Nonlinear Laser Scanning Microscopy for noninvasive imaging of cells labeled by up-converting NaY0.65Gd0.15F4:Yb0.18Er0.2 nanoparticles
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Nonlinear Laser Scanning Microscopy (NLSM) is a modern technique that utilizes ultrafast-pulsed lasers in the near-infrared wavelength range, which makes it suitable for noninvasive imaging of living cells. In this study, αNaY0.65Gd0.15F4:Yb0.18Er0.2 nanoparticles were synthetized and their potential for non-specific cell labeling was investigated using NLSM. These up-converting nanoparticles (UCNPs) have a significant potential in biomedical sciences as fluorescent probes for early cancer detection. Upon excitation by near-infrared light UCNPs are able to emit visible or ultraviolet photons, enabling deep noninvasive tissue imaging. The solvothermal synthesis applied chitosan, a polymer that ensures biocompatibility of synthetized UCNPs. Their morphological and structural characterization included following analyses: X-ray powder diffraction, scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy, transmission electron microscopy, Fourier transform infrared spectroscopy and photoluminescence spectroscopy. Cell lines tested for labeling and visualization were HS-5 fibroblast healthy cells and SCC–25 oral cancer cells. Following nanoparticles incubation in these, NLSM was performed using Ti:Sapphire laser (Coherent, Mira 900-F) as a laser light source, operating in both, femto-second pulse mode and continuous wave mode. In order to visualize cells through their autofluorescence, excitation wavelength of 730 nm in femtosecond mode was used, while for their visualization through excitation of incubated nanoparticles continuous wavelength of 976 nm was used. Obtained images implied that the UCNPs were located adjacent to the plasma membrane in the cytoplasmic region of both healthy and cancer cells, without disturbing the morphology of cells. Besides this, UCNPs exhibited relative temperature sensitivity of ~1.3% K-1 indicating their potential for measuring the temperature in tissues.
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