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ABSTRACT

Nasal drug intake has been a priority in scientific research for decades, as it offers many advantages
in the targeted delivery of active ingredients. Various drug delivery systems and devices are being
developed, which significantly contribute to increasing the effectiveness of therapies and patient
comfort. The advantages of intranasal drug administration are indisputable, since the nasal mucosa
provides an excellent surface for quick and effective absorption of active ingredients. The large
expansion of the nasal surface and intensive absorption allow certain active substances to enter
directly into the central nervous system bypassing the blood-brain barrier. Pharmaceutical forms
that can be administered to the nose are typically solutions or liquid-dispersed systems such as
emulsions and suspensions. In recent years, the development of nanostructured drug carriers has
undergone significant development. Solid phase heterogeneous disperse systems represent a new
direction in pharmaceutical technology, allowing the effective delivery of a wide range of active
ingredients. The aim of our research was to create a solid drug delivery system that combines the
known benefits. In the application of nanoparticles, we not only exploited the size advantages, but
also used the adhesion and penetration enhancing properties of the excipients to increase
efficiency. In addition to medicated nasal treatments, nowadays more and more emphasis is placed
on respiratory protection, both infectious and non-infectious, but against harmful environmental
influences. In addition to diseases caused by environmental pollution, more and more attention is
being paid to the possibilities of personalized protection against various pathogens. In the
development of innovative protective equipment, not only medicine, but also engineering and
technological research play a prominent role. One promising solution is to use customized nasal
filters that provide effective protection against environmental pollutants and pathogens. These tiny
nasal devices can individually filter out dirt, allergens and microorganisms from the air we breathe.
Another benefit of personalized nasal filters may be that they can help boost your immune system.
These devices offer medicine the opportunity to adapt protection to the genetic and immunological
peculiarities of the individual. During development, the goal is not only to increase the efficiency
of the devices, but also to take into account user needs, since convenience and portability are key
factors in successful application. Industrial research is increasingly striving to translate
technological innovations into easy-to-use forms in everyday life. Based on this, it can be
concluded that customized nasal filters offer an innovative and promising opportunity to protect

against air pollution and pathogens. Through technological research and development, these



devices can have a significant long-term impact on both human health and the environment. New,
unique solutions and ongoing research give us hope that in the future we will be able to protect our
health in even more effective and sophisticated ways, despite ever-changing environmental
challenges.



1. INTRODUCTION

1.1.  The role of nasal drug therapy in modern drug therapies

The use of drugs that can be injected into the nose has long been in the center of scientific interest,
since the beneficial properties of the nasal mucosa promote the absorption of active ingredients.
The nose lining not only offers a big area for taking in active parts, but it also helps the medicine
get straight to the brain, skipping the blood-brain barrier [1]. Also, breaking down drugs in the
liver may be lessened, boosting how well they work [2]. Many studies have shown that different
active things, including big bits like proteins and peptides can be taken in through the nose into
general flow especially when helpers that make things easier to pass are used. The importance and
availability of nasal drugs of systemic action is constantly increasing [3]. The use of these
preparations is especially beneficial for diseases that require quick and effective treatment. Nasal
pharmaceutical forms are mostly solutions or liquid-dispersed systems such as emulsions and
suspensions [4]. Although these dosage forms are easy to prepare and their stability is excellent,
patients often complain that fluid flows down the pharynx, resulting in an unpleasant taste [5].
From a pharmacological point of view, another challenge is the rapid elimination of active
substances. Such problems can be corrected by using appropriate excipients that increase adhesion
and prolong drug retention [6]. The aim of the research was to produce and investigate new solid
lipid nanoparticles to increase the penetration of the active substance. In addition to the API
formulation, an innovative nasal medicine delivery device was developed, which was later tested.
Chlorpromazine (CPZ), which is an antagonist of dopamine receptor D2 and receptors D3 and D5,
is primarily used to treat psychotic disorders such as schizophrenia and bipolar disorder [7]. In this
research, chlorpromazine was chosen as the active ingredient because it is analytically well
characterized and reducing its therapeutic dose can reduce common and serious side effects. These
include dyskinesia, drowsiness, dry mouth, orthostatic hypotension, and weight gain [8]. Serious
adverse reactions include tardive dyskinesia, neuroleptic malignant syndrome, seizure threshold
reduction and leukopenia. It may increase the risk of death in elderly dementia patients and its
safety during pregnancy is unclear [9]. Nanoparticles, as modern therapeutic systems, have ushered
in a new era in drug administration. These systems allow targeted delivery of the active substance

to tissues and cells while minimizing systemic side effects and toxicity [10]. As a result, new



opportunities have opened up in the diagnosis and treatment of various diseases. Due to the wide
range of applications of nanoparticles, they can play an important role in the treatment of serious
diseases such as tumors [11]. Biodegradable nanoparticles can be produced, for example, using
polylactic acid (PLA), polylactic glycolic acid (PLGA) or polymethyl methacrylate (PMMA) [12].
Polymer-drug conjugation allows targeted therapy, which is especially effective when penetrating
amphiphilic excipients are used. Surfactants are widely used in pharmaceutical technology
developments, especially to improve the bioavailability of water-insoluble drugs [13]. These
substances are able to modify the structure of permeability barriers, promoting better absorption
of active substances. However, they can also cause local irritation and cell damage as
disadvantages, therefore in vitro cytotoxicity studies are essential [14]. Studies have shown that
the combination of penetrating substances and polymers is a promising option for increasing the
efficacy of active substances [15]. Self-assembling emulsion systems can be formed by titrimetric
dilution with appropriate surfactant combinations. Since safety is of paramount importance for all
medicinal products, the developed systems have been subjected to biocompatibility tests. The
applied tests were performed on RPMI 2650 immortalized nasal epithelial cell lines with MTT
viability test, which confirmed biocompatibility [16]. Currently, one of the most dynamically
developing areas of pharmaceutical technology is the production of nanoscale carrier systems [17].
During our experiments, the formulation technique was selected based on reliability and
efficiency. Spray drying technology, which has shown outstanding development in recent years,
is one of the most promising methods [18]. The solid-phase nanoparticles were produced with the
Biichi Nano Spray Dryer B-90 HP, which is ideally suited for laboratory nanoparticle formulations.
The production of nanostructures takes place in four steps: sample preparation, atomization and
drying of droplets, capture of particles on the electrode, and recovery of the final powder [19].

The physical parameters of the nanoparticles were analyzed with Malvern Nano Zetasizer ZSP
[20], while morphological analysis was performed by scanning electron microscopy (SEM) [21].
The accurate and efficient administration of nano powders also required the development of a
unique dosing device, which was made with FDM 3D printing technology. The devices were
designed taking anatomical features into account, and then fine-tuned based on feedback from
volunteers. Our results may provide useful data for future developments in nasal drug delivery

systems.



1.2.  The role of personal nasal protective device therapy in respiratory pandemics

Recent epidemiological events have brought about significant changes in people's behaviour and
attitudes towards personal protection [22]. Mask-wearing, hand hygiene, social distancing,
telecommuting and vaccinations have become integral parts of our everyday lives during the
protection against the virus [23]. These behavioural changes have reinforced the recognition that
individual and collective responsibility is key to the effective management of infectious diseases
[24]. While some protective measures may reduce the further spread of the pandemic, others may
have long-term impacts on social norms and practices [25]. In the post-pandemic era, the lessons
learned through behavioural change are likely to contribute to addressing future pandemics and
other public health crises [26]. Continued advancement of public health knowledge, easy access
to health care and effective communication between governments and communities will be
essential to maintain protective behaviour in the coming decades [27]. Respiratory diseases may
pose a more serious threat to other infections, considering how the infection spreads, the
importance of the respiratory system, and the potential for rapid spread in communities [28]. Such
diseases pose significant health risks because they are spread through respiratory droplets, usually
in the form of viruses or bacteria that can be inhaled by other people [30]. This type of spread
makes them particularly contagious, especially in crowded, confined spaces. Respiratory
infections are accompanied by various symptoms [31], which can range from breathing discomfort
to severe difficulties that can greatly reduce quality of life [32]. Some infections can worsen
quickly, leading to acute respiratory distress syndrome (ARDS), which can cause severe
pneumonia and may require mechanical ventilation. In ARDS, damage to the lungs compromises
oxygen exchange. COVID-19, SARS, and MERS can also cause severe respiratory illnesses [33],
often associated with extremely high mortality, especially among the elderly, children, and
chronically ill. Other respiratory diseases, such as flu and cold viruses, cause seasonal outbreaks
[34], which can put a heavy strain on healthcare systems, especially during epidemics. Although
some respiratory infections can be treated with antiviral medications, treatment options for other
viruses are limited. Vaccines against them already exist, but vaccines against seasonal or new
agents with genetic mutations can take a long time to develop. Influenza and coronaviruses, such
as RNA viruses, are capable of rapid mutation [35], which can lead to the emergence of new,
higher virulence strains, thus complicating vaccine development. In addition to infectious agents,

it is important to take into account the effects of increasing air pollution, which also aggravate the



situation. Air pollution reduction has been at the heart of health problems for decades [36], but it
has now become a global problem affecting millions of people worldwide. The health effects of
air pollution are already widely known, and research has confirmed its long-term adverse effects
[37]. Air pollution increases respiratory diseases such as chronic obstructive pulmonary disease
(COPD), asthma, and acute respiratory infections [38]. Due to the different particle sizes of
harmful substances, protection is particularly difficult (Figure 1). Many substances are particularly
dangerous because they can penetrate deeper areas of the lungs and cause inflammation in the
bloodstream [39]. Several studies have shown that air pollution increases the risk of cardiovascular
diseases such as heart attack, stroke, and hypertension [40]. In addition to long-term air pollution,
it increases the risk of lung cancer and other cancers, including bladder and breast cancer [41].
Substances in polluted air can also cause neurological disorders such as Alzheimer's and
Parkinson's disease [42]. Research has shown that prenatal air pollution is associated with adverse
birth outcomes such as low birth weight, premature birth, and developmental problems [42]. The
adverse effects resulting from air pollution clearly show that air purification is of paramount
importance not only from a health point of view, but also from an epidemiological point of view
[43].

HYPERFILTRATION ULTRAFILTRATION

Separation Process MICROFILTRATION

Micrometers (pm) 0.001 0.01 0.1 1.0

Size of Filtered Materials

Angstrom Units (A) 10 100 1000 104

Figure 1. Sizes of filtered materials (um and A) and possible separation processes.



1.3. The importance of Individual Nasal Filters in Modern Air Quality Management

Modern air quality management (AQM) systems are based on complex, strategic solutions.
Various tools can be integrated into the sorter (Figure 2). Nasal filters are usually small, devices
that, when discreetly placed in the nostrils, act as a mechanical barrier to prevent particles and
pollutants from entering the airways [44]. They are usually made of hypoallergenic materials [45].
One of the biggest advantages of nasal filters is their ability to protect our respiratory system from
various pollutants in the air [46]. As a result, they provide protection against respiratory irritants,
reducing the risk of developing allergies, sinus infections, and other respiratory problems [47]. By
preventing harmful particles from entering the lungs, nasal filters can play a significant role in
protecting the respiratory system [48]. The biggest advantage of these tools is that they provide
solutions to multiple problems individually [49]. Nasal filters are a practical and convenient
solution for maintaining clean air. Their compact size and ease of use make them a portable and
discreet option for people of all ages. Unlike masks or respirators, nasal filters do not obstruct the
face, making it more comfortable to wear for extended periods of time [50]. Plus, they are
disposable or easy to wash, ensuring regular replacement for optimal operation. In the broader
context of air quality management, the use of nasal filters can bring environmental benefits. By
providing personalized clean air, these filters can reduce the need for energy-intensive air purifiers

and contribute to reducing your carbon footprint [51].

ESTABLISH
GOALS

UNDERTAKE DETREMINE
ONGOING HARMFUL
EVALUATION

DEVELOP
Personalized Nasal CONTROL
Protective Devices STRATEGIES

IMPLEMENT
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Figure 2. Implementation of personal nasal filters in AQM systems.



1.4. Nasal Filter Design and Development: Harnessing Technology for Respiratory Health

The aim of developments nowadays is to develop effective and personalized nasal filters using the
latest technologies [38]. Materials science plays an unquestionably key role in the development of
nose filters. Research involves testing new, biocompatible, hypoallergenic materials [42]. The
development of nanotechnology has made it possible to produce nanofiber filters that provide
excellent filtration performance without compromising breathability. Due to their sophistication,
these filters can effectively block fine particles, allergens, and even harmful microorganisms [52].
Computational fluid dynamics modeling (CFD) has established and now serves as a proven tool
in simulating and investigating nasal airflow dynamics [53]. CFD simulations can effectively help
fine-tune filter geometry and size, reducing the chance of air leakage at the edges of the filter [54].
Three-dimensional printing and rapid prototyping offer new possibilities for fast and cost-effective
design of nose filters [55]. Thanks to these technologies, it is now possible for researchers to
receive real-time feedback from users while experimenting, allowing them to refine designs before
mass production [56]. In addition, it is important to emphasize that the development of sensor
technology has opened up new horizons for intelligent nose filters [48]. Filters integrated into
sensors can monitor air quality in real time and provide information on both the presence of
pollutants and health risks [49].

This improved technology ensures that plastic waste and pollution is not growing simultaneously
with the process [46]. Moreover sustainable, biodegradable filters might offer a green alternative.
Chitosan, a well known biodegradable polymer, has great potential in developing nasal filters due
to its ability to adhere to the nasal mucosa and provide long-term release of active ingredients [58].
Biodegradable polymers such as polylactic acid (PLA) and poly(I-lactic acid-co-glycolic acid)
(PLGA) are promising in drug administration and are able to encapsulate drug molecules,
protecting them from degradation and providing directional release [59]. Biodegradable hydrogels
can also be used as drug carriers, providing a slow release of drugs while providing a

biocompatible environment for drug transport and absorption.



1.5. The Operational Principles of Healthcare Nasal Filters: Design Perspectives

A key factor in the usability of health nose filters, in addition to effectiveness, is shape and fit. A
well-designed filter should adapt to the structure of the nasal passages, providing thorough
coverage and secure sealing. Proper airflow control is, of course, vital to nose filter performance
[55]. The filter must strike a balance between easy breathing and sufficient airflow, while
providing sufficient resistance to trapping harmful particles [50]. Health nose filters rely on both
mechanical and electrostatic filtration processes. The design of the material used to create them
ensures an optimal combination of surface filling and filtration efficiency. Among users,
convenience and efficacy play the most important role in applying [50]. To enhance compliance,
filters are designed to be lightweight, non-intrusive, and gentle on the nasal passages. In addition,
hypoallergenic materials also help minimize the risk of irritation or allergic reactions, allowing
their use by a wider range of individuals. Durability and reusability are also key considerations
when designing health nose filters. By using durable materials and modular design, manufacturers
can create filters that can withstand repeated use and cleaning [51]. The design principles behind
health nose filters focus not only on performance, but also on optimizing comfort and user
experience. By carefully considering factors such as shape, fit, airflow, filtration, comfort, stability
and durability, designers create filters that provide effective protection against airborne pollutants
and allergens. These design strategies evolve as materials and technology evolve, positioning

health nose filters as vital tools for maintaining respiratory health in a variety of environments



2. OBJECTIVES

Our research and development activities aimed to create an innovative nasal protective device
and a specialized drug delivery system that combined the benefits of nasal filtration and drug
administration. The main objectives were the following:

We aimed to create a nasal filter with market potential, capable of providing effective protection
against inhaled harmful substances and pathogens.

Our goal was to create a device that could be used both for air filtration and the intranasal
administration of pharmaceutical compounds.

To enhance intranasal drug delivery, our aim was to develop different nanometer-sized drug
carrier systems composed of penetration-enhancing excipients. These systems optimized the
efficiency of drug absorption through the nasal mucosa.

A key goal was to conduct detailed analyses of the physical and chemical properties of the drug
delivery systems. Additionally, our aim was to emphasize safe application by subjecting the
nanocarrier systems and their components to rigorous biocompatibility tests.

Our aim was to establish a solid scientific foundation that could contribute to the long-term
advancement of intranasal drug formulation and the development of personalized protective
devices in the pharmaceutical industry and healthcare innovation.



3. DESIGN AND PROTOTYPE DEVELOPMENT OF A CUSTOM NASAL FILTERS

Respiratory allergies and diseases are commonly caused by airborne allergens present in our
environment. While improving overall air quality is an arduous and often impractical task, current
efforts to mitigate air pollution frequently exacerbate the problem rather than solve it. Given these
limitations, enhancing personal protective equipment (PPE) represents a more feasible and
immediate solution. An ideal PPE should be simple, cost-effective, efficient, durable, and
aesthetically unobtrusive. At present, surgical masks are the most commonly used form of airway
protection. Despite significant advancements since their inception centuries ago, masks alone do
not provide adequate protection against all airborne hazards. On the other hand, gas masks, while
highly effective, are impractical for daily use due to their bulky design. The situation detailed
above inspired the project, in which we apply a new approach to creating a unique nasal filter. The
nasal filtration system consists of two subtypes: the nasal internal filter (NIF) and the nasal
emergency/ external filter (NEF). These small portable individual devices are discreet, allowing
users to wear them without any hassle wearing them. In operation, the device uses exclusively
physical mechanisms, does not require external support, for example, a power source. It offers a
wide range of customizable options to meet individual needs and ergonomic protection specifically
for the nasal passages, which serve as the primary interface for air exchange between the body and
the external environment. The improved nose filter can be considered a miniature, highly effective
gas mask, designed to fit perfectly into the nasal cavity, providing targeted protection against
airborne contaminants while maintaining user comfort and convenience, which was the most

important goal of the project.



3.1.  Design of the Nasal Internal Filter MK.1 (Mark 1)

The first prototype, designated is the MK.1. This device comprises two main components: the
Shell and the Mobile Phase. The Static Phase called the Shell serves as the structural framework,
encapsulating the entire mechanism and providing the interface with the user’s nasal cavity.
Located directly behind the nostril, Shell is designed in a circular or ergonomic shape to provide
an optimal fit and comfort for each user. The inner wall of Shell is made of polymer so robust and
durable that it guarantees precise and reliable mobility of internal components. In contrast, the
outer layer is coated with a soft, flexible polymer to match the individual contours of each user's
nasal cavity, increasing comfort and stability. In the design, it is clear that the mobile phase
includes the tunnel, which performs two main functions. First of all, it acts as a housing for the
filter core, which is considered a critical element of the filtration mechanism. Secondly, it can be
seen that the tunnel plays a central role in the bidirectional airflow system, which is a unique
feature of the nose filter, which we developed within the framework of the Project Divine Wind
initiative.

Figure 3: NIF MK. 1 - looking from the intake side

To ensure the applicability in different filtration needs, three variations of the Tunnel have been
designed for the MK.1 prototype. The Standard Short Tunnel is found to be ideal for compact
Cores, by offering a compact and efficient design. The Extended Tunnel is tailored for longer

Cores, providing increased filtration capacity. For even more advanced needs, the Extended Finned



Tunnel is available, which is also designed for longer Cores but features an expanded surface area
for enhanced air exchange. The diagram below (Figure 4) illustrates the working mechanism of

the NIF MK.1, demonstrating how its static and mobile components interact.

Figure 4: Interaction between parts of the NIF

\\V2

During the inhalation phase, (Figure 5) the inhalation flow (represented by blue arrows) drives the

mobile phase into the closed position, as depicted above. This action causes the tunnel to seal the
air vents at the rear of the nasal filter, effectively directing the airflow through the central part of
the tunnel, where the core filter is located. As the air passes through the tunnel, it is purified (Light
blue arrows). The suspension in this case rebounds to secure the mobile phase in the closed

position, with sufficient rebound force to maintain the mobile phase in place.

\
-

Figure 5: NIF during inhalation phase

During exhalation, (Figure 6) the exhalation flow (represented by red arrows) passes through the
air vents, exiting the nasal filter without re-entering the filter. There are two primary reasons for
the need of a secondary air passage: first, the exhalation pressure is stronger, and providing an
unobstructed air passage enhances comfort for the user; second, the exhalation pressure could
potentially dislodge the core filter, and the secondary air passage serves as a pressure relief
mechanism to prevent this, given that the core filter is replaceable. The suspension rate must also



be sufficiently soft to allow movement of the mobile phase without creating unnecessary
resistance. This requires testing (appropriate spring rate and rebound) to determine the optimal

suspension setting.

Figure 6: NIF during exhalation phase

Core — The heart and soul of this system, the core is a half-cone-shaped filter, which is a distinctive
feature of the nasal filter's design. The core is replaceable, allowing users to purchase only the
nasal filter body initially and replace the core when it is depleted. The old core can be easily
removed and a new one inserted, enabling the user to keep the filter body while only needing to
buy new cores. The half-cone shape of the core ensures it fits correctly into the tunnel. This design
benefits both users and manufacturers: users only need to buy the body once, which is a high-
quality product, while cores are relatively inexpensive. For manufacturers, selling cores provides
a steady revenue stream, as demand for cores is consistent, with weekly or daily sales.
Additionally, replaceable cores offer the advantage of interchangeability, meaning users can
choose from various types, such as a standard dust filter or specialized filters like SYNFASAN
G3. This provides both buyers and manufacturers with endless options. Three types of cores have
been designed and will be detailed further in later sections. Suspension — The coil spring that keeps
the tunnel in the closed position during inhalation, as discussed earlier, must have a spring rate soft
enough to allow compression during exhalation while maintaining enough rebound force to keep
the tunnel securely in place. Connection bridge — A thin yet incredibly strong bridge that connects
and stabilizes the left and right nasal filter bodies, positioned just beneath the nose's bridge. The
design of the initial prototype of the nasal filter incorporates several notable advantages. A key
innovation is the two-ways airflow system, which ensures efficient air exchange. The device
features interchangeable and replaceable cores, allowing for easy maintenance and customization

to meet specific filtration needs. The chassis is robust and crafted from high-quality materials,



ensuring both strength and flexibility. Its ergonomic design includes a soft outer shell that
conforms to the unique shape of each user’s nasal cavity, providing a comfortable and secure fit.
Aesthetically, the nasal filter is nearly invisible when worn, helping users feel more confident by
avoiding unwanted attention. However, the design does present some challenges. The small
diameter of the filters can reduce airflow, potentially making breathing more difficult.
Additionally, the system’s complexity may lead to higher production costs, which could raise the

price and limit accessibility.

3.2.  Design of the Nasal Internal Filter MK.2 (Mark 2)

To improve on the design of the first model, the MK.2’s aim is to maximize the surface of air

exchanging.

Figure 7: NIF MK.2 perspective view of parts

Figure 8: NIF MK.2 working mechanism



(Figure 8) During inhalation (Left panel) the tunnel is fully closed forcing the air to go through the
filter core. During exhalation (Right panel) the tunnel is pushed forward to reveal 3 vents where
the higher pressure expiratory air flow can escape easily.

The updated design incorporates a coil spring to enhance the mechanism's functionality. The
spring’s damper and rebound settings must be carefully calibrated to ensure optimal performance:
the damper should be soft enough to allow air pressure to open the system, while the rebound must
be firm enough to maintain its closed position. The coil itself is made from an ultra-thin yet durable
stainless steel filament, finer and thinner than a typical ballpoint pen spring but produced using a
similar manufacturing process. A notable addition in the new design is a railing frame, represented
by the gray component, which guides the mechanism’s movement. This frame is crafted by folding
thin, pressed metal sheets into a tubular shape, requiring an extremely precise and delicate
manufacturing process. The material must be strong enough to resist deformation while also being
capable of collapsing safely in the event of an impact, such as accidental nose trauma while
wearing the filter. This collapsible feature ensures that the shell remains intact to prevent sharp
fragments from entering the nasal cavity or respiratory tract, thereby minimizing potential risks.
The MK.2 design offers a significant advantage by maximizing the surface area for air exchange.
The tunnel frame’s diameter has been expanded to optimize airflow efficiency. However, some
challenges persist. The thinner tunnel construction makes it more fragile than the original model,
and the increased design complexity could pose manufacturing difficulties. Additionally, the
presence of protruding moving parts may be distracting or uncomfortable for the user.



3.3.  Design of the Nasal Internal Filter MK.3 (Mark 3)

The model MK.3 serves as an effective compromise between the previously designed first and
second nasal filter systems. according to the observations it combines the larger diameter filtering
tunnel of the second system while keeping all moving parts enclosed within the shell, eliminating

any potential distractions for the user.

Figure 9: NIF MK.3 perspective view of parts

(Figure 10) During inhalation (left panel), the tunnel is pushed into the closed position, forcing air
to pass through the filter. During exhalation (right panel), the tunnel moves forward to
approximately the middle section of the shell, allowing the high-pressure expiratory airflow to

travel over the dome of the shell and exit the system through designated channels.

Figure 10: NIF MK.3 working mechanism

A coil spring is used to maintain the mechanism. The MK.3 strikes a good balance between
comfort and aesthetics, offering an elegant yet practical design. While it is no more challenging to

manufacture than the MK.2, it shares similar levels of fragility and complexity.



3.4.  Design of the Nasal Internal Filter MK.4 (Mark 4)

The MK.4 is the simplest model to produce so far, with a primary focus on the replaceable filter
function. Its mechanism of action involves a pin that secures the filter within the shell. To replace
the filter, the user simply pulls out the pin and inserts a new filter. The main advantages of this
design include simplified manufacturing and the potential for smaller sizes, making it suitable for
children. However, its limitation lies in the restricted range of compatible filter cores, which are
primarily sheet or membrane filters.

Figure 11: NIF MK.4 parts diagram

3.5. Design of the Nasal Internal Filter MK.5 (Mark 5)

The NIF MK.5, designed in 2018, builds on the best features of the previous models. While
retaining the same principles as the original MK.1, this new design achieves optimal simplicity
and efficiency. The system consists of only four parts—Ileft shell, right shell, coil spring, and filter
core—compared to six parts in the MK.3, streamlining the manufacturing process.

The MK.5 also features the largest filter surface, comparable to that of the MK.2. Its design was
inspired by the mechanics of Birome’s ballpoint pen, which is reflected in its name. Alongside the
NIF MK.5, the MK.5 stands out as one of the simplest and most durable systems developed so far.
With its streamlined construction and robust design, the MK.5 has the potential to be the most

effective of all models, particularly in its application of the two-ways airflow mechanism principle.



Figure 12: NIF MK.5 parts diagram

Figure 13: NIF MK.5 working mechanism from the inside

Figure 14: NIF MK.5 working mechanism from the outside

MK.5 filter core is ball shaped, there is no complicated housing or railing system, the filter is
polymer-matrix type so it is very versatile. The ball core manufacturing process is similar to that
of other normal filter, just the mould is round. Also like the previous models, user can change the

Filter by punching the old one out and just by their hand push new one in.



NIF Generation | Advantage Disadvantage

MK.1 First concept: introduces two-ways | Very complicate
airflow mechanism, shell shape, | Lot of moving parts

replaceable filter Small filter surface
MK.2 Two-ways airflow Very complicate
Large filter surface Lot of moving parts
Replaceable filter Aesthetic concern
MK.3 Two-ways airflow Very complicate
Large filter surface Lot of moving parts

Replaceable filter

MK.4 Two-ways airflow Complicate
Large filter surface Filter choice restricted
Replaceable filter Filter replacement difficult

1 moving part

MK.5 Two-ways airflow
Highest filter surface
Replaceable filter
Simplest design

1 moving part

Table 1: Summary table for NIF Generations

Several test iterations have identified the MK.5 model as the most suitable for FDM 3D printing,
primarily due to its structural simplicity. This design allows for the theoretical fabrication of a full-
scale, functional prototype by 3D-printing the more intricate components of the shell, while
supplementary parts can be manually integrated post-production. Experimental Prototype 1 (XP1)
was printed using PLA filament. This early real size 3D print design was of NIF MK.1 mainly to

test feasibility of connection bridge and clamp (Figure 16).



Figure 15: MK.1 XP1 original print design with full bridge and clamp

Figure 16: MK.1 XP1 after print



The clamps were deemed unnecessary due to several complication in removing the parts moreover
they broke easily. According to this finding design was simplified to just connection bridge,

subsequence clampless design were designated with E1 (Evolution 1) (Figure 18).

Figure 17: 3D Printer working on NIF



Figure 18: 3D NIF MK.5 E1 print design
At the time this design was decent and more importantly our 3D Printer can realistically work with
it. Noticeable details: left shell is marked with red color while blue indicates right shell, bridge

faces down. At this point the device is inflexible due to its fixed orientation.

Figure 19: NIF MK.5 XP1 E3 After print



4. ASSESSMENTS AND PERFORMANCE TESTS

Following the completion of XP1 printing, assessments and performance tests were conducted to
evaluate the mechanical strength of different NIF bridge designs and the structural integrity of the
case using a Brookfield texture analyzer. Three prototypes, each featuring distinct bridge
designs—E1, E2, and E3—were fabricated using a Craftbot 3D printer and PLA as the primary
material. The aim was to determine which bridge design offered the best mechanical performance
under physical stress. The prototypes were prepared under different 3D printing configurations.
For E2 and E3, the printing parameters included a top-to-bottom layer ratio of 8:10 without vase

mode, a raft offset of 3 mm, and auto-generated support structures.
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NIF MK.5 XP1 E1 NIF MK.5 XP1 E2 NIF MK.5 XP1 E3

Figure 20: NIF MK.5 XP1 Evolution differences

E2 demonstrated superior mechanical performance in the evaluations, moreover E3 outperforming
the results in the aspect of resistance to impact and durability. E2’s enhanced performance is
attributed to its thinner bridge design, which allowed for greater flexibility, enabling it to absorb
more energy before structural failure. E3, despite its thicker structure, exhibited lower tolerability
due to its limited ability to withstand bending. Once the mechanical threshold was surpassed, E3
failed more catastrophically than E2. These observations align with the mechanical behavior of
PLA, a material known for its rigidity and limited elastic properties. Notably, errors during the
conversion of 3D models to the Craftbot printer led to minor defects in the test prototypes, which
may have influenced the results. These issues were later rectified, ensuring the accuracy of
subsequent analyses. The case structure made from PLA exhibited good resistance to cracking,
tearing, or splintering during testing. However, under significant force, the case collapsed and
retained a permanently deformed shape, confirming that PLA does not meet the material
requirements for this application due to its lack of resilience under compressive stress. In
conclusion, the E2 bridge design was determined to be the most suitable for subsequent prototypes

due to its optimal balance between flexibility and strength. This design offers improved structural



performance and ensures greater reliability under physical stress. Future developments will focus

on refining the prototype further to enhance its mechanical properties and overall functionality.

Figure 21: NIF MK.5 XP1 compression direction during Brookfield CT3 texture analyzing

Tests were conducted by volunteers regarding the applicability of the prototype.

Type Shell diameter (.00 mm) Bridge height (.00 mm)

NIF MK.5 XP1 XL 10.50 mm 10.50, 09.45, 08.40, 07.35
NIF MK.5 XP1 L 10.00 mm 10.00, 09.00, 08.00, 07.00
NIF MK.5 XP1 M 09.50 mm 09.50, 08.55, 07.60, 06.65
NIF MK.5 XP1 S 09.00 mm 09.00, 08.10, 07.20, 06.30
NIF MK.5 XP1 XS 08.50 mm 08.50, 07.65, 06.80, 05.95
NIF MK.5 XP1 XXS 08.00 mm 08.00, 07.20, 06.40, 05.60

Table 2: NIF MK.5 XP1 interested size dimensions

During the test, volunteer staff members—comprising an approximately equal distribution of
men and women aged 22 to 50 evaluated the prototypes primarily based on comfort.



Figure 22.: Bridge height differences Figure 23: NIF MK.5 XP1 (Upper) vs XP2 (Lower)

All nasal filters produced for this test were NIF models without a suspension component, aimed
solely at evaluating fit and comfort. All models featured symmetry along both the frontal and
horizontal planes for simplified production, with size differences set at a 5% increment, such that
MEDIUM equaled 95% of LARGE. Common feedback indicated that the bridge on all XP1
models was too high, causing the housing to extend too far into the nasal cavities, leading to
asymmetrical fitting issues where one side sat deeper than the other, poor air sealing, and chafing
when speaking. (Figure 22) To address this, models labeled -1(09.00 mm), -2(08.00 mm), and -
3(07.00 mm) featured progressively reduced bridge heights in 1 mm increments for size LARGE,
with the best results obtained from -2 and -3: -2 offered more flexibility and looser tolerance, while
-3 provided a snug fit and avoided chafing during speech but was less flexible. On first use, most
participants described an alienated feeling, stating that it felt like a foreign object but might
improve over time. After two hours of wearing the NIF MK.5 XP1 LARGE-2, the filter became
less noticeable, though contact or movement in the nasal area triggered the foreign-object sensation
again. The XP1's shape also did not ensure a tight fit, posing a risk of falling out. These issues
were resolved with the updated XP2 model, which fit naturally and securely upon first use, and

after extended wear felt almost imperceptible, although further improvements could be achieved



by using softer materials and refining the surface finish. Additionally, in response to requests from
several female users, the XP3 model was developed as an upward-rotated version of XP2,
providing better alignment that raised the nasal profile, a feature favored by many female
participants. Based on these results, the XP2 model will serve as the basis for subsequent designs.
For a full-scale working prototype, the NIF MK.5 XP1 was selected as the foundation for
Validating Prototype 1 (VP1). It was determined early in development that the NIF MK.5 filter
stopper could not be feasibly produced using 3D FDM printing, and large-scale manufacturing

posed significant challenges, prompting the creation of several new designs to address these issues.
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Figure 24: NIF MK.5 XP1 VPL1 filter stopper




41. NIFVP2

VP2 can be printed using an FDM 3D printer, and in theory, the stopper for VP2 would be
manufactured from the same elastomer material as the shell. This design allows the stopper to be
flexible and mimic the original suspension mechanism intended to keep the filter in a closed state
during breathing. However, the physical properties of the stopper were found to be unsatisfactory,
as it proved to be very weak and prone to breakage, often failing simply during the removal of the
NIF from the printer's bed.

Figure 25: NIF XP1 VP2 prong filter stopper

4.2.  NIFVP3

The VP3 stopper featured a beefier and simpler design that could be 3D printed, but it exhibited
significant stringing due to the bridging length exceeding the machine's capabilities. Consequently,
the suspension mechanism initially intended for the NIF was abandoned, as in vivo testing with
the G3 filter demonstrated that the filter could remain in a closed state purely through inhalation
pressure.



The stopper's revised role was limited to preventing the filter from being ejected and maintaining
an appropriate gap to relieve exhalation pressure. The VP3 stopper was strategically positioned to

meet these new functional requirements.

Figure 26: 3D model of NIF XP2 VP3

43. NIFVP4
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Figure 27.: 3D model of NIF XP2 VP4

The VP3 stopper, positioned horizontally, proved unfavorable under applied physical force, as this
design restricted structural flexibility and compromised lateral compression resistance. To address



this issue, the VP4 stopper was reoriented to a vertical position (Figure 27), enhancing its structural

integrity and performance.

Figure 28: NIF XP2 VP4 size L Bridge Dimensions

Figure 29: NIF XP2 VP4 size L - side and shell dimensions

The stopper will be excluded from the printing process and instead will be cut and glued separately.
Initially, only the XP2 main shell will be printed, followed by manual preparation of its surface.



The stopper is cut from a plastic sheet into a specific shape, fitted, and glued onto the prepped XP2
shell. The assembly is then allowed to cure for a minimum of 12 hours to ensure the removal of
all adhesive vapors. Subsequently, the VP4 prototype will undergo a chemical disinfection process
using a 70% ethanol solution. Further details of this process are outlined in the subsequent sections
of the dissertation.

Design was tested fit into the nose on Figure 30

Figure 30: Position of NIF when observed from the front



5. FDM TECHNOLOGY, 3D PRINTING, AND ITS COMPONENTS

5.1. Foundations of instrument development

The CraftBot3 3D Printer (model discontinued) is a high-performance 3D printer designed for
precise and efficient printing with a variety of materials. It features two direct drive independent
extruders (IDEX), allowing for dual-material printing and improved print quality, particularly
when using soluble supports. The printer offers a substantial print size of 374x250%x250 mm,
making it suitable for a wide range of applications from prototyping to functional parts production.
Key specifications include a layer resolution ranging from 50-300 microns, providing excellent
detail for both fine and larger prints. Its positioning precision is 4 microns on the XY axis and 2
microns on the Z axis, ensuring high accuracy in printed objects. The filament diameter is 1.75
mm, compatible with a wide range of filament types. Nozzle diameter is adjustable between 0.25-
0.8 mm, offering flexibility in printing resolution and speed according to the manufacturer
suggestions. The applied temperature can be also adjusted between 180°C and 300° Celsius,
enabling the use of various filaments such as PLA, ABS, PET, and more. The bed temperature can
be ranges from 50°C to 110°C, making it ideal for different materials and ensuring proper adhesion
during printing procedure. The print speed ranges from 50-200 mm/s, providing a balance between
quality and speed. It is capable of handling a wide variety of materials, including PLA, ABS, PVA,

PET, HIPS, Nylon, and more, making it a versatile tool for different applications.
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Figure 31: Craftbot 3 FDM printer — Hungarian made



5.2. Applied Filaments for FDM printing

5.2.1. MD1 FLEX

MD1 Flex is the first applied filament for the manufacturing process. It is an innovative
nanocomposite filament developed by Copper3D. The MD1 Flex filament combines high-quality
TPU98BA with a patented nano-copper additive, resulting in a unique material that not only
maintains the mechanical properties of TPU98A but also incorporates powerful antimicrobial
features. The integration of this nano-copper additive makes MD1 Flex highly effective in
eliminating a broad range of microorganisms, including fungi, viruses, and bacteria. These
antimicrobial properties make MD1 Flex particularly suitable for medical applications, such as our
development and in all areas where hygiene and infection control are extremely important. MD1
Flex retains all desirable mechanical properties of TPU98A, including hardness, flexibility and
exceptional elongation at break, reaching 450%. In addition to all this, the filament also shows
impressive heat resistance, withstanding temperatures up to 138°C. This makes MD1 Flex the
ideal material for applications that require durability and high performance under stress. In
addition, the filament is highly compatible with 3D printing technologies, allowing print speeds of
more than 75 mm/s without compromising quality or performance. The filament is versatile, so it
is also used in the production of many other medical devices. In addition to medical use, MD1
Flex has significant potential in many other industries that require high-performance, antimicrobial

materials.

5.2.2. PLA

Poly Lactic Acid is a widely used filament for Fuse Deposition Modeling. It is easy to be printed,
is rather weak against mechanic force; has very slight flexibility, biodegradable, dissolves in
Acetone, glass transition temperature at 60°C - printed structure can warp in contact with ex. boiled
water. The most important parameter for PLA is printing temperature, there are no set temperature
setting for each filament, but it is a range and depending on each combination of 3D printer +
brand of filament, the temperature setting is different. For PLA filament the preferred temperature
setting (Craftbot3) is: print head at 200°C and print bed at 60°C. Print speed for best quality is 30
mm/s and max is at 60 mm/s for an acceptable result; lower than 30 mm/s does not improve quality

much and above 60 mm/s will make a mess. PLA can work with fine 0.25 mm printer nozzle so



model definition quality is high. Polylactic Acid (PLA) is a widely used thermoplastic material
known for its rigidity and moderate tensile strength. While PLA exhibits intermediate strength
properties, it is prone to breakage under slight crushing forces, with the fracture typically occurring
at the interface between printed layers. This is because the individual strands of PLA do not form
direct bonds across layers, leading to a weakness at these junctions. However, PLA demonstrates
good shear strength, meaning that forces exerted along the length of a strand do not easily cause it
to break. Instead, such forces tend to permanently deform the material, provided the shape has
already set. The strength of 3D printed products produced with PLA material is influenced by
many factors, including the structural design of the intended object, the physical location of the
print in the 3D printer, and the parameters of the printing process used. One of the most well-
known properties of PLA is its thermoplastic nature, which allows the material to melt and reshape.
However, it is a known fact that without consequences, this process can be repeated no more than
three times before the substance begins to decompose. After several remelting cycles, PLA
becomes brittle and crispy, making it unsuitable for further use. Although PLA is a relatively fast
and easy-to-use filament, its mechanical properties and tendency to degrade after multiple
conversion cycles make it unsuitable for certain applications, such as the nose filtration system.

5.2.3. TPU

As a sided elastomer polymer, thermoplastic polyurethane (TPU) is clearly renowned for its
flexibility, durability and flexibility. For 3D printing jobs, TPU is available in different hardness
levels. The MD1 Flex version with a shore hardness of 98A contains a patented nano-copper
additive. This property greatly improves its antimicrobial properties and makes it suitable for both
medical and food applications. The TPU's inherent flexibility also makes it ideal for applications
requiring comfort and durability, such as prosthetic devices, accounting for approximately 70% of
applications. Parts printed with TPU 98A show significantly higher strength than those made of
classical PLA. Based on these, it can be concluded that they can withstand higher mechanical stress
without breakage. However, printing with TPU presents significant challenges in many cases. The
material has hygroscopic properties. This can clearly adversely affect print quality. So it can be
said that TPU, especially the MD1 Flex version, offers a combination of flexibility, durability and

antimicrobial properties. This makes it suitable for applications that require high precision and



biocompatibility. Although working can present printing challenges, adherence to specific storage

and printing protocols can alleviate these issues, resulting in high-quality, functional prints.
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Figure 32: Printed prototypes from TPU

Despite the many advantages listed, it must be acknowledged that TPU has its own challenges,
especially during the printing process. We have also experienced this in our experiments. The
material is sensitive and very accurate in hardware settings and software settings. One important
aspect is its hygroscopic nature, which was mentioned earlier. This can clearly negatively affect
print quality. If the filament is too wet, the print head may make popping sounds during operation,
which is not a big problem in itself, but the final print may show stringing, which is a very common
problem with TPU. This becomes even more pronounced with increased humidity. To prevent
these problems, it is essential to store the TPU in a vacuum-sealed bag with desiccant. However,
this is not always killable, nor is it a sure solution in many cases. To solve the stringing problem,
setting the Z-hop setting to 0 mm/s can help by preventing the 3D print head from moving while
moving, thus reducing unnecessary string formation. Clearly speaking, printing using TPU clearly
requires a certain level of experience and patience, as slower print speeds are required for optimal
results. As an advantage, the temperature settings of TPU printing are relatively flexible as long
as they fall within the recommended range specified by the manufacturer. A typical temperature
setting would be around 215°C for the print head and 60°C for the print bed. Importantly, unlike

PLA, TPU's flexible nature allows it to adhere better to the print bed, and small parts usually do



not require additional glue. However, larger prints may still require a thin layer of adhesive to
ensure secure bed adhesion, preventing possible warping or detachment during the printing
process. Despite these challenges, TPU's flexibility and durability make it an excellent choice for

many applications, especially those that require high mechanical strength and comfort.
5.3. Applied Software for design

For the design method Craftware PRO Premium has been applied. It is an advanced slicing
software designed for FDM 3D printers. The program offers enhanced features for improved
productivity. It was important for us during the selection that this software supports multi-device
operation, provides advanced strategies for optimal print quality, and includes tools for faster

printing with reduced manual interventions.
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Figure 33: 3D model of NIF XP2 in SketchUp Pro

According to our observations, succesful aplication of Craftware PRO Premium for FDM 3D
printing, based on configuring the printer settings, selecting appropriate slicing strategies,
adjusting layer height, infill patterns, and support structures. The software allows optimization of
print speed and quality through advanced settings such as multi-tray support and adaptive

strategies. Proper calibration of print parameters, including temperature and material types, is



essential. Finally, previewing the slicing results to detect potential issues before printing is critical

for ensuring high-quality output.

Figure 34: NIF XP2 VP5 working prototype

According to our observations it can be concluded that during the manual fabrication of VP4's item
straight stopper, minor inaccuracies in cutting—particularly in components with longer
dimensions—resulted in stoppers with a slight curvature. Interestingly, testing revealed that these
curved stoppers outperformed their straight counterparts. The curved design exhibited improved
vertical compression characteristics, with a predetermined angle of compression offering greater
predictability. Furthermore, the manufacturing process was simplified, as the lower tolerance

requirements facilitated easier production (See curved stopper from Figure 34).



6. NEF DESIGN AND PROTOTYLE PRODUCTION

The Nasal Emergency/ External Filter (NEF) is a two-part system. The main components are main
housing and a removable filter core. During the design process, we considered it a priority to
provide maximum nose protection while maintaining ease of manufacture. In essence, the NEF
acts as a compact gas mask in an easy-to-carry pocket and is ready for immediate use in situations
where subtlety or aesthetics are a secondary consideration, such as in smoke-filled environments
or during a tear gas attack. This versatility and these hypothetical situations justify the term
"emergency" filter. In addition, during development, our goal was to create a device that can be
used effectively under a standard surgical or cloth mask, offering greater comfort and breathability
compared to the smaller nasal internal filter (NIF) shown earlier. The main housing of NEF is
made of flexible polymer, which is molded into an exact shape with a designated core channel and

opening path.

Figure 35: NEF MK.1 XP2 (left) and NEF MK.2 XP2 (right)

The filter core of the NEF is inserted into the channel, while the orifice pathway facilitates airflow
between the filter and the nasal cavity. The core replacement process is notably more
straightforward than that of the NIF. The filter cores themselves are constructed as matrix or
layered systems, designed in a cylindrical shape for easier insertion and secure fitting.
Development of NEF began in 2014 and continued beyond 2018, the latest model being the NEF
MK.1 XP2. Currently, this version can be considered the "final" prototype. The NEF MK.2 is a
lighter version with a more complex design to optimize airflow compared to the simpler tubular
duct of previous models. Since then, all NEF MK.2 units have been upgraded to the XP2 variant,
which significantly improves the efficiency of air exchange by integrating additional vents on its

surface. Importantly, all NEF filters are interchangeable between models, and both the NEF



housing and its cores can be conveniently packed together for ease of use and storage. This
adaptability and modular design highlights the practicality and effectiveness of NEF as a versatile

respirator.

6.1.  Applied filter for NEF

For the NEF system, a SYNFASAN G3 filter was used. It is a highly efficient and versatile filter
material that is widely used in various industrial and commercial applications due to its durability
and exceptional performance. The filter class G3 according to EN 779 standards and 1SO coarse
and I1SO ePM10 filter class according to 1ISO 16890 ensures reliable filtration even under extreme
conditions, such as environments with 100% relative humidity and operating temperatures up to
100°C. Although environmental awareness was an important aspect during the development, it
should be emphasized that SYNFASAN G3 can be fully incinerated, making it an environmentally
sustainable option for industries striving to minimize waste. With a thickness of 15 mm, a forehead
speed of 1.5 m/s and an initial pressure drop of just 30 Pa, the SYNFASAN G3 has excellent
breathability and energy efficiency. It fits perfectly with our ideas. It also boasts a dust-proof
capacity of 400 g on its manufacturer's data sheet, allowing for longer use without frequent
replacement, reducing operating costs and improving overall system efficiency. Its ability to
maintain a stable pressure drop throughout its service life and its adaptability to various
environmental conditions make it the filter material of choice for industries requiring reliable and

efficient air filtration solutions.



6.2.  Incorporation of the filter into NIF

Incorporation of the SYNFASAN G3 filter into the NIF system involves precise cutting and

preparation to ensure optimal fit and functionality.

Figure 36: Prepartion steps of an approriate size filters



Using the included device, the filter material is cut from the sheet to the desired size. At the end
of this process, we use 3 guide pieces. Piece 1 cuts the initial filter block, while piece 2 divides it
into three sheets of equal thickness, which are then divided into two equal parts. Piece 3 serves as
a guide for cutting an octagonal pot. With dimensional markers printed on each arm of the cross
(XS, S, M, L) for accurate dimensioning. Excess or broken fibers can be simply cleaned by rinsing
with water, this method is made possible by the resistance of the G3 filter to water dissolution.
Plans are underway to develop a new apparatus for air-based cleaning to further enhance the
process. The Filter Insert Device (FID) is used to streamline the incorporation of the filter into the
NEF. This involves cutting a small plastic straw to a 20 mm length, then angling one side to form
a sharp tip for precise insertion. The device is disinfected with 70% alcohol to maintain sterility.
Prototype testing follows to evaluate the performance of the incorporated filter, ensuring the NEF

system meets its functional and protective standards effectively.

6.3. Shape fit tests and results

Shape fit tests were conducted on 40 randomly selected individuals, irrespective of sex and age, to
evaluate the comfort and size compatibility of the design. Nasal measurements (A1, A2, B1, B2)
according to Figure 37 - were taken using a simple ruler, and the appropriate NIF size was
determined based on a comparative chart, which has unfortunately been lost due to computer
damage. Feedback indicated that the sizing chart was originally created by correlating nasal
measurements with corresponding NIF sizes from the test group. Comfort levels were comparable
to other nasal filters, such as Rhinix. Testers initially felt the presence of an object in the nose but
soon became accustomed to it, reporting unobstructed and unnoticeable breathing during routine,
non-strenuous activities when using the G3 filter. Subjective efficacy was evaluated through live
tests. Testers prone to rhinorrhea wore the NIF during motorbike trips of approximately one hour
to compare rhinorrhea symptoms with and without the NIF. Tests were repeated around ten times.
Trips by car or bicycle were excluded due to the car’s filtration system and the physiological effects
of exercise, respectively. Results consistently showed that, with the NIF, nasal passages remained
noticeably drier compared to non-use. The NIF also remained securely in place during sneezing.
However, general consensus advises against wearing the NIF during exercise to prevent breathing

obstruction; if used, light exercise requires normal nasal inhalation and oral exhalation. Notably,



filter performance declined after three hours of continuous use, emphasizing the need to replace
the filter after each outing. To clean the NIF, the filter should be removed, and the shell gently
washed with soap, avoiding contact with the crescent blade. After rinsing, the NIF should be
disinfected with alcohol spray and stored in its container to prevent contamination.

The NIF was effective in alleviating rhinorrhea symptoms. An objective efficacy trial involved
distributing NIFs to over five individuals with known airborne particle allergies. Four out of five
participants reported symptom reduction, while one reported an allergic reaction likely due to
inadequate glue curing during manufacturing. Allergic reactions may also occur if excess or
broken fibers are not properly cleaned from the filter after cutting. Prototype testing involving 40
human volunteers of varied ages and sexes, the general shape of the XP2 Nasal Filter (NF) was
well received. The XP2 model demonstrated an optimal fit within the nostrils and provided a
strong, stable design. Notably, the NF remained secure even during sneezing episodes. Female
participants showed a preference for the XP3 model due to its aesthetic modification capability,
such as subtly raising the nose line. However, the XP3 model presented drawbacks in terms of
convenience and efficiency; its specific orientation fit contrasted with the symmetrical design of
the XP2, and it also had a reduced air exchange surface compared to an equally sized XP2
prototype. The 3D-printed prototypes, produced using TPU, did not induce allergic reactions in
volunteers unless the crescent blade adhesive was insufficiently cured. One instance of structural
failure was reported: the layer separated at the contact point between the bridge and shell under
excessive force and prolonged usage, resulting in the NIF breaking. Fortunately, this incident
caused no harm to the tester. Full working prototypes were distributed to eight volunteers, all with
a documented history of dust allergies. Among them, five individuals provided feedback, with four
reporting a noticeable reduction in allergic symptoms when using the NIF equipped with a G3
filter. The remaining three participants did not provide feedback.

In conclusion, the 3D-printed prototypes proved highly beneficial during the piloting phase,
facilitating the determination of an optimized shape and serving as a proof of concept. The
production process for NIF prototypes is efficient, requiring approximately one hour to print and
an additional 24 hours for adhesive curing. On average, a single individual can produce five units
per day using the 3D FDM printing technique.



. A2

Figure 37: Measurements to be recorded for size determination

6.4.  Design and prototype production of Powder Inhaler

The single-dose powder inhaler incorporates a filter designed to prevent the solid formulation from
spilling when the caps are removed, while allowing unobstructed airflow during the inhalation
phase. Engineered for large-scale production, each device is pre-filled with a single dose and
subsequently sealed with a cap. For use, the user simply removes the cap, aligns the device with
one nostril as indicated by the directional arrow, and inhales to administer the full powder content.
A minor residue of particles may remain on the container's inner wall; however, this is accounted
for during the initial dosing process. The device is intended for single-use only and should be
discarded after use. Where possible, recycling of the container is encouraged to minimize

environmental impact.

Figure 38: Powder Inhaler



7. INTEGRATION OF NASAL FILTERS WITH DRUG DELIVERY SYSTEMS

The integration of personal nasal filters with pharmaceutical nasal dispensers offers a novel
solution for managing respiratory health [73]. This combination of preventive measures and
targeted medication delivery provides enhanced protection, boosts the effectiveness of treatments,
and may extend the lifespan of medications (Figure 4). As advancements in technology continue,
ongoing research and development in this field could create new opportunities for respiratory care,
ultimately improving health and quality of life for individuals globally [49]. By combining
personal nose filters and pharmaceutical nasal dispensers, users can enjoy double protection. We
take advantage of both systems inseparably. Nasal filters serve as the first defense, blocking the
entry of allergens and pollutants into the nasal passages. In parallel, pharmaceutical nasal sprays
can target existing respiratory problems and deliver drugs directly to affected areas for quick and
accurate medication. In addition, nasal filters can improve the effectiveness of these
pharmaceutical sprays by reducing the presence of irritants and contaminants in the nasal cavity
[50]. In addition, this combination can help extend the life of the drug. Nasal filters can reduce
direct contact between drug particles in the spray and nasal tissues, potentially reducing drug
degradation and prolonging the shelf life and effectiveness of the drug. This benefit may also
improve patients' adherence to treatment [74]. Our developments have shown that pairing nasal
filters and drug dispensers with both preventive and therapeutic needs offer a comprehensive
approach to respiratory care [75]. This dual approach may encourage individuals to stick to their

treatment plans, improving overall compliance [76].

7.1.Solid nanoparticles for nasal formulations

Nasal drug delivery has garnered significant scientific attention for many years, following the
recognition of the nasal mucosa's advantageous properties. It provides a vast surface area for quick
drug absorption and serves as an alternative route to the central nervous system by bypassing the
blood-brain barrier. [77]. Furthermore, it can reduce the first-pass metabolism of pharmacological
agents in the liver [78]. Studies have shown that various types of active substances, including large
molecules like peptides and proteins, can be effectively introduced nasally into the systemic
circulation, particularly with the aid of permeability-enhancing excipients. The number of nasally
administered drugs with systemic effects is growing [79]. Nasal formulations are most beneficial

for diseases requiring immediate and rapid treatment. Typically, nasal preparations are solutions



or liquid-dispersed systems, such as emulsions or suspensions [80]. Although these traditional
dosage forms are simple to prepare and have excellent stability, patients often report discomfort
during their use, particularly liquid dripping into the pharynx, which causes an unpleasant taste.
From a pharmaceutical perspective, the short duration of action and potential loss of active
ingredients remains problematic. These issues can be improved by using suitable excipients with
appropriate adhesive properties [81]. The objective of this research was to formulate and
investigate novel solid lipid nanoparticles with enhanced active pharmaceutical ingredient (API)
penetration. Alongside the API formulation, a new nasal dispenser was designed, manufactured,
and tested to complement the investigation. Chlorpromazine (CPZ), an antagonist of D2 dopamine
receptors and related receptors such as D3 and D5, is primarily used to treat psychotic disorders
like schizophrenia and bipolar disorder [82]. Chlorpromazine was chosen for this study due to its
well-characterized analytical profile and the need to reduce therapeutic doses due to frequent and
serious side effects. Common side effects include movement issues, sleepiness, dry mouth, low
blood pressure upon standing, and weight gain [83]. Serious side effects can include tardive
dyskinesia, neuroleptic malignant syndrome, a lowered seizure threshold, and decreased white
blood cell levels. In elderly patients with psychosis from dementia, chlorpromazine may increase
the risk of death, and its safety during pregnancy remains uncertain [84]. Nanoparticles have
revolutionized drug delivery by delivering the active compound in an unchanged, concentrated
form, minimizing systemic effects and toxicity [85]. This opens new possibilities in disease
diagnosis and treatment, including tumors [86]. Biodegradable nanoparticles can be produced from
materials like polylactic acid (PLA), polylactic acid-glycolic acid (PLGA), and polymethyl
methacrylate (PMMA) [87]. The polymer-drug conjugation enhances targeted therapy, especially
with the use of penetration-enhancing amphiphilic compounds as excipients. These surface-active
agents improve bioavailability for poorly soluble drugs [88]. They enhance drug permeability by
modifying barriers, solubilizing micelles, fluidizing membranes, forming ion pairs, and inhibiting
efflux transporters such as P-glycoprotein. However, surfactants can cause irritation, membrane
damage, and cell death, so in vitro tests for cytotoxicity and irritation are necessary [89]. The
combination of penetration enhancers and polymers may hold promise in improving the efficacy
of active ingredients [90]. In our experiments, we applied a reliable method for producing solid
nanoformulations using spray-drying technology. This method has been extensively developed in

recent years to ensure high efficiency and reliability [91]. The solid-phase nanoparticles were



created using the Biichi Nano Spray Dryer B-90 HP (Biichi Labortechnik AG; Flawil,
Switzerland), a specialized device designed for nanoparticle formulation at the laboratory level.
The particle size distribution was assessed using a Malvern Nano Zetasizer ZSP (Malvern
Panalytical; Malvern, UK), and scanning electron microscopy (SEM) was employed to analyze
the morphology of the nanoparticles [79]. The size distribution of the produced particles ranged
from 30 to 300 nm for various compositions. For effective nasal delivery, finely divided nano-
powders require the development of specialized dosing devices. Nasal drug delivery devices were
fabricated using FDM 3D printing technology, based on 3D computer designs of anatomical
features, further refined with feedback from volunteers. These results can serve as a useful basis
for the development of nasal drug delivery systems. The pharmaceutical industry has increasingly
focused on nasal medicine in many of its developments in recent years [75]. Nasal administration
has definite and well-known benefits, especially by providing direct, targeted drug delivery to the
affected area, reducing systemic side effects, and improving therapeutic outcomes [82]. It allows
drugs to be quickly absorbed and transported into the bloodstream, which is beneficial for drugs
that require quick action [87]. However, nasal application in many therapies is challenging. These
challenges, for example, include changing drug absorption due to infectious diseases or
pathological anatomy causing nasal physiological changes, difficulties in penetrating the nasal
epithelium, and factors affecting drug absorption in the nasal cavity [92]. To combat these
problems, significant research has been devoted to nasal preparations, new drug delivery carriers,
and emerging technologies [93]. Based on scientific publications on the topic, the development of
submicron-sized carriers may be promising as a strategy to increase nasal drug delivery [94].
Nanoparticles, especially solid nanoparticles, play a crucial role in promoting the delivery of nasal
medicines due to their ability to efficiently transport active ingredients [95]. The application of
nanotechnology enables the controlled, sustained release of active ingredients, improving
therapeutic efficacy [95]. The inclusion of penetrating amphiphilic compounds further improves
the physical and chemical properties of preparations, enhances drug absorption and bioavailability
[89]. These excipients are essential for the development of pharmaceutical products aimed at
increasing the effectiveness of medicines [90]. Amphiphilic compounds with hydrophobic and
hydrophilic properties may improve the solubility and stability of active substances [93]. These
compounds assist in targeted delivery of active ingredients to specific tissues or cells, enhancing

therapeutic effects [95]. They may also improve the controlled release of active ingredients,



allowing for prolonged therapy and simplified dosing [78]. Chlorpromazine, as a class IV drug of
the Biopharmaceutical Classification System (BCS), serves as an excellent model for
pharmaceutical experiments due to its low solubility and low permeability [96]. Due to its high
first-pass metabolism, oral bioavailability of chlorpromazine is only 30% [97]. Thus, alternative
routes of administration, such as nasal delivery, are considered. The well-known pharmacokinetic
properties of chlorpromazine allow a comprehensive study of the behavior of the active substance
in various preparations [98]. In this study, various formulations containing chlorpromazine and
permeation enhancers were developed to improve absorption through the nasal mucosa. The use
of amphiphilic compounds and solid nanoparticle formulations represents a new direction in nasal
drug delivery systems. These formulations address the issues often associated with liquid
formulations, such as leakage and limited bioavailability, and promise better therapeutic outcomes.
This innovative approach to nasal drug delivery via finely divided powders, aided by penetration
enhancers, marks significant progress in the field of nasal pharmaceutical technologies and offers

new opportunities for the effective treatment of diseases.

7.2. Materials

Chlorpromazine (CPZ), Kolliphor RH 40, Kolliphor EL, Poloxamer 470, polyvinyl alcohol (PVA),
Miglyol 840, hexane, glycerol, propylene glycol, and bovine serum albumin, all supplied by
Sigma-Aldrich (St. Louis, MI, USA). 2-hydroxypropyl-p-cyclodextrin (HPBCD), Lauroglycol
FCC, Transcutol HP, Labrafil 1944, and Labrasol were kindly provided by Gattefossé¢ (Lyon,
France). The human nasal epithelial cell line (RPMI 2650) and the human colon adenocarcinoma
Caco-2 cell line were sourced from the American Type Culture Collection (ATCC, Manassas,
Virginia, USA). The MTT reagent (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide), as well as buffer solutions such as Hank's Balanced Salt Solution (HBSS) and
phosphate-buffered saline (PBS), were obtained from Sigma-Aldrich (St. Louis, MI, USA). The
RPMI cell culture maintenance medium solution and TrypLE™ Express Enzyme (no phenol red)
were ordered from Thermo Fisher Scientific (Waltham, MA, USA). The 96-well cell culture plates

and culture flasks were acquired from VWR International (Debrecen, Hungary).



7.3. Formulation of compositions

The self-assembling emulsion systems were prepared by titrimetric dilution of the selected
surfactant combination [92], incorporating 10 mg of CPZ into each formulation. The raw excipient
compositions are detailed in Table 3. To check for phase separation, the mixtures were monitored

over a 24-hour period.

7.4. Formulation of Solid Nano Carriers

Solid-phase nanoparticles were generated using the Biichi Nano Spray Dryer B-90 HP apparatus
[99]. The SNEDDS were mixed with a 1% PVA solution and pumped into the device at a 90%
pump rate. The drying gas was heated, with inlet and outlet temperatures set to 100 °C and 33 °C,
respectively. During the second manufacturing stage, the inlet temperature was lowered to 60 °C,
and the flow rate was adjusted from 0.11 m*h to 0.16 m*h. The product was gathered using a
specialized rubber spatula. The actuator operated at 122 kHz. The physical properties of the
produced systems were analyzed using two methods. The particle size distribution of the
nanoparticles in their dispersed state was measured using a Malvern ZSP Nano Zetasizer (Malvern

Panalytical: Malvern, UK).
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Figure 39: Schematic figure of nano spray drying technique



7.5. Scanning Electron Microscopy

The size, shape, and surface area of the formulated nanoparticles were analyzed using a Hitachi
Tabletop microscope (TM3030 Plus) (Hitachi High-Technologies Corporation, Tokyo, Japan)
[79]. The samples were mounted on a plate with double-sided adhesive tape, and micrographs were

taken using an accelerating voltage of 5 kV.

7.6. Determination of Droplet Size

The particle size of the formulated nanoparticles was determined using a dynamic light-scattering
device (Malvern ZSP Nano Zetasizer, Malvern Panalytical; Malvern, UK) [80]. A 0.5 g sample
was dissolved in 100 mL of distilled water and exposed to monochromatic light. As the light

interacts with the solution containing macromolecules, it scatters in all directions.

7.7. Evaluation of particle disintegration

The disintegration of nanoparticles was studied in a neutral pH physiological saline solution (0.9%
sodium chloride) [77]. The disintegration time was recorded to the nearest second. Complete
disintegration was verified using dynamic light scattering (DLS) analysis. Each experiment was
performed with five parallel measurements. [80].

7.8. Evaluation of active ingredient dissolution

The dissolution profile of CPZ was assessed using an ERWEKA DT 950 dissolution tester. The
dissolution medium consisted of artificial saline solution in compliance with the European
Pharmacopoeia regulations. The active substance was quantified following the detailed protocol
2.10 using GC-MS [77]. Samples were collected at the 10th and 30th seconds after release into the
medium, with subsequent samples taken every 15 seconds. Five parallel measurements were

conducted during the analysis.

7.9. Stability tests

Samples were stored under controlled conditions to simulate various environmental factors
affecting stability. For long-term storage, they were kept at 25°C + 2°C with 60% + 5% relative
humidity (RH). For accelerated testing, they were stored at 40°C + 2°C with 75% + 5% RH, and



for refrigeration, at 5°C + 3°C. Samples from each batch were placed in tightly sealed containers
under these conditions for a 12-month period. Analytical assessments were carried out at specific
intervals: initial (T0), 1 month, 3 months, 6 months, and 12 months. To evaluate any changes in
particle size distribution (PSD), nanoparticles were reanalyzed using a Malvern ZSP Nano
Zetasizer (Malvern Panalytical, UK) following the previously described method. Approximately
1 mg of each sample was dispersed in deionized water with gentle sonication to ensure uniformity.
Measurements were made at room temperature. The experiments were carried out three times at
each point in time, recording the Z-mean particle size and polydispersity index (PDI). This is
because we wanted to track potential aggregation or size changes during storage. Scanning electron
microscopy (SEM) was used in this experiment as well as just to investigate morphological
changes in nanoparticles during formulation. The samples were mounted on aluminum stubs with
guide belt and plated with gold before imaging. SEM micrographs were compared over time to
detect possible changes in surface texture, shape, or aggregation that could indicate physical
instability. In order to assess the stability of the drug, a gas chromatograph mass spectrometer (GC-
MS) analysis with appropriate detection properties was performed in each case to quantify the
active substance (API) in the nanoparticles and to identify possible degradation. A Shimadzu
GCMS-QP2010 system with an SLB-5 ms capillary column (30 m x 0.25 mm inner diameter;
0.25 pum film thickness) was used for analysis. The samples were injected three times at each time
point and the API concentration was determined by comparing the sample peak areas with the
calibration curve derived from known standards. A decrease in API concentration of more than
5% of the initial value indicated chemical instability. The results of particle size distribution,
morphology, and API content analysis were compiled and compared over time. Statistical analysis
using ANOVA was performed to identify significant differences between time points and storage
conditions, with a p-value of <0.05 considered statistically significant.

7.10. CPZ Content Determination

LC-MS was employed for all experiments to determine the concentration of the active ingredient.
The LC-MS analysis was performed using a UHPLC system (Dionex Ultimate 3000RS) connected
to a Thermo Q Exactive Orbitrap mass spectrometer (Thermo Fisher Scientific Inc., Waltham,
MA, USA), featuring an electrospray ionization (ESI) source. The analysis utilized a Kinetex Polar

C18 column (100 x 3 mm, 2.6 um, 100 A). The column temperature was maintained at 25°C. A



gradient elution was employed with solvent A (water + 0.1% formic acid) and solvent B
(acetonitrile + 0.1% formic acid) at a flow rate of 0.2 mL/min. The gradient program was as
follows: 0-2 min, 0% B; 2-14 min, 0-100% B; 14-15 min, 100% B; 15-16 min, 100-0% B; 16—

25 min, 0% B. A 1 pL sample was injected for each analysis.

7.11. Cell Culturing

As nasal model RPMI cells were grown in appropriate medium, while colon (caco-2) cells were
maintained in “DMEM?” in plastic cell culture flasks, supplemented with 2 mM L-glutamine,

100 mg/L gentamycin, and 10% heat-inactivated fetal bovine serum. Cultures were kept at 37°C
in a 5% CO2 incubator, with the medium being changed twice a week [100]. Cells were routinely
subcultured by passaging. Prior to passaging, the flasks were coated with rat-tail collagen. For

cytotoxicity assays, cells from passage numbers 10 to 30 were used [101].

7.12. MTT Viability Assay

To evaluate the toxic characteristics of the excipients selected in the study, an 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was performed [102]. The
procedure involved seeding cells in a 96-well plate at a density of 10,000 cells per well, with
weekly passaging for cell maintenance. Once the cells completely covered the well surface, the
experiment was initiated. The culture medium was first removed, followed by the application of
the test solutions, which were incubated with the cells for 60 minutes. After this incubation, the
excipients were removed, and MTT solution (5 mg/mL) was added to the wells. The cells were
then incubated for an additional 3 hours. Viable cells reduced the MTT into a formazan precipitate,
which was then dissolved with a 25:1 mixture of isopropanol and hydrochloric acid. The
absorbance of the resulting solution was measured with a spectrophotometer, which correlates with
the number of viable cells. Cell viability was expressed as a percentage relative to the PBS

(negative control), and each experiment was performed in five parallel measurements.

7.13. Animals and sample collection

Labor animals used in this study received care in accordance with the national guidelines (NSMR)
and the Laboratory Animals' Guide to Care and Use, as outlined by the National Academy of



Sciences and published by the National Institutes of Health (NIH Publication No. 86-23, revised
1985). The maintenance and treatment of the rats were approved by the Institutional Animal Care
and Use Committee at the University of Debrecen (2/2021/DEMAB). The animals were housed
under standard conditions with a room temperature of 23 + 2°C and a 12-hour light-dark cycle.

They were provided with standard rodent chow and ad libitum tap water.

Healthy male Sprague-Dawley rats (400 = 30 g) were anesthetized with an intraperitoneal injection
of ketamine (50 mg/kg) and xylazine (10 mg/kg). The femoral vein was cannulated for blood
collection. A dose of 3.0 £ 0.1 mg of CPZ preparation was administered intranasally using a Dry
Powder Insufflator (Penn-Century Inc.). Blood samples were collected at baseline, and 5, 15, 30,
and 60 minutes after CPZ administration. At the end of the experiments, the rats were euthanized
via intravenous injection of sodium pentobarbital (200 mg/kg). The venous blood samples were
allowed to coagulate at room temperature for 30 minutes to 1 hour, then centrifuged at 10,000 x g
for 10 minutes. The resulting serum (non-hemolytic) was mixed with 2 volumes of acetonitrile to
remove proteins. After vigorous mixing, the samples were centrifuged at 1,000 x g for 10 minutes,
and the supernatant was used for GC-MS analysis [103].

7.14. Sample preparation for animal experiments

After collection, a gentle stream of N2 at 60°C were applied to dry supernatants by Turbovap LV
concentrator. The samples were re-dissolved in 100 ul CH3CN and 1 pl was injected into a GC-

MS equipment.

7.15. Gas chromatograph-mass spectrometric (GC-MS) analysis

The CPZ content was determined using a Shimadzu GCMS-QP2010 gas chromatograph-mass
spectrometer (Kyoto, Japan) [104]. The system was configured with an SLB-5 ms capillary column
(Supelco, Bellefonte, PA, USA) (30 m x 0.25 mm i.d.; 0.25 pum film thickness). Helium (He) was
used as the carrier gas at a flow rate of 32 cm/sec. The temperature program for the column was
as follows: initially held at 150°C for 0.25 minutes, then ramped from 150°C to 300°C at a rate of
40°C/min, and maintained at 300°C for 4 minutes. The injection port temperature was set to 280°C,
while the interface temperature was 300°C. A 1 pL sample was injected into the GC-MS using a

micro-syringe with a 1:50 split ratio. The mass spectrometer featured an electron ionization (EI)



source with ionization energy set to 70 eV, the ion source temperature was set to 200 °C, and the
solvent cut time was 2.5 minutes. The measurements were performed in Selected lon Monitoring
(SIM) mode, with ions monitored at 318 m/z and 58 m/z, which were selected based on the SCAN

mode EI spectrum.

7.16. Statistical Analysis

Data were processed and analyzed using Microsoft Excel 2013 and SigmaStat 4.0 (version 3.1;
SPSS, Chicago, IL, USA, 2015), with results presented as mean + standard deviation (SD). To
compare the outcomes of the in vitro dissolution and MTT cell viability assays, one-way ANOVA
and repeated-measures ANOVA were performed, followed by Tukey or Dunnett post-tests. A p-
value of less than 0.05 was considered statistically significant. All experiments were conducted in

quintuplicate and repeated at least five times [105].



8. RESULTS

8.1. Selection of core materials and excipients for nasal particles

In selecting excipients, we adhered to established pharmaceutical technology guidelines. The
excipients chosen are of pharmaceutical grade, ensuring their purity and quality meet rigorous
standards. Our decision was based on prior research and supported by international literature,
ensuring careful selection of components. Potential incompatibilities between the components
were assessed during formulation, and after conducting standard and accelerated stability tests, we
confirmed that the systems remained stable. Notably, the formulations maintained their stability,
including UV protection for the active ingredient, after 4 weeks of storage under appropriate
conditions. Screening studies on in vitro cell cultures ensured that the excipients selected were
non-toxic and safe. Standardized methods from the European Pharmacopoeia were employed for
these investigations, and the chosen formulations were used in subsequent experiments. The
formulation of the nanostructures began with developing self-assembling heterogeneous dispersed
systems using CPZ and the selected excipients. A pseudoternary phase diagram was constructed
to identify the range of self-organizing combinations. Nanoemulsions were created by titration,
and five distinct compositions were selected, all capable of forming stable self-organizing systems.
After standing for four weeks, the systems remained clear and stable. Our experiments were carried
out in two phases. In the second phase, due to animal study requirements, the active ingredient
concentration was increased from 100 mg to 250 mg. The compositions used in both phases are
detailed in Table 3.



Compositions Ingredients Quantities (mg) | Total quantity (ml)
PVA 100
i CpPz 100
Composition 1 50
Lauroglycol FCC : Kolliphor EL: )
Transcutol HP 1:1:1
PVA 100
Cpz 100
Composition 2 50
Miglyol 840, Kolliphor EL DMSO: )
Glycerol 1:1:0.3:1
8
3 PVA 100
2 CPz 100
E Composition 3 50
3 Labrafil 1944: Labrasol: Kolliphor EL: )
x
; Propylene Glycol 1:1:1:1
=
PVA 100
Cpz 100
Composition 4 50
Labrasol: Transcutol: Kolliphor EL: )
dmso:Glycerol 1:1:1:0.3:1
PVA 100
i Cpz 100
Composition 5 _ 50
Lauroglycol 90: Kolliphor EL: Transcutol )
HP 1:1:1
PVA 100
Composition 6 CPz 250 50
Labrasol : Kolliphor Rh40 (2:1) 5
3 PVA 100
o
(%2}
s Composition 7 cpz 230 50
c
é TranscutoL HP : Kolliphor Rh40 (2:1) 5
g
X PVA 100
2 Composition 8 CPZ 250 50
(&1
& HPBCD 250
PVA 100
Composition 9 CpPz 250 50
Poloxamer 407 5

Table 3.: Formulated blends as compositions




8.2. Setting formulation parameters

The spray drying technique is commonly employed in solid nanoparticle formulations, but
our experiments revealed that several manufacturing parameters were critical in achieving the
desired product characteristics. During our initial attempts to prepare spray-dried nanoparticles,
a significant loss of CPZ was observed. For these formulations, we set the inlet gas temperature
to 100°C, which dropped to 33°C upon exiting the formulation chamber. The flow rate was set
at 0.11 m*/hour, and the chamber pressure was maintained at 31 mbar. To address these issues,
we implemented additional adjustments, including complete light exclusion. The inlet
temperature was reduced to 60°C, and the flow rate was increased to 0.16 m*/hour, with the
chamber pressure raised to 50 mbar. Despite these changes, the output temperature remained at
30°C. Other parameters, such as the feed pump rate (90% of maximum speed), nebulizer rate
(80% of maximum speed), and nebulizer voltage (122 kHz), were kept constant.
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Figure 40.: Evaluated amount of CPZ (mg) in 20mg nano particles fromulated by manufcturing
process 1-2. Each data point represents the mean + SD, n = 5. In our first series of experiments,
we successfully determined the settings that allow the nanospray technology to be used effectively

and safely. In the second series of experiments, the samples were prepared using these parameters.



8.3. Determination of particle size and distribution

Our size and distribution studies had been demonstrated that formulations are heterogeneous
dispersed systems in 10-900 nm ratio. The experiment results of the second series of measurements
are summarized in Figure 41 and Figure 42
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Figure 41.: Particle size distribution of composition 1-5



According to the results of the size distribution experiments, small, insignificant size

differences were evaluated in parallel measurements.
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Figure 42: Particle size distribution of composition 6-9

Results of formulation procedure of composition 6 and 7 were particles with similar diameters
around 450 nm. The spray drying process of composition 9 resulted in such large particles around
750 nm, while at the formulation process of composition 8 the particles found to be significantly

smaller around 250 nm.



8.4. Evaluation of size and morphology of solid nanostructures

Spherical shape had been confirmed by Scanning Electron Microscope evaluations. Particle-size
distribution evaluations had been demonstrated that compositions (1-5) are performing
heterogeneous dispersed systems in 10-900 nm diameter ratio.
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Figure 43: SEM images of solid nanoparticles (1-5). The assessment demonstrated that the

compositions are performing heterogeneous dispersed systems in 10-900 nm ratio.



Scanning Electron Microscope examinations of the second experimental series, also verifyed the
designed regular spherical shape. Particel-size distribution evaluations had been certified that

compositions (6-9) are performing heterogeneous dispersed systems in 10-900 nm ratio.

Figure 44: SEM images of solid-nanoparticles (6-9). The evaluations verified that the

compositions are performing heterogeneous dispersed systems in 10-900 nm ratio.



8.5.  Evaluation of the possible cytotoxic effect

The viability results from all experimental series showed that the excipients and their combinations
did not cause a significant reduction in cell viability. A slight cytotoxic effect was observed at

higher concentrations, which were beyond the intended application range. None of the measured
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Figure 45: Effect of compositions on RPMI cell viability, evaluated by MTT cell viability assay.

Each data point represents the mean + SD, n = 5.



8.6. CPZ dissolution measurements

Dissolution testing revealed a rapid release of the incorporated API. Within 15 seconds, over 60%
of the API was detected in each composition. The complete amount of CPZ was released after 45

seconds, and the dissolution rate remained constant after 2 minutes.
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Figure 46: Amount of dissoluted CPZ after 15, 30, 45 and 120 seconds. Each data point represents

the mean = SD, n = 5.

In the second series of experiments PZ amount had been increased to 250 mg due to the animal
experiments. The dissolution profiles of the compositions are shown in Figure 46. During the tests,
an average of 75% of the incorporated active substance was detected. No significant differences

were observed between the dissolution profiles across the studies.



Based on the dissolution test results, it can be concluded that approximately 70-75% of the initial
250 mg of the active ingredient was successfully encapsulated in the drug delivery systems during
formulation. The variation in dissolution kinetics can be explained by the results presented in
Figure 47. After analyzing the kinetic profiles, key factors for similarity and dissimilarity between

the curves were assessed, revealing no significant differences in kinetics. The dissolution behavior

of the systems was identified as similar.
250
E:
2 200
u
g — =
=
17;]
o
o)
gl 150
v}
=
[}
A=
E 100
v}
e
2
=
[
1]
A 50
0
0 10 30 45 60 75 90 105 120

Composition 9

Composition 6 Composition 7 Composition 8

Figure 47: Dissoluted smount of CPZ (mg) from compositions



8.7. Animal studies of CPZ utilization

Before conducting the experiments, the actual CPZ content of the preparations was measured, as
shown in Figure 48. The findings revealed that the CPZ content in the formulations exceeded the
expected 50%. Specifically, the CPZ content for each preparation was as follows: Composition 6
— 57.7%, Composition 7 — 55.5%, Composition 8 — 56.6%, and Composition 9 — 62.9%.
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Figure 48: CPZ content of the different preparations

As shown in Figure 49, our animal experiments indicated that Compositions 8 and 9 were the most
promising for further development. After administering Composition 9, the blood concentration of
CPZ increased rapidly, reaching its peak quickly, followed by a significant decrease in drug levels.
For Composition 8, the measured blood levels were also considerably higher than those observed
with Compositions 6 and 7. Furthermore, Composition 8 displayed a rapid rise in blood levels,

followed by a notable plateau phase, which could present additional benefits.



Several factors could explain this phenomenon related to nanoparticles containing CD excipients.
HPBCD is recognized for its ability to form inclusion complexes with drugs, which can

substantially improve their solubility and bioavailability.
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Figure 49: blood CPZ concentration of the different preparations

Following disintegration, the HPBCD-drug complex dissolves easily, promoting faster absorption
across biological membranes. Based on our experiments, we concluded that the rapid degradation
of nanoparticles containing HPBCD is likely to contribute to the rapid release of the drug in a more
absorbable form. This can lead to a faster appearance and prolonged concentration in the blood.
This is presumably due to effective initial absorption. In addition, cyclodextrins, as confirmed by
our previous experiments in the department, can improve the permeability of the drug through
mucous membranes, increasing the initial absorption rate and maintaining prolonged drug levels
in circulation. In addition, as literature data, HPBCD can protect the drug from degradation,
ensuring a more stable release and absorption profile over time. Based on our experimental results,
the combination of increased solubility, efficient absorption, and improved membrane penetration
attributed to HPBCD likely explains the elongated blood levels observed in our animal studies
despite the rapid disintegration of nanoparticles. This insight is valuable, and we plan to investigate

this phenomenon further in our future research.



9. DISCUSSION

The first part of my dissertation, summarizing my experimental results, highlights the potential of
personalized nasal filters to revolutionize healthcare through targeted applications of respiratory
protection and drug delivery. It is clearly proven that customized nasal filters can help protect
against airborne pathogen agents. The small devices | developed are small devices placed in the
nasal passage, easy-to-use 3D printed equipment that filters out harmful particles and allergens.
These filters can improve microambient air quality and can be tailored to individual needs,
providing effective protection for people suffering from allergies, asthma and other respiratory
diseases. When combined with an appropriate delivery system, filters offer a new approach to drug
delivery, taking advantage of the high absorption capacity of the nasal mucosa and the well-known
tendency to deliver drugs more efficiently and with fewer side effects. The studies underlying my
dissertation emphasize the importance of multidisciplinary collaboration between engineers and
healthcare professionals in the development and clinical evaluation of these filters. Promising
future developments | have reviewed in my work include incorporating ultrafine and active filter
technologies, using sustainable and recyclable materials, and integrating loT to track filter
performance. All these can contribute to the success of the results of the thematic area.
Personalized nasal filters represent a significant step forward in both patient care and drug delivery,
as they have the potential to improve patients' quality of life. However, it is important to stress that
continuous research and development is essential for the widespread adoption of these innovative
tools in healthcare and among ordinary users. Formulation studies focused on the design of solid-
phase nano drug delivery systems for nasal application using amphiphilic excipients. The study
that underpinned my dissertation identified key manufacturing parameters of nanospray drying,
such as temperature and light exclusion, which significantly improved the stability of active
pharmaceutical ingredients (APIs). In our experiment, five different self-organizing,
heterogeneous dispersed systems were produced, demonstrating the potential of nano spray drying
technology to create stable and efficient drug carriers. Safe applicability is the basis of all
pharmaceutical technology developments. Therefore, all formulations were subjected to in vitro
cell culture diocompatibility tests. Biocompatibility tests on RPMI 2650 nasal cells confirmed the
safety of the excipients used, while physical tests using instrumental analytical methods showed
that the systems meet size and morphological standards. Stability and dissolution tests showed

rapid API release and stable formulation, which was further confirmed by microCT analysis, which



ruled out excessive nanoparticle aggregation. A 3D-printed nasal dosing device ensured precise
administration, making the system suitable for practical use. These findings provide a foundation
for future development of nasal or oral nanosystems and related biocompatibility tests,
contributing to the advancement of targeted drug delivery systems. To complete the phenomenon
we investigated various nasal formulations containing chlorpromazine and amphiphilic
permeation enhancers to improve drug absorption through the nasal mucosa. Amphiphilic
compounds were shown to stabilize particle size, contributing to consistent therapeutic outcomes.
Among the tested compositions, Composition 8 (formerly Composition 3) exhibited the least
impact on cell viability, indicating its safety, while Composition 5 (formerly Composition 4),
containing Poloxamer 407, showed lower tolerability due to its cytotoxic potential. Dissolution
studies revealed no significant differences among the compositions, though Composition 8 ensured
the fastest disintegration. Animal studies demonstrated that Composition 8 was the most
biocompatible, while Composition 5, despite its promising results, required cautious use due to
potential nasal mucosa irritation. Based on our experimental results, we showed that amphiphilic
compounds play a key role in enhancing drug absorption and stability. This can also make a major
contribution to the work of other working groups. Based on our results, we see that future research
should focus on optimizing the concentration of excipients and exploring new amphiphilic
compounds in order to develop innovative nasal medicines. These results provide a valuable basis
for the creation of future pilot products and the development of nasal pharmaceutical technologies.
The research conducted in the three studies underpinning my dissertation examined in detail the
transformative potential of nasal drug delivery and respiratory protection systems in modern
medicine. The development of customised nasal filters highlights innovative approaches to
improving air quality and enabling accurate, targeted drug delivery. By adapting these filters to
individual needs, patients with respiratory diseases such as asthma and allergies can experience
increased protection and a better quality of life. In addition, rapid drug absorption through the nasal
mucosa offers a promising alternative to systemic drug administration, minimizing side effects and
improving therapeutic outcomes. In the second phase of my experimental work, we focused on
solid-phase nano drug carriers. We have proven the versatility and efficiency of nanospray drying
technology in pharmaceutical applications in combination with nasal application. The ability to
create stable, biocompatible nanoparticle formulations paves the way for efficient drug delivery

systems that are key to treating a variety of conditions. The study's findings on manufacturing



parameters and biocompatibility tests provide basic guidance for future formulations and highlight
the importance of interdisciplinary collaboration in the development of innovative medical
devices. The study in the third phase of my experimental work emphasizes the critical role of
amphiphilic compounds in improving drug stability, absorption, and safety. We pointed out that
identifying optimal formulations, such as Composition 8, provides valuable insights to create
effective and well-tolerated nasal drug delivery systems. The results also underline the importance
of balancing efficacy and safety, especially for preparations containing excipients such as
Poloxamer 407. This experimental work | hope could contribute to the delivery of nasal medicines
and respiratory protection. My experimental results can provide practical solutions and lay the
foundation for future innovations in this field. Pharmaceutical developments require extraordinary
resources, financial and skill requirements. During my work, | tried to get to know the topic
thoroughly and to create and analyze a research direction that can really contribute to the

innovation of nasal drug development and the development of the therapeutic field.



10. SUMMARY

During my research, | developed and investigated a drug delivery method that can be connected
with nasal protective devices, representing a drug therapy option. In the first experiments of the
research, | investigated the development of personalized nasal filters and the application of solid-
phase nano drug carriers, emphasizing their importance in modern medicine. In my research, |
have proven that individualized nasal filters can provide effective protection while improving the
quality of the air we breathe and creating opportunities for targeted drug delivery. The
customizable design of the 3D-printed compact filters developed by me allows people suffering
from allergies, asthma and other respiratory diseases to effectively protect themselves. The other
main pillar of my research work was the development of nanotechnology drug carriers, during
which we proved the applicability of nanospray drying to create stable and effective drug
formulations. During the studies, five different, self-organizing, heterogeneous dispersion systems
were produced, which prove the versatility of the technology of nanospray drying. Key
manufacturing parameters, such as temperature and light exclusion, had a significant impact on
the stability of active pharmaceutical ingredients. Physical and biological tests have confirmed that
the nanoparticles produced in this way meet size and morphological requirements, while their
stability and rapid release of active substances allow them to function as effective drug carriers.
Biocompatibility tests performed on RPMI 2650 nasopharyngeal cells confirmed the safe use of
formulations, while dissolution experiments showed rapid release and stable formulations.
Examining the role of various amphiphilic excipients, the results revealed that certain
formulations, such as Composition 8, have high biocompatibility and rapid dispersibility, while
others, such as formulas containing Poloxamer 407, require cautious use due to their potential
cytotoxic effects.

The results of the research may not only lead to breakthroughs in the development of nasal filters
and nano drug carriers, but may also contribute to the development of targeted drug delivery
systems. In future research, it is worth further optimizing excipient concentrations and further
developing the efficacy and stability of drugs that can be administered through the nasal mucosa
by including new amphiphilic compounds. The results may provide a basis for the development of

pilot products and the further promotion of nasal pharmaceutical technology innovations.
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14. LIST OF ABBREVIATIONS

KEYWORD

ABBRAVIATION IN TEXT

DESCRIPTION

Active Pharmaceutical
Ingredient

API

Ingredient that

provides biologically
active or other direct effect
ingredient that provides
biologically active or other
direct effects

Acute Respiratory Distress
Syndrome

ARDS

Symptoms include shortness
of breath (dyspnea), rapid
breathing (tachypnea), and
bluish skin coloration
(cyanosis)

Analysis of Variance

ANOVA

Statistical method that
simultaneously compares
means across several groups
to determine if observed
differences are due to chance
or reflect genuine distinctions

Bovine Serum Albumin

BSA

Serum albumin protein
derived from cows

Chlorpromazine

CpPz

Medication used to manage
and treat schizophrenia,
bipolar disorder, and acute
psychosis

Chronic obstructive
pulmonary disease

COPD

Inflammation, inside the
airways that limit airflow into
and out of the lungs

Computational Fluid
Dynamics

CFD

Helps solve complex flow
equations with accurate
numerical methods:
laminar/turbulent flow,
(in)compressible fluid,
multiphase flow

Dopamine receptors

D2, D3, D5

G protein-coupled receptors
that are prominent in the
vertebrate central nervous
system (CNS)

Dulbecco’s Modified Eagle's
Medium

DMEM

High glucose culture

Evolution

Sub-version designation

Experimental Prototype

XP

Test fit sample

Formazan

Dyes - artificial chromogenic
products obtained by
reduction of tetrazolium salts



https://en.wikipedia.org/wiki/Ingredient
https://en.wikipedia.org/wiki/Biological_activity
https://en.wikipedia.org/wiki/Biological_activity

by dehydrogenases and
reductases

Fused Deposition Modeling FDM 3D printing process that uses
a continuous filament of a
thermoplastic material

Gas Chromatography GC Common type of
chromatography used in
analytical chemistry for
separating and analyzing
compounds that can be
vaporized without
decomposition

Gas Chromatography — Mass | GC-MS Analytical method for drug

Spectrometer detection/ analysis

Human Colon Caco-2 Transfection host

Adenocarcinoma Caco-2 cell

line

Human Nasal Epithelial cell | RPMI 2650 form a polarized epithelium

line resembling nasal mucosa

2-hydroxylpropyl-B- HPBCD Enabling excipient in

cyclodextrin pharmaceutical formulations,
but also as a cholesterol
modifier

International standards 10993 | ISO 10993 Standards for evaluating the
biocompatibility of medical
devices

International standards 16890 | ISO 16890 establishes an efficiency
classification system of air
filters for general ventilation
based upon particulate matter
(PM)

In Vitro Diagnostic Devices | IVDR Requires device

Regulation

manufacturers to conduct
clinical performance studies
and provide evidence of
safety and performance
proportionate with a device's
assigned risk class

Kolliphor EL Nonionic surfactant used to
stabilize emulsions of
nonpolar materials in water

Labrafil Water-dispersible surfactant

for lipid-based formulations
to solubilize and increase oral
bioavailability of poorly
water-soluble APIs




Labrasol

Solubilizer and skin
penetration enhancer, O/W
surfactant for microemulsion

Lauroglycol

Cosurfactant and solubilizer

Liquid Chromatography —
Mass Spectrometer

LC-MS

Liquid chromatography
separates mixtures with
multiple components, mass
spectrometry provides
spectral information that may
help to identify (or confirm
the suspected identity of)
each separated component

Malvern Nano Zetasizer ZSP

measure the particle size of
dispersed systems from sub-
nanometer to several
micrometers in diameter,
using the technique of
Dynamic Light Scattering
(DLS)

Mark

MK

Version designation

Mass Spectrometer

MS

Used to identify unknown
compounds via molecular
weight determination, to
quantify known compounds,
and to determine structure
and chemical properties of
molecules

Medical Devices Regulation

MDR

Comprehensive set of
regulations that governs the
production and distribution of
medical devices in Europe

(3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium
bromide) tetrazolium
Viability assay

MTT viability assay

Method for determining live
cell numbers by absorbance
on a microplate reader

Miglyol

Emollients

Nasal Emergency/ External
Filter

NEF

Personal Protective
Equipment class D/C for
respiratory protection

Nasal Internal Filter

NIF

Personal Protective
Equipment class D for
respiratory protection

Particulate Matter

PM

contains microscopic solids
or liquid droplets that are so
small that they can be inhaled




and cause serious health
problems

Personal Protective
Equipment

PPE

Protective clothing, helmets,
goggles, or other garments or
equipment designed to protect
the wearer's body from injury
or infection

Poloxamer

Amphiphilic structures
Surfactant properties

Polymethyl methacrylate

PMMA

Synthetic polymer used as an
engineering plastic

Self-Nano Emulsifying Drug
Delivery System

SNEDDS

Anhydrous homogenous
liquid mixtures consisting of
oil, surfactant, drug and
coemulsifier or solubilizer,
which spontaneously form
oil-in-water nanoemulsion of
approximately 200 nm or less
in size upon dilution with
water under gentle stirring

Scanning Electron
Microscope

SEM

Produces images of a sample
by scanning the surface with
a focused beam of electrons

SYNFASAN G3 Filter

G3

Average Arrestance (Am)
of ASHRAE test dust: 80% <
Am < 90%

Thermoplastic PolyUrethane

TPU

Polyurethane plastics with
many properties, including
elasticity, transparency, and
resistance to oil, grease, and
abrasion

Transcultol

Solvent and solubilizer for
solubility and bioavailability
enhancement

Ultra High Performance
Liquid Chromatography

UHPLC

Technique used to separate
different constituents of a
compound

Validating Prototype

VP

Functional sample
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