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Abstract:

Two-dimensional materials (2DM), including graphene-based materials (GBMs),
hexagonal boron nitride (hBN), molybdenum disulfide (MoS.), black phosphorus
(BP), and others, have gained significant attention across scientific and industrial
domains due to their exceptional physico-chemical characteristics. As their
production and commercial application expand, it becomes increasingly
important to assess their potential risks for human health, generating solid data
to support safety evaluation and regulation.

Among the various possible exposure routes, dermal contact represents a
particularly relevant way of contact with humans, both in occupational settings for
workers and through consumer-facing products incorporating 2DM. To
investigate this aspect, we evaluated the skin toxicity potential of selected 2DM
using both conventional in vitro systems (e.g., cultured keratinocytes) and more
advanced models (e.g., 3D human epidermis and in vivo models). In several
cases, the application of Test Guidelines given by the Organization for Economic
Cooperation and Development (OECD) enabled the collection of reproducible
toxicological data suitable for regulatory purposes.

This work provided insights into the skin-related adverse effects potentially
induced by 2DM — such as irritation, corrosion, and sensitization — after a direct
cutaneous contact and contributed to elucidate their mode of action at the
epidermal level. Overall, our findings support the development of safer
applications of 2DM technologies through a better understanding of their
biological interactions with the skin.
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