Study on dry powder inhaler : particle dispersion,
bounce-off and washout from the lung
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The application of medication via inhalation is the first choice of therapy -worldwide
for Chronic Obstructive Puimonary Disease (COPD). For aerosol inhalation therapy, drug
particle sizes must be in a relatively namow range (typically 1-5um) in order to provide
efficient delivery to the lungs. In general, drug particles are generated by three different
types of devices for inhalation therapy: Dry Powder Inhaler (DP!), Metered Dose Inhaler
(MDI), and Nebulizer. The inhalaton device should be simple to use, portable,
un-obstructive and cons-effective. The DPI satisfies the previously mentioned requirements.
In the previous study, DPIs are usually evaluated under a steady flow condition using
Andersen impacior. However, the dose and the aerosol characteristics are dependent on
the patient's ability to inspire at the minimum Equired fiow rate. Furthermore, there are
some limitations in applying impactors due to occumrences of particle bounce-off,
re-entrainment, and break-up upon impaction substrate. Therefore, in order to evaluate
more accurate dispersion performance of DPIs, it is necessary to simulate a condition of
inspiration pattem with COPD subject and to prevent occurrence of particle bounce-off,
re-dispersion, /and break-up. Furthermore, to reduce damage by environmental tobacco
smoke (ETS) because it is main cause of COPD, it is necessary to elucidate the
characteristics of ETS. Due to an increase in the non-smoking area, non-smokers are pretty
might feel still unsafe. This is because they could possibly inhale smokers’ breathed-out
mainsheém smoke, which is residual in their lungs after they smoke and retum tfo
non-smoking area. Therefore, to reduce the damage by mainstream smoke from the lung,




a good understanding on the inhaled cigarette smoke from the lung is necessary.

The dispersion performance of DPIs is evaluated by applying gravitational settling
chamber. The generated particles were infroduced into the settling chamber for performing
free sedimentation during a certain time, and particle size distribution is measured with
optical microscope. By applying this technique, the occurrence of particle bounce-off,
re-dispersion, and break-up due to the fact that the agglomerated particles collide with the
impaction substrates during measurement, by using an Andersen impactor, can be
prevented. Moreover, the inhalation pattems of healthy and COPD subjects using a DPI
with different resistant flows were measured. Based on the results of inspiration pattems, an
inspiration pattem simulator is constructed and applied to evaluate the DPIs. Furthermore,
this study investigated the effects of micronization by particle bounce-off, re-dispersion, and
break-up in the impactor in order to control the particle bounce-off, re-dispersion and effects
of micronization in the impactor. In general, the impaction substrate coated with an
adhesive material can reduce particle bounce-off, which is the main cause of performance
deterioration in the impactor. However, these coating methods may cause a problem of
chemical and elemental interference with collected particles. Therefore, in order to prevent
particle bounce-off, a new impaction substrate without an adhesive material is necessary.
This work adopts an impaction substrate with a soft material, and it would be of great
interest to investigate the effect of particle bounce-off on the rubber sheet, and if it will lead
to inelastic collisions between impaction substrate and particles. Furthermore, we focus on
characteristics of rubber sheets as an impaction subsfrate in order to increase the
deformation between impaction substrate and particles. |

In order to collect fundamental data on the concentration level of an exhaled MS
from smokers, the smoking pattems of smokers are evaluated by using an anemometer
while the particle concenttration and the size distribution of SS and the exhaled MS are
measured with SMPS and ELPI. However, exhaled air is saturated when it leaves from the
mouth. Therefore, water vapor condensation on particles as well as the coégulaﬁon of
particles may significantly alter the size distribution of particles after the exhalation. In order
to find the effect of water vapor condensation on the size distribution measurements, the



exhaled MS during the first puff are filed into a gasbag with and without passing it through a
diffusion dryer packed with silica gel and the size distributions are measured after aging for
a gi\)en time in the gas bag. Furthermore, in order to measure the exhaled MS after
smoking, the exhaled MS from the lung at each puff is collected directly into a gas'bag
through a mouthpiece with and without passing the exhaled smoke through a diffusion
dryer. The conclusions obtained in the present study are as follows;

1. Dispersion performance of drug particles by dry powder inhaler

The flow resistance of DPls markedly affects the peak flow rate more than the
inspiration volume, regardiess of sex or subject type. For evaluating the dispersion
performance of DPIs using a steady flow condition, the dispersion perfomance of DPIs is
underestimated in the case of a peak flow rate with simulated condition larger than the
simulated flow condition, while it overestimate for a peak flow rate smaller than simulated
flow condition. Therefore, the larger the peak flow rate, better the particles are micronized
under steady flow condition. Consequently, the dispersion performance of DPIs largely
depends on inspiration pattem.

Micronization of particles mainly occurs in the orifice of the impactor, whereas
micronization (particle bounce-off, re-dispersion, and break-up) as well as collection of
particle occur at the impaction substrate. The micronization effect of the O" orifice and
impaction substrate of impactor equals the dispersion of DPI.

For these reasons, in order to develop an effective DPI system and to control the
dosage, it can be said that the performance of ’a DPI has to be evaluated using simulated
inspiration pattems of a patient with a DPI. FUrlhermore, for measuring the dispersion
perfomance of DPI, it is necessary to use a measurement method without particle
bounce-off, re-dispersion and break-up.

2. Particle bounce-off on various rubber sheets |

In general, the rubber characteristics changes for different temperatures and
frequencies. The characteristics of rubber are usually measured at a frequency of 10 Hz by
varying the temperature. However, the time scale of particle-wall collisions is much shorter
than 10Hz. Therefore, the rubber state changes to the glassy region due to the increase of



the frequency and it can be said that the glassy region extends to the high temperature
zone. Consequently, the particle bounce-off can be prevented by applying rubber sheets of
siicone and Gelnic with a low glass transition temperature at room temperature.
Furthemmore, the rubber state changes to the rubber region due to the increase of the
temperature. Therefore, by controlling the temperature of the m\bber sheets, the particle
bounce-off can be prevented for various kinds of rubber sheets.

For these reasons, in order to control a particle bounce-off without adhesive
materials, this study found that the particle bounce-off can be controlled by using a rubber
with different glass transition temperature under the room temperature. Furthermore,
various rubber sheets are applicable to prevent the particle bounce-off by controlling the -
temperature of the rubber sheets.

3. Washout characteristics of inhaled cigarette smoke from human lung _

Vital capacities of smokers do not affect the inspiration pattem of ciganetlé smoke,
and the air inspired through a cigarette by a smoker during é puff, which is obtained by
integrating the inspiration curves is about 80 cm® without a significant difference between
the smokers. Human lung constantly generates parh'des with a median size smaller than
0.01 um at the concentration of about 1.6%10* cm™®, and residual particles in the lung are
washed out after 20 times of deep breathing. The effect of water vapor condensation on the
size distribution measurements, the particies in the size range 0.3 to 0.7 pm are scavenged
by the coagulation with the larger particles at a faster rate in case without the diffusion dryer
since the initial number concentration of larger particles without the diffusion dryer is higher
than that with the diffusion dryer. Furthermore, the concentrations of particles smaller than
0.3 um in exhaled MS are little influenced by the water vapor condensation. Consequently,
in the washout experiments, the exhaled MS from the lung are measured with the diffusion
dryer using the SMPS and ELP!. Mainstream smoke exhaled from the lung has a bimodal
distribution with the concentration of about 2.5%x107 cm®, and after smoking, complete
washout of residual smoke in the lung requires nomal breathing for 20 min.

For these reasons, the control of exhaled mainstream smoke as well as the
sidestream smoke is necessary to prevent passive smoking because they are nearly the



same both in concentration and in size.
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