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Abstract: The aim of this study is to develop a locally acting nasal delivery system of 

triamcinolone acetonide (TA) for the maintenance therapy of allergic rhinitis. The effect of 

encapsulating TA in different nanocarriers on its mucosal permeation and retention as well 

as in vivo nasal deposition has been studied. A comparative study was established between 

polymeric oil core nanocapsules (NCs), lipid nanocarriers such as nanoemulsion (NE), and 

nanostructured lipid carriers (NLCs). The elaborated nanocarriers were compared with TA 

suspension and the commercially available suspension “Nasacort®”. The study revealed that NC 

provided the highest mucosal retention, as 46.14%±0.048% of the TA initial dose was retained 

after 24 hours, while showing the least permeation through the nasal mucosa. On the other hand, 

for TA suspension and Nasacort®, the mucosal retention did not exceed 23.5%±0.047% of the 

initial dose after 24 hours. For NE and NLC, values of mucosal retention were 19.4%±0.041% 

and 10.97%±0.13%, respectively. NC also showed lower mucosal irritation and superior stability 

compared with NE. The in vivo nasal deposition study demonstrated that NC maintained drug in 

its site of action (nasal cavity mucosa) for the longest period of time. The elaborated polymeric 

oil core NCs are efficient carriers for the administration of nasally acting TA as it produced the 

least permeation results, thus decreasing systemic absorption of TA. Although NCs have been 

administered via various routes, this is the first study to implement the polymeric oil core NC 

as an efficient carrier for localized nasal drug delivery.

Keywords: allergic rhinitis, nanocapsules, triamcinolone acetonide, nasal mucosa, nasal 

deposition

Introduction
Allergic rhinitis (AR) is one of the most common health problems having a negative 

impact on the quality of life. It is characterized by nasal symptoms including rhinorrhea, 

itching, and sneezing. In addition, nasal congestion, which is a main symptom of AR or 

sinusitis, interferes with the ability to speak and hear or can even cause life-threatening 

sleep apnea.1,2 AR involves nasal inflammation that results from IgE-mediated immune 

responses to specific allergens. Corticosteroids are one of the main treatment options 

that prevent or suppress inflammation and immune responses. They are used in the 

treatment of allergic and nonallergic mucosal inflammation and also rhinitis, sinusitis, 

and asthma-combined nasal rhinitis. However, their therapeutic outcome is often 

unacceptable because of their poor distribution in the nose and sinuses.

The prolonged residual time of steroids in the nasal cavity is also a crucial factor 

in treating rhinitis and nasal congestion. Nanotechnology-based approaches appeared 
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to increase the efficiency of locally acting nasal steroids by 

increasing the residence time of the therapeutic agent in the 

nasal cavity.3

Thus, different techniques were applied in order to ensure 

in situ action of nasal drugs. Environment-sensitive hydrogels 

and thermosensitive gels have been developed to ensure the 

purpose of action.4,5

Triamcinolone acetonide (TA) is a synthetic corticosteroid 

administered as a nasal spray (Nasacort® AQ, Sanofi, Bridge-

water, NJ, USA) for relieving the symptoms of rhinitis.6 

There are some disadvantages with the commercially avail-

able spray, including the common side effects such as nasal 

irritation and epistaxis, frequent administration, and bitter 

taste (through connection between nose and mouth). This is 

in addition to the decrease in the drug residence in nostril by 

defense mechanisms as mucociliary clearance. With a beat 

frequency of ~1,000 strokes/min, the cilia transport the mucus 

to the nasopharynx at a speed of 5 mm/min. Accordingly, 

formulations on the mucosa are rapidly eliminated from 

the nasal cavity, with a half-life of ~15 minutes. The rapid 

clearance of formulations is the biggest challenge for nasal 

drug delivery. In addition, ~50% of the TA is absorbed into 

the blood. The usage of this drug is controversial in some 

patients such as pregnant or breast-feeding women.7 These 

findings highlight the need for new drug delivery strategies. 

In this case, it is required to deliver the drug directly to the 

site of action for minimizing the systemic side effects.

This work aims to provide a nonirritant, locally acting 

nasal drug delivery system intended for the treatment of AR 

and prophylaxis of asthma. Different TA-loaded nanoparticu-

late systems were prepared, including oil core nanocapsules 

(NCs), nanoemulsion (NE), and nanostructured lipid carriers 

(NLCs), to select the most appropriate nanocarrier system 

for the preparation of the locally acting TA with minimal 

systemic absorption. The elaborated nanocarriers were 

characterized regarding colloidal properties, their mucosal 

retention, sustaining the drug release, mucoadhesiveness, and 

in vivo nasal deposition, in comparison with the drug suspen-

sion and commercially available Nasacort®. The ciliotoxicity 

of prepared formulations was evaluated by histopathological 

examination of the treated nasal mucosa.

Materials and methods
Materials
TA was obtained from TCI Europe N.V. (Zwijndrecht, 

Belgium). Poloxamer® 188 was purchased from Sigma-

Aldrich (St Louis, MO, USA). Capryol® and Gelucire® 

50/13 were gift samples from Gattefossé (Nanterre, France). 

Miglyol® was from Sasol (Hamburg, Germany). Eudragit® 

RS100 was obtained from Evonik (Essen, Germany). Lipoid® 

S75 was a gift sample from Lipoid®, Ludwigshafen, Germany. 

All other materials were of analytical grade. Mucin from por-

cine stomach (Type III, bound sialic acid 0.5%–1.5%, partially 

purified powder) was purchased from Sigma-Aldrich.

Methods
high-performance liquid chromatography assay of Ta
A reversed-phase C18 analytical column (220×4.4 mm ID, 

5 µm particle size) and a mobile phase of water:acetonitrile 

(50:50, v/v) were used for high-performance liquid chro-

matography (HPLC) analysis of TA. All solvents were 

degassed for 10 minutes before use. The flow rate was 

1 mL/min. The injection volume was 50 µL, and the efflu-

ent was monitored at 240 nm by UV detector. The reten-

tion time was ~5.62±0.46 minutes. Elution was carried out 

isocratically at ambient temperature. The calibration curve 

was linear over the range of 2.5–20 µg/mL. Under these 

conditions, the drug concentration was determined using 

the equation Y=10,97,930 X +1,09,114, where Y is the peak 

area and X is the drug concentration in µg/mL. The method 

was selective with no interference from other formulation 

components.8 The limit of detection was 0.2 µg/mL, and the 

limit of quantitation was 0.7 µg/mL.

solubility study of Ta
The solubility of TA was determined in Miglyol®, Capryol®, 

Labrafac®, distilled water, 0.1 M HCl, and phosphate-buffered 

saline (PBS) pH 7.4. A known excess amount of TA was 

added to a stoppered glass vial containing 1 mL of each of the 

tested vehicles. The samples were sonicated (Julabo sonica-

tor, USR, Seelbach, Germany) for 10 minutes at 25°C and 

left in a thermostatically controlled shaking water bath for 

24 hours at 25°C±0.5°C. This was followed by equilibrium for  

2 hours. Mixtures were centrifuged at 4,000 rpm for 

10 minutes (80-2 electric centrifuge, Jiangsu Jintan Medical 

Instrument Co., Ltd., Jiangsu, People’s Republic of China), 

followed by filtration of the supernatant through a Millipore 

membrane filter (0.45 µm HAWP 074700, EMD Millipore, 

Billerica, MA, USA). Samples from the filtrate were suitably 

diluted with methanol and quantified spectrophotometrically 

(T80 UV/VIS spectrophotometer, PG Instruments Ltd., 

Lutterworth, UK) for the dissolved TA at 238 nm against 

a similar dilution of the plain vehicle in methanol as a 

blank solution. The experiment was performed in triplicate. 
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The results were expressed as mean value (mg/mL) ± standard 

deviation (SD).

Preparation of Ta-loaded nanocarriers
Different nanocarriers of TA were prepared including oil 

core NC, NE, and NLC. NCs were prepared by the nanopre-

cipitation method.9 An organic phase consisting of 0.1 g of 

Eudragit RS100, 1 mL of Capryol®, and 6 mg of TA dissolved 

in a 20 mL mixture of acetone:ethanol (3:1) was injected to 

an aqueous phase of 40 mL of distilled water containing 1 g 

of Poloxamer 188 as a stabilizer under magnetic stirring at 

300 rpm for 15 minutes. The observation of a bluish white 

emulsion indicated the formation of NC. The formed emul-

sion was left overnight under magnetic stirring to ensure 

complete elimination of the organic solvents.

For the preparation of TA-loaded NE, the procedure was 

the same as in the preparation of NC, but without the addition 

of Eudragit RS100 in the organic phase.

TA-loaded NLCs were prepared by the homogenization–

sonication technique described by Mendes et al10 with 

a slight modification. In brief, the organic phase was 

composed of 400 mg Gelucire® 50/13, 200 µL Capryol®, 

1.2 mg TA, and 400 mg Lipoid® S75 dissolved in 5 mL 

ethanol at a temperature of 5°C above the melting point 

of solid lipid. An aqueous phase of 20 mL distilled water 

containing 400 mg Poloxamer 188 was heated to the same 

temperature as the organic phase and added dropwise to the 

organic phase under high-speed homogenization (ULTRA-

TURRAX T25, IKA Labortechnik, Straufen, Germany) at 

10,000 rpm for 15 minutes. This was followed by sonication 

(Julabo sonicator, USR, Seelbach, Germany) at the same 

temperature for 45 minutes. The formed oil-in-water emul-

sion was stirred at room temperature to allow cooling and 

for the formation of NLC.

characterization of Ta-loaded nanocarriers
Particle size, polydispersity index, and zeta potential
The mean particle size (Z-average size), polydispersity 

index (PDI), and zeta potential (ZP) were measured using 

a dynamic light scattering (DLS) technique with a NanoZS/

ZEN3600 Zetasizer (Malvern Instruments, Malvern, UK). 

This system is equipped with a 4-mW helium/neon laser at 

633 nm wavelength and measures the particle size with the 

noninvasive backscattering technology at a detection angle 

of 173°. Before measurement, NC, NE, and NLC disper-

sions were diluted with purified water (1:20) to avoid the 

multidispersion of the light caused by a high concentration 

of particles. All the measurements were performed in 

triplicate.

Encapsulation efficiency
The encapsulation efficiency of the three nanocarriers 

was determined by an equilibrium dialysis method using 

dialysis membranes (Mwt cutoff 12,000–14,000 Spectra-Por, 

Spectrum Labs., Irving, TX, USA).11 Here, 5 mL of each 

of the investigated formulations containing 1.75 mg TA 

was dialyzed against PBS PH 7.4 for 2 hours at 8°C. The 

encapsulation efficiency was calculated as follows:

 
% EE

Initial amount of TA

in the formulation

Amount of TA

dialyzed i
=

−
nn 2 hour

Initial amount of TA in the formulation
×100

 (1)

Morphological analysis by transmission electron 
microscope
The morphology of the NC, NE, and NLC was observed 

by transmission electron microscopy (TEM; Jeol, JEM-100 

CX, Joel, Tokyo, Japan). The sample was diluted with water 

(1:3), and a drop was placed on a copper grid. The excess 

was drawn off with a filter paper. Samples were subsequently 

stained with uranyl acetate solution for 30 seconds and then 

naturally dried.

In vitro drug release
Approximately 10 mL of each of the investigated formulations 

was placed inside a dialysis bag (Mwt cutoff 12–14 kDa), 

which was placed in 125 mL PBS (pH 7.4) at 37°C±0.5°C 

and allowed to rotate in a rotating paddle dissolution appa-

ratus (Pharma test, PTWS 3, Pharma Test Apparatebau 

AG, Hainburg, Germany) at 100 rpm.12 In comparison, the 

drug suspension was dialyzed against the same dissolution 

medium. Aliquots of 5 mL were removed at predetermined 

time intervals (0.5, 1, 2, 4, 6, 8, and 24 hours) and replaced 

by fresh PBS. The samples were filtered through the 0.45-µm 

Millipore filter and analyzed quantitatively for TA (T80 UV/

VIS spectrophotometer, PG Instruments Ltd.).

Preparation and characterization of a powder form 
of Ta-Nc
The NC dispersion containing 6 mg TA was lyophilized 

(Cryodos-50 Freeze-drier, Telstar Cryodos, Terrassa, Spain) 

in the presence of 5% w/v mannitol as cryoprotectant to 

obtain the free-flowing TA-loaded NC powder.
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The recovery yield was calculated according to the 

following equation:13

 Yield
Mass of nanoparticles recovered

Mass of polymer TA Excipie
=

+ + nnts
×100  (2)

To determine the TA content, an accurately weighed 

amount of the freeze-dried TA-loaded NC containing theo-

retically 1 mg of TA was sonicated for 30 minutes in 5 mL 

methanol to ensure complete dissolution of the encapsulated 

TA. This solution was then filtered using the Millipore mem-

brane filter (0.45 µm HAWP 074700; EMD Millipore) and 

assayed spectrophotometrically at 238 nm. The experiment 

was carried out in duplicate, and the percentage drug loading 

(%DL) was calculated using the following equation:

 % Drug loading
Mass of TA in NC

Mass of NC recovered
= ×100  (3)

Differential scanning calorimetry
The differential scanning calorimetry (DSC) thermograms of 

pure TA, polymer, and TA-loaded NC as well as their respec-

tive physical mixture were recorded using the DSC6 dif-

ferential scanning calorimeter (PerkinElmer Inc., Waltham, 

MA, USA). Approximately 6 mg of each sample was placed 

in sealed aluminum pans and heated at 10°C/min under a 

nitrogen atmosphere in the 30°C–400°C range. An empty 

aluminum pan was used as a reference. The equipment was 

periodically calibrated with indium.8

Fourier transform infrared spectra
The Fourier transform infrared (FTIR) spectra of polymer, 

TA, Poloxamer® 188, their respective physical mixture, and 

TA-loaded NC were recorded. Samples were finely grounded 

with IR grade KBr and then pressed into pellet, and IR spectra 

were taken in transmission over the range of 4,000–500 cm-1 

at ambient temperature.

ex vivo bovine nasal mucosal retention
In brief, bovine nasal mucosae were obtained from freshly 

slaughtered cattle. The skin covering the nose was removed, 

and the frontal part of the nasal conchae (conchae nasales 

dorsales) was cut with a sharp scalpel, starting from the 

incisura nasoincisiva. The mucosal tissue was then carefully 

stripped from the lateral cartilage using a pair of tweezers.14

The freshly excised bovine nasal mucosa of thickness 

0.12 cm, excluding the septum part, was collected and used 

for the permeation study. The permeation of TA from the 

elaborated NC, NE, and NLC as well as TA suspension through 

the bovine nasal mucosa was carried out using the vertical 

Franz diffusion cell. The mucosal specimen was mounted 

on the diffusion cell of effective surface area 3.14 cm2, with 

mucosal surface facing the donor chamber and serosal side 

facing the receptor chamber. The latter was then filled with 8 

mL PBS (pH 7.4), with great care taken to avoid trapping air 

beneath the mucosa. The cell was submerged in a thermostati-

cally controlled shaker water bath (SBS40Stuart, Staffordshire, 

UK) operated at 50 strokes/min at 37°C. After an equilibration 

time with PBS for 30 minutes, the permeability experiments 

were started by replacing the media in a receiver chamber with 

8 mL fresh PBS pH 7.4 (37°C) and that of the donor chamber 

with 100 µL (equivalent to 0.032 mg of TA) of each of the 

tested formulations.15 At predetermined time intervals (2, 4, 6, 

8, and 24 hours), the entire receptor medium was withdrawn 

from the receiver compartment and replenished with an equal 

volume of fresh PBS at 37°C. Samples from the receptor media 

were filtered through the 0.45-µm Millipore filter analyzed 

for TA using the HPLC (PerkinElmer Inc.). The cumulative 

amount of TA permeated per unit area of nasal mucosa was 

plotted against time. After 24 hours, the mucosal surface 

was washed with PBS to remove any remaining formulation. 

To determine the amount of TA entrapped in the mucosa, 

the mucosa was sonicated with a known amount of ethanol, 

which was then analyzed for TA content using the previously 

reported HPLC method.

histopathological assessment of local toxicity  
on nasal mucosa
Histopathological studies were carried out using the bovine 

nasal mucosa with uniform thickness mounted on Franz 

diffusion cells. The studies were performed on mucosa 

treated with TA suspension and TA-loaded nanocarrier 

formulations as well as mucosa treated with 0.5 mL of 

PBS pH 7.4 and isopropyl alcohol. After 2 hours, the 

mucosa was rinsed with PBS pH 7.4 and was fixed in 10% 

formalin, routinely processed, and embedded in paraffin. 

Paraffin sections were cut and placed on glass slides and 

stained with hematoxylin and eosin. The bovine nasal 

mucosae treated with PBS pH 7.4 and isopropyl alcohol 

were taken as negative and positive controls, respectively. 

Sections were analyzed by a pathologist blinded to the 

experimental conditions.16

assessment of nanocarriers–mucin interaction
The mucoadhesive tendency of elaborated nanocarriers, 

drug suspension, and marketed Nasacort® formulation was 

evaluated by the turbidimetric assessment of the mucin/

particle interactions. In brief, the mucin powder was dispersed 
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in water (0.1% w/v) and stirred overnight. The dispersion was 

filtered twice through a 0.45-µm Millipore filter to collect 

the mucin-containing supernatant. Equal volumes of mucin 

dispersion (0.1% w/v) and the nanocarrier dispersion were 

mixed together by vortexing for 1 minute. The turbidity of 

the mixtures was measured at zero time and after incubation 

for 2 hours at 37°C. The absorbance was recorded at 650 nm 

using a spectrophotometer (T80 UV/VIS spectrophotometer, 

PG Instruments Ltd.).

The particle size and ZP of the nanocarrier dispersions 

in mucin were assessed after dilution with water. Spectro-

photometric turbidity determination, particle size, and ZP 

measurements were performed every 30 minutes for 2 hours 

to determine the mucin–nanoparticles interaction.17,18 The 

experiments were run in triplicate. The results were expressed 

as mean ± SD. For testing the possible interaction between 

mucin solution and each of TA and Nasacort® dispersion, 

only the ZP of the blend at 37°C was accessed at different 

time intervals from incubation and was compared with the 

ZP of the mucin solution.

In vivo nasal drug deposition testing
The in vivo nasal deposition method adopted by Faraj et al19 

with slight modification was used.

animal surgical technique
Five groups of six rats each weighing 200–230 g were anes-

thetized by intraperitoneal injection of thiopental solution at 

a dose of 0.1 mL/100 g rat body weight. An incision was 

made in the cervical region, and the trachea was cannulated 

with a polyethylene tube to maintain respiration. Esophagus 

was threaded to keep the formulations in the nasal cavity and 

prevent oral absorption. The nasopalatine was closed with 

an adhesive agent to prevent drainage of the drug from the 

nasal cavity to the mouth.

Experiments were performed in accordance with the 

European Community guidelines for the use of experimental 

animals and were approved by the Ethics Committee of the 

Faculty of Pharmacy, Alexandria University.

Ta deposition in the nasal cavity
Approximately 40 µL of TA-loaded NC, NE, and NLC, TA 

suspension, and Nasacort® containing 32 µg of TA were 

introduced in one of the nostrils of each rat with a micropi-

pette. After specified times of deposition (10, 20, 30, 40, 50, 

and 60 minutes), the residual drug in the nasal cavity was 

recovered by washing thoroughly with 2 mL of physiologi-

cal saline pH 7.4 at a flow rate of 1 mL/min. The profiles of 

drug clearance were determined from the amounts of drug 

in the lavage fluid. Drug concentrations in the lavage fluid 

were determined by HPLC after filtration with the 0.22-µm 

Millipore filter.20 The experiment was performed on six rats 

for each of the investigated systems, and the results were 

expressed as mean ± SD.

stability of Ta-loaded nanocarriers
Stability studies were carried out for the prepared nanocar-

riers NC, NE, and NLC over a period of 3 months. The 

nanocarriers were stored in glass vials sealed with plastic 

caps and were kept in the fridge at a temperature of 4°C–8°C. 

The formulations were monitored for changes in morphology, 

particle size, ZP, and PDI as well as the chemical stability 

(drug content).

Results and discussion
Nasal administration of corticosteroids as a local treatment 

showed better behavior over oral leukotriene antagonists in 

ceasing seasonal AR accompanied with asthma, especially 

in the upper airway.21 In this study, we aimed to provide a 

nanocarrier system for TA capable of achieving appropriate 

nasal mucosal retention of the drug in an attempt to improve 

the quality of local treatment and prophylaxis of rhinitis 

accompanied with asthma. Lipid-core polymeric NC, NE, 

and NLC were investigated as nanocarriers for TA to select 

the most appropriate carrier providing nasal retention of the 

drug within the nasal cavity.

solubility of Ta
The solubility of TA was found to be 6.5±0.212, 1.36±0.197, 

and 1.37±0.226 mg/mL in Capryol®, Miglyol® and Labrafac®, 

respectively. Accordingly, Capryol® was the oil selected for 

the preparation of TA-loaded NC, NE, and NLC.

characterization Ta-loaded nanocarriers
The mean diameter, PDI, and ZP values of NC, NE, and 

NLC loaded with TA are given in Table 1. The nanoprecipi-

tation method used in the preparation of NC and the high 

shear homogenization/ultrasonication method used in the 

Table 1 Particle size, zeta potential (Z), PDI, and ee of Ta-
loaded nanocarriers

Nanometric  
system

Size  
(d.nm)

Z  
(mv)

PDI EE% ± SD

Nc 128.4±0.503 +52.7 0.147±0.006 96.79±0.36
Ne 212.1±2.747 -24.7 0.130±0.022 94.15±0.35
Nlc 36.25±0.245 -22.2 0.266±0.010 93.05±0.35

Abbreviations: EE, encapsulation efficiency; NC, nanocapsule; NE, nanoemulsion; 
NLC, nanostructured lipid carrier; PDI, polydispersity index; SD, standard deviation; 
Ta, triamcinolone acetonide.
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preparation of NLC resulted in nanocarriers characterized by 

a mean diameter ~200 nm and a PDI ,0.2. This indicates a 

homogenous particle-size distribution.22

The ZP is an important factor affecting the physical stabil-

ity of colloidal dispersions. Our results showed that the NCs 

are positively charged, a factor which could be attributed 

to the quaternary ammonium groups of Eudragit® RS100.23 

On the other hand, the outer shell of NLC and NE consisted 

of Gelucire® 50/13 (stearoyl polyoxyl-32 glycerides) and 

Capryol® 90 (propylene glycol monocaprylate type II, .90%), 

respectively, where both components carried negative charges 

accounting for the negative ZP values. In theory, higher values 

of the ZP, either positive or negative, tend to stabilize the col-

loid because of the electrostatic repulsion between particles 

with the same electrical charge.24

The encapsulation efficiency of the prepared formulations 

was .85% (Table 1). Thus, the oily core of formulations 

facilitated solubilization of TA with high efficiency. This 

indicates that nanoencapsulation is an effective technique for 

improving the solubility of TA in aqueous media.

Morphological analysis by TeM
Figure 1 shows the TEM micrographs of TA-loaded nano-

carriers. NC and NLC showed spherical, well-separated and 

finely distributed particles. The NE showed a much bigger 

size with less homogeneity in size distribution. This was in 

line with the DLS data.

In vitro drug release
A sustained-release pattern is a crucial parameter in devel-

oping nanocarriers for a maintained therapy. The aim of the 

in vitro drug release study is to compare the TA release profile 

from different formulations rather than mimicking the drug 

release in the nasal cavity. All the elaborated nanocarriers 

demonstrated a prolonged release of TA. On the contrary, 

97% TA was released within the first 4 hours from TA 

suspension in PBS (Figure 2).

Differential scanning calorimetry
To confirm the physical state of TA in the freeze-dried NC, 

DSC analysis was carried out for TA, Eudragit RS100, 

Poloxamer F188, their physical mixture, and freeze-dried 

TA-NC (Figure 3).

TA thermogram revealed an endothermic peak, which 

corresponds to a melting point of ~300°C, and is indicative 

of a crystalline anhydrous state for TA. In the physical mix-

ture, all characteristic peaks of all components were detect-

able at their original positions. The peak of TA disappeared 

from the thermogram of TA-NC, suggesting that TA was 

totally encapsulated in NC in an amorphous or solid solu-

tion state.

Fourier transform infrared spectra
FTIR spectra in Figure 4 were recorded to assess the compat-

ibility of the drug and excipients. Eudragit RS100 showed 

an ester C=O stretching peak approximately 1,735.75 cm-1. 

The empirical formula of TA is C
24

H
31

FO
6
, structured as 

9-fluoro-11β,16α,17,21-tetrahydroxypregna-1,4-diene-3,20-

dione16,17-cyclic acetal with acetone. In the FTIR spectrum, 

the characteristic bands observed from the data of TA included 

the OH group in the range of 3,650–3,200 cm-1, C–H stretch-

ing of sp3 and sp2 carbons in the range of 3,000–2,900 cm-1, 

C=O in 1,775–1,650 cm-1, C=C in 1,690–1,635 cm-1, C–O–C 

Figure 1 Transmission electron micrographs of Nlc (A), Nc (B), and Ne (C).
Note: Red arrow shows magnified view of nanocapsule showing core-shell structure.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier.
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Figure 2 In vitro release of Ta from Nc, Ne, Nlc, and Ta suspension.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid 
carrier; TA, triamcinolone acetonide.

°
Figure 3 Dsc thermograms of mannitol (A), Ta Nc (B), Ta (C), Pluronic F127 (D),  
physical mixture (E), and eudragit rs100 (F).
Abbreviations: DSC, differential scanning calorimetry; NC, nanocapsule; TA, 
triamcino lone acetonide.

in 1,310–1,000 cm-1, and a strong peak at 1,058 cm-1 because 

of stretching vibration of C–F.25 The IR spectrum of Poloxamer 

F188 is characterized by the principal absorption peaks at 

2,883.38 cm-1 (C–H stretch aliphatic), 1,348.15 cm-1 (in-plane 

O–H bend), and 1,107.06 cm-1 (C–O stretch).

All the characteristic peaks of TA are present in their 

original positions in the physical mixture as well as in the 

TA-loaded NC. This showed that the molecular structure of 

TA remained completely intact, indicating the absence of 

chemical interaction between TA and any of the ingredients 

used in the NC formulation.

ex vivo bovine nasal mucosal permeation 
and retention
Figure 5 illustrates the TA permeation from NC, NE, and 

NLC, TA suspension, and Nasacort® through bovine nasal 

mucosa as functions of time. The percentage of TA permeated 

within 24 hours was 58% from drug suspension, 40% from 

Nasacort®, and only 35%, 35%, and 37% for NC, NE, and 

NLC, respectively. This indicates considerable retardation 

of permeation of TA by nanocarriers and a considerable 

decrease in the diffusion process.

The most important was the amount of TA recovered 

from mucosa after the application of the different formula-

tions as the purpose of nasal application of TA was to reduce 

the nasal absorption and increase the contact time within the 

inflamed mucosa. All the elaborated nanocarriers showed 

higher mucosal retention of TA compared with commercial 

Nasacort®. NC showed the highest mucosal retention of TA, 

as 49% of initial dose was retained in mucosa after 24 hours. 

NE, NLC, and Nasacort® showed much lower mucosal reten-

tion than the NC (Figure 6).

The highest mucosal retention of TA offered by the NC 

could be attributed to the presence of polymeric Eudragit 

coat, which permitted the retention of drug within mucosa. 

The low flux rate obtained from the polymer-based NC indi-

cated their higher tendency to exert a localized effect on the 

mucosa rather than a permeation-enhancing effect.

histopathological assessment of local 
toxicity on nasal mucosa
All the investigated nanocarriers were subjected to the nasal 

toxicity study to evaluate their safety. Figure 7 illustrates 

the histopathological condition of the nasal mucosa after 

treatment with PBS pH 6.4 (negative control), isopropyl 

alcohol (positive control), NC, NE, NLC, TA suspension, 

and Nasacort®.

The nasal mucosa treated with PBS showed intact normal 

mucosal surface lined with stratified squamous epithelium. 

On the other hand, the mucosa treated with isopropyl alco-

hol (mucociliary toxic agent) showed complete surface 

ulceration lined by granulation tissue. Specimens treated by 

TA suspension or Nasacort® showed mild surface erosion 

with chronic inflammatory cells formed of lymphocytes and 

histiocytes. Specimens treated with NLC and NC showed 

mild inflammatory cells compared to those treated with the 

drug suspension and Nasacort®. However, the NE-treated 

mucosa showed surface erosion with chronic inflammatory 

cells. These results revealed the safety of NC and NLC for 

nasal administration compared with that of the commercially 
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Figure 4 FTIr spectrum of mannitol (A), eudragit rs100 (B), Poloxamer 188 (C), Ta (D), physical mixture (E), and Ta-loaded Nc (F).
Abbreviations: FTIR, Fourier-transform infrared spectroscopy; NC, nanocapsule; TA, triamcinolone acetonide.

Figure 5 ex vivo permeation of Ta from Nc, Ne, Nlc, Nasacort®, and Ta susp.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid 
carrier; susp, suspension; TA, triamcinolone acetonide.

available nasal spray. This might be due to the encapsulation 

of the drug, thereby reducing its direct irritant effect on the 

mucosal tissue. However, the NE is not recommended.

Mucin interaction
Mucoadhesion studies were performed for the dispersion 

of the nanocarriers with mucin over a period of 2 hours, 

by measuring the turbidity at 650 nm (ABS), change in 

the particle size, and ZP (Figure 8). The absorbance of the 

reference mucin dispersion did not significantly deviate 

from zero (being within the range of 0.001–0.01). However, 

significantly higher values of absorbance were observed at 

any time point for the nanocarrier aqueous dispersions. This 

is a sufficient indication of the nanocarrier motion. In the 

case of NC and NE, the absorbance did not significantly 

increase straight after their addition to the mucin-containing 

medium (P,0.05) (Figure 8A), while for NLC, the absor-

bance of nanodispersion/mucin blend increased significantly 

(P,0.05) with time. This was a good indication of nanopar-

ticle motion that decreased the incidence of NLC and mucin 

interaction.

Nanoparticle–mucin interactions were also confirmed by 

the particle size and ZP measurements (Figure 8B and C). 

In particular, the strongly positive ZP of the NC dispersion 

was inverted to a slightly negative value by time it was added 

to the mucin dispersion. This was not the same in the case 

NLC and NE, as their ZP was not significantly changed in 

the presence or absence of mucin.

Furthermore, the particle size of NC dispersion increased 

markedly upon addition to the mucin solution with time, 

whereas, for NLC and NE, the particle size did not show a 

significant increase upon time after addition to the mucin 

solution.17,26

The elaborated NC outer shell is constructed of Eudragit 

RS100, which exhibits positive charge because of its qua-

ternary ammonium groups, whereas mucins are negatively 

charged at physiological pH.27
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Figure 6 amount of Ta permeating through and retained in the nasal mucosa after 24 hours of application of the different nanocarriers, Nasacort®, and Ta suspension.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier; TA, triamcinolone acetonide.

Figure 7 Histopathological condition (magnification 40×) of nasal mucosa after 2 hours exposure to PBs ph 6.4 (negative control) (A), IPa (positive control) (B), Nasacort® 
(C), Nc (D), Ne (E), and Nlc (F).
Abbreviations: IPA, isopropyl alcohol; NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier; PBS, phosphate-buffered saline.

These charges enhanced a predicted and well-tolerated 

interaction between NC and nasal mucin. Mucins are highly 

glycosylated glycoproteins with a large peptide backbone and 

oligosaccharides as side chains. Their protein backbone is 

characterized by the presence of repeating sequences rich in 

serine, threonine, and proline residues. Many of the O-linked 

oligosaccharide side chains are often terminated in sialic 

acid, sulfonic acid, or l-fructose.

As a result, the interaction led to decrease in NC motion, 

which in turn will decrease their wash out by nasal mucocili-

ary motion. This was obvious in the increase in the particle 

size and change in the ZP of NC negatively upon interaction 

with mucin. Eudragit® itself had mucoadhesive properties to  

other mucosal surfaces, which may give it superiority to 

adhere to nasal mucosa as well.28,29

NLC and NE did not exhibit an obvious interaction with 

mucin. This was indicated by the movement of the nanocar-

riers that resulted in an increase in the absorbance of the 

mucin–nanocarrier blend. In addition, the particle size and ZP 

of the NLC and NE did not differ from their initial state before 

addition to the mucin solution. All these findings suggested 

the absence of interaction between NLC or NE and mucin. 

In addition, measuring the ZP of mucin/TA dispersion and 

the mucin/Nasacort® dispersion revealed the absence of any 
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Figure 8 In vitro assessment of nanoparticles interaction with mucin (A) turbidimetry at 650 nm, (B) particle-size analysis of NP in mucin, and (C) zeta potential of 
NP in mucin.
Abbreviations: ABS, absorbance; NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier; NP, nanoparticle.

interaction between them (ZP of mucin solution is -26.5 mv). 

This further proved that the elaborated lipid-core Eudragit® 

NCs possess superior nasal mucosal adhesion.

Five theories have been suggested to play a major role 

in bioadhesion, namely, adsorption, diffusion, electronic, 

fracture, and wetting theories. The mucoadhesion theory 

proposes that the adhesion of a polymer to a biological tissue 

results from 1) primary chemical bonds that are somewhat 

permanent and therefore undesirable in bioadhesion and 

2) van der Waals, hydrogen, hydrophobic, and electro-

static forces, which form secondary chemical bonds.30 The 

electronic theory is based on the electron transfer between 

different electronic properties of the mucoadhesive polymer 

and the mucus glycoprotein. A charged double layer at the 

interface of the mucus and the polymer was formed that 

caused forces of attraction in this region.27

In vivo nasal drug deposition
The amount of TA remaining in the nasal cavity was deter-

mined after the application of each of the nanocarriers, TA 

suspension, and Nasacort® in rat’s nasal cavity.

Results revealed that the percentage of drug remaining in 

the nasal cavity after 10 minutes was ~98% for NC incorpo-

rating TA. On the other hand, the remaining drug percentage 

was lesser in the case of TA suspension and Nasacort®.

For NE and NLC, the percentage of drug remaining 

after 10 minutes was 83% and 89%, respectively. Simi-

larly, after 60 minutes, the TA-loaded NC showed signifi-

cantly (P,0.05) higher drug residence in the nasal cavity 

demonstrated by the corresponding lower amount of TA in 

the nasal wash (Figure 9).

The polymeric coat NC exhibited the highest retention 

time within the nasal cavity. This could be attributed to 

Eudragit RS100 poly(ethyl acrylate-co-methyl methacrylate-

co-trimethylammonioethyl methacrylate chloride), which is a 

poly methacrylic acid derivative that has high mucoadhesive 

property.31

It has been reported that higher nasal drug absorption is 

accompanied with a decreased rate of mucociliary clearance 

of the nose. In other words, increased mucoadhesion leads 

to increased drug absorption by increasing the contact time 

with nasal mucosa.30

The elaborated NC had the best mucin interaction 

parameters, the highest mucosal drug retention, and the 

highest nasal deposition, which in turn will increase the 

effectiveness of the nasal TA treatment of rhinitis.

stability study of Ta-loaded nanocarriers
The physical stability of the drug-loaded nanoparticles is an 

important parameter to be studied. As for the particle-size 
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Figure 9 Percentage of Ta washed out of the nasal cavity after application of different nanocarriers, Ta suspension, and Nasacort®.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier; TA, triamcinolone acetonide.

Figure 10 stability study parameters: (A) particle size, (B) PDI, (C) percentage of drug remaining, (D) zeta potential of Nc, Ne, and Nlc upon storage for 3 months.
Abbreviations: NC, nanocapsule; NE, nanoemulsion; NLC, nanostructured lipid carrier; PDI, polydispersity index.

measurements, an insignificant fluctuation (P,0.05) in 

the mean size and PDI was observed for NC (Figure 10). 

On the other hand, the particle sizes of NE and NLC changed 

significantly upon storage, which indicated the lack of sta-

bility. The ZP values remained above ±20 mV for the three 

nanocarriers over the 3-month storage period. The TA content 

in the nanocarriers did not change significantly upon stor-

age, which gives more evidence on the stability of prepared 

nanodispersions.

In addition, TA-loaded nanoparticles remained visu-

ally unchanged during storage in the referred conditions. 

No sediment, cream, or free oil was observed in any of the 
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formulations. In addition, no TA crystals were observed over 

the 3-month period.

According to the previously mentioned findings, TA-

loaded NC formed the most stable nanocarrier of the three 

prepared formulations giving it superiority for nasal use.

Conclusion
Polymeric oil-core NC, NE, and NLC have been investigated 

as local nasal drug delivery systems for TA. Among the 

investigated systems, the elaborated NC showed the best 

mucin interaction parameters, the highest mucosal drug 

retention, and the highest nasal drug deposition with the least 

permeation flux. This in turn will increase the effectiveness of 

nasal TA treatment of rhinitis and reduce the systemic absorp-

tion compared with the drug suspension and the marketed 

product. NC also showed lower mucosal irritation and supe-

rior stability compared with NE. TA-loaded NC presented the 

most promising nanocarrier of all the investigated systems 

giving it superiority for nasal use compared with lipid-based 

nanocarriers and commercial product.

Our results suggest that the elaborated polymeric oil-core 

NC can be considered an efficient carrier system for localized 

nasal drug delivery.
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