such as
diabetes mellitus, osteoporosis, asthma, heart diseases, and neoplasm, in other areas
of clinical practice (Gibas and Janik, 2010). This polymeric hydrogels can also be
used as membranes for biosensors, materials for artificial skin, linings for artificial
hearts, and also suitable as drug delivery devices (Peppas, 1997).

Besides, several materials can be used to form hydrogels, either synthetic or natural
based copolymer or homopolymer. Among those materials, researches on hydrogels
made from natural based (e.g. starch and CMS from various sources, cellulose,
CMC, bacterial cellulose, and citosan) have recently increased due to the vast
advantages these natural based materials have to offer. Compared to the synthetic
materials, the natural based polymer is cheaper and easily obtained due to the
abundant growth in the nature.

Carboxymethyl starch (CMS) biopolymer is one of the well known polysaccharide
starch derivatives that also can be further developed into hydrogels. CMS has water-
soluble biopolymer properties and swells well in water (Yaacob et al., 2011). As
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mentioned earlier, recently, researchers are more interested to fully utilize
inexpensive resources that mostly come from the nature to be developed into
hydrogels based products. Most commercial CMS are made from corn starch and
tapioca. Good news for fellow Malaysians, it has been found that sago starch
extracted from sago palms (Metroxylon sago) also has great potential to be
synthesized into CMS, and then, further used as hydrogels for various applications.

In Sarawak, Malaysia, sago palms grow well in swampy areas that are inexpensive
and are in urgent need of economic development. In a well attended farm, an
estimation of 175 kg of sago starch per palm is produced, which contributes to a total
yield of 25 tons of sago starch/ha. The starch is produced at the rate of approximately
300 million tons/year, and it is used in many applications, such as processed into
monosodium glutamate, fructose syrups, and glucose (Pushpamalar et al., 2006).

Hydrogels can be prepared either by using chemical method or irradiation method.
Nowadays, with advanced technologies, it is very interesting to prepare hydrogels
using the irradiation technique, such as by electron beam irradiation. This radiation
based method offers more advantages compared to other conventional method, such
as chemical method, especially for medical purposes. The advantages are firstly,
radiation solves the problem of sterilization of products and allows the use of
advanced and simpler technology than the “conventional™ one. Secondly, radiation
produces pure products with no contamination in the end products from the residuals
of toxic initiators or ballast materials. Lastly, radiation leads to the formation of
human friendly products by the application of this ionizing radiation that originates
from electron accelerators and also safe for the environment (Rosiak et al., 1995b).

In addition, throughout these years, hydrogels have gained increased attention among
researchers, especially for drug delivery devices. This is due to the similarities found
in the properties between hydrogels and hydrated body tissues, which are highly
hydrated in three dimensional networks, and they possess highly biocompatible
properties. These unique properties of hydrogels strongly make them possible to be
further exposed and to be developed to different biomedical materials, especially for
drug delivery devices.

1.2 Problem Statement

The pharmaceutical area, especially the drug delivery application, has gained so
much attention due to the high demand and the good prospect of product
development. Knowledge on the properties and the behavior of drug delivery devices
towards the environmental stimuli of the body is a must, so that, suitable devices can
be further improved to make sure optimum delivery using highly safety product is
achieved. So, more researches have been continuously conducted in order to offer
consumers safe and suitable pharmaceutical products. Besides, many commercial
drug delivery devices are made from animal gelatin source and synthetic polymer,
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while the method for hydrogels preparation that is widely used is copolymerization
by chemical initiator.

Nowadays, hydrogels that are made from plant source, especially polysaccharide,
using the irradiation method has created great interest among researchers based on
increase amount of paper published which covered in this area. Furthermore,
irradiation method is a smart way to produce hydrogels compared to chemical
method because it does not require any chemical initiators, has short processing time,
and the crosslink of the hydrogels is easier controlled through the dose of irradiation.
By the hard work from research activities done by various group of researchers such
as Yaacob et al., (2011), Pushpamalar et al., (2013) and many more, hydrogels can
be prepared by using the modified starch from sago plant or its derivatives, such as
Carboxymethyl Sago Starch. In fact, it has been proven that materials made from
sago not only can be used in the food industry, but actually, it can be commercialized
as products of medical devices. CMSS has good properties of biocompatibility and
blood compatible properties. However, for CMSS to be used as drug delivery
devices, it needs to be further modified due to some weaknesses. The main weakness
of polysaccharide derivatives is the high solubility properties in aqueous medium,
leading to the premature release (Nizam EI-Din et al., 2010) and the inability to form
a stable hydrogel (Sutar et al.,, 2008). Hence, due to this characteristic,
polysaccharides cannot be used alone to produce effective gel for certain
applications.

Therefore, in order to overcome this problem, cross linking with other polymer, such
as from methacrylic acid, is needed. MAA is a water soluble material, which can be
found in the form of clear liquid. This monomer has been widely used in the
pharmaceutical area due to its smart feature, which is sensitive to pH change. The
combination of CMSS and MAA as pH-sensitive monomer improves the thermal
stability of the starch derivatives (Saboktokin et al., 2009). Furthermore, the addition
of MAA into CMSS leads to unique hydrogels with potential applications as a
biomaterial that exhibits various properties, depending on the composition of the
hydrogels.

Thus, in this study, CMSS from sago starch was synthesized first. The synthesized
CMSS was characterized for the determination of the CMSS degree substitution
(DS). The synthesized CMSS was characterized by Fourier Transform Infrared
Spectroscopy (FT-IR), and morphology analysis. Then, the CMSS/MAA hydrogels
were prepared by using the electron beam irradiation technique. Since, the electron
beam irradiation itself acted as a crosslink agent, no other chemical crosslink agent
was added in this study in order to protect the inherent biodegradable and
biocompatible properties of the natural polymers. The properties of gel, such as the
gel content and the degree of swelling, were investigated with respect to various
compositions and irradiation doses. The thermal study and the morphology of the
hydrogels were studied as well. Besides, evaluations of drug load and drug release
behaviors of the hydrogels were also looked into. The novelty of this study lied on
the capable of producing hydrogels using CMSS and MAA via electron beam

3



irradiation method, which has not been deeply explored previously for drug delivery
application.

1.3 Objectives of the study
The main objectives of this study were:

1. To prepare and characterize CMSS from sago starch.

2. To optimize the preparation of hydrogels from CMSS and MAA using
electron beam irradiation.

3. To characterize and study the physical properties of the hydrogels, the
effects of various irradiation doses, and the composition of gel fraction
and swelling behavior.

4. To evaluate the controlled release application of the prepared hydrogels
using Bovine Serum Albumin as model drug.
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