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ABSTRACT 

The aim of this study was to develop and assess a nasal delivery system containing Fluticasone furoate and oxymetazoline hydrochloride for treating allergic 

rhinitis. A colloidal dispersion of fluticasone furoate and oxymetazoline hydrochloride was utilized for the nasal drug delivery system, with Benzalkonium 

chloride (BKC) included as a preservative. The final formulation incorporated citric acid as an acid-modifying agent, sodium citrate as a buffering agent, poly-

sorbate 80 as a surfactant, and MCC and CMC (Avicel 591) as viscosity-modifying agents. The formulation underwent evaluation for various parameters 

including pH, clarity, viscosity, drug content, spray content uniformity, pump delivery, spray pattern, plume geometry, droplet size distribution, priming, and 

repriming. Spray content uniformity ranged from 85% to 115%, while the pH was between 4 and 6. The spray pattern had an ovality of 1.121, with a perimeter 

of 113.42 mm and an area of 9.671 mm². The plume geometry had a mean spray angle of 59.0°, Plume Width 67.83 mm and Plume Length: 60 mm. The rep-

riming efficiency varied between 83.9% and 100.1%, indicating satisfactory performance. Droplet size distribution was found to be between 25 and 30 µm. 

The formulation, along with its container, was tested for stability under accelerated conditions for up to three months. The results suggest that this formulation 

is a viable option for allergic rhinitis treatment, demonstrating comparable performance to existing marketed products. 

Keywords: Nasal delivery, Plume geometry, Spray pattern, Droplet size, Priming efficiency  

 

INTRODUCTION 

Allergic rhinitis (AR) is a prevalent health issue affecting individuals of all 

ages worldwide. It is characterized by inflammation of the upper airway, re-

sulting in symptoms such as nasal congestion, rhinorrhea, sneezing, and a 

reduced sense of smell (1). In addition to these nasal symptoms, patients may 

also experience non-nasal symptoms, including itching of the ears, palate, and 

throat, headaches, fatigue, and ear congestion. These symptoms are believed to 

be triggered by antigen-antibody reactions involving mast cells in the nasal 

epithelium (2). 

Fluticasone furoate (FF) is a highly potent, synthetic glucocorticoid with a 

strong affinity for the glucocorticoid receptor and minimal systemic absorp-

tion. It is a next-generation intranasal corticosteroid, developed through modi-

fications to the 17-ester moiety of fluticasone propionate (3). FF has been 

approved for managing allergic rhinitis symptoms in various countries and is 

known for its enhanced pharmacodynamic and physicochemical properties (4). 

Oxymetazoline (OH) is an adrenomimetic agent that agonizes α1 and α2-

adrenergic receptors, leading to vasoconstriction in the nasal blood vessels. 

This results in relief from nasal congestion by increasing the airway lumen 

diameter. OH acts quickly, with effects observable within 5 to 10 minutes and 

lasting between 5 and 6 hours (5). Due to its effectiveness and the potential for 

nasal congestion to disrupt sleep, OH is often administered once daily at night. 

However, long-term use can lead to rhinitis medicamentosa, characterized by 

rebound congestion and histological changes in the nasal mucosa (6,7). This 

study hypothesizes that combining OH with FF could provide better symptom 

relief for perennial allergic rhinitis without inducing rhinitis medicamentosa. 

Exposure to allergens triggers an IgE-mediated immune response in the nasal 

mucosa, potentially leading to chronic inflammatory conditions like allergic 

rhinitis. Symptoms may be seasonal or perennial and include sneezing, postna-

sal drip, rhinorrhea, nasal irritation, and nasal congestion, along with non-nasal 

symptoms such as itchy or watery eyes (8). Nasal congestion, a significant and 

troublesome symptom, can impact sleep quality, cognitive function, health-

related quality of life, and psychosocial well-being. Seasonal allergic rhinitis is 

commonly caused by allergens like pollen or mold, while perennial allergic 

rhinitis is often triggered by indoor allergens such as dust mites, molds, and 

animal dander. Both conditions involve inflammatory cell infiltration in the 

nasal mucosa and the release of inflammatory mediators from mast cells 

(9,10). 

The primary goal of AR treatment is to alleviate symptoms as effectively and 

safely as possible. Intranasal corticosteroids are the first-line treatment for 

chronic AR due to their ability to reduce both early and late immune responses. 

These medications work by inhibiting cytokine production, blocking mediator 

release from mast cells and basophils, and decreasing pro-inflammatory cell 

numbers, thereby reducing nasal secretions and mucous membrane permeabil-

ity (11,12). FF and OH represent a powerful combination for managing AR. 

This combination not only improves symptoms significantly but also maintains 

high receptor concentrations within the nasal mucosa, has a rapid onset of 

action, and exhibits low systemic absorption with a favourable safety profile 

(13,14). 

The pharmaceutical industry continually seeks innovative drug delivery sys-

tems to address existing challenges. Nasal drug delivery systems are particular-

ly promising due to the large surface area of the nasal cavity, which enhances 

drug absorption compared to other routes. The nasal route also bypasses pre-

systemic metabolism, improving drug bioavailability. This study was aimed to 

assess the efficacy of an intranasal corticosteroid combined with OH in treating 

AR, focusing on preventing rebound congestion and rhinitis medicamentosa 

with long-term use. Additionally, the study will evaluate the enhanced drug 

delivery using a Bona pump, which is noted for its cost-effectiveness. 
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MATERIALS AND METHOD 

Materials 

Fluticasone furoate and Oxymetazoline hydrochloride gifted by Sava 

Healthcare Pvt. Limited. Benzalkonium chloride, Citric acid, Sodium citrate, 

Polysorbate 80, Microcrystalline cellulose (Avicel RC-591), Sodium citrate 

dihydrate and Glycerine were purchased from Merck Chemicals, India. 

Preformulation studies 

Preformulation studies were conducted to assess drug-excipient interactions 

and solubility. These studies included UV absorption spectroscopy to identify 

any potential interactions between the drug and excipients. Viscosity measure-

ments of the formulation were performed using a Brookfield Viscometer to 

evaluate the impact of viscosity on drug release. Additionally, infrared spec-

troscopy was used to analyze the spectra of pure FF and OH. Drug-excipient 

compatibility tests were conducted to confirm the chemical stability of FF and 

OH with the excipients used in the formulation (15). 

Preparation of colloidal dispersion 

All the twelve batches of the prepared formulations contained OH 0.50 mg 

and FF 0.28 mg of drug per ml. Benzalkonium chloride used as preservative. 

Citric acid used as buffering agent to maintain pH. Microcrystalline cellulose 

(MCC) (Avicel RC-591) used as viscosity modifying agent. Polysorbate 80 

used as tonicity agent and surfactant. Anhydrous disodium hydrogen phos-

phate (ADHP) and sodium dihydrogen phosphate (SDP) was used as buffering 

agent. The different compositions of all formulation were given in table 1. 

Total quantity of 100 ml of formulation was prepared for each batch. The 120-

gram filtered purified water was taken in stainless steel (SS) vessel and MCC 

and sodium carboxy methyl cellulose (Na CMC) (Avicel RC-591) were dis-

persed in it slowly under stirring to form homogenous slurry. It was further 

allowed to hydrate with continuous stirring for 2 hrs (stirring speed 1200-

1500). This step was recorded as 1.1. Further, 20 gm of purified water in sepa-

rate beaker was taken and disodium edetate was dissolved in it. This step was 

recorded as 1.2. Then 15 gram of purified water is taken in separate beaker 

and citric acid monohydrate was dissolved into it and then ADHP and SDP 

was added under continuous stirring for 10 minutes. This step was recorded as 

1.3. The 5 gram of purified water was taken in separate beaker and ben-

zalkonium chloride (BKC) solution (50%) was dissolved to it under continu-

ous stirring for 10 minutes. (stirring speed 1000 RPM, stirring time: 10 

minutes). This step was said to be 1.4. Further, step 1.1, step 1.2 and step 1.3 

were mixed under continuous stirring for 10 minutes. In the second phase of 

formulation 15 gram of purified water is taken in separate beaker and  poly-

sorbate 80 was dissolved into it. This step was said to be 2.1. Further, FF was 

added and dispersed to above step of polysorbate 80 solution. (Stirring speed 

500-800 RPM) which was considered as step 2.2. Transfer slurry of step 2.2 to 

1.1 of MCC & sodium CMC dispersion with continuous homogenization for 

30 minutes (stirring speed 500-1000 RPM, stirring time: 30 minutes) which 

was considered as step 3.1. Further, final volume was adjusted with purified 

water. Throughout the formulation the temperature was maintained at room 

temperature. 

Evaluation of colloidal dispersion  

The prepared colloidal dispersions were assessed for various parameters in-

cluding pH, viscosity, pump delivery, spray content uniformity, spray pattern, 

plume geometry, droplet size distribution, and priming and repriming efficien-

cy. Additionally, stability studies were conducted to evaluate the formulations 

performance over time. 

pH 

The pH of the nasal formulation is crucial for several reasons: it helps prevent 

irritation of the nasal mucosa, inhibits the growth of pathogenic microorgan-

isms, and supports normal physiological ciliary function (16). 

Clarity 

The sterility test was conducted to detect microorganisms in the colloidal 

dispersions. For this purpose, soyabean casein digest medium was utilized to 

identify both bacteria and fungi. One portion of the medium was incubated at 

37°C for 24 hours to detect bacterial contamination while another portion was 

incubated at 23°C for seven days to identify fungal contamination (17). 

Content uniformity 

Content uniformity studies were conducted to assess the drug content across 

different formulations. To perform this, 1 mL of the colloidal dispersion 

(containing 12 mg of drug) was pipetted into volumetric flask and diluted to 

100 mL with distilled water. Then, 1 mL of this diluted solution was trans-

ferred into a 50 mL volumetric flask and further diluted to 50 mL using the 

mobile phase. The drug content of FF and OH was determined using an high-

performance liquid chromatography (HPLC) method. The chromatographic 

conditions were as follows: a Bakerbond Q2100 C18 column (250 × 4.6 mm, 

5 µm), a flow rate of 1 mL/min, an injection volume of 20 µL, at wavelength 

of 240 nm and a run time of 25 minutes. Detection was performed using a UV 

detector. The drug concentration in the formulation was calculated by compar-

ing the content to a calibration curve prepared with standard FF and OH under 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 

Oxymetazoline  

hydrochloride 
0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Fluticasone furoate 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 

BKC 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

Polysorbate 80 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Disodium edetate 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 

MCC & CMC Sodium 15 10 15 15 15 15 15 15 

Dextrose anhydrous 50 37 37 37         

Sodium chloride       4 4 8 8 8 

ADHP (Anhydrous disodi-

um hydrogen phosphate) 
      0.08 1.15 1.15 1.20 0.60 

SDP (Sodium dihydrogen  

phosphate) 
      0.08 1.15 1.15 1.20 0.60 

Citric acid       0.50 0.50 0.60 0.60 0.60 

Purified water q.s. to1gm q.s. to1gm q.s. to1gm q.s. to1gm q.s. to1gm q.s. to1gm q.s. to1gm q.s. to1gm 

All quantities in mg/gm 

Table 1: Composition of colloidal dispersion 
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the same conditions (18).  

Viscosity 

The rheological properties and viscosity of the formulations were evaluated 

using a Brookfield viscometer (Model DV-RV-I, Brookfield Engineering 

Laboratories, Massachusetts, USA) with spindle SC4-21. A sample volume of 

10 mL was used, and the torque was maintained within the range of 10–100 % 

of 0.067 mN. Due to the low viscosity of the nasal sprays, the rotational speed 

was adjusted to achieve 50% torque. Viscosity measurements were taken at a 

rotational speed of 250 rpm and at a temperature of 25°C. Flow behavior was 

assessed at 25°C with a shear rate ranging from 17 to 85 s⁻¹. Viscosity influ-

ences the residence time of the formulation, which in turn affects the rate of 

drug absorption through the nasal mucosa (19). 

 

 Spray content uniformity 

Spray content uniformity, a critical parameter for nasal sprays, was evaluated 

to determine the amount of active ingredient dispensed from the nozzle. The 

assessment involved testing multiple sprays from a single container and from 

different containers to ensure consistency. The acceptance criteria should be 

within 80-120 % of the label claim for not more than one out of ten containers. 

None of the individual measurements should fall outside the range of 75-125% 

of the label claim. The mean active ingredient content should be within 85-

115% of the label claim. (20) 

 Pump delivery 

The performance of the nasal spray was evaluated by assessing both pump 

delivery and spray content uniformity which were crucial for product efficacy. 

To determine pump-to-pump reproducibility and the metering capability of the 

pump, the formulation was filled into the container, which was then actuated 

ten times into a pre-weighed bottle. After ten actuations, the weight of the 

bottle was measured again. The difference in weight was calculated to assess 

the amount of formulation delivered per actuation. Spray content uniformity 

was assessed using the SprayVIEW system (Proveris, Model NOSP, USA) to 

ensure consistency and uniformity in the spray output. Both tests ensure that 

the nasal spray dispenses the correct amount of active ingredient reliably and 

uniformly, impacting overall product performance (20). 

 Spray pattern 

Characterizing the spray was crucial for assessing the performance of the 

pump and nozzle within the container closure system. The spray pattern evalu-

ation involves specific parameters such as the distance between the nozzle and 

the collection surface, as well as the orientation of the nozzle. The spray pat-

tern was assessed by actuating the container at distances of 3 cm and 6 cm 

from the actuator orifice. The spray pattern of the nasal formulation was ana-

lyzed using the SprayVIEW system (Proveris, Model NOSP, USA). Key pa-

rameters measured included Height is 30 mm, Evacuation Time: 15,000 milli-

seconds, Inclination: 65.4°. These measurements were helpful to determine the 

uniformity and effectiveness of the spray delivery (21). 

   Plume geometry 

Plume geometry measures the plume angle at the origin of the plume and was 

determined for plume lengths of 3 cm and 6 cm from the origin, at two side 

views (900 to each other relative to the axis of the plane). Plumes of nasal 

sprays were influenced by the presence of excipients and their levels in the 

formulation. A nasal spray formulation that shows a uniform plume does not 

drip down the nose and considered as a desirable formulation (22).  

Droplet size distribution 

The deposition of a nasal formulation within the nasal cavity is significantly 

influenced by the droplet size distribution. Both the delivery device and the 

formulation play crucial roles in determining this distribution. To ensure effec-

tive delivery, controlling the droplet size distribution of the emitted plume is 

essential. The droplet size distribution was assessed using laser diffraction, 

focusing on key parameters such as D10, D50, and D90. Measurements were 

taken at distances of 3 cm and 6 cm from the actuator orifice. This analysis 

was performed using the SPRAYTECH system (Malvern Instruments, Model 

STP5313, UK) (23). 

Priming and Repriming 

Priming is conducted to establish the initial amount of drug released from the 

product, while repriming assesses the product's ability to deliver the same 

amount of drug content after a period of storage. For this study, the storage 

durations were set at 5, 10, and 30 days. During priming, the number of actua-

tions required to achieve drug content within the specified limits (80-120% of 

the label claim) was determined. Similarly, during repriming, the number of 

actuations needed to ensure that subsequent doses remain within the specified 

limits was also evaluated (24). This process helps to verify the consistency and 

reliability of drug delivery throughout the product’s shelf life. 

In vitro drug diffusion study 

The in vitro drug diffusion profile of the formulations was assessed using a 

Franz diffusion cell setup (Variomag Telesystem, Thermo Fisher Scientific 

Inc., Waltham, MA, USA). In this procedure, three puffs of the formulation 

were sprayed onto a nylon membrane (1.77 cm², MW cut-off 250 kDa, pore 

size 0.45 µm). This membrane was then placed in contact with 23 mL of dis-

solution medium in the lower chamber of the Franz diffusion cell. The donor 

compartment containing the membrane was secured on top of the receptor 

compartment and clamped tightly. The dissolution medium, continuously 

stirred with a magnetic bar (5 x 2 mm) at 400 rpm, was adapted from the US 

Pharmacopeia, consisting of 0.5% sodium dodecyl sulfate in water (U.S. Phar-

macopeial Convention, 2016). The Franz cells were maintained in a preheated 

water bath (PolyScience, Niles, IL, USA) at 37°C (25). 

Sampling was conducted by withdrawing 1 mL from the receptor compartment 

at intervals of 0. 2.5, 5, 10, 15, 20 and 25 hours. After each sample withdraw-

al, an equal volume of fresh medium at 37°C was added to the receptor com-

partment. The samples were then analyzed using HPLC Bakerbond Q2100 

C18 column (250 × 4.6 mm, 5 µm), a flow rate of 1 mL/min, an injection 

volume of 20 µL, at wavelength of 240 nm and a run time of 25 minutes to 

determine the drug release profile (26). 

Sr. 

no. 
Test Parameter F1 F2 F3 F4 F5 F6 F7 F8 

1 Clarity Clear solu-

tion 
Clear solu-

tion 
Clear solu-

tion 
Clear solu-

tion 
Clear solu-

tion 
Clear solu-

tion 
Clear solu-

tion 
Clear 

solution 
2 pH 6.08± 

0.21 
6.00± 
0.20 

4.17± 
0.22 

5.65± 
0.21 

5.4± 
0.21 

5.15± 
0.20 

5.19± 
0.25 

5.20± 
0.23 

3 Drug content (%) 100.62±2.3 98.63 
±2.8 

98.80 
±3.9 

95.19 
±3.4 

97.90 
±3.1 

98.44 
±2.2 

99.14 
±2.8 

99.59 
±3.1 

4 Viscosity (cP) 42.5 
±2.6 

18 
±1.9 

17.5 
±1.7 

11.15 
±1.1 

18 
±2.0 

18.5 
±1.95 

22.5 
±2.2 

21 
±2.1 

5 Osmolality 
(mOsmol/kg) 

370±10 345±8 352±9 320±7 323±6 319±6 320±7 325±8 

Table 2: Results for preliminary trials of formulation 
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Stability study 

The stability studies were conducted under accelerated conditions at 40±2°C 

and 75±5% relative humidity (RH). The evaluation was performed at the 0, 1, 

2, and 3 months (27). 

Statistical analysis 

The findings were reported as the standard deviation using Graph Pad Prism 

7®. A two-way ANOVA was employed to assess significance of variances. 

Throughout all the experiments statistical significance was defined as p < 0.05. 

 

RESULTS AND DISCUSSION 

Preliminary trials and composition of nasal formulation 

The initial formulation trials were conducted to determine the optimal concen-

trations of surfactants and co-solvents. Key preliminary parameters evaluated 

included clarity, pH, drug content, viscosity, and osmolality as detailed in 

Table 2. Additional evaluation parameters, including spray content uniformity, 

pump delivery, spray pattern, plume geometry, droplet size distribution and 

both priming and repriming were also assessed to ensure the formulation met 

the required specifications. 

pH 

The pH of a nasal formulation was crucial to ensure it does not irritate the 

nasal mucosa, inhibit microbial growth, and maintain normal ciliary function. 

Nasal secretions contain lysozyme, an enzyme that helps destroy certain patho-

gens at an acidic pH. If the pH becomes alkaline, lysozyme activity decreases, 

making the nasal tissue more vulnerable to infections. Therefore, it is im-

portant to adjust the pH of the formulation to fall within the range of 4.5 to 6.5. 

In the formulations prepared, the pH was specifically adjusted to between 4 

and 6, as detailed in the table no 2 (25). 

Clarity 

The appearance of the contents within the container and closure system was 

assessed for all twelve formulations. No changes were observed in color, size, 

shape, texture, or clarity of the formulations indicating the drug product's 

integrity across all batches. These observations are detailed in Table 2 (28). 

Drug content and Viscosity 

The drug content across all batches of the formulations was consistently uni-

form, ranging from 95.19 ± 0.1% to 100.62 ± 0.2% as shown in Table 2. The 

low viscosity of the formulations ensures effective spreadability of the solution 

within the nasal cavity. All formulations fell within the acceptable viscosity 

range of 20-30 cps, as detailed in Table 2 (29). 

Spray content uniformity 

The formulations were evaluated for emitted dose content uniformity to ensure 

consistent drug delivery and the data for the spray content uniformity is speci-

fied in the table 3. This assessment involved examining the performance of the 

formulation, valve, and actuator. The data revealed that the drug content 

sprayed from both the same container and across different containers fell with-

in the acceptable range of 85-115%, demonstrating uniform medication deliv-

ery per spray (30).  

Pump delivery 

To evaluate the pump's reproducibility and dosing consistency, a test was 

performed using the nasal spray product. The spray was filled into a container 

with a single nozzle, and the pump was actuated 10 times into a pre-weighed 

bottle. After these actuations, the bottle was reweighed to determine the weight 

difference, ensuring consistent dose delivery. In this test, the initial weight of 

the filled nasal spray container was 15 grams. After 10 actuations, the weight 

of the spray container was recorded as 13.5 grams. Given that each actuation 

dispensed a volume of 100 µl, the weight loss of 1.5 grams corresponds to the 

total volume dispensed, confirming the pump’s reproducibility and the accu-

rate delivery of the specified dose (31). 

  Spray pattern 

The performance of the pump can be evaluated through a spray pattern test, 

which assesses how effectively the pump dispenses the formulation. This 

test considers various factors, including the nozzle size and shape, pump 

design, and formulation properties. For the nasal spray formulation, the 

following parameters were recorded: Ovality was found to be 1.131, 

perimeter was 193.31 mm, area 2662.2 mm² at the height of 60 mm. 

These parameters describe the spray pattern's geometry and distribution. 

An image actuation graph and an intensity graph, provided in the figure 

1, demonstrated that the pump dispensed the medication correctly. The 

consistent spray pattern and intensity indicate that the pump functioned 

as intended, ensuring effective delivery of the formulation (32, 33). 

Sr. No. Batch no. F1* F2* F3* 

1 F7 102% 97% 99% 

1 F7 100% 95% 99% 

* Indicates different containers labelled as F1, F2 and F3 used 

for spray content test. 

# Indicates different sprays S1, S2 and S3 from container F7. 

Table 3: Spray content among different and same containers 

Figure 1: Spray pattern, Image actuation and intensity graph of formulation Figure 2 : Plume geometry analysis of formulation 
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Plume geometry 

The Figure 2 illustrated the plume geometry analysis conducted at a 6 cm tip 

offset. The data, highlighted the key parameters of the spray plume: Mean spray 

Droplet Size Distribution 

Droplet size distribution was analyzed using the laser diffraction method with an 

automatic nasal actuator (Malvern Instruments, UK), integrated with Spraytech. 

Containers labelled F1 to F5 from the batch were tested with each container actu-

ated at distances of 3 cm and 6 cm from the orifice of the actuator. Single scans 

were performed during the stable phase of spraying. The results, specifically the 

median droplet size (D50) for actuation at a 6 cm distance were summarized in 

Table 5 (35). 

 angle: 59.0°, Plume width: 67.83 mm. Plume length: 60 mm. These measure-

ments confirmed that the plume was fully developed, reflecting an effective and 

consistent spray pattern. The results from the plume geometry study underscore 

the reliability and quality of the FF and OH nasal spray device during actuation 

(34). 

Droplet Size Distribution 

Droplet size distribution was analyzed using the laser diffraction method with an 

automatic nasal actuator (Malvern Instruments, UK), integrated with Spraytech. 

Containers labelled F1 to F5 from the batch were tested with each container actu-

ated at distances of 3 cm and 6 cm from the orifice of the actuator. Single scans 

were performed during the stable phase of spraying. The results, specifically the 

median droplet size (D50) for actuation at a 6 cm distance were summarized in 

Table 5 (35). 

Priming and repriming study 

• Priming study 

The priming study was conducted to determine the number of actuations required 

before the nasal spray formulation was ready for use by the end-user. The results 

indicated that the drug content released during the first actuation ranged from 

70.49% to 80.54% of the label claim. After six actuations, the formulation 

achieved a drug content of 100.6% (36) as detailed in Table 6. 

• Repriming study  

The repriming study assessed the nasal spray formulation's performance after 

storage periods of 5, 10, and 30 days. The results revealed that the repriming 

values ranged from a minimum of 83.9% to a maximum of 100.1% of the label 

claim. These findings indicate that a single actuation was sufficient to ensure 

proper delivery of the drug after storage (37). The detailed results of the rep-

riming study were presented in Table 7. 

 

In vitro drug diffusion study 

The in vitro drug diffusion study for the nasal spray formulations demonstrated a 

slow-release profile, with release times ranging from 20 to 30 minutes. The Fig-

ure 5 illustrated the release characteristics for formulation F7 and the marketed 

product, Fluticone-OX. Drug release from the recipient medium decreased over 

time, with the rate influenced by both the spray characteristics and the binder 

ratio used. Sodium chloride was included in the formulation for its role as a wash-

ing agent and to ensure isotonicity, while the buffered solution served as a bioa-

vailability enhancer, improving drug absorption in the nasal mucosa. The nasal 

spray formulation containing FF and OH showed promising delivery to the nasal 

cavity. Formulation F7 proved to be satisfactory in all evaluated aspects, with its 

drug release profile aligning closely with the reference product, Fluticone-OX, 

achieving release within 25 minutes (38). 

Stability studies 

The stability of the optimized nasal spray formulation was assessed under accel-

erated conditions at 40 ± 2ºC and 75 ± 5% relative humidity over periods of 0, 1, 

2, and 3 months. The findings from these stability studies were summarized in 

Table 8. The results demonstrated that the formulation maintained satisfactory 

performance in terms of appearance, pH, viscosity, and drug assay throughout the 

study period, confirming the formulation's stability under the tested conditions 

(39). 

 

CONCLUSION 

The study highlighted the importance of various evaluation tests in the formula-

tion development of the nasal spray containing fluticasone furoate and oxymeta-

zoline hydrochloride. The pre-formulation phase included drug-excipient compat-

ibility assessments, ensuring stability and effectiveness. Comprehensive evalua-

tion of the formulation was conducted, addressing key parameters such as drug 

content, pH and viscosity to ensure suitability for nasal mucosa. Further, spray 

content uniformity, pump delivery efficiency and spray pattern demonstrated an 

effective spray distribution. Further, plume geometry analysis revealed the spray 

angle of 59.00, plume width of 67.83 mm and the plume length of 60 mm. The 

droplet size distribution was ranged from 25-30 µm across different containers 

which affects drug deposition. The repriming study showed satisfactory perfor-

mance, with repriming values between 83.9% and 100.1%, indicating that a sin-

gle actuation was adequate for repriming. Stability testing over a 3-month period 

under accelerated conditions confirmed that both the formulation and its container 

remained stable and met the required specifications. 
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Container no. 
D 50 value (µm) Droplet  

size  
distribution 

F1 27.8 

F2 27.3 

F3 28.0 

F4 28.4 

F5 27.9 

Table 4: Results for droplet size (D50) distribution  

Container no. Priming Priming result 

actuation 1 
Priming result 

actuation 6 
1 Yes 70.49% 98.90% 

2 Yes 80.54% 101.6% 

Table 5: Results for priming study 
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