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題 目： Effects of chitin nanofibrils on skin
(キチンナノファイバーの皮膚への効果)

論文要旨：

Chitins are highly crystalline structures that are predominantly found in crustacean shells. 
Alpha-chitin is composed of microfibers, which are made up of nanofibrils (NFs) that are 2–5 nm in 
diameter and 30 nm in length and embedded in a protein matrix. Isolated chitin NFs show a 
potential for use in drug delivery systems, the tissue engineering of scaffolds, and wound dressing. 
Acid hydrolysis is one of the main methods used to prepare chitin NFs. Moreover, ultrasonication 
of squid pen beta-chitin under acidic conditions yields 3–4-nm-wide chitin NFs with relatively low 
crystallinity. Chitin nanofibers are easily prepared using either fine grinding or wet-type 
atomization methods. Recently, Chitin and chitosan could be used as NFs. However, it is unclear 
whether chitin NFs could maintain original function or not. 

Because many people exhibit skin hypersensitivity in response to cosmetics and textiles, the 
development of materials exempt from inflammatory activity is essential. As the risk of the UV 
exposure has risen due to depletion of the ozone layer, the demand for new, more functional sun 
protection materials has increased. We were specialized in skin and investigated an effect to skin 
of NFs.

In the chapter Ⅰ, we verified the effect of chitin NFs and nanocrystals (NCs) on skin using a 
three-dimensional skin culture model and Franz cells. The three-dimensional human skin culture 
models were removed from the assay plate at 4, 12, and 24 h post-application, and the cultured 
skin (from the keratin to basal layers) were harvested. The harvested skin culture was immersed 
and fixed in 10% formalin Cross-sectional slices were soaked in hematoxylin and eosin (H&E) and 
histological evaluations were conducted. Franz cells were used to evaluate the test model. Skin 
samples removed from mice sacrificed by cervical dislocation were applied to 1X phosphate 
buffered saline-soaked Franz cells. The cells were incubated in a thermostat chamber for 1 h. 
Each test material was then applied and the cells were re-incubated. At 1, 3, and 6 h 
post-application, PBS was aspirated from the cells. The aspirated PBS was concentrated, and we 
measured the concentration of IL-1α and TGF-β.
The application of NFs and NCs to skin improved the epithelial granular layer and increased 

granular density. Furthermore, NFs and NCs application to the skin resulted in a lower production 
of IL-1α and TGF-β compared to that of the control group. NFs and NCs are mildly irritating to the 
skin, and can protect skin cells. Therefore, their potential use as components of skin-protective 
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formulations merits consideration.

In the chapter Ⅱ, we prepared urocanic acid (UCA) chitin NFs (UNFs) by UCA hydrolysis. UCA is 
an intermediate metabolite of histidine and is present mainly in the stratum corneum. UCA is a 
major UV-absorbing chromophore in the skin. We hypothesized that we could generate valuable 
new NFs with UV-blocking function by preparing NFs with UCA, and we examined the protective 
effect of the UNFs against UV radiation.
Hos:HR-1 mice were divided into nine groups and treated with the following substances: (1) 

Acetic acid (Ac) cream groups, (2) hydrophilic ointment (HO) groups, (3) Polyethylene glycol (PG) 
groups, (4) Acetic acid chitin nanofibrils (ANFs) cream groups, (5) UCA cream groups, (6) UNFs 
cream groups, (7) Squid ink (SI) cream groups, (8) Control (+) (no sample was applied to the mice, 
but they were irradiated) groups, and (9)Control (-) (no sample was applied and the mice were not 
irradiated) groups. Each sample was applied to the left side of the back of the test mice. eight
groups were irradiated (302 nm, 150 mJ/cm2). In accordance with the criteria established by the 
OECD, erythema of the skin was assessed at 2, 4, 6, 12, and 24 h after irradiation. 24 h after UV 
irradiation, the animals were euthanized by cervical dislocation, Histological observations were 
performed after H&E and TUNEL staining. The presence of sunburn cells in the epidermis was 
evaluated using specimens prepared by TUNEL staining. Basal cells inside the epidermis were 
counted, and the number of TUNEL-positive sunburn cells present between granular cells was 
counted. These measurements were conducted at four random times, and the mean number of 

sunburn cells per 100 cells was recorded.
Hos:HR-1 mice coated with UNF showed markedly lower UVB radiation-induced cutaneous 

erythema than the control. Additionally, sunburn cells were rarely detected in the epidermis of 
UNFs-coated mice after UVB irradiation. The combination of NFs with other substances that 
possess UV-protective effects, such as UCA, may provide an enhanced protective effect against 
UVB radiation.






