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Tervehdys yhdistyksen jäsenet ja Fysikaalisen farmasian XIX symposiumin osallistujat! 

 

Tämänvuotinen Fysikaalisen farmasian symposium on kerännyt ennätysmäärän ilmoittautuneita. 

Symposiumin aiheena olevat analyyttiset menetelmät ovat herättäneet mielenkiintoa useilla 

farmasian aloilla niin yliopistoissa, lääketeollisuudessa kuin viranomaissektorillakin. Tällä kertaa 

symposiumissa esitellään sekä tuttujen analyyttisten menetelmien teollisia sovelluksia että 

uudempia farmaseuttisessa tutkimuksessa käytettäviä analyysimenetelmiä. 

 

Ensi vuonna Fysikaalisen farmasian yhdistys juhlii 20-vuotista taivaltaan juhlasymposiumin 

merkeissä. Juhlavuoden symposiumin tieteellinen tarjonta li ikkuu myös analyysimenetelmien 

parissa: aiheena ovat lääketeollisuudessa ja -tutkimuksessa tällä hetkellä erittäin ajankohtaiset 

prosessianalyyttiset tekniikat. Kuluneen toimikauden aikana Fysikaalisen farmasian yhdistys alkoi 

jo valmistautua tulevaan juhlavuoteen erilaisin uudistuksin: yhdistyksen sääntöjen lisäksi 

päivitettiin yhdistyksen internet-sivut. Käy tutustumassa Fysikaalisen farmasian yhdistykseen ja 

lukemassa viime vuosien Polymorfi-lehtiä osoitteessa www.fysikaalinenfarmasia.fi! 

 

Tämänvuotinen Polymorfi tarjoaa tuttuun tapaan mahdollisuuden palata myöhemminkin 

symposiumissa käsiteltyihin aiheisiin luento- ja posteriabstrakteja lukemalla. Vuoden aikana 

valmistuneet, fysikaalista farmasiaa sivuavat väitöskirja- ja gradutiivistelmät Helsingin, Turun ja 

Kuopion yliopistoista tarjoavat katsauksen alan tämänhetkiseen tutkimukseen Suomessa. Lehden 

loppuosasta löytyy myös jo lähes perinteeksi muodostunut, yleisön hartaasti odottama aivopähkinä.  

 

Toivotamme kaikille symposiumin osallistujille mukavia ja opettavaisia hetkiä symposiumissa ja 

Polymorfin parissa!  

 

 

Kuopiossa 20.1.2008 

 

 

Elina Turunen 
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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 chromatography, HPLC, 

proved to be one of the most significant 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 in the latter 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 in the monographs 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 particle-filled tube 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; some compounds 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 material inside 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 introduction 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 pre-defined 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 analysis or the physicochemical 

properties of the compounds. The most used detector is based on UV absorption of the analytes as 

they pass an in-line flow cell. Other types of detectors can be based on fluorescence or light 

scattering as well as refractive or electrochemical properties of the chemicals. Recently, the 

coupling of mass spectrometer to the HPLC instrument,  a technique known as HPLC-MS, is 

gained popularity as it enables highly sensitive, mass-specific detection of compounds, even from 

very complex matrices, such as body fluids and tissues.   

 

 

HPLC ï PRINCIPLES OF OPERATI ON AND USE IN 

PHARMACEUTICAL ANALY SIS 

Pekka Keski-Rahkonen 

Department of Pharmaceutical Chemistry, University of Kuopio, Kuopio, Finland 

pekka.keski-rahkonen@uku.fi 
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Figure 1. Schematic drawing of  HPLC instrument 

 

 

The HPLC based methods used in the pharmaceutical research are usually divided in two groups ï 

pharmaceutical and biomedical analysis. The former 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 the 

previously used but poorly selective UV-VIS 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 methods are based 

on the same basic principles of HPLC separation, mainly the amount of sample preparation and the 

effort required to produce an adequately performing method is different. Also for the method 

validation, different directions and requirements are set by authorities. 

 

 
References 

[1] Sándor Görög, Trends in Analytical Chemistry. 26 (2007) 12. 

[2] USP, United States Pharmacopoeia XXIX. USP Convention Inc., Rockville, Maryland, USA, 2006. 
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Termoanalytiikkaa käytetään elintarvikkeiden ja niiden ainesosien ominaisuuksien ja fysikaalisen 

tilan sekä niissä tapahtuvien muutosten tutkimukseen. Tuloksia voidaan hyödyntää esimerkiksi 

prosessointi- ja säilytysolosuhteita valittaessa ja optimoitaessa sekä tuotekehityksen tukena. 

Yleisimmin käytettyjä termoanalyyttisiä laitteita ovat differentiaalinen scanning-kalorimetri (DSC), 

dielektrinen analysaattori (DEA), dynaamis-mekaaninen analysaattori (DMA) ja 

termogravimetrinen analysaattori eli termovaaka (TGA).  

 

Termoanalyyttisiä menetelmiä on perinteisesti käytetty rasvojen, proteiinien ja tärkkelysten 

faasimuutosten ja ominaislämmön tutkimiseen. DSC:lla on tutkittu mm. rasvojen sulamis- ja 

kiteytymisominaisuuksia, proteiinien denaturoitumista ja tärkkelyksen liisteröitymistä. Uudempi 

termoanalyyttisten menetelmien sovellus on amorfisten materiaalien tutkimus, joka käynnistyi 

1980-luvulla elintarviketutkimuksessa ja -tuotekehityksessä. 

 

Amorfisten materiaalien karakterisoinnissa määritetään materiaalin lasisiirtymälämpötila eri 

vesipitoisuuksilla, jotta saadaan selville, mikä on materiaalin fysikaalinen tila erilaisissa 

säilytysolosuhteissa. Kun tunnetaan materiaalien fysikaalinen tila, materiaalille voidaan määrittää 

kriittinen vesipitoisuus, joka on se vesipitoisuus, joka laskee amorfisen materiaalin 

lasisiirtymälämpötilan siihen lämpötilaan, josta kulloinkin ollaan kiinnostuneita (Roos, 1993). 

Säilyvyyttä tutkittaessa tämä lämpötila on useimmiten huoneen lämpötila. Useille amorfisille 

hiilihydraateille on määritetty kriittinen vesipitoisuus huoneenlämmössä (Jouppila ja Roos, 2008).  

 

Kun materiaalin vesipitoisuus on suurempi kuin kriittinen vesipitoisuus, materiaalin 

lasisiirtymälämpötila on säilytyslämpötilaa matalampi, jolloin molekyylien liikkuvuus 

materiaalissa lisääntyy ja materiaalissa voi tapahtua erilaisia muutoksia. Tällaisia muutoksia ovat 

jauheiden tahmeutuminen ja paakkuuntuminen, amorfisten sokereiden kiteytyminen ja ei-

entsymaattinen ruskistuminen. Näistä muutoksista esimerkiksi amorfisten sokereiden kiteytymisen 

ja ei-entsymaattisen ruskistumisen kinetiikkaa on tutkittu DSC:lla eri lämpötiloissa. Ei-

entsymaattista ruskistumista voidaan tutkia myös termogravimetrisesti, jolloin seurataan 

reaktiotuotteena syntyvän veden sekä muiden haihtuvien komponenttien poistumista näytteestä 

vakiolämpötilassa.  

 

Termoanalyyttisen elintarviketutkimuksen haasteena on löytää uusia sovelluksia perinteisten 

laitteiden sekä uusien menetelmien, kuten TOPEM-DSC:n, hyödyntämiseen.    

 

    
Lähdeluettelo 

 

Jouppila, K. & Roos, Y.H. 2008. Crystallization: measurements, data and prediction. Teoksessa: Food Properties 

Handbook, 2
nd

 Ed. Rahman, M.S. (Ed.). In press.  

 

Roos, Y.H. 1993. Water activity and physical state effects on amorphous food stability, J. Food Process. Preserv. 

16:433ï447. 

TERMOANALYTIIKKA TUO TEKEHITYKSEN TYÖKALU NA  

Kirsi Jouppila 

Helsingin yliopisto, elintarviketeknologian laitos 
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Particle size measurement of raw materials (API and excipients) and intermediate products 

(granules) plays a key role in pharmaceutical development. Particle size information is essential for 

decision-making in process-optimisation trials and often defines important 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 Q6A guideline sets acceptance criteria for the 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 functionality related characteristics. In addition to raw material sizing 

intermediate particle size measurement during processing can often be advantageous enabling in-

line granule growth monitoring e.g. of wet granulation processes.  

 

Various techniques for measuring the particle size distribution of powders exist and the choice of 

method has to be made carefully based on material characteristics and type information required.  

Kelly and Lerke have recently systematically covered the selection criteria of off-line particle 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 will also demonstrate examples of at-line/on-line measurement e.g.  in milling of 

API with laser diffraction. The significant advances in imaging technologies and computing power 

have had an impact on recent developments of new image analysis applications including devices 

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 shape 

determination is shown and how it can support pharmaceutical development with key data. Other 

techniques are also briefly covered including chord length distribution measurements. Emphasis in 

the presentation will be put on the data analysis of particle size information. Multivariate 

techniques provide powerful possibilities to extract relevant information from particle sizing data 

measured with any given technique. 

 

 
References 

[1]  Kelly R.N. and Lerke S.A.. Particle Size Measurement Technique Selection Within Method Development in the 

Pharmaceutical Industry. American Pharmaceutical Review. Nov/Dec 2005. 
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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 modern FT-IR- 

and Raman-technoly 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. Micro-Raman systems give 

possibilities for analysis of small objects with spatial resolution of one micron. Also confocal 

analysis and fast polymorph screening is possible with modern dispersive Raman   systems . FT-IR 

with high throughput reader can effectively be used for fast screening purposes of synthesis 

products. The modern systems are also equipped with advanced software, containing powerful 

chemometric capabilities. Some Bruker Optics FT-IR systems  and practical examples are 

described.  

   ANALYSIS OF PHARMACE UTICAL SAMPLES WITH THE 

HELP OF FT-IR MICROSCOPY, FT -IR IMAGING AND MICRO -

RAMAN  

Matthias Boese
1
, Anders Nilsson

2
 and Timo Tuomi

2
 

1
 Bruker Optik GmbH, D-76275 Ettlingen, Germany,  

 2
 Bruker Optics Scandinavia AB, SE-187 66 Täby, Sweden 
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Introduction  

 

X-ray diffraction is traditional measurement technique in the field of physical pharmacy. Through 

the decades, it has been successfully applied for investigating crystal structures, crystallinity, 

polymorphism and crystallite properties. Moreover, x-ray diffraction is a powerful method in 

qualitative and quantitative analysis. Although the x-ray 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 x-ray diffraction offers a very powerful research tool for pharmaceutical physicists. 

 

Whole Profile Fitting Methods 

 

Various whole profile fitting procedures are increasingly applied when interpreting x-ray powder 

diffractograms. These methods are based on the calculation of the ideal diffractogram of the sample 

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 procedure can be 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 fitting 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) 

and the 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 qualitative and quantitative 

determinations performed with x-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 intensity of some diffraction maxima. Texture of 

pharmaceuticals has been studied only recently, and these studies have been revealed that sample 

texture will not only disturb the data analysis but also affect on the properties of pharmaceuticals. 

Texturized pharmaceutical 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, the x-ray diffraction data can be 

obtained 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]. 

 

NOVEL PHARMACEUTICAL  X-RAY DIFFRACTION METHODS  

Mikko Tenho 

Laboratory of Industrial Physics, University of Turku, FI-20014 Turku, Finland 
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Pair Distribution Funct ion 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 from x-ray 

diffractogram through a Fourier transform. Once 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. 

 

 
References 
[1] Rietveld, H.M., A Profile Refinement Method for Nuclear and Magnetic Structures. J. Appl. Cryst. 2, 65-71 

(1969). 

[2] Stephenson, G.A. et al., Characterization of the solid state: quantitative issues, Adv. Drug Deliv. Rev. 48, 67-

90 (2001). 

[3] Koivisto, M. et al., Correlation between texture and tabletting properties of some pharmaceutical tablets, Z. 

Kristal. Suppl. 23, 563-568 (2006). 

[4] Tenho, M. et al., Effect of texture on the intrinsic dissolution behaviour of acetylsalicylic acid and tolbutamide 

compacts, J. Appl. Cryst. 40, 857-864 (2007). 

[5] Koivisto, M. et al., Depth profiling of compression-induced disorders and polymorphic transition on tablet 

surfaces with grazing incidence X-ray diffraction, Pharm. Res. 23, 813-820 (2006). 

[6] Debnath, S. et al., Use of glancing angle x-ray powder diffractometry to depth-profile phase transformations 
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In 2004 U. S. Food and Drug Administration (FDA) announced Process Analytical Technology 

concept (PAT-Framework for innovative pharmaceutical manufacturing and quality assurance) 

[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 in-process materials and processes, with the goal of ensuring final product quality." European 

Union and national agencies have pronounced their keen on cheaper medicines and better care 

response, too. At same time research and development of more accurate pharmaceutical molecules 

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 and 

Japanese pharmaceutical research has doubled in ten years and in 2004 they were over 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 powder 

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 parameters. To understand the granulation process, we 

should be able to measure these parameters in real-time.  

 

Process parameters may include temperature, relative humidity of air, air flow velocity and air 

pressure, but they do not provide direct information of the granule size or moisture content (Fig. 1). 

However, granule size distribution can be measured by sieving of separate samples gathered from 

granulator and free water content of the sample can be measured by Karl Fischer titration. These 

methods do not meet the PAT ideology of "timely measurements". However, real-time moisture 

estimation is done everyday in other fields of engineering. Electrical impedance measurements are 

used routinely to detect unwanted water content within the structures (walls, buildings etc.). 

 

 

MOISTURE DETECTION O F GRANULATION PROCES SES BY 

ELECTRICAL IMPEDANCE  SPECTROSCOPY (EIS) 
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Figure 1: Two process parameters used for monitoring of granulation process. Relative humidity 

of the outlet air, RHout, can explain up to 54 % and granule bed temperature, T(mass), up to 62 % 

of the variation of the moisture measurement. 

 

 

We have used electrical impedance spectroscopy (EIS) to measure non-invasively water content of 

fluidized bed granulation process in-line (Fig. 2). Electric impedance can be measured by from the 

dielectric response of the material during small alternating current 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. 

 

 

 

Figure 2: Typical granulation process monitored by EIS. Moisture content measured in-line and 

compared to reference method. Dotted line stands for relative granule size. Starting point of the 

drying stage was in 22 minutes and optimal end point at 35 minutes. [3] 
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In first experimental tests we found a good correlation (r = 0.7) between water content and EIS 

method. By using density compensated algorithm during fluidization, the correlation was increased 

up to r = 0.9. In industrial applications fluidization is used periodically during the granulation 

because the filters in the chamber tend to clog up by fluidizing powder. By using EIS between 

fluidization periods, the correlation was increased up to r = 0.98 (Fig. 3). 

 

 

 

Figure 3: Water content of granule bed as a function of parallel capacitance. Data for parallel 

capacitance was 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 have 

developed non-invasive methods to monitor granulation parameters in-line. It is shown that the 

water content of the processed fluidizing bed could be determined by EIS. EIS technique has been 

successfully applied to other fields of industry (e.g. wood industry [4]) and our preliminary results 

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 it 

provides a good tool towards complete process understanding. 
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In this study is introduced a new mathematical formula, which can 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 compression pressure 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 density as a function 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 assume 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 sensitive to the right value 

of the true density.  

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 
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Nanoparticles can be used in diverse biological applications, for example as fluorescent markers in 

vitro and in vivo, for clinical diagnosis and drug delivery
1
. Silica nanoparticles are emerging as a 

promising and versatile alternative to polymer-based counterparts, as they can be produced with a 

tunable particle size and pore structure. Silica particles are biocompatible and chemically inert in a 

wide range of conditions
2
. Furthermore, functionalization of the silica surface is relatively 

straightforward using well-documented methods. This is an essential part of any state-of-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 where the salt concentration is normally high, which puts a limit to the 

possibility of utilizing electrostatic forces as the basis for dispersion stability. Here, we demonstrate 

the successful use of surface modification of nonporous sol-gel derived silica particles based on 

hyperbranching ñdendriticò surface polymerization using aziridine as the poly(ethylene imine) 

precursor. The surface concentration of functional amino groups achievable is much higher than 

normally obtained by surface functionalization by silanization. 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 amine-carboxylate interactions, and thus the presence of amine or carboxylic 

acid functions on the outer particle surface is of special interest. We demonstrate that the outermost 

amino groups of the PEI can be ñconvertedò to carboxylic acid functions or used for conjugation 

reactions as such, thus allowing 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 pH, which is one 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 as SEM and TEM. Due to the exceptionally high affinity 

of streptavidin to its water-soluble 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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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 pressurized hot steam sprayed at a constant pressure of 6 

bar and at a temperature of 160°C inside the boiler (Figure 1). The batch sizes were 200-500 g and 

the processing time was 10-30 min. Special interest was focused on the effect of spraying amount 

of hot steam. The 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 observed that 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 with original sugars, 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 particles during the period between hot steam injection. 

 

Conclusion 

In conclusion, the present hot steam technique is capable of rapid influence on particle surface and 

size characteristics of pharmaceutical sugars. 

 

 
 

Figure 1. A laboratory-scale fluidized bed device equipped with a hot-steam 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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In recent decades, mucosal vaccination has received a great deal of attention as alternative for 

systemic vaccines. Unlike systemic vaccination, mucosal one is non-invasive and does not require 

trained personnel for administration. This would lead to lower cost and better patient compliance. 

Chitosan (polysaccharide obtained by deacetylation of chitin) has been widely used as antigens 

delivery systems 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 nanoparticles. In the present study, biodegradable microparticles formulation for 

mucosal antigen delivery was developed and evaluated based on chitosan. The microparticles were 

prepared by emulsion (water/oil) and solvent evaporation technique, and Bovine Serum Albumin 

(BSA) was used as a model vaccine antigen.  A central composite design was used to optimize 

microparticles preparation. The process parameters evaluated were stirring rate during emulsion 

preparation and amount of surface active agent. Both, unloaded and loaded microspheres were 

evaluated respect size, shape, antigen encapsulation efficiency and release properties. When the 

amount of emulsifier agent or stirring rate increased, microparticles size was lower, being between 

5 and 15 µm.  Inclusion of BSA in the formulation also resulted in microparticles with uniform size 

and shape and low batch-to-batch variation, similar to unload microparticles.  The encapsulation 

efficiency of BSA was 51.3 % ± 1.8. The protein release from microparticles occured during the 

first 20 minutes. In conclusion, microparticles with appropriate characteristics were obtained to be 

used as mucosal vaccine. 
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User-friendly administration 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/silicon materials have 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 intestinal lumen models [1, 2]. These properties are 

realized by housing individual drug molecules in the nanoscale (2-50 nm) pores of the solid carrier, 

thereby enabling the dispersion of drug in its highly active amorphous (but still stable) form after 

ingestion. The absolute in 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 drug has to be considered, also 

taking into account the long-term 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 well as by unfavorable treatment conditions (high 

temperature etc.) of the formulation during production or storage. 

 

In the present study, ATR-FTIR (Fig. 1), HPLC and IMC methods were used for preliminary 

mapping of the reactions between several combinations of mesoporous 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) and silica (MCM-41 and SBA-15). 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, 

beclomethasone 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 can be achieved by avoiding 

these combinations in the processes. 
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Fig. 1. ATR-FTIR liquid phase spectras of pure 

ethanol (EtOH), beclomethasone dipropionate (BDP) 

dissolved in EtOH, and with the mesoporous materials 

(AAPSi, TOPSi, TCPSi, SBA-15 and MCM-41). 

Features indicating incompatibility were detected in 

the BDP/silica spectras at 1240 cm
-1
. 
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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) II drugs meaning that they have poor solubility. There are several compound 

properties which affect the solubility. It is known for example that 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 polymorph to another during solubility determinations is a problematic 

phenomena which is highly compound dependent. The aim of this study was to analyse the 

solubility behavior of the four model compounds in different media and detect the changes on the 

dissolved amount.  

 

The solubility tests were made by the shake flask method at room temperature. As the media was 

used water and aqueous buffer solutions at pH 1,2 and 6,8 (1). The assays were performed after 1h, 

2h, 3h, 4h, 5h, 24h and 30h. The assays were analyzed by the UV-spectrophotometry (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. The highest 

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 time-points. The colour of piroxicam was changed 

during the test indicating polymorphia.  

 

Both the circumstances of the environment (e.g. the pH of the GI 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 physicochemical characterization of 

the drug material in question.  
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The aim of this study was to investigate the applicability of surface pressure measurements, 

Langmuir-Schaefer (LS) deposition 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. The nanoparticles were compressed and the values of surface pressure (ˊ 

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 were electrostatically stabilized by their high surface charge 

(ɕ-potential). When the pH was decreased, the nanoparticles started to aggregate due to the 

lowering of the surface charge, which caused steepness (resistance towards compression) in the ˊ 

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 surfactant-free nanoparticles. This could be seen 

as an earlier increase in the surface pressure during the compression. The surfactant, i.e. steric 

stabilization, protected the nanoparticles against pH-induced aggregation. Increased surface charge 

(ɕ-potential) and, thus, increased repulsion between the surfactant-free 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 not present. With 

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 provided useful and descriptive 

information about the stability and the aggregation mechanisms of the PLA nanoparticles in 

different environments. 
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In the present literature there are only a few papers handling about viscosity of amorphous drugs 

(1-2). The viscosity is one of the most important physical parameter of an amorphous material. The 

viscosity of the glassy material is accounted to be approximately 10
12

 Pas, but it may vary between 

different systems. 

 

In this study the main aim was to compare the effect of preparation method of amorphous sample 

on viscosity and crystallisation tendency upon consecutive shearing. Amorphous samples were 

produced by melting or ethanol (EtOH) evaporation method. Materials used were pure citric acid 

and paracetamol (PARA) or blends of them. Viscosity measurements were measured by controlled 

stress rheometer from the samples. The melt flow activation energy was determined according to 

Arrhenius equation. Material parameters were determined using the Vogel-Tamman-Fulcher 

equation. X-ray powder diffraction was used to confirm physical stability. 

 

The composition of the samples affects the viscosity, the viscosity increases with increasing PARA 

content.  Furthermore, it was found that the melt-processed samples show slightly higher values of 

moduli and viscosity than the corresponding EtOH samples having the same composition. All the 

samples behave as Newtonian liquids. Upon shearing none of the EtOH samples crystallised during 

the measurement, although the melt-processed samples with other compositions than 50% (w/w) 

tended to crystallise. All 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 amorphous sample. 
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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 2-hydroxypropyl-ɓ-cyclodextrin (2-HP-ɓ-CD) was 

determined in acetate buffer (pH 4.5) and in phosphate buffer (pH 7.4). Complexation constant of 

ibuprofen-2-HP-ɓ-CD complex was determined from the phase-solubility diagram and by 

microcalorimetry. Vacuum-dried ibuprofen-2-HP-ɓ-CD complex and physical mixture of ibuprofen 

and 2-HP-ɓ-CD were characterized by differential scanning calorimetry (DSC) and Fourier 

transform infrared spectroscopy (FT-IR). The influence of 2-HP-ɓ-CD on the in vitro permeability 

of ibuprofen was determined in phosphate buffer (pH 7.4) using poly-Ů-caprolactone 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 effect of 2-HP-ɓ-

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

tensiometer.  

 

Results and discussion 

Ionization of ibuprofen (pKa 5.2) strongly affected complexation: complexation with 2-HP-ɓ-CD 

increased solubility of ibuprofen more at pH 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 K1:1 at pH 4.5 was 9124 M
-1
. ȹG values obtained from the 

microcalorimetry were -20.965 kJ*mol
-1
, -19.38 kJ*mol

-1
 and -15.50 kJ*mol

-1
 at pH 3.0; 5.2 and 

7.4, respectively. Change in Gibbs free energy (ȹG) can be used in estimation of spontaneity of 

complexation reaction [1]. Solid-state complexation was confirmed by IR and DSC. The IR spectra 

of ibuprofen exhibited a peak at 1722 cm
-1

. The corresponding peak was not observed in the IR 

spectra of the complex that explains the complex formation. In the DSC thermogram of the 

complex the melting 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 was not able to 

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 in 

formulation development studies during the expensive drug development 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 nozzle which was 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 pressurized air to generate 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 of 

polyvinylpyrrolidone and water. After the 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 atomization voltage 

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 between the variables 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 disturbances like cleaning 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. 
 

 

 

 

 

 
 
 
 
 
 

 

 

 

Figure 1. The nozzle
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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 cost, is the 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 theophylline-excipient 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 included 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. After the granulation process, 

the granules were dried at fixed temperature just above the onset temperature of the dehydration in 

the MMFP, tray drier and x-ray powder diffractometer (XRPD). Before, during and after the drying 

procedure, the granules were examined with near infrared (NIR) and Raman spectroscopy and 

multivariate analysis. The moisture content of the granules was measured with Karl-Fischer 

titrimetry. Because polymorphic changes can be time-dependent, the measurements were repeated 

after one hour and 24 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 structure and 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 state changes on the molecular level. MMFP is a practical tool for understanding 

of solid state changes during drying. 

 

 

 
 

Figure 1. The score plot of the principal component analysis of the SNV corrected NIR spectra (A) 

and loadings (B) of drying process containing granules made of TP. 
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It has been estimated that every third active pharmaceutical ingredient is capable of forming a 

hydrate. Mechanical or thermal stress on a system during pharmaceutical manufacture may induce 

the dehydration of hydrates and alter the physicochemical properties of a solid form. Furthermore, if 

the hydrate form is present in the final product the quantification becomes an important tool in solid 

state investigation. 

 

The aim of the study was to perform quantitative analysis of the solid-state changes during 

dehydration using in situ near infrared (NIR) and Raman spectroscopy combined with partial least 

squares (PLS) regression modeling. 

 

In situ NIR and Raman spectroscopy were used to monitor isothermal dehydration of piroxicam 

(PRX) and carbamazepine (CBZ) hydrates at variable temperatures. Calibration models were 

constructed after qualitative partial least squares discriminant analysis, and using all known forms 

that occur during dehydration at these conditions. PRX monohydrate transformed directly to 

anhydrous PRX form I, whereas the dehydration of CBZ dihydrate (CBZDH) included several 

solid-state forms (amorphous, forms III and I). In this study, PLS regression was performed to 

quantify these forms. Several pre-treatment and scaling methods were trialed. External test set 

validation was utilized to determine the model quality. 

 

The best models were obtained using standard normal variate transformation and mean-centering. 

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, respectively. For CBZ, RMSEP values for the hydrate 

form were 3.9% and 4.0%, for NIR and Raman spectroscopy, respectively. It was demonstrated 

that both NIR and Raman spectroscopy combined with PLS allowed quantitative analysis of the 

dehydration. However, NIR spectroscopy 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 four solid-state forms that appeared upon 

isothermal 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 less 

sensitive to alterations in the structure. 

 

This study demonstrates the utility of two complementary spectroscopic techniques (NIR and 

Raman) combined with PLS regression to perform quantitative analysis of multiple solid-state 

forms during the dehydration. This provides a basis for real time process monitoring during 

pharmaceutical manufacturing. 
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Introduction  

Porous Si and SiO2 microparticles (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 reactions are studied here. 

 

 

 

Figure 1. Schematic presentation of reduction at a PSi surface. 

 

Methods 

MTT and Si/SiO2 microparticles are mixed in a range of pH solutions and the resulting formation 

of purple formazan is monitored spectrometrically. The amount of MTT converted to formazan is 

estimated from UV-vis spectra. Caco-2 cells were used to model the toxicity of the particles for 

oral drug delivery. 

 

Results 

From the measurements, it is clear that PSi particles indeed reduce MTT directly to formazan, 

causing a false non-toxic signal in cell tests. The extent of the reaction is largest for as-anodized 

PSi particles and lower for thermally oxidized and carbonized PSi particles. As expected, SiO2 

particles did not react with MTT, since SiO2 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 and SiO2 particles 

were completely non-reactive. 

 

It is shown that the common toxicity indicator, MTT, will fail to predict the toxicity of 

formulations containing PSi particles. This is due to the spontaneous red/ox reactions where the 

MTT is reduced and the PSi particle surfaces are oxidized simultaneously. It is strongly suggested 

that other forms of toxicity indicators be used with any drug formulation testing involving PSi 

particles. 
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The existing in 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 medium and time consuming sample preparation. There is a clear need for resource-

sparing assays of the dissolution and measurement methods that could monitor fast dissolution on-

line and would enable better simulation of the conditions e.g. in buccal cavity with smaller 

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 hydrochloride). 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 laser 

light transmitted through the dissolution medium was recorded and displayed by the oscilloscope. 

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 curves obtained by a traditional dissolution 

method in the same conditions. The measurement system offers a fast, reproducible and accurate 

on-line monitoring of fast dissolution processes with sampling interval of 0.2 s. However, the 

method is not suitable for drug 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 measuring system used for dissolution rate determination (left) 

and the sample beaker showing the laser beam passing through the sample containing medium 

(right).  
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The most common way to protect moisture-sensitive pharmaceutical powders is to utilize 

protective packaging. However, the most convenient package materials are all permeable to water 

molecules to some extent and limited protection is normally achieved with this arrangement even 

though desiccants are employed. In this study a novel system is introduced that can regulate the 

internal humidity of the containers used with 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 

desiccant bags has been tested in the study, proving the effectiveness of the introduced system 

(Figure 1).  

 

 
 

Figure 1. The mass increase (ȹm) and the internal humidity (RHch) as a function of storage time at 

75% RH for the polycarbonate (PC) chambers containing silicone, polyvinylchloride (PVC) or 

latex desiccant bag loaded with MgCl2 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 are thermally 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 formulations were freeze-dried. Thermal stability, such as cold and hot denaturation, glass 

transition (Tg) or denaturation temperatures (Tm), of formulations was analyzed with DSC. 

Corresponding heat-treatment was applied to dry (160ęC, 18 h) and reconstituted (90ęC, 18 h) 

samples. FT-IR and fluorometry were used to study a protein secondary and tertiary structure, 

respectively. Measurements were performed to dry, and dissolved untreated protein, to dry and 

reconstituted freeze-dried formulations, and to dry and reconstituted heat-treated formulations.  

 

The glass transition temperatures of excipient-protein formulations increased in comparison to the 

Tg of pure sugars. This implies that excipients and protein have formed a continuous matrix (only 

one Tg was detected). Furthermore, this indicates a higher thermal stability of formulations due to 

the slower molecular movement at room temperature. Denaturation temperatures of lysozyme-

solutions were also higher than of the native (Table 1). Mannitol seemed to be the most efficient in 

preventing denaturation (Tm ca. 74,5ęC) whereas Tg of trehalose formulations were the highest (ca. 

129ęC). Regardless of the stabilizing excipients, the supportive methods showed alterations in the 

protein structure levels. Sugar addition itself caused perturbations in the overall shape of secondary 

structure, thus it is difficult to evaluate the impact of changes. Tertiary structures of formulations 

were compared. Freeze-dried excipient containing formulations were more alike with the native 

form than with the pure freeze-dried proteins. 

 

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

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

 

 

Table 1. The effect of excipients on entalphy change (ȹH %) and denaturation temperature change 

(ȹTm) of pure proteins and freeze-dried proteins-excipient formulations. 

 

Formulation 
Measured 

ȹ H (Jg
-1

) 

Calculated 

ȹ H (Jg-
1
) 

ȹ H % (Measured ȹ H/ 

Calculated ȹ H)*100% 
ȹTm (°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 
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The fluidized bed granulation is a complex and multivariate process in nature like any other 

process
1
 and it must be handled in a multivariate way. Until recently granulation has been followed 

by recording separately few process parameters, e.g. in - and outlet air humidity and temperature2. 

Separate parameters give information of the process based on the earlier experiments using the 

same process conditions, and the end-point 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 picture of the 

granulation process and such operating methods, which are ultimately based on users experience, 

do not fit well into the high-quality product manufacturing proposed in FDA's PAT initiative. Thus, 

developing more sophisticated controlling and monitoring systems 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 wetting 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 the sample from the process 

line, and obtaining statistically reliable results could be cumbersome. Near-infrared spectroscopy is 

a capable tool in determining water content during granulation3, but collecting representative 

spectra can be problematic due to the probe 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 model for real-time 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 can 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 were carried out 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 solid-state reaction that can be facilitated by pharmaceutical 

unit operations. The solid-state changes resulting from dehydration are reflected as altered physical 

and chemical properties of pharmaceuticals, with potential effects on their processability, 

dissolution rate 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 channel hydrates, 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 solid 

state of the pharmaceuticals is clearly requested.  

 

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 dihydrate. Based on the multi-technical approach 

(variable-temperature X-ray powder diffraction, differential scanning calorimetry, 

thermogravimetry and hot-stage Raman spectroscopy), solid-state dehydration of the model drug 

was verified. Furthermore, it was demonstrated 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 solid-state dehydration of erythromycin A dihydrate.  
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Pharmaceutical unit operations are well known to facilitate phase transformations of active 

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 the physical phenomena 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 monitoring of phase transitions during these processes. 

X-ray powder diffraction (XRPD) and Raman spectroscopy were used as complementary analytical 

techniques to verify solid-state changes.  

 

The process visualization using optical microscopy revealed that both model drugs undergo a 

solvent-mediated phase transformation that involves dissolution of the initial phase and formation 

of a new solid phase with characteristic morphology. The phase transitions (specifically, baclofen 

anhydrate Ą baclofen monohydrate and erythromycin dihydrate Ą erythromycin dehydrate Ą 

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 physical phenomena taking place during processing of pharmaceuticals, which 

enables better understanding and control of the process.  

IN SITU MONITORING O F PROCESSING-INDUCED PHASE 

TRANSFORMATIONS USIN G OPTICAL MICROSCOPY  

Sabiruddin Mirza
a
, Inna Miroshnyk

a
, Jyrki Heinämäki

a
, Jukka Rantanen

a,b
,  

Jouko Yliruusi
a,b 

a
 Division of Pharmaceutical Technology, University of Helsinki, Finland 

b
 Department of Pharmaceutics and Analytical Chemistry,  

The Danish University of Pharmaceutical Sciences, Denmark 



  41 

Figure 1 Ibuprofen adsorption 

isotherms into TCPSi and TOPSi 

from chloroform solution 

  

 
One of the most promising applications of mesoporous silicon (PSi) is in the field of drug delivery. The 

mesoscale dimensions induce solid-state 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 properties of the drug, a suitable and 

easily controlled method for loading the drug inside the pores has to be chosen. The most common choice is 

adsorption from solution, which provides several controllable parameters, such as solution concentration, 

the choice of solvent 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 molecules to reside inside the pores, the amount 

of drug molecules that crystallize on the outer surface of the porous material has to be minimized, in order to 

avoid erratic and unpredictable behavior of the delivery method.  

  The present study outlines the effects of the solvent and solution concentration on the adsorption of the 

drug into PSi.  Adsorption isotherms with two BCS-II class model drugs, ibuprofen and griseofulvin, were 

determined with various organic solvents. The effect of PSi surface chemistry was obtained by stabilizing 

the porous silicon by thermal carbonization (TCPSi) and thermal oxidation (TOPSi). Employing 

thermoanalytical methods in the drug load characterization, the separation of the actual drug load inside the 

pores from the crystallized surface fraction of the drug was possible. Interactions between the drugs and the 

solvents were characterized with FTIR. 

  The results obtained indicate, that beside the solution concentration, drug-solvent and drug-surface 

interactions have significant 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 seen from Fig. 1, at higher concentrations the 

quickly increasing surface fraction blocks the pore entrances 

resulting in diminishing of the actual drug load. In contrast, 

reaching the maximum drug load required slightly higher 

concentrations of the loading solution when highly polar alcohols 

were used. However, the surface fraction was negligible compared 

to the less polar solvent providing a Langmuir-type isotherm with a 

clear plateau. In the case of ibuprofen, the choice of solvent does 

not affect the actual drug load, as much as it does the surface 

fraction. This can be partly explained by differing tendencies of the 

solvents to cleave the ibuprofen dimeric structure, which can be 

observed in the solution FTIR spectra. Thus, in some cases 

crystallization on the outer surfaces becomes less favorable.   

  Adsorption of griseofulvin was considerably lower, as the 

maximum drug loads obtained were less than half compared to 

ibuprofen. Also notable was the complete lack of surface 

crystallization. Other difference was the greater affinity of 

griseofulvin towards carbonized (TCPSi) surface, which appears to be consistent with the behavior related 

to oxide surfaces, as griseofulvin payloads in mesoporous silica (SiO2) have also remained quite low in 

similar loading tests. Adsorption was also more dependent on the solvent properties. The highest drug loads 

were obtained with solvate-forming solvents, emphasizing the important role of drug-solvent interactions.  

  Through concentration and solvent selection, the adsorption can be optimized to provide maximum drug 

load inside the pores without significant amount of crystallized drug on the outer surfaces. The extent and 

nature of interactions has decisive effect on the outcome of the adsorption, however the outcome seems to 

be situation-specific, making them either beneficial or detrimental. 
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Different methods have been employed to investigate in vitro release from microparticles but so 

far, no standard method has been estabilished.
1
 The aim of this study was to evaluate the effect of 

two in vitro release methods, centrifuge and cell culture inserts in 6-well plates, on the drug release 

profiles of mesoporous silicon microparticles. 

 

Model drugs were ibuprofen and antipyrine that were loaded into the thermally carbonized porous 

silicon (TCPSi) microparticles (<38 µm) as described earlier.
2
 The loading degrees were 

determined by thermogravimetry
3
 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 

suspended in 1.5 ml of phosphate buffered saline (PBS) at pH 7.4 and test tubes were placed in the 

water bath shaker (+37 ęC and 120 rpm). Samples were centrifuged for 2 minutes (13 000 rpm, 

17 000 g) at the pre-determined time intervals, followed by the supernatant collection and 

replacement by fresh PBS. When using 6-well plates, 2 mg particles, 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 µm, membrane area 4.7 cm
2
 and 4x10

6
 pores/cm

2
). 6-well plates were 

placed on the orbital shaker (+37 ęC and 130 rpm) during the study. Drug concentrations were 

analysed with UV-spectrophotometer. 

 

The release rates of ibuprofen and antipyrine were fast when the centrifuge method was used but 

when employing 6-well 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 solution. The polyester 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 membrane. In contrast, drug can be released freely to the buffer 

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

in dissimilar release profiles.  
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Figure 1. Ibuprofen release from TCPSi microparticles: 

centrifuge and 6-well plate method. 
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Reservoir and matrix type tablets are the most commonly used orally administrated sustained 

release preparations. In particular matrix tablets, which are produced by direct compressing 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 determined by in vitro dissolution tests. In 

order to achieve desired in 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 (SA) are modified starches produced 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 from 

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, which affect in vitro drug 

release, have not been performed. Therefore, it should be examined, whether there are interactions 

between drug and starch acetate and how they affect the drug release. Furthermore, it should be 

determined, which are the most important formulation parameters, e.g. porosity or structure of the 

tablet, which have the greatest impact 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 acetate as a 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 one drug compound in order to determine how different 

formulation parameters affect the drug release and which of the parameters are the most important. 

Due to the complex nature of the setup, i.e. large number of formulations and properties of drug 

compounds, multivariate 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 size fraction of the starch acetate, have the strongest 

impact on drug release. The importance of drug property based variables is not as high as 

formulation parameters, but they can not be overlooked. The importance of water solubility and 

solubility rate of the 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 have a strong and 

sufficiently great hydrophobic region that interacts with starch acetate and impairs the drug release. 
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