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Bhattacharyya et al.: Niosomal Gel of Loratidine for Allergic Skin

Loratadine is an efficacious, non-drowsy antihistaminic molecule prescribed for allergic skin. The conventional 
oral dosage form is associated with various side effects, limited and variable absorption. The present study 
attempts to improve the effectiveness of the drug by formulating a niosome loaded hydrogel of loratadine 
for treating allergic skin. Ether injection method was used to prepare the niosomes of loratadine using Box 
Behnken design. Particle size analysis, surface charge, surface morphology (atomic force microscopy), 
compatibility (Fourier transform infrared spectroscopy), thermal (differential scanning calorimetry), and 
surface characteristics (powder X-ray diffraction) study were done to evaluate the drug-loaded niosomes. 
The optimized formulation was incorporated into two types of gelling systems. The nanogels were evaluated 
for rheological and mechanical properties, in vitro, ex vivo permeation and skin irritation studies. The 
Box Behnken design was found to be productive for the formulation of nano-sized (109.99 nm) and stable 
-37.5 mV niosomes of loratadine. The atomic force microscopy study revealed the formation of unilamellar 
niosomes, no incompatibility was detected between drug and excipients through Fourier transform infrared 
spectroscopy study. The differential scanning calorimetry and powder X-ray diffraction study reported the 
confinement of drugs in the niosomal core. The nanogels had good rheological and mechanical properties. The 
ex vivo study revealed the maximum penetration of the drug from the gel base of Xanthan gum, and no skin 
irritation was reported from the nanogel. The formulation and evaluation of niosomal gel of loratadine were 
found to have satisfactory permeation and can be a promising alternative approach for the administration of 
loratadine in the treatment of skin allergy. 
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Insect bites can initiate severe allergic reactions due 
to the deposition of venom into the skin, especially 
for insects like bees, wasps, ants, spiders and 
fleas. Initial allergic reactions are manifested by 
swelling, redness, pain, skin eruption and blister 
on the skin associated with pain. Traveling through 
the endemic countries people may experience 
these types of allergic reactions. If the reactions 
are neglected it can lead to fatal incidents[1].

Loratadine (LRTD) is a non-drowsy antihistaminic 
available as a tablet or mouth dissolving tablet and 
as a solution, prescribed for the treatment of allergy 
associated with itching and redness due to insect 
bites. Oral administration is accompanied by side 
effects like headaches, dry mouth, nervousness, 
nose bleeding, stomach pain, etc[2]. In addition, 
conventional oral administration shows variable 
absorption[3,4].

Hence an alternative approach of delivering 
LRTD topically can be beneficial to overcome the 
difficulties of the conventional dosage form and 
associated side effects. The drug can be localized 
at the site of skin allergies, can provide rapid relief 
and better patient compliance. 

Low molecular weight and daily dose partially 
qualify LRTD as a candidate for dermal delivery[5]. 
But its high lipophilicity and very poor water 
solubility can hinder the permeation through the 
skin[6]. Hence permeability can be improved by 
incorporation of LRTD into colloidal drug carrier 
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systems, and niosomes can be proposed for that as 
it is proven by the researchers that it enhances the 
transdermal penetration[7]. 

Niosomes are non-ionic surfactant nanovesicles, 
used to entrap both hydrophilic and hydrophobic 
drugs. Penetration of encapsulated drugs through 
niosomal vesicles can happen by adsorption onto 
the cell surface, followed by fusion with the cell 
membrane and finally engulfing by the process 
of endocytosis and thus releasing the entrapped 
molecule[8]. Niosomes gelling systems are used 
to modulate the permeability of the horny layer 
of the skin by reducing trans-epidermal water 
loss, increasing its smoothness, and replenishing 
the lipid composition of the skin[8,9]. Thus, the 
niosome-loaded gel can be a suitable option for 
efficient topical delivery of LRTD. 

The purpose of the present study is to improve 
the penetrability of LRTD through the skin 
by entrapping it into vesicles of niosomes and 
then formulating a hydrogel for application to 
allergic skin. The formulation was executed using 
experimental design to have control over particles 
size for dermal penetration and high entrapment 
of drug in the formulation. The current study 
comprises in vitro characterization of the niosomes 
and ex vivo skin permeation and skin irritation 
study.

MATERIALS AND METHODS
LRTD was procured from Strides, Arcolab 
Bangalore. Tween 60, Span 40, and cholesterol were 
brought from SD Fine Chem Limited, Bangalore. All 
other materials and solvents used in the experimental 
studies were of analytical grade. 

Screening of surfactants: 

Non-ionic surfactants comprise the main ingredient 
in the formulation of niosomes. The most important 
formulation aspect of niosomes is the selection 
of a suitable nonionic surfactant or a mixture of 
surfactants to achieve maximum entrapment and 
stability of the nano vesicles[10]. The most commonly 
used surfactants are Spans, Tweens, and Brij. As 
these surfactants have no charge at their hydrophilic 
heads, they self-assemble themselves into a bilayer 
structure in presence of water. Hydrophilic Lipophilic 
Balance (HLB) of the surfactant or surfactant mix 
also plays a vital role in the entrapment of the drug 
in niosomal vesicles. Khan R et al. illustrated that 

the variation of HLB from 1.7 to 14 can greatly affect 
the entrapment efficiency of the drug depending on 
its solubility[11,12]. LRTD being lipophilic, screening 
of surfactants among Span 20, Span 40, Tween 20, 
and Tween 60 were done either using them alone or 
in combination to achieve maximum entrapment of 
LRTD. Keeping an aim of high entrapment of LRTD 
in niosomes, the preformulation study suggested the 
selection of a combination of Span 40 and Tween 
60 for the formulation of niosomes. Hence, the 
study explored the effect of RHLB from 4 to 12 on 
drug entrapment and vesicle size of the niosomes to 
determine the optimum Required HLB (RHLB) for 
the mixture of surfactants. 

Cholesterol is used in the preparation as an edge 
activator. To enhance the entrapment of the drug 
and to minimize the leakage, a preformulation study 
was carried out to select the optimum surfactant 
and cholesterol ratio between 1:1 to 2:1. The study 
suggested a ratio of surfactant and cholesterol at 
1.5:1 to have maximum stability of the vesicles with 
high entrapment of drug.

Application of design of experiment:

The ether injection method was used for the 
preparation of LRTD encapsulated niosomal 
dispersion. Box Behnken design was exercised 
to evaluate the critical formulation variables like 
RHLB, rate of injection and organic/aqueous phase 
ratio on entrapment efficiency and vesicle size of 
the formulated niosomes. The design yielded 15 
runs with three center points to have control over 
the errors in the formulation[13]. The independent 
and dependent variables are listed in Table 1. Each 
of the independent variables is varied from low (-1) 
to high (+1) level. The dependent variables such as 
percentage drug entrapment efficiency and particle 
size were targeted to maximize and minimize 
respectively during the model optimization process. 
TABLE 1: LIST OF DEPENDENT AND INDEPENDENT 
VARIABLES

Variables Ranges

Independent Variables Low (-1) High (+1)

RHLB 4 12

Rate of injection (ml/min) 0.5 1

Org/Aq phase 0.25 0.5

Dependent variables Target to achieve

Drug Entrapment efficiency (%) Maximize

Particle size (nm) Minimize
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Methods of preparation of niosomes:

Drug-loaded niosomes were prepared by ethanol 
injection method, where surfactant and cholesterol 
ratio was maintained at 1.5:1 in all the trial runs. 
For all the experimental trials a concentration of 3 
% w/w drug was maintained. The weighed amount 
of cholesterol, span 40, tween 60, and the drug 
were dissolved in diethyl ether, this dispersion was 
sonicated for 2 to 3 min. The resulting solution 
was slowly injected into the aqueous solution of 
surfactant mix using a microsyringe at a specific rate 
as per the design. The solution was stirred (500 rpm) 
continuously using a magnetic stirrer at 60-65° which 
resulted in the evaporation of the organic solvent, 
and the formation of niosomal dispersion[14,15].

Evaluation of niosomes:

Particle size distribution: The vesicle size of the 
formulations was determined by (Horiba SZ-100). A 
small quantity of the sample was diluted with double 
distilled water and was sonicated for 30 min. The 
measurement of the vesicle size was done through 
the principle of dynamic light scattering, at 25.2°. 
Three trials were carried out for each sample for the 
estimation of vesicle size[16].

Determination of entrapment efficiency: The 
percentage of encapsulation of the formulations was 
estimated by measuring the amount of unbound drug 
in the formulation by the ultra-centrifugation method. 
A known quantity of the formulation was dispersed in 
an equal volume of methanol, vortexed[17]. A syringe 
filter of 0.22 µm was used to filter an aliquot of a clear 
layer of the sample, suitably diluted with the solvent 
0.1 N HCL and was analyzed spectrophotometrically 
at 275 nm to estimate the total drug (DTOTAL). The 
same volume of the formulation was centrifuged at 
5000 rpm for 30 min using Remi centrifuge and the 
supernatant layer after dilution was analyzed in the 
same way to determine the unentrapped drug (DFREE). 
The percentage entrapment efficiency was calculated 
using the equation. Estimation of each sample was 
carried out in triplicates[18]. 

Percent entrapment efficiency=DTOTAL-DFREE/
DTOTAL×100
Freeze drying of optimized niosome formulation: 
Lyophilization was done for the optimized drug-
loaded niosomal dispersion. To the dispersion, the 
lyoprotectants-mannitol (15 % w/w) and dextrose (5 
% w/w) were added to yield a sugar:lipid ratio of 3:1. 

The suspension was subjected to freezing at -30° for 
24 h in a deep freezer followed by freeze-drying at 
0.02 bar vacuum pressure and at temperature -60° 
for 12 h. The freeze-dried product was collected and 
stored in a desiccator. The lyophilized sample was 
taken for further analysis[19].

Determination of Zeta potential: 

A pilot study was carried out on three volunteers, to 
The zeta potential of the optimized formulations was 
determined by (Horiba SZ-100). Samples were diluted 
in Millipore water and the measurement of the zeta 
potential was done at 25.2°. The estimation was carried 
out in triplicates for each sample[16].

Determination of drug content:

A fixed quantity of the freeze-dried optimized 
formulation was dissolved in methanol using a vortex 
shaker until the formulation was completely dissolved. 
From this, an aliquot was pipetted out and was diluted 
with 0.1 N HCL. The absorbance was measured 
spectrophotometrically at 275 nm and drug content 
was calculated. The average LRTD content in the 
formulation was reported after three determinations[20].

Fourier Transform Infrared (FTIR) spectroscopic 
study:

The study was performed on a FT-IR using autothermal 
reforming technology (Nicolet iS50, Thermo Fisher 
Scientific, USA). The test was carried out for the pure 
drug, freeze-dried samples of optimized formulation, 
and optimized blank formulation. The spectra were 
analyzed for the determination of any incompatibility 
between the drug and the formulation ingredients[21].

Surface morphology study: 

The morphology of the vesicles was analyzed by using 
Park systems NX-10 Atomic force Microscopy (AFM) 
at room temperature. A drop of the dispersion after 
dilution with deionized water and sonication was spread 
on glass coverslips and dried to remove moisture. The 
specimen on the coverslip was imaged by scanning 
50 μm×50 μm areas in x, y, and z directions using a 
cantilever[22].

Powder X-ray diffraction (PXRD) Study:

PXRD was done using diffractometer Bruker D8 
Advance, Germany. The process was carried out at 40 
KV and 30 mA using a Si (Li) PSD detector and Cu 
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X-ray source. The samples were scanned at 0.80 per sec 
at 2 Theta from 5-60°. PXRD patterns were compared 
with the pure drug, optimized blank, and drug-loaded 
optimized formulation[23].

Differential Scanning Calorimetry (DSC) study:

Approximately 1.5 mg of sample was analyzed in SDT 
Q6 100 TA instruments over a temperature range of 0° 
to 600° at a heating rate of 20° per min in a nitrogen 
atmosphere (100 ml /min) for pure drug, optimized and 
blank formulation[24].

Preparation of LRTD loaded niosomal gel:

Lyophilized niosomes (0.5 % w/w drug equivalent) 
were used to prepare two different hydrogels with 
Carbopol and Xanthum gum. The composition of the 
niosomal loaded gel is listed in Table 2.

TABLE 2: COMPOSITION OF NIOSOMAL GEL 

Composition GEL I GEL II

LYO-NIO (% w/w) 0.5 0.5

Carbopol 934 (% w/v) 1 -

Xanthum Gum (% w/v) - 1

HPMC (% w/v) - -

Glycerol (% w/v) 3 -

TEA(% w/v) 1 -

Propylene Glycol (% w/v) - 2

Distilled water qs (g) 10 10

Gel I was prepared by dispersing Carbopol 934 in 
distilled water and was allowed to hydrate for 4 h. 
Glycerol was added to this dispersion under magnetic 
stirring. Triethanolamine solution was added for 
adjusting the pH of the gel base to 5.5[25]. The entrapped 
air in the gel was removed by letting it stand undisturbed 
overnight, finally distilled water was added to adjust 
gel weight to 10 g. Finally, the lyophilized drug-loaded 
niosomes were incorporated under continuous stirring 
using a magnetic stirrer at a low speed until uniform gel 
was obtained. 

Gel II was prepared by dispersing xanthan gum in 
distilled water under continuous magnetic stirring. 
The dispersion was allowed to hydrate for 2 h. To this 
propylene glycol was added with continuous stirring. 
The gel was allowed to stand overnight for the removal 
of air, then adjusted to the weight of 10 g by the addition 
of distilled water[26]. The lyophilized drug-loaded 
niosomes were incorporated under continuous stirring 
using a magnetic stirrer to the gel base. 

Employing the same methods of preparation, gels of 
the pure drug were formulated in both the bases for 
comparative drug release study.

Evaluation of nano gel:

Appearance of gel: The formulated LRTD loaded 
niosomal gel was tested for appearance, odor, and feel 
upon application such as stickiness, stiffness, greasiness 
and smoothness[27,28].

Determination of drug content:

A specific quantity of gel was taken in an Eppendorf 
tube mixed with methanol and vortexed for 10 min. 
An aliquot was withdrawn filtered with a syringe 
filter and diluted with 0.1 N HCL and analyzed 
spectrophotometrically at λ-max of 275 nm. Three 
trials were run to confirm the results[29].

Determination of spreadability: 

To determine the spreadability of the gel two glass 
slides were used. The gel formulation was sandwiched 
between the two slides. A weight of 100 g was placed 
on the upper slide for 1 min so that the gel between the 
slides was pressed to form a thin layer. Later the weight 
was removed and spreading of the gel in terms of length 
was noted. Spread ability was calculated by the formula

Spreadability=Mass×Length/Time

The experimentation was done in triplicates[30].

Rheological evaluation of gel:

The viscosity of the gels was determined by placing a 
small amount of gel in Brookfield (DV-E) viscometer 
using helipath spindle T bar (E) at 100 rpm for 5 min. 
The measurements were made in triplicates and the 
readings were recorded[31].

pH measurement:

The pH of the gels was determined by the digital pH 
meter (Digisun Electronics services, Hyderabad). A 
small quantity of gel after dilution with distilled water 
was taken for pH measurements. The measurements 
were taken in triplicates and an average of the readings 
was recorded[32]. 

In vitro diffusion study:

Franz diffusion cell was used for the in vitro diffusion 
study of the drug from the formulations. The dialysis 
membrane was soaked in diffusion media for 24 h for 
activation of the pores. The diffusion medium selected 
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was phosphate buffer of pH 7.4. In the donor compartment 
formulation equivalent to 1 mg LRTD niosomal gel was 
taken for the study. The experimentation was conducted 
at a temperature of 37±1° with a stirring speed of 100 
rpm. At a regular interval, 1 ml of the sample was 
withdrawn and replaced with the same volume of the 
fresh medium. The experimentation was continued 
for 6 h. The aliquots were suitably diluted with 0.1 N 
HCL and analyzed spectrophotometrically at 275 nm. 
All the readings were taken thrice to avoid errors. The 
percentage cumulative amount of drug permeated vs. 
time was plotted[33]. The same experiment was repeated 
for the gel of pure drug in gel I and gel II base.

Ex vivo permeation study:

Vide the approval No. KCP/IAEC/PCOL/
PCEU/68/2020 the animals were used for the study. 
Excessive carbon dioxide infusion was given to 
euthanize the rats. The abdominal skin was collected. 
After depilation, the skin was washed with saline 
solution. The fat adhering on the dermis side was 
removed using a scalpel and washed with isopropyl 
alcohol[34]. The processed skin was used for the ex vivo 
permeation study. The permeation studies were carried 
out in the Franz diffusion apparatus. The receptor 
chamber was filled with freshly prepared phosphate 
buffer pH 7.4. The skin was mounted between the donor 
and receptor compartment with the stratum corneum 
facing the donor compartment and dermis facing the 
receiver compartment in the Franz diffusion cell. The 
temperature in the diffusion cell was maintained at 
37±1° and was stirred continuously at a speed of 100 
rpm. A weighed quantity of 1 g of nanogel was spread 
on the surface of the skin in the donor compartment 
and sealed to provide occlusive conditions. An aliquot 
was withdrawn at regular time intervals up to 6 h, 
suitably diluted, and analyzed spectrophotometrically 
at 275 nm. An equal volume of fresh diffusion medium 
was replaced after each withdrawal of the sample. The 

percentage cumulative amount of drug permeated vs. 
time was plotted[35,36]. The same was repeated for the 
gel of pure drug in Carbopol and Xanthum gum base.

The data was used to determine the flux at steady state 
(Jss) and permeability coefficient (Kp)

Skin irritation test:

The study was conducted on eighteen albino Wistar rats 
distributed in three groups. Group-I served as control 
where no application was done. A placebo niosomal 
gel was applied to group II. The best test formulation 
was applied to group-III animals. After depletion of 
the hairs from the back of the animals, the areas were 
marked. The placebo gel formulation, gel of pure drug, 
and the drug-loaded niosomal gel were applied once 
daily for 7 consecutive d and observed for any sensitive 
reaction[37,38].

RESULTS AND DISCUSSION
The preparation of niosome by the ether injection 
method is a multipronged process. The vesicle size 
and entrapment efficiency are greatly affected by the 
composition and the process parameters[39,40]. For a 
lipophilic drug to entrap sufficiently in the vesicles 
of niosomes, the HLB of the system and the selection 
of surfactants are critical. Similarly, the phase 
volume ratio also affects the drug entrapment and the 
formation of vesicles. The rate of injection influences 
the formation and size of the vesicles. Box Behnken 
design can figure out the potential interactions 
between factors with less experimentation. Hence in 
the proposed work, all the factors were varied in a 
wide range using Box Behnken design to observe the 
effect on responses like vesicle size and entrapment 
efficiency. The particle size and percentage entrapment 
efficiency were varied in the range of 89.2±2.76 nm 
to 494±5.03 nm, and 51.91±1.12 % to 82.60±0.98 
% respectively for the fifteen experimental trials as 

Formulation code RHLB Injection rate Organic/Aqueous Phase Entrapment efficiency (%) Particle Size (nm)

N1 0 1 1 65±0.32 110±0.99

N2 1 0 1 58±0.12 136.4±2.43

N3 0 0 0 67±0.56 143±4.03

N4 -1 -1 0 74.56±0.43 164.82.23

N5 1 1 0 68.93±0.78 89.2±2.76

N6 0 -1 -1 75±0.89 180.2±7.83

TABLE 3: EVALUATION OF NIOSOMAL FORMULATION OF LRTD BY BOX BEHNKEN DESIGN
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listed in Table 3. 

Model validation was carried out by tailoring the 
data at a significance level of p<0.05. The model 
was evaluated for the significant effect of the factors 
on the responses. The model validation statistics are 
listed in Table 4.

The model validation statistics revealed that 
entrapment efficiency was significantly affected by 
RHLB, and phase volume ratio, where the response 
and the variables yielded a linear relation, as 
evidenced from the response surface diagram shown 
in fig. 1. All the factors were found significant for 
particle size as revealed from the statistics in Table 5. 
The curvature in the response surface fig. 1B shows 
a quadratic relation between particle size and the 
factors. 

The model optimization was carried out to maximize 
entrapment of drug and to obtain the vesicle size <150 
nm for effective dermal penetration. The optimization 
yielded desirability of 0.844 and yielded a coded 
ratio of RHLB:Rate of injection:Org/aq phase at 
(-0.449):(-1):(-1) with a prediction of entrapment 
efficiency (77.93 %) and particle size (109.99 nm) 
as listed in Table 6. The optimized formulation was 
prepared at an RHLB of 6.2, rate of injection at 0.5 
ml/min, and an organic/aqueous phase 0.25.

The experimentation yielded a stable nanosized 
formulation (101.33 nm) as shown in fig. 2A and high 
drug entrapment efficiency (70.67 %). The percentage 
bias between the prediction and experimentation of 
the optimized formulation was calculated and listed 
in Table 5.

The percentage bias for both the responses of the 
optimized formulation was found to be less than 
10 %. This indicates the successful implementation 

of Box Behnken's design to fabricate nano-sized 
LRTD loaded niosomes. The surface charge of the 
optimized formulation was found to be -32 mV as 
shown in fig. 2B. This stipulates the formation of a 
stable niosomal dispersion. 

The freeze-dried optimized formulation was 
subjected to particle size analysis and estimation of 
drug entrapment. The particle size and entrapment 
efficiency of the freeze-dried optimized formulation 
were found to be 125±16.36 nm and 68±1.09 % 
respectively. A slight increase in the particle size 
of the freeze-dried product was observed and that 
might be due to the formation of agglomerates. 
However, the ratio of particle size of pre and post 
lyophilization of the product was 0.8 (<1). This is 
an indication of the conservation of particle size of 
the formulation post lyophilization. Leakage of the 
drug during the lyophilization process might have 
resulted in the lower entrapment of the drug. Hence 
it can be concluded that the freeze-drying condition 
was effective for the preservation of the wholeness of 
niosomal LRTD. The drug content of the optimized 
freeze-dried product was found to be 76±0.55 %.

The FTIR spectra for LRTD (drug), blank, and the 
optimized freeze-dried formulation are shown in fig. 
3. The peaks of functional groups of the optimized 
formulation were detected at the wavelength as 
follows. The C-H stretch at 2936.69 cm-1, carboxyl 
O-H stretch at 2857.59 cm-1, C=O stretch at 1737.4 
cm-1, aromatic C=C stretch at 1457.67 cm-1, tertiary 
aromatic amine C-N=C stretch at 1315.43 cm-1, ether 
C-O stretch at 1197.03 cm-1, aryl chloride stretches 
at 1018.29 cm-1, C-H bending at 702.65 cm-1 and 
stretching vibrations of benzene ring at 1457.67 
cm-1 of the drugs were preserved in the optimized 
formulation. The optimized formulation could 
retain the major peaks of the blank also. The spectra 

N7 0 1 -1 78±0.24 160.2±6.33

N8 -1 0 -1 82.60±0.98 245.8±5.62

N9 0 0 0 62±1.25 158.5±10.25

N10 1 0 -1 65±3.53 261.5±8.36

N11 -1 1 0 75±2.93 338±12.03

N12 0 -1 1 60±4.32 313±9.82

N13 0 0 0 51.91±1.12 123±11.23

N14 -1 0 1 74±1.19 494±5.03

N15 1 -1 0 64±1.96 310±13.32

Note: All the values are mean±SD (n=3)
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Responses Model Statistical significance p-value Model Equation

Entrapment efficiency Linear Model 0.0191*

Entrapment Efficiency=68.0275+-
6.20348*A+1.67152* B+-5.375*C

A-RHLB 0.0148*

B-Rate of injection 0.453

C-org/aq phase 0.0294*

Particle Size Quadratic Model 0.0193*
Particle size=141.5+-55.6875*A+-
33.825*B+25.7125*C+-98.5*AB+-

93.325*AC+-45.75*BC+88.7875*A22+-
4.7875*B22+54.1375*C22

A-RHLB 0.0228*

B-Rate of injection 0.0105*

C-org/aq phase 0.0194*

Note: p<0.05

TABLE 4: STATISTICAL MODEL VALIDATION FOR THE RESPONSES

Fig. 1: Response surface graph for (A): Entrapment efficiency and (B): Particle size 

(A)

(B)
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Responses Predicted Experimented % Bias

Entrapment Efficiency (EE) 
(%) 77.93 70.67±1.15 9.74

Particle size (PS) (nm) 109.99 101.33±8.65 7.89

Note: All the values are mean±SD (n=3)

TABLE 5: EVALUATION OF RESPONSES FOR OPTIMIZED NIOSOME FORMULATION

Gel composition Appearance pH Spreadability  
(g cm/sec) Viscosity (cps) % Drug content

GEL I Clear, translucent 5.5±0.10 1.66±0.15 4148.5±0.04 89.23±0.05

GEL II Clear, translucent 5.5±0.0 2.25±1.03 3633±0.13 83.9±0.02

Note: All the values are mean±SD (n=3)

TABLE 6: EVALUATION OF LRTD LOADED NIOSOMAL GEL

Fig. 2: (A): Particle size of optimized niosomes and (B): Surface charge of optimized niosomes

(A)

(B)
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disseminated the overall compatibility of the drug 
and excipients. 

The surface morphology study by AFM revealed 
the formation of nano-sized vesicles as presented in 
fig. 4. The 3D image in the nanometric scale further 
proved the capability of the design prediction to form 
nanosized niosomal vesicles. 

Comparing the PXRD results from fig. 5, the pure 
drug exhibited high-intensity peaks at 2 Theta 
6.56, 7.65, 12.92, 15.23, 16.63, 19.03, 21.19 and 
23.62. These peaks represented the crystallinity of 
the drug. The intensity of these peaks was reduced 
in the optimized formulation and depicting the 

entrapment of the amorphous drug in the niosomal 
core. The characteristic peaks of the blank optimized 
formulations were retained in the optimized 
formulation further confirming the compatibility of 
the drug and excipients as obtained from the FTIR 
studies.

The thermograms of the pure drug showed a sharp 
endothermic peak at 141° at its melting point as 
seen in fig. 6, the drug peak was absent in the 
thermograms of the optimized peak, indicating the 
amorphous dispersion of the drug in the niosomes, 
hence confirmed the high confinement of drug in 
niosomal core.

Fig. 3: FTIR spectra of (A): Pure drug; (B): Blank and (C): Optimized formulation

(A)

(B)

(C)
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Both the gels containing optimized LRTD niosomes 
were appeared white, translucent, and devoid of 
gritty feelings. The surface pH was found to be 
adequate for dermal application. The viscosity and 
spreadability were found to be satisfactory. The 
value revealed that the gel could be applied easily 
and would not run out of the skin after application. 
The drug content of the formulation was found to be 
adequate as listed in Table 6.

The in vitro diffusion study of the drug from both 
the nanogels revealed the adequate release of drugs 
from the gels. The Xanthum gel (Gel II) showed the 
highest drug diffusion compared to Gel I. This might 
be related to the swelling efficacy and viscosity of 
the gelling agents. The diffusion study also confirms 
the viscosity data obtained for each gel. The in vitro 
diffusion release of pure drug gels (PD gel I and PD 
gel II) was much lower compared to the gels loaded 
with niosomes. The diffusion of the drug from the 
nanogels is presented in fig. 7.

The ex vivo permeation study of the formulations 
confirmed the in vitro diffusion study and showed a 
good permeation of the drug through the animal skin. 
Xanthum gum gel (Gel II) showed better permeation 
among the other gel bases, as shown in fig. 8. The 
permeation parameters were calculated for the ex 
vivo permeation study and listed in Table 7. The 
drug flux and permeation constant of the xanthum 
gel base were found to be significantly higher than 
the other gel bases. Hence among the three bases, the 
xanthum gum was found to be the best one in terms 

of permeation and drug diffusion and was selected 
for skin irritation test.

The skin irritation study was performed with Gel 
II and found that there was no irritation on the 
application of the gel to the animal skin. Hence it can 
be concluded that the LRTD loaded niosomal gel of 
xanthum gum was found to be safe on administration.

In conclusion, the research was focused on 
the formulation and characterization of LRTD 
encapsulated niosomal gel for topical application for 
the treatment of skin allergy. The objective of the 
research was to overcome the low oral bioavailability 
and side effects associated with conventional 
delivery of LRTD. The study was experimented to 
formulate a suitable niosomal gel of LRTD, which 
can increase the permeability of the drug through 
the skin on application. A statistical design was 
integrated into the development of niosomes of 
LRTD to achieve high drug entrapment and a nano-
sized vesicle suitable for skin penetration. The 
optimized formulation thus obtained from the model 
validation of Box Behnken design was incorporated 
into three types of gels. Among them, the niosomal 
gel of xanthum gum was found to be the best for 
its mechanical and rheological properties, and in 
vitro and ex vivo testing of the drug. Hence it can 
be concluded that the niosomal gel of LRTD can 
be a promising alternative approach to control the 
allergic conditions of the skin and can overcome the 
difficulties associated with conventional delivery of 
the drug.

Fig. 4: AFM image of optimized niosomes
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Fig. 7: In vitro diffusion studies of LRTD-loaded niosomal gel
Note: (  ): PD Gel I; (  ): Gel I; (  ): Gel II and (  ): PD Gel II

Fig. 5: PXRD graph for (A): Pure drug; (B): Blank formulation and (C): Optimized formulation

(A) (B)

(C)

Fig. 6: DSC thermogram for (A): Pure drug and (B): Optimized formulation

(A) (B)
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Fig. 8: Ex vivo permeation studies of LRTD-loaded niosomal gel
Note: (  ): Gel II; (  ): PD Gel II; (  ): Gel I and (  ): PD Gel I

Permeation parameters  GEL II  GEL I PD GEL I PD GEL II

Drug flux (Jss) 1.7 0.7 0.084 0.106

Permeation constant (Kp) 9.6 6.2 0.4 0.8

TABLE 7: PERMEATION PARAMETERS
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