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INTRODUCTION

Developing a successful multi-dose nasal spray can be a difficult 
process. A number of components and critical parameters need to 
be precisely controlled to achieve desired dose delivery. Numerous 
studies have focused on the effects of formulation aspects (viscosity, 
surface tension)1,2 on the drug performance. However, device 
components, including the nozzle/actuators, pump assembly, and 
dip tube also play a significant role. This study focuses on differences 
between specific components within the nasal spray device.  
The pump is responsible for metered delivery of the dose and thereby 
determines the shot weight of the product. The spray characteristics 
(spray pattern, plume geometry, and Droplet Size Distribution) of 
the nasal spray are influenced by formulation, as well as the device, 
especially the actuator (consisting of the nozzle orifice and swirl 
chamber). (Figure 1). This study focuses on the effect of different 
actuators by keeping the pump consistent across water and a 
drug formulation. Understanding the effects of actuator design 
and formulation on spray pattern can have a significant impact on 
successful product development.

METHODS

Devices and Formulation: Multi-dose nasal spray plastic bottles 
were filled with either water or a commercial formulation (Afrin®, 
Bayer, USA). 90 µL volume screw cap pumps were fitted on the 
bottles. Two different types of actuators (provided by Nemera,  
La Verpilliere, France) were used, labeled as Actuator Type A and B. 
The two actuators have differences in orifice diameter and design 
of the swirl chamber, despite being very similar visually (Figure 2).  
For each formulation, testing was performed on both actuator 
types. Five bottles were tested per actuator type and five replicate 
measurements were collected.

Spray Measurements: Spray pattern and plume geometry analyses 
were performed using SprayView® Measurement System (Proveris 
Scientific, Marlborough, MA). Appropriate method settings (camera 
and laser) were used for the devices and actuation parameters 
(velocity, hold time, and acceleration) were kept identical across 
the study. To ensure complete dose delivery, auto characterization 
was performed for each bottle to determine stroke length and all 
the devices were well-primed prior to testing. Spray pattern was 
measured at 30 and 60 mm distance from the nozzle tip; area and 
ovality (ratio of Dmax/Dmin) were evaluated for quantitative and 
qualitative purposes respectively.

Shot Weight Measurement: Devices were weighed before and 
after each actuation to measure metered shot weights.

Data Analysis: JMP® Software (SAS Institute, Cary, NC, USA). 

RESULTS SUMMARY

1. For the pump/actuator combination in the experiment, the 
shot weight of the spray was unaffected by the type of 
actuator as long as the same pump was used for analysis.

2. The variation in spray pattern metrics (area and ovality) 
seen with water is high and it fails to detect performance 
differences due to actuator design and dimensions.

3. The ovality results indicate that when filled with Afrin, 
Actuator A gives a qualitatively more circular and  
reproducible spray shape at both distances (30 and 60 mm) 
over Actuator B.

4. Plume geometry results reflect qualitative differences in spray 
characteristics; spray duration from the intensity profile can 
provide insight into the nature of the spray.

CONCLUSIONS

1. Different actuator designs impact spray pattern performance 
and that the pump determines the shot weight.

2. Water does not predict the absolute measure of spray pattern 
with formulation, and it is important to evaluate device-
formulation compatibility during development.

3. Water has more variability in spray pattern results that could 
mask differences between the two actuators.

4. Formulation (Afrin) uncovers performance differences 
between two actuator types not seen with water.

5. Ovality results can help select optimal device for a  
particular formulation.

6. Spray pattern and plume geometry are sensitive tools for 
device selection/screening during early product development.
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Figure 4. Qualitative differences in the plume geometry results for the two actuator types when tested with the Afrin formulation. Signature intensity over time profile for each actuator 
type demonstrates differences in spray duration and the nature of plume discharge for each actuator type (A) type A and (B) type B.

Figure 1. The movement of the liquid formulation inside the actuator forms a rotating 
cone by the combination of rotational and axial motion in the swirl chamber before 
exiting the spray orifice at high velocity.

Figure 2. Metered shot weights with water and Afrin were measured for two different 
actuator types using the same pump type. Shot weight results were consistent and 
close to target weight (100 mg) with both actuator types.
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Plume Geometry Measurements Scale in [mm]

Arm 1:     13.8 deg Angle:     28.7 deg Width:     30.71 mm
Time:         140 msArm 2:     14.9 deg Plume Distance:     60.0 mm
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Plume Geometry Measurements Scale in [mm]

Arm 1:     10.5 deg Angle:     21.0 deg Width:     22.15 mm
Time:         120 msArm 2:     10.5 deg Plume Distance:     60.0 mm
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Figure 3. No difference in spray 
pattern area was observed between 
the two actuator types when tested 
using water. However, with the 
formulation   Afrin, distinct differences 
between the two actuators can 
be seen (t test, p value p<0.001) at  
(A) 30 mm and (B) 60 mm distances.


