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Preparation of chitosan nanoparticles and
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SUMMARY Murat Dogan
Objective: The aim of this study was to prepare different nanoparticles ORCID IDs of the authors:
using chitosan and tripolyphosphate and to perform characterization studies M.D. 0000-0003-2794-0177

of nanoparticles. In addition, FTIR spectrum measurements were aimed to
determine specific chemical groups and bonds in the structures of
nanoparticles and materials.

Method: In this study, different nanoparticles were prepared and their zeta
potential, particle size and polydispersity index were measured. Moreover,
specific chemical groups of nanoparticles and materials used in
nanoparticles were determined by FTIR spectrum studies. Morphological
properties of nanoparticles were evaluated using scanning electron
microscopy.

Results: According to the zeta potential measurement results, A3 (18.66 +
0.22) and A2 (14.32 + 0.14) formulations showed the highest and the lowest
zeta potential value, respectively. It was also observed that the A3 (284.22
+ 1.60) formulation had the lowest particle size. According to FTIR
absorption spectrum results, a wide aliphatic O-H tension band of chitosan
was observed between 1500 cm™ -1100 cm'™,

Conclusions: According to the results, it could be said that chitosan
nanoparticles have desired particle size, charge and morphological
properties in terms of application. In FTIR spectrum results, bands showing
specific chemical groups of chitosan, tripolyphosphate and A3 formulation
were obtained.
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INTRODUCTION

Chitosan (CS) is a biopolymer that is used widely
in pharmaceutical and biomedical fields due to its
unique properties such as safety, biocompatible,
and biodegradable. CS is a linear copolymer
formed by the combination of N-acetyl
glucosamine and glucosamine units'. CS shows
cationic properties due to the amine groups in its
structure, and the positive charges carried by CS
interact strongly with many minerals and cells that
carry negative charges such as fats, proteins and
tumor cells in the body. In addition, CS enables the
encapsulation of drugs by forming complexes with
electrostatic interactions*3. CS has a hydrophobic
structure and is insoluble in water and many
organic solvents. However, it dissolves in dilute
acid solution. The unique properties of CS such as
its polycationic property, biocompatible and inert
structure, and easily biodegradable enable it to be
used in preparation of nanoparticles (NP) and
microparticles®. CS NPs are prepared using
methods such as simple-complex coacervation,
solvent evaporation, suspension polymerization,
ionotropic gelation, and spray drying®. lonic
gelation is a technique commonly used to prepare
NPs. This process is based on the ionic interaction
between positively charged amino groups of CS
and negatively charged groups of a polyanion such
as tripolyphosphate (TPP)®. TPP is the most widely
used crosslinker in preparing CS NPs because of its
safety and unique properties. The particle
properties such as the size and zeta potential play a
crucial role in evaluating its biological behavior®’.
These properties affect the cellular uptake, protein
adsorption, and their distribution throughout the
body. CS NPs are widely used in different
applications, ranging from drug delivery, tissue
engineering, and wound dressing to bio-sensing
and enzymes immobilization®. Nanoparticles
derived drug delivery systems are the ability to
deliver a drug selectively to a specific site, less
frequent dosing and absorption that is more
consistent with the site and mechanism of action.
These desired and crucial properties of
nanoparticle derived drugs provides widely using
area in medicine”®. There are many polymers used
in the preparation of nanoparticular systems, but
nanoparticles prepared with chitosan have superior
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properties compared to others. Chitosan
nanoparticles have the advantage of controlled
drug release, which improves drug stability and
solubility, enhances efficacy, and reduces toxicity.
These nanoparticles are capable of passing through
biological barriers such as the blood-brain
barrier®S,

The aim of this work was the preparation and
characterization of CS NPs as drug delivery
systems using the ionotropic gelation method.
Moreover, NPs were optimized by monitoring
particle shape and morphology, and evaluating
particle size, polydispersity, surface charge, and
infrared spectrum results.

MATERIAL AND METHODS

Medium molecular weight CS and TPP were
purchased from Sigma-Aldrich (USA). All
materials used in these studies were in analytical
grade.

Preparation of chitosan nanoparticles

lonic gelation method was used in the preparation
of CS NPs. With this technique, the effect of
CS/crosslinker ratio on CS NP was investigated*.
The concentration of CS in the formulations was
determined as 0.25 % and 0.50 %. It was decided
to prepare TPP solutions at 0.25 % and 0.50 %
concentrations to examine the effect of TPP used
as crosslinker on CS NP size. The formulations and
their ratio and amounts are given in Table 1.
0.0625 g of CS was weighed on a precision scale.
Glacial acetic acid solution (25 ml, 0.25 %) was
added to the beaker containing CS. A magnet of
suitable size was inserted into the beaker and its
mouth was closed with parafilm and dissolved in a
magnetic stirrer. In addition, 0.0625 g of TPP was
weighed on a precision scale, completed with 25 ml
of sterile bidistilled water, and dissolved by heating
in a magnetic stirrer (70-80 °C). Then, dissolved
TPP was dropped with a dropper at a
predetermined height and time (30 min) to CS.
After this process, a cloudy colored CS-TPP
mixture with pellets at the bottom was observed.
The beaker was sealed with parafilm and stirred in
a magnetic stirrer at 900 rpm for two hours. The
cloudy colored mixture was transferred to the
centrifuge tube and centrifuged for 15 minutes



(12,000 rpm, 4 °C). After centrifugation, the pellet
at the bottom of the tube and the clear supernatant
at the top of the tube were observed. Then, the
supernatant was carefully discarded and sterile
bidistilled water was added to the pellet and
suspended by vortexing. Centrifuge and vortex
processes were repeated three times in order to
eliminate possible impurities in the NPs. After
these procedures, the centrifuge tube containing the
pellet was kept at -20 °C overnight. For
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lyophilization process, CS NP in the centrifuge
tube was taken into a suitable petri dish, its mouth
was closed with parafilm, and holes were made on
the parafilm with a pin. In the lyophilization
process, the NPs should be followed carefully in
order to dry them as desired. Lyophilized CS NPs
were pulverized with a sterile baguette and stored
in ependorfh. This process was performed
sequentially in each NP formulation.

Table 1: Chitosan nanoparticles and parameters.

Formulations Chitosan (% w/v) TPP (% wiv)
Al 0.25 0.25
A2 0.25 0.50
A3 0.50 0.25
Ad 0.50 0.50

Measurement of the particle size and zeta
potential of nanoparticles

Particle size, zeta potential, and polydisperse index
of NP are crucial in drug delivery, targeting, and
cellular uptake of NP*¢. Cellular uptake of the NP
takes place in two steps respectively. The first step
is to bind to the cell membrane via cell surface
receptors and the second step is to enter the cell®.
Particle size and zeta potential of NPs were
measured with Malvern Zetasizer. Half an hour
before the measurement, Malvern Zetasizer should
be turned on and calibrated. After determining the
features required for measurement of the device,
measurement is started. Before the measurement,
the cuvette in which the measurement will be made
was cleaned with ethanol and bidistilled water. A
small amount of NP was taken into an eppendorf
with a sterile syringe tip. The NP in eppendorf was
made up to 1 ml volume with phosphate buffer
saline (PBS). The sample to be measured should be
sufficiently diluted and should not have a blurry
appearance. Just before the measurement, our
sample in the eppendorf is taken into the cuvette by
brief vortexing. The particle size measurements of
the NPs were performed first in order to prevent
possible aggregation. Then, zeta potentials of NPs
were measured.

Scanning electron microscopy

The lyophilized NP was placed on metal grids,
coated with gold to 8 nm in thickness using SCD
005 Sputter coater (Baltec, Liechtenstein) under a

high vacuum. The surface morphology of NPs was
investigated by scanning electron microscopy
(SEM; Carl Zeis-Evo 40, Germany).

Infrared absorption spectroscopy (FTIR) study

Fourier Transform Infrared Spectroscopy (FTIR)
was used to indicate specific chemical groups in the
NP and materials®. The infrared spectrum studies
of NP were performed (Perkin Elmer 1600 FT-IR,
England). Infrared spectrum measurements of CS
and TPP were performed with the same method.

RESULTS and DISCUSSION

Assessment of particle size and zeta potential
results

The particle size of the CS NPs was obtained
between 284.22+1.60 and 420.36+2.84 nm (Table
2). A2 formulation with low concentration of CS
(0.25 %) and high concentration of TPP (0.50 %)
had highest particle size. In addition, A3
formulation containing high concentration of CS
(0.50 %) and low concentration of TPP (0.25 %)
had the lowest particle size. The zeta potential of
the NPs was between 14.32+0.14 and 18.66+0.22
mV. A2 formulation with low concentration of CS
(0.25 %) and high concentration of TPP (0.50 %)
had lowest zeta potential value. In addition, A3
formulation containing high concentration of CS
(0.50 %) and low concentration of TPP (0.25 %)
had the highest zeta potential value. According to
the results, it was observed that NPs charge
decreased and size increased depending on the TPP
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concentration used as crosslinker. The PDI of the NP formulations. These results showed that the
NPs was in the range between 0.18-0.27 and no NPs were homogeneous and the method used was
significant difference was observed between the suitable.

Table 2: Chitosan nanoparticles prepared under different conditions, particle size (nm), zeta potential (mV),
and polydispersity index.

Formulations Particle size | Zeta  Potential | PDI*
(nm)=SD (mV) £SD

Al 326.44+2.40 16.38+0.24 0.27

A2 420.36+2.84 14.32+0.14 0.25

A3 284.22+1.60 18.66+0.22 0.21

A4 350.16+1.82 17.74+0.28 0.18

* Polydispersity index: PDI

The size and morphological properties of the CS (Figure 1 and 2). In addition, SEM images of the
NPs were characterized by SEM. CS NPs were NPs were compatible with size measurements
found to have a smooth surface morphology using Zetasizer.

EHT = 10.00 kV
WD = 8.0mm

Figure 1: SEM images of CS NP (A3)



EHT =10.00 kV
WD = 8.0 mm
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Figure 2: SEM images of CS NP (A4)

Evaluation of FTIR spectrum results

The results of IR absorption spectroscopy of CS
and TPP were shown in Figure 3 and Figure 4,
respectively. FTIR spectrum results were similar to
the studies of Vino et al’. The characteristic
functional groups such as amine -N-H symmetrical
stretching (3358 cm™- 3288 cm?) and O-H
asymmetric stretching (3099 cm™) showed the CS.
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The presence of N-acetyl groups was shown by the
bands at around 1645 cm™ (C=0O stretching of
amide 1). 1558 cm™ second amide bond
corresponded to N-H bending of amide 1. The CH3
symmetrical stretching and CH, bending were
confirmed by the presence of bands at 1374 cm™
and 1411 cm™, respectively. A similar absorption
band was obtained to Song et al. study™°.
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Figure 3: FTIR spectrum of CS (medium molecular weight) with the characteristic signs.
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Figure 4: FTIR spectrum of TPP with the characteristic signs.
The results of IR absorption spectroscopy of CS NP of NPs. In addition, -NH2 bending vibration of CS
were shown in Figure 5. The presence of the P=0 NPs was obtained at 1545 cm™. Similar results
stretching peak at 1204 cm™ and P-O bending at were obtained to the studies of Melo-Silveira et
883 cm™! of the TPP were observed in the sample al'’,
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Figure 5: FTIR spectrum of CS NP with the characteristic signs.
CONCLUSION properties, and FTIR results of NPs were

evaluated. In conclusion, it can be concluded that
In current study, CS NPs were prepared and

characterization studies were performed. In these CS NPs especially A3 and A4 formulations were
studies, particle size and charge, morphological suitable for use as a drug delivery system, and



continued studies should be designed to increase
the efficiency of NPs.
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