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ABSTRACT

Oral drug delivery is one of the most convenient routes due to its painless administration and high patient compliance.
However, oral administration is becoming more difficult to be conducted due to its poor water solubility, poor
dissolution rate, and low oral bioavailability in the gastrointestinal tract. Herein, we develop a strategy to produce a
chemically modified chitosan using depolymerization and introducing hydrophobic groups onto the chitosan backbone
through acylation. By modifying the structure of chitosan, we aim to overcome limitations of drug delivery before and
after the oral administration. The successful acylation of protected (using phthalic anhydride) chitosan and unprotected
(without phthalic anhydride) chitosan was proved by Fourier transform infrared (FTIR). FTIR was conducted not only
to characterize the functional group changes but also to find quantization of degree of acylation (DA) and the degree
of substitution (DS) of chitosan before and after acylation. The particle size of chitosan was found ranges from 300-500
nm with zeta potential value shifted from -50 mV to a more positive value as acid anhydrides concentration increased.
The Field Emission Scanning Electron Microscopy (FESEM) images showed the low molecular weight of chitosan
and acylated chitosan nanoparticle possess non-spherical form with hollow structure. In addition, the size obtained
was in accordance with the size measured by particle size. Hydrophobically modified chitosan has been successfully
synthesized via acylation on both primary hydroxyl and amine groups on the backbone of chitosan. This chemically
modified chitosan can enhance drug solubilization as well as improving biocompatibility and degradability.
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ABSTRAK

Penghantaran ubatan melalui oral merupakan cara paling mudah berikutan tidak menyakitkan dan dipatuhi
oleh pesakit. Walau bagaimanapun, kaedah oral menjadi susah untuk dijalankan berikutan keterlarutan air yang
rendah, kadar pelarutan yang rendah dan bioketersediaan oral yang rendah pada saluran perut usus. Di sini, kami
membangunkan strategi untuk menghasilkan kitosan terubah suai kimia menggunakan kaedah pempolimeran dan
memperkenalkan kumpulan hidrofobik pada rantaian kitosan melalui tindakan pengasilan. Dengan mengubah suai
struktur kitosan, kajian ini bertujuan untuk mengatasi batasan penghantaran ubatan sebelum dan selepas pengambilan
secara oral. Kejayaan proses pengasilan pada kitosan terlindung (menggunakan anhidrida phthalik) dan kitosan tak
terlindung (tanpa anhidrida phthalik) telah dibuktikan menggunakan spektroskopi inframerah transformasi Fourier
(FTIR). FTIR bukan sahaja digunakan untuk pencirian kumpulan berfungsi tetapi juga untuk mengkuantumkan
darjah pengasilan (DA) dan darjah penukargantian (DS) kitosan sebelum dan selepas pengasilan. Purata saiz zarah
kitosan adalah antara 300-500 nm dengan nilai keupayaan zeta dianjakkan dari -50 mV ke nilai yang semakin positif
selari dengan peningkatan kepekatan asid anhidrida. Mikrograf daripada mikroskop pengimbas elektron medan
pancaran (FESEM) menunjukkan nanozarah kitosan berjisim molekul rendah dan kitosan terasil mempunyai bentuk
tak sfera dengan struktur berongga. Tambahan lagi, saiz yang diperoleh adalah bertepatan dengan purata zarah
saiz yang telah diukur. Kitosan terubah suai hidrofobik telah berjaya disintesis melalui pengasilan pada kumpulan
hidroksil primer dan amina pada rantaian kitosan. Kitosan terubah suai kimia ini berupaya untuk meningkatkan
pemelarutan ubatan dan juga menambahbaik biokeserasian dan penguraian.

Kata kunci: Biobahan, kitosan, pengasilan; penghantaran ubatan oral; sintesis polimer
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INTRODUCTION

Among the multiple drug delivery routes, the oral
administration has gained much attention due to some
advantages such as high patient compliance, ease of
administration, and cost-effective process (Araujo et
al. 2017; Banerjee et al. 2016; Choi et al. 2014, 2013;
Hu & Luo 2018). Even though the oral route is the
most convenient and most desirable delivery method
to administer active pharmaceutical ingredients, there
are not many commercial drugs available on the market
that can survive from the harsh environment in the
gastrointestinal (GI) tract (Homayun et al. 2019). After
the oral administration, drugs need to pass through
some barriers before arriving in the systemic circulation
thereby reducing oral bioavailability (Werle et al. 2009).
Moreover, viscous mucosal layer within GI tract hinder
the drug attachment and following administration to the
systemic circulation. In order to address this problem,
mucoadhesion is used as one of the effective strategies to
prolong drug residence time in GI tract (Ensign et al. 2012).
For the past decades, chitosan has been investigated
as one of the promising drug delivery carriers due to its
excellent physical and biological properties. Chitosan
offers some advantages as an oral delivery drug carrier
such as it is safe, biodegradable, and it shows excellent
mucoadhesive properties (Balata et al. 2018; Khajuria et
al. 2018; Ren et al. 2018; Takayama et al. 1990; Yu et al.
2018). Despite the fact of the advantages chitosan possess,
the usage of chitosan in the industry has been greatly
limited by its poor solubility in water as it is only soluble
in acidic aqueous medium. Various types of chemically
modified chitosan have been studied in order to address
this limitation. Modification to improve the properties
and add additional functionality to chitosan is usually
conducted within two reactive functional groups, one is
amino group at the 2-carbon position and the others are
two hydroxyls at the 3 and 6 carbon position (Lee et al.
2012). The presence of free electron pair at amine group
make chitosan a reactive compound which leading to the
formation of new functionality by chemical modifications.

Acylation is one of chemical modification methods
which can increase the organic solubility of chitosan.
Acylation is achieved by altering the functional groups
in chitosan and replace it with acyl group. Most of the
acylation process occurred at amine group as it is more
reactive than hydroxyl group, but it is also possible
to conjugate the acyl group at hydroxyl groups via
protection of amine group. To the best of our knowledge,
so far there is no report on studies of acylation of chitosan
on hydroxyl group and amino group at the same time.
We wish to report a new synthesis method using acyl
anhydride to attach hydrophobic moieties to the
chitosan backbone resulting in the formation of chitosan

self-aggregates with the hydrophobic core in the aqueous
environment.
MATERIALS AND METHODS

MATERIALS

Chitosan (with molecular weight of 100,000-150,000
kDa) was obtained from Acros Organics (USA).
Phthalic anhydride, hexanoic anhydrides (C6), N,N-
dimethylformamide (DMF), acetic acid glacial, methanol,
ethanol, and acetone were purchased from Merck.
Sodium nitrite (NaNO,) was obtained from Spectrum.
Sodium hydroxide (NaOH) was obtained from Fluka
(Switzerland).

PREPARATION OF LOW MOLECULAR WEIGHT CHITOSAN
(LMWC)

The preparation of low molecular weight chitosan was
conducted as previous method reported by Tan and
Misran (2013) with slight modification. First, chitosan
solution (1% w/v) was prepared by adding chitosan (MWavg
= 150 kDa) in acetic acid 1% and mixed thoroughly.
Then, an appropriate amount of 0.1 M NaNO, was added
in a dropwise manner into chitosan solution and it was
stirred under magnetic stirring for 1 h. After that, the pH
was adjusted to an alkaline pH of 8-9 in order to precipitate
the undissolved chitosan. Next, the undissolved chitosan
was filtered, and the filtrate was neutralized to pH7
followed by precipitation using acetone. The precipitate
was collected by using a centrifugation at 6500 rpm for
5 min at 25 °C and dried overnight using a vacuum oven
(Tan & Misran 2013).

PREPARATION OF N-PHTHALOYL CHITOSAN (LMWC-PA)

The preparation of N-phthaloyl chitosan was conducted
as previous method reported by Kurita et al. (2002). To
a solution of 6 g of phthalic anhydride in 100 mL of N, N-
dimethylformamide (DMF) containing 5% (v/v) water
was added 3 g of low molecular weight chitosan, and
the reaction mixture was heated at 120 °C with stirring
under N, atmosphere. After 5 h of reaction, the mixture
was cooled to room temperature and poured into ice
water. The precipitate was collected on a filter, washed
with methanol, and dried to give the final product (Kurita
et al. 2002).

PREPARATION OF LOW MOLECULAR WEIGHT ACYLATED
CHITOSAN (LCha)

Acylation of low molecular weight chitosan was carried
out using a reported method by Tiew and Misran (2017).
Briefly, 1% (w/v) of low molecular weight chitosan was
dissolved in a mixed solvent of 1% acetic acid:methanol
at a ratio of 1:1. The mixed solution was then neutralized
before the dropwise addition of acid anhydrides.



Afterwards, the solution was left overnight and neutralized
before it was precipitated with large quantity of acetone.
The solution was then centrifuged at 5000 rpm for 2 min
at 25 °C. The collected precipitate was washed excess
methanol and dried overnight under vacuum (Tiew &
Misran 2017).

CHARACTERIZATION
FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

The FTIR analysis was conducted using Perkin Elmer
FTIR-Spectrum 400 spectrometer for analysis and
identification of absorption bands associated with the
vibration of functional groups present in the molecule. The
spectrometer was run at a frequency range of 450-4000
cm! with a resolution of 4 cm™. Triplicate measurement
was made, and the mean average was used. The degree of
acylation (DA) was then calculated by using an equation
described in previous report (Kasaai 2008) as shown
herewith:

A1655

DA = ( )x 100/1.33

3450

where A, is the absorbance of the amide I band at 1655
cm” and A, is the absorbance of the hydroxyl band at
3450 cm!. The factor ‘1.33’ denoted the value of the ratio
of A, /A,,;, for fully N-acetylated chitosan. The degree
of substitution (DS) was determined by calculating the
degree of acylation (DA) difference between LMWC and

LCha.

AVERAGE MW DETERMINATION

The average molecular weight (MW) of chitosan was
determined using Static Laser Scattering (SLS) method
using a Malvern Nano ZS Zetasizer Zen 3600 (Malvern
Instruments Ltd, UK) (Wu et al. 1995).
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CONTACT ANGLE MEASUREMENTS

Contact angles of wettability were measured using a
Kriiss goniometer contact angle (Kriiss GmbH, Germany).
A glass slide (1 cm?) was put on a movable sample stage
and levelled horizontally; then, a drop of about 3 pL of
samples was placed on the surface of the glass slide using
microsyringe. Triplicate measurement was made, and the
mean average will be used.

PARTICLE SIZE AND ZETA POTENTIAL

The measurement of mean particle size and zeta potential
of N-acylated chitosan and O-acylated chitosan were
measured using Malvern Nano ZS Zetasizer Zen 3600
(Malvern Instruments Ltd, UK). The sample was dissolved
in 1% acetic acid and carefully transferred into gold
plated U-shaped capillary cell (Bondar et al. 2012;
Klodzinska et al. 2010). The samples were investigated at
backscattered angle of 173° and using scattering laser light
633 nm at 25 °C. The mean particle size and zeta potential
were obtained from three measurements.

FIELD-EMISSION SCANNING ELECTRON MICROSCOPY

The surface of low molecular weight chitosan and
acylated chitosan were studied using FESEM (Model
SU8220 Hitachi). Pieces of samples were taken and
mounted in copper stubs. Samples were observed using an
accelerating voltage of 5 kV and magnification at 10,000
and 20,000x%.

RESULTS AND DISCUSSION
The present study describes acylation of low molecular
weight chitosan (LMWC) using acyl anhydride to
introduce hydrophobic moieties for use as a matrix for
drug delivery, as shown in Scheme 1.

RT*, 24 h

=

.

R n

SCHEME 1. Synthesis of acylated chitosan
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Acylation process was conducted after oxidative
depolymerization of chitosan using sodium nitrite. By
having degradation process, chitosan can be converted
to its LMWC which present good water solubility. The

LMWC nanoparticle and acylated chitosan (LCha)
structure was examined by Fourier-transform infrared
(FTIR) spectroscopy as depicted in Figure 1.
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FIGURE 1. FTIR spectra of (a) chitosan (chi), LMWC, and
LCha (ChC,); (b) LMWC-PA and LCha (0.2-1 mmol addition of
hexanoic anhydride)



As observed in Figure 1(a), there is no significant
change in the spectra of low molecular weight chitosan
(LMWC in black line) and native chitosan before
depolymerization (Chi in red line). This was proved by
a peak at 3436 cm which attributed to OH vibration, a
peak at 1570 cm™! corresponding to NH bending of primary
amine and a peak at 1648 cm' from carbonyl stretching
of secondary amide. All these peaks attributed to the
major functional group of chitosan, indicating there is
no structural change after depolymerization of chitosan.
After acylation on LMWC (ChC6 in blue line), a new
peak appeared at 1558 cm™ attributed to NH bending of
secondary amide which is confirmed that the acylation
has been successfully done on amine group of chitosan.

Acylation on hydroxyl group has also been
successfully conducted via protection of amino group
using phthalic anhydride as shown in Figure 1(b). After
the protection on amino group, there was some new
peaks at 1703 and 1774 cm™ corresponding to carbonyl
stretch imide of phthalimide group confirming that
the protection of amino group chitosan has been made.
Next, the acylation on hydroxyl group was examined by
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observing a new peak at 1634 cm™ from carbonyl stretch
of acyl group and some peaks which is remained the same
at 1703 and 1774 cm™' for phthalimide and 3250 cm! for
the remaining hydroxyl group of chitosan.

The molecular weight (MW) of the sample was
determined using Static Light Scattering (SLS) which
measure the intensity of the scattered light to obtain
the average molecular weight of a macromolecule as
described in Rayleigh equation (Priyadarshini et al. 2013).
According to the equation, the scattering light intensity
at a given angle depends on several factors, some of them
include molecular size and molecular weight of the
sample. The larger the molecules in molecular weight,
the more light will be scattered by them. The average
MW of LMWC was found around 23 kDa. The degree of
substitution (DS) was determined by calculating the degree
of acylation (DA) difference between LMWC-PA and
LCha as shown in Table 1 and was found around 7-8%. The
DA indicates the number of hydrophobic moieties (acyl
groups) that is successfully conjugated to the chitosan,
while DS designates the amount of hydroxyl group that is
being replaced with acyl groups.

TABLE 1. Degree of acylation (DA) and degree of substitution
of LMWC-PA and LCha

Sample DA (%) DS (%)
LMWC-PA 82.473 -

LCha 0.2 74.921 7.552
LCha 0.4 73.798 8.675
LCha 0.6 74.150 8.323
LCha 0.8 74.746 7.727
LCha 1 73.958 8.515

TABLE 2. Contact angle of pure chitosan and LCha

Sample 0, 0, 0, Average
Chitosan 18° 22° 16° 18.7°
Lcha 0.2 28° 32° 35° 31.7°
Lcha 0.4 30° 29° 23° 27.3°
Lcha 0.6 38° 42° 40° 40°

Lcha 0.8 48° 47° 50° 48.3°
Lcha 1.0 40° 42° 42° 41.3°
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The contact angle of chitosan and LCha has been
conducted as shown in Table 2. There was a difference
between pure chitosan and LCha as chitosan show
smaller angle compared to the acylated chitosan. Normally,
contact angle less than 90° attributes to hydrophilicity
of surface, while if it is more than 90° represents
hydrophobic surface (Yuan & Lee 2013). Even though
all samples showed contact angle less than 90°, the
acylated chitosan possessed higher contact angle. This is
because the pure chitosan has more hydrophilic groups
such as hydroxyl groups and amino groups and it is in
agreement with the previous report (He et al. 2019). Thus,
we can justify that the hydrophobic moieties have been
successfully conjugated to the acylated chitosan.

The particle size and zeta potential of LMWC and
acylated chitosan were carried out using zetasizer. As

shown in Figure 2(a), the mean particle size of LMWC
ranges from 200-300 nm with polydispersity index (PDI)
around 0.5. After the amino group of chitosan being
protected, the mean particle size increased as the addition
of phthalimide group. The increment of size might
because of the steric hindrance of phthalimide group
which is causing the particles to become larger compared
to LMWC particles. The acylation process causes the mean
particle size of acylated chitosan (LCha) to decrease as
the amount of mole feed increasing. This result is in lined
with the investigation conducted by Lee et al. (1998)
and Mekhail et al. (2012). As the DS of chitosan increased,
the higher amount of hydrophobic alkyl group was
substituted to the backbone of chitosan resulting a stronger
hydrophobic interaction between polymer chains and as
a result more compact and smaller particle size formed.
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The modification of hydroxyl group of chitosan
can also be observed by the change of zeta potential
as depicted in Figure 3. The ceaseless addition of acyl
anhydrides shifted zeta potential to a more positive value.
The zeta potential in 0.2 dropped because the DS is higher
compared to LMWC-PA causing the cationic charge of
amino groups being reduced to the higher amount. In
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addition, the zeta potential change in 0.8 and 1 mole was
higher than the 0.2-0.6 mole of acyl anhydrides added.
This might be because the positive charge amount of the
unprotected amino group from 0.8 and 1 mole was higher

compared to the alkyl group that reduced charges on the
0.2-0.6 mole ratio.
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FIGURE 3. Zeta potential of LMWC-PA and LCha

Morphological studies were investigated using FESEM
instrument. As portrayed in Figure 4, FESEM images
of the LMWC surface and modified acylated chitosan

exhibited vivid differences between them as they possess
non spherical form with hollow structure.
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FIGURE 4. FESEM images of LMWC and modified acylated
chitosan. The upper image: LMWC (scale bar used 2 and 5 pm)
with 10,000 times magnified (a) and 20,000 times magnified
(b); the middle image: LCha (scale bar used 2 um) with 20,000
times magnified (c) and 22,000 times magnified (d); the lower
image: LCha-PA (scale bar used 2 and 5 um) with 7,000 times
magnified (e) and 6,000 times magnified (f)

LMWC has net-like structures and multiple pores,
this result is in lined with the previous report (Mai et al.
2012), whereas LCha-PA does not have any pores on the
surfaces. This is because chitosan presents in a gel form
owing to its functional groups which forming a network-
like structure. Meanwhile, after the acylation, the structure
becomes flat as the network structure is hindered by the
acylation. LMWC has larger and various pores shape and
its diameter roughly around 500 nm - 1 um. On the other
hand, LCha has smaller and regularly arranged pores and
its diameter approximately around 200-600 nm. LMWC-PA
has a flat surface with a crater-like structure on the middle
of the surface.

CONCLUSION

Hydrophobically modified chitosan has been successfully
synthesized via acylation process on the hydroxyl and

amino group of chitosan using acyl anhydrides. Acylation
was done after depolymerization of chitosan to its low
molecular weight chitosan. The structural changes of
chitosan were observed using FTIR instrument and
it was found there was no change in depolymerization
process of chitosan. The structural changes occurred
only after the acylation was done on hydroxyl and amino
group of chitosan. The particle size was increased after the
acylation process from 200 to 500 nm with a zeta potential
shifted to a more positive value. The morphological study
performed by FESEM indicated that there is a clear
change on the surface of LMWC and synthesized acylated
chitosan.
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