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Summary 
 

Vaccination is undoubtedly one of the most successful inventions in medical history. But today the number of 
people refusing vaccines is increasing mainly in developed countries. Avoiding syringe and needle by using 
alternative administration routes is one opportunity to tackle this issue. For this purpose nasal administration of 
powder vaccine formulations offers some great advantages. Nasal drug delivery is non-invasive, well accepted 
and with respect to vaccines it leads to a better immunisation especially in younger patients. In this work a nano-
in-microparticle (NiM) vaccine formulation was prepared and analysed with respect to its deposition profile in a 
child’s and an adult’s nose by using two nasal cast models (from Boehringer Ingelheim) with and without 
mimicked inspiration. Nanoparticles were achieved via ionic coacervation of chitosan and sodium deoxycholate. 
Bovine serum albumin was used as model antigen and was encapsulated in the nanoparticles. To obtain a dry 
powder NiM formulation the nanosuspension was spray dried using mannitol as matrix. Physical and chemical 
stability of the nanoparticles is unaffected by the spray drying process. The final formulation was administered 
with a device for nasal powder application (Powder UDS, Aptar Pharma). The studies show that the amount of 
vaccine formulation which is deposited in the desired regions (entire nasal cavity without nostrils) as well as the 
distribution within the nasal cavity differs between adult and child. Nasal deposition averaged 83.5% (of the 
delivered dose) without air flow and 72.4% with air flow for the adult’s model; for the child’s nose, it averaged 
79.5% and 74.2%, respectively. For both models the amount of vaccine that has been deposited in the desired 
regions was higher without simulated inspiration. Application without inspiration was probably also easier to 
perform for patients and healthcare staff. 
 
Introduction 

 
In 1796 Edward Jenner performed the first vaccination. Since then, vaccination undoubtedly became one of the 
most game-changing inventions in medical history. It is a subtle irony that this success, today, is leading to the 
public assumption that the severity of these diseases has decreased. This assumption in combination with needle 
phobia causes many people to refuse vaccines

1
. An alternative administration route is one opportunity to address 

that problem. The mucosa as part of the first line defence is well equipped with immunocompetent cells. About 
80% of all immunocompetent cells in the human body are gathered in this organised and intercommunicating 
structure
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 that is called “common mucosal immune system”

3
. M-cells, which are located in the nasopharynx-

associated lymphoid tissue (NALT) can take up nano –and microparticles up to 10 µm in diameter and hand them 
over to underlying dendritic cells (DCs). Apart from induction of a systemic humoral and cellular immune 
response, this leads to local processing resulting in IgA-producing plasma cells at the effector sites. SIgA is 
secreted directly into the mucus, it has a high proteolytic resistance and is able to entrap pathogens directly 
before they can penetrate across mucosal membranes into the human body

4
. By using an alternative 

administration route without syringe and needle an enhanced patient compliance can be assumed for a dry 
powder vaccine formulation, which is administered intranasally. Additionally, such a product would be very easy to 
handle and use as it could be administered by trained healthcare staff or even by the patient itself. Nasal 
administration of vaccines can lead to a higher immunisation rate especially in children as it was shown for Fluenz 
which is a live attenuated influenza vaccine that is administered intranasally as a suspension

5
 There are also 

some advantages of a dry powder formulation compared to a suspension, like increased thermal and storage 
stability and decline in transport costs due to a lower weight compared to aqueous vaccine products. It would be 
advantageous to have one product for all patient groups, but this requires comparable delivery of the vaccine 
formulation to the effector site, hence, the nasal cavity. In this work a nano-in-microparticle (NiM) dry powder 
vaccine formulation was prepared and analysed with respect to its deposition profile inside an adult’s and a child’s 
nose after application with a nasal powder device using two nasal cast models. The aim of this study was to use 
both models to gain knowledge about the deposition behaviour of the prepared formulation and to identify 
possible differences in the profiles. Subsequently, this knowledge should be used to optimise the formulation and 
chose the right device, separately for each group, for a more patient centred product. 
 
Materials and Methods 

 
Preparation of the nanoparticle suspension  

Chitosan (Chitopharm S, Cognis GmbH, Monheim, Germany) was dissolved in 1% acetic acid, resulting in a 
0.1% solution. 5 mg/mL bovine serum albumin (BSA, Merck KGaA, Darmstadt, Germany) as model antigen and 
0.2% sodium deoxycholate (DCA, Carl Roth GmbH+Co. KG, Karlsruhe, Germany) as ionic gelator were dissolved 
together in double distilled water (ddH2O). PBS buffer pH 7.4 was added to the chitosan solution then the pH-
value was adjusted to 5.5 using 1 M sodium hydroxide (NaOH). Subsequently, the DCA solution was added under 
stirring (650 rpm) into the chitosan solution to induce ionic coacervation.  



Particle size measurement by photo correlation spectroscopy  
The particle size distribution of the primary nanoparticles was analysed via photon correlation spectroscopy using 
the ZetaSizer Nano ZS (Malvern Instruments, Malvern, UK). The nanosuspension was measured directly after 
preparation; the spray dried product was reconstituted in PBS buffer. Prior to the measurements all samples were 
filtered through a 1 µm filter. Results are given as mean z-average of the triplicate.  

 
Spray drying 

In order to achieve a dry powder formulation the obtained nanosuspension was spray dried using the Mini Büchi 
B-290 (Büchi Labortechnik AG, Flawil, Switzerland). Prior to spray drying a 10% (w/w) mannitol solution was 
added to the nanosuspension in a one plus one ratio. Process parameters were 115°C inlet temperature and 
50°C outlet temperature with a 2.20 mm nozzle used to atomise the suspension.  

 
Particle size measurement by laser diffraction 

The particle size distribution of the spray dried powder was analysed by laser diffraction with pressurised air 
dispersion (HELOS with Rodos module, 3 bar dispersion pressure, Sympatec, Clausthal-Zellerfeld, Germany). All 
results are mean of a triplicate. Results are given as x10, x50 and x90 of the volume distribution with standard 
deviation.    
 

Nasal cast models 
Two different nasal cast models
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 (Boehringer Ingelheim, Ingelheim, Germany) were used. Both are made from CT 

scan data, one is representing a five year old boy, the second an adult male. Both casts consist of five 
segments: nostrils, nasal vestibule, lower turbinates, middle and upper turbinates and nasopharynx representing 
different regions of the human nasal cavity (figure 1). Both have an opening at rear end (after nasopharynx) to 
allow collection of the post-nasal fraction and for simulating an inspiration air flow by attaching a regulated 
vacuum pump. 
 

Devices for dispersion and nasal administration 
To administer the formulation into the nasal casts the Powder UDS device from Aptar Pharma (Louveciennes, 
France) was used (figure 2). The powder was filled into the main container (1) which is sealed with a plastic 
ball (3). Then the plastic thorn (2) was put in from the other side, subsequently the system was closed using an 
assembling tool. When the device is used, the air in the system is compressed, the bar (4) pushes up the thorn 
when the thorn reaches the ball, it is pushed up, now the compressed air flows through the container and the 
powder is entrained. The Powder UDS is a single dose device which is designed as disposable device. Devices 
were filled manually on a highly accurate balance (Sartorius, WMC6014-d) with about 25 mg of the NiM powder 
per device and stored at 23% relative humidity and room temperature for 24 h prior to analysis.     

 
Figure 1: Regions inside the nasal cavity. 

 
Figure 2:  Powder UDS device with schematic inner construction. 

  
Nasal deposition analysis 

To analyse the powder deposition inside the nasal cast model all five segments were moisturised with double 
distilled water to mimic the mucus covered environment in the nose, then the device was placed at the entrance 
of the nostrils and was actuated. Experiments were performed without air flow (0 L/min) to mimic a breath holding 
patient and with moderate air flow of 15 L/min and 10 L/min for the adult and the child model
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, respectively. 

Subsequently, all segments were rinsed separately with ddH2O using 5 mL and 2.5 mL for the adult and the child 
cast model, respectively. In order to determine the deposition profile the BSA content in each segment and in the 
post-nasal fraction was analysed via BCA assay (Thermo Scientific, Rockford, USA) with a detection limit 
of 0.5 µg/mL. All experiments were performed in triplicate (n=3). Results were compared to a calculated ideal 
deposition profile. The ideal profile was calculated as the same amount of vaccine formulation (based on the 
antigen BSA) per surface area in each segment with the exception of the nostrils. Powder that is deposited in the 
nostrils can be removed unwantedly and easily by sneezing or cleaning the nose, whereas DCs can be found 
throughout the complete inner surface of the nasal cavity. Hence, is reasonable to make use of the complete 
surface. Further, clearance of particles being deposited in the turbinates will take longer than clearance of 
particles from the nasopharynx so that there is a certain depot effect.       
 



Results and Discussion  

 
The investigated dry powder vaccine formulation consists of nanoparticles obtained via ionic gelation of chitosan 
and sodium deoxycholate; these nanoparticles, in which BSA is encapsulated as model antigen, were embedded 
into a mannitol matrix via spray drying. While 9.17% of the antigen was encapsulated in the nanoparticles, the 
remaining part was homogenously distributed in the fast dissolving mannitol matrix (data not shown). The 
mannitol matrix stabilised the primary nanoparticles for storage and transport and eased the powder handling. 
The final composition of the spray dried product is given in table 1. The mean size of the nanoparticles was about 
280 nm prior to spray drying and after reconstitution (figure 3). 
 
Table 1:  Composition of the spray dried NiM formulation. 

component relative amount 

Chitosan 0.4% 

Sodium deoxycholate 0.4% 

Bovine serum albumin 1.0% 

PBS salts 1.0% 

Mannitol 97.2% 
 

 

 
Figure 3:  PCS data of the nanosuspension (dashed) and the  
  reconstituted spray dried product (solid) (n=3). 

Laser diffraction data of the spray dried nano-in-microparticles are shown in figure 4. The powder was distributed 
monomodally with an x10 of 1.03 µm (±0.162 µm), an x50 of 3.82 µm (±0.098 µm) and an 
x90 of 7.66 µm (±0.393 µm), respectively. This size distribution was confirmed by SEM (figure 5).  

 
Figure 4: Particle size distribution by laser diffraction of the  
  spray dried nano-in-microparticles (n=3). Black and  
  grey lines represent the sum and the density   
  distribution, respectively. 

 

Figure 5: SEM image of the spray dried product. The picture shows 
agglomerates of smaller spray dried particles. The 
particles are fairly round with a slightly rough surface. 

When the results obtained for deposition of the NiM vaccine formulation (measured as % BSA of total recovered 
BSA) administered by the Powder UDS in the adult cast model (figure 6) are compared to the calculated desired 
profile, it can be seen that for the nasal vestibule and nasopharynx the deposited amount of formulation was quite 
close to the ideal one, which does not apply for the lower turbinates. The lower turbinates are located at the 
underside of the central region (in horizontal direction) of the nasal cavity (figure 1). As the formulation was 
administered with high velocity in an upward direction, it tended to impact in the upper parts of that region (middle 
and upper turbinates) if it was not already deposited in the nasal vestibule. Applying an air flow led to a slight 
decrease in every region of the nasal cavity and a sharp increase in the post-nasal fraction that rose from 5% to 
18.1%. Thus, the total amount of vaccine deposited in the desired regions declined from 83.5% to 72.4% of the 
delivered dose. Following this an administration without air flow seems favourable.  

 

Figure 6:   Nasal deposition of BSA in the adult cast model with (dark grey) and without (light grey) air flow compared to the ideal profile 
(hatched). Error bars represent the min and max values of the triplicate. 



Looking at the results for the child cast model (figure 7) it is obvious that the desired profile is missed. More than 
one third of the formulation was already deposited in the nasal vestibule both with and without air flow. The nasal 
vestibule in a child’s nasal cavity is a region with very narrow airways where the powder thus was deposited. In 
addition to that, the spray puff is mainly directed onto that region. In this regard, it would be interesting to test 
other devices or to think about an adapter for children to put onto the Powder UDS to make the profile more 
homogenous and bring it closer to the ideal one. Nonetheless, it can be assumed that the formulation, which is 
deposited in the anterior regions, will partly and slowly be transported to the posterior regions via the nasal 
clearance
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. Applying an air flow only led to a slight shift towards the posterior regions and a moderate increase in 

the post-nasal fraction from 9.9% to 13.4%, but also to a higher variability, especially in the nostrils and the nasal 
vestibule. In sum, by applying an air flow the total amount of vaccine that was deposited in the desired regions 
decreased slightly from 79.5% to 74.2%. 

 
Figure 7:  Nasal deposition of BSA in the child cast model with (dark grey) and without (light grey) air flow compared to the ideal profile (hatched). 

Error bars represent the min and max values of the triplicate.  

 

For both cast models it can be concluded that the total amount of vaccine that was deposited in the desired 
regions was higher without applying an air flow. This observation fits even more to the adult than to the child cast 
model. Applying an air flow to the adult cast model causes a sharp increase in the post nasal fraction, because 
the small powder particles are able to follow the air flow across the entire nasal cavity. This is not true for the child 
model, where the airways are much smaller and narrower so that the particles also impact in the nasal cavity 
upon simulated inspiration. On the other hand these small airways are responsible for a high deposition of product 
in the nasal vestibule with and without air flow.  
 
Conclusion 
 

In this work a dry powder nano-in-microparticle formulation for intranasal delivery was tested with respect to its 
deposition profile inside the nasal cavity using two different nasal cast models, one representing a child at the age 
of five, second representing an adult male. The results show that the deposition profile obtained with the adult 
cast model without air flow comes close to the ideal profile. This does not apply for the child cast model where the 
amount of product deposited in the nasal vestibule is about 40% that is a high amount of vaccine in a rather small 
region regarding the surface area. By applying an air flow the post nasal fraction in the adult cast model increases 
to a value of 18.1% that may be problematic with respect to regulatory requirements for nasal products. For the 
child cast model applying an air flow decreases the amount of vaccine deposited in the vestibule region slightly, 
but in turn also increases the post nasal fraction. The results show that attention to the anatomical differences 
between adult and child is necessary when developing a formulation-device combination that shall meet the 
requirements of both children and adults. With formulation optimisation and the use of alternative devices this 
problem will be addressed in future work.  
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