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The integration of the established processes of spray drying (to confer spheroidal geometry) and
sonocrystallization (for stability and crystallinity) for the manufacture of inhalable particles with
optimal size, shape, surface rugosity and surface free energy, has been established. The
ultrasound assisted particle engineering technology - UMAX® (Ultrasound Mediated Amorphous
to Crystalline transition) - is now undergoing development for the manufacture of corticosteroids,
beta agonists, anticholinergics and other drug classes, designed and formulated as inhalable
drug products for respiratory disorders.

The technology described requires the use of robust industrial ultrasonic equipment operating at
20 - 100 kHz and facilitates the manufacture of spheroidal and more regular shaped particles for
both Dry Powder Inhalation (DPI) and Metered Dose Inhalation (MDI). The inhalable
pharmaceutical materials, when formulated, show comparable and often superior in vitro
performance when compared to conventional micronized drug product. The use of the particles
described can be expected to deliver a proportionate increase in clinical performance and patient
compliance, regardless of the device used to deliver the drug substance.

The manufacture of highly crystalline combination particles, whereby two or more
pharmaceutical ingredients, such as a corticosteroid and a beta agonist, can also be facilitated
by the process technology described. This is particularly beneficial if there is a synergistic action
between the multiple drugs, requiring them to be delivered together, or when the ratios are very
diverse to ensure a consistent dose content uniformity of the drugs in the formulation.

Advanced ultrasonic particle engineering technology can now be incorporated into the
manufacture of the next generation of respiratory generic, super generic and new chemical entity
(NCE) medicines.

Abstract

The UMAX® Process
The UMAX process [1, 2] is being developed for the preparation of microcrystalline particles for
inhaled drug delivery (asthma and COPD) and involves:

UMAX derived FP can be formulated for both DPI and MDI whereby impactor performance can
be matched or improved when compared to commercial products [2, 4]. For cGMP scale-up the
Stage 1 spray drying was carried out using a GEA Niro Mobile Minor spray dryer as shown in
Figure 3 (left) thus facilitating the spray drying of kg quantities of solutions and suspensions of
FP from various solvents, using a two-fluid nozzle. Acetone was the solvent of choice.

The spray dryer was operated in a controlled manner with 4 % w/v solutions and suspensions.
Stage 2 crystalline transition using the Prosonitron® equipment shown in Figure 3 was carried
out using a diverse range of non-solvents including hydrocarbons, water and
fluorohydrocarbons.

Case study I: UMAX Fluticasone Propionate (FP)

Stage 1: judicious spray drying of
an API (or 2 APIs) solution

Stage 2: collecting the unstable
amorphous or part-amorphous
spray dried particles in a non-
solvent, and applying power
ultrasound to particles to effect
sonocrystallization [3]

Stage 3: solid isolation,
preferably by spray-drying (Stage
3A) or supercritical carbon
dioxide drying (Stage 3B)

By modifying the UMAX conditions, Fluticasone propionate particles could be prepared and then
formulated for MDI. When assessed by ACI studies, the distribution profile could be matched to
that of Flixotide® 50 (using a proprietary MDI device).

Figure 4 shows the comparison
for industrially prepared UMAX
product (green) against a
standard micronized and
commercially formulated test
sample (Flix 50 micrograms -
red).

The objective was to
manufacture product that, when
formulated, would match the
performance of commercial
material. The Fine Particle
Fraction (FPF) relates to stages
3 – 5.

Aerosolization Efficiency and Stage-wise Deposition for MDI Formulation

Figure 3: Multi-kilo UMAX equipment - Mobile MinorTM spray dryer
(left); sonocrystallization (middle); Prosonitron reactor (right)
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Figure 2: SEM image and
AFM contour plots for
UMAX Fluticasone
propionate used for
respiratory products

Figure 3: SEM images for
UMAX Glycopyrronium
Bromide used for
respiratory products

The amorphous or part-amorphous material can be prepared by other means such as rapid
precipitation, lyophilization and even mechanical milling. The process yields highly stable
particles that may be more efficiently delivered to the lung as exemplified by over 100 %
improvement (using the Next Generation (NGI) [4] and Anderson Cascade (ACI) Impactors for in
vitro testing) in fine particle fraction (FPF) and fine particle dose (FPD) when compared with
mechanically micronized material. Spheroidal and rough crystalline particles are best due to their
small contact area and potential large separation distance between particles (decreased
attachment forces and improved powder re-dispersion).

The particles can further be described as having increased surface rugosity and cohesive and
adhesive attributes [CAB - see ref. 5] that are ideal for optimal FPF [6]. Excellent performance
attributes for inhalation can be achieved alongside unprecedented morphology control. Quite
often the technique will produce spherical particles. This processing also provides the platform
for a novel particle engineering solution whereby a single droplet containing the two APIs, in an
exact ratio, can be converted to a combination particle containing both crystalline materials. For
asthma and COPD, the APIs often have synergistic action at molecular and cellular level and
need to be delivered in an exact ratio [7, 8].

Atomization based sonocrystallization approaches help engineer spherical particles that have
excellent dispersion characteristics in either DPI or MDI, by operating careful control of the
evaporation process.

Figure 1: The UMAX Process

UMAX Fluticasone particles when formulated for DPI (50 micrograms + lactose with Cyclohaler)
use and compared to micronized reference (Flovent 50) showed excellent dose content uniformity,
stability and performance over a 6 month period. In vitro NGI data and stability studies confirmed
that UMAX particles have outstanding performance when compared with conventionally
manufactured product as shown in Figure 5. The samples were stored at 30 (oC) /65 (% relative
humidity) and 40/75. The UMAX samples performed within the acceptable product specification
range (between design specification [upper solid / red line] and product failure [lower line]) for this
type of formulated product.

Figure 5: In vitro NGI deposition profiles for UMAX
Fluticasone propionate – Fine Particle Mass
deposition over 6 months

Stage 1: judicious spray drying of
an API (or 2 APIs) solution

Stage 2: collecting the unstable
amorphous or part-amorphous
spray dried particles in a non-
solvent, and applying power
ultrasound to particles to effect
sonocrystallization [3]

Stage 3: solid isolation,
preferably by spray-drying (Stage
3A) or supercritical carbon
dioxide drying (Stage 3B)

Figure 4 shows the comparison
for industrially prepared UMAX
product (green) against a
standard micronized and
commercially formulated test
sample (Flix 50 micrograms -
red).

The objective was to
manufacture product that, when
formulated, would match the
performance of commercial
material. The Fine Particle
Fraction (FPF) relates to stages
3 – 5.

The drug particles of the API (0.1 – 5 microns) in the powder formulation for HFA suspension must
aerosolize appropriately so that they can be transported to the lung. Spheroidal crystalline
particles with significant surface rugosity are considered best for dry powder pulmonary drug
delivery due to their small contact area and potential large separation distance between particles,
leading to decreased attachment forces and improved powder re-dispersion.

This work has demonstrated that the particle characteristics could be modified in order to reach a
desired deposition profile. Importantly, the use of UMAX technology may yield a potential route to
an attractive and currently well protected market

Figure 4: In vitro ACI deposition profiles for
UMAX versus reference (micronized) Fluticasone
propionate

Aerosolization Efficiency and Stage-wise Deposition for DPI Formulation
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UMAX derived FP can be formulated for both DPI and MDI whereby impactor performance can
be matched or improved when compared to commercial products [2, 4]. For cGMP scale-up the
Stage 1 spray drying was carried out using a GEA Niro Mobile Minor spray dryer as shown in
Figure 3 (left) thus facilitating the spray drying of kg quantities of solutions and suspensions of
FP from various solvents, using a two-fluid nozzle. Acetone was the solvent of choice.

The spray dryer was operated in a controlled manner with 4 % w/v solutions and suspensions.
Stage 2 crystalline transition using the Prosonitron® equipment shown in Figure 3 was carried
out using a diverse range of non-solvents including hydrocarbons, water and
fluorohydrocarbons.

Case study I: UMAX Fluticasone Propionate (FP)

Aerosolization Efficiency and Stage-wise Deposition for MDI Formulation

Case study II: UMAX Glycopyrronium Bromide (GB)
Aerosolization Efficiency and Stage-wise Deposition for DPI Formulation

Figure 6: DPI In vitro NGI deposition data and profiles
for a UMAX Glycopyrronium Bromide

DPI Emitted

Dose g +

SD

Fine

Particle
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SD

FPFED (%)

T = 0 75.3 (1.1) 26.4 (4.3) 35.0 (0.2)

T = 1M 67.2 (0.9) 25.9 (0.7) 38 6 (2.3)

T = 3M 67.9 (1.0) 26.2 (2.0) 38.6 (1.2)

T = 9M 68.3 (1.5) 24.4 (1.4) 35.8 (1.3)

By modifying the UMAX conditions, Fluticasone propionate particles could be prepared and then
formulated for MDI. When assessed by ACI studies, the distribution profile could be matched to
that of Flixotide® 50 (using a proprietary MDI device).

Figure 7: MDI In vitro NGI
deposition data and profiles
for UMAX Glycopyrronium
Bromide

Engineered particles of GB suitable
for inhalation were prepared by the
UMAX process without the use of
force control or anti-adherent
agents. The aerosolization
efficiency was assessed in a binary
DPI formulation (100 micrograms +
lactose) using a unit dose DPI
device (Cyclohaler).

The aerosolization efficiency as
determined by the FPF, as shown
in Figure 6, did not change to any
great extent following storage for 1,
3 and 9 months at 25 oC/75 %RH.

These data suggest that the UMAX
engineered particles affords high
stability and consistent delivery via
DPI formulations.

Aerosolization Efficiency and Stage-wise Deposition for MDI Formulation

Figure 3: Multi-kilo UMAX equipment - Mobile MinorTM spray dryer
(left); sonocrystallization (middle); Prosonitron reactor (right)

UMAX GB particles were also
formulated into a drug-only MDI with
HFA 134a.

The aerosolization efficiency, as
shown in Figure 7, determined over a
3 month period and as defined by the
FPF emitted from the MDI based
system, is indicative of high stability
and consistency.

The FPF was found to be consistently
above 45 %.
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UMAX particle engineering can be used for the manufacture of microcrystalline single and dual
component particles for structured DPI and MDI drug products. Importantly it can help overcome
the inherent stability and formulations problems associated with destructive mechanical milling.
The formulations are stable, consistent and reliable, independent of device used to deliver the drug
substance. There is potential for marketing approval of added value and differentiated products for
emerging markets using engineered products and low cost simple devices. Advanced particle
engineering technology could, and perhaps should, be incorporated into the manufacture of the
new generic, super generic and new chemical entity (NCE) respiratory medicines.

Conclusions

UMAX Fluticasone particles when formulated for DPI (50 micrograms + lactose with Cyclohaler)
use and compared to micronized reference (Flovent 50) showed excellent dose content uniformity,
stability and performance over a 6 month period. In vitro NGI data and stability studies confirmed
that UMAX particles have outstanding performance when compared with conventionally
manufactured product as shown in Figure 5. The samples were stored at 30 (oC) /65 (% relative
humidity) and 40/75. The UMAX samples performed within the acceptable product specification
range (between design specification [upper solid / red line] and product failure [lower line]) for this
type of formulated product.

Figure 5: In vitro NGI deposition profiles for UMAX
Fluticasone propionate – Fine Particle Mass
deposition over 6 months

The drug particles of the API (0.1 – 5 microns) in the powder formulation for HFA suspension must
aerosolize appropriately so that they can be transported to the lung. Spheroidal crystalline
particles with significant surface rugosity are considered best for dry powder pulmonary drug
delivery due to their small contact area and potential large separation distance between particles,
leading to decreased attachment forces and improved powder re-dispersion.

This work has demonstrated that the particle characteristics could be modified in order to reach a
desired deposition profile. Importantly, the use of UMAX technology may yield a potential route to
an attractive and currently well protected market

Figure 4: In vitro ACI deposition profiles for
UMAX versus reference (micronized) Fluticasone
propionate

If there is synergistic action between drugs in a formulation, for example a corticosteroid and
LABA, it is clearly beneficial that they be delivered together [7, 8]. Particle engineering with
ultrasound as described can be used to manufacture highly crystalline inhalable size combination
particles of FP and SX. UMAX can leverage novel dual and triple therapy for both new products
and life cycle management via appropriately engineered multi-component particles. The use of
engineered particles can lead to uniform delivery throughout the full volume of the lung alongside
enhanced synergistic action.

Figure 7: MDI In vitro NGI
deposition data and profiles
for UMAX Glycopyrronium
Bromide

Case study III: UMAX FP and Salmeterol Xinafoate
(SX) Combination Particles

Particles of 5:1 mass ratio FP:SX were manufactured using acetone solvent and hydrocarbon non-
solvent for the sonocrystallization. Figure 8 illustrates the normalized mass ratio (where normalized
mass ratio of 1 indicates an actual mass ratio of 5:1 as designed) of FP:SX deposited on the
stages 2-4 of the NGI when tested over a 6 month period with the Rotohaler and Cyclohaler
devices. This data demonstrates dose content uniformity of the particles and consistent mass
deposition of both active principals irrespective of the time between formulation and use.

Figure 8: 6 Month data for FPF normalized mass ratio of FP:SX deposited on NGI

Aerosolization Efficiency and Stage-wise Deposition for DPI Formulation
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Importantly, the process of
aerosolization from inhalers and
deposition of particles in the lung
is dependent on the particle
surface interfacial properties,
which will ultimately govern the
performance and efficacy.

Sonocrystallization based
particle engineering approach
helps in achieving these crucial
particle properties, thus ensuring
excellent performance over
conventional milled material
together with excellent stability
over the drug product lifetime.
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