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ABSTRACT

PURPOSE: The aim of this study was to determine the effect of crosslinking on the physical
characteristics, recovery, and release of artesunate-loaded chitosan and carboxymethyl chitosan

METHODS: The artesunate microparticles were prepared by means of ionic gelation-spray drying

microparticles.

methods involving the use of a crosslinking agent i.e. tripolyphosphate for chitosan and CaClz for
carboxymethyl chitosan. The drug-polymer solution mixture was introduced into the crosslink
solution and stirred for two hours at 500 rpm before being dried at a temperature of 100°C, a
pressure of 2 mbar and a flow speed of 60 mL/min. The resulting microparticles were
subsequently evaluated for their morphology, physical state, drug content and in vitro drug release.
RESULTS: The results showed that the type of chitosan and crosslinking affected particle shape,
surface roughness, drug recovery, and drug release. The artesunate microparticles prepared with
cross-linked polymer demonstrated a lower encapsulation efficiency due to the barriers
represented by the crosslinking agents. The use of carboxymethyl chitosan increased the release
rate of the artesunate from the microparticles by up to 1.2 times (16.78 mg/ml.min"), while
chitosan decreased it 0.7 times (9.12 mg/ml.min"i) compared to artesunate substance (13.54
mg/ml.min").

CONCLUSION: In conclusion, the use of crosslinking agents and the various types of chitosan
affected the physical characteristics of the artesunate in addition to the rate of its release from

microparticles.

Keywords: Artesunate, Chitosan, Carboxymethyl chitosan, Crosslinking, Microparticle, Drug

release




INTRODUCTION

Artesunate, an artemisinin derivate, constitutes an antimalarial drug effective against Plasmodium
falciparum, even in cases of chloroquine-resistant parasites [1], but which demonstrates low drug
solubility resulting in extreﬁly limited drug bioavailability when administered orally. Artesunate
is rapidly absorbed with peak plasma drug concentration occurring at 1.5, 2, and 0.5 hours
respectively after ggal, rectal, or intramuscular administration, while drug elimination also occurs
relatively rapidly with a half-life of 20-45 minutes [1,2.3]. Therefore, in order to achieve high
antimalarial efficacy, the bioavailability of artesunate requires further improvement.

Chitosan is a natural cationic polysaccharide polymer widely employed to prepare
microparticles, useful in moﬁying the solubility and stability of a drug. It provides certain ideal
properties for drug carriers, such as mucoadhesiveness, biocompatibility, biodegradability, non-
toxicity, and economy. Consequently, it can be used to produce microparticles with high levels of
stability and low toxicity [5]. Carboxymethyl chitosan, a derivate of chitosan, has recently been
developed since it possesses high aqueous solubility, strong gel-forming capacity, low toxicity,
and high levels of biocompatibility[8].

In general, microparticles can be prepared by the bottom-up process of ionic gelation which
does not involve the use of organic solvents [9]. However, this ionic gelation method requires
polymeric matrices and a crosslinking agent. Tripolyphosphate (TPP) is a multivalent polyanion
usually empl%ed in the preparation of chitosan microparticles, resulting in the complexity of
crosslinking between the negative carboxylic groups in sodium TPP and the positive primary
amine groups in chitosan [10]. Meanwhile, since carboxymethyl chitosan discharges negative ions
in water, it can be cross-linked with calcium chloride (CaCl»). This process can be completed by
adding the low molecular weight of carboxymethyl chitosan to CaClz solution [11]. However,
since CaClz is a hygroscopic compound that absorbs free water molecules present in the air, it
requires a binary water-ethanol solution at a concentration within the 10-90% range to act as the
solvent during the preparation process [12].

The presence of a crosslinking agent can strengthen the mechanical strength of the
microparticles, thus increasing the absorption of drugs into their matrices [13]. The microparticles

can be dehydrated through the application of freeze dry or spray dry techniques to produce a dry




mass of microparticles. Spray drying technique constitutes a convenient and reproducible method
of producing a dry mass of drug solution or suspension in hot air flow.

In_this study, artesunate microparticles were produced using chitosan and carboxymethyl
chitosan by means of bottom-up ionic gelation method and dehydrated using spray drying
technique within optimized parameters. Particle size and surface morphology were subsequently

determined to evaluate the physical characteristics of these microparticles.

EXPERIMENT

Materials

For the purposes of this study, artesunate was purchased from Hunan Goldliloo Pharmaceutical
Co., Ltd. (Changsa, Hunan China). Chitosan was acquired from Biotech Surindo (Cirebon,
Indonesia). Carboxymethyl chitosan, which has a substitution deg‘rﬁ of 81.9%, a deacetylation
degree of 96.5%, and 1% of viscosity value, 22 mPas, is a product of China Eastar Group Co., Ltd.
(Shanghai, China). Calcium chloride CaCl.2H>O pro analysis (Merck), analytical grade
pentasodium tripolyph%hate (TPP) was obtained from Nacalay Tesque. All reagents and solvents

employed in this study were of the highest commercially available grade.

Preparation of artesunate microparﬁdeh

In this study, artesunate microparticles were prepared by means of ionic-gelation method
employing the formula shown in Table 1. Firstly, artesunate was dissolved in ethanol. Chitosan
and carboxymethyl chitosan were dissolved in acetic acid solution and water, respectively, through
continuous stirring. These polymer solutions were subsequently added to the artesunate solution
with the resulting mixture being introduced into the solution containing the crosslinking agent and
agitated with a magnetic stirnéfor two hours at 500 rpm. The mixtures were dehydrated using a
spray dryer (SD-elementary spray dryer SD BOQO@OIQ, Lab Plant Ltd., UK) with a nozzle
diameter of 1.0 mm at an inlet temperature of 100°C, a pressure of 2 mBar and a flow speed of 6.0
mL/min. The microparticles prepared without a crosslinking agent were produced using the same

method and served as the control groups.

Table 1: Composition of artesunate microparticles

Code Amount (mg)




Carboxymethyl

Chitosan TPP CaCl: Artesunate

chitosan
Fl 100 80 - - 40
F2 100 - - - 40
F3 - - 100 50 40
F4 - - 100 - 40

Evaluation of particle size and morphology

aw particle size and morphology of artesunate microparticles were evaluated by means of
scanning electron microscopy (Inspect S50 Type FP 2017/12, FEI, USA). During the measuring
process, the samples were coated with palladium gold.

Fourier-transform infrared spectroscopy

In order to evallw the physicochemical interaction between components of artesunate
microparticles, the Fourier-transform infrared (FTIR) spectra of samples were measured through
the manufacture of 2 mg of pellet samples coﬁaining 300 mg of KBr. These pellets were
subsequently analyzed at wavelengths from 4000-450 cm! using a Jasco FT-IR 5300
spectrophotometer (Easton MD, USA).

Differential thermal analysis

Differential thermal analysis was undertaken using differential thermal apparatus (DTA FP-65 P-
900 Thermal, Mettler Toledo, USA). Approximately 5 mg of samples were placed in a closed
crucible pan with measurement subsequently being performed at 50-300°C and a heating rate of

10°C per minute.

X-ray diffraction studies

X-ray diffraction analysis was conducted to determine the crystallinity of the artesunate
microparticles. The samples were analyzed at room temperature using a Phillips X'Pert diffraction
apparatus (X'Pert Analytical, Netherlandﬁfeaturing the following measurement elements: the X-

ray X source, Cu metal target, Ni filter, 40 kV voltage, and 40 mA electrical current within the

range of 26 of 5-40°.

Drug content and recovery analysis




The drug content and percentage recovery of samples were determined using a UV-Vis
spectrophotometer (Negara brand). Approximately 10 mg of the samples were dissolved in ethanol
to produce a 10 mL solution which was allowed to settled for two hours at room temperature prior
ﬁsonication for five minutes and subsequent settling for a second 60-minute period. At that point,
5 mL of the sample solution was pipetted and added to 2 mL of 0.1N NaOH. The mixture was
heated to 60°C_for a period of 60 minutes and allowed to cool to room temperature. Acetic acid
solution was added to 10 mL of 20% v/v ethanol solution, with the absorbance being measured on
three occasions by spectrophotometry at a maximum wavelength of A 238 nm. The drug content

of artesunate in the microparticles was then calculated by application of the equation below:

Equation No.1

Drug content (%) = ww& x 100%

microparticles
The percentage recovery of the drug was calculated in the following manner:

Equation No.2

Recovery (%) = % x 100%
theoritica

In vitro release of artesunate drug microparticles

In order to determine the profile of artesunate released from microparticles, a drug release test was
conducted using aquadest as the release medium. Samples equivalent to 5 mg of artesunate \ﬁre
weighed and incubated in 50 mL of aquadest before being placed in a water bath shaker at a
temperature of 37 +0.5°C and an agitation speed of 120 rpm. At pre-determined intervas, samples
of approximately 3 mL were collected and their concentration of artesunate analyzed using a UV-
Vis spectrophotometer (Hewlett Packard (HP) 8452A Diode Array Spectrophotometer, USA).
Statistical analysis

All data relates to the three replicates and is presented as the mean + SD. H order to evaluate the
significance of difference, the data was subjected to analysis using a one-way ANOVA test

followed by a Tukey post-hoc test where p <0.05 which was considered statistically significant.




RESULTS

Particle size and morphology

In the course of this study, it has been shown that the type of chitosan polymers and the presence
of crosslinking agents affected the surface morphology of artesunate microparticles (Figure 1 A -
D). The use of chitosan polymers produced particles with smoother and more spherical surfaces
(Figure 1 A) than those of carboxymethyl chitosan (Figure 1 C). The addition of crosslinking agent
generated particles with surfaces coarser (Figure 1 A and C) than those of the cross-linked variety
(Figure 1 B and D). There were artesunate crystal-like substances present on the surface of the
nanoparticles as observed in the SEM pictures of artesunate microparticles prepared with
carboxymethyl chitosan polymers which incorporated the use of a crosslinking agent (Figure 1 C).

This result indicated that the artesunate might not be absorbed into microparticle matrices.

Figure 1: Scanning electron microscopy (SEM) photographs of artesunate, cross-linked chitosan-
artesunate  microparticles C-CL-AS (F1), non-cross-linked chitosan-artesunate
microparticles C-AS (F2), cross-linked carboxymethyl chitosan-artesunate microparticles
CM-CL-AS (F3), and non-cross-linked carboxymethyl chitosan-artesunate microparticles
CM-AS (F4)

FTIR spectra

The spectra of artesunate and TPP are shown in Figures 2A and 2B, respectively. In Figure 2C,

the chitosan spectrum has a specific absorption band at a wavenumber of 3449 cm™ experiencing

both vibration and an amide bond derived from the carbonyl group (-C=0) at a wavenumber of

1655 cm’'. This indicates the presence of the amine (-NH2) and hydroxy group (-OH) of chitosan




polymer. Due to the interaction with TPP (Figl& 2B), the amide peak of chitosan observed at
wavenumber of 1655 cm™! disappeared, forming new peaks at 1643 cm™' and 1566 cm™! for C-CL-
AS (Figure 2D). The loss of this peak can be triggered by the occurrence of crosslinking between
phosphate ions and ammonium ions [16]. It can also be seen in the non-cross-linked chitosan
microparticles (C-AS) at the wavenumbers of 1645 cm! and 1554 cm’! (Figure 2 E).

In the artesunate microparticles prepared with carboxymethyl chitosan, the infrared
spectrum of carboxymethyl chitosan (Figure 3A) depicts a wide band at a wavenumber of 3443 .35
cm’! that indicates the presence of -OH or -NH groups. However, there were changes in the infrared
spectra of the cross-linked microparticles (CM-CL-AS) and non-cross-linked microparticles (CM-
AS) observed at this wavenumber. It has been reported that the formation of a pointed band
indicates a change in the hydrogen bonds [17]. In the CM-CL-AS, hydrogen bond formation
between COO- of carboxymethyl chitosan and Ca®* of CaClz might occur which converts the
hydrogen bond into carboxymethyl chitosan. In CM-AS, although the crosslink did not occur,
changes in the IR spectra might be caused by the formation of intramolecular hydrogen bonds. In
addition, band shifts also occurred in COO- groups with symmetric and asymmetric strains of
carboxymethyl chitosan on the microparticles. In carboxymethyl chitosan, the COO- bands with
symmetric and asymmetric strains appeared as broad bands at the wavenumbers of 1416.47 cm’!
and 1647.44 cm™'. However, the CM-CL-AS and CM-AS bands were in sharper relief than those
of carboxymethyl chitosan and a shift could also be observed indicating that the -OH, -NH, and -

COO groups are involved in bond formation within the microparticles.
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Figure 2. Infrared spectra of (A) artesunate, (B) TPP, (C) chitosan, (D) cross-linked chitosan-

artesunate microparticles C-CL-AS, and (E) non-cross-linked chitosan-artesunate

microparticles C-AS.
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Figure 3: Infrared spectra of (A) artesunate, (B) carboxymethyl chitosan, (Cﬁcross-linked

carboxymethyl chitosan-artesunate microparticles CM-CL-AS, and (D) the non-cross-

linked carboxymethyl chitosan-artesunate microparticles CM-AS

Thermal properties
It has been shown that the thermograms of C-CL-AS and C-AS microparticles (Figures 4D and
4E) possessed patterns different to those of artesunate (Figure 4A), but similar to those of chitosan
(Figure 4B). This indicates that microparticulate chitosan matrices containing artesunate had been
formed. Moreover, the absence of an observable exothermic peak of artesunate in the thermograms
of the artesunate microparticles signified that artesunate had been trapped in the microparticulate
matrices. C-CL-AS and C-AS had sharp endothermic peaks which means that bond formation
occurred between the crosslinking agent and chitosan or intramolecular chitosan bonds. The
heating points of tlﬁé microparticles, approximately 149.0 and 152.1°C for C-CL-AS and C-AS
respectively, were higher than that of artesunate.

In the artesunate-carboxymethyl chitosan microparticles, the thermograms of CM-CL-AS
and CM-AS showed sharp endothermic peaks at 150.1 and 151 4°C respectively, (Figures 4F and




G). This may be due to the presence of the bond between the carboxylate groups of carboxymethyl
chitosan and Ca?* of CaClz in CM-CL-AS and the intramolecular carboxymethyl chitosan bond in
CM-AS. Consequently, the energy required to heat the microparticles was higher, leading to

sharpened endothermic peaks.

40 60 €0 100 120 140 160 180 200 220 240 260 280 300
1ol termpetahue T

Figure 4: The thermograms of (A) artesunate, (B) chitosan, (C) carboxymethyl chitosan, (D)
cross-linked chitosan-artesunate microparticles C-CL-AS, (E) non-cross-linked chitosan-
artesunate microparticles C-AS, (F) cross-linked carboxymethyl chitosan-artesunate

microparticles CM-CL-AS, and (G) non-cross-linked carboxymethyl chitosan-artesunate
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microparticles CM-AS.

Cryﬁl properties

An X-ray diffraction analysis was performed to determine the crystallinity of artesunate
microparticles. The results showed that free artesunate possessed high crystallinity as indicated by
intense and strong peaks at 20 of 9, 12, 13, 15, 18, and 20° (Figure 5SA). Meanwhile, the diffraction
peak of chitosan and carboxymethyl chitosan, which lay at 20 of 20° with weak intensity (Figures
5B and C), indicated low crystallinity. The diffractograms of artesunate-chitosan microparticles
i.e.C-CL-AS and C-AS (Figures 5F and G) showed that no diffraction peak of artesunate appeared
when compared with the physical mixture. This indicates that the artesunate was entrapped and
underwent changes to its crystalline structure in the artesunate-chitosan microparticles.

On the other hand, artesunate microparticles prepared with carboxymethyl chitosan, i.e.
CM-CL-AS and CM-AS, no longer produced crystalline peaks of artesunate (Figures SH and I).
These results indicated the occurrence of changes in artesunate crystal structures. In CM-CL-AS,
a new crystalline peak formed at 20 of 31° (Figure SH) possibly caused by the interaction between
carboxymethyl chitosan and CaCl> forming a regular structure. Meanwhile, in CM-AS, several

crystalline peaks were formed with low intensity at 26 of 7, 9, and 10°C (Figure 5I).
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Fig. 5. The diffractograms of (A) artesunate, (B) carboxymethyl chitosan, (C) chitosan,
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(D) tripolyphosphate, TPP, (E) calcium chloride CaClz, (F) cross-linked chitosan-
artesunate microparticles C-CL-AS, (G) non-cross-linked chitosan-artesunate
microparticles C-AS, (H) cross-linked carboxymethyl chitosan-artesunate
microparticles CM-CL-AS, and (I) non-cross linked carboxymethyl chitosan-

artesunate microparticles.

Drug content and recovery

Through the application of UV-Vis spectrophotometry, the artesunate content was determined to
measure the drug content and percentage recovery of artesunate in the microparticles. As shown
in Table 2, the addition of the crosslinking agent reduced the encapsulation of artesunate.
Consequently, the artesunate content in the cross-linked chitosan and carboxymethyl chitosan-

artesunate microparticles was lower than that of the non-cross-linked microparticles.

Table 2: Drug content, drug recovery, and release rate of artesunate (n=3)

Code Drug content Drug recovery Release rate
(% ) (%) (mg/ml.min*)
Artesunate - - 13.54 +0.36
F1 1342+ 0.33 73.79 £ 1.80 9.12+0.85
F2 21.55+0.24 7543 £0.85 10.05+0.73
F3 1569+041 74.56 +1.94 16.78 £0.93
F4 26.37 + 0,66 92.31 £2.31 1443 +1.27

In vitro drug release

The results showed that the artesunate released by microparticles prepared with chitosan was lower
than the artesunate substance possibly owing to the low solubility of chitosan in water inhibiting
drug release at a rate 9.12 + 0.85 mg/ml.min" lower than artesunate (Table 2).

The artesunate-carboxymethyl chitosan microparticles experienced greater drug release
than artesunate substances (Figure 7). There were no significant differences in artesunate release
rates between non cross-linked and cross-linked artesunate-carboxymethyl chitosan microparticles
(p= 0.057,) which were 1443 + 1.27 mg/ml.min” and 16.78 + 0.93 mg/ml.min" respectively.
However, the drug release rate of cross-linked artesunate-carboxymethyl chitosan microparticles

was 1.2 times higher than that of artesunate which was 13.54 + 0.36 mg/ml.min".
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Figure 6: Release profiles of artesunate, cross-linked chitosan-artesunate microparticles, (F1),
non-cross-linked chitosan-artesunate microparticles (F2), cross-linked carboxymethyl
chitosan-artesunate microparticles (F3), and non-cross-linked carboxymethyl chitosan-
artesunate microparticles (F4) in aquadest at 37 = 0.5°C. The measurement consisted

of three replicates.

DISCUSSION

This study was conducted to determine the effect of crosslinking on drug characterization and
release from the artesunate particulate system using chitosan and chitosan derivate; namely
carboxymethyl chitosan.

The particulate system consisted of two formulas for each polymer, one using crosslinking
and the other without cross-linking agent at a drug-polymer ratio (w/w) of 2:5. As shown in Figure
2, the infrared spectra of the artesunate-chitosan particulate system indicated the occurrence of
bonding beﬁ:en phosphate ions and ammonium ions evident from the loss of amide bonds by

chitosan at the wave number of 1655 cm™ and the new peaks which appeared at 1645 and 1554
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cm’. In the artesunate-carboxymethyl chitosan particulate system, the infrared spectra also
experienced a resulting change, namely; a larger band with a change in the hydrogen bond
occurring at a wave number of 3443.35 cm™.

The results of thermal analysis using a Differential Thermal Analyzer (DTA) showed that
the thermogram pattern of the artesunate-chitosan and artesunate-carboxymethyl chitosan
particulate systems differed from each of the forming materials. Furthermore, during the
evaluation of the X-ray diffraction systems of artesunate-chitosan and artesunate-carboxymethyl
chitosan, the diffraction peaks of artesunate were not visible in contrast to those of the physical
mixture. This suggests that the artesunate was entrapped and underwent changes to the crystalline
structure in the microparticle system. The results of the morphological test of particulate systems
using SEM indicated that the artesunate-chitosan particulate system was more spherical in shape
than the artesunate-carboxymethyl chitosan particulate system. However, with cross-linking, both
systems possessed a similar morphology which featured a rougher surface when compared to the
non-crosslinked microparticles. The formation of an artesunate-chitosan and artesunate-
carboxymethyl chitosan particulate system produced particles of smaller size compared to those
of artesunate which were heterogeneous in size.

The percentage of artesunate recovery from the crosslinked artesunate-chitosan particulate
system (F1) was 73.79 + 1.80%, while the non-crosslinked system (F2) was 75.43 + 0.85%. In
contrast, the drug recovery of the crosslinked artesunate-carboxymethyl chitosan particulate
system and non-crosslinked system were 74.56 £ 1.94% and 92.31 + 2.31% respectively. Based
on these results, it was evident that crosslinking inhibits drug entrapment because the system has
less space within which to entrap the artesunate. Statistical analysis of an independent t-test on the
artesunate-chitosan particulate system showed that cross-linking had no significant effect on
artesunate entrapment (p=0.226), whereas in the artesunate-carboxymethyl chitosan particulate
system there were significant differences between the crosslinked and non-crosslinked systems
(p=0.001).

The artesunate release test of the particulate system was carried oyt to determine the effect
of the polymer and crosslinking on the artesunate release rate. The drug release rate of the
artesunate-chitosan particulate system for the crosslinked and non-crosslinked systems was lower
than that of artesunate, while both the crosslinked and non-crosslinked particle with carboxymethyl

chitosan experienced a higher release rate compared to the other formula (Table 2). Since chitosan
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swells rather than dissolves in water, it inhibits drug release. In the case of water-soluble
carboxymethyl chitosan, this produces a solubilization effect resulting in increased drug
dissolution.

The results of this study indicated that the formation of artesunate microparticles of
crosslinked chitosan and carboxymethyl chitosan had a contrasting effect on the artesunate release

rate, although both systems had a similar effect by decreasing drug crystallinity.

CONCLUSION

The use of crosslinking agents and different types of chitosan was undertaken to determine the
properties of chitosan microparticles as carriers of artesunate. The results suggest that the presence
of crosslinking agent reduced artesunate loading efficiency and its release from chitosan
microparticulate matrices. The use of carboxymethyl chitosan, in place of chitosan, affected
spherical morphology, drug entrapment and drug release. However, their combined use shows

promise as a method of achieving modified delivery of artesunate for improving malaria therapy.
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