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Solid-State NMR Based Monitoring of Permeation of Cell Penetrating Peptides into Skin
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Introduction

Skin acts like a protective barrier against foreign agents penetrating into the body, making drug delivery into
deep layers challenging. Cell penetrating peptides (CPPs) are known to effectively permeate into the skin, but
tracking CPP penetration in deep skin layers is challenging. We have shown that CPP penetration can be
detected using *'p solid state NMR without the need for fluorescent tags required for fluorescence based methods.
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Experimental

Hairless rat skin was used for the study. Four
peptides were permeated into the skin at various
concentrations and permeation time periods using Franz
diffusion cells. The skin was then sectioned using a
cryotome at different depths. For each skin sample, ¥p
solid state NMR spectra were collected under magic I
angle spinning using the Ernst angle technique. Confocal i(b) '\ concentration:
laser scanning microscopy was used as a complementary 1 /;"

/

peplide
ceniration:

H
peptide
| concaniration:
[\ \50mgimi

\

i i
/4 peplide

skin
depth:
61-120 pm

tool to track these CPP’s across the skin.
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Results and Discussion i
We observed *'P NMR chemical shifts that depended .
systematically on peptide type, peptide concentration,
skin depth, and permeation time (Fig 1). Significant
changes were observed for TAT, R11, R8, and YKA
peptides. Furthermore, TAT, which is known to be a
highly effective CPP, produced the largest shifts in the ¥p
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NMR signal. YKA, which is not a CPP, produced the i . . . I il i < :
smallest shift in the NMR spectra. Observed effects 3 2 1 0 o 3 2 1 o -
decreased with skin depth up to 200 ym, as confirmed by 3P NMR Frequency (ppm)

a decr_ease _in observgd fluorescence in co_nchal laser Fig 1: °'P NMR spectra from skin sections at different
scanning microscopy images. Our results indicate that depths (a and d: 0-60 pm; b and e: 61-120 pm; ¢ and f:
CPP permeation affects the local chemical environment 121-180 pm), for 16 hr permeation of solutions with
experienced by skin lipids, suggesting that solid state NMR different peptide concentrations (a, b, and c: 25 mg/ml; d,
could be used to study mechanisms of CPP permeation. e, and f: 50 mg/ml).

Conclusions

Solid state NMR was shown to be capable of tracking the permeation of peptides into the deep layers of skin.
Unlike established fluorescence based methods, the NMR data indicate effects on local organization of the lipids.
The recorded NMR spectral shifts represent a novel basis for CPP tracking and the potential to attain insight into
how CPPs interact with the skin lipids while permeating from the stratum corneum to the deep layers.
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