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ABSTRACT

In the recent past, delivery of therapeutic agents through the nasal route becoming a very attractive proposition, 

especially when rapid absorption and effects are required. The droplets size of a nasal spray dosage form is important 

for both efficacy and toxicity. In this study, an attempt was made to develop and validate a method to measure the 

droplets size distribution in Fluticasone nasal spray using Malvern spray tech coupled with automatic actuation 

station at various angles. Devices were actuated at the force of 6.0 kg, the velocity at 60 mm/s and rate of acceleration 

at 5000 mm/s2. Data was collected for 150 ms at a height of 6.0 cm from the tip of the device. The method was 

evaluated for their precision, robustness and impact of different actuation angle on the formation of droplets size. 

The study revealed that changing the actuation angle from 0° to 45° had no significant impact on droplets size 

distribution of brand-B, whereas, the Dv (90) of brand-A significantly affected. The repeatability of the method 

was assessed from the percent standard deviation of six replicate measurements and was found to be 3.2, 5.3, 9.1 

and 11.1 for Dv (10), Dv (50), Dv (90) and less than 10 µm respectively. Similarly, the robustness of the method 

was evaluated by changing velocity and acceleration. When the velocity changed to 55 and 65 from 60 mm/s the 

percent difference in their Dv (10), Dv (50) and Dv (90) was found to be -4.2, -7.6 and -11.4 for 55 mm/s and 0.4, 0.2 

and 0.5 for 65 mm/s. When the acceleration changed to 4500 and 5500 from 5000 mm/s2 the percent difference 

in their Dv (10), Dv (50) and Dv (90) was found to be -2.6, -1.7 and 0.1 for 4500 mm/s2 and -3.3, -1.7 and 0.5 for 

5500 mm/s2. The results suggest that change in velocity and acceleration does not impact significantly on droplets 

size, thus ensures the robustness of the method. The method was applied to two commercially available nasal sprays 

labeled as Brand-A and Brand-B. The result has shown marginal differences in their Dv (10 and 50) but a significant 

difference observed in Dv (90) and Dv ˂10. The Dv (90) and Dv ˂10 of Brand-A and Brand-B was found to be 91.7; 

0.8 and 66.9; 2.1 µm respectively. The data presented here suggest that the developed method is precise and robust 

can distinguish the droplets size change in the products. Hence, this can be adopted in the pharmaceutical industries 

to check the characteristics of the spray products. a.
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INTRODUCTION

Nasal sprays are demonstrated as a more efficient way compared to 
oral or injections to transport drugs with potential use in bypassing 
the blood-brain barrier [1]. The main nasal passage may serve as an 
efficient absorption surface for topically applied therapeutic agents 
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due to the rich vascularization and large surface area proportion 
[2]. In particular, the olfactory region located at the uppermost of 
the nasal cavity is the only site in the human body where the central 
nervous system (CNS) is in direct contact with the environment. 
Intra-nasally administered drugs once deposited in the olfactory 
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region can migrate across the olfactory mucosa and reach the CNS 
within minutes, resulting in quick therapeutic onset [3]. 

A nasal spray solution requires a majority of droplets having 
diameters >10 µm to localize delivery in the nose and to avoid 
possible undesired effects resulting from the material reaching 
the lung. It is therefore important, from an efficacy perspective, 
to ensure that the nasal spray unit primarily produces droplets >10 
µm in diameter. However, droplets ˂10 µm in diameter inevitably 
exist in small quantity in a spray. The ability of these small droplets 
to advance in the trachea-bronchi system depends on their size. 
Therefore, it is equally important, from a safety point of view, to 
determine the size distribution of droplets ˂10 µm in diameter [4].

Spray device driven by propellants or hand actuated pump systems 
have been developed for intranasal delivery. There are several 
formulations are available for nasal drug delivery, of which drug 
formulated as an aqueous solutions or suspensions are most widely 
used [5]. Spray devices and drug formulations interact to produce 
a spray plume with unique geometric and droplets properties, 
and the characteristics of the resulting spray are believed to have 
a profound effect on the resulting nasal deposition patterns [6,7].

Various nasal spray studies adopting human nasal cavity have 
found that the deposition of the spray particle is influenced by 
nasal cavity geometry and spray parameters (such as droplets size, 
injected velocity) controlled by the design of nasal spray devices. 
The aqueous spray pump is the most dominant delivery device in 
the nasal drug delivery market which relies on an actuation force to 
atomize the drug formulation as it is discharged from the device [8]. 

There are several factors that attribute the drug delivery of a nasal 
spray device such as patient handling, physical properties of the 
formulation, the design of the pump and the shape of the orifice [9-
11]. Foo and co-workers [12] suggested that the spray cone angle and 
administration angle are critical factors for deposition efficiency, as 
not all spray droplets delivered by a nasal spray pump can enter 
the main nasal passage. Experimental visualization [13] and in-vivo 
deposition studies [14,15] also showed that high deposition occurred 
in the anterior nasal cavity because of the inertial deposition of 
droplets. Consequently, the fraction of droplets that penetrate the 
nasal valve region is low, leading to low drug utilization [12,16]. 
Recently, Suman and his co-researchers used gamma scintigraphy 
to demonstrate that sprays possessing similar velocities and plume 
angles gave similar deposition patterns, regardless of the specific 
device used [10]. 

Recent studies demonstrated the effect of droplets size on 
the deposition efficiency of the spray. Newman and his team 
demonstrated that a greater fraction of the total spray volume could 
penetrate into the ciliated region of the main nasal passage from a 
spray whose plume angle was 30° compared to a wider 60° spray and 
median droplets size (Dv 50) of 

~
70 µm [17]. Harris et al., studied 

the influence of solution with varying polymer concentration 
on the droplets size [18]. It is also demonstrated greater anterior 
deposition with larger droplets. Therefore, evaluating droplets size 
is paramount to understand the efficacy and toxicity of the nasal 
products.

A number of studies performed to understand the effect of 
various parameters on the formation of droplets size. For example, 
Inthavong et al., studied the effect of actuation pressure on spray 
atomization [19]. Mitchell et al., Dayal et al., Guo and Doub, 
Guo et al., and Liu et al., demonstrated the effect of stroke length 
and actuation velocity on the plume geometry and droplets size 

distribution of a nasal spray [11,20-23]. Kippax et al., and Doughty 
et al., used phase Doppler anemometry (PDA) but related the 
time-varying droplets size distribution to the force of actuation 
with human manual actuation [24,25]. In this study, an analytical 
method was developed and validated to assess the droplets size 
distribution in Fluticasone Furoate nasal spray and also evaluated 
the effect of different actuation angle by Malvern Spray Tech. 

EXPERIMENTAL SECTION

Nasal products

The Fluticasone Furoate nasal solution consisted of Fluticasone 
Furoate in an aqueous vehicle, capable of delivering 28 sprays per 
device with 27.5 µg of formulation per actuation during normal 
operation was used. Twelve nasal spray devices from two different 
commercially available brands labeled as Brand-A and Brand-B 
were used for studies. 

Instruments

Malvern Panalytical Spraytec (Malvern Panalytical Ltd., Royston, 
UK) and Vereo Automated Actuator (NSx), Proveris Scientific 
Corporation, Hudson, MA, USA).

Instrument parameters

The 300 mm lens used was capable of measuring droplets between 
0.1-900 µm (Dv 50: 0.5-600 µm). The distance between the spray tip 
and receiving lens was adjusted to 6.0 cm. The spray devices were 
placed on an automatic actuation station (Vereo NSx actuator) 
and delivered with the force of 6.0 kg, acceleration and velocity 
were set as 5000 mm/s2 and 60 mm/s respectively. Data collection 
was initiated when the beam obscuration exceeded 7% and data 
were collected for 150 ms at 0° angle. The data were analyzed 
using Spraytec software. Percent volume diameters (Dv) defining 
10%, 50% and 90% of the cumulative volume distribution of the 
spray droplets were determined. Initially, seven priming shots were 
performed on each device and then three repeated measurements 
were made for calculation.

Effect of different angles on the droplets size distribution

Three individual devices each from Brand-A and Brand-B was 
actuated at 15°, 30° and 45° angle. Other parameters were set as per 
details are given in materials and methods. Data collected during 
stable phase from triplicate measurements of each device for each 
angle was considered. 

Method validation

Repeatability: Repeatability of the analytical method on the 
assessment of droplets size distribution was executed based on 
the optimized parameters i.e. actuation force (6.0 kg), actuation 
angle( 0°), data collection (150 ms), distance from the tip (6.0 cm) 
acceleration (5000 mm/s2) and velocity (60 mm/s). Data collected 
from the triplicate measurement of six individual devices of 
Brand-A were considered for calculation. 

Intermediate precision: Two intermediate precision i.e. inter-day 
variation and analyst to analyst variation was performed as per 
parameters are given under repeatability. Data collected from the 
triplicate measurement of six individual devices of Brand-A were 
considered for calculation. 
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Robustness: The developed analytical method was subjected to 
their robustness by changing acceleration and velocity. All the 
parameters were set as given under repeatability except acceleration 
and velocity. The acceleration was changed from 5000 mm/s2 

to 4500 and 5500 mm/s2. Similarly, velocity also changed from 
60 mm/s to 55 and 65 mm/s. Data collected from the triplicate 
measurement of six individual devices of Brand-A were considered 
for calculation.

RESULTS

Effect of different angles on the droplets size distribution

Figures 1a-1d showed the effect of different actuation angle on the 
formation of droplets size distribution. There was no significant 
change observed on the Dv (10) and Dv (50) of Brand-A and Brand-B 
when the actuation angle was changed from 0˚ to 15˚, 30˚ and 45˚. 
At 0˚, 15˚, 30˚ and 45˚ angle, 10% of the droplets was found to have 
a size of 25.3, 25.5, 26.4 and 25.6 µm for Brand-A and 19.6, 21.7, 
22.6 and 20.4 µm for Brand-B. Similarly, 50% of the droplets were 
found to have the size of 47.4, 50.9, 50.4, and 50.2 µm for Brand-A 
and 37.3, 37.8, 39.5, and 38.4 with Brand-B. In-converse to DV 
(10) and Dv (50), Dv (90) had shown a significant difference in the 
size of the droplets when the angle changed from 0˚ to 15˚, 30˚ and 
45˚. Here, the author considered as significant, when the change 
is greater than 10 µm in size. 90% of the population was found 
to have the size of 91.7, 112.5, 105.8 and 106.8 µm for Brand-A 
and 66.9, 64.4, 67.3 and 68.0 µm for Brand-B at 0˚, 15˚, 30˚ and 
45˚ actuation angle respectively. Droplets size of mean distribution 
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Figure 1a: Effect of different actuation angle on droplets size Dv (10).
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Figure 1b: Effect of different actuation angle on droplets size Dv (50).

Dv (90)

Actuation angle

Si
ze

 (µ
m

)

150.0

100.0

50.0

0.0
0°      15°    30°     45°

Brand-A
Brand-B

Figure 1c: Effect of different actuation angle on droplets size Dv (90).
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Figure 1d: Effect of different actuation angle on droplets size Dv (<10).

volume less than 10 percent were found to be 0.8, 0.6, 0.3 and 0.5 
µm for Brand-A and 2.1, 1.2, 1.3 and 1.9 for Brand-B at 0˚, 15˚, 30˚ 
and 45˚ respectively. Though no significant differences observed 
on Dv (10) and Dv (50) of Brand-A and Brand-B at various angle, 
certainly there was a distinct change in the Dv (90) of Brand-A. The 
present data suggest that this analytical method could be employed 
in pharmaceutical industries to distinguish the changes in the spray 
characteristics. 

Method validation

Repeatability: Table 1 demonstrates the repeatability of spray 
characterization methods. 

The percent related standard deviation of the six replicates 
measurements obtained for their particle size was found to be 3.2, 
5.3 and 9.1 for Dv (10), Dv (50) and Dv (90) respectively. This data 
suggests that the parameters optimized to measure the droplets size 
can measure the size precisely.

Inter-day variation: Tables 2a and 2b show the reproducibility 
of the results between two days. The percent difference of the six 
replicates measurements obtained between initial and third day for 
their particle size was found to be 0.8, 2.5and 3.3 for Dv (10), Dv 
(50) and Dv (90) respectively. This data suggests that the parameters 
optimized to measure the droplets size can reproduce the results 
within acceptable variations.

Analyst to analyst variation: Tables 3a and 3b show reproducibility 
of the results between two analysts. The % difference of the six 
replicates measurements obtained between Analyst-1 and Analyst-2 
for their particle size was found to be 7.2, 3.2 and 1.0 for Dv 
(10), Dv (50) and Dv (90) respectively. This data suggests that the 
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Device Dv 10 (µm) Dv 50 (µm) Dv 90 (µm) Dv <10 (µm)

1 25.9 52.5 114 0.8

2 25 49.2 98 0.9

3 25 47.3 92.1 1

4 23.8 46.8 97.1 0.9

5 25.8 51.8 105 0.8

6 25.5 46.8 89.3 0.7

Average 25.2 49.1 99.3 0.9

%RSD 3.2 5.3 9.1 11.1

Table 1: Repeatability of the spray characterization methods.

Device Dv 10 (µm) Dv 50 (µm) Dv 90 (µm) Dv < 10 (µm)

1 25.9 52.5 114.0 0.8

2 25.0 49.2 98.0 0.9

3 25.0 47.3 92.1 1.0

4 23.8 46.8 97.1 0.9

5 25.8 51.8 105.0 0.8

6 25.5 46.8 89.3 0.7

Average 25.2 49.1 99.3 0.9

Table 2a: Droplets size distribution on initial day.

Device Dv 10 (µm) Dv 50 (µm) Dv 90 (µm) Dv <10 (µm)

1 26.6 49.8 98.0 0.5

2 26.1 51.0 104.3 0.5

3 22.5 43.0 88.7 0.6

4 24.4 49.0 104.4 0.9

5 25.7 49.7 96.7 0.9

6 24.6 44.7 83.7 0.7

Average 25.0 47.9 96.0 0.7

% 
Difference

0.8 2.5 3.3 18.0

Table 2b: Droplets size distribution on the third day.

Device Dv 10 (µm) Dv 50 (µm) Dv 90 (µm) Dv <10 (µm)

1 25.9 52.5 114.0 0.8

2 25.0 49.2 98.0 0.9

3 25.0 47.3 92.1 1.0

4 23.8 46.8 97.1 0.9

5 25.8 51.8 105.0 0.8

6 25.5 46.8 89.3 0.7

Average 25.2 49.1 99.3 0.9

Table 3a: Droplets size distribution-Analyst 1.

Device Dv 10 (µm) Dv 50 (µm) Dv 90 (µm) Dv <10 (µm)

1 27.0 50.1 97.4 0.7

2 28.9 54.0 105.5 0.0

3 25.7 49.6 101.5 0.6

4 25.7 48.9 100.1 0.5

5 27.6 53.1 107.2 0.7

6 27.0 48.2 89.4 0.0

Average 27.0 50.6 100.2 0.4

% Difference 7.2 3.2 1.0 50.0

Table 3b: Droplets size distribution-Analyst 2.
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Figure 2: Effect of velocity on the droplets size distribution.
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Figure 3: Effect of accelerations on the droplets size distribution.

parameters optimized to measure the droplets size can reproduce 
the results within acceptable variations.

Robustness: Two parameters were studied for their effect on 
droplets size distribution. Figure 2 illustrates the effect of velocity 
on droplets size. The optimized method was having velocity at 60 
mm/s. When the velocity changed to 55 and 65 mm/s the percent 
difference in size was found to be 4.2, 0.4, 7.6, 0.2 and 11.4, 0.5 for 
Dv (10), Dv (50) and Dv (90) respectively. This present data suggest 
that when velocity reduced to 55 mm/s or 65 mm/s there were no 
significant changes in their size. The percent difference was well 
within the acceptable criteria.

Figure 3 illustrates the effect of accelerations on droplets size. The 
optimized method was having acceleration at 5000 mm/s2. When 
the acceleration changed to 4500 and 5500 mm/s2 the percent 
difference in size was found to be 2.6, 3.3, 1.7, 1.7 and 0.1, 0.5 for 
Dv (10), Dv (50) and Dv (90) respectively. This present data suggest 
that when acceleration changed to 4500 mm/s2 and 4500 mm/s2 
there were no significant changes observed in their droplets size. 
The percent difference was well within the acceptable criteria.

DISCUSSION

Despite the nasal sprays provide non-invasive quick therapeutic 
onset and have been widely applied for the treatment of various 
diseases, poorly designed spray nozzle or incorrect use of spray 
devices will significantly affect the treatment outcome. The 
delivery of nasal drug products may be assessed by a variety of 
means, however high reliance is usually placed upon in-vitro 
testing methodology. In-vitro bioequivalence of nasal spray is 
often characterized via measurement of spray view, spray angle 
and droplets size distribution. The FDA nasal bioavailability (BA)/
BE guidance states that droplets size distribution and span during 
the fully developed phase are requested [7]. In this study, we have 
developed and validated an analytical method for the measurement 
of droplets size distribution in Fluticasone nasal spray. 
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Results suggest that the optimized parameters can produce reliable 
data with acceptable variations. Hence, this method can be 
employed to test the spray characteristics of the nasal products in 
the pharmaceutical industries. 

However, the current measures of in-vitro performance by droplets 
size distribution may not be clinically relevant due to the absence of 
nasal anatomy, human actuation behavior, and other operational 
factors. 

CONCLUSION

A highly robust, precise and reproducible spray characteristics 
method was developed and validated to assess the droplets size 
distribution of Fluticasone Furoate nasal spray. The developed 
method demonstrated the ability to identify the changes in the 
droplets size of different nasal sprays. Thus, this method can be 
adopted in the pharmaceutical industries to evaluate the quality 
of the nasal sprays. In addition to that, the effect of different 
actuation angle on the droplets size distribution was studied. The 
results suggest that change in the actuation angle does not impact 
significantly on droplets size when compared for Dv (10) and Dv 
(50) but certainly makes great impact on Dv (90). 
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