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ABSTRACT

Purpose: Discovery of falsified Symbicort 320/9 Turbohaler identified in the UK in 2013 demonstrated
that falsified dry powder inhalers were also present in the European market. This work aimed to inves-
tigate the current situation of formoterol-containing dry powder inhalers in Europe and North Africa
by assessing their aerodynamic performance profile.

Methods: A total of eight registered formoterol-based dry powder inhalers over the European and
North African markets were involved in this study, including the reference drug Foradil. Samples were
prepared using a multistage liquid impinger (MsLI) and further analyzed by a validated HPLC-UV
method to determine the delivered and the fine particle doses (FPDs). This study also examined the
impact of freezing-thawing cycles on sample stability in terms of analytical purpose handling.

Results: No substandard dry powder inhalers were identified among the medicinal products involved
in this work. The delivered dose (DD) of assessed drugs varied from 8.33 to 9.69 ng, while the FPD was
between 1.86 and 3.35 ug. As expected, this work confirmed that the capsule composition and the bar-
rier properties of the primary packaging can affect the FPD of dry powder for inhalation use.
Conclusions: The FPD of products C and B was, respectively, 17.4 and 14.2% superior to Foradil, prod-
ucts D and H had the closest values compared to the original drug, and product F was 34.5% inferior.
Additionally, this work showed that a high FPD can be achieved using HPMC capsules and moisture-
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impermeable primary packaging.

Introduction

Falsification of medicines has become an increasingly import-
ant issue in Europe over the past decades; it poses a real
threat to public health. As described by the World Health
Organization (WHO), falsified medical products are “medical
products that deliberately/fraudulently misrepresent their
identity, composition or source”; and substandard medical
products are also called “out of specification, these are
authorized medical products that fail to meet either their
quality standards or their specifications, or both”'. In
September 2013, falsified Symbicort 320/9 Turbohaler was
identified in the wholesale supply chain in the UK following
the detection of batch number discrepancies. One year later
falsified Symbicort 320/9 Turbohaler was discovered in
Germany?. Symbicort 320/9 Turbohaler is a multidose dry
powder inhaler developed for asthmatic patients via the pul-
monary route. A unit dose contains 320ug of budesonide
and 9ug of formoterol fumarate. The pulmonary administra-
tion route by inhalation has been typically used for local
drug delivery in lung conditions, such as pulmonary infec-
tions, asthma and chronic obstructive pulmonary disease
(COPD), more rarely for systemic therapies>®. Active

molecules indicated in local pulmonary treatments are gener-
ally administrated ranging from a few micrograms to milli-
grams, this corresponds to 0.05-10% of active
pharmaceutical ingredient (API) in the powder formulation”?2.
Nowadays, accurate delivery is commonly achieved via
DPIs®°. Furthermore, they are also propellant-free, environ-
mentally friendly, easy-to-use and more stable than formula-
tions in liquid form during storage**®. Indeed, in
comparison to the first generation of pressurized metered-
dose inhalers, DPIs have a different cradle-to-grave impact.
Chlorofluorocarbons were formerly replaced by hydrofluor-
oalkane (HFA) in pressurized inhalers as the propellant to
avoid the destruction of the ozone layer. Limiting the envir-
onmental impact, DPIs have a 10-fold smaller global warming
potential or carbon footprint than the HFA inhalers because
of the emission of HFA at each stage of the life cycle of
these inhalers'®. DPIs exist in different formulation forms in
the present pharmaceutical market, including single-dose,
metered-dose and multi-unit-dose-based inhalers®>. The
inhaler is a breath-activated device designed to release the
formulated dry powder containing micronized APl particles
produced by spray-drying, to provide pharmacological effects
in patients’ lungs*®2%'". The active substance may be

CONTACT Yue Zhang @ yue.zhang@uliege.be @ CIRM, Laboratory of Pharmaceutical Analytical Chemistry, University of Liege (ULiege), Avenue Hippocrate 15,

Liege 4000, Belgium

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.tandfonline.com/ijda


http://crossmark.crossref.org/dialog/?doi=10.1080/21556660.2022.2125727&domain=pdf&date_stamp=2022-09-26
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com

associated with an appropriate carrier to improve its flow-
ability and aerosol dispersion’. High dispersion forces are
needed to ensure the efficiency of the de-agglomeration and
aerosolization process, and affect the delivery of high-dosed
inhalable dry powder formulations to the lungs®. Due to its
low chemical reactivity, acceptable toxicological profile, and
optimal flowability properties, lactose is mostly used as a car-
rier to build up DPIs formulations to facilitate the dispersion
and aerosolization processes*®'". Besides, considering the
impact of production and storage conditions on the shelf-life
of finished products, the capsule composition, form and
packaging are also involved in these processes.

Since the discovery of falsified Symbicort 320/9
Turbohaler in the UK, no cases of substandard or falsified
inhaler formulations have been reported to European health
authorities. Statistically, due to their high profitability, the
pharmaceuticals most affected by falsification or poor quality
are antibiotics, antiretrovirals, antimalarials, anticancer drugs
and vaccines. Despite the limited data available on the
inhalers, the risk of poor quality or falsified products is per-
haps low but still present, therefore this work aimed to
investigate the current situation of formoterol-containing
inhalers in Europe and North Africa. It also extended the
examination of potential falsified or substandard DPIs to a
different formulation: capsule-based DPIs. More specifically,
this work focused on formoterol fumarate delivered by
Aerolizer. Formoterol is a long-acting B-agonist indicated in
asthma and COPD treatments®®. It can be administrated in
monotherapy or combined with another active molecule
within the same formulation, e.g. in combination with an
inhaled corticosteroid (ICS) when the ICS monotherapy can
no longer control asthma®®.

To date, Aerolizer is the standard DPI and the most widely
used in formoterol delivery®. Different from other multidose
DPIs, such as Easyhaler, Novolizer and Turbohaler available
on the market as well, Aerolizer is a capsule-based inhaler.
Admittedly, the aerodynamic performance of DPIs is not only
dependent on the dry powder formulation and the inhaler
type. Furthermore, the proportion, size and shape of particles
play a critical role in the powder dispersion, aerosolization
and pulmonary deposition, therefore, these differences may
cause variations in the delivered dose (DD) and the fine par-
ticle dose (FPD)>”®'2. Meanwhile, in the case of capsule-
based inhalers, the impact of the capsule composition on
the aerodynamic profile is also demonstrated®.

The falsification of medicines is by far an isolated concern
of European authorities. According to the WHO, on the glo-
bal market of falsified and substandard medicines, around
42% of cases are reported from Africa'. In the meantime,
several studies have revealed falsified pharmaceutical prod-
ucts on the African market, for instance, falsified chloroquine
phosphate-based formulations in the COVID-19 context, arte-
mether-lumefantrine, and quinine formulations in malaria
treatment or prevention'>'>. Consequently, this study
focused on pharmaceuticals equipped with capsule-based
devices (Aerolizer-like inhalers). A total of eight capsule-
based DPI formulations containing formoterol fumarate com-
mercialized within Europe and Africa were assessed in terms
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of aerodynamic performance including the DD and FPD pro-
files and compared to the reference drug Foradil. The assays
were carried out using the standard procedures of the
European Pharmacopeia (Ph. Eur.) 0671 and 2.9.18 to deter-
mine, respectively, the DD and the FPD employing a multi-
stage liquid impinger (MsLl), also known as apparatus C.
Samples were then analyzed by a validated HPLC-UV method
to evaluate the DD and the FPD.

In parallel, this work also examined the impact of freez-
ing-thawing cycles on the sample solution stability after stor-
age at —20°C to evaluate the capability of reanalysis in
routine activities.

Materials and methods
Chemicals and reagents

Eight registered drug products (including DPI capsules and
device) A (Foradil, Novartis), B (Formoterol AL, Aliud Pharma),
C (Formagal, Laboratories SMB), D (Formoterol Biogaran,
Biogaran), E (Formoterol Mylan, Mylan), F (Broncotec,
Tecnimede Group), G (Formoterol Aldo-Union, Aldo-Union)
and H (Formoterol Stada, Stada) were selected to carry out
the study. They were purchased on local European and
African markets. Products A, C and F are commercialized in
Europe and Africa, while the others are only in Europe.

Only analytical grade reagents and HPLC grade solvents
were used. Formoterol fumarate dihydrate was purchased
from Industriale Chimica (Saronno, ltaly). Acetonitrile HPLC
grade and methanol HPLC grade were purchased from
Biosolve B.V. (Dieuze, France) and J.T. Baker (Gliwice, Poland)
respectively. Phosphoric acid 85% and potassium dihydrogen
phosphate were provided by Merck (Darmstadt, Germany).
Milli-Q water was obtained by Milli-Q Plus 185 system.

Instrumentation and chromatographic conditions

Recovered samples were analyzed on an Alliance 2695 HPLC
System (Waters, Milford, MA) coupled with a PDA 2998
detector (Waters). LC separation was achieved on an RP-C8
stationary phase LiChrospher 60RP Select B (125 x 4mm i.d.
— 5um). The mobile phase consisted of a mixture of phos-
phate buffer at pH 2.7 and acetonitrile (75:25, v/v) at a flow
rate of 1.0 mL/min. The injection volume was 200 pL. The col-
umn temperature was set at 30°C and the autosampler tem-
perature at 10°C. The total run time and retention time were
8 min and approximately 3.5min respectively. The PDA was
set at 254 nm for formoterol detection.

Preparation of calibration and quality control solutions

Formoterol fumarate dihydrate was weighed and dissolved
in methanol to obtain a stock solution of 250 pug/mL. This
was further diluted to prepare the calibration curve at con-
centrations of 25, 100, 250, 500 and 1000 ng/mL. The con-
centration of independent quality control (QC) solution was
set at 250 ng/mL, the center of the dosing range. QC solution
allowed verifying the preparation trueness of calibration
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Table 1. Delivered dose of 8 studied drugs (n=3).
Delivered dose (DD - pg)

A (Foradil) B C D E F G H

Test 1 8.31 957 938 856 879 923 941 942
Test 2 8.86 953 930 808 859 916 925 973
Test 3 8.41 951 937 835 881 902 963 992
Mean 8.53 954 935 833 873 914 943 9.9

DD versus Foradil 111.8%109.6% 97.7% 102.3% 107.2% 110.6% 113.6%

solutions, so-called system suitability. The calibration and QC
solutions were prepared from two independent weighings
and then diluted in the dilution solvent composed of milli-Q
water and methanol (75:25, v/v). The recovery rate was calcu-
lated and must be included between 90 and 110%.

Sample preparation

Three independent repetitions were performed on one batch
for each studied drug to determine independently the DD
and the FPD, using the MsLI (apparatus C) connected to a
breath simulator. Samples were prepared in Milli-Q water
and methanol (75:25, v/v) as dilution solvent.

This study focused on the evaluation of DD in reference
to procedure 0671 from European Pharmacopeia; however,
the assay of uniformity of DD was not included in this work.
FPD was determined according to procedure 2.9.18
described in European Pharmacopeia. A total of 10 capsules
were needed and vacuumed per test. The applied flow rate
through the apparatus was set at 100 L/min. All assays were
performed under standardized and controlled temperature
and humidity conditions.

Impact of freezing-thawing cycles

The assessment of the impact of freezing-thawing cycles on
the stability would allow us to examine and estimate the
capacity of reanalysis in case of a detection of an out-of-spe-
cification result. Management of sample stability is therefore
an important component in routine analysis.

Focusing on this purpose, the evaluation of stability was
carried out using samples of product B. Samples were pre-
served at —20°C after preparation. Twenty-four hours later,
they were injected into HPLC for the first analysis (first cycle),
and 7 d after for the second analysis (second cycle). The
results of the DD were afterward compared.

Results
System suitability test

The system suitability test aims to verify that the analytical
system conforms to the intended application. The recovery
rate of the QC solution is included in the predetermined
acceptation range from 90 to 110%. It was shown that the
observations were homogenous, and no signal drift
was observed.

Delivered dose

The main goals in inhalation are on the one hand to maxi-
mize the DD and the FPD and; on the other hand, to achieve
a reproducible API deposition in the lungs®®. DD corre-
sponds to the amount of API leaving the inhaler and the
capsule during oral inhalation. Based on the results obtained
from HPLC-UV analysis, the DD from the 8 registered drugs
was comprised between 8.33 and 9.69 ng, corresponding to
products D and H, respectively, as mentioned in Table 1.

Fine particle dose

FPD is defined as the mass of particles with an aerodynamic
diameter inferior to 5 um, theoretically able of reaching the
lungs. Thus, it consists of the respirable dose which is critical
and determining to achieve efficient treatments by inhal-
ation'?. FPD was determined through Copley Inhaler Testing
Data Analysis Software version 3.10 (CITDAS, Copley,
Nottingham, UK) from the data generated by the HPLC-UV
analysis. Table 2 summarizes the average FPDs calculated
from the three tests of each studied drug, they ranged from
1.86 ng for product F to 3.35 pg for product C. The aero-
dynamic profile of a capsule-based DPI formulation, so its
FPD results in interactions between a multitude of factors
such as the device, the particle characteristics, the powder
formulation, the capsule, the storage conditions, etc.
Meanwhile, this study investigated the impacts of the cap-
sule composition and the packaging type on the FPD. The
related information was found in the summary of product
characteristics.

All evaluated drugs contain 12 pg of formoterol fumarate
and are equipped with an Aerolizer like inhaler. Nevertheless,
they differ generally in the capsule composition, and the
packaging. Among eight studied products, two capsule types
were identified, in gelatin or hydroxypropylmethylcellulose
(HPMCQ). The latter is particularly suitable for DPIs, thanks to
its low water content and its reduced brittleness. These cap-
sules are less sensitive to storage conditions than gelatin
capsules®. Indeed, cracking and fracturing are observed in
capsules made of gelatin after piercing and inhalation simu-
lation. The moisture undoubtedly facilitates dry powder's
agglomeration and so decreases the FPD’. In fact, the pri-
mary packaging aims to protect the dry powder from atmos-
pheric humidity. They exist in different types: plastic bottles
and various blister types, e.g. aluminum/aluminum (Alu/Alu)
blister, polyvinyl chloride/polyvinylidene chloride/aluminum
(PVC/PVDC/Alu) blister.

Table 2 summarizes the data of FPDs, the capsule com-
position, and the packaging type of each studied drug.
Based on generated results, products B and C provided the
highest FPD values. These dry powder formulations are both
contained in HPMC capsules and packaged in high-density
polyethylene (HDPE) bottle equipped with a polypropylene
(PP) screw cap containing silica gel as a desiccant agent to
absorb the moisture in the container. They are followed by
products E and D which only differ in the packaging that
uses an Alu/Alu blister which is impermeable to gas and



Table 2. Fine particle dose of 8 studied drugs (n=3).

JOURNAL OF DRUG ASSESSMENT . 23

Fine particle dose (FPD - pg)

A (Foradil) B C D E F G H
Capsule Gelatin HPMC HPMC HPMC HPMC Gelatin Gelatin HPMC
Packaging PA/Alu/PVC/ HDPE container HDPE container Alu/Alu blister Alu/Alu blister PVC/PVDC/ PVC/PVDC/ PVC/PVDC/
Alu blister PP screw PP screw Alu blister Alu blister Alu blister
cap cap
with with
desiccant desiccant
Test 1 2.74 3.18 3.31 3.04 3.07 2.01 2.25 2.70
Test 2 3.05 3.26 3.40 2.99 3.01 1.93 2.49 2.58
Test 3 2.76 332 333 3.07 3.31 1.66 2.64 293
Mean 2.85 3.25 335 3.03 3.13 1.86 2.46 2.74
FPD versus Foradil 114.2% 117.4% 106.4% 109.8% 65.5% 86.3% 96.0%

water vapor. Comparatively, the products utilizing either gel-
atin capsules or a water-permeable blister, for instance, poly-
amide (PA), PVC, and PVDC had a lower FPD, as shown in
Table 2. Indeed, the lowest FPD values were observed in
products F and G which both employ gelatin capsules and
PVC/PVDC/Alu blister as primary packaging. Moreover, the
impact of the capsule composition was highlighted by prod-
uct H: using HPMC capsules rather than the gelatin-based
ones can offer a greater FPD compared to products F and G.
Although products A, F, and G utilize gelatin capsules, a
higher FPD was achieved with product A because, unlike to
other two products, it is packaged in a PA/Alu/PVC/Alu blis-
ter that is almost completely moisture-impermeable'®.

Nominal decomposed dose

The nominal dose of 12 pg formoterol fumarate DPI capsules
can be virtually decomposed into three components: non-DD
trapped in the inhaler device and the capsule, non-respirable
dose theoretically not deposited in lungs, and respirable
dose or FPD capable to reach patients’ lungs for pharmaco-
logical effects. The non-respirable dose consists of the differ-
ence between the DD and the respirable dose.

As shown in Figure 1, the three components varied con-
siderably among the eight studied pharmaceuticals. Out of a
nominal dose of 12 png, 19.3-30.6% of formoterol was
retained in the device and the capsule, 44.2-60.7% left the
device and the capsule but cannot arrive successfully in the
lungs. Only 15.5-27.9% of formoterol was capable to reach
the lungs.

Assessment of the impact of freezing-thawing cycles on
solution sample stability

The DD values of samples of product B stored at —20°C dif-
fered approximately 1% after the first and second freezing-
thawing cycles after, respectively, 24h and 7 d (see Table 3).
This finding added to our knowledge and demonstrated that
the formoterol solution samples are stable at —20°C for at
least 7 d and can be reanalyzed after thawing within a week.
A slight variation of 1% between the DD results of two freez-
ing-thawing cycles is consistent with the validation data of
the analytical method.

Discussions and conclusions

The recovery rate of the calibration curve and the QC solu-
tion was comprised in the range of acceptance from 90 to
110%. Therefore, the calibration solutions were accurately
prepared. The system'’s suitability was proved, and no signal
drift was observed, so the analyses were carried out properly
on a daily basis during the entire study.

Eight registered capsule-based DPI formulations from the
European and African pharmaceutical markets have been
assessed in this study. All of them have a unit dose of 12 pg
of formoterol fumarate. They were evaluated and compared
in terms of DD and FPD, including the original drug Foradil.
Three independent assays were performed for each drug to
determine independently three DD as well as three FPD val-
ues. Regarding the European guidelines, identical in vitro
aerodynamic performance has to be demonstrated between
the original and generic DPIs to prove comparable pulmon-
ary deposition characteristics. In general, a variation within
20% of DD and FPD is acceptable for generics'”"'8,

No substandard DPI was identified in those under investi-
gation. An FPD of approximately 30-40% of the nominal
dose is usually expected in classic DPI formulations. Among
eight studied drugs, as anticipated, a minor fraction (inferior
to 30% of the nominal dose) of formoterol was theoretically
deposited in the lungs and could have pharmacological
effects locally. Consequently, most APl was lost; either
trapped in the inhaler and the capsule during inhalation or
arrived in the digestive tract due to the particle aerodynamic
diameter greater than 5 um. In terms of respirable dose (or
FPD), i.e. the dose being able to reach the lungs and have its
local pharmaceutical effects for the treatment of asthma or
COPD, the reference drug Foradil had an average formoterol
FPD of 2.85 pg. Compared to the latter, the FPDs of products
C and B were, respectively, 17.4 and 14.2% superior to
Foradil, while products D and H had the closest values com-
pared to the princeps. On the basis of the results, all DPIs
differed less than 20% from the reference product FPD,
except Product F which was 34.5% lower than the original
product. By contrast, the DD was not significantly different
between the original and generic DPIs. In conclusion, the
nature of capsules and the barrier properties of primary
packaging affect undeniably the FPD and the pulmonary
deposition. It was noticed that the highest FPD values are
reached by the registered formoterol DPI formulations whose



24 Y. ZHANG ET AL.

120.0%
100.0%
80.0%

60.0%

Quantity of API

40.0%

20.0%

0.0%
A B C D

® Non delivered dose (inhaler and capsule)

® Non respirable dose (delivered but non respirable)

Nominal decomposed dose

E F G H

u Respirable Dose (FPD)

Figure 1. Nominal decomposed dose in non-delivered dose (in orange), non-respirable dose (in blue) and respirable dose (in grey).

Table 3. Evaluation of freezing-thawing cycles’ impact on sample stabil-
ity (n=3).

Delivered dose of product B samples (u.g)

first freezing-thawing cycle Second freezing-thawing cycle

Test 1 9.57 9.51
Test 2 9.53 9.44
Test 3 9.51 9.35
Mean 9.54 9.43

dry powder is contained in HPMC capsules and primary
packaging with a low water vapor transmission rate or a low
permeability to moisture such as Alu/Alu blister and HDPE
bottle with a PP screw cap containing a desiccant. In con-
trast, due to the non-optimal water vapor barrier properties
of gelatin capsules and PVC/PVDC/Alu blister, the FPD was
considerably reduced.

Undoubtedly, the FPD has a considerable clinical impact
because it is the effective dose exercising beneficial effects. If
the FPD is too low, an insufficient respirable dose could
cause less effective or ineffective treatment. Although too
high an FPD is rather uncommon, it could also lead
to toxicity.
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