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Abstract
Background In nasal drug delivery system, nasal spray seems to be the most promising delivery method for both local and 
systemic diseases therapy. Nasal deposition behavior is the most basic and important process for nasal sprays, which is related 
to nasal mucociliary clearance, retention of a formulation in the nose therefore the therapeutic effect.
Area covered The present paper systemically summarized and discussed the factors influencing drug deposition in the nasal 
cavity upon delivery via nasal sprays, including device, formulation and administration techniques. Emitted dose volume 
of the device, spray pattern and plume geometry, droplet size distribution and velocity of emitted droplets were important 
device factors influencing nasal deposition. Besides, viscosity, thixotropic property and surface tension were considered 
to be the formulation factors influencing nasal deposition of spray. In addition, administration technique influencing nasal 
deposition included head orientation, administration angle, insertion depth of spray nozzle and breathing profile. Meanwhile, 
the imaging methods used to predict and visualize the deposition of nasal formulation was illustrated.
Expert opinion The review provided important theoretical and experimental knowledge to control the deposition pattern of 
nasal sprays in order to achieve better therapeutic effect in the clinic.

Keywords Nasal sprays · Deposition · Device · Formulation · Characterization

Introduction

Nasal cavity is characterized by porous epitheliums, large 
absorption area, rich subcutaneous blood vessels and low 
enzyme activity, which made it an advantageous admin-
istration route for rapid drug absorption and fast onset of 
action, with high drug permeability and avoidance of hepatic 
first-pass effect. It is not only suitable for local therapy of 
nasal diseases but also a novel delivery route for systemic 
drug delivery. Especially, some studies indicated that nasal 
drug delivery enhanced the bioavailability of many macro-
molecular drugs via different formulation strategies (Gao 
et al. 2019; Khafagy et al. 2010). Moreover, nasal drug 
delivery is regarded as a beneficial drug delivery route for 
the therapy of central nervous diseases due to the transport 
of drugs into the brain through the olfactory, trigeminal and 

vascular pathway. Additionally, it is also applied for vaccina-
tion, which induces both humoral and cell mediated immune 
responses with low doses (Tlaxca et al. 2015). Therefore, 
as a noninvasive drug delivery method, nasal drug delivery 
is an attractive administration route of small molecular or 
macromolecular drugs for local or systemic therapy, nose to 
brain drug delivery and vaccination.

According to the marketed nasal products, nasal drug 
preparations include nasal drops, nasal sprays, nasal aerosols 
and nasal ointments/creams. Marketed nasal ointments and 
creams are limited and employed mainly for the therapy of 
nasal bacterial infection and relief of nasal congestion due to 
their longer retention time. Nasal aerosols are mainly applied 
to the drug delivery of solid particles. Both nasal drops and 
sprays are widely used in the drug delivery of marketed liq-
uid nasal formulations. Compared with nasal drops, nasal 
sprays show more advantages. For example, constant doses 
can be supplied by metering dose valves, ensuring the accu-
rate therapeutic dose and preventing potential adverse effect 
of overdose. By using nasal sprays, the liquid formulations 
can be dispersed fully and evenly at the orifice of the device, 
enlarging the dispersed area in the nasal cavity and therefore 
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avoiding the postnasal dripping and anterior leakage of the 
nasal droplets. Moreover, not only was marketed nasal 
sprays applied to deliver small molecular drugs for local 
and systemic therapy, but it was also used for the delivery of 
macromolecular drugs such as nafarelin, buserelin, desmo-
pressin, oxytocin, salmon calcitonin and influenza vaccine 
for systemic therapy. Therefore, in the nasal drug delivery 
system, nasal sprays seem to be the most promising drug 
delivery method for local and systemic therapy.

Drug deposition in the nasal cavity, mucociliary clearance 
and mucosal absorption are the three important processes 
of nasal drug delivery. Deposition pattern of nasal sprays 
includes the deposition position and area of the formulation 
in the nasal cavity. Due to nasal anatomy and physiology 
structure, with a non-ciliated area in the anterior part of the 
nasal cavity and a ciliated region in the posterior part of the 
nose, the deposition position is of special importance for the 
nasal mucociliary clearance and retention of a formulation 
in the nose. In addition, deposition area refers to the total 
surface of deposition, which is related to the absorption of 
nasal sprays (Kublik and Vidgren 1998). Furthermore, nasal 
deposition pattern alone has been thought to be correlated 
with biological effect of nasal spray when pharmacokinetic, 
pharmacodynamic and clinical studies are too unreliable or 
impractical (Suman et al. 2002). Therefore, nasal deposition 
pattern is the most basic and important process for nasal 
formulations, especially for nasal sprays, and factors influ-
encing nasal drug deposition should be well documented for 
better formulation design and decreased therapeutic varia-
tion. However, limited information is available in this area.

It was known that the deposition of a nasal spray is 
dependent on multiple factors including device, formula-
tion, patient administration technique and physiological 
structure of the nasal cavity (Kundoor and Dalby 2010). As 
to the effect of physiological structure on the nasal deposi-
tion, it was indicated that higher nasal deposition efficiency 
could be achieved for a person with a smaller cross-sectional 
area, larger surface area, and longer perimeter of nasal cav-
ity (Cheng et al. 1996). Nevertheless, for pharmaceutical 
researchers, the other three factors including device, for-
mulation and patient administration technique are the major 
concerns while developing a nasal spray product. For exam-
ple, it was reported that the formulation viscosity, adminis-
tration–related variables such as spray angle and nasal spray 
pump design of a device had significant effect on the deposi-
tion pattern of nasal spray (Kundoor and Dalby 2011). The 
objective of the present paper is to systemically summarize 
and discuss the three factors influencing drug deposition 
in the nasal cavity upon delivery via nasal sprays. First of 
all, physiological structure and properties of nasal cavity 
were introduced. Thereafter, the effect of device, formula-
tion and administration techniques on nasal deposition was 
summarized. Device factors included emitted dose volume 

of the device, spray pattern and plume geometry, droplet 
size distribution and velocity of emitted droplets. Viscosity, 
thixotropic property and surface tension were considered 
to be the important formulation factors influencing nasal 
deposition of spray. In addition, administration techniques 
included head orientation, administration angle, spray nozzle 
insertion depth and breathing profile. Meanwhile, characteri-
zation methods for nasal deposition pattern were elucidated.

Physiological structure and properties 
of nasal cavity

As shown in Fig. 1, the nasal cavity can be divided into sev-
eral regions, including vestibule, atrium, respiratory region, 
olfactory region and nasopharynx. The epithelial cells in 
the nasal vestibule are stratified, squamous and keratinized 
with sebaceous glands. The atrium is a transitional epithe-
lial region between the vestibule and the respiratory region 
with stratified, squamous cells anteriorly and pseudostrati-
fied columnar cells with microvilli posteriorly. The respira-
tory region is lined by pseudostratified columnar epithelial 
cells interspersed with goblet cells, seromucus ducts and 
the openings of subepithelial seromucus glands. Many of 
these cells possess actively beating cilia with microvilli. 
This region is supplied with the richest blood and covered 
the largest surface area including superior, middle and infe-
rior nasal turbinates. Olfactory region possesses specialized 

Fig. 1  Sagittal section of the nasal cavity showing the nasal vestibule 
(A), atrium (B), respiratory area: inferior turbinate (C1), middle tur-
binate (C2) and superior turbinate (C3), the olfactory region (D), and 
nasopharynx (E). Adapted from (Ugwoke et al. 2001 with permission 
from John Wiley and Sons)
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ciliated olfactory nerve cells for smell perception and oph-
thalmic, maxillary divisions of trigeminal nerve cells, both 
of which have direct access to cerebrospinal fluid. Upper 
part of nasopharynx is ciliated cells and lower part contains 
squamous epithelium cells (Ugwoke et al. 2001).

Although respiratory region is the major absorption area 
of nasal spray, drug retention time is short under the effect 
of mucocilary clearance. It was found that most of the drugs 
in the posterior respiratory region dripped into the nasophar-
ynx after about 30 min (Newman et al. 2004). However, the 
drug in the anterior area of this region has longer retention 
time, which is beneficial for the absorption of drugs for sys-
temic effect. Olfactory region showed the potential to trans-
port the drug to the brain and is the targeted absorption area 
of drugs for the therapy of central nervous diseases. Middle 
meatus is the best targeted position for the therapy of sinusi-
tis disorders (Durand et al. 2001). For nasal vaccination, 
nasal-associated lymphoid tissue (NALT) region is the target 
deposition area for the higher immunogenic responses. The 
NALT region includes inferior, middle, superior turbinate 
and nasopharynx region.

Device factors influencing nasal deposition

Emitted dose volume of the device

Nasal volume ranges from 25 to 200 μL. Dose volume of 
the sprays on the market is normally 50 μL and 100 μL. The 
emitted dose volume was related to the nasal deposition of 
the formulation. Some studies found that the formulation 
administered to one nostril will contribute to larger deposi-
tion area in the nasal cavity compared with the same dose 
administered to two nostrils. For example, application of 
80 μL in two nostrils covered a similar area to 140 μL in 
a single dose (Newman et al. 1994). Harris et al. (1988a) 
also found that compared with 50 μL two nostrils, 100 μL 
one nostril resulted in a larger deposition area. However, 
although large volume one nostril contributed to larger depo-
sition area of nasal sprays, it is not beneficial to the absorp-
tion of drugs. Newman et al. (1994) found that the initial 
deposition area of 80 μL volume each nostril by spray pump 
with a lower dose of insulin was significantly smaller, it did 
not result in significantly higher blood glucose level. Harris 
et al. (1988a) showed that twofold higher bioavailability of 
desmopressin was generated by 50 μL in each nostril com-
pared with 100 μL one nostril. It is attributed to longer reten-
tion time in human nasal cavity due to lower deposition rate 
in the posterior ciliated zone (Kublik and Vidgren 1998). 
Besides, the nasal cavity has a limited capability for drug 
liquid. Harris et al. (1988a) suggested that volumes larger 
than 100 μL inevitably run drown to the posterior pharynx. 
Therefore, it seemed that low administration volume in each 

nostril leads to the preferred nasal deposition of the formula-
tion to fulfill better absorption and therapeutic effect of the 
formulation, compared with the higher administration vol-
ume in one nostril. Meanwhile, low administration volume 
may decrease the discomfort and improve the compliance of 
patients (Slater et al. 2007).

Spray pattern and plume geometry

Spray plume is the term to describe the spray emitted from 
the device. Spray pattern and plume geometry are used to 
describe the spray shape which can be imaged by a horizon-
tal and vertical laser sheet, respectively. Spray patterns are 
characterized by the minimum  (Dmin) and maximum  (Dmax) 
spray diameters, ovality  (Dmax/Dmin) and the spray area. It 
was observed that there was an inverse relationship between 
the viscosity and ovality ratio of the nasal sprays (Kundoor 
and Dalby 2011). Plume angle, plume width and breakup 
length  (Lbu) are the parameters to characterize the plume 
geometry of nasal sprays. The breakup length  (Lbu) is the 
distance at which clearly formed particles are just observed. 
(Fung et al. 2013; Inthavong et al. 2012). The spray pat-
tern and plume geometry are influenced by various factors 
derived from the devices and formulations, including the 
size and shape of the nozzle, the design of the pump, the size 
of the metering chamber, and characteristics of the formula-
tion. At the same time, the parameter might also reflect the 
performance of the device or formulation of the nasal spray. 
The Food and Drug Administration (FDA) recommend that 
characterization of spray pattern and plume geometry is 
important for evaluating the performance of a pump (FDA 
2002).

Among the parameters influencing the spray pattern and 
plume geometry, the plume angle of spray correlates closely 
with deposition of the formulation in the nasal cavity. It 
was found that the nasal spray with a wider plume angle 
deposited mainly in the anterior region (Cheng et al. 2001). 
According to the report, as the spray cone increased from 
35 to 60 degree, it was difficult for the spray to penetrate 
through the nasal valve into the main nasal passage, leading 
to smaller deposition area (Newman et al. 1988). Meanwhile, 
the percentage of anterior deposition was reported to be lin-
early increased with the increment of the plume angle (Pu 
et al. 2014). However, not all the literature reported the same 
experimental phenomenon. It was observed that wider plume 
angles lead to increased posterior deposition of nasal spray 
(Guo et al. 2005). It might be because other characteristics 
of the formulation such as droplet size had a more significant 
influence on deposition, in which significant larger droplet 
size made the droplets deposited at the anterior area of the 
nasal cavity, weakening the effect of plume angle on the 
nasal deposition. In any case, it can be speculated that except 
for extreme conditions, narrow plume angle might be more 
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suitable for narrow passageway of the nasal cavity, which 
made the spray penetrate the nasal valve more easily and 
resulted in larger deposition area in the main nasal passage.

It should be mentioned that the plume angle is the most 
obvious value to change within the different spray phase. It 
was found that the spray half cone angle was 6.54°, 21.1° 
and 8.0° during the pre-stable, stable and post-stable stages, 
respectively, under the injection pressure of 2.65 bar (Fung 
et al. 2013). So for the assessment of plume angle among 
different devices, the value in the stable phase should be 
more comparable, in which the duration time is longer and 
the results could be better repeated.

Droplet size distribution

Droplet size is a factor which correlates with deposition 
within the nasal cavity based on inertial theory (Newman 
et al. 2004). Actuation and formulation parameters are the 
main factors influencing droplet size distribution of nasal 
sprays, including actuation force (Doughty et al. 2011), 
stroke length, actuation velocity (Guo et al. 2008), viscos-
ity of the formulation (Dayal et al. 2004) and so on. And it 
was reported that droplet size distribution varied at the pre-
stable, stable and post-stable stages of spray development 
(Fung et al. 2013).

According to inertial property theory (Schroeter et al. 
2011), the inertia of a droplet is proportional to the square 
of droplet diameter and the air flow velocity. Larger and 
rapid droplets have a larger inertial impaction in the anterior 
nasal cavity. It was proved that larger droplets tend to deposit 
at the anterior area of the nose cavity from the study by 
Harris et al. (1988b) and Cheng et al. (2001). However, the 
tendency would be decreased and even disappear when the 
plume angle is narrow. On the other hand, smaller droplets 
with the reduction of droplet inertia tend to follow the air 
flow streamlines and deposit in the inner area of nasal cav-
ity (Guo et al. 2005). However, if the droplets are too small 
(< 10 μm), it will pass through the nasal cavity and enter into 
the lung which resulted in ineffectiveness of nasal sprays 
(Inthavong et al. 2014; Suman et al. 2002).

Velocity of emitted droplets

Emitted droplets enter the nasal cavity by the airstream, 
which is influenced by the pump emitted strength and the 
breath flow of the patient together. It was reported that the 
droplet emitted with higher velocity may cause the anterior 
and superior deposition of the formulation in the nasal 
cavity under the effect of the inertial impaction (Engel-
hardt et al. 2016). However, if the liquid emitted from the 
devices with swirling spray, the droplet inertia energy can 
be transferred from its linear component into the radial 

and tangential components, thereby reducing the inertia 
of the spray. In addition, the dispersion of the spray could 
be increased by the swirling spray (Inthavong et al. 2011, 
2014). Therefore, higher velocity might be beneficial to 
the nasal deposition by using the devices with swirling 
nasal spray. As reported, the Pressurized Olfactory Deliv-
ery (POD®) devices deliver the drug more efficiently to 
the upper nasal cavity by causing a higher swirling flow 
rate with pressure operated device. The two studies by the 
manufacturer demonstrated that POD devices resulted in 
over 50% deposition at the olfactory region and enhanced 
the olfactory delivery efficiency of aerosol in rats as com-
pared with the nasal drops, which was beneficial to the 
direct nose-to-brain transport of drugs (Hoekman and Ho 
2011a, b). However, there were no data available for the 
suitability of POD technology on macromolecular bio-
logical medicine delivery. It might be because biophar-
maceuticals showed significant sensitivity to the shear 
stress during aerosolization and the air–liquid interface 
strength (Hertel et al. 2015), and these parameters are very 
important for the stability and bioactivity of biopharma-
ceuticals. Therefore, the devices with high speed swirling 
spray might not be suitable for bio-macromolecular drugs.

Formulation factors influencing nasal 
deposition

Viscosity

Viscosity of the nasal spray has an impact on spray char-
acteristics such as droplet size and spray geometry and the 
nasal deposition. It was reported that nasal formulations 
with low viscosity tend to deposite distal to the nares com-
pared to viscous formulations (Guo et al. 2005; Sosnowski 
et al. 2020). Besides, it was found that the higher viscosity 
is associated with larger droplet size and narrower plume 
angle, leading to smaller spray area (Kundoor and Dalby 
2011; Pu et al. 2014). Moreover, as shown in Fig. 2, for 
the nasal spray with carboxymethylcellulose (CMC) as 
viscosity modifier, the spray area decreased linearly and 
the droplet size  (Dv50 measured by Malvern’s Spraytec®) 
increased linearly with viscosity increment of the for-
mulation (Dayal et al. 2004). However, for the carbopol 
formulation, the relationship between viscosity and spray 
area couldn’t be obtained, which was attributed to different 
rheological behavior between the formulations contain-
ing CMC and carbopol (Dayal et al. 2004). Therefore, it 
could be speculated that different effects of viscosity on 
the spray characteristics could be attributed to the diverse 
viscosity modifiers which presented different rheological 
behavior.
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Thixotropic property

Thixotropy is a term describing an isothermal system in 
which the apparent viscosity decreases under shear stress, 
followed by a gradual recovery when the stress is removed 
(Lee et al. 2009). The formulation with thixotropic property 
changes from viscous state to less viscous state as emit-
ted from the device. And then it will become viscous again 
when deposited in the nasal cavity. It was reported that the 
corticosteroid nasal spray inhibited the formulation from 
flowing out of the nasal cavity attributed to their thixotropic 
properties, whereas they flowed freely after initial shaking 
and their viscosity recovered gradually after being dispersed 
(Sharpe et al. 2003). Similarly, the thixotropic property of 
mometasone furoate preparation slowed down the formula-
tion transfer from the deposited area to the inferior nasal 
meatus and throat, extending drug residence time on the 
surface of the turbinate and middle meatus (Rapiejko et al. 

2015). Therefore, it could be concluded that the formula-
tion with thixotropic property would show longer residence 
time at the deposition site, which is beneficial for prolonged 
therapeutic effect.

Surface tension

Surface tension of a formulation frequently influences the 
nasal deposition by altering other formulation related prop-
erties. Dayal et al. (2004) showed that the surface tension 
of 2% CMC solution decreased as 0.5–5% Tween 80 was 
added, which resulted in the decrease of  Dv50 and the altera-
tion of rheology properties such as viscosity and appearance 
of the thixotropic system. However, it is also indicated that 
compared with viscosity, surface tension has less impact on 
the spray characteristics (Guo et al. 2008). It could speculate 
that if there is an effect of surface tension on the deposition, 
smaller surface tension would result in larger deposition area 
of the sprays by decreasing viscosity and particle size of the 
sprays.

Administration techniques

Head orientation

Head orientation has a significant influence on the deposi-
tion and efficiency of nasal sprays. It was suggested that the 
nasal sprays were mainly deposited in the anterior region 
of the nose when tilting head forward, whereas with tilted 
head back position, the deposition was significantly deeper 
and the spray mist could reach the middle area of the nose 
(Kundoor and Dalby 2011). Besides, tilting head back could 
prevent the spray from dripping forward and make the spray 
fully atomized within the nasal passage by administering the 
nasal spray in line with nasal cavity. Therefore, while using 
the nasal sprays, tilting the head back is advantageous for 
drug absorption and could improve the therapeutic effect. 
However, it was considered that compliance is the most 
important factor to determine the head orientation (Dhu-
ria et al. 2010). And it was recommended that the upright 
position is the most comfortable administration method for 
patients (Guastella et al. 2013).

Administration angle

The administration angle is an important factor influencing 
the deposition and efficiency of nasal spray. The admin-
istration angle could be divided into sagittal plane angle 
and coronal plane angle (Warnken et al. 2018). The sagit-
tal plane angle is the insertion angle that the nasal spray 
device makes away from the horizontal position (0° in the 
x–y plane), when looking into the side of a person’s face 

Fig. 2  a Spray droplet size (Dv50) and b spray-pattern surface area 
versus viscosity using CMC as the viscosity modifier from Pfeiffer’s 
50 μL standard and high-viscosity pumps at an actuation distance of 
6 cm. Dv50 and plume area showed a linear relationship with viscos-
ity. Each data point represents the average ± SEM of three experi-
ments. Adapted from (Dayal et al. 2004 with permission from Else-
vier)
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(Inthavong et al. 2006). And the coronal plane angle is the 
insertion angle that the nasal spray device makes from the 
vertical position (0° in the y–z plane), when looking into 
a person’s face.

The administration angel at sagittal plane was reported 
to be an important influencing factor on the deposition 
of nasal spray in the turbinate region. Foo et al. (2007) 
showed that the turbinate deposition decreased with the 
increase of administration angle. The maximum turbinate 
deposition fraction was 90%, 50% and 30% at the admin-
istration angle of 30°, 40°and 50° (the plume angle 30°, 
55°and 65°), respectively. Similarly, it was reported that 
with the administration angle increased from 30 to 75°, 
the percentage of cromolyn sodium nasal spray depos-
ited in the turbinate region decreased from 72.9 ± 12.4 to 
10.6 ± 9.3% (Warnken et al. 2018). In addition, no signifi-
cant differences in the upper turbinate region deposition 
were observed with the increase in administration angle 
(Warnken et al. 2018). Meanwhile, it was indicated that the 
droplets could better trace through the nasal valve and dis-
tribute at the turbinate region at administration angle less 
than 45° (Kundoor and Dalby 2011). It could be concluded 
that the small administration angle at sagittal plane such 
as 30° could enhance the distribution of nasal spray in the 
turbinate region, which is the main absorption region of 
drug.

The administration angel at coronal plane is another fac-
tor influencing the deposition of nasal spray in the turbinate 
region. From the Warnken et al.’s study, it was found that as 
the sagittal plane angle was fixed at 30°, turbinate deposi-
tion efficiency increased from 73.0 to 97.1% with the coro-
nal plane angle increased from 0° to 20° for a 3D-printed 
nasal replica cast. And the turbinate deposition efficiency 
increased from 81.7 to 95.8% with coronal plane angle 
increased from 0° to 15.7° at the same sagittal plane angle of 
30° for another nasal cast (Warnken et al. 2018). It could be 
inferred that an appropriate administration angle at coronal 
plane could enhance the deposition efficiency of nasal spray 
in the turbinate region.

Spray nozzle insertion depth

Nasal spray insertion depth has significant effect on the 
deposition area. It was found that the deposition area was 
the largest when the nozzle was positioned 10 mm into the 
nostril (Kundoor and Dalby 2011). The same conclusion 
was drawn by Kimbell et al. (2007). However, compared 
with the influence of head position and administration angle, 
nozzle insertion depth had a minimum effect on the deposi-
tion area, while the average deposition area was in a narrow 
range of 1.7–2.5  cm2 as the insertion depth increased from 
0 to 15 mm (Kundoor and Dalby 2011).

Breathing profile

Breathing profile might influence the deposition of nasal 
spray powered by breath. Guo et al. (2005) observed that 
the breathing profile had significant effect on the nasal 
deposition of low viscosity formulation (viscosity = 4.0 
cP), while for the high viscosity formulation (viscos-
ity = 18.2 cP), the effect was not significant in the in vitro 
study. For low viscosity formulation, the study indicated 
that an airflow rate of 10 L/min increased the upward 
travel of droplets before gravity causing them to fall to 
the floor of the nasal cavity. Further increase in airflow 
rate (i.e., 20 L/min) may have induced turbulence, and 
drag the droplets in unpredictable direction, thus decrease 
the nasal deposition. However, the study of Kundoor and 
Dalby (2010) showed that inhaled flow rate did not have a 
significant effect on the deposition pattern of nasal spray 
in a silicone human nose model. Newman et al. (1994) also 
found that nasal insulin formulation delivered with differ-
ent application volumes (80–160 μL) at gentle or vigorous 
inhalation air-flows did not result in different effects on 
blood glucose. Thus, the effect of breathing profile on the 
deposition of nasal sprays and the followed therapeutic 
effect might need further detailed studies. As indicated 
by Guo et al. (2005), if breathing pattern had less impact 
on the nasal deposition, the patients would have no need 
to worry about the confusion of usage between two differ-
ent nasal products, thus decrease the discrepancy of nasal 
deposition due to the different breathing pattern among 
patients.

Characterization methods for nasal 
deposition

In the guidance of Food and Drug Administration, in vitro 
methods was recommended to assess the bioavailability and 
bioequivalence of nasal sprays for local action, as they can 
discriminate with greater sensitivity and less variability than 
clinical studies (FDA 2002). Currently, an anatomically cor-
rect human nose model combined with an imaging method 
has been applied to visualize and quantify the deposition of 
nasal formulations in vitro. Compared with the laborious 
analysis method that the drug deposition was determined 
by disassembling the nasal cast and measuring the amount 
of active drug retained in each area, this method was proven 
well-controlled. Meanwhile, it was indicated that there was 
no difference in deposition between a human plastinated 
head model and volunteers (Le Guellec et al. 2014). The 
imaging methods available include dye-based, Sar-gel-
based, gamma scintigraphy-based and positron emission 
tomography-based ones.



257Journal of Pharmaceutical Investigation (2020) 50:251–259 

1 3

Dye‑based method

Many types of dyes could be used to indicate the position 
and intensity of nasal deposition, such as methylene blue and 
indigo blue (Mao et al. 2006). Dye-based methods have been 
applied to compare the regional drug deposition between 
douching solution and nebulizer by visualizing the staining 
intensity and area in the nose of operated cadaver models 
(Valentine et al. 2008). However, solution dripping, solu-
tion diffusion and difficulty of dosage quantification are the 
disadvantages of this method (Xi et al. 2016).

Sar‑gel‑based imaging analysis method

Sar-gel, a water-indicating paste, changes its color from 
white to purple upon contact with water. And it is coated 
uniformly and completely on the silicone human nose model 
to indicate the deposition of nasal sprays. Sar-gel is sensitive 
to water and able to lock in the droplet on it. It was dem-
onstrated that Sar-gel could detect the water mass as low as 
0.5 μL, which might be the smallest water droplet of nasal 
sprays (Kundoor and Dalby 2010). Formulation dripping or 
post-deposition spreading (by diffusion) was not observed on 
a Sar-Gel surface until the single drop volume exceeded 25 
μL. In addition, it’s easy to clean up the model to be reused 
because the silicone human nose model is hydrophobic and 
Sar-gel is hydrophilic. In addition, the color change of Sar-
gel is dependent on the water mass, which could be used to 
quantify the deposition on the region of the nose. Therefore, 
Sar-gel appears to be an ideal method to visualize and quan-
tify the deposition of the spray droplets.

Gamma scintigraphy‑based imaging method

This technique adopts radioactive tracers such as techne-
tium-99 m or indium-111 to radiolabel preparations (Guo 
et al. 2005; Laube et al. 2010). The deposition images were 
acquired using a gamma camera and the color intensity could 
be processed to reflect the dosage for quantitative compari-
son. It is an elegant way to gain insights on the actual in vitro 
or in vivo distribution pattern of dosage forms such as oral 
(Honkanen et al. 2004), pulmonary (Laube et al. 2010) 
and nasal (Washington et al. 2000) formulations. Gamma 
scintigraphy can also be used to evaluate the equivalence 
of nasal sprays for local action, which is more precise than 
in vitro testing and expeditious than traditional clinical effi-
cacy studies (Al-Ghananeem et al. 2008). Based on the fact 
that the labeling radionuclides are not constituents of the 
drugs, the radionuclides can only be employed to label the 
carriers of the formulations. Hence, the accuracy of the tech-
nique relies on the assumption that the carriers are able to 
accurately reflect drug deposition. In addition, the method is 
known to be complicated by the attenuation and scattering 

of gamma rays in the measurement environment, which also 
caused deviation of the measurement.

Positron emission tomography (PET)‑based imaging 
method

The PET is a functional imaging technique used to observe 
metabolic process of the nuclear medicine in the body (Bai-
ley 2005). The system detects pairs of gamma rays emitted 
indirectly by a positron-emitting radionuclide tracer, which 
is introduced into the body via a biologically active mol-
ecule. Three-dimensional images of tracer concentration 
within the body are then constructed by computer analysis. 
Since the technique is directly used to detect the compound 
of interest labeled with radionuclides, it can enhance the 
accuracy of drug deposition when the drug is separated 
from the carrier and absorbed across the mucosa by specific 
transport processes or by transcellular diffusion of lipophilic 
compounds (Bergstrom et al. 1999). Typically, even the 
deposition of sprays where the dose accounted for 3 or 5% 
can be detected by PET technology (Bergström et al. 1995; 
Lunell et al. 1996). However, one limitation of PET is that 
PET camera has a finite axial field of view, regularly 10 to 
15 cm. This could be compensated by moving the patient 
stepwise in front of the camera. Another limitation is that 
the method can’t discriminate the radiolabelled metabolites 
with the original compound.

Conclusion

Drug deposition is an important factor influencing the 
absorption and efficiency of nasal sprays in the nasal cavity. 
Deposition pattern of nasal sprays is dependent on multiple 
factors including device, formulation and administration 
technique of patients. Among them, device factors included 
emitted dose volume of the device, spray pattern and plume 
geometry, droplet size distribution and velocity of emitted 
droplets. Viscosity, thixotropic property and surface tension 
were considered to be the important formulation factors 
influencing nasal deposition of spray. In addition, adminis-
tration technique included head orientation, administration 
angle, spray nozzle insertion depth and breathing profile. 
And imaging methods could be used to predict and visual-
ize the deposition of nasal formulation. For manufacturers, 
drug deposition can be improved by device and formulation 
technologies to get ideal therapeutic effect of nasal sprays. 
The review provided important theoretical and experimental 
knowledge to control the deposition pattern of nasal sprays 
in order to achieve better therapeutic effect in the clinic.
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