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ABSTRACT
Aim: The purpose of research was to refine the solubility and dissolution assessment of lurasidone 
hydrochloride, a poorly water-soluble drug with a pH dependent solubility, by preparing 
chitosan-based nanoparticles using the ionic gelation process with sodium Tripolyphosphate 
(TPP) as a conjoin factor. Background: The poor water solubility and moderate oral bioavailability 
of anti-psychotic medications provide a significant challenge in their oral distribution. The 
hydrophobic medication lurasidone hydrochloride revealed a limited therapeutic effect when 
compared to traditional drug delivery systems. To enhance the restorative effectiveness while 
reducing the adverse effects of traditional treatment, it is also necessary to investigate and 
develop new drug delivery systems. Materials and Methods: A modified ionotropic gelation 
process was used to make lurasidone hydrochloride loaded chitosan nanoparticles. Results: 
The prepared Formulation (F1) had a particle size of 222.2 nm and 85.32% drug entrapment 
efficiency. The maximal drug loading was determined and it was 82% in formulation F1, while the 
cumulative drug release was found to be 84.37%. Conclusion: Due to the maximal solubility of 
lurasidone HCl at pH 7.4 phosphate buffer solution, it formed expanding cores and merged into 
nanoparticles. Based on the findings, it was determined that expanding chitosan nanoparticle is 
a viable method for enhancing the solubility and dissolution rate of Lurasidone HCl.
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INTRODUCTION

In comparison with alternate course of administration like 
intramuscular, intravenous and pulmonary routes, oral drug 
distribution is a popular, convenient and widely used since it 
gives benefits such as painless administration and better patient 
acceptance. Despite this, due to poor oral absorption and 
bioavailability, a number of drugs are useless and have been phased 
out of research and development.1 By low aqueous solubility, less 
permeability and P-glycoprotein (P-gp) efflux oral absorption is 
restricted.2,3 An orally administered drug, water solubility is a 
critical parameter to determine that how rapidly it will dissolve 
in the gastrointestinal tract. Hydrophobic drugs that are taken 
orally have poor absorption, dosage proportionality and excess of 
adverse effects.4,5 The rate of dissolution in Gastrointestinal fluids 
(GI) and the permeability between biological membranes are the 

most important elements in limiting the bioavailability of orally 
ingested drugs.6

During the therapy of schizophrenia in 2010 US Food and Drug 
Administration permitted lurasidone hydrochloride.7 Lurasidone 
hydrochloride is a non-inventive thiazole azapirone that is used to 
treat mental problems and acts as an absolute antagonist against 
the D2 and serotonin 5HT2A receptors.8 The slow dissolving rate 
of lurasidone hydrochloride, a biopharmaceutical classification 
system class-II medication with pH dependent solubility, explains 
for its low oral bioavailability, which ranges from 9 to 19%.9 In 
the biopharmaceutical classification system because of its high 
lipophilicity and low water solubility, it is classed as a class II 
medicine.

According to the literature review, many solubility enhancement 
tactics, such as solid dispersion, micronization, insinuate problems 
and others, appeared to be examined during the development 
of solubility and hence an increased oral bioavailability of 
Lurasidone HCl. Traditional dosage forms have shown an 
increase in therapeutic effectiveness, but only to a limited extent, 
due to limitations like over or under medicament, deficient 
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patient compliance, dosing recurrence, complicated procedure, 
high cost, poor stability, etc.10 The nanotechnology-based drug 
delivery method, on the other hand, provides a practical means 
of enhancing the therapeutic effect of lipophilic drug. The use of 
Chitosan-based oral nanoparticles to boost the dissolving rates 
and oral bioavailability of less water-soluble drug is promising 
method.11 Nanoparticles are extremely small particles with 
sizes ranging from 1 to 100 nm. Nanoparticles are large chunks 
with a diameter of up to 500 nm that have the advantages of 
increased medication loading, food import depletion, enhanced 
bioavailability and long-term stability.12

Chitosan was substantially considered as a biopolymer in 
the expansion of, medication delivery systems because of its 
biocompatibility, biodegradability and benign nature. Chitin, a 
protein found in crab shells, is deacetylated to form chitosan, a 
natural polymer.13

To make chitosan-based nanoparticles coacervation phase 
separation, nanoprecipitation, emulsion solvent evaporation, 
ionic gelation with cross-linking agents such as tripolyphosphate 
or glutaraldehyde and emulsion solvent evaporation are only 
a few of the processes used. One of the most extensively used 
procedures for nanoparticle manufacturing is ionic gelation, 
which requires mild conditions without using organic solvents or 
elevated temperatures. The ionic gelation approach uses TPP (a 
multivalent polyanion) since it is non-toxic, less costly and easier 
to handle. The cationic chitosan and anionic tripolyphosphate 
were used to make ionic contact at room temperature (hydroxyl 
and phosphoric ions). The intermolecular and intramolecular 
interactions formed by the negatively charged tripolyphosphate 
and the electrically charged amino group of chitosan complete 
the gelation process. TPP and chitosan have variable charge 
densities depending on the pH of the solution, which influences 
how these oppositely charged species interact.14-16

MATERIALS AND METHODS

Materials

Loba Chem, Mumbai, India, provided Chitosan (CS) as an 
offering sample. Emcure Ltd., Pune, provides lurasidone HCl as 
a gift sample. Sodium Tripolyphosphate (TPP) provided by Loba 
Chem, Pvt. Ltd., (Mumbai, India).

Preparation of chitosan based Lurasidone HCl 
nanoparticles

A modified ionotropic gelation process was used to make 
lurasidone hydrochloride loaded chitosan nanoparticles.17 
Chitosan solution of different concentrations like 0.05, 0.10, 
or 0.15% w/v was prepared in a 2% acetic acid solution. To the 
mentioned solution add 40 mg of lurasidone hydrochloride with 
the help of magnetic stirrer and add drop wise aqueous TPP 

solution (chitosan: TPP: 3:1) during 60 min with continuous 
stirring at 1000 rpm. The nanoparticles were segregated by 
centrifugation (Remi Cool Equipment) at 15,000 rpm for 
40 min at 0ºC, emerging in nanoparticles. To avoid particle 
agglomeration, the supernatant solution was collected for drug 
entrapment efficiency and the leftover suspension was lyophilized 
with mannitol as a cryoprotectant.

Nanoparticle Characterization and Evaluation
Particle Size, Zeta Potential and Polydispersity Index

Among energetic light scattering, the particle dimension 
dispensation of generated chitosan nanoparticles was examined 
using Photon Cross-Correlation Spectroscopy (PCCS). By 
clearing the particles with a laser light and monitoring the 
intensity variations in the dispersed using (Model: Malvern 
Instruments Ltd.,) with a sensitivity range of 1 nm to 10 μM, 
Brownian motion of molecules disseminates in liquid and is 
associated to particle size. A Dynamic Light Scattering (DLS), zeta 
potential, additionally a nanoparticle analyser (Model: Malvern 
Instruments Ltd.,) among a zeta potential assortment of 200 to 
+200 mV and the polydispersity index, were used to evaluate the 
Zeta Potential (ZP) of chitosan nanoparticles.

Drug content

Nanoparticles equivalent to 10 mg of lurasidone HCl were 
weighed; dissolving them in 10 mL of methanol and stirring 
the mixture were used to determine the amount of drug in each 
formulation. Using 0.45 μ membrane filter solution was filtered 
and properly diluted before the absorbance was measured 
spectrophotometrically at 231 nm using methanol as a blank. The 
drug content of nanoparticles was calculated.

Drug Entrapment Efficiency (DEE)

After centrifugation of Lurasidone hydrochloride nanoparticles 
at 15,000 rpm for 40 min, the supernatant was formed, filtered 
through 0.22 µM membrane filter and the amount of medication 
contained was measured utilizing a UV-visible spectrophotometer 
set to 231 nm. The quantity of medication in the supernatant was 
determined utilizing the formula y=0.0164x+0.0076 (R2=0.996), 
where x represents the concentration in micrograms per millilitre 
and y expresses the absorbance. By subtracting the total amount 
of medication given from the amount of medicine in the 
supernatant, DEE was computed.17

Drug loading

A weighted quantity of nanoparticles from one preparation batch 
were treated in methanol and left to extract Lurasidone HCl 
overnight before filtering via Whatmann filter paper. Dilute 1 mL 
in 10 mL methanol to make this solution.18 UV spectrophotometer 
set to 231 nm was used to check for drug loading with methanol 
as a blank and calculate percent drug loading.
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Fourier Transforms Infrared (FTIR) spectroscopy

The FTIR is carried out to check if the polymers chitosan and 
TPP could be utilised in conjunction with Lurasidone HCl. It 
also helps in determining the appropriateness of polymers for 
nanoparticle production. A Shimadzu FTIR spectrometer (IR 
Affinity 1Model, Japan) was used to analyse the FTIR spectra.19 
The sample of pure drug and physical combinations such as 
Lurasidone HCl with chitosan and TPP were separated using KBr 
and kept in desiccators after drying in a hot air oven for about 1 
hr before scanning the spectra between 4000 and 500 cm-1.

Differential Scanning Calorimetry Studies

Chitosan nanoparticles and medicament were studied using 
a differential scanning calorimeter that had already been 
calibrated. A nitrogen gas flow rate of 50 mL/min was applied 
to the specimen and it was hermetically sealed in an aluminium 
pan. The thermograms were acquired at a heating rate of 10ºC/
min with a scanning temperature extent of 50-250ºC. Before each 
run, a baseline correction was performed. Chitosan, lurasidone 
hydrochloride and chitosan-based lurasidone hydrochloride 
nanoparticles were subjected to DSC thermograms.19

Saturation Solubility Studies

The saturated solubility of lurasidone HCl pure drug was 
performed in 0.1 N and 0.01 N HCl, acetate buffer solutions of 
pH 3 and 4 and Phosphate Buffer Solution (PBS) of pH 5, 6, 6.8, 7 
and 7.4. The solutions were agitated using the mechanical shaker 
for 48 hr, at 200 rpm. The supernatant was filtered through a 
membrane filter (0.45 μ). 1 mL of this filtrate, after appropriate 
dilutions, was assayed using a UV-visible spectrophotometer at 
231 nm wavelength.13

X-ray Diffraction

X-ray diffractometer was utilized to record the X-ray diffraction 
design of the pure drug, empty nanoparticles and drug-loaded 
chitosan-based nanoparticles. The samples were bombarded with 
monochromatized Cu-K radiation at temperatures ranging from 
3 to 60ºC and evaluated. 40 kV and 35 mA were employed as the 
voltage and current, respectively.13

Scanning Electron Microscopy

It was utilized to explore the morphological characters of 
nanoparticles. The nanoparticle powder was dusted to a thickness 
of 4 Aº on double-sided tape on an aluminium remnant and 
gold cover in a SEM chamber among a cold sputter coater, 
followed by photomicrographs among a 20 kV electron beam. At 
magnifications of 500x and 7000x, the photomicrographs were 
examined.13

Transmission Electron Microscopy
The morphology of optimized nanoparticles was planned utilizing 
TEM. A 2% (w/v) phosphotungstic acid solution was used to stain 
the nanoparticle powder in a negative manner on a carbon-coated 
copper grid. Allow the grid to dry at room temperature. A TEM 
with an accelerating voltage of 80 kV was utilized to investigate 
the stained film, which was placed on a holder.

In vitro Dissolution Studies
The solubility of Lurasidone HCl pure drug and chitosan-based 
nanoparticles preparation in vitro was investigated using 
dissolving test sample on equipment, USP type II. In a 900 mL 
dissolution media rotated at 50 rpm and maintained at 37±0.5ºC 
in a pH 7.4 phosphate buffer solution, the study was carried out 
using a muslin cloth with a formulation quantity corresponding 
to a single dosage of Lurasidone HCl. At time intervals of 15, 30, 
45, 60, 75 and 90 min, aliquots of 5 mL dissolving media were 
withdrawn. An equivalent amount of the same medium was 
replaced in the meanwhile. Spectrophotometric examination 
of filtered dissolution samples was done at 231 nm using 0.22 µ 
filters.2

RESULTS AND DISCUSSION

Particle size, Zeta Potential and Polydispersity Index
Lurasidone HCl nanoparticles made from chitosan were 
measured between 222.2 nm and 348.5 nm. The particle size 
of chitosan-based Lurasidone HCl nanoparticles is intent by 
the concentration of chitosan in the combination. The polymer 
concentration decreases, the mean particle size of chitosan-based 
Lurasidone HCl nanoparticles decreases (F1). Because of the 
higher polymer content, the particle size was increased from F2 
(231.1 nm) to F3 (231.1 nm) (348.5 nm). The best particle size 
for chitosan-based Lurasidone HCl nanoparticles was found to 
be 222.2 nm due to the less concentration of chitosan in the F1 
formulation (Figure 1).

The Polydispersity Index (PDI) of F1 batch was found to be 
1.0. The Particle size Distribution Index (PDI) is a measure of a 
particle size distribution's width, spread, or fluctuation. The PDI 
value of mono-dispersed samples is lower, whereas the PDI value 
of poly-dispersed samples is higher. The F1 preparation's zeta 
potential was found to be -13.3 mV as shown in Table 1. The zeta 
potential in the range of -13 to -18 mV indicates good stability of 
formulation (Figure 2).

Fourier-Transform Infrared Spectroscopy (FTIR)
In FTIR spectra, the absorption peak of Lurasidone HCl 
correlates to the frequency of vibrations between the bonds 
inside a molecule. The magnitude of the peak in each spectrum 
is directly related to the amount of material available within each 
specimen. The N-H extension may be assigned to the band at 
3433.35 cm-1 in the FTIR spectra of lurasidone HCl (Figure 3). 
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Figure 2: Zeta Potential of batch F1.

Figure 1: Particle Size Distribution of batch F1. 

Figure 3:  Overlay of FTIR.
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C=O stretching resulted in intensities of 1688.71 cm-1, while C=C 
stretching resulted in values of 2257.72 cm-1. Another array was 
observed at 1269.80 cm-1, which was linked to C-N stretching. 
The drug's FT-IR spectra were interpreted and it was discovered 
that all of the characteristic peaks pertaining to the functional 
group present in Lurasidone HCl's molecular structure were 
placed within the reference range, confirming its identity.

The positions of typical absorption bands and linkages 
between distinct functional groups in the medication did not 
differ considerably. This observation clearly reveals that when 
Lurasidone HCl is physically mixed, its properties do not alter 
much. The FTIR spectra revealed the interaction between the 
drug lurasidone HCl and polymer chitosan.

Differential Scanning Calorimetric analysis (DSC)

The DSC thermogram of Lurasidone HCl, Chitosan, TPP and 
formulation batch F1 are shown in Figure 4.

Differential scanning calorimetry was utilized to assess the 
thermal analysis of pure drug, chitosan, TPP and F1 formulations. 

Lurasidone HCl has an endothermic peak temperature of 
roughly 273.08ºC (Figure 4a). Figure 4b shows that chitosan has 
a strong endothermic peak at 90.39ºC that also happens to be its 
melting point. The DSC thermogram (Figure 4c) of TPP shows 
endothermic peaks at 134.70ºC. The two endothermic peaks of 
drug-loaded chitosan nanoparticles at 49.16ºC and 200.71ºC 
respectively were seen (Figure 4d).

Determination of drug content

Lurasidone HCl nanoparticles made with chitosan had a 
drug content ranging from 29.80 to 35.06%. As the chitosan 
concentration grew, the medication content decreased. Due to the 
less concentration of chitosan in the F1 formulation, the highest 
drug content of chitosan-based Lurasidone HCL nanoparticles 
was determined to be 35.06% show in Table 2.

Determination of Drug loading

The drug loading of chitosan-based Lurasidone HCl nanoparticles 
showed a range between 75% and 80%. With a chitosan 
concentration of 0.05% in the F1 formulation, the maximal drug 

Sl. No. Formulation 
Code

Particle Size Zeta Potential Polydispersity Index

1 F1 222.2 nm -13.3 mV 1.000
2 F2 231.1 nm -12.4 mV 0.581
3 F3 348.5 nm -18.8 mV 0.642

Table 1: Particle’s size, Zeta potential, Polydispersity index.

Figure 4a: DSC thermogram of Lurasidone HCl.

Figure 4b: DSC thermogram of Chitosan.
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loading in chitosan-based Lurasidone HCl nanoparticles was 
determined to be 82% shown in Table 2.

Entrapment efficiency

The entrapment efficacy of chitosan-based Lurasidone HCl 
nanoparticles improved as the polymer content was increased to 
0.05% chitosan. As a result, there was no discernible improvement 
in trapping efficiency. At the least elevated values, entrapment 
efficiencies were found to be 85.32% and 87.9%, sequentially 
shown in Table 2. Additionally, elevated entrapment effectiveness 
was not regarded as optimal. Using the medication content and 
polymer used, the best percentage efficiency was calculated. 
The optimum entrapment effectiveness of chitosan has been 
determined to be 85.32%. The Chitosan-based Lurasidone HCl 

nanoparticles F1 batch was chosen as the best experiment based 
on drug content and entrapment efficiency.

Saturation solubility study

In water and different pH buffers, the solubility of freeze-dried 
chitosan-based Lurasidone HCl nanoparticles was compared to 
the pure Lurasidone HCl (0.1 N HCl pH 1.2, Acetate buffer pH 
4, Phosphate buffer pH 6.8 and 7.4). Lurasidone HCl displayed 
a pH-dependent solubility outline, among the highest solubility 
at phosphate buffer pH 7.4 because of the pH maximum impact 
of organic hydrochlorides. The solubility of chitosan-based 
lurasidone HCl nanoparticles in water and pH 1.2, 4.0, 6.8, 7.4 
buffers was found to be 13.78%, 20.87%, 41.67%, 54.89% and 
67.89%, respectively, which was higher than that of the pure 

Figure 4c: DSC thermogram of TPP.

Sl. No. Formulation 
Code

Drug Content (%) Drug Loading (%) Entrapment Efficiency 
(%)

1 F1 36.06 82 82.32
2 F2 32.10 77 86.07
3 F3 29.80 75 87.90

Table 2:  Drug content, Drug loading and Entrapment efficiency.

Figure 4d: DSC thermogram of F1 Formulation.
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Figure 5:  Solubility of Lurasidone HCl and lyophilized chitosan based lurasidone HCl nanoparticle 
in Water, HCl solution (pH 1.2), Acetate buffer (pH 4.0) and PBS (6.8 and 7.4). 

Figure 6a:  XRD of pure drug Lurasidone HCl.

Figure 6b: XRD of chitosan. 
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Lurasidone HCl. This was connected to a reduction in particle 
size on the nanoscale scale. The formulation F1 had an elevated 
solubility in phosphate buffer solution pH 7.4 than the other 
batches and the phosphate buffer solution pH 7.4 had a higher 
solubility than the other buffers shown in Figure 5.

X-ray Diffraction study (XRD)

An X-ray diffractometer was utilized to record the X-ray 
diffraction patterns of pure Lurasidone HCl, chitosan-based 
Lurasidone HCl loaded nanoparticles and both polymers, 
chitosan and TPP. On a scale of one to two, the drug's distinct 
sharp peaks were visible at diffraction angles of 10.897º, 11.452º 
and 17.714º shown in Figure 6a demonstrating the drug's regular 
crystalline shape. The large peak of 20.862º on the nanoparticles 
indicated that the polymer was amorphous (Figure 6b). It was 
presumed that the drug had dispersed molecularly throughout 
the polymer and become amorphous because there were no 

crystalline peaks in drug-loaded nanoparticles (Figure 6c and 
Figure 6d).

Scanning Electron Microscopy

SEM was utilized to explore the exterior of the F1 formulation. 
The F1 Formulation was scanned at 5,000x, 15,000x and 3000x, 
as illustrated in Figure 7.

SEM image shows elongated and irregular shape particles may 
be due to aggregation of particles and incomplete drying before 
evaluation. Particle size was found in the range of 0.84 µM to 1.11 
µM.

Transmission Electron Microscopy

TEM was retained in studying the morphology of F1 after it was 
placed on a copper grid. The particle size was found around 50 
nm.

Figure 6d: XRD of drug loaded chitosan nanoparticles. 

Figure 6c: XRD of TPP. 
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Figure 7:  SEM image of the chitosan based Lurasidone HCl nanoparticles of batch F1.

Figure 9:  Comparative In vitro drug release study of pure Lurasidone HCl and formulation 
batches F1, F2 and F3.

Figure 8:  TEM image of the chitosan based Lurasidone HCl nanoparticles of batch F1.
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As shown in Figure 8, TEM was utilized to determine the 
morphological features of chitosan-based nanoparticles. In the 
specified nanoparticles, spherical shapes with specific diameters 
were detected. Covalent crosslinking had no effect on the shape, 
or globular form, of the resultant chitosan-based lurasidone HCl 
nanoparticles.

In vitro dissolution study
During the dissolution study it was observed that the concentration 
of polymer had an impact on drug release. In all formulations, 
increased polymer concentration resulted in significant decrease 
in drug release. The drug was rapidly released due to the less 
polymer concentration (0.05% chitosan) in batch F1. During the 
initial 90 min of dissolution study, batch F1 released maximum 
drug. The percentage cumulative drug release of F1 in pH 7.4 
phosphate buffer was measured to be 84.37%. According to the 
results of an in vitro drug release investigation, all batches of 
chitosan-based Lurasidone HCl nanoparticles have better drug 
release rates than pure drug (Figure 9).

CONCLUSION

Ionic gelation with sodium tripolyphosphate serves as a 
cross-linker Chitosan nanoparticles containing lurasidone HCl 
were produced. When constant dose forms are established, 
various obstacles arise due to the medication's restricted solubility. 
As a result, nanoparticulate drug delivery methods are gaining 
traction and these chitosan-based Lurasidone HCl nanoparticles 
demonstrate improved drug solubility and dissolution rates. 
The generated NPs had good zeta potential, particle size, drug 
loading and drug entrapment. In simulated intestinal fluid, the 
chitosan-based Lurasidone HCl nanoparticles dissolve faster 
than the Lurasidone HCl raw material (pH 7.4 phosphate buffer 
solution). Using chitosan nanoparticles to improve the solubility 
and dissolution rate of Lurasidone HCl could be a potential 
technique based on these findings.
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