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Carboxymethyl sago pulp (CMSP) with a degree of substitution 0.8 was synthesised from sago waste and cross-
linked with chitosan to form a hydrogel by electron beam (EB) irradiation. Diclofenac sodium was loaded into
40% CMSP/3% chitosan solution mixture and irradiated at 25 kGy. The hydrogel exhibited pH and temperature-
sensitive swelling behaviour. Fourier-transform infrared spectroscopy, field emission scanning electron micro-
scope, X-ray diffraction, differential scanning calorimetry, and thermogravimetric analysis were performed to
characterise its properties. Drug entrapment efficiency of diclofenac sodium-loaded hydrogel was 65.4 + 0.2%.
The release of diclofenac sodium from CMSP/chitosan hydrogel disc was low in an acidic environment (pH 1.2)
and there was slow and sustained release in colonic pH (pH 6.8) over 32 h in a first-order manner. Based on the
results of the disk diffusion test, the hydrogel exhibited antimicrobial activity against the tested microorganisms.
Among tested formulations, 40% CMSP/3% chitosan hydrogel was shown to be the potential drug carrier for

sustained drug delivery.

1. Introduction

Colorectal cancer (CRC) has been known as the third leading cause
of cancer-related mortality in North America, causing about 49,190
deaths in 2016 (O’Neill, Nguemo, Tynan, Burchell, & Antoniou, 2017).
Among various administration routes, rectal administration offers the
shortest route to deliver the drug to the colon, but it creates unpleasant
feeling and inconvenience to the patients. Therefore, oral administra-
tion of the drug becomes the most widely accepted route. However, it
has limitations such as degradation or release of drug in the stomach
and small intestine rather than the colon, causing low bioavailability
(Rajpurohit, Sharma, Sharma, & Bhandari, 2010). As the number of CRC
cases has increased drastically, the development of a controlled drug de-
livery system to the colon is of utmost importance to achieve a better
therapeutic effect.

Recently, hydrogels from natural polymers have drawn much inter-
est from scientists from biomedical and pharmaceutical areas due to
their biodegradability, biocompatibility, biosafety, high hydrophilicity,
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and high availability Chang & Zhang (2011). One of the examples of
polymer used for these applications is carboxymethyl cellulose (CMC).
CMC is an anionic polysaccharide derived from cellulose, with the sub-
stitution of carboxymethyl groups to some hydroxyl groups of cellulose
by glycoside bonds Chen & Cooper (2002). As a water-soluble polysac-
charide, it dissolved in water and became negatively charged due to the
dissociation of carboxyl groups (Prado da Silva et al., 2014). CMC can
be derived from cellulose of various kinds of sustainable resources such
as bamboo, cotton, flax, hemp, jute, sisal, banana, and straws (rice and
wheat) (Reddy, Uma Maheswari, Muzenda, Shukla, & Rajulu, 2016).
Our previous work reported on CMC preparation from biomass waste
from sago palm (Metroxylon sagu), and it is specifically known as car-
boxymethyl sago pulp (CMSP) (V. Pushpamalar, Langford, Ahmad, &
Lim, 2006). In our previous studies, CMSP with the degree of substi-
tution of 0.4 has been used to prepare hydrogel beads and discs for
drug delivery applications (Lam, Muniyandy, Kamaruddin, Mansor, &
Janarthanan, 2015; Thenapakiam, Kumar, Pushpamalar, & Saravanan,
2013). Besides, CMSP with the degree of substitution of 0.8 have been
cross-linked with other polysaccharides such as carboxymethyl sago
starch and pectin using EB irradiation to form hydrogels (Tan et al.,
2016a and Tan, Wong, Muniyandy, Hashim, & Pushpamalar, 2016b). In
a recent study, poly(lactic acid)/CMC/curcumin film was prepared, for
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improvement of curcumin release in the intestinal alkaline environment
(Sampath U. Gunathilake, Ching, Chuah, Rahman, & Nai-Shang, 2020).
Electrically controlled release of drug from CMC hydrogel has also been
reported (Sangsuriyonk, Paradee, & Sirivat, 2020).

Chitosan is a long-chain polysaccharide made up of N-acetyl-D-
glucosamine and D-glucosamine units linked by #-(1-4)-glycosidic bonds
(Alves & Mano, 2008). It is a polycationic polymer with two hydrox-
yls (-OH) groups and one amino (-NH,) group in repeating glycosidic
residue. The presence of active primary amino groups in chitosan struc-
ture can provide an active site for many side-groups and thus alter
its biological and physical properties. Due to its interesting proper-
ties such as bioadhesion, biodegradability, and biocompatibility, chi-
tosan has been used to develop hydrogels for drug delivery purposes
(Martinez-Ruvalcaba, Sanchez-Diaz, Becerra, Cruz-Barba, & Gonzalez-
Alvarez, 2009; Pourjavadi, Jahromi, Seidi, & Salimi, 2010). Stimuli-
responsive hydrogel such as thermal sensitive poloxamer/chitosan hy-
drogel has been developed for mucosal drug delivery. UV and pH-
responsive chitosan hydrogel was synthesised using a photocleavable
crosslinker (Nisar, Pandit, Wang, & Rattan, 2020).

In a study, blend hydrogel of CMC and chitosan has been prepared
using EB irradiation. The reported biodegradability of this hydrogel
opens up its potential applications in the biomedical area Zhao & Mit-
omo (2008). To further characterise the prepared CMSP with the de-
gree of substitution of 0.8 and explore the potential application of the
blend hydrogel of CMC and chitosan, this study aimed to prepare EB-
crosslinked hydrogel made of CMSP and chitosan for drug delivery ap-
plication. The advantages of using EB irradiation for cross-linking are
that no additives are required and reduces production cost Zhao &
Mitomo (2008). In this study, CMSP/chitosan hydrogel discs are in-
corporated with diclofenac sodium, a non-steroidal anti-inflammatory
drug with analgesic and antipyretic properties Khan (2012). It was
chosen as the model drug in this study because it also has an an-
tiproliferative effect against cancer cell growth, and it can be used
for the treatment of colorectal cancer (Nargave, Singh, & Kondalkar,
2016). In this study, gel fraction, swelling property, drug release be-
haviour, and antimicrobial activity of CMSP/chitosan hydrogel were
determined. Also, the hydrogel discs were characterised using Fourier-
transform infrared spectroscopy, field emission scanning electron mi-
croscope, X-ray diffraction, differential scanning calorimetry, and
thermogravimetric analysis.

2. Materials and methods
2.1. Materials

Sago waste was obtained from Ng Kia Heng, Kilang Sagu Indus-
trial Sdn. Bhd, Johor, Malaysia, Diclofenac sodium was purchased from
Ningbo Hi-tech Biochemicals Co. Ltd., China. Methanol, isopropanol and
ethanol (denatured 95%), sodium hydroxide pellets, glacial acetic acid,
were obtained from Friedemann Schmidt, Malaysia. Sodium chlorite
(80% technical grade) and chitosan (75-85% deacetylated, low molecu-
lar weight) were obtained from Sigma-Aldrich. Sodium monochloroac-
etate was obtained from Fluka.

2.2. Isolation of sago pulp

Sago waste was pre-dried in the oven for 3 h, ground using a blender
and sieved through 0.5 mm? test sieve. The ground sago waste was pre-
dried at 60 °C for 1 h. Twenty grams of sago waste was transferred into a
1 L conical flask and suspended in 640 mL of hot distilled water followed
by the addition of 4 mL of glacial acetic acid and 6 g of sodium chlorite.
The conical flask was placed in a water bath maintained at 70 °C for 3 h.
The mixture was filtered using a cheesecloth funnel and washed with
cold distilled water until the filtrate reaches pH 7. The residue was then
dried in an oven at 70 °C until constant weight (V. Pushpamalar et al.,
2006).

Carbohydrate Polymer Technologies and Applications 2 (2021) 100084

AN AN~

Carboxymethyl Chitosan
sago pulp

Diclofenac
+ ® .
sodium

Ed

Electron beam
irradiation

—

CMSP/Chitosan Drug-loaded
Hydrogel CMSP/Chitosan
Hydrogel

Fig. 1. Schematic diagram of CMSP/chitosan hydrogel preparation.

2.3. Preparation of carboxymethyl sago pulp with degree of substitution of
0.8

Five grams of sago pulp was added into 250 mL Scott bottle filled
with 100 mL of isopropanol. Sodium hydroxide (10 mL of 25% w/v)
was added dropwise. The mixture was stirred for an hour at 160 rpm,
and 6 g of sodium mono chloroacetate was added to the mixture. The
mixture was shaken in a water bath at 190 rpm and 45 °C for 3 h. The
mixture was then filtered using the Buchner funnel, and the residue was
suspended overnight in 300 mL methanol. The suspended solution was
neutralised using glacial acetic acid and then filtered using the Buchner
funnel. The residue was washed with 300 mL ethanol to remove un-
wanted products and dried in an oven at 70 °C until constant weight (V.
Pushpamalar et al., 2006).

2.4. Preparation of diclofenac sodium loaded CMSP/chitosan hydrogel
discs

A series of concentrations of CMSP with degree of substitution 0.8
solutions (10%, 20%, 30% and 40% (w/v)) were prepared. The chitosan
(2% and 3%) were dissolved separately in 1% acetic acid overnight at
1000 rpm. Twenty-five millilitres of 10% of CMSP was mixed with 5 mL
of 2% chitosan using a stirrer at 1000 rpm for 2 h. The CMSP/chitosan
mixture appeared as a turbid viscous solution, and 30 mL of the mixture
was poured separately into the lids of the petri dish. The EB irradiation
doses were 20, 25, 30, 40 and 50 kGys using an EB accelerator (EPS-
3000, 2 MeV energy, 10 mA current and 20 kW power), at room tem-
perature (25 °C), in air using a dose rate of 5 kGy/pass. The preparation
of hydrogel is illustrated in Fig. 1.

2.5. Determination of gel fraction

All irradiated samples were weighed (W) and poured into individ-
ual tea bags, and suspended overnight in distilled water to obtain the
insoluble hydrogels. The insoluble hydrogel was transferred into indi-
vidual plastic bags and dried at 70°C until constant weight (W;). The
percentages of soluble fraction and gel fraction were calculated as shown
in Eq. 1 and 2 (Vengidesh Pushpamalar, Langford, Ahmad, Hashim, &



L.S. Tan, H.L. Tan, K. Deekonda et al.

Lim, 2013):
. W0 — W1
1 fract = — 100 1
Sol fraction (%) W0 X (€3]
Gel fraction (%) = 100 — Sol fraction 2)

2.6. Preparation of diclofenac sodium loaded CMSP/chitosan hydrogel
discs

The 30% (w/w) of diclofenac sodium based on CMSP and chitosan
weight was dissolved in 25 mL of distilled water and covered with alu-
minium foil to protect the solution from light. A 25 mL of 40% (w/v)
of CMSP was added to the solution and stirred for an hour. Five millil-
itres of 3% chitosan were added and mixed using a stirrer at 1000 rpm
for 2 h. Thirty millilitres of CMSP/chitosan mixture were poured sepa-
rately into the lids of the petri dish and irradiated at 25 kGy using EB
accelerator. The samples were dried in an oven at 70 °C until constant
weight. Circular discs were cut using 6 mm single hole puncher. The un-
loaded discs were prepared using the same method without the addition
of drug.

2.7. Determination of drug loading and drug entrapment efficiency (DEE)

Diclofenac sodium-loaded discs (250 mg) were placed in Schott bot-
tles containing 100 mL of 1 N NaOH and stirred at 200 rpm and 40 °C for
24 h to extract the drug. The samples were collected, filtered, diluted,
and absorbance was measured at 276 nm using a Shimadzu UV-1800
UV-vis spectrophotometer. Drug loading and DEE were calculated us-
ing Eq. 3 and 4 (Thenapakiam et al., 2013):

Drug content of hydrogel disc < 100% 3)

Drug Loading in % =
rug Loading m % Weight of hydrogel disc

Drug content of hydrogel disc

DEE = x 100% 4)

Theoretical drug content of hydrogel disc
2.8. Hydrogel discs analysis

Diameter, thickness and weight of diclofenac sodium-loaded and un-
loaded CMSP/chitosan discs were measured using a dial calliper (Series
505, Mitutoyo, JAPAN) and an electronic balance (Sartorius, Germany).

2.9. Field emission scanning electron microscopy (FESEM) analysis

Chitosan, CMSP, and diclofenac sodium-loaded and unloaded
CMSP/chitosan discs were initially coated with a thin layer of platinum
using a Q150R S rotary-pumped sputter coating system (Quorum Tech-
nologies, UK) before being observed at different magnifications using
FESEM (SU8010, Hitachi, Japan)

2.10. Fourier transforms infrared (FTIR) spectrometry

CMSP, chitosan, unloaded and diclofenac sodium-loaded
CMSP/chitosan discs were grounded into powders and the spectra
between 600 and 4000 cm~! were obtained using an FTIR spec-
trophotometer using attenuated total reflection accessory (Varian,
USA).

2.11. X-ray diffraction (XRD)

Diffractograms of sample powders were obtained over a 26 range
from 5-70°. A Bruker D8 DISCOVER X-ray diffraction apparatus was
used. The analysis was performed with a cobalt target X-ray tube oper-
ating at 30 kV and 330 pA.

Carbohydrate Polymer Technologies and Applications 2 (2021) 100084

2.12. Differential scanning calorimetry (DSC)

DSC was carried out with the range of temperature 30 to 400 °C on
DSC 4000 (Perkin Elmer, USA). 5 mg of sample was sealed into alu-
minium pans. The heating rate was 15 °C min~! while 20 °C min~! for
nitrogen flow rate.

2.13. Thermogravimetric analysis (TGA)

TGA was performed on TGA/DSC 2 (METTLER TOLEDO, USA). Ten
milligrams of samples were analysed at a range of 60 to 600 °C with a

heating rate of 10 °C min~! and nitrogen flow rate of 50 mL min~!.

2.14. Swelling behaviour

The swelling behaviour of the unloaded CMSP/chitosan disc was
studied in distilled water and various pH media. Dry hydrogel discs
(0.5 g) were immersed in excess distilled water and buffer solutions
at pH 1.2, 5.5 and 7.4, respectively at room temperature (25 °C). The
swollen discs were removed from the solution and weighed. The excess
surface liquid of the hydrogel disc was blotted using filter paper. The
swelling percentage was calculated using Eq. 5:

Mt — MO

Mo
where MO is a mass of dry hydrogel disc at a Oth time, and Mt is a mass
of swollen hydrogel disc at a specific time, up to 24 h (Tan et al., 2016a).

%S = 100 5)

2.15. Drug release kinetics

The in vitro release studies were carried out in a USP dissolution
tester (TDT-08L) by paddle method at a rotation speed of 50 rpm in
900 mL medium at 37.0 = 0.5 °C. The continuous changing pH dissolu-
tion method was used to simulate the gastrointestinal tract environment.
Firstly, drug-loaded discs were added to 675 mL of 0.1 N HCI (pH 1.2)
for 2 h. After 2 h, 225 mL of tribasic sodium phosphate solution was
added to the chambers through dissolution vessels, and the pH was ad-
justed to 6.8 using 2 M NaOH or 2 M HCI if necessary. The drug-loaded
discs (n = 11) were placed in individual chambers, and 5 mL of aliquots
were withdrawn at regular intervals and replaced with the same amount
of release medium. The aliquots were collected using a 5 mL syringe and
filtered. The amount of drug present in the aliquots was determined and
analysed by UV-1800 UV-Vis spectrophotometer at 276 nm (Tan et al.,
2016a).

The drug release kinetics were analysed. The zero-order release ki-
netics describes the constant release of drug from drug delivery device
with hydrophobic drug. A graph of Q;, versus t was plotted to show the
zero-order kinetics model. The equation was shown below:

Ot = 00 + KOt (6)

However, a graph of log (Qy-Q,) versus t was plotted as a first-order
kinetic model where it describes that the release of the drug is propor-
tional to the amount of drug remaining in the interior of the drug de-
livery device with a hydrophilic drug with the equation shown below:

log Ot = log Qo — Kt /2.303 %)

where Q, is the quantity of drugs released at time ¢, and the initial quan-
tity of the drug entrapped in the drug-loaded disc is represented by Q,
(Gibaldi & Feldman, 1967; Mulye & Turco, 1995).

2.16. Antimicrobial activity of CMSP/chitosan hydrogel discs

The antimicrobial properties of the hydrogels were investigated util-
ising agar disk diffusion method. Four CMSP/chitosan discs consisting
of (a) CMSP: chitosan (20:2 w/w%, unloaded) (b) CMSP: chitosan (30:2
w/w%, unloaded) (c) CMSP: chitosan (40:2 w/w%, loaded with 16.75%
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of diclofenac sodium) and (d) CMSP: chitosan (40:3 w/w%, loaded with
19.61% of diclofenac sodium) were used. Six bacterial strains were
chosen: two gram+ and four gram- clinical pathogen which included
methicillin-resistant Staphylococcus aureus (gram+, ATCC 700699), En-
terococcus faecalis (gram+, ATCC 2921), Klebsiella pneumoniae (gram-,
ATCC 10031), Proteus mirabilis (gram-, ATCC 12453), E. coli (gram-,
ATCC 25922), Pseudomonas aeruginosa (gram-, ATCC 10145). The nu-
trient broth required for the overnight bacterial cultures was prepared
by dissolving 3.7 g of Merck nutrient broth (Kenilworth, New Jersey,
United States) in 100 ml of 18.1 MQ distilled water. The nutrient broth
was sterilised by autoclaving at 121 °C for 15 min and cooled down
to 37 °C. Approximately 5 ml of nutrient broth was poured into six
15 ml centrifuge tube along with 1 ml inoculum of the glycerol stock of
bacterial strains and incubated at 37 °C for 18 h at 200 rpm. The agar
plates were prepared by specifically dissolving 13.5 g of Merck nutrient
agar (Kenilworth, New Jersey, United States) in 500 ml of 18.1 MQ dis-
tilled water. The nutrient agar was sterilised by autoclaving at 121 °C
for 15 min, cooled down to 37 °C, and 20 ml was poured into each
Petri dish and allowed to form an agar gel. The Petri dishes were inoc-
ulated with each bacterial strain by spread plate method. 100 pl of the
overnight culture was pipetted onto each place and spread evenly using
a sterile L-rod, followed by placing the CMSP/Chitosan discs onto the
Petri dishes. The Petri dishes were labelled accordingly and incubated
at 37 °C for 24 h to obtain the inhibition zone (Wen et al., 2016).

2.17. Statistical analysis

Each experiment was performed at least in triplicates. All data were
shown as means + standard deviation. IBM SPSS Statistics software ver-
sion 20 was used to analyse results with a p-value of 0.05 using one-
way-ANOVA.

3. Results and discussion
3.1. Preparation of hydrogel discs

CMSP/chitosan hydrogel discs formed from 40%/2% and 40%/3%
(CMSP/chitosan) polymer solutions were shown to be intact, firm, and
thicker, whereas 10%/2% and 10%,/3% (CMSP/chitosan) hydrogels ap-
peared to be fragile and thinner. The difference in hydrogel formation
indicated that higher concentration of both polymers were required to
form a more robust hydrogel.

3.2. EB irradiation on hydrogel

During EB irradiation, radical cross-linking or scission process could
occur. Radical cross-linking occurred when free radicals are recombined
together. On the other hand, scission process occurred when there was
a failure of radical-radical reactions, thus terminated by reactions with
oxygen and/or hydrogen abstraction (Fei, Wach, Mitomo, Yoshii, &
Kume, 2000). Recombination of radicals formed at the side chain causes
cross-linking, whereas the recombination of radicals formed at the gly-
coside bond causes degradation (Yoshii et al., 2003). CMC polymers
were found to cross-link and form a hydrogel when there was a high
concentration of polymers. Chitosan provides an additional cross-link
site with CMC through ionic interaction or hydrogen bond. Besides, it
promotes cross-linking through stimulation of radical formation and sus-
tainment for the life of radicals Zhao & Mitomo (2008).

The cross-linking degree of hydrogels from irradiation reaction was
characterised using gel fraction analysis. Based on Fig. 2 (a) and (b), gel
fraction of 10%/2%, 20%/2%, 30%/2%, 40%/2%, 10%/3%, 20%/3%,
30%/3% and 40%/,/3% (CMSP/chitosan) hydrogels increased as the irra-
diation dose increased. However, when the gel fraction reached a maxi-
mum point, it started to decrease despite the increase of irradiation dose.
The maximum percentage of gel fraction for all hydrogels achieved at
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around 25-30 kGy. The presence of water in polymer solution was es-
sential for maximum cross-linking because water increases the mobil-
ity of rigid molecules of CMSP by allowing macro-radicals to recom-
bine with each other. Besides, hydrogen atoms and hydroxyl radicals
can induce more macro-radicals by hydrogen abstraction from CMSP
molecules (Vengidesh Pushpamalar et al., 2013; Yoshii et al., 2003).
There was intermolecular and intramolecular recombination of macro-
radicals. Intermolecular recombination leads to the linkage between
two radicals on separate chains, whereas intramolecular recombination
leads to the formation of a C-C bond between segments of the chain
itself (Ulanski, Janik, & Rosiak, 1998). Therefore, the reduction in the
percentage of gel fraction beyond 25 kGy might be due to the predom-
inant of chain scission process and oxidative degradation as compared
to cross-linking.

3.3. Effect of CMSP and chitosan concentration on gel fraction of hydrogel

As shown in Fig. 2(c) and (d), hydrogels with 30-40% CMSP with
2-3% chitosan showed higher gel fraction when there was an in-
crease in CMSP content. The increase in gel fraction could be due to
a higher probability for each CMSP macromolecular radical to form
a hydrogel. Thus, cross-linking predominates degradation (Vengidesh
Pushpamalar et al., 2013). Two radicals of CMSP chains have recom-
bined to form intermolecular cross-linking and resulted in the forma-
tion of an insoluble gel. On the other hand, CMSP/chitosan undergo
degradation in the diluted polymer solution. As the concentration de-
creases, the density of macro-radicals decreases. Radical-radical reac-
tions cannot be promoted to form cross-links due to the larger dis-
tance between macro-radicals. Consequently, the degradation process
predominates (Vengidesh Pushpamalar et al., 2013).

Interestingly, it was also found that the percentage of gel fraction be
significantly reduced when the concentration of chitosan increased, as
shown in Fig. 2(c) and (d). This might be due to the higher concentra-
tion of chitosan that hindered the recombination of radicals. Hence, the
occurrence of the cross-linking process has been reduced (Tahtat et al.,
2011).

3.4. Swelling kinetics

The 20%/2%, 20%/3%, 30%/2%, 30%/3%, 40%/2% and 40%/3%
CMSP/chitosan hydrogels were chosen for swelling studies as they were
stable and stayed intact in the swelling media. Other than distilled wa-
ter, three media in different pH (pH 1.2, 5.5 and 7.4) were used to study
the effect of pH on the swelling properties. These pHs represented the
pH of common human body components such as stomach pH (pH 1.2),
skin (pH 5.5), and body fluids (pH 7.4) (Almasi et al., 2020; Bashir, Teo,
Naeem, Ramesh, & Ramesh, 2017; Seong, Yun, & Park, 2018). The find-
ing could be useful in predicting the swelling behaviour of the hydrogels
regardless of which type of drugs they are carrying.

The swelling percentage of hydrogel increased as immersion time
increased until it reached a plateau. The swelling percentage of 40%
CMSP/3% chitosan hydrogel in distilled water was the highest, 722.75%
(Fig. 3(a)). This could be due to the presence of a higher proportion of
the hydrophilic polymer content per unit weight in this formulation.
This caused a higher affinity for water and an increase in water uptake
(Thenapakiam et al., 2013).

Based on Fig. 3(b), CMSP/chitosan hydrogel showed low swelling
percentage. As the dissociation constant (pKa) value of CMSP was be-
tween 3.8 to 4.2, and at pH 1.2, the COO- group will be protonated to
COOH (Martinez-Ruvalcaba et al., 2009; Pourjavadi et al., 2010). For
chitosan, it has a pKa value of approximately 6.3. There was protona-
tion of amines (NH,) to form positively charged ions (NH3*). The inter-
molecular hydrogen bonding between the COOH group from CMSP and
NH;* group from chitosan caused the formation of the compact struc-
ture of hydrogel that restricted significant swelling of hydrogel disc in
an acid environment (Lina Zhang, Jin, Liu, & Du, 2001).
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Fig. 2. Graph of gel fraction against EB irradiation dose for (a) 2%, (b) 3% of chitosan with 10%, 20%, 30% and 40% of CMSP, (c) 30% CMSP and (d) 40% CMSP

with 2% chitosan and 3% chitosan in hydrogel mixture.

The highest swelling percentage achieved in pH 5.5 buffer was
519.52% by 40% CMSP/2% chitosan hydrogel (Fig. 3(c)). Buffer so-
lution at pH 5.5 was above the pKa value of CMSP, ionisation of the
carboxyl group in CMSP occurred. However, pH 5.5 was lower than
the pKa value of chitosan, where there was protonation of amines to
form positively charged ions. Therefore, there was the formation of elec-
trostatic interaction between free carboxylic groups of CMSP and free
amino groups of chitosan. The swelling percentage of all formulation
in pH 5.5 was higher than pH 1.2 but lower than pH 7.4. It was con-
cluded that the swelling percentage increases with the increase in pH.
This could be explained by the formation of carboxylic anions in the
polymer network, which leads to the expansion of the network due to
strong electrostatic forces Long & Luyen (1996).

The highest swelling percentage achieved in pH 7.4 buffer was
661.90% by 40% CMSP/3% chitosan hydrogel (Fig. 3 (d)). At pH 7.4,
there was ionisation of the carboxyl group in CMSP, whereas deion-
isation of ammonium into the amino group in chitosan resulted in a
decrease in the electrostatic interaction of the amine group of chitosan
with the carboxyl group of CMSP. Thus, a less compact structure was
formed, allowing water to be trapped inside the hydrogel. Therefore, as
more water molecules could diffuse into the hydrogel matrix, it caused
the hydrogel to swell Zhao & Mitomo (2008). Based on these results,
the pH-sensitive behaviour of the hydrogel has been demonstrated due
to the different swelling degree in the buffers at different pH. Besides,
the swelling degree might be affected by the ionic strength of the so-
lution. Highest swelling degree of the hydrogel was observed in wa-
ter due to the higher osmotic pressure difference between the solution
and hydrogel as compared to the buffered media that contained salts
(Pandey, Mohd Amin, Ahmad, & Abeer, 2013).

The 40% CMSP/3% chitosan hydrogel disc was chosen for fur-
ther characterisation due to its high swelling at pH 7.4. As seen in
Fig. 3(e), the swelling percentage of 40% CMSP/3% chitosan hydro-
gel increased until a maximum point then decreased. This was dif-
ferent from the swelling behaviour of the similar hydrogel at room
temperature (Fig. 3(d)). At room temperature, the high swelling de-
gree was contributed by the interactions between water and polymer
chain through hydrogen bonding. At a higher temperature, 37°C, there
was a lower swelling degree due to disruption of polymer-water hy-
drogen bonds and an increase in polymer-polymer interaction. The hy-
drophobic interactions among hydrophobic segments became strength-
ened. As a result, there was shrinkage of a hydrogel matrix, due to
inter-polymer chain association through hydrophobic interactions Qiu &
Park (2001). This explained the eventual decrease in swelling of the hy-
drogel as time progressed. Based on this result, the swelling behaviour of
CMSP/chitosan was demonstrated to be pH and temperature-sensitive.
Temperature and pH are crucial environmental factors in physiologi-
cal, biological, and chemical systems. As there is increasing demand in
controlled drug delivery with high precision, the dual-sensitive swelling
behaviour of the hydrogel could be beneficial for the controlled release
of drug (Fan, Tian, & Liu, 2019).

3.5. Drug loading and entrapment efficiency

UV-visible spectrophotometry is a common approach used for
the analysis of diclofenac sodium in pharmaceutical formulations
(Bucci, Magrl, & Magri, 1998). Diclofenac sodium (30% w/w) was added
during the preparation CMSP/ chitosan hydrogel, and the drug encap-
sulation efficiency was found to be about 56-65% (Table 1). The drug



L.S. Tan, H.L. Tan, K. Deekonda et al.

Carbohydrate Polymer Technologies and Applications 2 (2021) 100084

(a) (b)
< 800 - ——20%CMSP/ 9 600 ——20%CMSP/
& 2%chitosan ;’ 2%chitosan
% o0 ——30%CMSP/ 8o ——30%CMSP/
‘E 2%chitosan = 400 2%chitosan
g -40%CMSP/ § 4(0)%C.MSP/
T 400 2%chitosan 9 ZA;chltosan
o 20%CMSP/ o0 ZMC.MSP/
?:o 3%chitosan e 200 4 3%chitosan
= 200 = ———30%CMSP/
g _30%CMSP/ QBJ 3%chitosan
a 3%chitosan A e 40%CMSP/
0 T T T T " ——40%CMSP/ 0 T T T T ] 3%chitosan
0 5 10 15 20 25 3%chitosan 0 5 10 15 20 25
Time (hour) d) Time (hour)
(c)
_. 600 - S
S ——20%CMSP/ é 800 - ——20%CMSP/
5 2%chitosan g‘n 2%chitosan
ul‘p 200 ~——30%CMSP/ E 600 «30%CMSP/
€ 2%chitosan s - 2%chitosan
. 40%CMSP/ O #== -40%CMSP/
. 2%chit o 400 A4 N <
& 5ig 4chitosan & v ‘\ 2%chitosan
a0 20%CMSP/ [T - -3 20%CMSP/
= 3%chitosan é 200 4 3%chitosan
] ——30%CMSP/ 2 ——30%CMSP/
E 0 T T T T ] 3%chitosan A o . . . . ; 3%chitosan
0 5 o 15 20 25 __so%cmsp/ 0 p %0 1 20 25 ——A40%CMSP/
Time (hour) 3%chitosan Time (hour) 3%chitosan
(e)
X 400
g £ 200
@ 8 100
)
a 0 - T T T T 1
0 5 10 15 20 25

Time (hour)

Fig. 3. Swelling percentage of various formulations of CMSP/ chitosan hydrogel discs in (a) distilled water, (b) pH 1.2, (¢) pH 5.5 and (d) pH 7.4 buffer solution at
room temperature (e) pH 7.4 buffer solution at 37°C of 40% CMSP/3% chitosan hydrogel.

Table 1

Drug loading and DEE in 40% CMSP/2% chitosan and 40% CMSP/3% chitosan hydrogel discs (n = 3 + sd).

CMSP/Chitosan Hydrogel Disc Weight of Hydrogel Drug Content of Theoretical Drug Drug Encapsulation
loaded with Diclofenac Sodium Discs (mg) Hydrogel Discs (mg) Drug Loading (%)  Content (mg) Efficiency (%)
40% CMSP/2% Chitosan 250.87 + 8.91 41.94 + 2.59 16.75 + 1.57 75.26 + 2.67 55.84 + 5.24
40% CMSP/3% Chitosan 238.57 + 3.19 46.78 + 0.78 19.61 + 0.07 71.57 + 0.96 65.37 + 0.24

Table 2

The diameter, thickness and weight of diclofenac sodium-loaded and unloaded 40%
CMSP/3% chitosan hydrogel disc (n = 3 + sd). Means within the same column with dif-
ferent alphabets are statistically different (p < 0.05).

CMSP/Chitosan Hydrogel Disc

Diameter (mm)

Thickness (mm) Weight (mg)

40% CMSP/3% Chitosan (Unloaded)
40% CMSP/3% Chitosan (Drug-loaded)

5.84 + 0.07
5.89 + 0.07

1.62 + 0.07¢
1.75+ 0.11°

445 + 2.3
47.8 + 2.2

loading of 40% CMSP/2% chitosan and 40% CMSP/3% chitosan was ap-
proximately 42% and 47%, respectively. Overall, CMSP/chitosan hydro-
gel discs have higher DEE than a previous study on calcium-crosslinked
hydrogel beads, probably due to lesser drug loss during EB- induced
cross-linking (Tan et al., 2016a). As 40% CMSP/3% chitosan hydrogel
has higher drug loading and DEE, it was further tested in subsequent
characterisation tests.

The hydrogel disc diameter was measured using a calliper (Fig. 4(A)
a). The slight standard deviation of diameter, thickness, and weight
for both unloaded and loaded 40% CMSP/3% chitosan hydrogel disc
indicated that the discs are uniform (Table 2). In Table 2, the means

within the same column with different alphabets are statistically differ-
ent (p < 0.05). It was observed that the thickness of unloaded discs was
significantly reduced as compared to the drug-loaded discs. This could
be due to a higher degree of cross-linking in unloaded hydrogel and
the hydrogel’s shrinkage, resulting in thinner discs. Besides, for drug-
loaded hydrogel discs, the polymer solution mixtures before irradiation
cross-linking had higher viscosity and density. Therefore, there might
be a reduction in the penetration of EB irradiation and a decrease in the
cross-linking degree (Lam et al., 2015).
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Fig. 4. (A) Measurement of hydrogel disc using a calliper (a), FESEM images of chitosan (b), CMSP (c), diclofenac sodium (d), unloaded 40% CMSP/3% chitosan
hydrogel disc (e), and diclofenac sodium loaded 40% CMSP/3% chitosan (f). (B) FTIR spectra of CMSP (a), chitosan (b), diclofenac sodium (c), 40% CMSP/3%
chitosan hydrogel (d), magnified formation of new peak in 40% CMSP/3% chitosan (e), and diclofenac sodium loaded 40% CMSP/3% chitosan (f), physical mixture

of CMSP: chitosan: diclofenac sodium (g).

3.6. Field emission scanning electron microscopy (FESEM)

Based on the FESEM images, chitosan (Fig. 4A(b)) and CMSP
(Fig. 4A(c)) had a smooth surface, whereas diclofenac sodium
(Fig. 4A(d)) had a rough surface. The unloaded 40% CMSP/3% chi-
tosan hydrogel disc had a smooth surface, indicating the extensive cross-
linking between chitosan and CMSP had formed a compatible matrix
(Fig. 4A(e)). However, diclofenac sodium-loaded 40% CMSP/ 3% chi-
tosan hydrogel discs had rougher surfaces (Fig. 4A(f)). This could be
attributed to the presence of the diclofenac sodium that caused a low
polymer to drug ratio, prevented the penetration of EB radiation, and re-
duced the cross-linking of polymers. As shown in Fig. 4A(f), there were
no visible drug particles on the surface of the drug-loaded disc, indi-
cating the inclusion of diclofenac sodium within the hydrogel matrix
(Lam et al., 2015).

3.7. Fourier transform infrared (FTIR) spectroscopy

FTIR was carried out to determine the polymer-polymer and
polymer-drug interactions. IR spectrum of CMSP showed a broad peak
around 3250 cm™, indicated the stretching vibration for hydroxyl group
(-OH) (Fig. 4B(a)). The peak at 2922 cm~! showed the C-H stretching
vibration of the carboxymethyl group. The existence of a strong absorp-
tion band at 1588 cm~! confirmed the presence of carboxylic (COO™)
functional group corresponding to CMC structure obtained from car-
boxymethylation of sago pulp. Absorption bands at 1413 cm~! and
1322 cm™! represented -CH, stretching. The broad absorption peak
around 1015 cm~! represented C-O stretching vibration for the ether
linkage of the 1,4-p-D-glucoside group (>CH-O-CH<) of cellulose back-
bone (Biswal & Singh, 2004).

For chitosan (Fig. 4B(b)), there was a broad absorption band centred
at 3348 cm™! due to stretching vibration of O-H and overlapped with

extension vibration of N-H as well as intermolecular H-bonds. The ab-
sorption spectrum at 2869 cm~! showed axial stretching of C-H bonds.
The peak at 1641 cm~! showed carbonyl group of amide resulted from
incomplete deacetylation of chitin to chitosan (amide I). The angular
deformation of N-H bonds of the amino groups (amide II) was shown at
1586 cm™! (L. Zhang, Wang, Guo, & Ma, 2014). The band at 1374 cm™!
indicated symmetrical angular deformation of CH; while 1149 cm™!
illustrated the asymmetric vibration of C-O in the oxygen bridge due
to deacetylation of chitosan. The evidence of the presence of polysac-
charides skeleton was shown in the absorption spectrum range from
1061 cm~! to 893 cm!. This included G-O-C in a glycosidic linkage, C-
H vibration indicated by absorption spectrum at 1061 cm~!, and visible
-CONH- group at 1025 cm~! (Murtaza, Ahmad, & Shahnaz, 2010).

For diclofenac sodium (Fig. 4B(c)), the absorption spectrum at
3424 cm™! indicated NH stretching of the secondary amine. The absorp-
tion peak observed at 1574 cm™! represented the -C=0 stretching of the
carboxyl ion, and absorption peak at 769 cm~! showed the C-Cl stretch-
ing. The absorption peak at 1552 cm~! represented the dichlorophenyl
ring. Other than that, C-O stretching was indicated by the absorption
peak at 1309 cm~! while C-CO-C stretching was shown by the absorp-
tion peak at 1289 cm™1.

For unloaded 40% CMSP/3% chitosan hydrogel disc (Fig. 4B(d)), a
new weak shoulder peak at 1726 cm™! indicated the interaction between
-COOH groups of CMSP and -NH, groups of chitosan in Fig. 4B(e). The
presence of the band at 1595 cm™! represented the symmetric defor-
mation of NH3* ion, owing to the electrostatic interaction of cationic
groups from chitosan and anionic groups from CMSP to form an inter-
macromolecular complex (Grumezescu et al., 2012; Rosca, Popa, Lisa,
& Chitanu, 2005).

For diclofenac sodium-loaded 40% CMSP/3% chitosan disc, the
distinctive peak at 3365 cm~! represented NH stretching of the sec-
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ondary amine (Fig. 4B(f)). The characteristic peak at 760 cm~! was
due to C-Cl stretching and the absorption peak at 1554 cm~! indi-
cated dichlorophenyl ring in the diclofenac sodium structure. There was
no appearance of new absorption band for drug-loaded hydrogel mix-
ture as compared to the unloaded hydrogel, indicated the absence of
chemical interaction between diclofenac sodium with CMSP and chi-
tosan. Besides, the functional groups of the drug in drug-loaded hydro-
gel have not been altered. As evidenced by the same pattern of IR spec-
trum of physical mixture of CMSP, chitosan, and diclofenac sodium in
1:1:1 ratio shown in Fig. 4B (g), the presence of diclofenac sodium in
CMSP/chitosan hydrogel disc has been verified.

3.8. Differential scanning calorimetry (DSC)

The thermal profile of CMSP exhibited endothermic melting
peaks at 176 °C and 193 °C. Both endothermic peaks were associ-
ated with structural transitions of the polymer chains (Fig. 5A(a))
(Lojewska, Miskowiec, Lojewski, & Proniewicz, 2005). Below 220 °C, the
structural transition might be related to partial oxidation of OH groups
on the polymer chains as the oxidation of OH groups was difficult due
to the attachment to the sugar ring (Li, Sun, & Wu, 2009). The endother-
mic peaks at 300-330 °C for CMSP could be due to the decomposition
of the CMSP chain (Lam et al., 2015).

The thermal profile of chitosan exhibited two endothermic peaks at
162 °C and 183 °C, which might be due to dissociation of interchain
hydrogen bonding of chitosan formed at an amino group and hydroxyl
functional group (Fig. 5A(b)) (El-Hefian, Elgannoudi, Mainal, & Yahaya,
2010). The exothermic peak at about 330 °C could be due to the thermal
decomposition of chitosan (Kumar & Koh, 2012). In Fig. 5A(c), two en-
dothermic peaks were observed from thermograms for 40% CMSP/3%
chitosan hydrogel at 167 °C and 191 °C. This indicated the thermal prop-
erty in between CMSP and chitosan as the peaks shifted to fall within
the melting points of CMSP and chitosan.

As represented in Fig. 5A(d), the thermogram of diclofenac sodium
exhibited a sharp endothermic peak at 301 °C, showing its melting point
(Tudja, Khan, MESTROVIC, Horvat, & Golja, 2001). The peak at 164 °C
indicated a complete loss of water molecules.

Based on the DSC thermogram of diclofenac sodium-loaded 40%
CMSP/3% chitosan hydrogel disc (Fig. 5A(e), there was a presence of a
new endothermic peak at 268 °C that corresponds to the incorporation
of diclofenac sodium. This showed that diclofenac sodium has remained
in the crystalline state in the polymer matrix. The detection of a lower
melting point peak than the melting peak detected in the pure drug
could be due to the polymorphic transition of the drug (Tudja et al.,
2001). The broad exothermic peaks in unloaded and diclofenac sodium-
loaded 40% CMSP/3% chitosan hydrogel disc indicated the degradation
of polymer (Jelvehgari, Valizadeh, Jalali Motlagh, & Montazam, 2014).

3.9. Thermogravimetric analyses (TGA)

Another thermal analysis, TGA, was carried out to further charac-
terise the thermal property of the fabricated hydrogel disc. The weight
loss of about 11% at around 110 °C for CMSP hydrogel disc was due
to loss of water moisture (Fig. 5B). Besides, there was a rapid weight
loss at about 250-340 °C with a weight loss of 30%, indicated the loss
of carbon dioxide from carboxymethyl groups of CMSP due to thermal
degradation (Su, Huang, Yuan, Wang, & Li, 2010). Chitosan showed
two stages of degradation. The initial degradation occurred at around
60 °C and displayed 10% weight loss due to the loss of water molecules.
The second stage of degradation occurred at around 280-350 °C with
a weight loss of 43% was assigned to the thermal and oxidative de-
composition of chitosan, elimination of volatile products, and vapor-
isation (Neto et al., 2005; Tirkistani, 1998). Thermal decomposition
of CMSP/chitosan dried hydrogel was investigated in several stages.
The weight loss of 40% CMSP/3% chitosan hydrogel disc (9%) during
heating at around 110°C indicated evaporation of water molecules. The
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weight-loss rates increased from 250-330 °C and displayed 31% weight
loss. The result showed that the thermal stability of CMSP/chitosan hy-
drogel is similar to the thermal stability of CMSP due to its higher com-
position in this composite material.

3.10. X-ray diffraction (XRD)

Based on Fig. 5C(a) and (c), the presence of a broad peak for CMSP
and chitosan indicated the amorphous state of CMSP and chitosan. The
second broad peak of chitosan was absent in the CMSP/chitosan hy-
drogel mixture (Fig. 5C(b)). This might be due to the formation of an
electrostatic interaction between an amino group from chitosan and car-
boxyl group from CMSP, weakened the intra- and intermolecular hy-
drogen bonds that caused crystallisation (Kaihara, Suzuki, & Fujimoto,
2011). Diclofenac sodium was in the crystalline state (Fig. 5C(d)), with
peaks at about 6, 8, 15, 20, 25, 26 and 27° at 26 values (Shivakumar, De-
sai, & Deshmukh, 2008). However, the absence of the peak in the un-
loaded 40% CMSP/3% chitosan hydrogel disc indicated the amorphous
state of chitosan and CMSP in the hydrogel disc. The diffractogram of
diclofenac sodium-loaded hydrogel showed the presence of crystalline
diclofenac sodium in the disc (Fig. 5C(e)). This could be due to the ex-
istence of diclofenac sodium in microcrystalline form within the poly-
mer matrix when the drug concentration has exceeded the solubility in
the polymer matrix (Shivakumar et al., 2008). The diffractogram of the
physical mixture of CMSP, chitosan and diclofenac sodium with a ra-
tio of 1:1:1 showed the same pattern as diclofenac sodium-loaded 40%
CMSP/3% chitosan hydrogel (Fig. 5C(f)), where the amorphous state of
both chitosan and CMSP remained in the hydrogel disc.

3.11. Invitro drug release

For in vitro drug release study, pH 1.2 and pH 6.8 release media
were used to simulate gastric fluid (pH 1.2) and intestinal fluid (pH
6.8), based on the guidelines in United States Pharmacopeia, for drug
release study of diclofenac sodium (United States Pharmacopeia, 2004).
Fig. 5D showed the cumulative release of diclofenac sodium from 40%
CMSP/3% chitosan hydrogel disc against time at pH 1.2 for 2 h and
continued at pH 6.8 at 37 °C, simulating the colonic environment. At
the first 2 h, less than 5% of diclofenac sodium was released. At the 3rd
hour, the release of diclofenac sodium became faster due to the release
of loosely entrapped drug in the swollen hydrogel disc. A slow and sus-
tained drug release was observed from 4 to 16 h. As time progressed,
the drug release rate decreased and eventually reached a plateau at the
327 . This could be explained by the increase in the path length for
diclofenac sodium molecule to diffuse toward dissolution medium and
the remaining drug was entrapped in the inner part of hydrogel matrix
(Lam et al., 2015). In acidic medium, the COO~ group in CMSP and
amino group in chitosan were protonated, created strong electrostatic
forces. The hydrogel disc remained unswollen and restricted the release
of diclofenac sodium. At pH 6.8, osmotic swelling forces built up due
to deprotonation of COO~ group of CMSP and amino group of chitosan.
Thus, there was a faster release of diclofenac sodium. The high solubil-
ity of diclofenac sodium above its pK, value contributed to the faster
release of the drug into the buffer solution (Lina Zhang et al., 2001).
Besides, it was observed that the discs swelled steadily and increased in
size as time progressed. However, after 15 h, the hydrogel has started
to degrade and no longer staying intact. The reading slightly fluctu-
ated after 20 h. The results showed that the diclofenac sodium-loaded
40% CMSP/3% chitosan hydrogel disc could exhibit the pH-sensitive
and sustained release up to 32 h. Based on the study conducted by Jose
et al., formulations with the high initial release of drug was not ideal
for colonic drug delivery as the drug was supposed to be released in the
colon (Jose, Dhanya, Cinu, & Aleykutty, 2010). Thus, the drug release
system in this study is potential for continuous release of medication
with therapeutic effect over an extended period in the colon after the
administration of a single dose.
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Fig. 5. (A) DSC thermograms of CMSP (a), chitosan (b), unloaded 40% CMSP/3% chitosan (c), diclofenac sodium (d), and loaded 40% CMSP/3% chitosan hydrogel
disc (e). (B) TGA and DTG curves of CMSP (a), chitosan (b), and unloaded 40% CMSP/3% chitosan hydrogel disc (c). (C). X-ray diffraction of CMSP (a), unloaded
40% CMSP/3% chitosan (b), chitosan (c), diclofenac sodium (d), drug-loaded 40% CMSP/3% chitosan (e) disc and physical mixture of diclofenac sodium, CMSP and
chitosan (f). (D) The graph of cumulative release of diclofenac sodium from 40% CMSP/3% chitosan hydrogel disc against time.

3.12. Drug release kinetics

The data of in vitro release was further analysed through the mecha-
nism and mathematical modelling to investigate the drug release from
hydrogel (Saravanan, Bhaskar, Maharajan, & Pillai, 2004).

Table 3 showed the best fit with a higher correlation coeffi-
cient (r*=0.9910) was shown in first order model if compared to
(r?= 0.9683) for the zero-order model. This could be attributed to
the tightly bound diclofenac sodium in the polymer matrix, which
caused the release of diclofenac sodium to be directly proportional
to the amount of diclofenac sodium remained in the polymer ma-
trix with the slow sustained release. It was believed that three

steps have occurred for drug release. This included inhibition of
surrounding medium into hydrogels, dissolution of the drug from
hydrogel, and diffusion release of the drug into the surrounding
medium Peppas (1985).

A graph of cumulative percentage of drug release versus square root
of time was plotted for Higuchi model (Eq. 8):

Ot= kH(®) 0.5 ®

where ky; is the release constant. The correlation coefficient ?=0.793)
was obtained, which indicated the release of diclofenac sodium from
CMSP/chitosan hydrogel disc was not diffusion-controlled. Therefore,
to verify the mechanism of drug release, the Korsmeyer-Peppas model
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Table 3
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The coefficient, in vitro release rate and the rate exponent of diclofenac sodium from 40% CMSP/ 3% chitosan hydrogel disc.

Zero order First order Higuchi Korsmeyer-Peppas

Correlation Rate constant, k,  Correlation Rate constant, Correlation Higuchi dissolution Correlation

coefficient (r?) (] coefficient (r?) k; (™) coefficient (r?) constant, k; (h=1/2) coefficient (%) n value
Diclofenac sodium  0.9683 5.3431 0.9910 0.1011 0.7930 17.100 0.9970 1.157

*“r? is the correlation coefficient and release rate constants k, k; and k;; was calculated from the slope of the plot, respectively.

Table 4

Measurements of the diameter of the zone of inhibitions in disk-diffusion test.

Test microorganisms Zone of Inhibitions (Diameter/mm)

CMSP 20%/ chitosan
2%, (unloaded)

CMSP 30%/ chitosan
2%, (unloaded)

CMSP 40%/ chitosan 2%, (loaded with

16.

CMSP 40%/ chitosan 3%,
(loaded with 19.61% of

Methicillin resistant 10.7 9.4
Staphylococcus aureus

(MRSA)

Enterococcus faecalis 8.7 9.6
Klebsiella pneumoniae 5.8 6.2
Proteus mirabilis 7.7 10.2
Escherichia coli 9.3 10.1
Pseudomonas 9.8 9.4
aeruginosa

14.

75% of diclofenac sodium) diclofenac sodium)
2 13.6
8.4
6 15.5
9 12.8
11.9
9.1

was used (Eq. 9):

Mt/Ma = Ktn ()

where M;/M, is the proportion of drug released at time t, k is rate con-
stant, and n is the exponent value Peppas (1985).

The release of the diclofenac sodium hydrogel disc in pH 6.8 was
a super case II transport with a correlation coefficient (r°=0.9970)
and n value of 1.157 (Table 3). Hence, the release Kkinetics studies
clearly stated that the drug released was a combination of swelled-
controlled, diffusion, relaxation, and the erosion of polymer matrix
(Hosseinzadeh, 2010).

3.13. Antimicrobial activity of CMSP/chitosan hydrogel discs

Antimicrobial study was carried on unloaded CMSP 20%/chitosan
2%, unloaded CMSP 30%/chitosan 2%, diclofenac sodium loaded CMSP
40%/ chitosan 2%, and diclofenac sodium loaded CMSP 40%/chitosan
3% hydrogels, using disk diffusion method. Pure diclofenac sodium ex-
ists in powder form, which was in a different form from the hydrogel
discs. Considering the possible difference in drug release rates and an-
timicrobial effect, pure diclofenac sodium powder was not included in
this experiment. All types of hydrogel discs showed the formation of
an inhibition zone of the growth of the bacteria. The zone of inhibition
diameters varied between 5.8 to 16.6 mm (Table 4).

Considering the diameter of the zone of inhibitions as shown Fig. 6,
it was observed that the zone of inhibitions of the discs loaded with di-
clofenac sodium was larger than the unloaded discs. It was previously
reported that both chitosan and diclofenac sodium effectively suppress
the growth of pathogenic bacterial strains (Annadurai, Basu, Ray, Dasti-
dar, & Chakrabarty, 1998; Kaya, Asan-Ozusaglam, & Erdogan, 2016).
The antimicrobial efficacy of chitosan depends on but is not limited to
(1) positive charge density. Previous literature have shown the impor-
tance of polycationic structures, which have a profound effect on the an-
tibacterial activity, due to the higher electrostatic interactions between
the side chains and the outer membrane of the bacteria (Kong et al.,
2008; Takahashi, Imai, Suzuki, & Sawai, 2008), (2) molecular weight of
chitosan (Mw): several studies previously performed on the antibacterial
activity of chitosan with respect to the Mw were found to be ambigu-
ous. Some studies on E. coli have reported that the chitosan with high
Mw showed higher antimicrobial activity than the low Mw chitosan. In
addition, the same activity was shown against E.coli and B. subtillis irre-
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spective of the Mw (Tikhonov et al., 2006). Antimicrobial activity was
also reported for low Mw chitosan by few researchers (Tokura, Ueno,
Miyazaki, & Nishi, 1996), (3) hydrophilic/hydrophobic characteristic
and chelating capacity: irrespective of the different parameters that
contribute to the antibacterial activity of chitosan, water plays a crit-
ical role and as the completely dry samples are incapable of interact-
ing with the microorganisms. Hence depending on the hydrophobic-
ity/hydrophilicity, the antimicrobial activity of chitosan varies. Chi-
tosan has been found to possess the high chelating ability for various
metal ions that combine with cell wall molecules of microorganism
Kurita (1998). These metal ions play a crucial role in the stability of
the cell wall, and this chelation activity has often been suspected as one
of the possible modes of antimicrobial action (Rabea, Badawy, Stevens,
Smagghe, & Steurbaut, 2003). Chitosan is effective against both gram
+ve and gram -ve bacteria, which mainly attributed to its interaction
with the negatively charged lipoproteins (LPS) and the peptidoglycan
layer which are the outer layers present in the gram -ve and gram +ve
bacteria respectively (Silhavy, Kahne, & Walker, 2010). It participates in
a series of elementary processes leading to the biocidal activity which
include (1) adsorption onto the bacterial cell surface which involves
the simple surface binding due to the attraction of opposite charges (2)
diffusion through the outer membrane allowing the polymer to pene-
trate into the bilayer, causing expansion, thereby decreasing the phase
transition temperature and altering the permeability of the cell outer
membrane, which in turn leads to the adsorption onto the cytoplas-
mic membrane. Disruption of the cytoplasmic membrane occurs follow-
ing the adsorption of the polymer leading to the leakage of the cyto-
plasmic constituents, and death of the bacteria (Chen & Cooper, 2002;
Ikeda, Tazuke, & Suzuki, 1984). Based on the results in this study, the
antibacterial effects of chitosan and diclofenac sodium was observed.
Therefore, other than serving as the hydrogel with intrinsic antimicro-
bial activity, the hydrogel could also serve as a potential alternative
drug carrier for antimicrobial treatment, to tackle the global challenge
of antimicrobial resistance.

4. Conclusion

CMSP from sago waste with a degree of substitution 0.8 has been
cross-linked with chitosan by EB irradiation to form a hydrogel that car-
ries diclofenac sodium. CMSP/chitosan hydrogel exhibited pH-sensitive
and temperature-sensitive behaviour. FTIR results showed that di-



L.S. Tan, H.L. Tan, K. Deekonda et al.

Escherichia coli

Proteus mirabilis

. 20/2 : CMSP 20%/Chitosan 2% (Unloaded)

6 30/2 : CMSP 30%/Chitosan 2% (Unloaded)

i

Carbohydrate Polymer Technologies and Applications 2 (2021) 100084

Fig. 6. Antimicrobial activity of CMSP
20%/chitosan 2% (unloaded), CMSP 30%/chi-
tosan 2% (unloaded), CMSP 40%/chitosan 2%
(loaded with 16.75% of diclofenac sodium)
and CMSP 40%/chitosan 3% (loaded with
19.61% of diclofenac sodium) against MRSA,
Enterococcus faecalis, Klebsiella pneumoniae,
Proteus mirabilis, Escherichia coli, Pseudomonas
aeruginosa.

Pseudomonas aeruginosa

' 40/2 : CMSP 40%/Chitosan 2% (Loaded with diclofenac sodium)

@ 40/3 : CMSP 40%/Chitosan 3% (Loaded with diclofenac sodium)

clofenac sodium remained stable and did not undergo any chemical
changes after EB irradiation. XRD and DSC analysis revealed the amor-
phous state of CMSP and chitosan and crystalline state of diclofenac
sodium. TGA results showed no change in the thermal behaviour of 40%
CMSP/3% chitosan hydrogel. A low amount of diclofenac sodium (<
5%) was released at stomach pH (pH 1.2), and showing slow, sustained
release with kinetics obeying first-order’s model in the colonic pH (pH
6.8) with sustained-release up to 32 h. This hydrogel has also exhibited
antimicrobial activity. All results showed that 40% CMSP/3% chitosan
hydrogel disc would be a potential drug carrier for colon-targeted de-
livery that will improve the bioavailability in the colon and reduce the
frequency of administration.
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