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METHODS AND MATERIALS
METHODS
A DoE methodology was employed using three 

important factors affecting in vitro performance 

of nasal spray products: 1) formulation viscosity; 

2) formulation surface tension; and 3) actuation 

velocity [1]. A three-level Box-Behnken [2] set 

of conditions was established for each of 

these factors resulting in nine (9) distinct test 

formulations and thirteen (13) total experiments 

to run as shown in Tables 1 and 2. The test 

formulations were created by combining 

glycerin and Polysorbate 20 in a water base 

resulting in bulk viscosity and surface tension 

levels representative of typical nasal spray 

formulations. Actuation velocity levels were 

selected based on the results of a previous 

human ergonometric capability experiment 

conducted with adult testers using the same 

unit dose device [3].

DEVICES
Each unit dose device was manually assembled 

from four basic components: the vial holder and 

actuator (Aptar Pharma, Le Neubourg, France); 

glass vial (Nipro Glass Germany AG, Munnerstadt, 

Germany); and rubber stopper (West 

Pharmaceutical Services, Le Nouvion-en- 

Thierache, France). Devices were �lled with 

125 µL of test formulation. Five devices were 

used for each experiment listed in Table 2.

INSTRUMENTATION
Viota® Software Unit Dose Module (Proveris 

Scienti�c, Marlborough, MA, USA) was used to 

control the automated actuation of each unit dose 

device for spray pattern and DSD characterization 

according to the DoE in Table 2 [4]. This software 

module has built-in functionality to eliminate 

the complications associated with the breakaway 

tab design features of this unit dose device 

while eliminating the need to specify a stroke 

length (thereby reducing the DoE plan by one 

process control variable and eliminating the need 

for 14 additional experiments). Optical spray 

pattern and laser diffraction DSD measurements 

were made at 30mm from the actuator nozzle 

tip using a SprayVIEW® measurement system 

(Proveris Scienti�c, Marlborough, MA, USA) 

and a Spraytec® system (Malvern Instruments, 

Malvern, UK), respectively.

DATA ANALYSIS
The DoE runs listed in Table 2 were executed for 

spray pattern and DSD using �ve unit dose devices 

per run. The spray pattern and DSD measurements 

were imported into JMP® software (SAS Institute, 

Cary, NC, USA) for analysis and visualization 

using the embedded DoE module and predictive 

modeling functions. The primary output from the 

data analysis and visualization was a predictive 

model and sensitivity map showing how the in vitro 

performance metrics (e.g., spray pattern area and 

ovality ratio, DSD Dv(50) and span) change as a 

function of the process and formulation variables. 

The predictive aspects of the model were built using 

a second order least squares model to effectively 

capture the non-linear relationships that exist 

between the process/formulation variables and the 

performance metrics. An additional bene�t of the 

model is its forward/backward predictive capability 

that allows an analyst to answer two kinds of 

critical questions, for example: 1) forward: “What 

combination(s) of process/formulation variables 

will give an output metric of x?”; and 2) backward: 

“Where are the output metrics least/most sensitive 

to the process/formulation variables?”

RESULTS
Figure 1 shows the sensitivity map of this product at 

the middle, (0,0,0) conditions. Clearly, the viscosity 

and actuation velocity are strong in�uencing 

factors on all of the in vitro performance metrics, 

especially for spray pattern area and DSD Dv(50), 

while surface tension has minimal to no effect. 

For formulations from low- to mid-viscosity, there 

is a four-fold difference in spray pattern area from 

the low-viscosity (average = 800 mm2) to the 

mid-viscosity formulation (average = 200 mm2). 

This represents probable over-atomization of the 

low viscosity formulation. In comparison, for 

formulations from mid- to high-viscosity, there 

is only a two-fold difference in spray pattern area 

from the mid-viscosity (average = 200 mm2) to 

the high-viscosity formulation (average = 100 mm2). 

However, as the formulation becomes more 

viscous, the ovality ratio becomes greater than 1 

(i.e., less circular), exhibiting a “squirt-type” 

spray, representing poor atomization of the high 

viscosity formulation.

CONCLUSIONS
The ability to apply predictive modeling using DoE 

can help product designers and method developers 

understand product behavior and allow them to 

create robust speci�cations and test methods very 

rapidly without expensive “trial-and-error.”

INTRODUCTION
Unit dose nasal sprays are an attractive alternative to multi-dose devices for delivery of nasal therapies 

to treat conditions such as migraine pain (Imitrex® and Zomig®), cancer pain (Lazanda®), vitamin 

B12 de�ciency (Nascobal®), and heroin overdose reversal (Narcan®). Multi-dose nasal sprays have 

been studied using design of experiments (DoE) techniques to determine and predict their in vitro 

performance (e.g., shot weight, spray pattern, droplet size distribution) sensitivity to process settings 

(e.g., actuation velocity and stroke length) and formulation variables (e.g., viscosity, surface tension) [1]. 

However, little literature has been published on the in vitro performance sensitivity of unit dose 

nasal spray products. This study leveraged the established multi-dose DoE methodologies to investigate 

the spray pattern and droplet size distribution (DSD) performance sensitivity of a popular unit dose 

device to controlled changes in key process settings and formulation properties.
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FIGURE 1

Test formulations used in the control experiments.

Box-Behnken DoE runs.

Consolidated in vitro performance sensitivity map.
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Formulation  
Number

Glycerin (%) PS 20 (%)* Viscosity (cP)**
Surface Tension 

(mN/m)**

1 70 0.00 23.23 67.3

2 70 0.01 22.28 41.6

3 70 0.10 22.40 36.9

4 60 0.00 10.64 69.1

5 60 0.01 10.67 43.4

6 60 0.10 10.87 37.0

7 20 0.00 1.72 67.1

8 20 0.01 1.72 40.2

9 20 0.10 1.71 36.3

Run Number DoE Code* Formulation Number ** Actuation Velocity (mm/s)

1 (0,0,0) 5 60

2 (0,–,–) 6 45

3 (–,0,–) 8 45

4 (+,0,–) 2 45

5 (0,+,–) 4 45

6 (–,–,0) 9 60

7 (+,–,0) 3 60

8 (–,+,0) 7 60

9 (+,+,0) 1 60

10 (0,–,+) 6 75

11 (–,0,+) 8 75

12 (+,0,+) 2 75

13 (0,+,+) 4 75* Denotes Polysorbate 20.  ** Measured at 21°C.

  * Derived from the standard three-factor/three-level Box-Behnken notation where the indexes represent the factors: viscosity, 
surface tension and actuation velocity; and the values denote the normalized levels: low (–), middle (0), and high (+).

** From Table 1.


