
Engineered Aerosol Medicine and Drug Delivery Methods
for Optimal Respiratory Therapy

The human lung is an effective route for noninvasive
drug delivery because it provides a large surface area for
rapid absorption, a minimal physical barrier, an absence of
extreme pH and metabolism, no first-pass liver, a rich
blood supply, and poor bioavailability of oral drugs. The
physical and electrical properties of active pharmaceutical
ingredient and excipient interactively influence 5 electro-
mechanical deposition mechanisms of respiratory medic-
inal aerosols while flowing through the airways, including
nose, mouth, pharynx, trachea, bronchi, bronchioles, and
alveoli.

The therapeutic particles from a specific device during
the inhalation process come out as an aerosolized form.
The dispersion of these pharmaceutical powders is often
difficult because the fine powders are cohesive as a result
of the strong interparticle adhesion forces: van der Waals,
capillary, and electrostatic attractions. Typically, cohesive
forces are proportional to the diameter d of the particles,
whereas the detachment forces for resuspending the par-
ticles forming aerosol are proportional to d2 when aero-
dynamic shear force is used for the dispersion. Thus, the

SEE THE ORIGINAL STUDY ON PAGE 1476

smaller the diameter, the higher the shear force needed for
efficient dispersion to form aerosol containing the primary
active pharmaceutical ingredient and excipient particles
micronized in the jet mill. A solution to these problems
can be the manufacture of engineered active pharmaceu-
tical ingredient and excipient to manipulate the cohesivity
and dispersibility with necessary magnitudes of particle
charge during the micronization process. These modifica-
tions will improve blending uniformity and long-term sta-
bility of the powder mixtures.

The primary mechanisms of lung deposition of inhaled
respirable drug aerosol particles in the human lung consist
of the 5 electromechanical processes: impaction, diffusion,
interception, gravitational settling, and electrostatic effects,
as depicted in Figure 1.1,2 There are a number of mathe-
matical models and computational tools developed to un-
derstand particle flow and to predict deposition patterns of
particles in the whole lung or its specific region.3-9 In silico
study results using these modeling tools agreed with in vitro
study results as well.10,11

In the field of aerosol medicine, there have been several
methods invented and marketed to improve pharmacoki-
netic efficacy and effectiveness in respiratory drug deliv-
ery, and to minimize losses in the delivery devices. Ex-
amples are: nanoparticle therapeutics for reduced side
effects and more targeted deposition, salt-based formula-
tions optimized for inhalation to create a robust and flex-
ible platform that can accommodate low or high drug loads
of a range of molecule types, sustainable long pulmonary
absorption achieved through tissue binding and cellular
uptake in the airways, moderately lipophilic compounds
with positive electrostatic charge under physiological con-
ditions to bind preferentially lung tissues, liposomal en-
capsulation in controlled-release particles, and increasing
the molecular mass of the drug by conjugation with a
water-soluble inert ligand or another protein.12-14

Additional examples of improved drug delivery meth-
ods include: the use of a valve holding chamber or spacer
for metered-dose inhalers; inlet design change of dry pow-
der inhalers for less resistance to air flow and particle
de-agglomeration; face mask with nebulizer and spacer for
infants and children; charge neutralization of nebulized
aerosol before administration; nonpropellant inhaler with
soft mist of aqueous drug solution through a set of fine
channels in the nozzle; enhanced condensational growth of
submicron particles for minimum mouth-throat deposition;
and evaporation and condensation aerosol generator for
poorly water-soluble drugs suitable for pulmonary
route.1,15,16 Studies with laboratory animals showed that
the required antibiotic dose of nanoaerosol generated by
electrospray-neutralization process for the pulmonary drug
delivery method is one-sixth of the dose for peroral treat-
ment.15,17
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High-flow nasal cannula therapy is currently being em-
ployed to deliver oxygen to patients with moderate levels
of hypoxemic respiratory problems.18 In the same fashion,
this method can be used to deliver drugs to the lungs.
However, it was reported that infant, pediatric, and adult
nasal cannulas show a decrease in delivery with an in-
crease in inspiratory flow, which can be explained by the
higher drug deposition (losses) in the device compo-
nents.19-21 These losses often occur as a result of combined
effects from several issues, such as inside geometry of
cannula and directional change of aerosol flow in the nose,
mouth, pharynx, and trachea.

The enhanced condensational growth and excipient-en-
hanced growth showed substantial improvement (�80%)
without incorporating exhalation cycle. An in vitro exper-
imental study published in this issue of RESPIRATORY CARE

has reported an improved respiratory drug delivery method
by employing intermittent aerosol delivery during high-
flow nasal cannula therapy.22 Using controlled growth tech-
niques on freshly generated drug aerosols, Golshahi and
co-workers22 show that the intermittent delivery method
provides a better lung dose than the continuous delivery
method, by reducing losses in the drug delivery devices.
However, significant challenges lie ahead of the success of
the application of enhanced condensational growth and
excipient-enhanced growth to high-flow nasal cannula ther-
apy, because therapeutic aerosol particle size rapidly
changes due to the tendency of hygroscopic growth, and
higher mass concentrations are delivered as a consequence.
The higher drug particle mass may experience higher in-
ertial impaction and sedimentation deposition in the con-
ducting tracheobronchial airways, which will eventually

cause lower amounts of drug delivery and deposition in
the respiratory bronchioles and alveoli. The results of
growth technique for high-flow nasal cannula therapy may
also prove promising if realistic inhalation-exhalation flows
are simulated. In addition, well-characterized further ex-
periments are necessary to warrant in vivo studies by non-
invasive and pulmonary drug delivery investigators.
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Fig. 1. Respiratory drug particle deposition mechanisms in the
human lung. From Reference 1, with permission.
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