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PAATOIMITTAJAN PALST A

Tervehdys yhdistyksen jasenet ja Fysikaalisen farmasian XIX symposiumin osallistujat!

Tamanvuotinen Fysikaalisen farmasian symposamkerannytennatysmaaran ilmoittautaita.
Symposiumin aiheena olevat analyyttiset menetelmét ovat herattaneet mielenkigdiia
farmasian aloillaniin yliopistoissa, ladketeollisudessakuin viranomaissektorillakin. Talla kertaa
symposiumissa esitellaarseka tuttujen analyyttisten menetémien teollisia sovelluksiaetta
uudempidarmaguttisessa tutkimukseskaytettavia analyysimenetelmia.

Ensi vuonna Fysikaalisen farmasian yhdistys juhlii-vBOtista taivaltaan juhlasymposiumin
merkeissa. whlavuoden symposiunm tieteellinen tarjontaliikkuu myds analyysimenetelmien
parissa:aiheena ovatdéketeollisuudessa jeutkimuksessa talla hetkella erittdin ajankohtaiset
prosessianalyyttisdekniikat Kuluneen toimikauden aikana Fysikaalisen farmasian yhdadkys

jo valmistautua tulevaan juhdvuoteen erilaisin uudistuksin: yhdistyksen saantdjen liséksi
paivitettiin yhdistyksen internesivut. Kay tutustumasskysikaalisen farmasian yhdistykseen ja
lukemassa viime vuosien Polymaldihtidosoitteessavww.fysikaalinenfarmasialfi

Tamanvuotinen Polymorfi tarjoaa tuttuun tapaan mahdollisuuden palata my6hemminkin
symposiumissa kasiteltyihin aiheisiin luentpa posteriabstrakteja lukemalla. Vuoden aikana
valmistuneet, fysikaalista farmasiaa sivuavat véit{ss ja gradutiivistelmat Helsingin, Turuja
Kuopion yliopistoista tarjoavat katsauksen alan tdmanhetkiseen tutkimukseen Suomessa. Lehde
loppuosasta l6ytyy mygds lahesperinteeksi muodostunut, yleison hartaasti odottaiwvepahkina.
Toivotamme kaikille symposiumin osallistujille mukaviagaettavaisia hetkid symposiumissa ja
Polymorfin parissa!

Kuopioss&20.1.20(3
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Elina Turunen
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HPLC 7 PRINCIPLES OF OPERATI ON AND USE IN
PHARMACEUTICAL ANALY SIS

Pekka KeskirRahkonen

Department of Pharnsautical Chemistry, University of Kuopi&uopio, Finland
pekka.keskrahkonen@uku.fi

The advent of column chromatography in the beginning of the twentieth century, followed by its
refinement into a technique know today as high performance liquid clography, HPLC,

proved to be one of the modignificant methodological achievements in the field of
pharmaceutical analysis. The theory and foundations of the HPLC was laid in the 1960s and 1970s
and rapid spread of the technique was seen beginning imatiee decade [1]. Today it is
undoubtedly the most used method in the field of pharmaceutical and biomedical analysis, which
can be seen in the number of published methods in journals as well as in the contribution in the
compendial analysis such as ie tmonographs of the United States Pharmacopoeia [2].

The operating principle of a HPLC instrument is simple. It is based on the original idea of column
chromatography, where sample constituents are being separated in a-fildetiddebe or column

by flushing it with suitable solvent. As the solvent flushes the column, it elutes the sample
compounds depending on their physicochemical properties. The resulting separation results from
the different affinities of the compounds to the column packing; smmgounds will stay in the
column longer than the others. The elution of the compounds is controlled mostly by the properties
of the eluting solvent. There are different modes of liquid column chromatography used in HPLC,
depending on the packing materiaside the column. With these modes, the compound retention
can be based on either hydrophobicity, size, ionic properties, affinity or some other phenomenon.
The most used mode is reversed phase chromatography, in which the column is filled with non
polar species and retention is affected mostly by the Van der Waals interactions between the
analytes and column packing.

Modern HPLC instrument (Figure 1) is build around the column, comprising pump for solvent
delivery, automated injector for sample intwotion and detector for monitoring the elution of
analytes from the column. The pump is capable of maintaining adjustable and stable solvent flow
rate and the injector can be programmed to perform precise and accurate sample injections
according to a préefined timetable. Column temperature, which plays a significant role in the
separation, is usually controllable and detection of the eluting compounds can be performed with
different types of detectors, depending on the requirements of the analysigpbysimchemical
properties of the compounds. The most used detector is based on UV absorption of the analytes as
they pass an tine flow cell. Other types of detectors can be based on fluorescence or light
scattering as well as refractive or electrocleahiproperties of the chemicals. Recently, the
coupling of mass spectrometer to the HPLC instrument, a technique known asM#LE

gained popularity as it enables highly sensitive, rspegific detection of compounds, even from

very complex matricesuch as body fluids and tissues.

1C
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Figure 1. Schematic drawing of HPLC instrument

The HPLC based methods used in the pharmaceutical research are usually divided in twb groups
pharmaceutical and biomedical analysis. Toemer covers the applications to the analysis of
pharmaceuticals in raw material and drug product levels, such as drug purity and stability studies
and quality assurance in the pharmaceutical industry, where the HPLC has much replaced th
previously usedut poorly selective UWIS methods. The latter of the two groups comprises of
methods aimed at the analysis of compounds from biological matrices like in the studies on
pharmacokinetics, therapeutic monitoring and metabolic profiling. Both types of aseth® based

on the same basic principles of HPLC separation, mainly the amount of sample preparation and th:
effort required to produce an adequately performing method is different. Also for the method
validation, different directions and requirementssatby authorities.

References
[1] Sandor Gorég, Trends in Analytical Chemistry. 26 (2007) 12.
[2] USP, United States Pharmacopoeia XXUSP Convention Inc., Rockville, Maryland, USA, 2006.
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TERMOANALYTIIKKA TUO TEKEHITYKSEN TYOKALU NA
Kirsi Jouppila

Helsingin yliopisto, elintarviketeknologian laitos

Termoanaljiikkaa kaytetaarelintarvikkeiden ja niiden ainesosi@minaisuuksien jdysikaalisen

tilan sekaniissa tapahtuein muutcsten tutkimukseenTuloksia voidaan hyodyntaa esenkiksi
prosessaiti- ja sailytysolosuhteita valittaessa ja optimoitaessa sekd tuotekehityksen .tukena
Yleisimmin kaytettyja termoanalyyttisia laitteita owitferentiaalnenscanningkalorimetri(DSC),
dielektrinen analyaattori DEA), dynaamismekaamen analysaattori (DMA) ja
termogravimetrinen analysaattori eli termovaak@A).

Termoanalyyttisia menetelmia on perinteisesti kaytetty rasvojen, proteiinien ja tarkkelysten
faasimuutosten ja ominaislammon tutkimiseen. DSC:lla on tutkittu mm. rasvojen sujamis
kiteytymisominaisuuksia, proteiinien denaturoitumista ja tarkkelyksen liisterditymista. Uudempi
termoanalyyttisten menetelmien sovellus on amorfisten materiaalien tutkimus, joka kaynnistyi
198G Iuvulla elintarviketutkimuksessa jtuotekehityksessa.

Amorfisten méeriaalien karakterisoinnissa maaritetaan materiaalin lasisiirtymalampatila eri
vesipitoisuuksilla, jotta saadaan selville, mika on materiaalin fysikaalinen tila erilaisissa
sailytysolosuhteissa. Kun tunnetaan materiaalien fysikaalinen tila, materigaldi@gan maarittaa
kriittinen  vesipitoisuus, joka onse vesipitoisuus, joka laskee amorfisen materiaalin
lasisiirtymalampaétilansiihen lampdtilaan josta kulloinkin ollaan kiinnostuneita (Roos, 1993)
Sailyvyytta tutkittaessa tama lampdtila on useimmitenieen lampodtila. Useille amorfisille
hiilihydraateille on maaritetty kriittinen vesipitoisuus huoneenlammassa (Jouppila ja Roos, 2008).

Kun materiaalin vesipitoisuus on suurempi kuin kriittinen vesipitoisuus, materiaalin
lasisiirtymalampdtila  on  sailytygmpotilaa matalampi, jolloin  molekyylien  liikkuvuus
materiaalissa lisaantyy ja materiaalissa voi tapahtua erilaisia muutoksia. Téllaisia muutoksia ovat
jauheiden tahmeutuminen ja paakkuuntuminen, amorfisten sokereiden kiteytyminen ja ei
entsymaattinen rlksstuminen. Naistd muutoksista esimerkiksi amorfisten sokereiden kiteytymisen
ja erentsymaattisen ruskistumisen kinetiikkaa on tutkittu DSC:lla eri lampétiloissa. Ei
entsymaattista ruskistumista voidaan tutkia myods termogravimetrisesti, jolloin seurataan
reaktiotuotteena syntyvanesien seka muiden haihtuvien komponenttien poistsgtai ndytteesta
vakiolampdétilassa

Termoanalyyttisen elintarviketutkimuksen haasteena on I6ytdd uusia sovelluksia perinteisten
laitteiden sek& uusien menetelmien, kuten TOHEBLC.n, hyddyntamiseen.

Lahdeluettelo

Jouppila, K. & Roos, Y.H. 2008Crystallization: measurements, data and prediction. Teoksessa: Food Properties
Handbook, ¥ Ed. Rahman, M.S. (Ed.). In press.

Roos, Y.H. 1993. Water activity and physical staffects on amorphous food stability, J. Food Process. Preserv.
16:433 447.
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IN-LINE AND OFF -LINE PARTICLE SIZE M EASUREMENT IN
THE PHARMACEUTICAL I NDUSTRY

Niklas Sandler

Process Engineering & Material Science, Product Development, AstraZeneca R&D, UK

Paticle size measurement of raw materials (APl and excipients) and intermediate products
(granules) plays a key role in pharmaceutical development. Particle size information is essential fo
decisionmaking in processptimisation trials and often definemportant quality attributes of raw
materials and intermediates. Particle size data often also provide indispensable information for
predictions of material behaviour in a unit operation.

For the drug substance the ICH QG6A guideline sets acceptanceacfderthe particle size
distribution in terms of dissolution, solubility, bioavailability, processability, stability, appearance
and content uniformity. With regard to excipients one has to be able to relate their particle size
distributions to any funabnality related characteristics. In addition to raw material sizing
intermediate particle size measurement during processing can often be advantageous enabling i
line granule growth monitoring e.g. of wet granulation processes.

Various techniques for nasuring the particle size distribution of powders exist and the choice of
method has to be made carefully based on material characteristics and type information requirec
Kelly and Lerke have recently systematically covered the selection criteria-lirieofbarticle size
analysis methods in the pharmaceutical industry and listed strengths and limitations of different
techniques [1].

This presentation will discuss the importance of particle size in pharmaceutical solid dosage form
development and willlso demonstrate examples ofliaie/online measurement e.g. in milling of

API1 with laser diffraction. The significant advances in imaging technologies and computing power
have had an impact on recent developments of new image analysis applicatiorisgribdwites

with automated sample preparation and real time process analysis systems for particle size
measurement. An image based system (QicPic, Sympatec, Germany) in granule size and shay
determination is shown and how it can support pharmaceuticalaggment with key data. Other
techniques are also briefly covered including chord length distribution measurements. Emphasis ir
the presentation will be put on the data analysis of particle size information. Multivariate
techniques provide powerful posdities to extract relevant information from particle sizing data
measured with any given technique.
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ANALYSIS OF PHARMACE UTICAL SAMPLES WITH THE
HELP OF FT-IR MICROSCOPY, FT -IR IMAGING AND MICRO -
RAMAN

Matthias Boese Anders NilssohandTimo Tuomi?

! Bruker Optik GmbH, B76275 Ettlingen, Germany,
2 Bruker Optics Scandinavia AB, SEB7 66 Taby, Sweden

In analytical chemistry, there is a demand to get information from smaller and smaller objects and
preferably without any, or as little as possible, sample preparation. The progress in motieyn FT
and Ranantechnoly gives many possibilities to fulfil the demand.

In FT-IR microscopy new ATR objectives and imaging detectors give possibility for good lateral
resolution and possibilities to look at specific kinetic reactions. MRaman systems give
possibiities for analysis of small objects with spatial resolution of one micron. Also confocal
analysis and fast polymorph screening is possible with modern dispersive Raman systéifis . FT
with high throughput reader can effectively be used for fast scigggninposes of synthesis
products. The modern systems are also equipped with advanced software, containing powerful
chemometric capabilities. Some Bruker Optics-IRT systems and practical examples are
described.
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NOVEL PHARMACEUTICAL X-RAY DIFFRACTION METHODS
Mikko Tenho

Laboratory of Industrial Physics, University of Turku;Z0014 Turku, Finland

Introduction

X-ray diffraction is traditional measurement technique in the field of physical pharmacy. Through
the decades, it has been successfully iagplor investigating crystal structures, crystallinity,
polymorphism and crystallite properties. Moreovefay diffraction is a powerful method in
qualitative and quantitative analysis. Although thex diffraction is an old technique, it still has a
great potential in the field of pharmaceutical materials research. By utilizing modern
instrumentation and innovative measurement procedures with the ever improving data analysis
methods xray diffraction offers a very powerful research tool for pharmacalythysicists.

Whole Profile Fitting Methods

Various whole profile fitting procedures are increasingly applied when interpretiag powder
diffractograms. These methods are based on the calculation of the ideal diffractogram of the sampl.
from its known crystal structure. The calculated powder pattern is then convoluted with
instrumental function, and compared with the measured diffractogram. After that, the calculated
pattern is refined to match the measured diffractogram. The refinement procaeduye used to
achieve information about the crystallite size and strain, texture and crystal structure of the sample
for example. The whole profile fitting techniques are also very efficient in quantitative analysis.
The most widely used whole profile tfitg procedure is the Rietveld method [1]. In order to
calculate the reference diffractograms, crystal information can be retrieved from different various
databases. The most used databases in the field of pharmacy are the Powder Diffraction File (PDF
andthe Cambridge Structural Database (CSD). For the crystal structures of inorganic compounds.
the Inorganic Crystal Structure Database (ICSD) is used.

Texture Measurements

The preferred orientation of crystallites, i.e. texture, often disturbs the tuelitand quantitative
determinations performed with-ray powder diffraction [2]. Texturization may occur when the
crystallites of the powder sample are not truly randomly oriented. In the diffractograms, the effect
of texture is shown by the abnormal imsgy of some diffraction maxima. Texture of
pharmaceuticals has been studied only recently, and these studies have been revealed that sam
texture will not only disturb the data analysis but also affect on the properties of pharmaceuticals.
Texturized fparmaceutical compacts have been found to have different mechanical and dissolution
properties [3,4].

Depth Profiling of Crystallographic Properties

By using so called grazing incidence diffraction (GID) geometry, theyxdiffraction data can be
obtaired as a function of depth. With GID basically all crystallographic properties can be depth
profiled. So far, GID has been utilized for studying crystal disorders (amorphicity) and phase
transitions on the surface of tablets [5,6].



Pair Distribution Function in Crystallography

The traditional crystallographic tools do not work on nanoworld. However, the Pair Distribution
Function (PDF) analysis goes beyond crystallography [7]. The PDF can be obtained-rmgm x
diffractogram through a Fourier transformne¢®2 obtained, it can be used to investigate the crystal
structure of the sample. PDF analysis is also applied for determining the size of the nanoparticles.
PDF also tells whether the sample is amorphous or nanocrystalline.
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MOISTURE DETECTION O F GRANULATION PROCES SES BY
ELECTRICAL IMPEDANCE SPECTROSCOPY (EIS)

Jari Leskinen® Mikko Hakulineri®

®Departent of Physics, P.O.Box 1627, FM211 University of Kuopio
PDepartment of Pharmaceutics, University of Kuopio

In 2004 U. S. Food and Drug Administration (FDA) announced Process Analytical Technology
concept PAT-Framework for innovative pharmaceuticalanufacturing and quality assurarce

[1]. It is described "A system for designing, analyzing, and controlling manufacturing through
timely measurements (i.e. during processing) of critical quality and performance attributes of raw
and inprocess materialand processes, with the goal of ensuring final product quality.” European
Union and national agencies have pronounced their keen on cheaper medicines and better ca
response, too. At same time research and development of more accurate pharmaceutidalsmole
and medicines is becoming more expensive. The calculated cost of a newly invented
pharmaceutical molecule has tripled. For example, the total expenses of European, American an
Japanese pharmaceutical research has doubled in ten years and in 2Q@dréhever 50 billion

euros [2]. As guidance for industry, PAT does not restrict the way of understanding but, finally, it
should restrict the process expenses.

Granulation is a widely used part of pharmaceutical manufacturing process. Small sized powdet
particles are processed into granules by spraying a binder solution towards the fluidized particles
In fluidized bed granulators fluidizing motion is controlled by a heated air flow through the powder
bed and is affected by numerous physical parameéfersinderstand the granulation process, we
should be able to measure these parameters Himesal

Process parameters may include temperature, relative humidity of air, air flow velocity and air
pressure, but they do not provide direct information ofytfaemule size or moisture content (Fig. 1).
However, granule size distribution can be measured by sieving of separate samples gathered fro
granulator and free water content of the sample can be measured by Karl Fischer titration. Thes:
methods do not me¢he PAT ideology of "timely measurements”. However,-teaé moisture
estimation is done everyday in other fields of engineering. Electrical impedance measurements ar:
used routinely to detect unwanted water content within the structures (walls, igding
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Figure 1. Two process parameters used for monitoringnulation proces®Relative humidity
of the outlet airRHout, can explain up to 54 % and granule bed temperat(mgss), up to 62 %
of the variation of the moisture measurement.

We have used electrical impedance spectroscopy (EIS) to meastirevasinely water content of
fluidized bed granulation processline (Fig. 2). Electric impedance can be measured by from the
dielectric response of the material during small alternatingent input. By measuring the

response of different frequencies of the input, spectrum can be collected. This spectral data can be
used to estimate material's moisture content.
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Figure 2: Typical granulation processonitored by EIS Moisture content masured ifdine and
compared to reference method. Dotted line stands for relative granule size. Starting point of the
drying stagevasin 22 minutes and optimal end point at 35 minutgls.
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In first experimental tests we found a good correlatios (.7) between water content and EIS
method. By using density compensated algorithm during fluidization, the correlation was increased
up tor = 0.9. In industrial applications fluidization is used periodically during the granulation
because the filters in théhamber tend to clog up by fluidizing powder. By using EIS between
fluidization periods, the correlation was increased upt®.98 (Fig. 3).

EIS moisture estimation
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Figure 3: Water content of granule bed as a function of parallel capacitance. Data for parallel
capacitance as collected during granulation.

Before the whole granulation process, including wet agglomeration, granule drying and optimal
end point, can be controlled, the part processes should be understood. In our approach, we hay
developed notinvasive method$o monitor granulation parametersline. It is shown thathe

water contenbf the processed fluidizing bembuld be determined by EI&IS technique has been
successfully applied to other fields of industry (e.g. wood industry [4]) and our prelimesardysr
shows that EIS can also offer valuable information on granulation process. The EIS technique may
not replace the traditional direct measurements in pharmaceutical manufacturing process but i
provides a good tool towards complete process understandi
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Indexing was carried out using X’Pert HighScore Plus software. Further processing using
Le Bail fitting method provided excellent agreement with the cell parameters achieved
by single crystal diffraction.

Using PANalytical’s new transmission geometry with PreFIX focusing
mirror, in conjunction with the X'Celerator detector, diffraction
experiments on macromolecules such as proteins can now be carried
out with an X'Pert PRO MPD X-ray diffraction system. Characterized

by weak scattering and small sample volumes, these materials have
previously been considered ‘difficult’ for X-ray diffraction. Instead,
protein structure determination traditionally relied on the use of single
crystal systems, or beam lines for the extraction of powder patterns.
Here, we show for the first time that protein powder data measured on
a laboratory X-ray diffraction system can be used for crystallographic
analysis.

Emphasis on the research and development of macromolecules —
especially in areas such as protein pharmaceutics — has increased strongly
in recent years. By offering researchers the potential for pre-screening
and investigation of protein-based medicines within the laboratory, use
of the transmission setup represents a significant technical advance.

As a PreFIX optic, the focusing mirror is interchangeable with all other
available incident optics for the X'Pert PRO MPD without the need for
any re-alignment. From a technical perspective, it means:

* the size of the capillary tube no longer governs resolution

¢ peaks narrower than 0.05 degrees are easily resolved.

Use of the X'Celerator detector, meanwhile, ensures fast data collection.

Transmission experiments on hen egg white lysozyme using an X'Pert
PRO MPD fitted with the new mirror and the X'Celerator detector,
provided high resolution data sufficient to enable cell searching,
indexing and unit cell refinement. The lattice parameters determined
were in good agreement with literature data obtained from single
crystal measurements.

To find more about PANalytical’s X'Pert PRO for transmission contact
PANalytical.

\/ PANalytical
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NEW METHOD TO CALCULATE TRUE DENSITY AND
HECKEL EQUATION FOR PHARMACEUTICAL POWDERS

Antikainen O., Pietarinen T., Yliruusi J.

University of Helsinki, Pharmaceutical Technology Division, Helsinki, Finland

In this study is introduced a new mathematical formula, witiah represent very accurately
densification of powder bed as a function of compression pressure. By means of the parameters of
the new formula it is possible to calculate the limit value (true density) toward which the powder
will densify as the compressiopressure increases. Two medicaments: acetylsalicylic acid and
ibuprofen were direct compressed in an eccentric tablet machine. Both substances densified under
high compression pressure clearly over the true density, measured by helium densitometer. The
porosity of the powders became thus apparently negative at high pressures. Explanation to this
phenomenon is that the true density is not constant, but depends from compression pressure. In this
study we represent a method to calculate the true densitfuasteon of compression pressure. It

is not possible to draw Heckel plot for acetylsalicylic acid and ibuprofen for a wide pressure range
if we assume a constant true density values for those materials. We represent a modified Heckel
equation were we assie that the true density is a function of compression pressure. The new
method give clearly different results for yield values to the tested materials compared to the
traditional method. This is because the shape of the Heckel plot is very sensitiveigbtthalue

of the true density.
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CONTROLLED STABILIZA TION OF TRACEABLE SO L-GEL
SILICA (NANO)PARTICL ES VIA SURFACE ENGINEERING

Lotta Bergman?, Jessica RosenholnAnnaBrita Osf,
Alain Duchano§, Mika Lindérf
¥Department of Physical Chemistry, AB&ademi University, Porthansgatar5320500 Turku, Finland

Department of Biochemistry, Medicity, Tykistokatu 6A, 20520 Turku, Finland
*to whom correspondence should be addressed: mlinden@abo.fi

Nanoparticles can be used in diverse biological appliestifor example as fluorescent markiers

vitro andin vivo, for clinical diagnosis and drugelivery*. Silica nanoparticles are emerging as a
promising and versatile alternative to polyrb&sed counterparts, as they can be produced with a
tunable parti@ size and pore structure. Silica particles are biocompatible and chemically inert in a
wide range of conditiofis Furthermore, functionalization of the silica surface is relatively
straightforward using wellocumented methods. This is an essential pasanyg stateof-the-art
formulation, as the surface functions serve as anchoring points for further functionalization, and
also control the extent of particle aggregation under given conditions. This is especially important
under biological conditions whetke salt concentration is normally high, which puts a limit to the
possibility of utilizing electrostatic forces as the basis for dispersion stabiétg, we demonstrate

the successful use of surface modification of nonporougedallerived silica paicles based on
hyperbranching fAdendritico surface pol ymer:i
precursor. The surface concentration of functional amino groups achievable is much higher thar
normally obtained by surface functionalization lrszation. This leads to a marked increase in

the nanoparticles dispersion stability. The quantity, and thus also the thickness, of the PEI layer
can be controlled simply by changing the aziridine/silica ratio in the surface functionalization step.
Furthermore, targeting of specific cells in drug delivery applications requires that additional
functions, such as specific antibodies, are introduced to the particle surface. The linking chemistry
is often relying on aminearboxylate interactions, and thuwetpresence of amine or carboxylic

acid functions on the outer particle surface is of special interest. We demonstrate that the outermo:s
amino groups of the PEI can be fAiconvertedo
reactions as such, thuallowing full flexibility for further functionalization of the particles by
standard linking chemistry used in biochemistry. The introduced methodology also offers means
for fine-tuning of the effective surface charge of the particles at a given pHy vghame of the key
parameters for dispersion stability. The attachment of labeled fluorescent streptavidin is
demonstrated utilizing this exact linking chemistry, and imaging of the particles is demonstrated by
confocal fluorescent microscopy as well &VBand TEM. Due to the exceptionally high affinity

of streptavidin to its watesoluble ligand biotin (vitamin H) it is easy to be bound to a wide variety

of biotin-antibody complexes enabling the targeting of nanoparticles to cell receptors of interest.
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PROCESSING OF POWDERPARTICLES BY USING A
PULSATILE APPLICATIO N OF PRESSWRIZED HOT STEAM

N. Genind®, J. Heinamakj P. Veski, J. Yliruust
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Objective

The aim of this study was to test a novel hot steam based technique for processing powder
particles. The method is based on a pulsatile application of pressurized hot steam on to the powder
mass

Method

Lactose monohydrate and glucose anhydrate were used as test materials and caffeine anhydrate as a
model drug in a hot steam processing. The sugars or drug powder were mixed in a fluidized bed
device and exposed to a pulsatile flow of pressurim#dsteam sprayed at a constant pressure of 6

bar and at a temperature of 160°C inside the boiler (Figure 1). The batch sizes w&0@ 20and

the processing time was -BD min. Special interest was focused on the effect of spraying amount

of hot steamThe hot steam treated and untreated powders were evaluated with respect to yield,
moisture content, flow properties, particle surface morphology (stereomicroscope), as well as
particle size and size distribution (sieve analysis).

Results

It was observedhat hot steam exposure flattened the surface of lactose and caffeine powder.
Treated glucose particles appeared to be slightly larger, but more equidimensional in size. The
disappearance of fine powder was observed in both cases. In comparison withl etigars, an
improvement of powder flow properties was evidenced. The instant changes in particle and powder
properties of drugs were obviously due to a superficial dissolution of fine species, which
recrystallized in the fractures of the bigger particlesng the period between hot steam injection.

Conclusion
In conclusion, the present hot steam technique is cap&bdgid influence on particle surface and
size characteristics of pharmaceutical sugars.

Figure 1. A laboratory-scale fluidized bed device equipped with a-$iigiam generator: (1) Heater,
(2) Reactor chamber, (3) Temperature display, (4) Pipe for outlet air, (5) Channel blower, (6)
Frequency inverter and (7) Steam generator.
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DEVELOPMENT OF CHITOSAN MICROPART ICLES FOR
MUCOSAL VACCINE DELI VERY

L. GonzaleZ, J. Heinamalkid, C. Reniché, M.A. Barriog, J. Yliruusf
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In recent decades, mucosal vaccination has received a great deal of attenti@nnatvaltfor
systemic vaccines. Unlike systemic vaccination, mucosal one imwasive and does not require
trained personnel for administration. Thiswld lead to lower cost and better patient compliance.
Chitosan (polysaccharide obtainbgl deacetylabn of chitin) hasbeen widely usg as antigens
delivery systera because of its biocompatibility, biodegradability, mucoadhesiveness, low cost,
and its ability to open intercellular tight junctions. Chitosan can also be used to prepare
microparticles or maoparticles. In the presestudy,biodegradable microparticles formulation for
mucosal antigen delivery waswi#oped and evaluated based tit@san. The microparticles were
prepared byemulsion (water/oil) and solvent evaporation technique,Bmdne Srum Albumin
(BSA) was used as a model vaccine antigen. A central composite design was usethize o
microparticles preparationThe process parameters evaluated were stirring rate during emulsion
preparation and amount of surface active agBoth, wnloaded and loaded microsphengsre
evaluated respect size, shape, antigen encapsulation efficienaglaase properties. Nén the
amount of emulsifieagent or stirring rate increased, microparticles sizelavwasr, being between

5 and 15 um. Inclusimof BSA in the formulation also resulted in microparticles with uniform size
and shape and low batttrbatch variation, similar to unload microparticles. The encapsulation
efficiency of BSA was 51.30 + 1.8. The protein fease from microparticles ocad during the

first 20 minutes. In conclusigmnicroparticles withappropriate characteristics wesbtained to be
used as mucosal vaccine.



COMPATIBILITY SCREENING OF MESOPOROUSSILICON
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¢ Division of Pharmaceutical Technology, Faculty of Pharmacy, University of Helsinki, Finland
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Userfriendly adninistration of poorly water soluble drug compounds over the oral route (as pills

or tablets) is an ongoing, but still largely unmet goal of the pharmaceutical industry. In recent
studies, drug delivery systems based on novel mesoporous silica/silicoralsteve shown great
potential for overcoming the problems associated with the oral delivery of drugs. This is due to
their high drug load capacity, rapid drug release property as well as drug solubility and
permeability enhancing properties in the itited lumen models [1, 2]. These properties are
realized by housing individual drug molecules in the nanoscé&d® (#m) pores of the solid carrier,
thereby enabling the dispersion of drug in its highly active amorphous (but still stable) form after
ingeston. The absoluten vivo safety and biocompatibility of any pharmaceutical product is of
outmost importance. Therefore, when designing drug formulations based on mesoporous materials,
the compatibility between the mesoporous solid and the applied druig h&sconsidered, also

taking into account the loAgrm stability of the product. Degradation of the loaded drug
compound can be induced by chemical reactions between the mesoporous solid, the drug and/or the
solvent used in the loading process, as vesl by unfavorable treatment conditions (high
temperature etc.) of the formulation during production or storage.

In the present study, AFRTIR (Fig. 1), HPLC and IMC methods were used for preliminary
mapping of the reactions between several combinatibmesoporous material, solvent and poorly
water soluble model drug compounds, in order to improve the understanding of the factors
affecting drug stability and compatibility. The mesoporous materials studied were based on silicon
(AAPSI, TOPSi and TCPSi)nal silica (MCM41 and SBAL5). The compatibility of several
solvents (e.g. chloroform, acetone, acetonitrile, methanol and ethanol) was tested in combination
with various poorly water soluble model drugs (e.g. indomethacin, furosemide, griseofulvin,
beclonethasone dipropionate). The results indicate that many combinations of drug and solvent
exist that are likely to produce degraded products when applied with a mesoporous solid. Further
development of pure formulations based on mesoporous materials cahiéeed by avoiding

these combinations in the processes.

Fig. 1. ATR-FTIR liquid phase spectras of pu
ethanol (EtOH), beclomethasone dipropionate (BI
dissolved in EtOH, and with the mesoporous mater
(AAPSi, TOPSi, TCPB SBA-15 and MCMA41).
Features indicating incompatibility were detected
the BDP/silica spectras at 1240°tm
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SOLUBILITY DETERMINA TIONS OF FOUR NSAIDS - EFFECT
OF PH ON TOTAL DISSOLVED AMOUNT AND DISS OLUTION
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Poor solubility is one of the most common and frustrating problems in the drug development.
Ibuprofen, ketoprofen, indomethacin and piroxicam are all classified as BCS (Biopharmaceutics
classification system) Il drugs meaning that they have poor solufiligre are several compound
properties which affect the solubility. It is known for examiplat salts, solvates and polymorphs

of the same drug have different solubilities. It is well documented in the pharmaceutical literature
that all the model compounds in this study do exist at least two different polymorphic forms.
Changes from one polyman to another during solubility determinations is a problematic
phenomena which is highly compound dependdiie aim of this study was to analyse the
solubility behavior of the four model compounds in different media and detect the changes on the
dissolvel amount.

The solubility tests were made by the shake flask method at room temperature. As the media wa
used water and aqueous buffer solutions at pH 1,2 and 6,8 (1). The assays were performed after 1
2h, 3h, 4h, 5h, 24h and 30h. The assays were zethlpy the UVspectrophotometry (LKB
Biochrom, Ultrospec II).

The results showed that all the model compounds had the highest total solubility at pH 6.8. At pH
1.2 the solubility was the lowest, except for piroxicam it was the lowest in water. Thethighes
solubility was reached within the first 4 hours, except for piroxicam and indomethacin at pH 1.2
and 6.8 the peak value was achieved at later-pionets. The colour of piroxicam was changed
during the test indicating polymorphia.

Both the circumstaneseof the environment (e.g. the pH of the Gl tract) and the physicochemical
properties of the drug(s) affect the solubility and cause variety in the solubility results. For reliable
solubility testing it is of outmost important to perform exact physicoct&nuharacterization of

the drug material in question.

Reference
1) The United States Pharmacopeia and national formulafye@iion (2003)
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SURFACE PRESSUREMEASUREMENTS IN INTERACTION
STUDIES OF PHARMACEUTICAL NANOPARTICLES

Samuli Hirsjarvi , Leena Peltonen and Jouni Hirvonen

Division of Pharmaceutical Technology, Faculty of Pharmacy, P.O. Box 56, 00014 University of Helsinki

The aim of this study was to investigate the applicability of surface pressure measurements,
LangmuirSchaefer (LS) degsition and scanning electron microscopy (SEM) in stability
evaluation of pharmaceutical nanoparticles in different environments.

Poly(lactic acid) (PLA) nanoparticles were spread on aqueous surfaces of different pH or
electrolyte concentration. Thenamop t i cl es were compressed and th
vs. A isotherms) were recorded and evaluated. The particle layers on aqueous subphases were
visualized by SEM after the LS deposition on silica plates.

At neutral pH, the PLA nanoparticles weelectrostatically stabilized by their high surface charge

( potential). When the pH was decreased, the nanoparticles started to aggregate due to the
| owering of the surface charge, which caused
vs. A isotherms [1]. When the nanoparticles were prepared with a surfactant, Poloxamer 188, the
surfactant molecules located on the nanoparticle surface created a steric barrier that resisted the
compression at longer distances compared to the surfditanmamparticles. This could be seen

as an earlier increase in the surface pressure during the compression. The surfactant, i.e. steric
stabilization, protected the nanoparticles againstnuidced aggregation. Increased surface charge

( spotential) and, thusnhcreased repulsion between the surfaefiaa® nanoparticles, induced by
electrolyte addition, caused a rise in the surface pressure values. The aggregation due to the pH
decrease resulted in percolated particle networks [2], if the surfactant was rert.pk&/éh
surfactant, or if the surface charge was high enough as a result of electrolyte addition, the
formation of networks was prevented and the aggregates remained as clusters.

Surface pressure determinations together with visual observations progiefedl and descriptive
information about the stability and the aggregation mechanisms of the PLA nanoparticles in
different environments.
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In the presentliteraturethere are only a few papers handling about viscosity of amorphous drugs
(1-2). The viscosity i®ne of the most important physical parameter of an amorphous ratbga
viscosity of the glassy material accounted to be approximately*4Pas, but it may vary between
different systems.

In this study the main aim was tomparethe effect of prearationmethod of amorphous sample
on viscosity and crystallisation tendencypon consecutive shearing. Amorphous samples were
produced by melting or ethanol (EtOH) evaporation method. Materials usegwrereitric acid

and paracetamol (PARA blends 6them.Viscosity measurements were measurgdontrolled
stress rheometer frothe samples. The melt flow activation energy was determined according to
Arrhenius equation Material parameters werdetermined using the Vog&bmmanFulcher
equation X-ray powder diffractiorwas used to confirm physical stability.

The composition of the samples affects the viscosity, the viscosity ipergiis increasingPARA
content. Furthermorejt was found that the mefirocessed samples show slightly higher vahfes
moduli and viscosity than the correspondEigH samples having the same compositidii.the
samples behave as Newtonian liquids. Upon shearing none Bf@tesamples crystallised during

the measurement, although the npthicessed samples with oth@ympositions than 50%w/w)

tended to crystalliséAll samples can be described as "fragile" according to Angell's classification.
The main finding was that composition and processing method has an impact on physical stability
and viscosity of amorphouample.
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Introduction
As an example of physical pharmacy teaching in the Department of Pharmaceutics, the laboratory
work included in Advanced Physical Pharmacy course (4th year) is presented.

Materials and methods

Solubility of ibuprofen with and without -Bydroxypropytb-cyclodextrin (2HP-b-CD) was
determined in acetate buffer (pH 4.5) and in phosphate buffer (pH 7.4). Complexation constant of
ibuprofen2-HP-b-CD complex was determined from the phastubility diagram and by
microcalorimetry. Vacuurdried ibuprofer2-HP-b-CD complex and physical mixture of ibuprofen

and 2HP-b-CD were characterized by differential scanning calorimetry (DSC) and Fourier
transform infrared spectroscopy (). The influence of ZHP-b-CD on thein vitro permeability

of ibuprofen was determidein phosphate buffer (pH 7.4) using pdlgaprolactone as a
membrane. Sink conditions were maintained and samples were analyzed with reverse phase HPLC
(isocratic conditions, acetonitrile:water 70:30 with 0.1 % TFA; 1.0 ml/min). The effecH#t-B-

CD on surface tension of aqueous sodium dodecyl sulphate (SDS) solution was examined by
tensiometer.

Results and discussion

lonization of ibuprofen (pK5.2) strongly affected complexation: complexation wittHR-b-CD

increased solubility of ibuprofen moré @H 4.5 than at pH 7.4. Solubility of ibuprofen (2.5 mM)

was increased linearly at pH 4.5 when complex formation had occurred. At pH 4.5, ibuprofen is
mainly in unionized form, thus complexation with cyclodextrin improves solubility by means of
solubilization [1-3]. Stability constant I; at pH 4.5 was 9124 M G values obtain
microcalorimetrywere -20.965 kJ*mof, -19.38 kJ*mof* and-15.50 kJ*mof" at pH 3.0; 5.2 and

7. 4, respectivel y. Change in Gibbs free ener g
complexation reaction [1]. Soksiate complexation was confirmed by IR and DSC. The IR spectra

of ibuprofen exhibited a peak at 1722 tnThe corresponding peak was not observed in the IR
spectra of the complex that explains the complex formation. In the DSC thermogram of the
complex themelting peak of ibuprofen was disappeared. Complexation slightly decreased
permeability of ibuprofen at pH 7.4. Surface tension of aqueous SDS solution (6.02 mM) was
increased when cyclodextrin was added into solution because the complexed SDS wastoot able
lower the surface tension.

Students” feedback
According to feedback, the students were pleased with the course. The project work was interesting
and helped to understand the theory of physical pharmacy.
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Multipart Microscale Fluid bed powder Processor (MMFP) has been developed for fast
characterization of pharmaceutical materials. Miniaturized devices are advantageous especially ir
formulation development studies during the expensive drug dewelat process. The purpose of

this study was to clarify the key parameters of fluid bed granulation in microscale using
electrostatic atomization for addition of the granulation liquid.

The experiments were performed in the MMFP with a special nozzlehwias connected to a

high voltage supply. In electrostatic atomization an electric field is applied at the granulation liquid
surface and strong coulombic forces disrupt the liquid surface so that droplets form. It is not
possible to use the pressurizedtaigenerate the droplets in this device because the pressurized air
would destroy the fluidization with low air flow rates.

The model substance granulated was lactose monohydrate and granulation liquid consisted c
polyvinylpyrrolidone and water. Aftahe granulation in MMFP, the granules were transferred for
drying to another fluid bed column due to insufficient adjustment speed of the air conditioning unit
used. The variables in this study were the binder quantity, pumping speed and atomizaijen volta
of the granulation liquid. The relative humidity of the inlet air was also controlled. The particle size
of the granules was determined by sieve analysis.

The preliminary results indicate that pumping speed and binder content of the granulation liquid
had the strongest positive effect on the granule size. The relative humidity of the inlet air had no
effect on granule size and the effect of atomization voltage remained unclear. In this study, only
simple linear relationships could be generated betwleervdriables due to the large variation in

the analytical methods for small samples.

Electrostatic atomization is a good technique for generating droplets in MMFP. The granulation
process in MMFP is a delicate method and vulnerable to disturbanceselikeng of the device.
Despite the challenges, it was shown to be possible to predict the processability in fluid bed
granulation of pharmaceutical material with MMFP.
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Miniaturization has been an ongoing trend in pharmaceutical development for years. One of the
main reasons for miniaturization in addition to reduced, assthe limited amount of the active
pharmaceutical ingredient in the early stages of formulation development. The purpose of this
study was to compare the Multipart Microscale Fluid bed powder Processor (MMFP) with other
drying methods using theophyllirexcipient mixtures as a model material. The effect of excipient

on the solid state change and the appearance of the metastable form were also evaluated.

Theophylline anhydrate was mixed with one excipient at a time in a planetary mixer. The
excipients icluded the most common excipients in formulations, e.g. lactose monohydrate, starch,
low substituted hydroxypropyl cellulose and mannitol. Water was used as the granulation liquid.
The water amount for the granulations was determined beforehand. Afggnathdation process,

the granules were dried at fixed temperature just above the onset temperature of the dehydration in
the MMFP, tray drier and-ray powder diffractometer (XRPD). Before, during and after the drying
procedure, the granules were examingth near infrared (NIR) and Raman spectroscopy and
multivariate analysis. The moisture content of the granules was measured wiRid€hdr
titrimetry. Because polymorphic changes can be -timgendent, the measurements were repeated
after one hour ang4 hours in triplicate.

NIR and Raman spectroscopy combined with chemometrics were succesfully used to monitor the
solid state transitions in the MMFP. Drying method and excipient selection had an influence on the
conversion of the theophylline structuaed the appearance of the metastable form. The water
content during the granulation process also significantly affected the solid state forms.

NIR and Raman spectroscopies combined with multivariate analysis are powerful tools for
monitoring solid statet@anges on the molecular level. MMFP is a practical tool for understanding
of solid state changes during drying.
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and loadingsE) of drying process containing granules made of TP.
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It has been estimated that every third active pheeuotscal ingredient is capable of forming a
hydrate. Mechanical or thermal stress on a system during pharmaceutical manufacture may indu
the dehydration of hydrates and alter the physicochemical properties of a solid form. Furthermore, |
the hydrate fan is present in the final product the quantification becomes an important tool in solid
state investigation.

The aim of the study was tperform quantitative analysis of the sediite changesluring
dehydrationusingin situ near infrared (NIR) and Ramapectroscopcombined with partial least
squares (PLS) regression modeling

In situ NIR and Raman spectroscopy werged to monitoisothermal dehydration of piroxicam
(PRX) and carbamazepine (CBZ) hydrates at variable temperatDadibration models ere
constructed after qualitative partial least squares discriminant analysis, and using all known forms
that occur during dehydration at these conditidRBRX monohydrate transformed directly to
anhydrous PRX form |, whereas the dehydration of CBZ diltgdf@BZDH) included several
solid-state forms (amorphous, forms Il and I). In this study, Pé&gression was performed to
quantify these forms. Seweral pretreatmentand scaling methods werdaled. External test set
validation was utilizedo determinghe model quality.

The bestmodek were obtained usingtandard normal variateansformation and mearentering.

For PRX, the root mean square error of predictions (RMSEP) for the hydrate form were 2.2% and
2.9%, for NIR and Raman spectroscopy, respelgtiviFor CBZ, RMSEP values for the hydrate
form were 3.9% and 4.0%, for NIR and Raman spectroscopy, respectivelys demonstrated

that both NIR and Raman spectroscopy combined with PLS allayuedhtitative analysisf the
dehydration.However, NIR spdcoscopy models could quantify the forms in the binary system
(PRX), but were unable to quantify all the forms in the quaternary system (CBZ). Raman
spectroscopy models on the other hand could quantify all fourstalid forms that appeared upon
isothernal heating of CBZDH. This showed that Raman spectroscopy was particularly sensitive to
structural changes, whereas NIR spectroscopy was very sensitive to water of crystallization but les:
sensitive to alterations in the structure.

This study demonstratehe utility of two complementary spectroscopic techniques (NIR and
Raman) combined with PL&gressionto perform quantitative analysis ofiultiple solid-state
forms during thedehydration. This providea basis for real time process monitoring during
phamaceutical manufacturing.
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Introduction

Porous Si and Simicroparticles (PSi) have been proposed as possible new drug carrier materials.
Before widespread use, information about their toxicology must be obtained. However, testing
them with the standard MTT indicator could be faulted. MTT testing relies on the enzymatic
reduction of MTT in living cells. Unfortunately, unprotected Si will easily form a red/ox pairs with
MTT and cause dramatic shifts in the observed toxicity. These neaetie studied here.
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Figure 1. Schematic presentation of reduction at a PSi surface.

Methods

MTT and Si/SiQ microparticles are mixed in a range of pH solutions and the resulting formation
of purple formazan is monitored gpemetrically. The amount of MTT converted to formazan is
estimated from UWis spectraCaco2 cellswere usedo model the toxicity of the particles for
oral drug delivery.

Results

From the measurements, it is clear tR&i particles indeed reduce MTdirectly to formazan,
causing a false netoxic signal in cell tests. The extent of the reaction is largest fanadized

PSi particles and lower for thermally oxidized and carboni28d particles. As expected, SIO
particles did not react with MTT,rste SiQ cannot be further oxidized and form red/ox pairs with
MTT. Comparable experiments done in a cell culturing solution, where the real toxicity test would
be carried out, showed similar trends: All Si particles were able to reduce MTT anpaBides

were completely noneactive.

It is shown that the common toxicity indicator, MTT, will fail to predict the toxicity of
formulations containind®Si particles. This is due to the spontaneous red/ox reactions where the
MTT is reduced and thESi partick surfaces are oxidized simultaneously. It is strongly suggested
that other forms of toxicity indicators be used with any drug formulation testing invoR&ing
particles.
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The existingn vitro drug dissolution test methods have limitations, such as long sampling times of
30-60 seconds, considering fast dissolving drugs. They also require relatively large amounts of
dissolution memim and time consuming sample preparation. There is a clear need for resource
sparing assays of the dissolution and measurement methods that could monitor fast disselution or
line and would enable better simulation of the conditions e.g. in buccal caiitysmaller
dissolution medium volumes.

In this study, a method based on scattering of laser light from particles in a liquid medium is
evaluated for dissolution rate determination of two fast dissolving drugs (anhydrous caffeine and
propranolol hydrochdride). The measuring system consisted of a laser power supply, a light
detector, an oscilloscope, a magnetic stirrer and a sample vessel (Figure 1). The intensity of lase
light transmitted through the dissolution medium was recorded and displayed dicilt@scope.

The dissolution tests were performed in 100 ml of dissolution medium varying the medium pH,
temperature and the amount of drug sample. The resulting raw data curves were fitted with Noyes
Whitney equation and compared to the dissolution cuatained by a traditional dissolution
method in the same conditions. The measurement system offers a fast, reproducible and accura
on-line monitoring of fast dissolution processes with sampling interval of 0.2 s. However, the
method is not suitable falrug particles with poor wettablility. Furthermore, with this method it is

not possible to measure dissolution profiles of two or more drugs simultaneously or dissolution of
drugs formulated with excipients.

Figure 1. Assembly of the optical measugrsystem used for dissolution rate determination (left)
and the sample beaker showing the laser beam passing through the sample containing mediu

(right).



A DESICCANT SYSTEM TO CONTROL THE INTERN AL
HUMIDITY OF DRUG CON TAINERS
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The most common way to protect moistgensitive pharmaceutical powders is to utilize
protectivepackaging. However, the most convenient package materiaisl grermeable to water
moleculesto some extent and limited protection is normally achieved with this arrangement even
thoughdesiccants are employed. In this study a novel system is introduced that can regulate the
internalhumidity of the containers useudth solid dosage forms for a desired time at a requested
level [1]. Instead of the widely used solid adsorbents the system utilizes saturated salt solutions
loaded in desiccant bags made of various polymer materials with appropriate permeation
properties By utilizing salt solutions the size of the desiccant bag can be further reduced compared
to the conventional solid adsorbents. A wide variety of commonly used powder chambers and
desiccantbags has been tested in the study, proving the effectivendbge aftroduced system
(Figure 1).
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Figure 1. The mass increasepf) and the internal humidity (Rhj) as a function of storage time at
75% RH for the polycarbonate (PC) chambers containing silicone, polyvinylchloride (PVC) or
latex aesiccant bag loadeslith MgClz solution.
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The objective of this study was to determine the thermal stability of model proteins lactase and
lysozyme (Lys). Proteins, that ateermally labile, were exposed to extreme temperatures, and
differences in their secondary and tertiary structure were measured. Sucrose (S), trehalose (T
and/or mannitol (M) were added to formulations to prevent structural changes.

Protein formulationsvere freezedried. Thermal stability, such as cold and hot denaturation, glass
transition () or denaturation temperatures T of formulations was analyzed with DSC.
Corresponding hedteatment was applied to dfy1 6 0 e C, fe®nsthujed( & ® @ C, 18
samples. FAIR and fluorometrywere used to study protein secondarynd tertiary structure,
respectively. Measurements were performed to dry, and dissolved untreated protein, to dry anc
reconstitutedreezedried formulations, and to dry amdconstitutedheattreated formulations.

The glass transition temperatures of excipguatein formulations increased in comparison to the

Ty of pure sugars. This implies that excipients and protein have formed auvoarstimatrix (only

one Ty was detected). Furthermore, this indicates a higher thermal stability of formulations due to
the slower molecular movemeat room temperatureDenaturation temperatures of lysozyme
solutions were also higher thahtbe native (Thle 1). Mannitol seemed to be the most efficient in
preventingdenaturatior(Tnc a . 7 4, 5 e £of trelvalose foenalation3 were the highest (ca.
129e¢C) . Regardless of the stabilizing excipi
proten structure levels. Sugar addition itself caused perturbations in the overall shape of secondan
structure, thus it is difficult to evaluate the impact of changesdiary structures of formulations
were compared. Freezigied excipient containing formulans were more alike with the native
form than with the pure freezilried proteins.

In conclusion, it was observed that excipients contribute to protein stability regardless of

temperature range. Combination of trehalose and mannitol seemed to shggnlzzene the best.

Tablel.The effect of excipients on entalphy cha
( guJ of pure proteins and freezkied proteinsexcipient formulations.

Measured Calculated oH % (Mea ur e d

Formulation oH (IgY) oH (Jgb) Cal cul at ed P (°C)
Lys (native 3,2 3,2 - -
Lys 3,04 3,2 95 -0,23
MLys 0,79 0,8 98,8 3,11
SLys 1,37 1,6 85,6 1,95
TLys 1,27 1,6 79,4 1,99
MSLys 0,51 0,64 79,7 3,25
MTLys 0,53 0,64 82,8 3,39

37



GRANULE WATER CONTENT PREDICTION DURING
FLUIDIZED BED GRANULATION

Sanni Matero®, Sami Poutiaineh Jari Leskinefy Mikko Hakuliner?, Maija Lahtela
Kakkonef, Antti Posé,Jarkko Ketolaineh Reijo Lappalainef Kristiina Jarvineh

®Department of Pharmaceutical Chemistry
PDepartment of Rarmaceutics
‘Department of Physics
University of Kuopio, Kuopio, Finland, FIN0211
*sanni.matero@uku.fi

The fluidized bed granulation is a complex and multivariate process in nature like any other
procesSand it must be handled in a multivariate wiytil recently granulation has been followed

by recording separately few process parameters, e-@nd outlet air humidity and temperature2.
Separate parameters give information of the process based on the earlier experiments using the
same process noditions, and the engoint of the granulation could be estimated using the
experience gathered from these process parameters and conditions which have led to a desired end
product. However, separate process variables do not give a comprehensive picthee of
granulation process and such operating methods, which are ultimately based on users experience,
do not fit well into the highguality product manufacturing proposed in FDA's PAT initiative. Thus,
developing more sophisticated controlling and monigpsgstems for fluidized bed granulation is
needed.

Binder content of the fluidized bed affects the granule growth rate, granule size and eventually,
yield. An even distribution of the aquous binder produces narrow granule size distribution, while
over weting the mass can lead to a bed collapse. Thus, the granulation process could be followed
by tracing the water content of the fluidized mass. A common technique for water content
measurement is Karl Fischer titration, but it requires the removal of theleséirom the process

line, and obtaining statistically reliable results could be cumbersome.iNised spectroscopy is

a capable tool in determining water content during granulation3, but collecting representative
spectra can be problematic due to pihebe or window contamination. Passive acoustic emission is

a technology, which have been used in a wide variety of chemical engineering processes4. As the
moisture content changes during granulation, so does the elastic properties of the material,
affecting the acoustic emissions caused by particle impact. Also, since the water content of the
mass depends heavily on the process parameters, taking account of the parameters is important for
the water content prediction.

Our study aimed to develop a modet feattime quantification of the water content of the powder
mass during the granulation. For the model, we combined the knowledge from the process
parameters and acouctic emission using PLS regression. As a result the water content of the
granule mass an be followed using acoustic emission and process parameters. The relative
humidity of ambient air is crucial for determining the water content of granules and it is of
importance to be able to stabilize its effect in the model. The data analysis wereé cat using

PLS toolbox5 version 4.0. More detailed results will be provided in the poster
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Dehydration of a hydrate is a common sedtdte eaction that can be facilitated by pharmaceutical
unit operations. The solistate changes resulting from dehydration are reflected as altered physical
and chemical properties of pharmaceuticals, with potential effects on their processability,
dissolutionrate and bioavailability, and stability. The ability to detect these changes as well as the
knowledge of dehydration mechanisms are, therefore, prerequisites to controlling the
manufacturing process and storage conditions of a drug product. Lattice chgdwates, which

are capable of forming isomorphic dehydrates, comprise a challenging class of hydrates from
analytical standpoint and hence the development of analytical tools to ensure the appropriate solit
state of the pharmaceuticals is clearly reqeabst

The purpose of this study was twofold: (1) to investigate the potential of Raman spectroscopy to
detect isomorphic dehydration transition and (2) to obtain molecular level insight into dehydration
mechanism of a model drug, erythromycin A dihydr&8ased on the muliechnical approach
(variabletemperature  Xay powder diffraction, differential scanning calorimetry,
thermogravimetry and hattage Raman spectroscopy), satdte dehydration of the model drug

was verified. Furthermore, it was demoaged that, for any isomorphic dehydration transition,
Raman spectroscopy provides a powerful tool to detect the transition. Finally, the experimental
data were combined with molecular modeling tools in order to postulate the mechanism involved in
the sold-state dehydration of erythromycin A dihydrate.
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Pharmaceutical unit operations are well known to facilitate phase transformationsivef act
ingredients and/or excipients. Since the quality and performance of a pharmaceutical solid
formulation depend on solid state of the drug and excipients, a thorough investigation of these
transformations is required. The aim of this study was on thsigdlyphenomena taking place
during (1) recrystallization of anhydrous baclofen from water and (2) formulation of erythromycin
dihydrate solid dispersion with polyethylene glycol (PEG) 6000 by melting method.

Optical microscopy was utilized for in situ mitoring of phase transitions during these processes.
X-ray powder diffraction (XRPD) and Raman spectroscopy were used as complementary analytical
techniques to verify solidtate changes.

The process visualization using optical microscopy revealedbibiit model drugs undergo a
solventmediated phase transformation that involves dissolution of the initial phase and formation
of a new solid phase with characteristic morphology. The phase transitions (specifically, baclofen
anhydrateA baclofen monohydrat and erythromycin dihydratd4 erythromycin dehydraté,
erythromycin anhydrate) were further verified by XRPD and Raman spectroscopy.

In conclusion, the present study demonstrates that optical microscopy is a fast tool in obtaining an

insight into the pysical phenomena taking place during processing of pharmaceuticals, which
enables better understanding and control of the process.
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ADSORPTION OF TWO MO DEL DRUGS INTO MESOPOROUS
SILICON MICROPARTICL ES

Ermei Makila , Joakim Riikonen, Teemu Heikkila, darSalonen,
and VesaPekka Lehto

Laboratory of Industrial Physics, Department of Physics, University of Turk2Q®14, Turku, Finland

One of the most promising applications of mesoporous silicon (PSi) is in the field of drug delivery. The
mesoscale ithensions induce soligtate restructuring of the drug adsorbed inside the pores into a more
disordered state, which has been shown to improve drug dissolution and permeation.

However, in order to benefit from the improved pharmacokinetic propertidseafirug, a suitable and
easily controlled method for loading the drug inside the pores has to be chosen. Thammust choice is
adsorption from solution, which provides several controllable parameters, such as solution concentration
the choice of solvet and temperature. The physicochemical properties of the drug molecule and the
influence of the particle surface chemistry also have a considerable effect to the outcome of the adsorption
As the improvement of the drug properties requires the drug ne¢ettureside inside the pores, the amount
of drug molecules that crystallize on the outefae of the porous material has to be minimized, in order to
avoid erratic and unpredictable behavior of the delivery method.

The present study outlines thdegts of the solvent and solution concentration on the adsorption of the
drug into PSi. Adsorption isotherms with two B8Slass model drugs, ibuprofen and griseofulvin, were
determined with various organic solvents. The effect of PSi surface chemadrgbtained by stabilizing
the porous silicon by thermal carbonization (TCPSi) and thermalatmid (TOPSi). Employing
thermoanalytical methods in the drug load characterization, the separation of the actual drug load inside th
pores from the crystalled surface fraction of the drug was pbfes Interactions between the drugs and the
solvents were characterized with FTIR.

The results obtained indicate, that beside the solution concentrationsaivegt and drugurface
interactions have significa effect on the adsorption process. For ibuprofen, adsorption from less polar
solvents provides an isotherm where the initial slope of the isotherm is steep, and high drug loads are
achievable with low relative concentration. However as can be seeffrigoth at higher concentrations the

quickly increasing surface fraction blocks the pore entrances
891 huprofen-chloroform solution b resulting in dimnishing of the actual drug load. In contrast,
reaching the maximum drug load required slightly higher
concentrations of the loading solutiarhen highly polar Eohols
were used. However, the surface fraction wasigixde compared
to the less polar solvent providing a Ilgamuir-type isotherm with a
clear plateau. In the case ougyofen, the choice of solvent does
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o

—m— Drug inside pores (TCPSi) not affect the actual drutpad, as much as it does the surface
i -0~ Total drug load (TCPSi i i i i i i
10 o g maceprsqopsy  fraction. This can be partly explained by differing tendencies of the
o ~ O~ Total drug load (TOPS) solvents to cleave the ibuprofen dimeric structure, which can be

o 200 Coﬁégmranoﬁ‘ggg,m” 800 1000 observed in the solution FTIR sgea. Thus, in some cases
crystallization on the dar surfaces becomes less favorable.
Figure 1 Ibuprofen adsorpton Adsorption of griseofulvin was considerably lower, as the
isotherms into TCPSi and T@&P maximum drug loads obtained were less than half compared to
from chloroform solution ibuprofen. Also notable was the complete lack of surface
crystallization. Other difference was ethgreater affinity of
griseofulvin towards carbonized (TCPSi) surface, which appears to be consistent with the behavior relatec
to oxide surfaces, as griseofulvin payloads in mesoporous silica) (8&We also remained quite low in
similar loading tests. dsoption was also more dependent on the solvent properties. The highest drug loads
were obtained with solvat®rming solvents, emphasizing the important role of esalyent interactions.
Through concentration and solvent selection, the adsorptiobeaptimized to provide maxum drug
load inside the pores without significant amount of crystallized drug on the odi®resu The extent and
nature of interactions has decisive effect on the outcome of the adsorption, however the outcome seems |
be stuation-specific, making them either beneficial or detna.
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Different methods have been employtedinvestigaten vitro release from microparticles but so
far, no standard method has been estabiliSfgwe aim of this study was to evaluate the effect of
two in vitro release methods, centrifuge and cell culture insertsaelbplates, on the druglease
profiles of mesoporous silicon microparticles.

Model drugs were ibuprofen and antipyrine that were loaded into the thermally carbonized porous
silicon (TCPSi) microparticles (<38 pm) as described edfli@he loading degrees were
determined by thenogravimetry and they were 57.9 % w/w and 48.6 % w/w for antipyrine and
ibuprofen, respectively. In the centrifuge method, 1 mg loaded particles or drug powder was
suspendeth 1.5 ml of phosphate buffered saline (PBS) at pH 7.4 and test tubes weckipltdtwe
water bath shaker (+37 eC and 120 r po@)rpm, Sampl
17000 g) at the preletermined time intervals, followed by the supernatant collection and
replacement by fresh PBS. When usingd| plates, 2 mg parties, 1 mg unloaded drug or 0.67

mg/ml drug solution was placed in the donor compartment. Volumes of the donor and acceptor
compartments were 1.5 ml and 2.75 ml PBS, respectively, and they were separated by polyester
membrane (pore size 0.4 pm, membrane dr@acnf and 4x16 pores/cm). 6-well plates were

pl aced on the orbital shaker (+37 eC and 130
analysedvith UV-spectrophotometer.

The release rates of ibuprofen and antipyrine were fast when the centrifuge method was used but
when enploying 6well plates, the release seemed to be considerably slower (Fig. 1, shows
ibuprofen data). Despite of method or drug, the release profiles of loaded drugs were similar to the
release profiles of the corresponding unloaded drug or drug solutienpdligester membrane
creates a diffusion barrier, thus delaying the mass transfer from the donor to the acceptor
compartment. Therefore, this method does not only describe the drug release from the particles but
also the drug diffusion through the membralmecontrast, drug can be released freely to the buffer

in the centrifuge method. In conclusion, this study shows that differemtro methods can result

in dissimilar release profiles.

100
Acknowledgements 0

The authors thank Timo Korjamo for g
assistance and advice. The financial

support from the Finnish Academy is & 7°
acknowledged (PEPBI consortium # 2 60 +|(kéjepr:§:fir;g)°vvder
117906)- E 50 —B8— TCPSi + Ibuprofen

Q (Centrifuge)
References § 40 —a— lbuprofen solution (6-well
[l] Do6Souza andReB&3d g 20 plate)
(2006) 466474 —— Ibuprofen pow der (6-well
[2] Salonen J, Laitinen L, Kaukonen A.M, 20 plate)
Tuura J,Bjorqvist M, Heikkila T, Vaha 10 —'—TICPS'“bUPfOfe” (6-wel
Heikkila K, Hirvonen J and Lehto . J. plate)
Control.Release 108 (2005) 3&74 0 - - - - - - - '
[3] Lehto V-P, VahaHeikkila K, Paski J 0 60 120 180 240 300 360 420 480
and Salonen J. J. Therrnal. Calorim. Time (min)

80 (2005) 393397 . . .
( ) Figure 1. lbuprofen release from TCPSi microparticle

centrifuge and vell plate method.
42



EFFECT OF FORMULATIO N PARAMETERS AND DRUG -
POLYMER INTERACTIONS ON DRUG RELEASE FROM
STARCH ACETATE MATRI X TABLETS

Jari Pajander® Maria LaamanéhEevaleena Ryynanénlan Grimse$),
Ossi Korhonef) Bert van Veen and Jarkko Ketolainén
®Department of Pharmaceutics, University of Kuopio, P.O. Box 1627011 Kuopio, Finland

®School of Life Sciences, University of Bradford, Bradford, United Kingdom
“Orion, Finland

Reservoir and matrix type tablets are the most commonly used orally administrated sustainec
release preparations. In particular matrix tablets, which are producedebyy abmpressing using
hydrophobic polymer, are sufficiently fast and easy to manufacture. The functionality and the
safety, i.e. drug release properties, of the product can be determimedifoy dissolution tests. In

order to achieve desirdad vitro drug release properties for drug compound in question different
formulations can be utilized. However, due to large variation of drug compounds, it is not always a
simple task to achieve well working formulation.

Starch acetates (SAye modified starcleeproduced by acetylating native starch. The modification
converts starch into a more hydrophobic derivative, as the average degree of substitution (DS
increases from 0 up to 3.0. Starch acetate is a suitable excipient for controlling drug release fron
tablets when DS is greater than 2.1. Although starch acetate is not anymore a novel biopolymer
studies focused on interactions between drug compound and polymer, whichiraffida drug
release, have not been performed. Therefore, it should be examirettier there are interactions
between drug and starch acetate and how they affect the drug release. Furthermore, it should
determined, which are the most important formulation parameters, e.g. porosity or structure of the
tablet, which have the greatesnpact as the formulation for desired drug release profile is
searched.

In this study six different drug compounds, allopurinol, acyclovir, metronidazole, paracetamol,
salicylamide and theophylline, were used in different formulations with starch eaestat filler

binder in order to explain the interactions and to specify their impact. The drug compounds were
fully characterized in order to achieve an adequate overview of their properties. Furthermore, nine
different formulations were occupied for odeug compound in order to determine how different
formulation parameters affect the drug release and which of the parameters are the most importan
Due to the complex nature of the setup, i.e. large number of formulations and properties of drug
compoundsmultivariate data analysis, namely partial least squares projections to latent structures
(PLS), was utilized.

Results indicate that formulation parameters describing the structure of the matrix, such as
porosity, compaction force and the particle simetion of the starch acetate, have the strongest
impact on drug release. The importance of drug property based variables is not as high a:
formulation parameters, but they can not be overlooked. The importance of water solubility and
solubility rate of tle compound are obvious, but there seems to be other significant parameters,
which describes the hydrophobic and hydrophilic regions of the molecule, that affect the drug
release. This can be seen especially with salicylamide: compound seems to havg angtron
sufficiently great hydrophobic region that interacts with starch acetate and impairs the drug release.
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