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Free radicals are atoms and molecules that contain at least one unpaired
electron. For decades, they have attracted the attention of researchers,
due to their role in numerous biological processes, both in health and
disease. Due to their high reactivity, however, free radicals have always
been difficult to detect with high sensitivity and resolution.
Nanodiamonds – diamond nanoparticles – have been used as labels due to
their exceptional biocompatibility and the extremely stable fluorescence
of their color centers. This fluorescence can be modulated by external
factors, such as magnetic fields. This property has led to the idea of using
nanodiamonds to sense the magnetic fields generated by free radicals in
biological samples.
This thesis explores the applications of nanodiamond-based magnetom-
etry for free radical detection in live mammalian cells and tackles some
of the challenges of this approach.
Chapter 1 gives a general introduction, describing the scientific back-
ground and the research gaps in the field of free radical detection in bio-
logical samples. A brief overview on the sites of production and the roles
of free radicals is followed by a summary of state-of-the-art methods used
for free radical detection. Nanodiamond magnetometry is proposed as a
novel approach, which allows to address the scientific questions inaccessi-
ble to conventional techniques due to low sensitivity, lack of specificity, or
low spatial and temporal resolution. The foundations of this method, the
properties of fluorescent nanodiamonds, their biocompatibility and inter-
actions with biological samples are discussed, with the emphasis on the
importance of knowing and controlling the fate of nanodiamond-based
sensors.
In chapter 2, we explore different approaches for the optical detection
of intracellular quantities, including free radicals. We give an overview
of the general principles of the sensor design. We describe the techniques
used by the researchers, discuss their advantages and potential pitfalls.
We then move on to chapter 3, where we present a proof-of-principle
study to detect the changes in free radical concentrations in mammalian
cells. In this chapter, we used the enzymatic systems of macrophages to
manipulate the free radical levels in a controlled and targeted way. We
show that nanodiamond magnetometry can be used to detect both an
increase and a decrease in the production of nitric oxide, an important
signaling radical molecule. We perform a calibration in cell-free environ-
ment and apply our technique to sense nitric oxide production inside the
macrophages and at different distances from the cells.
Chapter 4 focuses on the possible ways to functionalize the nanodi-
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amond surface in order to achieve specific targeting of these nanosen-
sors to the subcellular regions of interest. We discuss how these surface
modifications affect the uptake rates and the intracellular distribution of
nanodiamonds.
Further insights into the behavior of internalized nanodiamonds can be
derived from the way the particles move inside the cell. Chapter 5
explores the different scenarios, both in simulations and in cell-free envi-
ronment. We apply the obtained knowledge to analyze the movement of
nanodiamonds inside live HeLa cells. This allows us to get intracellular
context for our magnetometry measurements and to create a meaningful
map of free radical production in a cell.
Nanodiamond internalization can be challenging, as certain cell types do
not take up nanoparticles easily. In chapter 6, we have developed a
protocol to improve the nanodiamond uptake in colon adenocarcinoma
cells. The procedure is based on standard cell culture techniques and is
intended to stress the cells as little as possible.
We further explore the mechanisms underlying the changes in the up-
take rates in chapter 7. We show that nanodiamonds are internalized
via a combination of pathways. These pathways have a specific spatial
distribution inside the cell. This distribution is affected by the protocol
proposed in chapter 6, which leads to improved nanodiamond uptake.
As nanodiamonds can be retained in the cells for long periods of time,
they can be used to track the changes in free radical load over the course
of days and weeks. In chapter 8, we used the nanodiamonds internalized
by colon adenocarcinoma cells to see, if free radical production changes,
when the cells are brought into more differentiated state. This shows the
potential of our method for drug development and personalized medicine.
We conclude with the general discussion in chapter 9. We evaluate the
importance and relevance of the data in this thesis, and outline the future
perspectives and applications of this research.
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