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ABSTRACT

The possibility of nanoparticles(NPs) in biotechnology had been discussed by biomedical investigators. Here we report
to suggest a solution and problems when using electron microscopy to determine the distribution of quantum dots(QDs)
nanoparticles that penetrate skin. The results of this study showed that NPs were able to penetrate stratum corneum (SC)
and sebocyte via hair follicle. However, we have found artifacts such as nanoparticles that are produced from combination
of free fatty acid and osmium tetroxide during specimen preparation. It is usually difficult to identify NPs. Therefore, we
tried to resolve these problems by comparing the cross-correlation image pattern that are derived from the images of sample
that had been processed differently. This method can contribute to more accurate interpretation and minimal errors during
the analysis using quantum dot as tracer.
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Nasterlack et a., 2008).
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Fig. 1. Assessment of penetration of quantum dotsin topical application treated skin with transmission electron microscopy. (a) The light micro-
scopic image on the left shows each part in skin with the lower magnification. Nano-sized particles (el ectron-dense spots) were observed in electron
micrograph in stratum corneum (b), pilosebaceous duct (c), sebocyte (d) and adipocyte (€). sc: stratum corneum, Id: lipid droplet, cf: collagen fiber,

mt: mitochondria. Scale bar=1um.
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Fig. 2. Transmission electron micrographs of stratum corneum (SC) after topical application of quantum dots for 5 minute. Open arrows in micro-
graph shows that QDs are uniformly distributed in localized pockets of the extracellular domains of the SC. TEM images confirmed the presence
of QDs within intercellular spaces of the SC seen as an electron-dense region in the image (0sO, free+QDs, OsO,+QDs). 0OsO, free : No treatment
with quantum dot and OsO,, Only OsO, : Treatment with only OsO,, 0sO, free+QDs : Treatment with only quantum dots, OsO,+QDs : Treatment
with quantum dots and OsO,, sc: stratum corneum. Scale bar=1pum.

Fig. 3. Transmission electron micrographs of hair follicle after topical application of quantum dots for 5 minute. Open arrows in micrograph shows
that QDs are uniformly distributed in localized pockets of the intercellular domains between hair shaft (hs) and inner root sheath (irs). TEM images
confirmed the presence of QDs within intercellular spaces between hair shaft and inner root sheath seen as an electron-dense region in the image
(OsO, free+QDs, 0s0,+QDs). OsO, free : No treatment with quantum dot and OsO,, Only OsO,, : Treatment with only OsO,, OsO, free+QDs:
Treatment with only quantum dots, OsO,+QDs: Treatment with quantum dots and OsO,, hs: hair shaft, irs: inner root sheath. Scale bar=1pm.
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Fig. 4. Transmission electron micrographs of adipocyte in subcutaneous fat layer after topical application of quantum dots for 5 minute. Closed
arrows in micrograph shows that nano-sized osmium compounds are uniformly distributed in localized pockets of the intracellular domains of the
adipocyte. TEM images confirmed the absense of QDs within intercellular spaces of adipocyte in the image (OsO, free+QDs). OsO, free : No
treatment with quantum dot and OsO,, Only OsO, : Treatment with only OsO,, 0O, free+QDs : Treatment with only quantum dots, OsO,+QDs:
Treatment with quantum dots and OsO,, |d: lipid droplet, cf: collagen fiber. Scale bar=1um.
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Fig. 5. Transmission electron micrographs of sebocyte in dermis after topical application of quantum dots for 30 minute. Closed arrows and open
arrows in micrograph shows that mixed nano-sized osmium compounds and QDs are uniformly distributed in localized pockets of the intracellular
domains of the sebocyte. TEM images confirmed the presence of both osmium compounds and QDs within intracellular spaces of sebocyte in the
image (0s0,+QDs). 0sO, free : No treatment with quantum dot and OsO,, Only OsO, : Treatment with only OsO,, OsO, free+QDs : Treatment
with only quantum dots, OsO,+QDs : Treatment with quantum dots and OsO,, Id: lipid droplet, nu: nucleus. Scale bar=1pum.
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Fig. 6. Energy dispersive X-ray (EDX) analysis of particles that are estimated to be osmium tetroxide compounds. Electron micrograph of OsO,
stained skin sections(left) and EDX graph (right). Most of the particles showed the values of osmium.
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