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aerosolization systems
droplet formation, 84–86
inhaler technology, 76, 77
solution/suspension formulation, 80–81
AIM concept, 389–390
components
commercial HFA, 170, 171
hardware, 168–169
hydrofluoroalkane (HFA) propellants,
169–170
schematic diagram, 169
vs. DPI, 204
vs. DPIs, 166
environmental impact, propellants,
166–167
formulation development, 167–168
HFA-based formulations
cosolvents, 172–173
excipients, 172
particle technologies, 188–190
solubility and solvation, 173–188
solubility enhancers, 172–173
solute solubility, 174–179
nanoparticles, non-polar APIs, 190–191
oral inhalation delivery,
biomacromolecules, 194–195
polymeric nanocarriers (NCs), 192–194
regulatory systems
factors, 532
influencing factors, 532
montreal protocol impact, 531
patient population size, 531
systemic drug delivery, 531–532
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Primary cell cultures
alveolar epithelia, 418–419
tracheo-bronchial epithelia, 418
Prodrugs
drug absorption avoidance, 113
duration of effect, 40
Product specifications
regulatory systems
drug product and device requirements,
531–540
legacy, pMDIs, 530–532
Product testing. See Product specifications
Propellant driven metered dose inhalers. See
Pressurized metered-dose inhalers
Pulmonary arterial hypertension (PAH), 327
Pulmonary delivery strategies
drug encapsulated nanodispersions
cation-induced alginate gelification,
347
chemotherapeutic treatment, 345, 346
poly(lactic-co-glycolic acid) (PLGA),
346, 347
tumor-targeting, 345
lipid nanoparticles, 347–349
nanoscale powders for redispersion,
344–345
nebulized dispersions, 341–342
stabilized nanodispersions
air-jet and vibrating mesh nebulizers,
343
budesonide formulation, 342, 343
synthetic or natural surfactants, 342
Pulmonary drugs
absorption
assessment, 36–38
drug transporters, 32–34
importance, lung physiology, 35–36
membrane vesicles, 34–35
nonspecific particle trapping, 35
passive diffusion, 31–32
clearance
alveolar macrophages, 27
mucociliary, 24–27
dissolution kinetics, 22–24
effect duration
biotransformation, 39–40
dissolution rate, 38–39
formulation strategies, 39
prodrugs and soft drugs, 40
protein binding, 41
tissue affinity, 39
metabolism, 27–30
Pulmonary infections treatment, 322–324
Pulmonary nebulizer machine. See Nebulizers
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PulmoSphere™ process, 295, 296
PulmoSphere® technology, 354, 355
R
Radiolabeling aerosols
inhalation deposition analysis, 478–480
validation process, 479–480
Rapid expansion from supercritical to aqueous
solution (RESAS), 302
Rapid expansion of liquefied-gas solution and
homogenization (RELGSH), 302
Rapid expansion of supercritical solutions
(RESS) atomizes, 301
Regulatory systems, product testing
drug product and device requirements
CMC framework, 532–533
features, 533, 535
performance targets, 535
risk concerns, 536–540
systematic analysis, 536
inhalation products, 530
legacy, pMDIs
factors, 532
influencing factors, 532
montreal protocol impact, 531
patient population size, 531
systemic drug delivery, 531–532
RELGSH. See Rapid expansion of liquefied-gas
solution and homogenization
(RELGSH)
RESAS. See Rapid expansion from
supercritical to aqueous solution
(RESAS)
Respiratory system
airways
alveolar cells, 9–10
macrostructure and function, 3–4
lung absorption
diffusion control, 130–132
nonabsorptive clearance, 137–138
transporter control, 132–137
lung disposition, 128–129
RESS. See Rapid expansion of supercritical
solutions (RESS) atomizes
Rifampicin, 276
Rotahaler, 71
S
Sales–Girons’ portable atomiser, 57–58
SAS. See Supercritical anti-solvent (SAS)
SCF. See Supercritical fluid (SCF)
technology
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SEDS. See Solution-enhanced dispersion by
supercritical fluids (SEDS)
SFD. See Spray freeze drying (SFD)
SFEE. See Supercritical fluid extraction of
emulsions (SFEE)
Siegle’s inhaler, 59
Simulated interstitial lung fluid (SILF), 410
Simulated surfactant lung fluid (SSLF), 410
Single photon emission computed tomography
(SPECT), 476, 478, 483
Single-stage inertial impactor, 384–385
SLC/SLCO. See Solute-linked carrier (SLC/
SLCO)
SLC-transporters, 428–429
SLIT. See Sustained release lipid inhalation
targeting (SLIT)
Small interference RNA (siRNA) delivery. See
Antisense oligodeoxynucleotide
(AS-ODN)
Solid lipid nanoparticles (SLN), 348
Solubility enhancers, 172–173
Solute-linked carrier (SLC/SLCO), 135
Solution-enhanced dispersion by supercritical
fluids (SEDS), 302
Solutions and suspensions, inhalation drug
products, 495
Solutions inhalation, 495
Solution/suspension formulation
nebulizer, 80
pMDI, 80–81
Sono-crystallization, 300
SPECT. See Single photon emission computed
tomography (SPECT)
Spherical agglomerates crystallization,
299–300
Spinhaler, 71
Spray drying technology
anti-asthmatic drugs and atomizers types,
294
droplets, controlled evaporation of, 298
low-boiling-point solutions, evaporation of,
298
low density particles, 295
nanodisperse microspheres, 349, 350
péclet number, 296
PNAPs, 296, 297
process steps, 294, 295
PulmoSphere™ process, 295, 296
spray freeze drying (SFD), 297
Spray freeze drying (SFD), 297
Spray freezing into liquid. See Spray freeze
drying (SFD)
Spray freezing into liquid (SFL) cryogenic
technique, 344
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Sprays formulation
droplet formation
nebulizer, 81–84
pMDI, 84–86
evaporation, 86
inhalation drug products, 495–496
solution/suspension formulation
nebulizer, 80
pMDI, 80–81
suspension aerosols aggregation, 86–87
Stern inhaler, 54
Supercritical anti-solvent (SAS), 302
Supercritical fluid extraction of emulsions
(SFEE), 302, 303
Supercritical fluid (SCF) technology, 301–303
Surface morphology
AFM imaging, 398–399
light scattering, 399–400
Surfactant proteins (SPs), 316
Suspensions
aerosols aggregation, 86–87
controlled release function, 256
inhalation, 495
in situ study, rat lungs, 258
Sustained release lipid inhalation targeting
(SLIT), 324
T
Technosphere® technology, 354
Thin film freezing (TFF) technology, 345
Tracheo-bronchial epithelial cells
ABC-transporters, 425–426
BEAS–2B cell line, 420–421
biopharmaceutical research, 425–430
Caco–2 cells, 419–420
Calu–3, 420
drug permeability, 425
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lung resistance protein (LRP), 429
MRP1 protein, 426–428
organic anion transporting polypeptides
(OATP), 429
primary cell cultures, 418
SLC-transporters, 428–429
Transepithelial electrical resistance (TEER),
418
Transferrin receptors (TfR), 325, 326
TSI. See Twin-stage particle impinger (TSI)
Turbuhaler, 71
Twin-stage particle impinger (TSI), 433–434
U
Ultrasonic nebulizers
aerosolization, 229
design, 228–229
developments, 229–230
disadvantages, 228
droplet formation, 81–82
particle engineering technologies, 288–289
piezoelectric crystal, 228
schematic diagram, 229
V
Vasoactive intestinal peptide (VIP), 328
Vibrating-mesh nebulizer, 82
VIP. See Vasoactive intestinal peptide (VIP)
VIP self associated with sterically stabilised
liposomes (VIP-SSL), 328, 329
VMD. See Volume median diameter (VMD)
Volume median diameter (VMD), 115
W
Wet milling technology, 292

