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Editorial

The School of Life Sciences FHNW - Why Research?
The education system everywhere in Europe is undergoing radical change, and Universities of Applied Sciences are on a par with the classical universities – what does
this mean? Whenever people interested in research arrived at a university in former
times, what they did was basic research. Today, the transition between basic and
application oriented research is gaining ground and numerous points of contact and
co-operation already exist between the universities.
At the School of Life Sciences of the University of Applied Sciences Northwestern
Switzerland (HLS FHNW) all activities can be summarized under the slogan
“Teaching - Research – Enterpreneurship”. Research, in fact, plays a substantial role
as illustrated in this first research booklet! In the current dynamic environment, the
HLS concentrates on its vision of being a competent and reliable institution closely
oriented to the market and providing technologies and new applications for industry.
The study and research areas of the HLS are clearly defined. From the heart of Northwestern Switzerland it acts locally, nationally and in certain fields internationally!
At the same time many players and initiatives from industry, economy and politics
are making everybody aware of the need for a strong Life Sciences region. The HLS is
contributing to these developments! It translates technologies from natural sciences,
engineering sciences, medicine and biology and combines them to generate systematic solutions for and together with practice partners.
At the heart of our research is the health of individuals, patients and the environment.
Important questions range from comprehensive disease diagnostics, new therapy
solutions, effective, specific and cost-efficient therapeutic products up to sustained
industrial production methods! All around us, numerous topics relevant to society
are coming to light and every university needs to address them. Our researchers
focus on the most promising topics! The portfolio and staff of the HLS are ready to
meet the challenges! Special efforts are being made in (bio-)nanotechnology, molecular and bio/analytics, environmental technology (“Clean Technologies”), medicinal/
bioengineering technology as well as pharmatechnology/ industrial pharmacy. Altogether, the research competence available in the institutes of ICB (Chemistry and
Bioanalytics), IEC (Ecopreneurship), IMA (Medical and Analytical Technologies) and
IPT (Pharma Technology) covers a comprehensive spectrum, all under one roof – the
HLS (see appendix).
In addition to specific research topics within the institutes, many projects are realized in the three institute-spanning research focus areas namely “Molecular Technologies” (MT), “Therapeutic Technologies” (TT) and “Environmental Management” (EM).
These areas are simultaneously covered in master study programs and represent a
scientific basis for the specializations.
The basis for successful research at the HLS has been laid, and our researchers carry
it out daily. The HLS thus contributes, now and in the future, to the development of
the region, in line with its goals and standards for practical and applied usage. The
described projects are presented in understandable ways. I hope you enjoy reading
about them!
Gerda Huber
Director, School of Life Sciences FHNW
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Molecular Technologies (MT)
Technologies for the synthesis and analysis of active compounds
and biological systems
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School of Life Sciences

Generation of a genetically-engineered cell line for
Identification of PepT1 Substrates
Here, we report the development of a cell-based functional assay suitable for identification of peptide transporter-1
(PepT1) substrates. The assay is based on measurement of changes in cellular membrane potential via use
of the Fluorescence Imaging Plate Reader Membrane Potential Dye (FMP-dye) technique after exposure to substrates.
René Prétôt, Daniel Konrad, Hugo Albrecht
School of Life Sciences FHNW
Keywords: intestinal oligopeptide transporter, PepT1 substrate, functional transporter assay, oral bioavailability

Introduction
Drug development is a risky business, with many drug candidates failing to reach their therapeutic potential due to poor
bioavailability [1]. The early identification of drug candidates
able to cross the intestinal barrier has the potential to significantly increase the success rate of drug discovery and reduce
the costs associated with testing of inappropriate candidates.
PepT1 is a low-affinity, high-capacity nutrient transporter which
mediates the active transport of di- and tripeptides across the
intestinal wall via a transmembrane electrochemical proton
gradient [2]. In recent years, the role of intestinal oligopeptide
transporters in the active absorption of peptide-like drugs has
been clearly defined. Many orally active drugs currently in clinical use (e.g. β-lactam and cephalosporin antibiotics, ACE inhibitors, renin inhibitors and others) share structural features with
the physiologic substrates of the peptide transport system and
in many cases have been shown to be PepT1 substrates. Therefore, the identification of novel PepT1 substrates at an early stage
of drug discovery projects is of considerable interest because
they are more likely to cross the intestinal barrier. The role of
peptide transporters in the absorption of pharmaceutically relevant drugs can be further explored to better understand their
substrate specificity. Systematic characterization of substrates
will potentially lead to structure-activity relationship (SAR)
data therefore providing information for improved chemical
design [3].
Functional assay development
The aim of this project was to generate an assay that would
enable rapid and accurate identification of putative PepT1 Substrates. Existing methods generally provide only limited information, for example binding assays which monitor inhibition of
tritium labelled Gly-Sar uptake by tested compounds do not predict if a drug is transported by PepT1. Whilst drug uptake into or
across cell mono-layers can be studied with radio-labelled compounds, this is very expensive and in addition requires extensive analytical procedures. The transport of PepT1 substrates
is driven by an electrochemical proton gradient and therefore
coupled to proton symport, which induces depolarisation of the
membrane potential. Such effects can be measured with the
FLIPR Membrane Potential Dye (FMP-Dye; Molecular Devices),
a fluorescence based method which is suitable for the qualitative monitoring of membrane potential changes in kinetic mode
[4]. Here we report for the first time the use of a modified and
accelerated version of the FlpIn System (Invitrogen) to develop
a cell line with stable PepT1 expression. Initially, MDCK cells
with a chromosomally integrated FRT site were prepared. The
resultant MDCK-FlpIn cell line was then subjected to a second
round of selection for stable integration of the human PepT1

cDNA, using Flp mediated site directed recombination. Finally, a
single clone of a MDCK-FlpIn cell line expressing human PepT1
was selected and validated for the profiling of potential PepT1
substrates with the FMP-Dye on a FlexStation3 and a fluorescent imaging plate reader (FLIPR).The assay proved to be robust
and was successfully employed to characterise a batch of 10
known PepT1 substrates. A dose response curve for the model
substrate Gly-Sar is given below (Figure 1).

with more than 500 members in man. The hallmark of proteolysis is the specific binding of the substrate to the substratebinding cleft prior to hydrolysis. The knowledge of substrates
and the respective cutting sites provides structural information
of many peptide motifs, which can be used as starting points
for the synthesis of peptide mimetics as potential inhibitors. In
addition to this, a large number of targets, which are crucial
to signal transduction pathways, depend on protein-protein
interaction. These target classes are predestined to strategies
for identification of antagonists based on rationally designed
peptide mimetics. For most of the above mentioned drug targets it is crucial to achieve good oral bioavailability for selected
drug candidates. Information on active transport by PepT1 can
therefore be of central interest during the optimisation of new
chemical entities directed against such targets.
References:
[1] C.Y. Yang et al. (1999): Intestinal peptide transport systems and oral drug
availability. Pharmaceutical Research, Vol 16(9), 1331.
[2] P.V. Balimane et al. (2007): Peptide transporter substrate identification during permeability screening in drug discovery: Comparison of transfected
MDCK-hPepT1 cells to Caco-2 cells. Arch Pharm Res, Vol 30(4), 507-518.
[3] P.D. Bailey et al. (2006): Affinity prediction for substrates of the peptide
transporter PepT1. Chem. Commun. 323-325.
[4] C. Wolff et al. (2003): Comparative study of membrane potential-sensitive
fluorescent probes and their use in ion channel screening assays. J Biomol
Screen, 8(5). 533-543.

Research Focus Area:
Molecular Technologies (MT)
Institute:
Institute for Chemistry and Bioanalytics (ICB)
Partners and Funding:
bSys GmbH, Witterswil, Switzerland

Figure 1: The stable cell lines were tested for PepT1 activity by exposure to
various concentrations of Gly-Sar, a well established PepT1 substrate. Active
PepT1 mediated Gly-Sar transport is driven by proton symport with subsequent depolaristion of the cellular membrane potential, in the current assay
this activity was monitored using the FMP-dye.

PepT1’s potential for recognition of a diverse array of chemical structures has made this transporter a promising target for
enhancement of drug absorption by directed design. The newly developed functional assay is amenable to high-throughput
screening, enabling the testing of chemical series during lead optimisation campaigns. The assay is cost effective and a throughput of >20,000 compounds per day can easily be achieved on
a FLIPR platform. This could therefore even allow systematic
testing of large compound libraries produced by combinatorial
chemistry approaches.
The assay is most relevant for targets where the design of peptide mimetics is regarded as a promising strategy for the rational
and combinatorial design of potential antagonists and agonists,
respectively. Of particular interest are g-protein coupled receptors (GPCRs) that bind peptidic ligands, such as neuropeptides
(e.g. neurotensins, enkephalins), hormones (e.g. ACTH, angiotensin) and immuno modulators (e.g. anaphylatoxins, chemokines). Furthermore, proteases constitute several target classes
(serine-, cysteine-, metallo-, aspartic- and threonine proteases)

Additional Information:
Structure-activity relationships are applied in medicinal
chemistry to modify the activity of bioactive chemical compounds. Functional cell-based assays play an increasing role
not only for the improvement of target specific properties,
but also for optimisation with regard to absorption, distribution, metabolism, excretion and toxicity (ADME/Tox).
Further validation of existing and novel assays has large
potential to improve the rational design of new drug candidates with desired ADME/Tox profiles including blood-brain
barrier penetration.
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The human brain endothelial cell line hCMEC/D3 as a
blood-brain barrier model for drug transport

Research Focus Area:
Molecular Technologies (MT)
Institute:
Institute for Pharma Technology (IPT)

The human brain endothelial capillary cell line hCMEC/D3 is a novel cell culture based model of the human
blood-brain barrier. This system is used here to characterize pharmaceuticals with respect to cellular permeability
and active drug transport. Furthermore, such in vitro models of cellular barriers are useful tools to develop
and validate drug targeting strategies.

Partner and Funding:
Dept. of Clinical Pharmacology and Toxicology, University
Hospital of Basel, Switzerland; Institut Cochin, Centre National de la Recherche Scientifique UMR 8104, Institut National de la Santé et de la Recherche Médicale (INSERM) U567,
Université René Descartes, Paris, France; F. Hoffmann-La
Roche, Basel, Switzerland.

Jörg Huwylera, Birk Pollera, Claudia Suenderhaufa, Jürgen Dreweb, Stephan Krähenbühlb, Pierre-Olivier Couraudc,
aSchool of Life Sciences FHNW, bUniversity Hospital of Basel, cUniversité René Descartes
Keywords: Blood-brain barrier, permeability, transendothelial transport, P-glycoprotein, drug transporting proteins
Indroduction
The ability or inability of a drug to penetrate into the brain
is a key consideration in drug design [1-3]. Drugs for treating
central nervous system (CNS) disorders need to penetrate the
blood-brain barrier (BBB) [4]. Conversely, non-penetration of
the BBB is desired for peripherally acting drugs to minimize
potential CNS-related side effects. The BBB is composed of
brain capillary endothelial cells (BCEC). In contrast to other
endothelial cells, BCEC are characterized by low passage
rates for small hydrophilic molecules. This low permeability is caused by decreased transcytotic activity and by tight
junctions and adherens junctions that limit paracellular passage. Furthermore, BCEC protect the brain from entry of potentially harmful endogenous and exogenous compounds by
expression of non-specific transporter proteins which pump
small hydrophobic molecules from the brain back into the
blood. The first export pump to be discovered at the BBB was
ABCB1 (formerly P-glycoprotein, P-gp, MDR1) which is expressed at the apical membrane of BCEC where it limits the
entry of drugs, toxic compounds and their metabolites into
the brain [5]. Other ABC transporters are ABCG2 (formerly
breast cancer resistance protein, BCRP) and the family of the
MRPs (multi drug resistance proteins; MRP1 and MRP3-6).
Experimental details
RT-PCR: Total RNA was isolated from confluent cell monolayers. TaqMan analysis was carried out as described [1] on
a 7900HT Sequence Detection System (Applied Biosystems).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
expression was measured to compare expression of the other
genes with the absolute amount of a well known house keeping gene. For absolute quantification, external standard
curves were used. Standards were gene-specific cDNA fragments that cover the TaqMan primer/probe area. mRNA expression of ABC-transporters and GAPDH in hCMEC/D3 cells
is given as log(transcripts / μg RNA).
Transcellular transport experiments: Permeability coefficients (Pe values *10-3 cm/min) were determined for model
compounds with different molecular weight and hydrophilicity [1]. For transport experiments, hCMEC/D3 cells
were seeded on type I collagen precoated polycarbonate
filter inserts. Transport assays were performed 7 to 10 days
after seeding. Permeability coefficients (Pe) of the endothelial
monolayer were calculated according to: 1/PS = 1/me – 1/mf and
Pe = PS/A, where PS is the permeability-surface area product,
A is the surface area of the filter and me and mf are the volumes cleared vs. time corresponding to endothelial cells on
filters and to empty filters, respectively. A similar experimental setup was used for bi-directional transport experiments.

Figure 2: Quantitation of mRNA expression of different ABC-drug efflux
transporters in hCMEC/D3 cells by TaqMan RT-PCR analysis [4].

Figure 1: Transmission microscopy image of a hCMEC/D3 cell monolayer
(left panel). Confocal microscopy analysis of hCMEC/D3 cells demonstrating
claudin-5 immunostaining (right panel) [4].

Results and Outlook
The development of cellular models of the BBB, which allow the prediction of in vitro brain penetration of drugs, has
been a goal for a long time. Recently, the hCMEC/D3 cell line
became available consisting of immortalized brain endothelial cells of human origin (Figure 1). Our team was able to
contribute to the optimization of cell culture conditions and
a further validation of this model system [1]. The hCMEC/
D3 cells express typical endothelial markers such as CD31,
VE-cadherin, and von Willebrand factor. Cells show a stable
normal karyotype, maintain contact-inhibited monolayers in
culture and demonstrate BBB characteristics such as the formation of tight junction proteins and the expression of drug
transporting proteins (Figure 2). Additional experiments
confirmed the expression of several ABC-Transporters by hCMEC/D3 cells. For example, the presence of P-gp and BCRP
was studied by immunostaining and Western Blot analysis
using the murine antibody (mAb) C219 against P-gp and the
mAb BXP-21 against BCRP. We were able to demonstrate that
the hCMEC/D3 cell line can be used as a predictive in vitro
model of the BBB to study the passage of small molecules
through the BBB. Para- and transcellular transport rates of
a series of compounds with different physicochemical properties and molecular weights was investigated in order to
evaluate tightness and discrimination between drugs with
high and low transport rates (Figure 3) including directed
and active transport by the drug transporter P-glycoprotein.
Our results emphasize the usefulness of the hCMEC/D3 cell
line as an in vitro model to study drug transport at the level
of the human blood-brain barrier.

Figure 3: Trans-endothelial permeability of different model compounds of
different molecular weight and hydrophilicity [4].

References:
[1] Poller, P., Gutmann, H, Krähenbühl, S, Weksler, B, Romero, I, Couraud, P, Tuffin, G, Drewe, J and Huwyler, J. (2008): The human brain endothelial cell line
hCMEC/D3 as a human blood-brain barrier model for drug transport studies. J.
Neurochem., 107, 1358-1368.
[2] Bendels, S., Kansy, M, Wagner, B and Huwyler, J. (2008): In silico prediction
of brain and CSF permeation of small molecules using PLS regression models.
Eur. J. Med. Chem, 43, 1581-1592.
[3] Huwyler, J., Drewe, J and Krähenbühl, S. (2008): Tumour targeting using liposomal antineoplastic drugs. Int. J. Nanomed, 3, 21-29.
[4] Huwyler, J., Wu, D and Pardridge, W.M. (1996): Brain drug delivery of small
molecules using immunoliposomes. Proc. Natl. Acad. Sci. U S A, 93, 14164-14169.
[5] Schwab, D., Fischer, H, Tabatabaei, A, Poli, S and Huwyler, J. (2003): Comparison of in vitro P-glycoprotein screening assays: Recommendations for their
use in drug discovery. J. Med. Chem, 46, 1716-1725.

Additional Information
The blood-brain barrier is a cellular barrier in the body, which
limits access of drugs to the central nervous system. Drug
transport can be studied using in vitro models of the bloodbraqin barrier such as the human brain capillary endothelial
cell line hCMEC/D3.
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Development of a cytochrome P450 3A assay for
toxicological assessment of pharmaceuticals in fish cells
During the last ten years, traces of pharmaceuticals have been detected in many environmental samples.
The effects of such compounds on the environment are not well investigated so far. From human data it is known
that pharmaceuticals can change the enzyme activity of CYP3A, one important enzyme for the degradation of
pharmaceuticals. The aim of this project was to develop a high-throughput procedure that allows analyzing
alterations and effects of many chemicals and pharmaceuticals on fish CYP3A activity.
Verena Christen, Daniela Oggier, Karl Fent
School of Life Sciences FHNW
Keywords: Ecotoxicological investigations, effects of pharmaceuticals, CYP3A assay
Indroduction
Cytochrome P450 dependent monooxygenases (CYP) are the key
enzymes in the metabolism of foreign compounds (xenobiotics)
such as pharmaceuticals and chemical compounds. They lead
to detoxification and make compounds more water soluble for
excretion. The CYP3A family is the largest subfamily of CYPs
found in the liver and small intestine of mammals and fish [1, 2].
CYP3A plays an important role in the metabolism of chemicals
and pharmaceuticals. CYP3A was identified in several fish species, e.g. CYP3A27 and CYP3A45 in rainbow trout, CYP3A38 and
CYP3A40 in medaka, CYP3A30 and CYP3A56 in killifish and CYP3A65 in zebrafish Danio rerio [1-3]. As xenobiotics can influence
CYP3A expression and activity, a change in CYP3A expression
pattern could serve as an indicator of exposure of an organism
and provide information on their metabolism. CYP3A enzymes
of mammals and fish exhibit similar catalytic properties, therefore, specific substrates used to determine CYP3A activity used
in humans are supposed to be also specific for CYP3A activity
in fish as well. So far several substrates and their metabolites
have been used to determine CYP3A activity both in mammals
and fish. The most widely used substrates to test CYP3A activity are testosterone and erythromycin (ERND activity). Assays
using these substrates have the disadvantage that they require
time-intensive analytical tools such as HPLC coupled to UV or
MS detection to investigate the metabolites. Assays using 7-benzyloxy-4-trifluoromethylcoumarin (BFC) as a substrate that is
converted into a fluorescent product by the cellular CYP3A enzyme are mostly performed with microsomes as in-vitro assays.
But the isolation of microsomes is a time-intensive procedure
and therefore the screening of different pharmaceuticals at the
same time is not feasible. Thus far, there are no whole-cell based assays in microtiter plates for measuring CYP3A activity
that would be suitable for high-throughput screening of CYP3A
activity.
Cell-based Assay development and characterization
The aim of this study was to develop a versatile high throughput
assay for CYP3A activity in several fish cell lines, using BFC as a
substrate for potential use in studies on pharmaceuticals. In a
first set of experiments, we determined the CYP3A activity in vitro using the human CYP3A substrate BFC [4, 5]. After detaching
the cells from the culture plates, approximately 2.5 million cells
of each fish cell line and of a control human liver cell line were
transferred to a 1.5 ml tube and incubated with BFC for 5 h. BFC
is metabolized by CYP3A to give the highly fluorescent 7-hydroxy-4-trifluoromethylcoumarin that can readily be detected
spectrofluorometrically [4]. After 5 h, the cells were centrifuged,
the supernatant was collected and transferred into a black 96well plate and the plate was read on a spectrophotometer using

an excitation wavelength of 410 nm and an emission wavelength
of 530 nm. For all tested fish cell lines we could demonstrate
that the human CYP3A substrate BFC can also be cleaved by
the fish CYP3A. But with this time intensive protocol treatment
of cells with different drugs at different concentrations at the
same time for monitoring the CYP3A activity is still not feasible. Additionally, the detaching of cells prior to the incubation
with the substrate can induce cellular stress which can alter the
outcome of the experiments. Therefore, we changed the existing
protocol so that the whole procedure can be completely performed on microtiter plates. This is a more efficient experimental
system, which allows processing multiple samples at the same
time. For this procedure, approximately 100,000 cells per well
were seeded in a 96-well plate. After cultivation of the cells for
24 h, they were incubated with the CYP3A substrate directly in
the wells for 5 h and afterwards fluorescence was measured.
Figure 1 shows the basic CYP3A activity in different fish cell lines
and the control human liver cell line (Huh7).

sured fluorescence signals derive from cellular enzyme activity.
As another control experiment to control the functionality of
the CYP3A assay, fish cells were incubated with different concentrations of BFC (10, 20, 30 40 and 50 μM). There was a clear
correlation between BFC product formation and concentration
of BFC substrate. The highest fluorescent signal was measured
with 50 μM BFC. This BFC concentration was used for all the
other experiments. The substrate concentration-dependence
analysis showed sigmoidal kinetics.
To confirm the functionality of CYP3A enzymes in fish cells and
to demonstrate the usefulness of the new CYP3A cellular assay,
we evaluated the induction or inhibition potential of CYP3A enzyme activity by model compounds. For induction experiments,
the fish cell lines PLHC-1, RTG-2 and FHM and the control
Huh7 cells, all grown separately in a 96-well plate, were treated
for 24h with 10, 25 and 50 μM rifampicin before performing
the CYP3A activity assay in the plate. Treatment of Huh7 cells
with rifampicin resulted in an increase in enzyme activity up
to around 250% compared to solvent control cells, treated with
DMSO. The treatment of PLHC1, RTG-2 and FHM with rifampicin also resulted in an induction of CYP3A enzyme activity.
In all three cell lines the induction was up to 150%. The results
for FHM cells are shown in Fig. 2. In addition to the induction
of CYP3A activity, the inhibition of CYP3A activity was evaluated by treatment of PLHC-1 cells and Huh7 cells as control
with the known human CYP3A inhibitor diazepam. PLHC-1 and
Huh7 cells grown in a 96-well plate were treated for 24 h with
diazepam followed by CYP3A activity measurement. The CYP3A
activity in PLHC-1 was inhibited up to 50%, in Huh7, the CYP3A
activity was inhibited to 60-70%.

their ability to change CYP3A mRNA levels.
Another interesting potential of this assay is the comparison of
sensitivities of different fish species to environmental contaminants with regard to CYP3A activity alterations. The next steps
will be the use of this novel assay to screen pharmaceuticals for
their ability to alter CYP3A activity in different fish cell lines.
This screening will help identifying compounds of ecotoxicological interest that subsequently will be further investigated.
References:
[1] Lee SJ.; Buhler DR. (2003): Cloning, tissue distribution, and functional studies
of a new cytochrome P450 3A subfamily member, CYP3A45, from rainbow trout
(Oncorhynchus mykiss) intestinal ceca. Arch Biochem Biophys 412(1):77-89
[2] Nallani SC.; Goodwin B.; Buckley AR.; Buckley DJ.; Desai PB. (2004): Differences in the induction of cytochrome P450 3A4 by taxane anticancer drugs, docetaxel and paclitaxel, assessed employing primary human hepatocytes. Cancer
Chemother Pharmacol 54(3):219-29
[3] Tseng HP.; Hseu TH.; Buhler DR.; Wang WD.; Hu CH. (2005): Constitutive and
xenobiotics-induced expression of a novel CYP3A gene from zebrafish larva. Toxicol Appl Pharmacol 205(3):247-58
[4] Mensah-Osman EJ.; Thomas DG.; Tabb MM.; Larios JM.; Hughes DP.; Giordano TJ.; Lizyness ML.; Rae JM.; Blumberg B.; Hollenberg PF and others. (2007):
Expression levels and activation of a PXR variant are directly related to drug resistance in osteosarcoma cell lines. Cancer 109(5):957-65
[5] Christen V.; Oggier D.; Fent K. (2009): A microtiter-plate based cytochrome
P450 3A activity assay in fish cell lines. Environ Toxicol Chem. in press
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Figure 1: Endogenous CYP3A activity obtained by performing the assay in
96-well plates. CYP3A activity assay performed with the human control cell
line Huh7 and the fish cell lines PLHC-1, FHM, ZFL and RTG-2. Incubation
step was performed directly in wells. Results of three independently performed experiments ±S.D. for each cell line.

To evaluate and validate the newly established CYP3A assay,
different numbers of zebrafish cells (ZFL) were seeded in 96- and
48-well plates. After 24_h of cultivation, the CYP3A activity assay was performed. An increasing conversion of the CYP3A substrate into the fluorescent product was detected with increasing
numbers of cells. This clearly confirms that the detected fluorescence results from enzyme activity of the cells and is not due
to background fluorescence. Additionally, ZFL grown overnight
in a 96-well plate were incubated with CYP3A substrate and
the enzyme reaction was stopped at different time points. There
was a clear correlation between incubation time and amount of
measured fluorescence. This result confirms again that the mea-

Figure 2: Induction of CYP3A-activity by rifampicin in FHM cells. Cells were treated with 10, 25 and 50 µM rifampicin for 24 h followed by CYP3A activity measurement. Shown are mean induction of CYP3A activity of three experiments
± S.D. Difference in enzymatic activity between solvent controls (DMSO) and
rifampicin treated cells was significant for 25 µM (p=0.042) and 50 µM (p=0.009).

Summary and outlook
The overall advantage of this novel assay lies in the fact that the
whole procedure can be performed on microtiter plates. Specifically, (i) different compounds or different concentrations of one
compound can be investigated on one plate at the same time; (ii)
most of the steps can be performed using multi-channel pipettes,
which reduces handling time and minimizes pipeting errors, and
moreover has the potential for adaption for a pipeting roboter;
and (iii) the assay is not expensive compared to existing CYP3A
kits on the market. This assay can be used as a first screening
step in the environmental risk assessment of pharmaceuticals.
With this method, pharmaceuticals or chemicals can be easily screened with regard to their ability to alter CYP3A activity.
Identified compounds can be examined further, for example for

Additional information:
As CYP3A plays an important role in metabolism, alterations
in enzyme activity induced by chemicals or pharmaceuticals
are very critical. These changes in CYP3A activity can be regarded as biomarker for chemical respectively pharmaceutical exposure. Monitoring such changes without performing
in-vivo experiments, is especially important in the context
of the 3 R`s rules, including the following points: reduce the
number of animals being tested, refine the methodology used
and replace the animal models.
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In this project, a method was developed which allows for a rapid and cost effective assay to differentiate between
pure spelt flour from wheat flour and spelt flour contaminated with wheat. We established a new and widely
applicable DNA-analysis procedure - High Resolution Melting (HRM).
Patrick Wehrli, Anna Weston, Ralf Seyfarth, Eric Kübler
School of Life Sciences FHNW
Keywords: soft wheat, spelt, High Resolution Melting, HRM, PCR

Approach and Results
Using HRM, DNA samples can be characterised based on the
dissociation behaviour of the double strand. The dissociation
behaviour is dependent on the DNA sequence. In order to induce the double strand to dissociate into single strands, the
temperature is continuously increased at very small steps
while a fluorescence signal is recorded. This is a challenging
task for the technical equipment and requires sophisticated
measurement instrumentation which can record more data
points per degree and at higher precision than the traditional instrumentation. In addition, fluorescent saturation dyes
have to be used that can only emit a fluorescent signal in the
presence of double stranded DNA but not in the presence of
single stranded DNA. Thus, the fluorescent signal intensity
decreases as the melting process proceeds. Different DNA
double strands have different melting behaviour and thus

give rise to different melting curves each one characteristic
of the type of DNA double strand. In this way it is possible
to differentiate two DNA double strands of 400 base pairs
that differ in only a single base pair. In addition, since the
fluorescent dyes are already present during the amplification
reaction, the PCR process can be followed in real-time.
We started off with the idea that aims at the investigation
of genomic regions that differ between the two corn species
by just one base pair, a so-called single nucleotide polymorphism (SNP). We found a locus at which there are 4 independent SNPs, i.e. soft wheat and spelt have different bases at
these sites. For each SNP, several primer pairs for the amplification by PCR have been designed in such a way that the
SNP falls into the middle third of the amplified region. The
primer pair and SNP that worked best for the High Resolution Melting test were chosen for further development. It is
now possible to differentiate between soft wheat and spelt
on a genetic level in an easy and fast manner.
Usually, the starting material for such analyses is flour. In
order to extract the genomic DNA out of the flour, a commercially available DNA-extraction kit is used. The purified
genomic DNA is then used as template to amplify the region
around the SNP for the High Resolution Melting analysis. In
Figure 1, the different melting curves of the PCR products
from soft wheat and spelt are shown.
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Figure 2: For a more exact quantification of the melting point of the PCR
products, the negative first derivaative is recorded. The maxima define the
melting point. Please note that the melting points of the two PCR products
differ by about 0.5 °C.
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Outlook
In this study, we succeeded in developing a method on the
basis of the High Resolution Melting analysis to differentiate
soft wheat from spelt. The established assay could increase
the product portfolio of food testing companies and can help
to ameliorate the control of the food processing industry with
the ultimate aim to increase the general health of people. Further work will include validation of the method and further
optimisation for robustness and specificity of the assay.

80
Normalised Fluorescence

Introduction
Corn has always belonged to the most important food for
mankind. Even nowadays, corn is the most used nutrition
worldwide. Based on the culture of farming, the wild living
plants were pushed through consecutive breeding and selection processes to form new plants with characteristics that
were more suitable for usage. These breeding activities led to
a genetic development with a high degree of species diversity.
The breeding requirements, however, do not always consist
of characteristics such as better taste or better compatibility.
The breedings were often used mainly to enhance profitability. Therefore, it is fair to pose the question if the often seen
allergic reactions of some people [1] to wheat are a consequence of the one-sided wheat breeding philosophy. Since
persons allergic to wheat usually tolerate spelt much better,
they prefer to buy spelt containing food products. Therefore,
it is of paramount importance to the customers that the purity of the basic product, i.e. spelt, is guaranteed. During the
choice of the corn as well as during the production processes,
one has to prevent any contamination with wheat. Although
contamination of spelt with wheat can occur naturally during
the manufacturing processes, spelt products may also be
diluted with wheat since spelt can be sold at much higher
prices than wheat.
Up to now, it has only been possible to guarantee the purity
of e.g. spelt flour, with preventive measures such as strict
controls at the production places. A laborious biochemical
assay exists (Acid-Polyacrylamide gel electrophoresis) that
detects the ω-gliadin band as wheat specific criteria [2]. However, there are no practical and routinely applicable methods which would allow for the analysis of a possible contamination of corn other than spelt.

The fluorescent signal decreases as the temperature rises
until the melting process is completed. The melting point is
defined as the temperature at which the turning point occurs
in the sigmoidal melting curve. For better illustration and
differentiation of the curves, the negative first derivative is
plotted (Fig 2.) and the temperature at the maximum recorded. In this way, it is well observable that the spelt sample
has a melting temperature which is about 0.5 °C lower than
the melting temperature of the soft wheat sample. This illustrates the differentiation of soft wheat from spelt on a genetic level. Additional experiments using this experimental
setup show that mixtures consisting of soft wheat and spelt
can be quantitatively analysed. This analysis, however, requires an even more exact investigation of the results. There,
a difference curve is plotted. The maximum difference between the two curves is then taken as a measurement of the
relative amounts of the two flours within the mixture.

dF/dT

Establishment of a High Resolution Melting assay for
genetic differentiation of soft wheat from spelt
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Figure 1: The normalised melting curve allows fort he differentiation of
various genotypes. The difference between spelt (orange melting curve) and
soft wheat (red melting curve) is easily identified.
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Kits and Tools for in-vitro Diagnostics
Early, reliable diagnostics make an important contribution to prevention and therapy of diseases. In collaboration
with industry, we develop, in the field of bioanalytics, new test kits and tools that are applied in in-vitro diagnostics.
Daniel Gygax, Peter Spies, Daniela Tobler-Meier
School of Life Sciences FHNW
Keywords: in-vitro diagnostics, immunoassay, IMAPlate 5RC96, miniaturization, oxidative stress, antibody, IVD

Introduction
In-vitro diagnostics is an important factor for the economy.
It comprises instrumentation and reagents for carrying out
medical analyses in biological fluids and tissues outside the
human body. In-vitro diagnostics is not only a cost factor but
also makes important contributions to prevention and therapy of diseases. The driving forces for the progress of biomedicine are a better understanding of diseases on the level of
molecules, miniaturization, automation and computerization
of processes and work flows. All disease relevant molecules,
such as DNA, RNAs, proteins and metabolites, are potential
markers for in-vitro diagnostics. Our research focuses on the
application of the biospecific interaction in complexes between enzyme and substrate, antibody and antigen, receptor
and ligand as well as DNA and protein in all of which one of
the molecules of the complex represents the marker of interest. Therefore, these interactions are the basis for the measurement of pharmacogenomic, diagnostic and prognostic
markers. Furthermore we are involved in the development of
simple and cost effective technical systems as an alternative
to or an extension of laboratory automates or robots.
Marker to determine oxidative stress
Quantitative analytical methods using antibodies are widely
utilized in clinical laboratories. The antibody recognizes and
binds the diagnostic marker. A second antibody coupled to an
enzyme or a conjugate consisting of marker and enzyme allows the direct or indirect measurement of the binding. With
such an assay format or test kit, markers are measured in a
rapid, adequately accurate and cost effective way.
In recent years, we have established an intensive and fruitful research partnership with the Bühlmann Laboratories in
Schönenbuch. One product coming out of this collaboration
is an immunoassay to determine 8-hydroxy-2’-deoxy-guanosine (8-OH-dG) in biological fluids.
8-OH-dG is a reliable marker for the determination of oxidative stress. Molecular oxygen, which we breathe in with air,
is chemically inert and thus harmless for human beings. If,
however, oxygen is activated by the incomplete one-electron
reduction of oxygen, reactive oxygen species (ROS) such as
the superoxide anions are formed (Figure 1) [1]. ROS are able
to damage lipids, proteins and DNA of human cells. DNA mutation is a critical step in carcinogenesis and elevated levels
of oxidative DNA lesions have been observed in various tumors. The presence of 8-OH-dG in DNA may lead to G:C to T:A
transversions. Therefore, the 8-OH-dG can be considered as
a mutagen. It is accepted that the repair products of cellular
DNA, the 8-OH-dG for example, are excreted into urine and
thus detectable by analytical methods [2].
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Figure 1: Network for formation, degradation and activity of reactive oxygen species (ROS)

The development of an immunoassay for in-vitro diagnostics
involves several phases. (1) Design and synthesis of a functionalized 8-OH-dG, which can be coupled to a protein and
which serves as an immunogen. (2) Production of poly- and
monoclonal antibodies. (3) Selection of suitable antibodies
based on their binding performance. (4) Development and validation of an immunoassay (Figure 2).

Figure 2: Competitive immunoassay for the determination of 8-OH-dG in
biological matrices

The specificity of the antibody is one of the most important
characteristics for the successful application of an immunoassay in in-vitro diagnostics. The antibody we selected for
the determination of 8-OH-dG shows a high degree of discrimination, i.e. derivatives or metabolites of 8-OH-dG are not
recognized. The cross reactivity is rather small and consequently the concentration of 8-OH-dG can be determined very
accurately. The excellent specificity profile which is based on
the chemistry of the immunogen and the selection concept of
the antibodies is superior compared to another commercially
available antibody. Therefore, the assay we developed can be
considered as an incremental innovation.
IMAPlate
In a research partnership with NCL New Concept Lab in Möhlin
we investigated the performance of the novel miniaturized
microtiterplate IMAPlate 5RC96, an intelligent multifunctional analytical plate, which is a novel miniaturized device that
can be used instead of a conventional microtiter plate for analytical assays, such as immunoassays. The IMAPlate contains
96 funnel-like channels or reaction units (Figure 3) each 1.1
mm in diameter and 5 mm in length. Each reaction unit has a
volume of 5 µl and can be considered as a microcuvette which
is filled and drained by the capillary effect. During measurement of analyte concentration in the IMAPlate 5RC96 using
a plate reader, the light crosses 5 mm of the sample solution
and the extinction values measured are considerably elevated compared to the conventional plate which contains 100
µl sample solution. Further advantages of IMAPlate 5RC96
are a low consumption of reagents, elevated sensitivity and
shorter reaction times. Moreover, a commercial reader can
be used for data collection after placing the IMAPlate in a
simple measurement adaptor. Our results demonstrate that
IMAPlate 5RC96 is a convenient tool that provides robust
data. This novel device is based on the simple physical principal of capillary effect and can therefore be used for various applications in research and development laboratories.
Easy handling is shown on youtube (http://de.youtube.com/
watch?v=hE_QqPBP1IM).

Figure 3: IMAPlate 5RC96
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Integrated Silicon Nanowire Sensor Platform
for molecular diagnostics
The project aims at developing a new sensor platform for sensitive biomolecule detection. The sensing platform is
based on nanowires, nanometer sized silicon structures which will change their electrical properties upon exposure
to different analytes. The nanowire sensors are intergrated into a CMOS system including microfluidics to
generate a highly integrated sensing platform with what is expected to be a very broad field of possible applications.
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Introduction
Silicon nanowire (SiNW) field-effect transistors (FETs) are a class
of very promising new label-free, semiconductor electronic-based detectors for (bio-) molecules [1]. Establishing a fabrication
scheme compatible with CMOS technology and integrating such
devices with fluid handling systems to test their sensitivity as
e.g. ion sensors represent the major goals of this project. The
devices consist of a nanometer sized (thickness) wire of silicon
produced out of a silicon wafer by technologies known from the
semiconductor industries.These nanowire based sensors change their electrical properties upon exposure to different kinds
of analytes. Integration of these nanowire devices into a CMOS
system in combination with a microfluidic system will lead to
a new kind of miniaturized sensing device with a broad range
of applications.
Sensor platform development
The project can be subdivided into two parts.
1)	The fabrication of the nanowire device and the integration into the CMOS infrastructure (Group Schönenberger,
University of Basel).
Protocols to fabricate Si nanowire in silicon-on-insulator (SOI)
wafers with characterized electrical properties were successfully established permitting a setup for the operation of the
nanowires in liquid environment in the perspective of an ion
sensing experiments as a first example of an application. Effects of geometry and surface oxide have been investigated to
optimize the process.
2)	Development of a reliable method to chemically functionalize SiO2 and Si-H terminated silicon surfaces in a reproducible manner, independently from each other resp.
in the presence of one or the other (Group Pieles, FHNW).
The conversion of silicon-nanowire field-effect transistors into
(bio)chemical sensors is realized by linking specific groups to the
surface of the nanowires [2]. Covalent attachment of a wide range
of organic functional groups to the silicon surface is expected to
be the prerequisite for the fabrication of novel hybrid molecule/
silicon sensors. The surface properties have to be adapted to the
requirements of the distinct experimental setup and the final application. Detecting biomolecules requires a completely different
kind of surface treatment due to the effect of unspecific binding,
than the sensing of ions or the monitoring of the pH value. Another issue is the passivation of surfaces to suppress effects deriving from the silicon or siliconoxide surface itself.
Furthermore, the possibility of a selective surface modification
offers the promise of enhancing the functionality and sensitivity of the devices. Certain monolayer functionalizations can act
as passivating, antiadhesive layers, stabilizing the properties of
the underlying substrate, whereas others can be used to tailor

the functional properties of the sensor. Limiting the binding of
an analyte to the electronically inactive regions of the nanowire
will lead to the significant increase in the device sensitivity.
The controlled formation of dense, highly ordered organic films
on silicon surfaces is required for the proper functionality of
sensing devices [3]. Two principally different methods for the
surface preparation, depending on the terminating groups, have
been investigated shown in (Fig. 1):
1:	Various silanization procedures were tested on the oxidative enhanced SiO2 surface of the silicon waver
2:	Hydrosilylation reactions were tested to functionalize
the H-terminated silicon surface which can be derived
from etching the silicon wafer in hydrofluoric acid

Figure 2 (a) XPS data for hydrogen-terminated silicon surface (Si) or silicon
oxide surface (SiO2) functionalized with perfluoromonochlorosilane (as in
scheme 1); nonfunctionalized Si and SiO2 samples are given for a comparison
(control). Small F1s peak can be seen for Si samples due to residual fluoride ions
from the etching.

of the moisture and thin surface bound water layers on hydrosilylation reactions [4].
Gas-phase silanization with monochlorosilane (Tridecafluoro-1,1,2,2-tetrahydrooctyl dimethylchlorosilane, Gelest) and
the thermal hydrosilylation with perfluorodecene (1H,1H,2HPerfluoro-1-decene, Aldrich) turned out to be suitable for the
preparation of monolayers, discriminating between silicon and
silicon oxide surfaces.
The successful functionalization generates a significant increase
in the contact angle (> 100˚), which can be observed for silicon
oxide samples treated with chlorosilane (reaction on the scheme 1
in fig. 1), but not for silicon samples, as well as for silicon samples
treated with perfluorodecene (reaction on scheme 2 in fig. 1), but
not for silicon oxide samples, respectively. The data obtained
have been verified by XPS measurements to confirm the successful proceeding of the functionalization processes (Fig. 2).
In the case of surface functionalization with monochlorosilane,
an F1s signal of 6 to 7% intensity was observed for silicon oxide
samples, and ≤ 2% for silicon samples (Fig. 2a). Functionalization
with perfluorodecene led to an F1s signal of 12 to 13% for silicon
samples, and ≤ 1% for silicon oxide samples (Fig. 2b).
Outlook
The next step and significant milestone will involve the spatial
resolved modification of the silicon nanowire surfaces instead
of flat silicon wafer surfaces. A second challenge is to develop
reproducible and high-throughput fabrication methods that can
produce practically identical nanowire sensors, allowing multiplexed measurements in parallel.

Scheme 1
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Figure 2 (b) XPS data for hydrogen-terminated silicon surface (Si) or silicon
oxide surface (SiO2) functionalized with perfluoroalkene at 170˚C (as in scheme
2); nonfunctionalized Si and SiO2 samples are given for a comparison

Lieber, Science 313, 1100 (2006); M. C. McAlpine, H. Ahmad, D.Wang, and J. R.
Heath, Nature Materials, 6, 379 (2007).
[2] D.Keller, Nano Field Effect Transistors as basic building blocks for sensing,
PhD Thesis, University of Basel (2008); O. Knopfmacher, Development of SOI-

Figure 1. Functionalization of silicon oxide surface with monochlorosilane
(scheme 1) and silicon surface with alkene (scheme 2).

Silanisation of the siliconoxide surface is maintained following
standard protocols known from the gas phase silanization of
silicon wafers described elsewere. In the current, setup monochloro-dimethylsilane-derivatives have been utilized in order
to achieve a functional monolayer with an ordered structure.
Using the standard triethoxy silanes would lead to a polymeric
highly disordered three dimensional structure which cannot be
used in the present experimental setup. It would lead to a loss
of sensitivity and to unreproducible results. Therefore a high
degree of control over the layer structure is crucial.
In the case of the hydrosilylation reaction, a different synthetic
regime has been followed as outlined in fig.2. An alkenyl terminated hydrocarbon compound is used to modify the hydrogen terminated silicon surface by a thermally induced process leading to a
highly ordered monolayer of the hydrocarbon on the surface.
To follow the functionalization process on the silicon surfaces,
mainly contact angle measurements were performed. Although
water contact angle measurements alone are not sufficient to de

termine the precise organization of the resulting monolayer, it
remains an easy and rapid tool to check the fidelity of the surface
chemistry applied. Perfluorinated compounds were primarily
used to create super hydrophobic surfaces, which can be easily detected by an increase to significantly higher water contact
angles (> 95˚) compared to unmodified bare silicon surfaces. To
further investigate the chemical composition of the surface layer,
XPS (X-Ray Photoelectron spectroscopy) methods have been applied, allowing the determination of the chemical environment of
the surface bound molecules and to determine the binding status
of the atoms. This very sensitive technique allows the quantification of the functional groups of the surface layer. In the graphs shown below, XPS measurements confirmed the presence of
Fluorine in the surface due to the successful functionalisation of
the surface with hydrofluorocarbons. In the future the TOFSIMS
technology newly aquired at the HLS will be also applied to determine the composition of the surface layer. The measuring principle is based on an ablation process, followed by the mass spectral
analysis of the molecular fragments generated. The information
which can be derived from the mass spectra gives insight into the
chemical structure of the functionalized surface.
Preliminary results have shown that, due to the fast oxidation of
the etched samples, it is difficult to achieve the selective functionalization of either hydrogen-terminated silicon or silicon
oxide surfaces. Hence, improved procedures have to reduce the
possibility of silicon reoxidation as well as limit the influence
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Applications of Nanoparticles to Water Splitting
The project aims at development of a catalytic water splitting system to generate Hydrogen. The convenient FSP
(Flame Spray Pyrolysis) technology is utilized to synthesize Titaniumoxide/Ironoxide mixed nanoparticles, which act as
a catalytic core when decorated with dye sensitizers based on Ruthenium complexes upon irradiation with visible light.
The electrochemical reactions are comparable to the photocatalytic reactions known from the Grätzel Solar cells.
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Introduction
Sustainable energy production will be one of the most challenging problems in the future, when available gas and oil
resources decrease. Hydrogen is expected to become the new
renewable energy source. At present, however, hydrogen is still
being produced from energy consuming processes requiring
non renewable energy. Therefore alternative routes to the production of hydrogen are mandatory.
An efficient sunlight-driven, water-splitting photocell requires
major innovation in electrode design. A significant problem
to overcome are gas evolution potentials, particularly at the
anode where oxygen is evolved. Attention is given to the nanofunctionalisation of metal and metal oxide photoanodes by
water activating metal catalysts. Oxygen evolution occurs in
photosynthesis at a multi-manganese site and catalyst design
will be, in part, inspired by the design at which Nature has
arrived for this reaction.
The water splitting reaction at pH 7 is the key to a renewable
hydrogen economy based upon the generation of hydrogen
from an essentially infinite renewable resource (water):
H2O H2 + ½ O2 (∆Ecell = 1.23 V)
The water splitting by electolysis can be made an environmentally benign process if the ultimate source of the energy to drive
the reaction is sunlight. A low efficiency process might involve
the transformation of sunlight to electrical energy using photovoltaic cells and subsequent electrolysis of water using a conventional electrochemical cell where the evolution of oxygen
and hydrogen occurs at the anode and cathode respectively.
However, much greater efficiencies in the conversion of sunlight energy into both electricity and hydrogen can be expected
by developing systems capable of the direct photoelectrolysis
of water. In fact, this is currently possible by using a TiO2 photoelectrode for oxygen generation and a platinum electrode
for hydrogen generation. There are, however, a number of thermodynamic issues. A single photon system requires a light energy of > 3.0 eV and thus only light below 420 nm in the solar
spectrum is utilized. For a single photon system at least twice
the apparent energy of the photon is required since two electrons have to be transferred per water molecule according to
half-cell redox reactions:
Anode: H2O  ½O2 + 2 H+ + 2 eCathode: 2 H2O + 2 e-  H2 + 2 OHTo make use of the visible part of the spectrum, it is essential
to develop a two photon system. Effort in this direction has
resulted in the proposal of tandem cells in which a large band
gap semiconductor is used for O2 evolution coupled with dyesensitized solar cells and an H2-evolving cathode. Iron oxides
are attractive as photoanodes as the material is cheap, benign
and has suitable band gaps. Grätzel has recently demonstra-

ted oxygen evolution at various Fe2O3 nanostructured devices
[1]. In particular, he has demonstrated that cobalt decorated
Fe2O3 films on SnO2 substrates are efficient for the photogeneration of oxygen.
The emphasis of the project ANWASP (Applications of Nanoparticles to Water Splitting) is the oxygen evolving side of the
tandem cell. We are evaluating new nanostructured materials
combining the photoelectrochemical properties of Fe2O3 with
ease of synthesis and a customisable modification of properties. The industrial partner HeiQ Materials has well-developed
flame spray pyrolysis (FSP) methodologies for the preparation
of various metal oxide or mixed metal/metal oxide nanoparticles. The focus of the project is the development of new Titaniumdioxide/Ironoxide composite nanoparticulate materials which will be utilized as active core in the catalytic water
splitting reaction. To gain photocatalytic activity the particles
have to be decorated with dye sensitizers to absorb light in the
desired wavelength range.
In terms of the stability of nanostructured surfaces, there are
significant advantages in using nanostructured systems assembled in a modular manner. There has been no systematic
investigation of mixed metal oxide nanoparticles as components in tandem cells. We propose the evaluation of (i) mixtures
of Fe2O3 and SnO2 or TiO2 nanoparticles and (ii) mixed metal
Fe-Sn, Fe-Sn-Co, Fe-Ti, Fe-Ti-Co nanoparticles or (iii) dye-modified nanoparticles of type 1 or 2 as photoanodes for oxygen
evolution fabricated using conventional dye-sensitized solar
cell methods. Nanoparticles will be prepared using FSP or IM
methods and dye-functionalization will build upon molecular
components and methodologies developed in the UB group.
The various hierarchical levels of structure to be prepared and
investigated are presented in Figure 1.
Flame spray pyrolysis (FSP) is a versatile technology for the
production of nanoscale particles. FSP has been demonstrated
on the lab scale as being capable of making a wide range of material compositions such as mixed metal oxides [2, 3].
FSP involves the combustion of a liquid spray to generate a high
temperature flame ideal for material synthesis (Figure 2).
The main component of the liquid solution is a flammable organic solvent that serves two purposes, namely supplying combustion energy to the system and as a solvent medium for delivering metal-organic precursor compounds to the flame system.
Upon entering the high temperature flame, the solvent droplets
rapidly evaporate and combust while the precursor compounds
are dispersed into the gaseous environment where they decompose and oxidize to form discrete metal-oxide monomers.
Nanoparticle growth proceeds from this monomer nucleation
step via a coagulation growth mechanism followed by sintering
and aggregation as the flame cools.

(a)

(b)

(c)

(d)

Figure 1. Hierarchical structure in increasing degree of complexity. All
structures relate to films prepared using conventional paste/thermolysis or
pressing treatment. (a) Mixtures of photoactive and redox active nanoparticles (b) Mixtures of photoactive and redox active nanoparticles with one
component further functionalised with a dye or additional redox component. (c) Surface functionalised mixed metal oxide nanoparticles – magnetically dilute or domain segregated and (d) nanostructured nanoparticles
with onion shell structures bearing sequentially iron oxide and functionalisation on a SnO2 or TiO2 core.
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Figure 3: Electronmicroscopy micrograph of the mixed oxide particles
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Figure 2. Simplified diagram showing key steps in synthesis of materials
using FSP.

Results and Outlook
In the frame of the CTI project, the FSP (flame spray pyrolysis)
apparatus could be installed and started as described in the
project application. The general synthetic processes and the
flame geometry could be optimized. A new nozzle design was
developed and recently tested. The new geometry led to a major increase in the reproducibility of the synthetic processes.
The synthetic parameters were optimized using Titaniumoxide materials. For the synthesis of the Titaniumoxide/Ironoxide materials, suitable precursors could be identified and
successfully tested. They turned out to be fully compatible
with the standard conditions of the flame synthesis process.
First mixed-oxide materials could be synthesized and have
been fully characterised by all means: XRD, LD,PCS, BET and
other methods (Fig.3).
XRD revealed that the ratio between the two polymorphic
forms of Titaniumoxide Rutil vs Anatase has to be optimized
further. This is crucial for an optimized catalytic effect. The
material obtained already showed very promising optical
properties over a wide wavelength range. Gram quantities of
the materials could be synthesized with the lab scale reactor.
First experiments in a test “solar cell” already showed catalytic activity, which is very promising and shows that the materials exhibit the desired properties, which will certainly
have to be further optimized. A new synthetic route for the
synthesis of the ruthenium complex precursor (phosphorous ester form) has been developed and 5 gr of the material
could be obtained in pure form. A new one-step procedure
based on the ester of the phosphorous ligand has been developed to immobilize and graft the complex precursor on the
oxide particles. This method utilizes a heat activated process
and can be followed by thermo gravimetry measurements,

where the release of the alcohol groups from the esters in
course of the coupling reaction can be clearly monitored. The
successful immobilisation was proven by a colorimetric test
followed by the thermal measurements as described above.
In parallel a method to hydrolyse the ester has been developed allowing the coupling of the ligand to the surface by
much milder conditions.
The next steps planned are the formation of the final ruthenium complex on the particles and the full characterisation of the particle complex materials. First tests with these
new materials in a test setup will be performed. New mixed
oxides will be synthesised and the FSP parameters further
optimized with respect to the Rutil/Anatase ratio and the
particle morphologies.
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Nanoparticles belong to the class of nanomaterials. Particles
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Degradation of phenolic endocrine disruptors to improve
biological wastewater treatment
The metabolism of endocrine-disrupting compounds like bisphenol A or nonylphenol in Sphingomonads is based on
reactions at uncommon positions of the respective molecules. Identifying the enzymes responsible for these reactions
can help to develop novel strategies to eliminate these compounds and open new perspectives for the hemisynthetic
production of intermediates of fine chemicals.
Boris Kolvenbacha, Philippe Corvinia, Marie Christine Müller a, Fréderic Gabrielb, Hans-Peter Kohler b
a School of Life Sciences FHNW; bEAWAG
Keywords: biodegradation, endocrine disruptors, ring-cleavage
Introduction
Endocrine disruptors are exogenous substances mimicking
hormones and affecting the endocrine system of organisms.
Like hormones, they are influencing physiologic functions at
low concentrations. 4-[2-(4-hydroxyphenyl)propan-2-yl]phenol, commonly known as bisphenol A, is one of the highestvolume organic chemicals produced worldwide. Bisphenol A
is used mainly as a monomer to produce polycarbonate plastics, which are widely used for linings of food and beverage
packaging and other extensively used consumer products.
Bisphenol A has been shown to leach from these products
over time, finding its way into the food chain. Studies have
proven to affect the reproductive systems of animals and to
disrupt cell functions. Therefore BPA has been included in
the list of chemicals affecting the endocrine system. It causes
effects already at concentrations found in the environment
[1,2]. Nonylphenol is also an endocrine disruptor, which is a
degradation product of surfactants that are widely used in industrial detergents. Due to health concerns, these surfactants
have been banned in the EU in 2003, yet nonylphenol can still
be found in river waters at concentrations of 4.1 μg/L [2]. Although both bisphenol A and nonylphenol appear to be biodegradable in wastewater treatment plants, the conditions for
biodegradation in these plants are not always sufficient, thus
novel approaches for the elimination are urgently needed.
Sphingomonas sp. strain TTNP3 is a gram-negative bacterium isolated from sewage sludge. It is known to degrade endocrine disrupting chemicals such as bisphenol A and several branched nonylphenol isomers [3]. The mechanism for the
first degradation step of these substances is an ipso-substitution (Figure 1), which introduces a hydroxyl group into the
benzene moiety at the position of the leaving side-chain.

+ O2 , NADPH, FAD

ipso-hydroxylation

rearomatization

Figure 1: Degradation pathway for a branched nonylphenol isomer with
a quaternary α-carbon atom (marked with *) in Sphingomonas sp. strain
TTNP3. 1, the nonylphenol isomer 4-(1-ethyl-1,2-dimethylpentyl)phenol; 2,
quinol intermediate; 3, hydroquinone; 4, 3,5-heptan-3-ol

This substitution reaction results in the formation of hydroquinone, whose further degradation is focused on in this study as part of a project in cooperation with the EAWAG. In the
frame of this project, funded by the Swiss National Science
Foundation, the enzyme(s) responsible for the further degra-

dation of hydroquinone have to be identified and characterized. On the one hand, isolating and cloning these enzymes
will contribute to a better understanding of the degradation
of these pollutants. This can set the pavement for the development of new applications in the field of environmental
biotechnology aiming at the elimination of such micropollutants. On the other hand, the enzymes are potentially useful
biocatalysts for the regioselective hydroxylation of phenolic
derivates, which is difficult to achieve by means of chemical
methods. The products can be valuable intermediates in the
synthesis of pharmaceuticals and fine and agricultural chemicals.
Two alternative pathways are known for the bacterial degradation of hydroquinone (Figure 2).

two methodologies simultaneously, progress in one field can
contribute to work in the other field. Attempts are made to
identify genes encoding for enzymes responsible for reactions in the hydroquinone metabolism.
Detection and characterization of the enzyme
activity(ies)
As a biochemical approach, experiments are carried out incubating resting cells and acellular extracts of Sphingomonas sp. strain TTNP3 with 14C-labelled hydroquinone. This
radiolabelling technique allows detecting the intermediates
of degradation. Consequently, radioanalytical methods such
as liquid scintillation counting coupled to liquid chromatography-mass spectrometry are implemented complementarily to classic gas chromatography mass spectrometry in order to identify the metabolites occurring in the degradation
pathway. In degradation experiments with resting cells and
hydroquinone, we could already identify the metabolites maleylacetic acid, β-ketoadipic acid, and succinic acid by means
of GC-MS. Other metabolites have been detected by HPLC coupled to a radiodetector, but have not been identified yet. Until
now neither γ-hydroxymuconic-semialdehyde nor 1,2,4-trihydroxybenzene could be detected. It is hypothesized that the
formation of either one of these substances in Sphingomonas
sp. strain TTNP3 is a rate-limiting step in the degradation
process so that no accumulation occurs.
Therefore, the current strategy is to investigate whether the
degradation activity, which is constitutively present in TTNP3,
can be modulated by induction, to produce a metabolite pattern that points towards one of the two possible ring cleavage
mechanisms (Fig. 2).

known function. A first set of fosmid library clones has been
prepared and is currently screened for hydroquinone degrading clones. Transposon mutants have been also generated,
yet none have been found so far that have lost the ability to
degrade hydroquinone.
Conclusion
Elucidating the degradation pathway for endocrine disruptors in Sphingomonas sp. strain TTNP3 can contribute to
optimally use this strain in wastewater treatment processes,
such as bioaugmentation of bioreactors.
The identification of the gene sequences responsible for hydroquinone degradation will facilitate cloning strategies to produce bulk amounts of the corresponding enzymes for purification and subsequent characterization of the biocatalysts. The
characterization of the hydroquinone degrading enzyme will
include a screening with various substrates to evaluate the
potential of this enzyme for biotechnological applications.
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Figure 2: Bacterial pathway for hydroquinone degradation. 1,
hydroquinone; 2, 1,2,4-trihydroxybenzene; 3, γ-hydroxymuconicsemialdehyde; 4, maleylacetic acid; 5, -ketoadipic acid

One involves the oxidation of hydroquinone to 1,2,4-trihydroxybenzene [4], which serves as the substrate for ring-cleavage
by an intradiol dioxygenase that attacks at the ortho position resulting in the formation maleylacetic acid. The second
pathway leads to direct ring-cleavage with hydroquinone
as substrate by oxidation at the metaposition, which is catalyzed by an extradiol dioxygenase. The resulting intermediate γ-hydroxymuconic-semialdehyde is further oxidized to
maleylacetic acid [5]. In both pathways, maleylacetic acid is
eventually reduced to β-ketoadipic acid, which is then metabolized via a pathway common to many bacteria. The two
classes of enzymes that can be involved in the two proposed
pathways, extradiol and intradiol dioxygenases, represent
two evolutionary distinct classes of enzymes. Extradiol dioxygenases are more versatile, as they usually cleave a wider
variety of substrates and are also involved in a wider variety
of metabolic pathways, including those degrading non-aromatic compounds [6].
The approach to elucidate the hydroquinone pathway of
Sphingomonas sp. strain TTNP3 involves both methods from
biochemistry and molecular biology. By this strategy of using

Screening of Tn5 mutants and fosmid library for the
identification of encoding genes
To locate and characterize the genes, two techniques are used:
the generation of transposon mutants and the building of a
genomic library of Sphingomonas sp. strain TTNP3. In the
frame of a cooperation with the Institute of Microbiology at
Cornell University (Ithaca, USA), a training period at the laboratory of Prof. Hay was used to acquire the know-how for the
implementation of these techniques at the FHNW. We thus
produced transposon mutants of Sphingomonas sp. strain
TTNP3 by randomly inserting transposons into its genome,
causing gene disruptions in random positions. The mutants
are now screened for the lack of ability to degrade hydroquinone. We also set up a genomic library using fosmids that
contain large random fragments of TTNP3 DNA. The corresponding phenotypic characteristics are transferred to nonhydroquinone-degrading strains, which are then screened for
the ability to degrade hydroquinone. In the former approach,
we examine the DNA sequence surrounding the transposon,
whereas in the latter one, we analyze the DNA sequence introduced into the clone. In either way, we should obtain a DNA
sequence which can be compared to similar sequences with
known functions in DNA databases. We prepared a first library of fosmid clones which is currently screened for hydroquinone degradation activity. We also generated transposon
mutants, yet none have been found so far to have lost the ability to degrade hydroquinone. In the former case, the DNA sequence surrounding the transposon is examined. In the latter
one, the DNA sequence introduced into the clone will be analysed. Either way, a DNA sequence should be obtained that
can be compared to databases to find similar sequences of
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Key Performance Indicators for Chemical Plants
Knowledge of the adiabatic temperature rise can improve safety in chemical processes in cases of cooling failure.
This study shows, firstly, how the temperature rise can be calculated online according to a mass and energy
balance and, secondly, that the required accuracy of the desired values can only be attained by having additional
temperature sensors.

Pilot plant and control system
The R 340 pilot pant consists of a 400-litre steel enamel reactor
with an impeller stirrer, DN 150 packing rectification column,
condenser with inert cooling media, several tanks and dosing
systems (Fig. 1).

dilution of sulphuric acid and subsequently the neutralisation with aqueous sodium hydroxide) showed results similar to
those from the experiment with methanol. The energy produced
by the dilution and by the neutralisation reaction showed reasonably satisfactory values if the total deviation of the energy
balance already mentioned was taken into account.

Men F. Barblan, Daniel Mollet
School of Life Sciences FHNW
Keywords: thermal process safety, adiabatic temperature rise, accumulated energy, online energy and mass balance

Introduction
Chemical plants are often controlled by process control systems
which register a lot of information and values. However, only a
part of this data is needed directly for process control. From
the already available data, the key performance indicators are
calculated automatically on the basis of process models, without making additional work for the operator [1]. The concept
of the key performance indicators was first used in the project
“Lean Maintenance”, carried out with industrial partners and the
Confederation’s innovation promotion agency (CTI). In this CTIproject, the slow fouling of the wall of a chemical reactor used
for vitamin A production was predicted by calculation from the
heat transfer coefficient. (CTI-project 4301.1)
Improvement of process safety for exothermal reactions
The aim of this project is the improvement of process safety for
exothermal reactions. If the cooling system of the reactor breaks
down during exothermic reactions, a runaway of the chemical
reaction is likely [2]. Depending on the chemical substance, this
temperature rise can initiate a thermal decomposition and lead
to an explosion of the reactor. The potential of chemical reactions is characterized by the adiabatic temperature rise ΔTad
(complete conversion under adiabatic conditions).
To avoid a runaway, chemical processes are performed according to the semi-batch procedure, which means that for a bimolecular reaction only one reactant A and solvent are fed into
the reactor while the second reactant B is added slowly. In the
case of cooling failure, the addition of reactant B is stopped
automatically by the control system. Thus only those reactants
already added can react completely and the heat production and
the temperature rise are limited.
The semi-batch procedure is satisfactory for fast reactions. In
the case of a slow reaction, however, there might be a lot of nonreacted, accumulated reactant B depending on the ratio of the
feed rate to the reaction rate. If the cooling system or the stirrer breaks down, these accumulated reactants react completely
and can, in the case of exothermal reaction, lead to a dangerous
temperature rise (=ΔTad,acc).
Limiting the accumulation of reactants and the
temperature rise
There are three ways of limiting the accumulation of the reactants and therefore of keeping the temperature rise at an
acceptable value:
1) Reducing the feed rate (the process takes longer)
2) Diluting with solvent (reduces the production amount)
3)	Setting feed rate according to the possible adiabatic temperature rise ΔTad, acc and the accumulation of the reactants, respectively

Calculation of the accumulated energy and the
resulting adiabatic temperature rise
For the best option 3, you need to know what adiabatic temperature rise ΔTad,acc is currently possible. This can be calculated
once the accumulation of the reactants has been determined
from the energy and mass balance:
Figure 2: Time-dependent behaviour of the energies Q: (Qtot = Qr )
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Energy balance for the calculation of the actual heat
release rate qr:
The heat release rate due to the reaction qr is calculated from
the individual energy flows by means of an energy balance (see
details below). Similarly, the individual energies and the total
energy produced by reaction Qr can be calculated by integration of the individual energy flows. In contrast to the usual
procedure in reaction calorimetry [3], the energy losses cannot
be compensated by calibration heating but must be calculated
individually. The mathematical formulas for the calculation of
the individual energy flows and for the accumulation of energy
from the electronic sensors are not given in detail.
Input = Output + Accumulation + Loss
Input: qr (heat release rate due to reaction), qdos (energy flow by
mass feed of B), qstir (energy flow due to stirrer)
Output: qhm (energy flow through the heating/cooling jacket),
qwt (energy flow by condenser), qkond (energy flow by distillate
taken off)
Energy accumulation in: qrm (reaction mass), qre (reactor jacket,
cover and frame), qe (reactor inserts), qK (column and packing,
condenser, piping), qhm,M (heating / cooling media)
Energy losses through convection and radiation:
qab re (reactor jacket, cover and frame; partly non-isolated)
qab K (column and packing), condenser; partly non-isolated)
qab L (tubing / piping and fittings; partly non-isolated)
qab wt (condenser non-isolated)

T
T
T
T
T
T
T
T
Figure
T 1: Pilot plant device R 340 with 400 L steel enamel reactor
T
ForTthis project, several temperature sensors, a mass flow meter
for the heating/cooling device and a rotary flow meter for the
condenser cooling media were installed additionally.
As process control system, the Freelance from ABB was used. The
implementation of the process models and the calculation of the
heat released and the ΔTad,acc from the values of the electronic
sensors were carried out with the Labview-System [4]. Additionally, several temperature-dependent values for the heating/
cooling media and the condenser cooling media were required.
The values indicated were registered in a selectable time cycle
and the power and energy of each term subsequently calculated online. The automatic setting of the feed rate of the second
reactant B according to the possible adiabatic temperature rise
ΔTad,acc has not yet been realised.

Conclusion
To avoid a runaway of chemical process, they are performed
according to the semi-batch procedure. In the case of cooling
failure, the addition of the second reactant is stopped immediately by the control system. Nevertheless, in a slow reaction
there might be a sufficient amount of non-reacted, accumulated
reactant to lead to a dangerous temperature rise.
This adiabatic temperature rise can be calculated online once
the energy and mass balance has been determined using process
models. The addition of the second reactant can take place in
such a way that even in the case of cooling failure, the resulting
temperature rise is limited to a safe value. The performed experiments showed that the acceptable accuracy has not yet been
attained and that the pilot plant must be equipped with additional temperature sensors and an improved process model for
the heating/cooling jacket. To reduce the drift, additional terms
in the process model for energy losses are needed.
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Experimental work and results
To use the adiabatic temperature rise ΔTad,acc - calculated online
- for the control of the feed system, an adequate degree of accuracy is required. Estimations show that the energy produced by
the reaction Qr must be measured with a maximum deviation of
1600 kJ, since ΔTad,acc should have an accuracy of ± 1 K (= ± 1 %
from ΔTad = 100 K). To verify the accuracy of the energy balance, the reactor was filled with solvent and heated to reflux. The
evaluation of the heat balance (Fig. 2) results in a total deviation
of ca. 9000 kJ with a drift of ca. 500 kJ/h. The total deviation is
the result of an unsatisfactory calculation of the accumulated
energy of the heating/cooling media during the extremely unsteady heating and cooling period at the beginning and the end
of the experiment, respectively. Additional temperature sensors
and an improved process model for the heating/cooling jacket
are needed. To reduce the drift, additional terms in the process
model for energy losses are needed. Further experiments (the
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Backtrainer: Computer-aided therapy with augmented
feedback for the lower back

and provide a stable foundation for the further development
of the Backtrainer system. Since therapists did not have to
follow a fixed protocol, but were free to use the Backtrainer when they saw a need, we interpret the numbers that we
found as encouraging indication for the adoption of such a
therapy support system. The final product will increase the
independence of patients as well as the effectiveness of therapy of low back pain.
Additional research is needed to optimize the feedback, experiment with other modalities, and develop game elements
that enhance motivation. Another direction is to embed the
Backtrainer in a telemedical scenario, which would increase
patients’ independence even more.

Insufficient compliance with therapy goals leads to inefficient therapies in many areas of health care.
The development of technologies that can motivate users to change their behavior is an emerging research field.
Innovative applications of biomedical informatics can make an important contribution, in particular for the
increasing number of chronic diseases.
Dominique Brodbeck, Markus Degen
School of Life Sciences FHNW
Keywords: physiotherapy, chronic pain, compliance, biomedical informatics, augmented feedback, sensors
Low back pain is a very frequent condition in industrialized
countries, leading to a high burden for the health care system. In the majority of cases (roughly 85 percent), no anatomical causes for the complaints are present, and they are
classified as non-specific low back pain.
Active and supervised movement exercises are effective in
reducing pain and restoring function in non-specific low
back pain. However, there are several factors that limit the
effectiveness of such exercises and lead to poor therapy outcomes:
–	Proprioception and motor control are inadequate for the
lumbar spine
–	Movement exercises are difficult to learn
–	Exercises require a lot of repetition to be effective
–	Appropriate feedback requires continuous presence of a
physical therapist
Thus, the main problems are insufficient patient motivation
to comply with exercise regimes, as well as the inability of
the patients to exercise independently.
Technical system supports traditional therapy
The aim of the Backtrainer project is to address these limitations of current conservative therapy, by supporting it with
a technical system. It consists of a simple device that automatically monitors the position of the back in real time. The
data are transmitted to a software application that generates
a motivating, game-like visual feedback, and stores patients’
performance data for later assessment (Figure 1).

Software
Functional Feedback,
Motivation

Evaluation,
Compliance

Simplified Model
Sensor System
Therapist

Patient

Data Acquisition
and Transmission

Figure 1. The Backtrainer system, consisting of wearable sensors to measure
the position of the back in real-time (red), as well as a software application
to generate feedback for the patient, and for evaluation of therapy progress
by the therapist. (green).

Patients gain independence, augment their proprioception,
and the therapists do not necessarily have to be co-located
anymore.

Figure 2. Two sensors are attached to the lumbar spine with elastic belts
(left). The therapy software application receives the signals, and supports the
independent performance of exercises that can be individually adapted to
a patient (right).
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Identification of sensor configuration
In order to satisfy the requirement of a simple and easy to
handle system, we had to identify the minimal configuration
of sensors that would still produce enough data in order to
classify movement quality and performance, and to generate
valid feedback.
We used an optical motion capturing system with 22 infrared
LEDs positioned on the subjects’ back to precisely monitor
back movements. The precision of this system is in the submillimeter range, and data was collected with a sampling rate
of 30 values per second. In addition to the telemetry data, we
captured the movement of the subjects on video at a rate of 15
frames per second. This provided us with a setup that is sufficiently over-determined, to allow us to simulate and virtually
evaluate many different potential sensor configurations.
We then recruited 22 healthy subjects and asked them to perform a set of seven typical movement tasks, while we were
monitoring their back position with the above system. The
analysis of this data confirmed our hypothesis that for our intended goal to support therapy of low back pain, it is sufficient
to measure the orientation of the lumbar spine at two points,
with three degrees of freedom (the rotational angles). This result cleared the way for the development of a prototype.
The Backtrainer system
The Backtrainer prototype consists of two inertial sensor modules (a combination of accelerometer, gyroscope, and compass), capable of measuring the three rotational angles at a
specific location. Each of the two modules is positioned on the
patient’s back using an elastic belt. Motion data from the two
sensor modules are transmitted to a PC (Figure 2, left).
On the PC, a therapy software application receives the signals
and reconstructs the movements of the lumbar spine. The
software further consists of a patient database, and a set of
movement exercises that can be configured for the individual patient. The software supports the therapist in instructing
complex movements, and allows the patient to exercise independently in a motivating, game-like environment, and document therapy activities and progress (Figure 2, right).

Conference on Health Informatics, HEALTHINF 2009, Porto, Portugal, January

Clinical evaluation shows acceptance and potential
In order to evaluate the Backtrainer system, we performed an
exploratory study in a controlled clinical setting. The goal of
this study was to use the system under realistic conditions,
in order to evaluate the practicality in various situations. In
particular the goals were:
–	Evaluation of the practicality (expenditure of time, handling, ease of use) and application in a therapeutic setting.
–	Evaluation of acceptance of the system by therapists and
patients.
–	Evaluation of the feedback produced by the system.
The study was performed in the rehabilitation clinic Valens,
Switzerland. 15 physical therapists were given a short introduction to the Backtrainer system. After this introduction, the
therapists were free to use the system at their discretion during their regular therapy sessions with patients that suffer
from chronic back pain or that have undergone back surgery. Both patients and therapists were asked to fill out questionnaires asking about their subjective satisfaction with the
system.
In general, the feedback provided by the Backtrainer was considered helpful by both patients and therapists, and it matched the visual observations of the therapists. Patients generally indicated that when training individually, it is more fun
to train with the Backtrainer. Therapists indicated that they
can use the Backtrainer to measure therapy progress. The evaluation of the software by the therapists was favorable.
Conclusion
We have developed a system to support physiotherapy of lower
back pain. We showed that this is possible by measuring the
orientation of the lumbar spine at two points. The dynamic
behavior and accuracy of commercially available inertial
sensors are good enough for this application. The layered
software architecture that we developed has proven effective
in integrating different hardware systems, and providing the
flexibility needed for prototyping.
The system was easy to use and matched the workflow of a
typical therapy session. The distribution of the exercise types performed during the clinical evaluation shows that the
distinction between mobilizing and stabilizing movements is
fundamental and well reflected in practice.
The usage patterns and the answers from the questionnaires
from the clinical evaluation confirm the potential of the idea,
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Rapid Implant Manufacturing
Selective Laser Melting (SLM) is a Rapid Manufacturing technique which enables direct fabrication of complex metallic parts with high bulk density. Titanium particles are completely molten by high energy laser beam. SLM is based
on different process parameters which influence the quality of the outcoming part. This project describes some
effects of changing some major parameters and discusses further optimization.
Ralf Schumacher, Michael de Wild, Ahmet Yildiz, Sandro Fabbri, Erik Schkommodau
School of Life Sciences FHNW
Keywords: Rapid Implant Manufacturing, Selective Laser Melting, laser process parameters, material properties

time in µs per scanned point. This means the higher the value, the slower the scanning speed. This parameter can compensate laser power reduction up to a certain degree, by just
raising the value. There is a trade-off between laser speed,
achievable sample density and the economy of the whole
process.
–	Laser focus lens position: The z-position of the laser focus can be adjusted in order to influence the melting pool
in depth. The minimal spotsize of the laser can be focused
down to 40μm while the maximum energy per area is available. Moving this position has effects on deeper lying layers
and is responsible for better strength in building direction.
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Indroduction
The aim of Rapid Prototyping (RP) technologies is to produce
parts directly out of CAD data within hours. This is performed
by layer-manufacturing technologies without the use of any
tools or cutting devices. This generic layer by layer process
enables the manufacturing of extremely complex structures
with hardly any restriction in freedom of design. It is possible
to create structures that are not producible with any traditional material removing process like milling, drilling or cutting.
Since all Rapid Prototyping technologies are manufactured
in layers, the materials available depend on the bonding or
fusing principles of the specific process. Nowadays different
materials are available, such as plastic, ceramic, plaster-like,
wood-like or metallic materials.
By the end of the 80s, the first plastic RP machines were
available on the market. Since then surgeons all over the world
have been using this technology to obtain an exact copy of the
patient’s bony structures to be able to plan the intervention
or simply to attach or pre-shape any implants preoperatively
[1]. This proved to be a useful alternative to former milling
processes to obtain such models [2]. Other applications were
focusing on soft tissue models like e.g. blood vessels to predict
surgeries to treat e.g. aneurism [3]. For this kind of use, plastic
RP models were sufficient.
By the end of the 90s, further research and development efforts
on RP processes and materials were focusing on directly fabricated end-products out of end-materials like e.g. fully dense metals. This shift from simply producing prototypes to real
high quality parts is described as “Rapid Manufacturing”. Therefore, well established laser-based metal sintering processes
were upgraded with more powerful lasers and better scanning
procedures, in terms of fully melting metallic powders to bulk
material. The Selective Laser Melting process (SLM) was introduced [4] for selectively melting metallic powder in layers by
scanning cross-sections. The idea of directly producing perfectly fitting implants with SLM processes defines the latest
evolution in medical RP applications (see figure 1).

The listed parameters are interrelated. They all have an influence on each other and they all have an effect on the induced
laser energy per surface area. Therefore, an array of small SLM
cubes was produced in order to cover all desired parameters
on one building platform. Then each cube was characterized
by its macrostructure to show the effect on density in relation
to the varied parameters.

Proceedings of 8th International Conference Rapid Prototyping.
[5] Kruth JP.; Froyen L.; Van Vaerenbergh J.; Mercelis P.; Rombouts M.; Lauwers B. (2004): Selective Laser Melting of iron-based powder. In: Journal of
Materials Processing Technology 149: 616-622
[6] Schumacher R., (2008): Selective Laser Melting of titanium implants. Poster, Annual Meeting of the Swiss Society for Biomedical Engineering, Muttenz
(Switzerland).
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Figure 1: These two figures visualize the idea behind Rapid Implant Manufacturing. While the left one shows the rendered situation of patient specific
planned implants, the right one shows the adequate fabricated SLM
titanium parts.

The expression “Rapid Implant Manufacturing (RIM)” was introduced and was first mentioned only a few years ago.
However, aiming at the direct fabrication of titanium implants,
the resulting parts should match certain standards and specifications like e.g. those given by the American Society of Testing and Materials (ASTM).
In comparison to conventionally processed metals, SLM processed titanium ends in poorer mechanical properties. Due to
the complete melting of small powder particles and the large
local energy induced by the laser beam, problems like residual
stress, deformation, loss of density and smaller tensile strain
may occur.
Specifications and parameters
SLM needs demanding control [5]. The process itself consists
of many different parameters which all have influence on the
quality of the outcome. But thermal post treatment processes
also have an effect on the resulting material properties or the
surface quality. This project investigates the density and the
tensile strain of processed parts, influenced by laser power,
exposure time and focus lens position in combination with
different thermal post treatments.
–	Laser power: The laser power (continuous wave Ytterbium
fibre infrared laser) was varied in the range of 40% to 80% of
the maximum power of theoretically 100W. The upper level
was limited to 80% because the laser source continuously loses power during its lifetime. It has to be replaced at the end.
To counteract this, the upper level can be adjusted in order
to have constant laser power level. The lack of quality can be
recovered by slowing down the laser beam while scanning
the slice contour.
–	Exposure time: This parameter describes the scanning speed
of the laser beam. The exposure time indicates the scanning

Figure 2: Scanning Electron analysis of the macrostructure of SLM processed Ti6Al4V cubes in metallographic cuts, with a) laser power level at the
range of 40% of the maximum and b) at the range of 80%. Both probes were
scanned with focus lens in z=0mm position and exposition time of 100 µs.
Raising the laser power leads to denser probes.

In terms of post processes, the emphasis was put on thermal
treatment at different temperature levels, different temperature raising rates and different gas atmospheres (air/argon),
which follows the idea of recrystallization annealing. Therefore, a number of tensile probes were produced, post treated
and examined with regard to stress and strain.
Results and Outlook
The examination of the SLM cubes showed that higher laser
power, adequate exposure time and lens position at z=0mm
lead to the highest density (see figure 2a). Heat treatment at
925°C for 4 hours with cooling ramps down to 760°C at a rate
of 50°C/h and finally cooling down to room temperature at
360°C/h in argon atmosphere showed best results. The elongation at break could be improved by a rate of 300%.
Further examination needs to be done in order to reach higher
density and tensile strain. The focus will be put on the scanning strategies and the overlap of laser lines, while scanning
the powder surface. The aim is to optimize the whole SLM process and post-processes in order to reach material properties
of conventionally machined titanium parts. SLM then has a
chance to fulfill all requirements of Rapid Implant Manufacturing.

Partner and Funding:
Funded by Förderverein Fachhochschule Nordwestschweiz
Solothurn and FHNW Fonds
Additional Information:
Rapid Manufacturing (RM) consists of generic layer-by-layer
fabrication where the process itself is very material saving.
In addition, no complex programming or expensive cutting
devices are needed to produce complex parts on one and the
same platform. Altogether, RM represents a future key technology for producing patient-specific implants out of expensive
biomaterials. It is probably the only economic way to produce
complex implants in small quantities.
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Modification and analysis of titanium structures for implants

linear dimension, layer thickness, roughness, thermal treatments, soldered and welded connections, surface hardening,
corrosion, fracture analysis, evaluation of thermo-mechanical process histories, degradation and defects. Scanning
electron microscope analysis furthermore demonstrates the
influence of the rapid prototype process parameters on the
surface morphology and on the crystallographic microstructure [4].

This project covers analytic, metallographic and mechanical investigations of rapid prototyped titanium structures
and its modification. The primary goal is the identification of the underlying interrelation between
the thermo-mechanical production parameters, the micro-structural, mechanical properties, the etching
behavior of the solidified and heat-treated samples.
Michael de Wild, Ralf Schumacher, Ahmet Yildiz, Sandro Fabbri, Erik Schkommodau
School of Life Sciences FHNW
Keywords: titanium, materials science, surface science, material testing, surface modification

Introduction
Titanium and its alloys have been successfully used as a biocompatible implant material for several decades and its use
for medical and dental applications has increased dramatically in recent years. These materials, based on their physical
and chemical properties, have become well-accepted and are
considered as some of the most suitable implant materials.
The passive oxide film on the titanium surface is responsible for the close contact of water, proteins, body fluid, hard
and soft tissues to the implant surface. This functional connection between living tissue and the metal surface is referred to as osseointegration [1]. Continuous improvements in
both implant design, implant material and implant surface
have led to successful products with excellent long-term
results. However, accurate characterization is essential. In
particular, it is of upmost importance to know relevant physical and chemical properties such as bulk microstructure,
microstructural constituents, static and dynamic mechanic
properties, surface morphology and surface roughness when
using as a medical device. Precise material testing and quality control is crucial for quality and safety of raw materials,
incoming goods, components and industrial final products
or product groups. The entire process chain of implant fabrication includes metallographic receiving inspection of the
implant materials, conventional or CAD-CAM manufacturing,
post processing, specific cleaning procedures, surface modifications, surface finishing, fine cleaning, packaging, labelling, sterilization and quality control. The IMA is now establishing this process chain for implant manufacturing with
a special focus on complex rapid prototyped titanium structures with hardly any restriction in freedom of design. In this
project, we systematically investigate the thermo-mechanical
parameters after production process and its influence on the
material density, micro- (see figure 1) and macrostructure and
mechanical properties (elastic extension and fatigue strength).
This supports the understanding of materials from generative
rapid prototyping process in comparison with conventional
bulk biomaterial.

a

Figure 2: Fracture analysis of a conventionally fabricated titanium implant
structure after fatigue test: scanning electron analysis after fatigue failure
shows the striation pattern. The break of the specimen occurs after a cycle
number which is dependent on the applied alternating load, the microstructure, and the specific surface roughness.

b

Figure 1: Scanning electron analysis shows the microstructure of generatively fabricated Ti6Al4V sample a) as produced b) after “recrystallization
anneal” treatment at 925°C for 4 hours (upper α-β-region) with further cooling down to 760°C at a rate of 50°C/h and finally to room temperature at
360°C/h in inert gas atmosphere. The heat treatment leads to a pronounced
recrystallization and superior performance in mechanical tensile tests.

There is a significant difference of mechanical properties between generatively and conventionally processed materials
[2]. The tensile strain of the former material is smaller due to
the locally generated welding micro structure. With carefully
selected and optimized thermal post processing in an inert gas
atmosphere we can enhance the performance and approach
satisfactory levels of non-conventionally produced titanium
structures, according to the DIN ISO 5832-3.

Material testing and surface analysis
Mechanical bulk properties of titanium structures are intensively tested using a multipurpose dynamic testing system.
With the help of a servo-hydraulic characterization system,
static and dynamic tensile, compression and bending tests
on metals, biomaterials, components and finished goods according e.g. to ISO14801 can be conducted to define elongation to failure, elastic modulus, yield strength, tensile strength
and fatigue strength. Therefore, a variable loading form is
applied to the measuring system in a dynamic range of 5 kN
with a load frequency up to 50 Hz. The temperature can be
controlled in a physiological bath for testing of implants up
to 37°C. This set-up allows us to perform mechanical analysis on raw material, components and final implants. With
this versatile instrument we are investigating novel materials and novel production processes on the one hand, and
are qualifying final medical products on the other hand. Furthermore, in combination with scanning electron and light
microscopy, investigation of fracture mechanics (figure 2),
development and assignment of emerging fractures, morphology of structures arising from corrosion and fracture
are performed.
Special emphasis was placed on the modification of the produced titanium surfaces. During the last few years in the
field of implantology the focus has been placed on physical
and chemical surface modification of titanium e.g. electropolishing, anodization, etching, passivation, hydrophilization, RF-plasma treatment, precision cleaning in O2-plasma,
sterilization, ultrasonic treatment, sandblasting and shot
peening. We are studying the possibility of adapting these
surface treatments to non-conventionally fabricated implant structure. Surface analysis has shown that e.g. etching
of rapid prototype Ti6Al4V structures leads to completely
different surface morphologies than etching conventionally
treated materials due to phase selective dissolution.
We are investigating the surface morphology and the true micro-structure of metallic bulk samples by metallographically
preparing the surfaces by grinding, mechanical or electrolytic polishing, and etching [3]. A set-up for digital imaging and
analysis of cuts allows investigations on texture, grain size,

Outlook
The now established analysis techniques, in combination
with thermal post-processing steps, will be used to optimize
the mechanical and morphological properties of titanium
structures. Furthermore, the morphology of surfaces after
chemical modification will be studied depending on the specific material structure and crystallographic phase. It will be
interesting to compare generatively produced samples with
different process parameters and specific surface treatments
with conventionally produced, surface modified metal bodies.
We plan to combine material science approaches aimed at
characterizing titanium structures and obtaining bulk and
surface information with tissue engineering strategies directed towards providing cell-adhesive surfaces.
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Disposable cantilever sensors for biomedicine
The aim of the Project DICANS is the development of a cantilever based system to study cellular forces during
cell adhesion to surfaces e.g. bone structures. Cells are grown on the cantilever surface and the resulting forces
are studied. A new cantilever platform is developed based on polymer substrates and microstructures will be
manufactured by the cheap injection moulding process. First successful results show generating cantilever arrays
in good quality by injection moulding.
Jochen Kösera, Uwe Pielesa, Bert Müllerb, Prabitha Urwylerb, Jens Gobrechtc, Jasmin Althausc, Felice Mauro Battistond
aSchool of Life Sciences FHNW, bUniversity of Basel, cPaul Scherer Institute, dConcentris GmbH
Keywords: Polymer Cantilever, Cell Surface interaction, Cellular forces, Injection molding

Introduction
The cell’s organization and the maintenance of tissues depend
on the complex interplay between cells and the surrounding
extracellular matrix and substrate. It is established by diffusible signalling molecules and direct mechanical interactions
linking the intracellular cytoskeleton with the extracellular
matrix or substrate hence creating a supra-cellular architectural framework. To detect and monitor changes in this framework, several methods exist ranging from the labelling of
specific cytoskeletal components to the measurement of forces
generated by individual cells. Here, we present a concept using
nanomechanical cantilever sensors to quantify forces generated from the interplay of cells and cell layers with the supporting substrate in the micrometer range. Cantilever based
sensor systems allow to determine label free molecular interactions in a very sensitive manner. Another advantage is the
multiplexing capability to determine seven analytes in parallel. Depending on the forces to be measured, the stiffness or
spring constant of the cantilever can be varied and adopted to
the specific requirements. Furthermore, different chemistries
can be applied to modify the cantilever surface, depending on
the system to be studied and the interaction to be monitored.
In the present project an implant surface will be mimicked to
allow insight into the cellular forces taking place in a very early stage of colonization of the surface by cells. This early stage
process is known to be crucial in the entire healing process
and osteointegration of the implant. The cantilever technology
is a versatile tool to study these molecular processes.
Cantilever Sensors
The development of methods to determine cell forces date
back to the early '80s. The idea of using deformable, elastic
substrates to study cell forces was conceived by Harris et al.
[1]. A 1 µm-thin silicone rubber film was used as a substrate.
The cells caused the film to buckle. The consequent wrinkle
field provided a visible pattern. The wrinkles in the substrate,
however, were larger than the cells causing them.
Cantilever technologies originate from atomic force microscopy (AFM), a new technique based on very thin levers made out
of silicon nitride. The levers are equipped with a sharp tip,
which is the actual measuring device. These tips are driven
with low load across surfaces and follow the different structural features of the surface resulting in an image reflecting the
surface topography. In case of cantilever sensors, the levers
lack the tip. They also have a very different geometry, much
longer and thinner compared to an AFM sensor. Depending on
the forces to be measured, different geometries can be used.
The main advantage of silicon based materials is the ease of
chemical modification. Standard silanization chemistry can be

applied in order to chemically functionalize the surface, either
to attach biomolecules or to give cells the necessary environment to adhere to or to mimic bioactive surfaces. This opens
up a variety of possibilities. Silicon-based cantilevers are normally manufactured by processes known from semiconductor
industries. These processes are on the one hand very precise
but on the other hand very expensive. Therefore, alternatives
based on polymers will be explored in the frame of the project
as well as the possibilities of utilizing cheap injection moulding technologies to manufacture cantilever arrays. First results are promising.The cantilevers have typical dimensions
of 100 µm x 500 µm and a thickness of 20 to 50 µm. In addition,
microstructures can be realized much more easily on polymeric surfaces as compared to silicon. Microstructures of defined
size and spacing are known to affect the colonization of substrates by cells and cantilever sensors offer the possibility to
investigate the influence of such microstructures on cell attachment and organization. Microstructures also play an important role in nature in particular in the area of implants and
artificial bone, where the fast colonization and internalization
of the foreign material into the body is very crucial.
Cantilever sensors have been successfully applied for the
determination of forces created not only by conformational
changes of proteins and nucleic acids but also by the expansion of lipid membranes upon the insertion of biomolecules [2],
[3]. Upon binding of a substrate a bending of the cantilever can
be detected. This method allows the label free dynamic measurement of molecular interactions (figure 1). Now we have
extended their application to the detection of forces created
by whole cells. Furthermore, the resonance frequency of loaded cantilevers which reacts to mass and stiffness changes at
the sensor surface can be monitored. This potentially can be
used as another parameter to describe the cytoskeletal organization in attached cell/cell layers.

Position Sensitive Detector
Laser Source

Gold Coated Array
Figure 1: Scheme for detection of cell forces

Deflection

Cell Force Measurements
Cell force measurements applying microcantilever sensors
allow for investigation into the influence of chemical and
architectural variations of the cell substratum on the force
generation of adherent cells. Today cantilever sensors are
made from silicon and are covered with a metal layer, mostly
titanium and gold. This offers the possibility to immobilize
the cells on two different basic surfaces. In a first experiment
two different chemical surface modifications were tested for
their suitability to support adhesion and growth of rat fibroblasts (Rat2, ATCC 1764): The gold surface of the sensor was
coated with either an amino-terminated molecule (mercaptoethylamine MEA) or an amino-reactive crosslinker followed
by the immobilization of chitosane. Afterwards the sensors
were incubated with serum containing culture medium followed by addition of trypsin-released fibroblasts. As can be
seen in figure 2 (taken 20 h after cell seeding), Rat2 fibroblasts preferentially attached to the MEA-coated sensor surface
and show typical healthy morphology.

Figure 3: Cantilever Detection principle

Figure 4: Microscopic image of the cantilever array to correlate the changes
in surface force with the number and density of cells
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The Cantisens Research system (Concentris GmbH) is a flexible
cantilever sensor readout system with integrated temperature
control, which allows real time monitoring under constant liquid flow. Its suitability for cell force measurements was investigated using cells growing on MEA-functionalized cantilevers. It has turned out that cells are sensitive to drying out
during transfer of the cantilever array from the cell culture dish
into the sensor readout system. Dense cell layers seemed to be
slightly more robust during the transfer. The forces exerted
onto the cantilevers during the treatment of such cell layers
with trypsin/EDTA can be seen in figure 3.
Trypsin/EDTA was injected at times 40 s until times 260 s and a
fast release of cellular forces on three different cantilevers was
observed. Before and after the experiment the cantilever array
was observed under the microscope to correlate the changes in
surface force with the number and density of cells (figure 4).
Outlook
To further investigate the surface cell interaction surface
structuring and surface functionalization e.g. Titaniumdioxide or hydroyapatite layers will by applied to the silicon and
polymeric cantilever surfaces in order to mimic the surface
of bone or implant materials. This is particularly important,
because cell surface interactions are crucial for a proper osseointegration of implanted material.
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Cantilevers are miniaturized levers made from silicon or silicon
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cantilever based sensors, the cantilevers lack the tip and exhibit
different geometries based on the experimental setup.
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Continuous-phase drug concentration as driving force for
(trans)dermal drug delivery with lipophilic vehicles
In this work, the effect of the formulation of pharmaceutical products on transdermal drug delivery is studied and
a quantitative assessment of this effect is presented based on the continuous phase drug concentration theory
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Introduction
Pharmaceutical drug products are applied to the skin with
the purpose of delivering the pharmaceutical active ingredient into the skin for topical disease treatment or through
the skin into the blood circulation for systemic therapy. In
all cases, the drug substance must be released by the vehicle
of the drug product and cross the horny layer of the epidermis, a process that takes place by diffusion. The amount of
drug substance reaching the site of action, topically or systemically, is decisive for the ensuing therapeutic effect. The
specific formulation of the vehicle is a determining factor for
the amount of drug delivered, either because it controls the
release rate of the drug or because it interacts with the horny
layer of the skin thus affecting its susceptibility to permeation by the active pharmaceutical ingredient [1,2,3,4,6].
This work deals with the elucidation of the mechanism and
the quantitative assessment of the effect of the formulation
on the transdermal drug delivery. The studies were focused
on water-in-oil (W/O) emulsion formulations using a hydrophilic (caffeine) and a lipophilic (ibuprofen) drug substance.
The working hypothesis was that the drug concentration in
the continuous phase of the formulation is the determining
factor for the kinetics of transdermal delivery. This hypothesis was tested and confirmed previously in this laboratory
for oil-in-water (O/W) emulsion formulations and drug substances with varying physicochemical properties [5].

relationship derived from this model expressed the apparent
(measured) permeability coefficient as a function of the concentration fraction of the drug in the continuous phase of
the formulation and included as parameters the permeability
coefficient of drug for the diffusion boundary layer reflecting
diffusion in the vehicle and the permeability coefficient of
drug for the skin membrane.

Figure 1. Skin permeability coefficient of Ibuprofen as a function of drug
concentration fraction in the continuous phase of the formulation. Data
and model fit. Key: violet, isopropyl myristate: blue, paraffin; red, miglyol

The derived expression was used to analyze the experimental
data and was found to describe very well the data obtained
with all formulations including different phase ratios, oil
components and drugs. The deduced values of skin permeability coefficient were in line with the distribution coefficient of the drug between the stratum corneum and the oil
component of the formulation constituting the continuous
phase. For isopropyl myristate, permeability values were
above those predicted by partitioning which was consistent
with the transdermal permeation enhancing effect reported
for this chemical. The deduced values of permeability coefficient of the diffusion boundary layer were compared with
theoretically obtained estimates based on literature models
that consider drug diffusion in a heterogeneous matrix such
as the one constituting the emulsion formulation. These independently-obtained theoretical estimates were in fairly
good agreement with the experimental values. It was therefore
concluded that the proposed model adequately explained the
experimental results and yielded reasonable values of the
contributing parameters. This validates the employed model
approach and lends support to the present working hypothesis.
The applied product amount did not influence transport kinetics for a value range of this amount that is classified as
infinite. Evaporation was significant considering that water
was present in the dispersed phase, but did not markedly affect skin permeation rate. This could be explained based on a
calculation of the continuous phase drug concentration that
took into account the change of phase ratio, drug distribution between the phases and drug depletion due to delivery
through the skin.
The present results, taken together with previous studies,
provide evidence for the validity of the continuous phase
drug concentration theory in W/O (lipophilic) and O/W (hydrophilic) vehicles each with hydrophilic and lipophilic drug
compounds for interesting skin permeation kinetics. This
conclusion is of high practical value because it provides a
methodology for predicting the outcome of transdermal drug
delivery and can, therefore, be used in the development and
optimization of pharmaceutical formulations.
References:

Materials and methods
W/O formulations were used containing fractions of the dispersed phase varying between zero and 0.7, three different
oil components (a triglyceride (Miglyol 812N), isopropyl myristate and liquid paraffin) and different amounts of emulsifier and thickener. Furthermore, the effects of the amount
of applied product and of the alteration of the composition
of the formulation due to evaporation of volatile components during the time of application were studied. Transdermal
drug permeation was measured with the developed formulations in in vitro experiments using Franz-type diffusion cells
and pig ear skin.
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Results and conclusion
The measured (apparent) permeability coefficient varied
depending on the drug, the amount of dispersed phase and
the oil component used (Figure 1 and Figure 2). Based on the
employed hypothesis, a model was developed that described
kinetics of transdermal drug transport. This model took into
account drug diffusion in the vehicle and partitioning into
and diffusion across the skin membrane as two consecutive
steps that determine transdermal transport. The quantitative

Figure 2. Skin permeability coefficient of Caffeine as a function of drug
concentration fraction in the continuous phase of the formulation. Data
and model fit. Key: violet, isopropyl myristate: blue, paraffin; red, miglyol

Formulations and the Influence of the Structure and of Vehicle Evaporation on
Transdermal Drug Permeation. In: R. Marks, J-L. Leveque and R. Voegeli (Eds.),
The Essential Stratum Corneum, Martin Dunitz, London, 2002, pp. 119-124.
[6] M.S. Roberts, S.E. Cross, Y.G. Anissimov, (2004) Factors affecting the formation
of a skin reservoir for topically applied solutes. Skin Pharmacol. Physiol. 17(1) 3-16.
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Influence of Structurally Diverse Lipid Containing Drug
Formulations on the Transport of Lipophilic Drugs through
Caco-2 Cell Monolayer
The mechanism of drug absorption from lipid-based formulations was studied in the intestinal Caco-2 cell culture
model, the purpose being to elucidate and optimize the process by which these formulations improve the oral
bioavailability of poorly water soluble drugs.
Marcel Schneider a, Georgios Imanidisa, Daniela Murer b, Sabrina Toscanob
a School of Life Sciences FHNW; b University of Basel
Keywords: Drug absorption, lipid-based formulation, kinetic modelling, poorly water soluble drug
Introduction
In per oral drug delivery, dissolution of the active pharmaceutical ingredient in the intra-intestinal fluid is required in
order for this to be absorbed by the intestinal epithelium and
become available in the systemic circulation. Therefore, a sufficiently high solubility of the drug in the aqueous environment of the intestine is a prerequisite for good bioavailability.
All too frequently, however, finding and pharmacological optimization of lead compounds result in active pharmaceutical
ingredients with poor water solubility. In order to develop
these compounds into useful drug products, they must be formulated into dosage forms that provide an adequate bioavailability. A common approach to this end constitutes the use of
liquid, low or highly viscous lipid based formulations. These
formulations contain the drug in a dissolved form and consist
of lipids and surface active substances with a composition
tailored to provide an emulsified or micro-emulsified system
upon contact with the gastrointestinal fluid. Thus, per oral
administration of these formulations results in a dispersed
system that contains the drug dissolved in the dispersed phase hence preventing drug precipitation in the intestine [1,3].
In order for absorption to take place from these systems, the
drug that is present in the dispersed phase must be transferred to and taken up by the cell membrane of the enterocyte.
Although such formulations of poorly water soluble drugs
have been in use and were shown to improve oral bioavailability, the exact mechanism by which they facilitate absorption remains unknown. While it can be demonstrated that
the drug remains in dissolved form after administration, the
process(es) by which the drug moves from the formulation
phase into the biophase have not been investigated systematically [2,4,5].
Materials and methods
In this work, the mechanism of drug absorption from lipid
based formulations in the intestinal Caco-2 cell culture model
was studied. Four representative compounds, i.e., progesterone, saquinavir, triclabendazole and propranolol were used
as model drugs which were formulated each in three structurally diverse vehicles, i.e., liposome dispersion, oil-in-water
emulsion and microemulsion using widely varying drug and
lipid concentrations. Drug permeation across the Caco-2 cell
monolayer was measured with these formulations. To determine characteristic transport parameters, the movement of
drug between three distinct compartments, i.e., the apical, the
cellular and the basal compartment, were considered taking
into account passive diffusion, carrier mediated apical efflux
and cellular accumulation of the drug. A system of differential equations was employed to describe the change of drug

concentration as a function of time in these compartments
which was fitted to the experimental concentration data to
deduce the apparent passive permeability coefficient of drug
for the apical and/or the basal membrane of the cells. Also, as
an important means of characterizing the formulations, the
free fraction of drug, that is, the portion of drug that is present in a molecularly dispersed form in the aqueous phase,
was measured using equilibrium dialysis.
Results and conclusion
The determined permeability coefficients depended on the
drug, the lipid concentration and the type of formulation but
not the drug concentration of the formulation (see Figure). In
order to gain an understanding of the mechanism governing
intestinal absorption from these formulations, a kinetic analysis of the process of drug permeation through the cells was
carried out. For this purpose, a physicochemical model was
developed taking into account (i) mass transfer of free drug
and of drug associated with lipid formulation particles in the
aqueous media surrounding the cell monolayer, (ii) permeation of free drug through the cell membrane by a partitioningdiffusion process and (iii) direct transfer of drug associated
with lipids of the formulation from lipid particles to the cell
membrane upon contact of particles with the membrane. Based on this model, a mathematical expression for the apparent permeability coefficient was derived that included the
permeability coefficient of the diffusion boundary layer, the
permeability coefficient for transport of free drug through the
cell membrane, the permeability coefficient corresponding to
the direct transfer of drug from lipid particles to the membrane and the free fraction of the drug. By fitting this equation to
the experimental apparent permeability coefficient and free
fraction data using regression analysis, values of the three
contributing permeability coefficients were deduced.
With this methodology the contribution of the considered
transport mechanisms to the overall intestinal permeation
was delineated on a quantitative basis. The relative significance of these mechanisms varied depending on the drug.
Permeation of the diffusion boundary layer was comparable
for all drugs whereas direct drug transfer from lipid particle
to the membrane was overwhelming only for one drug (progesterone), cell membrane permeation of the other three drugs
being dominated by the transport of the free fraction of the
drug. These results were independent of the used formulation
acquiring therefore a degree of universal validity.
This work provides for the first time the possibility to determine the contribution of different transport mechanisms to
cellular drug permeation. Especially, the given evidence of a
direct drug transfer between lipid particles and cell memb-

Figure. Permeability coefficient of a poorly water soluble drug (progesterone) for the cell membrane obtained with three different drug formulations as a
function of the drug concentration and the lipid concentration of the formulation.

rane is unique and resolves an issue preceded by a prolonged
debate in the literature. Whether this mechanism is also relevant for other drugs must be the subject of future study. This
work thus provides firstly a methodology for gaining a basic
understanding of intestinal absorption and secondly a quantitative expression that can be used for predictive purposes.
Importantly, it presents for the first time evidence for a long
suspected absorption mechanism and sheds light onto the
process by which lipid based drug formulations improve the
absorption of poorly water soluble drugs.
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A process analytical technology (PAT) for the milling and
handling of pharmaceutical powders and granules
The development of new “process analytical technologies” (PAT) is vital for the enhancing of quality standards in
pharmaceutical production. It helps implementing quality into the design of a product, which is preferred over relying
only on a final product testing. The current project aims at developing a process analytical technology for dry milling of
pharmaceutical granules and powders. An optical sensor system is integrated in a cone mill and the relevant process
and material parameters are evaluated.
Martin Kuentza, Venkateshwar Nalluria, Xin Gaob, Peter Schirgc
aSchool of Life Sciences FHNW, bFrewitt AG, cPS Prozesstechnik

Different granules and powders were also measured under
constant milling conditions. Both sensor configurations
yielded the same ranking of the particle size as can be inferred from the following figures. Fig. 1 displays the cumulative
particle diameter obtained from the “in line” sensor, whereas
Fig. 2 depicts the “on line” measurement results. The ranking
of the different materials with respect to size was also confirmed by other methods of particle sizing. Thus, sieve analysis as well as results from static laser light scattering was
in good agreement.

Particle monitoring system for dry milling
The scope of the current project is to develop an innovative
particle monitoring system for the dry milling and handling
of pharmaceutical powders and granules. This dry milling is
typically performed using a cone or hammer mill and is mostly applied following a drying step of granulated material. It
is therefore an important process step for the production of
solid dosage forms such a capsules or tablets. Since highest
quality standards are needed for these pharmaceutical products, it is not sufficient to have only a testing of the intermediate and final products. A better process understanding
by adequate process analytics helps building the quality into
the drug products. This can be achieved by a monitoring of
powder or granule attributes that are critical to the quality
of the final dosage form. Thus, a process analytical system
to measure particle size and shape was needed. A sensor for
optical particle analytics was to be evaluated in a cone mill.
An XPT- particle sensor (PS process technology) was first
tested in a simple tube equipment. Images of flowing powders and granules were analysed by specialised software and
compared with results of a sieve analysis, as well as with
results obtained from static laser light scattering. Since the
sensor captured the particle characteristics well, a next step
was pursued by fitting an industrial cone mill with this sensor technology.
A number of factors had to be evaluated with respect to op-
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Introduction
Pharmaceutical production is currently undergoing a shift
of paradigm with respect to how a desirable product quality
can be achieved. An increasing number of analytical tools
are investigated with respect to a monitoring of manufacturing processes [1, 2]. This trend is also fostered by regulators
such as European Medicines Agency (EMEA) and U.S. Food
and Drug Administration (FDA) and should ultimately lead
to robust production processes. Manufacturing should yield
a consistent quality, i.e. by exhibiting a narrow range close
to the targeted quality attributes. PAT is crucial to achieve
this objective in the framework of an initiative that is called
“quality by design” (QbD). A central concept of QbD is the generation of a design space, which is an established range of
process parameters that has been demonstrated to provide
assurance of quality. This concept of the design space can
also be applied to formulation attributes. Accordingly, novel
process analytical technologies have a place in the development of new formulations and processes in the framework of
QbD. Companies that invest in such novel technologies can
retain their competitiveness and others may risk being left
behind.

References:

timal measurement conditions. The type of process analytics
was of particular interest. One possibility is to measure directly in the process stream, which is called “in line”. Alternatively, a sample may be diverted from the process stream and
analysed “on line”. Once the sample passes the sensor, it is
again fed into the process stream. Among the critical factors
of the “in line” analysis was the sensor positioning. Several
configurations were tested with respect to the indentation
depth as well as in view of the angle relative to the mill tube.
It was soon realised that a cleaning device had to be developed, because particles adhering to the sensor glass were
causing a measurement problem. Different principles were
tested until an adequate cleaning device was obtained that
successfully prevented particles from obscuring the image
acquisition.
A development was also needed for the “on line” sensor configuration. It had to be fitted with a venturi system, and a
variable suction pressure was tested for different sampling
devices. The latter devices were especially designed to sample in a representative way particles from the milled product.
We investigated these factors of the measurement system not
in an isolated way, but embedded these trials in statistical
designs that further included material and process factors.
Thus, different pharmaceutical powders and granules were
studied, while the feed rate, stirring speed, as well as the
mesh size were changed. Such experimental design was meaningful to study the factors, as well as to quantify their interactions.

Figure 1: “In line” measured particle diameter for the 5% (d5), 50% (d50) and
95% (d95) of the cumulative volume distribution.
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was launched in 2002. The goal is to enhance the quality of
pharmaceutical products by control and documentation of
critical parameters during the manufacturing process.

Figure 2: “On line” measured particle diameter for the 5% (d5), 50% (d50) and
95% (d95) of the cumulative volume distribution.

Outlook
These promising results lead to new opportunities for the
upcoming project phase. Thus, it is intended to evaluate methods to detect critical milling conditions. Accordingly, the
process analytical system should detect deviation from a
desired milling state and an unfavourable milling situation
may be encountered by changes of the process conditions.
Such changes of the process factors would require a feedback control that is based on a model correlating process
conditions with the particle size. This model is expected to
be material dependent and the evolving space of controlled
process factors is called the “design space”. The construction of such a design space is an additional objective for the
second project year, but already now a first milestone has
been successfully achieved by developing a viable proof of
concept equipment.
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Nanoparticles Fate in AQuatic environment:
Development of an environmental risk assessment tool
Nanotechnology is a new, rapidly-growing field of research and industrial applications. In particular, nanomaterials
are of great interest because they exhibit new and so far unknown properties, and allow the manufacturing of new products. However, little is known to date about the fate and possible adverse effects of nanoparticles in aquatic systems.
Patrick Shahgaldian, Gregor Hommes, Philippe Corvini, Geranio Luca
School of Life Sciences FHNW

The choice of PEG was driven by the following parameters: i)
high water-solubility which should improve the encapsulation
of the molecule during the micro-emulsion synthesis, ii) low
toxicity, iii) relatively high molecular weight in order to minimize the release from the produced particles. Using scanning
electron microscopy, (Figure 2) it was shown that the synthesized silica nanoparticles have a spherical shape, with a narrow size distribution.

Keywords: Silica core-shell nanoparticles, 14C-labelling, fluorescent, polyethylene glycol

Introduction
Among nanotechnology-based systems, nanoparticles (NP)
have been found to be highly valuable for a broad range of applications such as food, cosmetics, drugs, paintings, electronic
devices, to name but a few [1]. Because of the almost endless
potential of nanosystems, one may expect that the next years
will see a wide range of new NP-based products entering the
market. Indeed, the production of engineered nanomaterials
was estimated to be approximately 2,000 tons in 2004 and is
expected to rise to 58,000 tons in 2011-2020 [2].
However, due to the relative novelty of these materials, very
little is known about their potential to cause adverse biological effects and the use of NPs is arousing increasing attention and concerns in the public opinion and media. Because of
their commercial applications in biomedicine for drug transport and targeting [3], numbers of research programs for the
study of NP effects on human health have been initiated [4]
while the risks of environmental contamination by nanoparticles remain largely unknown [5]. This is mainly due to the
lack of analytical methods suitable for assessing the behaviour of NPs in complex matrices [6]. One first milestone in the
risk debate is the achievement of scientifically-documented
exposure scenario for which reliable analytical procedures
are a prerequisite. Nowadays the development of analytical
methods for engineered nanoparticles is still in its infancy
[7]. As a consequence, studies dealing with NP fate or effects
assessments are seriously hampered and public debate often
relies on highly speculative discussions.
Aim and methodological strategy
The aim of this project was the synthesis of model engineered
NP (ENP) suitable for environmental fate and effect studies
carried out at laboratory scale. In fact, produced ENP greatly vary in terms of chemical composition, size, form, charges,
and surface modification. Their behaviour, as well as the possible adverse effects on organisms, may also depend on these
properties. Besides extensive and almost non-realistic testing
of all commercialized and developed ENP, a systematic approach could be implemented in order to better understand
the influence of each of these parameters during risk assessment studies. The innovative concept of this project is that
the ENP produced will serve as a platform to investigate the
importance of these physico-chemical factors in detail. Silica core-shell ENP were chosen as a relevant platform since
silica NP represent up to 17% of commercial nanomaterials
and are expected to increase further within the next few years
[2]. Such silica-based NP contain hydroxyl groups, suitable
for the introduction of chemical groups in order to modify «à
façon» the surfaces of ENP to be studied (e.g. surface char-

ge and functional groups). Silica core shell NP can be easily
synthesized by means of microemulsion and allow the size
and morphology of the particles to be varied. Furthermore, the
core shell structure of this silica material is adapted for the
entrapment of markers facilitating the analyses of ENP in environmental matrices.

diffusion out of the ENP. The radioactivity released in aqueous
samples containing suspension of doubly labelled PEG was
studied over several weeks. The results indicated that the fate
studies can be carried out in a reliable way as the radioactivity remained associated to the synthesized ENP.
Conclusion and perspectives
In the frame of this project, it was demonstrated that a double
labelling of NP can be achieved. It is expected that the entrapment of the markers in a protected environment, such as
the core of particles, will enable the performance of fate and
effect studies without facing possible degradation of markers.
Future investigations will focus on improvement of the specific radioactivity of the labelled NP in order to decrease their
detection limit in complex systems.
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Results and discussion
In this project, the synthesis of silica core-shell ENP doubly
labelled with both fluorescence and radioactivity was developed as a promising tool for environmental risk assessment
of NP. Because of the easiness of 14C-signal detection, these
systems are expected to be highly efficient for assessing in a
sensitive and quantitative manner the behaviour of the particles in terms of distribution, aggregation, and accumulation in
complex matrices such as tissues or environmental compartments. The addition of the fluorescent properties will enable
rapid microscopic observations and easy localization of the
particles in these systems to support toxicity studies.
Silica based core-shell nanoparticles were synthesized following a water-in-oil microemulsion procedure. The markers were
entrapped in the core of the NP (Figure 1) during synthesis.
Labelling with a unique marker modified with a fluorescein
derivate or containing 14C-atoms was chosen for ENP labelling.
Low molecular weight (4000) poly(ethylene glycol) (PEG) commercially available was selected for the study.
Aqueous Phase

Organic Solvent

: C-labelled PEG
: FITC-PEG
: Triton X100
Figure 1: schematic representation of the strategy used to label the NPs
during synthesis.
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As the synthesis of non-labelled NP led to NP of satisfying
size distribution and shape, syntheses experiments were carried out under the same conditions in presence of both the
fluorescent and the 14C-labelled PEG. After microscopic evaluation, photobleaching experiments were carried out with the
labelled NP to demonstrate the entrapment of the fluorescent
marker in the core of the particles. Results have shown that
the decay of fluorescence is much more rapid for the fluorescent PEG free in solution than for labelled NP in suspension.
Such observation allowed to rule out the possibility of adsorption of the PEG marker onto the surface of the synthesized NP
and proved the entrapment of the fluorochrome in the particles. In addition, the amount of radioactivity entrapped in the
core of the NP was assessed by combustion of the labelled
NP combined with liquid scintillation counting. The highest
specific radioactivity obtained was 36.5 Bq per milligram of
NP. From an experimental point of view, the determination of
radioactivity bound to ENP is much more rapid when using
direct measurement of radioactivity of solutions containing
suspended radioactive ENP than when using liquid scintillation counting (LSC) without a preliminary combustion step. In
order to assess whether the entrapment of 14C-labelled PEG
into the core of the silica affects the level of radioactivity detected by means of LSC, samples were analysed using both
methods. The results obtained showed that the radioactivity
levels were not biased by the presence of the silica shell surrounding the 14C-labelled PEG and that prior combustion is
not necessary.
Subsequent to the demonstration that the double labelling of
the produced ENP was effective, a final verification was done
in order to prove that these ENP can be used for fate studies.
As future investigations on the behaviour of these ENP in environmental samples will mainly be based on radioactivity measurement and not on microscopic methods, it was necessary
to ensure that detection of radioactivity in samples containing
aqueous phase is not due to the release of 14C-labelled PEG by

ment of engineered nanoparticles. Ecotoxicology 17 (5) 344-361
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Laccase-Nanoparticle Conjugates for the Elimination of
micropollutants from wastewater in bioreactors
Current breakthroughs in materials science, e.g. nanomaterials, open new perspectives for applications in
environmental technology such as the still unsolved issue of residual micropollutants in water media. The project
LANCE aims at taking advantage of new nanomaterials for improved treatment of wastewater contaminated by
pharmaceuticals and industry chemicals.

Preliminary results
In the first phase of the project, synthesis of silica-based nanoparticles was carried out following the modified Stöber
method [4]. The particles were amino-functionalized using
3-aminopropyltriethoxysilane in order to enable the coupling
of the particles with the linker glutaraldehyde (Fig. 2).

Patrick Galliker, Patrick Shahgaldian, Gregor Hommes, Thomas Wintgens, Maurice Jutz, Philippe Corvini, Uwe Pieles
School of Life Sciences FHNW
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Introduction
Pharmaceuticals and other hormonally active chemicals are
often detected in wastewater treatment plant effluents, in
surface waters, and in groundwater. The main reason is the
insufficient removal of hardly biodegradable substances by
current sewage treatment processes. Adverse effects on ecological systems, e.g. the disturbance of endocrine systems
in aquatic organisms, may arise from highly bioactive contaminants. Although the severity of such problems remains
unclear, caution is required given the sheer variety of substances in use. Many substances ingested by humans are metabolized in the body and excreted in the urine or faeces. As
a result of the excellent wastewater treatment infrastructure,
the quality of Swiss water bodies improved significantly over
the last few decades. The release of organic trace elements
via wastewater treatment plants, however, continues to be a
challenge for water protection. Micropollutants such as pesticides, surfactants, preservatives, solvents, fragrances, flavours and pharmaceuticals as well as endocrine disruptors
remain a concern in the urban water cycle. Several advanced
technologies for the elimination of micropollutants in the
wastewater treatment systems are under development today
(oxidation, filtration, adsorption, biodegradation etc.).
The activity of laccase, an oxidative enzyme produced by ligninolytic fungi, for the degradation of cosmetics and endocrine disrupting chemicals like nonylphenol and bisphenol
A (BPA) has been reported previously [1]. Interestingly it has
also been shown that these enzymes are more stable when
covalently aggregated in larger clusters [2]. Such clusters are
not only more stable but also exhibit higher activity for the
degradation of the mentioned chemicals. Another approach
for the immobilization of this enzyme was the linking to silica
nanospheres [3]. Compared to free laccase, such nanoparticles
showed a higher activity for the oxidation of 2,2›-azinobis(3ethylbenzthiazolin-6-sulfonate) and an increased reusability.
Concepts of LANCE
The aim of this project is to immobilize laccase on silica nanospheres and to apply the modified nanoparticles (NP) to a
fixed bed cascade reactor coupled to a filtration unit in order
to remove harmful micropollutants during the wastewater
treatment. The innovation developed within this interdisciplinary project relies on the combination of various technologies
presenting diverse advantages. The use of silica-based nanostructured material, developed by the company HeiQ Materials, allows for an easy functionalization of the nanoparticle
surface for protein coupling and at the same time offers a
high surface to volume ratio, both properties of which promise high yields of laccase coupling to these NP. Furthermore,

the embedment of silver components in this nanostructured
material can be envisaged at the stage of the technical application (Figure 1).

Figure 3: Radiochromatogram of enzyme assays carried out with laccase
immobilized on silica NP and 14C-labelled BPA as substrate. Chromatograms
are shown for enzyme assays after 0 and 90 minutes incubation.
Figure 2: SEM photography of amino-functionalized silica NP

Figure 1: Silica-based nanostructured scaffold containing silver NP

The antimicrobial activity of silver may help to limit microorganism adhesion to NP and prevent subsequent degradation of the immobilized enzyme in the wastewater containing
reactor. Beside its capacity of oxidizing a broad spectrum of
micropollutants by withdrawal of one electron, laccase is
quite a robust enzyme, which can easily be synthesized on a
large scale. Laccase shows stability and catalytic properties
suitable for applications using its immobilized form. In order to adequately exploit the potential of the nanomaterial a
wastewater treatment plant, developed by the company Aquaren, will be used. The sewage treatment occurs in a fixed-bed
reactor system with six successive chambers, in which water
load of dissolved organic carbon and microbial biomass (responsible for the wastewater treatment) gradually decreases.
The application of the developed NP at an advanced stage of
water treatment (i.e. 6th chamber) is expected to enable efficient degradation of the targeted recalcitrant micropollutants
as a limited amount of other organic substrates will interfere
with the enzymatic degradation of the targeted compounds.
At this stage of the sewage treatment, the colonization of the
NP surface and degradation of the immobilized biocatalyst
may be avoided due to the quasi absence of microorganisms.
An intended external filtration step of the treated effluent followed by recirculation of the retentate to the fixed-bed reactor system will be designed by the company MMS Membrane
System AG in order to enable the reuse of the applied NP. This
strategy aims at decreasing the treatment costs and excludes
at the same time the release of nanostructured material with
the treated effluent.

After activation of the NP surface with the linker, a dialyzed
culture supernatant of Coriolopsis polyzona, containing the
laccase, was coupled to the activated NP. The laccase chosen
for this study was purchased at Wetlands Engineering (Belgium), which is a partner in this project at European level in
the frame of Materanet action. In order to evaluate the enzymatic activities of the enzymatic extract and the synthesized
NP, analytical methods were developed in parallel to synthesis and coupling experiments. The determination of the
concentration of both the substrate and the products of this
enzymatic reaction was necessary to ensure the reliability of
measurement of enzymatic activities. As the determination
of micropollutants in concentrations of μg-ng/L in presence
of organic matter in the matrix of wastewater, is not trivial,
radioanalytical measurements were applied to degradation
tests carried out at lab-scale. First experiments were conducted using a highly relevant model micropollutant, i.e. the
endocrine disruptor Bisphenol A whose worldwide production amounted to more than two million tons in 2003. A 14Clabelled form of BPA was used to develop the method for the
analyses of BPA and its metabolites by means of HPLC-MS/
MS coupled to a radiodetector (Figure 3). Adequate conditions
for enzymatic assays were established using the free laccase
in solution.
Radiochromatograms and calculations of the radioactivity balance of enzymatic assays have shown that laccase degrades
BPA to many metabolites, presumably 4-isopropyl- and 4-isopropenyl-phenol and oligomeric polymers of BPA (Figure 3) [5].
This analytical procedure was also applied to enzymatic assays carried out with immobilized laccase. Preliminary results
have shown fairly high activity in such assays. Due to the adopted experimental procedures it is most likely that the measured activity does not originate from residual free laccase.
On-going work aims at establishing a clear proof that the observed activity is exclusively due to the immobilized form of
the enzyme by excluding the possibility that covalently linked
enzyme aggregates were formed in the prepared material.
Next developments and perspectives
In collaboration with the Department of Chemistry (Basel
University), short-term activities will be focused on the improvement of immobilization yields and the activity of immobilized laccase. A fixed-bed cascade reactor-filtration unit

is currently being developed to assess the removal of BPA at
laboratory scale and to study any potential ecotoxicological
effects of the operated treatment. Together with AIB, Balewa
and the other partners of the consortium, the mid term perspective will be the proof of concept at semi-pilot scale directly at a wastewater treatment plant.
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Membrane bioreactor technology for removal of
organic micropollutants
The aim of this project was to assess the fate of one of the most widely prescribed pharmaceuticals and its main
metabolite during the wastewater treatment in a membrane bioreactor, which represents one of the most promising
methods for the elimination of persistent organic pollutants during sewage treatment.
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Introduction
Micropollutants are compounds present at extremely low concentrations. They may be released into the environment from
a variety of sources and include, not exhaustively, plasticizers
and organo-chlorines from industrial wastewater, pesticide
run-off from agricultural areas as well as synthetic drugs and
natural hormones from human and livestock excreta. In the
environment, organisms (including humans) are exposed not
only to single isolated micropollutants but also to complex
chemical mixtures, the individual components of which might
be present at concentrations too low to raise concern. However,
additive or even synergistic effects exerted by such mixtures
can be expected.
Human and veterinary pharmaceuticals have been shown to
occur in considerably high amounts in sewage treatment plant
(STP) effluents and surface waters. The non-steroidal inflammatory drug diclofenac represents one of the most commonly
detected compounds. Diclofenac is one of the most extensively
used non-steroidal, anti-inflammatory and non-prescribed
drugs (NSAIDs). Indeed, diclofenac concentration levels of up
to15 μg/L were reported in water and wastewater samples [1].
Diclofenac was also shown to cause harm to freshwater fish
species such as rainbow trout.
In fact, the release of pollutants in aquatic compartment reflects
their poor elimination in sewage treatment plants and removal
pathways are still to be identified or better understood. The
  
fate
and transport of diclofenac in sewage treatment systems is difficult to study and analyse due to its low concentration in effluent and the presence of the complex organic matrix of the latter.
Hence, by using 14C-radiolabelled substances, it is expected to
be easier to determine removal pathways, especially to distinguish between biodegradation, mineralization, adsorption and
volatilization processes. Moreover, radiotracing is the method
of choice for the detection of any new metabolites. Indeed, various studies have been carried out on diclofenac removal in
wastewater treatment plants. Although a slight removal has
been detected most of the time, on average 30 %, the observed
range is wide, from 0 % [2] to 70 % [3].
Therefore, the assessment of the fate of diclofenac and 4’-hydroxydiclofenac, its main metabolite expressed in humans, during the wastewater treatment process is necessary to better
appraise the reasons for their persistence in treated effluents.
Reactor operation
For this purpose, studies have been carried out in a laboratoryscale membrane bioreactor (MBR) consisting of a 1.2 L glass
reactor (Figure 1). The reactor was operated under perfectly
mixed aerobic conditions at a sludge retention time (SRT) of
30 days and a hydraulic retention time (HRT) of 7.5 hours. The

MBR was fed with a sterile synthetic medium. In stable conditions, the total solids concentration was 8.5 g.L-1 on average.
The filtration unit consisted of 6 flat sheet membranes of 40
cm2 (4x10) in parallel, with a nominal pore size of 0.20 μm. The
whole system was sealed and off-gas was trapped for further
analyses.
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After a stabilization period of 2.5 times the SRT, a solution of
diclofenac and 4’-hydroxydiclofenac was spiked in the reactor. The solution was composed of 142 μg diclofenac and 52
μg 4’-hydroxydiclofenac for a total radioactivity of 1.39 MBq.
This was representative of the 27 % of 4’-hydroxydiclofenac
observed in domestic wastewaters by Stülten et. al. [1].
Radioactivity was monitored for 14 days in the permeate, the
mixed liquor suspended solids (MLSS), and the off-gas. Each
sample was analyzed by means of Liquid Scintillation Counting (LSC), high performance liquid chromatography (HPLC)
coupled with LSC and HPLC coupled with mass spectrometry.
First results showed that most of the radioactivity leaves the
reactor with the permeate. Indeed, the cumulative percentage
of total applied radioactivity collected in the effluent increased progressively up to 82%. This maximum of radioactivity in
the effluent was observed after 75 hours.
Results
The evolution of the concentration in the effluent, as well as
the cumulative percentage of radioactivity present in the permeate (expressed relatively to the total applied radioactivity),
are shown in figure 3a and 3b. The radioactivity concentration in permeate samples decreased from 725 to 0.28 Bq.mL-1.
Though, this diminution was interrupted by some sequences
of slight increase and decrease around 40, 70 and 130 hours.
It seems that these concentration peaks were due to slight pH
increases caused by the replacement of the synthetic feed with
freshly prepared one, however, this has to be confirmed by further analyses.

also decreased over time from 46 to 6% while the percentage
of radioactivity assignable to compounds, which were non extractable from the pellet increased from 10 to 52%. The radioactivity concentration in the various gas traps was really low and
therefore confirms that diclofenac and 4’-hydroxydiclofenac
are not mineralized and/or stripped. In order to obtain a complete balance of radioactivity, the membranes have also been
combusted to determine whether some residues (parent compound and metabolites) are sorbed to the flat sheet modules.
Conclusion and Perspectives
These first results confirm previous works, performed either
on full scale or pilot plants, by showing the negligible effect
of adsorption, volatilization and mineralization on Diclofenac
removal. Nevertheless, the concentration peaks observed after
a slight modification of the pH might explain the wide range
of removal rates observed in the literature. Following these
first quantitative results, further investigations will focus on
analyses of the samples by means of HPLC/LSC and HPLC/MS
in order to identify the residues giving rise to the radioactivity
observed in the treated effluent. This information will be useful to understand the degradation/formation mechanisms of
diclofenac and metabolites thereof in wastewater treatment
plant. Such knowledge may help in adapting wastewater treatment to improve the elimination rate of these residues.
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fonated and other micropollutants removal in membrane bioreactor and conFigure 1: Laboratory-scale membrane bioreactor (MBR) system
Legend: 1 - Bioreactor vessel; 2 - Membrane plate modules; 3 – Influent
tank; 4 – Effluent tank; 5 – Influent peristaltic pump; 6 – Air pump; 7 – Level
controller; 8 – Digital pressure control; 9 – Controlling valve; 10 – Effluent
peristaltic pump; 11 – Backwashing peristaltic pump; 12 – Monoethylene
glycol flask for the trapping of volatile organic compounds; 13 – NaOH flasks
for the trapping of CO2; 14 – Digital pressure control; 15 – Vacuum pump

Radiolabelled 4’-hydroxydiclofenac was produced by incubating 14C-labelled diclofenac with S9 mix from human liver
containing the nicotinamide adenine dinucleotide phosphatedependent P450 enzyme (Figure 2) according to the protocol
provided by the supplying company.

ventional wastewater treatment. Water Research 41 (4): 935-945.
[3] Ternes TA. (1998): Occurrence of drugs in German sewage treatment plants
and rivers. Water Research 32 (11): 3245-3260.
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Figure 3b: Radioactivity distribution and concentration in the MLSS

Figure 2: Radiochromatogram of 14C-DF incubated with cell liver extracts
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Regarding the presence of radioactivity in MLSS samples and
its distribution between the aqueous and solid phases, it was
clearly observed that the concentration in MLSS decreased
with time, from 138 to 8 Bq.mL-1. This was in accordance with
the evolution of the radioactivity in the effluent. Moreover, the
percentage of radioactivity present in the supernatant, after
centrifugation of the MLSS sample at 2500 g for 15 minutes,

Additional Informations:
Membrane bioreactors (MBR) represent one of the most promising innovations in the field of sewage treatment due to
their high efficiency in the removal of organic compounds and
nutrients. The MBR process combines a biological treatment
with a filtration step through membrane modules, usually
with microfiltration pore size. The high quality of the effluent
is obtained through the complete retention of suspended solids, the almost complete removal of pathogens, and the possibility to increase biodegradation of micropollutants due to
higher sludge retention time in the MBR.
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Environmental Management (EM)
Holistic environmental management for the sustainable use of
resources and the preservation of an environment worth living in.
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Zinc and copper removal from sand blasting materials
and solid residues of thermal processes

Solid (hazardous) waste

Due to increasing metal prices on the global market, the use of (hazardous) wastes as a secondary raw material
resource for the recycling of valuable metals is becoming more and more attractive. The recovery of valuable
metals such as zinc and copper from waste can be linked with the reduction of environmental risks and a reduction
of disposal costs.
Antje Langbeina, Thomas Wintgensa, Maurice Jutza, Stefan Schlumberger b, Jean-Marc Stollb, Rajko Jazbecc, Michael Schusterd
aSchool of Life Sciences FHNW, bAquaren AG, cUMTEC, dTU München
Keywords: hazardous wastes, zinc, copper, recovery of valuable metals, waste acids, Basel Convention
Background
The project is based on previous experience from applied
research and development projects carried out over the last
few years [1-3] and which have dealt with the recycling of
valuable metals, especially focusing on zinc and copper, from
solid hazardous wastes. In different kinds of solid residues
from industrial processes a potential for the recovery of secondary raw materials is notable. Nowadays, some of these
residues are either still exported for a cost-intensive disposal
as hazardous wastes in underground-disposal sites abroad
or dumped in wastes landfills within Switzerland [4].
In 1989 the Basel Convention (Basel Convention on the Control
of Transboundary Movements of Hazardous Wastes and Their
Disposal) was postulated [5]. Its target is to enable a comprehensive, environmentally sound, global wastes management
and the control of transnational shipments of hazardous
wastes. The long-term aims are both the successive reduction of the exports of hazardous wastes and their increasing
treatment on a domestic level within Switzerland as well as
their utilisation as a resource for the recovery of valuable
compounds. The continuous increase of commodity prices
particularly for zinc and copper on the global market makes
recovery from wastes materials more and more economically
attractive. The underground wastes disposal in former salt
mines abroad involves on the one hand high costs for storage
and transportation with all the environmental impacts such
as emissions of respirable dust and greenhouse gases such as
CO2, and on the other hand a high, long-term environmental
risk due to contamination with toxic substances, in this case
primarily heavy metals. Although disposed materials pose a
much lower environmental risk in Swiss residue landfills, recyclable fractions are removed from the cycle of potentially
valuable compounds. Closing cycles of material resources is
in line with the principle of sustainability, being a priority in
Swiss environmental legislation.
The project presented here is financially supported by the Federal Office for the Environment (FOEN) and is conducted in
collaboration with industry partners and partners from applied research and development institutions.
First results
In a first project phase the evaluation of the Swiss market
situation regarding the available amounts of suited wastes
materials was conducted. As a result, relevant quantities of
solid wastes materials containing notable metal concentrations from different industry sectors could be determined.
These are used moulding sands from the processing of red
bronze; wastes sand blasting materials from the metal surface treatment; and filter dusts from metal processing such as

zinc-coating and spray-galvanizing. The wastes disposal costs for the relevant companies are approximately 200 CHF/t
for the dumping in Swiss residue landfills and up to 400
CHF/t for underground disposal of hazardous wastes abroad.
For the separation of zinc and copper a wet-chemical process is planned for application. Thus the metals in solid state
are converted into a dissolved form. Afterwards zinc and/or
copper will be separated selectively from the aqueous acidic extract (which contains a mixture of different dissolved
metals) in a selective extraction process using suitable complexing agents in a following step. This leads to concentrated,
pure Zn/Cu concentrates (called mono-metal solution). From
the mono-metal solution afterwards the recovery of elemental metal with a high degree of purity in an electrolysis cell is
intended. A process flow chart is shown in figure 1.
To increase the economic viability of the recovery process by
saving costs on operating chemicals, suitable wastes acids
should be preferred as extraction medium. Hence, a survey
has been conducted about the utilisable wastes acids available on the Swiss market. The largest amounts are expected
in companies in the fields of metal surface treatment, electroplating and production of printed circuit boards. After
the market analysis, the contents of metals were determined
for some selected representative industrial samples. These results gave first impressions about the leachable metal
fractions and indications for the potential added value. The
sample materials were classified into different categories, based on their origin from industrial processes and especially
regarding their metal contents.
The wastes acids were characterized by determination of pH,
density, free acid contents and the dissolved metal fractions.
Extraction tests were conducted at laboratory scale to define
the optimal extraction conditions regarding extraction time,
temperature and addition of oxidants. Simultaneously the
content of heavy metals in solid samples and their extracts
was analyzed. The content of the valuable metals copper and
zinc in the wastes acids will simultaneously be recovered. In
these laboratory scale tests, using original samples from industry, it could be shown that the recovery rate on average
is 90 % for zinc and 80 % for copper under optimal leaching
conditions. Hence, every year more than 400 t of zinc and approximately 90 t of copper could be recycled (See figure 2).
Conclusions and outlook
On the basis of the average metal prices of the last 5 years,
this is equivalent to a potential for added value of 1,450,000.CHF/a. Beside the benefit of the recovery, an additional gain
results from the difference between actual disposal costs

Wet-chemical process
(extraction)
Filtration

added value concerning the recovery of zinc and copper. Additionally, the strategic requirements of the Swiss environmental law regarding hazardous wastes management as well
as sustainability aspects are fulfilled. The next step will be
the conversion from small laboratory scale to pilot scale. This
will include laboratory and pilot tests for the definition of
the industrial scale system, the final definition of the process
steps and the up-scaling from the pilot scale to the industrial
scale. After the concept evaluation, it is planned to implement
the process at a suitable industrial location.

Filter cake

Filtrate

Disposal in landfills
for stabilised residues

Selective extraction
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Figure 2: Pure recovered zinc

and lower costs for the disposal after treatment due to lower wastes volumes. Additionally, the not yet quantified advantage arising from the reduction of wastes transports and
the decreased dump volume has to be considered. For the
treatment of materials of the categories foundry sands and
filter dusts, a separate as well as a blended processing in one
processing step is feasible. In the first part of the project, a
cost-benefit analysis in the form of a flexible calculation and
evaluation tool was integrated. It allows the interpretation
of the mentioned case scenarios, from homogenous monofraction to options using blends of different materials for the
recovery process.
The most important condition for the implementation of the
system engineering in practice is the connection to an existing infrastructure, e.g. a waste water treatment plant. In
the case of the waste moulding sands, the costs of the disposal of treated material in residue landfills within Switzerland
could be reduced by approximately 45 %. Alternatively treated
material could be used as an additive in brickworks or coprocessing in cement industry.
In the first part of the project could be shown, that the considered solid waste materials offer a promising potential for

Additional Information:
Each year Switzerland produces about 1.2 Mio. t of hazardous
wastes, which represents 6 % of all wastes categories. About
14 % of all hazardous waste is exported. These wastes also
contain such metals as zinc and copper.
The development of the recovery process for the valuable metals zinc and copper enables us to gain additional value from
wastes within Switzerland and is one further step ahead for
the implementation of the targets of Swiss environmental
policy guidelines and of such international environmental
policy instruments as the Basel Convention.
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Extraction of tannins from organic waste as
a pre-treatment to biogas production
Biowaste is a valuable resource that can be used to produce renewable energies, e.g. methane. However, the
production of methane from agro-industrial biowaste can be technically challenging. The project aims to increase
the methane yield by extraction of inhibiting substances for biogas production from banana waste. The inhibitors,
tannic compounds, are valuable natural antioxidants, widely used in food and pharma-industry, thus increasing
the market potential of biogas production through marketing of the extracts.
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ted at an additional 250,000 tons per annum. Used appropriately, these agro-industrial wastes represent a resource of high
energetic potential.
Disposal of fruit wastes in open biowaste dumps is particularly problematic, since anaerobic zones within the waste piles
result in microbial formation and emission of methane to the
atmosphere. In the atmosphere, methane contributes to global
warming 21 times more compared to carbon dioxide (on a 100
year time-frame). Yet the same microbial process can be used
to produce biogas - a mixture of methane, carbon dioxide and
minor amounts of other gases - under controlled conditions
in an anaerobic digester. The production of such biogas from
agro-industrial wastes is regarded as “CO2-neutral».
Plant polyphenols, so-called tannins, represent an important
class of antioxidants used in pharma and food industries [1].
In beverages, tannins are vital constituents, giving an astringent taste to e.g. black tea. Tannins are divided into hydrolysable and condensed tannins: Hydrolysable tannins are structurally diverse secondary plant metabolites, consisting of gallic
acid (gallotannins) and ellagic acid (ellagitannins) esters with
glucose. Condensed tannins represent higher molecular oligo- and polymers of flavonoid units linked by carbon-carbon
bonds. Tannins are thought to be one possible reason for the
poor digestibility of certain plant material [2], especially banana peels, since they were shown to inhibit methanogenic
consortia by complexation of essential trace metals and / or
precipitation of proteins and enzymes.
Project approach
This project aims at increasing the methane yield by extraction of tannins as a pre-treatment to biogas production and at
facilitating the implementation of biogas production in Costa
Rica by marketing of the extracts. At a later time, the fermentation process will also include alternative agro-industrial
wastes, manure and organic household wastes that can be cofermented in the biogas facilities.
However, no installation for biogas production from such
wastes exists in Costa Rica so far. The implementation of a pilot-installation is expected to have an encouraging character
not only for the agro-industry in Costa Rica, but also for the
whole Central American region.
Laboratory experiments covered fundamental aspects regarding the mechanism of inhibition on methanogenic microorganisms and the structure determination of the tannins, as well
as extraction methods applicable in pilot-scale installations.
The results are incorporated in an overall concept taking into
account technical, financial, environmental and social aspects
for biogas production in Costa Rica and other Central American countries. Consequently a broad range of experts from
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Introduction
Due to the increasing price of fossil fuels and regarding a sustainable climate policy, the term biowaste is no longer appropriate. Nowadays, biowaste is considered as an important
resource, since it can be used to produce renewable energy,
i.e. biofuels (biodiesel, bioethanol) or methane. The concept of
the biorefinery has recently attracted much attention, since it
includes the use of biomass as a resource for the production of
high value chemicals of biological origin. If such substances
can be marketed, the added value can make renewable energy
production feasible despite economically unfavorable conditions.
Costa Rica produces large quantities of agro-industrial wastes.
The two largest fruit exporting companies alone produce almost 200,000 tons of banana biowastes (peels and pulp) per
annum, which are partly deposited in open waste dumps (Figure 1). The quantity of further organic wastes from the fruit
industry (pineapple, mango and palm hearts) has been estima-
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Figure 1. Open biowaste dump currently used for the disposal of whole
rejected bananas and «pinzote» (pseudo-stem of the banana plant).

Extraction Unit

Cosubstrates

Figure 2. Overall scheme for extraction of water insoluble tannins and biogas production. Water insoluble tannins, extracted by a mixture of organic solvent
(here: acetone), water and acid, precipitate upon recycling of the organic solvent and can thus be removed from the liquid. The residual, water insoluble
tannin free liquid is rich in easily digestible substrate and is thus fed into the biodigester together with the residual banana waste solids.

different fields join the project team (see below).
During the first project phase, different methods for tannin
extraction were evaluated based on tannin and methane yield.
It was demonstrated that an extraction using acetone/water/
acetic acid allowed a 3-fold higher polyphenol yield compared
to e.g. methanolic or ethanolic solutions. Even higher yields
were observed with regards to water insoluble tannins (~14
times more water insoluble tannins in the acetonic extracts
compared to methanolic or ethanolic extract extracts). Liquid
chromatography coupled to mass spectrometry (LC-MSn) allowed the identification of a valuable building tannin block,
catechin, within the acetone extract. As the extracts contained
large amounts of easily biodegradable substances, an extraction scheme was developed, allowing extraction of water insoluble tannins and recycling of the extractant (Figure 2). Following this concept, banana peels were extracted and used as
(mono)substrate for methanogenic consortia in biogas experiments. The experiments were conducted in an in-house developed automatic online pressure measurement system that
allows a precise determination of the specific methanogenic
activity (methane production per time unit and biomass) [3].
However, samples extracted with solvents did not show increased specific methanogenic activities. It was demonstrated in
further experiments that the harsh extractants, which were
applied, influenced the substrate matrix negatively, resulting
in a lower specific methanogenic activity and less methane
production in comparison to non-extracted samples. This negative effect on the digestibility of the matrix was thus overriding the positive effect on biogas production by water insoluble tannin removal.
As a high extraction yield of tannins is not achievable jointly
with a high yield of methane, the potential surplus that can be
gained by marketing of tannins has to be balanced versus the
reduced biogas yield for future applications [4].
Outlook
In order to boost the development of anaerobic technologies
in Costa Rica, a pilot demonstration facility is currently being
designed. This demonstration anaerobic digester will allow
the validation of different technical aspects regarding the
digester operation (pretreatment, substrate (mixtures), loading rates, etc.) and will offer the possibility of transferring
indispensable knowledge by training of local operators and
scientists. The pilot facility is also used to evaluate different
scenarios regarding logistical aspects (location for energy pro-

duction, energy to be substituted, substrate/ effluent / excess
sludge transport, etc.) under larger scale conditions.
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Eco-efficient technologies for a sustainable agriculture

admissible limits. The decrease in the drying temperature and
the reduction of the passage of the grass material through the
drying drum contribute to the preservation and conservation
of the nutrients in the final product. In analogy to the grass
juice the corn juice was also analysed. Regarding the nutrition
content, the juice shows a starch content of 60 %.

The traditional production of vegetable-based feed stock pellets displays a high potential for increasing energy
efficiency, which can be expressed in the reduction of fossil fuel consumption and CO2-emissions for drying as well as
in a higher quality of the end product. These aspects were investigated in collaboration with a Swiss drying
plant and partners from industry and research in a project funded by the Swiss Federal Office of Energy (SFOE).

Outlook
In the further progress of the project, aspects of further processing of press juice from grass and corn will also be considered [2]. In particular, the potential of these by-products as
a resource for the production of biogas by fermentation or the
production of bio-ethanol or lactic acid should be investigated.
This sustainable processing of by-products as raw material is a
necessary component of the optimisation of drying technology.

Lisseth Sandoval-Soto, Antje Langbein, Maurice Jutz
School of Life Sciences FHNW
Keywords: feed stock pellets, grass drying plant, efficiency increase, reduction of energy consumption

Introduction
At present, there exist in Switzerland about 70 agricultural
drying plants, which produce for animal breeding vegetable
dry feed stock pellets made from regionally grown raw materials. The raw material is cut and dried before pelletising.
These drying processes are very energy- and thus also costintensive. As an energy source for heat generation, either fuel
oil or natural gas is used. The vegetable material is dried to
a given residual moisture content, which is essential for the
formation of the final pellet.
In the current project, the enhancement of the efficiency of
such a plant by the integration of a pressing step was investigated. The project was conducted in collaboration with the agricultural drying plant Zell (Canton Luzern) as plant operator
and location for practical tests, Studer Maschinenbau AG as
the supplier of the press used as the mechanical dewatering
component, Agroscope Liebefeld-Posieux Research Station
ALP and the energy consulting company Enerprice Partners
AG under the financial support of the Swiss Federal Office of
Energy [1]. The project started in September 2007 and is continuing until November 2009. In the first part of the project
regarding the grass pellet production, the influence of a dewatering step prior to the drying step, the energy consumption
as well as the CO2-emissions and the quality, especially the
nutrient content, of the feed stock pellets were investigated.
The dewatering of grass significantly reduces its water content, which otherwise had to be evaporated by drying. Inputs
into the process are: raw material (cut grass), «extra light»
fuel oil as a source of drying energy and electric power for
transport. The outputs of the process are feed stock pellets
as the finished product (See figure 1) as well as a dewatering
liquor, called «grass sap» owing to its rich composition, as a
by-product, exhaust gas (containing CO2) and waste heat. In
the project comparative analyses of nutrient contents of pellets from both the conventional and the modified process were
conducted.
First results
The results verify that the pressing system does not influence
the nutrition content in the pellets negatively; their quality
meets the requirements of feed stock trade and the recommendations of Research Station ALP. Due to the integration of
the press, the fuel oil consumption could already be reduced
by 25 % (See figure 2). The combustion of «extra light» fuel oil
releases 3.14 kg CO2/kg. The potential for the reduction of CO2emissions from the drying plant Zell is approximately 100 t
CO2 per year. Since the implementation of the modified plant
in the year 2006, a total of 320 t of CO2-emissions could be saved. These first tests preliminarily show, that the production

of feed stock from local to national, even to global scale, by
integration of a mechanical dewatering step can increase the
efficiency.
The application of the modified process will reduce the operating costs for farmers as plant operators and will improve their competitiveness. The trials were conducted as batch
tests using grass containing different degrees of humidity:
dewy grass contains approx. 80 % and wilted grass approx. 55
to 65 % of water. These versions also represent the different
climate conditions that normally occur while grass is being
harvested, e.g. rainy or dry weather. The influence of variations in harvest conditions (rainfall, dry weather, temperatures) can be easily balanced resulting in a consistently lower
consumption of energy, or in other words: the efficiency of the
modified drying process is particularly high during wet and
rainy harvest conditions. Additionally, by implementation of a
mechanical dewatering step into the process and certain modifications at the plant the drying temperature could be, compared to conventional processes, reduced. From this reduced
heat impact there follows a decreased risk of the formation
of harmful substances, e.g. polycyclic aromatic hydrocarbons
(PAH) and other contaminants typical for these processes. The
grass juice from the press was characterised by analysis of
its chemical properties, to reveal ways for its further use. As
the results show, the grass juice regarding its chemical composition is basically suitable as a fertiliser. Its spreading on
agricultural areas can be an eco-efficient alternative for the
enrichment of soils with nutrients such as nitrogen, phosphorus, potassium and magnesium.
The big advantage of the use of grass juice is the balanced
nutrition concentration. In comparison to the use of manure,
an over-fertilization especially with nitrate, which includes
the risk of contamination of ground- and surface-waters due
to a surplus of nitrogen, would be prevented. The risk of enrichment of veterinary pharmaceuticals will especially be distinctly reduced. Fertilising the harvested agricultural green
areas using the grass juice leads to closed nutrient cycles and
a positively influenced nutrient balance. Additionally, comparative studies on different assigned parcels of land were conducted to quantify the influence of grass press juice as a substitute for manure on the soil quality: one parcel was treated
with grass juice, another parcel was treated with manure and
one parcel was left without any fertilisation. The soil samples
from each parcel were analysed and compared regarding nutrition content and pH as the most significant parameters. The
results confirm the qualification of the grass juice as a good
alternative or supplement to the established use of manure
as a farmyard fertiliser. Due to the initial positive results,
the ongoing project was extended by a complementary part

Figure 1: Grass pellets
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financially supported by the Swiss Federal Office of Energy
(SFOE). In this second part of the project, the application of
the modified drying process including the pressing step was
also tested by the means of pellet processing from whole corn
plants. Meanwhile, the grass pressing tests were continued to
gain further data for evaluation. The relative reduction of fuel
oil consumption for corn drying and pelletising is lower compared to that during the grass processing. This effect is based
on the generally dry weather conditions that are utilised for
the corn harvest. But even in this case the reduction of energy
consumption is noticeable.
In summary, the integration of the pressing step into the process implies the following advantages for the farmers:
– Reduction of drying time, resulting in increased
throughput and productivity
– Reduction of absolute and specific fuel oil consumption
– Lower temperature of the drying drum
– Reduction of CO2-emissions
– Reduction of drying costs
– Increase in production rate
The feed stock produced was tested on a random basis for possible contaminations with harmful respectively carcinogenic
substances such as polycyclic aromatic hydrocarbons (PAH)
and dioxins [5]. In all cases the test results were below the

Partner and Funding:
Trocknungsanlage Zell, Studer Maschinenbau AG, Switzerland; Enerprice Partners AG, Root Längenbold, Switzerland;
Agroscope Liebefeld-Posieux Research Station ALP, Posieux,
Switzerland. Funded by Swiss Federal Office of Energy.
Additional Information:
In addition to the reduction of fossil fuel consumption, the
output of greenhouse gases (CO2) could be decreased as a
concrete measure regarding the Swiss climate policy [3] and
its international commitment according to the Kyoto protocol in the UNFCCC (United Nations Framework Convention
on Climate Change) [4].

54 | 55

Appendix

56 | 57

School of Life Sciences

Publications (2007 ff)

Gygax D. (2007):
Neuartige In-vitro-Diagnostik auf Basis moderner Technologien. FHNW (Hrsg.) Forschungsbericht 2006/2007, Brugg,
2007, 36-39
Koeser J., Shahgaladian P., Bammerlin M.,
Battiston F.M., Pieles U. (2007):
Time resolved analysis of molecular interactions using nanomechanical cantilever sensors. J. Phy. Conf. Series. 61, 612-617

Institute for Chemistry and Bioanalytics (ICB)
Kruse A., Pieles U., Riener M.O., Zunker C., Bredell M.G.,
Grätz K.W. (2009):
Craniomaxillofacial fibrous dysplasia: A 10-year database
1996–2006, British Journal of Oral and Maxillofacial Surgery,
in press
Detsch R., Dieser I, Deisinger U., Uhl F., Hamisch S.,
Ziegler G., Lipps G. (2009):
Biofunctionalization of dispense-plotted hydroxyapatite
scaffolds with peptides: Quantification and cellular response.
J Biomed Mater Res A. 11.
Wagner M., Berkner S., Ajon M., Driessen AJ., Lipps G.,
Albers SV. (2009):
Expanding and understanding the genetic toolbox of the hyperthermophilic genus Sulfolobus. Biochem Soc Trans. ;
37(Pt 1):97-101.
Lipps G. (2009):
Molecular biology of the pRN1 plasmid from Sulfolobus islandicus. Biochem Soc Trans. ;37(Pt 1):42-5.
Prato S., Vitale RM., Contursi P., Lipps G., Saviano M.,
Rossi M., Bartolucci S. (2008):
Molecular modeling and functional characterization of the
monomeric primase-polymerase domain from the Sulfolobus
solfataricus plasmid pIT3. FEBS J. ;275(17):4389-402.
Berkner S, Lipps G. (2008):
Genetic tools for Sulfolobus spp.: vectors and first applications.Arch Microbiol. ;190(3):217-30. Review.
Joesch Ch., Guevarra, E., Parel S.P., Bergner A., Zbinden P.,
Konrad D., Albrecht, H. (2008):
Use of FLIPR membrane potential dyes for validation of
high-throughput screening with the FLIPR and .mu.ARCS
technologies: identification of ion channel modulators acting
on the GABAA receptor, Journal of Biomolecular Screening
13(3), 218-228.
Shahgaldian P., Wirth A., ; Pieles U. (2008):
Nanoparticulate systems: a new competence platform at the
University of Applied Sciences Northwestern Switzerland
(FHNW). Chimia, 62(5), 441-443.

Shahgaldian P., Sciotti M.A., Pieles U. (2008):
Amino-Substituted Amphiphilic Calixarenes: Self-Assembly
and Interactions with DNA. Langmuir, 24(16), 8522-8526.
Spies P., Chen G.J., Gygax, D. (2008):
Establishment of a miniaturized enzyme-linked immunosorbent assay for human transferrin quantification using an
intelligent multifunctional analytical plate. Analytical Biochemistry 382(1), 35-39
Shahgaldian P., Battiston F.H., Hubler U., Pieles U.,
Köser J. (2008):
Glutathione Modified micro-cantilevers: Self-Assembly Kinetic and Ion Sensing. In: Analyst (submitted)
Coleman A.W., Jebors S., Shahgaldian P., Ananchenko G.S.,
Ripmeester J.A. (2008):
Para-Acl Calix[n]arenes: from molecular to macroscopic assemblies, Chem. Commun., 20, 2291-2303.
Legrand S., Catheline A., Kind L., Constable E.C.,
Housecroft C.E., Landmann L., Bansse P., Pieles U.,
Wirth A. (2008):
Controlling silica nanoparticle properties for biomedical application through surface modification, New Journal of Chemistry, 32(4), 588-593

Ehrler S., Pieles U., Wirth-Heller A., Shahgaldian P.
(2007):
Surface modification of resorcinarene based self-assembled
solid lipid nanoparticles for drug targeting. Chem. Commun.
25, 2605-2607
Noser J., Schmutz H.R., Schmid S., Schneider P. (2007):
Bestimmung von Enniatinen in Getreideprodukten aus dem
Schweizer Markt.Lebensmittelchemie 61 (3), 66-67
Toan V.D., Thao V.D., Walder J., Schmutz, H-R.,
Ha C.T. (2007):
Contamination by Selected Organochlorine Pesticides (OCPs)
in Surface Soils in Hanoi, Vietnam. Bulletin of Environmental
Contamination and Toxicology (2007), 78(3-4), 195-200.
Toan V.D., Thao V.D., Walder J., Schmutz, H-R.,
Ha C.T. (2007):
Level and Distribution of Polychlorinated Biphenyls (PCBs) in
Surface Soils from Hanoi, Vietnam. Bulletin of Environmental
Contamination and Toxicology, 78(3-4), 211-216.

Institute for Ecopreneurship (IEC)
Lenz M., Lens P.N.L. (2009):
The essential toxin the changing perception of selenium in
environmental sciences. Science of the total Environment
Volume 407, Issue 12, 1 Pages 3620-3633

Vonwil D., Wendt D., Ströbel S., Wallny H.J., Gygax D.,
Heberer M., Martin I. (2008):
Assessment of the stability of TGFb3 bioactivity for potential bioreactor applications, Biochemical Engineering Journal
39(3), 586-589.

Yu L., Fink G., Wintgens T, Melin T., & Ternes -T.A. (2009):
Sorption behavior of potential organic wastewater indicators with soils.Water Research 43 951-960.

Berkner S, Lipps G. (2008):
Mutation and reversion frequencies of different Sulfolobus
species and strains. Extremophiles. 2008 Mar;12(2):263-70.

Mutz D., Hengevoss D ., Dubach B., Degré, JP.,Wehenpohl, G., Schimpf, W., & Rubertus, E.(2009).
The GTZ-Holcim strategic alliance on co-processing waste
material in cement production - A success story we can build
on. www.coprocem.com

von Ah U.,Wirz D., Pieles U., Daniels U.A. (2008)
Effects of silver nitrate and a silver nanoparticle biomaterial
additive on E. coli growth, determined by isothermal micronano calorimetry (IMNC), Swiss Society of Biomaterials 2008,
poster
Kruse A., Pieles U. (2008)
The Use Of Micro-Ct In Craniomaxillofacial Surgery, EACMFS 2008 Bologna, poster

Christen, V., Oggier, D., & Fent K. (2009):
A microtiter-plate based cytochrome P4503A activity assay
in fish cell lines. Environmental Toxicology & Chemistry (in
press)
Kunz P.Y. & Fent K. (2009):
Estrogenic activity of ternary UV filter mixtures in fish (Pimephales promelas) – An analysis with nonlinear isobolograms. Toxicology and Applied Pharmacology 234: 77-88.

Lenz M., Enright, A.M., O’Flaherty, V., van Aelst, A.C., &
Lens, P.N.L. (2009):
Bioaugmentation of UASB reactors with immobilized Sulfurospirillum barnesii for simultaneous selenate and nitrate removal. Applied Microbiology and Biotechnology 83 (2)377-388.
Schlumpf M., K. Kypke, C. C. Vökt, M. Birchler, S. Durrer,
O. Faass, C. Ehnes, M. Fuetsch, C. Gaille, M. Henseler,
L. Hofkamp, K. Maerkel, S. Reolon, A. Zenker, B. Timms,
J. A. F.Tresguerres, & W. Lichtensteiger (2008):
Endocrine Active UV Filters: Developmental Toxicity and Exposure Through Breast Milk. Chimia 62 (5): 345-351.
Fent K., Kunz P.Y., & Gomez E. (2008):
UV filters in the aquatic environment induce hormonal effects
and affect fertility and reproduction in fisch. Chimia 62: 368-375.
Caminada D., Zaja R. ,Smital T. , & Fent K. (2008):
Interaction of human pharmaceuticals with Pgp+ (ABCB1)
transport activity in the fisch cell line PLHC-1.Aquatic Toxicology. 90: 214-222.
Zaja R., Caminada D., Loncar J., Fent K., & Smital T. (2008):
Development and characterization of P-glycoprotein 1 (Pgp1,
ABCB1) mediated doxorubicin-resistant PLHC-1 hepatoma fish
cell line. Toxicology and Applied Pharmacology, (in press).
Liu Q., Ji R., Hommes G., Schäffer A., & Corvini PFX.
(2008):
Fate of a branched nonylphenol isomer in submerged paddy
soils amended with nitrate. Water Research 42 (19):4802-4808.
Cirja M., Ivashechkin P., Schäffer A., & Corvini PFX.
(2008):
Factors affecting the elimination of organic micropollutants
from wastewater in conventional treatment plants (CTP) and
membrane bioreactors (MBR). Reviews in Environmental
Science and BioTechnology 7 (1), 61-78 doi:10.1007/s11157007-9121-8.
Schmidt B., Ebert J., Lamshöft M., Thiede B., Schumacher-Buffel R., Ji R., Corvini PFX., & Schäffer A. (2008):
Fate in soil of (14)C-sulfadiazine residues contained in the manure of young pigs treated with a veterinary antibiotic. Journal of Environmental Science and Health Part B 43 (1), 8-20.
Kouloumbos VN., Schäffer A., & Corvini PFX. (2008):
The role of sludge conditioning and dewatering in the fate of
nonylphenol in sludge-amended soils. Water Science and Technology 57(3), 329-335
Nowak KM., Kouloumbos V., Schäffer A.,
& Corvini PFX. (2008):
Effect of sludge treatment on the bioaccumulation of nonylphenol in grass grown on sludge-amended soil. Environmental Chemistry Letters 6: 53–58.
Evangelou MWH., Ebel, M, Hommes, G,
& Schaeffer, A. (2008).
Biodegradation: The reason for the inefficiency of small organic acids in chelate assisted phytoextraction. Water Air Soil
Pollution (accepted)

58 | 59

School of Life Sciences
Fent K. (2008):
Effects of pharmaceuticals to aquatic organisms. Pharmaceuticals in the Environment. K. Kümmerer, Springer Berlin, New
York, (in press).
Lenz M., van Hullebusch E., Hommes G., Corvini PFX., &
Lens PNL. (2008):
Removal of selenate in sulfate reducing and methanogenic
upflow anaerobic sludge bed reactors. Water Research, 42 (89), 2184-2194.
Lenz M., Smit M., Binder P., van Aelst AC., & Lens PNL.
(2008):
Biological alkylation and colloid formation of selenium in methanogenic UASB reactors. Journal of Environmental Quality
37,1691-1700.
Lenz M., Janzen N., & Lens P.N.L. (2008):
Selenium oxyanion inhibition of hydrogenotrophic and acetoclastic methanogenesis. Chemosphere, 73(3), 383-388.
Lenz M., van Hullebusch E.D., Farges F., Nikitenko S.,
Borca C.N., Grolimund D., & Lens P.N.L. (2008):
Selenium speciation in anaerobic biofilms assessed by X-ray
absorption spectroscopy and sequential extraction procedures. Environmental Science and Technology, 24 (20), 75877593.
Von Hobe M., Kuhn U., van Diest H., Sandoval-Soto L.,
Kenntner T., Helleis F., Yonemura S., Andreae MO.,
Kesselmeier J (2008):
Automated in-situ analysis of volatile sulphur gases using a
Sulphur Gas Analyser (SUGAR) based on cryogenic trapping
and gas-chromatographic separation. International Journal
of Environmental Analytical Chemistry 88: 303-315.
Zenker A., Schmutz H.-R., Fent K. (2008):
Simultaneous trace determination of nine organic UV-absorbing compounds (UV filters) in environmental samples. Journal of Chromatography A 1202: 64–74
Mutz D., Andres C., Hengevoss D., Morf L. (2008):
The concept of co-processing waste material in the energyintensive industries. Published results of a research project
done on behalf of Holcim.
Boeni H., Mutz D. (2008):
Cleaner Production und Transfer von umweltfreundlichen
Technologien. Die Volkswirtchaft - Das Magazin für Wirtschaftspolitik. (SECO) Vol 4-2008 S. 51-54.
Buser C., Mutz D. (2007):
Reduktion von Treibhausgasen in Jordanien. FHNW (Hrsg.)
Forschungsbericht 2006/2007, Brugg, 2007, S. 44.
Cirja M., Zuehlke S., Ivashechkin P., Hollender J.,
Schäffer A., Corvini PFX. (2007):
Behaviour of two differently radiolabelled 17a-ethinylestradiols continuously applied to a lab-scale membrane bioreactor with adapted industrial activated sludge. Water Research
41 (19), 4403-4412, doi:10.1016/j.watres.2007.06.022.

Corvini PFX., Meesters R., Mundt M., Schäffer A.,
Schmidt B., Schröder HFr., Verstraete W., Vinken R.,
Hollender J. (2007):
Contribution to the detection and identification of oxidation metabolites of nonylphenol in Sphingomonas sp. strain
TTNP3. Biodegradation 18, 233-245.
Nowak KM., Kouloumbos V., Schäffer A.,
Corvini PFX. (2007):
Effect of sludge treatment on the bioaccumulation of nonylphenol in grass grown on sludge-amended soil. Environmental
Chemistry Letters, doi:10.1007/s10311-007-0111-4 (in press)
Fent K. (2007):
Permanent fish cell cultures as novel tools in environmental
toxicology. Altex 24, 26-28.

Mutz D., Ziegler D. (2007):
Co-processing waste material in cement production – Experience from developing countries. ZKG International, Bau Verlag 1, 68-78.
Vu Duc Toan., Vu Duc Thao., Walder J., Schmutz H.R.,
Cao The Ha. (2007):
Contamination by Selected Organochlorine Pesticides (OCPs)
in Surface Soils in Hanoi, Vietnam. Bull Environ Contam Toxicol 78, 195–200 doi 10.1007 / s00128-007-9149-z.
Vu Duc Toan., Vu Duc Thao., Walder J., Schmutz H.R.,
Cao The Ha. (2007):
Level and Distribution of Polychlorinated Biphenyls (PCBs)
in Surface Soils from Hanoi, Vietnam. Bull Environ Contam
Toxicol 78, 211–216, doi 10.1007/s00128-007-9120-z.

Fent K. (2007):
Ökotoxikologie, Georg Thieme Verlag.
Weisbrod, C.J., Kunz P.Y., Fent K. (2007):
Adverse effects of UV-filter benzophenone-2 on fertility and
reproduction in fish fathead minnow (Pimephales promelas).
Toxicology and Applied Pharmacology 225, 255-266.
Fent K. (2007):
Wie wirken UV-absorbierende chemikalien auf das Hormonsystem? FHNW (Hrsg.) Forschungsbericht 2006/2007, Brugg,
2007, S. 40.
Hengevoss D. (2007):
Umweltverträgliche Abfallentsorgung. Umweltperspektiven, 1, 51.
Hengevoss D. (2007).
Umweltverträgliche Entsorgung von Abfällen. Blickwechsel,
das Magazin des Liechtensteinischen Entwicklungsdienst
(LED) 2, 13-14.
Cirja M., Hommes G., Ivashechkin P., Prell J., Schäffer A.,
Corvini PFX. (2007):
Bioaugmentation of a membrane bioreactor with Sphingomonas sp. strain TTNP3 for the degradation of nonylphenol.
Water Research (submitted).
Li CL., Ji R., Vinken R., Hommes G., Bertmer M.,
Schäffer A., Corvini PFX. (2007):
Role of humic acids in the biodegradation of nonylphenol by
Sphingomonas sp. strain TTNP3 – Increased bioavailability
and formation of bound residues. Chemosphere 68, 2172-2180,
doi:10.1016 / j.chemosphere.2007.01.080.
Kolvenbach B., Schlaich N., Raoui Z., Prell J., Zühlke S.,
Schäffer A., Guengerich FP., Corvini PFX (2007):
Degradation pathway of Bisphenol A: Does ipso substitution
apply to phenols containing a quaternary α-carbon structure
in the para position? Applied and Evnvironmental Microbiology 73, 4776-4784
Mutz D. (2007):
Mitverwertung von Abfällen in der Zementproduktion - Erfahrungen aus Entwicklungsländern. ZKG International 60, 1, 68

Schumacher R. (2007):
Individualisierte Implantate aus dem 3D-Drucker. FHNW
(Hrsg.) Forschungsbericht 2006/2007, Brugg, 2007, S. 43
Belei P., Skwara A., de la Fuente M., Schkommodau E.,
Radermacher K. (2007):
Navigation System for Hip Surface Replacement. Computer
Aided Surgery, 160
Belei P., Schkommodau E., Frenkel A., Mumme T.,
Radermacher K. (2007):
Evaluation of an optimization module for single- and double-cut oblique osteotomy based correction of deformed long
bone. Proc. CAOS-International, pp 687
Belei P., Schkommodau E., Frenkel A., Mumme T.,
Radermacher K. (2007):
Computer-assisted single- or double-cut oblique osteotomies
for the correction of lower limb deformities.Proc. IMechE Vol.
221 Part H: J. Engineering in Medicine, 787

Institute for Medical and Analytical Technologies (IMA)
Molenberg A., Schwarz F., Herten M., Berner S.,
de Wild M., Wieland M. (2009):
lmproved osseointegration of a novel, hydrophilic Ti surface a review, , Mat.-wiss. u. Werkstofftech. ,40, 31-35.
Brodbeck D., Degen M., Stanimirov M.,
Kool J., Scheermesser M., Oesch P., Neuhaus C. (2009):
BACKTRAINER - Computer-aided Therapy System with Augmented Feedback for the Lower Back. In: Proceedings of
the Second International Conference on Health Informatics,
HEALTHINF 2009, Porto, Portugal, January 14-17, pp. 66-73
Brodbeck D., Mazza R., Lalanne D. (2008)
Interactive Visualization - A Survey. In: Lalanne D. & Kohlas J.
(eds.), Human Machine Interaction, LNCS 5440, State-of-theArt Surveys, Springer-Verlag, Berlin/Heidelberg, p. 26 - 46

Institute for Pharma Technology (IPT)
Kuentz M., Arnold, Y. (2009):
Influence of Molecular Properties on Oral Bioavailability of
Lipophilic Drugs – Mapping of Bulkiness and Polarity. Pharm.
Dev. Technol (in press).
Meili-Butz S., Niermann T., Fasler-Kan E., Barbosa V.,
Butz N., John L., Brink M., Buser P.T., Zaugg C.E.(2008):
Dimethyl fumarate, a small molecule drug for proriasis, inhibits nuclear factor-kappa B and reduces myocardial infarct size
in rats. Eur.J Pharmacol. 586 (1-3), 251-258
Huwyler J., Drewe J., Krähenbühl S. (2008):
Tumor targeting using liposomal antineoplastic drugs. Int. J.
Nanomed., 3, 21-29

Lambrecht JT., Berndt D, Zehnder M, Schumacher R.
(2008):
Generation of three-dimensional prototype models based on
cone beam computed tomography. International Journal of
Computer Assisted Radiology and Surgery CARS Int J CARS
DOI 10.1007/s11548-008-0275-9

Ditner C., Bravo R., Imanidis G., Kuentz M. (2008):
A Systematic Dilution Study of Self-Microemulsifying Drug Delivery Systems in Artificial Intestinal Fluid using Dynamic Laser
Light Backscattering. Drug Dev. Ind. Pharm. 35 (2), 199 - 208

Rieger UM., Erba P., Wettstein R., Schumacher R.,
Haug M., Pierer G., Kalbermatten D.F. (2008):
Does Abdominoplasty with Liposuction of the Love Handles
Yield a Shorter Scar? An Analysis with Abdominal 3D Laser
Scanning. Annals of Plastic Surgery, Vol 61, Number 4, 359-363

Kuentz M. (2008):
Drug Absorption Modeling as a Tool to Define the Strategy in
Clinical Formulation Development, Towards Integrated ADME
Prediction: Past, Present, and Future. AAPS Pharm. Sci. Tech.
10(3) 473-479

Kalbermatten D.F., Wettstein R., Erba P., Schumacher R.,
Dagorov P., Pierer G. (2007):
Laser scanner analysis in reconstruction of traumatic laceration of the facial nerve. Laser Phys. Lett. 4 (6), 407-412

Adam J.M., Bubendorf, A., Deynet-Vucenovic, Dott, P.,
Glomme, A., Grassmann, A., Haap, W., Kuentz, M.,
Meier., R., (2008):
Preparation of (3R,4R)-N3-(5-chloro-2-pyridinyl)-1-(2,2difluoroethyl)-N4-[2-fluoro-4-(2-oxo-1(2H)-pyridinyl)phenyl]3,4-pyrrolidinedicarboxamide and its solid forms as coagulation factor Xa inhibitors. PCT Int. Appl. 49pp.

Degen M., Luthiger J. (2007):
Massgeschneiderte J2ME-Anwendungen. Javaspektrum 4,
26-28

60 | 61

School of Life Sciences
Bittner B., Bravo Gonzáles R.C., Kuentz M.,
Huwyler J. (2008):
Drug-excipient interactions by Vitamin E-TPGS: Inhibition of
P-glycoprotein and colonic drug absorption. Journal of Drug
Delivery Science and Technology. 18(2) 145-148

Pellanda C., Strub C., Figueiredo V., Rufli T.,
Imanidis G., Surber C. (2007):
Topical Bioavailability of Triamcinolone Acetonide: Effect of
Occlusion. Skin Pharmacol. Physiol. 20, 50-56

Du-Cuny L., Huwyler J., Wiese M., Kansy M. (2008):
Computational aqueous solubility prediction for drug-like compounds in congeneric series. Eur. J. Med. Chem. 43, 501-512

Kuentz M. (2007):
Prozessanalytische Technologie (PAT) für die Mahlung und Förderung pharmazeutischer Pulver. In: FHNW (Hrsg.) Forschungsbericht 2006/2007, Brugg, 2007, S. 42

Bendels S., Kansy M., Wagner B., Huwyler J. (2008):
In silico prediction of brain and CSF permeation of small molecules using PLS regression models. Eur. J. Med. Chem. 43, 15811592

Kuentz M.; Wyttenbach N.; Kuhlmann O. (2007):
Analysis of Formulation Parameters in Micellar and Lipid Systems of a New Drug by Use of Multivariate Statistical Methods.
Pharm. Dev. Technol. 12 (3), 275-283

Tuffin G., Huwyler J., Waelti E., Hammer C.,
Marti H.P. (2008):
Drug targeting using OX7-immunoliposomes: Correlation between Thy 1.1 antigen expression and tissue distribution in the
rat. J. Drug Targeting. 16, 156-166

Jaeschke G., Porter R., Buttelmann B., Ceccarelli S.M.,
Guba W., Kuhn B., Kolczewski S., Huwyler J., Mutel V.,
Peters J.U., Ballard T., Prinssen E., Vieira E.,
Wichmann J., Spooren W. (2007):
Synthesis and biological evaluation of fenobam analogs as mGlu5
receptor antagonists. Bioorg. Med. Chem. Lett. 17, 1307-1311

Malherbe P., Masciadri R., Norcross R.D., Knoflach F.,
Kratzeisen C., Zenner M.T., Kolb Y., Marcuz A.,
Huwyler J., Nakagawa T., Porter R.H.P., Thomas A.W.,
Wettstein J.G., Sleight A.J., Spooren W.,
Prinssen E.P. (2008):
Characterization of (R,S)-5,7-di-tert-butyl-3-hydroxy-3-trifluoromethyl-3H-benzofuran-2-one (rac-BHFF) as a positive allosteric modulator of GABA-B receptor. Br. J. Pharmacol. 154,
797-811
Woltering T.J., Wichmann J., Goetschi E., Adam G.,
Kew J.N., Knoflach F., Ballard T.M., Huwyler J., Mutel V.,
Gatti S. (2008):
Synthesis and characterization of 1,3-dihydro-benzo[b][1,4]
diazepin-2-one derivatives: Part 3. New potent non-competitive
metabotropic glutamate receptor 2/3 antagonists. Bioorg. Med.
Chem. Lett. 18, 2725-2729
Poller P., Gutmann H., Krähenbühl S., Weksler B.,
Romero I., Couraud P., Tuffin G., Drewe J. and
Huwyler J. (2008):
The human brain endothelial cell line hCMEC/D3 as a human
blood-brain barrier model for drug transport studies. J. Neurochem. 107, 1358-1368
Huwyler J., Drewe J., Krähenbühl S. (2008):
Tumor targeting using liposomal antineoplastic drugs. Int. J.
Nanomed., 3, 21-29
Ceccarelli S.M., Jaeschke G., Buettelmann B.,
Huwyler J., Kolczewski S., Peters J.U., Prinssen E.,
Porter R., Spooren W., Vieira E. (2007):
Rational design, synthesis, and structure-activity relationship
of benzoxazolones: New potent mglu5 receptor antagonists
based on the fenobam structure. Bioorg. Med. Chem. Lett. 17,
1302-1306
Du-Cuny L., Huwyler J., Fischer H., Kansy M. (2007):
A potentiometric titration method for the crystallization of
drug-like organic molecules. Int. J. Pharm. 342, 161-167

Kapitza S.B., Michel B.R., van Hoogevest P.,
Leigh M.L.S., Imanidis G. (2007):
Absorption of Poorly Water Soluble Drugs Subject to Apical Efflux using Phospholipids as Solubilizers in the Caco-2 Cell Model. Eur. J. Pharm. Biopharm., 66 (1), 146-158

62 | 63

School of Life Sciences

Research Seminars at the
School for Life Sciences FHNW 2007/2008

Edilio Borroni, F. Hoffmann – La Roche AG, Basel
Positron Emission Tomography in CNS pharmaceutical research

Kwathrin Fenner, EAWAG, Dübendorf
Prediction and analysis of transformation products of micropollutants in aquatic environments

Ueli Aebi, Universität Basel, Basel
Nanomedicine: opening new vistas for diagnosis, prevention,
intervention an therapy

Simone Hemm, HLS FHNW, Muttenz
Tiefenhirnstimulation

Martin Kuentz, HLS FHNW Muttenz
„Drug Absorption Modeling to Support Oral Formulation Development“
Marco Cantoni, EPFL, Lausanne
Focused Ion Beam applications in Materials Science and life
Daniel Caminada, HLS FHNW Muttenz
Arzneimittel in der Umwelt – Neue Ansätze in der ökotoxikologischen Risikobewertung
Hans Wernher van de Venn, ZHAW Winterthur
Roboterbasierte Assistenzsysteme für Bypassoperation am
schlagenden Herzen

Markus Hoh, HLS FHNW, Muttenz
Entwicklung der Medizinaltechnik im Jura mit Region Basel
Patrick Shahgaldian, HLS FHNW, Muttenz
The Impact of Interfacial Design on Novel Sensor Systems

Marcel Mayor, Universität Basel, Basel
Molecules in Electronic Circuits: from integrated single molecules to SAMs in CMOS technology

Claude Jaquiéry, Universitätsspital Basel, Basel
Bone Tissue Engineering
Berndt Joost, HLS FHNW, Basel
FormulierungsTECHNIK – Verarbeitung von Formulierungen
zu optimalen Handels- und Darreichungsformen
Thomas Martin, Synphabase AG, Pratteln
Synthesis of Carbohydrates and Related Structures as Valuable Targets fort he Pharmaceutical Industry

Wolfgang Meier, Universität Basel, Basel
Biomimetic Polymer Membranes

Teresa de los Arcos, Universität Basel, Basel
Understanding Carbon Nanotube growth Photoelectron Spectroscopy

Irène Stücheli (Studentin), HLS FHNW, Muttenz
Entspricht E-Learning den lernpsychologischen Erkenntnissen?

Christian Sengstag, Universität Basel, Basel
Ausbildung in Toxikologie: höhere Lernqualität dank E-Learning?

Falko Schlottig, Thommen Medical AG, Waldenburg
“Biomaterials Development – Rocket Science?”

Hannah Greiner, WTT-Stelle, Basel
Forschungsverträge – mögliche Stolpersteine

Markus Meuwly, Universität Basel, Basel
Computational Chemistry: „The Third Way to do Chemistry”

Georg Lipps, HLS FHNW, Muttenz
Sulfolobus spp. – von heissen Schwefelquellen ins Labor!

Rüdiger Häcker, RCC Ltd, Itingen
Neue Herausforderungen bei der Entwicklung von Biopharmazeutika

Benjamin Gygax, HLS FHNW, Muttenz
Biomarkersuche mit Hilfe von LC-MS

Michel Calame, Universität Basel, Basel
Electronics with single molecules: vision or reality?

Markus von Kienlin, F. Hoffmann – La Roche AG, Basel
Präklinische MRI Bildgebung in der Pharmazeutischen Forschung

Andreas Schäffer, RWTH, Aachen
Bound residues of xenobiotics – Neglected metabolites

Ernst Meyer, Universität Basel, Basel
Rasterkraftmikroskopie von Molekülen auf Isolatoren

Jürgen Trawinski, F. Hoffmann – La Roche AG, Basel
Biomarkers for individualized patient care – strategic approaches fort he Pharmaceutical Industry

Eric J.M. Meier, Pentapharm AG, Basel
Qualitätsmanagement für pharmazeutische Wirkstoffe aus
natürlichen Quellen

Helmut Fally, HLS FHNW, Muttenz
Partikelmesstechnik – Durchmesserbestimmung und Zeta
Potential Messungen

Aart Molenberg, Straumann AG, Basel
Gebrauch von Hydrogelen im biomedizinischen Bereich

Catherine Disselhorst-Klug, Helmholtz Institut für
Biomedizinische Technik, Aachen
Welchen Beitrag kann die quantitative Bewertung der motorischen und funktionellen Fähigkeiten zur klinischen Entscheidungsfindung leisten?

Francois Maystre, Instrumat SA, Renens
Advanced instrumentation for the characterisation of Nanoparticles and Proteins

Hugo Albrecht, HLS FHNW, Muttenz
A potent ultra high throughput screening technology suitable for functional ion channel assays
Lothar Helm, EPFL Lausanne
New Perspectives of MRI Contrast Agents From Carbon Nanomaterials to High Field T1 Contrast Agents
Martin Kuentz, HLS FHNW, Muttenz
Pharmaceutical formulation development: new methods for
a fast stability assessment

Serge Reichlin, Siemens Medical Solutions Diagnostics AG,
Zürich
Vernetzung im Gesundheitswesen
Ralph Warnke, Meditech Schweiz, Birmensdorf
Biofeedback
Cornelia Camara, Medipol SA, Ecublens
Zulassungsaspekte von Arzneimittel/Medizinprodukt Kombinationen

Wilhelm Stark, Novartis Pharma AG, Basel
Applications of Protein Structure Analysis in an Industrial
Environment
Jakob Weber, Bühlmann Laboratories AG, Schönenbuch
Wie entsteht ein neuer Test für die in-vitro Diagnostik – Einblick in ein Schweizer KMU der Life Science Industrie.
Geo Adam, F. Hoffmann – La Roche AG, Basel
Medicinal Chemistry – The Art of Drug Hunting

Verena Luginbühl, ZHAW, Wädenswil
Formulierung biotechnologischer Wirkstoffe
Philippe Corvini, HLS FHNW Muttenz
Nonylphenol Metabolismus in Sphingomonas sp. Stamm
TTNP3 –Einzigartige Abbauwege?Michael Stumpp, Molecular Partners AG, Zürich-Schlieren
Development of novel binding proteins for applications in
biotechnology, diagnostics and therapeutics
Thomas Hartung, F. Hoffmann – La Roche AG, Basel
Physic, chemistry and molecular fundamentals of Positron
Emission Tomography

Eric Dumermuth, Kantonales Laboratorium, Basel
Biosicherheit in Basel: wie gross sind die Risiken in Laboratorien und Produktionsanlagen?
Fabienne Amacher (Studentin), HLS FHNW, Muttenz
Kabellosen Datenübertragung auf der Intensivstation
Michael de Wild, HLS FHNW, Muttenz
Aktuelle Fortschritte in der Dentalimplantologie: Oberflächenmodifikation zu optimalen Einheilung
Klaus Scheffler, Universitätsspital, Basel
“Magnetic Resonance Imaging and Contrast Agents”
Jakob Weber, Bühlmann Laboratories AG, Schönenbuch
Wie entsteht ein neuer Test für die in-vitro Diagnostik – Einblick in ein Schweizer KMU der Life Sciences Industrie
Sasha Hugentobler, EUresearch Head Office, Bern
Life Sciences in FP7: ”Health”, 3rd call

Vera I. Slaveykova, EPFL Lausanne
Linking aquatic geochemistry to ecotoxicology of inorganic
contaminants
Marianne Hürzeler, HLS FHNW, Muttenz
Synthese von tumorspezifischen Peptiden
Christof Kunz, Universitätsspital Basel, Basel
Distraktions Osteogenese
Clemens Baschong (Student), HLS FHNW, Muttenz
Bewertung der Umweltrisiken beim Recycling von Beton
Juliane Hollender, Eawag, Dübendorf
Polare organische Mikroschadstoffe im Wasserkreislauf: Vorkommen, Verhalten und Eliminationsstrategien
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Research Organisation and Competences

Institute

Fields of Research

Competences

Research
Focus Area

Institute for Chemistry and Bioanalytics (ICB)

Biochemistry, Bioanalytics, Diagnostics
(Bio)-Nanotechnology, Instrumental Analysis
Organic Synthesis, Chemical Engineering»

Biochemistry, Bioanalytics, Diagnostic
(Bio)-Nanotechnology
Molecular Recognition, Organo- and Biocatalysis
Synthesis / Sustainable Development
Molecular Diagnostics and Preclinical Development of Pharmaceuticals
Instrumental Analytics
Organic and Organometallic Synthesis
Chemical Engineering

MT, TT

Institute for Ecopreneurship (IEC)

Resource Management, Cleaner Production
Ecotoxicology
Environmental, (Bio)Technology, Environmental Engineering

Environmental Engineering/Clean Technologies
Ecotoxicology
Environmental Biotechnology/Microbiology
Ressource Management
Cleaner Production in Businesses
Green Chemistry

MT, TT, EM

Institute for Medical and Analytical Technologies (IMA)

Implants and Surgical Systems
Biomedical Information Systems
Medical Image and Signal Processing»

Medical Image Processing
Visual Analytics
Computer-assisted Surgery
Medical Rapid Prototyping
Deep Brain Stimulation
Biosignal Processing
Telemedicine
Data Analysis and Modelling
Materialography
Medical Embedded Systems

TT

Institute for Pharma Technology (IPT)

Dosage Forms
Drug Delivery
Procedures and Production Processes

Intestinal and (Trans) Dermal Active Agent Absorption and Drug Delivery
Drug Targeting and Pharmacokinetcs
Rational Development of Medical Formulations and Dosage Forms
Process Development, Production Planning and Project Management

MT, TT
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Contact

University of Applied Sciences
Northwestern Switzerland
School of Life Sciences
Gründenstrasse 40
CH - 4132 Muttenz

Bachelor of Science (B.Sc.)
– Life Science Technologies
Prof. Gianni N. di Pietro, Tel +41 61 467 46 94
gianni.dipietro@fhnw.ch

Tel +41 61 467 42 42
info.lifesciences@fhnw.ch

– Molecular Life Sciences
Prof. Dr. Daniel Gygax, Tel +41 61 467 45 62
daniel.gygax@fhnw.ch

Director School of Life Sciences
Prof. Dr. Gerda Huber, Tel +41 61 467 42 42
gerda.huber@fhnw.ch

Master of Science (M.Sc.)

Institute for Ecopreneurship (IEC)
Prof. Dr. Philippe Corvini, Tel +41 61 467 43 44
philippe.corvini@fhnw.ch

Institute for Chemistry and Bioanalytics (ICB)
Prof. Dr. Gerhard Grundler, Tel +41 61 467 42 27
gerhard.grundler@fhnw.ch

Institute for Medical and Analytical Technologies (IMA)
Prof. Dr. Erik Schkommodau, Tel +41 61 467 42 46
erik.schkommodau@fhnw.ch

Institute for Pharma Technology (IPT)
Prof. Dr. Georgios Imanidis, Tel +41 61 467 46 80
georgios.imanidis@fhnw.ch

– In Life Sciences
(Molecular Technologies, Therapeutic Technologies)
Prof. Dr. Georg Lipps, Tel +41 61 467 43 01
georg.lipps@fhnw.ch
Master of Advanced Studies
– MAS Environment Technology and Management
Prof. Dr. Markus Wolf, Tel +41 61 467 43 51
markus.wolf@fhnw.ch
– MAS Nano-Micro-Technology (in cooperation)
Prof. Dr. Uwe Pieles, Tel +41 61 467 44 53
uwe.pieles@fhnw.ch

Continuing Education
Prof. Rolf Neeser, Tel +41 61 467 43 81
rolf.neeser@fhnw.ch

Communication and Marketing
Illuminata Granito, Tel +41 61 467 44 58
illuminata.granito@fhnw.ch

Technology Transfer
Dr. Arnulf Bohnacker, Tel +41 61 467 46 55
arnulf.bohnacker@fhnw.ch
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