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Abstract

Purpose Loratadine (LOR), a commonly prescribed antihistamine, has low water solubility but high permeability. In this
study, an orodispersible film incorporating the nanoparticulate loratadine was prepared to enhance the oral bioavailability
of a poorly water-soluble drug.

Methods Nanoparticulate loratadine was formulated using the antisolvent precipitation method and optimized by a single-
factor design based on the particle size and polydispersity index. The optimal formulation was spray-dried and characterized
by powder X-ray diffraction and differential scanning calorimetry. Nanoparticulate loratadine was loaded into an orodispers-
ible film using a solvent casting method.

Results In the dissolution tests, the nanoparticulate loratadine-loaded orodispersible film exhibited a 6.5-fold higher dissolu-
tion rate than the pure loratadine-loaded film and a similar dissolution rate compared to the commercialized orodispersible
tablet, Loratadine SPM. In pharmacokinetic studies conducted on rats, the maximum concentration (C,,,,) and area under
the curve of the plasma concentration—time profile from O to 24 h (AUC,,_,,1,) of the nanoparticulate loratadine-loaded oro-
dispersible film significantly increased 1.8-fold and 5.8-fold, respectively. The elimination half-life (t,,,) increased 5.1-fold
compared to the loratadine-loaded counterpart.

Conclusion These results suggest the potential of orodispersible films to improve the oral bioavailability of poorly water-
soluble drugs and promote compliance in pediatric and geriatric patients.
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Introduction

Loratadine (LOR) is one of the most commonly prescribed
antihistamine medicines used to treat symptoms of aller-
gies, such as rhinitis, conjunctivitis, and urticaria (Roman
and Danzig 1993). This compound is categorized as class II
according to the Biopharmaceutical Classification System
(BCS) owing to its low water solubility and high perme-
ability (Khan et al. 2004). LOR is a weakly basic compound
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with a pK, of 5.2, resulting in pH-dependent solubility and
a highly variable pharmacokinetic profile (Khan et al. 2004;
Sora et al. 2007). Therefore, several studies have been per-
formed to prepare nanoparticles to improve the dissolution
rate and/or bioavailability of LOR, such as solid disper-
sions (Frizon et al. 2013; Kapote and Wagner 2021), self-
microemulsifying drug delivery systems (Frizon et al. 2013;
Madhav and Kishan 2018; Desai et al. 2020), co-amorphous
systems (Wang et al. 2017), and solid lipid nanoparticles
(Uner et al. 2014; Sarheed et al. 2020).

Despite their advantages, nanosizing technologies
increase the particle surface area, which leads to poor long-
term stability due to agglomeration, crystal growth, changes
in the crystalline state, and chemical degradation (Wu et al.
2011). Moreover, these nanoparticulate formulations are pri-
marily liquid, making their shipping difficult. These chal-
lenges necessitate further processing of nanoparticles into
solid dosage form designs to enhance stability and/or patient
convenience (Van Eerdenbrugh et al. 2008).
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Orodispersible film (ODF) is a relatively novel oral dos-
age form that has received considerable attention because
of several advantages. Besides rapid drug release and avoid-
ance of first-pass metabolism, it is beneficial for delivering
therapeutics in pediatric, geriatric, and patients with swal-
lowing issues and can be administered without water (Hoff-
mann et al. 2011).

In this study, we developed an ODF formulation incor-
porating nanoparticulate LOR to enhance the dissolution
rate and oral bioavailability of LOR. First, nanoparticulate
LOR was prepared and optimized based on the particle size
and polydispersity index (PDI). Second, the nanoparticulate
LOR was spray-dried along with other additives, dispersed
in water, and homogenized. The homogeneous mixture was
cast into 6-well plates and dried in an incubator. The result-
ant film was compared with the pure LOR-incorporated film
in terms of physical characteristics such as X-ray diffrac-
tion (XRD), differential scanning calorimetry (DSC), SEM,
dissolution rate, and bioavailability in rats following oral
administration at the LOR dose of 10 mg/kg to confirm its
advantages.

Materials and methods
Materials

Loratadine was procured from Vasudha Pharma Chem Co.,
Ltd. (India). Hydroxypropyl methylcellulose (HPMC) E6
and E15 were purchased from Shandong Head Co., Ltd.
(China). Polyvinyl pyrrolidone (PVP) K30 was obtained
from TNJ Chemical Industry Co., Ltd. (China). Sodium
lauryl sulfate (SLS) was obtained from Emery Oleochemi-
cals Marketing, Sdn Bhd (Malaysia). Poloxamer 188 was
purchased from Nanning Doublewin Biological Technol-
ogy Co. Ltd. (China). Polysorbate 80 was purchased from
Croda Singapore Pte Ltd. (Singapore). All other chemicals
and reagents were of analytical grade and were used without
further purification.

Preparation of loratadine nanoparticles
by antisolvent precipitation

The LOR nanoparticles were prepared using the antisolvent
precipitation method described previously (Thorat and Dalvi
2012). First, pure LOR was dissolved in ethanol (water-mis-
cible solvent). Second, polymers (HPMC E6, HPMC E15,
and PVP K30) and/or surfactants (SLS, poloxamer 188, and
polysorbate 80) were dissolved in distilled water (antisol-
vent). Finally, the drug solutions were dispersed into the
aqueous solutions using a syringe at a rate of 120 drops/
min. The mixtures were dispersed using a high-shear mixer
(IKA RW200, IKA, Germany) at 1500 rpm. The optimized
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Scheme 1 Preparations of spray-dried LOR and orodispersible film

formulation was delivered to a pneumatic nozzle at a flow
rate of 1000 mL/h using a spray dryer (SD-1000 Eyela;
Eyela, Tokyo, Japan). The process parameters included an
input temperature of 160 °C, an air pressure of 10 kPa, and
an airflow of 0.6 m*/min. The powder was collected in a
plastic bag and stored in a desiccator at room temperature.

Preparation of orodispersible films

Two ODF formulations were prepared using the solvent
casting method (Hoffmann et al. 2011) (Scheme 1). The
drug (either pure LOR or nanoparticulate LOR equiva-
lent 5 mg LOR) was weighed, and a film-forming polymer
(HPMC E6), surfactant (SLS), plasticizer (glycerol), and
saliva stimulant (citric acid) were added at a weight ratio
of 5:50:2.5:25:5. The mixture of drug and excipients was
dispersed in distilled water and homogenized. The mixtures
were continuously stirred in a vacuum for degassing. Sub-
sequently, these mixtures were poured into 6-well plates and
allowed to dry overnight at 40 °C in an incubator (Memmert
UN110, Memmert GmbH + Co. KG, Germany).

Physical characterizations
Particle size and zeta potential measurements

The particle size, PDI, and zeta potential of the LOR nano-
particles were determined using a nanoPartica SZ-100 nano-
particle analyzer (Horiba, Japan) using a method described
previously (Vikash and Kumar 2020). The samples were
measured in triplicate following dilution to the appropriate
concentrations.

Powder X-ray diffraction (PXRD) analysis

The PXRD patterns of pure LOR and nanoparticulate LOR
were obtained using an X-ray diffractometer (D8 Advance,
Bruker, Germany) following a method described previously
(Vasoya et al. 2019). The patterns were recorded at a scan-
ning rate of 1°/min over a range of diffraction angles (20)
from 5 to 50°.
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Thermal analysis

Thermal analysis of the pure LOR and nanoparticulate
LOR was performed using a DSC PT1000 differential
scanning calorimeter (Linseis Messgeraete GmbH, Ger-
many) following a method described previously (Albayati
et al. 2019). After sealing in aluminum pans, accurately
weighed samples (approximately 6 mg) were scanned
over a temperature range of 50-250 °C at a heating rate of
10 °C/min under a nitrogen gas flow rate of 50 mL/min.

FTIR analysis

About 5-10 mg of nanopowder sample was ground finely
and then subjected to infrared spectroscopy on a Cary 630
FTIR instrument (Agilent, Malaysia) at wavenumber range
of 4000 to 400 cm™! (Tran et al. 2021).

SEM analysis

The morphologies of loratadine and ODF were observed
using an S-4800 scanning electron microscope (Hitachi,
Japan) at an accelerating voltage of 10 kV (Truong et al.
2016). The samples were placed onto a double-sided adhe-
sive tape attached to an aluminum stub, and the mounted
samples were coated with gold under vacuum.

Disintegration test

A disintegration test was performed to visually examine
the time required for the film to disappear when the film
was placed in the buffer solution. Briefly, 20 mL of phos-
phate buffer (pH 6.8 and 37 °C temperature) was used in
the testing conditions. Each film (n=3) was placed on top
of the solution, and the dish was gently shaken until the
end of the study.

Folding endurance

The flexibility of the films was characterized using a fold-
ing endurance study. The film was folded repeatedly until
it cracked or broke. The folding endurance value was cal-
culated as the number of folding cycles.

Drug contents

UV-VIS analysis was performed to evaluate the drug con-
tent of the films dissolved in 100 mL of methanol. The
drug solution was filtered using a 0.45-um filter before

quantification using a UV-2600 UV-VIS Spectrophotom-
eter (Shimadzu, Japan) at an absorption wavelength of
247 nm.

In vitro drug release studies

The release of pure LOR powder, nanoparticulate LOR pow-
der, pure LOR-loaded film, and nanoparticulate LOR-loaded
film was determined in a glass beaker. The nanoparticulate
LOR powder was loaded into the capsule, which was subse-
quently immersed in the dissolution medium using a basket.
Samples equivalent to 5 mg of LOR were placed in 20 mL of
phosphate buffer solution at pH 6.8, which was maintained
at 37+0.5 °C and stirred at a speed of 100 rpm using a
C-Mag HS10 magnetic stirrer (IKA, Malaysia). After spe-
cific time intervals, the dissolution medium (0.5 mL) was
withdrawn and immediately replaced by the same volume of
pre-warmed fresh medium (Nguyen et al. 2022). The with-
drawn samples were filtered through 0.22-pm membrane fil-
ters before determining the concentrations of dissolved LOR
using an ultraviolet spectrophotometer UV-2600 (Shimadzu,
Japan) at a wavelength of 247 nm.

To compare the dissolution rate of commercialized oro-
dispersible tablets (ODTs), in vitro dissolution studies of
loratadine ODT were evaluated using a USP apparatus type
I (Basket) at 50 rpm in 900 mL of simulated gastric fluid
(SGF) (pH 1.2) without enzyme and at a temperature of
37+0.5°C. At 2,4, 6, and 10 min, 10 ml of the solution was
aspirated, filtered through a membrane filter, and measured
photometrically at 247 nm (Raju et al. 2013). Loratadine
SPM 5 mg, a commercialized ODT, was used as a compara-
tive sample.

Pharmacokinetic studies

The experimental protocols were approved by the Animal
Ethical Experimentation Committee of the Vietnam Military
Medical University (No. LORA.O1 (Hanoi, Vietnam).

Twelve Sprague Dawley rats weighing 180-220 g were
randomly divided into two groups (n=6) and fasted over-
night with free access to water before film administration.
The nanoparticulate LOR-loaded film and pure LOR-loaded
film were orally delivered to rats at 10 mg loratadine/kg
dose. At the pre-determined time points (0.25, 0.5, 1, 2, 4,
8, and 24 h), 0.3 mL of blood sample was collected via peri-
orbital puncture and was placed into heparinized tubes. The
blood samples were centrifuged at 10,000 rpm for 10 min,
followed by a quick vortex. Plasma was separated and stored
at — 20 °C until analysis.

The plasma samples were mixed with methanol at 1:1
(v/v) ratio. After vortexing for 5 min, the mixture was cen-
trifuged at 18,000 rpm for 15 min at 5 °C. The supernatant
was used to analyze LOR concentrations in plasma using the
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following procedure. Samples (20 uL) were injected into an
Agilent 1260 HPLC system attached to a G1321B fluores-
cence detector (Agilent, USA). A mobile phase containing
acetonitrile:water in 42:58 v/v ratio, which was adjusted to
pH 3.0 using phosphoric acid, was eluted through an Eclipse
Plus C-18 column (4.6 X 100 mm; 3.5 um) at a flow rate
of 1 mL/min. The effluent was detected at excitation and
emission wavelengths of 290 and 460 nm, respectively (Yin
et al. 2003).

The pharmacokinetic parameters, including the area
under the curve of plasma concentration—time profile from
0 to 24 h (AUC,,_»,},), maximum drug concentration (C_,.),
time to C,, (T,,,,), and elimination half-life (t,,), were cal-
culated by non-compartmental analysis using WinNonlin®
software version 2.1 (Pharsight, USA).

Statistical analysis

All experiments were performed in triplicate unless stated
otherwise. Results are presented as mean =+ standard devia-
tion (SD). The Student’s t-test was performed to determine
significant differences between the two groups. Statistical
significance was set at p <0.05.

Results and discussion

Selection of ingredients and parameters
for preparation of nanoparticulate loratadine

The LOR nanoparticles were prepared using an antisol-
vent precipitation method. Pure LOR was dissolved in a
water-miscible solvent. Absolute ethanol, which exhibited
the highest solubility of LOR, was chosen as the solvent to
prepare LOR nanoparticles based on our preliminary study
and the results from a previous study (Alshweiat et al. 2018).
Water was used as the antisolvent, and the polymer and/or
surfactant was dissolved. LOR nanoparticles were optimized
by a single-factor design based on particle size and PDI.
The factors influencing the nanoparticle formulation process
were observed and reported as follows:

Effects of the polymer types and percentage

Under the same experimental conditions (drug concentra-
tion: 60 mg/mL, solvent/antisolvent ratio: 1/20, and tempera-
ture: 25 °C), the effects of polymer types used at 0.2% (m/v)
were compared. Among the three polymers, HPMC E6 led
to the formation of nanoparticles with the smallest particle
size and PDI (Fig. 1A). Meanwhile, PVP K30 generated
large particles that could be seen by the naked eye (data not
shown) since it is less hydrophobic and has fewer functional
groups for hydrogen bonding than HPMCs, leading to low
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adsorption affinity to particle surface (Van Eerdenbrugh
et al. 2009; Dalvi and Dave 2009). PVP K30 is also less vis-
cous than HPMC:s, resulting in lower stabilization capacity
(Sinha et al. 2013). Accordingly, HPMC E6 was selected as
the optimal polymer for further studies.

When the concentration of HPMC E6 was increased
from 0.2% to 0.6% (w/v), the particle size decreased from
877.0 to 563.9 nm, respectively (Fig. 1B). This might be
because higher concentrations of HPMC E6 could decrease
the nuclei mobility better, thereby reducing the frequency
of collisions between nuclei to form larger particles (Sinha
et al. 2013). Thus, 0.6% (w/v) of HPMC E6 was selected as
the optimal polymer concentration.

Effects of drug concentrations

Drug concentrations in the solvent phase affect the degree
of supersaturation, thereby affecting nucleation and parti-
cle growth rates (Xia et al. 2012). The effects of drug con-
centrations were studied under the following conditions:
0.6% HPMC E6, solvent/antisolvent ratio of 1/20, mixed
using a high-shear mixer at a temperature of 25+0.5 °C.
As shown in Fig. 1C, the particle size increased when the
drug concentration increased from 20 to 120 mg/mL. This
result might be attributed to particle adhesion, agglomera-
tion, and formation of larger particles when a large number
of drug nuclei were present at the solvent-antisolvent inter-
face, and the decrease in the diffusion rate of nuclei to the
antisolvent phase (Zhang et al. 2009; Sinha et al. 2013).
However, PDI values were very high at drug concentrations
of 20 and 40 mg/mL (0.821 and 0.972, respectively). There-
fore, 60 mg/mL, which showed an acceptable PDI of 0.195
(Danaei et al. 2018), was determined to be the optimal drug
concentration.

Effects of solvent/antisolvent ratios

The effects of the solvent-to-antisolvent volume ratio (1/20
to 1/100) on particle size and PDI were examined under
the same experimental conditions as above. When the ratio
decreased from 1/20 to 1/100, the size of the nanoparti-
cles gradually decreased (Fig. 1D) because of an increased
degree of supersaturation, resulting in an increased nuclea-
tion rate (D’Addio and Prud’homme 2011; Sinha et al.
2013). Thus, 1/100 was selected as the optimal solvent/
antisolvent ratio.

Effects of surfactant types

Surfactants can adsorb onto particle surfaces, reducing
surface tension and increasing nucleation rate. Moreover,
adsorption makes the particles more hydrophilic, thereby
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decreasing the van der Waals interactions between parti-
cles and reducing particle growth (Sinha et al. 2013).

In this study, Poloxamer 188, polysorbate 80, and SLS
were used to compare the effects of non-ionic and ionic
surfactants on particle size. As expected, anionic SLS sup-
ported the formation of nanoparticles with the smallest
particle size and PDI, resulting from electrical repulsion
(zeta potential of -32.2 +0.1 mV) (Fig. 1E). In contrast,
the formulation containing non-ionic polysorbate 80 con-
tained large particles that could be seen by the naked eye
(data not shown). A possible explanation for this could be
the use of a concentration higher than the critical micelle
concentration of polysorbate 80, which favors the forma-
tion of micelles rather than adsorption on particle surfaces
(Deng et al. 2010).

In summary, the optimal formulation was achieved with
the following parameters: 0.6% HPMC E6, 0.1% SLS, LOR
concentration of 60 mg/mL, and solvent/antisolvent ratio
of 1/100 using a high-shear mixer at 1500 rpm at 25 °C.
The formulation was spray-dried to form a nanoparticulate
powder. The results of characterization studies are provided
below.

Physicochemical characterization
Powder X-ray diffraction (PXRD) analysis

The PXRD diffractograms of the pure LOR and nanoparticu-
late LOR are shown in Fig. 2A. Pure LOR showed character-
istic peaks at 15.2°, 16.58°, 19.58°, and 21.14°, confirming
its crystalline structure. However, these peaks disappeared
in the diffractogram of nanoparticulate LOR, suggesting the
transformation of LOR into an amorphous state or molecular
dispersion of LOR in the carrier matrix.

Differential scanning calorimetry analysis

The DSC thermogram of pure LOR showed a sharp endo-
thermic peak at 136.1 °C, corresponding to its melting
point (Fig. 2B). However, this peak disappeared in the
thermogram of nanoparticulate LOR. Therefore, in con-
sensus with the PXRD data, this result confirms that LOR
might have changed into an amorphous form or might have
molecularly dispersed in the carrier matrix (Zhu et al.
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Fig.2 A PXRD diffractograms (A) (B)
and B DSC thermograms of
pure LOR and nanoparticulate Nano LOR
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2010; Melzig et al. 2018). The absence of a thermogram
of LOR was also observed in the nanoparticulate LOR-
loaded film.

FTIR analysis

The results of infrared spectrum analysis showed that pure
loratadine shows a peak at 995.2 cm™!, which is typical
for aryl C—Cl bonds; 1222.6 cm™! characterizing the C-N
bond of the aryl group of N; the range of 1558.7 cm™ to
1699.7 cm™! characterizing the C—O bond of the amide
group or the ester group. The range of 2862.6 cm™' to
2981.9 cm™! is characteristic of C-H bonding (Fig. 2C).

Infrared spectra showed similarities between the spec-
trum of nanoparticulate loratadine and that of the HPMC
E6 polymer. This may be due to the low concentration
of loratadine in the nanosystem (approximately 10%) and
the high percentage of HPMC E6 (approximately 60%),
which led to the characteristic absorption peak of lorata-
dine being obscured by the absorption peak of HPMC E6.
The infrared spectrum of nano-loratadine did not show a
clear interaction between the drug substance and carrier
during the preparation process.
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Other physiochemical properties

SEM images showed the crystalline pattern of the drug,
which corresponded to the DSC and XRD results (Fig. 3A).
The nanoparticulate LOR-loaded film was depicted as a
transparent, regular one containing 4.58 +0.16 mg of LOR
(Fig. 3C, Table 1). The film exhibited a flat surface with var-
ious encapsulated materials (Fig. 3D). This film was placed
into the medium and disintegrated in 38 s, which is slightly
longer than the recommendation (< 30 s) for Orally Disinte-
grating Tablets in the FDA guidance for industry (Comoglu
and Dilek Ozyilmaz 2019).

The film could be folded more than 300 times without
any break, indicating the endurance of the film (Table 1).
This high flexibility of the film might have resulted from the
presence of glycerol and even water with a relatively high
amount of plasticizers (Boateng et al. 2009).

Dissolution studies

The release patterns of LOR in the pure and nanoparticulate
powder form are illustrated in Fig. 4A. As can be seen, the
release of the drug from pure LOR powder was only 1.4%
after the first 5 min and increased slightly to approximately
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Fig.3 SEM analysis of A Pure
LOR, B Spray-dried LOR, C
Nanoparticulate LOR-loaded
film. D Spray-dried embedded
film

Table 1 Properties of films

Film properties (mean +SD, n=3)

Disintegrated time (s) 38+2
Folding endurance > 300 times
Drug content (mg) 4.58+0.16

3.1% after 60 min, which resulted from poor solubility of
LOR. In contrast, 7.2% of the drug was released from nano-
particulate LOR powder after 5 min, and the rate dramati-
cally increased to 21.6% after 60 min. This might have been
induced by the enhanced surface area and wettability due to
the particle size reduction and the presence of the polymer
and surfactant on the particle surface. Additionally, the pres-
ence of the drug in an amorphous form might help further
improve its dissolution rate (Tran et al. 2013; Truong et al.
2015).

Following the encapsulation of drugs into the films, the
release of LOR increased to 6.02% and 39.22% for pure
LOR-loaded and nanoparticulate LOR-loaded films, respec-
tively, at the end of the experiment (Fig. 4B). This phenom-
enon might result from the presence of a large percentage of
glycerol, which is a water-miscible solvent that can enhance
the solubility of poorly soluble LOR.

In our study, the sink conditions were not taken into
consideration. First, ODF formulations were administered
via the mouth, where the volume of the dissolving medium
was too small. Second, LOR is poorly soluble in the dis-
solution medium and cannot completely dissolve. Finally,
sink conditions result in fast release rates of supersaturated
formulations that hinder the actual differences between the
performances of these formulations (Sun et al. 2016).

The dissolution rate of LOR in the nanoparticulate LOR-
loaded film was compared with that of the commercialized
ODT in media without the enzyme. As shown in Fig. 4C,
after 10 min, approximately 90% of the drug was released
from both formulations, indicating the availability for the
adsorption and the similarity between both formulations
(Diaz et al. 2016). Therefore, the nanoparticulate LOR-
loaded film met the requirement for a quick-release dosage
form.

Pharmacokinetic study

The pharmacokinetic profiles of the two LOR-loaded
ODF formulations following oral administration to rats
are shown in Fig. 5. The corresponding pharmacokinetic
parameters are listed in Table 2. The nanoparticulate LOR-

loaded formulation demonstrated significantly higher C
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Fig.4 Release profiles of LOR (A) 60 - (B
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Fig.5 Plasma concentration—time profiles of LOR after oral adminis-
tration of orodispersible films containing pure LOR and nanoparticu-
late LOR in rats

Table 2 Pharmacokinetic parameters of LOR after oral administra-
tion of orodispersible films containing pure LOR and nanoparticulate
LOR in rats (mean+SD, n=6)

Parameters Pure LOR-loaded films = Nanoparticulate
LOR-loaded films
Cpnax (ng/mL) 42.56+4.21 76.86+ 15.04%**
Tax () 0.38+0.14 0.29+0.10
AUC 1, (h.ng/mL) 128.72+61.64 751.11 £78.46%**
ty 5 (h) 5.14+2.46 26.23+11.63%*

**p<0.01; ***p <0.001, compared to pure LOR-loaded films
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and AUC,,, , than those of the pure LOR-loaded coun-
terpart (p <0.001). Specifically, C,,,, (76.86+15.04 ng/
mL) and AUC 5,1, (751.11 +78.46 h.ng/mL) of the nano-
particulate LOR-loaded formulation were approximately
1.8-fold and 5.8-fold higher than those of the other,
respectively. Additionally, the elimination half-life of the
nanoparticulate LOR-loaded formulation (26.23 +11.63 h)
was 5.1-fold higher than that of the pure LOR-loaded for-
mulation (p <0.01), suggesting that this formulation could
help reduce the frequency of drug administration, thereby
promoting patient compliance.

Conclusion

In this study, orodispersible films incorporating nano-
particulate LOR, a BCS class II drug, were successfully
prepared. Nanoparticulate LOR was prepared using anti-
solvent precipitation, followed by spray drying. Not only
did the nanoparticulate LOR-loaded orodispersible film
exhibit a significantly higher release rate and oral bioavail-
ability of LOR, but it also showed a longer half-life com-
pared to the pure LOR-loaded orodispersible film. These
results suggest the possibility of using orodispersible films
to enhance the oral bioavailability of poorly water-soluble
drugs and to improve patient compliance.
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