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“The effect of lactose small particles and mixing process on the ability
of medicine powders to reach the lungs.”

Popular language summary

Dry powder inhaler (DPI) preparation is a key area of interest since they are used by the
healthcare system to treat relevant persistent diseases like asthma. Earlier research has shown
that the making process and composition of DPI are key for the medicinal ingredient to reach
the lungs and have medicinal effects for dry powder inhalers.

The objective of this study was to research the effect of the non-medicinal components in
the DPI medicine and mixing processes on the ability of the composition to be used in dry
powder inhalers and have medicinal value. The following research work was conducted by
using two mixers: Low mixing force (Turbula®) and high mixing force (Diosna®) for the
fabrication of the preparations. Three preparations were prepared varying the amount
non-medicinal components and mixing time, 27 batches were produced. Small microparticles
of budesonide were used as the medicinal ingredient.

Quality control considerations like poured powder density, medicine content evaluation,
and mixing consistency were done. Preparation performance was analyzed by using equipment
that can filter the particles by their size and it is used to predict the preparation ability to reach
the lungs. The chosen device was Novolizer®, 27 devices were filled with each preparation.
They were connected to this equipment and the powder quantity in each filter was analyzed.

It was found that adding small particles of lactose and a non-pharmaceutical ingredient
that helps the preparation to have less agglomeration can improve the preparation performance.
Also, the high mixing force mixer helped the preparations that were made in this mixer to have
more probabilities to reach the lungs, than the ones prepared by the low mixing force mixer.

In conclusion, these findings suggest adding small particles of lactose and other non-
active ingredients help the formulation to have less agglomeration thus improving performance.
In addition, a high mixing force mixer is necessary to boost preparations for DPIs.



ABSTRACT

Introduction: Dry powder inhaler (DPI) formulation is a major area of interest since they are
employed by the healthcare system to treat relevant chronic diseases like asthma.

Background: Previous research has established that the manufacturing process and formulation
composition are key for the active pharmaceutical ingredient to reach the lungs and achieve
therapeutic effects.

Aim(s): The aim of this study was to research the effect of lactose fines and magnesium stearate
as well as mixing processes on the performance of adhesive mixtures for inhalation.

Methods: The following research work was conducted by employing two mixers: Low shear
(Turbula®) and high shear (Diosna®) for the manufacturing of the formulations.
Three formulations were prepared varying the amount of excipients and mixing time, 27 batches
were produced and filled into Novolizer® devices. Micronized budesonide was used as the
active pharmaceutical ingredient.

Quality control parameters like poured bulk density, drug content assay, and mixing
homogeneity were executed. Formulation performance was analyzed by doing particle-size
distribution analyses done mostly in an Andersen Cascade Impactor, although Next Generation
Impactor was also used. Fine Particle Fraction (FPF) and Fine Particle Dose (FPD) were the
central parameters to judge formulation performance.

Results: It was found that both lactose fines and magnesium stearate can improve formulation
performance. In addition, high shear mixer formulations presented higher FPF values than low
shear formulations.

Conclusion: These findings suggest that lactose fines and magnesium stearate are key
ingredients for an improved formulation performance and that high shear mixing is preferred to
enhance FPF for DPIs.

Keywords: High shear mixing, low shear mixing, lactose fines, coating agent, budesonide,
mixing energy, dry powder inhaler, carrier-based formulations, mixing time.
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PROJECT AIM

Understand how the addition of fine lactose particles and magnesium
stearate can lead to improved delivery of dry powder formulations to
the lungs.

Perform analytical investigations to assess key quality parameters for
each formulation.

Study how the mixing time can impact the quality of a formulation.
Compare the performance between mixers: (Diosna®) high shear and
(Turbula®) low shear.
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1. INTRODUCTION

Chronic respiratory diseases like asthma and chronic obstructive pulmonary disease
(COPD) have a considerable impact on world health. According to the World Health
Organization (WHO), 262 million people have asthma [1], [2]. Asthma is an inflammatory
disease, which is characterized by the constriction of the airways causing breath difficulties [3]
To treat these diseases, dry powder inhaler (DPI) formulation is a major area of interest since
they are propellant-free, they can deliver larger drug doses and they are breath-actuated which
makes them easy to use for different age groups [4].

Two important aspects of an effective inhalation therapy are formulation composition
and device design [5]. Optimization of powder formulation properties can improve pulmonary
drug delivery. DPI formulations contain an active pharmaceutical ingredient (API), and
excipients that can be carriers and other particles like fines and coating agents [6]. The API is
the most important molecule since it will be responsible for the therapeutic effect. Formulations
for DPI aim for the respiratory tract as a target and a delivery route because for drugs to be
administrated locally in the lungs, they must travel through the upper and lower conducting
regions of the respiratory tract that are designed to prevent the entry of foreign particles. For
instance, formulations must be optimized to be able to reach the desired target [4]. The present
research utilized budesonide as an API, which is a corticosteroid that is used to treat
inflammatory conditions that affect the respiratory system [6], [7].

For an API to reach the lungs, the particle size is essential because it determines the
deposition in the respiratory tract. The micronized API has to have an aerodynamic diameter
between 1- 5 um to reach the lungs because at this size both gravitational settling and inertial
impaction are favored for lung deposition [4], [5], [6]. In contrast, bigger particles (>5 um) will
deposit in the oropharynx, and smaller particles (<0.5 pum) are less prone to be deposited with
the risk of being exhaled (Figure 1). The amount of API particles that can be delivered
(1 — 5 pym) per loaded dose is defined by the Fine Particle Fraction (FPF) [8], [9].
However, micronized particles (1 - 5um) present high adhesive and cohesive forces that cause
powder agglomeration which leads to a decrease in the powder aerosolization and the capacity
of the API to reach the lungs [5], [6].
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Figure 1 Pulmonary particle size deposition, A= upper respiratory track distribution. B= lower respiratory track
distribution. Figure adapted from [10].




This presents a challenge for formulators and that is why excipients are key components
of a DPI formulation because they can help to avoid aggregation and improve the fluidization of
the powder by adhering to the high-energy sites of the API particles. This distribution of the
API over the surface of the carrier forms an adhesive mixture [6], [8], [9], [11].

Lactose is a widely used excipient in DPI formulations because its physicochemical
properties like stability and crystalline structure make it an excellent excipient. Manufacturers
produce it in several sizes and morphologies that can be used both as carriers and fine particles.
These last ones are believed to support the dispersibility of the APl by decreasing particle
agglomeration [6], [8], [9], [11]. However, the mechanism behind this effect is not well
understood. The degree project will address this topic by studying formulations with different
lactose fines percentages manufactured at various times and speeds.

In addition, coating agents can be used to enhance the fluidization and dispersion
properties of the formulation. In a study conducted by Chan et al. [12], it was found that coating
agents can decrease the “microscopic surface roughness of the carrier” which can lead to an
increase in the detachment of the API from the carrier surface and increase the drug delivery
[9], [12]. A second aim of the present research work is to study how the addition of magnesium
stearate as a coating agent can lead to improved delivery of dry powder formulations.

The manufacturing process impacts the formulation performance, especially when it
comes to adhesive mixtures where mixing variables like mixer choice, rotation speed and time
have a critical impact on mixing homogeneity as well as drug delivery in the lungs [6]. At the
mixing stage, the formulation powder is subject to inertial, frictional, and shear forces that
impact drug/carrier adhesion [8]. This research work studied the aforementioned variables, two
types of mixers were employed: Low shear mixer (Turbula®) and high shear mixer (Diosna®).

Shear mixing is recommended for DPI formulation because the shear force will promote
deagglomeration. The low shear mixer (Turbula®) has a rotary vessel where the formulation
powder tumbles around inside, the mixing process occurs due to shear and diffusive mixing. In
contrast, the high shear mixer (Diosna®) has a stationary vessel with impeller mixer blades that
can achieve high rotational speeds that produce high shear forces and mixes the powder by
convection and shear forces [8].

For high shear mixers, it has been found by Thalberg et al. [9], that the performance of
adhesive mixtures for inhalation can be controlled using the mixing energy concept which
explains the forces that are applied on particles and their effects on formulation performance.
This research work aims to explore this concept in terms of dispersibility through FPF [8], [9],
[13].

To study the FPF and other quality parameters for each formulation special instruments
that measure aerodynamic particle size distributions of the aerosol cloud from the DPIs are
used. These instruments are called impactors and are recognized by regulatory agencies as an in
vitro methodology to predict lung drug delivery and formulation efficiency. The science behind
their action is based on particle separation at different stages according to their aerodynamic
size [14], [15]. The two types of impactors that were used in this research were the Andersen
Cascade Impactor (ACI) and the Next Generation Impactor (NGI). These techniques allow the
determination of the Fine Particle Dose (FPD), FPF, MMAD (Mass Median Aerodynamic
Diameter), Delivered Dose (Sum NGI or Sum ACI), and distribution profiles [15].
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There are several DPI devices available on the market. This research used a multidose
device called Novolizer®, which utilizes refill cartridges, and has a triggering feedback
mechanism that can be activated at low inspiratory flow rates (35-50 I/min). Powder dispersion
during inhalation in the Novolizer® device is achieved by the presence of a cyclone inside the
device that causes centrifugal energy, which allows it to produce an effective particle flow and
deagglomeration. In addition, the metering dose system of this device is characterized by being
robust and accurate [5], [14], [16].

The purpose of the present degree project was to understand the effect of lactose fines
and magnesium stearate as well as mixing processes on the performance of adhesive mixtures
for inhalation. Three formulations were manufactured using different strategies like excipient
quantities, mixer choice, time, and speed, in total 27 batches were produced. Impactor
investigations were used to assess key quality parameters for each formulation and the concept
of mixing energy was explored for high shear mixer formulations. Further details about the
formulation composition and mixing strategies can be found in the next section.
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2. MATERIALS AND METHODS

The current investigation involved manufacturing and analytical investigations to study
the effect of lactose fines, magnesium stearate as a coating agent, choice of mixer, and mixing
parameters on the performance of adhesive mixtures for inhalation.

2.1. Manufacturing

Budesonide was used as an API, and the excipients employed were: LH206 as the
lactose carrier, LH 300 micronized as lactose fines, and magnesium stearate as the coating agent
(Table 1).

Table 1 Raw materials used to manufacture the formulations.

Material type Grade Supplier Batch number
API Budesonide AstraZeneca 4211059-01
Lactose carrier LH 206 Lactose carrier DFE Pharma 600365
Lactose carrier LH 206 Lactose carrier DFE Pharma 733729
Lactose fines LH 300 Micronized DFE Pharma 1083C67
Coating agent Magnesium stearate Peter Greven C723845

Three formulation types were produced, and the APl amount was constant. However,
the excipient quantities varied. An overview is given in Table 2.

Table 2 Formulation composition.

Raw material Formulation 1 Formulation 2 Formulation 3
Amount (%) Amount (%) Amount (%)
Budesonide 2.0 2.0 2.0
LH 206 96.0 94.0 93.0
LH 300 2.0 4.0 4.0
Magnesium stearate 0.0 0.0 1.0

To study the manufacturing strategies to optimize the DPI’s formulation, two mixers
were used: Low shear mixer (Turbula®, Figure 2) and high shear mixer (Diosna®, Figure 3). For
low shear mixer (Turbula®), three mixing times were tested (10, 30, and 60 min) each time
representing a batch for each formulation. The mixing process required dividing the total
mixing time into two halves and in the stop the powder mixture was sieved (Mesh: 0.710 mm).
Examples of batch records can be found in the appendix.

Figure 2 Low shear mixer (Turbula®) A: Full picture of the mixer. B: Place for the mixer vessel. Pictures taken
courtesy of Department of Food Technology, Engineering and Nutrition. The rubber rings held tightly the container.
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A codification name system was used to refer to the individual Turbula® batches
(Table 3). The speed during the process was constant (68 rpm) and the batch size was 80 g of

powder mixture for each batch.
Table 3 Low shear mixer batch names.

Mixing time (min) Formulation 1 Formulation 2 Formulation 3
10 LS1A LS2A LS3A
30 LS1B LS2B LS3B
60 LS1C LS2C LS3C

LS stands for “Low Shear”, the numbers refer to the formulation number and the letters refer to the mixing time.

For the high shear mixer (Diosna®, Figure 3). An initial premixing step at 150 rpm for 1
minute was performed. When this was completed, three mixing times (3, 6, and 9 min) were
tested for each formulation at two different mixing speeds (700 and 1000 rpm). Each time and
mixing speed representing a batch for each formulation, an overview is given in Table 4, and
examples of batch records can be found in the appendix.

The total intended batch size was 250 g of the powder mixture. However, the
production process in the high shear was continuous, the mixing time represents stops during
the process. Samples of approximately 40-50 g, were taken from different parts of the bowl
while avoiding lumps into the plastic container for each time stop. For the last mixing time (9
min) a sieving step was performed using a mesh (size 1.00 mm).

Lid \m Impeller

PR )
Figure 3 High shear mlxer (Diosna® mixer P1-6). A: Full picture of the mixer. B: Mixer parts, the mixer vessel had
a 1 liter capacity. Pictures taken courtesy of Galenica.

Table 4 High shear mixer batches names.

Mixing

Mixing speed (rpm) time (min) Formulation 1 Formulation 2 Formulation 3
3 HS1A HS3A HS5A
700 6 HS1B HS3B HS5B
9 HS1C HS3C HS5C
3 HS2A HS4A HS6A
1000 6 HS2B HS4B HS6B
9 HS2C HS4C HS6C

HS stands for “High Shear”, the numbers refer to the manufacturing order and the letters refer to the mixing time
where A= shortest mixing time (3 min), B= middle mixing time (6 min), C= longest mixing time (9 min). 18 batches
were produced.

For high shear formulations, the temperature was taken at each time stop using a Testo®
Thermometer IR. For safety reasons, before opening the mixer lid 1 minute had to pass after
that the temperature was recorded. There was no heating for the low shear mixer batches. The
raw materials were weighted in analytical and semi-analytical scales according to each
formulation composition (Table 2). The order to incorporate the raw materials in the mixing
vessels followed the “sandwich method” where the first half of the lactose carrier was added,
followed by the API and the lactose fines, and last the rest of the lactose carrier was added.
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For formulation 3 a coating step was carried out for the lactose carrier with magnesium
stearate. The “sandwich method” was used where half of the lactose carrier was added to the
mixer vessel, followed by the magnesium stearate and then the rest of the lactose carrier was
added. For the low shear mixer, it required mixing for 15 min, followed by sieving (Mesh:
0.710 mm), then another mixing for 15 min. After this the API and the lactose fines were added
using the “sandwich method”.

In comparison, the coating step for the high shear mixer required a premixing step at
700 rpm without stopping for 4 minutes. No sieving was performed, after the coating, the API
and the lactose carrier were added using the “sandwich method”. After the mixing process, the
batches were stored in airtight light protected containers at room temperature of at least 250 ml
capacity.

2.2. Filling

The filling process was performed manually into the Novolizer® device. The dose
reservoir of the device was opened, emptied, and cleaned. Each inhaler contained a batch
sample between 1.5 - 2.5 g of the powder mixture. Before performing further methodological
steps a waiting time of at least 3 days had to pass after the filling.

For ACI analysis, three wasting doses were performed for each device before the
official analysis, a waiting time of at least one day had to pass before the ACI major analysis.
For NGI, one wasting dose was performed and the NGI analysis was performed right after the
wasting. The same inhaler device was used for both analyses (Figure 4).

L2 a2 > >

—

Figure 4 Novolizer® A: Device B: Clean device ready for filling
2.3.Analytical investigations

There was a waiting time of at least one week before starting the analytical
investigations to allow the relaxation of the powder mixture for every batch. This was
performed to reduce the electrostatic energy that can cause variability in the results.

2.3.1. Mixing homogeneity and drug content assay

Mixing homogeneity or blend uniformity and budesonide content assay, are a quality
parameter essential to determine the efficacy of the mixing and target dose concentration [17].
These analyses were performed for the shortest mixing time and slowest speed batches
(Table 5), samples of between 20-50 mg were taken from at least 6 points (3 from the surface +
3 from the middle) of each batch container. The samples were reconstituted in a solution of
ethanol/water 50% v/v, and a calibration curve was prepared to determine the concentration of
budesonide in each sample. To detect budesonide in each sample a Varian Cary® 50 Bio
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UV-Vis Spectrophotometer instrument and software was used. Budesonide was measured at a
wavelength of 245 nm. The relative standard deviation percentage (RSD%) and the average
concentration of budesonide (%w/w) were calculated for every batch in Table 5 [18]. Fabric
gloves were used while weighing to reduce electrostatic formation that could affect the analyses.

Table 5 Mixing homogeneity and drug content assay analyzed batches.

L . . S . High shear mixer
Mixing time (min) Low shear mixer Mixing time (min) (700 rpm)
10 LS1A 3 HS1A
10 LS2A 3 HS3A
10 LS3A 3 HS5A

LS= Low shear HS= High shear

2.3.2. Poured bulk density.

Bulk density is a measure of the flowability of the powder [18]. The densities were
measured by using a 20 ml density tester cylinder. At least three replicates were performed for
each batch. The lactose carrier LH206 was used as a reference material. The standard deviation
of the replicates was calculated to assess the variability of the results the process can be found in
Figure 5.

‘. ~ i § B ]
Figure 5 Poured bulk density process. A: Pouring of the powder mixture. B: Filled density test cylinder (20 ml). C:
Scraped density test cylinder (20 ml). D: Weighted density test cylinder (20 ml).

2.3.3. Andersen Cascade Impactor (ACI)

The cascade impactors analyze the aerodynamic size distribution of the aerosol particles
[5]. The ACI analysis was performed at least 24 hours after the wasting process for every batch.
The ACI plates for each stage were coated with BRIJ/glycerol and the pre-separator (PS) was
filled with 15 ml of an ethanol/water 50% v/v solution to avoid particle bouncing [19]. The ACI
system was calibrated before the analysis where the flow was adjusted to 80 I/min
corresponding to a pressure drop of 4 kPa. The device was triggered by a critical flow controller
and pump (Figure 6).

Six doses were discharged from the filled device to the ACI. The analysis was done
with at least two replicates for each batch. The formulation powder that impacted each plate was
reconstituted with 15 ml of ethanol/water 50%v/v solution. The throat and the mouthpiece
adapter were washed with the same solution. The budesonide concentration in each stage was
analyzed by a Varian Cary® 50 Bio UV-Vis Spectrophotometer employing a calibration curve.
Budesonide was measured at a wavelength of 245 nm.

15



Figure 6 Andersen cascade impactor (ACI). A: ACI full system. B & C: ACI plates impacted with powder mixtures.
Pictures taken courtesy of Department of Food Technology, Engineering and Nutrition.

2.3.4. Next Generation Impactor (NGI)

The NGI (Figure 7) is a useful and efficient aerodynamic particle size analyzer that has
seven stages in a built-in tray single unit [15]. This instrument was used courtesy of Emmace
Consulting. NGI was used to analyze formulation 1 high shear mixer 700 and 1000 rpm
(Table 4). One waste dose was performed before the analysis for every inhaler device.
The NGI plates for each stage were coated with BRIJ/glycerol, and the pre-separator (PS) was
filled with 15 ml of an ethanol/water 50% solution. The NGI system was calibrated before the
analysis where the flow was adjusted to 80 I/min corresponding to a pressure drop of 4 kPa. The
device was triggered by a critical flow controller and pump.

Six doses were discharged from the filled device. The analysis was done with at least
two replicates for each batch, the formulation powder that impacted each plate was reconstituted
with 15 ml of an ethanol/water 50% solution. The throat and the mouth adapter were washed
with the same solution. Budesonide concentration in each stage was analyzed by LC with a UV-
VIS detector, and the concentrations of the API were calculated employing a calibration curve.

T e >
Figure 7 Next Generation Impactor (NGI). A: Full picture of the NGI system. B: Open NGI tray.
courtesy of Emmace AB.

Pictures taken
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2.3.5. Particle size

There were two batch numbers for the Lactose Carrier LH206 (Table 1). The batch
number 600365 was used for the manufacture of all the batches except for formulation 3 high
shear mixer 700 and 1000 rpm (Table 4) where the batch number 733729 was used since the
quantity of the first excipient (600365) was not enough for the production of the last
formulation batches (formulation 3, high shear mixing 1000 rpm), (Table 4).

Therefore, it was necessary to determine if both carriers presented the same particle size
distribution. A particle size distribution analysis using laser diffraction (wet and dry dispersion)
was performed for both batches. A Malvern Mastersizer 3000 instrument (Figure 8), equipped
with a 300mm reverse Fourier lens was employed.

For wet dispersion, the solid samples were introduced directly to the Hydro HV unit
with a spatula. Measurement was performed during stirrer dispersion and after internal
sonication at 20% power for 1 minute. In comparison, for dry dispersion, the samples were
introduced directly into the Aero S feeder funnel at 2 bar pressure.

" | Malvern Mastersizer 3000

Figure 8 Malvern Mastersizer 3000 instrument. Pictures taken courtesy of Magle Chemoswed AB.

2.3.6. Calculations

The concept of Mixing Energy (ME) was explored for the high shear mixer batches
(Table 4), to understand how the forces applied to the particles during the mixing process
influence the formulation performance [9]. The forces that cause centrifugal motion and the
mixing vessel radius combined with the carrier particle mass are behind the expression of the
mixing energy [9], [13], Equation 1:

3
ME = mqrrier * v? * L
m=carrier particle mass, v=peripheral velocity, r=mixing vessel radius, t=mixing time.

If rotational speed in the mixing process is expressed in terms of revolutions per minute,
instead of the peripheral velocity, the mixing energy equation used in this research work will be,
Equation 2:

— 3 Pmy3 2
ME = 8m Mearrier * ( 60 ) ret

m=carrier particle mass, rpm=revolutions per minute, r=mixing vessel radius, t=mixing time.
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3. RESULTS AND DISCUSSION

3.1.Particle size

From the overlay of the graphs in Figure 9, it can be inferred that there is not a
significant difference between the carriers from different batches. This was important to
measure because the carrier particle mass is a value used for the mixing energy calculation [9].
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Figure 9 Overlay of Particle Size Distribution (PSD) graphs Lactose carrier LH206: A: Wet dispersion batch 600365
(blue) and batch 733729 (green). B: dry dispersion 2 bar batch 600365 (blue) and batch 733729 (green). Graphs
courtesy of Magle Chemoswed.

3.2.Manufacturing

Table 6 presents the obtained production yield for low shear mixer (Turbula®). High
production yields (>98%) were consistently obtained for all the batches regardless of the mixing
time of formulation composition.

Table 6 Production yield for Low shear mixer batches

Formulation 1 2 3
Batch LS1IA LS1B LSIC LS2A LS2B LS2C LS3A LS3B LS3C
Mixingtime (min) 10 30 60 10 30 60 10 30 60

Production yield (%)  98.9 100.1 995 999 99.8 100.0 99.1 98.8 99.1

For batch composition see Table 3.

Table 7 reports the obtained production yield for high shear mixer (Diosna®) at a
mixing speed of 700 rpm, where it can be noted that Formulation 3 (Budesonide 2%, lactose
fines 4%, magnesium stearate 1%, and lactose carrier 93%) had the lowest total production yield
percentage. Nevertheless, all the batches presented yield values above 90 %.
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Table 7 Production yield for high shear mixer batches at 700 rpm.

Mixing speed 700 rpm
Formulation 1 2 3
Batch HS1A HS1B HS1C HS3A HS3B HS3C HS5A HS5B HS5C
Mixing time 3 6 9 3 6 9 3 6 9
(min)
Formulation —,, ) 453 1574 422 445 1552 486 547 1333
produced (g)
Total production
yield (%) 97.5 96.8 94.6

For batch composition see Table 4

Table 8 shows the obtained production yield for high shear mixer (Diosna®) at a mixing
speed of 1000 rpm, where it can be noted that formulation 3 (Budesonide 2%, lactose fines 4%,
magnesium stearate 1%, and lactose carrier 93%) had the lowest total production yield
percentage. Nevertheless, all the batches presented yield values above 90 %.

Table 8 Production yield for high shear mixer batches at 1000 rpm.

Mixing speed 1000 rpm
Formulation 1 2 3

Batch HS2A HS2B HS2C HS4A HS4B  HS4C HS6A HS6B  HS6C
M')zm?nt)'me 3 6 9 3 6 9 3 6 9
Formulation

46.6 46.5 141.9 50.7 49.4 137.3 64.1 43.5 119.1
produced (g)

Total production 93.9

yield (%) 95.0 90.7

For batch composition see Table 4

The difference between the yields obtained for formulation 3 (Budesonide 2%, lactose
fines 4%, magnesium stearate 1%, and lactose carrier 93%) might be due to the coating agent
since it is known that blending time can increase the shearing of magnesium stearate layers and
produce surface adherence between particles. This might have produced an adherence between
the surface of the blender and the particles and it was observed at the end of the manufacturing
process [20], [21], (APPENDIX, Figure 35).

Figure 10 shows that high mixing speed (1000 rpm) and longer mixing time
(9 minutes), formulations presented higher temperature increase. This was expected because the
impeller movement can cause friction between particles which can cause an increase in
temperature [22]. In formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%,
and lactose carrier 93%) the presence of magnesium stearate 1% helped to maintain the
temperature at a medium level, compared to formulations 1 and 2.
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Figure 10 Temperature measurements for high shear batches. There is a missing value at 9 minutes, for the batch HS
Formulation 2 1000 rpm, due to human error. Formulation composition details can be found at Table 2.

3.3. Budesonide content assay and Mixing homogeneity

Figure 11 reports that the low shear mixer results are closer to the target concentration
(budesonide 2%), compared to the high shear mixer batches, where HS3A and HS5A have
lower budesonide concentrations.

2.1

2
1.9
1.8
1.7
1.6
1.5

Formulation 1 Formulation 2 Formulation 3 Formulation 1 Formulation 2 Formulation 3
LS1A 10 LS2A 10 LS3A 10 HS1A3min HS3A3min HS5A3 min
minutes minutes minutes

Concentration of budesonide
(% w/w)

Shorter mixing time batches

Figure 11 Concentration of budesonide in percentage for the shorter mixing time batches and lower speed.
Formulation composition details can be found at Table 2.

Figure 12 bar graphs show that the low shear mixer results presented less variability
than the high shear batches. Nevertheless, all the batches followed the FDA/CDER criteria for
validation in batch powder mix homogeneity that state: “RSD (relative standard deviation) of
all individual results < 5.0 percent and all individual results are within 10.0 percent (absolute)
of the mean of the results” [23].
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Figure 12 Mixing homogeneity shows the relative standard deviation in percentage for the shorter mixing time
batches and lower speed.

The mixing homogeneity result (Figure 12) was somewhat unexpected, because
according to Sarkar et al. [24], high shear mixers are shown to produce more homogeneous
mixes. Nevertheless, since the values obtained followed the quality parameters both mixers had
acceptable results [23], [24]. The findings imply that the powder mix for the low shear batches
has a satisfactory degree of homogeneity. Furthermore, the homogeneity is expected to improve
the longer the mixing time for both mixers.

3.4.Bulk density

Figure 13 shows that there is an increase in the pored bulk density for Formulation 3
(Budesonide 2%, Lactose fines 4%, Mg stearate 1% and Lactose carrier 93%) (green). The red
dot presents the result of the pure lactose carrier LH206 it can be used as a reference.
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Figure 13 Poured bulk density for low shear mixer formulations average values are presented. For formulation detail
composition refer to Table 2.
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Figure 14 shows the average values for 700 and 1000 rpm batches. Formulation 3
(Budesonide 2%, Lactose fines 4%, Mg stearate 1%, and Lactose carrier 93%) had a higher
level of bulk density than the formulation 1 and 2, for both low speed (700 rpm) and high speed
(1000 rpm). The red dot presents the result of the pure lactose carrier LH206, it can be used as a
reference. The increase in poured bulk density means that the formulation has a higher
flowability [25].

_0.850

)

§0.800 —r

0 A A

= A
£0.750

c

9]

T0.700

=

=} ./.ﬁ: R\
£0.650 ® —h— A
g

30.600

3 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
? Mixing energy (m)J)

¢ —@—Formulation 1700 rom =—&— Formulation 1 1000 rpm Formulation 2 700 rpm
<

—#— Formulation 2 1000 rpm —#=— Formulation 3 700 rpm A~ Formulation 3 1000 rpm
—@— Lactose carrier LH206

Figure 14 Poured bulk density for high shear mixer formulations. For formulation detail composition refer to Table 2.

The poured bulk density decreases for formulation 2 (Budesonide 2%, lactose fines 4%,
and lactose carrier 94%) compared to the lactose carrier LH206 for both mixers. This was
expected and it was previously observed by Thalberg et al. [26]. The overall results propose that
adding magnesium stearate as a coating agent increases the poured bulk density of the powder
mixture for both low and high shear mixing processes.

3.5.ACI
3.5.1. Low shear mixer batches

The results in Figure 15 suggest that for formulation 1 (Budesonide 2%, lactose fines
2%, and lactose carrier 96%) there is an increase in FPD at a mixing time of 60 minutes. For
instance, a lower percentage of lactose fines leads for a need of longer mixing times to achieve a
higher FPF.

In comparison, formulation 2 (Budesonide 2%, lactose fines 4%, and lactose carrier
94%) and formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%, and lactose
carrier 93%) had their highest FPD at a mixing time of 30 minutes. The lowering of the FPD for
these formulations at 60 minutes was expected, similar results for low shear mixer were found
by Grasmeijer et al. [27], who theorized that longer mixing times caused drug detachment to
decrease [27].
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Figure 15 Fine Particle Dose (FPD) assessment for ACI analyses for low shear mixer formulations. For formulation
detail composition refer to Table 2.

Figure 16 provides a graphic description of the FPF values obtained from the ACI
analyses; it can be noted that the FPF was increased at a mixing time of 60 minutes.
Formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%, and lactose carrier
93%) had the highest FPF. A high FPF means that a significant amount of fine drug particles
can reach the lungs and have therapeutic value [28]. It can be concluded that the addition of
magnesium stearate and a longer mixing time increased the FPF at least for low shear mixer.
The distribution profiles can be found in the APPENDIX, (Figures 36, 37, and 38).
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Figure 16 Fine Particle Fraction (FPF) assessment for ACI analyses low shear mixer formulations. For formulation
detail composition refer to Table 2.

Figure 17 shows the MMAD values obtained from the ACI analyses. There was a
uniform tendency for all the values where formulation 3 (Budesonide 2%, lactose fines 4%,
magnesium stearate 1%, and lactose carrier 93%) had the highest MMAD value for all the
mixing times. This was somewhat unexpected in view of the higher FPF values for formulation

3[5], [29].
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Figure 17 Mass median aerodynamic diameter (MMAD) for ACI analyses low shear mixer formulations. For
formulation detail composition refer to Table 2.

The bar graphs in Figure 18 indicate that for a mixing time of 30 minutes, there will be
a higher Sum in ACI for formulations 2 and 3. However, for formulation 1 the higher Sum in
ACI was obtained at 60 minutes.
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Figure 18 Delivered dose (Sum in ACI) for analyses low shear mixer formulations.

3.5.2. High shear mixer batches (700 rpm)

The results in Figure 19 suggest that for formulation 1 (Budesonide 2%, Lactose fines
2%, and Lactose carrier 96%) there is an increase in FPD at a mixing time of 30 minutes. While
formulation 2 (Budesonide 2%, Lactose fines 4%, and Lactose carrier 94%) had a directly
proportional FPD increase according to the mixing time. In contrast, formulation 3
(Budesonide 2%, lactose fines 4%, magnesium stearate 1% and lactose carrier 93%) had the
highest FPD regardless of the mixing time. It can be concluded that the addition of magnesium
stearate increased the FPD in the high shear mixer (700 rpm). These results confirm the findings
of Kumar, et. Al. [30] in another device type (PlastiApi®) where it is believed that magnesium
stearate lubricant properties are responsible for this effect [30].
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Figure 19 Fine Particle Dose (FPF) assessment for ACI analyses high shear mixer formulations (700 rpm).

Figure 20 provides a graphic description of the FPF values obtained from the ACI
analyses; it can be noted that the FPF values were almost increasing with the increase in the
mixing time. Formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%, and
lactose carrier 93%) had the highest FPF. In addition, formulation 2 (Budesonide 2%, lactose
fines 4%, and lactose carrier 94%) had higher FPF than formulation 1 (Budesonide 2%, lactose
fines 2%, and lactose carrier 96%). Several studies have supported the idea that varying the
amount of fines added to a formulation increases FPF. It is believed that the mechanism behind
this is that the lactose fines will adhere to the carrier’s areas of high adhesion, thus allowing the
APT’s dispersion and deaggregation [31], [32].
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Figure 20 Fine Particle Fraction assessment for ACI analyses high shear mixer formulations.

A high FPF means that a significant amount of fine drug particles can reach the lungs
and have therapeutic value [28]. It can be concluded that the addition of magnesium stearate,
lactose fines, and a longer mixing time increased the FPF at high shear mixer (700 rpm).
The distribution profiles can be found in the APPENDIX, (Figures 39, 40, and 41).
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Figure 21 bar graphs show that there was a uniform tendency for all the values where
formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%, and lactose carrier
93%) had the smallest MMAD value for all the mixing times. However, all the values were
satisfactory because for inhalable particles the requirement is that the aerodynamic particle size
for bronchial deposition of drug particles is <5 um [33], [34].
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Figure 21 Mass median aerodynamic diameter (MMAD) for ACI analyses high shear mixer samples at 700 rpm.

Figure 22, the bar graphs showed a similar pattern at 6 and 9 minutes where
formulation 1 had the highest delivered dose. However, at 3 minutes this pattern was different
since there was a higher delivered dose for formulation 3 (Budesonide 2%, lactose fines 4%,
magnesium stearate 1%, and lactose carrier 93%).
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Figure 22 Delivered dose (Sum in ACI) analyses for high shear mixer formulations.

An explanation for this phenomenon could be that formulations with less lactose fines
need longer mixing times to ensure a high delivery dose. In comparison, the magnesium stearate
and a higher percentage of lactose fines helped to achieve a higher degree of delivered dose.
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3.5.3. High shear mixer batches (1000 rpm)

It can be noted in Figure 23 that a mixing time of 6 minutes is favorable for formulation
2 (Budesonide 2%, lactose fines 4%, and lactose carrier 94%) and formulation 3
(Budesonide 2%, lactose fines 4%, magnesium stearate 1% and lactose carrier 93%). At a
mixing time of 9 minutes there is a decrease of FPD for almost all the formulations, the reason
behind this might be due to the fact that high shear mixing at longer mixing times might cause
drug detachment to decrease and lower the fine particle dose [27].
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Figure 23 Fine Particle Dose assessment for ACI analyses high shear mixer formulations.

Another explanation for this decrease was found by Balducci et al. [35], who believe
that a decrease in drug content can be associated with an increased drug adhesion to the mixing
vessel walls [35].

Figure 24 provides a graphic description of the FPF values obtained from the ACI
analyses. It can be noted that formulations (2 and 3), with higher amounts of lactose fines and
coating agent, had higher FPF values in comparison with formulation 1. At a mixing time of
9 minutes, it was observed a decrease in FPF values for all formulations in comparison with the
previous mixing time (6 minutes). In a study conducted by Selvam, P and Smyth, H. [36], it was
observed that increases in speed while mixing can cause increases in press-on forces, which can
reduce drug dispersion [36]. The distribution profiles can be found in the APPENDIX, (Figures
42, 43, and 44).
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Figure 24 Fine Particle Fraction assessment for ACI analyses high shear mixer formulations.
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Figure 25 shows that there was a uniform tendency for all the values where
formulation 3 (Budesonide 2%, lactose fines 4%, magnesium stearate 1%, and lactose carrier
93%) had the smallest MMAD value for all the mixing times. Nevertheless, all the values were
satisfactory because for inhalable particles the requirement is that the aerodynamic particle size
for bronchial deposition of drug particles is <5 um [33], [34].
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Figure 25 Mass median aerodynamic diameter (MMAD) for ACI analyses high shear mixer formulations.

Figure 26 shows that Formulation 2 (Budesonide 2%, Lactose fines 4%, and Lactose
carrier 94%) had the highest delivered dose, especially at 6 minutes. However, at 9 minutes this
pattern was different since there was a higher delivered dose for formulation 1 (Budesonide 2%,
lactose fines 2%, and lactose carrier 96%). The same tendency was observed in the low shear
mixer, where longer mixing times favored the formulation with fewer lactose fines.
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Figure 26 Delivered dose for Andersen Cascade Impactor analyses for high shear mixer formulations.
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3.6.NGI

In Figure 27 the results suggest that at 700 rpm there is a higher FPD than at 2000 rpm.
At 700 rpm FPD is relatively constant regardless of mixing time. The decreasing tendency for
1000 rpm was the same as detected in ACI.
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Figure 27 Fine Particle Dose (FPD) assessment for NGI analyses for high shear mixer formulation 1.

In Figure 28 the results confirm the FPD trend that 700 rpm gives better dispersibility
than 1000 rpm. The distribution profiles can be found in the APPENDIX, figures 45, 46, 47, and
48.
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Figure 28 Fine Particle Fraction (FPF) assessment for NGI analyses for high shear mixer formulation 1.

Figure 29 results indicate that the MMAD is higher for 1000 rpm formulation 1
batches. However, all the values were satisfactory because for inhalable particles the
requirement is that the aerodynamic particle size for bronchial deposition of drug particles is <5
pum [33], [34].
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Figure 29 Mass median aerodynamic diameter (MMAD) for NGI analyses for high shear mixer formulation 1.

Figure 30 shows that the delivered dose (Sum NGI) is rather constant, however, there is
slightly less at a mixing time of 6 min 700 rpm speed.
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Figure 30 Delivered dose for NGI analyses for high shear mixer formulation 1.

3.7.Mixing energy analysis
Figure 31 shows that the Fine Particle Dose varied between the NGI and ACI analyses,

this variability might be due to the differences in both systems and analyses process. There was
furthermore a time lag between the ACI analyses and NGI analyses.
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Figure 31 Fine Particle Dose (FPD) assessment for NGI and ACI analyses for high shear mixer formulation 1.

Figure 32 suggests that there is a correlation between the NGI and the ACI results in
terms of FPF. It can be seen a decrease observed during mixing at high speed, these results
confirm the findings by Thalberg et al. [9], where they explained that the FPF decrease is due to
strong incorporation of the fine particles (including the API) into the carriers [9].
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Figure 32 Fine Particle Fraction (FPF) assessment for NGI and ACI analyses for high shear mixer formulation 1.

Figure 33 shows that there is a correlation between the longest mixing time low speed
formulation and the shortest mixing time high speed formulation, even though there is a gap
between the values. These findings corroborate the concept of mixing energy proposed by
Thalberg et. al [9], and that the FPF peak increase was followed by a decrease at a longer
mixing time was expected.
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Figure 33 Fine Particle Fraction (FPF) assessment for ACI analyses high shear mixer formulations in terms of
mixing energy.

Formulation composition impacted the FPF, formulation 3 (Budesonide 2%, lactose
fines 4%, magnesium stearate 1%, and lactose carrier 93%) had the highest FPF values. This
was explained by Thalberg et. al, where the increase of FPF is due to “the transfer of coating
agent from the coated carrier to the API"” [9].

Mixing energy increases with mixing time and speed, lower levels of FPF at shorter
mixing times are the result of the formation of drug agglomerates during the mixing process [8]
and lower levels of FPF at longer mixing times are the result of the incorporation of API into
the carrier particles [9]. Optimum mixing conditions were found at intermediate mixing energy
values.

Figure 34 shows that the MMAD values between the formulations correlate with each
other for the two speeds. The lowest MMAD values were achieved at intermediate mixing
energy values. However, all the values were satisfactory because for inhalable particles because
the requirement is that the aerodynamic particle size for bronchial deposition of drug particles is
<5 um [33], [34]. Formulation 3 containing magnesium stearate presented the lowest MMAD
values.
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Figure 34 Mass median aerodynamic diameter (MMAD) for ACI analyses high shear mixer formulations in terms of
mixing energy.

3.8.Comparison of low (Turbula®) and high (Diosna®) mixers

In the manufacturing section (Tables 6, 7, and 8), it was found that the low shear mixer
had higher production yields than the high shear mixer. The forces exerted during high shear
mixing applied to the confined particles, can cause particle adhesion to the mixing vessel walls
resulting in higher losses of powder mixture compared with low shear mixing where the mixing
process is more gentle [13] [9]. However, time efficiency in high shear mixers is an advantage
for the manufacturing process.

In addition, interesting results were found for the budesonide content assay and the
mixing homogeneity (Table 5, figures 11, 12, 13, and 14). For both analyses, low shear mixer
batches had higher compliance values. This was not expected because it is known that high
shear mixer is characterized to have a higher mixing homogeneity than low shear mixers
because increasing the shear forces improves the homogeneity of DPI mixtures [8].
However, as mentioned before the results obtained had a satisfactory degree of homogeneity
and if mixing time is compared high shear mixing achieves homogeneity faster than low shear
mixing [24]. The results obtained for poured bulk density were similar between both mixers.

Continuing with the comparison of the two mixers, for the aerodynamic particle-size
distribution analyses performed by ACI, it was found that high shear mixing batches both 700
and 1000 rpm had higher FPF, regardless of the formulation composition or mixing time than
the low shear manufactured formulations. The FPF and FPD values were almost doubled in high
shear mixer batches, this is because high shear mixing improves the distribution of the API in
the mixing causing a reduction of drug particle aggregates. The impeller blade places a key role
by slicing the powder bed thus improving the deagglomeration [35], [8], [37]. It can be
concluded that high shear mixing is more suitable for DPI powder mixture manufacturing
(Figures 15, 16, 19, 20, 23, and 24).

The exceptionally high performance of formulation 3 (Budesonide 2%, lactose fines
4%, magnesium stearate 1% and lactose carrier 93%) for high shear mixer batches was the
result of the efficient spreading of the coating agent that can be achieved in this mixer type [38],
combined with magnesium stearate’s flowability enhancement properties [39].
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4. CONCLUSIONS

In this degree project, three types of formulations were manufactured in low shear and
high shear mixers using budesonide as the API at a 2% drug load. The amount of lactose carrier,
lactose fines, and magnesium stearate (coating agent) were varied according to their
composition:

1. Lactose fines 2%, and lactose carrier 96%.
2. Lactose fines 4%, and lactose carrier 94%.
3. Lactose fines 4%, magnesium stearate 1%, and lactose carrier 93%.

Following the project aims, first it can be concluded that adding 4% of lactose fines and
magnesium stearate 1% lead to an improvement in FPF. In terms of formulations, formulation 3
presented the highest values of FPF and FPD in both mixers, and this tendency was seen at all
mixing times. The coating agent was a key component of the formulation. In addition,
formulation 2 presented higher FPF values in high shear mixing batches in comparison with
formulation 1. Although this difference was not that remarkable in low shear mixer, it can be
concluded that higher amounts of lactose fines improved the formulation performance.

Second, regarding the mixing time in low shear and high shear mixer at 700 rpm, it can
be concluded that longer mixing times increased the FPF values for almost all formulations. In
comparison, in high shear mixing at high speed (1000 rpm) intermediate mixing times presented
higher FPF values, this corroborates the mixing energy concept, and it was found that long
mixing time at high speed should be avoided.

Finally, in the comparison of the performance between the mixers (Diosna®) high shear
and (Turbula®) low shear. It can be concluded that both mixers (low and high shear) had
satisfactory levels of homogeneity and drug content. Production losses were higher for high
shear mixer, particularly at high speed with a coating agent. In addition, high shear mixer
formulations presented the highest performance in the aerodynamic particle assessments, judged
in terms of FPF and FPD. It was found that these values were almost double for high shear
mixing formulations.
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5. FUTURE DIRECTIONS

The future steps of this degree project would be to research how cooling during high
shear mixing can have an impact on the formulation performance. In addition, analyses like
TOF-SIMS can be useful to research about smearing of the coating agent on the lactose carrier
surface [9].

For low shear mixer, since it was observed that longer mixing times favored the FPF of
the formulation, researching if even longer mixing times could be worth it. Moreover, testing
different inhaler devices and APIs would be valuable to corroborate the finding in this research
work.
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7. APPENDIX

7.1. Manufacturing

Figure 35 High shear mixer (Diosna® mixer P1-6) picture taken after the production of formulation 3. It can be seen
high amounts of powder mixture impacted on the bottom of the mixer vessel, this amount was discarded.

7.2. ACI

7.2.1. Low shear mixer

Formulation 1
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

120

E

80

60

g Budesonide/ dose

40

Adapter Throat Pre-separator o 1 2 3 4 5 [ Filter
ACI Stages

—&—(51A 10min  —@— [51B 30 min -1S1C 60 min

Figure 36 ACI Formulation 1 aerodynamic size distribution profile for low shear mixer.

Figure 36, Formulation 1 presents considerable deposition of the API on the first ACI
components adapter, throat, and pre-separator for all mixing times. Stage 3 presents the highest
deposition for the collection plates stages for all mixing times. Where LS1C 60 min (gray) had
the highest deposit of API. The values are the average of at least two replicates.
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Formulation 2

(Budesonide 2%, Lactose fines 4% and Lactose carrier 94%)

HgBudesonide/

Adapter Throat Pre-separator 0 1 2 3 4 5 6 Filter

Figure 37 ACI Formulation 2 aerodynamic size distribution profile for low shear mixer.

Figure 37, Formulation 2 presents considerable deposition of the API on the first ACI
components adapter, throat, and pre-separator for all mixing times. Stage 3 presents the highest
deposition for the rest of the collection plates stages for all mixing times. Where LS2A (blue)
and LS2B (orange) had a similar distribution profile. The values are the average of at least two
replicates.

Formulation 3

(Budesonide 2%, Lactose fines 4%, Mg stearate 1% and Lactose carrier 93%)

HgBudesonide/ dose

Adapter Throat Pre-separator 0 1 2 2 4 5 6 Filter
ACI Stages

®—S3A 10 min LS3B 30 min S3C 60 min

Figure 38 ACI Formulation 3 aerodynamic size distribution profile for low shear mixer.

Figure 38, Formulation 3 presents considerable deposition of the API on the first ACI
components adapter, throat and pre-separator for all mixing times and compared to other
formulations (1 and 2). Stage 3 presents the highest deposition for the collection plates stages
for all mixing times. Where LS3A and LS3B had a similar distribution profile. The values are
the average of at least two replicates.

Table 9 ACI Low shear aerodynamic size distribution summary

ACI Low shear summary

80L/min, 6 doses/ACI, coating Brij/glycerol

Formulation 1 2 3
Batch LSIA | Ls1B | LsiC | LS2A | Ls2B | Ls2C | Ls3A | LS3B | Ls3C
Device Novolizer
M'X'”r?qitr']';“e (10 10 30 | 60 | 10 | 30 | 60 | 10 | 30 | 60
ACI Flow 80 80 | 80 | 8 | 8 | 8 | 8 [ s [ 80
Time (sec) 44 | a4 | a4 | 44 | 44 | 44 | 44 | 44 | 44

pg Bude/ dose

Inlet+adapter+Presept | 154.2 | 154.6 | 168.0 | 137.8 | 141.0 | 101.7 | 143.9 | 1837 | 1351
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Stage 0 5.82 4.74 5.82 571 4.96 4.48 6.82 8.63 7.22

Stage 1 9.79 8.76 | 12.01 | 9.73 9.98 7.15 | 13.06 | 16.29 | 14.10
Stage 2 11.62 | 12.64 | 16.70 | 13.15 | 12.88 | 10.14 | 1528 | 19.31 | 18.92
Stage 3 1496 | 16.48 | 19.71 | 1499 | 14.84 | 11.75 | 1555 | 19.66 | 18.56
Stage 4 9.03 10.17 | 12.01 | 8.36 8.41 7.16 8.93 | 1095 | 9.94
Stage 5 4.15 4.43 4.98 2.92 3.34 2.44 3.29 412 412
Stage 6 1.24 0.38 1.01 1.40 0.60 0.47 0.61 0.88 1.21

Filter 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUM in ACI (=DD) | 210.83 | 212.2 | 240.2 | 194.0 | 196.0 | 1453 | 207.4 | 263.5 | 209.2

FPD<5pm pg/dose | 49.27 | 51.50 | 64.57 | 49.04 | 48.50 | 37.99 | 54.69 | 68.69 | 64.68

FPF<5um % of

23.37 | 24.24 | 26.87 | 25.26 | 24.75 | 26.21 | 26.18 | 26.05 | 31.01

Sum
MMAD pm 2.57 2.55 2.61 2.70 2.71 2.64 2.85 2.86 2.85
GSD 1.75 1.68 1.71 1.72 1.70 1.66 1.73 1.73 1.77
R-value 0.99 0.996 | 1.00 0.99 1.00 1.00 1.00 1.00 0.99

/ dose

pg Budesonide

7.2.2. High shear mixer (700 rpm)

Formulation 1 700 rpm
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

Adapter Throat Pre-separator 0 1 2 3 4 5 6 Filter

—&—HS1A 3 mir S1B 6 min HS1C 9 mir

Figure 39 ACI Formulation 1 aerodynamic size distribution profile for high shear mixer at 700 rpm.

Figure 39, There is deposition of the API on the first ACI components Adapter, Throat

and Pre-separator for all the batches, but it is higher for HS1C 9 min. Stage 3 presents the
highest deposition for the collection plates stages for all samples. Where HS1B 6 min (orange)
had the highest deposit of API. The values are the average of at least two replicates.

jg Budesonide/ dose

Formulation 2 700 rpm
(Budesonide 2%, Lactose fines 4% and Lactose carrier 94%)

Adapter Throat Pre-separator 0 1 2 3 4 5 6 Filter
ACI Stages

—8—HS3A 3 min S3B 6 min HS3C 9 min

Figure 40 ACI formulation 2 aerodynamic size distribution profile for high shear mixer at 700 rpm.

Figure 40, There is deposition of the APl on the first ACI components adapter, throat,
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and pre-separator the tendency is similar for all the samples. Stage 3 presents the highest
deposition for the collection plates stages for all mixing times. Where HS3C 9 min (gray) had
the highest deposit of API. The values are the average of at least two replicates.

Formulation 3 700 rpm

(Budesonide 2%, Lactose fines 4%, Mg stearate 1% and Lactose carrier 93%)

g Budesonide/ dose

Adapter Throat Pre-separator 0 1 2 3 a 5 6 Filter

Figure 41 ACI Formulation 3 aerodynamic size distribution profile for high shear mixer at 700 rpm.

Figure 41, There is deposition of the API on the first ACI components adapter, throat,
and pre-separator for samples, HS5A 3 min (blue) had a peak value at the “throat”. Stage 3
presents the highest deposition for the collection plates stages for all mixing times. Where
HS5A 3 min (blue) had slightly the maximum deposit of API. The values are the average of at
least two replicates.

Table 10 ACI High shear aerodynamic size distribution summary (700 rpm)

ACI High shear summary

Mixing speed 700 rpm
Batch HSIA | Hs1B | Hsic | Hs3A | Hs3B | Hs3C | HS5A | Hs5B | HssC
Device Novolizer
M'X'”r?“tr']r)"e (10 3 6 9 3 6 9 3 6 9
ACI Flow 80 80 80 80 | 80 80 80 80 80
Time (sec) 44 44 | a4 44 | 44 | 44 44 44 44

g Bude/ dose

Inlet+adapter+Presept 94.29 128.8 | 137.9 | 1175 | 1124 | 1124 | 114.0 | 83.99 | 78.15

Stage 0 3.42 1151 | 4.95 5.33 4.97 5.06 5.54 4.24 491
Stage 1 7.82 1192 | 1191 | 11.48 | 11.16 | 12.00 | 13.28 | 10.27 | 11.68
Stage 2 13.01 20.28 | 19.17 | 20.24 | 18.85 | 19.22 | 25.81 | 21.08 | 23.30
Stage 3 19.31 30.19 | 27.31 | 24.19 | 25.13 | 30.42 | 37.71 | 31.53 | 33.89
Stage 4 14.52 20.46 | 19.22 | 15.68 | 18.48 | 19.86 | 29.90 | 28.07 | 30.65
Stage 5 4.61 6.14 591 6.26 5.84 586 | 11.65 | 10.08 | 10.54
Stage 6 1.18 1.46 1.16 1.24 1.16 1.46 4.72 5.10 5.66

Filter 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUMin ACI (=DD) | 158.15 | 230.7 | 227.6 | 201.9 | 197.9 | 206.3 | 242.6 | 194.3 | 198.8

FPD<5um pg/dose 59.23 88.61 | 82.85 | 77.31 | 78.88 | 86.95 | 121.00 | 104.53 | 113.91

0,
FPESUM%of | 3766 | 38.37 | 36.37 | 38.29 | 30.96 | 42.15 | 4992 | 53.96 | 57.22

Sum
MMAD pm 2.35 2.39 2.42 2.51 2.42 2.39 2.23 2.16 2.18
GSD 1.60 1.59 1.60 1.68 1.61 1.58 1.67 1.66 1.66
R-value 1.00 0.998 | 1.00 1.00 | 0.999 | 1.00 1.00 0.999 1.00
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7.2.3. High shear mixer (1000 rpm)

Formulation 1 1000 rpm
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

g Budesonide/ dose
»

Adapter Throat Pre-separator ] 1 2 3 4 5 6 Filter
ACI Stages

—8—H52A 3 min 152B 6 min 152C 9 min

Figure 42 ACI Formulation 1 aerodynamic size distribution profile for high shear mixer at 1000 rpm.

Figure 42, there is deposition of the API on the first ACI components adapter, throat
and pre-separator for all the batches, there is a peak at the pre-separator, the three samples had
the same deposition pattern. Stage 3 presents the highest deposition for the collection plates
stages for all samples. Where HS2A 3 min (blue) had slightly the highest deposit of API. The
values are the average of at least two replicates.

Formulation 2 1000 rpm
(Budesonide 2%, Lactose fines 4% and Lactose carrier 94%)

18 Budesonide/ dose
¥
\
\
|
|

Adapter Throat Pre-separator 0 1 2 3 4 5 6 Filter
ALI Stages

—@— HS4A 3 mir HS4B 6 mir HS4C 9 mir

Figure 43 ACI Formulation 2 aerodynamic size distribution profile for high shear mixer at 1000 rpm.

Figure 43, There is deposition of the API on the first ACI components adapter, throat
and Pre-separator, the tendency is similar for all the samples. Stage 3 presents the highest
deposition for the collection plates stages for all samples. Where HS4B 3 min (orange) had the
highest deposit of API. The values are the average of at least two replicates.

Formulation 3 1000 rpm

(Budesonide 2%, Lactose fines 4%, Mg stearate 1% and Lactose carrier 93%)

Adapter Throat Pre-separator 0 1 2 3 4 5 6 Filter

AC! Stages
—&—HS6A 3 min S6B 6 min HS6C 9 min

Figure 44 ACI Formulation 3 aerodynamic size distribution profile for high shear mixer at 1000 rpm.
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Figure 44,

there is deposition of the API on the first ACI components adapter, throat

and pre-separator for samples, HS6A 3 min (blue) had a peak value at the “throat”. Stage 3
presents the highest deposition for the collection plates stages for all mixing times. The values
are the average of at least two replicates.

Table 11 ACI High shear aerodynamic size distribution summary (1000 rpm)

ACI High shear summary

Mixing speed 1000 RPM
Batch HS2A | HS2B | HS2C | HS4A | HS4B | HS4C | HS6A | HS6B | HS6C
Device Novolizer
M'X'”r?]it:)“e (10 3 6 9 3 6 9 3 6 9
ACI Flow 80 80 80 80 80 80 80 80 80
Time (sec) 44 44 44 44 44 44 44 44 44
pg Bude/ dose
Inlet+adapter+Presept | 150.46 | 169.1 | 171.0 | 126.1 | 133.8 | 148.6 | 101.6 | 82.29 | 96.75
Stage 0 499 | 784 | 587 | 1956 | 17.16 | 654 | 592 | 594 | 5.72
Stage 1 10.06 | 7.89 | 13.48 | 13.39 | 19.40 | 12.49 | 13.05 | 13.76 | 12.89
Stage 2 15.41 | 14.79 | 13.90 | 19.36 | 26.28 | 16.07 | 23.52 | 25.09 | 23.03
Stage 3 23.42 | 20.47 | 1577 | 25.62 | 29.79 | 22.82 | 34.68 | 35.70 | 31.86
Stage 4 15.72 | 1350 | 14.52 | 18.62 | 23.68 | 14.32 | 31.13 | 31.99 | 30.33
Stage 5 528 | 422 | 465 | 1028 | 11.37 | 464 | 1345 | 13.33 | 11.38
Stage 6 095 | 125 | 302 | 399 | 968 | 1.08 | 6.04 | 829 | 7.17
Filter 000 | 000 | 000 | 0.00 | 000 | 000 | 0.00 | 000 | 0.00
SUM in ACI sopog | 2391 | 2422 (2369 | 2711 | 2266 | 229.3 | 2163 | 2191
(=DD) 1 5 1 5 1 5 9 3
FPD<5um pgidose | 69.28 | 60.89 | 63.26 | 89.09 | '/% | poag | 18 | 1200 | 1140
FPRgL‘m Y0f | 3050 | 2547 | 26.11 | 37.66 | 43.22 | 30.65 | 52.25 | 58.24 | 5231
MMAD pm 240 | 242 | 249 | 232 | 234 | 252 | 215 | 214 | 215
GSD 160 | 1.61 | 1.80 | 1.81 | 192 | 163 | 1.70 | 173 | 171
R-value 1.00 | 0.997 | 1.00 | 1.00 | 0.996 | 1.00 | 1.00 | 0.998 | 1.00
7.3.NGlI

pgBudesonide/ dose

Formulation 1 700 rpm
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

NGl Stages

—8—HS51A 3 min HS1B 6 min

Figure 45 NGI Formulation 1 aerodynamic size distribution profile for high shear mixer at 700 rpm.
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Figure 45, there is deposition of the API on the first ACI components adapter + throat
and pre-separator for all samples. Stage 3 presents the highest deposition for the collection
plates stages for all samples. Where HS1C 9 min (gray) had a slightly highest deposit of API.
The values are the average of at least two replicates.

Formulation 1 1000 rpm
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

®

ugBudesonide/ dose

Adapter + Throat Pre-separator 1 2 3 4 5 6 7

Figure 46 NGI Formulation 1 aerodynamic size distribution profile for high shear mixer at 1000 rpm.

Figure 46, there is deposition of the API on the first ACI components adapter + throat
and pre-separator for all samples. Stage 3 presents the highest deposition for the collection
plates stages for all samples. HS2C 9 min (gray) had the highest value at the adapter + throat
and pre-separator and the lowest at the collection plates stages.

Formulation 1 700 rpm
(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

pgBudesonide/ dose

NGI Stages

—8—HS1A 3 min HS1B 6 min HS1C 9 min

Figure 47 NGI Formulation 1 aerodynamic size distribution profile for high shear mixer at 700 rpm.

Figure 47, there is deposition of the API on the first ACI components adapter + throat
and pre-separator for all samples. Stage 3 presents the highest deposition for the collection
plates stages for all samples. Where HS1C 9 min (gray) had a slightly highest deposit of API.
The values are the average of at least two replicates.
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60

ugBudesonide/ dose

Adapter + Throat

Figure 48 NGI Formulation 1 aerodynamic size distribution profile for high shear mixer at 1000 rpm.

Pre-separator

(Budesonide 2%, Lactose fines 2% and Lactose carrier 96%)

—8—H5S2A 1 min

Formulation 1 1000 rpm

NGl Stages

—8— HS28 6 min

HS2C 9 min

Figure 48, There is deposition of the API on the first ACI components adapter + throat
and pre-separator for all samples. Stage 3 presents the highest deposition for the collection
plates stages for all samples. HS2C 9 min (gray) had the highest value at the Adapter + Throat

and Pre-separator and the lowest at the collection plates stages.

Table 12 NGI Formulation 1 aerodynamic size distribution profile for high shear mixer summary table at 700 and
1000 rpm

NGI summary formulation 1 high shear

Batch HsiC [ HsiC | HstA [ HsiA | HsiB [ HsiB | Hs2A [ Hs2A | Hs2B [ Hs2B | Hs2Cc | Hs2c [ HsIA
Device Novolizer
NGI No 1 2 3 4 5 6 7 8 9 10 11 12 13
NGI Flow 80 80 80 80 80 80 80 80 80 80 80 80 80
Time (sec) 3 3 3 3 3 3 3 3 3 3 3 3 3
Hg Bude/ dose
Inlet+adapter 58.8 66.9 62.9 635 58.3 74.1 719 70.0 74.2 708 752 722 76.2
Presep 416 456 33.0 45.9 28.1 345 44.8 60.7 46.8 585 52.1 67.6 42.1
Stage L 6.7 6.7 5.2 65 47 62 6.3 74 6.0 7.1 6.8 6.7 6.2
Stage 2 226 226 19.7 20.3 18.1 232 19.7 205 19.6 217 19.8 18.4 213
Stage 3 25.8 26.8 24.8 24.9 213 263 23.0 20.8 18.6 18.7 15.7 13.9 239
Stage 4 252 21.8 25.6 232 22.0 237 21.1 19.8 16.2 16.6 125 10.0 221
Stage 5 92 8.0 111 8.4 8.3 85 10.8 7.2 55 6.3 39 25 8.9
Stage 6 2.0 14 2.8 19 2.1 17 22 16 13 12 08 04 2.1
Stage 7 0.2 0.1 02 0.2 0.2 0.1 03 02 0.1 0.1 0.1 0.0 0.2
MoC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Filter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SUMInNGI(=DD) | 1923 | 1099 | 1854 | 1049 | 163. | 1983 | 200 | 2082 | 1884 | 2010 | 1869 | 1917 | 2029
FPD<Sum pgidose | 72.71 | 68.30 | 7347 | 67.76 | 62.03 | 7072 | 66.23 | 58.76 | 50.56 | 5267 | 41.95 | 3508 | 66.77
FPF<5um %ofSum| 37.81 | 3418 | 3963 | 3477 | 3804 | 3566 | 33.10 | 2822 | 2684 | 2621 | 2244 | 1831 | 3291
FPF<3um%ofSum| 2519 | 2179 | 2754 | 2309 | 2592 | 2318 | 2241 | 1835 | 1677 | 1626 | 13.08 | 10.05 | 2176
FPE<lum %ofSum | 293 2.24 3.81 263 3.26 2.49 3.21 213 1.82 181 122 0.71 273
MMAD pm 2.88 3.00 2.67 2.88 277 2.94 2.80 3.04 3.16 3.25 3.44 3.65 2.89
GSD 182 1.80 1.84 1.80 182 181 193 1.87 1.86 192 1.80 177 1.86
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7.4.Low shear (Turbula®) Batch record
7.4.1. Uncoated formulation

R v
1. Aim
TR I S0P N I Understand the how the addition of fine lactose particles and different mixing time can lead to an
MAN QFAQUR'NG PLAN improved delivery of dry powder formulations to the lungs.
Formulation 2 (Low shear mixer)
2.0% Budesonide, LH 206 Lactose carrier and 4.0% Lactose fines. 2. Background
:::,',"M: 10, 30 and 60 minutes It is important to research about improvements in the area of dry powder inhaler formulation.
Gibriels Pooce Variables such as the quantity of lactose fines, coating material and mixing time can affect the fine
particle fraction of the formulation and for instance lower or increase the efficacy of the inhaled
product. In order these f mi : Low and High
shear mixers. Low shear mixers are characterized by a smoothly mixing of the contents without
causing damage in the crystalline structure of the formulation components. In contrast, High shear
Table of Contents mixers are more efficient and are recommended for formulations with coating agents. The mixing
1 Am time and speed in dry powder inhaler ion since they have an impact
% et gied in the mixing energy, which means that they are key to understand the dispersibility of the active
i pharmaceutical ingredient in the formulation [1), [2) and [3].
3. Mater
4:; Eadioment 3. Material
s & 3.1 Active Pharmaceutical Ingredient (AP1): Budesonide 2.0%.
6. Batch record 3 3.2 Excipients: LH 206 Lactose carrier and 4.0% Lactose fines.
6.1.  Formulation 24 (Mixing time 10 minutes) 3 Material type Grade Supplier Particle size
6.1.1.  Weight 3 AP i shia Yens ca
PSR § Lactose carriers LH 206 Lactose carrier | DFE Pharme.
61.2.  Low shear mixing Fine lactose Micronized DFE_Pharma
6.2.  Formulation 2B (Mixing time 30 minutes) .l
621 Weight 4 r
622.  Low shear mb mixer) 5 4. Equipment
SR ‘ 4.1. Analytical balance
i ke 42. Sieve
631 Weight 6 4.3. Turbula mixer
632.  Low shearmo mixer) 6 4.4. Bulk density volumeter
7. References. 7 4.5. Particle size device
/S 5. Documentation
S T All the data regarding the process will be recorded in the batch record,
Page1of7 Page20f7
6. Batch record :; -
POy
6.1. 2A (Mixing time 10 minutes) container.
[Batchsize | name: [ Mixing time | Fabrication date | 13| Start mixing for Eminutes O
| 80g Formulation 2A: (2.0% Budesonide, LH 206 I’EM I 03 - Feb-2023 Initial time: /053 Final time: /0S¢ Speed: 68 rpm
Lactose carrier and 4.0% Lactose fines). 14 | Weight the container
Weight D84 ] %‘ P
15 | Calculate yield. 3395
6.1.1. Weight rams of formulation pmduc(‘d) T
Material Batch number Expiration date L vams of formulation planned )\
udesonide | 4zio0sa-¢ci 204 QQO
Lactose carrier (LH 206) | (o3¢S 17- MoV~ 2013 Production yield: 44 4315 %
Lactose fines | 7083 CG3 | /3  Feb - 2027 Production loss: 0 0415 %
16 | Storage in an airtight container at room temperature and add QI’ P
parafilm to the
Step | Description Sign | Notes
1 Check that the balance is clean, zeroed and that the laboratory's ZFF Todoy s
doors are closed. raining 6.2. 28 (Mixing time 30 minutes)
2 ulz;‘; . Somtalar (250 mi) and record the tara weight: P Batchsize | [ Wibing time | Fabrication date |
C] 80g Formulation 28: (2.0% Budesonide, LH 206 | 30 min - Fe |
Weight 75.2 g of the Lactose carrier (LH 206) in an adequate %F’ Lathone carmier ond 4.0% Lactose fincs) 03-Feb- 2023
container.
ight:_75-22 4
4 Weight 1.6 g of the Budesonide in an adequate container. %F) 6.2.1. Weight
Experimental weight: 1. 0729 Tinesias T
5 | Weight 3.2 g of the Lactose fines in an adequate container. %F [Budesonide 5711059- 07
weight: _2. J0g 1 [Tactose carrier (L 206) 600363 J7-Nov-10/%
[Lactose fines 103567 B~ Foh- 2022
6.1.2. Low shear mixing (Turbula mixer)
['Step | Description Sign | Notes |
[1__| Check that the Turbula mixer s clean and ready to use % Step | Deserpten e e o Sign | Notes
| Check that the laboratory sieves are clean and ready to use k14 1 :::::“"‘::';s:d“ nce s clean, 2eroed and that the laboatory’s ¢
'Add approximately half of the previously weighted Lactose carrier | L
. e 4P 7 abel o comaner (350 ) and record he s w710
= o | 1 18g
a4 P Y |
hi g vessel 4 3| Weight 75.2 § of the Lactose carier (LH 206) in an adequate
5 | Add the whole content of the previously weighted Lactose fines %(:’ container. ou IS 2 fm”‘
into the mixing vessel. BT =
& | Add the rest of the previously weighted Lactose carrer (LH 206) #: [ WeuLEgorthe Sudesorids nan sacata contaier e
into the mixing vessel. O(F ";‘ 3 — J = =
7| Close the mixing vessel and seal the lead with parafilm 00 s Weight 3.2 g of t eh Iann; ;B:Iv;\i :n adequate container. %F
B | Place the container inside the Turbula mixer and hold the machine () weight: L
with two extra straps. )
9 | Start mixing for § minutes, It \(
Initial time:_\0' 35 Final time: [0-40 _ Speed: 68 rpm ‘
10| Sieve the powder mixture. L)(“
Sieve mesh: 0.710 milimeter. )
Page3of7 Pagedof 7
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6.2.2. Low shear mixing (Turbula mixer)
Descri Sign | Notes
Check that the Turbula mixer is clean and ready to use

Check that the laboratory sieves are clean and ready to use

'Add approximately half of the previously weighted Lactose carrier
(LH 206) into the mixing vessel 250 mL.
fth

63.
Batch size | Formulation name: Mixing time | Fabrication
80g Formulation 2C: (2.0% Budesonide, LH 206 Wminctdl
Lactose carrier and 4.0% Lactose fines). 03 - Feb - 2023

n 2C (Mixing time 60 minutes)

b7
e
4 [ ly 6.3.1. Weight
the mixing vessel. W Material Batch number iration date
5| Add the whole content of the previously weighted Lactose fines %v 7 421165 -0
into the mixing vessel. | Lactose carrier (LH 206) GU036S 1 -nov - 201
6 | Add the rest of the previously weighted Lactose carrier (LH 206) | ()¢ [tactose fines 1085CGT 73 FER - 2012
into the mixing vessel.
7| Close the mixing vessel and seal the lead with parafilm
& | Place the container inside the Turbula mixer and hold the machine Qo(y Step | Description Sign | Notes
with two extra straps. | 1 | Check that the balance is clean, zeroed and that the laboratory's p
9| Startmixing for 15 doors are closed.
Initial time: 1|42 Finaltime: // 'S 7 Speed: 68 ﬁp 2 |label a container (250 ml) and record the tara weight: %P
10 | Sieve the powder mixture. 20 Sdg
| Sieve mesh: 0.710 milimeter. 4 3 | Weight 75.2 g of the Lactose carrier (LH 206) in an adequate
11| Noteif t present and take a picture YV [ves container. %\ P
12 | Put the powder back into the container and close and seal the %P i weight: 75.2¢ ;
container. 4| Weight 1.6 g of the Budesonide in an adequate container. ‘Ep P
13 | Start mixing for 15 ¢ ight: F7¢C 43
| initial time: /2 07 Final time: 12-24  Speed: 681 ‘hz 5 | Weight 3.2 g of the Lactose fines in an adequate container. ‘k
14 | Weight the container ight: _ 3. 20354 F |
weight %0431 45P 30/.03 g br
15; | Coloutate vield. 149,95 6.3.2. Low shear mixing (Turbula mixer)
i (gmmx of formulation praduced)x oo s D o
grams.of formalation planned 1| Check that the Turbula mixer is clean and ready to use
ion yield: 49 8125 80 2 Check that the laboratory sieves are clean and ready to use [71§
Production yield: 19 8175 % 3 [ Add approximately halfof the previously weighted Lactose carrier |\ (
Production loss: _0 1675 _ % (LH 206) into the mixing vessel 250 mL. L)
16 Swnrtle in ;: ;i:i;m container at room temperature and add w {9 o Tase i q} \{7
parafilm to the id. the mixing vessel.
5| Add the whole content of the previously weighted Lactose fines.
into the mixing vessel. QQ(
& | Add the rest of the previously weighted Lactose carrier (LH 206)
into the mixing vessel.
7 Close the mixing vessel and seal the lead with parafilm o\
8 | Place the container inside the Turbula mixer and hold the machine %?
with two extra straps.
9 | Start mixing for 30 mi WP
Initial time: J4 35 Final time: | 05 Speed: 68 rpm |
10 | Sieve the powder mixture. lbp {
Sieve mesh: 0.710 milimeter.
11 [ Noteif t it and take a picture i \SEICTY
PageSof7 Page 60f 7
12 | Put the powder back into the container and close and seal the | , |
container. MP
13| Start mixing for 30 minutes, ()
Initialtime:_|S o Finaltime: /547 Speed: 68 rpm %
14 | Weight the container
weight 300 @2 . yr
15 | Calculate vield
| Vieta (grams of formulation pmducz(l)x e
grams of formulation planned
Production yield: &V % 100.0%15 [bP
Production lo: 2 % |

16 | Storage in an airtight container at room temperature and add Ypf‘
parafilm to the lid.

7. References

[1] K. Thalberg, F. Papathanasiou, M. Fransson and M. Nicholas, “Controlling the performance of
achesive mixtures for inhalation using mixing energy," International Journal of Pharmaceutics,
vol. 592, pp. 114, 2021.

12] M. Aulton and K. Taylor, Aulton's Pharmaceutics: The Design and Manufacture of Medicines,
USA: Elsevier Health Sciences, 2013.

13] K. Thalberg, "Formulation development of adhesive mixtures for inhalation - A multi-factorial
optimization challenge: Paart 1" Inhalation, pp. 1-7, 2022.
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7.4.2. Coated formulation

SOP -2023 - 0:
MANUFACTURING PLAN | :
Formulation 3 (Low shear mixer)
2.0% Budesonide, LH 206 Lactose carrier, Magnesium stearate 1.0% and 4.0% Lactose fines LH
300.
Mixing times: 10, 30 and 60 minutes.

1. Aim
Understand the how the addition of fine lactose particles and different mixing time can lead to an
improved delivery of dry powder formulations to the lungs.

2. Background

Author Date It is important to research about improvements in the area of dry powder inhaler formulation.
Gabriela Ponce 2023-06-02 Variables such as the quantity of lactose fines, coating material and mixing time can affect the fine
ﬁ":L Date particle fraction of the formulation and for instance lower or increase the efficacy of the inhaled
yves Thabar 2023-06-02 product. In order these two types of mi be used: Low and High
shear mixers. Low shear mixers are characterized by a smoothly mixing of the contents without
Tabl causing damage in the crystalline structure of the formulation components. In contrast, High shear
able of Contents mixers are more efficient and are recommended for formulations with coating agents. The mixing
1. Am 2 time and speed are crucial parameters in dry powder inhaler formulation since they have an impact
2 2 in the mixing energy, which means that they are key to understand the dispersibility of the active
3. Material 2 inthe (1], (2] and [3].
4 2 3. Material
5 2 3.1 Active Pharmaceutical Ingredient (API): Budesonide 2.0%.
& R e 3 3.2 Excipients: Magnesium stearate, LH 206 Lactose carrier and 4.0% Lactose fines LH 300.
6.1, Formulation LS 3A (Mixing time 10 minutes) 3 Material type Grade Supplier Particle size
6id: Welght 3 AP AstraZeneca —
Lactose carriers LH 206 Lactose carrier | DFE Pharma —
6.1.2.  Low shear mixing (Turbula mixer) 3 Lactose fines LH 300 Micronized DFE Pharma —
6.2.  Formulation LS 38 (Mixing time 30 minutes) 5 [ Coatingagent | Magnesium stearate | Peter Greven =
621 Weight H
6.2.2.  Low shear mixing (Turbula mixer) s 4. Equipment
63.  Formulation LS 3C (Mixing time 60 minutes) 7 4.1, Analytical balance
631 Weight 7 4.2. Sieve
4.3. Turbula mixer
63.2.  Low shear mixing (Turbula mixer) 7 4.4, Bulk density volumeter
7. 9 4.5. Particle size device
5. Documentation
Al the data regarding the process will be recorded in the batch record.
—_—
Page10f9 Page20f9
10 | Sieve the powder mixture.
6. Batch record Sieve mesh: 0.710 milimeter.
6.1. Formulation LS 3A (Mixing time 10 minutes) 11 | Note if aggregates are present and take a picture No
Batch size Mﬂﬂ_m_ 12 | Put the powder back into the container and close and seal the
80g 10 minutes 3 ;onliinef.
206 Lactose carrier, Magnesium stearate 00-Feb-22 tart mixing for F
1.0% and 4.0% Lactose fines LH300). nitial time: |6 “A0__Final time: g 43 speed: 68 rpm
14| Remove the parafilm from the container Ly
15 | Weight the container
6.1.1. Weight Weight 29540 g ‘f’ﬁf
Material Batch number Expiration date 16 Calculate yield for the coating process.
Budesonide 4211059-01 z ;
Lactose carrier (LH 206) 600365 17-NOV-2013 Yield = ( 7479 g of formulation pr """"") 2100 =
Lactose fines (LH 300) 1083C67 13-FEB-2022 75.2 g of formulation planned ﬁy{?
Magnesium stearate 723845 -
[ Magr Productionyield: 99 45 %
Productionloss: () S4 %
Step | Description Sign__| Notes 17 _ | Take out half of the coated carrier

1 Check that the balance is clean, zeroed and that the laboratory’s QPP
doors are closed.

2 Label a container (250 mL) and record the tara weight: (0{)
220 &9

3 | Weight 74.4 g of the Lactose carrier (LH 206) in an adequate

container.

Experimental weight: 74 14 17F

4 Weight 3.2 g of the Lactose fines (LH 300) in an adequate container. %P
Experimental weight: _» . 208%

5 Weight 0.8 g of the Magnesium stearate in an adequate container. %F

Experimental weight: (1 07\

6 Weight 1.6 g of the Budesonide in an adequate container.

weight: 1. (02% %P

6.1.2. Low shear mixing (Turbula mixer)
Step | Description n Notes
1| Check that the Turbula mixer is clean and ready to use
2 Check that the laboratory sieves are clean and ready to use
3 Add approximately half of the previously weighted Lactose carrier %(}
(LH 206) into the mixing vessel 250 mL.
3
H
7
8
9

Add the whole content of the previously weighted Magnesium
stearate into the mixing vessel. v{

Add the rest of the previously weighted Lactose carrier (LH 206) Y

into the mixing vessel. _

Close the mixing vessel and seal the lead with parafilm ﬁ‘

Place the container inside the Turbula mixer and hold the machine
with two extra straps.

v
Initial time: /6204 Final time: \¢:\4 Speed: 68 rpm %/‘P

Page3of9

18 | Add the whole content of the p y wei fines (LH
300) into the mixing vessel.

19 | Add the whole content of the previously weighted Budesonide into %

the mixing vessel.
20 | Add the rest of the coated carrier with rinsing. LTS
21| Close the mixing vessel and seal the lead with parafilm head
22| Place the container inside the Turbula mixer and hold the machine

with two extra straps. %e
23 | Start mixing for 5 minutes.

Initial time:_jlp-S Final time: |0 ed: 68 rpm (h)?
24| Sieve the powder mixture. 7

Sieve mesh: 0.710 milimeter. w
25| Note if aggregates are present and take a picture N85 g o)
26 Put the powder back into the container and close and seal the @ P

container.
27| Close the mixing vessel and seal the lead with parafilm HY
28 | Place the container inside the Turbula mixer and hold the machine

with two ext;a straj Isv r
29 | Start mixing for 5 minutes

Initial time: /0% Final time: )3 speed: 68 rpm QQQP
30 | Remove the parafilm [T
31 | Weight the container

Weight__3 00 -20 e Yp
32 | Calculate yield. Fommil e

. fﬁ 3| grams of formulation produce: _

Yiald= ( 80 grams of formulation planned )‘ 100
Production yield: 991375 % lb (
Production loss: - 825 %

Pagedof 9
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33 Storage in an airtight container at room temperature and add Place the container inside the Turbula mixer and hold the machine
rafilm to the lid. with two extra straps. W

9 | Start mixing for
Initial time: |} (% Final time: /3:29_ Speed: 68 rpm %Y’

10 Sieve the powder mixture.

6.2. Formulation LS 3B (Mixing time 30 minutes) e c
Sieve mesh: 0.710 milimeter. Y
;nn size :muz:on ::;v: — Ml::“ time | Fabrication date 11| Note if aggregates are present and take a picture 40| NC
[ rmulation : (2. ¢ jesonide, inutes. 12 Put the powder back into the container and close and seal the
Lactose carrier, Magnesium stearate 1.0% 07-Feb-23 container. QF
and 4.0% Lactose fines (LH 300)). 13 | Start mi ng for
Initial time:_| Final time: |3 .5 : ipF
6.2.1. Weight i; c:mohv: ::e avaﬁlm from the container
e T T ration date eight the containe;
Budesonide 4211059-01 = 16 Zﬂﬂ’; & — i . ?ﬂp
Lactose carrier (LH 206) 600365 17-NOV-2013 S e | sy
Lactose fines (LH 300) 1083C67 13-FEB-2022 74 g of formulation produced

stearate 23845 - Yield = Jx100=

75.2 g of formulation planned.

Step | Description Notes Productionyield: 4419«
1 Check that the balance is clean, zeroed and that the laboratory’s %P Production loss: U 9|1\ %

doors are closed. 17 Take out half of the coated carrier

2 Label a container (250 mL) and record the tara weight: %F) AAdd the whole content of the previously weighted Lactose fines (LH (ﬁf’

300) into the mixing vessel.

Sieve the powder mixture. h(

6.2.2. Low shear mixing (Turbula mixer) Sieve mesh: 0.710 milimeter.

18
3 | Weight 74.4 g of the Lactose carrier (LH 206) in an adequate 19 | Add the whole content of the previously weighted Budesonide into b \a
container. &, P the mixing vessel. 3
Experimental weight: =4 404 20 | Add the rest of the coated carrier with rinsing. A5
4 | Weight3 (LH 300) in an ads iner. 21| Close the mixing vessel and seal the lead with parafilm
Experimental weight: __%. 2052 ﬁ?f’ 22 | Place the container inside the Turbula mixer and hold the machine IQF
5 | Weight 0.8 g of the stearate in an adeq 3 with two extra straps.
Experimental weight: _ 0. £00 % (‘?ﬂp 23 | Start mixing for 15 minutes;
& | Weight 1.6 g of the Budesonide in an adequate container. T ) @P
Experimental weight: _1 X ?ﬂ initial time: 1359 Final time: /47 /4 speed: 68 rpm
2
25

Note if aggregates are present and take a picture he'ld
26 | Put the powder back into the container and close and seal the @P
1

Step | Description n Notes container.
1
2
3

Check that the Turbula mixer is clean and ready to use 27__| Close the mixing vessel and seal the lead with parafilm
Check that the laboratory sieves are clean and ready to use (A4 28 | Place the container inside the Turbula mixer and hold the machine sz ?
Add approximately half of the previously weighted Lactose carrier ‘with two extra straps.
(LH 206) into the mixing vessel 250 mL. (\Q? 29 | Start mixing for
4| Add the whole content of the previously weighted Magnesium
stearate into the mixing vessel. P
5 | Add the rest of the previously weighted Lactose carrier (LH 206)

30 | Remove the parafilm

nto the mixing vessel. 200 31| Weight the container 19
Close the mixing vessel and seal the lead with parafilm NN weight _200. (¢ g
L7 Close the mixing vessel and sea e W prm L2}
PageSof9 Page6of9

32 | Calculate yield
: 24 ¢4 grams of formulation produced
| weld = ( R0 grams of formulation planned

Add the whole content of the previously weighted Magnesium ‘l’ f
stearate into the mixing vessel. ; 4l
Add the rest of the previously weighted Lactose carrier (LH 206) 4{’ f’

into the mixing vessel

)x100 =

| Productionyield: 78 L35 %

- Production loss: 1 (,25 % o
133 | Storage in an airtight container at room temperature and add
L | parafilm to the lid.

j seal the lead with parafiim
Place the container inside the Turbula mixer and hold the machine W
with two extra straps.

7
8
5 Start mixing for NN o
¥ LIS speed:srom |

Initial time: //, () inal time:

6.3. Formulation LS 3C (Mixing time 60 minutes) {10 | Sieve the powder mixture. qﬁ‘?
[Batchsize | name: | Mixing time | Fabrication date | Sieve mesh: 0.710 milimeter.
['sog s JC‘.I 0% TR 206 11| Note if aggregates are present and take a picture ¢ ND
Mo jose and seal the
\ \ Lactose carrier, Magnesium stearate 1.0% 04- feb- 2623 12 ::'l“!::;owder back into the container and cl O&Q
L and 4.0% Lactose fines (LH 300)). 5
3 [ Start mixing for NN 0
Initial time: // /S Final time: 1).10 _Speed: 68 rpm w0
6.3.1. Weight 14__| Remove the parafilm from the container v
Material Batch number Expiration date l 15 | Weight the container %P
4211059-01 - weight _295 ST g
Lactose carrier (LH 206) 600365 17-NOV-2013 16 | Calculate yield for the coating process.
Lactose fines (LH 300) 1083C67 13-FEB-2022 it oroducedh
Magnesium stearate 723845 5 View = (T1:8_g of formulationproducedy o,
Magnesumsteante 75.2 g of formulation planned
. 49 M %
Descripti Sign__| Notes Production yield: 44
iuo Che 3 he labo Productionloss: 1).S055 _ %
ck that the balance is clean, zeroed and that the laboratory’s :
doors are closed. 17| Take out half of the coated carrier 4
ecord the tara weight: 18| Add the whole content of the previously weighted Lactose fines (LH
i ¢ | or 300) into the mixing vessel ¥f
3 Weight 74.4 g of the Lactose carrier (LH 206) in an adequate 19 | Add "7’. whole content of the previously weighted Budesonide into ‘H‘*
container. W the mixing vessel. D
; 20| Add the rest of the coated carrier with rinsing. LN
Experimental weight: _+4 41 ¢ 0 i
| Weight 3.2 ofthe Lactoge fines (LH 300) in an adequate container. 21| Close the mixing vessel and seal the lead with parafiim B
i weight: _ 2. A0 & % 22| Place the container inside the Turbula mixer and hold the machine %F
v e 7 with two extra straps.
5 | Weighto8g c:: :;m- e e——— . W\’ 33| Start mixing for 30 minutes: : QUF
& | Weight 1.6 g of the Budesonide in an adequate container. [ Initial time: |4 10 __Final time: /4 4f, _Speed: 68 rpm
Experimental weight: 4_(p0H\g 24 | Sieve the powder mixture. 7.0?
e = Sieve mesh: 0.710 milimeter.
25| Note if aggregates are present and take a picture T
6.3.2._Low shear mixing (Turbula mixer) 36| Put the powder back into the container and close and seal the JG\Q
Step | Description Sign | Notes | container.
1| Check that the Turbula mixer is clean and ready to use 27| Close the mixing vessel and seal the lead with parafiim Tt
2 Check that the laboratory sieves are clean and ready to use L Yild 28 | Place the container inside the Turbula mixer and hold the machine | 1 Q
3 | Add approximately half of the previously weighted Lactose carrier | g, with two extra straps. \Q
LH 206) into the mixing vessel 250 mL. 44 55T Startmixing for 50 bl
nitial time: /S (0 Final time: /S 30U speed: 68 rpm W’

Page7of9 PageBof9
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30 [ Remove the parafilm r
31 | Weight the container
Weight 50 04 8 Q()}"

32 Calculate yield.
all

Z
Yield = (ﬂ ¥ grams of formulation produce ) £100=

80 grams of formulation planned

Production yield: a5 o

Production loss: /. @615 _ %

33 | Storage in an airtight container at room temperature and add
parafilm to the lid.

7. References

[1] K. Thalberg, F. Papathanasiou, M. Fransson and M. Nicholas, "Controlling the performance of
adhesive mixtures for inhalation using mixing energy,” International Journal of Pharmaceutics,
vol. 592, pp. 1-14, 2021.

of Medici

[2] M. Aulton and K. Taylor, Aulton's The Design and
USA: Elsevier Health Sciences, 2013.

[3] K. Thalberg, “Formulation development of adhesive mixtures for inhalation - A multi-factorial
optimization challenge: Paart 1," Inhalation, pp. 1-7, 2022.
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7.5.High shear (Diosna®) Batch record

7.5.1. Uncoated formulation

t‘ E ALE N‘I C A Technical Batch Record

[[e — Duie Poee
plan of d dr, powder ion for i i 1302 | 14
Fonmmnmmnu,hsmm( pm) | ot o
Author Basch mumber. Bach sue
| Gatvict Pooce ) - HS3 250g |

1 STUDY DESIGN

The aim of this study is to research how the mixing time and speed are crucial parameters in dry powder
inhaler formulation and understand how they can impact the di ibility of the active p
ient in the Three (250g each batch) with different cnmposmons will be

produced at two different speeds (700 and 1000 rpm). Three samples (40-50 g) will be taken at 3, 6 and 9
minutes. Temperature after mixing will be measured.

2 BATCH FORMULA AND DISPENSING

2.1 Complete composition

Raw Material | Amount (%)
Budesonide 20
Lactose fines LH300 [ 40

Lactose carrier LH206 94.0

2.2 Batch formula
Prepare 0.250 kg batch size of the powder formulation.

[ Raw materials Bateh No | Target Amount (g) | Dispensed Amount () | _ Balance No.
Budesonide 4211059-01 50 S.0\% Process 3
Lactose fines LH300 108367 | 100 i0-0\0 Froass 3
Lactose carrier LH206 600365 2350 23S.03% Progass 1

3 EQUIPMENT AND UTENSILS
Inventory No. Comment

Diosna Mixer P1-6 Fa45 1L vessel

Scale F445 (31207%) [Type = PROR Proass |

Testo 610 Temp and Humidity meter |[FS3) ((,/2073)

| Sieve 1 mm 130027 22 SIN
[ Testo Termometer IR P40 (22
Bulk density meter LT M1
| Timer 0164
Analyh @l scate Prowss 2
4 PACKAGING
Table 1. Packaging
[ Materia Tradensme |  Supplir | Bawchmo | Description
[ Plastic | | DUMA | | Plastic container |

Technical Batch Record

Dute

2022-13-02

Page
24)

[ie

plan of dry powder ion for i
Formulation 2 High Shear (700 rpm)

|

Baich mamber T Baich size

HS3 250g

Gabricla Ponce

5 MANUFACTURING
5.1 Preparation

Check
5.1.1  Label a plastic container (300 mL) “HS 3 A 3 min 700 rpm" and record the tara weight: 9(
35.94 g

5.1.2  Label a plastic container (300 mL) "HS 3 B 6 min 700 rpm" and record the tara weight: %F
g WL

5.1.3 Label a plastic container (300 mL) “HS 3 C 9 min 700 rpm" and record the tara weight:
B He

5.2 Mixing

Date. ! 13:feh: Check
5.2.1 Weigh 235.0 g of the Lactose carrier LH206 and add half of the amount to the
Diosna 1 L vessel. ﬁ,

5.2.2 Weigh 10.0 g of Lactose fines LH300 and add evenly over the bed to the Disona
vessel.

523 Weigh 5.0 g of Budesor
5.2.4 Add the rest of the Lactose carrier LH206 to the Diosna vessel.
5.2.5 Attach the lid to the Diosna vessel.

5.2.6 Premixing at 150 rpm for 1 minute.

5.2.7 Increase the mixing speed to 700 rpm without stopping for 3 minutes.
5.2.8 Stop the mixer, wait 1 minute, open the lid, and measure the temperature.
Temperature < N

529 Take approximately 40-50 g sample from different parts of the bowl while avoiding
lumps into the plastic container “HS 3 A 3 min 700 rpm”.
Sample weight 47 .\ g

5.2.10 Scrape down powder from the walls if needed.
5.2.11 Attach the lid to the Diosna vessel.

5.2.12 Start mixing for second time for another 3 minutes.
(Total time 6 minutes, 700 rpm).

5.2.13 Stop the mixer, wait 1 minute, open the lid, and measure the temperature. %P
Temperature A TS

onide and add evenly over the bed to the Disona vessel. @g 2
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lumps into the plastic container “HS 3 B 6 min 700 rpm”.
Sample weight 44, S\ g

5.2.14 Take approximately 40-50 g sample from different parts of the bowl while avoiding @P

Comments

5.2.15 Scrape down powder from the walls if needed.

5.2.16 Attach the lid to the Diosna vessel. O(QP | 8
‘ =
5.2.17 Start mixing for third time for another 3 minutes. |
(Total time 9 minutes, 700 rpm).
5.2.18 Stop the mixer, wait 1 minute, open the lid, and measure the temperature. W? - —
Temperature 1! < I -
|
5.2.19 Empty the rest of the formulation in the sieve WP |
5.2.20 Sieve the formulation (sieve number 1,00 mm) " é |

5221 Discard the lumps. A0

the plastic container l|S 3 C 9 min 700 rpm™.
Sample weight /S

5.2.22 Record the weight of the remained sample (Total mixing time 9 minutes) into % F

w
5
9

3 Calculate the yield of the sum of the samples. M= fe—
g of formulation produced = HS3A%%g + Hs38WS' g 4+ Hs3cF Yy

M g of formulation produced
250 g of formulation planned

Production yield: 4015 % productionloss:_ B LU % Qﬁp

5.2.24 Cleaning of Diosna vessel
If mixing is continued the same day vacuum clean and then wipe with a dry cloth so that the vessel
is visually clean. If the mixing is the last mixture of the day clean the vessel with water and then %lp
70% Ethanol. Place in a ventilated area for drying.

Yield = ( Jx100=

5.2.25 Measure bulk density usmg bulk dcnslly meter F547. Use three different vials.

. Sample ‘Vial. Powder 8
[HS 37 A3mm 700me o&\;ls v’”l M/ e 0‘@155 i ._ .,‘_~ % =
|HS3A3min700rpm [1-6830 _F_jj__ 0.0425 | .
HS 3 A3 min 700 rpm_[2- 64 20 2.90 G4S
HS 3 B 6 min 700 rpm_[1- 60 & /3 /1293 10.6565
HS 3 B 6 min 700 l5-8-13/2- 6829 |B.1Y [ 15.05 6515
HS 3B 6 min 700 rpm_[- b8.10/1-(@ , # [\2.t4/13. i .65 S
HS3C9min 700 rpm_[[-pf 0/1-(x 12 12.99 1233 0. @47
HS 3 C 9 min 700 rpm__ - ¢ .26/ S €8.13 |12.%¢ /ma )94
HS 3.C 9 min 700 pm 3= 6828/ H-6b <0 13,1/ 3,05 644

7.5.2. Coated formulation
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Nanufactunng plan of hudesonide dry powder formulation for inhalation mrm e :“"““"““‘“ 3 ”‘!1“ Shear(1000mpm) — e
1 omlatin ¥ 1iigh Shear (1000 pm) P T | Gabrela e HS 6 | 250g
ahcn e Hs 6 250 g
5 MANUFACTURING
1 STUDY DESIGN 5.1 Preparation Chiecks
The aim of this study is 1o research how the mixing time and specd are crucial parameters in dry powder 5,11 Label & plasic container (300 Ly “H5 6 43 i 1000 rom " and record the tara weight
inhaler formulation and understand how they can impact the dispersibility of the active pharmaccutical 35 S4g SUAL

gredient 1n the formulation. Three formulations (250g cach batch) with different compositions will be
produced at twa different speeds (700 and 1000 pm). Three samples (40-50 g) will be taken at 3. 6 and 9 56 Lahcl’a T rrmmp——— (bp

minutes. Temperature after mixing will be measured.

2 BATCH FORMULA AND DISPENSING 5.1.3 Label a plastic container (300 mL) “HS 6 C 9 min 1000 rpm" and record the tara weight: %Q

2.1 Complete composition

| Raw m}«u —— ] '_i  Amount (%) 5.2 Mixing

Pudcoremide 1 20 _ Y Ll Check
lac es LH300 40
Lactose carmer LH206 | 930 5.2.1 Weigh 232.5 g of the Lactose carrier LH206 and add half of the amount to the %P
[ — 1 Diosna 1 L vessel.
Magnesium sicarate | 10 ] %P
522 Weigh 2.5 g of Magnesium stearate and add evenly over the bed to the Disona vessel. AN
2.2 Batch formula
Prepare 0.250 kg batch size of the powder 5.2.3  Add the rest of the Lactose carricr LH206 to the Diosna vessel.
| Raw materials [ BatehNo | Target Amount (g) [Dﬁpnadmuy[ Balance No.. .
[ Buderomde 21105901 50 5.023 Proass tv 3 5.24 Attach the lid to the Diosna vessel.
aectootitn | _tomcsr | o 1 525 Premixing at 150 rpm for | minute.

2 35S Proass 3 - 1

Laaonc camer L1206 | 7333 29 | 2325 32
| Jﬁ <0G Procss W3 526 Increase the mixing speed to 700 rpm without stopping for 4 minutes.

Magnesium stearate 723845 25

5.2.7 Stop the mixer, wait 1 minute, open the lid, and measure the temperature.
3 EQUIPMENT AND UTENSILS Ten‘:pemlurc oc
| taventory No. Comment .
Droua Me I Fa4s thiveiel 5.2.8 Scrape down powder from the walls if needed.
Saale {135 (312000 Type - PR30 Baas 529 Take half of the amount of the coated carrier out of the Diosna 1 L vessel.
Lesto 610 Temp and Humidity meter 53 (12075
- jomne e 5.2.10 Weigh 100 g of L nes LH300 and add evenly over the bed to the Disona
Fesio Termometer IR |FH20 Cipaead) vessel.
Hulk denaity meter | am L |
Limer Aoy 5.2.11 Weigh 5.0 g of Budesonide and add evenly over the bed to the Disona vessel.
Anulyhiat  seuls Prowse B - - R i
tof t 4
4 PACKAGING 5.2.12 Add the rest of the coated carrier to the Diosna vessel
Lable 1. Packaglo . 5.2.13 Attach the lid to the Diosna vessel.
| Moteriad ) Teadvuemws ] "”" | Bateh no l Deseription J 5.2.14 Premixing at 150 rpm during | minute.
00wl Plast
Plastic | buMA |
2 } i ! — ~sontainer 5.2.15 Increase the mixing speed to 1000 rpm without stopping for 3 minutes.

51




X GALENICA

Technical Batch Record Technical Batch Record
[T - = e Tile e
plan of ide dry powder formulation for inhalati 022-13-02 ’ 34 M ing plan of budesonide dry powder f for inhalati
Formulation 3 High Shear (1000 rpm) 2 1 o kol Ltk o 2022-13-02 | 4(4)
| Formulation 3 | 00rpm) ——— S 3 High Shear (1000 rpm) . S
Gabiela Ponce: HS 6 [ 500 A Patch nusnher Harch we
. - | ot e HS 6 250g

5.2.16 Stop the mixer, wait L minute, open the lid, and measure the temperature.
Temperature (g _c

5.2.17 Take approximately 40-50 g sample from different parts of the bowl while avoiding
lumps into the plastic container “HS 6 A 3 min 1000 rpm”.
Sample weight (Y . 00 g

5.2.18 Scrape down powder from the walls if necded.
5.2.19 Autach the lid to the Diosna vessel.

5.2.20 Start mixing for second time for another 3 minutes.
(Total time 6 minutes, 1000 rpm).

5.2.21 Stop the mixer, wait 1 minute, open the lid, and measure the temperature.
Temperature 23 -3 °C

5.2.22 Take approximately 40-50 g sample from different parts of the bow! while avoiding
lumps into the plastic container “HS 6 B 6 min 1000 rpm”.
Sample weight z] e

5.2.23 Scrape down powder from the walls if needed.

5.2.24 Attach the lid to the Diosna vessel.

5.2.25 Start mixing for third time for another 3 minutes.
(Total time 9 minutes, 1000 rpm).

5.2.26 Stop the mixer, wait 1 minute, open the lid, and measure the temperature.
Temperature 2% 4 G

5.2.27 Empty the rest of the formulation in the sieve

5.2.28 Sieve the formulation (sieve number 1.00 mm)

5.2.29 Discard the lumps.

5.2.30 Record the weight of the remained sample (Total mixing time 9 minutes) into
the plastic container “HS 6 C 9 min 1000 rpm”.
sample weight /5989 g (subshack fara)=119099

5.2.31 Calculate the yield of the sum of the samples.

3 ab 18-04
g of formulation produced = HS6A g + HS6B

g+HS6C g

Vield = (w
1 =\"""250 g of formulation planned

production yield: 0. 052 %
Production loss: 9 }i‘q %

Jx100=

$.2.1 Cleaning of Diosna vessel
If mixing is continued the same day vacuum clean and then wipe with a dry cloth so that the vessel
is visually clean. If the mixing is the last mixture of the day clean the vessel with water and then (gw
70% Ethanol. Place in a ventilated area for drying. be 2bd

522

A 3 min 1000 rpm |

3 min 1000 rpm
[ HS 2 A3 min 1000 rpm 0.7¢
| HS 2B 6 min 1000 rpm | 0. 7330
HS 2 B 6 min 1000 rpm 0.7735
HS 2 B 6 min 1000 rpm 0.33 00
HS 2 C 9 min 1000 rpm 0. 445
HS 2 C 9 min 1000 rpm 0.7656
HS 2 C 9 min 1000 rpm 0, 3630

| Comments
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