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Pellets formulation of crystalline nanoparticles
A formulationprocess and characterization study

PATRIK G TRAFF
Department oChemical and Biological Engineering

Chalmers University of Technology

Abstract

A large proportion of new drug compounds in the pharmaceutical induatgyan
exceptionallylow solubility in water which mightausepoor bioavailability. This has
becomean increasing problem within formulation development, leading to abandoned
development effortsOne solution to thigroblem could be to formulate thgoorly
solubledrugs into crystalline nanosuspensionBis step requires a process where the
drug nanopdicles are enbedded in a fast solving coating substrateuch as sugar,
andspray coate@nto microcrystalline cores a fluidized bedThe coating substrate
must be able to prevent agglomeration of the drug nanoparticles during the coating
process ah at the redsperson of the particlesThe processabilitydepends on the
stickiness of thecoating substratelt is crucial that thecoating substrateedisperse
immediately and thus releases the nanoparticleten in contact with water or
gastrointestinal fluiddlt is also important thahe drug nanopatrticles redispemsahe
same patrticlsizein relation to the bioavailability

The coating substratexcipients,composition of the nanosuspension anel phocess
parameters were evaluatébrehalose was shown to be thest favorablecoating
substrate probablydue to its high Tg. It waable to prevent agglomeration of the
crystalline drug nanoparticles during the coating processrédispersiorwas slown

to be rapid and the nanoparticles were redispersed in the same size as before the
coating process.

The drug load was increastdm 10% API to 30% API in the nanosuspensithus a
drug nanosuspension that cosltbrten the coating process was olgdin

The inlet airflow washown to behe most critical parameter bbtain a well working
process.High airflow provided a better nesticky procas but this parameter was
limited by the equipment capabilitiffhe drying capacity can be calculatedm the
moisture content and airflow. Theangive insight of how the fluidizeted behave
when coatingsticky substanaesuch as sugar.

Keywords:Fluid bed, nanoparticles, nanosuspension, pellet coating, poorly soluble
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Glossary

Absorption site - Sites in the body where drugs can be absorbed.

API - Active pharmaceutical ingredient

Bioavailability - A measure of the rate and extent of drug absorption from an
administered dose, which is expressed as a ratio to an intravenomshyséered dose

or a commercial drug.

Core - Charged material as MCC/suganresin a fluid bed coater.

Diffusion - The spread of particles from regions of higher concentration to regions of
lower concentration.

Disaccharide- Substance which is compex of two linked simple sugars
(seesaccharides)

Dosage form- Pill, tablets, capsules, drinks etc. are commonly used forms of drugs or
medication intended for administration or consumption.

Gastrointestinal - The gastrointestinal tract refers to thensach and intestine.

Intravenous injection - An introduction of a substance into a vein by the use of a
needle.

Micronized particles - Solid particles which ha had a reduction in size to the
micrometer scale.

Mollierdiagram - A graphic tool of the relations between air temperature, humidity,
enthalpies and more.

Peak plasmaconcentration - Change in plasma concentration over time

Pellets - Discharged material of the fluid bed coater, consisting of core and coating
substate.

Radius of gyration - A tool to describe the dimensions of a polymer

Redisperse - The term used when thpellets redisperseand thus releases the
nanoparticles into the water or gastrointestinal fluid.

Saccharide- A carbohydrate, which is an organic compound consisting of carbon,
hydrogen and oxygen. Saccharides and disacchasigeesommonly referred to as
sugars.

Saturation solubility - The concentration of a certain substance when the solvent
becomes satured

Slurry - Refers to the solution containing stabilizers and API before the wet milling
procedure.



Spray drying - When the suspension in a fluidized bed dry before colliding with
pellets.

Static diffusion layer - A layer on thedrug particlesvhere h is the thickness in the
NoyesWhitney equation.

STP - Standard temperature and pressure, standard conditions for experimental
measurements to allow comparisdretween different sets of dat®, and 0.986atm.

Systemic circulation- System which carries oxygen filled blood from the heart and
brings back deoxygenated blood to the heart. The systemic circulation is part of the
cardiovascular system.

Weight average molecular weight A way of describing the molecular weight of a
polymer.
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1 Introduction
1.1Background

Today, a very large proportion of new drug candiddtage a exceptionallypoor
solubility in water [1]. This has become an increasing problemthin the
pharmaceutical indtiy in terms of obtaining sufficient dissolution within the
gastrointestinal tracwhich is necessary fadequateéioavailability [2]. This problem
can be addressed bormulatingthe drug into crystalline nanosuspensiomie reduced
particle size allows for increased dissolution ratestandenhanced bioavailabilit}3].

The nanosuspensions are preferably converted to solid dosagefdoronal absorption
from a marketing anghysical point of view, them being patience compliance and
stability of the nanoparticlagspectivelyj4]. Spraycoatingin a fluidizedbed is one ay

of drying the nanoparticles, as the solvent is evapordted. step carthough create
thermal stress on the partislevhich can lead to aggregatifs]. By usingan inert core

on which the drug particles can adhere one can decrease the agglomeration and with the
help of stabilizers, increase the wetting, which is also easent

When redispersing the drug nanoparticles they should redisperse as nanosuspadsions
thus attainits original nangarticle siz when in contact with water or gastrointestinal
fluids, giving good dissolution rateSince the pellets studied are made for edate
release, apid redispersiomf the nanoparticless a requirementThis rapid dissolution
canbe achieved by usingasily dsintegratingsugas ascoating substratéHowever, he
sugars low Tg and its hygroscopicitgan cause challenges likstickiness or
cohesivaess [5]. Nanosuspensions of drugs can help formulation scientists to
successfully formulate dage forms of compoundwhich have significantly low
solubility. Emulsions and liposomes can also be used to solve these problems when the
compound is poorly soluble in water but soluble in But nanosuspensiorere the only
choice when the compound is poorly soluble in both water andwhiich would
otherwise leada abandoned development effdiis.

1.2 Objective

The aim of thisthesis wasto find a suitablecoating substrat@and excipients for a
crystalline active pharmaceutical ingredient (API) nanosuspemsiorder thathe drug

nanoparticles regaitheir original particle size when redisperséthe manufacturing
processwhere the nanosuspension is spray coatsdo $herical microcrystalline
cellulose (MCC) cores must also be é&kctive since thecoating substragetend to

complicate the process conditions by their stickiness.

There are two basiequrements that must Helfilled:

1) The sprayrate of the suspension to the fluid bewhich is & indicationof the
processability must be adequatéd suitablecoating substrat¢éhat can givesufficient
spray rate and thus go@aocessabilitymust be foundince this is direty associated to
the process time and thus production costs.

2) When redispersing thelrug nanoparticles after spragoating they must be
redispersd to their original nanopatrticle size.



1.3Scope

Since the project reaches over several scientific disldch aspiopharmacy surface
chemigry, process technology and nanotechnology it is important to specify limitations
within the project. Fluidized beds have been the object for many other pragémts|B,

7, 8. Thisis why focus will not be oroptimizing process parametens fluidized beds

but more on thecompositionsof the suspensiom orderto obtain a proceswith
sufficientprocessabilitywhich can be optimizefurtherin futureworks.



2 Theory
2.1 Bioavailability

The term bioavailaility is often used in pharmacology and an explanation is essential
for understanding the importance of the expression.

2.11 Absolute bioavailability

Absolute bioavailability can be calculated when comparing the total amount of drug that
reaches thaystemic circulation from an intravenous injection, with the total amount of
the same drug administered via another route. The dose administered intravenously is
used as reference since it is introduced directly into the systemic circulation, thus giving
100% bioavailability. By using a plasma concentratiomre curve, the absolute
bioavailability can be calculated with the help of equatidn 2.

Absolute bioavailability = (AU@)apsX Div / (AUCt)iy X Daps (eq. 21)

Here, (AUG)apsis the total areainder the plasma concentratibme curve from the
dose of the drug administered via an absorption site. (&G the total area under the
curve following intravenous injection of the drugy, ¥ the size of the single dose of
drug administered intrameusly and [ysis the size of the drug administered via
absorption siteggefig. 2.1)[2].

Intravenous injection curve

e

Drug administered via absorption site

Concentration of drug in plasma

Time following administration of a single dose

Figure 2.1 Typical plasma concentratietime curve from administering equivalent
doses of the same drug by different routes.



2.12 Relative bioavailability

The relative bioavailability can be determined wileadrug caanot be administered by

an intravenous injection. Instead of using the intrawenajection as a reference, a
standardhch dosage form is used. This can be either an orally administereitbeabu

an established commercial preparation that has been pi@benclinical effective. This
standardhch reference is compared withtasinch dosage form of the same drug. A
similar equation as for the absolute bioavailability gives the relativavai@bility from

a plasma concentratigime curve. (AUG)wstand (AUG)sandar@re the total areas under

the plasma concentratigime curve of the test and standard dosage forms respectively.
Diestand DyandardlS the size of the single doses of the both dosage forms. The equation is
similar to the equation for absolute bioavailabi[i&y:

Relatlve bloavallablllty = (AU(‘B)testX Dstandard/ (AUCT)standar&( Dtest (eq.2.2)

2.2 Suspensions and solid dispersns

The terms suspension and solid dispersion are frequently used to describe systems in the
pharmaceutical indarg, why a definitionof both terms arsuitable.A pharmaceutical
suspension refers to insolubferticles, preferably greater than 1 pm irardeter,
dispesed in an aqueous liquid mediufg]. Solid dispersions irthe pharmaceutial

indudry refers to a two or more component systerhere the drug is dispersed
preferably as small particlés a hydrophilic matrix in the solid statg].

2.3 Nanosuspensions

A nanosuspension is a submicron colloidal dispersioparticles which are stabilized

by suitable surfactants[10]. In pharmaceutical indaiy the drug is inthe nanosize,
typically between 107 200 nm enabled by recent advances in mdl technology 11],

giving the API increased surface area. This increase in surface area gives the
nanoparticles an increased dissolutiateand higher saturation solubility in comparison
with micronized drugsThis leads tohigher bioavailability of digs administered as
nanosuspensiond?]. This can be correlated to themyesWhitneyequation:

dM/dt = DA(CsC)/h (eq.2.3)

Where dM/dt=rate of dissolution,D=diffusion coefficient of the drug in solution,
A=effective surface area of the drug;s=saturation solubility of the drug,
C=concentration of the drug in the bulk flultthickness of the static diffusion layer.
Therefore, as the particle size of the drug decreases, the surface area increases thus
leading toimproved dissolution rate However, if the nanoparticles form aggregates
upon redspersion, the overall surface area woulecrease and the dissolution rate
would as a consequence also decregsang lower bioavailability 2, 3 11]. In

addition the dissolution rate can be furthecieased by the saturatignlubility of the
nanosized API explained by tistwaldFreundlich equation (eq.4.[13].



(RTVp) xIn(SIS) = 2 o(éqrz4)

Here,Sis the salibility of small particles okizer. S is the equilibrium solubilityR is

the universal gas constari,is the temperature/,i s t he mol ar vol ume
surface tension. Particles at the nanoscale should give increased saturation solubility
from the OstwaleFreundlich equation and thus enhanced dissolution rate acgadxli

the NoyesWhitney equation.

2.3.1 Stabilizing a nanosuspension

When forming nanoparticledrom larger particlesa new surface area cseatedwhich
impose a Gibbs free energy cost associated with the formation of additional interface.
The nanosuspensions created #ras thermodynamically unstable and wilty to
minimize their total energy by agglomeratirig 4]. An efficient way of addressinthis
problem is bythe additionof stabilizers A nonionic polymer is used to cotne surface

of the drug with itshydrophobic chain while the hydrophilic part can be projected into
the water. Compression of the polymers causes loss of entropy aneéréforth
unfavorable[1]. This so called teric repulsion isoften not enoughor stabilizing a
nanosuspensionsince it can be sensitive tor exampletemperature fluctuations.
Electrostatic stabilization can be enabled by addmnic surfactantThe electrostatic
stabilization is based on the repulsive forces when the diffuse double sayersnding

the drug nanoparticles start to overlap. This gives an increase in ion concentration which
is entropically unfavorablelf]. The nonionic polymer and ¢hionic surfatant work

well togetherit permits greater coverage of the charged surfactant. This occurs because
the selfrepulsion of the ionic surfactant is minimized by the polymer which permits
closer packing J]. The amount of stabilizers added mubst in the right weight ratio.
Excessstabilizers promotes Ostwald Ripening, which is a process where the difference
in solubility with particle size leads to material from smaller particles going to larger
particles and thusnduce particle growth with tim[15, 16]. Insufficient amount of
stabilizers added leads agglomeration or aggregatipto).

2.3.2 Manufacturing nanosuspensiongh wet milling technique

The most common way of manufacturing nanosuspensions is by the so a@pdtEdvin
techniques. Thignears starting from a large sized powdend performing a size
reductioninstead of building ugo nanoscalgbottomup technique)17]. There are
different technologies for this but the most usedayis wet milling where the milling
chambers areharged with milling media, drug, stabilizeasd water 16]. The milling
media is typically highlycrosslinked polystyrene balls, zirconiar glass beads. The
milling technique has several advantages; it is a simple techn@dgy, costproaess
and easy to scale up a batch processs relevant Disadvantages could be; potential
erosion from milling media, potential growth of germs in water phasteeie ardong
milling times and thatthe separation procedure of milling media costs time and money
[17]. Crystalline nanosuspensions have been prepared by wet nmiaiopiquesat



AstraZenec&bdertdje andareused in this master thesiddditional nanosuspension$
different volumesand conpositionwere made according tbe wet milling procedure

2.4Glass transition temperature

The glasdransition temperature, Tg, is most likely the most importaapgty of an
amorphous materigll8, 19. When an amorphous sample is heated abovigitseveral
properties of the sample changes due to increased molecular mobility and the amorphous
solid changes from being in a glassy state to a rubbery state. The increased mobility
affects the samples properties such as volume, heat capacity, visnosityielectric
relaxation 9]. The molecules are more stiff and brittle in the glassy state while they
become more soft and flexible in the rubbery state.

The processabilityof amorphous materials is often problematic since they becoone

elastic and ticky above their Tg. Water is often used as solvent which actsnas a
additionalplasticizer for the amorphous material and thus decreases the Tg and make it
evenharder to process because of its stickiness or cohesiveness. The decrease in Tg can
be signifcant even at very small water amoun& 18 This can be theoretically
calculated by the use of the Gordbaylor equation:

TOmix= (WiTg1+ Kw,Tgp) / (w1 + Kwy) (eq. 2.5)

K 3Tgy 2Tg (eq. 2.6)

Where w corresponds to the weight fraction of the amorphous material in the equations
above and Tg for the glass transition temperatures. K is a constant which can be
calculated by the SimkBoyer rule in equation 2.6. Thdals 1 and 2 in the equations
represent theamorphous compounds with the lowest and higlgtass transitions
temperaturesespectively 20].

2.5 Amorphous versuscrystalline solid state properties

The main advantageoncerning amorphous drugsthe pharmaceutical indung is that
the lack of order in the crystal lattice of amorphous solids regl@ssgnergy and thus
gives maximal solubility advantage in comparison® ¢rystalline form of the drug and
thus greater bioavailability. Howevehecause of the higher potential enertpe
amorphous solids are more physically unstable theg are pone to crystallize and
degrade[19]. Understandable, there asggnificantly more hurdles to overcome for
amorphous drugs than for crystalline in tf@emulation of new drugs tenced for the
international market2, 21].

Crystalline drugs as nanaospensions providgreater stabilityand are most often
preferred duing pharmaceuticalevelopmenf22].

The solid state form of the excipients in a solid dosage form can alswdal for the
effects of the drug.



2.6 Solid dosage formulation

In this workpellets have been chosendmsage fornfor the crystalline nanosuspensions
due to its manyadvantages for the administration of orahtrolled releasedosage
forms; hey diperse freely in the gastrointestinal tract and thus maximize drug
absorption, reduce peak plasmancentrationsand minimize side effectsHigh local
concentrations are avoidethid he processing can be made more flexible by coating the
pellets with different drugubstances datifferent drug load$23]. The advantagevith a
higher drug load is that differesizes of capsules can be filled with the same pellet
formulation to obtairavariety of doses.

The structure of a pellet is an inert core and a layer containing coating substrate and

nanoparticles (see fig. 2.ZJhe core can bespherical particles in the 300500 pm
range and consist of sugar or microcrystalline cellu{b&eC).

Core (WCC, sugar)

Manoparticles (&P \*. .

Coating substrate (sugar)

Figure 2.2. Schematic drawing of a pellet consisting of core, naniigas and coating
substrate.

2.7 Coating process in fluidized beds

Coating is an important process in the pharmaceutical tnydas well as in the
agricultural, food and chemical indog In the pharmaceutical indwg, the coating
equipment can be divided into four main types namely; pan coatingptay fluidized
bed coating, rotor coating with tangential spray and Wurstecbeating(bottom spray)
[24]. Here the Wurster or bottormspray coating equipmers used. It consists of an
expansionchamber, anrawulus, a Wurster tube, a didittor plate and a spray nozzle
(seefig. 2.3).



Expansion chamber

"'--._._._.--""//

Wurster tube
Anmitus (down bed region)

Distributor plate
Spray nozzle

Figure 2.3 Schematic drawing of a Wurster type bed with main components.

The coating process consistsaif supporting thepelletsin a vertical column with an
upwardly moving streamThe suspension is atozed onto the suspendgqekllets
according to figure .4 [25]. The gas flow accelerating the pelletemes from both the
fluidization air as well as the spray noz#llev which forms a mist of the suspension or
solution[24, 2§. The droplet size is determined by the atomiaérpressure and the
droplets should & small enough to obtain a smooth coating but not to small so that they
run the risk of drying out before being deposited on the peRldis\|Vhen the pellets get

hit by the suspension droplets and move upwards the column they get to a region which
is caled the fountain region. Here the coated pellets fall back to the sides by the
gravitational force geefig. 2.4). The pellets mustry before entering this region to
avoid agglomeration.

Figure 2.4 Schematic drawing of a Wurster type bed with pe{teid dots)during air
flow.



2.8 Process parameters

To obtain a uniform layer othe suspension on the pellets, several key psoces
parameters muisbe considered. The key parametarsl theirmain impact on the
process are summarized in table 2.1.

Table 2.1. Key process parameters and theiainimpact on the coating process.

Parameter Impact
Spray rate of suspensior Agglomeration, process time
Atomizing airflow Droplet size, spray dryinggglo., yield
Inlet air emperature Agglomeration, spragrying, yield
Bed temperature Agglomeration spray drying, yield
Inlet airflow Overwetting, pellets in filterdrying capacity
Inlet air moisture content Drying capacity, overwetting

Maximum spray rate is limited by viscosity and tackiness of the coating liquid, the
drying capacity and droplet size of the fluidized bed system also limits the spray rate.
Exceeding spray rate can result imrreversible agglomeration du& lower bed
temperature because more liquid is pumped in which cools the sysiam 27].
Atomization air pressure is an important parameter to control the droplet size
distribution and velocity. Spray drying occurs wlenexcessive amount atomization

air pressure isised while agglomeration occursiasufficient amount ofatomization
pressure. The tempeuaé needs to be adjustgaoperly for each individual coating
session. A elevatedinlet air temperature(Ti,) can lead to agglomeration due to
softeningof the coabut a sufficient temperature is needed to evaporate the solvent.

inlet air flow determines the particle flow in the bed. Too high air volume results in
pellets getting trapped in the filter in the upper part of the bed. If thioairis not
sufficient, the pellets getverwetted. A higher spray rate can be obtained when the inlet
moisture content is low, otherwise spray drying may occur. At higher inlet air higsidit
there is a risk of overwetting and it is also difficult to remove residual meigtuthe
coatat higher inlet air moisture contents. The inlet air humidity is indicated by the dew
point temperature. At this temperature, the air is saturated with moisture. The dew point
temperature can be held constgmviding reproducible drying rates and better film
propertieg27]. These keyparameters are related amaist be taken into account when
designing a procese bbtain a high quality coatir{@4].

2.91Inputs and response in the coating process

The amount oexcipients and drug in the nanosuspemsietermines how much water
that has to beevaporated in the fluidized bed. It is important that the spray rate is
sufficiently high because this determines theerall process timeA higher amount of

APl in the nansuspension gives a higher drug load and thus more API capptied
under shorter time with the same spray rate. This could be beneficial from an
economical point of view. Thprocessabilityis measured by the producnd coating
yield, the degree of gtpmeration and the overall process time.
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3 Materials and Methods
3.1 Materials

3.1.1 Felodipine

The substanceised ethyl methyl 4(2,3-dichlorophenyh1,4-dihydro-2,6-dimethyl- 3,5
pyridinedicarboxylateKelodiping, was providedy AstraZeneca R&MMadlndal. It has
a melting point temperature of about 145°C antb@ P value at approximately 4,
indicating its high lipophilicity[28]. The drug is a calcium chael blocker.It relaxes
the blood vessels which makes it easier for the heart to p2@hgelodipine isreferred
to asthe APl in this thesis.

Cl
Cl

Met)ocmcoom (S)form
H,C~ - CH,

[
H

Figure 3.1 The (S)orm of Felodiping 28] .

3.1.2 PVP K30

Polyvinylpyrrolidone isa hydrophilic polymer often used in the food and pharmaceutical
indugry. There are many different sorts of PVP depending on the degree of
polymerization denoted by th€ value in the name. PVP K30 has a molecular weight of
approximately 46x10' g/mol [30]. PVP K30 acts as a sterictabilizer in the
nanosuspensiorit was obtied from BASF, Ludwigshafen Germanyn this thesis,

PVP K30 was also evaluated as a coating substrate.

A

— CH—CH,—
— -n

Figure 3.2 A monomeric unit of PVE3(] .
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3.1.3A0T (docusate sodium)

The anionic surfactanised to provide electrostatic stabilizationthe nanosuspension
was obtainedrom SigmaAldrich St. Louis, USAAOT is hygroscopic with a melting
point of approximately 155°C arthsbeenwidely used in pharmaceutical formulations.

CH,

HaC

0 CH,
HsC o
o

o S04Na

Figure 3.3 Schematic image of tletructurd formula of AOT[3(] .

3.1.4 Sugars

The coating substrate typically sugars or water soluble polyme#s B1. One major
problem with sugarss their stickiness duringhe spraycoating step. Myo-inositol,
lactosefructose andjlucose were also evaluated and are preedin appendix A

3.1.4.1 Sucrose

Sucrose is widely used in the pharmaamlindudry [4, 32]. Sucroses a disaccharide
with a Tg of approximately 60°@ is hygroscopic and absorbs up to ¥¥4ter [30, 33].
Sucrose was obtained frong&a ChemicalO. St.Louis, USA.

HO.

OH

Figure 34. The chemical structure sficrose [30].
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3.1.4.2 Trehalose

Trehalose is a disaccharide with a moistaontent of approximately 9.5p80]. It has a
Tg of approximately 107°C which is relativehyigh for a water soluble sugé83].
Trehalose has not been as widely used as sidovsspray drying applicationgl]. It
was obtained frorAsahi Kesei Fine Chem Co Ltd. Osaka, Japan.

HO
OH

OH o OH

OH

Figure 3.5. The chemical structure tfehalose 3Q] .

3.1.4.3Mannitol

Mannitol is a sugar alcohol which is widely used in the pharmaceutical and food
indudry. It is, unlike sucrose and trehalose, not hygroscopic and the chemical structure
is linear unlke the disaccharidesdefig. 3.6) [30]. It has a Tg of pproximately87°C

and has been used widely for spragnd freeze drying of nanoparticled].[ It was
obtained fromMerck KGaA, Germany.

Figure 3.6. The chemical structure afannitol [30].

3.1.5 Microcrystalline celluloseores

Coresof 300 500um in diamete(CP305)were chosen foall experiments. These cores
do not dissolve in water and provides a surface fom#mosuspension coatirig be
applied. They were obtained frofMC CorporatioNew JerseyUSA.
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3.2Methods

3.2.1 Preparatioof thesuspensions

A stabilizer solution was madat room temperaturby adding PVP K30 andOT to
Milli -Q waterto obtain a composition df.3% (w/w) PVP K30 and 0&7% (w/w) AOT.
This stabilizer solution was mexi wel with a magnetic stirrer.

The APl was added to the stabilizer solution to a concentration of 10% (w/w) API.
Mixing was done by magnetic stirriagd ultrabath.

A 30% (w/w) API suspension was also prepawath the same procedure as the 10%
(w/w) API. The stabilizer composition was multiplied by three giving a stabilizer
composition of3.9%% (w/w) PVP K30 and 0@1% (w/w)AOT.

3.22 Micrometer to nanometaith wet milling technique

Milling suspension volumes of-30 ml in each vessel where two vessels can be milled
at the same time thus giving a suspensiormaikimum 60 ml can be done in the
Planetary Micromill Pulverisette 7 Premium Line froRritsch GmbH, Germany
Vessels of 20, 45 or 8Bl can be usedhere the gnding media izirconiabeads of 0-6

0.8 mm. The Fritsch Micromill does not have a cooling system and its maximum
rotation speed is 80@m.

The prepared slurry was milled for 3x30 minutes at @0 in two 80ml vessels before
it was taken out by syringe obtain a 63) crystalline APl nanosuspension.

The Dynomill Multilab from CB mills is used for larger volumes where grinding
chamber used here wda$0 ml and a continuaal or batchviseconfiguration couldoe
chosen. The bead mill has an operatingespof 5000pm with a water cooling system.
The grinding media used at AstraZenéaoda lime glass beads @4 mm obtained
from Mo-SciMissouri, USA.

A continuous configuration was chosen when 100@lurry was milled for 160 minutes
at approximatey 2870rpm in the Dynomill, giving a crystalline nanosuspension of API.

3.23 Labfluidized bedcoater

Small scale spraycoating was carried out with lab fluidized bed coater
(Instrumentverkstad, AstraZeneca Mdlndaith a batchsize 05-50 g to obtaina well
working process before scaling up. With tlusater no Wurster tube was eeledto
distribute thecoresduring the processincethere is only a small amount this scale
The coateris equipped witha 2inch distributor plate ané 0.8mm Schlick nozzle.The
process parameters wpieset asollows; atomizer pressurk bar, aiflow was set to 10
Nm?*h, the inlet temperate, 70°-75° and theexhaust aitemperaturérom the bed (3.)
was held between24-43°.

14



The sprg rate wagdetermined by thetickinessof the sprayed sugar. A high spray rate
indicated goodprocessabilityWhen a functional composition of excipients and API had
been prepared that hatceptableprocessabilityand that when redispersechad an

acceptable padie size thenthe parameters could be changed to optimize the process.

Coating substratevas added to the nanosuspensions before the coating process could
start. The ratio between theoating substratand the API was set to 1:1 but other ratios
were ds0 evaluated. Additional stabilizers were also added together withotteng
substrat€2% (w/w) PVPK30 and 0.07%w/w) AOT).

Crystalline nanosuspensions of different compositions were pumped from a beaker into
the bottom of the bed tbugh the sprayozzle where it wastomized out into the
column The microcrystallineoreswere suspended in the column by the fluidization air
through the distributor plate and also by the air from thezie, before the suspension
waspumped inThe amount otorescharged was typically 18 when a nanosuspension

of 60g was sprayed.

The productyield andthe coatingyield werecalculated after each spray coating process
(seeequation 3.1 and 3.2Here T=core material (charged weight), F=theoretooait
(charged wajht) andA=actual weight (product weight

% Actual yield(product yield) = A/ (T + F) x 100 (eq. 3.1)

% Coatingyield = (AT T)/ F x 100 (eq. 3.2)

Figure 3.7. The lab fluidized bed coater
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3.24 Scale up coating

Scale up in fluidized bedsan be calculated based on geometrical considerations, but the
optimization & often based ofrial and error methods3§]]. By dividing the ugcaled air
distributor plate diametgA,) with the lab scale distributor plate ar@®;) squaredan
upscale value is obtain€w). By multiplying this value with the lab scale spray rate or
airflow, the spay rate oiinlet airflow for the upscaled process is obtain@db/A1)*= W,
WxS,=S,.

Other methods used for scale up in fluidized beds are shown below (eq. 3.3 and 3.4).

S;=Sx ViV, (eq. 3.3)

S,= S x AJ/A, (eq. 3.4)

Here, S is the spray rate in the lab scale equipment and e bigger scale of the
fluidized bed. \ is the volume ofnlet airflow in lab scale and Mhe volume ofinlet
airflow ertering the scaled up fluid bed; and A are the air distributor plate areims
the lab scale equipment and the bigger sitaidized bedrespectively[22].

The fluidized bed used for deaup tries in this thesis wasandalf 3which is an in
house built fluidized bedwvith an air distributor plate of 4nch. The amount of
discharged pelletgan be in the range of 10®0g. The amount otharged coreased
was100g for each trial

3.2.5Redispersion

It is important that theellets redispersammediately when in contact with water or
intestinal fluids.Coating substrateof sugar ought toedisperseaapidly enough where
other hydrophiliccoating substragemay not. This wasvaluated by taking snapshots of
single coated pellstwhen phosphate buffépH 6.8)came in contact witthe coating
Using the software Image PrBlus 5.1 resolution, time for snapshots and other
parameters could be adjustddhis gave a good estimation of treglispersiomateof the
nanoparticles. The visual effect washancedy the fact hat the APl nanosuspensions
appearednilky white. The diferent colors in the picture for PVP K30 are due to the
settings of light and expase time in Image Pro Plus 5.1 (fig. 4.7).
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3.26 Beadcheck analyzer

Pellet shape, thickness the coatingand distribution of pellet sizevith and without
coatingcan beobtained using automated noscopy image analysis technigwéh the
help of the software PharmaVision 830.

Uncoated microcrystallineoresare spread out over a glass slide and a camera takes
pictures over the entire di giving a size distribution curve and the mean diameter
distribution by volume. The same procedure is done with coated phllstthe coating
thickness can be calculated and particle size distribution evaluated.

3.2.7 Scanning electron microscopy

Scanning electron microscopySEM) was used to visually detaine the uniformity of

the coatingand worked as a quality measuremefithe final pelles. It was also used to
estimatethe poraity of the sprayed films. Theellets were cleaved with a scalpel to get

a surface that coulte visualized in the SEM (Quanta 200, FEI, USAhe samples

were first sputtered with goldCressington sputter coater 108 Auto, Cressington
Scientific Instruments Ltd, England) Argon enwonmentfor 100 s before analyzing

them under higlvoltage(10kV) during scaning. The SEM produces images by hitting

the samples with a high energy electron beam. The electrons interact with the atoms in
the sample giving information abosiirface topogphy and other propertie3g).

3.2.8 Particle size distributiornd nanosuspensions

Light scattering is a very importattol for measuringarticle size in colloidal solutions.
The weight average molecular weight and the radius of gyratianbe obtained from
static light scattering whilehe Stokes radius can be obtaihndrom dynamic light
scatterind 36).

Malvern Mastersizer 2000 uses static light scattering to confirm nanometer sized
particlesby measuring the amount of light scattered by a colloidal solution at different
angles relative to the incident beahhe crystalline nanosuspensions were analyzed with
this technique during and after the wet milling pehoe to ensure that nanoparticles
were obtained.
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3.2.9 Particle size distribution for redispersed particles

FOQELS particle size analyzer usdgnamic or quasielastic light scattering, to
determinethe particle sizeof the crystalline APILThis technique is more sensitive
towards concentration and the condition of the sample.

When redispersing the nanoparticles g of coated pelletsvas weighed in a 4ml

vial and 3ml of water was added\fter 30 minutes Iml was taken out from the vial and
added to an empty #l vial which was placed in the FOQELS particle size analyzer. A
distribution curve was obtained after 2 minutes and etrealywas repeated to ensure
quality of the measurements.

3.210 Ramanspectroscopy

Ramanspectroscopy uses the vibrations of atoms whesample is illuminated by a

laser beanto provide essential information of the atoms and molecules in the &olid.
photon excites a molecule from the ground state to a higher energy state anthevhen
moleculerelaxes back it emits a photon and resiima different vibrational state.

Here, Ramanspectroscopy was used to determine phaseftrangtions of the coated
sugars but it can be used for a multitude of applications such as structure determination,
orderdisorder phenomena, adsorbed species anddatification of phases in a mixture

[37].

The disaccharide trehalose and the sugar alcohoehitohwere evaluated based on their
solid state form witlRamanspectroscopy.

The powderform of the sugars, the sugars coated on microcrystatianesand the

coated sugar with APl and stabilizers were examined to determine the phase transitions.
MCC coresandMCC corescoated with sugawnere used as reference samples.
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4 Resultsand Discussion
4.1 Particle size of the milled suspensions

The particle size distribution was determined for all batches of crystalline API
nanosuspensiork-our batcheswere premade at AstraZene&iderélje, here called
batches 4.

Batch5 was milled in smalkcak to evaluate aompositionwith a highersolid amount
andthuslesswater would be evaporat@dthe process

Batch 6 was milled in larger scale in the Dynbrfor scale up consideration3he
particle size distribution asdetermined with static light scatteririgr all batchesand
the resultsaaresummarized in table # below. The particle size of batch 5 and 6 before
the milling was 39um and 43um respectively.The larger mean particle size can be
explained by the higher amounts of API and the larger scale of baddihb@tches were

in the exected and acceptable range (below 300nm).

Table 4.1. Mean diameter distribution by volume from static light scattering.

Batch D[4,3] Composition Milled at
1 200nm 10% API Sodertalje
2 180nm 10% API Sodertélje
3 150nm 10% API Sodertélje
4 120nm 10%API Sodertélje
5 240nm 30% API Malndal
6 285nm 30% API Mdindal

4.2 Ratio of API nanoparticlesand coating substrate

A ratio of 1:1 between the API ambating substratbas been the most widely usied
earlier workg 3, 31]. The ratiowas examined with trehalose @sating substrate give
estimation ifother ratios should be usefrehalose was chosen as tteating substrate

due toits high Tg of approximately 107°Stabilizers (2% PVP K30 and 0.07%©OT)

were added together with hr@lose intrial 1-3 (seetable 4.2 to further stabilize the
nanoparticles since the stabilizer concentration was quite low comparing with earlier
works to stabilize nanosuspensiof¥. Trial 4 was spraycoatedwith the original
nanosuspension (withoutetralose or additional stabilizers)he resultsof the mean
particle size before and after redispersion of the APl nanoparéictesummarized in
table 4.2.

It wasshown that a ratio of 1:1 between the API and trehalose preveggiddraeration

of the particles meat effectivdy. Trial 3 gave an indication that additional stabilizers
prevented some agglomeration of the nanoparticles when comparing with ffiaé 4.
mean particle size is in an acceptable range in tr&ldut not in trial 4This led toan
additionalspray coating trialvith PVP K30as thecoating substrate
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Table 4.2. Mean patrticle size of different ratios of API and trehalose.

. Mean particle size : :
: Ratio : Mean patrticle size
Trial . before spray drying ,
APIl:Trehalose whenredispersed
(batch 1)
1 11 200nm 210nm
2 2:1 200nm 245nm
3 1:0 200nm 304nm
4* 1:0 200nm 393nm

*Spray coated without additional stabilizers

4.3 Processabilityfor different coating substrates

Mannitol and sucrosare the most common usedating substrasen spray and freeze
drying of namparticles [4. Sucrose is theoating substratasedin three nanoproducts
on the market namelyEMEND®, Rapamun® and TriCof while Triglide™ uses

Mannitol (appendix B).

The spray coating tests were carried out basemh the sugars glass transition
temperatures, where trehalose oughttove thebest propertiesf the sugars tprovide
optimum processabilitydue toits high Tg.Initially, sugars of known Tg werspray
coated orMCC coresat a ratio of 1:1 with the APAdditional stabilizersvere added
togetherwith the sugar to a total concentration of 3.8%w) PVP K30and 0.14%
(w/w) AOT. An experiment witlhut sugar where thehydrophilic stabilizer PVP K30
could act a thecoating substrateas also evaluated, givinagood spray rate due tis
nonsticky material characteristick was later shown in theedispersiortest that PVP
K30 did notredispersend thuslid notreleasesnoughdrug particles.

Aerosil 206 which is nanometersized Si@asevaluated because of #stiplasticizing
effect and earlieworks [18]. It hasalso beenshown that it an be used as aoating
substrateas well[31]. In these experiments Aerosil 2D@as used as an antiplasticizer
and not as theoating substratel'he SiO, unfortunatelyhad the unwanted attribute to
clog thetube in the pump.

Talc was evaluated because of its anticaking abilitiesa&e the process less sticky
with an excipient widely used in pharmaceutics and in the food tiydliswas possible
to increase the spray rate moderately with a 1:1 taditween the sugar and the talc
before agglomeration appeared in the bedrial with trehalose and a mixture of SIO
and talc to a ratio of 2:1:1 wadsoevaluated but with the samesults as for the SO
trial, namely clogging of the pump tube.

Onetrial was made without presetting the dew point temperathis giving a process

with more moisture. This was shown to have no effect either on the spray ithie
yields. The moistire content probably had to be increased further before results in terms
of stickiness could be shown in theidized bed.
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Spray rates anthe product and coatingyields are summarized in table 4.3 and the
calculations of the yields and the Tg of thgans used are found in appendix B.

The overall results showed a correlation between Tg amwdcessabilityfor the
saccharides and disaccharides, where a higher Tg of the sugar prwmadee efficient
process(see appendix B)The spray rate, which detemes theprocessability was
however not nearly high enoughpoovidean acceptable process. Trehalaadlactose
gave a spray rate of 0.8 and @/@nin respectivelywhile the bed collapsed f@ucrose
glucose and fructose. This corresponds weth&r Tg where the saccharides have the
lowest glass transition temperatuegsl sucrose has the lowest Tg of the disaccharides.
The sugar alcohols and PVP K30 esating substragegave an exceptionally good
processwith no visual agglomeration tendencig&be product yield wasverallgood for

all excipients and theoatingyield was &0 evaluated with good results (see table 4.3).

Table 4.3. Results fronspraycoating of differentoating substrate and excipients

Coating substrate S[%r/arlr)]/i rr]z]atte Prod[lg/i:it yield Coat[ig}ogjl yield
Trehalose 0.8 89.6 80.9
Lactose 0.6 90.2 813
Sucrose n.a n.a n.a
Glucose n.a n.a n.a
Fructose n.a n.a n.a
Mannitol 1.2 92.6 85.9
Myo-Inositol 1.6 86.6 74.5
PVP K30 2.0 n.a n.a*
TrehaloseSiO2, talc2:1:1 17 n.a n.a
Trehalose & talc 1:1 1.2 973 95.6
Trehalose at 20° and RH 409 0.8 895 80.0

*Bed collapsed
**Not enough particles released from petlad scatter the light

4.4 Mean particle size of redispersed nanoparticles

One of the main requirements in thikesiswas that the drug particles redispeise
rapidly from thecoating substrateshen in contact with watesr gastrointestinal fluids
The particles should redisperse from the coated pellets in the same partiobgjsizas

the milled batchebefore the spray coatinghe results showed that the disaccharides
trehalose and lactose wetbe only coating substrage that efficiently prevented
agglomeratn of the API nanoparticledannitol and myaeinositol probablycrystallizes
during the spray cating process andrethusincapable of preventing agglomeration of
the nanoparticles his hypothesis led tRamanspectroscpy evaluations to determine if
the disacchades werein an amorphous form after spray coating and if the sugar
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alcohols actually crystallized during the coating proc&sgrose would probabligad
prevenedagglomeration if the bed had not collaps¢dhe set process parametsiace

it is also a disaccharidand has been used in formulations for nanoproducts on the
market (see appendix B).

The mean patrticle size of the redispersed pellets is shown in tablewas. shown that
the coating substrage which had insufficient processabilityspray rate < 0.8/min)
prevented agglomeian while thecoating substragewhichhad sufficient processability
(spray rate > 0.8§/min) did not prevent agglomeration of the APl nanoparticles.

It was not possible to determine the mean particle size of the API from PYRHI3e
coating substratafter 30 minutes in watesince there was not enough suspended
particles to scatter the lighthis could be an indication that theating substratdid not
redispersdast enough to teasethe nanopatrticles.

Table 44. Meanparticle size before and after the spray coating process.

Mean particle size Mean particle size after

Coating substrate before spray coating spray coating
[nm] [nm]
Trehalose 180 210
Lactose 180 212
Sucrose 180 n.a*
Glucose 180 n.a*
Fructose 180 n.a*
Mannitol 150 340
Myo-Inaositol 150 240
PVP K30 150 n.a**
TrehaloseSiO; talc 2:1:1 150 310
Trehalose, tald:1 150 270
Trehalose at 20° at 40% RF 180 210
EMEND® n.a 280

*Bed collapsed
**Not enough particleseleased from pellsto scatter the light

45 Amorphous or crystalline coating substrate

It has been shown that trehalose has an amorphous form after spray drying while
mannitol crystallizes in another spray drying applicatio8|.[€orescoated with API

and trehalose andcorescoated with APl and nmaitol were examined witfRaman
spectroscopy to evaluate if any phase transitions had ocdorréte coating substrage
during the spray coating process.

The hypothesis was that when the sugars were coated, they mustadrgrmorphous
form so that thenanoparticlescan be embedded tomthe coating substratand thus
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agglomerationis prevented The redispersionperformance would also be fher
increased when the sugar wasts amorphous form.

Mannitol was shown to undgo a phase transition fromigsur e cr yfsn(sek |l i ne
fig. 4.1,blue line)t o an ot h e r-form indicatédeby thei peadk at @pproximately

886 cm* which appears for the processednmitol but not for the pure form. When
coating the API with manitol (seefig. 4.1, red line) it appears that matol forms a

mixture of thecrystalline - a n d-forrb [39]. This crystalline form of rannitol can
possiblyexplain whythe sugar alcohol&ereincapableof preventingagglomeration of

the drug nanoparties wherprocessed.
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Figure 4.1. Ramanspectrashowingcrystallinetransitiors of mannitol.

Trehalose gave a good indication to be in the amorpfwus after the spray coating
processThe reference sample wisa dihydrateform (seefig. 4.2, greenline) and there
wasno indication ofthe spraycoated trehalose tstill be in the dhydrate form or any
other crystalline formthusthe spray coated trehalos@as most likelyamorphousafter
spray coatingThe crystalline formof trehaloseare indicatd by sharp well resolved
peaks while the amorphous form shows more broad peaks (sé2Ji@0].

These phase transitions can besaplanation whyhe sugar alcoholsiannitol and mye

inositol are incapable of preventing agglomeration of the nanogatich additional
Raman spectrurfor trehalose can be viewedappendixB.
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Figure 4.2. Ramanspectrashowing phase transition of trehalose.

4.6 Compositionand drug load of the nanosuspensions

The disaccharides that prevented agglomeration gestdficient spray rateand thus

poor procssability andthe sugar alcohols which provided better processability did not
prevent agglomeration of the nanoparticles. Since this was shown and additional
excipients added were unable to provide sufficientgseability new batches of higher

API concentrations were milled to obtain a nanosuspension with less water content.

Two 30% API nanosuspensions were millechich providednanosuspensions with
water content ©040% after thecoating substratbadbeen added, if the stabilizengere
neglected. This can be compared with the premilled 10% APl nanosuspensions with
water content of 80% after adding ttwating substratat a ratio of 1:1.

The processability was however not improved compared to the 10% API
nanosuspensiofhe 30% APInanosuspensiowith trehalose gave redispersed particles

in the same range ake 10% nanosuspensiorGood product and coatingyields were
obtained for both compositions, howetee procesability was not improvedAlthough,

since the spray rate was equal for both compositions, the 30% API nanosuspension
provided three timekigher APl amountsapplied to the pelletwithin the same process

time. This enabledh high drug loadvhen filling the capsules with pellend thus more
opportunities of filling smaller capsules fwovide a variety ofdoses for different
purposesFor capsule size 1, a maximum dose of 110 mg could be (de=ltable 4.5).

Table 45. Drug load and dose in capsuéze 1.

Drug load Dose in capsule 1
324 mg/g 110mg

24



4.7 Determination of coating layer thickness

The amountof applied coating on the cores and the mean diameter volunveas
determinedvith beadcheck analyzer and the software Pharmavision 830. Comparison of
coatingthickness was made with compositionsl6f 20 and 30% API with trehalode.

was shown that the thicknestthe coaitincreasedignificantlyin relation to the size of

the coreswith increased amount of drug and sugdre amount otoatappliedcan be
foundin table4.6 and figure 4.3.

Table 4.6. Amount of applied coat

D[4,3] Appliedcoat
based on volum§]
MCC cores 452.81m 0
10% API & trehalose 539.Qum 29
20%API & trehalose 584.81m 40
30% API & trehalose 660.44m 53

Mean diameter distribution by volume

20

18 |
- A — MCC spheres
—— 10% trehalose
20% trehalose
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Figure 4.3. Mean diameter distribution by volumarge for different compositicof
API and trehalose.
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4.8 Optimization of the process parameters

The processabilityof the coating substrate could not bamproved by adjusting the
composition and excipients of the crystalline nanosuspensitns, in contrast to the
original scope of this thesis process parameters had to be optiniizedprocess
parameters of the fluidized bed weareobably ofhigherimportancewhen spraying a
sticky substancsuchas sugas.

4.9 Coating with increased airflow and increased temperature out

The airflow used in thelab fluid bed coatewas preset to 10Nm*h. The maximum
airflow which can be achieved in the lab fluid bed coater idN&$/h. Suchairflow
would theoreticallyallow a spray rate of 6.25 g/mifihe risk which was anticipated
with increased aflow wasthat thedropletscould dry before hitting the M C coresand
thusprovidepoor productandcoatingyields. A higher airflow rate would providenore
movement in the bed and the riskaafresgetting stuck in the upper filtavould also
increase.

Table 4.7. Process parameters after optimization.

Parameters Lab fluid bed coater Optimizedsetpoints
Tin 75° 75°
Tou 42-49° 65°
Dew point temperature 4° 4°
Inlet air flow 10 Nnt/h 20-29.5Nm*h
Atomizer air flow 1 Nm/h 1 Nm’/h
Spray rate 0.8-1.0g/min 0.56.25 g/min

The aiflow at the start of theoptimized coating process was set to Ron*/h with a
spray rate of approximately Og@min. The airflow was then increased with spray rate
depending on how the bed appeared in relation to the agglomeration tendgnegsT
increased aelw daegreesdue to the increasedlrflow, but to further increase thexhaust

air temperature theequipmentwas insulatedand a T: of approximately 65° as
achievedsee figue 44).
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Figure 4.4. Thelab fluid bed coatewith insulationto obtain a higher Jy:.

Increased exhaust air temperature proviadaster evaporation of the wataut it can
alsogive a more stickprocessAn increaseexhaust air temperatuveould on the other

hand decrease the relative humidity and thus give a more dry process. The temperature
and spray rate range where it is possible to spray sugar is limited and can be explained
by figure 4.5, where a functional range is found at a medjpray rate andt a medium

Tout Where the two lines cross each other. The point where the two lines cross should be
as low as possible for best yisldnd minimum agglomeratioriThe new process
parameter was anticipated to provide spray drying and thus poor yields.

Spray drying Agglomeration

Figure 4.5. Processability region for sugars in fluidizedds with focus on temperature
and spray rate.
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The processabilitywasshown to besignificantly better for all ampositions of trehalose
with theincreased airflow (see tabled}. Coating of 20% sucrose with a ratio of 1:1 to
APl was also conducted with good resultsmpare to the trials with lower airflow
where the fluidized bed calpsed.There were some agglomeration tendencies at 2.5
g/min but the processas overall sufficient.

The product yield was excellent fdre 10% API pellets whenrgelds over 92% vere
obtained.The 20% and 30% trehalose pellets had a yield e832 while the 20%
suciose pellet had a yield of 77.9% (see tab8.4 his can be comparedith the results
in table 4.3 where the yields for trehalose and lactose were approximately 90%.

The product yields were higher forprocessinglower amounts of APIlin the
nanosuspensions, especially for lowghaust air temperatu(@,,) (see table 8).

An additionaltrial was made without adding stabilizers to a 30% APl nanosuspension
prior the coating. This trial provided a very poor yield and moderate speafses table
48). The low yield and agglomeration tendencies of the pellets withdditional
stabilizers can perhaps be explained by the PVPsK®Wity to increase the Tg of
trehaloseand sucros@41].

The sugars ability to prevent agglomeratmithe APl nanoparticles at high airflew

was effective for the 20% and 30% trehalose as well as for the 20% sucrose
composition,Jeading tothe same mean particle size before and after the spray coating.
The 10% trehalose compositions did patventagglomeation of the nanoparticlabat
efficiently upon redispersiorthus e mean particle size was increasddwever, an
acceptable mean particle size was obtained for all trials.

Theprocessabilityvasoverallsignificantly better with increased fiaw at 29 Nm®/h for
all coating processe$he spray rate was increased from-0.8g/min to almost 4/min
for trehalosewhile sucrose gave a spragate of 2.7 g/minwhich was impossible to
processwith lower airflows. These successful results indicated thatale up of the
process ould nowbe considered.

Table 48. Spray rateand product yieldvith adjustedairflow to 29Nnt/h.

Sugar Spray . Product DI[4,3] DI[4,3]
(1:1 ratio [Igj]‘ rate Ag?;(r)]geerz?tlon yield before after
with API) [g/min] y [%0] [nm] [nm]

20% sucrose 65 2.7 yes 77.9 285 285
30% trehalose 65 3.7 yes 82.0 245 242
10% trehalose 55 3.0 no 99.8 150 254
10% trehalose | 65 3.0 no 92.0 150 221
20% trehalose 65 4.0 no 83.0 285 285
30% trehalose 55 2.5 yes 68.1 285 285
No extra stab.
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4.10Visual redispersionwith light microscopy

Using light microscopy, the rapid redispersion of the nanoparticles, could be visualized
Pellets manufactured in thiab fluid bed coatereleased its nanoparticles almost
immediately (after 6 seconds) et incontact with the fluid. There wam difference in

the redispersion time for the Felodipine pellets (30% respectively 20%) with respect to
the sugars (trehalose respectively sucrose) according to figure 4.6. Buwdeee
significant difference corpared to the EMEND pellets with the same sugafsee

fig.4.6).

Figure 4.6. Images showing theedispersiorof the sugar with the druganopatrticles.
Thesame magnification is used in all images.

It was also confirmed that PVP K30 did not dissolve fast enough to be usedating
substratdor immediate release pellgtseefig. 4.7). There were no changes in the shape
of the pellet after 3@ninutes.The redispersiomprofiles of 10% API with trealose and
10% API with manitol are shown inappendixB, them being very similar to the 30%
API1 with trehalose and 20% API with sucrose seen in figee 4.

10% API with PVP K30 as matrix former

Omin Smin 30min

Figure 4.7. Pellets coated with PVP K30 asating substrate
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