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Abstract
Owing to its slightly aqueous solubility, loratadine (LOR) is used in high doses in different marketed formulations to 

achieve its desirable bioavailability. The aim of this work is to formulate novel LOR-glycerin nanoparticles (LOR-GNPs) 
to increase LOR bioavailability. LOR-GNPs were prepared by a precipitation method and then evaluated for such size 
and morphology using dynamic scattering spectroscopy (DLS) and scanning electron microscopy (SEM), as well as the 
percentage entrapment efficiency (EE%) of free LOR from GNPs formulations was performed using titration method. 
Furthermore, the GNPs were formulated in hydrogel. The hydrogel viscosity, spreadability, homogeneity and abdominal 
rat skin permeation were studied and optimized DLS indicated a successful coating of LOR with glycerin surface that 
recorded an average size of 334 ± 30 nm with uniform particle size, while SEM showed LOR-NPs in different shapes. 
The EE% free LOR was found to be satisfactory with a mean content of 98.1 ± 0.3 and a relative standard deviation 
below 2.0% indicates the reproducibility of the LOR release. LOR-GNPs were formulated as a hydrogel to check 
their suitability for a dosage form usage. The hydrogel showed accepted viscosity, spreadability, and homogeneity. 
The results proved that the GNPs penetrated abdominal rat skin. The obtained results showed that LOR-GNPs are 
considered a new addition for improvement of LOR solubility when applied as a hydrogel. The developed method could 
be used for different insoluble candidates.
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Introduction
An approximately 65% of the human body is made up of water, 

therefore drug molecules must have certain aqueous solubility to 
achieve an acceptable bioavailability level [1]. The aqueous solubility 
of drug molecules is a major challenge and critical step to achieve an 
optimal bioavailability after oral administration of its pharmaceutical 
dosage form. Loratadine (LOR, Figure 1) is a second-generation non-
sedative tricyclic antihistaminic (H1) drug. It is used to prevents the 
seasonal and perennial allergic rhinitis, allergic dermatitis, idiopathic 
urticaria and ocular allergy [2]. LOR belongs to biopharmaceutical 
classification system class II with low solubility and high permeation 
drug [3]. Accordingly, LOR is used in a high dose (10 mg/Tablet) to 
reach the desirable therapeutic blood concentration [4]. Unfortunately, 
the high doses of LOR affected its safety patient with renal and liver 
impairment. Through the literature, many methodologies have been 
reported to enhance the solubility of LOR; such as inclusion complex 
with β-cyclodextrins, spray-drying, freeze-drying and/or microwave 
irradiation [5-9]. Although these techniques were improved LOR 
solubility, but they are sophisticated, required a specialized equipment, 
time consuming and yield a poor flowing product powder [10]. 
Therefore, an effort was done to achieve novel simple, cost-effective 
LOR-glycerin nanoparticles (LOR-GNPs) to increase its solubility. The 
prepared nanoparticles were applied for a hydrogel dosage form using 
carbopol 934. The prepared hydrogel was optimized, evaluated, it’s in 
vitro release and ex vivo skin permeation was checked to assess the 
transdermal ability to deliver its contents of LOR.

Materials and Instrumentations
Materials

The reference standard LOR powder was kindly supplied from 
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Figure 1: The chemical structure of loratadine.
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Each 1 mL of 0.1 N perchloric acid ≡ 0.0038 g LOR. 

LOR%, w/v = (End point × milliequivalent×100)/(weight of sample)

Preparation of hydrogel loaded loratadine nanoparticles

Carbopol 934 hydrogels were prepared by previous reported 
methods [13,17]. Briefly, carbopol 934 (1%, w/v) was added gradually 
to a beaker contains an aqueous solution of LOR-GNPs with continuous 
stirring and heating in a water bath at 50°C until homogenous gel is 
formed. Then sodium hydroxide solution (0.4%, w/v) was added just to 
neutralize the free acid liberated from carbopol 934.

Evaluation of hydrogel

Determination of pH and entrapment entrapping 
efficiency%: The pH values of a blank GNPs and LOR-GNPs hydrogel 
were measured using a digital pH meter. LOR-GNPs Hydrogel, 100 mg 
was extracted by adding methanol, 100 mL into a beaker and sonicated 
for 5 min. The supernatant were purified by filtration using a Whatman 
No. 42 filter paper. Then the EE% of LOR content was determined by 
non-aqueous titration method as described in 3.4. [18].

Determination of rheological behavior and viscosity: A blank 
GNPs and LOR-GNPs hydrogel were evaluated for their rheological 
behavior by rheometer instrument using cone and plate configuration. 
The rheometer was equipped with cone-plate geometry (4/40) operating 
in the oscillation mode. The hydrogel samples were placed onto the 
bottom plate of the rheometer then the upper plate was then lowered to 
a gap size of 1000 µm.

The viscosity of the hydrogel was determined at different angular 
velocities at 25°C using spindle No. 4. Viscosities were recorded at 25°C 
and 1 Hz oscillatory frequency as a function of the applied stress [13].

Determination of homogeneity and spreadability: The 
homogeneity of a blank GNPs and LOR-GNPs hydrogel were tested by 
visual appearance after a number of sample (n=5) of the hydrogels have 
been introduced into their containers. Small quantity of each hydrogel 
sample is pressed between the thumb and the index finger to notice the 
consistency of the hydrogel whether homogeneous or not.

The spreadability was carried out for the gel formulation, by 
measuring diameter of 1 g gel among horizontal plates (20 × 20 cm2) 
after 1 minute. The standardized weight fixed on the upper plate was 
125 gm.

Determination of in vitro release: In vitro LOR release from 
LOR-GNPs hydrogel has been checked in a system resemble to Franz 
diffusion cell [13]. Briefly, cellophane membrane was stretched over 
the end of an open-ended glass tube and made water tight using a 
rubber band. The tube was immersed vertically in a 100-mL beaker 
containing phosphate buffer, 50 mL (pH 7.4, 10 mM) maintained in 
a thermostatically controlled shaker (50 stroke/minute) at 37°C. LOR-
GNPs hydrogel equivalent to 20 mg of LOR was placed into the glass 
tube. At predetermined time intervals for up to 24 hours, 5 mL aliquots 
of the release medium were withdrawn for analysis and were replaced 
with equal volume of phosphate buffer at the same temperature to 
maintain the volume constant. LOR content was determined using 
non-aqueous titration method as described in 3.4.

The data obtained from in vitro release studies were fitted to various 
kinetic models such as zero order, first order, and Higuchi’s model 
in order to study the kinetics release [19]. Moreover, Korsmeyer-
Peppas model as the log logarithm of cumulative percentage of LOR 
released versus logarithm of time (log time) was used to determine the 

Medical Union Pharmaceuticals (MUP, Cairo, Egypt). Glycerin, 
carbopol 934 and methanol were purchased from Merck company 
(Darmstadt, Germany). Glacial acetic acid, perchloric acid (HClO4, 
70% w/v), sodium hydroxide and crystal violet powder were obtained 
from El Nasr Chemical Co., (Abu Zaabal, Egypt). All other chemicals 
and reagents used through the study were of analytical reagent grade 
with distilled water was used throughout the work.

Instrumentations

A Sonicator model UH-100B (Tianjin Automatic Science 
Instrument Ltd, China), dynamic light scattering (DLS) and 
Malvern Zetasizer-Nano model 6.01 (Malvern instruments GmbH, 
Herrenberg, Germany), scanning electron microscopy (SEM, Philips 
XL30, Netherlands), spindle No. 4 DV. Ultra, model RVDV-111U 
(Brookfield, USA), Rheometer (Maxwell Orthogonal Rheometer, 
USA), thermostatically controlled shaker model WSB-45 (DAIHAN 
Scientific Co., Korea), digital analytical balance model AG 29 (Mettler 
Toledo, Glattbrugg, Switzerland), digital pH meter model 3500 (Jenway, 
UK) and MLW type thermostatically controlled water bath (Memmert 
GmbH, Schwabach, Germany) were used.

Methods
Preparation of glycerin nanoparticles loaded with loratadine

LOR-GNPs were prepared by precipitation method using LOR, 
glycerin, methanol, and distilled water. LOR, 20 mg and glycerin, 5 mL 
were transfer into a beaker contains methanol, 5 mL. The mixture was 
sonicated for 10 minutes and dropped into another beaker contains 
distilled water, 20 mL with continuous stirring at 500 rpm using a 
magnetic stirrer and left overnight till evaporate the methanol phase. 
Then the final obtained LOR-GNPs were purified through filtration 
using a Whatman No. 42 filter paper to remove the large aggregates.

Determination of size, count rate and polydispersity index 
and zeta potential

DLS instrument was used to determine the size, count rate and 
polydispersity index (PDI) of non-medicated GNPs (blank) and 
medicated LOR-GNPs samples [11,12]. Two-milliliters of each sample 
were measured in a disposable cuvette in three experimental replicates. 
Each sample was checked by laser light instrument with an incident laser 
beam of 633 nm and a scattering angle of 90° [13,14] at 25°C. As well 
as, Zeta potential measurements were done by a Zetasizer instrument, 
using a standard zeta cuvette in three experimental replicates.

Determination of surface morphology

The surface morphology of blank GNPs and LOR-GNPs were 
determined using SEM instrument operated at 4-25 Kv on samples 
gold-sputtered for 120 s at 10 mA under argon gas and low pressure 
[15].

Determination of entrapment efficiency%

The entrapment efficiency percent (EE%) of LOR-GNPs was 
determined using a direct non-aqueous titration method [16], was 
developed and validated by the authors. Briefly, the formed LOR-GNPs 
were evaporated carefully on a hot plate until dryness. The residue was 
reconstituted in an appropriate volume of glacial acetic acid. Two drops 
of 0.1% w/v crystal violet indicator were added and the solution was 
titrated against a standard solution of 0.1N perchloric acid to a pure 
blue end point. Then the% of LOR in LOR-GNPs calculated as the 
following:
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mechanism of LOR release. Then slope of the produced straight line 
could be used to calculate the value of the exponent (n). The relations 
were used to interpret the result outputs are:

a.	 n=0.5, the diffusion mechanism is fickian, as in the case with 
slab matrix system.

b.	 0.5˂n˂1.0, the diffusion mechanism is non-fickian.

c.	 n=1.0, refers to a case II relaxation transport.

d.	 n˂1.0, refers to super case II transport.

Determination of the stability: By storing LOR-GNPs hydrogel 
at two different temperatures 4°C and 25°C for 30 days, the physical 
and chemical stability were investigated [18]. The physical stability was 
assessed by visual observation whatever any sedimentation detected 
or no or via particle size determination using a Zetasizer instrument. 
While the chemical stability was determined by measuring the free LOR 
content released from LOR-GNPs hydrogel using the non-aqueous 
titration method as described in 3.4.

Ex vivo determination of the permeability of hydrogel loaded 
loratadine using abdominal skin of rat: The permeated or cumulative 
amount of LOR across rat abdominal skin treated with LOR-GNPs 
hydrogel after 12 hours was studied. A blank GNPs hydrogel and 
LOR-GNPs hydrogel were applied on two different groups of rats. The 
hydrogel was conveyed using abdominal male rat skin (weighed 140 ± 
20 g, n=5) [20]. The rats were first sacrificed and their hair was removed 
from the dorsal side of the rat using 0.1 mm hair clipper to develop 
the fresh skin of the rats. A wet cotton swab soaked in isopropanol 
and wipes the dermal part of the skin for any remaining fat materials. 
Skin turn out to be saturated with phosphate buffer before permeation 
study by soaking them in phosphate buffer for 6 hours. Skin portion 
was strained over one end of an open-ended glass tube, then immersed 
in a 400-mL beaker holding 125 mL of the buffer and held in vertical 
situation. The membrane was just under the surface of the buffer 
solution. The tube (donor) and beaker (acceptor) were kept at 37°C in 
a thermostatically controlled shaker water bath. The donor partition 
was occupied with 0.25 g of hydrogel. At time breaks (up to 24 hours) 
samples of 2.0 mL were removed from the receptor and replaced with 
a phosphate buffer [13]. Then the mean of three experiment replicates 
using non-aqueous titration method to determine the free LOR content 
were performed.

The permeability coefficient (Kp) of LOR across the abdominal rat 
skin was estimated using Fick’s first law of diffusion and expressed by 
the following equation: 

p
JK
C

=

Where, 𝐽 is the flux (mg/cm2/hours) and C is the LOR-concentration 
in donor partition.

The significant difference statistically with done by ANOVA/Tukey 
tests at probability (p)<0.05.

Result and Discussion
Glycerol a polyol compound gives it a significant positive effect on 

the properties of some soluble and insoluble agents [21]. In this study, 
glycerol was utilized a coating material to enhance the aqueous solubility 
of slightly soluble LOR using a precipitation method to prepare LOR-
GNPs by the temporary aid of methanol. LOR-glycerin in a mixture 
with methanol was added to an aqueous solution with a vigorous 
stirring. The solution initially, is clear and colorless then changed into 
cloudy solution indicated that the solution containing highly dispersed 
nanoparticles containing LOR-glycerin. Desirable size, zeta potential, 

PDI and adjusting the surface charge are parameters that indicate the 
colloidal stability of the obtained nanoparticles system [13-14,22-24].

The results showed an acceptable small and uniform LOR-GNPs 
particle size. Figure 2 shows the blank GNPs and formulated LOR-
GNPs were of a uniform Z average diameter of 334 ± 76 nm. DLS 
recorded only one peak with intensity of 100%. The blank GNPs had a 
Z average diameter of 1403 ± 20 nm and recorded two peaks; peak (a) at 
277.1 nm with intensity of 57.9% and peak (b) at 1.3 nm with intensity 
42.1%. PDI is a measure of the distribution of molecular mass in a given 
polymer sample an also index that could indicate of the stability of the 
LOR-GNPs since it represents the particles distribution in colloidal 
solution. High PDI values indicates the heterogeneity of the particle 
size in suspension, while smaller PDI indicate the homogeneity of the 
particle size in suspension, ideally the value of PDI should be ˂0.7 
because they indicate a particle size distribution falls within a narrow 
range of sizes [22,25-28]. In the present study the PDI average value of ≈ 
0.3 ± 0.02 was recorded for the formulated GNPs-LOR which revealed 
the homogeneity of the particle size in the obtained suspension. The 
high PDI average value of 1.0 was recorded by DLS for blank GNPs 
indicates the heterogeneity of the particle size in suspension. These 
results confirmed that LOR-glycerin and LOR-GNPs were highly water 
soluble, while the blank GNPs have not the same characteristics of LOR-
GNPs. Furthermore the PDI was very small indicating the uniformity 
of the obtained LOR-GNPs and their mono-dispersity related by the 
perfectly systematic size distributions curves as showed in Figure 2. 
Furthermore, these results confirmed that the glycerin coated the LOR, 
and hence LOR was nucleus for nanoparticles.

Zeta potentials were measured to confirm the successful coating 
of LOR with glycerin. Zeta potential of all particle types was initially 
negative. Then after coating with glycerin it became more positive, 
Figure 3, indicated the successful coating of LOR with glycerin. Before 
deposition of glycerin, LOR had negative zeta potential of ≈-20.8 ± 
2.7 and after coating the LOR the surface of LOR-GNPs had positive 
surface zeta potentials of +43.7 ± 3.2. The high-count rate (185 kpcs) 
indicates that the concentration of nanoparticles was high enough for 
measurements.
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Figure 2: Particle size distribution of GNPs measured using dynamic light 
scattering, shape of blank GNPs (a), as glycerin solution dropped on water 
which showed no uniformity of nanoparticles while LOR-GNPs (b) which 
showed uniform and monodisperse GNPs.
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In order to prove the formulation of GNPs-LOR, the blank and 
GNPs-LOR were examined by SEM. While the blank of GNPs showed 
non-identified nanoparticles, GNPs-LOR were identified and showed 
as in Figure 4a. The formulated LOR-GNPs were homogeneous and 
free of aggregates. They are present in different shapes such as cubes, 
rods, or triangles, (Figure 4b). These shapes were also as combination 
between two or three GNPs-LOR. The surface of the LOR-GNPs was 
slightly rough due to the higher concentration of drug that uniformly 
dispersed at the molecular level.

Figure 4b shows the typical results of the studies of LOR-GNPs 
deposited on a carbon strip by means of SEM. These results don´t 
interfere with the results obtained from DLS, as the DLS showed 
monodisperse nanoparticles with single peak. Otherwise, these 
nanoparticles were dried then were examined by SEM which showed 
different shapes for nanoparticles staked together.

The results of pH, viscosity, spreadability, homogeneity, and drug 
content studies are presented in Table 1. All blank GNPs, LOR-GNPs 
and LOR-GNPs hydrogel have a pH values similar to the abdominal 
rat skin value which indicated the compatibility of these formulations 
with the skin of rat. The prepared LOR-GNPs hydrogel showed a 
high viscosity values compared to blank GNPs hydrogel which made 
this formulation more suitable for transdermal delivery. Moreover, 
it showed a higher spreadability value of 6.5 ± 0.8 g.cm/second than 
those of blank hydrogel (of 5.5 ± 0.7 g.cm/second). On the other hand, 
the blank GNPs, LOR-GNPs, and LOR-GNPs hydrogel had a good 
homogeneity with absences of any lumps as they were uniform in 
consistency and free from any appreciable particulate matter after their 
microscopic examination. The Entrapping Efficiency of LOR content in 
the formed hydrogel was found to be satisfactory with a mean content 
of 98.1 ± 0.3 with a relative standard deviation below 2.0% indicates 

the reproducibility of the LOR concentration in the hydrogel, hence the 
method adopted for hydrogel formulation.

To evaluate the LOR-GNPs hydrogel release, it was subjected to in 
vitro drug release studies using a cellophane membrane as illustrated 
in Figure 5. The cumulative amounts of LOR released were calculated 
from LOR-Gel, which showed a significant higher LOR release (p<0.05, 
ANOVA/Tukey tests) from the LOR-GNPs hydrogel of 79.1 ± 1.6% 
after 8 hr. The acceptable LOR release from LOR-GNPs hydrogel could 
be attributed to the presence of glycerin molecule in this formulation 
which has a higher solubility in phosphate buffer.

Table 2 shows blank GNPs and LOR-GNPs hydrogel, were best 
fitted for the Higuchi kinetic equation as the coefficient of correlation 
(r) values predominates over zero and first order kinetics. These results 
indicate that LOR permeation mechanisms for both formulations were 
by diffusion or slow or sustained release from the membrane. The best 
fitting model was n value of 1.05 ± 0.02, which ˃1.0 indicates super case 
II Korsmeyer-Peppas model. This was confirming that LOR-release is 
controlled mainly by diffusion mechanism. Also confirmed, the release 
kinetics of LOR-GNPs hydrogel could be acted as reservoir systems for 
continuous delivery of the dispersed drugs.

The physical stability of LOR-GNPs and LOR-GNPs hydrogel 
was performed at two different conditions of 4°C and 25°C for 30 
days. The results of this study showed no sedimentation in any vesicle 
formulation after fresh preparation and after storage either at 4°C or 
room temperature. Furthermore, particle size analysis did not show any 
significant difference than those of fresh samples.

Nearly, the in vitro permeation results give valuable information 
about the applicability of LOR-GNPs hydrogel product in vivo (Figure 
6). These results suggested the amounts of LOR (in the hydrogel 
preparation) could present to give the desirable amounts for its 
absorption across the abdominal skin of rat.

The average of the permeated amounts of LOR from GNPs and 
from hydrogel across the abdominal rat skin after 12 hours was 2.9 ± 
0.1 µg/cm2. This value average is significantly different than the blank 
GNPs hydrogel which is 3.7 ± 0.2 µg/cm2. The mean values (n=3) of the 
steady state flux and permeability co-efficient was presented in Table 3, 
showing the mean of the steady state flux and permeability co-efficient 
ranged from 3.7 ± 0.9 × 10-2 to 13.9 ± 0.8 × 10-2 µg/cm2/hours, for blank 
GNPs and LOR-GNPs hydrogel respectively. The higher permeability 
of the LOR-GNPs hydrogel may be attributed to partitioning of vesicles 
into the stratum corneum, which is an important process as it drives the 
partitioning of vesicle-bound drug into the skin. The better partitioning 
of LOR-GNPs hydrogel with the stratum corneum and in the deeper 
layer of skin under the influence of the transepidermal osmotic gradient 
could be considered one of the reasons for the better skin permeation 
of LOR-GNPs [29]. The above hypothesis was well supported by 
Kirjavainen et al. [30] whose demonstrated that phospholipids affect the 
stratum corneum lipid bilayer fluidity and improve drug partitioning 
into the bilayer.
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Figure 3: Zeta potential peaks of blank (a) and LOR-GNPs (b) GNPs measured 
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Figure 4: Scanning electron microscope images of blank GNPs and LOR-
GNPs. The view of blank GNPs at 3.500 × 5.000 and 1.000 magnification 
respectively, (a). The view of the LOR-GNPs at 3.500, 7.500 and 15.000 
magnifications respectively, (b).

Formulation pH Viscosity Spreadability Homogeneity Entrapping 
Efficiency

Blank GNPs 6.8 ± 0.3 4260 ± 65 5.5 ± 0.7 good Nil
LOR-GNPs 7.1 ± 0.4 - - good 98.8 ± 3.9
LOR-GNPs 

hydrogel 6.9 ± 0.2 4630 ± 33 6.5 ± 0.8 good 96.4 ± 3.9

Table 1: pH, viscosity (cps), spreadability (g.cm/second), homogeneity and drug 
content (%) of blank GNPs and LOR-GNPs hydrogel. N=3 ± standard deviation 
(SD).
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Figure 5: In vitro% of LOR-GNPs hydrogel release using cellophane 
membrane.

Formulation Zero order 
model (r)

First order 
model (r)

Higuchi 
model

(r)

Korsmeyer-
Peppes Model 

(n)

Blank GNPs 0.921 ± 0.028 -0.156 ± 0.016 0.989 ± 
0.007 1.120 ± 0.050

LOR-GNPs 
hydrogel 0.904 ± 0.016 -0.128 ± 0.027 0.983 ± 

0.006 1.050 ± 0.020

Table 2: Zero, First, Higuchi models values and Korsmeyer-Peppes model (n) for 
LOR released from LOR-GNPs hydrogel. N=3 ± SD.
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Figure 6: In vitro permeation studies of LOR-GNPs hydrogel as parameters 
which indicate the amount of LOR available for absorption.

Formulation
LOR permeated 

concentration, at 12 
hours (µg/cm2)

Flux (mg/cm2/hour) 
× 10-2

Permeability 
coefficient (kp) × 

10-3 (cm/hour)
Blank GNPs 

hydrogel 1.6 ± 0.1 3.6 ± 0.9 10.5 ± 1.1

LOR-GNPs 
hydrogel 2.7 ± 0.2 13.9 ± 0.8 36.5 ± 2.6

Table 3: Concentration of free LOR permeated at 24 hours. N=3 ± SD.

Conclusion
A novel simple and rapid method for LOR-GNPs preparation was 

developed and carefully evaluated to enhance the solubility of LOR 
in its pharmaceutical preparations. Moreover the applicability of this 
method was checked in a new LOR-GNPs hydrogel. Different studies 
were performed to indicate that the prepared LOR-GNPs hydrogel 
has a good in vitro release and permeability. Next, further preclinical 

studies in vivo are needed to confirm that the bioavailability of LOR 
is improved too following enhancement of its solubility. The prepared 
LOR-GNPs could be used in the preparation of LOR different dosage 
forms.
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