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10:40 – 11:05  Barbara Mathieu (UCLouvain): Non-invasive in vivo discrimination 
of mitochondrial ROS from global ROS production in solid tumors using EPR 
spectroscopy 

11:05- 11:30 Lore Van den Bergh (UAntwerpen): The tricky story of black titania - A 
spectroscopic study on the reduction and reoxidation of titania 
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11:55 –12:30 Your question to the audience – session 1 
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13:30 – 14:00 Your question to the audience – session 2 

14:00 – 14:25 Thilo Hetzke (Bruker): Horizons in EPR Studies Enabled by Novel Technology 

14:25 – 14:50 Ilias Vandevenne (UAntwerpen): Electrical detection of magnetic resonance on a 
Chip (EDMRoC): A low-cost and sensitive characterization tool for defects in SiC 
MOSFETs  

14:50 – 15:30 Coffee + poster session 

15:30 – 15:55 Leonardo Passerini (ULeiden): DEER spectroscopy on multi-spin copper 
complexes 

15:55 – 16:20 Sofie Cambré (UAntwerpen): Monitoring triplet state engineering in (6,5) single-
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Multi-harmonic Low Frequency EPR 

Mélina Carbone (UCLouvain): Cocktails of fungicides targeting cellular respiration : 
benefits/risks balance ? 

Cloe Buysse (UCLouvain): Monitoring the effect of anti-cancer drugs on the extracellular pH 
measurements using magnetic resonance 



              
 

 

 

 

 

 

 

 

 

Abstracts -Oral presentations 
 

 

 

 

 

 

 

 

 

 

 

 

  



              
 

 
Noninvasive discrimination of mitochondrial ROS from global ROS production in solid 

tumors using EPR spectroscopy 

Barbara Mathieu1, Justin Rondeau2, Lionel Mignion3, Pierre Sonveaux2,4, Bernard Gallez1 
1Biomedical Magnetic Resonance, Louvain Drug research Institute (LDRI), Université Catholique de 

Louvain (UCLouvain), 1200 Brussels, Belgium. 
2Pole of Pharmacology and Therapeutics, Institut de Recherche Expérimentale et Clinique (IREC), 

Université Catholique de Louvain (UCLouvain), 1200 Brussels, Belgium. 
3Nuclear and Electron Spin Technologies, Louvain Drug Research Institute (LDRI), Université Catholique 

de Louvain (UCLouvain), 1200 Brussels, Belgium. 
4Walloon Excellence in Life Sciences, and Biotechnology (WELBIO) Research Institute, 1300 Wavre, 

Belgium 

Mitochondria are major producers of ROS in cells. In healthy cells, mitochondrial ROS (mtROS) 
are maintained at stable concentration by antioxidant systems. When the balance is disrupted 
and lead to oxidative stress, mtROS are implied in cell death pathways. However, in cancer cells, 
mtROS are maintained at an intermediate level and promote cancer progression by triggering 
proliferation, angiogenesis and metastasis, key hallmarks of cancer(1).Electron paramagnetic 
resonance (EPR) spectroscopy allows detection of ROS in vivo but has never been used for 
specific mtROS detection in solid tumors. 
ROS detection by EPR spectroscopy is based on the reduction of nitroxides (EPR detectable) to 
hydroxylamine (EPR indetectable) by ROS. Nitroxides are injected and the EPR signal decay is 
recorded over time(2). To be specific of mitochondria, we used mitoTEMPO, a nitroxide 
accumulating in mitochondria, and worked in comparison with 3CP, a nitroxide non-targeting 
mitochondria.  
To implement this new toolbox, we worked by steps of increasing complexity. First, we worked in 
vitro on whole cells exposed to redox modulators. In a second time, in vivo, we were able to follow 
the decay of the signal of the two nitroxides for 30 minutesafter local injection in tumor. 
Then, we modulated mitochondrial redox status with Antimycin A (ETC inhibitior) and we depleted 
cytosolic antioxidant GSH with L-BSO. We measured the signal decay rates of nitroxides over 3 
days. MitoTEMPO signal decay rates in 4T1 tumors increased after 24 hours of treatment with 
Antimycin A but not with L-BSO. On the contrary, 3CP decay rates didn’t change with Antimycin A 
but increased with L-BSO treatment. The ex-vivo analysis showed that nitroxides are well 
converted into hydroxylamines but that the total concentration of product remaining in the 
tumors stays stable over time, indicating no impact from blood circulation on the signal decay. 
Finally, to assess the specificity for superoxide we genetically modified cells to over-express 
SOD2. The signal decay was lower in tumor cells over-expressing SOD2. These results were 
confirmed in vivo where mitoTEMPO signal decay rate was lower. It shows that the method is 
partially selective for superoxide and confirmed that the method can detect changes in 
mitochondrial redox status.  
Regarding these data, we can say that the use of EPR spectroscopy and mitoTEMPO allows 
dynamic measurements over time of mitochondrial redox status in response to therapeutic 
agents.  

References: 

1. Galadari S et al. Free Radic Biol Med. 2017; 104:144–64.  
2. Matsumoto K et al. Clin Cancer Res. 2006;12(8):2455–62.  

 



              
 
 

The tricky story of black titania – A spectroscopic study on the reduction of titania 

L. Van den Bergh1,2, N. Gauquelin³, J. Verbeeck³, S. Van Doorslaer², V. Meynen1 

1 LADCA, Department of Chemistry, University of Antwerp, Antwerp (lore.vandenbergh@uantwerpen.be) 
2 TSM², Department of Chemistry, University of Antwerp, Antwerp 

³ EMAT, Department of Physics, University of Antwerp, Antwerp 

Titanium-dioxide materials are known semiconductors with many prospects in chemical 
catalysis, the food industry and energy conversion. Most of these applications use the 
photocatalytic property of titania, which is mostly active in the UV part of the electromagnetic 
spectrum. By chemically reducing the normally white titania, it can acquire colour, which makes 
it active in also the visible part of the electromagnetic spectrum [1]. However, in literature there 
is a lot of contradiction on the most appropriate reduction process and its influence on the 
properties and photocatalytic activity of the coloured titania. In this project, titania is reduced 
using a thermal process with NaBH4 as reducing agent [2]. It appears the reduction is sensitive 
to many different parameters of the process which are hard to monitor, leading to problems with 
reproducibility. Another key parameter of reduction is the crystal structure of the titania 
material. By characterizing the reduced titania with different spectroscopic techniques, such as 
EPR, XRD, XPS, EELS, in-situ drift-FT-IR and UV-Vis DR, it is attempted to create a clear overview 
on the influence of the crystal structure of titania on the reduction. EPR, as one of the key 
techniques reveals insight in the nature of the Ti(III) centres formed upon reduction of the 
titania. EELS measurements deliver complimenting data on the nature of the Ti centres in the 
reduced materials.  

References  

1. T.S. Rajaraman et al., Chemical Engineering Journal 2020, 389.  
2. D. Ariyanti et al., Materials Chemistry and Physics 2017, 199, 571-576.  

 
  



              
 

 

EPR for biocatalysis 

M.J.F. Strampraad1, M. Boll2, D. Tischler3, X. Li4, P.L. Hagedoorn1  

1Department of Biotechnology, Delft University of Technology, Van der Maasweg 9, 2629HZ, Delft, The 
Netherlands, 2Microbiology, Faculty of Biology, Albert-Ludwigs-University Freiburg, 79104 Freiburg, 

Germany, 3Microbial Biotechnology, Ruhr University Bochum, Bochum, Germany, 4Laboratory of 
Biomolecular Research, Division of Biology and Chemistry, Paul Scherrer Institute, Villigen, Switzerland  

p.l.hagedoorn@tudelft.nl 
 

Roughly one third of all enzymes contain one or more metal cofactor, and the identity, oxidation 
state and coordination environment of the metal cofactor provides essential functional 
information. EPR spectroscopy is very useful to measure metal cofactors in enzymes even in 
complex matrices such as whole cells, can be used to determine the redox state and obtain 
information on the direct environment of the metals sites. 

We have explored the mechanism of metalloenzymes using ultrafast mixing and freezing 
techniques and used EPR spectroscopy to examine enzyme catalytic intermediate states of a 
heme enzyme chlorite dismutase chlorite dismutase and a tungsten-cofactor enzyme Benzoyl-
coA reductase [1,2]. Furthermore we have provided direct evidence on the role of a heme cofactor 
in an unexpected heme enzyme Styrene oxide isomerase (figure) [3]. 

 

References 

1. J. Püschmann, , D. Mahor, D.C de Geus, M.J.F. Strampraad, B. Srour, W.R. Hagen, S. 
Todorovic, P.L. Hagedoorn ACS Catal. (2021) 11, 14533-14544. 
https://doi.org/10.1021/acscatal.1c03432   

2. C.S. Seelmann, G.H. Simona, M. Culka, M.J.F. Strampraad, T. Biskup, S. Weber, G.M. 
Ullmann, V. Schünemann, P.L. Hagedoorn, A.J. Pierik, M. Boll ACS Catal. (2023) 13, 8631-
8641 https://doi.org/10.1021/acscatal.3c01781  

3. B. Khanppnavar, J.P.S. Choo, P.L. Hagedoorn, G. Smolentsev, S. Štefanić, S. Kumaran, D. 
Tischler, F.K. Winkler, V.M. Korkhov, Z. Li, R.A. Kammerer, X Li Nat. Chem. (2024)  
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Horizons in EPR Studies Enabled by Novel Technology 

Thilo Hetzke1  

1 Bruker BioSpin GmbH & Co KG, Thilo.Hetzke@bruker.com 

 

Multi-harmonic detection is a novel method for improving CW-EPR experiments, which at times can 

require lengthy collection times to achieve good signal-to-noise (S/N). Multiple-harmonics of an 

overmodulated EPR spectrum can be reconstructed into the 1st derivative spectrum with increased 

sensitivity. Using this technology, we show significant S/N gains in samples ranging from organic radicals 

to transition metals. The multi-harmonic method also allowed for detection of melanin radicals in a 

single zebrafish embryo, an otherwise difficult feat with traditional CW-EPR detection [1]. CW-EPR can 

also be improved in terms of time resolution. The detection is often not fast enough to track reaction 

kinetics for processes such as chemical, physical or photo-reactions. We will show several examples of 

Rapid Scan EPR being used in each of these applications, displaying the advantage of this technique for 

fast reactions [2,3]. In each respective section, we will also cover some basic theory on each of these 

methods and how they are integrated into CW-EPR spectrometers. 

References 

1. K. Makarova et al. Free Radic Biol Mol (2022) 183, 69-74 

2. F. Johannsen et al. Chem Rxiv (2023) 

3. C. Wang et al. Chem Comm (2023) 59, 3862-3865 

  



              
 
 
 

Electrical detection of magnetic resonance on a Chip (EDMRoC): 
A low-cost and sensitive characterization tool for defects in SiC MOSFETs 

I. Vandevenne1), J. Lettens1,2, M. Avramenko2, P. Moens2, 
Ph. Hengel3, A. Chu3, M. Kern3, J. Anders3, E. Goovaerts1, S. Cambré1 

1 NANOrOPT, Department of Physics, University of Antwerp, Belgium 
2 onsemi, Oudenaarde, Belgium 

3 Institute of Smart Sensors and IQST, Universität Stuttgart, Germany 
E-mail: ilias.vandevenne@uantwerpen.be 

 
Recently, the integration of a microwave chip into an application-specific integrated circuit (ASIC) 
led to the development of so-called electron paramagnetic resonance on a chip (EPRoC), 
allowing for extremely compact and low-cost EPR instrumentation [1-2]. This method has 
recently demonstrated its potential for electrical detection of magnetic resonance (EDMR) in a 
thin a-Si:H solar cell, by detection of the EDMR signal through the change in conductivity in the 
photoactive layer [3]. Here, we extend EDMRoC spectroscopy to measurements of EDMR in 
lateral SiC MOSFETs, combining it with the powerful charge pumping (CP) characterization 
technique [4-5]. In CP, the gate voltage is periodically changed between inversion and 
accumulation so that a current can be extracted from the transistor channel region originating 
from recombination of charges at defect trapping sites. CP-EDMR has demonstrated the 
capability of identifying and quantifying charge traps within the transistor channel of SiC 
MOSFETs [6-7], but it requires advanced instrumentation and is therefore not generally 
applicable in fundamental and applied research as well as in industrial environments. 
In this work, we present CP-EDMRoC as a versatile, fast, and sensitive technique to detect EDMR 
in SiC MOSFET devices. Figure 1 shows the experimental configuration of the device positioned 
in front of the microwave chip on the ASIC (permanent magnet not shown for clarity). The compact 
ASIC (total dimensions 6×12 cm) operates in a region around 13 GHz.  
In contrast to conventional EDMR, in EDMRoC the microwave frequency is not fixed, allowing for 
scanning of either magnetic field or microwave frequency. Moreover, for sensitive detection, 
conventional EDMR uses magnetic field modulation, which induces currents in the device 
circuitry that yield a background signal, while in EDMRoC this can be avoided using microwave 
frequency modulation. A direct comparison of EDMRoC and cavity-based EDMR spectra, as well 
as between magnetic-field and microwave frequency scans, will be presented, showing very 
similar signal-to-noise ratio’s for EDMRoC and cavity-based EDMR. 
The authors acknowledge financial support of the Flemish Government and Flanders Innovation 
& Entrepreneurship (VLAIO) through the Baekeland project number HBC.2019.2171 as well as the 
fund for scientific research Flanders (FWO) for infrastructure funding for the EPR instrumentation. 

 
Fig. 1: Sample printed circuit board (PCB) with bonded MOSFET device positioned in close 

proximity to the microwave (MW) chip at one end of the ASIC. 

 
 

mailto:ilias.vandevenne@uantwerpen.be


              
 
 
References 

1. T. Yalcin and G. Boero, Rev. Sci. Instrum. (2008) 79, 094105. 
2. J. Anders et al, J. Magn. Reson. (2012) 217, 19. 
3. M. Segantini et al, Magnetochemistry (2023) 9, 183. 
4. J.S. Brugler and P.G.A. Jespers, IEEE Trans. Electron. Devices (1963) 16, 297. 
5. G. Groeseneken et al, IEEE Trans. Electron Devices (1984) 31, 42. 
6. B.C. Bittel et al, Appl. Phys. Lett. (2011) 99, 083504. 
7. G. Gruber et al, Appl. Phys. Lett. (2014) 105, 043506. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



              
 

 

Multi-copper-DEER on synthetic, self-assembled copper cages 

 
 Leonardo Passerini1, Eduard. O. Bobylev2, Felix J. de Zwart2, Henrik Hintz3, Adelheid Godt3, Bas 

de Bruin2, Joost N. H. Reek2 and Martina Huber1  
passerini@physics.leidenuniv.nl 

1Department of Physics, Huygens-Kamerlingh Onnes Laboratory, Leiden University, Niels Borhweg 2, 
2333 CA, Leiden, the Netherlands 

2van’t Hoff Institute for Molecular Sciences, University of Amsterdam, Science Park 904, 1098 XH 
Amsterdam, the Netherlands 

3 Faculty of Chemistry and Center for Molecular Materials (CM2), Bielefeld University, Universitätsstraße 
25, 33615 Bielefeld, Germany 

 

In recent years, double-electron-electron resonance spectroscopy (DEER) has proven to be an 
excellent tool to obtain nanometer-distance constraints for molecular systems containing 
paramagnetic centers. The technique was especially used in biomolecular nitroxide-based 
systems. This study focuses on investigating multi-spin interactions in inorganic, self assembled 
copper(II) cages, containing six, respectivbely eight, copper ions[1]. In this context, studying 
multi-spin interactions presents challenges, particularly in accurately determining the distances 
between more than two spins. 

We show that DEER gives reliable structural information even on the copper cages, which are 
systems that are not conventionally studied with DEER. We obtain information that relates with 
molecular modeling, and determine the role of multispin effects in the cages using a theory that 
was developed on multispin nitroxide based systems[2]. 

Overall, this study demonstrates the applicability of DEER spectroscopy in resolving structural 
details and multi-spin interactions in copper(II) supramolecular systems, extending the use of 
DEER beyond traditional nitroxide-based biological studies. These findings provide insights into 
the future applicability of DEER spectroscopy to a broader variety of compounds. 

References 

1. E.O. Bobylev, L. Passerini, F.J. de Zwart, D.A. Poole, S. Mathew, M. Huber, B. de Bruin, 
J.N.H. Reek, Pd12MnL24 (for n = 6, 8, 12) nanospheres by post-assembly modification of 
Pd12L24 spheres, Chemical Science 14 (2023) 11840-11849. 

2. T. von Hagens, Y. Polyhach, M. Sajid, A. Godt, G. Jeschke, Suppression of ghost distances 
in multiple-spin double electron-electron resonance, Phys Chem Chem Phys 15(16) 
(2013) 5854-66. 

 

 

 



              
 

 
Monitoring triplet state engineering in (6,5) single-walled carbon nanotubes by optically 

detected magnetic resonance 

J. Alejandro de Sousa1,2, Simon Settele3, Timur Biktagirov4, Uwe Gerstmann4, Etienne Goovaerts1, 
Jana Zaumseil3, Nuria Crivillers2, Sofie Cambré1 

1 NANOrOPT, Physics Department, University of Antwerp; sofie.cambre@uantwerpen.be 2 Institut de 
Ciència de Materials de Barcelona (ICMAB-CSIC), Spain 3 Institute for Physical Chemistry, Universität 

Heidelberg, Germany; 4 Lehrstuhlfür Theoretische Material Physik,Universität Paderborn, Germany 

 
Single-walled carbon nanotubes (SWCNTs) are promising one-dimensional platforms for 
functional materials since the fine-tuning of their optical properties can be done by introducing 
different molecules in their interior or on their external wall [1]. The diversity of possible functional 
groups that can be introduced provides a playing room to create new functionalities. Controlled 
sp3-functionalization on the outer wall was shown to increase emission efficiency by more than 
an order of magnitude, accompanied by a red shift of 100-300 nm [2,3]. While this research 
mostly focused on the bright singlet excitons, little information is available on how the dark triplet 
excitons are affected by the creation of these sp3-defects along the nanotube wall.  

Here, we take advantage of the sensitivity of optically detected magnetic resonance (ODMR) to 
monitor the effects of functionalization on triplet excitons in a series of samples with different 
functionalization density and functional groups. Experimentally, we find significant differences in 
ODMR intensities and in zero-field splitting (ZFS) of the triplet spectra. While pristine (6,5) 
SWCNTs hold triplet excitons with a purely axial symmetry and a ZFS inversely proportional to the 
nanotube diameter [4], the spin-density distribution of triplet excitons trapped in the sp3-defects 
changes significantly, losing the axial symmetry of the nanotubes. These results are corroborated 
by theoretical DFT calculations of the trap-induced triplet states and their spin density 
distribution.  
Finally, we demonstrate first steps towards tuning of intersystem crossing by changing the 
attached functional group. Decoration of (6,5) SWCNTs with the paramagnetic, redox active, 
fluorescent, and chiral perchlorotriphenylmethyl (PTM) radical was recently found to partially 
quench the emission from the sp3 defects [5]. Our ODMR experiments reveal changes in 
symmetry and in ZFS demonstrating the creation of triplet excitons localized at these defects, as 
is also supported by DFT calculations. We furthermore observe an increase of ODMR intensity 
from the excitons trapped at the radical sites, corresponding well to the observed quenching of 
the emission of the defect stqte upon functionalization of the SWCNTs.  
 
References  
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Monitoring the effect of anti-cancer drugs on the extracellular pH and pO2 measurements 
using magnetic resonance 

Chloé Buyse, Nicolas Joudiou, Lionel Mignion, Cyril Corbet, Olivier Feron, Julien Flament, Samia Melloul, 
Benoit Driesschaert, and Bernard Gallez 

Louvain Drug Research Institute (LDRI), Biomedical Magnetic Resonance (REMA), UCLouvain  
chloe.buyse@uclouvain.be 

The acidosis of the tumor microenvironment may have profound impact on cancer progression 
and on the efficacy of treatments. Noninvasive technologies may help in assessing the efficacy 
of treatments targeting tumor metabolism. Here, we evaluated the effects of two different 
pharmacological treatments on tumor extracellular pH (pHe): UK-5099, a mitochondrial pyruvate 
carrier (MPC) inhibitor and syrosingopine, an monocarboxylate transporter (MCT) inhibitor.  
In the first studies [1,2], we first analyzed in vitro the consequences of an exposure of cervix 
cancer SiHa cells and breast cancer 4T1 cells to UK-5099 (10 μM). Glucose consumption, lactate 
release and ECAR were increased in both cell lines after UK-5099 exposure. Mice bearing the 4T1 
tumor model were treated daily during four days with UK-5099 (3 mg/kg). The pHe was evaluated 
in vivo before and after treatment using Chemical Exchange Saturation Transfer (CEST)-MRI. 
CEST-MRI provided high resolution parametric images (0.44 μl/voxel) of pHe highlighting the 
heterogeneity of response within the tumor when exposed to UK-5099. CEST-MRI showed a 
significant decrease in tumor pHe of 0.22 units in UK-5099-treated mice while there was no 
change over time for mice treated with the vehicle. As the MPC inhibition may lead to an alteration 
of oxygen consumption (and consequently alleviate tumor hypoxia), we developed an innovative 
method to measure simultaneously pHe and pO2 simultaneously using electron paramagnetic 
resonance (EPR). In vitro, we found an extracellular acidification and a significant reduction in 
OCR after 4T1 cells were treated for 24 hours with UK-5099. In vivo, in 4T1 tumor models, we 
observed a significant decrease in tumor pHe in UK-5099-treated mice but no significant changes 
were observed in pO2 values. In the second part of our work [3], the impact of syrosingopine was 
studied on several metabolic processes. Glucose consumption, lactate secretion, ECAR, pHi, 
cell proliferation, viability and apoptosis were measured in vitro after treatment of human breast 
cancer MDA-MB-231 cells and squamous cell carcinoma FaDu cells with syrosingopine. 
Syrosingopine led to a decrease of glucose consumption, lactate secretion and ECAR after 
exposure to 10 μM in MDA-MB-231 cells. Only ECAR was reduced in FaDu cells. Intracellular pH, 
cell proliferation and viability were measured after exposure to increasing doses of 
syrosingopine. Decreases in all parameters were observed starting at 10 μM in MDA-MB-231 cells 
and 25 μM in FaDu cells. Apoptosis was increased after exposure to 25 μM in both cell types. 
Despite promising results obtained in vitro, no significant effect of treatment with syrosingopine 
(5 mg/kg) on pHe was measured in vivo using CEST-MRI, nor on tumor growth or survival.  
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Boscalid, pyraclostrobin and their mixture induce a mitochondrial dysfunction in human 

hepatocytes 

Mélina Carbone, Barbara Mathieu, Yasmine Vandensande and Bernard Gallez 
Biomedical Magnetic Resonance Research Group, Louvain Drug Research Institute, UCLouvain, Brussels, 

Belgium 

 

Fungicides are extensively used in agriculture for crop protection. The most commonly used 
classes of fungicides are inhibitors of the electron transport chain, including succinate 
dehydrogenase inhibitors (SDHIs) and strobilurins which act by blocking complex II and complex 
III, respectively. In addition, to deal with the emergence of resistance to conventional pesticides, 
the agrochemical industry resorts to the use of cocktails of phytosanitary products.  
In a first study, we analyzed the effect of boscalid and bixafen (two SDHIs) on the mitochondrial 
function of human hepatocytes. We observed that both SDHIs (1 µM concentration) induced a 
decrease in oxygen consumption rate (OCR) and an increase in mitochondrial superoxide. Flow 
cytometry revealed an increase in the number of early apoptotic cells in human hepatocytes 
exposed to both SDHIs [1].  
In a second study, we analyzed then the impact of the exposure of human hepatocytes to 
pyraclostrobin, a fungicide belonging to the class of strobilurins. Using electron paramagnetic 
resonance (EPR), we observed a decrease in OCR and an increase in mitochondrial superoxide 
levels after 24 h exposure to 0.5 μM concentration. As a consequence, the content in ATP amount 
in the cells was reduced, the ratio reduced/oxidized glutathione was decreased, and a decrease 
in cell viability was observed using three different assays [2].  
As SDHIs and strobilurins are commonly associated in commercial preparations, we evaluated a 
potential “cocktail” toxic effect. For this purpose, we selected low concentrations of boscalid 
(0.5 μM) and pyraclostrobin (0.25 μM) that did not induce a mitochondrial dysfunction in liver cells 
when used separately. In sharp contrast, when both compounds were used in combination at the 
same concentration, we observed a decrease in OCR, an increase in mitochondrial superoxide 
production, a decrease in the ratio reduced/oxidized glutathione, and a decrease in cell viability 
in three different assays [2]. 
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Highly Sensitive Detection of Melanin in Melanomas Using Multi-Harmonic Low Frequency 

EPR 
Mohammad Wehbi1, Lionel Mignion2, Nicolas Joudiou2, Evelyne Harkemanne3, and Bernard 

Gallez1,2* 
1Biomedical Magnetic Resonance Research Group, Louvain Drug Research Institute, Université 

catholique de Louvain (UCLouvain), Brussels, Belgium 
2Nuclear and Electron Spin Technologies (NEST) platform, Louvain Drug Research Institute, 

Université catholique de Louvain (UCLouvain), Brussels, Belgium 
3Department of Dermatology, Melanoma Clinic, King Albert II Institute, St Luc Hospital, 

Université catholique de Louvain (UCLouvain), Brussels, Belgium 

Over the last decades, the incidence of melanoma has been continuously increasing. Today, 
melanoma remains the most aggressive skin cancer, significantly reducing survival rates for 
patients in its advanced stages. Therefore, early diagnosis remains the key to change the 
prognosis of patients with melanoma. The incidence of amelanotic and hypomelanotic 
melanomas being very low (with less than 2% of newly diagnosed melanomas each year [1]) 
justifies to mainly focus on pigmented melanoma. Eumelanin the main pigment present in 
melanomas, is paramagnetic and detectable by EPR. We previously described that images 
obtained using 9 GHz EPR imaging could be overlaid on histological images [2]. In parallel, ex-vivo 
measurements of human biopsies showed that the EPR signal in benign nevi was significantly 
lower than that in malignant melanomas and found a correlation between the EPR signal and 
Breslow depth (tumor thickness in the skin) [3]. This led us to succeed in detecting noninvasively 
the melanin signal from skin melanoma models in mice at low frequency EPR (1GHz) [4,5]. We 
performed a clinical study using a whole-body EPR system (ClinEPR), in patients on skin lesions 
suspicious of melanoma. EPR data obtained before surgery were compared with histopathology 
results. The EPR signal of melanin was significantly higher (p<0.0001) in melanoma lesions 
(n=26) than that in benign atypical nevi (n=62). A trend toward a higher signal intensity (though 
not significant) was observed in high Breslow depth melanomas (a marker of skin invasion) than 
in low Breslow lesions [6]. Because the melanin signal recorded was at the limit of the noise, there 
was a clear room for boosting the sensitivity of the method through improvement in 
instrumentation.  
Our clinical EPR system has been very recently upgraded with the capability to apply larger 
modulation amplitude and to record/analyze the EPR signal in multi-harmonics mode (Novilet) 
[7]. We have compared the melanin signal obtained on phantoms using classical CW-EPR (1st 
harmonic) and multi-harmonics mode. We observed a boost in sensitivity by a factor about 10. 
The same result was obtained when these phantoms were placed at the surface of human skin. 
In nude hairless mice (n=8) with implanted skin B16 melanomas, we observed a boost in 
sensitivity in vivo similar to that in vitro with the capability to detect melanoma cells in the 
skin at an earlier stage of development. Multi-harmonic EPR was also able to detect non-
invasively a signal coming from a lymph node tumor (nude mice n=8) as well as metastatic 
tumor in the lungs (nude mice n=3). The boost in the sensitivity compared to CW EPR was 
clearly significant. We confirmed the improvement of multi-harmonic technology in signal 
acquisition for melanin in vivo and in vitro to be implemented in clinical studies for early 
melanoma diagnosis [8].  
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