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Abstract

The modification of human hair proteins by artificial sunlight was visualized by the detection of carbonylated pro-

teins using fluorescein-5-thiosemicarbazide (5-FTSC). After irradiating natural black hair with artificial sunlight in

stages up to 15 h by a solar simulator, the modification of hair proteins were calculated by analyzing the fluores-

cence images obtained. In the case of natural black hair, the average fluorescence intensity increased in proportion

to the irradiation time with a high coe$cient of correlation (R2�0.88). In addition, it became evident that the irradi-

ation for 1 h or more increased the fluorescence intensity caused by carbonylated proteins significantly. Thus, this

method proved to be sensitive to detect the photo-chemical modification of hair proteins in natural black hair that is

caused by sunlight exposure in daily life.
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1. Introduction

Human hair consists of tissues with very stable protein

structure, and it can be stored for a long time. However,

hair tissue undergoes various types of damages due to

UV,1), 2) heating,3) brushing,4) bleaching,5)�7) hair dyeing8)

and/or permanent waving.7), 9) A number of consumers

tend to have several problems such as unhealthy appearance

(i.e., less luster, split ends, etc.) or bad tactile impressions

when damages are accumulated into the hair structure.

UV-induced hair damage has been reported by detecting

changes in the mechanical and chemical properties of hair

caused by long-term UV irradiation. Tatsuda et al. reported

that the exposure of water-soaked hair to sunlight for nine

weeks brought about remarkable decreases in the tensile

strength of Japanese black hair.10) Shinjo et al. observed the

presence of a number of cuticles lifted on the hair surface

after sunlight exposure (1,180 langleys) in stretched hair

fibers.11) Recently, we have confirmed that UV-B irradia-

tion (0.64 mW/cm2) for 50 hours denatures the cuticle

structure of hair, by using transmission electron microsco-

py and scanning probe microscopy.12) Furthermore, UV-

irradiation causes the formation of carbonyl groups in

hair.13) Photo-induced carbonyl groups are known to react

with amino groups in hair proteins and establish new intra-

and intermolecular cross-links.13) Therefore, carbonyl

groups can be used as an early indicator of photo-damage in

human hair. Fujita et al. developed a method to visualize

carbonylated proteins in the human stratum corneum by

using fluorescent reagent, fluorescein-5-thiosemicarbazide

(5-FTSC).14) In the present study, 5-FTSC was used to

detect the modification of human hair proteins due to

artificial sunlight irradiation.

2. Materials and Methods

2�1. Hair samples and artificial sunlight irradiation

2�1�1. Preparation of hair samples

All hair samples (approximately 80�120 mm diameters)

were collected from female Japanese volunteers in their

twenties without any chemical treatments such as hair dye,

bleach, or permanent wave and were used for the following

experiments. These hair samples were sorted into seven

bundles, each consisting of 100 hairs aligned in the adjusted

root-to-tip direction. All bundles of hair were washed with

8� sodium polyoxyethylene lauryl ether sulphate in citric

acid bu#er (pH 5.3), and were dried completely at room

temperature.

2�1�2. Artificial sunlight and UV irradiation

Five of the non-treated black hair bundles were ir-

radiated for various lengths of time (0.5, 1, 3.5, 7, 15 h)

using 1,000 W type solar simulator (Oriel, Stratford, CA,

U.S.A.). The UV dose used was 55 J/cm2 which is almost

the same dose as 3 h exposure at high noon (10 : 30 to 13 :

30) in the middle of summer in Yokohama, Japan. After

the exposure, those bundles of hair were washed and dried

in the same way.

For investigating the specification and the localization of

5-FTSC, prolonged UV irradiation was carried out. Non-

treated black hair bundle was irradiated with UV, using the

apparatus with three medical UV-B fluorescent lamps (FL

20S�E-30/DMR : Toshiba Medical Supply, Tokyo, Japan)

at 50 mm intervals. After 50 h-irradiation, this bundle of

hair was washed and dried in the same way.
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