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Abstract
The skin is an organ located in the outermost layer of the body, and it is important to be able to measure human skin in 

vivo (as it is, non-labeling) in dermatology, cosmetics science, and percutaneous absorption research. Within skin, the epider-
mis is of particular importance as it considered to correlate to skin condition. Specifically, smooth epidermal differentiation 
is thought to result in the generation of a healthy stratum corneum, which maintains the skin’s protective barrier function. 
Many dermatological studies using immunostaining with fluorescent dyes or proteins have had limited success in revealing 
skin functions as these methods are known to affect the main components of the epidermis, including the water, lipids, and 
proteins. Spectroscopic techniques have high potential in the measurement of human skin components, as it can obtain the 
molecular vibrational signature of skin non-invasively in vivo/ex vivo. Near-infrared spectroscopy (NIR) can be used to visu-
alize water, while spontaneous Raman can be used to analyze water, lipids, and free-amino acids in the skin. For application 
of Raman microscopy to the molecular imaging of human skin, non-linear Raman spectroscopy, such as coherent anti-Stokes 
Raman scattering (CARS) and stimulated Raman scattering (SRS), which enables faster measurement than with spontaneous 
Raman, is an attractive technique. In my talk, I gave examples of visualizing water in 2D using NIR imaging. I also intro-
duced the latest results of intracellular morphologies in the human epidermis during the epidermal differentiation process 
using SRS, water distribution in the human stratum corneum using CARS and SRS, and the potential of coherent Raman 
microscopy in the label-free bio-imaging of skin to provide a cellular-level analysis of the skin’s functions.
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皮膚には，不均一な性状ゆえの計測領域による計測値
のばらつき，構成成分の時間経過による量的・質的変化
など，センシングの際の計測値に影響を及ぼす要因が多
い。分子指紋を検出する分光法は，非侵襲・非ラベルで
成分検出できるため，ヒト皮膚に適用可能な計測法の中
でも高いポテンシャルを有する。我々は，深さ・面方向
に不均一に分布する皮膚の構成成分の分布の解明をター
ゲットに，分光法によるヒト皮膚の分子センシングの研
究を進めてきた。具体的には，近赤外センシング，近赤
外イメージング，自発ラマン散乱分光法，非線形ラマン
散乱分光法について，各分光法の特徴を生かしてヒト皮
膚計測に応用した。ヒト皮膚の成分の評価には，皮膚そ
のものの性状解明，それを応用したより簡便な評価法の

開発，そして社会実装という複数の可能性が含まれる。
我々は，1点のスペクトル計測からの多成分評価，皮膚
の深さ方向での2次元計測，皮膚の面方向での2次元計
測，そして3次元計測を進めた。本講では，分子センシ
ング及び可視化技術について，技術内容だけでなく，本
質的な皮膚の成分分布の解明から，その知見を応用した
簡便評価法への発展，そして分野融合研究へと進めた
我々の応用研究事例を紹介した。
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