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With several patent expirations of innovator dry powder inhaler
(DPI) products looming, the major challenge for generic entry
is demonstrating bioequivalence (BE) with respect to the
reference product. Demonstrating BE of locally acting drugs is
challenging, because they do not rely on systemic circulation
for targeting the therapeutic site of action.

The US FDA has conceived a concept for demonstrating BE of
topical products, which is called Q3-equivalence. This term
describes structural similarity between test and reference
products and refers to the arrangement of matter and state of
aggregation of the product. However, demonstrating Q3-
equivalence between test and reference DPI products is
challenging due to the complexity of DPI dosage forms.
Therefore, there is a requirement of in vitro analytical tools that
may be employed orthogonally to demonstrate Q3-
equivalence of the microstructure of test and reference DPI
drug products[1,2].

The differences of the microstructure of a DPI formulation may
not only impact the aerosol dispersion performance within a
device but could also impact the rate of dissolution of the
active pharmaceutical ingredient (API) in the lung. Hence,
investigations into the state of aggregation for the resulting
arrangement of the dispersed dose could be vitally important
in demonstrating structural similarity and BE between DPI
products.
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The aerosol collection system was specifically engineered to
address the fundamental challenges of current in vitro
dissolution testing of orally inhaled drug products[3].

Figure 2: Schematic representation of the UniDose collection system 
housed at stage 2 of an NGI.

The dissolution of the FP component of the aerosolised ISM
dose of Seretide and Advair is shown in Fig. 3. These data
suggest that the dissolution rate of FP in Seretide was slower
than that of FP in Advair.

These data suggest that differences in the in vitro dissolution
of the aerosolized dose of both products may be related to
differences in the physicochemical properties of the
API/excipient ingredients in the formulation, manufacturing
variables between sites and/or shipping and storage.

Differences in the dissolution rate of FP in both products,
suggests that the drug-drug and drug-lactose interactions
within the formulated powder may influence in the dissolution
kinetics of FP. It is well known for solid oral dosage forms that
increased dispersion of a low soluble drug within a soluble
matrix upon blending can significantly increase the dissolution
of sparingly soluble drugs. To understand this behaviour in
more detail, MDRS studies of the ISM dose of Seretide and
Advair were also investigated.

Figure 3: USP Apparatus V Paddle-over-Disk (POD) dissolution release 
profiles of the aerosolized ISM dose of a EU Seretide 100/50µg Accuhaler

DPI product and a US Advair 100/50µg Diskus DPI product.

Use the UniDose collection system to enable dissolution
testing and morphology directed Raman spectroscopy
(MDRS) of particle size fractions relevant to pulmonary
delivery

Apply this methodology to compare the microstructure of
Seretide™ Accuhaler™ and Advair Diskus® DPI products (Q1
and Q2 similar) .

The application of these approaches was designed to be
utilized to support in vitro BE investigations of DPI drug
products.

Methods
Seretide™ Accuhaler™ and Advair Diskus® were sourced
from a wholesale pharmacy.

These batches were investigated in terms of the dissolution of
the Fluticasone Propionate (FP) in each product and the
agglomerate structure using the Morphology-Directed Raman
Spectroscopy (MDRS) method.

Figure 1: US Advair Diskus® and EU Seretide™ Accuhaler™

The impactor stage mass (ISM) aerosol dose of each product
was collected via the UniDose system at 60 L/min over 4L
inhalation volume. The UniDose collection system was
developed to uniformly deposit the whole impactor stage mass
(i.e. below stage 2 of an NGI) onto a glass microfibre filter
membrane (Fig. 2). Once the ISM dose was collected on to
the filter the cassette can either be placed into a USP II
dissolution bath for dissolution determination or placed into the
MDRS system for investigation of chemical classification of the
agglomerates present in the ISM dose.

For dissolution measurements, the filter was placed into a
purpose-built cassette for Paddle over Disk dissolution
measurements. All dissolution studies were undertaken using
300ml PBS pH 7.4 + 0.2% SDS in a USP Apparatus II at 37oC.
For all studies, sink conditions were maintained within the
vessel.

Morphology-directed Raman Spectroscopy (MDRS) was
performed on the ISM dose collect on the glass fibre filter
using UniDose, which enabled the characterisation of the ISM
dose of Seretide and Advair using a Morphologi G3-ID
(Malvern Instruments, Worcestershire, UK).

Goals

Results
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Our investigations using the morphology-directed Raman
spectroscopy (Malvern Morphologi G3 ID) system into the
microstructure differences of the ISM dose of a commercial
US Advair Diskus DPI 100/50µg and its equivalent European
formulation Seretide Accuhaler DPI 100/50µg, has enabled
analysis of the possible differences in the state of mixed
agglomerates within the aerosolized dose.

Figure 4 shows the percentage of “stand-alone” FP was
greater in Seretide than Advair. Moreover, the percentage of
particles of FP agglomerated with SX and/or lactose was
greater in Advair than Seretide. Hence, the faster rate of
dissolution of FP in Advair may be due to the a greater number
of FP particles agglomerated with particles of lactose and
salmeterol, which may increase wettability of the FP and
thereby increase the dissolution of FP. These data therefore,
highlight that recent developments in Raman spectroscopy
may offer a quantitative insight into the structural comparison
between DPI formulations.

Figure 4: Structural analysis of the state of agglomeration as a percentage 
of the total number of fluticasone propionate particles as free standing or 

agglomerated with lactose, SX and SX-lactose. 

These data have supported the possible role of in vitro
dissolution testing of the aerosolized dose of respirable
compounds to determine formulation microstructure.

Both the MDRS and dissolution analytical techniques have
been validated and this study demonstrated that the tests are
reproducible and reliable.

They may also be utilised to provide assurance of Q3
equivalence between test and reference as well as for RLD
DPI products that have undergone post-approval raw material
changes, relocation or change in manufacturing site and even
the possibility of detecting variability between batches.

• We have shown that the dissolution kinetics of FP are
slower in Seretide than in the Advair DPI drug product.

• Moreover, through the application of MDRS we have been
able to link these differences to the extent of agglomeration
of the FP to other components of the formulation, which
may help to increase the materials dissolution kinetics.

• Hence, our proposed approach of combining orthogonal
techniques such as MDRS and UniDose-enabled
dissolution testing of DPI formulations may help to de-
convolute the microstructure of the aerosolised dose, which
may provide a systematic approach to quantify and
compare the microstructure of DPI formulation systems.
This may therefore enable the demonstration of Q3-
equivalence of DPI formulations.
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