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WHEN PRESERVATIVE FREE MATTERS®

THE APPLICATION DIVERSITY

AERO PUMP

OF METERED PUMP-BASED
SOFT MIST DEVICES

In this article, Marie-Christine Klein, PhD, Head of Development & Regulatory Affairs,
Andreas Bilstein, PhD, General Manager, and Caroline Hoffmann, PhD, Project
Manager, Development & Regulatory Affairs, all at URSATEC, discuss the underlying
techniques involved in the use of metered pump-based soft mist devices and their

application diversity.

The respiratory tract fulfils the physiological
functions of vocalisation, protection against
contaminants and active gas exchange
between the blood and the atmosphere.
Being exposed and the first line of defence,
it is also a common site for infections and is
subject to inflammatory events that can lead
to chronic inflammatory diseases. As such,
drug targeting to the distinctive parts of the
respiratory tract is crucial in managing the
treatment options.

The nose and the nasal cavities, with
their angled architecture and the filter
function of the epithelium, are a perfect
chaperone for aerosols on their way to the
lower respiratory tract. Together with the
pharynx (throat), the nose and the nasal
cavities create the upper airway, which in
terms of inhalation is followed by the lower
respiratory tract containing the larynx, the
trachea, the bronchi and the lungs. The
histological characteristic of each section is
adapted to the respective function, which is
for the so-called conducting zone (nose to

"Drug targeting to the
distinctive parts of the
respiratory tract 1s crucial
In Managing the
treatment options.”

terminal bronchioles) to filter and warm the
air as a prerequisite for the gas exchange
that takes place in the respiratory zone, with
the lungs as the main respiratory organs.

The upper respiratory tract, with its
nasal cavities, constitutes an interesting
entry of drugs for systemic uptake and even
provides a way to bypass the blood-brain
barrier by using the olfactory pathway
for direct targeting of brain tissue. The
intranasal route can overcome the hepatic
first-pass effect, which results in higher
bioavailability of the drug in a lower dosing
— and consequently less side effects.

The limitations of the nose-to-brain
target route are mainly the small volumes
(25-200 pl) that can be applied to the
nasal cavity, which may limit the use to
potent drugs. Furthermore, the olfactory
region represents only a small surface
fraction of the total cavity (5.2%), to be
reached with a well-balanced droplet size.
Also, the mucociliar clearance is an obstacle
for drug delivery, since it generates a
potent driving force from the respiratory
cavity towards the larynx, limiting drug
interaction time with the epithelium.

Drug targeting to the lower respiratory
tract and the pulmonary tissue — the site
of action for gas exchange — has the big
advantage of having good pharmacokinetics
for systemic-acting drugs to bypass the
gastrointestinal (GI) tract with less effective
absorbance. This is also the site of action
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for topically acting drugs specifically acting
on the lung tissue. To successfully target a
drug to the alveolates, the lower respiratory
tract for metabolisation, many barriers built
to prevent pathogen containing aerosols
intruding into the lower airways need to
be overcome and taken into consideration
when creating a drug and choosing an
application system. The mechanical barriers
created by the architecture of the respiratory
tract, and chemical and immunological
barriers posed by the respective inhabitant
cells and their secretion products, each
lower the probability of successful drug
bioavailability. Moreover, some clinical
conditions lead to extensive mucous
production or bronchoconstriction, which
can increase the barriers for drug delivery.!

LARYNX AS AN INTERESTING
TARGET SITE

Whereas the deep lung and the anterior
nasal cavity are well-known drug targets,
with many different devices on the market,
the deep nasal cavity and the connection
between the nasal cavity and the deep
lung (trachea, larynx, voice cord) are not
targeted specifically by many devices so
far. The deep nasal cavity as an interesting
area to be targeted for local application was
described in issue 131 of ONdrugDelivery.?

The larynx, as part of the conducting
zone that is inevitably passed during
inhalation, is also worth looking at with
regard to a potential drug target for some
indications. Using the larynx route for
rehydration therapy and airway hygiene
is a simple and potentially highly effective
idea. There are studies that show that poor
hydration has a negative effect on infection
protection, which made affected individuals
more susceptible to covid-19.3#

The underlying mechanism for why
airway dehydration has this impact is that
inhaled contaminants are not filtered in an
ideal way. Dehydration leads to thinning of
the upper airway lining fluid, decreases the
beat frequency of cilia and impairs epithelial
cells. Of course, this not only holds true for
SARS-COV2 - it applies to other airborne
infections as well as allergies, asthma and
chronic obstructive pulmonary disease,?
as well as general air dryness exposure,
as in air-conditioned rooms. Furthermore,
the larynx also poses an interesting drug
target for topical cancer treatment or local
anaesthesia, the latter already being targeted
by a spray nozzle unit (SNU)-based product,
the Trachospray.**
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"The ability of inhalers to target medication to a body
part that is accessible from the outside has increased the
treatment options for different highly prevalent diseases.”

DIFFERENT INHALING DEVICES FOR
TARGETING THE LOWER AIRWAYS

The ability of inhalers to target medication
to a body part that is accessible from the
outside has increased the treatment options
for different highly prevalent diseases.

Metered dose inhalers (MDIs) store
the medication in pressurised form. Using
propellants for aerosol production, a
high velocity of 8 m/sec during a time
interval of 0.1-0.4 s is achieved.” The lung
deposition overall is 10%-20%, differing
with formulations and the application by
the patient, which is the main drawback
because of the difficulty of timing inhaler use
correctly.® The cold sensation at the back of
the throat as the propellant evaporates may
be destructive since the patient may stop
inhaling intuitively. Nevertheless, MDIs
are widespread, relatively cost effective and
contain many doses. The disadvantages are
being partially overcome by developments
such as breath-actuated MDIs, which help
to co-ordinate firing and inhaling, and MDIs
with spacers that leave the dose of medication
in the spacer without being blown away.®
These further developments come at the
cost of a less handy design and portability.

Dry powder inhalers are breath actuated
and do not need any propellants to generate
the aerosol. The need for a forceful
inhalation to disperse the powder is crucial
for the application and, at the same time,
the major drawback as it requires good
understanding of the device and training
of the user.

Nebulisers use either jet, ultrasound
or vibrating mesh to nebulise a liquid
formulation. Each aerosol generation
technique comes with its own advantages
and disadvantages, but the overall idea
is to allow the patient to inhale during
normal tidal breathing, without the need
for timing the firing or breathing forcefully.
This may be attractive for patients with
co-ordination problems — or in emergency
cases. Nebulisers have a static design, are
more expensive and sometimes struggle
with correct dosing and lung deposition.’

Soft mist inhalers allow a handy
design and make the use of propellants
Multidoses  of a

unnecessary. liquid
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formulation are stored and a slow-moving
aerosol is created by a precisely engineered
nozzle system. The slow velocity is the
main difference compared with pressurised
MDIs (pMDIs) and the idea is to give the
patient enough time to co-ordinate the firing
and inhaling of the aerosol through the
upper and lower respiratory tract.

HUMAN FACTORS IN
DRUG DEPOSITION TO
THE RESPIRATORY TRACT

The above walkthrough of the different
inhalers makes it clear that the operating
principle differs a lot from device to device
— and the patient or physician has to choose
the device that best fits the abilities of the
operator and the underlying disease and its
treatment regimen. Training and successful
handling of the device have a significant
influence on the success of drug targeting.'®

REQUIREMENTS FOR THE
DROPLET/PARTICLE SIZES
OF THE INHALING DEVICE

Besides dealing with the anatomically and
cellular circumstances and the exogenous
factors by handling that influence the drug
deposition, the drug needs to be transformed
in droplet/particle sizes that are ideal to
reach their distinctive site of action.

If the aerosol is entering the upper
respiratory tract through the nose, small
droplets < 5 pm will not usually stay in
the nasal cavity but will find their way to
the lower respiratory tract. The higher the
droplet size, the more the anterior parts of
the nasal cavity will be targeted. Smaller
droplets/particles have a higher chance of
reaching the posterior parts of the nasal
cavity, including, for example, the olfactory
region, an ideal target for nose-to-brain
delivery. It is not yet clear what is the best
droplet size to reach the olfactory region,
but there are suggestions that a diameter of
~10 pm may be favourable.

In oral inhalation, particles > 5 pm
mainly deposit in the oral cavity, the
larynx and the trachea - i.e. the upper and
conductive airways. A deep-lung deposition
is reached with a particle size of 0.5-4 pm,
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‘A device technology

that allows targeting of
the different areas using
the same base technology
has been missing so far.”

whereas 4-5 pm sized particles deposit
in the bronchi. Particles smaller than
0.5 pm are being exhaled and are not
therapeutically active.!' As discussed, the
different regions are targeted currently by
different devices using diverse technologies
to generate the particles. A device technology
that allows targeting of the different
areas using the same base technology has
been missing so far.

SOFT MIST APPLICATOR WITH SNUS

The production of aerosol by the principle
of Rayleigh break-up (the generated jet
breaks up automatically in droplets) inside
the platform of an MDI or a nasal spray is a
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Figure 1: Median droplet sizes (um) of inhalers or nasal spray containing different

pore sizes of the SNU.

straightforward development that has a
broad application spectrum and adaption
possibilities that allow flexible therapeutic
options for different target sites of the
upper and lower respiratory pathways.
The liquid is dispersed into droplets by
mechanically pressing the liquid through a
microchip with pores (SNU) and succeeds in
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producing a very constant particle size
distribution and delivery rate. All droplets
are twice the size of the hole in the chip.
By changing the diameter of the hole in
the spray nozzle, the droplet size can be
engineered for optimal performance.'>!3
For generation of the necessary force to
generate the droplets, either air pressure
or liquid pump technology can be used.
Metered pump technology, especially
when combined with the possibility of
delivering preservative-free  solutions,
should be the ideal

generator for a device family that profits

liquid pressure

from both the portability of a standard
MDI and the generation of soft mist.

On the basis of adapting the pore sizes,
different targets of the respiratory tract
can be tackled in an optimised manner.
Figure 1 shows droplet sizes of different
devices that are adjusted in terms of pore
sizes and number of pores per chip. The
data reflect the medium droplet sizes in
micrometres and show that the adaption
succeeds in producing devices with different
application scenarios.

Figure 2: Deposition study of 0.5% fluorescein in 0.9% saline formulation using a next-generation impactor was performed
with an airflow rate of 20 L/min. (A) Deposition based on emitted mass; (B) Deposition in an Alberta Idealized Throat (left: lung
inhaler; right: larynx inhaler).

www.ondrugdelivery.com
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(A)

with 0.9% NaCl

(B)

with 0.9% Sea Salt J

20 ml

Figure 3: A: The SoftBreezer and the SoftBreezer Larynx are designed in line with a
standard portable-inhaler design. They are propellant free and preservative free and
generate a fine nebulisation. Exact dosages are generated and the actuation time
dependent on the pore size is 1-3 s. B: The nasal spray for the soft mist generation
embeds the spray nozzle unit inside the spray nozzle of a standard metered-dose

nasal spray.

To test the different pore sizes in their
real distribution of droplets among the
impact sites, deposition tests in an Alberta
Idealized Throat have been performed and
quantified. An example measurement is
given in Figure 2. The deposition in the
model reflects the different distribution
patterns in the oral cavity and throat
dependent on the pore size of the SNU.
The smaller pore size of the lung inhaler
constructed to reach the deep lung achieved
only 58% deposition in the oral cavity,
compared with 95% deposition produced
by the larynx inhaler.

Another winning fact is that the novelty
of the device is completely embedded in
the classical device aesthetics of an inhaler
and a nasal spray with approved usability
profiles and forms familiar to patients
(Figure 3).

ONE DEVICE CLASS -
DIVERSE TARGETS

Combining spray nozzle technology with
pump-based actuation and the option of
preservative-free solutions enables the
development of similar devices targeting
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‘Combining spray nozzle
technology with pump-
based actuation and the

option of preservative-
free solutions enables the
development of similar
devices targeting specific
regions of the lower and
upper airways.”

specific regions of the lower and upper
airways. As a consequence, synergies in
the development of drug products arise as
one formulation can potentially be used for
local application in different target sites,
which allows efficiency in terms of galenic
development, manufacturing and stability
studies. The targeted local application
also generates the potential of optimising
drug dose towards a reduced total drug
uptake. Moreover, the similar product
concepts may allow the patient to use just
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one user-friendly application technology
for drugs in the entire airway, potentially
minimising use errors.

ABOUT THE COMPANIES

URSATEC was founded in 1993 to
accomplish one mission: the establishment
of preservative-free applications based
on its proprietary packaging systems in
different application areas, primarily
the nasal, dermal, buccal and otological
fields. Having sold almost 2 billion units
within the last 30 years, URSATEC
systems are widely established. URSATEC
is consistently expanding its business and
offers a full development service, dosage
systems, primary packaging materials,
filling services for OTC and Rx applications
to the healthcare industry, and also stands
for sophisticated cosmetic products and
food supplements that completely lack
preserving ingredients.

URSATEC’s three principal shareholders
are Aero Pump (Hochheim, Germany),
Gaplast  (Peiting, = Germany) and
URSAPHARM (Saarbriicken, Germany).

Aero Pump was founded in 1976 and is
headquartered close to Frankfurt (Germany)
airport. It is a leading manufacturer of
high-precision application systems for the
pharmaceutical and healthcare industry,
focused on innovation, multifunctionality
and contemporary design. Its spray pumps
and dropper systems are widely established
in the market and are primarily used in nasal,
ophthalmic, pulmonary and dermal fields,
suitable for preserved and preservative-free
OTC and prescription drugs.
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Marie-Christine Klein, PhD, is a biochemist by training and joined URSATEC in 2019. She is
head of the development team, which is focusing on innovative developments in combination

with URSATEC application technology, for example, in preservative-free cosmetics.

Andreas Bilstein, PhD, has been the Managing Director of URSATEC since August 2020.
He is a biologist with more than 15 years of experience in developing preservative-free

products for various applications.

Caroline Hoffmann, PhD, is a chemist who joined the development team of URSATEC in
2021. She is focusing on projects revolving around inhalation applications in the context
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ONE Source

Providing ready-to-market
products while supporting
all the steps in-betweens

— We accompany our customers as a reliable and competent partner through-
out the entire value chain of a product. Instead of coordinating various
suppliers and contract development and manufacturing organizations, you
have all the advantages of a single contact partner.
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