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Abstract

The objective of the present work was to formulate and evaluate mucoadhesive in situ nasal gels of
loratadine. This drug delivery system may overcome the first-pass metabolism and subsequently improve the
bioavailability of the drug. A total of 16 formulations of in situ nasal gels were prepared using different
polymeric ratios of hydroxypropyl methylcellulose (HPMC K-100) and xanthan gum. All formulations had a
clear appearance in the sol form, with gelling temperature of the nasal gels ranging between 33.1 &+ 0.43 and
34.8 £ 0.82 °C. The gelling time of all the formulations varied from 4.0 + 0.21 to 11.3 + 0.22 s; the drug
content was >95%. The pH of the formulations ranged between 5.6 = 0.004 and 6.0 = 0.003, i.e. no mucosal
irritation is expected as the pH was in the acceptable range. Mucoadhesive strength was adequate (3010.89 +
1.21-6678.89 + 0.45 dyne/cm?) to provide prolonged adhesion. In vitro drug release studies showed that the
prepared formulations could release the drug for up to 10 h with all of them following Higuchi kinetics. The
accelerated stability studies indicated that the gels were stable over the six months test period. The DSC and
XRD analysis revealed that there was no drug-polymer interaction. From these findings it can be concluded
that in situ nasal gels may be potential drug delivery systems for loratadine to overcome first-pass
metabolism and thereby to improve the bioavailability.

Keywords: In situ nasal gel; Loratadine; Controlled drug release; Gelling temperature; Accelerated stability
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INTRODUCTION used in the allergic responses are associated

with a number of problems. Various studies

Allergic rhinitis (AR) is a heterogeneous
disorder, which is often characterized by
mucosal infiltration and action of eosinophils,
plasma cells, and mast cells (1-3). It is a highly
prevalent condition; however, its diagnosis and
prevention is comparatively low. Many drug
formulations have been used in AR; however,
the associated constraints with drug delivery
systems pose a major drawback. Some of the
factors affecting the drug delivery system
include capacity of the nasal cavity for the
drug volume (<0.2 ml), mucociliary clearance,
and anterior leakage (4).

Antihistamines are often employed to provide
symptomatic relief to allergic symptoms due to
histamine release. Antihistamine formulations
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have been conducted to explore the problems
related to the formulation of antihistamines
into hydrogels (5). Loratadine is a second-
generation histamine H; receptor antagonist
most commonly used in the treatment of AR.
Loratadine competes with free histamine and
exhibits specific, selective peripheral H;-
antagonistic activity. It is rapidly absorbed
following an oral administration, with a
bioavailability of only 40% (6-9).

Intranasal drug delivery is an attractive
option for drugs, such as oral antihistamine.
Intranasal antihistamines are the most effective
agents in the treatment of AR and nasal
blockage owing to their efficacy over oral
antihistamines. Factors that influence the drug



delivery at nasal mucosa includes higher
penetration of drugs for better onset of action,
high vascularization and large absorption area,
avoidance of degradation by gastrointestinal
enzymes, potential to deliver the drug via
olfactory region, and bypassing the blood-
brain barrier. As a result of localized drug
delivery, the nasal formulation provides a
faster onset of action (around 30 min), with
fewer systemic sidell effects (10).

Relatively less residence time of the drug in
nasal cavity affects its bioavailability. The
possible strategy to improve the residence time
is to decrease the rapid mucociliary clearance
using mucoadhesive formulations. However,
for ordinary gels and mucoadhesive powders,
residence time cannot be enhanced due to the
following drawbacks: accurate drug dose
cannot be measured due to difficulty in
administration and nasal mucosa irritation and
a gritty appearance of the tissues respectively
(11,12). The use of in situ nasal gels has been
found to be an attractive alternative to
overcome the drawbacks associated with
ordinary gels and mucoadhesive powders.

Among the different nasal drug delivery
systems, In situ gel formulations have been
explored for both local and systemic drug
delivery. These drug delivery systems exist in
sol form before their administration; however,
once administered, they undergo gelation to
form a gel. The factors regulating the in situ gel
formation process include microenvironment
temperature, changes in pH, presence of ions,
ultraviolet  irradiation, and  polymers.
Rheological properties of gels, which are
critical to their efficacy, are important in
retaining the gel at the site of application or
absorption (13). The present study aims at
formulating loratadine into nasal in situ gel to
circumvent the first-pass metabolism and
improve the bioavailability.

MATERIALS AND METHODS

Materials

Loratadine was obtained as a gift sample
from Caplin Point Laboratories Ltd, Chennai,
India. Hydroxypropyl methylcellulose (HPMC
K 100), xanthan gum, mannitol, polyethylene
glycol (PEG), benzalkonium chloride and

467

In situ nasal gel formulations of loratadine

methanol were purchased from SD Fine
Chemicals, Bangalore, India. All the chemicals
and reagents used were of analytical grade.

Preparation of loratadine in situ nasal gels

A 2 factorial design was used for
optimization of the process parameters. The
composition of different formulations of
loratadine in situ nasal gels is shown in Table
1. The drug was dissolved in methanol and 10
ml of distilled water (Milli-Q) was added. The
solution was mixed by constant stirring. To the
above drug solution, mannitol, PEG, and
benzalkonium chloride were added. The
polymeric solution of HPMC K 100 and
xanthan gum were prepared separately in
distilled water and thoroughly mixed with the
above mixture. The resultant mixture was
stirred for 15 min on a magnetic stirrer and
phosphate buffer solution was added. The final
volume was made up to the desired quantity
with distilled water (14).

Gelling temperature and gelling time

Gelling temperature refers to the
temperature when the meniscus of the
formulation would no longer move upon
slanting the test tubes at 90 ° (15). Miller and
Donovan’s technique (15) was used to
determine the gelation studies. The gelling
temperature was determined by placing the test
tube, containing sufficient quantity of the
prepared solutions, in a water bath at 4 °C. The
temperature of water bath was increased
slowly at a constant rate of 1 °C every 2 min.

Gelling time of formulations was
determined using the procedures described by
Miller and Donovan (15). The delivery systems
exist in sol form before administration, however,
once they are administered; they undergo
gelation to form a gel. Gelling time was recorded
as the time for first detection of gelation. The
sol-gel transition temperature (Tsol-gel) of the
prepared in situ gel formulations was
evaluated by transferring 2 ml of the prepared
formulation to a test tube (10 ml), with a
diameter of 1.0 cm. After sealing with a
parafilm, the tube was kept in a circulation
water bath at 37 °C. Following each
temperature setting, equilibration was allowed
for 10 min. Finally, the test tube was placed
horizontally to observe the state of the sample
and to examine the gelation.
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Table 1. Composition of different in situ nasal gels of loratadine.

Composition F1 F2 F3 F4 F5 F6 F7

F8 F9 F10 F11 F12 F13 F14 F15 F16

Loratadine 75 75 75 75 75 715 15
(%w/v)
Xanthan gum | 0.1 0.1 0.1 0.15 0.15 0.15
(%ow/v)

HPMCK-100 02 04 0.6 0.8 0.2 0.4 0.6
(%ow/v)

PEG (%) 125 125 125 125 125 125 125
Mannitol 25 25 25 25 25 25 25
(%w/v)

BCh 001 001 001 001 001 001 001
(%ow/v)

Methanol 5 5 5 5 5 5 5
(mL)

PBS(pH64) 25 25 25 25 2.5 25 25
(mL)

DwW 25 25 25 25 25 25 25
(mL; QS)

7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

0.15 0.2 0.2 0.2 0.2 025 025 025 025

0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

1.25 1.25 1.25 1.25 1.25 1.25 1.25 125 125

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01  0.01

5 5 5 5 5 5 5 5 5

2.5 2.5 2.5 25 2.5 2.5 2.5 2.5 25

25 25 25 25 25 25 25 25 25

HPMC; Hydroxypropyl methylcellulose, PEG; Polyethylene glycol, QS; quantity sufficient, BCh; benzalkonium

Chloride, PBS; phosphate buffer solution, DW; distilled water.

Viscosity of solution

Viscosity of the in situ gel systems was
determined using Brookfield viscometer DV-
[I+Pro coupled with S-94 spindle (Brookfield
Engineering Laboratories Inc., MA, USA).
The prepared gel formulations were
transferred to the beaker. The spindle was
lowered perpendicularly into the gel at 100 rpm
and temperature was maintained at 37 + 0.5
°C. The viscosity was determined during the
cooling of the system (12). All the
measurements were performed in triplicates.

Rheological properties of in situ gels

The rheological properties of in situ gel
formulations  were  investigated  using
Brookfield LVDV-E Viscometer (Brookfield
Engineering Laboratories, Inc, USA). The
temperature was initially maintained above 40
°C. The rheological properties were measured
by increasing the spindle rotational speed from
0.3 to 100 rpm, and the shear rate (g), shear
stress (t), and viscosity (h) were recorded.
All the measurements were performed in
triplicates.

Determination of pH

One ml of the prepared gels was transferred
to a 10 ml volumetric flask, and the solution
was diluted with distilled water. The pH of
resulting solution was determined using a
digital pH meter (Shambhavi Impex, India),
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which was previously calibrated using
phosphate buffers at pH 4 and pH 7 (16).

Drug content assay

One ml of the prepared formulation was
dispersed in 10 ml of methanol for 2-3 min
with occasional shaking. The resulting solution
was filtered through a 0.45 pm filter paper and
was diluted with methanol. The amount of
loratadine in the formulation was determined
spectrophotometrically at 280 nm (Shimadzu
1800, Japan).

Gel strength

Sample (50 g) was placed in a 100 ml
graduated cylinder. Gelation was carried out
by placing the formulations in a thermostat at
37 °C. The strength of the gel was determined
by measuring the time taken by a weight of 35
g to sink 5 cm in the gel (17).

Spreadability

Spreadability was determined using a 10 x
4 cm rectangular glass slide. The sheep nasal
mucosa from serosal side was tied on the
surface of slide with a thread. The slide was
kept in a hot air oven (Navyug Udyog, India),
at 37 °C and one drop of gel was placed on the
mucosa at an angle of 120 °. Spreadability was
determined relative to the distance travelled by
the drop of gel (liquid) before its gelation.
Average of three readings was recorded (17).



Mucoadhesive strength

Ex vivo mucoadhesive strength was
determined using fresh sheep nasal mucosa.
The mucosal membrane was separated by
removing the underlying fat and loose tissues.
The membrane was washed thrice with
distilled water and phosphate buffer (pH 6.4).
Modified balance method was used to design
the experiment.

The balance was equilibrated on both sides
by placing one beaker on the left pan and a
weight (5 g) on the opposite pan. The sheep
nasal mucosa was cleaved into 1 cm® and
glued with cyanoacrylate over the glass
support so as to allow the smooth surface of
nasal mucosa face the upper side of the glass.
The glued sheep nasal mucosa was wetted
with phosphate buffer (pH 6.4) by filling the
beaker with the buffer on the right hand side of
the balance by lowering the glass support.
The above setup was placed below the right
side of the pan.

A thin film of the prepared gel (1 g) was
spread on the lower surface of the right pan.
The right pan was lowered and was spread
with gel by removing the beaker from the left
pan. The pan was left undisturbed for 2 min to
ensure proper contact between the nasal
mucosa and the gel. Following this, water was
slowly added to the left pan using a burette
until the nasal mucosa was separated from the
gel film. The mucoadhesive force was
calculated by determining the weight required
to separate the mucosa. The force was
expressed in dynes per square centimetre
(dyne/cm?) (18).

In vitro drug release

In vitro drug release of loratadine was
determined using Franz-diffusion cell (Orchid
Scientific & Innovative India Pvt Ltd, India).
The sheep nasal mucosa was prepared as
described in the above procedures. The
prepared nasal mucosa was mounted between
the donor and receptor compartments. The
receptor compartment was filled with
phosphate buffer (pH 6.4) at 37 °C. The
solution was stirred at 100 rpm. The gel (10
mg) was placed on the nasal mucosa and the
compartments were clamped together. One ml
of the sample was withdrawn at predetermined
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time intervals (0, 0.5, 1, 2, 4, 6, 8, 10, and 12
h) from receptor compartments and
immediately replaced using phosphate buffer
(pH 6.4). After filtering through 0.45 pm filter
and appropriate dilution, the samples were
analyzed for drug content at 280 nm
(Shimadzu 1800, Japan) (19). The mechanism
of drug release from the in situ nasal was
determined by plotting the best fit of the
release data in Higuchi and Korsmeyer-Peppas
plots. The release rate constants k and n of
each model were calculated by linear
regression analysis using Microsoft Excel
2003 software. Coefficients of determination
(R?) were used to evaluate the accuracy of the
fit (20,21).

Accelerated stability studies

Stability studies were carried on in situ gel
formulation according to International
Conference on Harmonization guidelines. A
sufficient quantity of in situ gel in nasal spray
bottles was stored in desiccator (Sabar
Scientific, India), containing saturated solution
of sodium chloride (relative humidity (RH) of
75 £ 5%). The desiccator was placed in hot air
oven maintained at 40 + 2 °C, and the samples
were withdrawn at 1, 2, 3, 5, and 6 months.
Changes in the appearance, drug content,
gelling strength, and in vitro drug release of
the stored formulations were investigated.
Mean values from the three determinations
were recorded.

Differential scanning calorimetry

Differential scanning calorimetry (DSC)
thermograms of selected formulation (F4)
(stored at 40 £ 2 °C/ 75 + 5% RH for 2
months) were recorded. The samples were
placed in sealed aluminium pans and scanned
at heating rate of 10 °C min"' over the
temperature range of 30-200 °C (22-23).

X-Ray diffraction studies

X-Ray diffraction studies (XRD) pattern of
selected formulation (F4) was recorded on Jeol
JIDX 8030 X-ray diffractometer (MTI
Corporation, USA), for a specified quantity of
pure drug using copper target at a voltage of
40 kV and a current of 30 mA. The scanning
was done over 2 0 range of 10-80° (22,23).
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RESULTS

Gelling temperature, gelling time, viscosity of
solution, drug content and gel strength

In the present study, in situ nasal gels (16
formulations) were prepared using 2* factorial
design. HPMC K-100 and xanthan gum were
used as the base polymers. The gelling
temperature, gelling time, viscosity of solution,
drug content and gel strength of the prepared
formulation are shown in Table 2.

All the formulations showed a clear
appearance in the sol form. The gelling
temperature of the prepared in situ nasal gel
ranged between 33.1 £ 0.43 °C and 34.8 + 0.82
°C. The gelling temperature suitable for
thermoreversible nasal gel ranges between 30—
36 °C. The gelation point refers to the
temperature when the meniscus of the
formulation would no longer move upon slanting
the test tubes at 90 °, with gradual increase in the
temperature (24-25). In the present study, all the
formulations showed a gelling temperature
within the range. However, if the temperature is
300 -
280 A
260 A
240 A
220 A
200 A
180 H
160 4
140
120 H
100

Viscocity of gels (¢P)

increased, gelation does not occur at the nasal
mucosal region, thereby leading to immediate
nasal clearance. The gelling time (s) of the
formulation ranged between 4.0 £ 0.21 s and
11.3 £ 0.22 s. The formulations F5, F9, and F13
showed an adequate gelling time. The drug
content of the developed formulation ranged
between 97.42 £ 0.42% and 99.81 £ 0.56%.

The viscosity of the formulation ranged
between 128.12 + 0.27 and 280.32 + 0.56 cP.
The wviscosity was increased when the
formulations were prepared with 0.8% of HPMC
K-100 along with a concentration of 0.1%,
0.15%, 0.2%, and 0.25% of xanthan gum.
However, a variation was observed in the
viscosity of the formulations when prepared with
0.2%, 0.4% and 0.6% of HPMC K-100. The
mucoadhesive strength ranged between 3010.89
+ 1.21 and 6678.89 + 0.45. Mucoadhesive
strength was directly proportional to the
concentration of HPMC K-100. The relationship
between the polymer ratios (xanthan gum and
HPMC ratios) and the viscosity of the gels are
presented in Fig. 1.

FI F2 ©F3 TF4 TFS5 Fe F7

F8

F9 F10 Fl11 F12 F13 F14 F15 Fle

Formulation code

Fig. 1. The relationship between the polymer ratios and the viscosity of the formulations (F1-F16).

Table 2. Gelling temperature, gelling time, viscosity of solution, drug content, and gel strength of in situ nasal gel of

loratadine.

Formulation ApDearance Gelling Gelling time Viscosity of Drug content  Gel strength
code pp temperature (°C)* (s)* solution (cP)* (%)* (s)*

F1 33.1+043 11.3+0.22 128.12 £ 0.27 99.42 +0.28 50.12 £ 0.56
F2 33.6+£0.28 10.1 £0.43 146.12 £ 0.82 98.32+0.42 53.89+0.32
F3 33.3+0.34 9.2+0.42 167.56 £ 0.43 98.32 £0.56 56.67 +0.42
F4 34.2+0.82 8.0+0.53 180.24 + 0.54 99.76 £ 0.12 60.32 +£0.43
F5 347+0.28 48+0.24 168.32 + 1.56 97.67 £0.31 54.89 + 0.67
Fo6 33.9+042 5.3+£0.56 188.56 +0.36 99.81 £0.56 56.78 £ 0.32
F7 34.6+0.22 6.6 £0.54 199.89 +1.42 99.32+0.43 58.67 +£0.45
F8 Transparent 33.6 047 7.8+£0.76 220.67 £ 1.21 98.56 £ 0.32 62.12 +0.52
F9 345+0.82 4.1+0.84 190.43 +0.32 97.42 +£0.42 55.53+0.34
F10 343+0.21 5.2+0.65 219.76 £ 0.82 98.45 +0.34 5723 +0.14
F11 33.5+0.38 6.4+0.32 235.56 +1.12 99.42 £ 0.56 58.82 +0.65
F12 33.8+0.56 7.4 +0.54 250.32+0.76 98.87 +£0.23 64.22 +0.12
F13 33.4+0.83 4.0+0.21 240.76 = 1.67 97.78 £ 0.54 56.99 +0.42
F14 347+0.22 5.1+0.42 257.89 +£0.87 99.78 £0.32 58.41 +£0.45
F15 33.9+0.56 6.1 £0.36 269.89 +1.32 98.89 £ 0.56 59.12+0.34
F16 34.8+0.82 7.0 £0.56 280.32 +0.56 99.56 + 0.45 63.00 +0.22

*Average of six determinations.
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Spreadability, and  mucoadhesive
strength

The physicochemical properties, such as
spreadability, pH, and mucoadhesive strength
are shown in Table 3. The spreadability of the
formulation ranged between 10.2 = 0.11 to 9.2
+ 0.39 cm. The pH of the formulation ranged
between 5.6 £ 0.004 and 6.0 £ 0.003. These
findings indicated that the formulations
showed pH in the acceptable range. The
mucoadhesive strength of the formulations
varied between 3010.89 + 1.21 and 6678.89 +
0.45 dyne/cm®.

Mucoadhesive drug delivery systems
allows rapid dissipation of drug in the
circulatory system, thereby preventing the
first-pass metabolism and prolonging the
residence time of the dosage at the site of
application or absorption. In the present study,

pH,

the formulations prepared with high
concentration of HPMC K-100 exhibited more
mucoadhesion strength as compared to
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other formulations. Therefore, the high
concentration of HPMC K-100 is more critical
for the formulation than xanthan gum.

In vitro drug release

The in vitro drug release of the prepared
formulations is shown in (Fig. 2a, b, c, d). The
formulations F1 (99.95%), F2 (99.96%), F3
(99.93%), and F9 (99.99%) showed maximum
drug release after 6 h, followed by the
formulations F5 (99.78%), F6 (99.89%), F7
(99.98%), F10 (99.89%), and F11 (99.99%)
after 8 h. The remaining formulations F4
(99.87%), F8 (99.76%), F12 (99.48%), F13
(99.98%), F14 (99.89%), F15 (99.98%), and
F16 (99.33%) showed drug release after 10 h.
In vitro drug release data indicated that the
prepared nasal gels can maintain the drug in
the matrix network and prevent early release
of drug, thereby maintaining their integrity
during the study period. The R?, k and n values
are given in Table 4.
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Table 3. Mucoadhesive strength, spreadability, and pH of different formulations of in situ nasal gel of loratidine.

Mucoadhesive strength

Formulation code (dynelcm?)* Spreadability (cm)* pH*

Fl1 3010.89 + 1.21 10.2 +0.11 5.8+0.012
F2 4268.62 +0.56 8.7+0.87 5.6 £0.007
F3 5872.98 +0.78 6.2 +0.96 5.9+0.002
F4 6542.56 £ 0.56 7.1£0.16 6.0 +£0.002
F5 3243.56 +0.89 9.1+0.54 5.9+0.011
F6 4356.89 £ 0.89 82+0.78 5.8+0.001
F7 5876.98 +0.76 6.6 +0.43 5.9 +0.002
F8 6498.98 + 0.56 7.2+0.76 6.0 £0.003
F9 3456.45 +0.98 9.0+0.32 5.8+0.003
F10 4564.23 £0.21 82+0.67 5.9+0.003
F11 5987.23 £ 0.67 6.7+0.28 5.8 +0.004
F12 6561.56 +0.98 7.0+0.82 5.7 +0.004
F13 3578.76 £ 0.12 9.2+0.39 5.6 +0.004
F14 4623.67+0.12 83+0.16 5.9+0.003
F15 6123.78 £0.98 8.9+0.71 5.8+0.004
F16 6678.89 £ 0.45 7.3+0.19 5.9+0.009

* Averages of six determinations.

Table 4. Coefficient values of different formulations of nasal in situ gel of loratadine.

Formulations i Higuchi i Korsmeyer-Peppas
r Y k r y n

FI 0.939 41.25x +7.650 41.25 0.229 0.899x +1.313 0.899
F2 0.939 41.76x +7.38 41.76 0.233 0.907x + 1.312 0.907
F3 0.937 42.30x + 6.653 42.30 0.242 0.926x + 1.305 0.926
F4 0.959 28.97x +9.639 28.97 0.323 0.778x + 1.253 0.778
F5 0.972 32.95x + 6.828 32.95 0.288 0.827x + 1.258 0.827
F6 0.976 33.47x +7.252 33.47 0.287 0.830x + 1.265 0.830
F7 0.987 34.22x +4.908 34.22 0.305 0.853x + 1.246 0.853
F8 0.971 29.31x +9.268 29.31 0.321 0.775x + 1.256 0.775
F9 0.940 41.09x + 8.178 41.09 0.224 0.889x + 1.318 0.889
F10 0.988 35.33x +4.506 3533 0.317 0.876x + 1.244 0.876
F11 0.987 34.79x + 4.559 34.79 0.317 0.873x + 1.240 0.873
F12 0.988 29.40x + 5.127 29.40 0.358 0.810x + 1.208 0.81
F13 0.977 29.81x + 7.540 29.81 0.342 0.800x + 1.236 0.800
F14 0.979 29.81x + 7.287 29.81 0.340 0.795x + 1.235 0.795
F15 0.972 29.23x + 8.966 29.23 0.323 0.776x + 1.253 0.776
F16 0.969 28.94x +9.055 28.94 0.324 0.776x + 1.250 0.776

Accelerated stability studies

Data from the accelerated stability studies of
the selected in situ gel formulations is shown in
Table 5. During and at the end of the accelerated
stability study, the selected in situ gel
formulations showed drug content similar to
what was observed at the beginning of the study.
These formulations exhibited satisfactory gelling
strength and in vitro drug release during and at
the end of the accelerated study period. No color
changes or unexpected change in the texture
were observed.

Differential scanning calorimetry
The thermal curves of selected formulation
(F4) are illustrated in Fig. 3. The DSC provides
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useful information about the physical properties
(crystalline or amorphous nature) of the sample
and demonstrates a possible interaction between
the drug and polymers in the formulations.
Since, the melting point of xanthan gum and
HPMC K-100 is molecular-dependent, its
determination becomes difficult. Further, the
thermograms of xanthan gum and HPMC did not
show any endothermic and exothermic peaks
between 50-280 °C. The thermal curve of
loratadine exhibited a profile typical of a pure,
crystalline, anhydrous drug, with a sharp
exothermic peak (T peak=137.31 °C) due to its
melting process. Whereas, the thermal profile of
mannitol  showed the exothermic and
endothermic peaks at 172.50 °C and 114.90 °C
respectively.



X-Ray diffraction studies
The XRD pattern of selected formulation diffraction was measured at a scanning
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Cu at an interval of 10-800/26. The degree of

(F4) is shown in Fig. 4. The XRD patterns speed of 40/min, voltage 40.0 (kV), and
were detected using X-Ray diffractometer with current 30.0 (mA).
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Table 5. Accelerated stability studies of various formulations of in situ gel of loratadine.

Evaluation Formulation

1% month 2" month 3" month 5™ month 6" month
parameter code
F4 99.12+0.9 98.97 +0.11 98.62 +0.8 98.32+0.13 97.89+0.11
Drug content F8 98.32+0.12 98.12+0.14 97.87 +0.22 97.36 +0.13 97.11+0.12
(mg)* F12 98.56 +0.16 98.12+0.15 97.98 +0.12 97.46 +0.18 96.99 +0.14
F16 99.38 £0.32 99.12+0.14 98.28 +0.13 98.12+0.13 97.89+0.13
F4 60.12+£0.19 59.92 +0.32 59.42 +£0.12 59.12+0.32 5822 +0.12
Gelling strength F8 62.05+0.12 61.76 £0.16 61.28 £0.32 61.14+0.12 60.89 £0.18
(s)* F12 64.14 +0.21 63.98 +0.14 63.48 £0.11 63.16 £ 0.21 62.99+£0.17
F16 62.99+0.16 62.67 +0.21 62.38 +0.18 62.14 +0.12 61.97+0.16
F4 99.68 + 1.4 99.12+ 1.1 98.86 +2.1 98.98 + 1.3 98.76 + 1.4
In vitro drug F8 99.52+£2.1 99.18 + 1.8 98.92+ 1.1 98.69 + 1.1 98.18 +2.1
release (%)* F12 99.32+2.2 99.08 + 1.4 98.89+1.2 98.47+2.1 98.12+2.2
F16 99.12+1.6 98.99+2.1 98.62+ 14 98.32+2.1 98.12+1.8
F4 No change No change No change No change No change
Appearance F8 No change No change No change No change No change
F12 No change No change No change No change No change
Fl16 No change No change No change No change No change

*Averages of six determinations.

DISCUSSION

In the current study, a total of 16
formulations of in situ nasal gels of loratadine
was developed and evaluated for gelling
temperature and time, viscosity, drug content,
gel strength, spreadability, pH, mucoadhesive
strength, in vitro drug release, differential
scanning calorimetry and X-Ray diffraction
studies. 2* factorial designs were used to
design the experiment and HPMC K-100 and
xanthan gum were used as the base polymers.
The nature of the resulting gel depended on the
concentration of polymers. The temperature at
which the liquid phase is transitioned into gel
is referred to as the gelling temperature (15). A
gel can be formed at room temperature, if the
gelling temperature is lower than the referred
period. However, if the temperature is
increased, gelation does not occur at the nasal
mucosal region, thereby leading to immediate
nasal clearance. However, all the formulations
exhibited integrity for an extended period of
time for sustained release of the drug and
showed immediate gelation when contacted
with the solution. The time taken by a sol form
to form a gel is referred as the gelling time.

The viscosity of the test gels was increased
with the increase in the concentration of
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HPMC K-100. The viscosity was directly
dependent on the polymeric content of the
formulations (13). When the in situ gels were
mixed with phosphate buffer solution
(pH 6.4), an elastic and viscous gel was
instantaneously ~ formed.  The  cellulose
derivatives can markedly prolong the
residence time of the drugs in the nasal cavity
because of their desirable mucoadhesive
property. Additionally, sustained release of the
drug can be maintained due to the high
viscosity of the cellulose following hydration
in the nasal cavity (26). Thus, cellulose is
effective in increasing the intranasal
bioavailability of both small hydrophobic
and hydrophilic macromolecular  drugs.
However, using the combination of the cellulose
with other absorption enhancers, such as
aminoglycoside antibiotics and bisphosphonates,
results in enhanced bioavailability of the drug
than polymer alone. Moreover, the presence of
combination of polymers significantly increased
the viscosity as well as gel strength. However,
the  formulations prepared  with  high
concentration of HPMC K-100 were associated
less spreadability. This was attributed to the high
viscous nature of HPMC K-100.
The results of pH of the formulations did not
show any mucosal irritation because all the
formulations pH was within in the acceptable
range.



Mucoadhesion involves 3 stages: wetting;
interpenetration; and mechanical interlocking
between mucin and polymer. Owing to the
characteristic anatomy and physiology of the
nasal passage, i.e., large surface area, highly
vascularized epithelium, porous endothelial
membrane, nasal drug delivery has emerged as
a promising route of drug administration for
the systemic therapy (27). The nasal mucus
layer can be divided into lower-, low-viscosity
layer, and the more viscous upper layer (28).
The viscoelastic properties of the nasal mucus
is due to the presence of glycoproteins (2%)
(29). In addition, nasal mucus is also composed
of water (95%), albumin, immunoglobulins,
lysozyme, lactoferrin and other proteins (1%),
inorganic salts (1%), and lipids (<1%).

The formulations prepared with high
viscous polymers prolonged the drug release
during the study period. The drug release from
the formulations was correlated with the
concentration and the viscosity of the polymer
used. At fixed drug concentrations, the release
rate was dependent on the concentration of
HPMC K-100. The drug release was lower
when HPMC K-100 concentration was high.
The results of stability studies indicated no
influence on the chemical and physical stability
of the formulations during the test period.

The thermogram of the selected formulation
showed no interactions between loratadine and
other excipients because the drug melting peak
was observed at135.62 °C. However, in terms
of crystalline nature, there was no noticeable
reduction in heat of fusion (AH; 81.7856 J/g)),
in the selected formulation (78.9968 J/g).
These findings suggested that the selected
excipients were able to maintain the crystalline
nature of loratadine. However, it should be
noted that the transformation of the physical
state of the drug to amorphous or partially
amorphous state results in high energy state
and high disorder, thereby resulting in
enhanced solubility and faster dissolution. The
number of intense peaks formed from the
XRD pattern was almost similar in selected
formulation and thereby indicating reduced
conversion of crystalline form of the drug to
amorphous form. Furthermore, the occurrence
of peak the physical mixture indicated
no interactions between selected excipients
and drug.
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CONCLUSION
Novel mucoadhesive in situ gels of
loratadine was developed to overcome the
first-pass metabolism and enhance the

subsequent low bioavailability of the drug. In
vitro studies have shown that in situ gels act as
potential drug delivery system for loratadine,
with better stability and release profile.
However, future in vivo studies are warranted
to confirm these results.
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