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Chapter 1 Introduction

1. Introduction

1.1. Pellets

1.1.1. Nomenclature and history

The word “pellet” is nowadays used to describe dtitade of different commodities,
obtained from different starter materials usingmas manufacturing conditions [1]:

- iron-ore pelletsfor iron manufacturing

- plastic resin pelletas raw material for plastics manufacturing

- catalyst pelletss carrier for the catalysts in chemical reactions

- wood, corn or straw pellet®r heating in specified wood stoves

- animal feed pellets agriculture and farming

- sugar pelletdor manufacturing of candies and confectionery

- pelletsas small, spherical solid dosage forms in the phaemtical industry

However, all of them have shared characteristlosy tonsist of condensed material, have a
spherical or cylindrical shape and a small size (mem range). The word “pellet” is used in
plural (pellets), since pellets are typically usedulk. Due to the multitude of pellet types
and to avoid confusion, it is appropriate to defipellets” in the context of the current thesis:

Pellets are small spherical solid dosage forms,taming an active pharmaceutical
ingredient (API). Pellets are produced in bulk bifedent techniques, like extrusion-
spheronization or fluid bed layering.

A variety of nomenclatures can be found in literafwsing terms like “beads”, “seeds”,
“microgranules” and “cores” instead of the termlfgis” [2-6]. Although all terms describe
the same API containing small spherical dosage ,famly the term “pellets” is used in the
current manuscript. Additional terms like “startares”, “neutral pellets” or “non-pareils”
can be found in literature or on various websi#&s8]. The following definition should help

to avoid confusion and make a clear distinctiomieen “pellets” and “starter cores”.

Starter cores (neutral pellets or non-pareils) akso small spherical solid forms,
usually made from different sugars or from cellelds/ extrusion-spheronization. In
contrast to pellets, the starter cores do not idellan APl and serve as start material
for the manufacturing of API pellets, using thedlbed layering process.

Pellets (e.g. iron-ore pellets) were produced imows industries since the turn of the century
[1, 9]. However, two important development trendsonpoted the implementation of
pelletization technology in the pharmaceutical stdy the development of the hard gelatine
capsule as a patient friendly dosage form as vgatha increasing interest in biopharmacy and
its concepts for a controlled release in termsiwmietand location. Due to their almost
spherical shape, pellets demonstrated an optimuxmgnand flowing behavior, which was
beneficial for a capsule filling. In addition, these of pellets offered an interesting and
favorable approach for a controlled drug release,nbxing components with different
coatings in different ratios to ensure a timelease of the API [1, 10].

In the early 1950s, the pelletization process va&ert over from the confectionery industry
and was implemented in the pharmaceutical indytrg0]. In the following decades, several
different pelletization techniques (e.g. pan gratiah, extrusion-spheronization, fluid bed
layering and spray drying/congealing) were devedoged implemented into pharmaceutical
industry [11-13]. Within the last decade, variousvel pelletization techniques were
developed with special focus on continuous manufagy [14-16].

1



Chapter 1 Introduction

1.1.2. Manufacturing principles

Basically, there are two procedures for the manufawy of API pellets, which comprise of
two fundamentally competing concepts [10]. In thistfconcept, the API is mixed with the
excipients before or during the pelletization pssxeConsequently, the API is uniformly
distributed within the whole pellet, which is thiene called “matrix pellet” (Fig. 1-1 a). The
major pelletization techniques, using that prineipke “balling”, “spray drying/congealing”,
“extrusion-spheronization” and “fluid bed granudati [1, 17, 18].

The second concept includes two steps. In thedtesi, starter cores are manufactured using
mainly extrusion and spheronization. Those startees do not contain an API and can be
produced in several size ranges and from diffeneaterials. In the second step, the starter
cores are coated with API layers until the desnleadg content is achieved. The fluid bed
layering technique is commonly utilized for the et manufacturing step (Fig. 1-1 b). To
point out the manufacturing principle, the peli@ts called “drug layered pellets” [10].

a

API o
\ Pelletizatiol > | APIpellet
Excipient /
API
b Starter
P Pelletizatiol core Fluid bed
layering

Figure 1-1: Two procedures for manufacturing of fgBllets: direct pelletization (a) and drug laygrin
on starter cores (b), Figure adapted from [10]

The most commonly used pelletization techniquegharmaceutical industry are extrusion-
spheronization and fluid bed layering, which arsadéed in the current section. A detailed
description of other pelletization techniques cartdken from textbooks [1, 17, 19, 20].

The extrusion-spheronization process comprisegwdral steps. Primarily, a mixture of API
and excipient(s) (e.g. binders) is wetted with iijand is pressed (extruded) through a
perforated screen, to form cylindrical extrudatésese cylindrical extrudates are cut into
smaller pieces and are subsequently spheronizedherical pellets, using a frictional plate
(Fig. 1-2 a). The process ends with a subsequgimglof the pellets (matrix pellets) [17, 19].
In addition to the starter core manufacturing,fb#et layering process comprises of only one
step. Starter cores are fluidized by a hot airastrén a fluid bed coater. An API solution or
API dispersion is sprayed onto the fluidized stactges. The solvent is evaporated in the hot
air stream and the non-volatile API is applied agdrs onto the starter cores. The layering
continues until the desired API content is achie{led. 1-2 b). To improve the adhesion of
the API layers on the starter cores, an appropaateunt of binder is necessary. The process
ends with a subsequent drying of the pellets (taygred pellets) [17, 19].

A special case of fluid bed layering is the “powdkeyering” process. The powder layering
technique was not implemented in the current wowkia only mentioned here for the sake of
completeness. Within powder layering, the API isletl as powder into the fluid bed of
starter cores. Simultaneous, a binder liquid isygd into the fluid bed of API powder and
cores to connect the API particles on the startges APl powder and binder liquid are
added until the desired API content is achieved.(F2 c).
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L l o _ Matrix pellet
8! ) (& 9 ‘{)
C g7 90 °9
— (] — \.\ \,\, - —_—

Drug layered
pellet

Figure 1-2: Pellet manufacturing techniques, extruspheronization (a), fluid bed drug layering (b)
and fluid bed powder layering (c). Pictures adajtech [21, 22]

In contrast to extrusion-spheronization, the comepfleiid bed layering process is executed in
one apparatus. Additional advantages are a smair distribution and an improved
sphericity of the final pellets [17, 23]. The mapisadvantage of the fluid bed process is its
complexity and the strong dependence of the praoesson drug solubility, especially when
high drug loadings are aimed. The major disadvastagf the extrusion-spheronization
process are the loss of material during spheranizaa wider particle size distribution and a
reduced pellet sphericity [17, 23].

1.2.  Film coating

During film coating, a thin polymer film is appliexh the surface of a solid dosage form (e.g.
tablet or pellet). The major function of the apglf@m is not only to control the drug release
from the dosage form but also to protect the ARlimgt moisture or light [24]. Even though
both functions are of essential importance, theifiroadion of the release by functional film
coating is explained in more details in the cursatdtion.

1.2.1. Modified drug release principles from coated dodages

The API release from a solid dosage form withofirectional film coat generally happens
very fast (e.g. 80% release within 45 minutes) iarttierefore described as immediate release
(IR). In contrast, a solid dosage form with a fumeal film coat demonstrates a much slower
API release lasting up to several hours. Furtheemmrrelease in a certain part of the
gastrointestinal tract (Gl) can also be achievelde Telease time as well as the release
location (e.g. stomach or intestine) can be colettidby varying the amount and functionality
of the polymer film. This kind of release is debed as modified release (MR) and is
classified on basis of its release profile. An ei@r of the most frequently implemented
release profiles can be find in textbooks, wherahyinfinite variety of modified release
profiles can be achieved in theory [18, 24, 25]specific type of MR, the sustained drug
release from film coated solid dosage forms isgmeesd in more details in the current section.

3



Chapter 1 Introduction

The sustained release (SR) comprises of a contintedaase over a long time period (up to
24 hours). A special SR case is the “zero orderass”, whereby the drug is released with a
constant rate over time. Another SR form is thddged and sustained release”, whereby the
release is initiated with a certain delay (lag-fin¥he three SR types are shown in figure 1-3.

.1 a 1 b 1c

0 2} 0

8 ks g

e . J] 5

> sustained o zero order o Cslilsatgiegeg‘

5 release 5 release 2 Leane
time time time

Figure 1-3: Schematic view immediate release mafild most common sustained release profiles:
sustained release (a), zero-order release (byeatkla sustained release (c).

The sustained drug release from coated pelletsocaar via diffusion, via osmosis or via
polymer erosion. The three mechanism can also st-gxeach coated system, whereby the
different mechanisms might contribute to a divexsent [24-26].

The release from a diffusion controlled system imgs an inward movement of water into
the drug core with dissolution of the drug corddated by an outward diffusion of the drug.
These processes are mainly driven by a concentrgtadient between the drug core and the
surrounding media. The diffusion can occur throtigh intact membrane as well as through
cracks, which were formed during the release pofieg. 1-4 a).

In an osmotic system the core comprises of drug amdsmotic active ingredient (e.qg.
different salts). The release typically involvesiaward movement of water into the core that
induces the built up of an osmotic pressure. Afesrching a certain pressure, the drug is
forced out through cracks in the coating (Fig. Ay4These cracks were formed since the film
was unable to withstand the increasing osmoticspiresfrom the core.

The release from an eroding system involves a mew¢mf water into the core followed by
the erosion of the polymer. The drug diffuses duthe core, whereby the eroding polymer
and the decreasing film thickness enhance thesildffu(Fig. 1-4 c).

a b

T
~coating T
/’

release by drug /
) Water
-

water

drug forced out by

diffusion thr ow
gh cemotic pressure

. TIOWES 11 :
Ccoating

oVes 1

A
\ -

release by drug
diffusion threough
Loaliny

wrater
moves in

eroded coat

Figure 1-4: Release mechanisms from pellets busidh (a), osmosis (b) and erosion (c).
Figure adapted from [19].
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1.2.2. Polymers for film coating

A multitude of different coating polymers are awhike today. Each of them is designed for a
specific function, e.g. taste masking, moisture gadtric protection, sustained release or
colon targeting [19, 24, 27, 28]. In the case dftamed release, three polymer classes are
most frequently used for film coating:

- cellulose derivates, e.g. ethyl cellulose (EC,@radme: Aquaco&)
- different polymethacrylates, e.g. Eudr&dRS, Eudragit RL, Eudragif NE
- polyvinyl based polymers, e.g. poly(vinyl acetdfeYAc, trade name: Kollico&tSR)

The polymers mentioned above can also be blendeldtton different functionalities. In most
cases, the polymer blend consists of an insolublgnper and a soluble polymer [29]. The
latter can either be soluble in water or at phygjaal pH e.g. enteric polymers. Frequently
used water soluble polymers are hydroxypropyl mettsllulose (HPMC), poly(vinyl
pyrrolidone) (PVP) as well as poly(vinyl alcoholpip(ethylene glycol) graft copolymer
(PVA-PEG). A multitude of publications are focusex film coating with blends of water
soluble and insoluble polymers, e.g. blends of Et WPMC [30, 31], EC with PVA-PEG
[32-34] as well as blends of PVAc and PVA-PEG [365].

In addition, film coat blends of an insoluble polmwith an enteric polymer, especially
Eudragif L, were reported frequently in literature, e.gers of EC with EudraditL [37-
39], Eudragif NE with Eudragit L [39, 40] and Kollicoat SR with Kollicoaf MAE [41].

The addition of a soluble polymer to insoluble moérs often demonstrates several
advantages. Siepmann et al. reported an improverhgd stability and a simplified
adjustment of drug release for EC coated pellefter addition of PVA-PEG [32-34].
A pH independent drug release was reported for rpetyblends of poly(vinyl acetate)
(PVAc) and PVA-PEG, whereby the drug release wasyeadjustable by the PVA-PEG ratio
[35, 36]. Although, the film blends of PVAc and PMPEG demonstrated advantageous high
resistance to mechanical stress [42, 43], theirfosdilm coating of pellets is only rarely
published in literature.

1.2.3. Pellet coating process

Although there is a multitude of different coatimgchniques, the fluid bed coating is
commonly utilized for the coating of small spheftidasage forms like pellets [19]. During
film coating, the coating polymer is dissolved aspersed in a solvent, together with an
appropriate amount of excipients like lubricanti@spicizers and pigments. Lubricants are
added to avoid pellet agglomeration during the ioggtrocess. The plasticizers are needed to
improve the flexibility of the final polymer filmdepending on the type of polymer.
Recommendations for optimized film coat formulagipmcluding suitable plasticizer and
lubricant concentrations for each polymer type banobtained from supplier information,
publications or textbooks [44-47].

Figure 1-5: Principle of pellet film coating. Pictuadapted from [48]
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Within the film coating process, a film coating pission is sprayed onto the API pellets in a
fluidized bed. The sprayed film coat droplets sdrea the pellet surface and form a thin layer
of film polymer and excipients after the evapomataf the solvent (Fig. 1-5). The process is
continued until the desired film thickness is agbiz A film coat thickness of approximately
10-50 um, sometimes up to 200 um, is commonly dse®R film coating [44, 45]. Two
fundamental mechanisms of film formation have todm&inguished when utilizing either
polymer solutions or polymer dispersions for filmating of solid dosage forms.

Using a polymer solution, a dense polymer filmasried on the pellet surface, immediately
after solvent evaporation [29, 44, 49]. Polymewusohs for film coating can be aqueous or
organic based. In case of water insoluble SR filwlympers, organic solvents are
implemented. Due to environmental and a safety @ms; the use of organic solvents is more
and more discouraged today. In aqueous polymeedigms, the polymer is present as small
latex particles in the aqueous media [27, 45]. Bygoating, the dispersion droplets spread
on the pellets surface and the small latex pagiofethe polymer are deposited on the pellet
surface. With a proceeding solvent evaporationptréicles come closer in contact with each
other, fostered by the interfacial tension betweater and polymer. A close-packed array is
formed [29, 49]. The particles coalescence togediner form a dense film, a process driven
by capillary forces. The coalescence can facilitdtg addition of plasticizer or heating above
the minimum film formation temperature (MFT) [2B]4The majority of film coatings today
are aqueous based polymer dispersions.

The amount of applied coating polymer is generddliglared in “% weight gain by polymer”,
which is used as a measure for the film coat theskn For solid dosage forms with easy
definable shape (e.g. biplane tablets) the filmkhess can also be expressed in “mg polymer
per cnt surface”. This calculation is rather difficult fpellets, due their non-uniform size and
shape. In general, the coating process is monitoyedeighting a defined number of dosage
forms (e.g. tablets) during the coating processs &pproach is not possible for pellets, due to
their very low weight. The calculation of the ajgglicoating polymer is therefore done by
weighing the total pellet batch before and afteaticwy. The total weight gain (in g) consists
of the weight by the polymer and the residual eecifs (e.g. plasticizer, pigments, anti-
tacking agents). The ratio of polymers and excigiezan be calculated from the coating
formulation. The final film coating level (a measuor the film thickness) is calculated from
“weight gain by polymer” referring to the total wéit of pellets after coating (Equations 1-3).

weightgain,,, = weightpelletSy,, coaing ~ WeightpelletS e coating (2)

weightgain,, =weightgain,,, ... + weightgain,,ens (2)
weightgain

coatinglevel(%) = I Mooymer 100 (3)

Welght pelletsafter coating

The manufacturing scheme for a high dosed film abp@dlet, produced by fluid bed layering
and fluid bed is shown in Fig. 1-6.

ﬁ —
Fluid bed Fluid bed
layering coating
Starter
core Drug (API) pellet Coated pellet

Figure 1-6: Schematic view of manufacturing prodessoated API pellets in the current PhD Thesis
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1.3. Advantages of pellets and market products

Pellets offer a variety of advantages and therefoeeof great interest for the pharmaceutical
industry. Pellets and their derivative productgy.(eellets filled into capsules or pellets
compressed to tablets) offer a high flexibilitydasage form design and development as well
as an improved safety and efficacy. The varietybehefits includes biopharmaceutical
aspects, improved patient compliance and drug dpuatnt aspects [1, 50-52].

- In contrast to single dose units (e.g. tablgtg)lets and derived products disperse freely
after administration in the gastrointestinal tré@t tract). As a result, a high localized API
concentration in the Gl tract can be avoided, wluah furthermore reduce local (Gl) side
effects. Additionally, the distribution of the siegoellets in the Gl tract can maximize the
drug absorption and can reduce peak plasma fluotsatThe gastric transition time of
pellets and pellet products is hardly affected by gastric status, leading to minimized
intra- and inter-subject variability of the plasprafiles [52-55].

- Pellets with a modified release film coat caneof& high safety against premature drug
release after administration, caused by a damagettomplete film coat (dose dumping).
Due to the low dose of a single pellet and the mgmber of pellets in a dosage form, the
effect of a damaged film coat, even at a couplep@fets, is still negligible. Tablets,
comprising of modified release pellets can be ddidvithout the risk of dose dumping,
which is impossible for “normal” modified releassblets. Finally, pellets can be sprinkled
on food, which can be beneficial for patients wha'tswallow large dosage forms.

- Pellets offer an enormous flexibility for the phmeaceutical development as these allow the
combined delivery of incompatible API by simple dainming different coated pellets in one
dosage form [1]. A variety of release profiles daa achieved from pellet products by
combining pellets with different film coats. A mitide of different dosage strengths of the
same API can be easily manufactured by fillingedight amount of pellets into a capsule or
compression of different amount of pellets to alghbThis easy way to develop and
manufacture different dosage strengths can helipaase flexibility in pharmaceutical
development and may reduce development times astd.co

Pellets are generally administered as oral solgage forms, whereby the dosage form can be
varied. Pellets can be filled in capsules, whenadilets of different sizes, functional coatings,
API’'s and drug contents can be combined. Pelleidesalso compressed into tablets with the
possibility of various combinations as mentionedvad A compression of pellets with
functional film coat is challenging because thmfdoat must remain undamaged [56-58].

A small assortment of marked products, containigltefs is mentioned:
- Capsules:  Inder8ILA, Dilatrateé® SR, Ceteb® Mucosolvafl Retardkapseln, Om&p

- Tablets: Toprd! XL (= Beloc-ZOK®), Lose€/Prilose€ (= Antrd® MUPS),
MetoHEXAL® Suc®, MetoHEXAL® Suc® comp, Nexiurfi mups

1.4.  Fluid bed technology

As a main characteristic, the fluid bed technolegynprises of a fluidized bed, which is a
mixture of fluid (gas) and solid [9, 18, 20]. Thelid particles are hold in a container and a
gas is purged through the particles. As a consemyé¢ine gas-solid mixture exhibits fluid-like
properties and is therefore called “fluidized bedhe fluidized bed demonstrates a free-
flowing behavior under gravity and the upper swusfadf the fluidized bed is horizontal,
analogous to the hydrostatic behavior of “normalids. Particles with lower density than the
bed density float on the surface, while objecthwathigher density sink to the bottom of the
bed. Finally, the particles can be transportedadikkiid, channeled through pipes [9].

7



Chapter 1 Introduction

1.4.1. History, applications and benefits

The first machinery, using the fluid bed technologss constructed in the 1930’s for the
extraction of flammable gas from solid carbon (cgakification) [9]. In the following
decades, the technology was implemented on a e in the petroleum industry (cracking
of heavy hydrocarbons to fuel oil with the helpcatalysts) [20].

In the 1950’s, the fluid bed process was introduttethe pharmaceutical applications [20].
The first application was coating of tablets, susjgl in a stream of warm air. The first
patent, filed by D. Wurster, was published in 1959]. The development of this novel
technology was continued by D. Wurster in the 1951d the 1960’s, with a multitude of
additional patents [60-62]. In Germany, the filsid bed equipment for the pharmaceutical
industry was manufactured in 1959 by a small comp&tatt AG in Binzen, which is today
one of the leading manufacturers of fluid bed emdpts [63, 64]. In the following decades,
especially in the 1970’s and 1980’s, the fluid bechnology became more and more popular
in the pharmaceutical industry. The fluid bed pescand his principles were thoroughly
investigated; new fluid bed systems were devel@etioptimized and a multitude of patents
on fluid bed equipment and processes were filedvadiays, the fluid bed technology is an
important technology in the pharmaceutical industgd fluid bed equipments are
manufactured by various companies, like Glatt AGeromatic-Fielder AG, Vector
Corporation, Oystar Huettlin GmbH and Innojet, tention a few.

The fluid bed technology is used today for fluiddbgranulation, drying of granules,
manufacturing of pellets as well as for coatingyadnules, pellets and tablets. The fluid bed
technology comprises of a multitude of advantagasalso several disadvantages [1, 9, 17]:

Table 1-1: Advantages and disadvantages of the fled technology

Advantages Disadvantages

uniform application of principle to various hardly predictable process, due to non-
products uniform flow patterns

high resistance to rapid temperature changes hgipkexity of fluid bed behavior
high heat and mass transfer rates, due to hadtallenging process control, due to high

air stream complex fluid bed behavior

fast mixing of the fluidized product ata  process break down leads to loss of
uniform temperature complete product batch

applicability both at small and large scales usahlticle sizes are limited

usable for continuous manufacturing challenging scale up from small to large
(one pot principle) scale

1.4.2. Concept of fluidization and classification of flizdd beds

In literature, fluidized beds are classified infelieént types, whereby a general distinction is
made between a “homogeneous” and an “inhomogenefluisliized bed [9, 65]. In a

“homogeneous” fluidized bed all particles have $hene size and density. Looking on a small
area in the homogeneous fluid bed, the concentratigarticles does not change (Fig. 1-7 a).
The homogeneous fluid bed is a theoretical optinand will hardly be found in practice.

However, the homogeneous fluid bed allows to dbsedfie fluidization inside the bed using
physical and thermo-dynamical equations [9, 65k Tihhomogeneous” fluid bed comprises
particles from different sizes or different derestiwhich change their location continuously.
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The inhomogeneous fluid bed is usually obtainepractice and is classified in several types,
depending on its visual appearance (Fig. 1-7) [9].

The “classical” fluidized bed is obtained usuallypractice. A typical characteristic is the
localization of smaller particles in the upper pafrthe bed, whereas the larger particles are
localized in the bottom part (Fig. 1-7 b)

The “boiling” fluid bed occurs also often in ptae. Small air bubbles are formed when the
air flows through the bed (Fig. 1-7 c).

The “slugging” fluid bed is an undesired typefloidized bed, which occurs often in small
containers when air bubbles extend the completsbbacross section (Fig. 1-7 d).

The “channeling” fluid bed is an undesired tygdluidized bed, which is obtained at small
particles with high electrostatic adhesion (FigZ #). The “channeling” fluid bed can be
avoided by using funnel-shaped equipments, leating “spouting” fluid bed with a
fountain like movement of the particles (Fig. 1}.7 f
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Figure 1-7: Classification of fluid beds: homogemeduid bed (a), classical fluid bed (b), boiling
fluid bed (c), slugging fluid bed (d), channelingda(e) spouting fluid bed (f). Picture adapted fif@®h
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Figure 1-8: Principle of fluidization (a) and schegin view of fluidized bed equipment (b).
Pictures adapted from [66] (a) and [18] (b).

When a gas stream passes through a bed of sotidlgsrit will move upwards through the
bed via the empty spaces between the particlekovAgas velocities, the aerodynamic drag
force on each particle is low and the particle bedains in a fixed state. An increase of the
gas velocity leads to an increase of the aerodyndnaig forces, which starts to counteract the
gravitational forces of the particles. Above a aertgas velocity, known as “minimum
fluidization velocity () or incipient fluidization point”, the upward drdgrces of the gas
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stream are balanced with the downward gravitatitorakes. This balance causes “floating” of
the particles and the bed becomes suspended \iithigas stream (Fig. 1-8 a). A further
increase of the gas velocity will lead to a pneuonansport of particles with the gas stream
out of the chamber, since the upwards drag foreesecome the gravitational forces [9, 65].

1.4.3. Classification of fluid bed equipments.

In most cases, the fluid bed equipment has a fusimsbed spray chamber (Fig. 1-8 b). This
funnel shape causes relatively higher gas velacdlegove the bottom plate and reduced gas
velocities in the upper parts of the spray chambleus, larger particles in the bottom part can
be fluidized properly and smaller particles on tipgper part are still retained. The gas stream
is filtered, dehumidified and heated to the desitehperature before it enters the spray
chamber (Fig. 1-8 b). The temperature of the ialeaind the outlet air is usually monitored.
A temperature sensor also records the temperatule dluidized bed, which is described as
product temperature. A series of filters are uguglaced in front of the exhaust, to remove
fine particles from the outlet air (Fig. 1-8 b).

The liquid or dispersion for layering and coatisgusually applied onto the fluidized material
through one or several spray nozzles. The spragle®zan be placed in a bottom spray (Fig.
1-9 b), top spray (Fig. 1-8 b or Fig. 1-9 a) orgential spray position (Fig. 1-9 c). At larger
size equipments, the number of spray nozzles ysiralleases. Spray nozzles are available
with different diameters, whereby a large diamé&terecommended for high viscous liquids
or dispersions with large particleBhe spray nozzles comprise of an atomizing airqunes
which atomizes the liquid on the nozzle head imaptéts. The droplet size can be adjusted
by the atomizing air pressure. In some cases, @deair pressure (also called microclimate,
or cleaning pressure) is utilized to optimize tipeaging and to prevent a nozzle blockade.
The nozzles are fed by the spray liquid, whereleyrttte of applied liquid is controlled by a
peristaltic pump.

Figure 1-9: Principles of fluid bed equipments: Tapay fluid bed coater (a), Bottom-spray fluid bed
coater with Wurster column (b) and Tangential smegter (c). Pictures adapted from [67]

A “top-spray fluid bed coater” is shown as firsuggment in Figure 1-9 a. The top-spray fluid

bed equipment is utilized in general with a siegsebattom plate. The spray nozzle is placed
above the bottom plate and is directed oppositeeadiot air stream.

A “bottom-spray fluid bed coater with a Wursterdns, also known as “Wurster coater”, is

shown in Figure 1-9 b. The spray nozzle is placethe middle of the bottom plate and the
coating liquid is sprayed in the direction of that hir stream. The bottom plate is perforated
and contains small holes of different sizes. A brghumber of holes with larger size are
placed around the spray nozzle, leading to a higivevelocity. The system comprises of a
“Wurster column”, which is placed vertically abotlee spray nozzle at a certain distance
from the bottom plate. A high air velocity insideet Wurster column, compared with the
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surrounding chamber, leads to a circular particbv@ment. The coating dispersion is applied
onto the particles, as they travel through the \féursolumn. The drying of the particles
occurs as they fall back to the bottom plate (Et§.b).

The third equipment, shown in Figure 1-9 c, is‘tRetor pellet coating” or “tangential spray
coater”. The system comprises of a rotating botpdawe, with a small gap between the plate
and the chamber walls. The particles are circulfidiglized near the chamber walls by the
plate rotation and by the air stream through thallsgap between wall and plate. The spray
nozzle is placed in the tangential direction an@gpin the direction of the fluid bed.

This principle of a rotational particle movementaiso utilized in several newly developed
fluid bed coaters from various suppliers. A circud@ distribution in the spray chamber was
obtained by the “Diskjet” bottom plate (Fig. 1-1pa the “Spin flow” bottom plate (Fig. 1-
10 b). In both cases, the bottom plate comprisezbbfiue vents, leading to the circular air
stream and theoretically to a circular particle ement. In both equipments, a metal cone is
placed in the center of the chamber to promoteciifoailar particle movement. In the case of
the Spin-flow coater, the spray nozzle is placedhia top-spray position. In contrast, the
spray nozzles at the Diskjet coater are placednirolaique position in the bottom plate,
similar to the oblique vents. At a larger scalepatitude of nozzles are placed in the bottom
plate, which sprays in the direction of the aieam and the particle movement. However the
“Diskjet” and “Spin flow” technique is frequentlysad in the pharmaceutical industry, their
use for pellet layering and coating was only rapiplished [38, 39, 49, 68-71].

Figure 1-10: Principle of fluid bed equipments: k) fluid bed coater (a) and Spin-flow insert (b).
Pictures adapted from [72, 73]

1.4.4. Process parameters for fluid bed processes

The fluidized bed process is a complex process ltthof parameters, which can directly or
indirectly affect the coating or layering proceshus, the fluid bed pellet layering or coating
process requires a carefully balanced equilibriéithe different involved dynamics [74].
The typical fluid bed process comprises of a mudiét of process parameters, whereby about
2/3 of them were directly adjustable (table 1-2heTdirectly adjustable parameters are
marked with “a = adjustable” and the not-adjustgideameters are marked with “n.a. = not
adjustable”. Both parameter types are typically nowad during the fluid bed process.
Additional, the fluid bed process comprises of apte of “resulting parameters” These are
important process parameters, which result frominberplay of several other (adjustable)
parameters. The product temperature, for examglea iresult of the applied inlet air
temperature, the spray rate, the air flow as wselbha spray nozzle air pressures. The droplet
size, which is difficult to monitor and is not memed in table 1-2, is a result of the spray
nozzle pressures as well as the liquid viscosity thie spray nozzle diameter. The variety of
parameters and the multitude of interplays andsceftects underline the imperative of a
thorough process development for fluid bed laye&and fluid bed coating.
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Table 1-2: Process parameters for fluid bed lageaimd coating process

Process parameter Process Parameter
Batch size a. Pressure inside spray chamber n.a.
Air flow a. Spray rate a.
Inlet air temperature a. Liquid viscosity a.
Inlet air humidity (a.) Nozzle diameter a.
Product temperature n.a. Atomizing air pressure a.
Outlet air temperature n.a. Second air pressuredpzle a.
Outlet air humidity n.a. Cycle for filter cleaning a.
Gas concentration n.a. Filter cleaning pressure a.

a. = direct adjustable parameter
(a.) = inlet air humidity is theoretically adjustab- in most equipment it is only monitored
n.a. = parameter not directly adjustable, only rrayed

1.5. Research objectives

Modified release pellets and their derivative prdue.g. pellets in capsules or compressed
into tablets) have demonstrated a variety of achgad and therefore they enjoy an increasing
interest in the pharmaceutical industry (see chiapt®.). In the last decade, the need for
highly dosed pharmaceutical products increasedirasmisly, since more API's with a low
potency were discovered. Pellets and their devigaproducts can offer an important
advantage in this specific challenge, since theylm manufactured with high API contents.
So far, pellets with high API content of 50-80% wemainly produced by extrusion-
spheronization technique [74-76]. In contrast, gréjtets with low API contents of < 10 % to
max. 40 % were manufactured in fluid bed layeringcpsses [30, 39, 77, 78].

Consequently, the first research objective of timeent work was to increase the drug load in
fluid bed layering processes and to develop a statolbust, reproducible and versatile fluid
bed layering process to produce high dosed APkepeivith a drug load of 70-80 %.

This first objective covered the optimization ofethluid bed process as well as a
demonstration of its reproducibility and diversit. fluid bed coater with the “Diskjet”
technology (Mycrolab from Oystar Huttlin GmbH) wased in the current work. Finally, the
objective included a scale up of the fluid bed pscfrom lab-scale to small pilot scale.
Apart from fluid bed equipments and processesptbgress in polymer chemistry facilitates
the development and market introduction of new pags for pellet film coating. A series of
polyvinyl based polymers, composed of the insolydaky(vinyl acetate) (PVAc) for modified
release applications as well as the water solublg(\yanyl alcohol)-poly(ethylene) glycol
graft copolymer (PVA-PEG) for immediate releasel@agions, was introduced on market in
the recent past. The single use of PVAc for palteiting was published frequently [56, 79,
80], however the implementation of blends from bptilymers (PVAc and PVA-PEG) as
film coat for modified release pellets was onlyetardescribed in literature [42, 43, 81].

Thus, the second objective of the current work teasoat high dosed API pellets with the
novel film blend of PVAc and PVA-PEG as well asharacterize and investigate the drug
release from high dosed API pellets, coated with oats of PVAc and PVA-PEG.
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The second objective included the development aftadle, reproducible and optimized
coating process with PVAc/PVA-PEG dispersions. kemnore, the drug release from coated
pellets was investigated with special focus onithpact of the film coat composition, the
robustness of the film coat against mechanicakf®is well as its stability during storage.

In addition to release studies, the mechanism afj delease was in the key focus of
pharmaceutical research, especially for coatedgdosarms with modified drug release. A
multitude of publications have been addressed ¢odtlug release mechanism from pellets,
coated with blends of insoluble and soluble filnlypeers (e.g. EC with HPMC or Eudradit

L, Eudragif NE with Eudragit L and EC with PVA-PEG) [29, 31, 37, 39, 69]. Retiag
the previously mentioned novel film coat blend ofA2 and PVA-PEG, only a few
mechanistic studies on film coated tablets werdigldd [35, 36]. The topic of the mentioned
mechanistic studies was to clarify and charactetiiee solubilization processes inside the
pellets as well as the mass transport processesf o dosage form. A similar mechanistic
study on PVAC/PVA-PEG pellets with high drug loadsanot published so far and the release
mechanism from PVAc/PVA-PEG coated pellets is stiéxplored.

Hence, the third objective of the current work w@asnvestigate the solubilization processes
inside the pellets as well as the morphological nges on the pellet surface before and
during drug release. These studies might help tainmew insights into the underlying drug
release mechanism from high drug loaded pelletgtezbwith blends of PVAc and PVA-PEG.

The third objective includes the implementatiorseferal non-invasive analytical techniques
like Nuclear Magnetic Resonance spectroscopy (N&RI) Electron Paramagnetic Resonance
spectroscopy (EPR) as well as several imaging tquke like scanning electron microscopy
(SEM) and atomic force microcopy (AFM). The majpriof the mentioned analytical
spectroscopy and imaging techniques are frequartilized in pharmaceutical research,
however their use on coated pellets was only rgrehtished [82-84].

In summary the current work, titledevelopment and characterization of high dosedriaye
pellets with polyvinyl based film coats for modifrelease applications’covered three major
research objectives:

 The development of a stable, robust and optimiziedd fbed layering process to
manufacture pellets with high API contents of 70980

* The implementation of the new polymer blend of P\ékel PVA-PEG for fluid bed pellet
coating, together with the comprehensive charadgan of the drug release from high
dosed pellets, coated with blends of PVAc/PVA-PiH@&S.

* The clarification of solubilization processes irsithe pellets and of morphological
changes on the pellet surface before and during delease. The final aim was to obtain
new insights into the release mechanism from higged pellets, coated with PVAc/PVA-
PEG films.

Combining the results and findings from all thresaarch objectives from the current work it
might be possible to postulate a possible releasghamism for high dosed pellets, produced
by fluid bed layering technique and coated witmdkeof PVAc and PVA-PEG.
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2. Process development for fluid bed pellet layering

2.1. Background and purpose

Pellets, as introduced in chapter 1.1, are an iatn® and beneficial oral solid dosage form.
They are manufactured generally in two ways i.eekirusion-spheronization or fluid bed
layering. Both methods are frequently used in pla@entical research [17], however the
choice of the suitable process has to be done smlmacase. In the current work, pellets with
high drug contents were manufactured using thel fhed layering technology (see chapter
1.1.2 and 1.4.). A high drug load of 70-80 % wasea, which was often reported for
extrusion-spheronization [74-76] but was not putdd for fluid bed layering processes. Even
though there are several different fluid bed systérom different suppliers, equipped with
different inserts and tools, the technical prineipgmains similar (see chapter 1.4.2.). Despite
the similar process principle of the different dubed equipments, the parameters of the
layering process differ a lot from equipment to ipment. In the current work, a novel
apparatus “Mycrolab” from Oystar Huttlin was useskd section 1.4.3. and 5.2.1.). The
Mycrolab was equipped with the “Diskjet” technologg well as with a three component
spray nozzle (section 1.4.3. and 5.2.1.). A sinfilad bed equipment, “Kugelcoater Unilab”
from Oystar Huttlin, was used in a multitude of ficdtions [38, 39, 49, 68-70]. In contrast,
the utilization of the mentioned novel Mycrolab t&ya was not published in literature so far.
Thus, a thorough process development for a fluid lagering of high dosed pellets was
carried out, using the Mycrolab equipment.

2.2. Process parameters for fluid bed pellet layering

As already mentioned, the fluid bed pellet layerprgcess is quite complex and requires a
multitude of different parameters, which all havwe impact in the layering process (see
section 1.4.4.). At first, the parameters weressfeesl in the following groups:

Group I:  Starter cores type
- Cellulose versus sucrose as starter cores rakteri

Group Il:  Spray liquid composition

- Drug concentration - Binder type and conceitna

- Lubricant concentration - Addition of emulsifie

- Spray liquid (aqueous versus organic-aqueouwg&rbblends)
Group lll:  Process parameters for the fluid keegeting process

- Batch size - Spray nozzle diameter

- Product temperature - Inlet air temperature

- Inlet air humidity - Air flow

- Spray rate - Spray nozzle air pressure

Based on a series of layering trials, the rangeagh process parameter as well as a suitable
start value was defined (Table 2-1). The listedcpss parameters were recommended from
Oystar Huttlin GmbH, the supplier of the fluid begparatus and are only valid for the
Mycrolab fluid bed granulator, equipped with thegaspray chamber of 0.25-1 kg batch size.
Table 2-1 included direct adjustable parameter elsas indirect parameters, like the product
temperature. The product temperature is not dirextjustable and is a result of the interplay
from the inlet air temperature and the spray natech are both directly adjustable. However,
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the product temperature is listed, since it israpdrtant parameter for the layering process.
The inlet air humidity could not be controlled withthe layering experiments. The inlet air
for the Mycrolab equipment was taken from the amib#r in the manufacturing room. Since
the humidity of the ambient air in the room was oonditioned or controlled, the inlet air
humidity was only recorded at regular time intesvah limit or a suitable value is not
provided.

Table 2-1: Process parameters for pellet layeringgss, including limits and recommended ranges

Layering process parameter Lower and upper limit caremended range
Batch size 250-1000 g 300-400 g
Spray nozzle diameter 0.6 mm and 0.8 mm 0.6 mm
Product temperature 25-65 °C 40-50 °C
Inlet air temperature Max. 80 °C 55-65 °C
Inlet air humidity Not controllable -

Air flow 30-60 n¥/h 40-50 ni’h
Spray rate Max. 8 g/min 1 g/min (start)

3-6 g/min (maximum)

Spray nozzle pressure:
Atomizing air pressure (AAP) / Max. 1.5 bars, each
Microclimate (MC)

0.5-1.0 bar (AAP)
0.3-0.5 bar (MC)

2.3. Impact of starter core type

Several different types of starter cores are ablglan market. The most commonly used are
cores from cellulose (CellétsEthisphere® and sucrose (SuglétsSugar spheré& [7, 8.
Cores from alternative materials can also be foandmarket, e.g. cores from mannitol
(MCell sphere®) or corn starch (Pellets PES The starter cores are generally manufactured
by extrusion-spheronization and are available ffedknt sizes from 100 pm to 1200 pm.

In the current work, only cores from cellulose audtrose were used (see section 5.3.1.). In
contrast to the sucrose cores, the cellulose caresnsoluble in water and show only a
marginal swelling after exposure to water. Addiitty, the cellulose cores demonstrated a
very low friability and a high robustness agairtstitton or damage. Initially, the behavior of
cellulose and sucrose starter cores during theilayerocess was evaluated.

A spray liquid, containing Chlorpheniramine maled@PM, Fig. 2-1 a) as drug and
hydroxypropyl methyl cellulose (HPMC) as binder,snsprayed onto the cores with a batch
size of 300 g at 1 g/min spray rate. The majoreddhce between both core types was
observed within the first 20 minutes of the laygriexperiment. Using sucrose cores the
fluidization was reduced, the bed movement was etbwown and sticking of pellets to
themselves was obtained. This change in fluidipati@s seen only while spraying .When
spraying was stopped, the fluid bed returned tarhad’ state within a minute. But the same
phenomenon of reduced fluidization and stickingesgppd as soon as spraying was restarted.
The same observation was made while spraying adliqeontaining Metoprolol tartrate
(MPT, Fig. 2-1 b) as drug, on sucrose cores. Howdhe sticking finally disappeared after
20 minutes process time at both implemented drggids. In contrast, no sticking
phenomenon or reduced fluidization was observeagustllulose starter cores. Cross sections
were prepared from CPM and MPT pellets, consistihgither sucrose or cellulose starter
cores. The cross sections were analyzed with Cahf@man microscopy (CRM).
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Figure 2-1: Chemical structure of Chlorpheniramimeeate (a) and Metoprolol tartrate (b)

The CRM pictures demonstrated a clear and preotseface between the cellulose starter
core (Fig. 2-2 in green) and the MPT drug layeg(F2-2 in red). In contrast, a blurred
interface with a small area of coexisting drug @oede material was observed between the
sucrose starter core (Fig. 2-3 in green) and thd MRug layer (Fig. 2-3 in red). Similar
observations were obtained from Raman analysis @RM pellets (pictures not shown).

The blurred interface between sucrose core and ldryay could be explained by a partial
dissolution of the sucrose cores upon contact Wighaqueous droplets during the layering
process. The dissolution of sucrose from the psligfiace resulted in the intensified sticking
tendency, which reduced the fluidization of thetighes in the bed. The reduced fluidization
causes partial over wetting of the fluid bed, whiohnifests as fluctuations in the product
temperature. The sticking was reduced once the sunface was covered with a thin drug
layer. Thus a normal fluidization was obtained. lieking during the initial critical phase at
sucrose cores could be minimized by increasingaihdlow as well as the atomizing air
pressure. Thereby, the layering process with secrmmes could be continued without
decreasing the spray rate, leading to identicalgs® times.

A stable layering process was feasible with bofiesyof cores. The initial critical phase at
sucrose was controllable and did not slow downpifeeess. Additionally, the appearance of
the final pellets was independent of the employeck dype. However, the initial critical
phase could not be avoided and therefore, the lgslustarter cores were chosen for the
further experiments.

100 pm

t

100 pm

1
=
1

100 um

Figure 2-2: Confocal Raman microscopic mappingedliep cross section: overlay (a);
single component visualizations of MPT (b - re@))uose (c - green).
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Figure 2-3: CRM mapping of pellet cross sectiorertay (a); single component visualizations
of MPT (b - red), sucrose (c - green), glucoselgllie) and starch (e - yellow).

2.4. Impact of spray liquid composition

In general, the composition of the spray liquid poises of a drug, a suitable binder and, if
needed, a lubricant. To reduce the surface tensiaime spray liquid, an emulsifier (e.g.
polyethylene glycol, PEG) can be added [69, 79} Shlvent can be water (preferred), an
organic solvent (e.g. ethanol or acetone) or blerfideth.

Drug solutions as well as drug dispersions canpgpdied onto the starter cores in a fluid bed
process. However, a restriction to drug solutiorss \wade in this work. Since a high drug
load was the primary focus, the drug concentraitiothe liquid was maximized. In case of
CPM, a concentration of 16 % (w/w) was used, whias close to its maximum solubility
(18 % w/w in water). Due to the higher solubility MPT (> 50 % w/w), a concentration of
40 % (w/w) was used in the spray liquid. Both ldgishowed water-like low viscosity which
was suitable for the layering process. No addili@experiments were carried out to evaluate
the impact of the drug concentration in the spigqyidl on the layering process.

The addition of a suitable binder to the sprayitigis essential to achieve adhesion of the
drug layers on the starter core as well on eaclerotin literature, a use of binders like
hydroxypropyl methyl cellulose (HPMC) and poly(vipyrrolidone) (PVP) in concentrations
of 1-10 % (w/w) is recommended for pellet layer[6§, 70, 79, 85, 86]. In the current work,
the mentioned commonly used binders HPMC and PY&I&gK30) were implemented.

The impact of the HPMC and PVP concentration onldlyering process was investigated,
using CPM as drug. Spray liquids with total HPMGeentrations of 0.5 %, 1 % and 2 %
(w/w) as well as a PVP concentration of 1 % (w/vergvprepared, corresponding to a binder-
drug ratio of 3.1 %, 6.3 % and 12.5 %, respectivali/spray liquids showed comparable low
viscosities, since low viscous HPMC and PVP grade® used (see section 5.3.2.).

A stable fluid bed process was only achieved with% and 1 % (w/w) HPMC. The pellets
showed comparable sphericities and the yield ofpgiecesses as well as the number of
agglomerates after the processes were similar €T242)). In contrast, a concentration of 2 %
(w/w) HPMC lead to a process break down due to rapnas sticking. The spray liquid
containing 1 % (w/w) PVP resulted also in a higlsickiness, which lead to more
agglomerates after the process and to a slightlyoed pellet sphericity (Table 2-2). The
pellet sphericity was analyzed to quantify the cgdtappearance of the pellets.
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Table 2-2: Impact of binder type and binder conegiain on pellet layering process, using CPM.

Binder type and concentration HPMC, 0.5 % HPMC,1% PVP, 1%
Yield 97 % 98 % 97 %
Agglomerates (> 1.4 mm) 0.8 % 1.3% 5.9%
Sphericity go ? 0.90 0.90 0.88

% ideal round particle = 1

A different observation was made in the case ofepéyering with MPT. The MPT spray
liquid showed high stickiness, which was primaggused by the stickiness of the drug itself.
The addition of a binder, either PVP or HPMC, re=ililin an intensified stickiness of the
spray liquid and consequently to a higher agglotr@raduring the layering process,
independent from the binder type. As a result, moldr was used in the MPT spray liquid.
Due to the high stickiness of the spray liquid, binder was necessary to adhere the drug
layers onto the starter cores.

A thorough choice of binder type and concentraiga prerequisite for each pellet layering
process, whereby the optimum binder and the optiroantentration can differ from case to
case. In general, the use of HPMC as binder at \WA&)(concentration showed satisfying
results. PVP in a similar concentration was alsgoad binder, but with a higher binding
capacity. However, the use PVP was not furthergtigated in the current work.

Since sticking was a major issue during the lagenqmocess of MPT, the addition of a
lubricant seemed to be beneficial. For this purpdse impact of two lubricants on the
sticking tendency was determined. Aerds200 and talc were chosen, due to their frequent
use as lubricants. Aero8ilwas added to the MPT spray liquid in 1 % and 2.5v¥w)
concentration, whereby talc was added in 3 % (vefvicentration. An addition of 5 % (w/w)
Aerosil® to the spray liquid resulted in a highly viscous, gvhich was unusable for the
layering process. The addition of Aer8sfht 1 % and 2.5 % w/w) or talc (3 % w/w) did not
cause a significant reduction of the sticking dgrihe MPT layering process. In all cases, a
strong sticking was observed above 3 g/min spréy wath a process breakdown above 5
g/min. One has to remark, that the implementedabisuspection of the sticking tendency
during the process was very difficult and was nargifiable.

In summary, the addition of lubricants demonstratedsignificant improvement of the MPT
layering process. The need for a lubricant addibias to be weight up from case to case. In
the current work, 1 % (w/w) AeroSiwas implemented for MPT pellet layering to couaber
the sticking tendency, even if no significant effeas visually observed. For the CPM spray
liquid, no lubricant was added. The sticking termjewithin the CPM layering process was at
a minimum and therefore, the addition of AerBsit talc was not necessary.

The addition of PEG as an emulsifier in low concatndns is published in literature [69, 79].
The major advantage of a PEG addition is the retlsteface tension of the spray liquid,
which allows better spreading of the droplets anpbllet surface. A PEG grade of 8000 with
a high molecular weight (7.000-9.000 g/mol) andghhmelting point of 60-63 °C [87] was
chosen for the experiments. A small amount of 0.1w/v) PEG (10 % based on binder
concentration) was added to the CPM spray liquid. idcreased stickiness was observed
during the layering process, which required anaase of the air flow to avoid a breakdown
of the fluidized bed process. The exact reasontHerincreased sticking is still unknown.
Nevertheless, the amount of agglomerates was alsnogar to trials without PEG addition
(Table 2-3). Interestingly, the pellets sphericitgts slightly increased, indicating a smoother
surface, which could be a result of the betteraghirey of the spray liquid after PEG addition.
With regard to intensified sticking during the pess, the addition of PEG did not show a
huge benefit. Consequently, PEG 8000 was not funthglemented in the layering process.
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Table 2-3: Impact of PEG 8000 addition on the pédlgering process, using CPM.

Yield Agglomerates (> 1.4 mm) Sphericigs s
with 0.1 % PEG 95 % 1.5% 0.92
without PEG 98 % 1.3% 0.90

Finally, the solvent of the spray liquid was invgated. An aqueous process was preferred,
due to environmental and safety reasons. Neveg$elese of organic solvents (e.g. ethanol)
or aqueous-organic solvent blends (e.g. water-etharan be beneficial for the layering
process. The lower evaporation energy of organieests allows higher spray rates at the
same product temperature. The surface tension gdnér spray liquids is lower, which
improves the spreading of droplets on the pell&gditionally, most drugs have higher
solubility in organic solvents or in aqueous bletitsreof, which allows applying of a larger
drug masses on the pellets at the same spray ithie same process time. The disadvantage
of organic solvents is the high spray drying terayetfiue to the lower evaporation energy.

Table 2-4: Impact of an aqueous-organic solvenmbn pellets layering process

CPM layering process MPT layering process

agueous water — ethanol  aqueous water — ethanol
process blend (60:40) process blend (60:40)

Yield 98 % 94 % 97 % 99 %
Agglomerates o o 0 0

(> 1.4 mm) 0.8 % 0.1% 1.7 % 0.1%
Sphericity so 0.90 0.93 0.93 0.94
Sticking detectable - - above 3 g/min  above 7 g/min

An aqueous based solution was compared with a vetb@anol mixture (60:40), since CPM
showed its maximum solubility in this mixture. Amproved stable layering process with less
sticking was obtained with the use an organic-agsespray liquid of CPM. The spray rate
could be increased from 6 g/min (maximum) with agjuepus process to 8-9 g/min
(maximum) with the use of organic-aqueous solvdends. The fluid bed showed a stable
fluidization without sticking, even at higher spraates. The agglomerates were reduced and
the sphericity was increased, indicating a smoaotheface. However, the yield was reduced,
due to the higher spray drying (Table 2-4). Inrailsir matter, the MPT layering process was
significantly improved with organic-aqueous solvbl@nds. The stickiness of the spray liquid
was reduced and therefore the spray rate couldobbled (Table 2-4). The sticking during
the process was minimized and fewer agglomerates detectable after the process. The
pellet appearance was slightly improved. Howeves,gellets showed even a high sphericity
at the aqueous process. Interestingly, the yield exen higher at the organic-aqueous
solvent, which was not expected (Table 2-4). Ireforihe use of organic-aqueous solvent
blends showed an impressive improvement of theilaygrocess and the pellet quality.

Finally, the CPM spray liquid comprised of 16 % \W/CPM and 1 % (w/w) HPMC as
binder (Table 2-5). A stable process with a goollepguality was achieved with aqueous
solvents as well as with aqueous-organic blendsveder, the aqueous process was preferred,
due to environmental and safety reasons. The MPaydmuid comprised of 40 % (w/w)
MPT and 1 % (w/w) Aerosil dispersed in an aqueous-organic solvent (watemelh60:40).

No binder was required, due to inherent cohesiveraaf the spray liquid (Table 2-5).
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Table 2-5: Final composition of the spray liquid BPT and CPM pellet layering processes

Ingredients CPM layering process MPT layering pssce
drug CPM 16 % (w/w) MPT 40 % (w/w)
binder HPMC 1 % (w/w) -

lubricant - Aerosil 1 % (w/w)
emulsifier - -

solvent water water-ethanol blend 60:40

2.5. Process parameters without critical impact on tloegss

After evaluating the impact of the spray liquid qosition on the layering process and on the
pellet quality, the focus was set on the influen€éhe process parameters (Group lll, see
section 2.2.). The process parameters were clkds#s critical and uncritical. Uncritical
parameters in this case means, that the paranadoecvaried in a specific range without a
critical effect on the fluid bed process or on gedlet quality. In contrast, a variation of a
critical parameter would affect the fluid bed pregeor the pellet quality in a significant
manner (e.g. process breakdown or complete paiigiomeration). The critical parameters
are discussed in detail in the next section (seci®.). The transition from a critical to an
uncritical effect or impact is often seamless. Hoave if the parameter did not lead to a
critical disturbance of the process or to a worskep quality, it was subjectively defined as
uncritical in the current study.

Four parameters, the batch size, the spray nozateeter, the product temperature and the
inlet air humidity were classified as uncriticalrpaeters, based on the experiences from
several experiments. The impact of these four patars on the fluid bed process as well as
on the pellet quality is discussed within the faliog section.

Batch size:

A working batch size between 250 g (minimum) an@Lg (maximum) is recommended for
the Mycrolab apparatus by the supplier Oystar hhit8ince a high drug load was aimed, the
batch size was kept in a range of 300-500 g forptbleet layering process. Theoretically, a
drug load of 50 % could be achieved with 500 gtstazores which were layered with drug
until 1 kg pellets were obtained. The drug loadldaven be higher with the use of smaller
batch sizes of starter cores (e.g. 300 g). The atnplatwo different batch sizes, 300 and 500 g
was investigated at 6 g/min spray rate and 40 Wdymt temperature. The fluid bed process
was only affected to a small extent. A slightlytreg air flow was needed at the larger batch
size to obtain a sufficient fluidization (Table 2-Bdditionally, the yield was reduced slightly
at 500 g batch size, which was probably causedhieyhigher air flow and the higher
mechanical stress for pellets at larger batches.pHilet appearance was not affected by the
batch size. Identical values for pellet spherieibd almost identical values for agglomerates
were obtained (Table 2-6). Based on the procedsligtaand the pellet appearance, the
uncritical impact of the batch size was confirmed.

Table 2-6: Impact of batch size on the layeringcpes as well as on the resulting CPM pellet quality

Air flow to obtain Agglomerates  Sphericity

good fluidization Yield (> 1.4 mm) S50
300 g batch size 35-38%h 98 % 0.8 % 0.90
500 g batch size 38-42%h 96 % 0.9 % 0.90
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Spray nozzle diameter:

Two different spray nozzle diameters, 0.6 mm ai®drim, were available for the Mycrolab
equipment. In general, a larger nozzle diameteulshbe used at high viscous spray liquids
and at high spray rates. Additionally, a large m@zdiameter could be beneficial for pellet
layering with drug dispersions, since nozzle blgekaan be avoided. At spray liquids with
low viscosity and at low spray rates, the use sxinaller nozzle diameter is recommended.

A spray liquid of Metoprolol tartrate (MPT) was digpl onto cellulose starter cores, using a
nozzle with 0.6 mm or 0.8 mm diameter. The noz@eneéter did not show any impact on the
layering process. A minimized pellet sticking dgrithe process was observed with both
nozzle diameters. The yield of the layering procswell as the amount of agglomerates and
the pellet appearance was almost identical andwhaffected by the nozzle diameter (Table
2-7). In summary, the nozzle diameter was fountddcan uncritical parameter for layering
processes, using low viscous spray liquids. A campa with highly viscous spray liquids
was not conducted since high viscous spray ligardgsgenerally considered as unfavorable.
The 0.6 mm nozzle diameter was recommended fdayaking processes.

Table 2-7: Impact of spray nozzle diameter on lsgeprocess and MPT pellet quality

. Particle size , Agglomerates  Sphericity
Nozzle diameter distribution (6c-X10) Yield (> 1.4 mm) S
0.6 mm 93 um 96 % 0.1% 0.94
0.8 mm 94 um 95 % 0.3 % 0.94

Product temperature:

In general, the product temperature is an indiggrtameter, as it could not be adjusted
directly. The product temperature results fromittierplay of inlet air temperature and spray
rate. However, the product temperature is impoytsinte it directly affects the final product.

The impact of two different product temperature8 {€ and 50 °C) was investigated, using
different spray rates. A spray liquid of Chlorplramine maleate (CPM) was used. The
product temperature in the tested range did noifszgntly affect the layering process as well
as the pellet quality. The yield of the processas aimost identical at 97-98 % (Table 2-8).
Solely at 50 °C product temperature (6 g/min spedg), the yield was marginally reduced to
96 %. The lower yield was most probably caused bygher spray drying tendency, due to
the higher inlet air temperature. At a lower pradeenperature of 40 °C, the fluidization of

the process was slightly reduced. The applied sipjaid could not be evaporated as quickly,
leading to higher moisture content in the proceskta a marginally higher sticking tendency.
Therefore, the amount of agglomerates was slighitjher at 40°C product temperature
(Table 2-8) and increased with higher spray rdtesvever, the agglomeration was very low
at both processes with 40 °C and at 50 °C producperature (below 1 % wiw).

Table 2-8: Impact of product temp on layering psscand CPM pellet quality

Product temp 40 °C 50 °C

Spray rate 2g/min  4g/min  6g/min  2g/min 4 g/min6 g/min
Needed inletalr  4g.c  s5pec  s57°C  60°C  64°C  68°C
temperature

Yield 98 % 98 % 98 % 98 % 97 % 96 %
Agglomerates 02% 03% 08% 01% 01%  05%
(> 1.4 mm)

Sphericity so 0.93 0.91 0.90 0.93 0.92 0.92
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The sphericity of the pellets from processes at@@nd 50 °C with 2 and 4 g/min spray rate
were comparable with similar values, indicatingrailar pellet quality (Table 2-8). Solely at
40°C process temperature with a high spray rat g/hin, the pellet sphericity was slightly
reduced and the pellet quality was marginally worse

Finally, the product temperature did not have aggiBcant impact on the fluid bed process
as well as on the resulting pellet quality. A mdrastic change of the product temperature to
< 30 °C or to > 60 °C would definitely lead to grsficant impact on the process and the
pellet quality. Based on the experience from thpeexnental series, product temperature
between 40 °C and 50 °C was recommended for the &RIMIPT layering process.

Inlet air humidity:

The fluid bed equipment was utilized with uncorahed inlet air, which was taken from the
surrounding manufacturing room. In the room, threhamidity was also not conditioned and
therefore, the inlet air humidity was neither athisde nor controllable. However, it was
recorded manually at regular time intervals. Thetdaday difference of the inlet air humidity
was quite large, depending on the weather conditisnchange from 30 % to 50 % relative
humidity (room temperature 23-25 °C) at three défe dates was recorded (Table 2-9). The
yield of the process as well as the pellet qualigs comparable. A yield of 96-98 % was
achieved at all processes. Interestingly, the loviresnidity resulted in the lowest vyield,
which was probably due to an increased spray drgndency at the lower inlet air humidity.
The pellet quality was almost identical, indeperiyeinom the inlet air humidity (Table 2-9).
Although the inlet air humidity is an often disceadgparameter in the field of pellet layering
and pellet coating, the presented investigatiodsndit demonstrated impact of the inlet air
humidity on the layering process as well as on pghlet quality. The situation might be
different at a less stable layering process orflatiébed film coating process.

Table 2-9: Impact of inlet air humidity on layeripgocess and CPM pellet quality

Trial Humidity | Humidity 1l Humidity 111
Inlet air humidity (start - end) 30% - 27 % 43- %1 % 50% - 44 %
Yield 96 % 98 % 98 %
Agglomerates (> 2.0 mm) <0.1% <0.1% <0.1%
Sphericity g 0.94 0.94 0.94

2.6. Parameters with critical impact on the process

After the successful classification of the uncatiparameters (batch size, nozzle diameter,
product temperature and inlet air humidity), theu® was set on parameters with critical
impact on the fluid bed layering process. Critijgatameters in this case mean that a variation
of this parameter would affect the fluid bed praces the pellet quality significantly and
would lead to a process breakdown or unsatisfyeltepquality. Critical effects within the
fluid bed process like process breakdown or exeessgglomeration are not reversible and
would consequently terminate the experiment. Tloeegfthe critical parameters must be
known and have to be checked regularly during #yering process. The critical process
parameters might also be influenced by other (tinal) parameters, leading to a boosted or
also moderated effect of the critical parameterer&fore, a continuous monitoring of the
major fluid bed parameters is essential to alloiast manual intervention if one of the
process parameters changes to a critical leveéhdriollowing section, the critical parameters
air flow, spray rate and spray nozzle air pressueee investigated and their impact on the
layering process and on the pellets quality wasrdehed.
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2.6.1. Air flow

The air flow is an essential parameter to maintaefluidized state of the particle bed. An
insufficient low air flow leads to reduced partidlaidization and finally to a breakdown of
the fluid bed process. In contrast, a too higHlaw leads to an increased particle movement.
As a consequence, the distance between spray nazdlarticles is enlarged, which raises
the risk of a spray drying especially at smallaagpiquid droplets.

The Mycrolab equipment generates a maximum air B6®&0 m/h. Layering processes were
executed at four different air flow rates of 30, @38 and 55 rth and their impact on the
layering process as well as on the pellet qualgyentested. The product temperature and the
spray rate were kept constant at 40 °C and 6 ganil the trials, respectively. A similar
batch size of 300 g was used and the layering psog&s run for 5 hours. The results from
the experimental series are shown in table 2-10.

Table 2-10: Impact of air flow on layering processl CPM pellet quality

Air flow 30 m’h 38 mh 46 ni/h 55 mi/h

Fluidization - + ++ +++

Needed inlet air temperature _ 56-57 °C 54-55 °C 53-54 °C

Yield No feasible - gg ¢y, 97 % 97 %
break down

Agglomerates (> 1.4 mm) process 0.8 % <0.1% <0.1%

Sphericity g 0.90 0.91 0.91

30 nt/h air flow was not sufficient for a homogeneousidization of the pellets during the
layering experiment. The fluidization was reduced a sticking of pellets occurred shortly
after the start of the layering process. The floétl became sluggish and the sticking was
enhanced at a further increase of the spray rafar® reaching the desired spray rate of 6
g/min, the fluid bed broke down. The fluidizatiorsabpeared and the pellets stuck on the
chamber walls. Therefore an air flow of 3&/mwas not sufficient to run a stable process.
The fluidization of the pellets was improved witietincrease of the air flow, whereby an
unfavorable strong fluidization was obtained atr63h. A lower inlet air temperature was
needed at higher air flows to adjust a product tnaipire of 40 °C (at 6 g/min spray rate).
The inlet air temperature was reduced from 57 °88att/h to 55 °C at 46 fith and finally to

54 °C at 55 nih (Table 2-10). In general, a higher air flow ras a higher kinetic energy
and therefore causes a faster evaporation of treey djguid, which was sprayed onto the
pellets. Due to the higher kinetic energy, lesgria¢ energy (heat) was required for the
solvent evaporation and the inlet air temperaturegded to adjust the desired product
temperature, could be reduced. Importantly, thédrigir flow did not lead to a higher spray
drying tendency. The yield remained almost sim@a®7-98 %, independent of the air flow
rates (Table 2-10). The amount of agglomerates al&s reduced significantly from 0.8 %
(w/w) to < 0.1 % (w/w) at higher air flow rates. @Bpray droplets dried faster, the stickiness
of the pellet surface was reduced and thereforagigéomeration of particles was minimized.
The pellet shape was not affected significantly.lyOa marginal improvement of the
sphericity from 0.90 to 0.91 was detected (Tabl2-A rounding effect of the pellets by the
higher air flow would be likely, but the spherictgta did not show any clear evidences.

In summary, an air flow range of 35-60Ymwas found to be the optimum for the pellet
layering process. This range should be adapted#031i/h at smaller pellets, whereby an
increased air flow of 40-60 i is required for larger pellets to achieve a hgemeous
fluidization. Even a small increase of the air flofvseveral ifh demonstrated an impact on
the fluid bed process and the pellet quality.
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2.6.2. Spray rate

A high drug load of 70-80 % (w/w) was the targetttd process. Therefore, a high spray rate
was aimed to apply the maximum amount of drug ¢méopellets within a minimum process
time. Each process was started with a low sprayohfl g/min, which was increased step by
step to the maximum spray rate. Three differendyspates of 2 g/min, 4 g/min and 6 g/min
were investigated at two product temperatures @Garid 50 °C). All layering processes were
conducted with identical batch sizes and similar feow rates and ended after 5 hours
layering. However, the atomizing air pressure vmasdased slightly at higher spray rates.

Table 2-11: Impact of spray rate on layering precsd CPM pellet quality

Spray rate 2 g/min 4 g/min 6 g/min
Product 40°C  50°C  40°C  50°C  40°C  50°C
temperature

MC/AAP 0.5/0.5 bar 0.5/0.55 bar 0.5/0.6 bar
Yield 98 % 98 % 98 % 97 % 98 % 96 %

Agglomerates
(> 1.4 mm)

Sphericity go 0.93 0.93 0.91 0.92 0.90 0.92

0.2% 0.1% 0.3 % 0.1% 0.8 % 0.5%

T ﬁ 3 1000 pm

Figure 2-4: Impact of spray rate 2 g/min (a), 4ig/fh) and 6 g/min (c) at 40°C on CPM pellet qualit

The spray rate did not show any significant impacthe yield of the process. At 40 °C, the
yield remained unchanged at 98 %, independently ftbe spray rate. At 50 °C process
temperature, the yield was marginally reduced gihédni spray rates from 98 % to 96 % (Table
2-11). This result was unexpected, because a lgieéd was expected at lower spray rates
due to a higher spray drying tendency. The lowealdyiat higher spray rates could be
explained with the higher inlet air temperaturegaed at high spray rates, to keep the desired
product temperature. The higher inlet air tempeeakeads an intensified risk of spray drying,
which reduced the yield of the process (see ch&beProduct temperature).

The amount of agglomerates increased at a highay sptes, which was more obvious at
lower product temperatures (Table 2-11). Reachiegnhaximum evaporation capacity of the
process (e.g. at high spray rates or low tempeagfuthe liquid on the pellet surface could not
be evaporated as fast as necessary, leading taeasified sticking and agglomeration of the
pellets. However, an agglomeration of < 1 % (w/Wgsvstill acceptable. Most importantly,
the spray rate demonstrated a significant impacthenpellet sphericity. The surface of the
pellets was covered with lots of small spikes, iegdo a clearly rough and undesired surface
(Fig. 2-4). The pellet sphericity was reduced fré®3 to 0.90, due to the increased
roughness. The spiky surface became more obvichiglagr spray rates of 6 g/min (Table 2-
11). The roughness of the pellet surface and #peky appearance were intensified at a lower
product temperature of 40 °C, demonstrated by redisphericity values (Table 2-11 and Fig.
2-4).
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The spray rate demonstrated a major impact on dfletpappearance and therefore on the
pellet quality. At higher spray rates, the pelletface became worse and was covered with
small spikes. The impact of the spray rate on tgdaaneration as well as on the yield was
less significant. However, higher agglomeration \@atected at higher spray rates, whereby
the total amount of agglomerates was still accdptabhe impact of the spray rate on the
process yield was almost negligible.

2.6.3. Spray nozzle air pressure

The spray nozzle air pressure was investigate@sisctitical process parameter. The spray
nozzle comprised of two air streams, which wereulagd and adjusted independently (see
chapter 5.2.1.). The atomizing air pressure (AA®)azes the spray liquid and forms the
spraying cone and the additional microclimate agspure (MC) forms a protection cover
around the spraying cone and varies the angleeokpinaying cone. Both air streams can be
adjusted from 0.1 to 2 bar, whereby a MC value ot dalf of the AAP value is
recommended by the equipment supplier for a flied process. An AAP of 1.5 bar was
defined as maximum adjustment, since a higher adprg would cause an undesired
fountain like movement of the pellets in the spcagmber, leading to sticking of pellets on
the upper parts of the spray chamber and on tieedfi{see chapter 5.2.1. and 2.2.).

The spray nozzle air pressure was varied in a sefieexperiments, whereby the MC, the
AAP or both air pressures were changed. A five fidayering process was conducted at 6
g/min spray rate and 40 °C product temperature witsimilar air flow of 38-42 rith to
determine the impact of the nozzle air pressuréheriayering process and on the quality of
CPM pellets. The results from the experiment saaresshown in table 2-12 and figure 2-5.
The nozzle air pressure demonstrated a significapact on the layering process and on the
pellet quality. A higher nozzle air pressure leadimaller droplets and therefore increased the
risk of spray drying. A greater loss of drug byaspdrying, visible by a reduced vyield, was
obtained at a higher MC and AAP values (Table 2-TBg yield decreased from 97-98 % to
94 % after increasing the AAP from 0.6 to 1.0 B&re increase of the MC and AAP from
0.3/0.4 bar to 0.5/0.6 bar did not show any impattthe yield, which remained almost
constant at 97-98 % (Table 2-12).

Table 2-12: Impact of spray nozzle pressure (MCA&PAon layering process and CPM pellet quality

MC / AAP 0.3/0.4bar 0.3/0.6bar 0.5/0.6bar0.5/1.0 bar
Yield 97 % 98 % 98 % 94 %
Agglomerates (> 1.4 mm) 50.2 % 10.4 % 0.8 % 0.1%
Sphericity go 0.85 0.90 0.90 0.93

Figure 2-5: Impact of spray nozzle pressure orCR¥ pellet surface as well as the pellet quality:
MC/AAP 0.3/0.4 bar (a), 0.5/0.6 bar (b) and 0.5K4a0 (c)
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At MC/AAP values of 0.3/0.4 bar, the sticking irettayering process was enhanced, resulting
in a huge amount of agglomerates (> 50 % w/w oftttal batch). The pellet surface was
covered with spikes, which lead to a low spheriaty0.85 (Table 2-12 and Fig. 2-5). The
increase of the AAP from 0.4 to 0.6 bar reducedatheunt of agglomerates to approximately
10 % (w/w) and also improved the pellet surfacee $pikes on the surface were reduced and
the sphericity was increased to 0.90. A furtheraase of the MC value from 0.3 to 0.5 bar
resulted in a further reduction of agglomerateslass than 1 % (w/w) (Table 2-12).
Interestingly, the sphericity and the yield of irecess remained unchanged. Consequently, a
higher MC reduced agglomeration, but did not hav&@gaificant improving effect on the
pellet surface and the spray drying tendency.

An increase of the AAP from 0.6 to 1.0 bar resulted significant improvement of the pellet
guality. The pellet surface was significantly sntmmt and the spikes were almost entirely
removed. The sphericity was increased to 0.93¢catolig a very round pellet with a smooth
surface (Table 2-12 and Fig. 2-5). Additionallyg tigglomeration was reduced to a minimum
with only 0.1 % (w/w) agglomerates. However, thelgiof the process was reduced which
was most probably caused by spray drying. One cextlede that the AAP has a strong
impact on the pellet surface, on agglomeration @mdhe yield of the process, whereby the
MC only affected the agglomeration and not thedyml the pellet surface.

A higher MC value leads to a stronger air streanhtana higher particle velocity in the fluid
bed. As a result, the contact between the pelletss neduced and existing agglomerates were
probably segregated. A higher AAP value leads talmdroplets which spread faster on the
pellets, forming a smoother surface. Additionalllge smaller droplets dry faster on the
surface, which not only reduces the agglomeratignalso increases the risk of spray drying
when droplets dried before they ‘hit’ the pelletfage. In summary, higher values of MC and
AAP are beneficial for the pellet quality. Howevene has to take care of the spray drying
tendency. Especially at low batch sizes and AARisidjents above 1.5 bar, the AAP air
stream can break through the fluid bed, leadingatoenhanced spray drying and to an
insufficient application of the drug layers on thedlet surface.

2.7.  Process setup for manufacturing of high dosedtgelle

After evaluating the critical and uncritical prosgsarameters, pellets with a high drug load of
Chlorpheniramine maleate (CPM) and Metoprolol &&fMPT) were manufactured. A high
drug content of 80 % (w/w) was aimed and cellulstseter cores with 700-1000 um diameter
were used. The high drug load of 80 % (w/w) coubd Ine achieved in a one step process
because the spray chamber was too small. Usingch B&e of 300 g starter cores, about
1200 g drug has to be applied to achieve a drudydd&0 % (w/w). This would lead to a final
batch size of 1500 g, which exceeds the maximunaagpof 1000g from the large spray
chamber. Consequently, the high drug loaded pelleie manufactured in several steps.
After finishing step 1, the batch size was divided the next manufacturing step was carried
out, using the drug pellets from step 1. If necessathird step was appended to achieve the
desired high drug load of 80 % (w/w).

In the case of CPM pellets a three step processmpiemented. The three step process for
the manufacturing of high dosed pellets is showtalnte 2-13. In the first step, a drug load of
45-48 % (w/w) was achieved. In the second stepdting load was increased to 65-68 %
(w/w) and finally to 80 % (w/w) in the third procestep. Within these three process steps the
pellet size increased dramatically from 855 umab1lum, due to the high drug loading (Fig.
2-6). Therefore, the process parameters were atlapteach step to obtain a stable process.
The air flow was increased from each step to all@whomogeneous and comparable
fluidization of the cores, especially at increapatlet diameters. The first step was started
with 500 g batch size. After the end of step I, ltlagch size was increased to 950 g. The batch
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was split and the second step was started withich Iséze of 450 g. After the end of step I,
the batch size was increased to 900-950 g. Afeesdtond splitting the third step was started
with 400 g batch size. The product temperature magased stepwise from 40 °C (step |) to
45 °C (step Il) and finally to 50 °C (step lll). iBhincrease of the product temperature was
necessary because the spray rate was kept almmstiant throughout the steps to keep the
process time as short as possible. With an increhgellet diameter and weight, the total
surface area of pellets in the batch was reducddlarefore it was necessary to maintain a
higher product temperature in order to evaporaeafiplied liquid promptly and to minimize
sticking. Due to the same reason, the spray raseraduced slightly in the last step from 6 to
5.5 g/min and the AAP was also reduced slighthyb{@2-13).

Table 2-13: Parameter setup for three step laygniagess for high dosed CPM pellets

Step | Step I Step I
Starter cores CelletsuZnOO-looo pellets from step |  pellets from step Il
Spray liquid CPM (16 %); HPMC (1 %) in water
Batch size 500¢ 450 g 400 g
Product temp 40 °C 45 °C 50 °C
Spray rate 6 g/min 6 g/min 5.5 g/min
Inlet air temp 57 °C 59 °C 63 °C
Spray nozzle (MC/AAP) 0.5/1.2 bar 0.5/1.2 bar .5 /01.1 bar
Air flow Max. 38 nt/h Max. 42 ni/h Max. 46 ni/h
Drug load 46.1 % 67.9 % 80.6 %
Yield 99 % 96 % 98 %
Agglomerates 0.1 % 0.1% <0.1%
Pellet size (o) 1053 pm 1317 pm 1651 pm
Pellet sphericity %) 0.93 0.94 0.94

{

Figure 2-6: Pictures of starter cores and pelli#&s aach production step — three step procesSrdA
pellets (a) and two step process for MPT (b) p&llet

The manufacturing process for MPT pellets only neglitwo steps, due to the higher drug
concentration in the spray liquid (40 % w/w MPT).the first step, a drug load of 51 % (w/w)
was achieved, which was increased in the secopdste 75 % (w/w) drug load. The product
temperature was almost similar, since an organieags solvent mixture (ethanol/water
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40:60) was used. However, the air flow and the ysprassure were adapted slightly in the
second step, due to the increased pellet diamatemaight (Table 2-14 and Fig. 2-6). All
other parameters were in a comparable range atgotiess steps. The process parameters
for an optimized MPT layering process are listethinie 2-14.

Table 2-14: Parameter setup for three step laygmiagess for high dosed MPT pellets

Step | Step Il
Starter cores Cellets 700-1000 pm pellets from step |
Spray liquid MPT (40 %) and AeroSi(1 %) in ethanol/water (40:60)
Batch size 500 ¢ 5009
Product temp 49-52 °C 50-52 °C
Spray rate 4-5 g/min 4-5 g/min
Inlet air temp 60 °C 60 °C
Spray nozzle (MC/AAP) 0.5/0.6 bar 0.6 /0.7 bar
Air flow 50 mh 55 ni/h
Drug load 50.9 % 75.8 %
Yield 99 % 99 %
Agglomerates 0.1% <0.1%
Pellet size () 1060 um 1341 um
Pellet sphericity () 0.94 0.94

The dissolution behavior of the uncoated CPM andl Ndellets was investigated. A small
amount (100-200 mg) of pellets was analyzed usiatewas medium. Due to their high
solubility, CPM and MPT pellets were dissolved inthagely, whereby >95 % MPT release
was measured after 1 minute. CPM dissolved malgisédwer, leading to >95 % release
after 3 minutes (Fig. 2-7). This phenomenon caexy@ained by the higher solubility of MPT
in water (>50 % w/w), compared with CPM: (L7 % w/w). However, complete drug
dissolution of approximately 98 % was obtainedahbnodel compounds, CPM and MPT.
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Figure 2-7: Dissolution of high dosed CPM @nd MPT pelletsa) in water (1 |, 37 °C, 50 rpm, n=5)
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The high dosed CPM and MPT pellets were analyzéd xray diffractometry to determine
the crystal morphology of the drugs after the laygiprocess. X-ray reference spectra’s of
pure CPM and MPT (Fig. 2-8 a and 2-9 a) were corpparith spectra from high dosed CPM
and MPT pellets (Fig. 2-8 b Fig. 2-9 b). All therayy spectra showed sharp signals, which
indicated a crystalline drug. The same signals vdetected in the drug reference spectra’s
and in the spectra of high dosed CPM and MPT llEhe uneven baseline of the pellet
spectra’s was caused by the semi-crystalline e@s&iktarter core. The drug morphology was
not affected by the layering process and both dregsined crystalline.
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Figure 2-8: X-ray spectra of pure CPM drug subsia(ait and high dosed CPM pellets (b).
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Figure 2-9: X-ray spectra of pure MPT drug substafag and high dosed MPT pellets (b).

Finally, the reproducibility of the layering prosesas tested for CPM and MPT pellets (data
from MPT pellets is not shown). The three step pssdor CPM pellets was repeated with the
same process parameters. The pellets obtaineddiotimexperiments were almost similar and
therefore the reproducibility was proven succe$s{iig. 2-10 and table 2-15).

Table 2-15: Reproduction of three step CPM layepgragess

Step | Step Il Step 1l
Start Reproduct. Start Reproduct. Start Reproduct.

Inlet air 57 °C 57 °C 59 °C 60 °C 63 °C 62 °C
Air flow 38m¥h  40nt/h  42nmi/h  45nih 46 ni/h 46 mi/h
Drug load 46.1 % 44.4 % 67.9 % 66.0 % 80.6 % 80.2 %
Yield 98 % 95 % 96 % 95 % 99 % 98 %
Agglomerates 0.1% 0.1% 0.1% 0.1% <0.1% <%0.1
Pellet size (%) 1053m  105@m  1314m  1314m  1651um  165Qum
Sphericity (o) 0.93 0.93 0.94 0.94 0.94 0.94
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Figure 2-10: Light microscopy picture of CPM pedletith 80 % drug load after three step process (a)
and reducibility process (b).

2.7.1. Process transfer to different starter core sizes

After the successful development of a stable abdisbmanufacturing process for CPM and
MPT pellets, the process was transferred to thélensdarter cores. The process development
and process optimization, described in the preveeions, was executed using cellulose
starter cores with a size range of 700-1000 um.|dilger starter cores were chosen since the
layering process is more stable at larger core® fisk of agglomeration and sticking
increases significantly at the use of smaller cores

With a median size of 1.5-2 mm the high dosed CPMl BIPT pellets, manufactured with
700-1000 um starter cores, were quite large (sge2Fb). A compression of those pellets into
tablets is still possible, but more challengingntiveith smaller pellets. The bulk density is
lower at the larger pellets, due to the largerfiled space between the pellets. Thus, less
large sized pellets can be filled into a definepstede size, compared with smaller sized ones.
Consequently, higher drug dosages can be achiegbesmaller pellets. About 627 mg CPM
pellets (1650 um diameter) could be filled intoagpsule size 0, whereby 721 mg of CPM
pellets (573 um diameter) were filled into the saca@sule size. Similar findings were
observed during compression of pellets into tablBise to their size, higher amounts of
smaller pellets can be compressed into tabletsawfessize. Additionally, the larger pellets
show a higher risk of segregation during blending tblet compression [88]. All rationales
demonstrated the need for high drug loaded CPM\MRE pellets but with a smaller size.

In the first step, the CPM layering process wardierred to smaller cellulose starter cores
with a size range of 500-600 um. The formulationtted spraying liquid and the process
conditions were kept in a similar range (Table 2-Tte layering process with smaller starter
cores was also stable and robust. The desired gradmperature was achieved without
difficulties and the sticking was at a minimum. #ngar air flow was necessary to fluidize
the smaller cores during the process. Unfortunathly resulting pellet quality was worse.
The pellet surface was uneven, covered with losdll, spiky uprisings (Fig. 2-11 a). It was
assumed, that these spikes on the surface weredobomliquid droplets which did not spread
evenly. To reduce the spiky surface, the solvethefspray liquid was changed from water to
a water-ethanol mixture (60:40 ratio) since thevesol change has already demonstrated a
significant improving impact on the pellet surfdsee section 2.4.). In addition to the solvent
change, the HPMC concentration was reduced from tb %1 % (w/w), due to the same
reason. Based on the higher CPM solubility in ethavater mixtures, the drug concentration
in the spray liquid was increased from 16 % to 22wv), which reduced the process time.
The adapted spray liquid improved the quality & twyyered CPM pellets and was therefore
also used for the manufacturing of CPM pellets \2i00-355 um starter cores.
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Table 2-16: Parameter setup for three step laygniagess for CPM pellets, using 500 um cores

Step | Step Il Step 1l
Starter cores Celletﬁrfrs]OOJOO pellets from step |  pellets from step I
Spray liquid CPM (16 %); HPMC (1 %) in water
Batch size 500¢ 450 ¢g 400 g
Product temp 40 °C 45 °C 50 °C
Spray rate 6 g/min 6 g/min 5.5 g/min
Inlet air temp 66 °C 67 °C 66 °C
Spray nozzle (MC/AAP) 0.5/1.2 bar 0.5/1.2 bar .5 /01.1 bar
Air flow Max. 35 n¥/h Max. 40 ni’h Max. 48 ni’h
Drug load 44.0 % 68.1 % 78.2 %
Yield 94 % 97 % 95 %
Agglomerates 0.2 % 0.2% 0.1%
Pellet size (o) 856 um 1078 pm 1382 um
Pellet sphericity (%) 0.91 0.92 0.92

Table 2-17: Parameter setup for three step laygniagess for CPM pellets, using 200 um cores

Step | Step I Step I
Starter cores CeIIetf”iOO-BSS pellets from step |  pellets from step Il
Spray liquid CPM (22 %) and HPMC (0.1 %) in ethawaker (40:60)
Batch size 500 g 450 g 400 g
Product temp 35-37 °C 35-38 °C 35-37 °C
Spray rate 6 g/min 6 g/min 6 g/min
Inlet air temp 56 °C 54 °C 55°C
Spray nozzle (MC/AAP) 0.6/ 1.0 bar 0.6/0.9 bar .6 000.8 bar
Air flow Max. 36 nt/h Max. 35 ni/h Max. 35 ni/h
Drug load 40.0 % 70.4 % 81.3%
Yield 92 % 98 % 94 %
Agglomerates 0.1% 0.3% 0.3%
Pellet size () 364 um 447 um 573 um
Pellet sphericity () 0.93 0.94 0.93

High dosed CPM pellets were manufactured from 2B®-@m starter cores successfully,
using the adapted CPM spray liquid. The processstase and the sticking was minimized.
The quality of the resulting pellets was much bettan obtained by the use of the aqueous
spray liquid (Fig. 2-11 b). Due to the faster evapion of the organic-aqueous solvent
mixture, a much higher spray rate was possible wreduced the process times significantly.
Consequently, it was possible to cut the processndm a two step process, similar to the
MPT layering process (see table 2-14). Howeverjloestep process had very long spraying
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times. These long spraying times increased thedfiskfilter or a nozzle blockage, which in
turn lead to even longer process times. Theretbeethree step process was kept, but with
shorter process times in each step. A stable #tegelayering process was obtained, using the
adapted spray liquid recipe for CPM. The stickingsweduced to a minimum and a
homogeneous fluidizing was observed in each prostegs. An AAP adjustment of 0.8-0.9
bar was found to be optimum. An adjustment abo®eb@r for AAP resulted in a stronger
spray drying tendency and in a lower yield (sep stéable 2-17). The resulting CPM pellets
were round and with a smooth surface. The paramsetap and the resulting pellets quality is
shown in table 2-17 and Fig. 2-11 respectively.

Table 2-18: Parameter setup for two step layernoggss for MPT pellets, using 200 pm cores

Step | Step Il
Starter cores Cellets 200-355 pm pellets from step |
Spray liquid MPT (40 %) and AeroSi(1 %) in ethanol/water (80:20)
Batch size 400 g 300 g
Product temp 48-53 °C 51-53 °C
Spray rate 2-2.5 g/min 2.5-3 g/min
Inlet air temp 60 °C 60 °C
Spray nozzle (MC/AAP) 0.5/1.2 bar 0.5/1.0 bar
Air flow 50 m’/h 55 ni/h
Drug load 48.0 % 76.8 %
Yield 94 % 98 %
Pellet size () 386 pm 542 pm
Pellet sphericity (%) 0.93 0.94

Finally, the MPT layering process was also trameférto 200 um starter cores. The MPT
layering process was already based on an aquegasiorsolvent mixture but an intensified
sticking during the process made an adaptationssacg. The ratio of ethanol in the spray
liquid was increased from 40:60 to 80:20 ethandlewaDue to the faster evaporation at
higher ethanol concentrations, the sticking wasimmized and a stable process was possible.
Alike to the MPT layering process with 700 um cotbe pellet manufacturing process with
200 um cores consisted of two steps. The procdsp s@d the pellet quality are shown in
table 2-18 and Fig. 2-11 c, respectively. In tmstfiayering step, the higher adjustment of the
AAP lead to a increased spray dying tendency aradltaver yield (similar to CPM layering
process). After reduction of the AAP to 1.0 bae theld reached 98 %. The MPT pellets
demonstrated a very good roundness as well asyasweoth surface (Fig. 2-11 c).

400 um,

Figure 2-11: Light microscopy pictures of high db&&PM pellets manufactured from 500 um cores
(a), from 200 pm cores (b) as well as high dosed lé&llets manufactured from 200 pum cores (c).
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In summary, the layering process was transferredessfully to smaller starter cores of 200-
355 um size range. Both spray liquids from CPM BRI required an adaptation to avoid an
intensified sticking and a spiky surface (as se#h @PM). In case of CPM, the spray solvent
was changed to ethanol-water mixture (40:60) ardbihder concentration was reduced to
0.1 % (w/w). Further, the CPM concentration waseased to 22 % (w/w), due to its higher
solubility. A stable three step layering process whtained with CPM pellets of high quality

and smooth surface. In case of MPT, the spraydiguas changed from 40:60 to 80:20
ethanol-water ratio. A stable two step process @l#ained, leading to MPT pellet of very

high quality and an almost perfect appearance.

2.7.2. Process transfer to low soluble API's

The entire process development for pellet layevirag carried out, using two highly soluble
API's (CPM and MPT). In the next step, the pelbstdring process was transferred to API's
with lower solubility. Two API's from the Novartigipeline, drug X and X%, were used. Both
were insoluble in water, but soluble in organiossoks. Therefore an organic layering process
was implemented. Drug :Xwas slightly soluble in ethanol 94 %, whereby diXigwas
slightly soluble in a 50:50 mixture of water ancetmne. Due to the low their solubility,
pellets with 16 and 27 % (w/w) drug load were predausing small starter cores (200-355
pm). The process parameters were adapted for #hefusrganic solvents i.e. the process
temperature was decreased to < 25 °C (drp)gaKd to < 30 °C (drug X. Furthermore the
adjustments for MC and AAP were reduced to 0.3 @ddbar to minimize the spray drying
tendency. Both spray liquids comprised of 7 % (Wwdng)g and 0.7 % (w/w) PVP as binder.

Table 2-19: Parameter setup for organic layeringss, using drugypand X

Drug X; Drug X,

Starter cores Cellét200-355 pm Cellet€ 200-355 um
Spray liquid Drug X; (7 %), PVP (0.7 %) in Drug Xz (7 %), PVP (0.7 %) in

ethanol (94 %) water-acetone (50:50)
Batch size 400 g 400 g
Product temp 26-28 °C 22-24 °C
Spray rate 8 g/min 7-8 g/min
Inlet air temp 36-38 °C 40 °C
MC / AAP 0.3/0.4 bar 0.3/0.4 bar
Air flow 33 m’h 35-38 ni/h
Drug load 155 % 27.2 %
Agglomerates 0.1% <0.1%
Pellet size () 345 pm 342 pm
Pellet sphericity () 0.93 0.94

In both cases, a stable layering process was @utaifhe low product temperature and the
low AAP and MC values were beneficial. The pelldsmonstrated a round shape with a
smooth surface. Despite the high spray rates, alnmagglomerates were detected (Table 2-
19 and Fig. 2-12). Unfortunately, the process yiebdld not be determined properly. The

evaporation of acetone and ethanol already stduddg the layering process, which changed
the drug concentration in the spray liquid. Howeweehigh yield was expected due to the low
dust formation during the process. In summary, ket layering process was transferred
successfully to low soluble drugs.
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S5

Figure 2-12: Light microscopy pictures of pelletsn drug X (a) and X% (b),
manufactured from 200 um cores.

2.8.  Scale-up of fluid bed layering process

After the successful transfer of the layering pssc® smaller cores sizes, to various solvents
and different drugs, the focus was set on the agalef the fluid bed layering process. The
process development so far was carried out in dakesusing a fluid bed granulator, type
“Mycrolab” with a batch size of 300-1000 g (seets®t5.2.1.). The fluid bed process should
be scaled up to a small pilot scale. A larger sihgid bed granulator, type “Unilab” with 1-7
kg batch size, was utilized (see section 5.2.2he Tnilab equipment was utilized for
manufacturing processes, following the “good mactufiéng practice” (GMP) guidelines.
Therefore, a GMP conforming documentation was meguas well as GMP conforming drugs
and excipients. The model drug MPT was receivenhfidovartis Pharma (see section 5.1.2.)
and was available in a GMP conforming quality. Gansently the MPT layering process was
chosen for the scale up.

2.8.1. Strategy for scale up

The easiest strategy for a scale up is the linreaease of all parameters in proportion to the
increase of the batch size [89]. In fact, this apph is easy, but has an important drawback.
In case of a fluid bed process, a scale up toghtld batch size would also require tenfold
increase of the other parameters, like the air thowd the spray rate. This increase of air flow
or spray rate is often not possible, due to equipgmedated limitations.

For the scale-up of fluid bed processes, Mehtd. giraposed a spray rate increase, which is
proportional to the air flow at larger scale [9Bhsed on this approach, the spray rate in large
scale can be calculated, using equation 4:

A
R=R (Vj (4) [89, 90]

1

R = spray rate at large (2 or small scale (B, V = air flow at large (V) or small scale (Y

Unfortunately, the scale-up is not as easy as shwquation 4. The air flow on a large scale
has to be known and critical parameters were nosidered. Two other approaches for the
scale-up of fluid bed processes were published layavb et al. and Schaefer et al. [91-95].
The moisture content of the process as well agltbplet size should be kept at a constant
level during the scale up to achieve an identicatipct quality [91-95]. The droplet size is
dependent on the spray rate and the spray nozzésyme and therefore both parameters must
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be adapted to achieve a similar droplet size dt seale [93-95]. The same applies to the inlet
air temperature, the air flow and the spray rateicivtogether establish the moisture content
in the fluid bed as a interplay of liquid evapooatiand liquid supply [91, 92]. Rambali et al.
summarized the mentioned approaches and followetdatuniform moisture content as well
as a uniform droplet size is required during thalesaip [96]. Additionally, the spray rate
should be increase in proportion to the increaseflaav at a larger scale. But still, the air
flow rate in large scale has to be known. For thason, the air velocity (also called linear air
flow rate) was introduced as scale-up term [89, Ik air velocity should be kept constant
and is calculated by the air flow through the botjgate area (Equation 5):

L:VZ:const (5) V =AxL (6)

L = linear air flow rate (m/s), V = air flow (f#h), A = bottom plate area (t

A constant linear air flow during the scale-up ledadequation 7, which can be used to
calculate the air flow (equation 8), needed indasgale.

ViVe
A A

A = bottom plate area (fat large (A) or small scale (A

_y e
7 V, =V, x— (8
(7) A (8)

To calculate the spray rate for the large scaleatgn 5 (7) was combined with equation 4,
leading to equation 9:

=R x| 2| (9) [89, 97
Rle(Alj()[’]

However, the mentioned approach to calculate tbegss parameters during scale-up is only
valid, if the equipment geometry does not change.

The described scale-up approach from literature imwgdemented to calculate the scale-up

parameters of the current fluid bed layering precémfortunately, the process humidity was

not measurable in the currently used equipmentstlaadiroplet size could not be analyzed,

due to a lack of analytical equipment. Therefone, approach of a constant droplet size and
moisture content cannot be implemented, howeveapipeoach is reasonable.

The Disk-Jet bottom plate from the Mycrolab equipirtead a diameter of 11.4 cm, including
the spray nozzle with total 0.9 cm diameter. Basedequation 10, the surface of the
Mycrolab Diskjet was calculated to 0.01017 (®01021 m, including nozzle). Based on the
used air flow of 55 rith in small scale, the linear air flow rate wascaokted to
approximately 5410 m/h, corresponding to 1.5 ngg)giequation 5.

Al\/lycrolab = ADiskjet(totaI) - A\wozzle (10)
A\Jnilab = ADiskjet(totaI) - 2'A\wzzle_ A%entercone (11)

The Diskjet of the larger scaled Unilab comprised nhozzles (3.2 cm x 2.0 cm) as well as a
metal cone with 8.5 cm diameter in the center. Diskjet of the Unilab had a total diameter
of 30.8 cm, which corresponds to a total surfac®.667826 r (0.068831 rf including
nozzles), calculated using equation 11. Based aatem 5, the air flow for the large scale on
the Unilab was calculated to approximately 378hn(367 ni/h exactly), using a constant
linear air flow rate of 1.5 m/s. Including the ntesurface into the Diskjet surface, the air
flow on the larger equipment would marginally irese to 371 fth. Since the air flow
demonstrated slight variations during the procdss/-03 nt/h, the setpoint air flow for the
first large scale experiments was defined to 38 ifTable 2-20).
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The spray rate on the large scale was calculatagsimg the equation 9. Based on the spray
rate of 2 g/min at small scale, the spray rate3f4 g/min (exactly 13.4 g/min) was aimed
for the larger scale. However, the spray rate enléinge equipment differed by +/- 5 g/min
during the process due to the spray rate contrsiesy (balance with 5 g accuracy). The
process was started with 7 g/min spray rate andneasased until the maximum was reached
(Table 2-20). The product temperature of 50-52 RGusd be kept constant in large scale to
guarantee similar balance between evaporation avodes humidity.

Table 2-20: Process parameters for scale-up froall sicale (Mycrolab) to large scale (Unilab)

Process parameters Small scale (Mycrolab) Large scale (Unilab)

Spray liquid MPT 40 %, Aero$ill % in 80:20 ethanol-water blend

Batch size 0.4 kg 1 kg

Air flow 55 m*/h 380 ni/h

Air velocity 1.5m/s 1.5m/s

Spray rate Max. 2 g/min Start: 7 g/min (Aim: 13-{/Min)

Product temperature 50-52 °C 50-52 °C

MC / AAP 0.5/0.8 bar 0.5/ 0.8 bar (adapt if resazy)
One vertical nozzle; Two obliquely nozzles;

Nozzle geometry @ 0.6 mm @ 0.8 mm

The spray nozzles remained as a major challengéhéoscale up. As mentioned in section

5.2.2., the number of nozzles and their geometanghs during scale up from Mycrolab to

Unilab. The droplet size should be kept in a simiénge, however the droplet size was not
measurable and prediction or calculation was tbeeehot feasible. The spray nozzle was
recognized as a rate limiting parameter, but tregteof the equipment could not be changed
and therefore the spray nozzle setup has to béutisgradapted within the scale-up.

For the initial experiments, it was decided to tise same nozzle adjustment for MC and
AAP (0.5 / 0.8 bar) on the larger scale, than am gmaller scale. If necessary, the nozzle
adjustment should be optimized in further trialeeThozzle diameter increased during scale
up from 0.6 to 0.8 mm on large scale, due to eqaigntimitations. The impact of the spray

nozzle diameter was already studied on a smalésghére it demonstrated no impact on the
process and the pellet quality (see chapter 2ZI6g.final setup for the first scale up trial on

the Unilab and the corresponding optimized triatloe Mycrolab is shown in table 2-20.

2.8.2. Parameter ranges and critical parameters

The first scale up trial was carried out using pnecess parameters, shown in table 2-20,
which were determined on basis of the bottom pideneter approach for the scale up. A
stable fluidization and an easy controllable prece®re thus obtained. The calculated air
flow was suitable and provided a good fluidizatidnterestingly, the spray rate could be
increased even to 45 g/min without agglomerationmnach higher spray rate than the
predicted 14 g/min. The product temperature of B0*6 was achieved without difficulties
and the applied nozzle pressure worked well. Thietpguality was even better than the pellet
guality obtained with the Mycrolab (Table 2-21 dfid. 2-13). The particle size distribution
was significantly narrow, whereby the particle sptity remained almost unchanged (0.93
before and 0.94 after the scale up).
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Table 2-21: MPT pellet quality, produced with Mytero and Unilab in comparison with starter cores.

Mycrolab Unilab
Cellets 200-255 um
MPT pellets, 48 % DL MPT pellets, 63 % DL
X50 288 um 386 pm 419 pm
PSD (%0-X10) 84 um 120 pm 98 um
S50 0.94 0.93 0.94

pellets, manufactured in small scale on Mycrolgbagbwell as in large scale on Unilab (c)

The layering process on large scale was repeated twith the same parameter settings
(Table 2-20 and 2-22) to prove the reproducibilAysimilar yield of 95.4 % versus 94.8 %
was obtained after the trials. The pellets dematesiran identical particle size and sphericity
as well as an almost identical particle size distion. Finally, the reproducibility of the MPT
layering process was demonstrated successfulprgelscale using the Unilab equipment.

Table 2-22: Reproducibility of MPT layering procés®ilot scale.

Particle size

Particle size ¥ distribution (PSD) S50 Yield
Reproduction | 430 um 97 um 0.94 95.4 %
Reproduction II 430 um 92 um 0.94 94.8 %

Within a series of experiments, the limits of thiéedent changeable parameters, like air flow,
spray rate and spray nozzle adjustments, were a&eal(Table 2-23). All experiments were
carried out with a batch size of 1 kg and a prodeatperature of 50-52 °C as well as
equipped with a nozzle of 0.8 mm diameter. In eagperiment only one parameter was
varied to determine the limit of the respectivegpaeter.

Based on the determined limits, a design of expamis (DoE) was prepared. The DoE
should clarify the impact of three parameters (gpede, air flow and spray nozzle pressure)
on the layering process and also should help tmdechich parameter is the most critical for
the scale up of the pellet layering process. THehel@ limits for the DoE (-1; O; +1) are
shown in table 2-23. The DoE comprised of, in td@dkyering trials. Six different responses
were chosen to evaluate the impact of the thresrilay parameters. The yield of the process,
the particle size distribution, the dust obtainedriy the process, the amount of
agglomerates, the drug content of the pellets hea sphericity. The results from DoE are
shown in table 2-24. Further, the prediction plaistwo parameter combinations i.e. spray
rate (%) versus nozzle pressurejXand spray rate (X versus air flow (%) are shown in
figure 2-14 and figure 2-15 respectively. The pecadn plot of air flow (%) versus nozzle
pressure (X) is not shown.
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Table 2-23: Parameter limits and optimized valwesair flow, spray rate and spray nozzle pressure.

Tested upper/lower Optimum Defined limits for DoE

limit
-1: 250 nih
Air flow Min. 250 n/h  350-380 nih 0: 350 mh
+1: 450 nvh
-1: 25 g/min
Spray rate Max. 65 g/min 40-45 g/min 0: 40 g/min
+1: 55 g/min
Spray nozzle pressure: -1: 0,6/0,4 bar
Atomizing air pressure/ Max. 0.6 /1.2 bar 0.5/0.8 bar 0: 0,8/0,5 bar
Microclimate +1: 1,0/0,6 bar

Table 2-24: Results from DoE — Critical scale upapzeters

Dustin Agglo- Drug

AAP /[ Air Spra . .
MC flow rgltey Y(':/eol)d (P SD filters merates content Sphericity
X) (XD (X M g ) ) o)
0 0 0 94.0 95 12 0,14 66,2 0,02
+1 +1 +1 67.3 121 803 0,24 48,2 0,03
+1 +1 -1 34.9 118 1630 0,59 7,4 0,04
-1 -1 -1 94.8 96 133 0,16 64,5 0,04
+1 -1 -1 79.2 125 406 0,30 55,6 0,03
-1 +1 -1 83.5 86 69 0,14 58,0 0,02
-1 +1 +1 90.0 175 266 7,85 63,0 0,06
+1 -1 +1 93.1 97 20 0,14 62,1 0,03
0 0 0 94.3 103 55 0,30 62,8 0,02

In summary, the three parameters demonstratechdisamt impact on the six responses. The
impact in the each case is shown in the predigtiots (Fig. 2-14 and Fig. 2-15). The spray
rate was an important parameter whereby a maxinspealy rate was aimed to achieve short
process times. However, high spray rates resuftehhanced agglomeration and lead to the
wider PSD and reduced sphericity. The impact ofgey rate on the layering process was
obvious. The fluidization was reduced and the pektarted to stick to each other. A similar
situation was obtained for the air flow rate aswvdas also an important parameter. The
homogeneous fluidization is a prerequisite for @kt layering process. A lower air flow
caused an enhanced agglomeration, whereby at hidglow rates the drug load and yield
were reduced due to an enhanced spray drying. 4oaoto the spray rate, the impact of the
air flow on the layering process was also direeityble.

The spray nozzle pressure was also an importaaner. A higher spray nozzle pressure
caused a lower yield and a higher dust formatiancdntrast, a low spray nozzle pressure
resulted in increased agglomeration especially igh tspray rates. Unfortunately, the
(negative or positive) impact of the spray nozziespure was only detectable after the end of
the layering process. Therefore, a fast interventb insufficient nozzle adjustments was
difficult and required a wide knowledge of the lagg process. Even small variations of the
nozzle pressure resulted in a tremendous impatiieprocess.
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In contrast, a similar variation of the nozzle gree in a smaller scale did not demonstrate a
similar strong impact on the layering process. Tleemetry of the spray nozzle in both
systems provides the explanation for the differanade impact. In the Mycrolab, the nozzle
is in a vertical position, spraying vertically inet middle of the fluid bed (Fig. 2-16 a). In the
Unilab, the spray nozzles are placed obliquehhanliottom plate, positioned at a 180 ° angle
and sprays in the direction of the particle movemerihe fluid bed (Fig. 2-16 b). A higher
spray nozzle pressure at the Unilab causes snamtiptets and an increased nozzle air stream.
This additional air stream increases the partie®aity in front of the nozzle, leading to an
intensified collision of the particles on the spnyamber walls resulting in a lower yield due
to higher loss by dust formation. In the Mycrolam, increase of the nozzle pressure also
leads to smaller droplets and to higher velocitiegarticles in front of the nozzle. Due to the
vertical position in the middle of the bottom platiee risk for spray drying is enhanced, but
the particles cannot collide with the walls of titeamber. Nevertheless, the obliquely position
of the nozzles on the Unilab is beneficial for tlagering process. Due to the circular
movement of the particles in the system, the peledss both spray nozzles within one turn.
Since the nozzle sprays in the direction of théiglarmovement, the pellets pass the spraying
cone with a high velocity which leads to a fastgiry. In the Mycrolab, the spray cone hits
the circulating fluid bed in the middle, which tsetarea with the lowest particle movement.
Therefore the drying capacity is reduced, leadmghe lower spray rates. In fact, a much
higher spray rate was possible on the Unilab thrathe Mycrolab. This phenomenon should
be kept in mind, when doing a scale up of a pédigtring process from Mycrolab to Unilab.

Figure 2-16: Geometry of spray nozzles in Mycrdlabvertical) and in Unilab (b, obliquely)

2.8.3. How to scale-up a fluid bed layering process

Based on the scale up experiments it was possileopose a general path for the scale up of
pellet layering processes (using MPT as drug) fimorscale to small pilot scale.

- The air flow can be scaled up easily by calculatimg air velocity in the small scale
(section 2.8.1.). A constant air velocity ensurdtbanogeneous fluidization during scale
up (section 2.8.2.) and small air flow adaptatioas be done easily within the process.

- The spray rate can also be scaled up easily, y.a. $pray rate increase in proportion to
the air flow at a large scale. A higher spray thn predicted was possible in large scale
due to the changing nozzle position (section 2.8The maximum spray rate has to be
tested in each case but a start value can be atddubased on the mentioned approach.

- The product temperature should be kept constanhgltine scale up. Since, the nozzle
diameter did not demonstrate an impact it was recented to use the available nozzles.

- Finally, the spray nozzle pressure (AAP and MC) veasd to be a sensitive parameter
for the scale up. Small adaptations of the spraggure can lead to huge affects in the
layering process which are difficult to identify rthg the process. Based on the
experiments, it was recommended to keep a constanzte pressure during the scale up.
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In the current scale up, an organic-aqueous solwvexture (80:20 ethanol-water) with a low
viscosity was used. Using aqueous solvents or djgpaigls with higher viscosity, an increase
of the spray nozzle pressure would be necessamyetder, it should be kept in mind, that the
different nozzle position on the larger scale destiated a huge impact on the layering
process. A gentle increase or decrease of the syozgle pressure is therefore recommended.

2.9. Summary and outlook

A multitude of different parameters from the spiayid formulation as well as from the
layering process itself were investigated to deteentheir impact on the pellet layering
process as well as on the resulting pellet qualfig. 2-17). A strong impact was
demonstrated by the spray liquid formulation, eslcby the binder type and concentration.
An emulsifier addition, the starter core size adl as the solvent type also demonstrated a
strong impact. Regarding the process related pdesspehe major impact was demonstrated
by the spray rate, the spray nozzle pressure amdaithflow. A minor impact was also
obtained from the product temperature, the batzh, @ lubricant addition and the starter
cores type. The impact of drug concentration ingpeay liquid and the inlet air humidity
were not investigated.

Scale Binder type

Inlet air humidity & concentration

Drug concentration

up
')? 1 / Emulsifier addition
Spray rate /
\ &~

Spray solvent

Spray nozzle | gy || pgjlet layering process| <... Lubricant
pressure - addition
/ K / AT
Air flow % \ Starter core size
Product
Starter core type
temperature NOZZIG Ba}tch P
diameter size
— Strong impact sececeesP> Minor impact —H— No impact

Figure 2-17: Overview on investigated parametdfecting the fluid bed pellet layering process

Figure 2-17 visualized clearly how strong the flbed process for high dosed layered pellets
is affected from several parameters. It is obvitias$ a thorough evaluation of a suitable spray
liquid formulation and a balanced adaptation of flnecess parameter are essential for a
stable and homogenous layering process. A stalllet payering process was developed
successfully for two model compounds, CPM and MRhigh drug content of 70-80 % was
achieved, which is an uncommon high drug load &keps, produced by a fluid bed layering
process. The process was optimized, using differerg sizes and different solvents, and was
finally scaled up from a lab-scale to a small pdoale. In the next step, a polymer film coat
was applied onto the manufactured high dosed pdlbetontrol and adapt the drug release.
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3. Formulation development for modified release pelletoating

3.1. Background and purpose

In the previous chapter, a stable fluid bed layperprocess for high dosed pellets was
developed. In the next step, a suitable pelleticggbrocess was developed, using novel
polyvinyl based polymer blends for a sustained drelgase. The aim was to clarify the
impact of numerous factors (e.g. equipment setaptitg composition and storage) on the
drug release. The impact of several coating faobordhe drug release has been published
frequently for the commonly used sustained relddsecoatings, e.g. ethyl cellulose (EC),
Eudragif RS, Eudragft RL, Eudragi? NE and Kollicoaf SR [3, 79, 80, 98-102].

In addition to the use of one coating polymer, blending of different coating polymers to
achieve a desired release is an important and ggofield in pharmaceutical development. A
throughout overview on several types of polymenttewas given by Siepmann et al. [29]:

- blends from two insoluble polymers [78, 103, 104]

- blends from an insoluble and a soluble polymé@r32, 34, 105]

- blends from an insoluble and an enteric polyrn3&; B9, 41, 69, 106, 107]

- blends from an insoluble polymer and enzymatgrdéable polymer [108-110].

The current work was focused on blends from anluide and a soluble polymer, whereby
both polymers were based on a polyvinyl backboneth Bpolyvinyl based polymers are

introduced in the next section, followed by the @lepment of a suitable film coating process
and the throughout investigation of drug releasenfthe coated pellets.

3.2. Physicochemical properties of polymers and coalisgersions

Poly(vinyl acetate) (PVAc) and poly(vinyl alcohet)poly(ethylene glycol) graft copolymer
(PVA-PEG) were used as main coating polymers. Batlymers were blended in different
ratios to diversify the drug release. The physiberaical properties of PVAc, PVA-PEG and
blends of both were investigated and compared muithilished data from literature.

PVAc was delivered as a white dispersion with 30(®#8w) solid content [111]. The
dispersion has a pH of 3.8, a viscosity of 16 m&a$ a mean particle size at 150-160 nm
(Xpc9. PVA-PEG is a free flowing powder with a meantjde size of 125 um 6g). A 10 %
aqueous solution of PVA-PEG has a pH of 5.9 andseosity of 30 mPas, which is much
lower than a comparable hydroxypropyl methyl celsd (HPMC) or methyl cellulose (MC)
solution [112]. The addition of PVA-PEG to PVAc ditbt change the mean patrticle size,
since PVA-PEG dissolved completely. PVAc/PVA-PE@nrals in 9:1 and 8:2 ratio (16 %
w/w polymer content) showed an almost identicaliplar size of 160-170 nm. Also the pH
remained unchanged at pH 3.8 (9:1 ratio) and pH(8.23 ratio). In contrast, the viscosity
increased from 2.9 mPas (16 % w/w PVAc) before FREG addition to 3.2 and 4.6 mPas
after PVA-PEG addition in 9:1 and 8:2 ratio, respety.

PVAc shows a low minimum film formation temperatutdFT) of 18 °C, published by
Dashevsky et al. [79]. The MFT, a characteristigperty of each coating dispersion, can be
reduced by addition of plasticizers [79]. A plagier content of 0-10 %, calculated on dry
polymer mass, is recommended for PVAc dispersithi]f Additionally, PVAc shows a low
glass transition temperature (Tg). The Tg is anotiaracteristic polymer property and is
important to define the optimum coating conditiofbe Tg of PVAc/PVA-PEG blends with
different plasticizer concentrations (propylene cgly as plasticizer) was measured and
compared with data from Mdller et al. [113] (TaBl4).
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Table 3-1: Tg of PVAc and PVAC/PVA-PEG blends, watid without plasticizer (propylene glycol).

Film coating polymer No plasticizer 10 % plastaiz
PVAc 42.5°C, 41.4°C 31.8°C
PVA-PEG 37.9°C -
PVAC/PVA-PEG, 9:1 ratio 39.5 °C 36.5 °C
PVAC/PVA-PEG, 8:2 ratio 36.2 °C, 35.6°C 34.0°C
PVAC/PVA-PEG, 7:3 ratio 33.3°C -

@ plasticizer concentration is calculated on totglmgblymer mass.
® data from Miiller et al. [113]

The Tg results from Mduller et al. were almost idesit with own results (Table 3-1). The
addition of PVA-PEG to PVAc reduced the Tg sigrafitly, whereby higher PVA-PEG ratios
resulted in further reduced Tg values. Interesyingte Tg of plasticized PVAc films was
much lower, than the Tg of plasticized blends oAé\and PVA-PEG. The addition of 10 %
plasticizer (propylene glycol) to PVAc reduced freeto 31.8 °C, whereas a reduction to only
39.5 °C was achieved by addition of approximat€lyd PVA-PEG (equivalent to 9:1 blend
ratio). One can conclude that PVA-PEG acts as stipizer, whereby its plasticizing capacity
was lower than those of propylene glycol. Furtheemdhe plasticizer activity of PVA-PEG
and propylene glycol was not additive. The Tg réidumcwas less significant at plasticized
PVAC/PVA-PEG blends than at plasticized PVAc filmevertheless, PVA-PEG can be used
to reduce effectively the Tg of PVAc films. Whene\a strong plasticization capacity is
required, other plasticizers (propylene glycolrgathyl citrate) should be used.

To investigate the flexibility of the polyvinyl bad films, the elongation at break of thin
polymer films, with or without plasticizer, was nse@ed. Interestingly, films without
plasticizer were brittle in dry state and demoristtaa very weak flexibility without a
measurable elongation at break (Table 3-2). Th&iaddf PVA-PEG to the PVAc film did
not improve the flexibility. The tensile strengtrasvreduced from 25 N/nfiio 17 N/mni
after addition of PVA-PEG, whereas a higher PVA-PE&io resulted in an obvious
reduction of the tensile strength (Table 3-2). Aftedition of plasticizer, the films became
extremely flexible with an elongation at break @02300 % [111, 114]. The elongation at
break seemed to be reduced at increasing PVA-PHEGs ra&specially at 8:2 blend ratio.
Nevertheless, the reduction tendency was not stgmif, due to the high variations in
breaking elongation analysis. The tensile stremgtplasticized PVAc film and PVAc/PVA-
PEG blends was evidently reduced, compared to fitisout plasticizer (Table 3-2).

Table 3-2: Flexibility analysis of PVAc/PVA-PEGrfik with and without plasticizer.

Film coating polymer Tensile stgength Breaking elongation
(N/mn) (%)

PVAc, no plasticizer 28 ch

PVAc , 10 % plasticizer 1% 270-300°

PVAC/PVA-PEG 9:1, no plasticizer 21.0 £2.7 1.80.3

PVAC/PVA-PEG 9:1, 10 % plasticizer 9.2 £0.2 285%21.4

PVAC/PVA-PEG 8:2, no plasticizer 169 +25 1.3

PVAC/PVA-PEG 8:2, 10 % plasticizer 10.0 £ 0.5 3B& 15.2

@data from [111, 114]
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3.3.

The combination of soluble PVA-PEG with insolubléAt as film coating for solid dosage

forms was mentioned by the polymer supplier, BAgB, [81, 115, 116]. Stribing et al.

adapted the BASF film coating composition for cogtistudies on Propranolol and
Theophylline tablets [35, 36] as well on floatirapkets [117, 118]. The coating composition
from Strubing et al. with blends of PVAc and PVA®Es shown in table 3-3. The published
coating composition served as starting point fergbrrent coating studies on pellets.

Film coating process

Table 3-3: Film coating composition, based on P\PAGA-PEG blends from Striibing et al [36].

Coating composition Coating composition

Excipient PVAC/PVA-PEG 9:1 PVAC/PVA-PEG 8:2
PVAc (Kollicoat SR 30D) 496.0 g 47.72 % 435.09 43%
PVA-PEG (Kollicoat IR) 16.5¢9 1.59 % 33.0g 3.32%
Triacetin 709 0.67 % 709 0.7 %
Poly(vinyl pyrrolidone) (PVP) 50¢g 0.48 % 50¢g 50.%
Talc 35.0¢9 3.37 % 35.0¢9 3.52 %
Titanium dioxide (TiQ) 50¢g 0.48 % 50¢g 0.50 %
Water 475.0 g 45.69 % 475.0 g 47.74 %

Table 3-4:Coating parameters from Stribing eflam BASF and adapted coating parameters for

first coating trials on Mycrolab fluid bed coater.

Drum coater [36]

Fluid bed coater
GPCG 1[119]

Adapted parameters
for Mycrolab

inlet air temperature: 50 °C 50-55 °C 50 °C
product temperature: - 35-40 °C 35-40 °C

air flow rate: 100 m3/h 90 m3/h 35%h

spray rate: 7.5 g/min 4.5 g/min 2 g/min
atomizing air 2.0 bar 1.2 bar micro'c!imat.e:_ 0.5 bar
pressure: atomizing air: 0.6 bar
nozzle diameter: - 1.2 mm 0.8 mm
drying: - 15 min at 40 °C 5 min at 50 °C

Stribing et al. used a drum coater for the coathgablets and floating tablets [36].
Therefore, the coating parameters were not tragisterto the fluid bed process, which was
implemented for pellet coating. Coating parameters$luid bed coating with polyvinyl based
polymers were published by BASF [119]. Within thA$F publication, a GLATT fluid bed
coater was used, making an adaptation of the gppirameters necessary for their use on the
Mycrolab coater. The coating parameters from Stwjil®@t al. (on drum coater [36]), from
BASF (on GPCG 1 from GLATT [119]) and the adaptedgmeters for first coating trials are
summarized in table 3-4. The mentioned processnetes were designed for 800 g batch
size, whereas 300 g batch size was used on theoMixccoater. Therefore, the air flow rate
was reduced to approximately one third of the giaerflow rate on the GLATT equipment.
The spray rate was reduced accordingly and a noateeter of 0.8 mm was implemented to
avoid nozzle blockade (see chapter 2.5.). Fingtlg,spray nozzle pressures (MC/AAP) were
adapted, according to the experiences from peligdring process (see section 2.6.3.). After
coating, the pellets were dried at 50 °C for 5 rtesu
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First coating processes were carried out with Gileniramine maleate (CPM) pellets, using
the coating composition from table 3-3 (9:1 blerfdPR¥Ac/PVA-PEG) and the adapted
coating parameters from table 3-4. A stable cogpirgggess was achieved. However, several
issues were obtained during the process, whichtbable optimized. Primarily, a strong
sticking of pellets was observed during coatinguling in an enhanced agglomeration.
Additionally, the spray nozzle air stream brokeotigh the fluid bed, leading to a high loss of
coating material by spray drying. The coated pelledd an acceptable appearance, without
visible coating defect, but they stick to each othfter exposure to the dissolution media.
Gentle agitation leads to a film coat rupture arskparation of the film from the pellets. A
sustained release was not achieved.

As a consequence, poly(vinyl pyrrolidone) (PVP) wasoved from the coating composition
(see table 3-3), which reduced the sticking andlcagegration during coating as well as
avoided the rupture of film coat during the dissiolu testing. Additionally, the adjustments
for MC and AAP were reduced from 0.5 and 0.6 bar0t® and 0.5 bar, respectively.
Afterwards, the spray nozzle air stream did nogmbreak through the fluid bed. With an
increasing spray rate, the adjustments for theyspoazle had to be adapted. The MC and the
AAP were increased at higher spray rates from Qd3(a5 bar to 0.4 and 0.6 bar, respectively.
Within the further coating trials, a smaller batthe of 150-200 g was used for the optimized
coating process, which made a reduction of thél@ir rate to 25-30 rfih necessary. An air
flow rate of 25 n¥h was found to be sufficient at the beginninghef toating process. Within
the coating process, the air flow rate was incré@sepwise to 30 ith, simultaneously with
the increase of the spray rate from 1 g/min todZmin. A spray rate of 3 g/min was found to
be the maximum for the current coating process.valg/min spray rate, sticking and pellet
agglomeration increased dramatically and leadimeakdown of the fluid bed process.

In addition, the impact of the nozzle size on tbhatmg process was investigated. The two
nozzle diameters, 0.6 mm and 0.8 mm, were compavhdreby no impact of the nozzle
diameter was observed on the coating process theoappearance of the coated pellets. The
use of the small nozzle diameter (0.6 mm) lead fie@uent nozzle blockade by small lumps
in the coating composition, although the coatingpdrsion was passed through a 500 pm
sieve before coating. To reduce the nozzle blockademinimum, the spray nozzle with 0.8
mm diameter was used in the further coating tridilee product temperature of 35-40 °C,
recommended by BASF, was found to be suitable ler ¢oating process. The product
temperature resulted from the interplay of thetiale temperature and the spray rate. Since a
maximized spray rate was aimed to obtain a fadirgparocess, the inlet air temperature was
adapted to achieve the desired product temperature.

Table 3-5: Adapted parameters for pellet coatisgygiMycrolab fluid bed coater

Used batch size 150-175¢ Air flow rate 25-38m
Inlet air temperature 45-50 °C Microclimate / 0.3/0.5 bar -
Product temperature 35-40°C  atomizing air 0.4/0.6 bar
Spray rate 1-3 g/min Nozzle diameter 0.8 mm

Implementing all the optimized parameters (Tablg)3the first successful pellet coating
process was obtained, leading to pellets with detdég appearance and without visible
coating defects. CPM pellets with 80 % (w/w) drugnient were coated to a coating level of
18 % (w/w, calculated on dry polymer mass), usirgp@position with a 9:1 blend of PVAc
and PVA-PEG [120]. The internal structure of thps#lets was investigated, using an energy
dispersive x-ray (EDX) analysis of the pellet crgsstion (Fig. 3-1). EDX is an additional
tool for electron microscopy and allows a detectaomd mapping of specific atoms in a
sample [121, 122].
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Figure 3-1: Cross section of film coated CPM pel&&M picture (A); EDX mapping of
chlorine (B), silicon (C), magnesium (D), titani&®) and oxygen (F).

Five different atoms (chlorine, magnesium, titanjgiicon and oxygen) were detected and
mapped using EDX technology [120]. Additionally, @ectron microscope picture was taken
from the cross section of the coated pellet (Fig. B). The microscopy picture showed the
three compartments: the starter core in the midalerounded by the drug layer (CPM) and
enclosed by the film coat layer. Results from EDXapping of chlorine showed a
homogeneous distribution of the chlorine containdrgg (CPM) within the drug layer,
without any defects (Fig. 3-1 B). Furthermore, clederfaces were mapped without a drug
migration into the starter core or into the filmatoA mean drug layer thickness of 4{fdh
was determined. Mapping of magnesium and silicenpart of talc, as well as titanium
showed a homogeneous distribution of the elementha coating layer (Fig. 3-1 C-E). No
accumulations of talc or TiOwere detected. The film coat was intact and unifavith a
mean thickness of 70.om. A mapping of oxygen displayed the high oxygemtaming
cellulose starter core and the film coat layer ¥AEB/PVA-PEG (Fig. 3-1 F). The intactness
of the film coat and the homogeneity of the différéayers were proven successfully. The
importance of EDX mapping for the investigationinfernal structures from solid dosage
forms was demonstrated, confirming previously mh#d EDX results [123, 124].
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The drug release from coated CPM pellets was aedJyavhich were produced with
optimized parameters (Table 3-5). The pellets ¢oath54 % (w/w) drug after coating, which
corresponds to a coating level of 18 % (w/w, calted on dry polymer mass). PVAc and
PVA-PEG were blended in 9:1 ratio in the coatingpérsion. A combination of delayed and
sustained release profile with a specific s-shgpgpgnoid) and symmetric drug release curve
was obtained (Fig. 3-2). The release profile inetic lag-time of 2 hours, followed by a
continuous drug release over 3 hours. The relessshed a plateau phase after 5 hours with >
95 % drug release until the end of the analysier &t hours [120]. This sigmoid shaped
release profile was uncommon, since further stuoiieBVACc coated pellets [56, 79, 80] or on
PVAC/PVA-PEG coated tablets [35, 36] did not showcamparable release profile.
Nevertheless, a sustained drug release over appatedy 5 hours was obtained. The absence
of a burst release demonstrated clearly that aaumifand uninterrupted film coat layer was
applied onto the pellets.

110

CPM release (%)

time (hours)

Figure 3-2: Drug release from coated CPM pelleimparising 18% coating level
with 9:1 blend of PVAc and PVA-PEG (n=5).

Although the parameters for the coating proces®wetimized, some small adaptations on
the coating composition were implemented in thet s&ep. In the actual coating composition,
triacetin was used as plasticizer, based on puddistudies by Stribing et al [36]. However,
other publications from BASF recommended propylgheol as plasticizer of choice for
PVAc films [111, 114]. Therefore, triacetin was stituted by propylene glycol, whereby an
identical plasticizer content of 5% (w/w, calcuthaten dry polymer mass) was used. The
coating process was not affected by the plastigmdstitution. No changes in fluidization,
sticking or visual appearance of the pellets wdainbd.

Although, the sticking during the process was ahiaimum, the talc concentration was
increased from 3.5 % to 4.8 % (w/w), which correggsto a talc concentration of 30 % (w/w
calculated on dry polymer mass). The higher taleceatration should help to reduce and
prevent pellet sticking, even at the use of othéAE&PVA-PEG blends. The use of 4.8 %
(w/w) talc lead to a slightly improved coating pess with a further reduced agglomeration
tendency. The pellets demonstrated still a gooccagmce with a smooth surface. Based on
these adaptations, the final film coating compositvas defined and is shown in table 3-6.
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The pellet coating process, using the optimizedamaters and the final film coat
composition, was successfully transferred to higeed Metoprolol tartrate pellets. A similar
stable coating process was obtained with coatel@tpedf a comparable high quality. No
adaptation of the coating process or the film coatposition was necessary.

Table 3-6: Final film coating composition, compnigiblend of PVAc and PVA-PEG (9:1 blend)

Concentration, calculated

Ingredients Total concentration (%)
on dry polymer mass

PVACc (as 30% dispersion) 48.0 % -
PVA-PEG 1.6 % -
Propylene glycol 0.8 % 5%

Talc 4.8 % 30 %
Titanium dioxide 0.48 % 3%

Water 44.32 % -

In the next step, the coating process was tramsfeim smaller pellet sizes. In general the
coating of smaller pellets is challenging, sincekatg and agglomeration increased. The
coating process with a 9:1 blend of PVAc and PVA=P&as transferred to different CPM
pellet sizes, from 1950 um diameter to approxinga®d0 pum diameter. The product
temperature was kept constant during the coatinggss with smaller pellets. Also the spray
nozzle adjustments were kept similar. A lower maximspray rate was required at smaller
pellets, due to their increased sticking tendeftye air flow rate was found to be the most
important parameter for the coating of smallergisliDue to their lower weight, the smaller
pellets were fluidized much easier. Therefore,aeloair flow was required for a sufficient
fluidization. Especially in the case of very smadllets, the air flow rate had to be adjusted
carefully. A too powerful fluidization resulted @n instable coating process. Thereby, the
powerful air flow caused a hovered fluid bed, whiehs not reached by the sprayed coating
droplets. As a result, a high loss by spray dryngd a fast nozzle blockade were obtained. A
reduced air flow resulted in a more stable pro@ess a better contact between pellets and
film coat droplets. The required air flow rates thiferent pellet sizes are listed in table 3-7.
After compiling an optimized parameter setup fa pellet coating process, the focus was set
on the drug release from coated pellets. The aim twadetermine, how the release was
affected by the release equipment setup as wél dse film coating composition.

Table 3-7: Adaptation of air flow rate while coatiaf smaller size pellets.

Pellet size Air flow rate
1500-2000 um 27-30 ni/h
1000-1500 pm 23-27 {th
600-1000 pm 18-23 th

3.4. Influences of equipment setup on drug release aisaly

The impact of five changeable parameters from thieed USP XXIII dissolution equipment
on the drug release from coated pellets was @alifThe sample quantity, the media volume,
the stirring system, the stirrer speed and the angglie were chosen for investigation. Solely,
the media temperature was kept unchanged at 3% 0&5(°C). The impact of the mentioned
dissolution parameter on release was clarifiedgusio pellet samples (Table 3-8).
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Table 3-8: Coated CPM pellet samples, used for angaalysis of the release equipment setup.

Drug Blend ratio of PVAc Film coat Plasticizer
content® and PVA-PEG thicknes®  concentratior?
Sample DR-I 80 % 8.5:1.5 23 % 5%
Sample DR-II 80 % 9.5:0.5 13% 5%

@ before coating
b calculated on dry polymer mass

Since changes of the sample quantity or media wlboth resulted in a change of the drug
concentration in the vessels, only the impact efsample quantity was investigated. Three
different sample quantities (55 mg, 110 mg and 22)) from sample DR-I (table 3-8) were
analyzed using a media change setup, accordinght&uP [125]. All utilized sample
guantities resulted in an identical release pro$lelely marginal variations were detected at a
low sample quantity (Table 3-9). In summary, thengle quantity did not affect the drug
release from coated CPM pellets.

Ph.Eur. describes two different systems to achgsgeaitable media agitation, namely paddle
stirrer and baskets [125]. The impact of both systen the drug release was investigated in
the next step. A slightly faster release was obkthivith the basket system (Table 3-9), which
might be caused by a sticking of the pellets tolthsket walls during the dissolution testing.
Since no floating of pellets was obtained at the afspaddles, the risk of pellet damage by a
paddle hit could be eliminated. Additionally, tmegact of the stirring speed was investigated,
for the paddle setup. Two stirrer speeds, 50 arfd rpdn, were tested (Table 3-9). Both
stirring speeds caused a sufficient agitation i ¥lessel without a floating of pellets. An
identical release profile was obtained at bothristirspeeds, indicating that the stirrer speed
did not affect the drug release. Finally, the peadsitup with 50 rpm stirring speed at a
medium sample quantity was defined as standarg $etulissolution testing.

Table 3-9: Impact of dissolution equipment paramset® drug release from coated CPM pellets (n=5)

Release after 30 min. 1 hour 2 hours 4 hours 8shour
Low sample quantity - 0.4 % 2.5 % 12.6 % 71.4 % 100.6 %
paddle setup (50 rpm) 0.2 +0.4 +1.1 +3.0 +1.0
High sample quantity - 0.3% 22% 13.3% 77.7% 101.1 %
paddle setup (50 rpm) 0 0.2 +0.3 2.1 +1.1
Middle sample quantity - 0.6 % 2.3% 13.1% 76.4 % 100.6 %
paddle setup (50 rpm) +0.4 0.2 0.5 +1.6 +0.8
Middle sample quantity - 0.7 % 2.9 % 16.2 % 80.6 % 101.2 %
basket setup (50 rpm) 0.4 0.6 +1.9 5.4 1.4
Middle sample quantity - 0.4 % 24 % 13.5% 72.6 % 99.3 %
paddle setup (100 rpm) 0.1 0.1 +0.7 +1.4 0.5

In the next step, the impact of dissolution megid)(on the drug release was investigated. A
pH independent release was expected, due to themorstructure of the coating polymers
[111, 112, 126]. However, the release profiles frooated CPM pellets (sample DR-I)
showed a lag-time of 1.5 to 2 hours with a fast eodtinuous release afterwards (see Fig.
3-2). Since media pH was changed after 2 hour${ @gpending drug release could not be
ruled out. Three different medias, hydrochloriacdgaH 1.0 (HCI), hydrochloric acid / sodium
chloride solution pH 1.2 (HCI/NaCl) and phosphatgfér pH 6.8 were investigated in
addition to the media change setup.
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Figure 3-3: Impact of dissolution media on relefasen CPM pellets: HCI pH 1.0d), HCI/NaCl pH
1.2 @), phosphate buffer pH 6.8) and media change) after 2 hours pH 1.2 to pH 6.8 (n=5).

Interestingly, the lag-time of approximately 1.5uh® as well as the further release pattern
was almost identical in all investigated media, eptcin phosphate buffer (Fig. 3-3). The
variations in release from HCI (pH 1.0), HCI/Na@gH(1.2) and media change (pH 1.2 - 6.8)
were small and in an acceptable range (5-7 %). |&imesults were obtained with coated
CPM pellets, comprising a film coat with 9:1 bleoidPVAc/PVA-PEG at 18% coating level
[120]. The release in phosphate buffer was someatitferent, with a slower release after 1.5
hours and a contrasting faster release betweerar®l55 hours. The exact reason for the
different release profile in phosphate buffer il sinknown. Changing drug solubility in
phosphate buffer and HCI was ruled out as reasoce she release during media change and
in HCI did not differ from each other. Also an ingpaf the ionic strength or osmolality of the
different media was ruled out, since no relatiors ieund between release in phosphate
buffer and during media change. Further investigetiare necessary to clarify the exact
reason for the different release in phosphate huffe

Nevertheless, the sigmoid shape of the drug relpasfde was not changed at different pH
values. Consequently, the release profiles frontecb&PM pellets, comprising lag-time and
continuous release afterwards, were pH independérg. occurrence of a lag-time must
depend on the drug release mechanism.

Table 3-10: Reproducibility of drug release anayssing USP XXIII dissolution equipment (n=5).

Release after 30 minutes 1 hour 2 hours 4 hours ouBsh
DR-I, date 1 05%+0.1 25%+0.2 14.3% +0B.0% +1.5 100.4 % +0.9
DR-I, date 2 06%+04 23%+0.2 13.1%+0K.4% +1.6 101.0% +0.8

DR-II, date 1 02%+0.1 0.8%+0.4 58.9% +699.7 % +1.1 101.4 % +0.7
DR-II, date 2 0.0%+0.0 0.6%+0.2 65.8%+7/99.9% 0.6 101.2 % +0.2
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The reproducibility of the drug release analysiss wested in the last step. Two samples
(sample DR-1 & II) were analyzed at two differerdtes, using the same equipment setup. The
release profiles from both samples at both measemehays were almost identical, proving
the reproducibility of the drug release analysigstUSP XXIII equipment (Table 3-10).

3.5. Formulation development for film coating using DoE

After clarifying the impact of the dissolution egment on the drug release and the definition
of a suitable method for release analysis, the Somas now set on further parameters
affecting the drug release. Thereby, the impactheffilm coat composition and the pellet

characteristics were investigated and clarifiede Tibm coat composition comprised several
changeable parameters, like the blend ratio ofilimecoating polymers, the thickness of the

film coat as well as the concentration of plasgcjzubricant and pigment.

3.5.1. Influence of lubricant concentration and plasticizge

As already mentioned in section 3.4., the concéatraf lubricant (talc) as well as the type
of used plasticizer (triacetin versus propylenecgly were changed during the development
of the film coating process. The impact of the icdnt concentration and plasticizer type on
the release was already published by Dashevsk¥alter et al. for PVAc coated pellets [79,
127, 128]. The change of plasticizer type did riteéch the release, but a slight impact of the
lubricant concentration on drug release was regdarteéhe publications, becoming significant
at high talc concentrations of >75 %. Similar reswere obtained in the current study from
CPM pellets, coated with 9:1 blend of PVAC/PVA-PEI8B% coating level). In a first step,
the talc concentration was increased from 3.37 % 8d%, corresponding to the optimization
described in section 3.3. In a second step, thetiplzer triacetin was substituted with
propylene glycol, the recommended plasticizer fdAP films [111, 114].
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Figure 3-4: Drug release from coated CPM pellegsglcoating level; 9:1 PVAc/PVA-PEG blend)
with 4.8 % talc &) and propylene glycok(), compared with 3.37 % talc and triace),(n=5.
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The higher talc concentration of 4.8 % (w/w, cadtet on dry polymer mass) affected the
drug release to a minor extend (Fig. 3-4). The signshape remained unchanged, but the
lag-time was marginally reduced and the releasenafirds was slightly accelerated. This
change of the release profile confirmed the previbmdings from Kolter et al. [127]. The
higher talc concentration in the film coat migholpably lead to a more permeable membrane,
which accelerated the drug release. After switclimghe alternative plasticizer, propylene
glycol, the release profile remained almost unckdndFig. 3-4), verifying previous
publications from Kolter and Dashevsky et al. [¥97]. Based on the results from the process
development as well as from the current studiedrag release, propylene glycol was chosen
as suitable plasticizer for film coatings with kdenof PVAc and PVA-PEG. For further
investigations, the concentrations of talc and ,;Ti® the coating composition were kept
constant at 4.8 % and 0.48 %, (w/w) respectivede (able 3-6).

3.5.2. Influence of polymer blend, film thickness and filziger concentration

The impact of the three coating parameters on thg klease was clarified using the design
of experiment (DoE) approach. The polymer blenibrat PVAc and PVA-PEG, the film
coat thickness and the plasticizer concentratiorewhosen as investigation parameters and a
central composite design (CCD) was implementedats (Big. 3-5) [129].

Using the three chosen parameters from the filmt composition as factors;XXs, each at
three levels, the CCD comprised 16 coating triilgb(e 3-11 and Fig. 3-5). The blend ratio of
PVAc and PVA-PEG was the first factor )Xwith three different blending ratios at 8:2, 9:1
and 10:0 (PVAc/PVA-PEG). The film coat thicknesssvthe second factor ¢X whereby a
film thickness of 10 %, 20 % and 30 % (% weightnghy total film coat polymer) were
defined as range for the DoE. The plasticizer commaéon with propylene glycol as
plasticizer was chosen as third factors)(Xbased on the recommendation of the polymer
supplier [111, 114]. Three different plasticizevdts of 10 %, 5 % and 0 % plasticizer
(calculated on the total mass of dry polymer) wevestigated.

Figure 3-5: Scheme of DoE — Impact of polymer bleatib, film coat thickness
and plasticizer concentration on release from cb@feM pellets.
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The optimized coating parameters (Table 3-5) fog fluid bed coating process were
implemented and the final film coating composit{@able 3-6) was used. The polymer blend
ratio and the plasticizer concentration were adgdiased on the DoE. 16 coating trials were
carried out and the drug release was analyzedy asmedia change dissolution setup.

All release profiles included a lag-time followed b rapid and continuous drug release
thereafter, which allows describing them as a couimn of delayed and sustained release.
The release from the coated pellets was pH indep#ndince the change of dissolution
media after 2 hours did not impact the releasenal drug release in mean of 100.8 % + 1.3
was obtained, demonstrating the complete releasm fihe coated pellets. Three main
responses ¥Y; (lag-time, median dissolution time and final releaas well as maximum
release speed () were investigated using the DoE. The releaselteefiom all coating
trials of the DoE are shown in table 3-11 [129].

Table 3-11: Drug release results from central caitpalesign on coated CPM pellets (n=5).
Film PVAc / Median final

un koess PVAPES o Giy (rous) gesolon [deese iy
01 30 9:1 5 6.7 9.9 13.3 23.1
02 20 9:1 5 2.3 3.7 5.0 52.8
03 19 8:2 5 0.5 15 2.9 59.6
04 20 9:1 10 2.4 3.7 5.0 575
05 10 9:1 5 0.4 1.1 2.1 77.3
06 29 10:0 0 15.6 20.1 24.0 16.6
07 20 10:0 5 51 7.2 9.7 34.3
08 29 8:2 0 0.6 1.9 3.6 45.5
09 9 8:2 0 0.1 0.4 0.8 208.2
10 29 8:2 10 0.7 2.2 4.4 37.9
11 10 10:0 10 0.8 1.7 2.7 72.2
12 19 9:1 0 2.5 3.7 4.9 63.2
13 19 9:1 5 2.5 3.8 5.0 60.7
14 10 10:0 0 0.9 1.8 2.8 73.5
15 10 8:2 10 0.1 0.6 1.3 129.7
16 30 10:0 10 12.0 16.3 20.1 17.2

@ calculated on total mass of dry polymers (PVAc BMA-PEG)
P defined to time value of 5% drug release
¢ defined to time value of 95% drug release

A significant impact of the film coat thickness the drug release was demonstrated. The lag-
time as well as the median dissolution time wasem¢d with the increasing coating
thickness and furthermore the slope of the drugass profile was reduced with increasing
film thickness (Table 3-11). The impact of the fitoat thickness was identical at all three
investigated polymer blend ratios. At 10 % coatiexgel (9:1 blend ratio), a lag-time of 0.4
hours and a median dissolution time of 1.1 hourseevebdtained. Both, the lag-time and the
median dissolution time were extended to 2.3 (2rig) 3.7 (3.8) hours at 20 % film thickness
and finally to 6.7 and 9.9 hours at 30 % film tmeks. The maximum slope of the release
profile decreased from 77.3 %/h to 52.8 (60.8) &#t finally to 23.1 %/h at 10, 20 and 30 %
film thickness respectively. (Fig. 3-6) [129].
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Figure 3-6: Drug release from coated CPM pelletkOés @), 20% @) and 30% &)
film coat thickness, 9:1 PVAc/PVA-PEG ratio and ptasticizer (n=5).
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Figure 3-7: Drug release from coated CPM pelle&2{e), 9:1 @) and 10:0 &)
PVAc/PVA-PEG blend ratio, 20% coating level and psticizer (n=5).

The blend ratio of PVAC/PVA-PEG demonstrated alssigmificant influence on the drug
release. The lag-time as well as the median digsaltime was extended at higher PVAc
ratios, but interestingly the maximum slope of aske profile was hardly affected by the
polymer ratio (Table 3-11 and Fig. 3-7). A blendaaf 8:2 PVAC/PVA-PEG (20 % film
thickness) resulted in a lag-time of 0.5 hours amdedian dissolution time of 1.5 hours. The
lag-time as well as the median dissolution timeenextended to 2.3 (2.5) and 3.7 (3.8) hours
at 9:1 polymer ratio and finally to 5.1 and 7.2 isat 10:0 polymer ratio [129].
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The extended lag-time at higher PVAc ratios wasatetd at all three investigated film

thicknesses, suggesting that the impact of thenpefyblend was independent from the film
coat thickness. A maximum slope of 59.6 %/h wasatet at 8:2 ratio, which remained at a
similar level at 9:1 ratio with 60.8 %/h and 52.8h%A slight reduction of the slope to 34.3
%/h was finally measured at 10:0 ratio. The maximslape did not show a clear tendency
and was therefore not affected by the blend rdtP\Ac and PVA-PEG (Fig. 3-7) [129].
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Figure 3-8: Drug release from coated CPM pelle@atp), 5% (, *) and
10% (@) plasticizer, 9:1 PVAc/PVA-PEG ratio and 20% cogtievel (n=5).

Interestingly, the plasticizer concentration did sbow a significant influence neither on the
lag-time nor on the release slope (Table 3-11 agd38). Lag-times and median dissolution
rate times were almost similar at 9:1 polymer ratd 20 % film thickness (2.5 and 3.7 hours
vs. 2.3 /2.5 and 3.7 / 3.8 hours vs. 2.4 and 3ufd)oThe slope of the drug release profiles
showed a slight difference, a clear tendency washserved (63.2 %/h vs. 52.8 / 60.8 %/h
vs. 57.5 %/h). Also at a lower film coat thicknedsl0 %, the plasticizer concentration did
not significantly affect the release profile, redjass of the polymer blend ratio (Table 3-8). A
slightly delayed release was observed at samplisi % plasticizer at 8:2 polymer blends
and high film thicknesses of 30 %. Nevertheless,ltig-time remained unchanged. Solely at
pure PVAc films (10:0 ratio) with high film coatitkness of 30 %, the samples without
plasticizer showed a slightly extended lag-timeb{€e8-11) [129].

The accuracy of the study (CCD) was proven by tdeniical trials with 9:1 PVAc/PVA-
PEG ratio, 20 % film thickness and 5 % plasticigeable 3-11). Both trials demonstrated
almost identical lag-times (2.3 vs. 2.5 hours), imedlissolution times (3.7 vs. 3.8 hours) and
final release values (both 5.0 hours) as well msl@ maximum slopes (52.8 vs. 60.7 %/h).

The statistical evaluation of the release data fatirh6 coating trials demonstrated clearly the
impact of the different factors and their interanos on all three responsesi{Y3). Based on a
statistical grading, the film coat thickness aslwslthe polymer blend ratio had the strongest
effect on the drug release (Table 3-12). The secmder interaction between film coat
thickness and polymer blend ratio also demonstratsgynificant effect on the release. All
other parameters and their interactions, espediadyplasticizer concentration did not show
significant impact on the drug release (Table 3-12)
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Table 3-12: Results from DoE - Statistical impdcthe coating parameters on three response values.

median dissolution

Response lag-time ¢Y final release (¥)

time (Y2)
plot and plot and plot and

Term scaled p-values scaled p-values scaled p-values

estimate estimate estimate

; ; — T/ — T/ — T/
Film coat thickness 3.3264414 <.0001 14827454 <.0001 5 5851849 <.0001

; — T/ — T/ — /]
Polymer blend ratio 32341619 <0001 —oiacios <0001 = >0oo43 <-0001

(Film coat thickness 20) x ————— [
(Polymer blend ratio 90) 31057156 <0001 5777955 <0001 5 5gsi1g5 <-0001

(Film coat thickness 20) x [——mr— ] ——
(Film coat thickness 20) 1.0889136 0.0745 1.586653 0.0412 2.1124697 0.0170

(Polymer blend ratio 90) x [—1—— I — I——
(Polymer blend ratio 90) 0.307573 0.5650 0.4167891 0.5217 0.6847482 0.3299

(Plasticizer concentration 5) y—1 —— I —
(Plasticizer concentration 5) -0.004652 0.9930 -0.225267 0.7257 -0.67989 0.3331

Plasticizer concentration 0378511 0-1948 ~5cogsg 0.3048 557597 04501
(Film coat thickness 20) x [—I— [ — ——
(Plasticizer concentration 5) -0.430721 0.1880 -0.440417 0.2571 -0.434043 0.2862

(Polymer blend ratio 90) x =& —— ——
(Plasticizer concentration 5) -0.475114 0.1525 -0.544868 0.1723 -0.653066 0.1287

Since only the polymer ratio and the film coat kimess demonstrated a significant impact on
the drug release, the release profile (e.g. theitag) could be adjusted by variation of those
parameters. Based on the results from DoOE, a vegdime range from 10 minutes to more
than 16 hours could be adjusted only by adaptatidhe coating composition. Since the lag-
time was not pH dependent, the PVAc/PVA-PEG filnatarg blends might be a suitable for
specific release applications (e.g. colonic releggdication). In literature, specific polymers
were described to initiate the drug release from dosage forms in the colon. Those
polymers dissolve at a specific pH (e.g. Eudfagis 30D [130]) or are decomposed by
colonic bacteria (polysaccharides like galactomanid&1]). However, both approaches can
fail, due to changing colonic pH or lack of suielblacteria in the colon. In this case, the use
of polymer blends like PVAc/PVA-PEG offers the pbsdgy to develop a time controlled
release system also suitable for colonic releaseeftheless, also a time controlled system
offers risks, since the transition time from stoméx colon can differ within patients and type
of meal. In this case, the use of coated pelletsbeabeneficial, since the transition time of
pellets is almost independent from gastric stebg$. [

A change of the release profile shape from coatel @as more challenging than adjusting
the lag-time. Only the coating thickness signifityamffected the release slope, whereby the
obtained reduction of release slope was significemat very thick film coats. Nevertheless,
the characteristic s-shaped release profiles reedaaiso after applying high amounts of
polymer to achieve a thick film coating. An adjustmh of a zero-order like release pattern
only by variation of the film coat thickness midbg#come highly challenging, since the film
thickness could not be increased without limitgareling the process times and process costs.
Therefore, another possibility has to be found hange the slope of drug release without
affecting the lag-time. The addition of a third yroler was found to be a potential and suitable
approach.
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3.5.3. Adaptation of release by addition of third polymer

The addition of a third polymer to PVAc/PVA-PEG ihiis should affect the slope of the
release from coated CPM pellets, whereby the Iag-tof the release profile should ideally
remain unchanged. Results from DoE demonstratdthgesl release profiles with fast and
continuous release after the lag-time for all co&&®M pellets. Major aim was to slow down
(or accelerate) the release after the lag-timehiese a desired release profile (Fig. 3-9).

A Releas

Drug release

lag-time .
‘ N

v

time

Figure 3-9: Schematic approach to adapt the rel@adide by addition of third polymer

The search for a suitable third polymer was basethe following preconditions. The third
polymer should be available in powder form or ageaqs dispersion. Secondly, the polymer
should be compatible with PVAc and PVA-PEG. Thirdige polymer must be usable for
fluid bed pellet coating at feasible conditionse(section 3.3.). Since a slowdown of the
release profile was aimed, the search was mairmlysied on sustained release polymers. Pore
formers and other immediate release polymers wetreansidered as suitable.

The commonly used sustained release polymers, EitftifdS 30D and RL 30D as well as
ethyl cellulose (EC) were ruled out from the searEhdragi® RS/RL showed a strong
incompatibility with PVAc dispersions. After blemdj, lumps and floccules were formed,
combined with an increase of viscosity. EC was absduded, due to its high MFT (> 80 °C
[79]). The use of EC would necessitate an impleatéart of a curing step in combination
with a change of plasticizer type and content,daeve a good film formation. Since the film
composition should remain as unchanged as posaitdlethe process conditions should be
kept in a comparable range, a curing step andferdift plasticizer could not be implemented.

Finally, Eudragi? NE 30D was chosen as a suitable polymer. Eudragft 30D has a very
low MFT (5 °C [79]) and did not show an incompditlygiwith PVAc. However, the coating
process conditions for EudrayjiNE had to be changed a little. The process teryeravas
reduced to 25 °C, due to recommendations from ungpler [132]. The stickiness of
Eudragif NE increases strongly at elevated temperaturelsinga coating more challenging.
In addition, Kollicoa? MAE 30DP (similar to EudraditL 30D) was implemented for the
coating study with blends of three polymers. Kalii MAE 30DP is compatible with PVAc
dispersions after dilution with water. Blends of &Y and Kollicoal MAE were used
successfully by Dashevsky et al. to adjust a ptepathdent release from coated pellets [41].
Both polymers, Kollicoat MAE 30DP and Eudragit NE30D were added in three different
concentrations to PVAC/PVA-PEG blend in 8:2 raflalfle 3-13). CPM pellets were coated
with the mentioned coating dispersion to a filnckimess of 20 % (calculated on weight gain
by all polymers). Due to incompatibility reasonémfdispersion with 4 and 8 % Kollicdat
MAE could not be prepared. The mixture flocculatesiall lumps were formed and the
viscosity of the dispersion increased, which masl@se for fluid bed coating impossible.

57



Chapter 3

Formulation development for pellet coagin

Table 3-13: Coating composition, comprising a blehthree polymers

Ingredient 2 % third 4 % third 8 % third
polymer polymer polymer
PVAc? 12.8 % 12.8 % 12.8 %
PVA-PEG" 3.2% 3.2% 3.2%
Ii?(l)rlﬁc%(;t){@ml\jiE or Eudragif NE) 2% 4% 8%
Propylene glycof 5% 5% 5%
Talc® 30 % 30 % 30 %
Titanium dioxide® 3% 3% 3%

& calculated on dry mass of polymer
® blend ratio of PVAc/PVA-PEG 8:2
¢ concentrations were calculated on total massypdlymers

The addition of 2 % Kollicodt MAE to the film coat resulted only in a marginélange of
the release profile (Fig. 3-10). The lag-time remedi unchanged and the slope of the release
afterwards was reduced slightly. A complete drdgage was obtained after 4 hours instead
of 3 hours without Kollico&t MAE addition. The addition of 2 % KollicoatMAE
successfully changed the release slope without gthgnthe lag-time. Nevertheless, the
polymer was useless for the study, due to the wbdemcompatibility. The addition of
Eudragif NE 30D resulted in an extended lag-time and irlayed release (Fig. 3-10). This
phenomenon was more obvious at 4 % than at 2 %agifdrNE. An addition of 8 %
Eudragi® NE did not further delay the release profile aerdufted in an almost identical
release pattern, compared with 4% Eudfa§i€ in the film composition. Finally, neither
Kollicoat® MAE nor Eudragi?* NE was suitable to reduce the slope of the relpastle
without affecting the lag-time. Further studiesgdcclarify if other polymers, like EC, might
be suitable for this challenge.
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Figure 3-10: Drug release from coated CPM pellt&s addition of 2%¢€), 4% @) and 8% ¢) third

polymer, Kollicoaf MAE (dashed line) or Eudra§itNE (dotted line) to blends of
PVAC/PVA-PEG @) in 8:2 ratio (n=5).
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3.5.4. Influence of drug content and pellet surface oaasé

The impact of the pellet characteristics on thegdrlease was investigated in the next step.
The chosen characteristics were the pellet sudaceell as the drug content of the pellets,
whose impact on the drug release was clarifiedyeneral, the surface ‘A’ of a round bead

like a pellet is calculated by formula 12, wherabys the radius of the bead.

A=4Mr? (12

A decrease of pellet size also results in a deere&she pellet surface. The size of a pellet
can be reduced one the one hand by the usage bésstarter cores. On the other hand, the
pellet size can also be reduced by lower drug er{teinner drug layer). Both ways lead to
different pellets, which might probably affect ttheig release after coating.
As already discussed, the coating process becomes challenging at smaller sized cores,
which required adaptations of the coating pararsetespecially air flow rate) to overcome
the increased sticking and agglomeration tendesegtion 3.3.). Four CPM pellet samples
with different starter core sizes and drug contem&e prepared and coated, using two
different PVAc/PVA-PEG blends (Table 3-14). To campthe results, an identical film coat
thickness was required. Within all former coatingls, the film thickness was calculated on
basis of weight gain by polymer in relation to tio¢al weight of pellets after coating (see
section 1.2.3.). A similar approach would leadhiimner films at smaller cores. Due to their
lower weight, the same batch size comprises a highmber of smaller pellets. Since film
coat thickness is calculated on basis of the tmdédh, less film coat material is applied on a
single pellet with smaller diameters. Therefores film coat thickness had to be calculated
differently at smaller cores. The film thicknessswalculated in mg polymer per rmpellet
surface, a frequently used calculation approacfilfarcoats, especially for tablets. However,
the measurement of the weight gain of a singleep@lalmost impossible and therefore, the
calculation was based on the total batch of coptdlegts. Primarily, the calculation requires
the diameter of the pellet to calculate the palietace (Equation 13).

A .. =4rr* (13)

pellet
(12) with r = %2 dA ,, = 2Md? (14)

Apeiet = pellet surface (mAy, r = pellet radius (mm), d = pellet diameter (mm)

ellet

The weight of one pellet is needed to calculatentimaber of pellets in the batch (15).

N — rnbatch (15)

pellets —
pellet

Mueiet = Weight of one pellet (g), in = weight total batch (g), Mies= Number of pellets in the batch
The total surface of the pellets is calculated s&tdn relation to the applied polymer mass.

Aoatch =N pellets X Apellet (16)

CoatinglLeve|= —Pedeovmet

atch

Anarch = surface of all pellets in batch (rﬁ)nmapp“ed nolyme Weight gain after coating by polymer (mg)

Pellets were coated according to specificationmftable 3-14. The coating dispersion had
the same composition (5 % plasticizer, 30 % talt ar®6 titanium dioxide) which was used
for the coating of larger pellets. Drug release waalyzed using the media change setup. For
pellets with low drug content, the DR setup was gmally changed and a higher sample
amount was implemented, to obtain suitable absmrptalues during the analysis.
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Table 3-14: Overview — CPM pellet samples with lowsize and drug content

Sample Ig;‘é% ciﬁzrts?zre Pe(l)l((;z(t))gize P\P/XAF?E/G ssslrlr?gr ii)zaetiigber -mﬁ Ig(\)(:s
(Xs0) blend (mg/cnf)

Sample | a 80% 845um 1748 um 10:0 9.0 1935 um pumd4
Sample I b 80% 845pum 1748 um 9:1 9.2 1940 ym @6
Sample Il a 46% 845um 1053 um 10:0 8.5 1218 um g3
Samplellb  46% 845um 1053 pm 9:1 8.6 1220 um a4
Samplellla 8% 845um 884 um 10:0 9.4 1119 um b8
Sample lll b 8% 845 um 884 um 9:1 9.3 1148 um (AR
SamplelVa 78% 620um 1382 um 10:0 9.3 1596 um 7 pid
SamplelVb 78% 620 um 1382 um 9:1 8.9 1624 um Rl

% before coating

Coated pellets with smaller sizes demonstratedsterfarelease with a reduced lag-time,
compared with larger sized pellets at same filmt eoa similar coating thickness (Fig. 3-11
and Table 3-14). The shape of the release pat@mained sigmoid and unchanged. CPM
pellets with smaller size (sample IV b), coatedwwVAc/PVA-PEG in 9:1 blend, showed a
drug release after 1.4 hours lag-time and a fiel@ase after 3.8 hours. In contrast, a lag-time
of 2.3 hours and a final release after 5 hours etdained from larger sized pellets (sample |
b). Comparable release results were obtained &t dlénd of PVAc/PVA-PEG (sample | a
and IV a). The smaller pellets showed a reduceditag of 4.4 hours, compared to 5.1 hours
at larger pellets (Fig. 3-11). Interestingly, teeluced lag-times were similar (0.7-0.9 hours)
at both samples with smaller size (sample IV a &tgeemed that both release patterns were
just switched on the x-axis to shorter lag-timesmaaller pellet sizes.
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Figure 3-11: Impact of pellet size on drug releageomparison of small sized CPM pellets (1382 um
diameter, continuous line) and larger sized CPNefe(1748 pum diameter, dotted line), both coated

with PVAC/PVA-PEG blends in 9:1&, A) and 10:0 4, o) ratio (n=5).
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The impact of polymer blend ratio on the drug regepattern (extended lag-time at higher
PVACc ratio), which was obtained at larger CPM gsllgsection 3.5.3.), can be transferred to
CPM pellets with smaller size. To prove the impattthe pellet size, additional coating

studies will be essential with even smaller pell@sg. 500-600 um diameter). However,
further coating studies with smaller sized pelieése not carried out in the current work.

The drug content of CPM pellets also showed a &agmit impact on the release, whereby
especially the shape of the release pattern wastaff (Fig. 3-12). The pattern changed from
sigmoid shape at high drug contents to almost aater shape at low drug contents of pellets
with 9:1 PVAC/PVA-PEG film coat (sample Il b & llb). The maximum speed of drug
release was reduced stepwise from 52.8 %/h to @&Zhiland finally to 11.2 %/h at 80 %,
46 % and finally 8 % (w/w) drug content (Fig. 3-12dditionally the lag-time was reduced
stepwise from 2.3 hours to 1.7 hours and finallyOt® hours at pellets with lower drug
content (Fig. 3-12). At single PVAc film coats (gam Il a & Il a), the results were more
complex. The reduction of drug content from 80 %4&®%6 (w/w) resulted solely in a reduced
lag-time. The shape of the release profile remaurethanged s-shaped. At a further reduced
drug content of 8 % (w/w), a completely differeaterase pattern was obtained. A very slow
release with a zero order shape with a long lag-tmas observed (Fig. 3-12). The release
was initiated after 10 hours and solely 17 % drag veleased after 40 hours.
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Figure 3-12: Release from CPM pellets with 80)% 46 % () and 8 % drug content), coated to
same coating level with PVAc/PVA-PEG blends in @armal line) and 10:0 ratio (dotted line), n=5.

The reduced lag-times at CPM pellets with lowergdiead might be caused by the smaller
size of those pellets. As explained previously,fgblet size demonstrated a strong impact on
the release, by reducing the lag-time without aiifgcthe release pattern. The same impact
might also reduce the lag-time at pellets with lowrig load. However, a clear distinction
between impact of drug content and impact of psilat was difficult.

In addition to the film coat composition, the pelteoperties like size and drug content have
also shown a significant impact on the drug releblevertheless, the pellet properties are not
as freely changeable as the film coat composifidre drug content of the pellets is often
predetermined by the final dosage strength. Theetpsize is predetermined either by the
pellet drug content or by marketing or processipecsications (e.g. maximum pellet size for
capsule filling or tablet compression).
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Therefore, the adaptation of the pellet propemiesid not be the way of choice to achieve a
desired release profile. However, if the desiretbage profile could not be achieved
satisfactory by variation of film composition, thdaptation of the pellet properties might be
an alternative. Regarding the drug release meamafiam coated CPM pellets, the strong
impact of the pellet drug content and the pelle¢ should be kept in mind.

3.5.5. Transfer of PVAc/PVA-PEG film coating to second rabdrug

The impact of several parameters from film coat petlet core on the drug release was
investigated, using high dosed pellets of the modety CPM. In the current section, pellets
from another model drug, Metoprolol tartrate (MPWgre coated and the impact of the film
coat composition on the drug release was clarifdgior aim was to determine, if the major
effects on drug release (e.g. from film coat conitpm® were still detectable at coated MPT
pellets. Pellets comprising of cellulose startalesq700-1000 um size) were produced in the
same fluid bed layering process to a similar higRTvcontent (82 % vs. 80 % w/w at MPT
and CPM pellets). The pellets were coated with dvff@rent coating dispersions to 10 % and
30 % film coat thickness. Two different coating qmmsitions were used, comprising of
PVACc/PV-PEG in 8:2 and 10:0 blend ratio. The caatiomposition contained also propylene
glycol (PG) as plasticizer, talc as lubricant ait@hium dioxide (TiQ) as pigment in likewise
concentrations than for CPM coating. The same pocenditions were also adjusted as for
CPM pellet coating (see Table 3-5 and table 3eution 3.3.).
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Figure 3-13: Release from Metoprolol pellets, cdatith PVAc/PVA-PEG blend from 8:2 ratio
(closed symbols) and 10:0 ratio (open symbolsPéb fm, o) and 30% &, A) film thickness (n=5).

MPT pellets, coated with 8:2 blend of PVAc/PVA-PEfemonstrated a sigmoid shaped drug
release with a short lag-time and a fast and coatia release afterwards (Fig. 3-13). The
release from MPT pellets was much faster than @M pellets at identical film coats. The
faster release can be explained by the differelobdy. MPT demonstrated a much higher
solubility than CPM (>50% vs. 16% w/w in water)atkng to the faster release. At a higher
film coat thickness, the lag-time was extendedthedslope of drug release from MPT pellets
was marginally reduced, likewise with results fr&@®M pellets. (Fig 3-13, compared with
Fig. 3-6 and 3-7).
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In contrast, a very slow release was obtained fMRIT pellets after coating with PVAc
dispersions (PVAc/PVA-PEG 10:0). The s-shaped selgmttern, obtained at 8:2 blends, was
lost. A slow drug release with a very long lag-ti(several hours up to days) and a very slow
and continuous release afterwards were obtaingdr Afhours only 15 % drug was released
from pellets with 10 % film thickness. At a highifém thickness of 30 %, a similar release of
10 % MPT was obtained finally after 8 days (192rspu

The results indicated clearly the importance ofdhey properties on the release from coated
pellets. A simple transfer of the results from CPBBllets to other pellets was not possible.
Nevertheless some influences and effects wereasirail even identical. At high PVA-PEG
contents in the film coat, the release from CPMepeland MPT pellets was comparable and
was similarly influenced by film coat thickness.rSequently, a transfer of the film coating
from CPM to MPT pellets was only possible for hiBWA-PEG ratios (e.g. 8:2 PVAc/PVA-
PEG). At higher PVAc ratios (10:0 PVAc/PVA-PEG)etreleases from both drug pellets was
different and not comparable.

3.6. Mathematical model connecting drug release andrigpabmposition

The implemented DoE offers the possibility to potdhe drug release from coated CPM
pellets, based on the film coat composition. A mtwoh of drug release on basis of a given
composition is generally desired in pharmaceutiodlustry, since it might save time and
money. In the case of prediction, the implementatid a mathematical model is often
beneficial, since it helps to understand, to denrates and to characterize the interrelation
between different parameters and responses. loathe of release prediction, a mathematical
model has to be developed, connecting the drugseland the film coat composition.

Two approaches are shown in this section. One mieehand, a model was fitted to the raw
data from the dissolution rate studies using anfitipprogram (TableCurve 2D, see chapter
5.6.). The major prerequisites for the appliedwf@re a sufficient matching with all release
profiles from the experimental design and a simiplenula with a minimum number of
parameters. In the end a sigmoid fit with 4 paramseivas chosen (18).

b

(18)
1+ ex,{_ X—C]
d

The applied sigmoid fit (18) matched well with tfeéease data, demonstrating a minimdm r
of 0.99503 and a maximurh of 0.99992. The fit comprised four parametersamd was used
to create a mathematical connection between thmeddlat composition and the drug release.
The average values for all four parameters, reddingn the fitted release profiles, were used
to determine the effect of the parameters on tlease pattern. Parameter “a” described the
intersection between the release profile and thexiy: defined as start value (0 % by
definition). Parameter “b” determined the heighttloé release profile, which represents the
final drug release and was set to 100 % by dedimit(Fig. 3-14) [129]. The parameter “c”
shifted the release profile on the x-axis and tloeeeinfluenced the lag time, the mean
dissolution time as well as the final release (F¢l4). Finally, parameter “d” described
mainly the slope of the release profile, affectatgo the lag-time, the mean dissolution time
and the final release value (Fig. 3-14). Only pasten “c” and “d” showed a significant
impact on the release profile. Especially paramétércould be assigned to the factor
“polymer blend ratio”, since those both demonsttaeclear impact on the lag-time, without
affecting the slope of drug release. A relatioriaztor “film coat thickness” to parameter “d”
was likely, but was not provable sufficiently bytrelease results.

y=a+
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Parameter b Paramet Paramet

Figure 3-14: Influence of formula parameters ‘lo’,and ‘d’ on release profile at three levels: high
(A), middle @) and low @).

On the other hand, the statistical program Jsee chapter 5.6.) was used to develop a
mathematical model, providing predictions plotstlué coating parameters {X3) for each
response (¥-Y3). The mathematical model allows predictions ofgdrelease, based on a
given film composition. Reversely, the mathematioaldel offers the possibility to achieve a
defined release profile by selective adaptatiothefcoating composition, in view of specific
needs, e.g. process times, feasibility reasonsamanic matters (material costs) [129].

Two prediction plots were obtained for the lag-tifive), whereby a significant impact of the
film coat thickness and polymer blend ratio on thlease was demonstrated (Fig 3-15 a). A
thicker film as well as a higher PVACc ratio in thelymer blend resulted both in an increased
lag-time. The second plot underlined clearly, that plasticizer concentration was without an
influence on the drug release (Fig. 3-15 b). Amiaal impact of the three factors (film
thickness, polymer blend ratio and plasticizer emi@ation) was reported for the median
dissolution time ¥ (Fig. 3-16) as well as for the final release vatydFig. 3-17) [129].
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Figure 3-15: Prediction plot for lag-time {)Y calculated on polymer blend ratio versus filnatco
thickness (a) and plasticizer concentration vefifuscoat thickness (b).

The plots were used to predict the film coat contpos based on an aimed drug release
profile. Since the plasticizer concentration did mdluence the drug release, only one plot
with two film coat factors was necessary for thehmenatical model. Major prerequisite was
a desired drug release profile, comprising aimddegafor the lag-time, the mean dissolution
time and the final release time. An example withaamed lag-time of 6 hours is shown,
whereby the lag-time is demonstrated by a blacketharea (Fig. 3-18 a) [129].
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ime (M)

Median dissolution 1

Figure 3-16 Prediction plot for mean dissolutiandi(,), calculated on polymer blend ratio versus
film coat thickness (a) and plasticizer concentratiersus film coat thickness (b).

value (h)
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Figure 3-17: Prediction plot for final release \allYs), calculated on polymer blend ratio versus film
coat thickness (a) and plasticizer concentratiogaugfilm coat thickness (b).
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Figure 3-18: Prediction plot for lag-time {)Y comprising the aimed release initiation of 6 tsoblack
shaded area) and the provided film compositiong ljne) in 3D (a) and 2D (b) view.
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The mathematical model provided all possible filmatccompositions, resulting in that aimed
values for the lag-time, symbolized by a line & ithtersection of the prediction graph and the
black shaded area. A suitable film coat compositmmprising the film coat level and the
polymer blend ratio could be chosen easily fromptealiction plot (Fig. 3-18 b).

To design a complete release profile, the procethae to be repeated for the two other
responses, median dissolution time and final relesalue. The provided film coat
compositions of all three responses must be cordgarénd a concordant composition. Only
the concordant film coat composition will resulttive desired release profile. The prediction
of a single response (e.g. the lag-time) is lessptex and offers also the possibility to adapt
the film coat composition, based individual predtinds. For example, if a short process
time would be a prerequisite, the optimum film coamposition with a minimum film coat
thickness could be chosen easily with the helpnefrhathematical model. On the other hand,
if a specific limit of the polymer blend ratio sHde not exceeded due to costs, viscosity or
incompatibility reasons, the choice of a sufficiéiith coat composition could be a made in
regard. With the help of the mathematical modalyiéable coating composition for different
needs could be chosen, using an optimized levgddtymer blend ratio and film thickness.
The mathematical model could also be used in therodirection for reverse prediction.
Using the reverse prediction, the release profilelat be predicted on base of the film coat
composition. This approach might help to reducertbmber of coating trials and analytic
runs within the development process and thereforghtmaccelerate the pharmaceutical
development. However, the mathematical model h&®tgenerally valid for the investigated
system (e.qg. film coat composition and drug relgasbkich has be proven case by case.

3.7.  Prediction of drug release based on coating cortiposi

The predictability of the developed mathematicatleldsection 3.6.) was verified within two
coating trials. A lag-time of 1.5 hours was defireesdaimed response value;and two film
compositions (¢ and G) were chosen for the experiments (see Fig 3-18Sbjce the
plasticizer concentration (propylene glycol) didt méfect the release, it was fixed to 5 %
(w/w, calculated on total polymer mass). CPM pslieith 80 % (w/w) drug content were
coated with the chosen coating dispersions to thned film thickness (Table 3-15).
Additionally, the coating process was repeated Withsame coating dispersions and process
conditions using Metoprolol pellets (76 % w/w drcgntent). Major aim was to prove if the
same film coat composition with the same coatirigktiess will result in similar predicted
lag-times of 1.5 hours. The release from coated GRAMMPT pellets was analyzed and the
sigmoid fit (Equation 18) was applied to the rekepsofiles to determine the lag-times.

Table 3-15: Predictability of the mathematical modeverview manufactured CPM pellet samples.

Film coat Polymer blend ratio Plasticizer
thickness! (PVAC/PVA-PEG)  concentratiod

Prediction: sample £& M, 13.6 % 9.5:.0.5 5%
Manufactured sample;C 12.8 % 9.5:0.5 5%
Manufactured sample M 12.8 % 9.5:0.5 5%
Prediction sample £ M, 22.8% 8.5:15 5%
Manufactured sample,C 22.6 % 8.5:1.5 5%
Manufactured sample M 22.2% 8.5:1.5 5%

& calculated on total mass of dry polymers (PVAc BMA-PEG)
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A lag-time of 1.2 hours for sample;Gnd 1.3 hours for sample, Gvas measured,
demonstrating that the aimed lag-time of 1.5 houas almost achieved for CPM pellets
(Fig. 3-19). The small difference between aimed arghsured lag-time (0.3 and 0.2 hours)
was caused by the small difference between setpoiating thickness and actual coating
thickness (Table 3-15). The aimed coating thickee$som the predicted compositions were
missed during the coating process and the resullimness was marginally thinner than
predicted (12.8 % vs. 13.6 % and 22.6 % vs. 22.8 Dgppite the similar lag-time, both
release profiles were different. Sample €howed a fast release after the lag-time with a
complete drug release after 3 hours. A slower selesdter the lag-time was observed from
sample G, due to the thicker film coat. A complete releases achieved after 6 hours. The
high film coat thickness of sample €Compensated the impact of the higher PVA-PEG ratio
resulting in a delayed release. In summary, theligtien was successful for coated CPM
pellets and the aimed lag-times were achieved anthcceptable accuracy. However, one has
to keep in mind that only the predicted lag-timesrevin the main focus. A prediction of a
complete release profile would require a repetibrihe prediction for median release and
final release and a search for concordant film coatposition.
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Figure 3-19: Release profiles from samplegs}, C, (A), M; (o) and M, (A), comprising predicted
film coat composition based on developed mathematiodel (n=5).

The release from coated MPT pellets was differ8ample M showed a long lag-time of 3.5
hours with a slow and a zero-order like releaseratirds, reaching 45 % drug release after 9
hours. The release profile failed the predictioontarily, sample M demonstrated a lag-
time of 1.1 hours, which matched well with the pecéetl value of 1.5 hours. A fast release
was obtained directly after the lag-time, whichwaéd down after 3 hours. A complete drug
release was not achieved within 9 hours, sincer¢lease reached a plateau phase after 8
hours with approximately 95 % release. Interesyintiie prediction failed at low PVA-PEG
ratios, whereas the prediction matched well witkage values at higher PVA-PEG contents.
These observations confirmed results from coatiraggss transfer studies to MPT pellets
(section 3.5.5.). It was shown, that MPT pelletsvebd a similar s-shaped release profile at
high PVA-PEG ratios, whereby a slow release witlalmmost zero-order profile was obtained
at high PVAc ratios. In this case the predictioiketh which indicated that the mathematical
model is not valid for coated MPT pellets, espégial film blends with high PVAc ratios.
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The mathematical model was developed solely for¢tease from CPM pellets, coated with
PVAC/PVA-PEG blends, and is therefore only validttus given system of CPM pellets with
a defined drug load (80 %) and pellet size (abd®B01um). The predictability of the
mathematical model was proven successfully forlaigetime, demonstration the usefulness
and worth of the model. A transfer to a differeniglpellets resulted in a frequent failure of
the prediction. A possible next step in the develept and optimization of the mathematical
model would be its expansion to smaller pelletéféent surface areas) and to pellets with
different drug contents. A uniform application betmodel would be challenging, and has to
be proven by further investigations.

Another interesting approach, apart from matherahticodeling and computer prediction,
was implemented to achieve a desired release @rdfil simple blending of pellets with
different film coat compositions is also a usefppeoach to adapt release profiles [133, 134].
Three different types of coated CPM pellets wereseln for the blending approach (Table
3-16). The coated pellets had a similar film ctétkness and therefore a comparable pellet
size. Solely, the film coat composition, namely biend ratio of PVAc and PVA-PEG, was
differing. The three pellet types were blended ib:1 ratio and filled into a capsule with
appropriate size. Afterwards, the drug releaseamatyzed using media change setup.

Table 3-16: Overview of CPM pellets with differdifitn coats, used for blending approach.

Drug load Film thickness PVAc/PVA-PEG  Plasticizer

Pellet type Drug (%) 2 (%) ® blend ratio content (%)
Type | CPM 80 19 8:2 5
Type Il CPM 80 20 9:1 S
Type Il CPM 80 20 10:0 5

®before coating
bcalculated on dry polymer mass
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Figure 3-20: Release from three different CPM péjlpes from table 3-16 (dotted lines)
and after combination in one capsule (normal linek.

68



Chapter 3 Formulation development for pellet coagin

A lag-time of 0.5 hours was obtained, caused bydlease from pellets with 8:2 PVAc/PVA-
PEG film coat blend (pellet type 1). After two hasurthe release from those pellets was
finished and the slope of combined release patteoneased slightly (Fig. 3-20). The release
from next pellets (type Il) with 9:1 PVAc/PVA-PEGend ratio was initiated after 2.3 hours,
leading to a further increase of the combined sdgarofile (Fig. 3-20). The same situation
was repeated after 6 hours, where the releasedemond pellets was finished and the release
from third pellets (type Ill) with 10:0 PVAc/PVA-RE blend ratio was initiated. The release
was finished with 99 % drug release after 10 h@kig. 3-20). It was shown successfully, that
a clever combination of differently coated pelletsulted in a release profile with a
continuous release over 10 hours and a minimizgdinae.

The blending approach seemed to be easier onriteview, but requires the manufacturing
of high drug containing pellets with different filooats. This is highly time consuming. An
optimized film coat composition, leading to the sadesired release pattern would require
less coating trials, saving time and money. Howgetrex blending approach is useful, if no
desired release profile could be defined and a fieghibility of the release is required (e.g.
during clinical studies). An easy change of thenlieg ratio from the different pellet types
would also adapt the release profile, leading teaimum flexibility in the release profiles.
Using the blending approach, pellets are the ideakge forms. Due to their ideal round
shape, pellets guarantee a perfect flowabilityl{], In addition, the uniform particle size of
pellets is also a prerequisite to achieve a homegen blend. After blending, the dosage
forms can be filled into capsules or can be conga@so tablets, to form a single dosage unit.
However, the filling of capsules as well as the pogssion to tablets goes along with a high
mechanical stress for the pellets. The mechantoags can be either the compression forces
during tablet compression or the shear stress gadoeing capsule filling. A damage of the
pellet film coat during the capsule filling or tablcompression process will negatively impact
the release profile. Therefore, the robustneshi@fcbated pellets is an extremely important
property and was thoroughly investigated in thetisextion.

3.8. Robustness of film coat

The high flexibility of plasticized PVAc films, wagported frequently in literature as a major
advantage of the film coat polymer [79, 126, 13&diditionally a high robustness against
mechanical impacts, like tablet compression, waslighued for PVAc films [56, 58, 136,
137]. The next logical step in robustness analyss to determine the impact of the PVA-
PEG addition to PVAc on the film robustness. Twiedent setups were implemented (Table
3-17): Primarily, the film coat of the pellets wamnually damaged in different extents and
secondly the coated pellets were compressed tetsgdl38].

Table 3-17: Compositions and coating levels of QktMets for robustness analysis

Sample Robustness | Robustness |l Robustness lli
Performed study / Aim Film coat damage Compressibil
CPM drug load 54 % 54 % 57 %
PVAC/PVA-PEG ratio 9:1 10:0 9:1
Coating thicknes8 20 % 20 % 18 %
Plasticizer concentratich 5% 5% 5%

& % (w/w) after coating
b 94 (w/w) based on total polymer mass (PVAC/PVARE
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The release from damaged pellets and compresséetstadf pellets was compared with
release from single and untreated pellets. Theserbf PVAc/PVA-PEG coated CPM pellets
(sample I and IlI) was manually damaged by puncguiirwith a needle or by slicing with a
razor blade. As comparison, CPM pellets were ciivimhalf’s to destroy the functionality of
the film coat. SEM pictures of the pellet surfasaniple 1) showed a tremendous damage of
the film coat after treatment with a needle. Sdveraters with approximately 50-100 um
diameter were detected (Fig. 3-21 a). A measurefetiite crater depth was not possible on
basis of SEM pictures. Nevertheless, the damagees¢o affect only the film coat without
reaching the drug layer. The razor blade treatmesiilted in an even worse damage of the
film coat. Several, very long cuts were detectedhanfilm coat surface (Fig 3-21 b). In some
cases, the complete film coat was damaged anduthreached the drug layer [138]. A similar
damage of the film coat was obtained also at PVéated pellets (sample Il, pictures not
shown).

Pellets treated with needle CHAD Microscopy 29.05,08 Pellets treated with razor blade

a b b

CPM release (%)

time (hours)

Figure 3-11: Release from undamageliFVAc/PVA-PEG coated CPM pellets (9:1 ratio), afte
needle damage], after razor blade damag® @nd from pellets cut in halhf, n=5.
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Surprisingly, the release profile from PVAc/PVA-PEE»ated pellets (sample 1) after
treatment with a needle was almost similar to #lease from undamaged pellets (Fig. 3-22).
The damaged pellets showed a slow increase okthase to 7 % after 2 hours, whereby the
undamaged pellets did not show a significant releagon that time. After 2.5 hours,
untreated and needle punctured samples demonsadeesd and continuous release, leading
to a complete release after 7 hours [138]. A différrelease profile was obtained after the
razor blade treatment. The shape of the releasdephad changed and a zero-order like
release was obtained with an increasing relea$&-@0 % per hour. The release was initiated
immediately and ended after 7 hours. Both releasiigpreached a complete drug release of
more than 95% after 7 hours, whereby the releaseele@ 5 and 7 hours was lower than the
release from untreated pellets. Very large deviatiof the release values were obtained after
razor blade treatment, indicating the inhomogenedamage of the film coat [138].
Interestingly, both treatments did not result inuast release, as it was obtained from coated
pellets, cut in two half’'s. These pellets with atieyed functional film showed an immediate
release with 100 % release after 15 minutes [138].

The release profile from PVAc coated CPM pelletar(gle 1) after treatment was different
from untreated pellets (Fig 3-23). The type of tmeent did not affect the release (in contrast
to Fig. 3-22). Both treatments did not result ibuast release. A continuous and almost zero
order like release was obtained after 3 hours aithncrease 5-8 % per hour. Between 3 and
8 hours, the release was faster with 10-15 % iser@er hour. A complete drug release was
achieved after 9 hours, which is about 2 hourseefasbmpared with untreated CPM pellets.
The release profiles from treated pellets demotestréarger error bars, independently from
the type of treatment, indicating an inhomogenetarmnage of the pellets. The CPM pellets,
cut in half, showed an immediate release with cetepldrug release after 20 minutes,
demonstrating a completely destroyed functionalftthe film coating.
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Figure 3-23: Release from undamageliFVAc coated CPM pellets, after needle damagedfter
razor blade damage)(and from pellets cut in halfj, n=5.
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Based on the pictures from damaged pellets, a belesise as demonstrated for pellets cut in
half was also expected for pellets after treatrmétit needle or razor blade. Surprisingly, the
release profiles were different to some extent ftbmprofile of untreated pellets, but a burst
release was not obtained. What could be an expdaniair the obtained results ?

It is well known, that PVAc and PVAc/PVA-PEG filnoats start to swell after exposure to
water [36, 111]. This swelling probably causes alihg of the damages in the film coat, by
reducing the holes, craters and clefts. Since dexlle treatment “only” damaged the outer
parts of the film coats, the reparation by swellimgs much more efficient, resulting in an
almost unchanged release profile for PVAc/PVA-PEsated pellets. The damages from
razor blade treatment had a much higher impacicantprised also the inner parts of the film
coat, close to the drug layer. In this case, tifergpair mechanism of PVAc/PVA-PEG film
coats was not strong enough to fully compensatsetideamages, resulting in the zero-order
like release. Nevertheless, the repair mechanissistvang enough to prevent a burst release,
which ensures a preserved functionality of the fiipat.

The swelling based self repair mechanism seemée tweakening at pure PVAc films and
could not compensate the tremendous damage bgzbe blade or the needle. The reason for
the improved robustness after PVA-PEG additiontils tnknown. It was assumed that the
soluble PVA-PEG polymer, which was distributed le film, induced a faster hydration of
the film and caused an increased polymer swellmgintense polymer swelling, who lead to
stronger self repair mechanism would be likely, lag to be proved by further studies.

A similar self repair mechanism was reported by &tegt al. for tablets, coated with
PVAC/PVA-PEG film coat blends [43]. The same seaipair mechanism of was now
demonstrated successfully for PVAc/PVA-PEG coatetlets. Additionally, the ratio of
PVA-PEG and the coating level were reduced froman@ 12 mg/crat tablets to 9:1 and
7.5 mgl/cn at pellets, without losing the self repair meckaniBased on the presented data,
the efficiency of the self repair mechanism wasfibto higher at blends of PVAc and PVA-
PEG, compared with pure PVAc. Further investigatishould focus on a potential increase
of the self repair efficacy by higher concentrasiafi PVA-PEG or plasticizers.

For compressibility analysis, PVAc/PVA-PEG coatdeNCpellets (sample Ill) were blended
with a direct compression powder blend (25 % wBiplane tablets with 15 mm diameter
were compressed at two compression forces of 1®.6NLand 16.5-18.5 kN, resulting in
tablets with a hardness of 85 N and 170 N, respalgt[138].

Pellet tablets 85N CHAD Microscol

." e, /4 500 :
- 13 kN (a)

1531 o 15311 512

Figure 3-24: PVAc/PVA-PEG coated CPM pellets aftempression into tablets with 10.5
and 16.5 - 18.5 kN compression force (b).
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The coated CPM pellets (sample 1ll) were undamadtt compression to tablets (Fig. 3-24
a & b). SEM pictures showed an undamaged surfadbput any cracks or deformations,
independently from the applied compression forcée Tpellets were homogeneously
distributed in the tablets, indicating that thelgtsl were not segregated from the powder
blend during compression (pictures not shown). fBtease from the CPM pellet tablets was
almost similar to the release from single pelldts.three profiles demonstrated a sigmoid
shaped release pattern, comprising a lag-time loblis with a fast and continuous release
afterwards, reaching a complete drug release aftdrours (Fig. 3-25). The different
compression forces did not show a strong impacthenrelease profile. In fact, some small
variations were obtained, comparing both the relgasfiles. The tabletted pellets showed a
marginally faster release between 2 and 3 hourscanttarily a slower release at the end of
the release phase between 4 and 6 hours. Howbeeatifterences between the release pattern
from compressed pellets and those from single tgelleere small and only significant for
tablets of 170 N hardness [138]. In fact, theredssimple explanation for the obtained small
differences of the release profiles. An interfeeet the fill material (compression powder)
with the film coat on the pellet surface was takenonsiderations. This interference might be
intensified at tablets with increased hardnessesthey were compressed with higher forces.
However, an interference of the fill material witte film coat on the pellet surface cannot be
verified by the presented data.
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Figure 3-25: Release from PVAc/PVA-PEG coated CRillets after compression to tablets with
85 N @) and 170 N hardness)(in comparison to release from single pellais (=5.

Nevertheless, the film coatings of PVAc and PVA-P&@re robust enough to survive a
tablet compression process or a filling processcapsules. Previous publications have
demonstrated the high robustness and compresgibiliPVAc coated pellets, after addition
of 10 % plasticizer (triethyl citrate) [58, 137} the current study it was shown, that a
reduced concentration of 5 % plasticizer (propylgheol) in PVAc/PVA-PEG film blends
was sufficient to ensure a compressibility of tlelgis and to preserve the resistance of the
film coat to mechanical damage.
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3.9.  Storage stability (0-9 months)

The long term stability of coated pellets with fikkoat blends of PVAc and PVA-PEG was
investigated. Three samples of coated pellets €r&18) were stored at three different
climate conditions, according to guidelines of thiernational Conference on Harmonization
of Technical Requirements for Registration of Prereuticals for Human Use (ICH):

- long term condition: 25°C £ 2 °C, 60 % + 5 %ateve humidity (rH)
- intermediate condition: 30°C+2°C, 65 % + 5k
- accelerated condition: 40°C+2°C,75% +5H0r

Two samples of coated CPM pellets and one sampieaiEd MPT pellets were implemented
for the stability study. The samples were coateth whfferent PVAc/PVA-PEG ratios to
different film coat thicknesses (Table 3-18). THasficizer content remained unchanged.
The coated pellets were stored at the three mesdiatorage conditions for 1 month, 3
months and 6 months. The stability study was fimishfter 9 months storage. Major focus
was set on changes of drug release from coateetpelliring and after storage, in comparison
with release before storage. Additionally, the aisappearance of the pellets and the internal
structure of coated pellets were investigated, elmerthe interface of drug layer — coating
layer was in the main focus of interest. Finall\yIR analyses were carried out to detect a
possible drug or polymer degradation as well aglatiization of the plasticizer.

Table 3-18: Overview — coated pellet samples fayais of storage stability (0-9 months).

Drug Polymer blend Film coat Plasticizer
Drug content ratio (PVAc / thickness  concentration
(%)@ PVA-PEG) (%) ° PG (%)°
Sample Stab | CPM 80 9.5/05 13 5
Sample Stab I CPM 80 85/15 23 5
Sample Stab Il MPT 76 85/15 23 5

& drug content before coating.
b calculated on weight gain, calculated on totalsraf<dry polymers (PVAC/PVA-PEG).

Visually, the investigated pellets (samples Stéb Wwere unaltered after 9 months storage at
25 °C / 60 % rH. In contrast, the pellet color aipeah from white to slight yellow after 9
months storage at 40 °C / 75 % rH. The color change intensified upon storage time,
starting with marginal yellow coloration after 3 mbs storage. Furthermore, a sticking of
pellets in the storage bottles was observed afoeage at 40 °C / 75 % rH. A gentle shaking
of the bottles was sufficient to separate the pelfeom each other, except after 6 and 9
months storage, whereas a more intense agitatianngaessary to separate the sticking
pellets (sample Stab I-lll). The coated pellets agmad visually undamaged even after
separation by agitation. A storage at intermedatalitions resulted in a marginal sticking of
the pellets and in a minor change of color.

The increased sticking of pellets after storage masly caused by storage above or at the
glass transition temperature (Tg). PVAc showed afg0-42 °C, whereby the addition of
PVA-PEG reduced the Tg to 33-35 °C, depending enbilend ratio (section 3.2.). The Tg
describes the temperature range, where the polpasses from glass to rubber state. This
transition is attended by an increase of polymiekistess, which leads to the enhanced pellet
sticking during storage elevated temperatures. sktbeage at or above the Tg might be also
the reason for the color change of the film coairdustorage.
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3.9.1. Drug release after storage

Two coated Chlorpheniramine maleate (CPM) pellehgas and one sample of coated
Metoprolol tartrate (MPT) pellets were used for gherage study (Table 3-18). Primarily, the
drug release before storage was determined. Thartplemented CPM pellets (samples Stab
| & Il) were coated with different film compositisnand showed both a lag-time of
approximately 1.5 hours with a different releaserafards. Due to the thicker film (23 %),
sample Stab Il showed a slower release, whereby % 9elease was achieved after 6 hours
instead of 3 hours at 13 % film thickness (sampéb $). The release from both samples was
pH independent.

The CPM pellets (sample Stab | & 1) demonstrateggh Istorage stabilities at 25 °C / 60 % rH
(Fig. 3-26). Only slight variations in the relege®files were detected, whereby the storage
stability was improved at thicker film coats [138]clear tendency for delayed or accelerated
release after longer storage time was not visibig. 3-26).

In details, the release profiles from both samplese very similar after 9 months storage at
25 °C /60 % rH to those before storage (Fig 3-Z6g sigmoid shape and the lag-times were
unchanged. However, some minor differences in ¢tease profiles were observed. Sample
Stab | showed an almost unchanged release prdfde A month storage at 25 °C with a
minor delayed release after 3 hours, leading to %98rug release after 4 hour instead of 3
hours (before storage). A prolonged storage tim& ahd 6 months resulted in marginally
delayed release profile with a little extended tiage. Nevertheless, a complete drug release
was achieved at the same time after 3 hours (Bamdnths storage, compared with before
storage). After 9 months storage at 25 °C, samiale Bdemonstrated a similar release profile
than after 1 month, comprising a minor delayedasdeafter 3 hours (Fig. 3-26).

Sample Stab Il demonstrated no change of the eelgadile between 1 and 3 months storage.
After 6 and 9 months storage at 25 °C, the releasedelayed with a little extended lag-time
as well as a minor belated final release (Fig. B-26
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Figure 3-26: Release profile from coated CPM pel{sample Stab | with open symbols and Stab Il
with closed symbols), stored at 25°C / 60% rH fondnths 4, A), 3 months g, m), 6 months§,+ )
and 9 monthsq, ), in comparison with release before storage (Xh.n
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The storage of coated CPM pellets at acceleratedittons of 40 °C / 75% rH showed a
significant influence on the drug release. Althotlgé shape of the release profiles from both
samples remained unchanged. At sample Stab Iglat slelayed release was obtained after 1
month, showing an inverse tendency during the ¥alg storage time with an accelerated
release after 3, 6 and 9 months (Fig. 3-27). Thepgaobservation was made for sample Stab
II with a slight delayed release after 1 months,clwvhwas compensated by an inverse
tendency, resulting in a proceeding acceleratezhsel after 3, 6 and 9 months (Fig. 3-27).

In details, sample Stab | showed a delayed rel@@bean extended lag-time already after 1
month storage (Fig. 3-27). Interestingly, the reéeavas not further delayed after 3, 6 and 9
months storage. In contrast, the release afted®anonths was marginally faster than after 1
month, but still delayed compared with release tgestorage. After 9 months, the release was
still marginally delayed, compared with releaseobefstorage. Interestingly, the release after
9 months was marginally faster than after 3 andétirs (Fig. 3-27).

The same behavior was observed at sample StabhHrely the changes of the release
profiles during storage were much more obviouseAft month storage at 40 °C / 75 % rH,
the release was delayed and the lag-time was eadigffidlg 3-27). In contrast, the release after
3 months was almost similar to the release beftiiage. After 6 and 9 months storage, the
release was accelerated with a reduced lag-timmpaced to release before storage. The
deviations between release before storage andseskfter 6 and 9 months were about 8 %
and 20 %, respectively (Fig. 3-27).

In summary, coated CPM pellets (sample Stab | dad B have demonstrated an impressive
high storage stability at long term storage condgiof 25 °C / 60 % rH as well as a weaker
storage stability with premature release at acatddrstorage conditions of 40 °C / 75 % rH
[138].
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Figure 3-27: Release profile from coated CPM pegl{sample Stab | with open symbols and Stab Il
with closed symbols), stored at 40°C / 75% rH fondnths {, A), 3 months, m), 6 months¢,¢ )
and 9 monthsq ), in comparison with release before storage (Xh.n

In contrast to the CPM pellets, only one sampl®W@Ac/PVA-PEG coated MPT pellets was
implemented for the stability study (sample Stab dee Table 3-18). Major aim was to
clarify, if the drug core shows an impact on thebsgity during storage.
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Similarly to coated CPM pellets, the color of treated MPT pellets changed from white to
slight yellow within storage at 40 °C / 75 % rH. #édagous to CPM pellets, the stickiness of
the pellets increased. Since the color change laadntreasing stickiness were independent
from the pellet core, an alteration of the film toaust be the reason for the observed film
coat changes. Both, the increased sticking as agethe change of film color are probably
caused by the storage at or above the Tg of thecd®RMA-PEG film coat blend.

Although, the film coat composition and the filmdkness of the MPT pellets (sample Stab
[1I) was identical with CPM pellets (sample Stajy H different release profile was obtained.
Before storage, the release from coated MPT pellets initiated after approximately 1.5
hours (lag-time). A fast increasing release wasiobtl after the lag-time, concluding in a
slower release speed after 5 hours with 90-95 % deiease after 9 hours (Fig. 3-28).
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Figure 3-28: Release profile from coated MPT pslisample Stab 1) before storage (X) and after
storage at 25°C / 60% rH for 1 month), 3 months &), 6 months€) and 9 monthss(), n=5.

After 1 and 3 months storage at 25 °C / 60 % rid, rdlease profiles from coated MPT pellets
showed only a marginal variation. The lag-time d hours remained unchanged, but the
release afterwards was delayed a little. A highweal frelease of 99 % (after 9 hours) was
achieved after 3 months storage, compared with 9BI&ase before storage. The release
profiles after 6 and 9 months storage were alnaesttical with an unchanged lag-time of 1.5
hours and a significantly delayed release afterstza@hce again, a higher final release of
100 % was obtained after 9 months storage (Fig8)3-Bhe reason for the variation of final
release between 93-95 % (before storage, 1 andrhsjoas well as 99-100 % (3 and 9
months) is still unexplored. Nevertheless, theastevariations before and after storage were
small, proving a sufficient storage stability of Mpellets at 25 °C / 60 % rH.

The storage at accelerated conditions resulted uchmhigher variations of the release
profiles. After 1 month, the release was signifibadelayed with an extended lag-time and
an identical final release after 9 hours (Fig. 3-Zurprisingly, the release after 3, 6 and 9
months storage showed an inverse tendency witktarfeelease, compared with release after
1 month. Especially, the release after 9 monthsag® was almost identical with release
before storage, comprising the same lag-time agichdar increasing release afterwards, but a
high final release of approximately 100 % aftero@its dissolution rate (Fig. 3-29).
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Figure 3-29: Release profile from coated MPT pslisample Stab Ill) before storage (X) and after
storage at 40°C / 75% rH for 1 montk ), 3 months &), 6 months € ) and 9 monthss(), n=5.

In summary, CPM and MPT pellets with PVAc/PVA-PE@nNf coat blends showed a
sufficient stability during storage at long terrmddions (25 °C / 60 % rH). CPM pellets with
thicker film coats demonstrated the highest stighiiith the lowest release variations after 9
months storage. CPM pellets with lower film thickseand MPT pellets offered higher
release variations after storage. Neverthelessjring release was delayed with a proceeding
storage time at all samples, regardless of the dibat thickness, the coating composition or
the pellet type. Contrarily, the storage at acedézt conditions of 40 °C / 75 % rH resulted in
unexpected inverting results with a delayed releaféer 1 month, but with a premature
release during further storage, in some cases daster than before storage. This
phenomenon was observed at all samples, regafdb@ssirug type or film coat composition.
However the faster release was more obvious at @AM MPT pellets with thicker film
coats. But how to explain the different observediescies during storage ?

The delayed release at 25 °C storage was probahbled by a curing of the film coat during
storage. Within a curing, the film coat particlesthe coating layer proceed to coalescent,
which leads to a denser film coat [139]. This pheaonon is accelerated at elevated
temperatures and is frequently used as a postrtegdtfor pellets after the coating process to
achieve a complete film coat [2, 77, 80, 99, 1411]1The proceeding density of the film coat
caused probably the delay in release after stosad®b °C. The inverse effect of a faster
release during storage at accelerated conditiosspna@bable caused by storage above the Tg
of the polymer blend. As already mentioned, thekstess of the film coat was increased at
elevated temperatures, which lead to agglomeratiothe pellets. The segregation of the
pellets before dissolution testing probably caus@tbr damages of the film coat, which had
an opposite effect on the release. These damadbks fiim coat might compensate the effect
of the proceeding film coalescence and resultabderobserved contrarily faster release.

To clarify the impact of a PVA-PEG addition on tterage stability of the PVAc film coats,

the results from the current stability analysis aveompared with studies from Shao et al.
[80]. Good storage stability after 2 months at 25was there reported for Diphenhydramine
pellets, coated with PVAc dispersions. In contrdse, storage stability was weak at elevated
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temperatures of 40°C with a delayed release, bewpsignificant after 1 week storage. After
2 months storage, a deviation in drug release of(®® was measured, compared with release
before storage [80]. Shao et al. implemented theegalasticizer and a similar coating level,
which made a comparison with the current stabitydy possible [80]. However, the
investigated time frames of the storage were differtwo month at study of Shao et al.
versus nine months at the current study [80]). Clwent stability study on coated pellets
with blends of PVAc and PVA-PEG also demonstratgfigent storage stability at 25 °C. In
contrast, the stability was weaken significantlyaatelerated conditions of 40 °C / 75 % rH,
whereby a premature release was obtained aftertiogstorage at elevated conditions. This
finding was contrary to results from coated Diphgiramine pellets and could be related to
the lower Tg of the film coat blends of PVAc/PVA-BEIt was assumed, that the intensified
sticking of PVAc/PVA-PEG coated pellets damaged filme coat to a little extent, which
cause the premature release. The addition of PVG-RE EC film coats demonstrated a
enormous improvement of the storage stability [B3jas assumed, that PVA-PEG improves
the film formation of EC and therefore reduces #wgng of EC films during storage. In
contrast to EC, PVAc has already a low MFT, whinduced a good film formation even
without PVA-PEG addition. Based on the current gfushe can conclude, that the addition of
soluble pore former PVA-PEG to PVAc film coatingsd dneither demonstrate an
improvement nor an aggravation of the storage Igtafsiom coated pellets.

3.9.2. Interface drug — coating layer

Besides of curing effects, a faster release dwingage can also be caused by drug migration
into the film coat [79, 99, 135]. The migrated diaghe film coat dissolves faster, leading to
a faster and premature release. The drug migratias investigated in this study using
Confocal Raman microscopy (CRM) analysis, a wetlidglsshed technique for identification
and characterization of solid states of pharmacalsti (see section 5.14.3.). Raman
microscopy can be implemented to map a specifieoubé and to provide spatially resolved
chemical information on the underlying species [1443]. Employing the principle of
confocality, modern Raman microscopes allow rapiéngical mapping. It is possible to
reveal the exact composition and spatial distrdyuof complex component mixtures [142,
143]. CRM was successfully applied in many fields of phaceutical sciences [144-146].
Nevertheless its use in the field of pellet coatiag been rarely published [82, 138, 147].

In the current work, cross section of CPM and MRTigis were prepared and analyzed with
special focus on the intersection between drugrlayel film coat layer. A sharp edge
between the drug layer (red) and the film coatidggwulti colored) before long-term stability
was confirmed for all samples by CRM (Fig. 3-30-32). Furthermore, the homogeneity of
the drug (red) and the coating layer of PVAc/PVAG fgreen) were demonstrated as well as
the homogeneous distribution of talc (orange) a@aditim dioxide (pink) in the coating layer.
The coating material was partly dissolved by thebedding resin (blue), resulting in a
diffusion and migration of coat into the resin. Fhliffusion and migration was not related to
the storage, since the pellets were embeddedrafteval from storage conditions.

Due to lack of time, pellet samples after 9 mordterage were not analyzed with CRM.
Therefore, the results from samples after 6 mostbsage are shown. The images after 6
months storage at 25 °C / 60 % rH and 40 °C / 73H/demonstrated a similar clear
intersection at all investigated samples (Stab Ill)- between drug layer and film coat,
respectively (Fig 3-33 — Fig. 3-38). Neither therage time nor the storage temperature
caused a visible migration of drug into the filmatoAdditionally, the homogeneous
distribution of talc (in orange) in the film coataw not affected by storage time nor storage
temperature (Fig 3-33 — Fig. 3-38). Clear interisast between drug layer and coating layer
were also detected at all samples, stored at 36524 rH (data not shown).
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Figure 3-30 (left) and figure 3-31 (right): Confb&aman microscopic mapping of coated pellet cross
section (sample | & Il) before storage: overlay, &@ngle component visualizations of CPM (b - red),
PVACc/PVA-PEG (c - green), talc (d - orange), Ti@ - pink) and resin (f - blue).
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Figure 3-32: Confocal Raman microscopic mappingoaited pellet cross section (sample Ill) before
storage: overlay (a); single component visualizegiof MPT (b - red), PVAc/PVA-PEG (c - green),
talc (d - orange), Tig)e - pink) and resin (f - blue).

In all samples (Stab | - 1ll), small clusters olfrficoat material and titanium dioxide were

observed after 6 months of storage (Fig. 3-33 — 8ig8). These clusters, visible as bright
green and pink domains (indicated with arrows),aasas of higher density of the respective
material. The clusters were not visible in the taxermage of all three samples before storage
(Fig. 3-30 — 3-32) and are also not detected 4ftend 3 months storage at 25 °C / 60 % rH
(data not shown). These clusters were detectedafiter 3 months storage at 30 °C or 40 °C
and after 6 months, at all three storage conditidiiee amount and size of the detected
clusters differed from sample to sample, which madsear conclusion on size and number
of the clusters impossible. Since clusters wereafable in all samples, their formation was
not influenced by the polymer ratio or the filmdkmess.
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Figure 3-33 (left) and figure 3-34 (right): Confb&aman microscopic mapping of coated pellet cross
section (sample | & II) after 6 months storage%f/ 60% rH: overlay (a); single component
visualizations of CPM (b - red), PVAc/PVA-PEG (green), talc (d - orange), Ti@e - pink) and
resin (f - blue).

*Sample Stakb

w

100 pm

100 pm

100 um ) 3 100 pm

100 pm )0: 100 fym b 100 um 100 pim 100 pum *

Figure 3-35 (left) and figure 3-36 (right): Confb&aman microscopic mapping of coated pellet cross
section (sample | & 1) after 6 months storage @Gl 75% rH: (a); single component visualizations
of CPM (b - red), PVAC/PVA-PEG (c - green), talc-(drange), Ti@ (e - pink) and resin (f - blue).

The clusters were not composed of degradation ptedsince a clear assignment of the
clusters to highly concentrated PVAc / PVA-PEG mateand titanium dioxide was possible,
based on the emitted Raman signals. The exact mrefasothe formation of clusters is
unknown. The storage above the polymer Tg mighd bkely explanation. The change of the
internal polymer structure might lead to phase s in the coating layer, visible as
clusters. Further investigations have to clarify &xact reason for the cluster formation.
Previously, the energy dispersive x-ray (EDX) tegbe was used to represent the internal
structure form coated pellets (see section 3.3. [420]). To analyze possible migration
processes during storage, the investigation metrasiswitched to CRM.
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Figure 3-37 (left) and figure 3-38 (right): Confb&aman microscopic mapping of coated pellet cross
section (sample Ill) after 6 months storage at 2580% rH (left) and 40°C / 75% rH (right): (a);
single component visualizations of MPT (b - redy/Ae/PVA-PEG (c - green), talc (d - orange), FiO
(e - pink) and resin (f - blue).

The major advantage of CRM is its possibility tdei¢ and map different molecules [142,
148], whereas EDX is limited to different atoms 11222, 149]. In the case of coated pellets,
the drug (CPM) distribution within the differentylxrs can be detected easily with both
methods, since CPM comprises a characteristic atbiorine. Similarly, the distribution of
talc and titanium dioxide in the coating layer cdso be detected with both methods. The
film coat polymers, PVAc and PVA-PEG, can only eualized by EDX, using the elements
O and C, which are both not specific for the polygneFor that reason, CRM was
implemented to detect the distribution of film cpalymers, a possible plasticizer migration
as well as degradation processes within storagéortunately, the plasticizer migration was
also not measurable by CRM, since the limit of dgd@ was insufficient for the very weak
Raman scattering of the used plasticizer, propylggeol. A possible plasticizer migration
from the film coat into the pellet core has to beeistigated, usintH-NMR as an alternative
technique.

3.9.3. Degradation of drug, polymer and plasticizer

NMR analysis was implemented to detect possibleattgion processes of the polymers
(e.g. hydrolysis of PVAc to PVA) and a possible ratgon of the plasticizer, propylene
glycol. Therefore, five pellets were dissolved iglMSO and analyzed as described in
section 5.16. The weight of five coated pelletsichlwere used for the analysis, differed only
marginal before and after storage (20.9 mg versu3 thg). Unfortunately, a significant
weight difference from sample to sample was measwith a standard deviation of 1.21 and
0.72, respectively (n=10). Therefore, NMR spectrarevevaluated qualitatively, since a
guantitative evaluation comprised a high risk afufe. Due to lack of time, samples after 9
months storage could not be analyzed with NMR tepgien

'H-NMR spectra’s from CPM pellets (sample Stab ligalfter 6 months storage 40 °C / 75 %
rH were compared with the spectra before storagge 339). Spectra from sample Stab |
comprised 21 NMR signals (Fig. 3-39), whereby 29RIBIgnals were detected from sample
Stab Il (Figure not shown). The signals from batimples could be assigned to the different
components, drug, binder, film coat materials ata$tirizer. The signal intensities after 6
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months storage were marginally reduced, which wabgbly caused by the differences in
pellet weight. The chemical shift of the signalsswachanged (sample Stab | and Il) and no
additional signals were detectable after 6 montbisage (Fig. 3-39). Furthermore, no signals
disappeared or were reduced significantly at bath@es. The signal of propylene glycol at
0.98 and 0.99 ppm (doublet from methyl protons) detectable with an almost similar signal
intensity throughout the stability analysis of séentab | and II, even after 6 months storage
at 40 °C / 75 % rH (Fig. 3-39) [138]. Identical uéds were obtained from NMR analysis of
coated MPT pellets (sample Stab Ill) before anérastorage. The spectra comprised 23
signals, whereby the all signals and especiallysilyaals of propylene glycol and the film
coat material were detectable with a similar initgrthroughout the storage time, even after 6
months storage at 40 °C / 75% rH (Figure not shown)

Based on the NMR spectra’s, the propylene glycghas after 6 months seemed to be
narrower than before storage. However, the sigmahsities remained similar and were not
reduced. Therefore, it was assumed that a simikstipizer concentration remained in the
coated pellets during storage and a plasticizeatialtion during storage, especially at
elevated temperatures, can be eliminated. Unforélyait was not possible to distinguish
between plasticizer in the film coat or migratedhe drug layer. The location of plasticizer
after storage was not measurable by NMR or CRM.réfbes, a possible plasticizer
migration during storage could not be clarified &ad to be investigated by further studies. A
degradation of film coating polymers (e.g. PVAc)ather pellet components did not occur
during the storage, since no addition NMR signa¢sendetected and none of the obtained
NMR signals disappeared or change its intensignglly during the storage time.
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Figure 3-397H-NMR spectra from coated CPM pellets (yD&MO) before storage and after
6 months storage at 40°C/75% rH (sample Stab I).

3.10. Conclusion and outlook

A stable film coating process was developed fooeehblend of polyvinyl based polymers,
PVAc and PVA-PEG. A uniform and homogenous coatives achieved for high dosed
pellets with different drugs and different sizebeTmajor focus was set on how drug release
from coated pellets can be adapted. The impacewral coating parameters on the drug
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release was investigated and clarified. The majgact was demonstrated by the polymer
blend ratio, the film thickness, the drug content ahe pellet size (Fig. 3-42). Other
parameters showed only a minor or no impact ordtbg release (Fig. 3-42). A mathematical
model, connecting the drug release and the filnt composition, was developed for CPM
pellets. The model allows the prediction of drutpase patterns, based on a given coating
compositions and offers also the possibility topadhe film composition, based on individual
preconditions (e.g. max. film thickness, desiredymper ratio). The predictability of the
model was proven successfully, but an easy trandfire release pattern or the mathematical
model from CPM pellets to alternative pellets wast possible. The coated pellets
demonstrated high robustness to mechanical dantageto a swelling based self healing
mechanism of the PVAc/PVA-PEG film coat. Suitaltierage stability was proven, whereby
high storage stability at 25 °C and weaker stosdgbility at 40 °C was demonstrated.
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Figure 3-42: Overview on investigated parametdfecting the drug release from coated pellets

The impact of the PVA-PEG addition on the drug ask from coated pellets has been
demonstrated frequently within the last chaptersiad the results indicated, that the soluble
polymer PVA-PEG plays a vital role in the undertyidrug release mechanism from high
dosed CPM pellets, coated with blends of PVAc andA{PEG. Consequently, the
underlying drug release mechanism was investigatddtail in the next chapter.
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4. Drug release mechanism from PVAc/PVA-PEG coated pleks

4.1. Background and purpose

In the previous chapter, the drug release fronepetioated with blends of poly(vinyl acetate)
(PVAc) and poly(vinyl alcohol)—poly(ethylene glygajraft copolymer (PVA-PEG) was in
the focus of interest. A stable coating processaehseved and a sigmoid shaped drug release
was obtained. The release profile was affectedelgral factors, e.g. release conditions, film
coat composition, core size, mechanical treatmants storage conditions. To explain the
obtained impacts from the different factors, iessential to understand the underlying release
mechanism.

The investigation of the underlying drug releasechmamism from coated pellets is a
frequently reported topic in literature. The rekeasechanism from blends of ethyl cellulose
(EC) and hydroxypropyl methylcellulose (HPMC) wasdsed by Tang et al. [31], whereby
Siepmann et al. focused on blends of EC and PVA-RR2 Further studies were focused on
blends of EC with EudraditL [37, 39] as well as Eudra§itNE with Eudragit L [39, 40].
Additional mechanistic studies were published byildhg et al. for tablets coated with
blends of PVAc and PVA-PEG [35, 36].

In most cases in literature, a fast water penetnatito the pellets was reported [31, 32, 36,
38, 69, 150] as well as a swelling of the pelldétsraexposure to media [38, 70, 151]. Soluble
components, like plasticizers [35, 69, 152] or b#ypolymers were dissolved from the film
coat, depending on their solubility e.g. in differenedias. The formation of a porous film
structure with water filled pores and cracks wagsorted frequently [35, 37, 39, 153]. The
drug release was dependent on diffusion throughirtaet film coat or through the water
filled pores and cracks. In some cases, osmotigceaagents were implemented into the pellet
core to modify the drug release and to obtain autdht information of drug release
mechanism [76, 150, 153-156].

A similar release mechanism was expected also bwrgheniramine maleate (CPM) pellets,
coated with blends of PVAc and PVA-PEG and theesfone following questions were in
main focus of interest:

- How fast does water penetrate into the pellets?

- What happens inside the pellets, especiallyenditug layer during dissolution?

- What happens on the surface of the coating lpgket during dissolution?

- What is the reason for the observed lag-timethads-shaped release profile?

- How does the PVA-PEG ratio in the film coat afféee underlying release mechanism?

To answer these questions, multitude different stigation methods were used. To clarify
the water penetration into the pellets, the swglbhthe pellets as well as the water uptake of
the pellets was measured. Additionally, nuclear mesig resonance’fl-NMR) studies,
combined with electron paramagnetic resonance (ERRl)ies were implemented to clarify
the solubilization processes inside the pelletsofbination of the results from solubilization
processes with water uptake and swelling shoul@ kelexplain the water influx into the
pellets. In addition, a closer focus was set onfilhe coat surface. Thereby, the leakage of
film coat ingredients was determined with NMR ame tstructural changes on the pellet
surface were investigated with scanning electrormrascopy (SEM) and atomic force
microscopy (AFM). The results from the mechanisiadies were combined with results
from drug release studies, to postulate an undeylgdrug release mechanism from pellets,
coated with blends of PVAc and PVA-PEG.
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Several samples of coated pellets with differeahtls of PVAc and PVA-PEG were used for
the mechanistic studies. The different sampleselkas their coating composition are shown
in table 4-1. A comparison of the results from thH#erent samples, obtained during the
mechanistic study, should clarify the impact of BMA-PEG ratio on the underlying release
mechanism.

Table 4-1: CPM pellet samples, implemented for raatic studies on the drug release.

CPM PVAC/PVA-PEG Film coat Plasticizer type &

Sample contenf blend ratio thicknesg concentratiorf' ¢
Sample RM | 80 % 8:2 10 % PG, 10 %
Sample RM 1l 80 % 8:2 20 % PG, 5%
Sample RM I 80 % 9:1 10 % PG,5%
Sample RM IV 80 % 9:1 18 % Triacetin, 5 %
Sample RM V 80 % 9:1 20 % PG, 5%
Sample RM VI 80 % 9:1 20 % PG, 10 %
Sample RM VII 80 % 91 20 % -
Sample RM VIII 80 % 91 30 % PG, 5%
Sample RM IX 80 % 10:0 10 % PG, 10 %
Sample RM X 80 % 10:0 20 % PG, 5%

& CPM content before coating
b.¢ calculated on dry polymer mass
4 PG = Propylene glycol

4.2.  Water uptake and swelling analysis of coated llet

The first step of the mechanistic study was thesmesanent of the water uptake and the pellet
swelling during dissolution studies. Both, watetake and swelling were compared with the
observed drug release. Three samples of CPM pétlatsple RM II, V and X) with different
polymer blends and differing release pattern waetlor the analysis (see chapter 3.5.2.).

A suitable amount of pellets were filled into a ette and placed in front of a camera. Water
was filled into the cuvette and pictures of thelgislwere taken after defined time intervals
(Fig. 4-1). The height of the pellets in the cugeitas measured at the defined time intervals
and compared with initial height to calculate thekling (Table 4-2).

6 hours

Figure 4-1: Swelling of coated pellets in watemipée RM V, PVAC/PVA-PEG in 9:1 ratio) after
defined time intervals.
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All pellets demonstrated a significant swelling idgr the investigated 6 hours in water.
Interestingly, the swelling was much faster andrsjer at pellets, coated with a high PVA-
PEG content in the film (Table 4-2). These peltewed additionally the fastest release,
with approximately 10 minutes lag-time (sample RM In contrast, the swelling occurs
slower at higher PVAc ratios, in correspondencédhie drug release (sample RM X). After
4 hours, for example, a swelling of 7.4 % was ofddi from pellets coated with a 9:1
PVAC/PVA-PEG blend, whereas only 5 % swelling wamdnstrated at 10:0 blend ratio after
the same time (Table 4-2). However, a swelling-6f % was observed at the end of the lag-
time and the initiation of drug release, indepetigefiom the polymer ratio (Table 4-2).
During the following release phase, the swellings waaximized. After reaching a complete
drug release, the pellets were deformed and tleeghh decreased. This phenomenon is also

visible in the decreasing swelling values of thélepe after reaching > 95 % drug release
(sample RM Il in table 4-2).

Table 4-2: Overview on pellet swelling (sample RMRM V and RM X) in comparison with release.

PVAC/PVA-PEG 8:2 PVAC/PVA-PEG 9:1 PVAC/PVA-PEG 10:0
Time Swelling Drug Swelling Drug Swelling Drug
(%)* release (%)  (%)? release (%)  (%)* release (%)
10 min 4.0 % 5.2 % 2.8 % 0.1% 1.8% 0.2 %
30 min 7.8 % 43.3 % 3.2% 0.2 % 2.5 % 0.2 %
1 hour 10.1 % 87.9 % 3.9% 0.5 % 3.3% 0.2 %
2 hours 9.8 % 97.6 % 5.2% 1.8% 3.8% 0.1 %
3 hours 9.2 % 99.2 % 6.2 % 17.5% 4.4 % 0.3%
4 hours 8.2 % 99.7 % 7.4 % 66.5 % 5.0 % 0.3%
6 hours 7.8% 101.2 % 9.4 % 99.2 % 5.8 % 13.0 %

gcalculated on pellet height in the cuvette at d=fitime intervals.

Summarizing, a significant swelling was observetijclw strongly depends on the polymer
blend ratio. A faster swelling was observed at aighVA-PEG ratios. The swelling was also
strongly related to the drug release mechanisnf) witmaximum grade of swelling during
release phase and a reduction of swelling aftemptete drug release.

The water uptake of pellets was analyzed by meaguhe weight increase before and after
exposure of the pellets in water for a defined tinterval. A fast water uptake was observed
at all samples within the first 10 minutes (Tabl8)4About 7-16 % weight gain was achieved
after 30 minutes incubation in water. Within thetrisvo hours of the experiment, the weight
gain by water uptake increased continuously, whetlkbé increase was faster at higher PVA-
PEG contents (8:2 > 9:1 > 10:0). A water uptak@®@R0 % was measurable after the end of
the lag-time and the initiation of drug releaseedpective of the film coat composition.
Thereby, a higher water uptake in total was obskatesamples with higher PVAc content in
the film coat. The weight gain by water uptake hesit a maximum after achieving a
complete drug release. Afterwards, the water uptigkeeased slowly.

The water uptake analysis demonstrated a fast wateke of pellets, coated with blends of
PVAc and PVA-PEG. These data were in concordantke fast water influx measured on
tablets, coated with blends of PVAc/PVA-PEG [36heTpolymer blend ratio of PVAc and
PVA-PEG demonstrated a significant impact on théewaptake, whereby a faster water
uptake was observed at higher PVA-PEG ratios alsdiger uptake in total was obtained at
higher PVAc ratios. The higher total weight gain Wwgter uptake of samples with higher
PVACc ratio can be explained by their longer lagdirBince drug release occurs later, a water
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uptake is terminated later, resulting in a longeubation time and the larger weight gain by
water uptake in total. The maximum water uptake watected simultaneously with the

maximum of drug release velocity. This indicatedtttihe drug layer in the pellets is mainly

affecting the water uptake. A reduction of the doagtent in the pellet, due to a proceeding
drug release, completed the water uptake. The weggh by water uptake decreased slowly.
The obtained fast water uptake, combined with adaglling suggested a corresponding fast
drug solubilization inside the pellets, which wagdstigated and clarified in the next step.

Table 4-3: Overview on water uptake of coated pellsample RM Il, RM IV and RM X), in
comparison with drug release.

PVAC/PVA-PEG 8:2 PVAC/PVA-PEG 9:1 PVACc/PVA-PEG 10:0

Time Water Drug Water Drug Water Drug
uptake® release uptake? release uptake® release
0 min 22%+0.4 - 3.6% 0.2 - 0.8% +£0.1 -

10 min 132% +0.7 52% 5.3% +0.1 0.2% 46 % 0.5 0.2%
30 min 16.2% +0.7 43.3% 10.3%+0.2 0.4 % 6.6 % +2.3 0.2%
1 hour 218% 14 879% 12.3%+0.4 0.3 % 7.4%+0.2 0.2%
2hours 257%+08 976% 17.1%=+0.2 1.9% 10.1 % +0.8 0.1%
3hours 250%+14 992% 225%+09 392% 128%=*13 0.3%
4hours 233%+12 99.7% 286%+03 845% 175%=*27 0.3%
6 hours 233%+22101.2% 432%+04 982% 185%+03 13.0%

&calculated on weight gain of coated pellet in consoa with pellets after drying.

4.3.  Monitoring of solubilization processes inside tledigts

One can conclude so far, that higher PVA-PEG rdaad to a faster influx of water into the
pellets. This water influx was investigated moreqely in the next step, whereby the
solubilization processes inside the samples wetleeémmain focus.

Two non-invasive analytical methods were implemént® obtain insight into the
solubilization processes inside the coated pell@ts.the one handH-NMR analysis was
used to visualize the proceeding solubilizationthef drug layer inside the pellets noninvasive
[120]. In addition, an EPR analysis was used tatiersame purpose [129]. In contrast to the
applied NMR analysis, the implemented EPR offeteel possibility to quantify the water
influx into the coated pellets. However, EPR spestopy allows only a monitoring of an
EPR active probe, which was incorporated into thegydayer to act as a model for the drug.
NMR analysis, in contrast, allows to monitor ditgdhe solubilization of the drug in the
pellet. Therefore, both analyzing methods were em@nted since their results were assumed
to be constitutive.

The NMR studies was carried out, using solely sanfpM 1V, which comprised a film
coating with PVAc/PVA-PEG in 9:1 blend ratio. Thé/R analysis was not repeated with the
other samples, containing polymer blends of 8:2 a6 PVAC/PVA-PEG. The NMR
analysis should visualize the solubilization preessinside the coated pellets with a special
focus on the drug solubilization. The kinetic ofpassible drug solubilization, which is a
measure for the water influx should be measuredntiiatively afterwards with EPR
spectroscopy, whereby all mentioned samples frdne &1 were implemented.
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4.3.1. H-NMR studies

The preparation scheme fiid-NMR analysis is shown in section 5.16. After ihation in
D,0O for defined times, 12 pellets were removed frova D,O, dried with a paper tool and
transferred into a NMR tube. Twl-NMR spectra were recorded: one after additiod@d

pl of fresh DO to the sample and a second control measuremiemtvafds from the added
D,0O without pellets. This control measurement all@awdetection of all materials (drug and
excipients), which were released from the pellatang) the measurement. A quantitative
evaluation of the'H-NMR analysis was not possible. The pellets becdefermable after
expose to PO and a reproducible removal of the@from the pellet surface with a paper
tool was not possible. Therefore the weight of Eleps differed, based on the amount of
adhering RO. In addition, the separation of the@from the pellets after recording the first
spectra was not quantitative and therefore a quading evaluation comprised a high risk of
failure. *H-NMR analysis was only evaluated qualitatively.n@& NMR analysis was
implemented to detect all possible solubilizatiorogesses inside the pellets as well as
dissolution processes from the pellet surface,aitative evaluation was sufficient anyway.

Table 4-4: Overview on NMR signals from referenabstances CPM, PVA-PEG and triacetin.

Signal Chemical shift Reference Corresponding Pratcstructure
CPM -1 8.38 ppm CPM aromatic proton og C
CPM —1I 7.78 ppm CPM aromatic proton op C
CPM -1l 7.38 ppm CPM aromatic proton og C
CPM -1V 7.24-7.29 ppm CPM aromatic protons @n@G4-Cis, Ci7- Cig
CPM -V 6.19 ppm CPM double bond protons from mcadeid
CPM - VI 4.16 ppm CPM aliphatic proton on C
CPM - VI 2.99 ppm CPM aliphatic proton o C
CPM - VIi 2.77 ppm CPM aliphatic protons oR€C;»
CPM —IX 2.44-2.53 ppm CPM aliphatic proton (datpdn G
PVA-PEG — | 3.96 ppm PVA-PEG protons in PVA chai,Cs)
PVA-PEG -l 3.63 ppm PVA-PEG  ethylene protons EG@Pchain (G-Cy)
PVA-PEG - 1lI 2.03 ppm PVA-PEG
PVA-PEG - IV 1.84 ppm PVA-PEG protons in PVA chain (§£Cs)
PVA-PEG -V 1.63 ppm PVA-PEG
Triacetin — | 5.1 ppm Triacetin center proton igagrol chain (G)
Triacetin — 1l 4.2-4.1 ppm Triacetin protons in ¢gyol chain (gand G)
Triacetin — 11l 2.0 ppm Triacetin methyl protons;(C;; and Gs)

CH, e
QRN
H3(1:2/ 10~ \T/ N, 4< n H3C/2\O/5\6/7\O/9\CH3
2 OH 5 OH 1 4 8 11
HOOC 'I}'/ %T § A
— 6\5¢4 OH >»OH g
COOH 14
Chlorpheniramine maleate (CPM)  Poly(vinyl &ob—poly(ethylene Triacetin (Glycerdbtetate)

glycol) graft copolymer (PVA-PEG)
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In advance to the NMR analysis, three referencetsge were recorded in O from the
soluble ingredients of the coated pellets, the dBiRM, the soluble polymer PVA-PEG as
well as the used plasticizer triacetin [120]. Areosrew on the major NMR signals from the
references spectra’s in shown in table 4-4. Thelifde parts from the film coat composition,
(PVAc, talc and Ti@) were not analyzed withH-NMR.

The first NMR spectrum (Fig. 4-2) was measured frpellets directly after BD media
addition (Start). The spectrum demonstrated threallssignals (1.85, 2.03 and 3.63 ppm),
which can be classified to PVA-PEG structure (Tabl). After 10 minutes, the intensity of
the mentioned signals had increased and furthealkigrom PVA-PEG and triacetin (4.2,
3.96 and 1.63 ppm) were detectable. Except a sts@mal at 4.7 ppm from residual water,
visible in all NMR spectra’'s, no signals from CPMre detected so far [120].
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Figure 4-2'H NMR spectra’s of coated CPM pellets in D20 aftexdetermined time intervals.
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After 20 minutes, the NMR spectra had changed fsogmtly. A few sharp signals (1.85, 2.03
and 3.63 ppm) were still detectable, but all oiheere overlaid by wide signals with low
signal amplitudes. Wide signal maxima were visibléhe range of 2.5-3.5 ppm as well as
6.0-7.2 ppm, which could be classified to aliphatiod aromatic protons from CPM
respectively. The sharp signals were caused byyfesduble compounds in the sample (e.g.
dissolved PVA-PEG and triacetin). The wide NMR signwere mainly caused by molecule
interactions, between different drug moleculeshia drug layer as well as between drug and
film coat molecules. Wide NMR signals are oftenanted from by high viscous samples and
from samples with strong interactions between fgand solid interfaces. In the current
study, the wide NMR signals indicated a coexistfiggolubilized drug in the outer parts of
the drug layer, interacting with still crystallimleug in the inner parts of the drug layer in the
intermediate range in between, whereas drug satabon is ongoing. So far, the spectra
demonstrated the initiation of drug solubilizatiwsithin the pellet drug layer after 20 minutes.
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After 60 minutes, the intensity of the wide signhld increased, which demonstrated the
ongoing and proceeding drug solubilization withire tpellet drug layer. Additional, sharp
signals (2.03 and 3.63 ppm) were still visible, ifyang the ongoing dissolution of the
polymer and the plasticizer. The NMR spectra, messafter 120 and 150 minutes, did not
change significantly. The intensity of the widersts increased as a result of the proceeding
drug solubilization. Furthermore, four sharp sign@.03, 2.77, 3.63 and 6.19 ppm) were still
visible. Those sharp signals verified the ongoingsalution of PVA-PEG and triacetin
(signals at 2.03 and 3.63 ppm) and, most imporiadicated an initiation of CPM release
(signals at 2.77 and 6.19 ppm) from the pellet®]12
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Figure 4-3:'H NMR spectra's of separated@after predetermined time intervals.

The next spectrum (Fig. 4-3) showed the signaB.6f media, analyzed after short contact to
pellets (Start). Three significant signals (1.84432and 3.63 ppm) were obtained, classifiable
to PVA-PEG (Table 4-4), which were also detectadfter 10 and 20 minutes. Surprisingly,
the intensity of the PVA-PEG signals increasedificantly in the meantime after 10 minutes
and decreased later on to the basic level. Thedmmpincrease of the signals might result
from fast dissolution of PVA-PEG from the film cosirface. In addition, the dissolution of
the plasticizer triacetin was detectable by a digh&.2 ppm. However, no signals of CPM
(Table 4-4) were detectable during the first 20 utes, verifying, that no CPM release was
initiated yet. After 60 minutes, a group of sma§irals (2.77, 2.99 and 7.24-7.29 ppm) was
detected, which were classifiable to CPM (Table) 443d indicate that the drug release was
initiated. After 120 and 150 minutes, five strongn#ficant CPM signals (2.77, 2.99, 6.19,
7.24-7.29, 7.78 and 8.38 ppm) with an increasedasightensity were clearly detectable.
Those spectra verified that the release of CPM araging and furthermore accelerated.
Simultaneous, the signals from PVA-PEG (1.84, 208 3.63 ppm) were still detectable with
an almost identical intensity after 60, 120 and Ibibutes, demonstrating the ongoing
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dissolution of PVA-PEG from inner parts of the filcoat. The further dissolution of
plasticizer was difficult to monitor, since the is&ds were overlaid by the water peak and by
the signal from PVA-PEG at 2.03 ppm [120].

'H-NMR analysis was used successfully to monitor -inmasively the dissolution and
solubilization processes within the pellets durdrgg release. It was demonstrated that the
drug solubilization was initiated after approximgt@€0 minutes. In addition, the NMR
spectra verified a proceeding solubilization of theilg CPM inside the pellets after 150
minutes. A fast drug solubilization was monitoredhich started long before the drug release
was initiated (see chapter 3.5.). Furthermore NMR results demonstrated a fast release of
the soluble polymer PVA-PEG as well as the plaaticitriacetin from the film coat after
expose to BO. The dissolution of PVA-PEG was detectable withi& complete analysis.
Combing the results, th#l-NMR study demonstrated a fast and proceedingodidation of
drug (CPM) even within the lag-time and simultarsgwa fast dissolution of PVA-PEG and
triacetin from the film coat surface. Both reswte important hinds for the underlying release
mechanism. In the next step, the kinetic of thegdrolubilization was investigated, whereby
the impact of the polymer blend ratio (PVAc/PVA-PBE@s in the major focus.

4.3.2. EPR studies

EPR analysis was implemented frequently to detezntive kinetic of solubilization and
release processes as well as distribution proceéstesen different compartments [157, 158].
Stribing et al. implemented EPR spectroscopy te&rdehe the solubilization in coated
tablets after expose to a release media [36]. dblets were coated with blends of PVAc and
PVA-PEG in 9:1 blend ratio and release studies glaoavlag-time, depending on the polymer
blend ratio, with an increasing release afterwatéiing EPR, the solubilization inside the
tablets was monitored successfully and the sokdiibn kinetic as well as its dependency on
the polymer ratio was clarified [36].

In the current study, EPR was implemented to ¢lahf drug solubilization in high dosed
pellets, coated with a similar blend of PVAc andA?REG. The EPR analysis was performed
in addition to the NMR experiments to underline thealitative NMR results with
guantitative EPR data. Within EPR analysis the ihitglnf the EPR sensitive, paramagnetic
probe inside the sample is measured. This molilityeases with a processing solubilization
of the probe. The increasing solubilization wasstdered as an indicator for a proceeding
water penetration into the pellet core, giving impot information of the underlying release
mechanism. To measure the solubilization kinetih PR, a paramagnetic drug is required
to obtain direct information on the mobility chasgef the drug inside the pellets, which
correlate with its solubilization and mobility. Abat all drugs are diamagnetic and therefore
EPR silent (also CPM). Thus an EPR probe, TEMPQds inplemented in the drug layer of
the coated pellets. TEMPOL is a hydrophilic EPRbgravith low molecular weight (chapter
5.17.1 and Fig. 4-4 a). TEMPOL was chosen and impiged to simulate the solubilization
behavior of the hydrophilic drug, CPM. Several gedamples (Sample RM | - lll, RM V - X)
were used for the EPR study to clarify the impddhe polymer ratio, the film thickness as
well as the plasticizer content on the solubili@atkinetic inside the pellets.

Primarily, coated CPM pellets (sample RM Il) werglgzed in dry state. An anisotropic
spectra with low amplitudes and broad lines wasenkesl (Fig. 4-4 b), typical for solid
samples. A second spectra was recorded from aroagueEMPOL solution, resulting in an
isotropic spectra with three lines of similar higimplitudes (Fig. 4-4 c), typical for low
viscous, liquid samples. In the case of a procepdwmlubilization, the shape of the EPR
spectra is formed by a superposition of the twoctpetypes, based on the spectral
contribution of solubilized and still immobile preb
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Figure 4-4: Chemical structure of TEMPOL (b) ared&PR spectra in solid state (b)
and dissolved in water (c)

The setup for the EPR comprised a flow through, eglich was rinsed with media at a low
flow rate. The media was changed within the expenimafter two hours from HCI/NaCl
pH 1.2 to phosphate buffer pH 6.8 (according r&leagperiment setup). Unfortunately, the
change of dissolution media affected the EPR measemt. The same amount of EPR probe
TEMPOL dissolved in different media (HCI/NaCl orqdphate buffer) lead to a significant
difference in the EPR signal intensity (Fig. 4-5H)e amplitude of the isotropic EPR spectra
with its three typical lines increased significgnftom 0.239 to 0.452 after changing the
media from HCI/NaCl pH 1.2 to phosphate buffer pl8.6A similar effect was observed at
coated pellets (Fig. 4-5 b). The amplitude of gwropic EPR spectra increased significantly,
after changing the dissolution media pH from pHtb.pH 6.8 after 120 minutes.

d TEMPOL in b : ———%0min
HCI/NaCl : 120min
B TEMPOLIN| | 4 4 180min
X PO4 buffer

Figure 4-5: Impact of different media on EPR sign&tnsity from dissolved TEMPOL (a), as well as
from TEMPOL containing coated pellets (b, mediangeafter 120 minutes)
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The change of EPR spectra amplitude can be expldigencreased microwave absorption,
caused from the different media with a differemaactibility and absorption behavior (at 1.1
GHz). A stronger absorption behavior (e.g. at HGN lead to reduced quantity of
irradiated microwaves, stimulating the EPR actieaters. Less stimulation of EPR active
centers resulted in a reduced EPR signal intensiégsured during the EPR analysis. In some
cases the change of the signal amplitude was oddraa release of EPR probe (TEMPOL)
from the pellets, which lead to a decrease of feetsa amplitude. In contrast, the increase of
the amplitude could not be classified in all cageshe change of media pH, since also a
proceeding solubilization of the probe inside tledlgis lead to an increase of the spectra
amplitude. Therefore, an evaluation of the solahbtibn processes, based on the spectra
amplitudes comprised a high risk of failure and wasimplemented.

The major focus during the evaluation of the EPRasneement was set on the shape of the
EPR spectra as well as the change of the specaimna d&nisotropic shape to isotropic shape
(Fig. 4-4). In general, the EPR measurement shawvepid change of the EPR spectra from
immobile to mobile within 30 minutes, demonstratamépst solubilization of TEMPOL inside
the coated pellets (Fig. 4-6 and 4-7). The fastlsbtation was affected by on the one hand
by the polymer blend ratio of PVAc/PVA-PEG and be bther hand by the thickness of the
film coat. The EPR spectra’'s from samples, conmtgrdifferent polymer blend ratios and
different film thicknesses are shown in Fig. 4-6 &ng. 4-7.
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Figure 4-6: EPR spectra of sample 1l (a) and sam{le), containing different polymer blends
(PVAC/PVA-PEG 8:2 and 10:0) at same coating thislsn@0%) before contact with dissolution
media and after defined time intervals.

A faster solubilization was demonstrated at samplgh a higher amount of PVA-PEG
(Fig. 4-6). The change from isotropic (solid) spadb anisotropic (mobile) spectra occurred
faster with an increasing ratio of PVA-PEG. A tygidhree line, isotropic spectra was
obtained almost after 5 minutes at a PVAc/PVA-PBGorof 8:2 (Fig. 4-6 a). In contrast,
similar spectra’s were obtained at 10:0 ratio ofABNPVA-PEG after 60-120 minutes (Fig.
4-6 b).

Similarly, the change of the EPR spectra shaperomdunuch faster at thinner film coats,
indicating a faster solubilization of the EPR prat&de the coated pellet. With an increase of
film coat thickness, the solubilization speed weduced and the change of the EPR spectra
from isotropic to anisotropic was slower. A filmatolevel of 10 % resulted in a typical
isotropic, three line spectra after only 5 minu(Egy. 4-7 a), whereby the same isotropic
spectra was observed after 60 minutes at pelletsaicong 30 % film coat of the same
composition (Fig. 4-7 b).
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Figure 4-7: EPR spectra of sample Il (a) and sanwll (b), containing different coating thickness
(10% and 30%) at same coating thickness (PVAC/P¥&M:1) before contact with dissolution
media and after defined time intervals.

Since the EPR spectra were formed by a superpositican anisotropic and an isotropic
spectrum (see Fig. 4-4), a simulation software usesd to determine the underlying ratio of
anisotropic and isotropic part of the spectra ®eeion 5.17.2.). This ratio can be equated
with the ratio of solubilized and not solubilizepirs probe TEMPOL in the coated pellets and
is therefore an important hind for the quantifioatof the proceeding solubilization process.
The blend ratio of PVAc and PVA-PEG (sample RMMland X) as well as the film coat
thickness (sample RM III, V and VIII) demonstra@dsignificant influence on solubilization
inside the pellets (Fig. 4-8 and 4-9). About 50%00f the EPR probe had changed from
immobile to mobile (= solubilized) state at the @idhe lag-time. The speed of solubilization
was reduced at higher PVAc ratios and at thickkn ftoats, whereby the reduction of
solubilization speed was more obvious at higher PY&ios than at thicker film coats [129].
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Figure 4-8: Figure 2B: Solubilization of TEMPOL ide coated pellets (closed symbols), in relation
to drug release (open symbols) at &% O:1 @) and 10:0 &) PVAc/PVA-PEG blend ratio.
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Figure 4-9: Solubilization of TEMPOL inside coateellets (closed symbols), in relation to drug
release (open symbols) at 1099,(20% @) and 30% &) film coat thickness.
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Figure 4-10: Solubilization of TEMPOL inside coatagllets (closed symbols), in relation to drug
release (open symbols) at 0% ), 5% @) and 10% ¢) plasticizer (samples RM V, VI and VII).

Analogous to the release analysis, the plastiatogrcentration did not have a significant
influence on the solubilization (Fig. 4-10 [129The speed of solubilization inside the pellets
was almost similar with 60-70 % mobile probe atted of the lag-time. EPR spectra with
more than 80 % mobile probe could not be fittechwaitsufficient high accuracy with the used
program. Therefore, the calculated ratios yield imaxn values of 80 %. Even though, some
EPR spectra could not be fitted sufficiently, aralgsis of the first derivation verified the
further progress of solubilization by decreasenmhiobile EPR probe ratio in the sample.
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It was demonstrated, that the three coating paemsiepolymer blend ratio, film coat
thickness and plasticizer concentration had a ammilfluence on the solubilization speed just
like on the drug release. It was additionally shpwrat about 50-70 % of the EPR probe
inside the pellet drug layer was solubilized, wliea drug release was initiated [129]. This
fast solubilization inside the coated pellets conéd results from previously NMR
experiments [120] on coated pellets as well as BERRsurement on coated tablets [36].
Stribing et al. investigated the solubilization qgasses in theophylline and propranolol
tablets, coated with a similar blend of PVAc andAPREG [36]. Despite using two different
drugs and a different dosage form (coated tabletsus coated pellets), the published results
were similar to the mentioned results from coateliefs. The release profile included also a
lag-time, which was followed by a sustained slolease. In contrast to the clearly sigmoid s-
shaped release profiles from coated CPM pellets refease from PVAc/PVA-PEG coated
propranolol and theophylline tablets was much std®8, 36]. The release pattern seemed to
be also sigmoid, but not as obvious as from cop#diéts. A similar fast solubilization of an
incorporated EPR probe was demonstrated by Stridiiag) for theophylline and propranolol
tablets, coated with PVAc and PVA-PEG [36]. Analogdo results from coated pellets, the
solubilization at coated tablets was dependingngtsoon the film coat thickness and the
polymer blend ratio. A slower solubilization wassebved at thicker film coats and also
higher PVAc contents in the film coat slowed dovae solubilization. This effect became
obvious at a film thickness of 8 mg/énwhich was almost equal to the film thickness of
coated pellets (20 % film coat).

Since similar results were obtained from PVAc/PVE& coated pellets and tablets with
various drugs, the occurrence of a lag-time withganoid release pattern afterwards was not
dependent on the dosage form, on the dosage swfaoe the different drug substances.
Additionally, the fast solubilization, indicatingfast water influx into the dosage form, was
independent from dosage form, dosage surface od dseg in the dosage form. The
solubilization as well as the lag-time was only elegient on the composition of the film coat
as well on the thickness of the film coat layeiggesting to be an important characteristic for
film coat blends from PVAc and PVA-PEG. One candatode that the progress of solvent
influx is directly affecting the drug release arsl therefore the initial mechanistic and
essential step in drug release mechanism from PRAM&/PEG coated CPM pellets.

4.4.  Dissolution of soluble film coat ingredients frohetsurface

After clarifying the solubilization processes insidhe pellets, the focus was set on the
changes on the pellet surface during release studie detailed understanding of the
dissolution processes and changes in the film maaipphology and on the surface should help
to explain the underlying drug release mechanism fPVVAc/PVA-PEG coated pellets.

In a first step, the dissolution of soluble parte the film coat was investigated after expose
to release medium. A leaching of soluble componé&ms the film coat, together with a
formation of pores and cracks was already publistsetthe dominant release mechanism from
film coats, containing polymer blends. Lecomte letdascribed the leaching of hydrophilic
plasticizer triethyl citrate from film blends of E&hd Eudragft L, whereby the drug release
was strongly dependent on the plasticizer conceord69]. Further studies from Lecomte
and Siepmann demonstrated also the impact of #soldition of Eudradft L at higher pH
values from blends with EC or EudrdgNE on the release mechanism [29, 69]. For polymer
blend of PVAc and PVA-PEG, a throughout study andissolution of soluble parts from the
film coat was published by Stribing et al. [35].tlis study, the polymer films were peeled
from the coated tablets after defined exposure timéhe release media. The films were
dissolved in ¢DMSO and analyzed, using NMR spectroscopy. The N#itkhal intensity
from soluble film components (like PVP, triacetindaPVA-PEG) decreased significantly
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after longer exposure to the release medium. Irtrast) the signal intensity from insoluble
film components (e.g. PVAc) remained unchanged. @igj1, adapted from [35]). In addition,
Strubing et al. published a quantitative evaluatdrtheir NRM studies. All water soluble
components (PVA-PEG, PVP and triacetin in this jmallon) were leached out similarly,
showing a decay with a bi-exponential characterig85]. The polymer blend ratio
demonstrated a significant impact on the dissahutbsoluble components. A fast decrease
was observed initially for the first 30 minutesaaPVAc/PVA-PEG ratio of 8:2, whereby the
initial decrease was longer at 9:1 blend of the/pelr with 60 minutes, respectively. The fast
initial decrease was followed by a slight decayraeveral hours. Elimination rate constants
of the monitored film components (PVA-PEG, PVP dnacetin) showed similar values in
each case for the fast and the slow decay at batmer blend ratios [35]. However, the
impact of the film coat thickness on the dissolutiinetics was not investigated.
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Figure 4-11'H-NMR spectra of tablet film coat PVAc/PVA-PEG §&) and 9:1 (b) after different
exposure times to the release media. Signals fodubke film components marked with arrows
(Figures adapted from [35]).

To transfer the results from Stribing et[@b] to coated pellets, a non-invasive NMR method
was implemented (see section 5.16 and section.}.2 Mirect transfer of NMR analysis of
peeled film coat from coated pellets was not pdssibhe small size and the round shape of
pellets made a quantitative and reproducible pgedirfilm coat impossible. Therefore, NMR
studies were implemented, which analyzed the camplellets. These NMR studies (section
4.3.1.) demonstrated clearly the immediate disgmiutf soluble parts from the film coat after
exposure to water (Fig. 4-3). Several NMR signatésendetectable within the first 60 minutes
of the experiment, which could be classified didiynto the soluble parts of the film coat,
like PVA-PEG and plasticizer triacetin [120]. Thecarrence of the NMR signals proved, that
the soluble film coat components were dissolvedhftbe film coat surface. This dissolution
started immediately after exposure of the pellethé release media and continued during the
complete analyzing time of 150 minutes (see Fi§, 4ection 4.3.1.). The release of drug,
detected after 60-120 minutes, did not affect tlesalution of soluble parts from the film
coat. Released drug and dissolved film coat commsneere detectable in the release
medium after 120 minutes and 150 minutes (seedF8j.section 4.3.1.).

Based on the results from Stribing et al. [35] all s with own results from NMR studies,
the fast dissolution of soluble film coat compomsanas proven successfully. It was shown by
guantitatively evaluation from Striibing et al. tlimtig release was initiated when the water
soluble film components were leached to an extentare than 60 % [35]. The recent results
posed the question about the morphological chaoge$e film coat surface, caused by the
dissolution of soluble film components, which wereestigated in the next step.
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4.5. Pore formation on the pellet surface

The formation of pores and cracks on the surfaceoated dosage forms was frequently
investigated, whereby the purpose of the surfagdystvas often varying. The majority of
publications were focused on the underlying releasehanism. In most cases, the surface
changes were investigated, using different micrpgctechniques (e.g. SEM or E-SEM).
Electron microscopy (EM) pictures from Lecomte ketd@monstrated the crack formation in
the film coat of pellets, coated with blends of BAd Eudragft L [39]. Wesseling et al.
investigated the surface of cured and uncured tseld@ated with Aquacogtafter exposure
to the release medium [86]. Further microscopyissidiere also published by Striibing et al.
on sustained release tablets, coated with blenB¥8ic and PVA-PEG [35].

However, the (electron) microscopic analysis ofra pellet surface, e.g. after coating, is
somehow easy and provides images of high qualitly eihigh magnification. In contrast, an
electron microscopic analysis of a pellet surfaggnd) or after exposure in release media is
much more difficult and requires a complex sampteppration. Except the E-SEM
technique, the EM analysis requires dry samples. 8&mples can either not be analyzed at
all or result in a reduced picture quality. In moases, the EM samples have to be sputtered
to improve the quality of the EM pictures, wheredbysputtering of wet samples is rather
challenging or even impossible. For this reasoe, ¢bated pellets within all mentioned
publications were dried before EM analysis. Thigirdy step might have an impact on the
pellet surface and might cause changes on thecsurfde drying might cause a shrinking of
(swollen) pellets, which could affect also the aad. On the other hand, the drying might
lead to a precipitation of solved salts or othemponents on the pellets surface after
evaporation of adhering release media. These ptateip could be misinterpreted, since an
accurate classification or a distinction betweeecipitates and surface structure might be
difficult. Therefore, one has to prove thorougHlyhie information from the EM pictures was
really caused by changes of the pellet surfacenduglease or by sample preparation.

An EM analysis was also implemented in the curretoidy to clarify the drug release
mechanism from pellets, coated with blends of P\&éka PVA-PEG. In contrast to the
mentioned publications, the coated pellets wereddin vacuum. The vacuum drying was
much faster, but it only removed the adhering s#emedia on the pellet surface. The pellet
core remained wet, which negatively influenced E¥ analysis. For pellets, which were
exposed to release media for long time, the stx@ogium lead to a rupture of the film coat.
Dissolved drug leaked out from the core and soédifimmediately after contact to the
vacuum (Fig. 4-12, marked with arrow). Howeverg&aparts of the pellet surface remained
macroscopically unaffected and allowed a detailethse analysis despite the film rupture.

Figure 4-12: SEM picture of a coated pellet (sanfg\é 1) after 30 min exposure to release media.
Ruptured film coat and leak out of drug solutiomiarked with an arrow.
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The EM study was carried out, using CPM pelletsted with 8:2 blend of PVAc and PVA-
PEG (sample RM II). A first series of EM picturegttwa low magnification (200x) did not
show a significant change of the pellet surfacandurelease analysis (picture not shown).
Significant changes on the pellet surface were otidde only at high magnifications
(5000 x). In dry state, the pellet surface was dlmaod some small talc platelets were visible
(Fig. 4-13 a). After 30 minutes exposure to releaselia, the surface morphology changed
completely. The talc platelets were still deteataltlut the surrounding surface had changed
from a smooth to a porous structure (Fig. 4-13Tie total investigated area of the pellet
surface was covered with very small pores, leatling sponge like structure. Additionally,
some larger cracks were visible, which might beseduby the drying step in the vacuum
(Fig. 4-13 b, marked with arrow). A similar surfasth a porous, sponge like morphology
and small cracks was detected after 60 minutessexpao release medium (Fig. 4-13 c).
After 120 minutes exposure to release media, tiletpirface remained unchanged. A talc
platelet was visible, surrounded by a porous amhge like structure (Fig. 4-13 d). It seemed
that the porous structure was slightly reducedr d@f9 minutes exposure to release media,
compared with pictures after 30 and 60 minutes.

Figure 4-13: Surface of coated pellets (sample RhhIdry state (a) and after 30 minutes (b),
60 minutes (c) and 120 minutes (d) exposure t@selenedia (5000 x magnification).

The surface morphology changed rapidly from a simdot a porous and sponge like

appearance after exposure to release medium. dhisp surface remained unchanged after
proceeding incubation in media. Despite the pealletace was investigated successfully, the
drying step demonstrated massive damages, likenegpand cracks on the film coat surface.
A clear distinction between damages by vacuum drginsurface changes from release was
not possible. Therefore, the drying approach wabuwm was not the method of choice to
investigate the surface changes on pellets duspgire to release medium.
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Another analytical method has to be found, whidbved an easy and direct analysis of the
pellet surface in the release media. Finally, atofarce microscopy (AFM) was chosen as
suitable method. The use of AFM in the field oflpetoating was only rarely published in
literature. Zheng et al. investigated the distiifutof polymer blends in casted films [159]
and Ringqvist et al. clarified the changes on pellefaces after exposure to water [82].

AFM was implemented to perform in situ measuremaitshe pellet surface while it is
dipped into liquid media (see section 5.18.). Tlisws an investigation of the surface during
the dissolution process and a monitoring of change®pology simultaneously on a time
basis. Major aim of the AFM analysis was to cla@fypossible pore formation on the pellet
surface after exposure to release media. Therefloree different samples of coated pellets
(sample RM |, 1l and IX) were implemented. To detene the impact of the polymer ratio
on the release mechanism, the samples containedlarsoating level (10%), but a different
polymer blend ratio.

A first AFM image was obtained from pellets, coateith 8:2 ratio of PVAc and PVA-PEG
(sample RM 1) in dry state, before exposure toasdemedia. A plenty of loose particles,
sometimes with well-defined crystalline shape, waisgributed over the pellet surface (Fig.
4-14). As soon as the pellet was wetted, thesécfemtwvere washed away (image not shown).
Additionally, some protruding platelets were dedbbtt, which were classified to talc
platelets, present in the coating formulation astaoking agent. Two curious structures were
detected, both with streaked edges (Fig. 4-14, ethvkith arrows). Both were artifacts from
the AFM analysis. The streaked edges showed tleeasid actual shape of the AFM tip due to
very steep edges of the features. When scannirggsadeatures which are steeper than the
sidewall angle of the tip, the images will onlyleet the sidewall angle of the tip.

After 80 minutes exposure to release media, the Amisiges demonstrated a highly porous
surface (Fig. 4-15). Some protruding talc platele&se still detectable and the surrounding
surface showed a lot of small pores. One of thiaats was still visible, proving that the
same part of the pellet surface was investigateg 415, marked with arrows).

Data type Height Data type Deflection
Z range 700.0 nm Z range 400.0 nm

Figure 4-14: Topography (left) and deflection imddght) of a coated pellet surface (sample RM |,
PVACc/PVA-PEG ratio 8:2) in dry state, before expesto release media
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\utes in H

o 20,0 pm O 20.0 um
Data type Height Data twpe Deflection
Z range 700.0 nm Z range 400.0 mnm

Figure 4-15: Topography (left) and deflection imdigght) of the same area as in Figure 4-14 affer 8
minutes immersed in HCI (sample RM 1). Red arroveskrartifact and porous surface structure.

In general, it was very difficult to image the sagés of the coated pellets (sample RM 1) after
exposure to medium, due to the immense swellinthefpellet during the first 45 minutes.
After 1 hour the swelling was significantly reducatt the images became more stable.

In a second measurement series, coated pellet®utithlend ratio of PVAc and PVA-PEG in
the film coat composition were analyzed (sample RIM Analogous to sample RM I, the
film coat surface of sample RM Il showed also legsrticles on the dry and untreated
surface, which were easily washed away. After ngsimost of the surface was covered by
small pores (Fig. 4-16), indicating that the dission of soluble components was initiated.

0 20,0 pm O 2000 pm
Data type Height Data type Deflection
Z range F00.0 nm Z range 400.0 nm

Figure 4-16: Topography (left) and deflection im&gght) of a rinsed dry-blowed pellet surface
coated (sample RM lll, 9:1 ratio of PVAc/PVA-PE®Efore expose to release medium.
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During proceeding exposure to dissolution mediunesé pores became deeper and more
prominent (Fig. 4-17, marked with arrow). Sometintesould be observed that entire pieces
of porous areas have been washed out, leaving déignholes in the surface. The very flat
features seen on the topography and deflectiones@gig. 4-17, marked with arrow) were
most probably artifacts. Due to such deep cratex® lbeen formed during the dissolution
process, the height difference in these spots sdrsisurrounding area was so huge that the
maximum movement of the piezo was exceeded andirgnis limit at this point.

r180mut$ In me%ia

-

f

Data type Height Data type Deflection
Z range 700.0 nm Z range 400.0 nm

Figure 4-17:Topography (left) and deflection image (right) & tsame area as in Figure 4-16 after
180 minutes immersed in media (sample RM lll, &tlorof PVAC/PVA-PEG).

0 5.00 pm 0 5.00 um
Data type Height Data type peflection
Z range 200.0 nm Z range 150.0 nm

Figure 4-18: Close-up topography (left) and deftettmage (right) after 200 minutes in media.
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It seemed that in these flat areas a part of tmeysosurface has been washed out and left a
remarkable hole in the pellet surface. Additionalgme areas were visible, where protruding
platelets were still dominant and not dissolvednedium even after an elongated time period
(Fig. 4-17). Another image of the porous surfacesti®wn in Fig. 4-18 with a higher
magnification, demonstrating clearly the poroudae of the pellets after exposure to media.
Analogous to sample RM |, it was very difficultitbage the surfaces of pellets at sample RM
lll since the pellet surface was swelling immensdlying the first 60 to 120 minutes.
Afterwards, the images became more stable and &ghstreen images could be obtained.
Finally, for pellets coated with insoluble PVAc grilsample RM 1X), the overall extent of
swelling was smaller than for pellets coated witnds of both polymers (samples RM | and
ll). Furthermore, it seemed that the topology aéscted by the swelling mainly during the
first 5 minutes of dissolution. Stable images wachieved with sample RM IX practically
from the beginning of the exposure to medium.

0 20.0 pm 0 20.0 um
Data type Height Data type Deflection
Z range 500.0 nm Z range 200.0 am

Figure 4-19:Topography (left) and deflection image (right) afantreated pellet surface coated with
PVAc only (sample RM IX) before exposure to media.

In general, the structure of the PVAc surface ditldrastically change during the dissolution
process. Only few porous areas were visible onuthteeated surface before exposure to
media (Fig. 4-19, marked with arrow). Most of theface was covered with platelets which
did not dissolve during the exposure to dissolutiedia. Compared with sample RM | and
lll, the porous area was reduced to an absoluténmim. The very small areas with porous
surface might be a result of plasticizer dissolutimm the surface. The surface structure of
PVACc coated pellets remained almost unchanged a&g@rminutes in media. In contrast to
the PVAC/PVA-PEG blends, the surface was not calern¢h pores. Due to a swelling effect,
islands protrude in certain areas (Fig. 4-20, nénkéh arrow) and decline after the pellet
has been dried again (Fig. 4-21, marked with arrdtwyas observed that these islands were
formed during the first 5 minutes of dissolutioméige not shown) and remained raised
during the entire moistened time. Interestingly grotruding island was formed in an area,
where a sparse porous surface was detected befposiwee to media. A release of drug
through the protruding island might be likely, lduld not be verified within the current
study and has to be further investigated.
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Data type Height Data type peflection
Z range 500.0 nm Z range 200.0 nm

Figure 4-20: Topography (left) and deflection im&aght) after 120 minutes immersed in HCI
(sample RM IX). Protruding island, formed by swagjiof the surface is marked with arrow.

4] 2000 pm O 20.0 pm
Data type Height Data twpe Deflection
Z range 500.0 nm Z range 200.0 nm

Figure 4-21: Topography (left) and deflection imddght) of sample RM IX, blow-dried in nitrogen
after immersed in HCI for 130 minutes, the deteqexdruding island (arrow) now declined.

The formation of pores, detected within the SEMis&s was verified by the AFM images.
The surfaces of samples, coated with blends of Pat#ct PVA-PEG (sample RM | and III),
were found to be very porous and, besides plajedbiiswed a lot of small holes. Before
rinsing the pellet with water or medium, the suefacas decorated with loose particles that
were easily washed away once the surface beconte®weng dissolution the pores became
more and more prominent. The platelets remain sotied and were therefore classified to
talc. Deep craters or holes were formed duringotlis®n when entire pieces of porous areas
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were burst out. Hence, the possibility for wateretater through the pellet coating was
increased. Consequently, the swelling of the emiglet coating and the rate of drug release
was increased at those samples, too.

The surface of samples, coated solely with PVAenfda RM IX), was less porous but
spangled with platelets. Only a few areas with fi@led pores were observed after exposure
to medium. Due to fewer pores, the amount of watetering the pellet surface was
considered to be smaller than for film coat of PY¥ACA-PEG blends. Therefore, a slower
drug release and a larger lag-time were expecteswdlling of the pellet coating occurred
only locally on isolated spots (protruding islandshereby a drug release through this
isolated spots could not be verified based on thBAmnages.

4.6. Postulated release mechanism

Combining the results from water uptake measuresnemtelling analysis, NMR studies and
AFM images, an underlying release mechanism watsljadsd for CPM pellets, coated with
blends of PVAc and PVA-PEG.

After exposure to release media, the water pemstiato the film coat (Fig. 4-22 a), verified
by water uptake analysis (section 4.2.). Solubha tioat parts are dissolved and small pores
from leaked out film material are formed rapidlygiF4-22 b). The dissolution of soluble film
coat material was demonstrated by NMR analysisti(gee.3.1. and [120]) as well as by
NMR studies from Strubing et al. on coated tabJ@f. Pore formation was shown by AFM
analysis (section 4.5.).

a b

water influx

drug release
(osmotic)

drug release
(diffusion)

‘ osmotic pressure

Figure 4-22: Postulated drug release mechanisrer &kposure to release media (a), during early
lag-time (b), during late lag-time (c) and afteitiation of drug release (d).
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The water influx into the pellets lead to a prodegdsolubilization of the drug layer
(Fig. 4-22 b), demonstrated by NMR and EPR stu@sestion 4.3. and [120, 129]). The
proceeding water uptake resulted in a pellet smgl(Fig. 4-22 b), analyzed in section 4.1.
Within further progress of the lag-time, the drugjubilization inside the coated pellets as
well as the dissolution of soluble film coat paatsd pore formation proceeds (Fig. 4-22 c).
Additionally, the swelling of the pellets increadagthermore. After reaching a certain level
of drug solubilization (60-70 %), the drug releasdiates (Fig. 4-22 d). Based on the
presented EPR data, about 60-70 % of the EPR pwakesolubilized at the end of the lag-
time and the initiation of drug release (sectioB.2. [129]). A fast and continuous drug
release was obtained after the lag-time from pellEaated with PVAc and PVA-PEG blends.
Thereby, the release depended strongly on thecilat thickness and the polymer blend ratio
(section 3.5.2.). Simultaneous with the release,dissolution of soluble film coat material
proceeds (Fig. 4-22 d), demonstrated by NMR stugtestion 4.3.1. and [120]). Despite the
postulated detailed release mechanism, one magstign remained:

What is the driving force behind the initiationtbé drug release after the lag-time?

4.7.  Osmotic controlled modified release pellets

To answer the question on the driving force behima drug release initiation, one has to
focus on the shape of the obtained release profllee release pattern from CPM pellets
coated with blends of PVAc and PVA-PEG demonstragedigmoid shape, which was
uncommon for PVAc coatings. Further studies by I8t et al. on PVAc/PVA-PEG coated
tablets showed also a release pattern with a hag;thowever the shape of the release was not
obviously s-shaped [35, 36]. Other studies, wh&fAdwas implemented as coating material
for pellets did also not report a sigmoid shapéelase profile [56, 79, 80].

In contrast, s-shaped release profiles were destridy Narisawa et al. [155, 160, 161] for
theophylline and propranolol pellets, coated with tationic polymer Eudra§itRS. Within
these studies an osmotic pumping effect, contrlalaly (organic) salts, was described as the
predominant release mechanism. Based on the cugsmits from drug release experiments
as well as from mechanistic studies an osmoticedrielease was taken into considerations.
Suggesting an osmotic driven release, the builtolian osmotic pressure will be one
precondition for the initiation of drug release.eféfore, water has to penetrate into the
system, leading to dissolution of the osmotic acingredient and an increase of the osmotic
pressure. The increasing osmotic pressure in tlet gere causes an increasing tensile stress
on the surrounding film coat. As soon as the ostnatessure exceeds the tensile strength of
the film coat, cracks are formed in the film coadathe drug release is initiated. This
phenomenon of an osmotic driven release mechanesrdescribed in a mathematical model,
developed by Marucci et al. [150, 154]. In additimnthe development of the theoretical
model, coating trials were implemented to prove ittethematical model, whereby pellets
with an ethyl cellulose (EC) film coat were used.

How to confirm an osmotic driven release from pslleoated with PVAc/PVA-PEG?

To answer this question, one has to remind the ¢tngfgpellet drug content and pellet surface
on the drug release (section 3.5.4.). A reducekbtpglze resulted only in a reduction of the
lag-time, whereby the shape of the release patw@mained unchanged sigmoid (Fig. 4-23).
In contrast, pellets with lower drug contents shdwechanged of the release pattern. One the
one hand the lag-time was reduced, which was capssgghbly by the reduced size and
surface at lower drug contents. Most interestinghe shape of the release pattern was
changed from a sigmoid to an almost zero-order fiddease pattern at lower drug contents
(Fig. 4-23).
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This observation gives an important evidence fa gostulated osmotic driven release
mechanism. In the case of PVAc/PVA-PEG coatings, @an postulate that the formation of
pores on the surface reduces on the one handrnbietstrength of the film coat and on the
other hand allows a drug release through the porbas release through the pores is
controlled one the one hand by diffusion due todbecentration gradient and on the other
hand by the osmotic effect, caused by the osmagsspire inside the pellets. Both effects,
diffusion and osmotic release, are coexisting. dbgerved fast and continuous release after
the lag-time is a result of both effects. The sgemand dominant effect of both, diffusion or
osmotic release, finally determines the shape®fé¢tease pattern.

In the case of a high drug content of 46 % CPM.(B#@3, 1), a high osmotic pressure inside
the pellets was generated. The high osmotic pressaused a strong osmotic force, pushing
the drug solution out of the pellet. The osmotitveln release was the predominant release
mechanism. The possibly coexisting drug diffusioasvoverlaid. Consequently, a sigmoid
shaped release profile was obtained from high dosated CPM pellets.

110
100 1

CPM releasa (%)

time (hours)

Figure 4-23: Impact of drug content, 46 #q () versus 8 % 4, Il), and pellet size, largen) versus
small (©), on drug release from CPM pellets, coated withi®end of PVAc and PVA-PEG (n=5).

In the case of 8 % CPM content, the lower drug eatration caused a reduced osmotic
pressure inside the pellet (Fig. 4-23, 1l). The osmforce was reduced and also the osmotic
driven release. The diffusion controlled releases wess or not overlaid and became the
predominant release mechanism. Consequently, e&slelease with a significantly reduced

maximum release speed was obtained from low dosaigd CPM pellets.

But what is the explanation for the reduced lagenat pellets with lower drug content?

As already mentioned, pellets with a smaller di@nand a resulting smaller surface lead to a
reduction of the lag-time. In general, pellets wdtver drug content contained a thinner drug
layer, which lead to a significantly reduced diaeneind surface (see Table 3-14 in section
3.5.4.). It was assumed, that the required levelrod solubilization to initiate the release was
obtained faster at smaller pellets. Assuming atemsolubilization speed, the solubilization
front reached quicker the inner parts of the pelee, due to the reduced distance (drug layer
thickness). Since a certain level of drug solubtian was found to be necessary to initiate the
release, this solubilization level was achievedefaat pellets with smaller diameter, than at
pellets with larger diameter. The postulated exatimm for release at smaller pellets is shown
in Fig. 4-24.
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X hours
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q

Figure 4-24: Impact of pellet size and pellet dcogtent on release mechanism — Pellets with
identical starter core (dark grey), but high drogtent (left) and low drug content (right).

Based on the presented data, an osmotic driveaselas most likely and the osmotic force
could be postulated as driving force for the itidia of the drug release. This observation was
new and interesting, since all commonly known ostndtiven release systems required an
osmotic agent, imbedded in the dosage form. Ircese of ORO% systems, a (organic) salt
is incorporated in the dosage form, which was #isocase in the studies from Narisawa et al.
[155, 160, 161] and Marucci et al. [150, 154] withated pellets. In the case of the current
CPM pellets, no osmotic agent was used. The highg doncentration of 80% in the pellets
was sufficient to generate a suitable osmotic pressThe needlessness of the osmotic agent
might be a crucial advantage, since no interactlmtsveen osmotic agent and film coat or
drug substance have to be considered. The worthbandfit of the novel osmotic pellet
system has to be demonstrated by further studiesnparison to common osmotic systems.

How does this postulated release mechanism felease data from PVAc coated pellets?

An evident pore formation was not detected at CPéllets, coated with PVAc films.
Additionally, the reduction of drug content resdlia different release profiles. At 46 % drug
content the release shape was unchanged, wheréb%oatirug content less than 20 % drug
was released within 48 hours (see section 3.9\&yertheless, the impact of the pellet size
on the release was similar at PVAc coated pellats gellets with PVAc/PVA-PEG film
blends (see section 3.5.4.). An osmotic drivenasdewas also suggested for PVAc coated
pellets, based on the sigmoid shaped release mpattwever, the release might occur
through cracks, which might be formed on the pelgtrface. A local change of the surface,
called protruding island, was detected during ARMIgsis (see section 4.5.). A drug release
via this protruding island would be likely, but lz&r evident is missing. Further studies have
to clarify the underlying release mechanism fromAe\¢oated pellets in detalil.

4.8. Outlook

The underlying drug release mechanism from higheddSPM pellets, coated with novel
blends of poly(vinyl acetate) (trade name: Kollifo&R 30D) and poly(vinyl alcohol) —
poly(ethylene glycol) graft copolymer (trade nardeilicoat® IR) was clarified in the current
chapter. A multitude of non-invasive and innovatarelytical methods (e.g. NMR, EPR and
AFM) was implemented to clarify the underlying dmadease mechanism.

A novel osmotic controlled release mechanism from asmotic pellet system, called
‘Osmotic controlled modified release pellets’ wasgented. This osmotic release mechanism
for PVAC/PVA-PEG coated pellets did not require auglition of osmotic agents, since the
osmotic pressure was generated solely by the high dontent of the pellets. The osmotic
release system allows an adjustment of variousaselgatterns. The shape of the release
profile can be adapted by changing the pellet dargent and the lag-time can be adjusted by
variation of the film thickness and the blend ratfd®VAc and PVA-PEG.
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On the one hand, a fast release with about 10-3utes lag-time was adjustable and in
contrast also a very slow release with a lag-timenore than 10 hours was also achieved.
The possibility to adjust the release pattern (@djustment of the lag-time) allows a release
profile by design, based on economic need or patieeds and could be therefore a real
benefit in the development of coated solid dosaga$ for sustained release applications.
The postulated release mechanism comprised of #Hoxiof water with a fast drug
solubilization. The proceeding drug solubilizaticaused an increasing osmotic pressure
inside the dosage form. Simultaneous with druglsbhation, soluble parts from the film
coat were dissolved, leading to pore formation loa film coat surface and to a reduced
tensile strength of the film coat against the ostptessure. At a certain point, the osmotic
pressure inside the dosage form overcomes thddesteength of the film coat and initiated
the drug release. Finally, a sigmoid shaped relpatern comprising of a lag-time as well as
a fast and continuous release afterwards was @utait lower drug contents inside the
pellets, the osmotic pressure was reduced, leddirgreduced osmotic impact and a higher
diffusion controlled release. The release pattéranged from a sigmoid shape to an almost
zero-order like release. The ratio of PVA-PEG ie thm coat composition caused a faster
release, due to an increased water influx throbghfitm coat into the pellets as well as a
faster drug solubilization inside the pellets arfdsder pore formation on the pellet surface.

However, a detailed mechanism could be postulatéat, of open questions remained:

Firstly, the osmotic controlled release mechanisas Wkely and all studies suggest and
confirmed the postulated mechanism. However, thmotis pressure inside the pellets was
not measured or verified. Further studies shouldfdoeised on the determination of the
osmotic pressure inside the pellets, which alstudes the implementation of osmotic agents
into the high dosed pellets. The addition of osmaijents to CPM pellets with high drug
contents would in theory lead to shorter lag-tinmel & faster release. Implementing an
osmotic agent into CPM pellets with low drug comsenhe reduced osmotic pressure might
be compensated, leading to a similar release pattidee CPM pellets with high drug load. A
throughout investigation how additional osmoticraigen coated CPM pellets affect the drug
release could help to provide further evidencesHempostulated release mechanism.
Secondly, the impact of the starter core insidepiets should be investigated. Cellulose
cores were used for the study, due to their beaéfiihavior during pellet manufacturing
(section 2.3.). A change of the starter core typenfinsoluble cellulose to soluble sucrose
cores might also affect the drug release and tlease mechanism. Due to their solubility, it
is assumed, that the sucrose core will be solahillzy the penetrating water and will increase
the osmotic pressure inside the pellets. Furthediess with different starter cores should
clarify the impact of the starter core on the drelgase and the release mechanism.

Thirdly, the technology of the ‘Osmotic controlledodified release pellets’ should be
transferred to other drug substances. In the custmly, solely Chlorpheniramine maleate
(CPM) was implemented as model drug. CPM is highdyer soluble, which might play an
important role in the release mechanism. Releasdiest with another highly soluble drug,
Metoprolol tartrate (MPT), showed a comparableaséepattern with PVAc/PVA-PEG film
coats. A general underlying release mechanism frigin dosed pellet with PVAc/PVA-PEG
film coat, applicable for highly soluble as well @sorly soluble compounds would be likely,
but has to be proven by further investigations.
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5. Material and methods

5.1. Model compounds

5.1.1. Chlorpheniramine maleate (CPM)

Chlorpheniramine was used in form of its maleate (fa8g 5-1 a) and was purchased from
SelectChemie AG, Zurich Switzerland. CPM can besifeed to BCS class | and showed a
good solubility in water (17 % w/w) and a lower ality in ethanol (6 % w/w). The
maximum solubility (24 % w/w) was achieved in etblr water blend of 40:60 ratio.
Chlorpheniramine is an antihistaminic drug (HistaeaH;-receptor antagonist), used for the
treatment of rhinitis, allergy, common cold and teyer (market products: Chlor-Trimefgn
Allergisar®’ and Histadd?). CPM was chosen as model compound for the phligtring
process, based on its high water solubility andréquently published use for pellet layering
in literature [30, 31, 100, 162].

5.1.2. Metoprolol tartrate (MPT)

Metoprolol was used in form of its tartrate salig(b-1 b) and was delivered from Novartis
Pharma AG, Stein, Switzerland. MPT can be claskifee BCS class | and showed a high
solubility in water, ethanol and blends of ethaaod water (> 50 % w/w). MPT is an
antihypertensive drugi{blocker) used for the treatment of hypertensiogira pectoris and
cardiac infarction (market products: LopreSsoBelo® and Preli§). MPT was chosen as
second model compound for the pellet layering megcalso based on its high solubility.

a T N| S b

OH
e =
/N HaC /\/©/ CH
HoOC COOH >0 HOOC oH 3

Cl HO COOH
Figure 5-1: Chemical structure of Chlorpheniramimeeate (a) and Metoprolol tartrate (b)

5.1.3. Novartis compounds

Two compounds from the Novartis pipeline, DS atd DS X%, were chosen, to demonstrate
the transferability of the pellet layering processing the fluid bed technology. DS;,Xan
antihypertensive drug, is poorly soluble in wated ahows a suitable solubility in ethanol and
in ethanol-water blends (7.5 % w/w). Therefore, ®Swas used as candidate for an organic
layering process, using ethanol or water-ethanehdd. DS X is also an antihypertensive
drug and is insoluble in water, in ethanol and isppnol. The compound shows sufficient
solubility in acetone (15 % w/w) or in blends oktane and water (7.5 % w/w). Pellets of DS
X2 were produced in an organic layering process gustetone-water blends.
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5.2.  Fluid bed equipment

5.2.1. Mycrolab

The Mycrolab system (Oystar Huttlin GmbH, SchopfineGermany) is a fluid bed granulator
for small lab scale. The Mycrolab system can bel dsefluid bed granulation, for fluid bed

pellet manufacturing (pellet layering) as well as fluid bed coating of pellets, granules,
crystals and even small tablets or capsules. Thensatic design of the fluid bed granulator
Mycrolab is shown in figure 5-2. The Mycrolab syateomprises two spray chambers with a
batch size of 50-300 ml (small chamber) and 2500100 (large chamber). Additionally, the

Mycrolab system has a special bottom plate in theays chamber, called Diskjet (Fig.

5-3). The Diskjet has several obliquely vents, WHiEads to a typical circular air movement
in the spray chamber (Fig 5-3 a). In the Mycrolgbtem, the spray nozzle in placed in the
middle of the Diskjet, spraying vertically in theifl bed (Fig. 5-3 b, marked with arrow). The
spray nozzle is generally in a bottom spray pasjtiut can be used in also top spray modus.

e, g

Figure 5-3: Fluid bed with circular product movermga spray cone in orange, blue arrows symbolize
air flow, material movement symbolized by yellovagules and green arrow, figure adapted from
[72]) and top view on Mycrolab Diskjet with oblidyevents and central spray nozzle (b, marked with

red arrows)
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A “three-component spray nozzle” is implementedha Mycrolab equipment (Fig 5-4 a).
The three-component spray nozzle contains threesv@®me for the spray or coating liquid in
the middle of the nozzle, surrounded by two circuknts for compressed air, which form the
spray cone (Fig. 5-4 b). One air stream atomizessfray liquid to small droplets and is
therefore called “atomizing air pressure” (AAP).eThther air stream creates an air zone
around the spraying cone and is therefore calledraulimate” (MC). The major advantages
of the MC are a prevention of spray drying, a rédmcof nozzle blockade and the possibility
to adjust the spray cone geometry. The spray nazaiebe removed from the Diskjet, e.g. for
cleaning, without interrupting the fluid bed prosesdditional to the innovative Diskjet and
nozzle system, the Mycrolab includes a dynamic,céaned filter system. Three filters
cartridges are placed in the spray dome, whichbmmequipped with different filters from
different mesh sizes. Two main filters were utitize “pellet filter” with a mesh size of
approximately 200 um and a “granulation filter’fiacloth, for processes with fine materials
(Fig. 5-4 c). The filters are cleaned by shortsaieams in opposite direction to the normal
fluid bed air flow. The Mycrolab system has an gntged peristaltic pump. A balance is
connected to the system and the spray rate isatl@atrautomatically via the weight loss of
the spray liquid. Aqueous as well as organic sdkv@an be used on the Mycrolab system,
whereby an aqueous process was favored due taamental matters.

‘ i
+- g ‘1;:
R

LRI

Figure 5-4: Picture (a) and schematic view (b)hoéé component nozzle (spray liquid in yellow, AAP
in red and MC in blue) and cloth filters in theapdome (c). Figures adapted from [14, 72].

5.2.2. Unilab

The Unilab equipment (Oystar Huttlin GmbH, SchopifheGermany) is the next larger fluid
bed granulator equipment (Fig. 5-5 a). The Unilamprises also two different spray
chambers with max batch sizes of 5.0 | and 7.7%d$pectively. Similar to the Mycrolab
equipment, the Unilab contained also the Huttlipiagl Diskjet, the dynamic air stream
cleaned filters and the three-component spray rezz|

In comparison to the Mycrolab, the Unilab comprise&d nozzles in a different position. The
two nozzles are positioned obliquely in the Diskjettom plate and spray within the direction
of the air flow. The two nozzles are placed dinecpposed to each other in a 180° angel
(Fig. 5-5 b). In contrast to the Mycrolab systenmetal cone is placed in the middle of the
Diskjet. Both nozzles can be removed from the sysdering the process and are connected
with a peristaltic pump, which is incorporated inttee system. Similarly to the Mycrolab
system, the spray rate is controlled automaticadyweight loss of the spray liquid, measured
by a connected balance. The Unilab system allowauie of aqueous and organic solvents,
which are recovered by cooling and recondensat@ncds, due to environmental matters.
Help and advice on the Unilab equipment was offdred. Malaise and A. Z6rb, Novartis
Pharma AG, Basel Switzerland. Additional supportoth fluid bed granulators was offered
by the supplier Oystar Huttlin GmbH, especially bySchneider, M. Frank, T. Honold and
M. Knoll, Oystar Huttlin GmbH, Schopfheim, Germany.
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Figure 5-5: Front view of Huttlin Unilab (a) andoteiew on Unilab Diskjet with two tangential spray
nozzle (b, marked with red arrows).

5.3.  Excipients for pellet layering

5.3.1. Starter cores

Two types of starter cores were used for the plligtring process. One type was made from
cellulose (trade name: Cell&Fable 5-1), the other type was made mainly froorase with

a small amount of maize starch and glucose (trameen Suglef§ Table 5-1). Both cores
were purchased from different suppliers in varisize ranges. The benefits of the different
cores and their behavior during the layering pre@ee discussed detailed in chapter 2.3.

Table 5-1: Overview on physical properties of uskgiter cores.

Cellet® Cellet® Cellet® Suglet§ Suglet§ Suglet§

Trade name 200 500 700  250/355 500/600 710/850
Material Cellulose Suigjig S;))S'-gﬁjz/g)s,englge(;t)arch
Supplier PharmaTéan_s Sanaq AG, BaselINP Pharm S.A.S, Bazainville,
witzerland France
Particle size 200- 500- 700- 250- 500- 710-
distribution 355um 700 pm 21000 pm 365 um 600 um 850 um
Mean size (¥) 295 um  620um  845um 341pum 599 pum 833 um
Sphericity (o) 0.94 0.94 0.94 0.92 0.93 0.93
Bulk density (g/cr)® 0.79 0.78 0.81 0.81 0.80 0.80
Loss on drying (%} 5.0 4.9 5.1 1.6 2.2 2.3
Friability (%) <0.1 0.3 0.4 0.2 0.2 0.2
Swelling index (ml/g} 1.9 1.8 1.9 - - -

& data from [163, 164]
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5.3.2. Pellet layering process

The solution for the layering process comprisethefused drug in different concentrations as
well as a binder, which was added to adhere thg thyers onto the starter cores. Two
different binders were used within the studies. tdygipropyl methylcellulose (HPMC;
grade: METHOCEL™ E3 Premium, 3 cps; Dow Chemicam@any; Midland, MI, USA)
and poly(vinylpyrrolidone) (PVP, grade: PVP K30; BA AG, Ludwigshafen, Germany)
were used in sufficient concentrations. Additiopadiolloidal silicon dioxide (grade: AeroSil
200; Evonik Degussa GmbH, Rheinfelden, Germanyjatwr (Luzenac val Chisone, Porte,
Italy) was added to the solution in some cases euge its stickiness and prevent
agglomeration during the layering process.

The drug and the binder were dissolved in the ahaosedia (e.g. water, organic solvent or
blends of both) under continuous stirring with alqglia stirrer. Afterwards, the anti tacking
agent Aerosfl was dispersed in the drug binder solution. Inadhse of HPMC, the solution
was warmed up and cooled down to achieve a beigspldtion of the binder [165]. The
solution was stirred with a paddle stirrer durihg tayering process to prevent sedimentation.

The layering process followed a general scheme Witlsteps, which were controlled
manually. The fluid bed equipment was started &edetmpty spray chamber was preheated
(step 1: preheating). The starter cores were filietb the spray chamber and were
subsequently warmed up to a suitable temperattep &and 3: filling and heating). During
this filling and heating step the spray nozzle \adgisted to a minimum spray pressure to
prevent a nozzle blockage by starter cores. Thaysgmamber was filled to 1/3 — 1/2 of the
filling volume with starter cores. An appropriatéliig of more than 1/3 was necessary to
prevent a breakthrough of the spray nozzle aiastrthrough the fluid bed. After reaching the
desired starter core temperature, the optimum spragsure was adjusted and the layering
step was started (step 4: layering). The spraywate increased stepwise until the optimum
spray rate was achieved. Simultaneous, the inteteanperature was reduced stepwise to
achieve the desired product temperature. The gpragsure was increased at higher spray
rates to achieve a constant droplet size. The bimger solution was sprayed onto the starter
cores until the required drug load was achievecheldessary, the air flow was increased
within the process to keep a constant fluidizatidfier finish of the layering step the drug
layered pellets were dried at 50 °C for 5 minutgteq 5: drying) and were cooled down
afterwards (step 6: cooling). Since a high druglleas aimed, the batch sizes were split and
the layering process was repeated until the highy trad was achieved.

5.4. Excipients for pellet coating

Two polyvinyl based polymers were chosen as mdm &oating polymers for the coating
process and mechanistic investigations on drugaseldrom coated pellets. According to
several publications in literature an insolubleypoér was blended with a soluble polymer in
different ratios to control and design the drugask [29].

5.4.1. Poly(vinyl acetate) (PVACc)

Poly(vinyl acetate) (PVAc, trade name: KollicBaBR 30D) is an insoluble polymer for
sustained release applications. PVAc is availahlenarket as a ready to use dispersion with
30 % solid content, containing 27 % PVAc, 2.7 % Pafiel 0.3 % sodium lauryl sulfate as
stabilizers (Fig. 5-6). PVAc was delivered from BA®RG, Ludwigshafen, Germany and
meets the European Pharmacopoeia (Ph.Eur.) mortogPagy (Vinyl Acetate) Dispersion
30 Per Cent” [111].
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PVACc is used mainly as coating material for sustdirelease dosage forms, especially for
pellets, granules and crystals. PVAc can also leel @s protection coating against odor or
taste, when applied in small quantities or blend&d hydrophilic additives. Additionally, the
polymer can be used for the production of matriXdts by granulating the active ingredients
with PVAc dispersion, followed by a subsequent coespion [111].

PVAc has no charged or ionizable groups and comsgtyuresults in pH-independent film
coats. The polymer is water insoluble, but swelllsracontact with water. PVAc is soluble in
ethanol and isopropanol, which is important for ¢leaning of the used equipments [111].

5.4.2. Poly(vinyl alcohol) — poly(ethylene glycol) grafopolymer (PVA-PEG)

Poly(vinyl alcohol) — poly(ethylene glycol) graftogolymer (PVA-PEG, trade name:
Kollicoat® IR) is a soluble polymer for immediate releaseliapfions. PVA-PEG is available
on market as a free-flowing powder. The chemicalcstire of PVA-PEG comprises a
polyethylene glycol backbone (25 % polyethylene cglyunits) with covalent linked
polyvinyl alcohol chains (75 % polyvinyl alcohol its) and a total Mw of 45.000 Daltons
(Fig. 5-6). To improve its flow properties, PVA-PE®ntains approx. 0.3 % colloidal silica
[112]. PVA-PEG was delivered from BASF AG, Ludwigéén, Germany. A draft Ph.Eur.
monograph, titled “Macrogol Poly(vinyl alcohol) Gied Copolymer*, is published.

PVA-PEG is used mainly for as coating material formediate-release dosage forms,
especially tablets. Additionally, the polymer canused as protection coating against odor or
taste. In mixtures with insoluble polymers, PVA-PEGts as a pore former and can be
implemented to control and adjust a desired matiifiedease profile.

PVA-PEG is uncharged and highly soluble in acidieutral and alkaline aqueous media
(max. 40 % wiw). Aqueous solutions of PVA-PEG havemparatively low viscosity, which
is an important advantage during coating [112].
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Figure 5-6: Chemical structure of PVAc (left) andARPEG (right)

5.4.3. Further polymers

Two other polymers, Kollico&tMAE 30D and Eudradit NE 30D were used in the current
thesis. Both polymers are polymethacrylates, bui wifferent functional groups. Kollicoat
MAE® 30D comprises metharylic acid groups, which makéssoluble in acidic media, but
soluble in neutral and alkaline aqueous media alpb¥/®.5. Therefore, Kollicoat MAE 30D
is used as gastric protection coating of solid desarms, especially for tablets. Kollic8at
MAE was delivered from BASF AG, Ludwigshafen, Germand is available on market as a
dispersion with 30 % solid content [166].

Eudragi® NE 30D comprises no charged or ionizable groups iartherefore insoluble in
acidic, neutral and alkaline aqueous media [16Her&fore, Eudradit NE 30D is used
mainly as coating material for sustained-releasage forms, especially for pellets, granules
and crystals. EudraditNE 30D is on market as 30 % dispersion and wasived from
Evonik R6hm GmbH, Darmstadt, Germany.
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5.4.4. Pellet coating process

The coating dispersion comprised the polymers ffemint concentrations and furthermore a
plasticizer, a lubricant and pigments. The PVA@dision was diluted with a small amount
of water. PVA-PEG was dissolved separately in allsaraount of water and was added
carefully to the PVAc dispersions under gentlyrstg with a paddle stirrer. A suitable
plasticizer in an optimized concentration was @étutvith a small amount of water and was
added carefully to the polymer dispersion. Afteditidn of the plasticizer, the dispersion was
homogenized carefully with an Ultra Turrax (5 nmmax. 1000 rpm).

Triacetin (glyceryl triacetate) and propylene glyaere used as two different plasticizers and
were both purchased from Sigma-Aldrich Chemie A@jrtheim, Germany. Both plasticizers
are liquid, hydrophilic, with a low molecular weighnd high water solubility (Fig. 5-7). A
throughout discussion on the suitability the ptaséars and the optimum concentrations can
be find in section 3.5.1. and section 3.5.2.

Lubricants and pigments are usually added to dargpdispersion to reduce agglomeration as
well as to achieve a homogeneously colored filmt.cdalc (Luzenac val Chisone, Porte,
Italy) was used as lubricant in different concetires in the coating dispersion and titanium
dioxide (TiG;; KRONOS TITAN GmbH & Co, Leverkusen, Germany) wased as white
pigment. The lubricant and the pigment were disggkia separately in water, using an Ultra
Turrax (5 min, 5000 rpm). After homogenization, thigment-lubricant dispersion was added
to the polymer dispersion. After blending, the fisaating dispersions was stirred for two
hours and was sieved through a 500 pm sieve bebaténg to remove lumps.

o 0
o SN ¢
H304<; HC O/\/\O CHs
OH OYCHg
Mw: 76.1 g/mol Mw: 218.2 g/mol

Figure 5-7: Chemical structure of propylene gly@elt) and triacetine (right)

5.5. Analysis of film coat properties

Film coat dispersions, comprising of both polymasswell as a plasticizer were prepared for
analysis of their physicochemical properties. Theaanic viscosity of film coating dispersion
was determined using a Brookfield DV-lIIl Rheomel.1 RV (Brookfield Engineering
Labs, Inc. Middleboro, MA, USA,) with a SC4-18 sgi@ at 250 rpm for 15 minutes.

The analysis of the physicochemical propertiedeffiim polymers was made in cooperation
with BASF AG. Support on manufacturing of thin polgr films as well as on film flexibility
was offered by K. Braunig, T. Cech and T. Agnes&SB AG, Ludwigshafen, Germany.

Table 5-2: Manufacturing parameters for thin polyfilens, using BASF instrument.

Parameter Parameter

distance nozzle - role 5.5 cm total amount of solution 85¢
nozzle diameter 1 mm heater temperature ~120 °C
spraying pressure 0.6 bar film temperature during spraying 45 °C
spray rate 5 g/min drying time after spraying 8 min
total spraying time 17 min achieved film thickness ~120 um
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Thin films of approximately 120 pm were manufacturasing a specific instrument,
developed by BASF AG, Ludwigshafen, Germany. Ttegriiment imitates a coating process
and comprises of a teflon role, a spray nozzle aheater, which produces a hot air stream
[168]. The film dispersion is sprayed onto the tiogteflon role and is dried by the hot air
stream (Fig. 5-8). The manufacturing parameterslaogvn in table 5-2.

Figure 5-8: Specific BASF equipment to produce tafymer films (a): Coating dispersion (1),
peristaltic pump (11), spray nozzle (lll), rotatioeflon role (IV) and heater for hot air stream (V)
Teflon role with thin polymer film (b).

The thin polymer films were used for analysis cds§l transition temperature (Tg) and film
flexibility (elongation at break measurements). Tigewas measured, using a DSC Q1000
system (TA instruments, New Castle, DE, USA ), pgad with aluminium crimped pans and
a Mycrobalance P62-88 (Mettler Toledo GmbH, Grestsn Switzerland). For analysis of the
film flexibility, small stripes were stamp out dfd film coat and elongation at break was
measured, using a TA-XT2i HR system (Stable Micyst&ms Ltd., Godalming, UK). Due to
the variations in flexibility analysis, especial& highly flexible films, six samples were
analyzed and average values were calculated. Hhelpapport on Tg and viscosity analysis
was offered by M. Schuleit. A. Albisser and Y. Dashe, Novartis Pharma AG, Basel,
Switzerland.

5.6. Design of experiment (DoE)

A design of experiment (DoE) is a commonly usedistteal approach for planning and

optimization of experimental series in pharmacealittevelopment [169]. Different statistical

designs can be used for this purpose, whereby teateonmposite design (CCD) was used in
this study. In general the CCD combines a flilf&torial design with additional star points
(Fig. 5-9 a), whereby k describes the number oéstigated factors (k=3 in this study).

The CCD comprised of eight “vertices” and eigh&fgpoints”, whereby the center star point
is repeated once to prove reproducibility and aamcyrof the statistical model (Fig. 5-9 a).
The CCD allows an estimation of all interactionspexially second order (quadratic)
interactions between the factors and the respdd$8s171]. The importance and worth of
experimental designs have been reported frequentlierature, especially for pellet coating

[85, 129, 172-176]. Different responses ‘Y’ werdiindually investigated using the response
surface model (19):

Y = by + byXy + boXo+ baXa+ bioXaXo + b13XiXa + boaXoXa + b1Xe? + booXo? + basXs®  (19)
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The CCD approach was used for the investigatiothiafe layering parameters during scale
up experiments of the fluid bed pellet layeringgass. In case of the scale up, the spray rate,
the air flow rate and the spray nozzle adjustmesrevehosen as investigation parametegs (X
X3). Additionally, the CCD was implemented to deterenithe impact of three coating
parameters on the drug release from coated pellées.polymer blend ratio of PVAc and
PVA-PEG, the coating level and the plasticizer emi@ation were defined as investigation
parameters (%Xs) in the case of DoE for pellet coating (Fig. 539 BMP™ (SAS Institute
Inc., NC, USA) was used to develop a model, conngdhe parameters (XX3) with the
responses (¥Yx). Help and support on the statistical evaluatiod the DoE was offered by
M. Otz and K. Lindenberger, Novartis Pharma AG,8aSwitzerland.

a ~ © b
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Figure 5-9: Schematic view of CCD, displaying (29 8 vertices (grey) and star points (black) a$ wel
as (b) the three investigated factorsX¢ with lower (-) and higher (+) level.

5.7. Tablet compression

Coated Chlorpheniramine maleate (CPM) pellets weeaded with a direct compression
powder blend (25% w/w) in a turbula blender for iates. The powder blend comprised:

- lactose, 316 Fast-Flo (Foremost Farms, Barabdp|\&A) 50 % w/w

- cellulose, VivaPur PH 102 (JRS Pharma, Rosenlégzgnany) 48.5 % wiw
- silicon dioxide, Aerosil 200 (Degussa GmbH, Rieighen, Germany) 0.5 % w/w
- magnesium stearate (FACI SpA, Carasco, Italy) 1.0 % wiw

Biplane tablets with 15 mm diameter and 1.2 g talbleight (= 160 mg CPM) were
compressed at two compression forces of 10.5-1arkN16.5-18.5 kN, using an EK 0 single
punch press (Korsch AG, Berlin, Germany).

5.8. Force at break and friability analysis

The hardness (in N) of the compressed pellet taes analyzed (n=10) with a Tablet tester
model 6D, Dr. Schleuniger Pharmatron AG, Soloth@wijtzerland. The friability of pellets
was analyzed with an automatic friability tester-AECharles Ischi AG, Pharma-Priftechnik,
Zuchwil, Switzerland. Friability was tested with (b@evolutions in total (20 minutes at
25 rpm). A sample weight of 6.5 g (pellets) or Ifigke dosage forms (tablets) were used for
the analysis. After subsequent dust removal wehitable sieve, the friability was calculated
from weight loss before and after the analysis.
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5.9. Drug content analysis

Drug content of CPM and MPT pellets was analyzestspphotometically, using a DU 7400
Photospectrometer (Beckman Coulter, Inc., FullertoA, USA). Film coated pellets were
shredded and dissolved in water, whereby pelletisont film coat were directly dissolved in
water. Afterwards, the insoluble parts from thelgislwere removed by filtration, since they
might interfere with the analysis. The drug concatiin was detected via UV absorption
(Table 5-3). The drug content analysis of coatdte{gzedemonstrated an accuracy of 99.4 %
+ 1.2 (Min: 97.7 %, Max: 101 %, n = 10) and therogjucibility was proven successfully.

5.10. Dissolution rate (DR)

The drug release from coated pellets was analyasithg an USP XXIIl rotating paddle
method, SOTAX AT-7 (Sotax AG, Allschwil, Switzerld)) at 37°C medium temperature and
50 rpm rotation speed. The release from each sawgsdeanalyzed simultaneously with n=>5.
The sampling (5 ml with replace) operated autoralitiafter predetermined time intervals.
Different media were used for the investigationdaig release, e.g. hydrochloric acid 0.1N
(pH 1.0), hydrochloric acid / sodium chloride saut (pH 1.2) and phosphate buffer (pH
6.8). The media were prepared based on the instruat the European Pharmacopoeia [125].
In most cases the dissolution rate analysis wasimumedia change setup to simulate the
gastric transition. The analysis started in 750rlhgdrochloric acid / sodium chloride
solution (pH 1.2). After 2 hours, the media pH whanged to pH 6.8, by addition of a 2 M
trisodium phosphate dodecahydrate solution (250atdprding to European pharmacopoeia
[125]. The drug content (CPM or MPT) was detecigectrophotometically (Table 5-3).

Table 5-3: Absorption maxima and absorption coiffitse of CPM and MPT in different medias

Chlorpheniramine maleate Metoprolol tartrate
Absorption coefficiente Absorption  coefficiente
maxima (nm) (I/mol*cm) maxima (nm)  (I/mol*cm)
0.1 NHCIpH 1.0 265 7896 275 -
HCI/ NaCl pH 1.2 265 8501 275 2691
Water pH 7 262 5609 275 2731
Phosphate buffer pH 6.8 262 5220 275 2636

5.11. Analysis of water uptake and pellet swelling

A defined amount of coated pellets was incubate2bii» ml water under gentle stirring. After

predetermined time intervals, pellets were sepdr&tem water using a paper filter. The

adhering water on the pellet surface was removel aipaper tool and the weight of the
pellets was determined. Afterwards, the pelletsewdsied to constant weight at 70 °C. The
analysis was carried out in triplicate.

For swelling analysis, a quartz cuvette was filleth pellets. Water was added into the
cuvette until all pellets were covered. Picturesh# cuvette were made from an identical
position after defined time intervals. The heightle pellets in the cuvette and diameter of
one pellet was determined from the pictures, usngraphic program. Support on the
swelling analysis was offered by K. Paulus, D. Mé&end H. Meier, Novartis, Pharma AG,

Basel, Switzerland.
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5.12. Particle size and particle sphericity analysis

The particle size distribution of pellets after daypg and coating was measured using
dynamic image analysis (DIA) technology. A combioatof a high speed image analysis
sensor QICPIC (Sympatec GmbH, Clausthal-Zellerf@dymany) with dry gravity disperser
GRADIS/L and vibratory feeder VIBRI/L was used fparticle size and sphericity analysis
(Fig. 5-10 a). A well dispersed flow of particlggel(lets) is led through the image plane of a
high speed CMOS camera (Fig. 5-10 b). A speciadquulight source with an exposure time
of less than 1 ns is placed in opposite to the canfée pulsed light reduces the motion blur
to only 100 nm for a typical measurement partitbavfvelocity. In combination with a built-
in signal processing unit, all image data can becessed in real time [177]. Within the
measurement time of 20 seconds, thousand to appatedy ten thousand pellets were
analyzed, depending of their size. The QICPIC sys&presents the particle size distribution
as well as the sphericity distribution of the saendl78]. An image evaluation of all analyzed
pellets is possible, but not practicable due to é¢hermous number of images. Help and
support on measurements with QICPIC system werraxffby M. Mathys, A. Katzenstein
and E. John, Novartis Pharma AG, Basel, Switzerland
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Figure 5-10: QICPIC system equipped with GRADIS/IV&RI/L (a)
and measurement principle (b). Figures adapted ftaim|

5.13. Agglomerate analysis

A sieve analysis with AS 200 equipment (Retsch Gmibaan, Germany) was implemented,
to separate and detect agglomerates after thet p@jlering or the pellet coating process.
100 g of pellets were weighted in exactly and sietheough a matching sieve (1 min at 1mm
amplitude). The mesh size of the sieve was ideatigut 100 - 200 um above the mean
particle size of the pellets. The sieve analysis waitable to detect triplets and larger
agglomerates. The detection and removal of smajloagerates like twins was challenging,
since those small agglomerates could pass evernchimasieve in vertical direction.

5.14. Microscopy

5.14.1. Light microscopy

Light microscopy was implemented to obtain a fastl fast impression of the pellet size, the
pellet shape and the pellet surface quality. Aeatéid-light microscope SteREO Lumar V12
with a NeoLumar S 1.5x objective (Carl Zeiss Mionalging GmbH, Miinchen, Germany)

was used for the investigations.
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5.14.2. Electron microscopy (EM) and energy dispersive X{EBDX)

The surface as well as the cross section of pellets analyzed using scanning electron
microcopy (SEM). For cross section analysis, théefsewere embedded in LR White Resin
(Electron Microscopy Sciences, Hatfield, PA, USAYlaross section cuts were prepared with
glass and diamond knifes. The cross sections wertesed with gold, using a SCD500 high
vacuum sputtering device (BAL-TEC, Balzers, Liecdistein), and were analyzed afterwards
with a Supra™ 40 electron microscope (Carl ZeisSNEmbH, Oberkochen, Germany).
Additional energy dispersive X-ray analysis (EDX)tbe pellet cross sections were carried
out. EDX mapping is a widely used analytic toolnmneralogy and metallurgy [179-181],
however its use in pharmaceutical sciences wadyrgmeblished [182-184]. EDX was
implemented to map the distribution of specificraso(e.g. from film coat or DS) in the pellet
cross section. Therefore, the cross section cute sjuttered with carbon and the samples
were analyzed, using an electron microscope JadI &850 LV (JEOL USA, Inc., Peabody,
MA, USA) with an integrated EDX system, Oxford INCASight with a 30 mrdetector
(Oxford Instruments, High Wycombe, Bucks, UK).

SEM technology was also implemented to investigate pellet surface during dissolution
rate. The pellets were removed from dissolutionimatter fixed time intervals. The adhering
water on the surface was removed by placing thietseh a vacuum for several minutes. The
pellets were analyzed without sputtering using @r&% 40 electron microscope. Help,
support and advice on light microscopy, SEM and Eimélysis were offered by K. Paulus,
D. Martin and C. Patissier, Novartis Pharma AG,éBaSwitzerland.
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Figure 5-11: Principle of EDX analysis (a) and EDxages (b) with mapped titanium (orange) from
two phase ceramic sample of aluminium oxide amahitim carbide. Pictures adapted from [185].

5.14.3. Confocal Raman Microscopy (CRM)

Raman spectroscopy is one well-established teckrfiguidentification, characterization and
mapping of solid states in chemistry or polymeresce [142, 148, 186, 187]. Confocal
Raman Microscopy (CRM) is frequently implemented pharmaceutical sciences to
determine and map the distribution of different poments (e.g. API or ingredients) in
pharmaceutical dosage forms [82, 143, 144, 146, 184]. In the current work, the internal
structure of coated pellets was investigated by CRih a special focus on the interfaces
between starter core, drug layer and film coatrlayée coated pellets were embedded as
described above and cross section cuts were prepHne samples were analyzed, using an
upright confocal dispersive laser scanning Ramarascope CRM200 (Witec GmbH, Ulm,
Germany), equipped with a frequency doubled Nd:YkSer (532 nm, 50 mW). A long
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working distance plan-neofluar objective (20x, nuiced aperture 0.4; Carl Zeiss AG,
Oberkochen, Germany) and a thermoelectrically abo®CD detector DV401 (Andor
Technology, Belfast, Nothern Ireland) were employ@dta was processed using the software
Witec Project 1.86 (Witec GmbH, Ulm, Germany). Tgranciple of CRM and the equipment
are shown in figure 5-12. Support and help on CR&asurements and data evaluation were
offered by T. Haefele-Racin and L. Lesinski, NowsaRharma AG, Basel, Switzerland.
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Figure 5-12: CRM equipment (a) and measurementiptan (b). Pictures adapted from [189, 190]

5.15. X-ray

X-ray analysis was implemented to clarify the caysorm of the API before and after fluid
bed layering. The samples were pulverized with @trifagal mill and analyzed using the
x-ray diffractometer D8 Advance (Bruker AXS GmbHarsruhe, Germany) with reflection
geometry at 30 kV and 40 mA generator setting. Halg support on x-ray was offered by
S. Monnier, P. Schwab and M. Descourvieres, Nav&tiarma AG, Basel, Switzerland.

5.16. Nuclear magnetic resonance (NMR)

NMR technology is widely used in pharmaceuticaksces as a non invasive technology,
applicable for several issues, e.g. structurahtideand purity analysis, analysis of receptor-
ligand binding forces or analysis of drug degramtais well as drug release [191-194]. In the
current thesis, NMR spectroscopy was implementeantmitor the solubilization inside
coated pellets and release processes from coatetsg220]. In addition, NMR spectroscopy
was used to determine the degradation of drug imacdémponents during storage [138].

For the monitoring of the solubilization processemted pellets were incubated ip@filled
dissolution vessels (250 ml) under gentle stirr{ifgg. 5-13). After predetermined time
intervals, exactly 12 pellets were removed froe®Ddried shortly with a paper tool and were
transferred into the NMR tube. A small amount (40D of fresh DO was added and the
NMR spectrum was recorded, using a DMX 500 NMR speteter (Bruker BioSpin GmbH,;
Rheinstetten, Germany). Afterwards;in the NMR tube was transferred into another tube
and a second NMR spectrum was recorded thereobutithellets. This control measurement
allows a detection of all materials, which wereeasled from the pellets during the small time
window (3 min) of the previous NMR analysis. The RMnalyses were carried out twice.
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For the qualitative analysis of degradation proesshuring storage, five coated pellets were
filled into a small vial and 600 uld&EDimethylsulfoxide (§DMSO) was added. The samples
were dissolved in fDMSO under periodical shaking for four hours, whwresolely the
cellulose cores, talc and titanium dioxide remaimesbluble. 400 pl of the sample was
transferred into a tube and'ld-NMR spectra was recorded, using the same DMX 961X
equipment. The complete analysis was carried ouicetw Additionally, reference
measurements were carried out with the model damgkall film coat components. Small
amounts of the references were dissolved ¥D s well as in dDSMO and*H-NMR
spectra’s were recorded. The setup of both NMRyaealis shown in figure 5-13.

All NMR spectra’s from the NMR analysis were evakdusing ACD SpecManager, Version
9.06 (Advanced Chemistry Development Inc., ToroQatario, Canada). Help, support and
advice on NMR measurement and spectra evaluatioa @ftered by L. Oberer and J. France,
Novartis Pharma AG, Basel, Switzerland.
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Figure 5-13: Preparation scheme for NMR analysis
5.17. Electron paramagnetic resonance (EPR)
EPR spectroscopy is used in many fields, e.g. arsabf free radical OH

drug intermediates, metabolism analysis and ddetéction of NO

radicals [195, 196]. EPR sensitive probes are implged into

pharmaceutical systems to provide information alibatr internal HaC CH-
structure, to optimize formulation development daadclarify drug - -
delivery processes [157, 158, 197]. Further apfiioa were 3C rl\l 'qu.
published like analysis of distribution processe$98] and o*
monitoring of solubilization processes inside phacgutical systems

[36, 199, 200]. The use of EPR probes with funalogroups Figure 5-14: Chemical
allows the analysis of microenvironment pH and @tygontent structure of TEMPOL

[201-203].
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5.17.1. EPR probe

4-Hydroxy-2,2,6,6,-tetramethypiperidin-1-oxyl, alsknown as 4 Hydroxy-TEMPO or
TEMPOL (TL) was chosen as suitable EPR probe (Bij4). TEMPOL shows a low
molecular weight and a high water solubility, whitiade it suitable to be used as model for
the active compound CPM. TEMPOL has a moleculagiteof 172.2 g/mol, a melting point
of 69-71 °C and shows a good solubility of 20 mgiimivater. TEMPOL was delivered from
Sigma-Aldrich Chemie GmbH, Steinheim. TEMPOL waplemented into the drug layer of
the pellets to obtain an insight into solubilizatigprocesses inside the pellets during
dissolution testing. Since TEMPOL and the model goomnd CPM have similar chemical
properties, the TEMPOL solubilization during releasan be transferred directly to CPM,
which gives important information on the releaseamistic from coated CPM pellets.

5.17.2. EPR equipment

A small amount of coated pellets were filled intfiaav through cell and fixed with fiberglass.
The flow cell was placed directly in the EPR speateter (EPR-spectrometer with 2D-
tomography-device, L-Band, magnettech GmbH, BerGgrmany) and was floated with
dissolution media (HCI/NaCl pH 1.2 and change togphate buffer pH 6.8 after 2 hours) at
1 ml/min media flow. After predetermined time intals, eight EPR spectra’s were recorded
within 4-5 minutes measurement time and were sulesdty accumulated to minimize the
background noise. Furthermore, a spectrum of ditgfsevas recorded. The EPR experiment
was continued until the EPR signal did not changeraore or disappeared, due to release of
the EPR probe. The EPR equipment is shown in fi§et8.

The EPR spectra were evaluated using a nitroxigetsp simulation software (V. 4.99F,
Biophysical laboratory, EPR centre, Josef Stefastitlte, Ljubljana, Slovenia). The
anisotropic domain parameters, obtained from thmuksition of the dry pellet EPR spectra,
were fixed and all other EPR spectra’s from relesiadies were evaluated by overlaying the
anisotropic spectra with isotropic spectra in ddfg ratios. A simplex optimization of the
spectra’s was used, followed by a Genetic optinmopatintil the best fitting was achieved.

EPR studies were carried out in cooperation witbf.PK. Mader from the Institute of
Pharmacy, Martin-Luther-University, Halle (Saalégrmany. Additional advice and support
on EPR analysis and evaluation of the EPR spedatra wffered by K. Schwarz and H. Metz,
University Halle, Germany.

coupling &
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Figure 5-15: L-Band EPR system (a, resonator mankédarrow) and schematic diagram of a
typically used loop-gap resonator for L-Band EPBRtems. The sample (a flow through cell in the
current study) is placed in the center of the ratum Figures adapted from [204] and [157].
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5.18. Atomic force microscopy (AFM)

AFM technology is a major analyzing tool in nan@esce and it also frequently utilized in
biology, microbiology and pharmaceutical technolégythe surface analysis of tissues, cells
as well as pharmaceutical dosage forms [82, 20%-208AFM equipment, Dimension 3100
(Veeco Instruments Inc., Plainview, NY, USA), wased for the analysis. The Dimension
3100 head scans up to@0 in X-Y and up to fm in Z direction. This head includes a
piezoelectric tube scanner, a laser, and a quadpdieal detector. The system is expanded
with a motorized stage for precise positioning andquipped with a liquid cell to carry out
measurements directly in liquid. The AFM probes ai&dle of silicon nitride with backside
gold coating for better laser reflectance and aogided with an oxide sharpened tip (MSCT-
AU, Sharpened MicroLevers, Veeco Instruments Ifdginview, NY, USA). The used
triangular cantilever has a nominal width ou#8 a length of 180nm, a thickness of g a
frequency of 22 kHz with a typical spring constah0.05N/m (Fig. 5-16).

For the sample preparation, a single pellet wasdyln the centre of a small glass Petri dish
with waterproof epoxy glue (Araldit Ragiyl (Fig. 5-16 c). The sample was cleaned in a
nitrogen stream to get rid of dust particles stigkioosely to the pellet surface. A first AFM
analysis was carried out in dry state. Subsequetitéy pellet was rinsed very quickly with
hydrochloric acid (pH 1.2), dried in a nitrogenestm and again measured by AFM in air.
Once the pellet was dipped into HCI (pH 1.2), tlesifoon of the stage was not changed
anymore in order to follow the dissolution of thellpt surface of a specific area over time.
After 2 hours, the HCI medium was replaced by,RQffer (pH 6.8), according to the
dissolution apparatus. AFM studies were carriedimapoperation with Dr. P. Reimann and
Dr. M. Schonenberger from the Physics Departmenthef University of Basel, Basel,
Switzerland, which provided support and advicelenAFM analysis and on its evaluation.
Two AFM images are shown as results from the arglgstopography or height image and a
deflection image. In the constant deflection modeamtact mode, height data corresponds to
the change in piezo height needed to keep theleamtideflection constant. To collect height
data, the feedback gains must be high so thatipgheatcks the sample surface with minimal
cantilever deflection. Deflection data collectedhahigh feedback gains essentially equals the
derivative of the height. In many cases, small itardgr deflections do occur because the
feedback loop is not perfect, and the resultingresignal can be used to generate a so-called
“deflection image.” The deflection image does neflact true height variations, but it
provides a sensitive edge-detection technique ande helpful in visualizing fine details in

topography.
\“f\ C Cantilever
B}” with tip
?/

= A /
S Mediunr Pellet

Figure 5-16: Image of a MSCT-AU tip with a nomitial height of 2.;um - 3.5um and a tip radius of
10 — max. 40nm (a). Schematic illustration of teeditriangular cantilever (b). Analyzing setup (c).

b
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6. Summary and perspectives (english)

Pellets are small, spherical solid dosage formegdly used in bulk. Pellets are frequently
manufactured by fluid bed layering technique angbymowadays an increasing interest in
the pharmaceutical industry. Pellets are an atl@eind innovative dosage form with several
benefits like reduced food effect, reduced dosemingiand reduced local site effects.

Three major research objectives were investigatetl ciarified in the current work, titled

“Development and characterization of high dosedelag pellets with polyvinyl based film
coats for modified release applications”

 The development of a stable, robust and optimiZzed foed layering process to
manufacture pellets with high API contents of 70480

* The implementation of the new polymer blend of palyyl acetate) (PVAc) and
poly(vinyl alcohol) — poly(ethylene glycol) grafopolymer (PVA-PEG) for fluid bed
pellet coating, together with the comprehensiverattarization of the drug release
from high dosed pellets, coated with blends of PAPAMA-PEG films.

* The clarification of solubilization processes iresithe pellets and of morphological
changes on the pellet surface before and during trlease. The aim was to obtain
new insights into the release mechanism from higised pellets, coated with
PVAC/PVAPEG films.

Combining the results and findings from all thresgarch objectives from the current work, it
might be possible to postulate a possible releasghamism for high dosed pellets, produced
by fluid bed layering technique, coated with bleot®VAc and PVA-PEG.

The first research objective was achieved succkgstwo highly soluble model compounds,
Chlorpheniramine maleate (CPM) and Metoprolol &aerMPT) were chosen for the pellets
manufacturing, utilizing a fluid bed layering praese A stable, robust and reproducible fluid
bed layering process was developed successfullgdtir compounds. A high drug content of
70-80 % was achieved for both compounds (CPM and)MPhe impact of the spray liquid
composition on the fluid bed process and on thkepglality was clarified. The plurality of
process parameters was classified on basis ofithpact on the layering process and on the
resulting pellet quality. The batch size, the irdathumidity, the spray nozzle diameter and
the product temperature were defined as uncripeghmeters. In contrast, the spray rate, the
air flow, the solvent as well as the spray nozzesgure demonstrated a critical impact on the
fluid bed process and the pellet quality. The sprayzle pressure was found to be the most
critical parameter for the quality of high dosedMCPellets. A high nozzle pressure was
required to avoid agglomeration and to obtain CRillieps with a smooth surface. The solvent
mixture was the most critical parameter for thestayg process of high dosed MPT pellets.
An ethanol-water blend (40:60 ratio) was necessarseduce sticking and to manufacture
high dosed MPT pellets with a smooth surface.

CPM and MPT pellets with a high drug content of80% were manufactured successfully
in a stepwise process. This manufacturing proaas€PM and MPT pellets was transferred
to different starter cores types and core sizes. flthd bed layering process was transferred
to two low soluble compounds. Due to their low $idlity, a change from aqueous solvents to
blends of ethanol or acetone was necessary, t@acla stable pellet layering process. The
fluid bed layering process for high dosed MPT pslias scaled up successfully from lab
scale to small pilot scale. The air flow was présticvia the increase of the bottom plate
surface within the scale up. A higher spray ratantipredicted was possible, due to an
improved nozzle position in the larger scaled floetl equipment. Nevertheless, the change
of the nozzle position emphasized the spray nopmssure as the most critical scale up
parameter for the fluid bed layering process.
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The second research objective was achieved sualigssf polyvinyl based polymer blend of
the insoluble poly(vinyl acetate) (PVAc) and théuste poly(vinyl alcohol) - poly(ethylene
glycol) graft copolymer (PVA-PEG) was implemented film coating. The blend of PVAc
and PVA-PEG has a beneficial low viscosity and & lglass transition temperature (Tg).
After minor adaptations of the film compositiontatde pellet coating process was achieved.
The coating process was transferred successfulljifterent pellets sizes, whereby the air
flow was adapted carefully to ensure a stable nggirocess with minimized agglomeration.
A drug release with an uncommon s-shaped profile wlatained from high dosed CPM
pellets, coated with blends of PVAc and PVA-PEGe H®ashaped profile comprised a lag-
time without drug release, followed by a fast andtmuous release afterwards. The release
shape was characterized, using three release yahedag-time (5 % drug release), the
median dissolution time as well as the final red¢eaalue (95 % drug release). The setup of
dissolution analysis, e.g. stirrer speed, stilypetand sample quantity, did not affect the drug
release from coated CPM pellets. Solely the relessdia pH demonstrated a minor impact,
whereby the lag-time remained unchanged, but anmanwn faster release after the lag-time
was obtained in phosphate buffer pH 6.8. This phearmn is still unexplained.

The film coating composition was quite simple aodprised the two polymers (PVAc and
PVA-PEG) in different ratios, a plasticizer, a lgant (talc) and a pigment (T¥D The
impact of the film coating formulation on the drtglease was investigated thoroughly. An
increased of the talc content demonstrated a silgpact on the drug release, whereby the
lag-time was slightly reduced. In contrast, thengeaof plasticizer from triacetin to propylene
glycol did not show a significant impact on the gimelease. The impact of the film coat
thickness, the blend ratio of PVAC and PVA-PEG &l as the plasticizer concentration on
the drug release was clarified, using a designxpeements. The impact of the mentioned
film coating parameters was tested at three levdis.polymers were blended in 8:2, 9:1 and
10:0 PVAC/PVA-PEG ratio at 10, 20 and 30% film cadhickness with 0, 5, and 10 %
plasticizer (propylene glycol) content. Finallygethoncentration of propylene glycol did not
demonstrate an impact on the drug release. In astntthe two other parameters, film coat
thickness and polymer blend ratio had a signifieargact on the drug release. The lag-time
was extended at thicker film coats and additiohal $lope of the drug release was reduced
with an increase of the film thickness. The polysnblend ratio of PVAc and PVA-PEG
demonstrated an extended lag-time at higher PVAosanterestingly, the slope of the drug
release profile was not affected significantly bg polymer blend ratio. In summary, the lag-
time was easily adjustable via adaptation of thm fioat thickness and the polymer ratio,
whereby lag-times from 10 minutes to 16 hours welgained within the design of
experiments. The slope of the release profile intrest was difficult to adjust, since a
significant effect was only obtained at a high filnnckness.

To adapt the slope of the release profile a thirstained release polymer, KollicBavAE
and Eudragft NE, was added to a PVAc/PVA-PEG blend (8:2 ratid)e addition of 2 %
Kollicoat® MAE demonstrated a slight reduction of the slopat a strong incompatibility
was obtained at concentrations above 2 %. Theiaddif Eudragi® NE did not show an
incompatibility, but did not reduce the slope of tielease. Solely the lag-time was extended.
The impact of the pellet size and the pellet drogtent on the drug release from PVAC/PVA-
PEG coated CPM pellets was clarified subsequeAtlgmaller sized pellets, the slope of the
release profile was unchanged but the lag-time nedaced significantly. This phenomenon
was independent from the applied polymer blend ré@VAc/PVA-PEG 9:1 or 10:0). The
release from coated pellets with lower drug costgd6% and 8%) demonstrated diverse
results, depending on the polymer blend ratio. [Blgetime and the slope of the drug release
were reduced at pellets with lower drug conten®844nd 8%), coated with 9:1 blend ratio of
PVAC/PVA-PEG. At decreasing drug contents, theasdeprofile lost the sigmoid shape and
became more linear.
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A diverse observation was obtained at 10:0 blefid®/#c and PVA-PEG. At medium drug
contents (46 %), the lag-time was reduced but tbpesof the release profile remained
unchanged. At low drug contents (8 %), the relgasélle changed completely. A very slow
linear release was obtained, reaching with 10 %y delease after 40 hours. The impact of
pellet size and drug content on the drug release amaimportant hind for the underlying
release mechanism, which was clarified as thirdaes objective.

Film coat blends of PVAc and PVA-PEG were appliedatternative API pellets (MPT
pellets) with a similar high drug load of 70-80 %.similar s-shaped release profile was
obtained at 8:2 blends of PVAc and PVA-PEG. In castt a linear release profile with a very
slow release (<10 % release after 9 hours) wasinsataat 10:0 PVAc/PVA-PEG blends.
Similar release patterns were obtained with difierAPI pellet solely at high PVA-PEG
ratios, which indicated a uniform release mechariremm PVAc/PVA-PEG coated pellets.

In order to characterize the release profilesgaeid fit was applied to the s-shaped release
profiles from the design of experiments. The stiah$ evaluation of the fitting highlighted a
significant impact of four parameters on the drelgase. An impact of high significance was
obtained from the film coat thickness, the polyniéend ratio as well as the quadratic
interactions between film coat thickness and polybiend ratio. A refining of the statistical
model demonstrated that only these four variableeevef a high significance (g 0.001).
Prediction plots, connecting the film coat paramseteth drug release were calculated for the
lag-time, the median dissolution time as well asfthal release values. The plot for film coat
thickness versus polymer blend ratio was implentetdgoredict the drug release from coated
CPM pellets. The predictability of the model wasified by two coating trials. A lag-time of
1.5 hours was aimed and two film compositions weeglicted. Pellets were coated according
to the prediction and a lag-time of approximately hours was obtained for CPM pellets,
which verified the correctness of the prediction @dine model. For coated MPT pellets, the
prediction was successful for high PVA-PEG ratlms, failed at high PVAc ratios.

CPM and MPT pellets, coated with PVAcC/PVA-PEG filblends, demonstrated sufficient
storage stabilities and a high robustness. Thestabas of the films was tested by a manual
induced damage with a needle or a razor blade.lfthsaling mechanism of the film was
obtained at 9:1 blends of PVAcC/PVA-PEG. After theedle damage, the release profile
remained almost unchanged. The razor blade dansaged a premature release, but without
a burst. It was assumed, that the swelling of ilne ¢oat in release media compensated the
damages to a different extent. At 10:0 PVAc/PVA-PHEEénds, both treatments resulted in a
premature release, but still without a burst. Tivelsng of the film might be reduced and
therefore the self-healing mechanism was weakee uhe high robustness of the film, a
compression of PVAc/PVA-PEG coated pellets to tablesing different compression forces,
did not affect the drug release. Sufficient storatabilities of coated CPM and MPT pellets
were obtained after 9 months storage at 25 °C. rElease profiles were delayed only to
marginal extent, probably due to proceeding filnmlescence during storage. An interesting
effect was observed during storage at 40 °C. Adligdelayed release was measured after 1
month storage for both API pellets, which changea tcontrarily premature release within
the storage time at 40°C. After 9 months storagé0atC, the release was even faster than
before storage. It was assumed that an increasehgtof the pellets at 40 °C caused minor
damages in the film coat, which compensated thegeing film coalescence and lead to the
premature release. Furthermore, no drug migrahtm the film coating was detected within
the complete storage time. Interestingly, smalkits of polymer and TiOwere detected
with Confocal Raman microscopy after 3 and 6 mostiesage, whereby the reason for the
clusters and their impact on the drug releaseilisustknown. No degradation of drugs or
polymers was detected by NMR studies during theag® time. In addition, similar
plasticizer intensities were measured by NMR anslydowever, a migration of plasticizer
could not be clarified and has to be investigatethér on.
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Finally, the third research objective was achiegadcessfully. The underlying drug release
mechanism from PVAc/PVA-PEG coated CPM pellets wlasfied, whereby a major focus
was set on water penetration into the pellets,lsiatation processes inside the pellets as well
as changes on the pellet surface during the ditegge.

A fast water uptake was recorded after pellet exposo medium. The water uptake was
strongly depending on the polymer ratio, wherels water uptake was reduced at higher
PVACc ratios. Simultaneous with the water uptakewelling of the pellets was determined.
Analogous to the water uptake, the swelling wasuced at higher PVAc ratios. The
solubilization of the pellet drug layer inside tbeated pellets was monitored non-invasively
via 'H-NMR studies. A fast solubilization of the drug/éa was detected already during the
lag-time after 20 minutes, with a proceeding sdighiion of the drug layer afterwards. The
initiation of drug release was detected by NMR radigproximately 2 hours. The dissolution
of soluble parts from the film coat composition @YPEG and plasticizer) was detected
immediately after exposure to medium und was mositothroughout the NMR study.
Interestingly, drug solubilization and dissolutioinsoluble film material occurred long before
the drug release was initiated. However, the NMRIptvas not evaluated quantitatively and
provided only qualitative information on the soligation processes.

Therefore, electron paramagnetic resonance (ER&R}rggcopy was implemented to quantify
the solubilization of the drug layer. An EPR sausiprobe, TEMPOL, was implemented into
the pellet drug layer and the solubilization of {w@be was monitored after exposure to
media. The solubilization speed was measured #reift polymer blend ratios, at different
film thickness as well as at different plasticizeincentrations. The EPR studies verified the
fast solubilization of the drug layer, monitored MR spectroscopy. It was shown, that
approximately 60-70 % of the probe was solubilizgten drug release was initiated. The
solubilization speed was strongly dependent orfiblmecoat thickness and the polymer blend
ratio. Analogous to the drug release, the soluddilin speed was reduced at thicker film coats
as well as at higher PVAc ratios. The plasticizemaentration did not affect the solubilization
speed. The water uptake and the following soludiizn of the drug layer seemed to be the
initial and dominant step in the drug release meisma from coated CPM pellets.

Since NMR studies demonstrated an immediate relehseluble film coat parts from the
pellet surface, the changes on film coat surfagenduhe release were further investigated.
The surface of coated pellets was investigateddmtren microscopy after different exposure
times in media. From a macroscopic view, no changa® observed during the proceeding
release. At high magnifications, small pores westected on the pellet surface, which were
not visible before exposure to medium. However, rtheroscopy analysis was difficult and
comprised a high risk of failure, since wet samplese investigated. To verify the obtained
microscopy results, the pellet surface was analyzegk atomic force microscopy (AFM).
AFM allowed a recurring analysis of the same peligface area in media without a complex
sample preparation after defined time intervalse B®FM analysis of pellets, coated with
PVAC/PVA-PEG blends, demonstrated a pore formatiumediately after exposure to media.
The pore formation proceeded after longer exposeddium. However, the pore formation
was not affected by the blend ratio of PVAc and PRBG (9:1 versus 8:2). In contrast, no
pores were detected on the surface of PVAc coatlldtp (10:0 blend). Within a proceeding
release, small areas of the PVAc coat surfaceestdot protrude. After removal of the pellets
from media, the protruding disappeared. The foromatif pores was verified for PVAc/PVA-
PEG film blends, whereby no pore formation was ioleid at pure PVAc films. A drug
release through the detected pores would be likeitycould not be verified.

A release mechanism for high dosed CPM pelletgedoaith blends of PVAc and PVA-PEG
was postulated. The mechanism included a fast vpeeetration through the film coat into
the pellet core with a fast solubilization of thellpt drug layer. Simultaneous, the soluble
film coat ingredients like PVA-PEG and plasticizae dissolved from the pellet surface,
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leading to formation of small pores on the film oBuring the obtained lag-time, the
solubilization of the drug layer, as well as thesdiution of soluble film parts is proceeding.
After reaching a certain level of solubilizationtive drug layer, the drug release is initiated.
An osmotic driven release mechanism was assumecdkg $he release profile was sigmoid
shaped, a characteristic shape for osmotic driveiy delease. It was postulated that the
proceeding drug solubilization increased the ostngiiessure inside the pellets. After
reaching a certain osmotic pressure, the film caanot further resist this pressure and the
drug is forced out from the pellet core. The foots of the drug could either occur via the
pores or via cracks, which were formed by the gir@smotic pressure.

Using the postulated release mechanism, the diegse profiles from smaller pellets and
pellets with lower drug load could be explainediaater release with an unchanged sigmoid
release profile was obtained at pellets with a Enadize. It was assumed that the
solubilization speed was similar at large and smales. Due to the reduced thickness of the
drug layer at smaller pellets, the solubilizatiewndl, necessary to initiate the drug release, was
reached faster and therefore the drug releasenitagad faster. However, the smaller pellets
comprised the same high drug content a similar bgnotic pressure was generated inside
the smaller pellets, which finally lead to an amg@ias osmotic driven s-shaped release profile.
In contrast, lower drug contents (e.g. 46 % or 8d#&onstrated a reduced slope of the drug
release profile with an almost zero order like dineelease profile. It was postulated that the
lower drug contents in the pellets resulted in @duced osmotic pressure inside the pellets.
The osmotic driven release was reduced and thesifi controlled release became the
dominant release mechanism.

Future perspectives:

However, a detailed release mechanism was podulatéot of open questions remained
concerning the drug release from PVAcC/PVA-PEG abatellets as well as the underlying
drug release mechanism. Further studies shouldduséd these topics:

* Only insoluble cellulose starter cores were impletaé within the mechanistic studies
on drug release. The use of soluble sucrose staags for CPM pellets might
demonstrate an impact on the drug release mechaAisradditional osmotic impact
of the sucrose core is assumed and has to beedxainf further studies.

* The postulated osmotic impact of the drug layerdmshe pellets should be verified
by implementing osmotic active ingredients into thiag layer. An expected reduced
osmotic impact of pellets with low drug contentghtibe compensated by an addition
of osmotic active ingredients. A change of the asée profile from linear shaped to
s-shaped release would be expected.

* The postulated mechanism in the current thesisnig based on high dosed CPM
pellets. Analogous investigations with differentlAdellets (e.g. different solubilities)
might provide additional mechanistic informationdamight verify the postulated
mechanism.

* The postulated release mechanism is not directicgble to pure PVAc films and
did not exactly explain the obtained drug releasenf PVAc coated CPM pellets.
Further studies might focus on differences betw¥Ac films and blends thereof.

* The exact reason for the observed acceleratedsecbdter 40°C storage as well as the
faster release from coated pellets in phosphatetsiiould be clarified.
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Zusammenfassung und Ausblick (deutsch)

Pellets sind kleine, runde, feste Arzneiformen. |é&l werden heutzutage in einem
Wirbelschicht-Beladungsverfahren hergestellt unebem seit Jahren ein steigendes Interesse
in der Pharmazeutischen Industrie. Pellets halseatabktive Arzneiformen eine Vielzahl an
Vorteilen: ein reduzierter ,food-Effekt®, eine gegere Gefahr des ,dose dumping®, ein
verbessertes ,plasma levels" und verringerte lokdbenwirkungen.

In der vorliegenden Arbeit mit dem Tit¢Development and characterization of high dosed
layered pellets with polyvinyl based film coats fuwdified release applicationsturden drei
Fragestellungen untersucht und im Detail erklart:

» Die Entwicklung eines stabilen, robusten und opitein Wirbelschichtprozesses zur
Herstellung von hochdosierten Pellets mit einemkgtaffgehalt von 70-80 %.

* Die Einfihrung einer neuen Polymermischung aus (Riolyl acetat) (PVAc) und
Poly(vinyl alkohol) — poly(athylen glykol) Pfropfpolymerisat (PVA-PEG) fur die
Befilmung von Pellets in der Wirbelschicht. Zudene dCharakterisierung der
Wirkstofffreisetzung aus hochdosierten Pellets, civel mit Filmmischungen aus
PVACc/PVA-PEG befilmt wurden.

* Die Erforschung und Verdeutlichung von Solubilisiggsprozessen innerhalb der
Pellets, sowie von strukturellen Veranderungen aerf Pelletoberflache vor und
wahrend der Wirkstofffreisetzung. Das Ziel war neu#nsichten in den
Freisetzungsmechanismus hochdosierten Pellets zkiommen, welche mit
Filmmischungen aus PVAc/PVAPEG befilmt wurden.

Durch die Kombinierung der Ergebnisse und Erkemsswiaus den drei Fragestellungen der
Arbeit soll ein méglicher Freisetzungsmechanismstydiert werden, welcher die Wirkstoff-
freisetzung aus hochdosierten Pellets, befiimtRWiAc/PVA-PEG Mischungen erklart.

Die erste Fragestellung der vorliegenden Arbeit deurerfolgreich erreicht. Zwel
leichtldsliche Wirkstoffe, Chlorpheniramin maleg@PM) und Metoprolol tartrate (MPT),
wurden fir die Herstellung von hochdosierten Pgléaisgewahlt. Ein stabiler, einfacher und
reproduzierbarer Wirbelschichtprozess zur Pellsteiung wurde erfolgreich fir beide
Wirkstoffe entwickelt. Eine hohe Wirkstoffbeladumgn 70-80 % wurde erfolgreich fir beide
Wirkstoffe (CPM und MPT) erreicht. Der Einfluss e@lner Sprihlésungsbestandteile auf
den Wirbelschichtprozess, sowie auf das AussehenPedlets, wurde untersucht. Die
zahlreichen Parameter des Wirbelschichtprozessedewun Gruppen eingeteilt, anhand ihres
Einflusses auf den Prozess sowie auf die Qualéatretllets. Die Ansatzgrosse, die Feuchte
der Eingangsluft, der Disendurchmesser sowie adiduRitemperatur wurden als unkritische
Prozessparamter definiert. Im Gegensatz dazu, exeidie Spruhrate, die Luftmenge, das
Losungsmittel sowie der Spruhdruck hingegen eineitiséhen Einfluss. Anhand der
Untersuchungen wurde der Spruhdruck als kritischBtgameter fur die Qualitdt der CPM
Pellets definiert. Ein hoher Sprihdruck wurde bgngtm eine Agglomeration der Pellets zu
verhindern und eine glatte Pelletoberflache zu wgger. Das Losungsmittel(gemisch) der
Spruhlésung war hingegen der kritischste Paranfigtelie Herstellung der MPT Pellets. Eine
Wasser-Ethanol Mischung im Verhaltnis 40:60 wariropt, um ein Kleben wahrend des
Prozesses zu verhindern und MPT Pellets mit gl&barflache herzustellen.

CPM und MPT Pellets mit einem hohen Wirkstoffgelvalh 70-80 % wurden erfolgreich in
einem mehrstufigen Prozess hergestellt. Dieser télensgsprozess fur CPM und MPT
Pellets wurde erfolgreich auf verschiedenen Stetematerialien und Kerngrossen
Ubertragen. Der Wirbelschichtprozess wurde erfadhreauf zwei Wirkstoffe mit einer
geringen Loslichkeit Ubertragen. Durch die Verwerglvon Ethanol-Wasser und Aceton-
Wasser Mischungen konnte ein stabiler Wirbelschpid#ess erreicht werden.

Der Wirbelschichtprozess zur Herstellung von MPTIlge® wurde erfolgreich vom
Labormassstab auf einen kleinen Pilotmassstabrageri. Die benttigte Luftmenge wurde
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Uber den Flachenzuwachs der Bodenplatte im Grosstads berechnet. Aufgrund einer
verbesserten Dusenpositionierung im Grossmassstatid die berechnete Sprihrate deutlich
Ubertroffen werden. Durch den Wechsel der Diisetipagrung wurde die Bedeutung des
Sprihdrucks als kritischster Scale-up Parametenohgehoben.

Die zweite Fragestellung wurde erfolgreich erreidkine Polymermischung, bestehend aus
unléslichem Poly(vinyl acetat) (PVAc) und l6slicheRoly(vinyl alkohol) - Poyl(athylen
glykol) Pfropfcopolymerisat (PVA-PEG) wurde fur dBefilmung der Pellets verwendet. Die
Mischung aus PVAc und PVA-PEG hat eine niedrige kv&tat und eine niedrige
Glassubergangstemperatur (Tg). Nach geringflugiggmssungen der Filmzusammensetzung
konnte ein stabiler Befilmungsprozess fir die Rellerreicht werden. Der Prozess wurde
erfolgreich bei Pellets mit kleinerem Durchmessegeavendet. Die Luftmenge musste daftr
jedoch vorsichtig angepasst werden, um eine erhdleieeneigung zu reduzieren und einen
stabiler Befilmungsprozess zu ermdglichen. CPMeRzllbefilmt mit einer PVAC/PVA-PEG
Mischung, zeigten eine ungewdhnlich s-formige Wioki§reisetzung. Das s-formige Profil
beinhaltete eine lag-time ohne Wirkstofffreisetzungefolgt von einer schnellen,
gleichmassigen Freisetzung. Die Freisetzung wulse drei Werte beschrieben, lag-time (5
% release), median dissolution time sowie finaask value (95 % release). Unterschiedliche
Messmethoden der Freisetzung, wie verschiedene gesitinwindigkeiten, Rihrerdesigns
oder Probenmengen zeigten keinen Einfluss auf deisdtzungsprofil der befiimten CPM
Pellets. Einzig die Freisetzung in Phosphat Pufidr 6.8 zeigte geringe Abweichungen,
wobei die lag-time unverandert blieb, dafir diei$etzung danach deutlich beschleunigt war.
Die Filmmischung beinhaltete die beiden PolymereVA® und PVA-PEG) in
unterschiedlichen Verhéltnissen, einen Weichmacleen, Antiklebemittel (Talk) sowie
Pigmente (TiQ). Der Einfluss der Filmzusammensetzung auf dieisEteung wurde
grundlich untersucht, wobei eine hohere Talk Kotration die lag-time leicht verkirzte. Im
Gegensatz dazu zeigte ein Wechsel des WeichmaaberBriacetin zu Propylen glykol keine
Auswirkung. Der Einfluss der Filmdicke, der Polyméschung (PVAc und PVA-PEG) und
des Weichmacheranteils auf die Freisetzung wurdd Hhiilfe eines statistischen
Versuchsdesigns untersucht. Die beiden Polymerelemurm Verhéltnis 8:2, 9:1 und 10:0
(PVAC/PVA-PEG) gemischt, bei einer Filmdicke von, 120 und 30 %, sowie einem
Weichmacheranteil von 0, 5, und 10 %. Letztendielgt der Weichmacheranteil (Propylen
glykol) keinen Einfluss auf die Wirkstofffreisetzgin Im Gegensatz dazu zeigten das
Mischungsverhaltnis der Polymere und die Filmdiekeen betrachtlichen Einfluss. Die lag-
time wurde bei dickeren Filmen verlangert und dieighing der Freisetzungsprofils wurde
abgeschwacht. Das Mischungsverhaltnis von PVAc #WA-PEG zeigte auch einen
betrachtlichen Einfluss und eine verlangerte laggtibei hoherem PVAc-Anteil im Film.
Interessanterweise wurde die Steigung der Freisgtanicht vom Mischungsverhaltnis
beeinflusst. Die Dauer der lag-time konnte Ubereelknpassung der Filmdicke und der
Polymermischung eingestellt werden, wobei lag-times 10 Minuten bis zu 16 Stunden
erreicht wurden. Die Steigung der Freisetzung waidegensatz dazu nur bedingt Gber die
Filmdicke einstellbar.

Ein drittes unldsliches Polymer, Kollic§aMAE and Eudragft NE, wurde zur PVAC/PVA-
PEG Mischung (8:2) hinzugegeben, um die SteiguisgRiefils einzustellen. Die Zugabe von
2 % Kollicoaf® MAE bewirkte eine leichte Verringerung der Steigujedoch trat bei mehr
als 2 % Zugabe eine starke Unvertraglichkeit ddyrRere auf. Die Zugabe von Eudrdyit
NE brachte keine Unvertraglichkeit mit sich, fuheber nicht zu einer Verringerung der
Steigung, sondern nur zu einer Verlangerung detitag.

Der Einfluss der Pelletgrosse sowie des Wirkstdfédies der Pellets auf die Freisetzung aus
befilmten CPM Pellets wurde im Anschluss untersu€hée Steigung der Freisetzung war
unverandert bei kleineren Pellets, aber die lag-tmar deutlich verkirzt. Diese Beobachtung
war unabhéngig vom Mischungsverhaltnis der Polyn(iifkéAc/PVA-PEG 9:1 oder 10:0).
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Pellets mit geringerem Wirkstoffgehalt (46 % undo3 lieferten zweigeteilte Freisetzungs-
ergebnisse in Abhangigkeit von der Polymermischugige verkirzte lag-time sowie eine
verringerte Steigung der Freisetzung wurde bengen Wirkstoffgehalt (46 % und 8 %) und
einer 9:1 PVAc/PVA-PEG Mischung gemessen. Je gerimer Gehalt der Pellets, desto
mehr veranderte sich das Freisetzungsprofil voermeis-férmigen zu einem linearen Profil.
Bei reinen PVAc Filmen (PVAc/PVA-PEG 10:0) zeigtelsein komplexes Ergebnis. Bei
einem mittleren Wirkstoffgehalt (46 %) wurde dig{ame zwar verkirzt, die Steigung der
Freisetzung blieb unverandert. Bei einem sehr gerinGehalt (8 %) veranderte sich das
Profil stark und ergab eine sehr langsame, lin€agesetzung (nur 10 % nach 40 Stunden).
Der Einfluss der Pelletgrésse und des Gehalts gebtige Hinweise fiir den Mechanismus
der Freisetzung.

Die Filmmischung aus PVAc und PVA-PEG wurde auf MWMEllets mit gleichem
Wirkstoffgehalt Ubertragen. Ein &hnliches s-formsigeéreisetzungsprofil wurde bei einer
Befilmung mit 8:2 Mischung aus PVAc/PVA-PEG gemesden Gegensatz dazu wurde eine
lineare, sehr langsame Freisetzung (<10 % nachuAd8n) bei einer 10:0 Mischung aus
PVAC/PVA-PEG erhalten. Da vergleichbare Freisetapngfile bei verschiedenen Wirkstoff-
pellets nur bei einem hohen PVA-PEG Anteil erhaligarden, deutet dies auf einen
einheitlichen Freisetzungsmechanismus bei Pell@étBYAc/PVA-PEG Filmen hin.

Ein sigmoides Fitting wurde angewendet, um die detzungsprofile des statistischen
Versuchsdesigns darzustellen. Die statistische Atswg der gefitteten Daten unterstrich
den deutlichen Einfluss der vier Parameter aufridesetzung. Die Filmdicke, die Polymer-
mischung sowie flr die quadratische Wechselwirkamgschen Filmdicke und Polymer-
mischung zeigten jeweils einen hoéchst signifikant&nfluss, der auch nach einer
Verfeinerung des statistischen Models unverandes ijp < 0.001). Prediction plots wurden
berechnet, welche die Parameter mit der Freisetzengnden. Letztendlich wurde ein plot
ausgewahlt, womit anhand der Filmdicke und der lelynischung die Wirkstofffreisetzung
aus CPM Pellets vorhergesagt werden konnte. Did&fsagbarkeit des Models wurde mit
zwei Versuchen uberpriuft und bestatigt. Eine lagetvon 1.5 Stunden wurde angepeilt und
zwei Filmzusammensetzungen berechnet. Pellets wwadleand der berechneten Zusammen-
setzungen hergestellt. Eine lag-time von circa $ttinden wurde gemessen, was die
Richtigkeit des Models bestatigte. Bei befilmten MPellets wurde das Model nur fir hohe
PVA-PEG Anteile bestatigt und scheiterte bei hoR®¥#C Anteilen.

CPM und MPT Pellets, welche mit PVAc/PVA-PEG Filnsghhungen befilmt wurden,
zeigten eine ausreichende Lagerungsstabilitat sewie hohe Robustheit Die Filmhulle der
Pellets wurde manuell mit einer Nadel oder einensi®messer beschadigt, um die
Robustheit zu untersuchen. Dabei wurde bei Filmén9m PVAc/PVA-PEG ein Selbst-
heilungsmechanismus entdeckt. Nach BeschadigungderitNadel blieb die Freisetzung
beinahe unverédndert. Die Beschadigung mit dem Rassser flihrte zu einer verfrihten
Wirkstofffreisetzung, aber nicht zu einem ,burstEs wurde vermutet, dass die
Beschadigungen des Films teilweise durch desseluQgeausgeglichen wurden. Aufgrund
einer geringeren Quellung bei 10:0 Mischung von ENPAVA-PEG, konnten die Schaden
nicht komplett kompensiert werden und beide Besghédien (Nadel und Rasiermesser)
fuhrten zu einer verfrihten Freisetzung, aber nechéinem ,burst”. Aufgrund der Robustheit
des Filmes hatte auch eine Verpressung der PdletJabletten, mit unterschiedlichen
Presskraften, keinen Einfluss auf die WirkstofSetzung.

Eine gute Lagerungsstabilitat wurde bei CPM und Miellets nach 9 Monaten Lagerung bei
25 °C nachgewiesen. Die Wirkstofffreisetzung wunde geringflgig verzdgert, was sich mit
einer voranschreitenden Verfestigung des Filmesrevithder Lagerung erklaren lasst. Ein
gegensatzlicher Effekt wurde nach Lagerung bei@@émessen. Zunachst wurde eine leicht
verzogerte Freisetzung gemessen, welche sich wédldenLagerungszeit ins Gegenteil, zu
einer verfrihten Freisetzung, umkehrte. Es wirdnget, dass die erhohte Klebrigkeit des
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Filmes bei 40 °C zu kleinen Defekten im Film getihatte, welche die Verfestigung
kompensieren und zur verfrihten Freisetzung fuhv#&ahrend der Lagerung wurde keine
Migration von Wirkstoff in den Film nachgewiesemafDr wurden kleine Verdichtungen von
Polymer und Pigmenten nach 3 und 6 Monaten im Pedffim mit Hilfe der Confocalen

Raman Mikroskopie entdeckt. Die Ursache der Vetdiohen sowie deren Einfluss auf die
Freisetzung sind noch unbekannt. Es wurde kein Abloa Wirkstoff und Polymer wéhrend
der der Lagerung mit NMR Spektroskopie gemesserde@u wurde ein unveranderter
Weichmacheranteil wahrend der Lagerung mittels NMPBektroskopie ermittelt. Eine
Weichmachermigration konnte nicht bestimmt werdea sollte weiter untersucht werden.

Letztendlich wurde auch die dritte Fragestelluniplgreich beantwortet. Der Freisetzungs-
mechanismus von befiimten CPM Pellets wurde untétsuwobei der Schwerpunkt der
Untersuchungen auf das Eindringen von Wasser in Rigtet, die Solubilisierung des
Wirkstoffes im Pellet sowie auf die Veranderunger &ellet Oberflache gerichtet waren.
Eine rasche Wasseraufnahme der Pellets wurde gemessbei hthere PVAc Anteile zu
einer langsameren Wasseraufnahme fuhrten. Eindu@getier Pellets wahrend der Wasser-
aufnahme war messbar. Analog zur Wasseraufnahmeali@a@uellung bei héheren PVAc-
Anteilen verringert. Die Solubilisierung des Wirtafes in den Pellets wurde mittétd-NMR
Spektroskopie non-invasiv dargestellt. Eine sclen8blubilisierung wurde schon nach 20
Minuten gemessen, wobei die Solubilisierung deskg¥affes danach weiter anstieg. Auch
die Wirkstofffreisetzung nach circa 2 Stunden kenebenfalls mittels NMR Spektroskopie
dargestellt werden. Eine Auflésung von I6slichenmBestandteilen (PVA-PEG und
Weichmacher) wurde direkt nach Zugabe des Freisgs&ruediums gemessen und wahrend
der gesamten verfolgt. Die Solubilisierung von WEtdf sowie die Auflosung von Film-
bestandteilen geschah wéahrend der lag-time und tddenitlich vor dem Einsetzen der
Freisetzung. Die NMR Spektroskopie konnte abertriclantitative ausgewertet werden und
lieferte nur qualitative Erkenntnisse.

Aus diesem Grund wurde die ElektronenspinresonB®R] Spektroskopie angewendet, um
die Solublisierung des Wirkstoffes zu quantifizier&ine ESR Sonde, TEMPOL, wurde in
die Wirkstoffschicht eingebaut und dessen Solubilisig zu messen. Die Solubilisierungs-
geschwindigkeit wurde gemessen bei verschiedendgmomischungen, verschiedenen
Filmdicken und Weichmacheranteilen. Die ESR Messangestatigten die schnelle
Wirkstoffsolubilisierung. Es wurde gezeigt, dasshszum Zeitpunkt der Wirkstofffreisetzung
etwa 60-70 % der ESR Sonde in solubilisiertem Zusthefanden. Die Solubilisierungs-
geschwindigkeit war stark von der Filmdicke und Betymermischung abhéngig. Analog der
Freisetzung, wurde die Solubilisierung bei hohenAPVAnteilen und dicken Filmen
verzogert. Der Weichmacheranteil zeigte keinen |&ssf auf die Solublisierung. Die
Wasseraufnahme und die folgende Wirkstoffsolulgitisng erschienen der erste,
dominierende Schritt des Freisetzungsmechanisnsibefiimten CPM Pellets zu sein.

Da ein rasches Auflésen von Filmbestandteilen peiRNSpektroskopie gezeigt wurde, lag
der Fokus im Weiteren auf den Veranderungen ddetBberfliche wahrend der Freisetzung.
Die Pelletoberflache wurde mit Hilfe der Elektrongkroskopie zu verschiedenen
Zeitpunkten untersucht. Bei hohen Vergrésserungagten sich kleine Poren, welche vor der
Mediumzugabe nicht sichtbar waren. Jedoch was diersuchung der Oberflache schwierig
und es war unklar, ob die entdeckten Poren niaghtAeiefakt der Messung waren. Um die
Ergebnisse der Mikroskopie zu bestéatigen, wurdem [elletoberflache mit Hilfe der
Rasterkraft Mikroskopie (AFM) untersucht. Mitteld=M konnte ein und derselbe Teil der
Pelletoberflache in Medium nach unterschiedlicheaitehh untersucht werden, ohne
aufwendige Probenvorbereitung. Die AFM Messungen RBelletoberflache zeigten eine
rasche und fortschreitende Porenbildung auf derfdlobe des PVAc/PVA-PEG Films. Die
Porenbildung war nicht verringert bei einem gerregePVA-PEG Anteil (8:2 anstatt 9:1).
Keine Poren wurden hingegen auf der Oberflache Reltets entdeckt, die nur mit PVAc
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befilmt wurden. Wahrend der Freisetzung begannem ldeine Gebiete der Pelletoberflache
anzuheben. Nach Entfernen des Medium verschwan@rtebung. Die Porenbildung auf der
Oberflache von Pellets mit PVAc/PVA-PEG Filmen wairdestatigt, jedoch wurde keine
Porenbildung bei PVAc Filmen festgestellt. Eineisetzung des Wirkstoffes Uber Poren ist
wahrscheinlich, konnte aber anhand der Daten biestiatigt werden.

Anhand der Ergebnisse wurde ein Freisetzungsmesthasi postuliert fur hochdosierte
Pellets, befilmt mit PVAc/PVA-PEG Mischungen. Deebthanismus beinhaltet ein schnelles
Eindringen von Wasser in den Pelletkern mit eimbingllen Solubilisierung des Wirkstoffes.
Gleichzeitig 16sen sich Filmbestandteile aus ddteRderflache heraus und fihren so zur
Porenbildung auf der Pelletoberflaiche. Wahrend kgr-time schreitet die Wirkstoff-
solubilisierung und das Herauslésen von Filmkomptere voran. Nach Erreichen eines
gewissen Solubilisierungsniveau, wird die Freisetzueingeleitet. Ein osmotisch
kontrollierter Mechanismus wurde vermutet, da d&Ssrisige Freisetzungsprofil typisch fur
eine osmotisch kontrollierte Freisetzung ist. Egdeuvermutet, dass die voranschreitende
Solubilisierung des Wirkstoffes einen ansteigendemotischen Druck im Pellet erzeugt.
Nach Erreichen eines gewissen Druckes, kann dem Ritht mehr widerstehen und der
Wirkstoff wird durch die gebildeten Poren oder duRisse aus dem Pellet herausgepresst.
Anhand des postulierten Mechanismus kénnen auclriisetzungsprofile der Pellets mit
kleinerem Durchmesser und geringerem Wirkstoffgehatklart werden. Es wird
angenommen, dass die Solubilisierungsgeschwindigkeibhéngig von der Pelletgrésse ist.
Daher wird bei kleineren Pellets, aufgrund der rggen Dicke der Wirkstoffschicht das
bendtigte Solubilisierungsniveau schneller erreiohd die Freisetzung erfolgt verfriht. Die
kleineren Pellets haben jedoch den gleichen Wiffggbalt, welcher einen &hnlichen
osmotischen Druck erzeugt, der analog zum s-féormiBeofil fuhrt. Im Gegensatz dazu
zeigen Pellets mit geringerem Wirkstoffgehalt eusgfriihte Freisetzung mit einer beinahe
linearen Steigung. Es wurde postuliert, dass dedrige Wirkstoffgehalt einen geringeren
osmotischen Druck im Pellet erzeugt. Da der Filmmsdm Druck wiedersteht, erfolgt die
Freisetzung hauptséchlich via Diffusion und nugémingem Masse tber osmotischen Druck.

Ausblick:
Obgleich ein detaillierter Mechanismus postuliedrge, bleiben einige Fragen zur Wirkstoff-
freisetzung aus befilmten CPM Pellets unbeantwontelche weiter erforscht werden sollten:

* FUr die Untersuchung des Freisetzungsmechanismigewumur Pellets mit unldslichen
Cellulose Starterkernen verwendet. Die Verwendumg Voslichen Zuckerkernen
kénnte einen interessanten Einfluss auf den Meshaus haben, da ein zusatzlicher
osmotischer Einfluss des Zuckerkerns erwartet wirde

* Der osmotische Einfluss der Wirkstoffschicht imIBelWwurde bisher nur postuliert und
nicht durch Versuche bestatigt. Durch den Einbau easmotisch aktiven Substanzen in
den Wirkstoffkern sollte der osmotische Einflussst@kt werden. Damit kbnnte ein
geringer osmotischer Einfluss (z.B.: bei Pellets geringem Gehalt) kompensiert
werden. Das Freisetzungsprofil sollte sich dadwantnlinear zu s-férmig verandern.

 Der postulierte Freisetzungsmechanismus basieginadiuf Untersuchungen mit CPM
Pellets. Ahnliche Untersuchungen mit verschieden@firkstoffpellets kdnnten
zusatzliche Informationen geben und den postuhdvtechanismus bestatigen.

e Der postulierte Freisetzungsmechanismus konntet rdoiekt auf reine PVAc Film
Ubertragen werden und nicht alle Ergebnisse dasdimingsstudien konnten anhand
des Mechanismus erklart werden. Weitere mechacligis/ntersuchungen mit reinem
PVAc Filmen sollten durchgefuhrt werden.

* Die beschleunigte Freisetzung nach Lagerung béC4i68owie in Phosphat Puffer sind
noch unerklarbar und sollten weiter untersucht eerd
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