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Change of Hair Ultra-Structure Caused by Hair Damage
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Abstract

Recent changes in fashion trends have increased the Japanese consumer demand for hair damage care. The

hair damage progresses synergistically by various damaging factors such as chemical treatments, UV rays and brush-

ing. As a result, these multiple causes lead to considerable hair damage in the forms of cuticle lifting, split-ends and

breakage, further contributing to a worsening texture and luster. It is thought that these types of hair damage

occur by repetitive irreversible structural changes due to the degradation of hair proteins. We have characterized

the ultra-structure of various models of damaged hair, with respect to morphological features and mechanical prop-

erties, both in the hair cuticle and the hair cortex, using transmission electron microscopy and scanning probe micros-

copy, focusing on changes in ultra-structure caused by bleaching and UV radiation.

We observed that three layers in the cuticle (A-layer, exocuticle, and endocuticle) change in stainability and me-

chanical property during hair damage. As the damage progresses, cavities were generated in the endocuticle. Fur-

ther in-depth observations revealed that this cavity was formed by elution of granulated substances in the endo-

cuticle, which are clearly observed in non-damaged hair. This granulated substance was degraded in initial stages of

damage by bleaching and UV exposure, and easily flowed out. In the hair cortex, the structure of the microfibril pro-

tein was more clearly observed in damaged hair compared with non-damaged hair. Therefore, the results suggest

that the matrix protein that surrounds the microfibril protein flowed out following damage. This suggests that elu-

tion of both the granulated substance in the endocuticle and the matrix protein in the hair cortex contributes to the pro-

motion of hair damage.

Key words: hair, Transmission Electron Microscope, Scanning Probe Microscope, ultra-structure, endocuticle.

1. � �

��� ��������������������
 !��"� #�$%�&�'()*+,-./01
!� ��2345�678�9:�;��"<=�>
?@��A/0� ��#�$/0'(���BC��
90D����E63F�9:%G�"<=�>��H%
IJ(K(H���0� L�H�MN�O�"PPJ
QR2/F�ST� U:"<VWX�Y�Z[�\]^
<=�X�Y�����!_`"<=�> "S�a<b
�c�� d'(���e �fa<��%45�2��2
]8�ST�0� c�%g6]8�2]8�:�h�X
�Y���%�i"<� ����2�%!�!"1.
^j1[1=> '(���/0k"h�l6�f�(,
��mnb��o�p"�fq� #hr/X�Y���

��i%s$:"<=�>"Z"1�[�'(���0�
X�Y���tu�%v�3wx%yz"� ��&'/
�{|})~,�6��(�f� 18-X{,}+���
b��(1)���)%/� SS�6��(�f��*�
+�,�2)1�����X�K%� �9�9:�-[
^<=�> ��/0� ./�f���q� �051�
��12�%�71=ST�� �X�K���Z1=�
��3�r� ����%n�"� ��4����(�1
��� 1�X�K%� �9�> �17�� ����
�����/F���/0� �����0fq�X�K
%�.��=�5���"<Pq� ����/��u�
� �1��wx%�.��!1a<=�:¡¢[^
�>
£9/�¤0� ������������u��w
x%�A��ST�� ����������67"�

1, � ¥¦§¨©�8�+ª�+}�)«¬�*� 1, � SHISEIDO CO., LTD., Life Science Research Center
2 ¥¦§¨©�8X�®¯°±�'(²��*�
³224�8558 ´9µ:;¶·< 2�2�1
=>¸ E-mail: tomoyuki.kawasoe@to.shiseido.co.jp

2 SHISEIDO CO., LTD., Make-up and Hair Products

Development Center (2�2�1 Hayabuchi, Tsuzuki-ku,

Yokohama 224�8558, Japan)

��¹º?»§¼ Vol. 31, No. 4, pp. 273�279 (2007)


