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Advances in lipid-based drug delivery 
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ABSTRACT 
Oral lipid-based drug delivery systems, and especially self-nanoemulsifying drug delivery systems 
(SNEDDS) have shown great potential for absorption of hard-to-delivery drugs, such as poorly soluble 
drugs and therapeutic peptides. SNEDDS are isotropic systems based on lipids and surfactants that form 
nanoemulsion droplets upon dispersion in aqueous media. For many small molecular BCS Class 2 or 4 
drugs the solubility in SNEDDS is low, while in the case of therapeutic peptides, SNEDDS solubility is non-
existing, due to the inherent hydrophilicity of these drugs. Therefore, other means are needed to enable 
absorption after oral drug dosing in SNEDDS. For this we have developed lipophilic complexes with the 
drugs, e.g. using phospholipids and anionic surfactants. These complexes are then loaded into SNEDDS 
and this principle have shown an increased drug absorption in rats.  
However, to reduce the use of animal studies, development of in vivo predictive in vitro models are 
important. For BCS Class 2 and 4 molecules dissolution in the gastro-intestinal tract and permeation across 
barriers are the critical steps, whereas for peptides protection from gastro-intestinal enzymes and co-
release of peptide and permemation enhancer to facilitate permeation are critical. By designing SNEDDS 
by Design of Experiment, and evaluating the above properties using in vitro models, we have been able 
to develop strategies for achieving a high and reproducible oral absorption of different drugs from 
SNEDDS.    

SHORT BIO & PHOTO 
Anette Müllertz is professor in oral drug delivery and industrial relations at the 
University of Copenhagen, Denmark (UCPH) and head of Bioneer:FARMA, a 
business unit of Bioneer A/S, which is a research-based, non-for-profit service 
provider within the area of biomedicine and pharmaceutical development. She is 
heading the Physiological Pharmaceutics Research Group at UCPH, focusing on 
developing oral lipid-based drug delivery systems and predictive biopharmaceutics 
tools. She has >260 publications in international, peer-reviewed journals (H-index: 
75, 16229 citations, (Google Scholar 8/4-25). She is / has been supervising 12 post 
docs, 54 PhD students and numerous master students, primarily at the University 
of Copenhagen, but also at other universities. She is a Fellow at the American 
Association of Pharmaceutical Scientists (2022), Fellow at the Controlled Release 
Society (2023) and recipient of the AAPS Lipid Based Drug Delivery Award (2005) and was acknowledged 
by receiving the Industry Collaboration Award from the Natural Science Academy of Denmark in 2024. 
She is editor of Journal of Drug Delivery Science and Technology (IF2024: 4.5).  
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Inflammatory Skin Diseases 
A.-L. Gürtler1, Jonathan P. Sirois1, Julia C. Lang2,3, Keira Melican2,3, Thomas Rades1, and Andrea Heinz1  
1 Department of Pharmacy, LEO Foundation Center for Cutaneous Drug Delivery, University of 
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2 Center for the Advancement of Integrated Medical and Engineering Sciences (AIMES), Karolinska 
Institutet and KTH Royal Institute of Technology, Stockholm, Sweden. 
3 Department of Neuroscience Karolinska Institutet, Stockholm, Sweden 

ABSTRACT 
Topical treatments for inflammatory skin conditions often result in poor patient adherence due to 
greasiness and the need for frequent applications1. In recent years, electrospun dressings have shown 
potential for the treatment of inflammatory skin diseases2. In this presentation, our recently developed 
electrospun fiber dressing combining salicylic acid and hydrocortisone will be introduced. The 
polycaprolactone-based dressing features a dual release system, with a burst release of salicylic acid and 
sustained release of hydrocortisone, allowing for a once-daily use, aiming to improve patient comfort. 
While electrospun dressings are well-studied for drug release, limited research has been conducted on 
their skin permeation. Hence, we investigated both drug release and skin permeation data. Rapid release 
of salicylic acid and delayed release of hydrocortisone were observed, with hydrocortisone successfully 
penetrating skin layers despite lower release levels in permeation studies. Anti-inflammatory effects of 
the dressing were confirmed in human skin models, with enhanced hydrocortisone penetration compared 
to standard formulations. This presentation will highlight the potential of combining multiple drugs in a 
single electrospun system and emphasizes the importance of correlating release and permeation data for 
effective drug delivery evaluation. 

REFERENCES 
1. Oliveira R and Almeida IF, Patient-Centric Design of Topical Dermatological Medicines, Pharmaceuticals, 2023, 16, 617. doi: 

10.3390/ph16040617.

2. Gürtler, A-L, Rades, T and Heinz, A. Journal of Controlled Release, 2023, 363, 621-640. doi: 10.1016/j.jconrel.2023.10.009.

SHORT BIO & PHOTO 
Andrea Heinz works as an Associate Professor in at the LEO Foundation 
Center for Cutaneous Drug Delivery, Department of Pharmacy of the 
University of Copenhagen in Denmark. She studied Pharmacy at the 
Martin Luther University Halle-Wittenberg, Germany and received her 
PhD at the University of Otago, New Zealand in 2008 for her work on 
solid-state characterization of amorphous drugs. Her current research 
focuses on the development of cutaneous drug delivery systems for the 
treatment of wounds and impaired skin that occurs as a result of skin 
pathologies. Her group develops for instance protein-based biomaterials 
for the use as wound dressings prepared by electrospinning and stimuli-
responsive hydrogels and cubosomes. 
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Technological Challenges for the Adoption of FDM 3D Printing in 
Pharmaceutical Practice 
M. Kurek1 
1 Department of Pharmaceutical Technology and Biopharmaceutics, Jagiellonian University Medical 
College, Kraków, Poland 

ABSTRACT 
Fused deposition modeling (FDM) has emerged as a prominent additive manufacturing technique within 
pharmaceutical research, offering unparalleled flexibility in dosage form design and tailored API 
dissolution profiles (1). Despite its potential, FDM's translation into routine pharmaceutical practice lags 
behind semisolid extrusion, which has already achieved successful implementation in hospital settings (2). 
This presentation will address critical technological aspects influencing FDM adoption in pharmaceutical 
practice. A primary challenge lies in producing filaments with consistent diameter, robust mechanical 
properties, and long-term stability. Consequently, the presentation will focus on filament-related topics, 
including material selection, preparation methodologies, quality control procedures, and critical quality 
attributes. Furthermore, current knowledge gaps surrounding FDM will be highlighted and future research 
directions will be discussed. The presentation draws on both personal experience and literature. 

REFERENCES 
1. Jamróz W, Szafraniec J, Kurek M, Jachowicz R. 3D Printing in Pharmaceutical and Medical Applications - Recent Achievements 

and Challenges. Pharmaceutical research. 2018, 35 (9), 176. doi:10.1007/s11095-018-2454-x 

2. Denis L, Jørgensen AK, Do B, et al. Developing an innovative 3D printing platform for production of personalised medicines in 
a hospital for the OPERA clinical trial. International journal of pharmaceutics. 2024, 661, 124306. 
doi:10.1016/j.ijpharm.2024.124306 

SHORT BIO & PHOTO 
Dr. Mateusz Kurek, is a pharmacist by training and researcher at Jagiellonian 
University Medical College in Kraków, Poland, from which he also graduated. 
His expertise lies in pharmaceutical technology, specifically the development 
of drug formulations designed to improve the dissolution of poorly water-
soluble active pharmaceutical ingredients. His doctoral studies centered on 
utilizing liquisolid tablet technology to enhance furosemide dissolution. His 
research interests have expanded over the past ten years to include the 
application of 3D printing technologies in personalized medicine. Among 
various 3D printing methods, fused deposition modeling (FDM) is of 
particular interest due to its integration of hot-melt extrusion processing. 
This technique is also used for API amorphization, effectively combining two 
of current Dr. Kurek's primary research areas. 
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Make poorly soluble drugs great again 
K. Löbmann1 
1Zerion Pharma, Copenhagen, Denmark 

ABSTRACT 
The Dispersome technology is a new drug formulation platform that is based on using the protein beta-
lactoglobulin (BLG) as novel pharmaceutical excipient. By mixing a drug compound with BLG, the 
technology dramatically increases solubility and bioavailability of poorly soluble drugs. The Dispersome® 
technology makes it possible to develop drugs that would otherwise never reach the market and thereby 
enables the development of new medication and treatment options for patients. In addition, the 
technology can be used for innovation in the reformulation of marketed drug products, e.g. by decreasing 
the drug dose, reducing the dosing regimen and/or dosing frequency, or improved side effect profile. The 
presentation will give a comprehensive overview on the science behind the Dispersome® technology as 
well as showcase different case studies. 

SHORT BIO & PHOTO 
Korbinian Löbmann has a PhD in pharmaceutical sciences and a strong 
track record in pharmaceutical formulation and drug delivery with 
more than 10 years of experience in solid formulation and dosage 
form development. This includes in particular the development of 
new enabling formulation strategies for poorly soluble drugs using 
amorphous drug delivery systems. He is co-founder and CSO of the 
pharmaceutical company ZERION, a spinout from the University of 
Copenhagen, which is based on the proprietary solubility enhancing 
Dispersome® technology. He has authored more than 120 peer-
reviewed papers and patents. 
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Enhancing Solubility of Small and Large Molecules with 
Polyvinyl Alcohol 
Dr. Markus Lubda1 
1 Strategic Product Manager for Excipients, Merck Life Science KGaA, Darmstadt, Germany 

ABSTRACT 
During the formulation development of oral solid dosage forms, complex formulation challenges like API 
instability and low solubility are on the rise. Due to its various functionalities the multi-talent polyvinyl 
alcohol (PVA) offers effective solutions to these challenges. PVA is suitable for spray drying applications1 
and enhances thereby solubility of small and emerging larger molecule APIs such as PROTACs2. 
Additionally, this polymer can be used for hot-melt extrusion, vacuum compression molding, 3D printing 
and thin film applications to formulate versatile APIs. Get technical insights on how PVA can be used and 
that it has even potential to outperform marketed drug formulations. Multiple case studies will show case 
the flexibility of this polymer and its ability to enhance the solubility and stability of the most challenging 
small and large molecules. 

REFERENCES 
1. Mueller L, Halstenberg L, Di Gallo N, Kipping T, Evaluation of a Three-Fluid Nozzle Spraying Process for Facilitating Spray 

Drying of Hydrophilic Polymers for the Creation of Amorphous Solid Dispersions. Pharmaceutics. 2023, 15(11), 2542. DOI: 
10.3390/pharmaceutics15112542 

2. Mareczek L, Mueller L, Halstenberg L, er al. Use of Poly(vinyl alcohol) in Spray-Dried Dispersions: Enhancing Solubility and 
Stability of Proteolysis Targeting Chimeras. Pharmaceutics. 2024 Jul 11;16(7):924. DOI: 10.3390/pharmaceutics16070924 

SHORT BIO & PHOTO 
Markus is a strategic product manager in the field of excipients within 
Merck Life Science KGaA, Darmstadt Germany. Thereby his focus is to 
enhance solubility and bioavailability of the most challenging small and 
large APIs with specifically engineered excipients for oral solid 
applications. He holds a PhD in Bio/Chemistry on topical penetration of 
actives and a Master in Biomolecular Engineering from the Technical 
University of Darmstadt. He is responsible for the strategic development 
and positioning of an excipient portfolio for oral solid and parental liquid 
dosage form applications. His ambition is to identify the perfect solution 
for your solubility problem, by using a broad solubility enhancement 
toolbox approach. 
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Latest advancements in additive manufacturing for solubility 
enhancement 
Dr. Thomas Kipping1 
1Associate Director, Head of 3D Printing & Solubility Enhancement, Merck Life Science KGaA, Darmstadt, 
Germany 

ABSTRACT 
Many pharmaceutical compounds face poor solubility, impacting their bioavailability and ultimately 
challenging their successful development. The combination of 3D printing technology with solubility 
enhancement concepts has the potential to transform the classical manufacturing approaches. By 
combining the flexibility of additive manufacturing with classical solubility enhancement techniques like 
solid dispersions and silica loading a versatile on-demand production of personalized medications can be 
enabled. 3D printing offers advantages such as the ability to create complex geometries that optimize 
drug release profiles. Techniques like advanced melt drop deposition enable precise formulation control, 
enhancing the solubility of poorly soluble compounds while ensuring consistent quality and reducing 
manufacturing costs [1]. For powder-based 3D printing the incorporation of solubility-enhancing 
excipients directly into the printed matrix can improve drug stability and create effective, patient-friendly 
formulations. These innovative approaches drive a shift in pharmaceutical manufacturing, paving the way 
for personalized medicine that enhance drug bioavailability and improve patient outcomes. 

REFERENCES 
1. Lamrabet N, Hess F, Leidig P, Marx A, Kipping T. Exploring 3D Printing in Drug Development: Assessing the Potential of 

Advanced Melt Drop Deposition Technology for Solubility Enhancement by Creation of Amorphous Solid Dispersions.
Pharmaceutics. 2024 Nov 22;16(12):1501.

SHORT BIO & PHOTO 
Dr. Thomas Kipping is a distinguished expert in the field of pharmaceutical 
technology and formulation development. Thomas is currently the Head of 3D 
Printing & Solubility Enhancement at Merck Life Science KGaA. With more 
than 12 years of industrial experience spanning across various sectors within 
the pharmaceutical industry including drug product development and CDMO 
services, he has consistently demonstrated a strong commitment to 
advancing pharmaceutical sciences and enhancing drug development 
processes. His areas of expertise include formulation development, solubility 
enhancement, advanced manufacturing, regulatory compliance, quality 
assurance, and research and development. 
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Additive Manufacturing in Drug Formulation Characterization 
S. Rønholt1, M. Jones2 
1Department of Pharmacy, University of Copenhagen, Copenhagen, Denmark 
2Molecular Quantum Solutions, Copenhagen, Denmark 

ABSTRACT 
This work aims to systematically investigate ILs' potential as next-generation CDD by correlating their 
physicochemical properties with biological performance, utilizing formulation development, quantum 
chemistry, and the COSMO model. Emphasis will be placed on the biophysical characterization of drug 
solubility linked to computer simulation models and structural understanding of our formulation, and how 
these factors affect skin barrier interaction and biological readout. Advanced scattering techniques will 
be employed to ensure effective local drug delivery while maintaining skin barrier integrity. 

ABSTRACT 
Stine Rønholt is an Assistant Professor at the LEO Foundation Center for 
Cutaneous Drug Delivery, University of Copenhagen. She holds a PhD in 
food biophysics and an MSc in pharmaceutical science. Her research 
focuses on barrier interactions between biological membranes and 
advanced drug delivery systems (DDS), using techniques like synchrotron 
X-ray and neutron scattering, rheology, and advanced microscopy. Stine 
aims to understand how diseases affect drug uptake and barrier 
interaction, developing a multimodal research platform to explore these 
interactions with deep eutectics and ionic liquids. 
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Effect of simulation box size and shear on the structure of amorphous 
hydrochlorothiazide 
M. Devlin1, I.C.B. Martins2, A. Maloney3, B. Johnston1, T. Rades2, A. J. Florence1 
1CMAC, University of Strathclyde, Glasgow, UK 
2Department of Pharmacy, University of Copenhagen, Copenhagen, Denmark 
3Cambridge Crystallographic Data Cente, Cambridge, UK 

ABSTRACT 
Molecular dynamics simulations have been used to study the effect of box size and shear on the structure 
of amorphous hydrochlorothiazide (HCTZ). Box size was crucial in obtaining consistent simulation results, 
in terms of the local structure of amorphous HCTZ, with 250 molecules being the minimum to consistently 
represent intermediate-range order, as found by comparison to experimental pair distribution function 
(PDF) data. Additionally, it was found that the distribution of short-range intermolecular interactions was 
also influenced by the number of molecules in the simulation cell. Subsequently, shear simulations were 
used to replicate the effect of ball milling on the structure of amorphous HCTZ, to understand preparation 
method-dependent properties of the amorphous form as reported previously1. It was found that ball-
milled HCTZ undergoes conformational changes similar to those previously observed in simulations of the 
melt-quenched form, which exhibits similar properties such as glass transition temperature. Additionally, 
changes in the distribution of intermolecular contacts are also observed. These structural changes are 
retained once the shear force is removed, giving a structural explanation for the different properties 
arising from different preparation routes. This work reinforces the value of molecular dynamics 
simulations in developing understanding of structure-property relationships in amorphous solids, and 
demonstrates its importance in the context of small-molecule pharmaceuticals. 

REFERENCES 
1.  Martins ICB, Larsen AS, Madsen AI, et al. Unveiling polyamorphism and polyamorphic interconversions in pharmaceuticals: 

the peculiar case of hydrochlorothiazide. Chem Sci. 2023;14(41):11447-11455. doi:10.1039/d3sc02802j 

SHORT BIO & PHOTO 
Michael is a research associate working on structure and physical stability 
prediction in amorphous solids. Michael has experience in structural modelling of 
pharmaceuticals, with a focus on the solid-state structure of amorphous solids, 
and is also working on database development to support data-driven modelling 
for prediction of pharmaceutical solid properties. Michael has a PhD focussed on 
understanding structure in amorphous materials, and has also worked as a project 
scientist in pharmaceutical formulation (continuous direct compression) with 
MMIC before rejoining CMAC as a researcher in 2022. 
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