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Niosomes are promising nanocarriers for ocular drug administration since they have  

the potential to enhance the bioavailability and efficacy of different drugs. Meanwhile, topical 

gels are beneficial for the treatment of ocular inflammation as they improve corneal 

permeability and increase the contact time with the eye surface. The main purpose of this study 

was to prepare and evaluate novel niosomal gels for intraocular delivery of celecoxib. Different 

niosomes were prepared using different surfactants (span 60 and span 40) and cholesterol (30-

50 mol %). The optimized formulation made with span 40 and cholesterol (7:3 molar ratio) has 

a relatively high encapsulation efficiency (~57%) with reasonable particle size for ocular 

delivery (~348 nm) and showed the highest release of ~65% after 24 hrs compared to other 

formulations. The optimized niosomal formulation was then used to prepare various 

formulations of celecoxib in-situ gel and topical hydrogels. The niosomal gels were well 

tolerated by the eye and showed similar celecoxib corneal permeation. However, the in-situ gel 

showed a higher anti-inflammatory effect compared to the topical hydrogel and a commercially 

available diclofenac eye drop. The results shown in this study indicate that celecoxib niosomal 

in-situ gel is a valuable drug delivery system for ocular inflammation.  

Keywords: Celecoxib;  niosomes;  niosomal in-situ gel;  niosomal hydrogel;  in-vivo anti-

inflammatory effect 

 

INTRODUCTION 
 

Ocular drug delivery systems have limited 

ocular drug absorption because of a variety of 

difficulties, including low corneal permeability 

and the existence of different mechanisms that 

clear the corneal surface such as lacrimation, 

tear turnover and tear dilution1. Traditional 

ophthalmic solutions have low bioavailability 

and necessitating frequent instillation of eye 

drops to produce a therapeutic effect. In 

addition, there is a possibility of systemic 

effects from the passage of drugs through the 

nasolacrimal duct2. Enhancing ocular drug 

absorption requires improved corneal 

permeability and a longer contact time. The 

drawbacks of traditional ocular formulations 

can be efficiently overcome by using the 

vesicular nanocarrier drug delivery technology. 

Vesicular systems entrap the drug inside lipid 

vesicles and allow for prolonged and regulated 

drug delivery at the corneal surface3. Sustained 

administration and increased drug 

concentration at the site of action result in 

increased bioavailability. Vesicles additionally 

protect the drug from enzymatic metabolism at 

the tear/corneal epithelial surface3,4.  

Celecoxib (CXB) is a non-steroidal anti-

inflammatory drug that acts by selectively 

blocking the cyclooxygenase-2 enzyme (COX-

2)5. COX-2 is a predominant enzyme in the 

pathophysiology of eye diseases, such as 

choroidal neovascularization, vascular lesions 

and diabetic retinopathy6. In addition, COX-2 

stimulates vascular endothelial growth factor 

(VEGF), a key factor in the development of 

proliferative diabetic retinopathy and 

neovascular age-related macular degeneration. 

COX-2 also enhances the effects of numerous 

other soluble inflammatory mediators7. 

Thereby, celecoxib could be used as an anti-

VEGF therapy in the treatments of diabetic 

retinopathy and age-related macular 

degeneration.  

http://bpsa.journals.ekb.eg/
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Niosomes have gained popularity as 

colloidal nanocarriers because of their 

beneficial properties including controlled drug 

release over an extended period of time, low 

toxicity, increased stability and protection of 

the encapsulated drug from biological 

environment factors such as enzymatic 

degradation at the corneal surface8,9.  

The most common attempt to increase 

precorneal residence time involves increasing 

formulation viscosity (with a moderate impact 

on the contact time) and developing semi-solid 

dosage forms, which despite having good 

retention characteristics, suffer from low 

patient compliance due to the blurred vision 

(caused by ointments and gels) and the foreign 

body sensation they produce10,11. An optimal 

ophthalmic dosage form can be applied in a 

liquid form for the patient's point of approval, 

while ensuring medication retention at the 

ocular surface and improving bioavailability at 

the same time12. In this context, the 

development of a hybrid drug delivery system 

which combines the benefits of niosomes as 

nano-sized vesicular drug carriers and the 

advantages of accurate dosing and extended 

ocular residence time offered by the drug 

delivery platform fulfills the aforementioned 

objectives.  

In-situ gels guarantee sustained drug 

release, reduce nasolacrimal drainage and 

reduce systemic absorption by changing from 

solution to gel under physiological conditions13. 

In addition to improving ocular bioavailability, 

the in-situ gel function as a vehicle for vesicle 

incorporation may also improve the 

physicochemical characteristics of celecoxib 

niosomes in terms of their size distribution, or 

the homogeneity of the system, maintain 

celecoxib content during storage and resulting 

more precisely timed and smoother celecoxib 

release. Changes in certain physicochemical 

indicators at the corneal surface such as pH 

value, ionic composition and temperature  may 

cause the in-situ gel to transition from sol to 

gel14. On the other hand, niosomal hydrogel 

formulations for topical application combine 

the benefits of a modified release and enhanced 

permeability across the cornea with excellent 

release properties and a longer residence time 

on the cornea.  

In this study, we prepared niosomes 

encapsulating celecoxib as a promising system 

for ocular delivery. The optimized celecoxib 

niosomal formulation was then incorporated 

into in-situ gel (thermo-responsive) and 

hydrogels with different gelling agents. The 

optimized formulations were tested for 

celecoxib corneal permeability and in-vivo 

anti-inflammatory effect in a rabbit model of 

induced eye inflammation, compared to a 

commercialized diclofenac sodium eye drop. 

The niosomal gels showed similar celecoxib 

corneal permeation, although the in-situ gel 

showed a higher anti-inflammatory effect 

compared to the topical hydrogel. The results 

shown in this study indicate that celecoxib 

niosomal in-situ gel is a valuable drug delivery 

system for ocular inflammation.  

 

MATERIALS AND METHODS 

 

Celecoxib (CXB) was a kind gift from EL-

BORG Pharmaceuticals Inc. (Alexandria, 

Egypt). Span 60, span 40, cholesterol, 

poloxamer407, hydroxy ethyl cellulose (HEC) 

and hydroxy propyl methyl cellulose (HPMC) 

were purchased from Sigma-Aldrich (St. Louis, 

MO, USA). Dialysis membrane, molecular 

weight cut-off 12,000–14,000, was purchased 

from Spectrum Laboratories Inc. (Rancho 

Dominguez, CA). Chloroform and methanol, 

HPLC grades, were obtained from Fisher 

Scientific (Loughborough, Leics, UK). All 

chemicals and components of buffer solutions 

were of analytical grade preparations. 

 

Preparation of CXB-loaded niosomes 

Niosomes containing CXB were prepared 

by thin film hydration technique1,15. The 

composition of different niosomal formulations 

is shown in Table 1. In summary, surfactants, 

cholesterol in various molar ratios and CXB 

(10 mg) were precisely weighed and dissolved 

in a mixture of chloroform: methanol (2:1) in a 

250 mL round-bottom flask. A thin dry film of 

the components developed on the inner wall of 

the rotating flask as a result of the organic 

solvent being gradually evaporated at (60 – 70 

°C) under reduced pressure using a rotary 

evaporator at 150 rpm. The dried thin lipid film 

was then completely hydrated with 10 mL of 

phosphate buffered saline (PBS, pH 7.4) by 

rotating the flask in a water bath while 

operating a rotary evaporator under normal 

pressure, creating multi-lamellar vesicles and 

then sonicating for 2 min and storing at 4 °C 

overnight16. 
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Table 1: Composition of different niosomal formulations. 

Drug 

amount 

Surfactant: 

cholesterol ratio 

Total lipid 

(µmol) 

Type of 

surfactant 

Cholesterol 

(mol%) 

Formulation 

code 

10 mg 

7:3 

300 µmol 

Span 40 

30 F1 

6:4 40 F2 

5:5 50 F3 

7:3 

Span 60 

30 F4 

6:4 40 F5 

5:5 50 F6 

7:3 

500 µmol 

Span 40 

30 F7 

6:4 40 F8 

5:5 50 F9 

7:3 

Span 60 

30 F10 

6:4 40 F11 

5:5 50 F12 

 

Determination of encapsulation efficiency  

Drug encapsulation efficiency was 

determined using the dialysis technique for 

separating the non-entrapped drug from 

niosomes17. This procedure involved adding 0.5 

mL of CXB-loaded niosomal dispersion into a 

dialysis bag submerged in 10 mL of distilled 

water and stirring it magnetically. Every 30 

min, free drug was dialyzed; the process was 

considered finished when there was no drug left 

in the recipient solution. The total amount of 

drug contained in non-dialyzed samples was 

used to calculate the percentage of 

encapsulation efficiency (E.E%), which was 

expressed as the proportion of the drug 

encapsulated into niosomes. By diluting 0.1 mL 

of dialyzed niosomes to 10 mL of isopropyl 

alcohol18 and measuring the absorbance of 

these solutions at 256 nm using UV–visible 

spectrophotometer (Shimadzu Seisakusho, Ltd., 

Kyoto, Japan). This procedure was necessary to 

break the niosomal membrane by isopropyl 

alcohol. Each experiment was carried out in 

triplicate and the results are expressed as 

mean  ±  standard deviation and determined by 

this equation: 

(E.E% = 
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑛𝑡𝑟𝑎𝑝𝑝𝑒𝑑 𝑑𝑟𝑢𝑔

𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 𝑎𝑚𝑜𝑢𝑛𝑡
 ×  100).  

 

Determination of particle size, polydispersity 

index and zeta potential 
Nano Zetasizer was used to examine the 

particle size, size distribution patterns and zeta 

potential of CXB-loaded niosomes (Malvern 

Instruments, UK). The samples were suitably 

diluted with PBS before being measured at 25 

°C. Hydrodynamic diameter was used to  

 

express niosomal size19. The measurements 

were done in triplicate20. 
 

Transmission electron microscopy analysis 

]TEM[ 
Transmission electron microscopy was 

used to describe the morphology of CXB 

niosomes that had been optimized. Niosomal 

dispersion was applied for 1 min to a copper 

grid that had been covered with carbon after 

being diluted ten times, with the excess being 

collected with filter paper. A drop of 1% 

phosphor-tungstic acid was applied as a 

staining dye to the vesicles21. A tip of filter 

paper was used to blot the excess and it was 

then allowed to dry. A high-resolution 

transmission electron microscope (HR-TEM, 

JEOL JEM 1400, USA) was used to study the 

morphology of the prepared niosomes and 

images were taken and processed using 

imaging viewer software. 
 

Fourier transform infra-red spectroscopy 

analysis (FT-IR) 
CXB, cholesterol, span 40, a blank 

niosomes and the optimum CXB-loaded 

niosomes formulation (F1) were all tested using 

FT-IR spectroscopy (Schimadzu FTIR 

spectrophotometer). In order to mix the sample 

with KBr, approximately 1 mg of the pure drug 

and combination of drug-excipients was 

introduced and well grounded. Then, using an 

IR press with an 8-ton pressure, the KBr mixer 

was pressed to create a palate22. The scanning 

range was between 4000 and 400 cm−1. 
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X-ray diffractometry analysis (XRD) 

XRD patterns of CXB, cholesterol, span 

40, blank niosomes and CXB-loaded niosomes 

were performed utilizing the XRD-6000 

(Shimadzu, Kyoto, Japan) and a copper source 

to produce K radiation (of 1.5418 Cu). A thin 

film was created by spreading the material 

across a micro glass slide. The samples were 

examined over the temperature range of 4°-

59.98° 2ө at a scanning rate of 0.06° 2ө/min23. 

The X-ray diffraction technique is a common 

way to assess a compound's crystallinity. The 

X-ray diffraction patterns of CXB, cholesterol, 

span 40, blank niosomes and CXB-loaded 

niosomes were determined. 

 

Differential scanning calorimetry analysis 

(DSC) 

DSC was used to determine the physical 

state of CXB and the likelihood of drug-

excipient interactions within the niosomal 

vesicles. DSC analysis was performed on the 

powdered samples of CXB, span 60, 

cholesterol, dried blank niosomes, lyophilized 

selected CXB-loaded niosomes and the 

physical mixture of niosomal components 

(CXB, Chol and span 60) using computer- 

interfaced shimadzu calorimeter. About 5 mg 

of the samples were accurately weighed , sealed 

in an aluminum pan and heated at a rate of 10 

°C/min over a temperature range of 25-350 

°C24. 

 

In-vitro drug release and kinetics study of 

CXB-loaded niosomes 

In-vitro release studies of the prepared 

niosomal formulations were performed using 

dialysis method25. The acceptor medium 

contain PBS (pH 7.4) at 37 °C with ethanol 

(20%) to maintain sink condition26. The 

cellulose membranes used in dialysis tubing 

were washed and allowed to soak in distilled 

water for 24 hrs. Dialysis bags containing a 

sample of CXB niosomes equivalent to 1.5 mg 

of CXB was submerged in a 100 mL 

dissolution medium of PBS (pH 7.4). A 

thermostatically controlled water bath shaker 

was used to maintain the dissolving medium at 

37 °C at a constant speed of 50 rpm. In order to 

maintain sink conditions, samples of the 

acceptor medium were obtained at scheduled 

times for 24 hrs and replaced with 5 mL of 

PBS. the absorbance of CXB was measured at 

256 nm spectrophotometrically with using PBS 

as the blank. Studies of in-vitro drug release 

were performed in triplicate. 

 

Formulation of CXB-loaded niosomal in-situ 

gel (thermo-responsive) and CXB-loaded 

niosomal hydrogel 

Preparation of plain in-situ gel 

(temperature-dependent type) 

In-situ thermo-responsive gel formulations 

containing Poloxamer407 (thermos-responsive 

polymer) were prepared on a weight basis 

applying the cold method27. The required 

amount of Poloxamer407 (15% w/v, 20% w/v 

and 25% w/v) was mixed continuously with 

cold PBS (pH 7.4), equilibrated at 4-6 °C. The 

resulting dispersions were kept in a refrigerator 

(4 °C) for around 24 hrs to ensure complete 

copolymer dissolution. 

 

Preparation of CXB-loaded niosomal in-situ 

gel (temperature-dependent) 

CXB-loaded niosomes in equal quantities 

(1 mg/mL CXB) were gently mixed to form a 

homogeneous dispersion. To allow for the 

entire dissolution of the polymer, the required 

amount of Poloxamer407 was distributed in the 

cooled solution and the mixtures were kept 

there for approximately 48 hrs for complete 

dissolution and formation of viscous solution 

before characterizations28.  

 

Preparation of CXB-loaded niosomal 

hydrogel 

Different CXB gel formulations were 

prepared (Table 2). CXB-loaded niosomes in 

equal quantities (1 mg/mL CXB) were gently 

mixed to form a homogeneous dispersion. 

HPMC and HEC-based hydrogel were mixed 

with niosomal dispersion using magnetic 

stirring to disperse the hydrogel in niosomal 

dispersion at various concentrations29. the 

mixtures were stored at 4 ± 2 °C for 24 hrs. 

 

Physicochemical characterization of 

prepared CXB-loaded niosomal in-situ gel 

and CXB-loaded niosomal hydrogel 

formulations.  

Evaluation of clarity and pH 

CXB-loaded niosomal in-situ gel and 

CXB-loaded niosomal gel preparations were 

inspected for clarity and physical quality before 

and after the gelation30. A calibrated pH meter 

was used to measure the pH of preparations 

before and after gelation. 
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Table 2: Composition of CXB niosomal in-situ gel and hydrogel. 

Formulation code 
Concentration of 

polymer% (w/v) 
Type of gel Polymer used 

F1G0 15 

In-situ gel Poloxamer407 F1G1 20 

F1G2 25 

F1H1 1.5 

Hydrogel 

HPMC F1H2 2 

F1H3 3 

F1H4 1 

HEC F1H5 1.5 

F1H6 2 

 

Evaluation of gelation capacity of CXB-

loaded niosomal in-situ gel 

The gelation capacity of the samples was 

tested according to the method described 

previously31,32. A drop of the tested formulation 

(40 µL) was added to 2 mL of freshly made 

simulated tear fluid (STF) (pH 7.4), which was 

equilibrated at 35 ± 0.5 °C in a clear container. 

STF is made up of 100 mL of distilled water, 

0.67 g of sodium chloride, 0.2 g of sodium 

bicarbonate and 0.008 g of calcium chloride 

dihydrate. The time required for gel formation 

and gel dissolution was used to calculate the 

gelation capacity. The experiment was carried 

out in triplicate. 

 

Evaluation of gelation temperature of CXB-

loaded niosomal in-situ gel 

Using the test tube inversion method, the 

gelation temperature was assessed in early 

studies33,34. 5 mL of test formulations were 

placed in a test tube and submerged in a 

regulated water bath. Starting at 20 °C and 

progressing up to 40 °C, the temperature of 

water bath was raised gradually at a rate of 0.5 

°C/min. At each temperature, the sample was 

given a minute to adjust before the test tube 

was inverted at a 90° angle. A gelation 

temperature was established as the temperature 

at which there was no flow upon inversion.  

 

Evaluation of gelation time of CXB-loaded 

niosomal in-situ gel 

Test tube inversion method was also 

suitable to determine the gelation time of the 

tested in-situ gel formulations35,36.  2 mL of the 

sample were transferred into a test tube (5 mL) 

and put in a water bath that was kept at 35 ± 1 

°C. The test tube was regularly inverted at a 90°  

 

 

angle and the amount of time during which no 

fluidity of the sample was seen for prediction of 

the gelation time. For every sample, the test 

was done three times and the average value was 

determined. 

 

Evaluation of spreadability of CXB-loaded 

niosomal hydrogels 

A spreadability apparatus consisting of 

two glass slides were used to calculate the 

spreadability of niosomal hydrogel 

formulations in triplicate. The upper slides 

applied force to the sample on the lower slide 

while the lower slide contained the gel sample. 

A sample of 0.5 mg of hydrogel was forced 

between two slides for 1 min. The weight of 

upper slide is 40 g and the average diameter 

obtained from each formulation was 

calculated37. The spreadability was calculated 

by the following equation: 

S = m×L/t 

where S: spreadability, m: mass of the gel 

formulation, L: length travel by upper slide  

and t: time38. 

 

Evaluation of rheology behaviour of CXB 

niosomal in-situ gel and hydrogel 

The viscosity of the CXB niosomal in-situ 

gel and hydrogel formulations was measured 

using a Brookfield digital viscometer (Model 

DV-II+, Brookfield Engineering Laboratories, 

INC, Stoughton, MA) outfitted with a helipath 

stand and T bar spindle. Rheological evaluation 

for niosomal in-situ gel and hydrogel 

formulations was carried out at different 

shearing rates (10-100 rpm) and 34 °C 

(physiological conditions)39, using spindle 96 

and the same shear rates, the resulting rheology 

of in-situ gel and hydrogel was determined and 
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the rheogram was produced40. Measurements 

were performed in triplicates. 

 

In-vitro release study of CXB-loaded 

niosomal in-situ gel and hydrogel 

The dialysis method was used to conduct 

in-vitro release studies on niosomal hydrogel 

formulations and niosomal in-situ gels loaded 

with CXB. The presoaked dialysis tubing 

cellulose membrane was pipetted with 2 mL of 

the sample mixture, which is equivalent to 1.5 

mg of CXB. The conditions are the same as in-

vitro release study of CXB-loaded niosomes. 

 

Physical stability study  
The optimum CXB-loaded niosomes (F1) 

was kept for 90 days at 4 and 25 °C with 

measurements of particle size and 

encapsulation efficiency performed each 

month41. Similarly, the optimized CXB-loaded 

niosomal in-situ gel (F1G1) and CXB-loaded 

niosomal hydrogel stored at 4 °C for 90 days 

with determination of gelation properties, drug 

content, viscosity and pH values. Meanwhile, 

CXB-loaded niosomal hydrogel (F1H1) stored 

at 4 and 25 °C for 90 days with measurement of 

drug content, viscosity, spreadability and pH 

values. 

 

Ex-vivo permeation study 

CXB permeation through the cornea of the 

rabbit eye was evaluated using the selected 

formulations of CXB-loaded niosomal in-situ 

gel and hydrogel. The corneas and sclerae of 

sacrificed rabbits were taken according to the 

institutional review board of faculty of 

medicine, Assiut university (Approval no: 

17101916). On a membrane (either the cornea 

or the sclera) attached on one side of an 

opening glass cylinder, 0.5 mg of the selected 

CXB-loaded niosomal in-situ gel and hydrogel 

were applied (0.5 cm diameter). The cylinder 

was submerged in 50 mL of PBS (pH 7.4) used 

as the release medium42,43. At 37 ± 0.5 °C, the 

system was shaken for 8 hrs at 50 rpm. As 

previously noted in the part of in-vitro release 

study, 3 mL aliquots were taken out then 

replaced with an equivalent volume of the 

release medium and then subjected to analysis. 

Experiments were run in three triplicates. Each 

time point was used to calculate the total 

amount of CXB that has been permeated 

through the membrane (either the cornea or the 

sclera). CXB permeability in non-niosomal 

hydrogel and non-niosomal in-situ gel was 

evaluated in a comparable manner. 

 

Evaluation of sterility of the optimized 

formulations 

The sterility testing of eye drops was 

conducted using the compendial USP <71> 

method. In order to test for sterility, 

formulations were incubated for at least 14 

days at 30-35 °C in a fluid thioglycolate 

medium to look for the presence of bacteria44 

and at 20-25 °C in Sabouraud's agar medium 

for the prediction of fungal growth in the 

formulations45-47. 

 

Evaluation of isotonicity of the optimized 

formulations 

A few drops of recently taken blood were 

put to two slides and one of the slides was then 

combined with a few drops of an improved 

formulation. The opposite slide served as the 

control. Under a microscope, the two slides 

were compared to look for any differences in 

the RBCs' structural integrity27,44. 

 

Draize test (eye irritation test) 

The selected CXB loaded niosomal in-situ 

gel and hydrogel were assessed using Draize 

test28,48. Six male albino rabbits weighing 

between 2 and 3 kg were used in this 

investigation according to the institutional 

review board of faculty of medicine, Assiut 

university (Approval no: 17101916). The 

rabbits were divided into two groups of three 

rabbits randomly. CXB-loaded niosomal in-situ 

gel (F1G1) was administered to the first group, 

while CXB-loaded niosomal hydrogel was 

administered to the second (F1H1). Each right 

eye of the rabbit received 50 µL of the tested 

niosomal in-situ gel within the lower cul-de-sac 

using a needleless syringe. To prevent the 

formulation from draining out after instillation, 

the eyelids of treated eye were carefully kept 

together for a few seconds. Each untreated 

contra-lateral eye of the rabbit served as the 

control (left eye).  

Each animal was checked for any signs of 

irritation, such as swelling, discharge, redness, 

iris and corneal lesions at 5, 10, 15, 30 min and 

1, 2, 4, 8, 12 and 24 hrs post instillation. The 

experiment was assessed according following 

criteria, where score 0 corresponds to no 

redness, inflammation or excessive tearing, 1 

corresponds to mild redness with inflammation 

and slight tearing, 2 corresponds to moderate 
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redness with moderate inflammation and 

excessive tearing and 3 corresponds to severe 

redness and inflammation along with excessive 

tearing28,49,50. 
 

In-vivo assessment of anti-inflammatory 

effect 

Assessment of treatment of ocular 

inflammation by optimized CXB-loaded 

niosomal in-situ gel and hydrogel formulations, 

Epifenac® (diclofenac sodium) eye drop, non-

niosomal CXB in-situ gel and non-niosomal 

CXB HPMC hydrogel was performed. 21 male 

albino rabbits weighing between 2 and 3 kg 

were divided into seven groups each consisting 

of three rabbits according to the institutional 

review board of faculty of medicine, Assiut 

university (Approval no: 17101916). The right 

eyes of each group were treated with different 

CXB formulations whereas the left eyes were 

treated with saline and served as positive 

control. Group I act as a negative control 

(normal eye). Group II act as a positive control 

(inflammed eye by 150 μL carrageenan 0.5% 

saline solution) and treated with saline. Group 

III received (50 μL) of the selected CXB–

loaded niosomal in-situ gel (F1G1) (50 µg 

CXB). Group IV received 50 μL of the selected 

CXB niosomal hydrogel (F1H1). Group V 

received Epifenac® eye drop (diclofenac 

sodium 1 mg/mL). Group VI received non-

niosomal CXB in-situ gel. Group VII received 

non-niosomal CXB HPMC hydrogel.  

The instillation of the niosomal in-situ gel, 

niosomal hydrogel and eye drops were done 

twice daily for 3 successive days after 

induction. Inflammation was treated for 3 days 

after 12 hrs from the induction. The alleviation 

in ocular inflammation is expressed as the 

average difference between the treated and 

control groups. 
 

Histopathological studies 

Tissue samples from cornea were fixed in 

10% neutral buffered formalin. Followed by 

dehydration by ascending grades of alcohol, 

clearing by xylene and embedding in paraffin. 

Sectioning of the tissue with 4-5 microns thick 

were performed and the sections were stained 

with hematoxylin and eosin stains (H&E)51,52. 

Statistical analysis 

Using the GraphPad prism (version 5.0, 

GraphPad, San Diego, CA programme), one-

way analysis of variance (ANOVA) and the 

newman-Keuls post-hoc test were used to 

elucidate the significance between the various 

groups. The averages of three trials were 

calculated for each experiment.  

 

RESULTS AND DISCUSSION 
 

Results 

In-vitro characterization of CXB niosomes 

Twelve formulations of CXB niosomes 

were prepared using different amounts of lipid, 

different surfactants and different 

surfactant:cholesterol ratios as seen in Table 1. 

F1 to F6 were prepared with 300 µmol total 

lipid while F7 to F12 were prepared with 500 

µmol. F1 to F3 and F7 to F9 were prepared 

with span 40 while F4 to F6 and F10 to F12 

were prepared with span 60. In each case, 3 

different concentrations of cholesterol were 

used (30, 40 and 50 mol% of total lipid). The 

effect of cholesterol concentration, surfactant 

type and total surfactant/cholesterol ratio on the 

structure and physicochemical properties of the 

prepared niosomes is summarised in Table 3. 

FT-IR, XRD and DSC analysis were carried out 

to further investigate the localization of CXB in 

niosomes and assess the potential interaction 

between the drug and niosomal components.  

 

Effect of cholesterol concentration 

Cholesterol has been widely used as an 

additive agent in the preparation of niosomes 

due to its capacity to increase the membrane's 

rigidity and enhance the vesicular integrity and 

stability of niosomes. It has been observed that 

cholesterol stabilizes the vesicles by 

modulating the cohesion and mechanical 

strength of niosomal bilayers. This prevents 

drug leakage and slows the permeation of 

solutes contained in the central aqueous cavity 

of the vesicles.  

For span 40 niosomes prepared with 300 

µmol total lipid, (F1 to F3) E.E% increased 

from 57 to 69% by increasing cholesterol 

amount. Similarly, E.E% increased by 

increasing cholesterol amount in the case of 

span 60 niosomes/300 µmol total lipid (F4 to 

F6, from 63 to ~81%), span 40 niosomes/500 

µmol total lipid (F7 to F9 from ~61 to ~74% 

and span 60 niosomes/500 µmol lipid (F10 to 

F12, from 69 to ~87%). The highest E.E% was 

observed in the case of F12 (50 mol% 

cholesterol, span 60 and 500 µmol lipid) as 

seen in Fig. S1. It has been observed that there 

is a significant increase in entrapment 
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efficiency of CXB with increasing cholesterol 

content from 30 to 50%15,53-55. Additionally, the 

impact of cholesterol concentration on vesicle 

size has been studied. The data summarized 

in Table 3 revealed that increasing cholesterol 

amount from 30 to 50 mol% generally results in 

a significant increase in the particle size in all 

preparations. The lowest particle size was 

observed with F4 (30 mol% cholesterol, 310 

nm) while the highest particle size was 

observed with F9 (50 mol% cholesterol, ~765 

nm) as seen in Fig. S2. This result is similar to 

the data shown in different literatures20,56. The 

recognized values for the proper particle size in 

ophthalmic preparations are generally fewer 

than 10 µm to prevent eye irritation. Therefore, 

all formulations tested are generally acceptable 

for ophthalmic administration. It was observed 

that the size of the prepared niosomes increased 

as E.E% increased. Increasing cholesterol 

amount increases the rigidity of the membranes 

and more rigid membranes may assemble as 

larger vesicles. Meanwhile, it was found that 

CXB was excluded from vesicles prepared with 

cholesterol amounts >50 mol%, probably 

because high cholesterol amounts compete with 

the drug for packing space within the bilayer57. 

It is worth mentioning that increasing 

cholesterol amount did not significantly affect 

the charge of the niosomes as seen in Table 3. 

 

Effect of type of surfactant 
The impact of surfactant type on the E.E% 

of CXB niosomes and their vesicle size was 

investigated (Table 3). Using span 60 produced 

niosomes having E.E% higher than those 

prepared with span 40 when the total lipid and 

cholesterol ratio were fixed, for example, F9 

(~74%) vs F12 (86%) as shown in Fig. S1. In 

contrast, using span 60 decreased the particle 

size of niosomes compared to those prepared 

with span 40, for example, F9 (~765 nm) vs 

F12 (~706 nm).  Niosomes formed by span 60 

and cholesterol 50 mol% (F6 and F12) exhibit 

the highest E.E% (~80 and ~87%, 

respectively).  

Niosomes formed by span 60 and 

cholesterol 30 mol% (F4 and F10) exhibit 

relatively low particle size (310 and ~386 nm, 

respectively) as shown in Fig. S2. In 

controlling drug entrapment within the vesicles, 

the nonionic surfactant chain length, size of the 

hydrophilic head group and hydrophilic 

lipophilic balance (HLB) value are all 

important factors58.  

Span 60 shows  higher E.E% values 

compared to span 40 due to its long chain fatty 

acid (C-18 long saturated stearyl chain), its low 

HLB value and its high phase transition 

temperature59. Meanwhile, span 60 shows 

lower particle size compared to span 40 due to 

its lower HLB value. The hydrophobicity of the 

non-ionic surfactant is inversely proportional to 

the diameter of the vesicles. Increased bilayer 

hydrophilicity as in span 40 results in higher 

surface free energy, which would result in 

larger particle sizes54,60.  

 

Table 3: Characterization of different CXB niosomal formulations* (means ± SD, n = 3).  

Formulation 

code 

Cholesterol 

(mol%) 
EE (%) 

Particle size 

(nm) 
PDI (nm) 

Zeta potential 

(mV) 

F1 30 57.00  ±  1.00 374.30  ±  10.3 0.278  ±  0.042 -26.3  ±  1.06 

F2 40 62.00  ±  2.54 477.56  ±  9.80 0.476  ±  0.039 -24.1  ±  1.04 

F3 50 69.00  ±  2.20 522.90  ±  7.91 0.524  ±  0.015 -25.8   ±   1.04 

F4 30 63.00  ±  2.10 310.00  ±  0.21 0.293  ±  0.021 -27.6  ±  1.92 

F5 40 72.86  ±  2.86 343.20  ±  6.06 0.352  ±  0.100 -30.7  ±  5.22 

F6 50 80.67  ±  2.15 419.50  ±  12.0 0.332  ±  0.037 -34.56  ±  0.9 

F7 30 61.43  ±  0.81 481.80  ±  56.0 0.298  ±  0.204 -22.2  ±  0.40 

F8 40 69.88  ±  1.87 727.80  ±  28.9 0.486  ±  0.135 -25.8  ±  1.41 

F9 50 74.13  ±  0.47 765.45  ±  4.17 0.313  ±  0.047 -28.05  ±  0.92 

F10 30 69.00  ±  2.00 386.10  ±  4.82 0.499  ±  0.325 -28.6  ±  1.52 

F11 40 79.95  ±  2.05 632.85  ±  18.5 0.700  ±  0.066 -32.46  ±  1.48 

F12 50 86.50  ±  1.95 706.80  ±  3.10 0.438  ±  0.090 -35.73  ±  1.55 
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Effect of total lipid content 

E.E% of CXB in niosomes was increased 

significantly with increasing the total lipid 

amount when the surfactant type and 

cholesterol ratio were fixed, for example, F6 

(~81%) vs F12 (~87%) as seen in Fig. S1. 

Similarly, using higher lipid amount (500 

µmol) substantially increased the particle size 

of niosomes compared to those prepared with 

lower lipid amount (300 µmol), for example, 

F6 (~420 nm) vs F12 (~707 nm) as seen in Fig. 

S2.  

Similar results were obtained in different 

studies53,54. Increasing the total lipid amount 

probably increases the number of layers in 

multilamellar vesicles, which may increase the 

diameter of the vesicles and encapsulate more 

drug.  

 

Zeta potential measurement 
Zeta potential is essential for the stability 

of nanoparticles because it determines the type 

and strength of electrical charges that niosomes 

develop. Zeta potential ranged from 

approximately -22 mV to -36 mV. Although the 

surfactants employed to make the niosomes are 

nonionic, the examined niosomes are 

negatively charged, which is sufficient for 

preventing aggregation and imparting physical 

stability. 

 

In-vitro release study of CXB-loaded 

niosomes 

The drug release study was conducted for 

different niosomal formulations (F1 to F6). The 

amount of CXB released was monitored up to 

24 hrs (Fig. 1). As can be seen in Fig. 1B, 

increasing the amount of cholesterol from 30 to 

50 mol% in the case of span 40 niosomes (from 

F1 to F3) significantly decreased the amount of 

CXB released (~65 %to ~32%). Similarly, 

increasing the amount of cholesterol from 30 to 

50% in the case of span 60 niosomes (from F4 

to F6) significantly decreased the amount of 

CXB released (~42% to ~23%).  These results 

are similar to other studies61,62. It is well known 

that cholesterol prevents the gel to liquid phase 

transition of niosomal systems, making 

niosomes less leaky. This tendency might result 

from a rise in membrane bilayer rigidity caused 

by an increase in cholesterol content up to 50 

mol%. Meanwhile, span 40 niosomes showed 

higher drug release compared to span 60 

niosomes (F1> F4, ~65 and ~42%) (F2> F5, 

~49 and ~36%) and (F3>F6, ~32 and ~23%) 

(Fig. 1C). These results are consistent with 

previous reports showing that span 60 niosomes 

produce slower drug release compared to span 

40 niosomes63-65. Niosomes show an alkyl chain 

length-dependent release. The lower release 

rates are shown with increasing the alkyl chain 

length as in the case of span 60 niosomes.  

Through exploring the kinetics of drug 

release from niosomal formulations, it was 

revealed that CXB release pattern followed the 

Higuchi diffusion model in all formulations, 

except for F4, which exhibited a first-order 

release model. Equation of Higuchi’s model is 

described as following:  Qt = k2 t1/2 Where (Qt) 

is the amount of drug released at time t and k2 is 

the Higuchi constant19,66.  

In order to estimate the diffusion process, 

the Korsmeyer-Peppas equation Mt/M=Kkptn 

was applied. Mt is the amount of drug released 

at time t, M is the amount of drug released at 

infinite time and Kkp is a Korsmeyer-Peppas 

constant. It was revealed that the diffusion 

mechanism experiences non-fickian transport 

(also known as anomalous diffusion) which 

involves both diffusion and erosion. The n 

values of the tested niosomal dispersions were 

determined to be in the range of 0.64 to 0.88 

except F6 (n = 1.26) which exhibits non-

Fickian transport super case-II as seen in Table 

4. Based on the release data, F1 was selected to 

be the optimized formulation and was further 

examined in next experiments, it showed the 

highest release after 24 hrs (~65%).  
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Fig. 1: In-vitro release study. A. Release of CXB from different niosomal formulations after 24 hrs. B. 

Effect of cholesterol content on CXB release. C. Effect of type of surfactant on CXB release.  

Note: one way ANOVA was used for statistical analysis; * (P< 0.05), ** (P< 0.01) and *** (P< 0.001). 

 

Table 4: Kinetics of CXB release from different niosomal formulations. 

Formulation 

Code 

Zero order 

(r2) 

First order 

(r2) 

Higuchi model 

(r2) 

Korsmeyer-Peppas 

(n) 

F 1 0.9764 0.9943 0.9996 0.88 

F 2 0.9619 0.9841 0.9883 0.74 

F 3 0.9283 0.9504 0.9877 0.64 

F 4 0.9723 0.9932 0.9894 0.84 

F 5 0.9778 0.9884 0.9979 0.78 

F 6 0.9256 0.9386 0.9631 1.26 

 

TEM analysis 

Niosomes were examined using TEM to 

determine their morphology. Fig. 2 shows the 

TEM images of the optimized CXB niosomes 

(F1). The TEM image shows that the niosomes 

were dispersed in the aqueous phase and had a 

homogeneous spherical shape with a diameter 

of approximately 100-400 nm. The TEM 

images confirmed the formation of niosomes. 

 

FT-IR analysis 

Fig. 3A shows the IR spectra of the raw 

materials (span 40, cholesterol and CXB), 

along with the physical mixture, blank 

niosomes and CXB-loaded niosomes.  

 

 

 

Characteristic peaks of the spectrum of 

span 40 were seen at 3405, 2918 and 1736.37 

cm–1, likely corresponding to the OH, C-H and 

COO- stretching peaks, respectively. peaks 

characteristic of cholesterol were seen at 2933 

and 3416 cm-1, likely corresponding to OH and 

C-H stretching. Two forked peaks characteristic 

of CXB were seen at 3234 and 3340 cm-

1, likely corresponding to NH2 stretching. In the 

spectrum of the physical mixture, the CXB NH2 

stretching was clearly disappeared and carbonyl 

stretching (span 40) was clearly visible at 

1637.68 cm–1. Furthermore, a broad peak 

centered around 3417.09 cm–1 was seen in the 

spectrum of the physical mixture, which is most 
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likely a product of the co-elution of the OH 

stretching peaks of span 40 and cholesterol. 

Furthermore, the C═O stretching peak was also 

visible at 1736.68 cm–1 in the spectrum of the 

physical mixture. In the spectrum of blank 

niosomes, the OH stretching peak of span 40 

was seen to shift to 3440 cm–1. The C-H 

stretching was seen to shift to 2920.21 cm–1 and 

the COO- stretching peak exhibited a similar 

shift to 1737.14 cm–1. The shifts observed in 

the peaks corresponding to the carbonyl groups 

may be attributed to CXB, span 40 and 

cholesterol interactions, namely the hydrogen 

bonding; an interaction characteristic of the 

formation of niosomes.  

In the spectrum of the CXB-loaded 

niosomes, notable peaks were observed at 

3423.87, 2920 and 1736 cm–1. These peaks 

likely correspond to the OH, C-H and C═O 

stretching, respectively. Similar to what was 

seen in the spectrum of the blank niosomes, 

significant shifts are observed in the O-H 

stretching, which are indicative of the 

interactions mediating the vesicles formation. 

The disappearance of the NH2 stretching peak 

of CXB, which matched with an increase in 

drug dissolution and the presence of the drug in 

an amorphous state, refers to a possible 

incorporation of CXB into the niosomes. This 

is in agreement with reported findings in the 

literature67-69.  

 

 

Fig. 2: Transmission electron microscopy of CXB-loaded niosomes (F1). 

 
 

 

Fig. 3: FT-IR (A) and XRD (B) analysis of CXB-loaded niosomes (F1). 
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XRD analysis 

Pure CXB powder exhibited a numerous 

sharp peaks at 16.1°, 21.516°, 14.864° and 

22.24°2ө. Span 40 showed a single peak at 

21.444°2ө and cholesterol exhibited high 

intense peak at 25.57° 2ө and low intense peak 

at 5.342° 2ө. XRD diffraction of free CXB and 

other ingredients confirmed their crystalline 

nature and the diffraction patterns were in good 

agreement with the data reported in previous 

studies70-72. Physical mixture (span 40, 

cholesterol and CXB) showed a single peak at 

21.012° 2ө. Blank niosomes spectra presented 

fused peaks at 25.386° 2ө (almost all 

characteristic peaks were disappeared). CXB-

loaded niosomes showed a single peak (25.389° 

2ө) similar to that of blank niosomes which 

indicates the amorphous structure of the drug 

and incorporation of CXB within niosomal 

vesicles and this is complementary to FT-IR 

data. In this respect, Sadeghi Ghadi and 

Ebrahimnejad et al. reported similar 

observations73. 

 

DSC analysis 

In Fig. S3, the DSC thermogram of pure 

CXB showed a single distinct endothermic 

peak at 164.5 °C. The DSC thermogram of pure 

cholesterol showed a single distinct 

endothermic peak at 149.81 °C. The DSC 

thermogram of pure span 60 showed a single 

distinct endothermic peak at 59.67 °C.  The 

DSC thermogram of physical mixture (CXB, 

cholesterol and span 60) showed a single 

endothermic peak at 56.76 °C. The DSC 

thermogram of blank niosomes showed a slight 

shift in the melting temperature of the main 

constituents (cholesterol and span 60) which 

might be attributed to the interaction between 

cholesterol and surfactants in the niosomes. 

DSC thermogram of CXB-loaded niosomes 

demonstrated a similar thermal pattern to the 

blank niosomes with disappearance of the peak 

of CXB. These results suggest that CXB might 

be present in an amorphous state inside the 

niosomes. 

 

Characterization of CXB niosomal in-situ gel 

Different CXB-loaded niosomal in-situ gel 

formulations were prepared by the cold method 

in order to establish an optimal concentration 

necessary to develop a formulation with desired 

gelation characteristics Table 5. The 

concentrations of poloxamer407 which were 

used are 15%w/v (F1G0), 20% w/v (F1G1) 

and 25% w/v (F1G2). To determine the 

optimum in-situ gel composition and to 

determine whether certain in-situ gel bases 

were suitable for including CXB niosomes, 

additional rheological experiments and in-vitro 

release studies were conducted on the in-situ 

gel formulations. 

 

Evaluation of clarity and pH 

Visual appearance revealed that all 

prepared plain in-situ gels had a colorless and 

transparent appearance while CXB niosomal 

in-situ gel had a milky appearance. The in-situ 

gel formulations (F1G1 and F1G2) are free 

flowing liquid at lower temperature (4 ± 2 °C) 

and when they reached the sol-gel phase 

transition they turned into gels. The pH values 

were in the physiologically tolerable range 

between 6.9 and 7 before gelation and between 

6.7 to 6.84 after gelation. 

 

Evaluation of gelation capacity of CXB 

niosomal in-situ gel 

Gelation capacities of the in-situ gel 

formulations were visually evaluated according 

to the following grades: (-) no gelation, (+) gel 

formation after few minutes, fast dissolution, 

(++) instantly gel formation, remaining for few 

hrs, (+++) instantly gel formation, remaining 

for extended time12,74. The highest gelation 

capacity was obtained in the case of 

formulation F1G2 followed by F1G1. In these 

two formulations, the gelation already occurred 

at room temperature. The formulation at 15% 

w/v Poloxamer407 concentration (F1G0) 

showed the lowest gelation capacity, which 

further confirms that the gelation property 

depends on polymer concentration (Table 5). 

 

Evaluation of gelation temperature of CXB 

niosomal in-situ gel 

The gelation temperature for F1G1 and 

F1G2 were ~27.6 and 24.13 °C, respectively, 

which are well below 30 °C. Even when diluted 

with lacrimal fluid, an optimum thermo-
responsive in-situ gel formulations converted to 

gel at a temperature that is between 25 to 34.5 

°C, ideally below 30 °C, to provide precise and 

reproducible application and a short gelation 

time12,75. This result may be explained by the 

differences in the characteristics of the polymer 

structural blocks, poly (ethylene oxide) (PEO) 

and poly (propylene oxide) (PPO), that 

occurred as a result of changes in the polymer 

concentration or temperature76. Poloxamer 
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copolymers self-associate into micelles in 

aqueous solution after reaching a specific 

concentration (critical micellar concentration). 

Temperature has an influence on this process as 

well; once the critical micelle temperature is 

reached, micelles can form at certain 

concentrations77. Poloxamer's PEO and PPO 

blocks are both hydrated below this point, but 

as the temperature rises, the PPO block 

dehydrates causing the development of multi-

chain spherical micelles with a dehydrated PPO 

core and hydrated bloated PEO chains 

surrounding it34,78. In fact, the appearance of 

micellar structures may signify the beginning of 

the gelation process since the various 

aggregates have a tendency to assemble 

together and form gel structures79,80. Higher 

poloxamer concentration contributes to the 

formation of greater number of micelles, hence 

achieving Tsol-gel phase transition temperatures 

at lower degrees. 

 

Evaluation of gelation time of CXB niosomal 

in-situ gel 

Table 5 illustrates the results of the 

investigation of the gelation time of CXB 

niosomal in-situ gel formulations. Samples 

were kept refrigerated before the experiment 

began. Increasing the concentration of 

poloxamer obviously decreased the gelation 

time from 88.5 sec (F1G1) to 34.3 sec (F1G2). 

This may be explained by the increased 

micelles interaction at higher poloxamer 

concentrations, thus generating the gel structure 

at a shorter period of time81,82.  

 

Characterization of CXB-loaded niosomal 

hydrogel  

In order to determine the ideal 

concentration needed to produce a formulation 

with the desired release pattern and rheological 

properties, CXB-loaded niosomal hydrogel 

formulations were made using two types of 

gelling agents, HPMC (F1H1 to F1H3) and 

HEC (F1H4 to F1H6) at various 

concentrations. To confirm their 

appropriateness for inclusion of CXB niosomes 

and select the optimum niosomal hydrogel, in-

vitro release experiments and rheological 

studies were evaluated. 

 

Evaluation of clarity and pH 

Visual evaluation showed that all prepared 

plain hydrogels appeared to be colorless and 

transparent appearance while CXB niosomal 

hydrogels showed a milky appearance. The pH 

values were in the physiologically tolerable 

range between 6.8 and 7.15 (Table 6). 

 

Table 5: Characterization of different formulations of CXB niosomal in-situ gel*(means ± SD, n = 3). 

In-situ gel 

code 

Concentration 

of poloxamer407 

Gelation 

capacity 

Gelation 

temperature 

(°C) 

Gelation 

time (sec) 

pH before 

gelling 

pH after 

gelling 

F1G0 15% w/v (-) - - - - 

F1G1 20 % w/v (+) 27.60±1.1 88.50±3.87 6.9±0.082 6.84±0.046 

F1G2 25% w/v (++) 24.13±1.2 34.33±4.50 7.0±0.030 6.70±0.068 

(-) no gelation, (+) gel formation after few minutes, fast dissolution, (++) instantly gel formation, 

remaining for few hours, (+++) instantly gel formation, remaining for extended time. 

 

Table 6: Characterization of CXB niosomal hydrogel* (means ± SD, n = 3). 

Formulation 

Code 

Type of 

gelling agent 

Concentration 

(% w/v) 
pH 

Spreadability 

(g.cm/sec) 

F1H1 

HPMC 

1.5 6.80±0.014 3.125±0.190 

F1H2 2 6.80±0.007 2.621±0.046 

F1H3 3 7.00±0.020 2.132±0.016 

F1H4 

HEC 

1 6.84±0.010 3.736±0.284 

F1H5 1.5 7.20±0.002 2.234±0.096 

F1H6 2 7.15±0.060 2.078±0.023 
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Evaluation of spreadability of CXB-loaded 

niosomal hydrogel 

The CXB niosomal hydrogel formulation 

(F1H4) has shown the better spreadability 

compared to other formulations. The result of 

the spreadability of all the gel formulations are 

given in descending order as F1H4 > F1H1 > 

F1H2 > F1H5 > F1H3 > F1H6. Increasing the 

gelling agent concentration resulted in increase 

the viscosity which decrease the spreadability 

value which is in accordance with previous 

results83,84. 

 

Evaluation of rheology behaviour of CXB 

niosomal in-situ gel and hydrogel 

The viscosity values would affect how 

niosomal in-situ gel and hydrogel flow when 

applied to the eye as well as how the drug is 

released. The formulations having larger 

quantities of the polymers (poloxamer407, 

HPMC and HEC) were more viscous than those 

containing fewer amounts according to the 

rheological profile of niosomal in-situ gel and 

hydrogel (Fig. 4). These outcomes might be 

explained by an increase in the cross-linking of 

the polymer network85. All niosomal in-situ gel 

and hydrogel formulations exhibited pseudo-

plastic flow because increasing the angular 

velocity resulted in reduction in viscosity. The 

resistance to movement is reduced as molecules 

orient themselves in the direction of flow. The 

smooth spreading over the epithelial surface 

and longer precorneal residence duration are 

made possible by the pseudo-plastic properties 

of elaborated in-situ gels and hydrogels, which 

also prevent discomfort during blinking86,87.   

 

Fig. 4: A. Rheological properties of CXB niosomal in-situ gel. B. Rheological properties of CXB 

niosomal hydrogel (HPMC based). C. Rheological properties of CXB niosomal hydrogel 

(HEC based). Viscosity values are expressed as centipoises (Cps) and the shear rates are 

expressed in round per minute (RPM). The data shown are average of 3 independent 

measurements. 



771 

In-vitro release study of CXB niosomal in-

situ gel and hydrogel 

The pattern of drug release from all 

prepared niosomal in-situ gel and hydrogels 

with different gelling agents in different 

concentrations were studied over 24 hrs. For 

niosomal in-situ gel, it was found that 

increasing the concentration of poloxamer407 

from 20% (F1G1) to 25% (F1G2) resulted in a 

considerable decrease in drug release (*p< 

0.05) from (~28% to ~20%, respectively) as 

shown in Fig. 5A. For niosomal based HPMC 

hydrogel, increasing the concentration of 

HPMC from 1.5% (F1H1) to 3% (F1H3) 

decreased the rate of release significantly (**p< 

0.01) from 45.6% to 35.9%, respectively (Fig. 

5B). However, increasing the concentration of 

HPMC from 1.5% (F1H1) to 2% (F1H2) 

resulted in non-significant decrease in release 

rate from 45.6% to 41.5%. The comparison of 

F1H1 with non-niosomal CXB HPMC based 

hydrogel showed a significant decrease in rate 

of drug release in non-niosomal CXB HPMC 

based hydrogel (*p< 0.05) compared to F1H1. 

For niosomal HEC based hydrogel, increasing 

concentration of HEC From 1% (F1H4) to 

1.5% (F1H5) resulted in a significant decrease 

in drug released (*p< 0.05) from 61.24% to 

50.46% (Fig. 5C). However, increasing 

concentration of HEC from 1.5% (F1H5) to 2% 

(F1H6) resulted in a non-significant decrease in 

release (from 50.46% to 47.94%). Increasing 

concentration of HEC from 1% (F1H4) to 2% 

(F1H6) decreased the release significantly from 

61.24% to 47.94% (**p< 0.01). Increasing the 

polymer concentration by 1% is enough for 

causing a significant difference in release 

pattern. When comparing F1H4 with non-

niosomal CXB HEC-based hydrogel, there is 

no significant difference in release rate. These 

outcomes correlated with rheology results 

because the generated niosomal in-situ gel or 

hydrogel had a higher viscosity with higher 

polymer concentration since the gels' polymer 

chains have a high density. The rate of drug 

release was slowed due to the longer diffusion 

pathway88,89.  

The Higuchi model has the highest r2 

value of all the release kinetic models for all 

prepared niosomal in-situ gel and hydrogel 

formulations with non-Fickian transport (n 

between 0.56 and 0.84) according to the results 

of the investigation of the mechanism and 

behavior of drug release as shown in Table 7. 

F1G1 in-situ gel (20% w/v poloxamer407) was 

selected for further experiments because of its 

higher release pattern. F1H1 hydrogel (HPMC 

based) was selected for further experiments 

because HPMC is more tolerable by the eye 

than HEC. 
 

Table 7: Kinetics of CXB release from different in-situ gel and hydrogel formulations. 

Formulation 

Code 
Zero order (r2) First order (r2) 

Higuchi model 

(r2) 

Korsmeyer-Peppas 

(n) 

F1G1 0.9618 0.9766 0.9956 0.75 

F1G2 0.8184 0.8378 0.9273 0.84 

F1H1 0.8539 0.9111 0.9406 0.56 

F1H2 0.8654 0.9108 0.9566 0.76 

F1H3 0.8890 0.9277 0.9691 0.73 

F1H4 0.9761 0.9990 0.9993 0.69 

F1H5 0.9593 0.9877 0.9978 0.61 

F1H6 0.9752 0.9900 0.9908 0.64 
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 Fig. 5:  A. In-vitro release study of CXB niosomal in-situ gel. B. In-vitro release study of CXB 

niosomal hydrogel (HPMC based). C. In-vitro release study of CXB niosomal hydrogel 

(HEC based). 

 

Physical stability study 

The optimal niosomal formulation (F1) 

was stable for up to 2 months when stored at 4 

°C regarding particle size, PDI and E.E%.  

When stored at room temperature, drug leakage 

was observed every month (E.E% was 

decreased from 57 to ~38%) and the particle 

size was increased (from 348 to 429 nm) 

through 3 months, increasing the mean 

diameter of vesicles when stored at room 

temperature may be due to the fusion or 

aggregation of the vesicles as shown in Table 

S1. 

F1G1 and F1H1 are selected for stability 

study of CXB niosomal in-situ gel and 

hydrogel. For CXB niosomal in-situ gel 

(F1G1), there is no significant difference in pH 

at first 2 months but increased significantly 

after 3 months (***P value < 0.001). There is 

no significant difference in the gelation time 

and temperature, and viscosity at 4-8 °C for 3 

months as seen in Table S2. For CXB niosomal 

hydrogel (F1H1), refrigerated samples (stored 

at 4-8 °C) withhold their characters regarding 

pH till 2 months and viscosity till 3 months as 

the viscosity reduced from 5100 ± 278 Cps to 

4937 ± 618 Cps during storage of CXB 

niosomal hydrogel at 4-8 °C as shown in Table 

S3. During storage at room temperature the 

viscosity reduced significantly from 5100 ± 278 

Cps to 3375 ± 530 (**P value < 0.01) as shown 

in Table (S3). The drug content during storage 

at 4-8 °C reduced significantly from 96.56 ± 

4.4 to 84.16 ± 3.2 (*P value < 0.05) after 3 

months, similarly at 25 ± 2 °C (ambient 

temperature), the drug content reduced 

significantly to 75.8% ± 1.2 (***P value 

<0.001) as seen in Table S3. Based on these 

results, the optimized formulation should be 

stored in the refrigerator to maintain better 

stability. 
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Ex-vivo permeation study 

The study of the corneal permeability of 

selected formulations (F1G1 and F1H1) was 

conducted using non-niosomal drug in-situ gel 

and hydrogel preparations as controls. The 

cumulative amount of CXB that passed through 

the rabbit cornea using different formulations is 

presented as a function of time (Fig. 6A and 

6B). The influence of niosomes on corneal 

permeation of CXB was evaluated through 

studying ex-vivo permeation for F1G1 (20% 

poloxamer407) and F1H1 (1.5% HPMC) against 

non-niosomal drug in-situ gel and HPMC based 

hydrogel, respectively. It was found that a 

significant (**p<0.01) increase in the amount 

of CXB permeated from F1G1 (87.526 

mcg.cm-2) compared to that permeated from 

non-niosomal drug in-situ gel preparation 

(53.407 mcg.cm-2) after 8 hrs. For selected 

F1H1 there is a significant increase (**p<0.01) 

in the amount of CXB permeated (96.983 

mcg.cm-2) compared to that permeated from 

non-niosomal HPMC based gel (61.551 

mcg.cm-2). There is no significant difference 

between F1G1 and F1H1 for the amount of 

CXB permeated. The proper amount of 

cholesterol was present in the formulation, 

which improved medication permeation by 

giving the niosomal bilayer more strength while 

also improving the permeability and stability of 

the resulting bilayer. This is due to the ability 

of cholesterol to lower the temperature peak 

during vesicle phase transitions while 

simultaneously raising the chain order of the 

liquid state bilayer60,90. CXB permeation into 

rabbit cornea was measured (Table 8) and the 

amount (Q) was plotted against time. The slope 

of the linear portion of the figure was used to 

compute the transdermal drug flux (Jss). The 

apparent permeability coefficient (Papp) was 

determined through [Jss / Cₒ] equation where Cₒ  

is the initial drug concentration91. The two 

formulations selected for in-vivo evaluation. 

 

Fig. 6: A. Ex-vivo permeation study of CXB niosomal in-situ gel (F1G1). B. Ex-vivo permeation study 

of CXB niosomal hydrogel (F1H1). C. Draize test to evaluate the eye irritation after 

administration of optimized CXB niosomal formulations (R = right eye (treated), L = left eye 

(control)). 
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Table 8: Ex-vivo permeability parameters* (means ± SD, n = 3). 

Parameter Q 

(mcg.cm-2) 

Jss 

(mcg.cm-2.h-1) 

Papp 

(cm/hr) Formulation code 

F1G1 87.526 ± 5.789 10.507 ± 0.2962 0.0105 ± 0.00030 

Free in-situ gel (non-niosomal) 53.407 ± 5.367 6.5782 ± 0.4096 0.0066 ± 0.00035 

F1H1 96.983 ± 7.107 10.310 ± 0.5765 0.0103 ± 0.00056 

Free HPMC gel (non-niosomal) 61.551 ± 8.880 7.2934 ± 0.7365 0.0073 ± 0.00070 
 

Evaluation of sterility of the optimized 

formulations 

The sterility testing was performed on the 

optimized niosomal in-situ gel and niosomal 

hydrogel for detecting bacterial and fungal 

growth. The preparations were incubated in 

thioglycolate broth media (at 34 °C) and 

Sabouraud's medium (at 20-25 °C) and any sign 

of bacterial or fungal growth were observed 

after 14 days of incubation. All tubes showed 

no signs of precipitate, indicating no growth of 

bacteria and fungi (Fig. S4 and S5). Methyl 

paraben was used as a preservative and added 

to all CXB niosomal in-situ gel and niosomal 

hydrogel formulations. 

Evaluation of isotonicity of the optimized 

formulations 

Isotonicity was evaluated by mixing the 

tested samples with few drops of blood and 

searching for possible changes in the form or 

shape of the red blood cells under a 

microscope. The tested formulations did not 

show any change in the integrity of the red 

blood cells as illustrated in Fig. S6, confirming 

the isotonicity of the two tested formulations 

compared to the control isotonic, hypertonic 

and hypotonic solutions. The isotonicity is an 

indicator of eye irritation upon administration. 

Draize test (eye irritation test) 

After 5 and 10 min of the application of 

the two selected formulations (F1G1 and F1 

H1), the modified Draize test showed a slight 

redness of the conjunctiva but no chemosis 

(Fig. 6C). The irritation score not exceeding 4 

is generally acceptable48. In this study, the 

irritation score didn’t exceed 2 in any of the six 

rabbits during the time tested. The two 

formulations showed no evidence of ocular 

irritation, such as redness, tearing or swelling 

indicating that they are not irritating to the eye. 

In-vivo anti-inflammatory assessment  

Fig. 7 shows the anti-inflammatory effects of 

different CXB niosomal in-situ gel (F1G1) and 

CXB niosomal hydrogel (F1H1) after induction 

of ocular inflammation by carrageenan (0.5%)  

in saline solution92,93. Marketed NSAIDs 

(diclofenac sodium) (Epifenac® eye drop), non-

niosomal CXB in-situ gel and non-niosomal 

CXB hydrogel were used as different controls. 

The inflammation scores were recorded based 

on Draize eye test49. The inflammation score 

for CXB loaded niosomal in-situ gel (F1G1) 

demonstrated significantly faster recovery than 

Epifenac® eye drop, CXB niosomal hydrogel 

(F1H1), non-niosomal CXB in-situ gel, non-

niosomal CXB HPMC gel and saline (positive 

control). The in-situ gel (F1G1) reduced the 

induced inflammatory signs significantly by ~ 

66% (score 1) on the first day and complete 

recovery (score 0) was achieved on day 2. 

Meanwhile, Epifenac® eye drop slightly 

reduced the inflammatory signs (score 2.5) on 

the first day and complete recovery was 

achieved on day 3. In the case of CXB 

niosomal hydrogel (F1H1), the inflammatory 

signs weren’t improved on the first day (score 

3) and complete recovery was not achieved on 

day 3 (score 1). Different in-situ gel and 

hydrogel containing  non-niosomal CXB didn’t 

show complete recovery up to 3 days (Fig. 7). 

The slower recovery rate in the case of 

niosomal hydrogel compared to the in-situ gel 

may be attributed to the difficulty of 

application and lower mucoadhesion (lower 

viscosity) of niosomal hydrogel94. The anti-

inflammatory effect of non-niosomal CXB in-

situ gel is probably due to the presence of 

poloxamer407, which may aid the solubilization 

of hydrophobic drugs more than the water-

soluble polymer HPMC used in hydrogel. 
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Fig. 7: A. In-vivo assessment of the anti-inflammatory effect of different CXB formulations. B. 

Numerical scoring of inflammation for 3 days for each treated group. 

 

Histopathological study 

The eyes of different rabbits were 

histologically examined by the end of day 3 

(Fig. 8). Examination of the central part of 

cornea which was stained by H&E in normal 

rabbits (Fig. 8 A, B) revealed normal corneal 

epithelium, stroma and descemet's membrane. 

Histopathological examination of rabbits with 

induced eye inflammation treated with saline 

(positive control) showed necrosis of the 

epithelium with multiple areas of ulceration, 

necrosed stroma and infiltration with 

inflammatory cells in the form of neutrophiles 

and lymphocytes (Fig. 8C, D). CXB niosomal 

in-situ gel (F1G1) treated group showed 

normal epithelium, normal stroma and normal 

descemet's membrane on day 3 (Fig. 8E, F). 

CXB niosomal hydrogel (F1H1) treated group 

showed ulceration in the epithelial lining (Fig. 

8G). Non-niosomal CXB in-situ gel treated 

group showed necrosis and ulceration of the 

lining epithelium, necrotic stroma and 

destruction of descemet's membrane (Fig. 8H). 

Non-niosomal CXB hydrogel treated group 

revealed necrosis and ulceration of the lining 

epithelium and infiltration of inflammatory 

cells in the stroma (Fig. 8I, J). Epifenac® 

treated group revealed normal epithelium, 

edema in the stroma and destruction of 

descemet's membrane (Fig. 8K, L).  

These results support the in-vivo anti-

inflammatory study shown in Fig. 7 and 
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confirm the superior effects of the niosomal in-

situ gel compared to other formulations. 

In this study, CXB-loaded niosomes were 

prepared for the first time for ocular delivery 

for treatment of eye inflammation. While CXB-

loaded niosomes were previously prepared as a 

transdermal gel for treatment of skin 

inflammation, there are no reports about the 

preparation of CXB-loaded niosomes for ocular 

delivery. The ophthalmic dosage form has 

additional requirements compared to the topical 

one such as sterility, isotonicity and buffer 

adjustment. In this study, CXB niosomes are 

formulated into a thermo-responsive in-situ gel 

(using poloxamer 407) and topical hydrogels 

(using HPMC and HEC) for comparison. Such 

a comparison of different gel formulations is 

also performed for the first time. This study 

showed that although the corneal permeation of 

celcoxib was similar in selected formulations 

(in-situ gel vs. HPMC-based hydrogel), the 

anti-inflammatory effect was significantly 

higher in the case of in-situ gel. In contrast, a 

higher drug release was observed in the case of 

HPMC-hydrogel. These results indicate that the 

thermo-responsive in-situ gel is the only type 

that achieved the aims of sustaining drug 

release and permeability and prolonging the 

contact time due to its mucoadhesive properties 

resulting in improved bioavailability and 

decreased frequency of dosing. In this study, 

poloxamer407 in-situ gel (temperature-

dependent) with in-situ gel prepared using 

carbopol 934 (pH-sensitive) or gellan gum (ion-

activated) (data not shown). Carbopol-based in-

situ gel was not applicable in this study because 

the pH of the niosomal dispersion (7.4) is 

above the PKa of carbopol (5.5). Similarly, 

gellan gum-based in-situ gel was not applicable 

due to the presence of salts in niosomal 

dispersion buffer system. Both carbopol-based 

and gellan gum-based in-situ gels were 

converted into gel at once after preparation 

before application to the eye. Therefore, the 

poloxamer-based in-situ gel was selrscted since 

it was the only formulation that remained in the 

liquid state before application and rapidly 

converted to gel after application. 

 

 

 
Fig. 8: Histopathological study of rabbits treated with or without different CXB formulations. 

Normal eye (A&B), induced inflammed eye (C&D), F1G1 in-situ gel (E&F), F1H1 hydrogel (G)  non-

niosomal in-situ gel (H), non-niosomal hydrogel (I&J) and Epifenac® eye drop (K&L). 
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Conclusion 

CXB niosomes proved to be a promising 

tool for delivering CXB to the eye. CXB 

niosomal in-situ gel showed the highest anti-

inflammatory effect compared to CXB 

niosomal hydrogel and commercially available 

non-steroidal anti-inflammatory eye drop. 

Incorporation of CXB into niosomes improved 

drug solubility and provided sustained drug 

release. The use of in-situ gel prolonged the 

contact time and improved the drug permeation 

and absorption due to the solubilization effect 

of poloxamer407. The in-situ gel also offers the 

advantages of ease of application and facilitated 

distribution into the eye and improved 

mucoadhesion after transition into gel 

subsequent to administration. CXB niosomal 

in-situ gel proved to be a valuable drug delivery 

system for ocular inflammation. 
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  نشـرة العـلوم الصيدليــــــة

 جامعة أسيوط
 

 

1
 قسم الصيدلانيات ، كلية الصيدلة ، جامعة أسيوط ، أسيوط ، مصر

2
 أسيوط ، مصرقسم الباثولوجى ، كلية الطب البيطرى ، جامعة أسيوط ، 
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