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High-angle annular dark field (HAADF) scanning transmission electron microscopy (STEM) is a
powerful method for imaging heavy elements. In modern aberration-corrected instruments, very high
spatial resolution can, with careful consideration given to the experimental setup, be combined with fully
quantitative imaging where image contrast depends only on atomic number and thickness. Advances in
HAADF imaging and simulation mean it is now routinely possible to characterize samples with atomcounting errors as small as ±1 atom [1].
While such approaches have most commonly been applied to inorganic specimens such as catalysts [2],
quantitative HAADF imaging techniques have recently been used to examine the nanoscale structure of
the platinum-based chemotherapy drugs cisplatin and oxaliplatin [3]. Such medicines frequently play key
roles in the first line treatment of cancer. These platinum-containing chemotherapeutics are used in the
treatment of several different cancers, including testicular, ovarian, and head and neck cancer.
However, both drugs are notorious for inducing particularly unpleasant side-effects in patients, not least
of which is chronic and often irreversible nerve dysfunction which cannot be alleviated with analgesics
[4]. Chemotherapy-induced peripheral neuropathy (CIPN) therefore presents a serious clinical challenge,
and affects quality of life and can impact on patient survival. There is therefore a pressing need to
understand how these drugs behave inside cells, particularly in the sensory nerves which are known sites
of platinum accumulation and mitochondrial dysfunction following treatment [5].
Following rapid dissection of the dorsal root ganglia of rats treated with oxaliplatin, sections were prepared
for STEM investigation using cryoultramicrotomy. We use a continuous-acquisition approach while
collecting energy-dispersive x-ray spectroscopy data as a strategy to minimize electron beam-induced
damage, which allows rapid identification of promising Pt-based candidates within a tissue section.
Quantitative HAADF imaging in the STEM is then used to perform highly localized and sensitive
'weighing' of platinum, and clusters and individual atoms of platinum are visualized and characterized
within these cells. Careful comparison with simulation confirms the platinum nature of the atoms imaged,
and allows for quantification of oxaliplatin content from cell to cell [6].
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Figure 1. Example of low-magnification HAADF image obtained on the JEOL ARM 200F instrument
of a cryosectioned rat Dorsal Root Ganglion.
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Figure 2. (a) Feature within a cell is first identified using continuously-acquired EDX (inset) before (b)
increased magnification shows individual atoms suitable for quantification.
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