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In multidisciplinary research, the development of new models for X-ray tools holds potential in application areas such as materials
and life sciences. Bridging the different worlds of X-ray diffraction, scattering and imaging overcomes gaps between methods,
allowing a holistic approach. The combination of 3D morphological and structural understanding of materials is key to the discovery
of mechanisms taking place in complex systems. Functionalized nanomaterials and their interaction with bodily fluids or human
tissue triggered our attention to the systematic study of materials-bio interactions.

Today, applications of nanoparticles (NPs) in medicine are increasingly important. However, once NPs are transferred to a biological
environment, their interactions become complex and not yet fully understood. Different parameters such as ionic strength, pH
conditions and the presence of biomolecules such as proteins initiate alterations in the structural and surface properties of NPs, thus
influencing their colloidal stability. In nanomedicine, NP colloidal stability in a biological environment directly influences the product
efficacy, cellular response and biocompatibility. Therefore, we are especially interested in detailed investigations of NP interactions
and their structural changes in processes such as drug administration, which take place in realistic environments. In our laboratory,
we have developed a characterization method based on small-angle X-ray scattering (SAXS) for in-situ, label-free, and dynamic
studies on both early events and advanced stages of NP interactions after exposure to a biological environment. A specially designed
microfluidic system is combinable with SAXS instruments in the laboratory and at synchrotron facilities, as well as with neutron-
based experiments (SANS) (Figure 1).

Dynamical studies will be highlighted for nanoparticle systems alongside their current applications in nano-therapeutics.
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Figure 1. Scheme showing the combination of microfluidics with SAXS / SANS for in-situ investigations of early events in
NPs interactions in biological environments.
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We present a generic approach to analysing nanoparticle systems and their respective transformations in biological environments like
human blood serum. Our studies include silica [1] and gold [2] nanoparticle systems, and extend to iron-carbohydrate complexes [3,
4], which are widely used in intravenous (IV) drug administration to treat iron deficiency anaemia. Studies suggest that early
interactions between nanoparticles and blood upon IV injection are key for understanding how differences in physicochemical
characteristics lead to variance in clinical outcomes.

[1] Iranpour Anaraki, N., Sadeghpour, A., Iranshahi, K., Ong Khac, Q., Cendrowska, U., Toncelli, C., Dommann, A., Wick, P. & Neels, A.

(2020)
Nanoresearch 13(10), 2847-2856. doi.org/10.1007/512274-020-2940-4.

[2] Iranpour Anaraki, N., Liebi, M., Ong, Q., Blanchet, C., Maurya, A.K., Stellacci, F., Salentinig, S., Wick, P. & Neels, A. (2022) Adv. Funct.
Materials, 32, 2110253, 1-14. doi.org/10.1002/adfm.202110253.

[4] Krupnik, L., Avaro, J., Liebi, M., Iranpour Anaraki, N., Kohlbrecher, J., Sologubenko, A., Handschin, S., Rzepiela, A.J., Appel, C., Totu, T.,
Blanchet, C.E., Barton Alston, A. E., Digigow, R., Philipp, E., Flithmann, B., Silva, B.F.B., Neels, A., & Wick, P. (2024) Journal of
Controlled Release, 368, 566—579. doi.org/10.1016/j.jconrel.2024.02.044.

[5] Krupnik, L., Joshi, P., Kappler, A., Flihmann, B., Alston, Digigow, R., Wick, P. & Neels, A. (2023) European Journal of Pharmaceutical
Sciences, 188, 106521, 1-10. doi.org/10.1016/j.ejps.2023.106521.

Acta Cryst. (2024). A80, e 377


mailto:antonia.neels@empa.ch

