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ABSTRACT 

 

This study aimed to evaluate the potential use of young coconut juice, 

assumed to contain phytoestrogens, with regard to its potential wound healing 

properties and its safety. �omparisons were made between control and experimental 

groups. There were five groups of rats (6 rats per group) included in this study. Thirty 

rats were treated for 7 days and another 30 rats for 14 days. Treatments were as follows:  

group 1 were sham-operated, group 2 were orchidectomized (orx), group 3 were orx 

then injected (i.p.) with 2.5 µg/kgBW of estradiol benzoate (EB) 5 days a week for one 

or two weeks, group 4 and 5 were orx and sham-operated then received Y�J (100 

mL/kgBW/day). Two weeks after a sham-operation or orchidectomy, all animals were 

wounded by making an excision at their dorsal surface 1 cm below the scapula, 1.5 cm 

long and 3 mm deep and left to heal. Rats were force fed with deionized water, Y�J or 

given an injection of EB for another 7 or 14 days. After sacrifice, wounds were excised 

and bisected and internal organs were removed, fixed and paraffin embedded for routine 

H&E and immunohistochemical staining. Serum was collected for estradiol and 

testosterone measurements using chemiluminescent immuno assays (�IA). Routine     

H & E revealed that in the 7 day and 14 day treatments, epidermal, dermal and 

hypodermal thickness were different when each group was compared. Orx rats 

receiving EB or Y�J and sham+Y�J not only showed accelerating wound healing, but 

also an increased thickness of the epidermis, dermis, and hypodermis.  When the depth 

and the width of wounds were measured, there were no significant differences between 

each group for the 7 day treatment. However, for the 14 day treatment, the wound area 

of orx rats receiving Y�J was significantly smaller, compared to both the sham and orx 

groups. Expression of both ERα and ERβ immunoreactivity was localized at the 

epidermis, dermis, hypodermis, hair follicles, sebaceous glands, keratinocytes, fat cells, 
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fibroblasts and muscularis adipose (skeletal muscles). In the orx+Y�J and sham+Y�J 

groups, the numbers of hair follicles stained with ERα and ERβ in the dermis was 

highest and that of sham group was lowest. In the orx+Y�J group, for the 7 day 

treatment, the diameter of hair follicles stained for ERα and ERβ were larger than sham 

and orx groups, that of orx+EB group stained for ERβ was larger than sham group.  For 

the 14 day treatment, however, the diameter of hair follicles stained for ERα and ERβ 

did not showed significant difference when each group was compared. The regression 

correlation between diameters of hair follicles and serum E2 levels showed that E2 

increased hair follicle diameters via ERβ and decreased hair follicle diameters via ERα. 

In contrast, other correlations showed that serum testosterone decreased both hair 

follicle numbers and diameters via ERα and ERβ. These data altogether show novel 

tissue-specific differences of the effects of Y�J on the skin and skin appendages after 

wounding and Y�J might be categorized as a SERM (selective estrogen receptor 

modulator). Biochemical markers for liver and renal function tests including cholesterol, 

triglyceride, LDL and HDL of experimental groups were not significantly different from 

sham or orx groups.  It is of interest to note that cholesterol, triglyceride and LDL levels 

were lower for the 14 day treatment compared with the 7 day treatment. In contrast, the 

HDL level was higher with the 14 day treatment compared with the 7 day treatment. 

The AST, ALT, ALP, total protein, albumin, BUN, creatinine levels in orx+Y�J group 

showed significant differences when compared with the sham and orx groups for the 7 

day treatment but not for the 14 day treatment. So initial wounding has effects but rats 

seem to be fully recovered after 14 days. The present study has clearly demonstrated 

beneficial effects of Y�J on the cutaneous wound healing and the safety of Y�J 

consumption for the period of 14 days by doing serum chemical analysis of various 

organs. 
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 ALP  =  Alkaline phosphatase 

 ALT  = Alanine aminotransferase 

 AST  = Aspartate aminotransferase 

 ARs  = Androgen receptors 

 BUN  = Blood urea nitrogen 

 EB  = β-estradiol 3-benzoate 

 ERs  = Estrogen receptors 

 ERα  = Estrogen receptor α subtype  

 ERβ  = Estrogen receptor β subtype 

 E2  =    17β-estradiol 

 HDL  = High density lipoprotein 

 LDL  = Low density lipoprotein 

 LM  = Light microscope 

 Y�J  = Young coconut juice 
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1. ����	
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�����	
�����	����������������������������� �������!�
"� 
� ����#�$ �% ��& ���
���'�
��	�������( �������!& 
)*&+ �� "�"��,����� � "��-����.� �/���/��� � "�	��	��	,   
+��/��0 ���� /���"	�# �������1�0���!�
"� 
� � ���/����	
�." ��$��* ����� ���*&� 
�����	
�"���,�&���2��$�� �/��� 3�&��� epidermal keratinocytes, fibroblasts,           
Langerhans ��� endothelial cells �����.� ��*�*� 
�	�)���I/ ������I�-�
 J�����
�����	
!�
��I/ �+���.� ��� � ����  (Seidenari et al., 1994) �*���/	������������)*&�����	

, 
���  (Sjostrom et al., 1972) ��" �
 ��� �"�/ �"��
� ��"&���� 40 TU
 60 +����W-� 
�������	,J".� 
�����	
��� 
�&����U�
/��� (Dunn et al., 1997) 2U�
�W-� � 
�����	
+���
���"��,*��.�10 �/���*!�
�	���� (Beauregard et al., 1987) 

� "�� ���� (cutaneous wound healing) �"���,�&���"�,��� "�� �
!	��*��3�&��� inflammation, angiogenesis, wound contraction, reepithelialization ���  
matrix deposition �"�,��� "�	
��� ��"���,�&���2��$*� 
( ���������!&�
�� �/���3�&��� 
keratinocytes, fibroblasts, endothelial cells ��� infiltration inflammatory cells ���+ �����	

��*	�.�,.���"�,��� "�� �����"���,�&�� mediators *� 
 ( �/�� cytokines, growth 
factors, proteinase ���_�"$J��*� 
( "���	�
_�"$J����I � "*	��� 
 (cytokine) ����% .	-)�
�"�,��� "�� ���� 3�&��� Interleukins (IL-1 ��� IL-6) ��� tumor necrosis factors 
(TNFs) 2U�
����)�-�T���"& 
� + ���e������! �)��"�,��� "�	���,+ �� "*���/����"��
�f���"�� 0���.�&��	�J������*����e������! � �2��$,���	
����������������*�� fibroblast �% 
)�& fibroblast �,�
*	������+% �������"& 
 collagen fiber � �!U�� ����)��"�,��� "2����2�
��������������&�� ���+ ���� platelet-derived growth factor (PDGF) ��� transforming growth 
factor β (TGF-β) �����% )�&��e������! ��.������!& � )�,"���1���3�&"	, injury ����% ��& ���
.�& ��	, cytokine �/���	� 

J���	��3�_�"$J�����J*"�+���,�, �)�� "�"�*�&�"�,,������2U�
��
.� ��% .	-*��� "�"�
� "�� ����)��"�,��� "� "�	���, )�!1����_�"$J�����J��    
�*�J"�+���,�, �)�� "�	,�	�
�"�,��� "�	
��� � (Jarefors et al., 2006) J��������
������!&�
)��"�,��� "�	���,)�&� �!U�� (Seidenari et al., 2000) .� ������*�!�
� "
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�� ����)���&��
� �����)�&�������"��,*���	*" � "���� �	*" � "* ����.� )/&+� �)�� "
"	�# �����
!U�� (Ashcroft and Mills, 2002) ��
��*�����m*�I"#n��+!�
�"���I����&�� + �
" �
 �� "��+	��,��  � "�� ����)�,�"�#+�����/& ��� )��*"��������*��� "����������

!�
�"�,��� "�	���, (Ashcroft et al., 1998; Ashcroft et al., 1999; Taylor et al., 2002) 
+ �� "IU�# )��	*�$����
J���% � "*��)������I��&����% )�&�����	
3��& �,�� 
�"�,��� "� "�	���,���
 (Padgett et al., 1998) ���� "���
!�
�"�,��� " steroido-
genesis �% )�&����.� �3�������"���� 
 prooxidant ��� antioxidant �����
��*��� "����
�0 �!�
�2��$3�& (Vina et al., 2005; Borras et al., 2005) �&��� ����������!U��+������ "/	��% 
)�&����� "����������
� 
J."
�"& 
�����& ���!�
��	����������������*� 
 ( J��*	,���
��	����"�( !�
���"��,�	
��� � (Anantharaju et al., 2002) ������J*"�+��������% .	-
*��� ""	�# �0 ���& ���!�
*	,3�& (Hamden et al., 2007; Hamden et al., 2008a) ���+ ���� 
.� �,��"��
J��� "���
!�
���J�"�+�)�/��
� �� andropause �	��	�s$�	,�	*" �����
!�

��,	*�� "1$� "����J".   coronary artery (English et al., 2000) + �" �
 ���+	��,��  � "
3�&"	, soy protein ������/�����"��	,.� ��!&�!&�!�
 cholesterol ��� LDL )���I/ � 
(Teixeira et al., 2000; Crouse et al., 1999) ���������	*�$����
��I��& (Fukui et al., 2002; 
Potter et al., 1996; Campbell et al., 1995; Wagner et al., 2000) �	
�	��_�"$J����I+U
��
,�, ��% .	-*���"�,��� "*� 
 ( !�
"� 
� � "���	�
� "�� ����)��	���&��
� ��    
(Hardman et al., 2005)  

�% �"	,�"���I3���,�� )��w �.I. 2553 ���T�*�� "�����+% ���!�
��&��
� ��
��I/ �TU
"&���� 10.40 �"�� 3.5 �& �.� �% )�&��� ". �� "1$�	��� )��w �.I. 2563 +���
+% �����&��
� �������� �TU
"&���� 15.28 (��
� 
����"	�� �"���#�$. 2538) + �
�T �� "1$�	
��� �� +��
��)�&�����W-� ��!0 �!�
��&��
� �������!U���&�� �W++�,	���&/ ���� "
)/&_�"$J������� (hormone replacement therapy; HRT) ��� 
��& 
!� 
������ ""	�# J".
*� 
 ( �/�� ���"e
*�������� � �*�)�!1�������	� HRT �e�% )�&����0 ����"�2&���� �
��� 
�/�� ��% ��	������!U�� .� �*&�
� "� 
��I���
 � "�!e
*	�!�
��������J".�	�)+ ���*&� 

 ���+	����+U
���	*T��"��
.$������ ��/�����_�"$J�����J*"�+��"��� ".�& �_�"$J�����J*"�+� 
(estrogen-like) J��)/&��% ���"& ������ ����� HRT �����+�3�&�	z� ���� "��"��� � " 
(nutraceutical or functional food) �"���  �"���."���
�% � 
*��3�)��� .* 
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2. ��
���������	 
 

2.1  ����������	��	� (Integumentary system) 
�� �TU
"�,,��	��������.�������������!�
"� 
� �3�&���  �����	
 (skin) �����	��������*&�
�% ����� + ������	
 �/�� ��e, *���3!�	� *�����
��� ��/!� ���"�!��!� �����	
�����	��������
!� �)�-�������!�
"� 
� � J��.�������% ��	��"�� 1 16% !�
��% ��	�*	� ���	�#1�
�*�*� 
�	�* ��*�������!�
"� 
� � �	�
)�J."
�"& 
 .� ���  �������� �����	
*"
,"���1
���*�������
�	, mucous membrane �"�����  mucocutaneous junctions �/�� ,"���1"��}w� �
*�������
�	,�����,�/��
� � (oral mucosa) ,"� ��1������* ���*�������
�	,�����,�* 
! � (conjunctiva) ,"���1"�+������*�������
�	,�����,�J�"
+��� (nasal mucosa) ,"���1�.���e�
���*�������
�	,�����,�/��
.��� (vaginal mucosa) ,"���1�� ���	�����I/ ����*�������
�	,�����,�
����W�� �� (prepuce) ���,"���1�� "��	� (anus) ���*�������
�	,�����,��% 3�&)�-� (rectal   
mucosa) ���*&� ����,�
�	����	���0 �)����+ ����
����&��0 ���� ����& �������% .	-�	
��� 
(Haake et al., 1999) .�� 

�,���-� (Protection) �����
+ ������	
����/	��������!�
"� 
� � +U
����& �������� �
�"�)�� "��/�-�	,0�	�*" �+ ����
����&��0 ���� �/�� ��
��� .� �"&�� .� ���e� 
� "�.�� �"
�"��,�"��������/���J".*� 
( �/�� �/����,.���"�� ���+ �����	
/����'�
�	�� "
"����!�
��% ���+ �"� 
� �3��)�&� �����3� 

-���	�.��/� (Sensation)   �����	
�����	���"	,.� �"�&�U������!� �)�-�������!�

"� 
� � �"���,�&����	���"	,.� �"�&�U��+e,��� .� �"&��-��e� "	,�	��	� ���"	,�"
��  
���*&� 

��������0����	����1���	��	� (Thermoregulation) J��� I	�� "�% 
 �!�

*�����
��� (eccrine sweat glands) !� (hairs) �����"� 
����&������}����
-�% )������	
 ���
/	��3!�	������������)*&�����	
 (subcutaneous adipose tissue) �/�� ��� �����1�0���!�

"� 
� ���
����3� "� 
� �+�"�, �.� �"&�����3� J��� ""����!�
��
���+ �*�����
������
� "!� �*	�!�
�����"� 
����&������}����
-�% )������	
 �*�T& � ���1�0���!�
���
����&��
*�% ��� "� 
� �� � "� 
� �+�"	�# "��	,.� �"&��)�"� 
� �)�&.
���J��� "��*	�!�

��& ������ (arrector pili muscles) ����� ������	,"�!��!� �% )�&����0 ��!�������� "��*	�!�

�����"� 
����&������}��"����	,� "�� �� -3!�	�)�/	��)*&�����	
)�&�����	

 �.� �"&��
�����"	�# .�,.����1�0���)�"� 
� �)�&.
��� 
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������������	���23/� (Metabolism) !�
"� 
� � J��/	��3!�	�)*&�����	
+�
�������
������	

 �����% .	-!�
"� 
� � J����e,����3�&)�"��!�
 triglyceride ���+ ����
�2��$)�/	����	
�% �"& �	
� � "T�"& 
��* �����)�&�	,"� 
� �   
42�5�-������0��� 3 7-8� ��� ("����� 1-1)  
      1.  /	����	
�% �"&  (Epidermis) ���/	���������,����  
      2.  /	����	
��& (Dermis �"�� corium) ���/	���������)*&/	����	
�% �"&   

 3.  /	��)*&�����	
+����/	�� Hypodermis �"�� Subcutaneous tissues  2U�
�"���,3��&�� 
�����������������	���������	���� 
����( (loose connective tissues) ���3!�	� (Adipose      
tissues) 2U�
+���+% ���� ��&���*�*� 
�	�)��*�������!�
"� 
� �   

 
2.1.1.  7-8�5�-���	9�	 (Epidermis) 

Epidermis ���/	��!�
�����	
�����.�������,������*&��% ����� + � 
surface ectoderm /	������"���,3��&���2��$������ "���� �+"�-�*�,J*�	z� � "���* ����
�������3�+ �"� 
� �*������  ������/	�����)�&�% ����J."
�"& 
*� 
( (skin derivatives  
or appendages) 3�&��� !� "�!��!� ���*���3!�	�"���"�����  pilosebaceous units 
*�����
��� (sweat gland) �����e, (nail)            

 /	��  epidermis   ��.� ��� J���~�����"�� 1 0.4 TU
 1.5 �������*" �����
��"��,����,�	,.� ��� �	�
���!�
�����	
 (skin) 2U�
��.� ��� �~����J���"�� 1 1.5-4.0 
�������*" �*�.� ��� !�
/	�� epidermis ���+��*�*� 
�	�3�)��*���,"���1!�
"� 
� � �% 
)�&� � "T�,�
�����	
* �.� ��� !�
  epidermis ���3�&��� 2 /��� .�� 
      1.Thick skin  .��  �����	
�����/	�� epidermis ��  J���~� �/	�� stratum corneum   
�,,"���1}� ���}� ��&  (palms and soles) 2U�
 thick skin ���+�3����!� "�!��!� �����& ������ 
arrector pili muscles ����)�,"���1���� ��� �*�+���*�����
��� eccrine sweat glands ���
+% ���� � �	
�	��,"���1}� ���}� ��& !�
"� 
� � +U
3���,�� ����&�!��"����% �	�+ �*���
3!�	� (sebum) ������,"���1����!�
"� 
� � �/�� ),��&  �*�+�����
������� �,"���1}� ���
���}� ��&  
       2. Thin skin .�� �����	
�����/	�� epidermis , 
 �,3�&�	��"� 
� � ����&�,"���1}� 
������}� ��&  2U�
�����	
/������+��� skin derivatives ���/��� .�� "�!��!� *���3!�	� *�����
��� 
���*��� apocrine sweat gland  
           �
.$�"���,����)�-�!�
/	�� epidermis � ����  80% .�� �2��$�����/�����  
keratinocytes ����2��$�����&������"�����  dendritic cells �2��$��������.��������2��$�����"��"� 

.�& ��	�.���� cytoplasm �������3�+ �*	��������!�!  (dendritic processes) �2��$��������
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+���� cells �������� 
� + �*% ����
����� � I	�������������	
 (immigrant cells) �"���,�&��
�2��$ 3 /��� .�� melanocytes, Merkel cells ��� Langerhans cells 2U�
+���� �)�
" ��������*��3� 
           Keratinocyte  ����2��$�������
.$�"���,��	�!�
 epidermis 0 �)�  
keratinocytes ���*	��� keratin intermediate filaments ����)� cytoplasm ��/����"�����        
tonofilament  +	����J�"*��/�����U�
����% ��& �������������"�����	���	
!�
 keratinocytes 
T& � ��,�� �� keratin filaments ����)��2��$)� � � "T,��3�&����� �2��$�	��.��            
keratinocytes (epithelial cells) ���+ ������&� keratin filaments �	
���������U�
!�

J."
�"& 
����% ��& ����/�����U�*��"���� 
 keratinocytes �*���*	�)�&*�������&���	�J��J."
�"& 

�	
��� ���/�����  desmosomes ��������
���&����&�
+���""I�$��e���������� ��/����"���� 

�2��$����"�����  intercellular bridges ���J."
�"& 
�����.� ��% .	- � ���.� ������*�����!U��
+��% )�&�2��$�*���*	����+ ��	� �% )�&����J".�����	
)������ pemphigus !U�� 

Keratinocytes ����2��$����� nucleus *�����!&� �2��$���� �������+ �� "�,�
*	�
!�
 basal cells 2U�
����2��$�������/	���� 
���!�
 epidermis ������2��$���� ����+"�-�*�,J*  
(development) ������	z� � "� �!U�� (differentiation) �e+��.�����*	���
!U��3��	
/	��,� ( 
����2��$+���� "�����!� �)�-�!U������,�" ,�
 ��� "����������
!�
"�,, metabolism 
!�
�2��$ ��� "�"& 
J�"*�����3!�	�������	�#1��~� � ��� "����������
!�
 
cell membrane ��� "�� �*	�!�
 nucleus ������ "��-������% ���+ ��2��$ J��� "
����������
!	������& � (terminal differentiation) �% )�&3�& keratinocytes ���* ���&������/���)���
��  corneocytes 2U�
 corneocytes ���+����~� � keratin filament ��� matrix protein ����)�
�2��$ J����J�"*�����3!�	�������� cell membrane ��� �	�� +�3���� nucleus �"�� organells 
����( ��	
+ ��	�� corneocytes �e+�����������3��� ����!��3.� (keratin) !,��� "���
�"�����  keratinization � ���.� ������*�!�
!,��� "��� �e�% )�&����J".�����	
3�&�/�� �����
J". ichthyosis  ���*&� ������2��$��� "����������
����.�����*	����� /	��,��"����( �% )�&
� � "T�,�
 epidermis ������/	��*� 
( J���*���/	���e+��� keratinocytes �������)�"���*� 
(
!�
� "����������
 (differentiation) �	
��� ("����� 1-2) 
 
       1. Stratum germinativum �"��/	�� basal cell layer /	�����+�����/	���� 
��� 
J����J."
�"& 
����"�����  basal lamina �U�/	�����3�&*���	,/	�� dermis �������!& 
�� 
*"
*% ����

����"�����  dermoepidermal junction /	������"���,3��&���2��$����"��
*	��	�/	����������/���
��  basal cells ����2��$�����.� �� � "T)�� "�,�
*	�*������  (mitotically active) "��"� 

�2��$��� columnar-shaped �� nucleus !� �)�-� keratin filaments )�/	�����+���!� ���e�
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���+	,���������"�,( nucleus ���3��U�*���	, desmosome 2U�
���*	��U�"���� 
 basal cells 
3�&�&���	� ���+ �����	
3��U�*���	, hemidesmosome 2U�
���*	��U�"���� 
 basal cells   
�	, dermis !& 
�� 
 hemidesmosome ������������U�
!�
 basal lamina 0 �)� cytoplasm 
!�
 cell �� ribosome +% ���� � �*��� rough endoplasmic  reticulum (RER) ���  
mitochondria �&�� ���� golgi apparatus ��!� ���e� )�/	�� basal cell layer ���+��� keratin 5 
.���	, keratin 14 (k5/k14) ����)��2��$2U�
� "����2��$)��� k5 +	,.���	, k14 )��2��$ ���*	�,�
/��
�� �2��$�	������2��$�������& ����,�
*	�)�&�% ��������� � (stem cells) �/�� basal cells ����& ���
�,�
*	�)�&�% ���� keratinocytes "������ ��� basal cell �,�
*	�)�&�% ���� keratinocytes  �����
!,��� " keratinization +���,�"1$�� ���� corneocyte )/&��� �"�� 1 14 �	� ���
"������ ��� corneocytes ����������3��� ����!��3.� (keratin) )/&��� ����"�� 1       
14 �	�  ����� basal cell �,�
*	�)�&�% ���� keratinocyte ����.������������ /	��,���� �� ����
/	�������/����"�����  stratum spinosum *��3� 

2. Stratum spinosum �"���,3��&�� keratinocyte �����"��"� 
!� �)�-�  
�� �������� .�& ����� ��������� + �����2��$ (spine) �% )�&/	�����3�&/���* �"��"� 
!�
�2��$ 
/	������"���,3��&���2��$�"��
*	��	��� �"�� 1 5-10 /	�� J���2��$�������*���	,/	�� basal 
cell � ������� (suprabasal spinous cells) +�����2��$������ ���&����� �2��$�������/	��,�!U��3� 
�2��$��"��"� 
�� ����������� nucleus "��"� 
��� �����2��$�������/	��,�( (upper spinous 
cell layer) +���!� �)�-�����,�" ,� ����  ��� "�"& 
 organelles /���)�������"�����         
lamella granules �"�� membrane-coating granules (MCG) �"�+ ������	��3� �,� �,"���1
)��& golgi complex ���� nucleus !�
�2��$)�/	����� � � "T*"�+�, Barr body 2U�
���    
basophilic planoconvex body !� � 1 mm 3�&J��� "�%  buccal smear �"�� scraping J��
��*� X-chromatin )���I�-�
��� XX �*�+�������
 X-chromatin ���������% 
 ����*	���U�
+�
T�� inactivated ���"������&���% )�&��e���� Barr body )��2��$ keratin filaments )�   
spinous cell layers ���+���� k1 .���	, k10 2U�
 keratin filaments .��������
�� �2��$/���������
�2��$����% �	
�	z� � " (epidermal-type pattern of differentiation) ����% �	
��!,��� "  
keratinization ���� (keratinization-specific keratins) !�,!�
�2��$�����"��"� 
.�& ��� � 
(spine) �	��.�� desmosome ����� keratin filament � �U�*������J�� desmosome +����*	��U�
"���� 
 cell 3�&�&���	���������� ��/����"���� 
�2��$����"�����  intercellular bridges �2��$
)�/	�� stratum germinativum ��� stratum spinosum "���"�����  stratum malpighi       
(Malphighian layer) 2U�
+��.�����*	�!U��3�/	��,���� �� ����/	�������/����"�����  stratum   
granulosum 

3. Stratum granulosum  (Granular cell layer) /	�����3�&/���* ��	�#1�!�

�2��$ .�� granular cells ����2��$�����"��"� 
.���!& 
�,� 0 �)� cytoplasm ,""+��&��      
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basophilic granules +% ���� � granules �����/����~� ���  keratohyaline granules 2U�
     
granular cell ����2��$����� active synthetic metabolism granular cells )�/	�����+��"��
*	��	� 
3-5 /	�� �������
���&����&�
+���""I�$s""�� +���e����+��( ����% �
���"�+ �����)��2��$     
+�,�,	
J."
�"& 
����0 �)��2��$  keratohyaline granules �"���,3��&��J�"*�����
/��� profilaggrin keratin intermediate filaments ��� loricrin 2U�
� "���� ���������!&�
�	,
!,��� " keratinization  2U�
+���� �)�" ��������*��3�  

Profilaggrin +��"����"& 
)�/	�� granular cell layer ���T���������J��
!,��� " proteolysis ��� filaggrin *"
*% ����
����2��$+��������+ � granular cells 3���� 
corneocytes (site-specific proteolysis) ���3�&��� filaggrin ����)�/	�� stratum corneum J��
�% ��& ������������� � (interfibrillary matrix) �U�"���� 
 keratin filament �% )�&�������
"� 
��!�
 keratin ����!e
�"
��,�"1$ !1�������	� keratin filaments 2U�
������� k1 �	, k10 
�e+�T�� proteolysis ��� phosphorylation 3���� k2 +	,�	, k11 ��� 
  !1�������	� lamella granules �"�� membrane coating granules (MCG) 
�"�� Odland bodies �"�� keratinosomes  2U�
�"����"& 
)�/	�� stratum spinosum /	��,� �����
�2��$�.������ ����*"
*% ����
���+��������+ � granular cell 3���� corneocyte +% ��� MCG 
+������� �!U������"����/����*���	, cell membrane ��&������� "���,""+�����0 �)����� ����
"���� 
�2��$ (intercellular space) 2U�
� "����"���,3��&�� glycolipid sterols ���        
phospholopids  ����& ���3��.���, corneocyte 3�& (intercellular cementing substance) /���
�'�
�	�� "��-������% !�
�2��$ (water barrier) /����% )�&�2��$�U�*���	���� 
���"����s�0 � 
����	
������
�������*��� "���2U�� ���� �
,������	
�&�� +���e�3�&��  keratohyaline      
granules ���J."
�"& 
�����.� ��% .	- � �����.� ������*�!U���"���� � �3� �e+��% )�&����
J".*� 
( )������J". ichthyosis �/�� ichthyosis vulgaris ���*&� )��	*�$����
����,�� � �
����0 ��   essential fatty acid deficiency +��% )�&��+% ��� MCG ���
  ��3!�	����� 
�.���,"���� 
�2��$ (barrier lipid) ���
 �% )�& water barrier ����3� �2��$+�������% ���3�
� � �% )�&�����	
��-������%  +U
����.� ������*�!U�� �"��)�.����/�,�& 
���,���( �&���,�� 
�"����% � *� 
( �e+��& 
��  barrier lipid ���� ������3���� �% )�& water barrier ���� �������
J".�����	
!U�� ������2��$�.�����*	��������������
� +�TU
*% ����
"��*��"���� 
 granular 
cell �	, corneocyte (granular-cornefied interface) �2��$�e+���������� ���� corneocytes
)�/	�� stratum corneum 
  4. Stratum corneum (Horny layer or cornified layer) /	������"���,�&��
�2��$���/�����  corneocyte �"�� cornified cell 2U�
�������� + � granular cell ���������������  
corneocyte +���-������% ��	�*	�3��"�� 1 45-86% �% )�&��e�!�,�!*!�
 cell �������*��( 
�	�.�& �"� 
��0 �)� cell 3���� organelles /���)� ����&� keratin �����,�"1$��&� (mature 
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keratin) �2��$)�/	�����+���!� �)�-�������)� epidermis �2��$)�/	���������& ������'�
���+ �
0�	�*" �0 ���� (mechanical protection) �'�
�	�� "��-������% 3�+ ������	
 (barrier to 
water loss) �������� ��� �� 
!�
� �"��� "*� 
( + �0 ����)�/	����� desmosome 2U�

���*	��U�"���� 
�2��$+��"���T���% � � �% )�&�*����2��$���+ ��	��"��� !,��� "����"�����  
desquamation .�� � "�������!�
 corneocytes ���3����!��3.� T& � �!,��� "�	
��� �
�����*� �e+��% )�&����J".)������ ichthyosis 3�& �/�� X-linked Ichthyosis ��� Harlequin  
fetus /	�� stratum corneum  ���+���.� ��� , 
�*�*� 
�	�)��*���,"���1!�
"� 
� � 
�����	
���+	���� thick skin +���/	�� corneum ��  �,���,"���1}� ���}� ��&  J����*�T& /	�� 
corneum ��  /	�� granular cell layer �e+��� * �3��&�� T& /	�� corneum ��  �*�/	��   
granular cell layer , 
 T�����.� ������*� �/�� )� ichthyosis vulgaris ����,"���1�����	

���+	���� thin skin +���/	�� corneum , 
 /	�� granular cell layer  �e+�, 
3��&�� ,"���1}� 
���}� ��& ���+	���� thick skin �	�� +���/	�� stratum lucidum �����!U��� ��� 1 /	�� 2U�
/	�����+�3��
�,)� thin skin �	��( 3�  
  5. Stratum lucidum ���/	��, 
( ��"�����"���� 
/	�� granular cell 
layers ��� stratum corneum �,�~� �,"���1}� ���}� ��& ��� �	�� T& ���&����&�
+���""I�$
s""�� +���e�����T,/	��, 
( ��/���+ 
( � "�����e�/	�����3�&�����+ �� " glycolipid �������
)� MCG T����������� ����"���� 
�2��$� ���� ,"���1����  +U
��e����/	�����!U�� 2U�
/	�����+�3��
�,)������	
,"���1 thin skin 
  Dendritic cells  
           ���������2��$�����"��"� 
.�& �� � �� cytoplasm �������3�+ �*	�����!�! 
����"�����  dendritic processes )�/	�� epidermis ��� �"���,3��&���2��$ 3  /��� .��   

1. Melanocyte  ����2��$�"& 
��e��� 
2. Markel cell  ����2��$�������	,� ""	,.� �"�&�U� 
3. Langerhans cell ����2��$���������!&�
�	,"�,,0���.�&��	�!�
�����	
 (skin immune 

cell) 
  

2.1.2  7-8�5�-�I�� (Dermis) 
       Dermis �"��/	����	
��&  ���/	���������)*&*��/	����	
�% �"&  (epidermis)  ��.� �

�� �"�� 1 1-2 �������*" �*�,"���1 eyelids  ��� prepuce +�, 
��� ���  ����,"���1}� ���
���}� ��& +��� � ���� ��� *"
,"���1��� epidermis *���	, dermis �	�� +����"����	�.�& �
���.����!�
 epidermis ��������
� )� dermis (epidermal ridges) �������!�
 dermis �������!U��
3�,� epidermis (dermal ridges) ������U�*���	������ �!U�� ������� "�������������	��	�� �
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!U���% )�&��&������)� dermis 3������
 epidermis 3�&� �!U��  J."
�"& 
����"�����  rete ridges ���
�% )�&����"��
,������	
 ��e�/	�,"���1}� ������}� ��& ����"����� � �������� (finger print)  
         Dermis ��*&��% ����+ � mesoderm �"���,3��&�������������������	�      
(connective tissue) "�,,��&������ (vascular network) �����&��"�� � (nerve) ����������
!�
 skin derivatives, �2��$ fibroblasts, �2��$ macrophages, mast  cells  ����2��$�����*&�
�% ����� + ��2��$!�
"�,,����� (blood-borne  cells) �/�� lymphocytes ��� plasma 
cells ���*&� ��& ���!�
/	�� dermis .�� �% )�&�����	
��.� ��������� (elasticity) ���"
���
�����	
3�& (tensile strength) ���'�
"� 
� �+ �0�	�*" � (mechanical injury) ��&���% 3�& 
(binds water) �����+���"��
.$)�� ".�,.�������.� �"&��!�
"� 
� � (thermal regulation) 
�������"�� �"	,�	��	�*� 
( (receptor of sensory stimuli) �����������������	�               
(connective tissue matrix) !�
 dermis ���
.$�"���,��	�.�� collagen tissues �����&��
��� elastic tissues )� matrix ������ glycoprotein proteoglycans ��� glycoaminoglycans 
"���"�����  ground substance � � "T�,�
 dermis ���3�&��� 2 /	�� * �.� ��*�*� 
!�
 
connective tissues organizations, cell density ��� nerve and vascular pattern 3�&�	
���.��  

Papillary dermis ���/	� ���� ���� *� ��	,  epidermis �"���,�&��  collagen 
!� ���e������� collagen type III � ����  type I ��� elastic tissue /��� oxytalan elastic 
fiber ����"��
*	�*	�
~ ��	, epidermis ���2��$ fibroblasts +% ���� � �����.� �� � "T)�� "
�,�
*	���� 
"���"e� ����� metabolic activity � � ������"�J�/�$)�� "2����2������	
 
(wound healing) J����*�/	�����+�����J".�&����� /	�� reticular dermis 

Reticular dermis ���/	���������)*&*�� papillary dermis *��*���	,/	��          
hypodermis �"���,�&�� collagen  �����!� �)�-���� type I � ����  type III elastic fiber 
����+"�-�*e���� (mature elastic fiber) ����	�
 collagen  ��� elastic fiber +���!� �)�-�!U��
�"����( ������U��
3�)� dermis *���	,/	�� hypodermis ��&������+��&����� /	�� papillary    
dermis  

 
2.1.3  7-8�L
�42�5�-� (Hypodermis)  

���/	���������)*&*�� dermis �"���,3��&�� loose connective tissue ������
!�
*�����
��� collagen ��� elastic fibers ���*�������
�
� + �/	�� dermis ����2��$3!�	�    
(fat or adipose tissues) J�����"��!�����% �	
�+"�-�*�,J* (actively growing hair follicles) 
+������
� ����)�/	������&�� �2��$3!�	�����
.$�"���,��	�!�
/	����� 2U�
�2��$3!�	���� +�����
"���	���� lobule �����*	��,�
�	������"�����  fibrous septa 2U�
+�����&������ ��&��"�� � ����
��% �����
 (lymphatic vessels) ����)� septa .� ��� !�
/	�� hypodermis ��� +�!U���	,.� �
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�� !�
/	��3!�	� ���!U���	,*% ����
!�
"� 
� ��&�� �/�� ,"���1��& �&�
+��� � � �*�
,"���1������* �"�� penis +�, 
� � ��& ���!�
/	�����.�� )�&.� ��,�������"	�# .� �"&��
!�
"� 
� �3�& (insulates the body) �������
������	

 �!�
"� 
� � (reserve energy 
supply) �������������"�
�	��"���� (cushion) ����% )�&�����	
�.�����3��3�&3��*������
�	,J."
�"& 
!& 
)*&�����	
 (mobility over underlying structure) ���+ ����/	�� hypodermis 
�	
����)��& �.� ����
 � (cosmetic effect) �/�� ,"���1��&� � �3����/	�����"�
"	,+��% )�&
"����& ��3�����
 �  

2.2  Skin derivatives  (Skin  appendages) �� �TU
 ��	�������% ����� + �
�����	
 3�&���   

1. ���"��!� ���"�!��!� (Hairs and hair follicles) 
Hair follicles (HF) ���	�#1�J."
�"& 
��� tubular 2U�
,"���1n �!�
 HF 

�"�����  hair bulb �&��"�, hair papilla ����"���,�&�� geminative cell ���,"���1������ "
�+"�-!�
 keratin *��� "�"& 
��&����"��!� �"���,"���1�	
��� ���  hair matrix 2U�

�"���,�&�� epithelial cell 5 /	��.�� 3 /	��)��"���,�&��/	�� medulla, cortex ��� cuticle 
���,"���1!�
 keratin ���+��+"�-*����� hair shaft ���� 2 /	������"���,�&�� internal root 
sheath ��� external root sheath ���,"���1���+��+"�-*����� epithelial sheath + �
 ���+	�
�,�� ���,"���1!�
 hair follicle � � "T�,�2��$�� �/����/�� epithelial, mesenchymal, 
��� neural crest-derived cell ����	
�, pigmented keratin fiber ����&�� (Akamatsu  et al., 
1992; Chen et al., 2003; Zouboulis et al., 2006) ("����� 1-3) �% �"	,�
+"/���*!�
��&����,�

������ 3 "���.�� "��� anagen ���"���� "
������+"�-!�
��&��� 2U�
)���e�+�)/&��� 
�"�� 1 2 TU
 6 �w ���"����	
��� �+��	���
������ ��� �!U�� "������ 2 .��"��� catagen ���
"�������
�����! �� � "� �����
 2U�
)/&��� �"�� 1 3 �	�� �$ ���"������ 3 .��"���  
telogen ���"����	����)/&��� �"�� 1 3 ����� )�"��������+�����"��
�����*������	��	�
"��
 + �
 ���+	��,�� ���J*"�+�������/���)�� "�"�*�&�� "�+"�-!�
 hair (Deplewski and 
Rosenfield, 2000) ����,� "���
����	�
 ERα ��� ERβ ����&�� (Thornton et al., 2003; 
Thornton et al., 2006)  

2. *���3!�	� (Sebaceous glands)  
�,����"����	, hair follicle �	��"� 
� � ����&�,"���1}� ���}� ��& 2U�
3���� hair 

follicle  �e+�3����*���3!�	� �,����)�/	�� dermis hair follicles T�������U�
)��
.$�"���,!�
 
pilosebaceous unit ("����� 1-3) + �
 ���+	��,��  ���J*"�+�����*��� "��!� ����� "
��	�
!�
*���3!�	�)��	�
 2 ��I (Plewig and Kligman, 2003) ����	
�,� "���
���!�
 
ERα ����
/������������&�� (Kariya et al., 2005)  
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3. *�����
��� (Sweat  glands)  �� 3 /��� .��  
3.1 Eccrine  sweat  gland 

 3.2 Apoeccrine  sweat  gland 
 3.3 Apocrine  sweat  gland 
     4. ��e, (Nails) 
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.���� 1-1  ���
/	��*� 
( !�
�����	
/	�� epidermis /�����  
                                         ����	 : Tortora and Anagnostakos, 1990 
 
 

 
 
 
          
 
 
 
 
 
 
 
 
 
      .���� 1-2  ���
J."
�"& 
!�
�����	
/	�� epidermis ��� keratin markers )�/	��*� 
 ( 
                      ����	 : Kierszenbaum, 2007 
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.���� 1-3  ���
 keratinocyte (multipotent) stem cell !�
 hair follicle ��� sebaceous gland 
                ����	 : Kierszenbaum, 2007 
 
 
2.2 �	��	�I4� (Wound healing) 
 

� "�� ��������"�,��� "���2	,2&�� � � "T�,�
������ 3 "��� .�� 
"��� inflammatory, "��� proliferative, ���"��� remodeling ("����� 1-4) 2U�
�"�,��� "
�� ����T��.�,.���&�� growth factors ��� cytokines �� �/��������	�
���� ,"���1��� 
� ���.� ������*�� +�% ���.� ������ �*������������������ !�
� "�� �������� �!U���&��
�/���	� "����	
��� �� � "T�s�, �3�&�	
���.�� (Li et al., 2007)  

2.2.1  ��� Inflammatory 
�"���"������/�����  "���!�
� "�	���, ����f���"�� �"��������!U����	
+ ����

"� 
� �3�&"	,0�	�*" � 2U�
���� "*�,���
*��, ���� � � "T�,�
������ 2 �"��0�.�� 
� "*�,���
!�
������������� "*�,���
!�
�2��$ ��� �.�� )�/��
�"�!�
� "�� �
���+������ "!� �*	�!�
��������� ��
��)�&����� ""	��3��!�
��������!�
����3��	

�& ����!�
��������� ����% )�&� "3�������!�
��% �����
����/�
	� �% )�&��� � "!�
� "
�	���,�	
��� .�� ������
 ,�����"&��,"���1��� � "�	���,�,,�~��,��	�J����*�)/&��� 
�"�� 1 24 TU
 48 /	��J�
 ���� +� �TU
 2 �	�� �$ ���������, ������
��)�&����.� �
,��"��
!�
������������"	��3�����!& 
��� ����� "�.������������ ""��*	�!�
 platelet 
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�"&���	�
��� "��	�
� "����*� 
 ( 2U�
���+���"���*&�!�
�"�,��� "�� ���� J��� "��	�
 
chemoattactants ��� growth factor *� 
 ( )�!1�������	������ "�!e
*	�!�
��������
!�
�������� ( ��������� "�% +	��2��$���* ����+ �,"���1��� ���+ �����	
����� "
*�,���
!�
 mediator ��� leukocyte �	��"���,�&�� neutrophil ��� macrophage 2U�

���� "�% .� ���� �����% +	����
��������*� 
 ( ,"���1��� J���~� � macrophage ���
��� "��	�
 growth factor ��� cytokine ����% .	- �% )�&����� "�	z� ����*�,J*!�
          
granulation tissue ����&�� ("����� 1-8A) 

1. � "*�,���
!�
������������� "�& ������ (Vascular response and 
hemostasis) 

���� ""	��3��!�
�������	
+ ������������������, ���� 2U�
!	���"�!�
� "
�� ����.�� � "����� "�& ������ (hemostasis) (Kirsner and Eagltein, 1993) �"���,�&�� 
2 �"�,��� "��	� ( �"�� "�"�.�� �	z� � "!�
� "�!e
*	����� ""��*	��	�!�
 fibrin 
J�� platelet ����2��$�"�����" �f��	
+ ��������������I���$�� 
!�
� "����          
hemostasis 2U�
T���"�*�&�J�� extracellular matrix �����	
!�
��������� *	���� 
�/�� fibrillar 
collagen, fibronectin ��� matrix protein ���� ( )�!1�������	� platelet ��� "��	�
� "����*� 
 
( �������� ""��*	��	���� plug � "���� plug �	
��� ������% )�&� ""	��3��!�
����������
 
�"�� "�����
���� ""��*	��	�!�
 platelet J�����32�$+% �� �����,3�&)������ �/��     
Hageman factor XII ���������������������� ��	
��� "��	�
 tissue factor (Grinnell et al., 1981) 
�% )�&� "�% 
 �!�
 platelet ���"����s�0 �� �!U�� ���+ ���� platelet �	
��,�, ��% .	-)�
�"�,��� "��������&�� �/�� reepithelialization, fibroplasia ��� angiogenesis ����	
�"�*�&�
)�&����� "�"& 
����������/��)���J��� "��	�
 growth factor *� 
 ( �/�� transforming growth 
factor (TGF)-α, TGF-β ��� platelet derived growth factor (PDGF)  

2. � "*�,���
!�
������2��$���� "�	���, (Cellular response and       
inflammation) 

���� ""��*	�!�
 leukocyte ,"���1��� )�/��
�"�!�
� "�	���,+��, 
neutrophil ��� monocyte �����	� ����� "�.�����*	�!�
�2��$�	�
��
+ ����������3��	

����������,"���1, ���� �*�)�/��
��	
!�
� "�	���, +% ���!�
 neutrophil +����
���+�
�, monocyte �����	� � "�% 
 �!�
�2��$�	�
��
/����	
��� ��	��	�s$�	,� "��	�
      
chemotactic factor ��� mast cell J�����,"���1����2��$!�
 neutrophil +��, integrin     
receptor �% )�&� "�% 
 �!�
 neutrophil �����
!U�� �% �"	,��& �����	�!�
 neutrophil .�� 
�% � � +	,����,.���"����� matrix protein ��������0 � J��)/&��� �"�� 1 2-3 �	� �*�� ���
� "���������"��*���/���� +�% )�&"������ !�
� "�% 
 ��	
��� �� �!U��3�& ("����� 1-5) 
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���+ �����	
��� "�.��������!�
 monocyte 3��	
,"���1����������������
�������"��"� 
��� macrophage �����!� �)�-�!U�� ���
����2��$������	�#1�����)�/��
�� �
!�
�"�,��� "�	���, � "�.��������!�
 monocyte 3��	
,"���1, �����	
��� � � I	���3�
�/��������	, neutrophil J���� chemoattractant ���*	�/	��% ������ "��	�
� "����  �/��   
monocyte chemoattractant protein I ��� macrophage inflammatory protein I + ��	����� "
������ �!�
 extracellular matrix �� ����/�����e� ( !�
 collagen, fibronectin ��� 
thrombin 2U�
�&����.� �+% �� �*�� monocyte attractant ���� macrophage +��% ��& ���+	,
��� ������ � �� +�����"��$������J".����% � � neutrophil , 
���� �����*�	
��� �+�T��   
enzyme ��� active oxygen "	,��& ����% � �*�� 2U�
���
���3�&��� �� �	�
������T�����
�"�,��� "�% .	-�������+ �� "�% 
 �!�
 monocyte ��� macrophage �% 3����� "����   
angiogenesis ��� granulation tissue 

�	����������	�L�������	�-���� (Chemical mediators of          
inflammation) 

� "�.�������� 
��,�, �)�/��
�"����.�,.���"�,��� "�	���, ���3�&�	�
 
agonist ��� antagonist �	,�"�,��� "�	
��� � 2U�
� � "T�,�
���3�&�� ������ �/�� ����� 
vasoactive amine !�
 histamine ��� serotonin, plasma protease !�
 kinin ���       
complement, plasma protein )� coagulation system, arachidonic acid 2U�
��� metabolite 
!�
 prostaglandins (PGs) ��� LTs, cytokine ��� growth factor, free radical !�
 nitric 
oxide ��� oxygen derived free radical ���*&� ("����� 1-6) 

�	������	��	� mast cell (Mast cell mediators) 
� "������	����T����	�
+ ���"���!�
 mast cell 3�&��� histamine ���
���

J��+	,�	, histamine receptor I �% )�&����� "!� �*	�!�
 artery ��������.� �� � "T� "
�� ��!& -��� !�
 venule �
.$�"���,�% .	-����,3�&)���e���"���!�
 mast cell .��       
serotonin ��� heparin J�� heparin �% ��& ���)�� "*& �� "�!e
*	�!�
����� J���~� �
)�/��
�"�!�
�"�,��� "�	���, 

�% �"	,"�,, kinin ����3�&���������������3�&"	,�	�*" � Hageman factor XII )�
������	��	��	, collagen �"�� basement membrane !�
�����������&�+�T���"�*�&�)�&
�� ���� XIIa 3��������� " prekallikrein )��������� kallikrein 2U�
������32�$���� high 
molecular weight kininogen (HMWK) )�&��� bradykinin 2U�
���*	��% .	-)�"�,, kinin  
bradykinin ��m�s���% )�&��& �������"��,��*	� �����������
!� ���e�!� �*	� ��������     
permeability !�
����������% !� ���e� ���+ �����	
�% )�&����� � "�+e,���,"���1���
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�	���,����&�� bradykinin ����)�/��
�"�!�
� "�	���,��� �	�����T���% � ��&�����32�$ 
kinase 2U�
����)��� �� �������������  

��� complements 
��������!�
J�"*��)��� �� ����% 
 ��	��	�s$�	����"�,, ��*�����)�"�� 

inactive �% ��& ����% .	-)��"���
0���.�&��	����� "�	���, /��
����% .	-.��� "�"�*�&�/������� 
complement (C) 3�&��� C3 )�&���������� C3a ��� C3b *	��"�*�&�� +3�&��� ���*�,��� (IgM 
�"�� IgG) ���+	,�	,���*��+� �% )�& C1 �������3��"�*�&� C3 �"��� +����+ � IgA �"��     
endotoxin !�
�,.���"�� 3�������� C3 J��*"
 �����3�& C3b � ��&� �	�+�3��"�*�&� C5-C9 
* ��% �	, 3�&� "�� �*	��������*���"�,��� "�	���,���� "�% � ��2��$����� antibody   
�� ����� ,�, �!�
 complement )�� "�	���,.�� ��*�����������, chemotaxis, phagocy-
tosis ����% )�&�2��$* � ���*&� ("����� 1-7) 

Growth factors 
���� "*	��� 
�����,�, ��� ���� 
)��"�,��� "2����2����������� �/�� 

platelet derived growth factors (PDGF) ��,�, ��% .	-)�/��
�"�!�
"���� "�	���, ��� 
chemotactic *�� monocyte, macrophage ��� neutrophil growth factor , 
/�������+ �� "
��	�
!�
 macrophage �/�� TGF-α, TGF-β1, TGF-β2 ��� TGF-β3 2U�
�	�
�����.� ��% .	-
*��� "�.��������!�
 keratinocyte ���� "����!�
 extracellular matrix ���*&� ("����� 1-8A) 
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.���� 1-4  ���
�"�,��� "�� ����)�/��
*� 
 ( 
                                                ����	 : Li et al., 2007 
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.���� 1-5  ���
�"�,��� "+	,������
��������!�
 leukocyte /��� neutrophil ,"���1��� 
                ����	 : Kumar et al., 2007 
 
 

 
 
.���� 1-6  ���
�
.$�"���,�����& ���J������n �!�
������2��$*� 
 ( ���������!&�
)�

�"�,��� "�	���, 
                ����	 : Kumar et al., 2007 
 
 



19 

 
 
 
 
 
 
 
 
 
 
 
.���� 1-7  ���
� "�% 
 �!�
"�,,.�������� (complement cascades) )��"�,��� "

�� ���� 
                ����	 : Kumar et al., 2007 
 

2.2.2  ��� Proliferative  
���/��
!�
� "�� �������������	
+ ��"�,��� "�	���, 2U�
"� 
� �+�

�� � �2����2� J��� "� "�,�
*	������+% ����"�����  regeneration ����"& 
����������
�������	�!U��� ���,"���1���3��� � "T�,�
*	������3�&�	� ����"�,��� "������ "�,�
�2��$ 
keratinocytes ,"���1!�,����,,3�J*2�� (mitosis) J��� "�"�*�&�+ � growth factors ���
�"& 
+ ���"e������ (platelet derived growth factors : PDGF), growth factors + �         
macrophages dermal, parenchymal cells ���"��TU
 growth factors + � keratinocytes 
��
�&�� �"�,��� "���+�����!U��0 �)� 24 TU
 72 /	��J�
��	
+ �����, ���� ������,�
�2��$
��&� keratinocytes +��.�������� (migrate) + �!�,!�
, �����!& ������)������� �����TU

!	��*�����+���� "�"& 
 basement membrane !U��� )���+U
���� "����	��� "��
�	-- 1 
(signal) "���� 
 keratinocytes �	,�
.$�"���,�������)� extracellular matrix !�
�����	
/	��
��	
��& �% )�& keratinocytes ����� "�.�������� ������ "����������
 (differentiation) ���
�2��$����% ��& ���* ���*�*��3� ���+ �����2��$ fibroblasts +�T���"�*�&�+ � macrophage-
derived growth factors ��� PDGF )�&��� "�,�
�2��$ �.�������������� "�"& 
 extracellular 
matrix 2U�
 extracellular matrix ���T���"& 
!U�����+�����������
��� neodermis �"&���	,� "
�"& 
 granulation tissue 2U�
+�����!U��0 �)� 2 TU
 4 �	���	
+ ���, ���� granulation    
tissue ���J."
�"& 
����"���,�&���
.$�"���,*� 
( .�� macrophages, fibroblasts ���
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�����������&�)���+% ���� ����}W
*	�����)�J�"*��J."
�"& 
������ collagen, fibronectin,    
glycosaminoglycans ��� glycoproteins ���+ ���� extracellular matrix �	
�������
!�
 
cytokines *� 
( "��TU
 cytokines �������& ���)�� "�"& 
���������)����&�� ���+ �      
fibroblasts +��% ��& ����"& 
 extracellular matrix �	
��� ���&� �	
�,��  fibroblasts ����"���/���
�~� ���  myofibroblasts �	
������/����% )�&,"���1�����*	���e��
 J�� myofibroblasts +�
�"& 
�	�!�
��&�)����*��0 �)�32J*�� �2U�+% ���� � (intracytoplasmic actin bundles) 
����������*��� "�.������������"�*�&�)�&����� "��*	�!�
, �����	
��� � ����� granulation  
tissue ��� ��� �!U�� �e+��� collagen fibers � �!U�� )�!1���� fibroblast ��� �����������
+% ������
 )������� granulation tissue +��� ���� scar ("����� 1-8B) 

Wound contraction 
���������, ���������� " healing +��,�� !� �!�
�����e��
�"���� ( 

.� �� � "T)�� "����e��
�������0 �)� 2 TU
 3 �	� ��	
��, ���� ���.
����3�&�� �
�	�� �$ ��3�)�� "��*	�!�
��� �W++�,	��,�� ����+ � myofibroblast )� granulation   
tissue 2U�
����������
"��"� 
� + � fibroblast ����"& 
� "+% ��� actomyosin .�& ��	,
�2��$��& �������"��, � "����e��
!�
���/����% )�&�����,�����!& � .������3�&�"e� ���+�� �
�"e�!U�� �*�T& ������!� �)�-��"������,"���1!&��	, +��% )�&!&��	,
��!e
 !�	,3��3�& �"��
,���,��������"��"� 
 �"�����  wound contracture ("����� 1-8B) 
 

2.2.3  ��� Remodeling  
"�������"���,�&��� "����!�
 matrix )�,"���1��� ���� "������� "

�!e
*	�!�
 fibrin �&�� granulation tissue 2U�
�����&�� collagen type III ������������ J��
� "������*�� collagen type I �������!U��)�"��� proliferative ��U�
)�.�1��,	*�!�
 remodeling 
.�� � "����!�
 extracellular matrix J���~� � collagen fiber ������ �TU
 80% !�

�
.$�"���,)�/	�� dermis ����������% .	-*��J."
�"& 
!�
/	���	
��� � J��)�.���*�+�
�"���,�&�� collagen type I 80% ��� collagen type III 10% ���+ ����)�/��
�"�!�

�"�,��� "�� �����	�����	�#1�.�& ��	��	,/	�� dermis !�
� "� .�� �"���,�&��      
collagen type III �������)�-� 2U�
�	
�." ��$J���2��$ fibroblast J��+��" �f���������"�
��	
+ �����������3�&"	,0�	�*" � 48 TU
 72 /	��J�
 ���+���	�
���� �"���� ( +��"��	�
 5 TU
 7 
�	� ���+������!U����
���)�/��
 2 TU
 3 �	�� �$ �������� �� �3� 1 �w collagen type III +��"���
��"�0 �����"�� 1���
�"���� ( ������ "�����������!U��!�
 collagen type I �% )�&/	�� 
dermis �!e
�"
!U�� 40% )�/��
���  1 ����� ���� +��
TU
 70% )�"������  1 �w 
�"�,��� "�������	
��� �T��.�,.��J��� "�	
�." ��$!�
 collagen /��)��� ���� "
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�� �*	�!�
 collagen /�����  2U�
�	�
���������� "�% 
 �!�
��e�32�$ matrix metallo      
proteinase (MMPs) ��� inhibitor metalloproteinase �����	� ("����� 1-8C) 

� "����� "�� ����� � "T�,�
3�&��� 2 �"��0���	�( .�� primary intention 
���� "�� �����������)�������3�&"	,� "��e,������ �"������&�� flap �"�� graft ��	
+ �����
���3�&3��� � )/&)��"1��������	����� � �"����� "��������3��� � �������"��0�.��     
secondary intention �"�� spontaneous intention ���� "� �!�
������� � "T� ���
3�&
J����3� contraction �����	� (�
Is". 2544) ("����� 1-9) 
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.���� 1-8  ���
��3�!�
� "�� ����2U�
�,�
��� 3 phases .�� (A) = inflammatory phase,               
                (B) = proliferation phase ��� (C) = remodeling phase 
                ����	 : Singer and Clark, 1999 

(B) 

(C) 

(A) 
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.���� 1-9  ���
!,��� "�� ����2U�
�,�
��� 2 �"��0� .�� primary ��� secondary intention 
                ����	 : Kumar et al., 2007 
 
2.3 ���Z
��� (Estrogens)  
 

���J*"�+����_�"$J������,3�&� �)���I�-�
 ���� � "T�,3�&)���I/ �
�*�)��"�� 1����&�� )��*���J��������� 18-carbon steroid 2U�
�� phenolic A ring ���        
β-hydroxyl group �"�� ketone ���*% ����
 17 !�
 ring D 2U�
� � "T+% ���3�&��� 3 
�"��0� J��� I	��	�#1�J."
�"& 
�����,	*��	��3��	
��� 

1.  ���J*"�+�* �s""�/ *� (natural estrogens) � "���������/�� estrone 
(E1), estradiol (E2) ��� estriol (E3) ���*&�   

2.  ���J*"�+������*��"���$�	
�." ��$ (synthetic steroidal estrogens)  
� "���������/�� ester �������	�s$!�
 17α-ethinyl derivative !�
���J*"�+�* �s""�/ *� 

3. ���J*"�+�������3��)/���*��"���$ (nonsteroidal estrogens) � "���������/��  
diethylstilbestrol ��� phytoestrogens ���*&� 
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2.3.1  7���-���	�5[I���-�\]��	�����1�����Z
���  
 
� "�	
�." ��$���J*"�+�*&�
)/&J.����*�"�� (cholesterol) ���� "*	�
*&� 

("����� 1-10) ����
�% .	-!�
"	
3!������� "�	
�." ��$��*��"���$_�"$J��3�&��� �2��$��"��J�2  
(granulosa cell) ����2��$s�� ������"$�  (theca interna) !�
������.��!�
"	
3!� (ovarian follicle)  
�2��$���� ���� � "T�	
�." ��$ cholesterol 3�&��
J��� I	�� 2��*� (acetate) ���� "*	�
*&�
�"��� I	� cholesterol + �3�J�J�"*��.� ��� ����*�%  (low density lipoprotein, LDL)  
cholesterol , 
��������2��$�	
3��3�&)/&+�T���% 3�����3�&)���"���3!�	� (lipid granules)    
)�"��.�����*�"������*�"$ (cholesterol ester) ����� granulosa cell 3�&"	,� "�"�*�&�+ �       
follicle stimulating hormone (FSH) 2U�
���J�� J�J�"��������	�
+ �*���)*&���
 FSH +�+	,
�	,*	�"	, (receptor) ,� granulose cells  ��!�
� "+	,�	��% )�&��� "�"& 
����J�2�� 3�,    
5�-J�J������* (adenosine 3�, 5�-monophosphate, cAMP) + ��	�� cAMP +����m�s���% 
)�&����� "�*����!�
J2�!& 
 (side chain) !�
 cholesterol �% )�&3�&�����"���J�J��    
(pregnenolone) ��*�� "1$�������!U�����3�J*.����"�� (mitochondria) !�
 granulosa cell 
+ ��	�� pregnenolone +�����������
*��3����J�"�+��*�J"� (progesterone) progesterone 
+�T����
3��	
 theca interna ������������������J�"����3�J�� (androstenedione) ���      
���J���*�J"� (testosterone) ���J*"�+�T���"& 
!U��3�&+ �� "*	�
*&� 2 *	� .��              
androstenedione �"�� testosterone J��� I	��f���"�� ����% .	-.�� � "��J"� 3��2/	� 
(aromatization) !�
�
���� �� (ring A) !�
� "*	�
*&��	
��� � !	��*���"�!�
�"�,��� "��� 
.�� ��� "3_�"��2���/	� (hydroxylation) !�
�������s�� (methyl group) �������*"
. "$,��
��*��*% ����
��� 19 �% )�&3�&�����3_�"��2���s�� (hydroxymethyl group) �� ��������. "$,��
��*��*% ����
��� 10 *��+ ��	�� hydroxymethyl group +��������+ �����.���� ��� A ring 
+�T����J"� 3�2$�% )�&3�&�wJ����3_�"��2�����. "$,����*��*% ����
��� 3 ("����� 1-11) )�
,""� ���J*"�+���	��	�
 3 /��� 17-�,* ���*" 3���� (17β-estradiol, E2) ��m�s���"
������
������� ".	���	�
����)�-�!�
"	
3!� estradiol +�T�����2�3�2$ (oxidized) ��� estrone (E1) 
J����� estradiol ��� estrone � � "T���������	,3�� 3�& ���� estrone +�T��3_�"��2���* 
(hydroxylate) *��3���� estriol (E3) ("����� 1-12) 2U�
� "����������
�	
��� �����!U�����*	,���
����)�-� ���+ �"	
3!���&���	�������( 3�&��� "� *�������3* *	, ����������3!�	� ��& ������� � 
��� hair follicles �e� � "T�"& 
���J*"�+�)��"�� 1������	��% .	-3�&�/���	� ���J*"�+����
�"& 
!U��+ ������������	
��� �����)�-���� estrone 2U�
� I	� androstenedione ���           
testosterone ���� "*	�
*&� ���J*"�+�����"& 
!U��+ ��f���"�� ���+��������
�% .	-!�
       
���J*"�+�)���&/ ������&�-�
�	���	
���"��� (postmenopause) ���+ ����J*"�+�* �
s""�/ *�)�"� 
� ���&�  �	
��� "�������*��"���$�	
�." ��$���� "���3��)/���*��"���$����� �
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/�������� estrogenic activity J��)�,""� ���J*"�+����3��)/���*��"���$�,��  diethylstilbstrol 
��m�s���"
������ ���+ ����� " ���3��)/���*��"���$����� estrogenic activity , 
/���� +�,3�&)�
��/�� �/����"�����  phytoestrogens �/�� �+������ (genistein) .�����"�� (coumestrol) 
������2�� (daidzein) ����	�
�	
� � "T)/&)�� ""	�#  (replacement therapy) ���� ")/&
���J*"�+��	
�." ��$3�&����&�� 
 

2.3.2  ^�_2`�	�����2��	I���a�-7�2��	 
 

�.  � "�	z� �*�,J*!�
�*"� 
 ���J*"�+����_�"$J���% .	-)�� ".�,.��� "�+"�-�*�,J*���� "�	z� 

!�
��	�����,�	�s$!�
�*"� �"�*�&�� "�*�,J*!�
/��
.��� ����� ����% 3!� "���	�
� "
����������
!�
"� 
� ����,�
,���	�#1���I ���J*"�+�+��"�*�&�)�&��� "�*�,J*!�
�*& ��
����"�
� "�*�,J*!�
�"���� ���������!&�
�	,� "���!�
 epiphysis �&�� ���+ ��	��       
���J*"�+��% )�&��� "�+"�-!�
!����"	��"&���!������	�����,�	�s�$ "���	�
� "��������!&�!U�����
�.�,"���1��	�����,�	�s�$����	����*"� "���	�
.�,.��� "�����
+""�,�"�+% ����� ����
_�"$J�����J�"�+��,��  ������"�����e��&��)�m�s������ ���  

!.  ��� 
��* ,���2U� 
 ���J*"�+�����*����	�����,�	�s�$�*"��������)�-� �*�)���	������� ( �/�� 

�"���� ��������� *	, "�,,�"�� � ����	�)+ �e�� receptor !�
���J*"�+��*��"�� 1�&�� 
2U�
��!�
���J*"�+�*����	������� ������	
��� 

1. ��*���"���� 
���J*"�+��	
/����������� .� ��� ����	,�	�
� "�� �!�
�"����3�& 

(Yusuh et al., 2010; Suwanpal et al., 2009) ����*����* ,���2U�!�
������"������.�,.��)�&
����.� ������!�
�.��2��� J�������� "���2U�)��% 3�&�������*��� "�"& 
��* ����� 3 )�3*  

2.  ��*����� ,���2U�!�
3!�	� 
���J*"�+��% )�&����� "����������
��* ,���2U�!�
3!�	� J��+������ 

high density lipoprotein (HDL) �� low density lipoprotein (LDL) ������ "��"��	,!�
  
cholesterol �*�+������"��	, triglycerides )������ � "����������
���+���.� ������
!�
� "
����J".����������	�)+! ������3�& (myocardial ischmia)  

3.  ��*����*�,���2U�!�
. "$J,3_��"* 
���J*"�+���� 
�����+���"��	,���J.�)������)�"��������� � " ����� 

insulin �
��e��&�� 2U�
3������*����* ,���2U�!�
. "$J,3_��"*�*���� 
)� 
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4.  ��*��J�"*��)������ 
���J*"�+�����*��J�"*��)�������� �/��� 2U�
�������	,� "+	,�	,_�"$J�� 

����������	,� "�!e
*	�!�
����� 2U�
�% )�&����� "�����"��	,!�
 protein binding *� 
 ( 3�&��� 
cortisol-binding globulin, thyroxine-binding globulin, sex hormone-binding globulin,   
transferin, rennin substrate ��� fibrinogen ��!�
� "�����J�"*������ ��� �% )�&�����"��	,
!�
_�"$J���	�� ( )������ 3�&��� thyroxine, estrogen, androgen, ���e������
��
 

5.  ��*��� "�!e
*	�!�
����� 
�W++�,	��	
3���" ,���/	� �*��e��" �
 ���*��� "�!e
*	�!�
����� �/�� 

���J*"�+��% )�&��� "�����!�
 coagulation factors VII, VIII, IX ��� X �*��% )�&��� "��!�
 
antithrombin III ���*&� 

6.  ������ ( 
���J*"�+�������J�"�+��% )�&����� ",��!U��3�& T& )/&���J*"�+�!� �

��
 ( +���� ".	�
!�
��% ��������J2�����+������ ",��!U�� 2U�
�,�� *�,���
3�&���	,� !	,
�W�� �� ���+ ��	�����J*"�+�+�.�,.��"�,,�"�� ��������	,� "�% 
 �!�
��& �������"��,
����	
/����% )�&�����	
������������!�
�*"�����)�0 ��J."
�"& 
��*� 

..  ��!�
���J*"�+�*��� "����������
!�
�����	
 
���J*"�+���,�, ��% .	-)�� "�'�
�	�����"�J�/�$� 
�"�"���� !�


�����	
 (Thornton, 2002; Thornton, 2005) ����	
/����"�
� "�� ���� (Ashcroft and 
Ashworth, 2003) ���+ �������J*"�+��	
��,�, �*��.� ��� !�
/	�������	
J���~� �)�
��&��
� �� ����,�� .� ��� !�
/	�������	
���
�	��	�s$�	,"��	,!�
���J*"�+�������

�/���	� ��������3�&"	,���J*"�+�������	
/���.
"	�# .� ��� !�
/	�������	
)���� mice 
���T��*	��� �	1�����"	
3!�����	�
��
��I (Azzi et al., 2005) + �� "IU�# �,��  � "3�&"	,
_�"$J��������	
��� ��	
/��������.� �/���/��� .� ��������� .� ��� !�
/	�������	
    
(Sator et al., 2001) ����	
/�����"���"�� (Phillips et al., 2001) ���+ �����	
"	�# 
�
.$�"���,���.�10 �!�
 collagen "���	�
����� vascularization ����&�� (Brincat et al., 
1987)  
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           .���� 1-10  ���
� "�	
�." ��$���J*"�+�,"���1 follicular cell !�
"	
3!� 
                      ����	 : Kierszenbaum, 2007 
 
 
 
 
 

 
 
 

 
 
 
 

.���� 1-11  ���
/���	
�." ��$!�
_�"$J�����J*"�+� 
                          ����	 : Meehan and Sadar, 2003 
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          .���� 1-12  ���
J."
�"& 
!�
���J*"�+�* �s""�/ *� (natural estrogen) )����#�$ 
                      ����	 : Dewick, 2001 
 
 

2.3.3  
-�-����Z
��� (Estrogen receptors, ERs)  
���� "/��J������/���J�"*����������	�
)�32J*�� �2U��������.����!�
�2��$ 

!� �J������ 26 ��J�� �*	� T���"�*�&�� "�% 
 �J��_�"$J�����J*"�+� ����& �����	���� 
transcription factor .�,.��� "���
���!�
��� (gene expression) ERs � � "T�,�
3�&��� 
2 �"��0� ("����� 1-13) J��� I	��	�#1�J."
�"& 
���������.�,.��� "���
�������*�*� 

�	� .�� *	�"	,���J*"�+�/����	��  (estrogen receptor alpha : ERα) ��."U�
/���*�	������
    
4-7 /	��J�
 T���% ���J������������,��!�� �!�
J."J�J2�.����� 6 ������/���.�� *	�"	,          
���J*"�+�/����,*&  (estrogen receptor beta : ERβ) .&��,������w ..I. 1996 T���% ���J��
����������,��!�� �!�
J."J�J2�.����� 14 )��&�	,������������!&�
�	,� "���� Alzheimer�s     
disease ERα ��� ERβ ��.� ��������	� 96% ��� 53% )�����!�
 DNA-binding domain 
(DBD) ��� hormone binding domain (LBD) * ��% �	, �*��� ��& � NH2 ��,+�3��
�������	���� ���J*"�+�� ++	,�	, ERα �"�� ERβ �e3�& ��	
+ ��	�� hormone receptor 
complex �	�
 2 *	�+U
� +	,�	���� dimer 2U�
T& ���� "+	,"���� 
 ERα �	, ERα �"�� ERβ  
�	, ERβ �e�"�����  homodimer �*�T& ���� "+	,"���� 
 ERα ��� ERβ �e�"����� ���     

(E3) 

(E2) 

(E1) 
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heterodimer ��s����+��% )�&����.� ��� ��� �)�� "���
���!�
���J*"�+�                 
)�����������*� 
 ( J."
�"& 
��� function domains !�
 ERα ��� ERβ J�� estrogen     
receptors ,"���1������ �+ � A-B ��� amino-terminal �	��"���,�&�� ligand-
independent transcriptional activation function (TAF-1) ,"���1 C ���*% ����
!�
 DBD 
2U�
0 �)��"���,�&�� 2 zinc fingers 2U�
��� highly conserved )� steroid hormone      
receptor ,"���1 domain D ��� hinge region (H) !�
 receptor ��� ��� domain E ��� HBD 
��� hormone dependent transcriptional activation function (TAF2) domain F ���*% ����
 
variable region 2U�
�"���,�&���"�����J� 12 sequence )�� � helix 2U�
��.� ��% .	-� � 
*��� "*�,���
!�
 estrogen receptor *�� estradiol ("����� 1-14) 
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.���� 1-13  ���
J."
�"& 
J������!�
 ERα ��� ERβ J��  A/B domains = NH2 terminal,  
C domain = DNA-binding domain (DBD) !1���� D/E/F = ligand-binding     
domain (LBD). AF-1 ��� AF-2 = activation units !�
 DNA-binding and       
ligand-binding domains * ��% �	, 

                  ����	 : Mendelsohn and Karas, 1999 
 

      
 

.���� 1-14  ���
��3�� "���m�s��!�
 ERs 
                         ����	 : Mendelsohn and Karas, 1999 
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2.4  I��Z0��� (Androgen) 
 

���J�"�+����_�"$J�����T���	
�." ��$!U��+ ��	1�� "	
3!� ���*�������3*
�������  ���J�"�+�����% .	-)���&/ � 3�&��� ���J�����J"� (testosterone) 2U�
T���	
�." ��$
�����	�
+ � leydig cells !�
�	1�� ���J�"�+�* �s""�/ *�)�"� 
� ����+ �+����m�s��
* �.�1��,	*�!�
�	���&��	
�% ��& ������J�"_�"$J�� (prohormone) �% �"	,� "�"& 
_�"$J��     
2 /��� .�� (��++ . 2533) 

1. 5 ���� -"����2$���J�"�+� (5-reduced androgen) ���� "*	��� 

0 �)��2��$ 3�&��� 3�3_J�"���J�����J"� (dihydrotestosterone) 2U�
���_�"$J�����3�&+ �
� ""����2$*"
. "$,����*��*% ����
��� 5 !�
���J�����J"� 

2.  ���J*"�+� )�� "�	
�." ��$���J*"�+� �/�� ���*" 3���� *&�
� I	�  
���J�����J"����� "*	�
*&� ���J*"�+����T���"& 
!U�����+���m�s����"���	,m�s��!�
���J�"�+�
�"��m�s��*& � 

��+ �� "������J�"�+�� � "T����������
3����_�"$J��/�������3�&��� �% 
)�&m�s��!�
���J�"�+�0 �)�"� 
� �����!U��+ ���"��!�
m�s��+ ��	�
_�"$J�����T����	�
+ �
"� 
� �* ���*��/�� ���J�����J"��������	�s$���������J*"�+�!�
�	� �/�� ���*" 3���� 

m�s��!�
���J�"�+������� J,3��$!�
�	�� � "T+% ������* �����
���
���m�s��3�&��� 2 /��� .�� 

1. m�s�����J�"�+��� (androgenic actions) ���m�s���	�
���!�
���J�"�+����
������!&�
�	,� "�*�,J*!�
��	�����,�	�s�$��I/ ����� "�+"�-!�
�	�#1�� 
��I�,,��*��
0���!�
��I/ � 

2. m�s����� J,��� (anabolic actions) ���m�s��!�
���J�"�+������*������������
J2� *�� (somatic tissues) �	�� ( 3�  
 

2.4.1  7���-���	�5[I���-�\]��	�����1��I��Z0��� 
 ���J�����J"�������J�"�+�����% .	-���T����	�
+ ��	1������	
������

J�"�+���	�����,3�&� �������)��� �� !�
��&/ � ����)���&�-�
���J�����J"�+�T��
�	
�." ��$3�&���"	
3!����*�������3*�*�+����"�� 1����&����� )���&/ � )�������������' �� �
!�
���J�"�+�, 
*% ����
�,��  ���J�����J"�+�T��"����2$���*% ����
 5 ����  �� �3�
���3�3_J�"���J�����J"� 2U�
�% ��& ������� "*	��� 
0 �)��2��$ �% �"	,� "���m�s��
����)�-�!�
���J�����J"� �	�
���J�����J"����3�3_J�"���J�����J"�*� 
�e� � "T+	,
�	,J�"*��������*	�"	,!�
���J�"�+�)�32J��� �2U� �*�3�3_J�"���J�����J"�+�� � "T
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+	,3�&������ ��� ���J�����J"��"�� 1 10 ���  ���� "�"���,�/�
2&��!�
3�3_J�" 
���J�����J"��	,*	�"	,+��"�*�&�� "�% 
 �!�
 DNA 3�&����� � "�"���,�/�
2&��!�
   
���J�����J"��	,*	�"	, ��������+ ����J�"�+��	�
 2 /��������&� * �s""�/ *�)�"� 
� �
�	
�����J�"�+�������m�s����� 
���� ( ��� 3�&��� ���J�"����3�J�� (androstenedione) 
� � � �  " *	� 
 *& � ! � 
 � � � J � � � � � J " � � � � �� 3 _ J � " � � �� � � � J � " � � � � J " � 
(dehydroepiandrosterone) ������J�"�+����T���	
�." ��$!U��+ �*�������3* 

��&/ �� � "T���*_�"$J�� testosterone ���� �"�� 1 4-9 ��./�	� � "
���*���	�#1�3�����% ����� �,& 
�&��,& 
������.����*�������
�	�3� ���+ �����	*" � "���*
�	
3����� �	��	�
�	� J�����*���� ��
���)�*���/& �"�� 1 8.00 �. ���*�% ���/��
�� 
.��
�"�� 1 22.00 �. �	
�	��� "�+ �������	�"��	,���J�����J"�+U
.�".% �U
TU
�W++	����� ���
�&�� "��	,_�"$J�����)��� ��  (����!�
������������� ��e���������3�) ��.� �"�� 1     
0.3-1.0 3�J."�"	�/100 �������*" "��	,���+�.��� ( ���
)���&��
� ��+������� �� 80 �w�e+������
�"�� 1."U�
��U�
!�
�	������ 

 
2.4.2  ^�_2`�	�����2��	I���a�-7�2��	 
���J�����J"�����"& 
!U������)�-�+�T����	�
�!& ����"��������3����m�s��

* ����*� 
 ( �����&��+���	�
���� ����"�, ( ������2��$����"& 
���+�)��	1�������/����"�*�&�
)�&��� "�"& 
���+� ���J�����J"�����s�� "���m�s��)�"� 
� ��� ���� 
����% .	-.�� 

1.  +	,�	,*	�"	, (receptor) ,��2��$������m�s��*���2��$�	��J��*"
 
2. T������������ dihydrotestosterone (DHT) ������&�+U
3�+	,�	, receptor 

,��2��$��&����m�s�� 
3. ������U�
�"�� 1��e��&���"�� 1 0.2% +�T���������������J*"�+�2U�


���_�"$J����I�-�
��&����m�s��� "����������
�������!U������� ����
)�"� 
� � ����% .	-.�� 
*	, ����������3!�	� �*& ����������	
 ���
� ��� �!U���"�����
������������3!�	�� � � "�������� 
������J*"�+�����e+����
� � 

m�s��!�
���J�����J"����� ���� 
�	
��� 
1.  Anabolic effects .��m�s������% )�&"� 
� ��*�,J*�!e
�"
!U��J����� "�	�
��

3�J*"�+�����"�s *����� ( ����� "�"& 
�������J�"*��� �!U��"���	�
�% � �J�"*���&���
 
�% )�&��& ������ ��e� ����"�����!e
�"
!U�� .� ��!&�!&�!�
��e��������
� �!U�� ��&/ �+U
��
"� 
� �����!e
�"
�����.� ��!&�!&�!�
������ ���� ��&�-�
 

2.  Androgenic effects .��m�s������% )�&"� 
� ����
�	�#1���I/ ��/�� 
����
�& � �������."  !�!U��* �*	� � "�% 
 �!�
*���3!�	�* ������	
�����!U���% )�&
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�����	
�	����������
� � I�"#��& ��,,��&/ � ����"�*�&�)�&��� "�1$����m*��""�*� 
 ( 
�,,,�"�#��I 

3.  Spermatogenic effects .��m�s��)�� "�"& 
���+� � "�"& 
���+�*&�
� I	�
.� ��!&�!&�!�
_�"$J����I/ �)�"��	,��
"�, ( �2��$����"& 
���+�)��	1�� )�0 ����*�
.� ��!&�!&�!�
_�"$J����I/ �)�"��	,��
�������!U��3�&��" ��2��$�����	�
_�"$J����I/ �����
*���	,�2��$������*���+� +U
��	�
_�"$J������ �	��	��2��$������*���+�3�&� �J��*"
 �*�)���&���)/&   
��*��"���$�	�
/�������"��~�� ��&"��	,_�"$J����I/ �)��������
� ��*�.� ��!&�!&�!�

_�"$J����I/ �"�,�2��$����"& 
���+���	,���
�% )�&� "���*���+����
 �	�
�����" �����������)�
�	1�����% ��
!� 
�	��3��)�&� ", 
/���2U�
"���	�
��*��"���$2U��!& � + ��"��������3�& 

4.  Estrogenic effects .��m�s������% )�&���
�	�#1���I�-�
 m�s�����3��)/�
m�s��!�
���J�����J"�J��*"
 �*�����+ ����J�����J"�T���������������J*"�+������	���
, 
���
����	1���	
��� �!& 
*&���&� + ��	�����J*"�+����m�s��_�"$J����I�-�
���*��
��U�
 �% )�&�����������*& ��!� �*	�!U�������3!�	�� ����,"���1�*& ��� �!U�� �% )�&��&������
��
}����������	
!� �*	� ��"��	,J.����*�"��)������������ "���*	�)���	
��&������ )�
��&/ ���*�"��	,!�
���J*"�+�*�% +U
3�����	�#1���I�-�
�" �f �*�)���&�-�
�������"��~�� 
��*��"���$ ��*��"���$���� �	��+�T���������������J*"�+��&�� ���
)/&)�!� ������
� ���� 3"�e
���
�% )�&"��	,!�
���J*"�+���
!U��� ���� �	�� +U
� +���
�	�#1���I�-�
�/�� �	���� � 
(gynecomastia) )�&��e�3�& 

5.  Feed-back effects .��m�s��������J�����J"���	,3����m�s���	,�	�
*���
)*&���
3��)�&��	�
 LH � �"�*�&��	1��)�&�"& 
���J�����J"�� �����3� ������m�s���	,�	�
  
3_J�s � �	�3��)�&��	�
_�"$J��� �"�*�&�*���)*&���
� �����3� ��"���	�
���)�.���*�
��������
+""�,,_�"$J����I/ ������,�"1$ �% )�&� "�"& 
�����	�
���J�����J"�����)�
0 ��������% �"	,��&/ ���*� �*�)���&/ ����)/&��*��"���$)�!� ���
 � "��3_J�s � �	����
*���)*&���
+���� ����� � �% )�&3����_�"$J��� �"�*�&��	1�� �	1��+U
}����e��
 � "���*
���+����
���"��"� 
���+������*�3� � "���
+"���+�.
����� � , 
.����������)/&��*��"���$
��&�� +*&�
)/&��� �� ��������� �
+""�,,_�"$J����I/ ����+���	,� �% 
 �3�&* ���*� 

6.  m�s������ ( !�
���J�����J"� .���% )�&��� ".	�
!�
������"������% )�
"� 
� � ���3!�	���)������ (HDL-C) ���
 ��&���)/&��*��"���$)�!� ���
+����W-� �	
��� �
� �!U�� J��� +����0 ��,����%  .� ��	�J���*!U����
 3!�	������
 ���3!�	�3���� (LDL-C) 
�����!U��3�&  
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2.4.3  
-�-�I��Z0��� (Androgen receptors, ARs) 
Androgen receptors +	���������!�
 nuclear receptor superfamily 2U�
��� 

ligand activated transcription factors ("����� 1-15) J�� receptors +�����)�����.�����"��32
J*�� �2U� (Hipakka et al., 1998; Evan, 1998) 2U�
+������% )�&�	��	�*0 � RNA-
polymerase �����!U�������� "�	
�." ��$J�"*�������!U�� m�s��!�
 testosterone �������+ �� "
+	,�	, intracellular receptors �"������"�����  classical genomic effects �	��+�)/&��� � �
�"�� 1 1-2 /	��J�
  ���T���	,�	�
J��*	��	,�	�
!�
 androgen receptors, gene transcription 
��� translation  )�� 
*"
�	�!& � m�s��!�
 testosterone �������!U����� 
�~��,��	� (acute 
effects) J��)/&��� ����
3�������� ���"��� �� ���3��T���	,�	�
J��*	��	,�	�
�	
��� � �"�����    
non genomic effects 2U�
3��������!&�
�	, classical androgen receptors �*�����+ �          
testosterone ����*�� membrane proteins �/�� ion channels (O�malley et al., 1992;         
Falkenstein et al., 2000) ("����� 1-16) 
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.���� 1-15  ���
J."
�"& 
J������!�
 Androgen receptors (ARs) J�� Exon A = NH2 ter-

minal domain, B-C = DNA-binding domain (DBD) !1���� D-H = ligand-
binding domain (LBD).  

                  ����	 : Suzuki and Ito, 1999 
 
 

 
 
.����1-16  ���
��3�� "���m�s��!�
 ARs J�� SHBG = sex hormone binding globulin,         

T = testosterone, DHT = dihydrotestosterone, hsps = heat shock proteins,  
AR = androgen receptor, pol II = RNA polymerase II 

                ����	 : Bagatell and Bremner, 200 
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2.5  efZ
���Z
��� (Phytoestrogen) 

Phytoestrogen ���� "����"��$2U�
�"& 
!U��J����/ �������� nonsteroidal plant 
compounds J��T���,."	�
�"��� �� estrogenic activity )��w 1926 (Murkies et al., 1998) �����
+ ��� 
phenolic ring �% )�&� � "T+	,�	,  estrogen receptors 3�& (Shutt & Cox, 1972) � "���� ����,3�&
�	�
)��������e� �% *&� " ��"����� J��)���/ � "���+��% ��& ������� "�� �/���"  (fungicide) �"��
��� phytoalexin �� �.� �.������ "�.�������/�"& 
!U��� ������'�
�	�*���
�����T��"��" �J��+��
/�� )�/��
�"�( .� ���)+)��"���
!�
 phytoestrogen �	�+����
�"���e�3�����W-� )��
��I��	*�$ 
������,�� ���	*�$���3������/2U�
��� "���� ���������&����������	�!U���  �*�� )�"�����	
��
 ���+	�
� �� �������
)�&��e��� � "��������� ++���.� ��% .	-*����!0 �!�
.��" ��� 
� ��e3�&�����
+ �
�" �, phytoestrogen )�s""�/ *���������"���,����)�� � "������#�$�" "	,�"�� ��!& 3�
* ���*�)��*����	�������&����� "���� ���� +�!& 3������'�
�	��"���"	,�������0 ��.� ������*�
!�
"� 
� ��"��� "����J".*� 
( �/�� ���"e
 J".�	�)+ "���	�
�W-� ��������������
�	,0 �� "1$���
�"�+% �����3�&����&�� 

2.5.1 I5���1��efZ
���Z
���L��	5	 
3�J*���J*"�+� �� 3 /�����	� .�� 3�J2�� J�� (isoflavones), ������  

(lignans), ��� .�������� (coumestans)(Murkies et al., 1998) ("����� 1-17) 
e�Z3f�	Z�� �/�� daidzein, genistein ��� biochanin A (Yildiz, 2006) �,� �)�

3�&+% ��������}W� T	�� (T	�� /������e��,� �/�� T	�������
 T	����e�"�����.�& �3* T	���!�/���
���e���
 ��������
) ���)����*0	1�$+ �T	�������
 ("���	�
�� �*& ��&)   

�2�I�� �/�� lariciresinol ��� secoisolariciresinol (Yildiz, 2006) �,)���3�& �	� 
T	�� ��� ���e�!& � �*��,� �������)� oilseeds J���~� ���� 
���
 linseed (���e�*&� Flaxeed)  

�2����I�� �/�� coumestrol ��� 4-metaxycoumestrol (Yildiz, 2006) �,3�&)�
� � "+% ���������	,������ �*��,� �������)����e����� (sprouting seeds)  
 

2.5.2 �	���^�_2`1��efZ
���Z
��� 
3�J*���J*"�+����m�s��3�&�	�
��"�����*& ����J*"�+� J��!U�������	,"��	,

!�
 endogenous estrogens )������ /������+% ���!�
 estrogen receptors !�
�*���
,�..� (Cassidy et al., 1993; Cassidy et al., 1994) )��"1���������J*"�+�)�"� 
� �� �
����3� 3�J*���J*"�+�+�3�+	,�	,*	�"	,!�
�2��$ (receptor) !�
���J*"�+������ "�	,�	�

� "�% 
 ����*& �� "���m�s��!�
���J*"�+� (anti-oestrogenic effect) )�!1���������
"� 
� ������ "! �_�"$J�����J*"�+� �/�� )��-�
�	�����"�+% ����� 3�J*���J*"�+�   
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+�3�+	,�	,*	�"	,!�
�2��$���J*"�+� ������m�s��������_�"$J�����J*"�+� (Trickey, 
1998) � ")������ phytoestrogen ���+�����*"J."
�"& 
, 
����.�& �.�U
�	, estradiol (Dixon, 
2003) 2U�
������J*"�+�����,)�s""�/ *�+U
� +��m�s��������J*"�+���� 
���� �"��� +���
m�s��*��*& �m�s��!�
 estrogen .�& � raloxifene ��� tomoxifen 3�& � " phytoestrogen ���
� � "T+	,�	, estrogen receptor (ER) 3�&�	�
/��� ERα ��� ERβ �*�+��� potency *�% ���        
estradiol !U�������	,/���!�
 receptor /���!�
 phytoestrogens ��������������	�� ( �/��    
isoflavones  +���.� �� � "T+	,�	, ERα 2U�
�,� �)��2��$�*& ������"����3�&*�% ���  
estradiol �"�� 1 1/50,000 TU
 1/100,000 �*�+���.� �� � "T)�� "+	,�	, ERβ 2U�
�,
� ����3!�	� �"���� ������
 3�&)��&�.��
�	, estradiol (David, 2004) J�� Geniestein +���
.� �� � "T+	,�	, receptor 3�&�����  Daidazein ���*&�  ���+ ���� phytoestrogen �	
���
m�s���	,�	�
 ���J*"�+�J���� �� "�"�*�&�� "�"& 
 sex hormone-binding globulin (SHBG) 
���*	,  "��	, SHBG �����
!U��+�+	,�	, estradiol �% )�&+% ��� estradiol )�"�����"����+�� � "T
+	,�	, estrogen receptor 3�&�&���
 (Messina et al., 1994) ��� phytoestrogens �	
���
+	,
�	, estrogen receptor �	,���J*"�+�)�"� 
� �����&�� (Molteni et al., 1995) 2U�
+ ���3�
�	�
��m�s��������J*"�+���� 
���� (�&�����  0.1% !�
 estradiol) ���*��*& �m�s�����J*"�+�
�	
��� � )��W++�,	�+U
��� "IU�# TU
.� ����3�3�&)�� "�% � "���� )/&�"�J�/�$)��& �� "
�'�
�	�J".*� 
 ( ����������	,_�"$J�����J*"�+� �/�� ���"e
, 
/��� .� ������*�����������	,
� "����"�+% ����� "�,,�	�)+ �������������"�������*&� 

 
2.5.3 �	��	�	L7��	���2�2� 
��� "IU�# � 
"�, ����� !�
�� phytoestrogen ��� 
��& 
!� 
)�� "

"	�#  �'�
�	�������	*" �����
!�
� "����J".*� 
 ( �/�� ���"e
�*& �� (Dai et al., 2001; 
Wu et al., 2000; Shu et al., 2001; Hirose et al., 1995) ���"e
� ������ (Horn-Ross et al., 
2003; Goodman et al., 1997) � � " menopausal syndromes (Washburn et al., 1999; 
Albertazzi et al., 1998; Upmalis et al., 2000) J"."�,,�	�)+�������������/�� coronary 
heart disease ���*&� (Anderson et al., 1995; Duane et al., 1999) �"�����"�� (osteopo-
rosis)(Tsutsumi, 1995; Sugimoto et al., 2000; Setchell et al., 2003; Lydeking-Olsen et al., 
2002) ���"e
*�������� � (Brawley et al., 1998; Greenwald et al., 2004) � "�+"�-�*�,J*
)���e� (Zung et al., 2001; Steichen et al., 1987; Venketaraman et al., 1992; Greim, 
2004) ���� "�� ���� (Radenahmad et al., 2006; Sayoh et al., 2008) ���*&�  
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.���� 1-17  ���
J."
�"& 
� 
�.��!�
 estrogen ��� phytoestrogen �	
��� Oestrogen (E2), 

Genistein (Isoflavone), Coumestrol (Coumestan), Sacoisolariciresinol      
(Lignan) ��� 8-Prenylnaringenin (Prenyl flavonoid) 

                  ����	 : Yildiz, 2006 
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2.6 ��9�	� (Coconut) 
 
���"& ��"��/���� 
���� I �*"$.�� Cocos nucifera Linn. (Palmae) �����/

),�����
���������+	�����)��	��	, (Order) Palmales �
I$ (Family) Palmae �"�� Arecaceae 
(palm) ���  (Tribe) Cocoideae ���� (Genus) Cocos .% "�,�/��� (specific epithet) nucifera 
�	�#1�J���	��3����% *&�*"
 "���"
�"�,��!� ���&��� �I���$�� 
 20-30 �2�*���*" ��

�"�� 1 20-25 ��*"��&��*�� ��	�s�$ "�,," ��������	,��/),�����
������ .�� 3����" ���&� 
�*���"�,," �}�� (fibrous root system) �"�+ �"�,( �% *&��"�� 1 2000-3000 ��&� � �
�"�� 1 6-10 ��*" �% ��& ����������% ����
��%  s *�� � " ����U��% *&�3��)�&�&� ��),
�"���,�&�� 2 ���� .�� �& �� 
 (rachis �"�� leaf stalk �"�� petiole) � ��"�� 1 4-7 ��*" 
���),����2U�
���� 2 !& 
!�
�& �� 
�"��
�����
+% ��� 200-250 ),���� ),����� � 50-100 
�2�*���*"!U��3� ��& 
 2.5 �2�*���*" ("����� 1-18)(���+�$. 2543) 
 
 

       
 
                                       

 
 
 

 
.���� 1-18  ���
*&���������"& ���% ��� 

 
 



40 

2.7  �8�	��9�	����� (Young coconut juice) 
 
��� "�% ����*� 
( !�
���"& �� )/&�"�J�/�$� �� � J���~� ���% ���"& �

�����	������% ����."���
���� �	�
�����" ���% ���"& �������.�1.� � 
� "� � "��
���	�
��* ��� 
3�& ���  �� *  ���  ,� 3 (niacin), �� * ���  ,� 7 (biotin), �� *  ���  ,� 2 (riboflavin), �"�J����          
(folic acid), ��* ��� ,�1 (thiamin), ��* ��� ,�6 (pyridoxine) ���������"������������"���,
�% .	- �/�� J2����� J�����2��� �.��2��� ������2��� ���e� ��
��
 �����"	� +�������
"�&+	��	���)�� ���% ������"�+ �s""�/ *� 2U�
�W++�,	�� 
�
.$� "� � "�����#*"���

���"�/ / *� (FAO) 3�&��
��"��)�&��� "�	z� ��% ���"& ���������."���
�����% �"	,�	����  
(sport drinks) �����
+ ����"�� 1������"���
����	
�, Ascorbic acid 2U�
��.�1��,	*����� "
*& ����������"�����&�� 

)�� 
� "����$J���~� �� "����$���3��+�)/&��% ���"& �����)�� "
"	�# ��&�������� �+����&�
"��
 ��&�������� *�J". ��&���������0 ��.� �����"�)��������
 
��&����J".� 
�����W�� ���	���, ���/���!	,�W�� ��)���&����J".�	�)+ "���	�
"	�# ��&����J".
*	,���J".3*�&�� �% �"	,�*"���	
.���,�*"�	����" �
 �� ")/&��% ���"& ������������"��
��% ����" ���.� �,"����s����
 3����� "�.���������	�*" �*��"� 
� ��+��������  

+ �� ".&�+ �n �!&���� Napalert �,� "�������
.$�"���,)� coconut 
milk �������&IU�# ��&�3�&��� � "����� alkaloid /��� 2-(3-methyl-but-2-enyl-purin-6-one        
��� Zeatin riboside (Trans:14-O-[3-O-[3-O-[β-D-Galactopyranosyl(1-2)-α-D-
Galactopyranosyl(1-3)-α-L-arabinofuranosyl]-4-O-(α-L-arabinoguranosyl)-β-D-
Galactopyranosyl] (Kobayashi et al., 1997) �,� ")������ phytosterol /��� β-sitosterol, 
stigmasterol, stigmastatrienol, fucosterol ��� α-spinasterol (J."
� "IU�# ��+	�����3�" 
2524) ���+ �����	
�,�� �
.$�"���,� 
�.��!�
��% ���"& ��	���"���,�&��� "� � "���
. "$J,3_��"* J�"*�� 3!�	� ��* ��� ���������"� (Santoso et al., 1996) �*��	�
����
.$�"���,
� 
�.���	
��� ���.� ��*�*� 
�	�!U�������	,� ��	�s�$ ���
����&�� � �� ���!� � ���*&� 

+ �� "IU�# �&����s� thin-layer chromatography �,�� ��% ���"& �������� " 
estrone, 17β-estradiol ��� β-sitosterol ���+ �
 ���+	�!�
,�#�" (Punghmatharith, 1988) 
�&����s� radioimmunoassay �,�� � "��	�+ ���% ���"& �������� "2U�
��.�1��,	*�� 
      
immunology � � "T+	,�	,���*�,���� estrone-3-glucoronide (280 pg/mL) "�
�
� ���� "
2U�
� � "T+	,�	,���*�,���� pregnanediol-3α-glucoronide (263 pg/mL) progesterone     
(27 pg/mL) 17β-estradiol (2.45 pg/mL) testosterone (1.58 pg/mL) ��� estrone          
(0.75 pg/mL) ���+ �����	
�,�� �����~��� "��	�+ ���% ���"& �����)��"�� 1�������,��� �	,
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��% ���"& ����� 7,500 mL/kgBW/day *��*���	�������  3 �	� �% )�&��% ��	������!�
���! � 
(rats) � �� 23 �	� �����!U����� 
���	��% .	-� 
�T�*� ���+ �
 ���+	�!�
��2 �����$ ������ "
�� *	�,"���1��!& 
�	�
��
!& 
!�
���! ������*	�"	
3!�����,�� �����������T��*	�"	
3!�����	�

��
!& 
���3�&"	,��% ���"& ���������	�)��"�� 1 100 mL/kgBW ��� "�� �����"e���� �����
����( "���	�
�����������T��*	�"	
3!�����	�
��
!& 
���3�&"	,_�"$J�� E2 ����	� ���+ �����	

�,�� �����������3�&"	,��% ���"& ����������! �������  !�������� ���3���������� (scar)   
(Radenahmad et al., 2006; Sayoh et al., 2008) + ���	�n ��	
��� �!& 
*&����
)�&��e��� 
)���% ���"& �������_�"$J�����J*"�+��"��� ".�& �_�"$J�����J*"�+� (estrogen like  
hormone) J��_�"$J���	
��� ��,)���/+U
�"�����  3�J*���J*"�+� (phytoestrogens) 
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3.  �-
i������[ 
 

1. �����IU�# ��!�
��% ���"& �����*��� "�� ����)����! ���I��&)�"��	,+��
�� s�����  (histopathology)  

2. �����IU�# � "����������
!�
*	�"	,���J*"�+� (estrogen receptors, ERs) 
�&����s������J�_��J*�.���*"�� (immunohistochemistry) 

3. �����IU�# � "����������
!�
!� ����+% ���!�
" �!� (hair follicles) 
4. �����IU�# ��!�
��% ���"& �����*��� "����������
� 
+���� s����� ���� "

����������
!�
���32�$������*	�,�
/��� "�% 
 �!�
*	, 3*���"��	,3!�	�)�
����� 

5. ��������!&��������n �)�� "�	z� ��% ���"& �����)�&������*0	1�$��"��� � " 
(nutraceutical or functional food) �."���
�% � 
�"��� *��3�)��� .* 

 



����� 2 
��	�
������ 

 
 
1.  ������� 

1.1 �����	
���������
�	���������������� 
1.1.1 young coconut juice (YCJ) 
1.1.2 distilled water 
1.1.3 normal saline 
1.1.4 pentobarbital sodium salt (Sigma- Aldrich, St. Louis, MO) 
1.1.5 β-estradiol 3-benzoate (E8515, EB, Sigma-Aldrich, St. Louis, 

MO) 
1.1.6 10% D�E 20% buffered formalin 
1.1.7 olive oil 
1.1.8 deionized water (DI) 
1.1.9 0.1 M PBS pH 7.2 

 
1.2 �����	
���������
�	��������NOP���OQ� D�ER���S�	�
�TOQ�UVRW��S��R�S��XY����UN�

D��Z[SD�� (light microscope (LM)) 
1.2.1 50%, 70%, 80%, 95% D�E 100% alcohol 
1.2.2 xylene 
1.2.3 melt paraplast 
1.2.4 gelatin 
1.2.5 Mayer]s hematoxylin 
1.2.6 working eosin 
1.2.7 0.4% aniline blue 
1.2.8 0.6% phosphotungstic acid 
1.2.9 1% glacial acetic acid 
1.2.10 1% acid fucshin 
1.2.11 1% ponceau xylidine red 
1.2.12 2% orange G 
1.2.13 2.5% phosphotungstic acid 
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1.2.14 5% potassium dichromate 
1.2.15 0.1 M TBS pH 7.2 
1.2.16 hydrogen peroxide 
1.2.17 methanol 
1.2.18 Triton-X100 
1.2.19 Mouse anti-estrogen receptor alpha (alpha, amino acid 120-170) 

monoclonal antibody (MAB447, Chemicon international, 
Temecula, CA) 

1.2.20 Rabbit anti-estrogen receptor beta (MYEB) polyclonal antibody 
(AB1410, Chemicon international, Temecula, CA) 

1.2.21 Vectastain ABC kit (PK6100, Vector Laboratories, Burlingame, 
CA, USA) 

1.2.22 DAB substrate kit (SK4100, Vector Laboratories, Burlingame, CA, 
USA) 

1.2.23 permount 
1.2.24 deionized water (DI) 
1.2.25 Testosterone (ECLIA, Modular E170C, testosterone 11776061 

122, Roche, Germany) 
1.2.26 E2 (ECLIA, Modular E170C, Estradiol II 03000079 122, Roche, 

Germany) 
 



 45

2.  ����� ����������������
��  
2.1  ���Y ���OQ��	O�D�E�YfR�g����������
�	���������������� 

2.1.1 �YfR�g�h���� (operating set) 
2.1.2 ���fi�N�������������� (feeding tube) 
2.1.3 Dh�N����T����jR���������Dh�	���k�N 
2.1.4 Rjl��jN (kiyotin) 
2.1.5 m���Rn���������NOP���OQ� (sample container) 
2.1.6 ��������� (test tube) 
2.1.7 ���OQ��[Q� (digital balance) 
2.1.8 ���OQ���	YN���
Q�� (centrifuge) 
2.1.9 ���OQ��������Z�SD�S� (freeze dryer) 
2.1.10 ���OQ����������	�foNR��-���� (pH meter) 
2.1.11 �mn	 D�E p�	��n�Dh�[Nj��E���p�S��� (catgut) 
2.1.12 ����
  hS�Rq�r 	
�h���� (cotton, gauze, blade) 
2.1.13 R�E��Rs
���D�E�mn	s
��� (syringe and needle) 

 
2.2 ���Y ���OQ��	O�D�E�YfR�g����������
�	��������NOP���OQ�D�ER���S�	�
�TOQ�UVRW�   

�S�� LM 
2.2.1 ���OQ�����
�	�NOQ���OQ���jlN	�j (automatic tissue processor) 
2.2.2 ���OQ��tu��NOP���OQ���jlN	�j (embedding center) 
2.2.3 p	l��l�	 (microtome) 
2.2.4 ����NP�� (water bath) 
2.2.5 ����Y�N�p��� (slide warmer) 
2.2.6 Tv�RN (brush) 
2.2.7 �vS��nN (refrigerator) 
2.2.8 Z�	
����NOP���OQ� (blade) 
2.2.9 R�S��XY����UN�D��Z[SD�� (light microscope (LM)) 
2.2.10 �p���DRS�D�ER�EXRfw��p��� (slide and cover slip) 
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3.  ��	��"��#�#
������ 
3.1  R�����
�	��������� 

 
3.1.1  ��������� 
����������
QZ[S�O� �Nvm�� (Wistar rats) �TUhvS���Y 2 ��O�N NP���NRf�E	�g 

200-250 R�	 X�R�y�N���������z��Z�S �gE�j���U����� 	���j�������m��N��jN��� �
Q
h��NR�������R��m��NY{��Z[S���������X�R�gER��	R������Y	X�������gR��Z[S
��������� �gE�j���U����� 	���j�������m��N��jN��� �j����m����Z�{� (�v����E��
��
z��hN�R�NS� 149) 

 
3.1.2  R�����Z�S��� 
R��N�����yR��Z� | XE�������������S�� Pentobarbital sodium salt 

mN�����	�mS	mSN 35 	j��jR�	���NP���NR�� 1 Rjl�R�	 l��s
��mS�[����S�� (intraperitoneal 
injection: i.p.) ��XN�������������
 XV�����NjNR��mPN��N���pf 

 
3.1.3  R��h�����fw�[����S���TOQ�����g~E��R (orchidectomy:orx) ��O�p	�

����g~E��R (sham-operation:sham) 
���X�RR�����Z�S���D�S� �
Q���D�N��������m��yY��g~E�O����D�N���
QXE�fw�

Dh�mN�����	��� 1-2 �rN�j�	��D�E	
���	�VRh��N[PNhj��N� [PNZ�Shj��N� �TOQ��mS��v�
�g~E D�E����g~E��R (orx) ��O�p	������R (sham) ���pf ���X�RNPNXV���n�fw�Dh��S��
p�	��n�Dh�[Nj��E���p�S��� �YRmPN��N�
Qf�j��j������������XEZ[S���Nj�f����[OP��P��	� 
 

3.1.4  R��h�����TOQ�Z�S�Rj�Dh�	���k�N 
���X�RDh��
Q�Rj�X�RR��h�����fw�[����S������Nj� XEh�����TOQ�Z�S�Rj�Dh�

	���k�N l��lRNmN��j��gDh�N������������ Z[SZ�	
�h��������� 22 ���ZN����Dh�N
T����jR�TOQ�Z�S��	��y����Y	���	�VRp�SR�
�Z�S�Rj�Dh�mN����� 1.0 �rN�j�	�� D�E�VR 
3.0 	j��j�	����j��gZ�S���R�E�vR�E�R 2.0 �rN�j�	�� �E�����	�VR��R�������Z�S�Rj�Dh�
h��N[PN�N�R��T�S� (epidermis) [PN�N�D�S (dermis) [PNZ�S�N�D�S (hypodermis) rVQ��foN[PN�
Q
	
��SN��O��t��R�EX����v��Q�pf D�Ep	��S����n�Dh� �T��EXE���Z�SDh�	
R��s
Rm��D�E���Z�S
R�����Nh�����NOP���OQ��j���	
l�R��hj�T���	�R�jQ�mVPN (	g~� X����j{�RW�. 2544) 
N�RX�RN
PX�R��N�jX�m�� 	g~� X����j{�RW� (2544) T����R��fi��Dh��S��������[OP����
R��h����D�E�YR| �N���X�RNPN��X�foN��Df�����{���h�R������� ��NPNZNR�������
X�j�XV�p	����fi��Dh��S��������[OP����R��h����ZN�YRR�g
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3.1.5  R��D���R�Y�	����������TOQ�Z�S������� |  
R���������P�N
PXED���R�Y�	�����������R�foN 2 R�Y�	 �O� 

I  R�Y�	����Y	 (Control group) 
R�Y�	�
Q 1  Sham operation �	��yV�  �Nvm���TUhvS�
Qp	�p�S���g~E��R D�����R��

h�����fw�Dh��
QyY��g~E��	O�N�
R 4 R�Y�	 R�Y�	N
PZ�SNP��R�QN�YR�N �N�E 1 ��P� ������
��RN 
�j����RN�foN���� 7 D�E 14 �N 

R�Y�	�
Q 2  Orchidectomy (orx) �	��yV�  �Nvm���TUhvS�
Q���g~E��R�P����mS�� D�E
Z�SNP��R�QN�YR�N �N�E 1 ��P� ������
��RN �j����RN�foN���� 7 D�E 14�N 

R�Y�	�
Q 3  Orchidectomy D�Es
� estradiol benzoate (EB) 2.5 µg/kgBW/day 5 �N
����f���� �foN���� 7 �N D�E 14 �N 

 
II  R�Y�	�����Z�SNP��	ET�S�����N (Experimental group) 

R�Y�	�
Q 1  �Nvm���TUhvSp�S��R��������g~E��R�P����mS�� (orchidectomy) �Nv�YR
��XEp�S��NP��	ET�S�����N 100mL/kgBW ��	����� l��R��Z�S������fi�N����� (feeding 
tube) �N�E�NVQ���P� ������
��RN�YR�N �foN���� 7 D�E 14 �N  

R�Y�	�
Q 2  Sham operation D�EZ�SNP��	ET�S�����N 100mL/kgBW l��R��Z�S������
fi�N����� (feeding tube) �N�E�NVQ���P� ������
��RN�YR�N �foN���� 7 �N D�E 14 �N 
 

�������D�Ep��EDR�	�
Q��YfmS������N
P 
 

Groups (orx/sham 
on 1st day)* 

14th day start 21st day (����� 7 	
�) 28th day (����� 14 	
�) 

1.sham Feed DI Sacrificed (6 rats) Sacrificed (6 rats) 

2.orx Feed DI Sacrificed (6 rats) Sacrificed (6 rats) 

3.orx+EB** Inject EB Sacrificed (6 rats) Sacrificed (6 rats) 

4.orx+YCJ Feed YCJ Sacrificed (6 rats) Sacrificed (6 rats) 

5. sham+YCJ Feed YCJ Sacrificed (6 rats) Sacrificed (6 rats) 

 

 ������
Q 2.1 D���R��D���R�Y�	��������� 
*�Nv�
Qh��NR��h����yY��g~E�TOQ�����g~E��R��O�p	�����g~E��R XEyvR��
P��

���pf�foN���� 14 �N R��NXE���Dh�	���k�N (XEp�SR����ZN����E��
�����pf) D�EZ�S 
treatment ���� | ��R����mS���SN (Sayoh et al., 2008) 
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**EB = Estradiol benzoate �foN��	���k�N ������ 17β-estradiol (E2) 
 

 
ZN�N�
Q����NvXE�Rn��������hj��N���j��gDh�	���k�ND�E��j��g�
Qp	�	


Dh� R��NXE�RW��z�Tp�SZN 20% buffered formalin �TOQ�UVRW�����NOP���OQ��j���ZN�E�� 
light microscope D�EUVRW�R���f�
Q�NDf��m���������l���XN�
Qhj��N� D�EN����O��pf
���X����� E2, testosterone, D�E������� | �����	
��jNjR�S�� l��R��f�E�	jNh�ZN�E�� 
light microscope NPNXE���R����T���	j��������� | ������E��
�� 3.5 

 
3.1.6   R�������������� 
�	OQ�Z�S������� | �����	�����
QR���N� XE������������l��R�����Z�S���

R��N�S���j�
R���V��� �	OQ��������������
D�S����R��lRNmN�Nv��j��g�
Q�S��R���Rn�hj��N� 
D�S�XV�Z[SRjl��jN�����������TOQ�f�j�[
�j�D�E�Rn���������TOQ�R��UVRW����pf 
 

3.2  R�����
�	h�NP��	ET�S�����N D�ENP��	ET�S�����N�mS	mSN 
 

3.2.1 NP��	ET�S�����N (YCJ) 
NP��	ET�S�����N�
QZ[S����R��������O� NP��	ET�S�����NTN�Y�NP����	 ���Y�Rn�

�R
Q�� 6 ��O�N [���R���Rn��R
Q���P�D����O�N �j����	 T.U. 2550 yV���O�N RY	z�TN�� T.U. 
2551 X�R��N	ET�S��TN�Y�NP����	��m�
Q 81/1 �	v��S�N�������� �����TjXj�� ����z�N��	��	 
X������m�� 
 
 
 

Skin 

excision Sacrifice 

Collected: skin, whole 

blood, internal organs 

2 weeks  

7 days 

14 days 

orx/sham 



 49

3.2.2 R�����
�	h�NP��	ET�S�����N D�ENP��	ET�S�����N�mS	mSN (�vf�
Q 2-1) 
N��NP��	ET�S�����Nf�j	��� 100 	j��j�j�� h��N���OQ�� freeze dryer XNp�Sh�NP��

	ET�S�����NNP���NR 5.5 R�	 �Rn�p�SZN�vS��nN�
Q�Yg�zv	j -30 ��U��r��r
�� ZNR���������P�
N
PZ[SNP��	ET�S�����N�
Q���	�mS	mSN 100 	j��j�j�����NP���NR�� 1 Rjl�R�	m�����������   
(100 mL/kgBW) ����R������� l�����
�	X�RR��N��h�NP��	ET�S�����NNP���NR 5.5 R�	
�E���ZNNP��R�QNf��UX�Rp���N (Deionized water = DI) XNp�S����E���f�j	�����	
����R� 10 	j��j�j�� (���
�	Z�	��YR�N)  
 

 
 

       �$���� 2-1  D���h�NP��	ET�S�����N�
Qh��N���OQ�� freeze dryer 
 

3.3  R�����
�	 β-estradiol 3-benzoate (EB) 
 

3.3.1 R�����
�	mN�����	�mS	mSN��jQ	�SN (3,000 µg/mL) 
[Q� EB f�j	�g 15 	j��jR�	 �E���ZNNP��	N	ER�R f�j	��� 5 	j��j�j�� h�	

Z�S�mS�RN�
 �Rn�p�S�
Q�Yg�zv	j�S��D�Es
���j��g�NS��S�� (i.p.) 
 
3.3.2 R�����
�	mN�����	�mS	mSN 2.5 p	l��R�	���NP���NR�� 1 Rjl�R�	 
N�� EB mN�����	�mS	mSN��jQ	�SN (3000 µg/mL) f�j	��� 50 p	l���j�� 

�E����S��NP��	N	ER�R f�j	��� 19.95 	j��j�j�� �Rn�p�S�
Q�Yg�zv	j�S���TOQ�s
�Z�S���������
���pf 

 
3.4  R�����
�	�������N���	�mS	mSNm�� estrogen receptors (ERs) 
 

3.4.1 ERα 
���R�� trial �TOQ������	�mS	mSN�
Q��	�E�	m�� ERα �
Q�������N���� | ��N
P 

1:100, 1:200 D�E 1:400 D�ET�����
Q�������N 1:200 �foN�������NR���j��
�S�	�
Q��	�E�	
���R�������ZN��P�N
P 
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3.4.2 ERβ 
���R�� trial �TOQ������	�mS	mSN�
Q��	�E�	m�� ERβ �
Q�������N���� | ��N
P 

1:1,000, 1:2,000 D�E 1:4,000 T�����
Q�������N 1:1,000 �foN�������NR���j��
�S�	�mS	R���
fR�jD�E�
Q�������N 1:2,000 R���j��
�S�	X��R���fR�j ��NPNXV����jNZX������
Q���	
�mS	mSN 1:1,500 D�ET�����foN���	�mS	mSN�
Q��	�E�	�
Q�Y�������R�������ZN��P�N
P 
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3.5  R�����
�	��������NOP���OQ��TOQ�UVRW�����NOP���OQ��j����E�� LM (fw��R�. 2550) 
N���������hj��N��
Q�RW��z�Tp�SD�S�ZN 20% buffered formalin h��NmPN��N

R�����
�	�NOP���OQ�rVQ�	
mPN��N��N
P 
1. Dehydration l��D[�ZND��R������P�D�����	�mS	mSNNS��pf�����	

�mS	mSN	�R��	�������N
P  
50% alcohol  2 [Q�l	� 
70% alcohol                   2 [Q�l	� 
95% alcohol I  3 [Q�l	� 
95% alcohol II  3 [Q�l	� 
100% alcohol I  4 [Q�l	� 
100% alcohol II  5 [Q�l	� 
100% alcohol III  6 [Q�l	� 
 

2. Clearing l��D[�ZN xylene ��	�������N
P 
Xylene I   4 [Q�l	� 
Xylene II   5 [Q�l	� 
Xylene III   6 [Q�l	� 
 

3. Infiltration l��D[�ZN melt paraplast  
Paraplast I   3 [Q�l	� 
Paraplast II   4 [Q�l	� 

 
4. Embedding l��N���������hj��N��
Qh��NmPN��NR�����
�	�NOP���OQ�

��R����mS���SND�S� tu�ZN melt paraplast l����U����OQ�� embedding 
centre 
 

5. Sectioning l��N���������hj��N��
Qtu�ZN paraplast D�S� 	���Z�S���
�S�����OQ�� microtome �S�����	�N� 5 p	l���	�� R��NXE���p�S�N 
tespa coated slide rVQ����pfN
PXE��
�R��� section 
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 R���S�	�
��������NOP���OQ� 
3.5.1  �TOQ�UVRW�����NOP���OQ��j����E�� LM 
3.5.1.1  R���S�	�S���
�S�	 hematoxylin D�E eosin (H&E) 

 N�� section 	��S�	�
 H&E �TOQ�UVRW��r���D�E�NOP���OQ��Q�pf��	mPN��N��N
P 
 
1. xylene I   5 N��
 
2. xylene II   5 N��
 
3. 100% alcohol I  5 N��
 
4. 100% alcohol II  5 N��
 
5. 95% alcohol I  5 N��
 
6. 95% alcohol II  5 N��
 
7. tap water   5 N��
 
8. Mayer]s hematoxylin 20 N��
 
9. tap water   10 N��
 
10. working solution  2-3 N��
 
11. 95% alcohol I  3-5 dips 
12. 95% alcohol II  3-5 dips 
13. 95% alcohol III  3-5 dips 
14. 100% alcohol I  5 N��
 
15. 100% alcohol II  5 N��
 
16. xylene I   5 N��
 
17. xylene II   5 N��
 
18. permount 
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3.5.1.2  R���S�	�S���
�S�	 Masson]s trichrome 
 N�� section 	��S�	�S���
 Masson]s tricrhome �TOQ�UVRW�R����
����m����SN

Z�������XNZN�NOP���OQ�hj��N���	mPN��N��N
P 
 
1.  xylene  I    5 N��
 
2.  xylene II    5 N��
 
3.  100% ethyl alcohol I  5 N��
 
4.  100% ethyl alcohol I  5 N��
 
5.  95% ethy alcohol I   5 N��
 
6.  95% ethy alcohol I   5 N��
 
7.  tap water    5 N��
 
8.  potassium dichromate          60 N��
 
9.  tap water    5 N��
 
10. Mayer]s hematoxylin          15 N��
 
11. tap water            10 N��
 
12. warm water    1 N��
 
13. 0.6% phosphotungstic acid  1 N��
 
14. tap water    1 N��
 
15. mixture solution           10 N��
 
16. 1% acetic acid I         8-10 dips 
17. 1% acetic acid II         8-10 dips  
18. tap water    1 N��
 
19. 2.5% phosphotungstic acid          20 N��
 
20. tap water    1 N��
 
21. 0.4% aniline blue           15 N��
 
22. 1% acetic acid I         8-10 dips 
23. 1% acetic acid II         8-10 dips 
24. tap water    1 N��
 
25. 95% ethyl alcohol I   5 N��
 
26. 95% ethyl alcohol II  5 N��
 
27. 100% ethyl alcohol I  5 N��
 
28. 100% ethyl alcohol II  5 N��
 
29. xylene I    5 N��
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30. xylene II    5 N��
 
31. permount  
   

3.5.1.3 R���S�	�
�S���j�
�j		vlN�j�l���	j���
P (Immunohistochemistry) (Sayoh et 
al., 2008) 
N�� section 	��S�	�S�����Nj��j		vlN�j�l���	j���
P �TOQ�UVRW����D�N��m�� 

ERs �P�[Nj� ERα D�E ERβ ZN�NOP���OQ���	mPN��N��N
P 
 

1. Deparaffinization ZN xylene 10 N��
 
2. Rehydration l��Z[SD��R������P�D�����	�mS	mSN	�Rpf�����	

�mS	mSNNS����	�������N
P  
100% alcohol  2 N��
 
95%   alcohol  2 N��
 
80%   alcohol  2 N��
 
70%   alcohol  2 N��
 
50%   alcohol  2 N��
 
Distilled water  2 N��
 

3. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
4. Incubate ZN 0.3% Triton-X100 ZN 0.1 M TBS pH 7.2 N�N 30 

N��
 
5. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
6. Incubate ZN 3% H2O2 in methanol N�N 20 N��
 
7. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
8. Incubate ZN non-specific protein blocking serum ZN moistured 

chamber N�N 90 N��
 
9. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
10. Incubate ZN primary antibody �
Q�Yg�zv	j 4 ��U��r��r
�� N�N 

2 �ON 
11. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
12. Incubate ZN secondary antibody N�N 90 N��
 
13. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
 
14. Incubate ZN ABC �
Q�Yg�zv	j�S�� N�N 90 N��
 
15. �S��ZN 0.1 M TBS pH 7.2 X��N�N 3 ��P�| �E 10 N��
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16. Incubate ZN DAB N�N 3-5 N��
 
17. �S���S�� distilled water 
18. Dehydration l��Z[SD��R������P�D�����	�mS	mSNNS��pf�����	

�mS	mSN	�R��	�������N
P 
50%   alcohol  10 N��
 
70%   alcohol  10 N��
 
80%   alcohol  10 N��
 
95%   alcohol  10 N��
 
100% alcohol  10 N��
 

19. Clearing ZN xylene  N�N  10 N��
 
20. Mounting �S�� permount 
 

3.6 R�����Nh�R���	�NDh�����NOP���OQ��j����E�� LM Z[Slf�DR�	 
Microimage (Image analysis software V.4, Olympus) ��T���	j��������� | ���pfN
P 

3.6.1 R�������	�VRm����j��gDh�  
�����	�VR 3 ��j��g l����X�R[PN epidermis �P�s�RR���j��g�
Q�VR�
Q�Y�

m��Dh��
Q��T�	
 granulation tissue D�S�������s�
Q�m�����	�VR�
Q��p�S 
3.6.2 R�������	R�S��m����j��gDh� 
�����	R�S�� 3 ��j��g �O� ��j��gf�RDh� ��j��gRVQ�R���Dh� D�E��j��g

m������m��Dh� l����X�Rm��Dh��P����mS���
Q��T�	
 granulation tissue D�S�������s�
Q�
m�����	R�S���
Q��p�S 

3.6.3 R�������	�N�m��[PN epidermis 
�����	�N� 25 ��j��g�
Q�N��
Q�Y� l����X�R[PN stratum granulosum 

XNyV�[PN stratum basale D�S�������s�
Q�m�����	�N��
Q��p�S 
3.6.4 R�������	�N�m��[PN dermis 
�����	�N� 25 ��j��g�
Q�N��
Q�Y� l����X�R[PNZ�S��� stratum basale 

XNyV�[PN��NO����[PN hypodermis D�S�������s�
Q�m�����	�N��
Q��p�S 
3.6.5 R�������	�N�m��[PN hypodermis 
�����	�N� 25 ��j��g�
Q�N��
Q�Y� l����X�R[PNZ�S���[PN dermis XNyV�[PN

��NO����[PN muscularis adiposa D�S�������s�
Q�m�����	�N��
Q��p�S 
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3.6.6 R������SNh��UvN��R���m����RmN (hair follicles) 
����SNh��UvN��R���m����RmN�
QZ�{��
Q�Y�X��N�N 10 hair follicles l����ZN

[PN dermis D�E[PN hypodermis ��	�����D�S�������s�
Q�m����SNh��UvN��R���m����RmNZN
D���E[PN�
Q��p�S 

3.6.7 R��N�X��N�Nm�� hair follicles 
N�X��N�Nm�� hair follicles ZNTOPN�
Q 5 �����	j��j�	�� l��N�D�RX��N�N 

hair follicles �
Q�S�	�j��
�j		vlN�j�l���	j���
P��� ERα D�E ERβ D�EX��N�N hair follicles �
Q
�S�	p	��j��
��R������	����� D�S�������s�
Q�m��X��N�N hair follicles ZNTOPN�
Q 1 �����
	j��j�	��  

3.7 R�����X�j����E����� serum E2 D�E testosterone  
Z[S���������O���Nv�P�ZNR�Y�	 7 �N D�E 14 �N ���X�R�����NvD�S� N�� test 

tube �����O��X�R���NvD�Efw� test tube �S�� parafilm D�S�N��pf�P��jP�p�SZ�S��O���R�ER�N
D�R[PNZN�vS��nN�
Q 4˚C D�S�XV�N��pffu�N�
Q���	��n� 3,000 rpm 15 N��
 �
Q�Yg�zv	j 4˚C N�� 
serum �
Qp�S ������X g �S��f�j��jR����	
��jNjR z���j[�T���j�j��� l��T�������m��
N��jN��� 	���j�������m��N��jN��� �j����m����Z�{� X������m�� �TOQ����X�j����E����
��� serum E2 D�E testosterone �S����RR����� electrochemiluminescence 
immunoassay (ECLIA)  

3.8 R�����X�j����E����������	
��jNjR�OQN| 
Z[S�������r
�	X�R��O���Nv�P�ZNR�Y�	 7 �ND�E 14 �N ������X g ��jNjR    

�rN���D�� yNNNjT����Y�jU 1 ����z����Z�{� X������m�� �TOQ����X�j����E������� BUN 
(Blood urea nitrogen), creatinine, total protein, albumin, ALP (Alkaline phosphatase), 
AST (Aspartate aminotransferase), ALT (Alanine aminotransferase), cholesterol, 
triglyceride, HDL (High density lipoprotein) D�E LDL (low density lipoprotein)  

4.  
���������' (�
������� 
Z[Slf�DR�	 Microimage D�E��������	yvR�S��D	�N���m��mS�	v��S���j�


����yj�jl��Z[Slf�DR�	 Microsoft EXCEL version 2003 D�E SPSS version 12 mS�	v�h�
R�������D����foN��� means ± SEM l�������R��R�EX����m��mS�	v� T����	
R��
R�EX����D�� non-normal distribution ��NPNR��UVRW�ZN��P�N
PXV�Z[S non-parametric:    
two-independent sample test D�E��������	D�R����m������s�
Q�l��Z[S Mann-Whitney 
U test l��R���N�Z�S��� p value NS��R��� 0.05 (p<0.05) yO����	
���	D�R���������	

N�����{����yj�j  



  

����� 3 
��	
����� 

 
	
�������	
������
������ 
 �������	
�������
����	������
�����������	�����������������
 Microsoft 
EXCEL version 2003 ��2 SPSS version 12 ��	�	�������6��	����7�8���	 mean±SEM <	
��	�=���	�
� p value ������	 0.05 C2�D���	
���	
����	����	�
��=���	�=E�	������ ��2���
�=E�=FGH���I���J����K�	������ 7LDM�������	��	
����	����	�
��=���	�=E 
 * ��2 **    �D� 	�7�����7����K�	������=��6�
 sham ���
���	 p value ��M p<0.05 
��2 p<0.01 �	
��	�=� 

 
+
 ��2 

++
   �D� 	�7�����7����K�	������=��6�
 orx ���
���	 p value ��M p<0.05 

��2 p<0.01 �	
��	�=� 
 † ��2 ††   �D� 	�7�����7����K�	�������� treatment 7����=� �2<��	��6�
 7 �=�
��2 14 �=� ���
���	 p value ��M p<0.05 ��2 p<0.01 �	
��	�=� 
 ��	<�=���	��	
����	����	�
��=���	�=E�	������7
DM�7�����7����=��6�
 orx+EB �6�
 
orx+YCJ ��2�6�
 sham+YCJ �=J� C2I
�
��=E�=FGH�������	Y 
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1. ��
 serum E2 (pg/mL) $�% testosterone (ng/mL) )*	�+�, 7 ./* $�% 14 ./* 
 

	�7�����7������	 serum E2 ���6�
 7 �=� L���	�6�
 sham (23.08±6.4) ��2
�6�
 orx (27.36±5.3) 
���	 serum E2 �M�	��	�6�
 orx+EB (58.73±23.2) ���	�
��=���	�=E�	�
����� (p<0.05) ��2�6�
 orx+EB 
���	 serum E2 �����	�6�
 orx+YCJ (11.94±3.2) ��2�6�
 
sham+YCJ (18.08±2.9) ���	�
��=���	�=E�	������ (p<0.01) ��27
DM�7�����7������	 serum E2 
���6�
 14 �=� L���	�6�
 sham (10.83±0.5)  ��2�6�
 orx (12.71±1.2) 
���	 serum E2 �M�	��	
�6�
 orx+EB (24.08±2.9) ���	�
��=���	�=E�	������ (p<0.01) ��2�6�
 orx+EB 
���	 serum E2 
�����	�6�
 orx+YCJ (11.67±0.8) ��2�6�
 sham+YCJ (11.11±1.0) ���	�
��=���	�=E�	������ 
(p<0.01) ��2I
�L���	
����	����	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� 
��� treatment 7����=����6�
 sham �6�
 orx �6�
 orx+YCJ ��2�6�
 sham+YCJ L���	

����	��=���	����	�
��=���	�=E7_L	2���6�
 orx+EB (p<0.01) (�����M 3-1)  

��	<�=�	�7�����7������	 serum testosterone ���6�
 7 �=� L���	�6�
 sham 
(3.94±2.0) 
���	 serum testosterone �����	�6�
 orx (0.02±0.0) ��2�6�
 orx+EB (0.02±0.0) 
���	�
��=���	�=E�	������ (p<0.05) ��2�6�
 orx 
���	 serum testosterone �M�	��	�6�
 
sham+YCJ (5.75±2.2) ���	�
��=���	�=E�	������ (p<0.05) ��C	��J�6�
 sham+YCJ 
���	 
serum testosterone �����	�6�
 orx+YCJ (0.37±0.3) ���	�
��=���	�=E�	������ (p<0.05) ��2
�����	�6�
 orx+EB ���	�
��=���	�=E�	������ (p<0.01) 7���=� 7
DM�7�����7������	 serum 
testosterone ���6�
 14 �=� L���	�6�
 sham (3.94±1.6) 
���	 serum testosterone �����	�6�
 
orx (0.02±0.0) ��2�6�
 orx+EB (0.03±0.0) ���	�
��=���	�=E�	������ (p<0.05) ��2�����	�6�
 
orx+YCJ (0.02±0.0) ���	�
��=���	�=E�	������ (p<0.01) ��2�6�
 orx 
���	 serum testosterone 
�M�	��	�6�
 sham+YCJ (2.72±0.8) ���	�
��=���	�=E�	������ (p<0.01) ��C	��J�6�
 
sham+YCJ 
���	 serum testosterone �����	�6�
 orx+EB ��2�6�
 orx+YCJ ���	�
��=���	�=E
�	������ (p<0.01) ��2I
�L���	
����	����	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=�
��2 14 �=� ��� treatment 7����=����6�
 sham �6�
 orx �6�
 orx+EB �6�
 orx+YCJ ��2
�6�
 sham+YCJ (�����M 3-2)  
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�12��� 3-1  �	Y������	 serum E2 (pg/mL) ���6�
 7 �=���2 14 �=� 

 
 
 
 
 
 
 
 
 
 
 
 

 
�12��� 3-2  �	Y������	 serum testosterone (ng/mL) ���6�
 7 �=� ��2 14 �=� 
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2. ���
�4*56475�.��7
8
	�9��:4*56475����7;,�;.7��7;,<*����
� = >�7)<;>2�$	�, 
image analyzer $�%	
�.�4��
%D:���;.7>2�$	�, EXCEL $�%>2�$	�, SPSS IJ��,�
�
7�%4�7��/�*�6 

. K��	�7�DJ�7�DM�����	C	�I��H7�DJ�7�DM���M���
���������
  hematoxylin and eosin ���6�
     
7 �=���2 14 �=� 

 

1. K��	�7�DJ�7�DM�����	��2	���7��	2<HK����7�G�K� (wounded skin) 
 

�=FG2�	�7�DJ�7�DM�����	���7�DJ�7�DM����7�G�K����6�
 7 �=���2 14 �=� L�
�=J� epidermis ����6�
 sham+YCJ 
���	
<�	
	��	��2
�	�7�����=����  keratinocytes 
<�	��=J���	7
DM�7�����7����=��=J� epidermis ���7�DJ�7�DM��6�
 orx ���=J� dermis L� 
granulation tissue ghM���2�������6�
7g��H7
i�7�D���	�������	� j fibroblast 7���7�D��7���
�<
� ��2 extracellular matrix (ECM) ���7������K����6�
 orx+YCJ 7�i��M�6� ���G2��M�6�
 
sham 
���	�����K��<E���M�6� (�����M 3-3 ��2 3-4)  
 1.1 ��	
�h����K�  

7
DM��=���	
�h����K� (µm) ���6�
 7 �=� ���������
 image analyzer 
L���	��	
�h����K����6�
 sham (468.46±17.2) �6�
 orx (449.44±14.1) �6�
 orx+EB 
(442.66±29.9) �6�
 orx+YCJ (446.00±11.3) ��2�6�
 sham+YCJ (433.60±15.8) I
�
���	

����	�=����	�
��=���	�=E�	������ (�	Y�����M 3-5) ��	<�=�	��=���	
�h����K����6�
  
14 �=� L���	�6�
 sham (438.15±17.2) ��2�6�
 orx (404.16±12.4) 
���	
�h����K�

	��	�6�
 orx+YCJ (304.67±22.0) ���	�
��=���	�=E�	������ (p<0.01) ��2L���	
����	�
���	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=����6�
 
orx+YCJ (p<0.01) �6�
 orx ��2�6�
 sham+YCJ (p<0.05) (�	Y�����M 3-5)  

1.2 ��	
��	�����K�  
��	<�=�	��=���	
��	�����K����6�
 7 �=� L���	�6�
 sham (351.60±17.9) 


���	
��	�����K�
	��	�6�
 orx+YCJ (284.28±9.9) ���	�
��=���	�=E�	������ (p<0.01) 
���I
�L���	
����	�=����	�
��=���	�=E�	������7
DM�7�����7����=��6�
 orx (315.39±12.5) 
�6�
 orx+EB (309.70±13.9) ��2�6�
 sham+YCJ (310.46±11.8) �����6��6�
 orx+YCJ 
�
��	
��	�����K�������	�6�
�DM� j ���G2��M�6�
 sham 
���	
��	�����K�
	���6� ���
7
DM��=���	
��	�����K����6�
 14 �=� L���	�6�
 orx+YCJ (243.51±6.2) 
���	
��	�����
��	�6�
 sham (350.79±23.1) ��2�6�
 orx (292.53±12.6) ���	�
��=���	�=E�	������ (p<0.01) 
��2L���	
����	����	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� 
treatment 7����=����6�
 orx+YCJ (p<0.01) (�	Y�����M 3-6) 



   61

    

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                 

 

 
 
 
 
 
 
 
 
�12��� 3-3  ����7�DJ�7�DM�K��<�=����7�G�K���M���
���������
 hematoxylin and eosin (4x)  

 ���6�
 7 �=� �����n���7<�D���������7������K� E=epidermis, D=dermis   
��2 H=hypodermis 

 

sham orx 

orx+EB 

sham+YCJ 
 E 

 D 

H 

orx+YCJ 
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�12��� 3-4  ����7�DJ�7�DM�K��<�=����7�G�K���M���
���������
 hematoxylin and eosin (4x)  

���6�
 14 �=� �����n���7<�D���������7������K� E=epidermis, D=dermis  
��2 H=hypodermis 

sham orx 

orx+EB orx+YCJ 

sham+YCJ 
 E 

 D 

H 
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   *
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  †

 

 
�12��� 3-5 �	Y������	
�h������7�G�K� (µm) ���6�
 7 �=� ��2 14 �=� 
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�12��� 3-6 �	Y������	
��	�������7�G�K� (µm) ���6�
 7 �=� ��2 14 �=� 
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2.  K��	�7�DJ�7�DM�����	 ��2	���7��	2<HK����7�G7�DJ�7�DM���� (normal skin) ���6�
      
7 �=���2 14 �=�  

 
  </6* Epidermis 
 

	����C����=J� epidermis ���7�G7�DJ�7�DM����s	��������C6����n�H���6�
   
7 �=���2 14 �=� L�7�8��=J���M��2������7g��H keratinocytes 7�����=�7�8��=J� j ��� 
keratinocytes ��M�����=J���	��6�
������	���������M�	
	������7g��H7L�M
C�	��������M7g��H�=J�����M
7�DM�
�s	L����  ��	���� keratinocytes ���6�
 sham �6�
 orx+EB �6�
 orx+YCJ  ��2�6�
 
sham+YCJ 
���	��<E���2�

�
	��	7
DM�7����=��6�
 orx ghM�
� keratinocytes ��	�7�i
��2������ 	��=���	
<�	����=J� epidermis (µm) ���6�
 7 �=� ���������
 image 
analyzer L���	�6�
 sham (281.85±2.4) ��2�6�
 orx (282.60±3.7) 
���	
<�	������	�6�
 
orx+EB (309.96±3.1) ��2�6�
 sham+YCJ (327.33±2.7) ���	�
��=���	�=E�	������ (p<0.01) 
��2L���	�6�
 sham 
���	
<�	
	��	�6�
 orx+YCJ (257.72±6.3) ���	�
��=���	�=E�	�
����� (p<0.05) ���I
�L���	
����	����	�
��=���	�=E�	������7
DM�7�����7�����2<��	��6�
 
sham ��2�6�
 orx (�	Y�����M 3-9) ������	
<�	����=J� epidermis ���6�
 14 �=� L���	�6�
 
sham (350.72±5.7) 
���	
<�	
	��	�6�
�DM� �D� �6�
 orx (275.65±3.9) �6�
 orx+EB 
(271.57±2.0) �6�
 orx+YCJ (289.11±5.7) ��2�6�
 sham+YCJ (314.58±3.6) ���	�
��=���	�=E
�	������ (p<0.01) ��2L���	�6�
 orx 
���	
<�	
	��	�6�
 orx+EB ���	�
��=���	�=E�	�
����� (p<0.05) ���
���	
<�	������	�6�
 sham+YCJ ���	�
��=���	�=E�	������ (p<0.01) 
(�	Y�����M 3-9) ��2L���	
����	����	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=���2 
14 �=� ��� treatment 7����=����6�
 sham ��2�6�
 orx+EB (p<0.01) ��2�6�
 sham+YCJ 
(p<0.05) (�	Y�����M 3-9)  
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�12��� 3-7  �����=J� epidermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin (40x) 

���6�
 7 �=� �����7<�D���������7������=J� epidermis ��n����������7g��H 
keratinocytes E=epidermis ��2 D=dermis 

sham 

E 

D 

orx 

E 

D 

orx+EB 

E 

D 

orx+YCJ 

E 

D 

sham+YCJ 

E 

D 
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�12��� 3-8  �����=J� epidermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin (40x) 

���6�
 14 �=� �����n���7<�D���������7������=J� epidermis E=epidermis ��2 
D=dermis 

sham 

E 

D 

orx 

E 

D 

orx+EB 

E 

D 

sham+YCJ 

E 

D 

orx+YCJ 

D 

E 
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��������	
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 �12��� 3-9  �	Y������	
��	�����=J� epidermis  (µm) ���7�G7�DJ�7�DM�������6�
 7 �=� 

��2 14 �=� 
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</6* Dermis 
 
	����C����=J� dermis ���7�G7�DJ�7�DM����s	��������C6����n�H���6�
     

7 �=���2 14 �=� L�7�8��=J���M��2������ fibroblasts ��������2<��	�����	7C�ghM�7�8�
���H��2��<�=����=J���J  ��C	��J�=�L� sebaceous gland, hair follicles ��27���7�D��t��
�2C	��������=J���J����  �=FG2	�7�����=��������	7C� ���6�
 sham L���	
�	�7����
�=����	�<��
 j ��	�<�7<i�7�8�������	����=J� dermis 
	��	7
DM�7����=�����M�6�
�D� �6�
 orx 
�6�
 orx+EB �6�
 orx+YCJ ��2�6�
 sham+YCJ  (�����M 3-10 ��2 3-11) 

	��=���	
<�	����=J� dermis (µm) ���6�
 7 �=� ���������
 image 
analyzer L���	��	
<�	����=J� dermis ���6�
 sham (1,136.02±0.7) 
���	
<�	������	
�6�
 orx (1,300.85±9.0) �6�
 orx+EB (1,467.66±3.5) �6�
 orx+YCJ (1,316.26±8.1) ��2�6�
 
sham+YCJ (1,254.59±6.4) ���	�
��=���	�=E�	������ (p<0.01) ��2L���	�6�
 orx 
���	
<�	
������	�6�
 orx+EB ���
	��	�6�
 sham+YCJ ���	�
��=���	�=E�	������ (p<0.01) (�	Y
�����M 3-12) 

��	<�=�	��=���	
<�	����=J� dermis ���6�
 14 �=� L���	�6�
 sham 
(1,351.83±5.8) 
���	
<�	
	��	�6�
 orx (1,327.97±6.1) ��2�6�
 sham+YCJ 
(1,281.87±6.8) ���	�
��=���	�=E�	������ (p<0.05) ��2L���	�6�
 orx 
���	
<�	������	�6�
 
orx+EB (1,405.07±6.2) �6�
 orx+YCJ (1,370.89±9.2) ���
	��	�6�
 sham+YCJ ���	�
�
�=���	�=E�	������ (p<0.01) (�	Y�����M 3-12)  
  7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=� L���	
�6�
 sham �6�
 orx+EB �6�
 orx+YCJ ��2�6�
 sham+YCJ 
���	
����	�=����	�
�
�=���	�=E�	��������M p<0.01 �����6�
 orx 
���	
����	�=����	�
��=���	�=E�	��������M p<0.05 
(�	Y�����M 3-12)  
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�12��� 3-10  �����=J� dermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin (10x) 

���6�
 7 �=� �����n���7<�D���������7������=J� dermis 
 
 

sham orx 

orx+EB orx+YCJ 

sham+YCJ 
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�12��� 3-11  �����=J� dermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin (10x) 

���6�
 14 �=� �����n���7<�D���������7������=J� dermis 
 

orx sham 

orx+EB orx+YCJ 

sham+YCJ 
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�12��� 3-12  �	Y������	
��	�����=J� dermis (µm) ���7�G7�DJ�7�DM�������6�
 7 �=� 
                  ��2 14 �=� 
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</6* Hypodermis 
 
	����C����=J� hypodermis ���7�G7�DJ�7�DM����s	��������C6����n�H���6�
   

7 �=���2 14 �=� L�7�8��=J���M��2������7�DJ�7�DM�I�
=�7�8����H��2��<�= ��C	��J�=�L� 
hair follicles ��27���7�D��t���2C	��=����=J���J���� C		��=���	
<�	����=J� hypodermis 
(µm) ���������
 image analyzer ���6�
 7 �=� L���	��	
<�	����=J� hypodermis ���6�
 
sham (745.64±15.2) 
���	
<�	
	��	�6�
 orx (402.13±6.8) ���	�
��=���	�=E�	������ 
(p<0.01) ��2L���	�6�
 orx 
���	
<�	������	�6�
 orx+EB (711.79±19.5) �6�
 orx+YCJ 
(775.51±25.8) ��2�6�
 sham+YCJ (776.44±5.7) ���	�
��=���	�=E�	������ (p<0.01) (�����M   
3-13 ��2�	Y�����M  3-15) 

������	
<�	����=J� hypodermis ���6�
 14 �=� L���	��	
<�	����=J� 
hypodermis ���6�
 sham (795.93±16.0) 
���	
<�	
	��	�6�
 orx (440.35±9.6) �6�
 
orx+EB (670.88±22.2)  ���	�
��=���	�=E�	������ (p<0.01) ��2
���	
<�	
	��	�6�
 
sham+YCJ (749.80±9.6) ���	�
��=���	�=E�	������ (p<0.05) ���������	�6�
 orx+YCJ 
(974.53±34.9) ���	�
��=���	�=E�	������ (p<0.01) ��2L���	�6�
 orx 
���	
<�	������	�6�
 
orx+EB �6�
 orx+YCJ ��2�6�
 sham+YCJ ���	�
��=���	�=E�	������ (p<0.01) (�����M 3-14 
��2�	Y�����M 3-15) 

7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=�L���	
�6�
 orx ��2�6�
 orx+YCJ 
���	
����	�=����	�
��=���	�=E�	��������M p<0.01 �����6�
 
sham ��2�6�
 orx+EB 
���	
����	�=����	�
��=���	�=E�	��������M p<0.05 (�	Y�����M 3-15) 
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�12��� 3-13  �����=J� hypodermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin 

(10x) ���6�
 7 �=� �����n���7<�D���������7������=J� hypodermis 
 
 

sham orx 

orx+EB orx+YCJ 

sham+YCJ 
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�12��� 3-14  �����=J� hypodermis ���7�DJ�7�DM������M���
���������
 hematoxylin and eosin 

(10x) ���6�
 14 �=� �����n���7<�D���������7������=J� hypodermis 

sham orx 

orx+EB orx+YCJ 

sham+YCJ 
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�12��� 3-15  �	Y������	
��	�����=J� hypodermis (µm) ���7�G7�DJ�7�DM�������6�
 7 �=�

��2 14 �=� 
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�. K��	�7�DJ�7�DM�����	C		����
����������

���u����7�
�����J���6�
 7 �=���2 14 �=� 
 

1. ����	����
��

���u����7�
�����J ������ anti-ERα antibody 
 
�=FG2�	�7�DJ�7�DM�����	���7�DJ�7�DM����7�G�K���M���
������

���u����7�
�����J

��� ERα ���6�
 7 �=���2 14 �=� L��=J� epidermis ����6�
 sham <�	�=�
	��	 
�	�7����
�=���� immunoreactive (ir+) keratinocytes <�	��=J���	7
DM�7�����7����=��=J� epidermis ���
7�DJ�7�DM���� �����6�
�DM�j I
�L���	
����	��=���	� ���=J� dermis L� granulation tissue 
(ir+) ������J�	�	� ghM���2�������6�
7g��H7
i�7�D���	�������	�j fibroblasts 7���7�D��7����<
� 
��2 ECM ��	�<��=�7�7<i����7������K����6�
 orx+YCJ ������M�6� ���G2��M�6�
 sham      

����7������K�
	��M�6� (�����M 3-16 ��2 3-18) ��C	7g��H keratinocytes ��2 granulation 
tissue ��M��������
��

���u����7�
�����J��� ERα �����=�L� hair follicles, keratinocytes ��2 
sebaceous gland ��M���
������=���	�7���=� (�����M 3-17 ��2 3-19) 

C		��=�C�	��� hair follicles ���7�G7�DJ�7�DM������M���
������

���u����   
7�
�����J��� ERα s	��������C6����n�H�=J��6�
 7 �=���2 14 �=� L���	C�	������ hair follicles 
��M��������
��

���u����7�
�����J��� ERα ����6�
 sham 
�C�	������������	�6�
������DM� j 
(�	Y�����M 3-24 ��2 3-25) ��2�=�L���	C�	������ hair follicles ��MI
���������
��

���u����   
7�
�����J��� ERα 
�C�	�������
	 (�	��27����C2I����	��h���<��	 86) 

��	<�=���	
7��
���	���������
������

���u����7�
�����J��� ERα I
�L�
��	
����	�=����	�
��=���	�=E�	������ (�	Y�����M 3-32) 
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�12��� 3-16  ����7�DJ�7�DM�K��<�=����7�G�K���M���
������

���u����7�
�����J��� ERα  (10x) 

���6�
 7 �=� �����n���7<�D���������7������K���2 +ve control = positive 
control (uterus) (10x) 

sham orx 

orx+EB orx+YCJ 

sham+YCJ +ve control 
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�12��� 3-17  �����������	�7�DJ�7�DM�K��<�=���M���
�������

���u����7�
�����J��� ERα  ���6�
 7 

�=� ghM�
��	��27�����=���J 
  ��� a ����7g��H fibroblast (F) ��M��������
��

���u����7�
�����J (20x) 
  ��� b ���� hair follicles (HF)  ��M��������
��

���u����7�
�����J (20x) 
  ��� c ���� keratinocytes (K) ���=J� epidermis ��M��������
��

���u����7�
�����J ( 20x) 
  ��� d ���� sebaceous glands (SG) ��M��������
��

�u����7�
�����J (20x) 

 
 
 
 
 
 
 

a 

F 

HF 

b 

SG 

d 

K 

c 
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�12��� 3-18  ����7�DJ�7�DM�K��<�=����7�G�K���M���
������

���u����7�
�����J��� ERα (10x) ���6�
 

14 �=� �����n���7<�D���������7������K���2 +ve control = positive control 
(uterus) (10x) 
 

orx sham 

orx+EB orx+YCJ 

+ve control sham+YCJ 
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�12��� 3-19  �����������	�7�DJ�7�DM�K��<�=���M���
���<�D�I
��������

���u����7�
�����J��� ERα  

���6�
 14 �=� ghM�
��	��27�����=���J 
 ��� a ���� hair follicles (HF) ���=J� dermis ��M��������
��

���u����7�
�����J     

(20x) 
 ��� b ���� sebaceous glands (SG) ���=J� dermis ��M��������
��

���u����7�
�����J 

(20x) 
��� c ���� keratinocytes (K) ����=J� epidermis ��M��������
��

���u����7�
�����J 
( 20x) 

               ��� d ���� hair follicles ��MI
���������
��

���u����7�
�����J (20x) ��������<E������ 
counter stain ��� hematoxylin (���J�	7���) 

 
 

a 

HF 

b 

SG 

c 

K 

d 
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2. ����	����
��

���u����7�
�����J ������ anti-ERβ antibody 
 

�=FG2�	�7�DJ�7�DM�����	���7�G�K���M���
������

���u����7�
�����J��� ERβ ��
�6�
 7 �=���2 14 �=� L��=J� epidermis ����6�
 orx+EB <�	�=�
	��	 
�	�7�����=���� 
keratinocytes (Ir+) <�	��=J���	7
DM�7�����7����=��=J� epidermis ���7�DJ�7�DM���� �����6�

�DM�j I
�L���	
����	��=���	� ���=J� dermis L� granulation tissue (Ir+)  ������J�	�	� ghM�
��2������ �6�
7g��H7
i�7�D���	�������	�j fibroblasts 7���7�D��7����<
� ��2 ECM ��	�<�
�=�7�7<i����7������K����6�
 orx+YCJ ������M�6� ���G2��M�6�
 sham 
����7������K�

	��M�6� (�����M 3-20 ��2 3-22)  ��C	7g��H keratinocytes ��2 granulation tissue ��M�����
���
��

���u����7�
�����J��� ERβ ���� �=�L� hair follicles, keratinocytes ��2 sebaceous 
gland ��M���
������=���	�7���=� (�����M 3-21 ��2 3-23) 

	����C��� hair follicles ���7�G7�DJ�7�DM������M���
������

���u����7�
�����J
��� ERβ s	��������C6����n�H���6�
 7 �=���2 14 �=� L���	C�	������ hair follicles ��M�����
���
��

���u����7�
�����J��� ERβ  ����6�
 sham ��2�6�
 sham+YCJ ������	�6�
�����
�DM� j (�	Y�����M 3-26 ��2 3-27) ��2�=�L���	C�	������ hair follicles ��MI
���������
��

���u��
��7�
�����J��� ERβ  
�C�	�������
	 (�	��27����C2I����	��h���<��	 86)  

��	<�=���	
7��
���	���������
������

���u����7�
�����J��� ERβ  I
�L�
��	
����	�=����	�
��=���	�=E�	������ (�	Y�����M 3-33) 
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    �12��� 3-20  ����7�DJ�7�DM�K��<�=����7�G�K���M���
������

���u����7�
�����J��� ERβ (10x) ���6�
    
7 �=� �����n���7<�D���������7������K���2 +ve control = positive control 
(ovary) (10x) 

orx sham 

orx+YCJ orx+EB 

+ve control sham+YCJ 
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�12��� 3-21  �����������	�7�DJ�7�DM�K��<�=���M���
���<�D�I
��������

���u����7�
�����J��� ERβ ��

�6�
 7 �=� ghM�
��	��27�����=���J 
��� a ����7g��H fibroblast (F) ���=J� dermis ��M��������
��

���u����7�
�����J   
(20x) 
��� b ���� keratinocytes (K) ����=J� epidermis ��M��������
��

���u����7�
�����J 
(20x) 
��� c ���� hair follicles (HF) ����=J� dermis ��M��������
��

���u����7�
�����J  
( 20x) 
��� d ���� sebaceous glands (SG) ����=J� dermis ��M��������
��

���u����7�
�� 
���J (20x) 

 
 

a 

F 

b 

K 

d 

SG 

c 

HF 
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�12��� 3-22  ����7�DJ�7�DM�K��<�=����7�G�K���M���
������

���u����7�
�����J��� ERβ (10x) ���6�
 

14 �=� �����n���7<�D���������7������K���2  +ve control = positive control 
(ovary) (10x) 

orx sham 

orx+YCJ orx+EB 

+ve control sham+YCJ 
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�12��� 3-23  �����������	�7�DJ�7�DM�K��<�=���M���
���<�D�I
��������

���u����7�
�����J��� ERβ ��

�6�
 14 �=� ghM�
��	��27�����=���J 
��� a ���� hair follicles (HF) ���=J� dermis ��MI
���������
��

���u����7�
�����J 
(20x) ��������<E������ counter stain ��� hematoxylin (���J�	7���) 
��� b ���� hair follicles (HF) ���=J� dermis ��M��������
��

���u����7�
�����J (20x) 
��� c ���� keratinocytes (K) ����=J� epidermis ��M��������
��

���u����7�
�����J 
(20x) 
��� d ���� sebaceous glands (SG) ����=J� dermis ��M��������
��

���u����7�
�� 
���J (20x) 

 
 
 

a 

HF 

b 

 HF 

c 

K 

d 

SG 
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C		��=�C�	��� hair follicles ���7�G7�DJ�7�DM������M���
������

���u����   
7�
�����J��� ERα ��2 ERβ s	��������C6����n�H���6�
 7 �=���2 14 �=� L���	C�	������ 
hair follicles ��M��������
��

���u����7�
�����JC2����	�=�������2�6�
	��������	� j ghM�C2
��	����	��27�������I� 

	��=�C�	������ hair follicles ��M��������
��

���u����7�
�����J��� ERα ���=J� 
dermis ����6�
 7 �=� L���	C�	������ hair follicles ��M��������
��� ERα ����6�
 sham 
(10.00±0.4) ������	�6�
 orx (17.03±0.6) �6�
 orx+EB (19.90±0.4) �6�
 orx+YCJ 
(22.87±0.3) ��2�6�
 sham+YCJ (16.10±0.3) ���	�
��=���	�=E�	������ (p<0.01) ��2L���	
C�	��� hair follicles �6�
 orx ������	�6�
 orx+EB ��2�6�
 orx+YCJ ���	�
��=���	�=E�	�
����� (p<0.01) (�	Y�����M 3-24) 7���7����=�C�	������ hair follicles ��M��������
��

���      
u����7�
�����J��� ERα ���=J� dermis ����6�
 14 �=� L���	C�	������ hair follicles ��M��������

��� ERα ����6�
 sham (13.23±1.2) ������	�6�
 orx (20.37±1.1) �6�
 orx+EB (19.13±1.1) 
��2�6�
 orx+YCJ (21.53±0.8) ���	�
��=���	�=E�	������ (p<0.01) ��2������	�6�
 
sham+YCJ (16.87±1.1) ���	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-24)  

	��=�C�	������ hair follicles ��M��������
��

���u����7�
�����J��� ERβ ���=J� 
dermis 7 �=� L���	C�	������ hair follicles ��M��������
��� ERβ ����6�
 sham (11.43±0.4) 
������	�6�
 orx (19.80±0.4) �6�
 orx+EB (18.47±0.7) ��2�6�
 orx+YCJ (21.60±0.4) ���	�
�
�=���	�=E�	������ (p<0.01) ��2L���	C�	��� hair follicles �6�
 orx ������	�6�
 orx+YCJ 
��2�6�
 sham+YCJ (11.43±0.3) ���	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-26) 
7���7����=����6�
��M��������
 ERβ ���=J� dermis ����6�
 14 �=� L���	C�	������ hair 
follicles ��M��������
��� ERβ ����6�
 sham (15.47±1.3) ������	�6�
 orx (23.93±2.6) ��2�6�
 
orx+YCJ (21.83±1.2) ���	�
��=���	�=E�	������ (p<0.05) ��2 (p<0.01) �	
��	�=� (�	Y�����M 
3-26)  

��	<�=�	��=�C�	������ hair follicles ��M��������
��

���u����7�
�����J��� 
ERα ��2 ERβ ���=J� hypodermis ����6�
 7 �=���2 14 �=� I
�L���	
����	����	�
�
�=���	�=E�	������ (�	Y�����M 3-25 ��2 3-27) 
  7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=�L���	
C�	��� hair follicles ��M��������
��

���u����7�
�����J��� ERα ���=J� dermis ����6�
 orx       

���	
����	�=����	�
��=���	�=E�	������ (p<0.05) (�	Y�����M  3-25) ��	<�=�C�	���         
hair follicles ��M��������
��

���u����7�
�����J��� ERβ ���=J� dermis L���	C�	��� hair follicles 
����6�
 sham 
���	
����	�=����	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-24)  
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�12��� 3-24  �	Y����C�	������ hair follicles ���=J� dermis ��M���
����������

���u����7�
�� 

���J��� ERα ���7�G7�DJ�7�DM�������6�
 7 �=���2 14 �=� 
 

 
 
�12��� 3-25  �	Y����C�	������ hair follicles ���=J� hypodermis ��M���
����������

���u��

��7�
�����J��� ERα ���7�G7�DJ�7�DM�������6�
 7 �=���2 14 �=� 
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�12��� 3-26  �	Y����C�	������ hair follicles ���=J� dermis ��M���
����������

���u����7�
�� 

���J��� ERβ ���7�G7�DJ�7�DM�������6�
 7 �=���2 14 �=� 
 

 
 
�12��� 3-27  �	Y����C�	������ hair follicles ���=J� hypodermis ��M���
����������

���u��

��7�
�����J��� ERβ ���7�G7�DJ�7�DM�������6�
 7 �=���2 14 �=� 
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	��=���	�7���K�	n���H�	���� hair follicles ���7�G7�DJ�7�DM������M���
����
������

���u����7�
�����Js	��������C6����n�H���6�
 7 �=���2 14 �=� 7LDM��=�7�	���������
 
ERα ��2 ERβ L���	��	�7���K�	n���H�	���� hair follicles C2����	�=����6�
	������
��	� j ghM�C2��	����	��27�����=���J 

��	�7���K�	n���H�	���� hair follicles ���6�
 orx+YCJ 
���	��<E���	�6�

�DM� j ������6�
 7 �=� ��	�7���K�	n���H�	���M��������
 ERα ����6�
 sham (363.07±35.2) 
��2�6�
 orx+EB 
���	�7�i��	�6�
 orx+YCJ (594.58±93.8) (361.42±23.2) ���	�
��=���	�=E
�	������ (p<0.01) ��2�6�
 orx (362.23±42.7) 
���	�7���K�	n���H�	�7�i��	�6�
 orx+YCJ 
���	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-28) ������6�
 14 �=� L���	��	�
7���K�	n���H�	�����6�
 sham (482.33±39.6) �6�
 orx (499.48±52.8) �6�
 orx+EB 
(429.32±28.3) �6�
 orx+YCJ (444.80±13.8) ��2�6�
 sham+YCJ (405.00±35.7) I
�
���	

����	�=����	�
��=���	�=E�	������ (�	Y�����M 3-29) ��2I
�L���	
����	����	�
��=���	�=E
7
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=����6�
 sham �6�
 orx 
�6�
 orx+EB ��2�6�
 sham+YCJ L���	
����	��=���	����	�
��=���	�=E7_L	2���6�
 
orx+YCJ (p<0.01) (�	Y�����M 3-30) 

��	<�=�	��=���	�7���K�	n���H�	���M��������
 ERβ ���6�
 7 �=� ����6�
 
sham (339.17±35.6) 
���	�7�i��	�6�
 orx+EB (499.97±50.8) ��2�6�
 orx+YCJ 
(556.95±12.0) ���	�
��=���	�=E�	������ (p<0.05) ��2 (p<0.01) �	
��	�=� ��C	��J��	�
7���K�	n���H�	�����6�
 orx+YCJ 
���	��<E���	�6�
 orx (413.87±39.4) ���	�
��=���	�=E
�	������ (p<0.05) (�	Y�����M 3-28) ������6�
 14 �=� L���	��	�7���K�	n���H�	�����6�
 
sham (382.15±37.8) �6�
 orx (416.45±53.8) �6�
 orx+EB (418.52±31.0) �6�
 orx+YCJ 
(401.00±16.9) ��2�6�
 sham+YCJ (389.73±31.4) I
�
���	
����	����	�
��=���	�=E�	������ 
(�	Y�����M 3-29) ��2I
�L���	
����	����	�
��=���	�=E7
DM�7�����7�����2<��	��6�
 7 �=�
��2 14 �=� ��� treatment 7����=����6�
 sham �6�
 orx �6�
 orx+EB ��2�6�
 sham+YCJ 
L���	
����	��=���	����	�
��=���	�=E7_L	2���6�
 orx+YCJ (p<0.01) (�	Y�����M 3-31)  
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 �12��� 3-28  �	Y������	�7���K�	n���H�	���� hair follicles (µm) ���7�G7�DJ�7�DM������   
�6�
 7 �=� ��M���
����������

���u����7�
�����J��� ERα ��2 ERβ 
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�12��� 3-29   �	Y������	�7���K�	n���H�	���� hair follicles (µm) ���7�G7�DJ�7�DM������
�6�
 14 �=� ��M���
����������

���u����7�
�����J��� ERα ��2 ERβ 
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�12��� 3-30  �	Y������	�7���K�	n���H�	���� hair follicles (µm) ���7�G7�DJ�7�DM�������6�
 
7 �=���2 14 �=� ��M���
����������

���u����7�
�����J��� ERα  
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�12��� 3-31  �	Y������	�7���K�	n���H�	���� hair follicles (µm) ���7�G7�DJ�7�DM�������6�
 
7 �=���2 14 �=� ��M���
����������

���u����7�
�����J��� ERβ   
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�12��� 3-32  �	Y������	
7��
���	���������
��

���u����7�
�����J��� ERα ���7�G7�DJ�7�DM�

������6�
 7 �=���2 14 �=� ��� 5 = ��	
7��
���	���������
 ERα 
	��M�6� 
��2 1 = ��	
7��
���	���������
 ERα ������M�6� 

 

 

 
�12��� 3-33  �	Y������	
7��
���	���������
��

���u����7�
�����J��� ERβ ���7�G7�DJ�7�DM�

������6�
 7 �=���2 14 �=� ��� 5 = ��	
7��
���	���������
 ERβ 
	��M�6� 
��2 1 = ��	
7��
���	���������
 ERβ ������M�6� 
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	��������	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M�����
���
 ERα =��2�=� serum E2 ���6�
 7 �=� L���	7
DM��2�=� serum E2 ����hJ� 7���K�	n���H�	�
��� hair follicles �=���	����� ���
���	
�=
L=��H������KK=�=� (R2 = -0.79) 
7���7����=�=���	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M��������
 ERβ 
=��2�=� serum E2 ���6�
 7 �=� L���	7
DM��2�=� serum E2 ����hJ� 7���K�	n���H�	����     
hair follicles �=���	����� (R2 = -0.09) (�	Y�����M 3-34) 

 

 

 

�12��� 3-34  �	Y������	
�=
L=��H�2<��	��2�=� serum E2 =���	�7���K�	n���H�	����    
hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 7 �=�  

 

 

 

 

 

 

 

 

 

 

 

 



   94

	��������	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M�����
���
 ERα =��2�=� serum E2 ���6�
 14 �=� L���	7
DM��2�=� serum E2 ����hJ� 
7���K�	n���H�	���� hair follicles �=���	����� ���
���	
�=
L=��H������KK=�=�        
(R2 = -0.53) ���G2��M��	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M��������
 
ERβ =��2�=� serum E2 ���6�
 14 �=� L���	
���	
�=
L=��H����	
=����7
DM��2�=� serum 
E2 ����hJ� 7���K�	n���H�	���� hair follicles �=���	�7L�M
�hJ� (R2 = 0.05) (�	Y�����M 3-35) 
 

 

 

�12��� 3-35  �	Y������	
�=
L=��H�2<��	��2�=� serum E2 =���	�7���K�	n���H�	���� 
hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 14 �=� 
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	��������	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M�����
���
 ERα =��2�=� serum testosterone ���6�
 7 �=� L���	7
DM��2�=� serum testosterone 
����hJ� 7���K�	n���H�	���� hair follicles �=���	��<E��hJ� ���
���	
�=
L=��H������K=��	

=� (R2 = 0.13) ��	<�=���	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M��������
 
ERβ =��2�=� serum testosterone ���6�
 7 �=� L���	7
DM��2�=� serum testosterone ����hJ� 
7���K�	n���H�	���� hair follicles �=���	����� (R2 = -0.02) (�	Y�����M 3-36) 
 

 

 
�12��� 3-36 �	Y������	
�=
L=��H�2<��	��2�=� serum testosterone =���	�

7���K�	n���H�	���� hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 
ERβ ���6�
 7 �=� 
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	��������	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M�����
���
 ERα =��2�=� serum testosterone ���6�
 14 �=� L���	7
DM��2�=� serum testosterone 
����hJ� 7���K�	n���H�	���� hair follicles �=���	����� ���
���	
�=
L=��H������KK=�=� 
(R2 = -0.38) 7���7����=���	
�=
L=��H�2<��	���	�7���K�	n���H�	���� hair follicles ��M�����
���
 ERβ =��2�=� serum testosterone ���6�
 14 �=� 
���	
�=
L=��H������KK=�=����
7
DM��2�=� serum testosterone ����hJ� 7���K�	n���H�	���� hair follicles �=���	�����        
(R2 = -0.51) 7���=� (�	Y�����M 3-37) 

 

 
 
�12��� 3-37 �	Y������	
�=
L=��H�2<��	��2�=� serum testosterone =���	�  

7���K�	n���H�	���� hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 
ERβ ���6�
 14 �=� 
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	��������	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERα =�
�2�=� serum E2 ���6�
 7 �=� L���	7
DM��2�=� serum E2 ����hJ� C�	������ hair follicles 
�=���	����� ���
���	
�=
L=��H������KK=�=� (R2 = -0.03) ��	<�=���	
�=
L=��H�2<��	�
C�	������ hair follicles ��M��������
 ERβ =��2�=� serum E2 ���6�
 7 �=� L���	7
DM��2�=� 
serum E2 ����hJ� C�	������ hair follicles �=���	�7L�M
�hJ� (R2 = 0.01) (�	Y�����M 3-38) 

 

 

 
�12��� 3-38  �	Y������	
�=
L=��H�2<��	��2�=� serum E2 =�C�	������ hair follicles ��M���

�����
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 7 �=�  
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	��������	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERα =�
�2�=� serum E2 ���6�
 14 �=� L���	7
DM��2�=� serum E2 ����hJ� C�	������ hair follicles 
�=���	�7L�M
�hJ� ���
���	
�=
L=��H������K=��	
 (R2 = 0.04) ��	<�=���	
�=
L=��H�2<��	�
C�	������ hair follicles ��M��������
 ERβ  =��2�=� serum E2 ���6�
 14 �=� L���	7
DM��2�=� 
serum E2 ����hJ� C�	������ hair follicles �=���	����� (R2 = -0.004) (�	Y�����M 3-39) 
 

 

 

�12��� 3-39  �	Y������	
�=
L=��H�2<��	��2�=� serum E2 =�C�	������ hair follicles     
��M��������
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 14 �=�  
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	��������	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERα =�
�2�=� serum testosterone ���6�
 7 �=� L���	7
DM��2�=� serum testosterone ����hJ� C�	���
��� hair follicles �=���	����� ���
���	
�=
L=��H������KK=�=� (R2 = -0.15) 
7���7����=���	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERβ =��2�=� serum 
testosterone ���6�
 7 �=� 
���	
�=
L=��H������KK=�=����7
DM��2�=� serum testosterone 
����hJ� C�	������ hair follicles �=���	����� (R2 = -0.62) 7���=� (�	Y�����M 3-40) 

 

 
 
�12��� 3-40  �	Y������	
�=
L=��H�2<��	��2�=� serum testosterone =�C�	������         

hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 7 �=� 
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	��������	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERα =�
�2�=� serum testosterone ���6�
 14 �=� L���	7
DM��2�=� serum testosterone ����hJ� C�	���
��� hair follicles �=���	����� ���
���	
�=
L=��H������KK=�=� (R2 = -0.96) 
7���7����=���	
�=
L=��H�2<��	�C�	������ hair follicles ��M��������
 ERβ =��2�=� serum 
testosterone ���6�
 14 �=� 
���	
�=
L=��H������KK=�=����7
DM��2�=� serum 
testosterone ����hJ� C�	������ hair follicles �=���	����� (R2 = -0.73) 7���=� (�	Y�����M   
3-41) 

 

 

 
�12��� 3-41  �	Y������	
�=
L=��H�2<��	��2�=� serum testosterone =�C�	������         

hair follicles ��M��������
��

���u����7�
�����J��� ERα ��2 ERβ ���6�
 14 �=� 
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�. K��	�7�DJ�7�DM�����	C	�I��H7�DJ�7�DM���M���
���� Masson{s trichrome ���6�
 7 �=���2    
14 �=� 

 
�=FG2�	�7�DJ�7�DM�����	���7�G�K���M���
���� Masson{s trichrome ���6�
      

7 �=� L���	����	7C�
�	�7�����=�I
�7�8��27�������6�6�
	������ ����	�7�����=����
����	7C����6�
 14 �=� L���	�6�
 orx+YCJ 
�	�7�����=��������	7C���M<�	������27�8�
�27������	7
DM�7�����7����=��6�
�DM� j (�����M 3-42 ��2 3-43) 
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�12��� 3-42  ����7�DJ�7�DM�K��<�=���M���
���� Masson{s trichrome (10x) ���6�
 7 �=� 

  
 

sham orx 

orx+YCJ orx+EB 

sham+YCJ 
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�12��� 3-43  ����7�DJ�7�DM�K��<�=���M���
���� Masson{s trichrome (10x) ���6�
 14 �=� 

           

sham orx 

orx+EB orx+YCJ 

sham+YCJ 
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3.  ��
�
�4�,����*�	��
� = )*I��/,S�4�5�D*1 
 
 

3.1 	
�.�4��
%D:��
 BUN (mg%) $�% creatinine (mg%) )*	�+�, 7 ./*$�% 14 ./* 
 

	�7���M�����������	 BUN ��g��=
���7�D��<���6�
 7 �=� L���	�6�
 sham 
(22.50±1.3) 
���	 BUN �����	�6�
 sham+YCJ (17.83±1.0) ���	�
��=���	�=E�	������ (p<0.05) 
��2L���	�6�
 orx (24.33±1.2) ��2�6�
 orx+EB (24.67±0.8) 
���	 BUN �����	�6�
 
sham+YCJ ���	�
��=���	�=E�	������ (p<0.01) ��	<�=�	�7���M�����������	 BUN ���6�
   
14 �=� L���	�6�
 sham (22.90±1.2) �6�
 orx (21.10±1.1) �6�
 orx+EB (20.70±1.1) �6�
 
orx+YCJ (18.50±2.1) ��2�6�
 sham+YCJ (19.27±1.1) I
�
���	
����	�=����	�
��=���	�=E
�	������ ��27
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=� ��� treatment 7����=� L���	��	 
BUN ����6�
 orx+EB 
���	
����	�=����	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-44) 
 

 

 
�12��� 3-44  �	Y������	 BUN (mg%) ����6�
 7 �=���214 �=� 

 
 
 
 
 



   105

	�7���M�����������	 creatinine ��g��=
���7�D��<�����������	�7�
��������
�6�
 7 �=� L���	�6�
 sham (0.47±0.0) 
���	 creatinine �M�	��	�6�
 orx (0.65±0.0) ��2�6�
 
orx+EB (0.67±0.0) ���	�
��=���	�=E�	������ (p<0.01) ��2L���	�6�
 orx 
���	 creatinine ���
��	�6�
 orx+YCJ (0.45±0.0) ��2�6�
 sham+YCJ (0.42±0.0) ���	�
��=���	�=E�	������ 
(p<0.01) ��	<�=�	�7���M�����������	 creatinine ���6�
 14 �=� L���	�6�
 sham (0.90±0.1) 
�6�
 orx (0.90±0.1) �6�
 orx+EB (0.99±0.1) �6�
 orx+YCJ (0.90±0.1) ��2�6�
 sham+YCJ 
(0.94±0.0) I
�
���	
����	�=����	�
��=���	�=E�	������ ��27
DM�7�����7�����2<��	��6�
     
7 �=���2 14 �=���� treatment 7����=� L���	��	 creatinine ����6�6�
	������
���	

����	�=����	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-45)   
 

 

 
�12��� 3-45  �	Y������	  creatinine (mg%) ����6�
 7 �=���214 �=� 
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3.2 	
�.�4��
%D:��
  total protein (g%) albumin (g%) AST (U/L) ALT (U/L) $�% ALP 
(U/L) )*	�+�, 7 ./*$�% 14 ./* 

 
	�7���M�����������	  total protein ���6�
 7 �=� L���	�6�
 sham (6.37±0.2) 


���	 total protein �M�	��	�6�
 orx (7.20±0.2) ��������	�6�
 sham+YCJ (5.58±0.2) ���	�
�
�=���	�=E�	������ (p<0.05) ��2L���	�6�
 orx 
���	 total protein �����	�6�
 orx+EB 
(6.60±0.1) ���	�
��=���	�=E�	������ (p<0.05) ��2�����	�6�
 orx+YCJ (5.85±0.2) ��2�6�
 
sham+YCJ ���	�
��=���	�=E�	������ (p<0.01) ��	<�=�	�7���M�����������	 total protein ��
�6�
 14 �=� L���	�6�
 orx (6.90±0.2) 
���	 total protein �M�	��	�6�
 orx+EB (8.47±0.7) ��2
�6�
 sham+YCJ (8.60±1.1) ���	�
��=���	�=E�	������ (p<0.05) ��27
DM�7�����7�����2<��	�
�6�
 7 �=���2 14 �=���� treatment 7����=� L���	��	 total protein ����6�
 orx+EB �6�
 
orx+YCJ ��2�6�
 sham+YCJ 
���	
����	�=����	�
��=���	�=E�	������ (p<0.01) (�	Y���
��M 3-46) 
 

 

 
�12��� 3-46  �	Y������	 total protein (g%) ����6�
 7 �=���2 14 �=� 
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	�7���M�����������	 albumin ���6�
 7 �=� L���	�6�
 sham (3.20±0.1)    

���	 albumin �M�	��	�6�
 orx ���	�
��=���	�=E�	������ (p<0.05) ��2L���	�6�
 orx (3.72±0.2) 
��2�6�
 orx+EB (3.62±1.1) 
���	 albumin �����	�6�
 orx+YCJ (3.00±0.2) ��2�6�
 
sham+YCJ (3.00±0.2) ���	�
��=���	�=E�	������ (p<0.05) ��	<�=�	�7���M�����������	 
albumin ���6�
 14 �=� L���	�6�
 orx (4.50±0.9) 
���	 albumin �M�	��	�6�
 sham+YCJ 
(6.90±0.2) ���	�
��=���	�=E�	������ (p<0.05) ��27
DM�7�����7�����2<��	��6�
 7 �=���2      
14 �=���� treatment 7����=� L���	��	 albumin ����6�
 orx+EB ��2�6�
 sham+YCJ        

���	
����	�=����	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-47) 
 

 

 
�12��� 3-47  �	Y������	 albumin (g%) ����6�
 7 �=���2 14 �=� 
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	�7���M�����������	 AST ���6�
 7 �=� L���	�6�
 sham (187.00±36.7) 
�6�
 orx (307.67±123.5) �6�
 orx+EB (224.17±27.1) �6�
 orx+YCJ (167.83±28.6) ��2�6�
 
sham+YCJ (391.2±191.0) I
�
���	
����	����	�
��=���	�=E�	������ 7���7����=�	��=�	�
7���M�����������	 AST ���6�
 14 �=� L���	�6�
 sham (116.80±21.6) �6�
 orx 
(125.70±33.1) �6�
 orx+EB (118.33±24.5) �6�
 orx+YCJ (80.80±16.9) ��2�6�
 sham+YCJ 
(144.17±40.0) I
�
���	
����	����	�
��=���	�=E�	������7���=� ��27
DM�7�����7�����2<��	�
�6�
 7 �=���2 14 �=���� treatment 7����=� L���	��	 AST ����6�
 orx+EB ��2�6�
 
orx+YCJ 
���	
����	�=����	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-48) 

 

 

 
�12��� 3-48  �	Y������	 AST (U/L) ����6�
 7 �=���2 14 �=� 
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	�7���M�����������	 ALT ���6�
 7 �=� L���	�6�
 sham (237.00±20.3)    

���	 ALT �����	�6�
 orx+EB (123.00±14.5) ���	�
��=���	�=E�	������ (p<0.01) ��	<�=�	��=�
	�7���M�����������	 ALT ���6�
 14 �=� L���	�6�
 sham (53.50±4.5) �6�
 orx 
(58.70±6.3) �6�
 orx+EB (51.17±2.8) �6�
 orx+YCJ (53.70±11.4) ��2�6�
 sham+YCJ 
(59.00±8.9) I
�
���	
����	�=����	�
��=���	�=E�	������7���7����=� ��27
DM�7�����7����
�2<��	��6�
 7 �=���2 14 �=���� treatment 7����=�L���	��	 ALT ����6�6�
	������
�
��	
����	�=����	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-49) 
 

 

 
�12��� 3-49  �	Y������	  ALT (U/L) ����6�
 7 �=���2 14 �=� 
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	�7���M�����������	 ALP ���6�
 7 �=� L���	�6�
 orx (223.17±10.9)  
���	 
ALP �����	�6�
 orx+YCJ (161.50±7.9) ��2�6�
 sham+YCJ (175.17±14.5) ���	�
��=���	�=E
�	������ (p<0.01) ��2 (p<0.05) �	
��	�=� ��	<�=�	�7���M�����������	 ALP ���6�
 14 �=� 
L���	�6�
 orx (163.00±27.5) 
���	 ALP �����	�6�
 sham+YCJ (104.50±15.6) ���	�
�
�=���	�=E�	������ (p<0.05) ��27
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=���� treatment 
7����=� L���	��	 ALP ����6�
 sham+YCJ 
���	
����	�=����	�
��=���	�=E�	������ 
(p<0.01) (�	Y�����M 3-50) 
 

 

 
�12��� 3-50  �	Y������	 ALP (U/L) ����6�
 7 �=���2 14 �=� 
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3.3 	
�.�4��
%D:��
 cholesterol (mg%)  triglyceride (mg%) HDL (mg%) $�% LDL 
(mg%) )*	�+�, 7 ./*$�% 14 ./* 

 
	�7���M�����������	 cholesterol ���6�
 7 �=� L���	�6�
 orx (88.83±6.2) 

�6�
 orx+EB (88.00±6.6) ��2�6�
 orx+YCJ (89.17±6.1) 
���	 cholesterol �����	�6�
 
sham+YCJ (64.50±4.9) ���	�
��=���	�=E�	������ (p<0.05) ��	<�=�	�7���M�����������	 
cholesterol ���6�
 14 �=� L���	�6�
 orx+EB (63.33±5.1) 
���	 cholesterol �����	�6�
 
orx+YCJ (48.00±3.5) ���	�
��=���	�=E�	������ (p<0.05) ��27
DM�7�����7�����2<��	��6�
      
7 �=���2 14 �=���� treatment 7����=� L���	��	 cholesterol ����6�
 sham �6�
 orx ��2
�6�
 orx+YCJ 
���	
����	�=����	�
��=���	�=E�	������ (p<0.01) ��2�6�
 orx+EB 
(p<0.05) (�	Y�����M 3-51) 
 

 

 
�12��� 3-51  �	Y������	 cholesterol (mg%) ����6�
 7 �=���2 14 �=� 
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	��=�	�7���M�����������	 triglyceride ���6�
 7 �=� L���	�6�
 sham 
(119.00±13.6) �6�
 orx (78.50±9.5) �6�
 orx+EB (113.83±19.1) �6�
 orx+YCJ 
(137.00±26.2) ��2�6�
 sham+YCJ (112.83±16.6) I
�
���	
����	����	�
��=���	�=E�	������ 
7���7����=�	��=�	�7���M�����������	 triglyceride ���6�
 14 �=� L���	�6�
 sham 
(92.17±26.3) �6�
 orx (58.83±9.2) �6�
 orx+EB (72.67±18.8) �6�
 orx+YCJ (65.00±8.5) 
��2�6�
 sham+YCJ (83.17±15.0) I
�
���	
����	����	�
��=���	�=E�	������ ��27
DM�
7�����7�����2<��	��6�
 7 �=���2 14 �=���� treatment 7����=� L���	��	 triglyceride ���
�6�
 orx 
���	
����	�=����	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-52) 
 

 

 
�12��� 3-52  �	Y������	 triglyceride (mg%) ����6�
 7 �=���2 14 �=� 
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	�7���M�����������	 HDL ���6�
 7 �=� L���	�6�
 sham (21.00±1.1) 
���	 
HDL �����	�6�
 sham+YCJ (17.33±1.3) ���	�
��=���	�=E�	������ (p<0.05) ��	<�=�	�
7���M�����������	 HDL ���6�
 14 �=� L���	�6�
 orx (39.00±2.4) 
���	 HDL �M�	��	�6�
 
orx+EB (53.17±5.5) ���	�
��=���	�=E�	������ (p<0.05) ��27
DM�7�����7�����2<��	��6�
 7 �=�
��2 14 �=���� treatment 7����=� L���	��	 HDL ����6�6�
	������
���	
����	�=�
���	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-53) 
 

 

 
�12��� 3-53  �	Y������	 HDL (mg%) ����6�
 7 �=���2 14 �=� 
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	��=�	�7���M�����������	 LDL ���6�
 7 �=� L���	�6�
 orx (51.83±6.0)   

���	 LDL �����	�6�
  sham+YCJ (24.50±3.9) ���	�
��=���	�=E�	������ (p<0.05) ��	<�=�	�
7���M�����������	 LDL ���6�
 14 �=� L���	�6�
 sham (8.83±0.9) �6�
 orx (10.83±2.1) 
�6�
 orx+EB (8.33±0.7) �6�
 orx+YCJ (9.33±1.6) ��2�6�
 sham+YCJ (8.17±0.8) I
�
���	

����	�=����	�
��=���	�=E�	������ ��27
DM�7�����7�����2<��	��6�
 7 �=���2 14 �=���� 
treatment 7����=� L���	��	 LDL ����6�6�
	������
���	
����	�=����	�
��=���	�=E
�	������ (p<0.01) (�	Y�����M 3-54) 
 

 

 
�12��� 3-54  �	Y������	 LDL (mg%) ����6�
 7 �=���2 14 �=� 
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	��=M��J�	<�=�=����<���	��6�
��MI���=� treatment ��	� j 7�����7�����2<��	�
�=���7��M
	������=��=��6���	����	���������6�
 7 �=� L���	�J�	<�=�=����<�������
���=��6���	����	������7L�M
�hJ�7
DM�7�����7����=��J�	<�=�=����<����������=���7��M

	���������	�
��=���	�=E�	������ (p<0.01) (�	Y�����M 3-55) 
 

 

 

 

�12��� 3-55  �	Y�����J�	<�=�=�<���	��=���7��M
	��������2�=��6���	����	������
����6�
 7 �=� 
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	��=M��J�	<�=�=����<���	��6�
��MI���=� treatment ��	� j 7�����7�����2<��	�
�=���7��M
	������=��=��6���	����	���������6�
 14 �=� L���	�J�	<�=�=����<��
��������=��6���	����	������7L�M
�hJ�7
DM�7�����7����=��J�	<�=�=����<����������=�
��7��M
	���������	�
��=���	�=E�	������ �D� �6�
 sham �6�
 orx ��2�6�
 sham+YCJ       

���	
����	�=����	�
��=���	�=E�	������ (p<0.01) ��	<�=��6�
 orx+EB ��2�6�
 orx+YCJ   

���	
����	�=����	�
��=���	�=E�	������ (p<0.05) (�	Y�����M 3-56) 
 

 

 

 

�12��� 3-56  �	Y�����J�	<�=�=�<���	��=���7��M
	��������2�=��6���	����	������
����6�
 14 �=� 
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	��=M��J�	<�=�=����<���	��6�
��MI���=� treatment ��	� j �2<��	��=���7��M

	������ �=���	�K�
	���	���2�=��6���	����	���������6�
 7 �=���2 14 �=� L���	
�J�	<�=�=����<�������7L�M
�hJ��=��=J�����=���C��2�=M��h��=��6���	����	������ (�	Y
�����M 3-57 ��2 3-58) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�12��� 3-57  �	Y�����J�	<�=�=�<���	��=���7��M
	������ �=���	�K�
	���	���2�=�
�6���	�	����������6�
 7 �=� ����J�	<�=���=��6���	�����6�
 orx+YCJ    
������	�6�
 sham ��2�6�
 orx ���	�
��=���	�=E�	������ (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�12��� 3-58   �	Y�����J�	<�=�=�<���	��=���7��M
	������ �=���	�K�
	���	���2�=�
�6���	�	����������6�
 14 �=� ����J�	<�=���=��6���	�����6�
 orx+EB    
������	�6�
 sham ��2�6�
 orx ���	�
��=���	�=E�	������ (p<0.05) 



����� 4 

��	
�����
������ 

 

 

����������	
������������������������
�� �������������
�� serum E2 "#���
�$��� orx+YCJ +$,�$��� sham+YCJ �
��/0$1	2�� serum E2 �13�/4��/�	���#�$��� sham +$,
�$��� orx +$,	��"#����$��� orx+EB �
�� serum E2 �6������$�����1� 7 �	������	�3�
�89��
����� ���
$�����#��	�������	2�� Mcneill +$,
?, (Mcneill et al., 1999) ��� ��������#   
17β-estradiol J�K�62��/"LM6�91�6����/����?N,������ 4 �����KP 93�JK��,��# serum E2 
�6�2Q���	������	�3�
�89�������/��1�/��	#/9	#��#�$��� orx �3�K��#
��/0$1	 serum 
testosterone (T) J��$��� sham +$,�$��� sham+YCJ �6������$�����1� 7 �	������	�3�
�89��
����� /��1�����K�6�$�������$���	�����?N,+$,���	�,��1� 7 91�����������S��PT������$����	6� 
+��/��1������# YCJ J��,	,/�$����2Q�� (14 ���) "#��� 
�� serum T $�$�J��$��� sham+YCJ 
UQ1����/�V������91 YCJ 91
��������
P��,��#91/�V� (phytoestrogen : PE) �\9]�^ antagonist 
��# T �Q�93�JK�
�� serum T J��$�������$���$�$� UQ1����
$�����#�����	�������	2�� Goodin 
+$,
?, (Goodin et al., 2007) T�	"#�����������# soy protein powder /�V�/�$� 6 �����KP 
J��������
�4�	��	� 18 �d �M$93�JK�
�� serum T $�$�/��1�	 7 +$,���
$�����#���$�$�
2�� serum LH ���	 /4��/�	���#��	�������	2�� Weber +$,
?, (Weber et al., 2001) 91
�$������ K�6 Sprague Dawley /"LM6���	� 50 ���91�����# PE (304.3±2.7g) /�V�/�$� 5 �����KP 
93�JK�
�� serum T $�$� /��1�/��	#/9	#��#�$���91��������# PE ���$�$�����$������/�V���
���91 PE (equol, daidzein +$, genistein) /�V�/�$� 5 �����KP �M$��� biosynthesis pathway 
2����,#�����M$��+��T��/�� +�����9��#�$������$���914��/�� ��������	��"#��� T �
M$4,$��������+M$93�JK�+M$K�	4�� T�	93�JK��,	,/�$�2����,#��������/�#���2Q�� 
��1�
�����/"�1��������� pro-inflammatory mediator, TNF-α +$, macrophage inhibitory 
factor (MIF) M���9�������#+��T��/�� (AR) (Gilliver et al., 2003) ��������	��"#���4���
�������+M$������"#���+������2�� AR ���91 keratinocytes inflammatory cell +$, 
fibroblasts +���JK�/Kx����+��T��/������������,������,#��������/�# 93�JK��,	,/�$�
2����,#��������/�#���2Q�� (Ashcroft et al., 2002; McCruden and Stimson, 1991; 
Giglio et al., 1994) +$, T 	�������J������,�������/��� angiogenesis (Frank-Lissbrant et 
al., 1998; Sordello et al., 1998; Colombel et al., 2005) UQ1����+������2�� angiogenesis 
+$,���M$�� growth factor #��4��� �����������4,$��������+M$�����	 (Broadley et 
al., 1989; Ortega et al., 1998; Dovi et al., 2004) 
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 �����/
��,KP#��/�?+M$J��$��� 7 ���2��9���$������9�$��"#��� 4��� 
epidermis #������#��/�?/����/	�1����� +$,	��"# granulation tissues UQ1�/�V�T
�������J�4��� 
dermis 91��,��#���	 fibroblasts +$, extracellular matrix (ECM) 9�����/��1�����#��/�?
����$��� ��������+M$	�����/��x���#6�?P 	���	6�J�2������ proliferative phase +$,���"#

���+������2��2���2��+M$J��$������� 7 9��������/�V�M$����,	,/�$�91������"�91�,
93�JK��������+M$/����	�����#6�?P��� �3�K��#J��$��� 14 ��� �$��� orx+YCJ �
���K��2��
4��� epidermis #��/�?+M$J�$�/
	���##��/�?/����/	�1����� +$,	��"# granulation tissues 
/�V�#��/�?+
# 2�#/2�2��+M$J��$������Q����	�����$�����1� 7 ���/��1�����M$2�� YCJ 91
4��	/����������+M$JK�/���J������91/�x��������� UQ1����
$�����#�������	91"#��� 17β-
estradiol 	��4��		�#	����������� proinflammatory cytokine /4�� macrophage migration 
inhibitory factor (MIF) (/�����. 2551) +$, tumor necrosis factor α (TNF-α) (Ashcroft et 
al., 2003) �Q�$����/
$�1��912�� inflammatory cells /4�� neutrophil, lymphocyte +$, 
macrophages ��	��#��/�?+M$93�JK��,	,/�$�2��������/�#$�$� (Ashcroft et al., 1999; 
Mills et al., 2005) /��1� neutrophil $�$� ��������/���U�P elastase (neutrophil-derived 
elastase) �Q�$�$� 93�JK� extracellular matrix (ECM) �6�93�$�	���	$� +M$�Q��2���/$x�$� 
�������� estradiol 	����,������������/��� reepithelialization /�V�������/�������$�2���
+M$/4����� (Ashcroft   et al., 1999) J�2?,91�$��� sham �
���K��2��4��� epidermis 
��������$��� orx+EB UQ1����2�����#�����	���2�� Azzi +$,
?, (Azzi et al., 2005) "#���
K�6 mice /"LM6���	� 3-15 �����KP�$��� sham +$,�$���91�6������?N,���91�����# E2 0.025 
mg/mouse /�V�/�$� 3 �����KP �
���K��2��4��� epidermis ���+����������	������	�3�
�8
9������� +��"#����$��� sham �2���2��+M$��������$�����1� 7 +$,�������+M$91/���4��
/�V�M$������/"�1��������� proinflammatory mediator, TNF-α +$, macrophage inhibitory 
factor (MIF) M���9�������#+��T��/�� (androgen receptor, AR) (Gilliver et al., 2003) 
��������	��"#��� K�6 mice /"LM6���	� 8-12 �����KP/$�	���� 21 ��� "#���+������2�� 
AR ���91 keratinocytes inflammatory cell +$, fibroblasts +���JK�/Kx����+��T��/������
������,������,#��������/�#JK�/������2Q�� (Ashcroft et al., 2002) +$,/��1�/��	#/9	#J�
�$��� orx +$,�$��� orx+YCJ T�	/��	#/9	#�,K�����$��� 7 ���+$, 14 ��� "#����$��� 
orx+YCJ ��������+M$/�x����� 9������������
���$Q�+$,
��������2��+M$ +���������
JK� YCJ 91
���/2��2��/9��/��� (100 mL/KgBW) ���	�,	,/�$����2Q�� (14 ���) 93�JK����
����+M$J��$������2Q�� ����$������������J� YCJ �M$93�JK��������+M$������$���91������
��# YCJ +$,�������$�������,/�V� PE 4��� isoflavone /��1������������	2�� Salas +$,
?, 
(Salas et al., 2007) "#��� K�6 Wistar /"LM6� ��3�K��� 200 ���� 91�����# genistein (UQ1��	6�J�
�$��� isoflavone) 2��� 5 µg/rat /�V�/�$� 8 �����KP ��������+M$/�x�2Q�� +$,�����	���
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����	2�� Benassayag +$,
?, (Benassayag et al., 2002) 	��"#��� genistein �M$������
����+M$K$�	��,��� /4�� proliferation, differentiation +$,���
�#
��������/
��,KP
T���� /�V���� 9�����2Q���	6���#4���2��/U$$P/�}�K��	 (target cells) 2���
���/2��2�� 4���
2�� PE +$,����K������� endogenous E2 �������� Rao +$,
?, (Rao et al., 1997) 	��
"#���	���K�6 rat /"LM6���	� 5 �����KP 91�����# genistein 2��� 250 ppm /�V�/�$� 61 ��� �
�,	,/�$�������/�#91�������� UQ1�M$����$���2�� genistein $���/�V��~���	914��	JK��������
+M$/������/�x�2Q�� ����������
���K��2��4��� dermis J��$��� 7 ���+$, 14 ��� 2���$��� 
orx+EB +$,�$��� orx+YCJ "#����4��� dermis K������ /��1�/��	#/9	#��#�$��� sham +$,
�$��� orx �	������	�3�
�89������� 9�����/��1����� E2 +$, YCJ 91JK�9�+9�J��$���������M$
��,����JK�� proliferation +$, differentiation 2��/U$$P fibroblasts 91�	6�J�4��� dermis 
/4��/�	���#��?2��/U$$P keratinocytes 2��4��� epidermis ����$���2������ 93�JK����������

�$$�/��J������?91���2Q�� +$,93�JK�
���K��2��4��� dermis 2���$��� YCJ ���2Q�����	 
T�	 Brincat +$,
?, (1987) "#��� estradiol gel 4��	
�
���K��2��4��� dermis �����?
2�� extracellular matrix collagen +$,�����
���+2x�+��2��T
�������2��M��K��������	 
(Brincat et al., 1987) +$,���
$�����#�������	2�� Brincat +$,
?, (Brincat et al., 1983) 
"#����������
� postmenopausal �����#����~� (implant) oestradiol 50 mg +$, 
testosterone 100 mg /�V�/�$� 2-10 �d ������?2��
�$$�/��+��M��T�	�����#
���K��
2��4��� dermis (������������	K$�����9��������9	�) +$,/��1�/��	#/9	#
���K��2��4��� 
dermis 2���$��� orx+YCJ +$,�$��� sham+YCJ �,K�����$��� 7 ��� +$, 14 ��� "#����$��� 
orx+YCJ 9���J��$��� 7 ���+$, 14 ��� �
���K��2��4��� dermis ��������$��� sham+YCJ 
9��������/�V�/"��,
���/2��2��2�� serum T 91�6�J��$��� sham+YCJ �\9]�^���� 
(antagonist) ��#���
$��	S��PT��/��T��/��J� YCJ UQ1�\9]�^����$������/�V������91 YCJ �
M$��� biosynthesis pathway 2����,#�����M$��+��T��/�� UQ1��,���93�����	�����J�
���
� ��������	��"#��� T �M$4,$��������+M$JK�K�	4��$� T�	���/"�1��,	,/�$�2��
��,#��������/�#JK����2Q�� 
�����/"�1��������� pro-inflammatory mediator, TNF-α +$, 
macrophage inhibitory factor (MIF) M���9�������#+��T��/�� (AR) (Gilliver et al., 2003) 
�3�K��#������
���K��2��4��� hypodermis 2���$��� orx J��$��� 7 ��� +$, 14 ��� "#����

���K��2��4��� hypodermis ���	�����$�����1�7 UQ1����
$�����#�������	2�� Azzi +$,
?, 
(Azzi et al., 2005) 91�$������ K�6 mice /"LM6���	� 13-15 �����KP91�����#���M�����/����?N,
���+$,/$�	�/�V�/�$���� 3 �����KP �,93�JK�
���K��2��4��� hypodermis $�$�+$,93�JK�

���K��4�����/"�1�2Q��/��1������# E2 9�+9� 

�3�K��#T
�������91��������6T�S��T�/
��������� ERα +$, ERβ 2��9���$���
���9�$��9���J��$��� 7 ��� +$, 14 ��� ���+�� keratinocytes, fibroblasts, hair follicles, 
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sebaceous gland, ECM +$, muscularis adiposus ���
$�����#�������	2�� Moverare +$,

?, (Moverare et al., 2002) "#���K�6 mice /"LM6�91�6����/����?N,���+$,�����# E2 
2��� 0.7 µg/��� /�V�/�$� 5 ���/�����KP ��� 3 �����KP ����+������2�� ERα +$, ERβ 
91#��/�? hair follicles +$,�������	2�� Brandenberger +$,
?, (Brandenberger et al., 
1997) 
�� human fetal tissue ��	� 16-23 �����KP "#���+������2�� ERα +$, ERβ 91
#��/�?��?N, ����2� M��K��� ����K����� ]�	��� ��� �� ����J������ ����+$, brain cortex 
+������ endogenous E2, exogenous E2 +$, YCJ 91JK���#�$���9�$������7 ���/�V�����
K�Q1�91�M$���T
�����������$���M���9�� ERα +$, ERβ T�	$���?,���+���M$�,+������
���J�+��$,T
������� +$,���������2���2�� hair follicles "#���/��1��$���9�$�������# EB 
+$, YCJ ��� 14 ��� 2���2�� hair follicles �$�#$�$�/��1�/��	#/9	#��#�$���91�����# 
treatment 7 ��� T�	"#$���?,����$���J��$��� orx+EB (/0"�, ERβ) �$��� orx+YCJ +$,
�$��� sham+YCJ ���2�����#��	�������	2�� Moverare +$,
?, (Moverare et al., 2002) 91
���"#
���+������2��2��� hair follicles /��1�/��	#/9	#��#�$���91�����# vehicle oil J�
2���+$,�,	,/�$�/�	���� +$,������LQ���"#��� /��T��/���#9#�9J������,�������
/���8+$,
���	��2��/���2�#��/�? fronto-temporal J�M6�4�	���� (Deplewski et al., 2000; 
Conrad and Paus, 2004) UQ1����
$�����#�������	2�� Moverare +$,
?, (Moverare et al., 
2002) "#��� /��T��/���#9#�9�3�
�8J����
�#
�����/���82�� hair follicles UQ1����/���8
2�� hair follicles ����2Q���	6���#���93�����������2��/U$$P mesenchymal J� dermal papilla 
+$,/U$$P91/�V���
P��,��#��	J�4��� follicular epithelium (Hardy, 1992) �3�K��#M$
���LQ���J�
�������
���+��������#�������	2������ ���/�V�/"��,�~���	#����,��� /4�� 
�������	J�
������J4�
���/2��2��2�� E2 (2.5 µg/kgBW/day) /�V�/�$� 5 ���/�����KP UQ1����	
�����������	2�� Moverare (0.7 µg/��� /�V�/�$� 5 ���/�����KP ��� 3 �����KP) 
���/2��2��
2�� YCJ (100 mL/kgBW/day) �,	,/�$�2�����9�$�� (7 ���+$, 14 ���) +$,4���2��
����P9�$�� (K�6 Wistar /"LM6�) /�V���� �Q���������LQ���/"�1�/�������� ���M$����7 
����$���2�� YCJ ���T
�������2��M��K����$��������� YCJ ����#9#�9/�V� selective 
estrogen receptor modulators (SERMs) 4���K�Q1����
$�����#�������	2�� McNamara +$,

?, (McNamara et al., 2002) "#��� K�6 adult Sprague-Dawley /"LM6�91�����# tamoxifen 
(TAM) UQ1�/�V� SERMs 2��� 20 mg/ mL arachais oil/day /�V�/�$� 1 �����KP �#9#�94��	
/�� ��������+M$ T�	$��,	,/�$�J���,#��������/�# $����+������2�� 
proinflammatory cytokines +$,/"�1���,#����� reepithelialization �����	����������	2�� 
Surazynski +$,
?, (Surazynski et al., 2003) "#��� �$���91�����# raloxifene (RAL) �M$93�
JK� cell culture 2�� human skin fibroblast cells �������/
��,KP collagen ���������$���91
�����# estrogen UQ1�������/
��,KP+$,����,�� collagen �#9#�9�3�
�8J����/����������
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+M$ +$,�����	�������	2�� Haczynski +$,
?, (Haczynski et al., 2004) 
�� cultured 
human skin fibroblasts 91 treat ���	 estradiol 2 µmol/l, tamoxifen 4 µmol/l +$, raloxifene 
4 µmol/l /�V�/�$� 32 4�1�T�� "#��� estrogen +$, TAM ������4���3����+������9��� ERα 
+$, ERβ J�9���$�#��� RAL �,4���3����+������2�� ERβ /"	�4���/�	� 

��������/
��,KP
������"��]P�,K�����,��# serum E2 ��#2���
/���M��L6�	P�$��2�� hair follicles "#��� E2 �+��T���93�JK�2���/���M��L6�	P�$��2�� hair 
follicles /"�1�2Q��M���9�� ERβ +$,�+��T���93�JK�2���/���M��L6�	P�$��2�� hair follicles
$�$�M���9�� ERα ����������	"#��� 91#��/�?2�� hair follicle ������"#/U$$PK$�	4���
/4�� epithelial, mesenchymal, neural crest-derived cell +$,"# pigmented keratin fiber 
(Akamatsu et al., 1992; Chen et al., 2003; Zouboulis et al, 2006) "#���+������2�� 
ERα +$, ERβ #��/�? hair follicles UQ1����
$�����#�������	2�� Thornton +$,
?, 
(Thornton et al., 2003, 2006) �3�K��#�����/
��,KP
������"��]P�,K�����,��# serum E2 ��#
�3����2�� hair follicles "#���J��$��� 7 ��� E2 �+��T���93�JK��3����2�� hair follicles 
/"�1�2Q��M���9�� ERβ +$,�+��T���$�$�M���9�� ERα J�9���$�#�����#�$��� 14 ��� "#��� 
E2 �+��T���93�JK��3����2�� hair follicles /"�1�2Q��M���9�� ERα +$,�+��T���$�$�M���
9�� ERβ +$,/��1���/
��,KP
������"��]P�,K�����,��# serum testosterone ��#�3����2�� 
hair follicles "#��� testosterone �M$93�JK��3����2�� hair follicles $�$�M���9��� ERα +$, 
ERβ �Q����������� S��PT��/��T��/��93�JK��3����+$,2���2�� hair follicles /"�1�2Q�� J�9��
���2��� T 93�JK��3����+$,2���2�� hair follicles $�$� ��������	��"# sebaceous gland 
�	6�������# hair follicle J�4��� dermis +$,/�V�K�Q1�J���
P��,��#2�� pilosebaceous 
unit ����������	 benign tumor J��������
�4�	+$,K8����	�/0$1	 44.8 �d91��~8K�
/�1	���# skin appendage tumors "#���+������2�� ERα (Kariya et al., 2005) +$, 
keratinocytes 91#��/�? sebaceous gland (Kierszenbaum, 2007) UQ1� keratinocytes #��/�? 
sebaceous gland �����/�1	�2�����#��� proliferation +$, differentiation J���,#�����
����+M$ 93�JK�����+M$�2Q��+$,/�x�2Q�������	 ��������������+M$91/���/�x�2Q��J�K�6�$���91
�����# YCJ J����LQ���
�������Q����/��������,����2�� PE (YCJ) M��� keratinocytes 91 hair 
follicles +$, sebaceous gland ���9\��2�� Kierszenbaum (2007) 

�����/
��,KP
��9��/
�
$��������7 J�U���K�6 "#���
�� BUN J��$��� 7 ���
+$, 14 ���2���$��� orx+YCJ +$,�$��� sham+YCJ ����
���+�������	������	�3�
�89��
�����/��1�/��	#/9	#��#�$�����1� 7 +���������JK� YCJ J��$�������$��� ���93�JK�
�� BUN 
$�$� UQ1����
$�����#�������	2�� ���88� +$,
?, (���88�. 2544) 91"#�����������#
����/
���+��2��� 100 ��./+
�U6$ 2��K�6 Wistar /"LM6�/�V�/�$� 6 /���� ���"#���
/�$1	�+�$�2��
������$����	������	�3�
�89������� �3�K��#
�� creatinine 2���$��� orx+YCJ 
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+$,�$��� sham+YCJ J��$��� 7 ���+$, 14 ��� ���"#
���+������2��
������$���/��1�
/��	#/9	#��#�$��� sham +��������������# YCJ 
���/2��2�� 100 mL/kgBW 9���J��$���    
7 ���+$, 14 ��� ����M$�����J�������������$2�� creatinine T�	���93�JK����2�#���2��
creatinine 91�����2Q�� ���M$JK�"#
�� creatinine J���,+�/$���$�$�K������� UQ1������#
�������	2�� ���88� +$,
?, (���88�. 2544) 91"#��� ��������#����/
���+��2���      
100 ��./+
�U6$ 2��K�6 Wistar /"LM6�/�V�/�$� 6 /���� ���"#���/�$1	�+�$�2��
��
����$����	������	�3�
�89������� ���������������# YCJ /�V�/�$� 14 ��� ���93�JK�
�� BUN +$, 
creatinine J��$��� orx+YCJ +$,�$��� sham+YCJ �6�2Q��/��1�/��	#/9	#��#�$��� sham UQ1�
�� 
BUN +$, creatinine /�V����#��4����93����2���� +���������#��T�
 YCJ J�K�6���M6�����
+$,K�691�6������?N,���/�V�/�$� 14 ��� 	���
����$����	 

�����/
��,KP
�� liver function tests (total protein, albumin, AST, ALT +$, 
ALP) J��$��� 14 ���2��9���$������9�$��"#��� ��������# YCJ ���93�JK�
������$�������
/�$1	�+�$� UQ1����
$�����#�����	���2�� ���88� +$,
?, (���88�. 2544) 91���"#���
/�$1	�+�$�2��
�� liver function test ����$��� +�����2�����#�������	2�� Hamden +$,
?, 
(Hamden et al., 2009) 91"#���K�6 Wistar /"LM6���	� 12 /����91�����# EB 2���                
1 µg/kgBW/day +$,���������� Peganum harmala UQ1�/�V���T�/��T��/���$��� isoflavone 
2��� 50 mg/kgBW/day /�V�/�$� 6 /���� �M$93�JK�
�� AST, ALT +$, ALP �13������$��� 
sham �	������	�3�
�89������� �3�K��#
�� albumin 2���$��� orx+EB J��$��� 7 ��� "#����6�
�����$��� sham +$,/��1��,	,/�$����2Q�� (14 ���) 
�� albumin �+��T���91�6�2Q��+�����"#

���+�������	������	�3�
�89������� +�������,��# serum E2 91�6�2Q�����93�JK�����
���/
��,KP albumin 91��#/"�1�2Q�����	 /��1�/��	#/9	#
�� ALP 2���$��� orx+YCJ �,K�����$��� 
7 ��� +$, 14 ��� "#���
�� ALP $�$�/��1��,	,/�$����2Q�� (14 ���) /��1�/��	#/9	#��#�$��� 
sham +��������������# YCJ J��,	,/�$�91���2Q�� ���93�JK���������� ALP �����#$�$� 
���������������# YCJ ���4��	$������/�1	�2�����/���T�
�,##��3��J���#��� /"��, ALP /�V� 
marker 2�����93����2���,##��3�� �3�K��#
�� AST +$, ALT J��$��� 14 ����
���13������$��� 
7 ��� +�����"#
���+�������,K�����$������9�$�� +��������������# EB +$, YCJ �������,
/"�1�
���/�1	��������6�93�$�	2��/U$$P��# (hepatocyte)(
�� AST +$, ALT /�V� markers 
2�����93����2����#) ���T
���������	 (��U/���,+$,����
?�, 2010) T�	���	����
/����/	�1���#���	��] Periodic acid schiff�s (PAS) 2��K�62�� Wistar /"LM6�91�����# YCJ /�V�
/�$� 14 ��� "#�������,��2����$T
/��J�/U$$P��#�+��T���/"�1�2Q�� +������
���+������
����	������	�3�
�89�������/��1�/��	#/9	#��#�$�����1�7 +$,������LQ���J�
������	��"#��� 
������9��	���9�$��2��K�691�����# YCJ 9����$��� 7 ���+$, 14 ��� ���3�K������/"�1�2Q��/��1�
/��	#/9	#��#���+��/��1����9�$���	������	�3�
�89������� +���������#��T�
 YCJ 
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������� 100 mL/kgBW /�V�/�$� 14 ��� 	��
��
����$����	+������,�M$93�JK���3�K������
/"�1�2Q�� 

�3�K��#�����/
��,KP
�� cholesterol 2���$��� orx+EB J��$��� 14 ���            
�+��T����6������$�����1� 7 +�����"#
���+�������	������	�3�
�89������� UQ1����
$�����#
�����	���2�� Sosic-Jurjevic +$,
?, (Sosic-Jurjevic et al., 2007) 91"#���K�6 Wistar     
9193����M�����/����?N,���+$,�����# EB 2��� 0.6 mg/kgBW/day /�V�/�$� 3 �����KP �M$
93�JK�
�� cholesterol �6�2Q��/��1�/��	#/9	#��#�$��� sham +$,�$��� orx +�����"#
���
+����������	������	�3�
�89�������/4����� +$,/��1�/��	#/9	#
�� cholesterol 2���$��� 
orx+EB �$��� orx+YCJ +$,�$��� sham+YCJ �,K�����$��� 7 ���+$, 14 ��� "#���
�� 
cholesterol 2��9��� 3 �$��� J��$��� 14 ����13������$��� 7 ��� /4��/�	���#
�� serum 
testosterone J��$��� 14 ����13������$��� 7 ��� J�9�����2���
�� HDL �$�#�6�2Q�� ����������
���/
��,KP HDL J������?91/"�1�2Q���,4��	��,��������3�"� cholesterol 91������?�6�J�
��,+�/$���JK�/���/�9�#�$�UQ�91/U$$P��#������2Q�� �Q����/�V��~���	J����$�
���/�1	����
���/���"	�]����"/�1	���#�,##K$��/$���+$,�,##K$��/$���K��J���������,��# 
cholesterol 91�6�2���������+$,��������93�JK�
�� serum testosterone $�$� /��1����� 
cholesterol /�V� precursor J�������/
��,KPS��PT��/"L9��� estrogen +$, testosterone ����

�� triglyceride 2���$��� orx+YCJ J��$��� 7 ��� �6������$��� sham J�2?,91�$��� 14 ��� 
�� 
triglyceride �+��T����13������$��� sham +�����"#
���+�������	������	�3�
�89������� UQ1�
���2�����#�����	���2�� Sosic-Jurjevic +$,
?, (Sosic-Jurjevic et al., 2007) 91"#���K�6 
Wistar 9193����M�����/����?N,���+$,�����# EB 2��� 0.6 mg/kgBW/day, daidzein +$, 
genistein 2��� 10 K��� 30 mg/kgBW/day /�V�/�$� 3 �����KP �M$93�JK�
�� triglyceride �6�
�����$��� sham +$,�$��� orx �	������	�3�
�89������� UQ1����2�����#�������	J�
������91"#��� 
��������# EB 2.5 µg/kgBW +$, YCJ 100 mL/kgBW /�V�/�$� 14 ��� 93�JK��
�� triglyceride 
$�$� �3�K��#
�� LDL UQ1�/�V��2���9193�JK�/��� lipid peroxidation ������	 +$���4���3�JK�/���
T�
/�1	���#�,##K$��/$���+$,�,##K$��/$���K��J� (Tapiero et al., 2002) ���9�$��J�

������"#��� 
�� LDL 2��9���$������9�$��J��$��� 14 ��� �+��T���$�$�+�����+���������
�	������	�3�
�89�������/��1�/��	#/9	#��#�$��� 7 ��� UQ1����2�����#�������	2��         
Sosic-Jurjevic +$,
?, (Sosic-Jurjevic et al., 2007) 91"#���K�6 Wistar 9193����M�����/��
��?N,���+$,�����# EB 2��� 0.6 mg/kgBW/day, daidzein +$, genistein 2��� 10 K��� 
30 mg/kgBW/day /�V�/�$� 3 �����KP �
�� LDL $�$��	������	�3�
�89�������/��1�
/��	#/9	#��#�$��� orx ��������Q�
��LQ���M$2�����JK� YCJ J��,	,/�$�91������� 14 ���
����� ����������	2�� Ruiz-Larrea +$,
?, (Ruiz-Larrea et al., 1997; Kapiotis et  al., 
1997) "#��� PE 4��� isoflavone �
�?��#���/�V� antioxidant 4��	�}��������/���          
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lipid peroxidation 2��������� ��������~���	����$����Q�����,4��	$�
���/�1	�������/���T�

/�1	���#�,##K$��/$���+$,�,##K$��/$���K��J� /�V���� 

����������	J�
������+���JK�/Kx���� ��������# YCJ /�V�/�$� 14 ��� ������
�,4��	/����������+M$+$�� 	���
����$����	������	�,��1� 7 �����	 T�	��/
��,KPM$���

��9��/
�
$����2��/$���K�691/�V����#��4�������93����2����# ��+$,�,��#�2���J�/$��� 
+$,/��1�/��	#/9	#��# PE 4�����1� 7 91�M6�93�����	����K����� YCJ �\9]�^J�9��#��������� 
+$,93�JK�/���M$2���/
	������# �� +$,�,��#�2���J�/$������	���� YCJ �Q��+��T���91�J�
����3���J4�/�V�S��PT��9�+9�S��PT�����/
��,KPUQ1��M$2���/
	�������� 

 
 



 5 
 

 
 

  YCJ  100 mL/kgBW/day 

 14   orx ( )  serum E2 

 orx+EB    

YCJ   reepithelialization 

 fibroblasts   (wound 

contraction)   YCJ  epidermis  

dermis   hypodermis 

 (Sayoh et al., 2008)  YCJ  keratinocyte stem cells 

 follicular bulb  hair follicles  stem cells  epidermis 

   YCJ 

 ERα  ERβ  agonist  antagonist 

   YCJ  YCJ 

 selective estrogen receptor modulators (SERMs) 

  YCJ  7  14 

  YCJ  BUN  creatinine 

  (14 )  BUN  creatinine 

  YCJ   YCJ  liver function 

test (LFT)   YCJ  14  LFT  (AST, ALT  

ALP)  total protein   albumin   

YCJ  cholesterol, triglyceride  LDL   HDL  

  YCJ  

 YCJ   

  

 

 (chronic wound)  
 
    YCJ   
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1.  YCJ  epidermal differentiation 

 keratin markers (K)    epidermis  K1, K5, K6, K10, K14, 

 filaggrin  

2.  YCJ  keratinocyte growth factors  epidermal growth 

factors  growth factor  

proliferation  differentiation  keratinocyte  estrogen (Werner    
et al., 1998; Gibbs et al., 2000)  Moverare  (Moverare et al., 
2002)   mice  17β-estradiol  0.7 µg/     

 3   epidermis  proliferative  

keratinocytes  growth factor  

ERα  

3.  YCJ  cytokines    

  MIF, nitric oxide (NO), tumor necrosis factors (TNFs)  interleukins 

(ILs)    cytokines   

  cytokines  

(Nikolaevich et al., 1991)  

4.  YCJ 

 collagen  fibrillogenesis  

Markiewicz  (Markiewicz et al., 2007)   mice 

 collagen  dermis   

 mRNA  fibrillar collagen  collagen type I, type III,  

type IV   

    

4.1  collagen  

hydroxyproline (Bradshaw et al., 2002)  

4.2  collagen  acetic acid (Bradshaw et al., 2003; Miller 

and Rhodes, 1982)  

4.3  mRNA  fibrillar collagen  enzymes  

 fibrillogenesis  Quantitative real-time RT-PCR  

4.4  decorin, lumican  fibromodulin 

 immunohistochemistry  
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�������������������������������������������������������� LM 
��������� 20% buffered formalin solution 

	���
��1�23� 
37-40% formaldehyde     19.3 mL 
sodium dihydrogen phosphate (NaH2PO4)         3.3 g 
disodium hydrogen phosphate (Na2HPO4)     12.6  g 
distilled water up to  1000.0 mL 

�45���������� 
1. '()*+,-./01*2345-'3 800.0 mL 7897*:(;<.=>8-3 ?9@AB <'45  NaH2PO4 

C,-*(* 3.3 g D/E Na2HPO4 C,-*(* 12.6 g /)F2 G85<:H-;H(A.0*I;A7JH
<?3K1@)J9(AG85    

2. <'45 37-40% formaldehyde 2345-'3 19.3 mL /)F27*8-3/E/-ALM1
<'3MA5F;H7*:H@ 1 G857NH<:H-.0*;M  

3. *,-8-3/E/-ALM1<'3MA5F;H5-230>2345-'3;H(A*+,-./01*7NHF;H 1000.0 mL (-)
<.=>F(H7*'OH;O;?(0* P3H@5LM1CE*,-5-7JH'9@F2 

 
��������� normal saline (0.9% NaCl) 

	���
��1�23� 
 sodium chloride (NaCl)    9.0 g 
 distilled water 1000.0 mL 
 �45���������� 
 1.   J01)8-3 NaCl C,-*(* 9.0 g 7897*>M.<.@3S 

2.   <'45*+,-./01*<PK1@J9(A7*.-3/E/-A I;A7JH<?3K1@)J9(AG85 <5K1@/E/-A<:H-.0*;M    
  *,-5-230>2345-'3;H(A*+,-./01*7NHF;H 1000.0 mL 
3. *,-8-3/E/-ALM1<'3MA5F;H 5-.3@);H(A.3E;-T.3@)<>@3S 1 <.=>F(H7*:(;   
 <.=>8-3 (-)<.=>F(H7*J0+*(-)8-3/E/-A P3H@5LM1CE*,-5-7JH'9@F2 
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��������� 50% ethyl alcohol 
 	���
��1�23� 

95% ethyl alcohol 500.0  mL 
distilled water 450.0 mL 

   �45���������� 
1. '() 95% ethyl alcohol 2345-'3 500.0 mL 7897*:(;<.=>8-3 
2. <'45*+,-./01*2345-'3 450.0 mL <PK1@230>2345-'37NHF;H 950.0 mL <.=>F(HLM1

@UVNWO54NH@) P3H@5LM1CE*,-5-7JH'9@F2 
 

��������� 70% ethyl alcohol 
 	���
��1�23� 
 95% ethyl alcohol 700.0 mL 
 distilled water 250.0 mL 
 �45���������� 

1. '() 95% ethyl alcohol 2345-'3 700.0 mL 7897*:(;<.=>8-3 
2. <'45*+,-./01*2345-'3 250.0 mL <PK1@230>2345-'37NHF;H 950.0 mL <.=>F(HLM1

@UVNWO54NH@) P3H@5LM1CE*,-5-7JH'9@F2 
 

��������� 80% ethyl alcohol 
 	���
��1�23� 
 95% ethyl alcohol 800.0 mL 
 distilled water 150.0 mL 
 �45���������� 

1. '() 95% ethyl alcohol 2345-'3 800.0 mL 7897*:(;<.=>8-3 
2. <'45*+,-./01*2345-'3 150.0 mL <PK1@230>2345-'37NHF;H 950.0 mL <.=>F(HLM1

@UVNWO54NH@) P3H@5LM1CE*,-5-7JH'9@F2 
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���������	���
����������	� hematoxylin & eosin 
��������� MayerDs hematoxylin 
 	���
��1�23� 

hematoxylin      1.0  g 
potassium alum     50.0 g 
sodium iodate         0.2 g 
citric acid       1.0 g 
chloral hydrate       50.0 g 
distilled water    1000.0 mL 
 

 �45���������� 
1. '()*+,-./01*2345-'3 900.0 mL 7897*>M.<.@3S 
2. ?9@AB <'45 potassium alum C,-*(* 50.0 g  citric acid C,-*(* 1.0 g 
chloral hydrate C,-*(* 50.0 g D/E sodium iodate C,-*(* 0.2 g. /)F2 
'-5/,-;0>  G858-3<:H-;H(A.0* I;A7JH<?3K1@)J9(AG85 

3. ?9@AB <'45 hematoxylin C,-*(* 1.0 g  /)F27*8-3/E/-ALM1<'3MA5F;H7*:H@ 
2  G858-3L0+)N5;<:H-;H(A.0* I;A7JH<?3K1@)J9(AG85 CEF;H8-3/E/-A8M5M8M
59()D;) 

4. *,-8-3/E/-A8MLM1<'3MA5F;H5-230>2345-'3;H(A*+,-./01*7NHF;H 1000.0 mL D/E
<.=>8-3/E/-A8M7*:(;<.=>8-38MJ- D/E'H@)>957NH8U..9@**,-5-7JH 2-3 (0* 
D/E.3@)8-3/E/-A8M.9@**,-5-7JH 
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��������� stock  eosin solution 
	���
��1�23� 

eosin Y         10.0 g 
95% ethyl alcohol  800.0 mL 
distilled water  200.0 mL 

 �45���������� 
1. '()*+,-./01* 2345-'3 200.0 mL 7897*>M.<.@3S  
2. ?9@AB <'45 eosin C,-*(* 10.0 g /)F2 G858-37NH<:H-.0* I;A7JH
<?3K1@)J9(AG85  

3. *,-8-3/E/-A8MLM1<'3MA5F;H5-230>2345-'3;H(A 95% ethyl alcohol 7NHF;H 
1000.0 mL  

4. *,-8-3/E/-A8MLM1<'3MA5F;H5-.3@) ;H(A.3E;-T.3@)<>@3S 1 <.=>789:(;
<.=>8-3 (-)F(HLM1@UVNWO54NH@) P3H@5LM1CE*,-5-7JH 

 
��������� working eosin solution 

	���
��1�23� 
   stock 1% eosin    1 89(* 
   95% ethyl alcohol    1 89(* 
   acetic acid  0.5 mL/working eosin soln 100 mL 
 �45���������� 

1. '() stock 1% eosin solution 2345-'3 125.0 mL 7897*W-J*EAH@58M 
(staining jar) 

2. <'45 95 % ethyl alcohol 2345-'3 125.0 mL /)F2 G857NH<:H-.0*  
3. ?9@AB <'45 acetic acid 2345-'3 1.25 mL /)F2 G857NH<:H-.0* <.=>F(HLM1
@UVNWO54NH@) P3H@5LM1CE*,-5-7JH'9@F2 
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���������	���
����������	������45�1���4��HI�J4	I��
�4	���� 
��������� 0.1 M Tris phosphate buffer 
 
  Tris        30  g 
  NaCl      42  g 
  Na2HPO4.2H2O    7.2  g 
  NaH2PO4.2H2O    1.5  g 
  Distilled water      6  L 
  Adjust pH 7.6 with concentrated HCl 
 
��������� 3.0% hydrogen peroxide 2� methanol 
 	���
�� 
  Methanol      250 mL 
     30% H2O2           750  µL 
       �45���������� 
  <'45 H2O2 '-52345-'3:H-)'H*/)7* Methanol D/E?(3<'3MA5<5K1@CE7JH<L9-*0+* 
 
��������� 0.3% triton-X100 2� 0.1 M PBS pH 7.2 
 	���
�� 
 0.1 M PBS pH 7.2   250 mL 
 Triton X-100   750 µL 

 �45���������� 
<'45 Trixon X-100 '-52345-'3:H-)'H*/)7* 0.1 M PBS pH 7.2 D/E?(3
<'3MA5<5K1@CE7JH<L9-*0+* 
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U���H��V���W�1��W serum E2 ��� testosterone U����Y�� 7 ������ 14 ��� 
 
 

  sham/orx 
 

E7 T7 E14 T14 

Mann-Whitney U 13.500 3.500 9.000 4.500 

Wilcoxon W 34.500 24.500 24.000 25.500 

Z -.722 -2.478 -1.095 -2.308 

Asymp. Sig. (2-tailed) .470 .013 .273 .021 

Exact Sig. [2*(1-tailed 

Sig.)] 
.485

a
 .015

a
 .329

a
 .026

a
 

 
sham/orx+EB 
 

E7 T7 E14 T14 

Mann-Whitney U 4.000 3.000 .000 4.500 

Wilcoxon W 25.000 24.000 15.000 25.500 

Z -2.242 -2.678 -2.739 -2.308 

Asymp. Sig. (2-tailed) .025 .007 .006 .021 

Exact Sig. [2*(1-tailed 

Sig.)] 
.026

a
 .015

a
 .004

a
 .026

a
 

 
 

sham/orx+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U 9.000 6.500 9.000 3.000 

Wilcoxon W 30.000 27.500 24.000 24.000 

Z -1.451 -1.966 -1.095 -2.678 

Asymp. Sig. (2-tailed) .147 .049 .273 .007 

Exact Sig. [2*(1-tailed 

Sig.)] 
.180

a
 .065

a
 .329

a
 .015

a
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sham/sham+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U 15.000 13.500 13.000 17.000 

Wilcoxon W 36.000 34.500 28.000 38.000 

Z -.480 -.722 -.365 -.160 

Asymp. Sig. (2-tailed) .631 .470 .715 .873 

Exact Sig. [2*(1-tailed 

Sig.)] 
.699

a
 .485

a
 .792

a
 .937

a
 

 
 

orx/orx+EB 
 

E7 T7 E14 T14 

Mann-Whitney U 4.000 15.000 1.000 17.500 

Wilcoxon W 25.000 36.000 22.000 38.500 

Z -2.242 -1.000 -2.722 -.123 

Asymp. Sig. (2-tailed) .025 .317 .006 .902 

Exact Sig. [2*(1-tailed 

Sig.)] 
.026

a
 .699

a
 .004

a
 .937

a
 

 
 

orx/orx+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U 6.000 17.500 13.000 15.000 

Wilcoxon W 27.000 38.500 34.000 36.000 

Z -1.925 -.123 -.801 -1.000 

Asymp. Sig. (2-tailed) .054 .902 .423 .317 

Exact Sig. [2*(1-tailed 

Sig.)] 
.065

a
 .937

a
 .485

a
 .699

a
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orx/sham+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U 9.000 3.500 13.000 .000 

Wilcoxon W 30.000 24.500 34.000 21.000 

Z -1.441 -2.478 -.801 -2.989 

Asymp. Sig. (2-tailed) .150 .013 .423 .003 

Exact Sig. [2*(1-tailed 

Sig.)] 
.180

a
 .015

a
 .485

a
 .002

a
 

 
 

orx+EB/orx+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U .000 15.000 .000 15.000 

Wilcoxon W 21.000 36.000 21.000 36.000 

Z -2.887 -1.000 -2.882 -1.000 

Asymp. Sig. (2-tailed) .004 .317 .004 .317 

Exact Sig. [2*(1-tailed 

Sig.)] 
.002

a
 .699

a
 .002

a
 .699

a
 

 
 

orx+EB/sham+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U .000 3.000 .000 .000 

Wilcoxon W 21.000 24.000 21.000 21.000 

Z -2.882 -2.678 -2.882 -2.989 

Asymp. Sig. (2-tailed) .004 .007 .004 .003 

Exact Sig. [2*(1-tailed 

Sig.)] 
.002

a
 .015

a
 .002

a
 .002

a
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  orx+YCJ/sham+YCJ 
 

E7 T7 E14 T14 

Mann-Whitney U 9.000 4.500 15.000 .000 

Wilcoxon W 30.000 25.500 36.000 21.000 

Z -1.444 -2.308 -.480 -3.077 

Asymp. Sig. (2-tailed) .149 .021 .631 .002 

Exact Sig. [2*(1-tailed 

Sig.)] 
.180

a
 .026

a
 .699

a
 .002

a
 

   
  

  N5-A<N'U 
   E = Estrogen 
   T = Testosterone 
   7 =  7 days 
                    14 = 14 days 
   a =  not corrected for ties 
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U���H��V���W�1��W serum E2 ��� testosterone 1�[����W treatment ����������\����
��Y�� 7 ������ 14 ��� 

 
 

sham7/sham14     
 

  E T 

Mann-Whitney U 
10.000 16.500 

Wilcoxon W 
25.000 37.500 

Z 
-.913 -.241 

Asymp. Sig. (2-tailed) 
.361 .810 

Exact Sig. [2*(1-tailed Sig.)] 

.429(a) .818(a) 

 

 

orx7/orx14 
 

  E T 

Mann-Whitney U 
6.000 17.500 

Wilcoxon W 
27.000 38.500 

Z 
-1.922 -.123 

Asymp. Sig. (2-tailed) 
.055 .902 

Exact Sig. [2*(1-tailed Sig.)] 

.065(a) .937(a) 

 
  

 orx+EB7/orx+EB14 
 

 E T 

Mann-Whitney U 1.000 15.000 

Wilcoxon W 22.000 36.000 

Z -2.722 -1.000 

Asymp. Sig. (2-tailed) .006 .317 

Exact Sig. [2*(1-tailed Sig.)] 

.004(a) .699(a) 
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 orx+YCJ7/orx+YCJ14 
 

  E T 

Mann-Whitney U 13.000 15.000 

Wilcoxon W 34.000 36.000 

Z -.802 -1.000 

Asymp. Sig. (2-tailed) .423 .317 

Exact Sig. [2*(1-tailed Sig.)] 

.485(a) .699(a) 

 

  

 sham+YCJ7/sham+YCJ14 
   

  E T 

Mann-Whitney U 7.000 13.000 

Wilcoxon W 28.000 34.000 

Z -1.761 -.801 

Asymp. Sig. (2-tailed) .078 .423 

Exact Sig. [2*(1-tailed Sig.)] 

.093(a) .485(a) 
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U���H��V���W�1��WU���U�� hair follicles 1��4�	����� ERα ��� ERβ  
U����Y�� 7 ������ 14 ��� 

 
 

   sham/orx 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 18.000 10.000 16.000 14.000 

Wilcoxon W 39.000 31.000 37.000 35.000 

Z .000 -1.281 -.320 -.641 

Asymp. Sig. (2-tailed) 1.000 .200 .749 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
1.000

a
 .240

a
 .818

a
 .589

a
 

 

   sham/orx+EB 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 17.000 4.000 14.000 14.000 

Wilcoxon W 38.000 25.000 35.000 35.000 

Z -.160 -2.242 -.641 -.641 

Asymp. Sig. (2-tailed) .873 .025 .522 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
.937

a
 .026

a
 .589

a
 .589

a
 

 

   sham/orx+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 2.000 .000 16.000 12.000 

Wilcoxon W 23.000 21.000 37.000 33.000 

Z -2.562 -2.882 -.320 -.961 

Asymp. Sig. (2-tailed) .010 .004 .749 .337 

Exact Sig. [2*(1-tailed 

Sig.)] 
.009

a
 .002

a
 .818

a
 .394

a
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   sham/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 11.000 11.000 10.000 16.000 

Wilcoxon W 32.000 32.000 31.000 37.000 

Z -1.121 -1.121 -1.281 -.320 

Asymp. Sig. (2-tailed) .262 .262 .200 .749 

Exact Sig. [2*(1-tailed 

Sig.)] 
.310

a
 .310

a
 .240

a
 .818

a
 

 
 

   orx/orx+EB 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 18.000 8.000 13.000 14.000 

Wilcoxon W 39.000 29.000 34.000 35.000 

Z .000 -1.601 -.801 -.641 

Asymp. Sig. (2-tailed) 1.000 .109 .423 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
1.000

a
 .132

a
 .485

a
 .589

a
 

 

 

   orx/orx+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 18.000 8.000 13.000 14.000 

Wilcoxon W 39.000 29.000 34.000 35.000 

Z .000 -1.601 -.801 -.641 

Asymp. Sig. (2-tailed) 1.000 .109 .423 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
1.000

a
 .132

a
 .485

a
 .589

a
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   orx/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 4.000 5.000 16.000 14.000 

Wilcoxon W 25.000 26.000 37.000 35.000 

Z -2.242 -2.082 -.320 -.641 

Asymp. Sig. (2-tailed) .025 .037 .749 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
.026

a
 .041

a
 .818

a
 .589

a
 

 

 

   orx+EB/orx+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U .000 12.000 14.000 14.000 

Wilcoxon W 21.000 33.000 35.000 35.000 

Z -2.882 -.961 -.641 -.641 

Asymp. Sig. (2-tailed) .004 .337 .522 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
.002

a
 .394

a
 .589

a
 .589

a
 

 
 
 

   orx+EB/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 9.000 14.000 13.000 14.000 

Wilcoxon W 30.000 35.000 34.000 35.000 

Z -1.441 -.641 -.801 -.641 

Asymp. Sig. (2-tailed) .150 .522 .423 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
.180

a
 .589

a
 .485

a
 .589

a
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   orx+YCJ/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 14.000 12.000 8.000 16.000 

Wilcoxon W 35.000 33.000 29.000 37.000 

Z -.641 -.961 -1.601 -.320 

Asymp. Sig. (2-tailed) .522 .337 .109 .749 

Exact Sig. [2*(1-tailed 

Sig.)] 
.589

a
 .394

a
 .132

a
 .818

a
 

 
 

  Alpha = estrogen receptor α (ERα) 
  Beta   = estrogen receptor β (ERβ) 
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U���H��V���W�1��WU���U�� hair follicles 1��4�	����� ERα ��� ERβ  
1�[����W treatment ����������\������Y�� 7 ������ 14 ��� 

 
sham7/sham14     

 

  alpha beta 

Mann-Whitney U 
7.000 13.000 

Wilcoxon W 
28.000 34.000 

Z 
-1.761 -.801 

Asymp. Sig. (2-tailed) 
.078 .423 

Exact Sig. [2*(1-tailed Sig.)] 

.093(a) .485(a) 

 

 

orx7/orx14 
 

 alpha beta 

Mann-Whitney U 
8.000 17.000 

Wilcoxon W 
29.000 38.000 

Z 
-1.601 -.160 

Asymp. Sig. (2-tailed) 
.109 .873 

Exact Sig. [2*(1-tailed Sig.)] 

.132(a) .937(a) 

 
 
 

 orx+EB7/orx+EB14 
 

  alpha beta 

Mann-Whitney U 
8.000 12.000 

Wilcoxon W 
29.000 33.000 

Z 
-1.601 -.961 

Asymp. Sig. (2-tailed) 
.109 .337 

Exact Sig. [2*(1-tailed Sig.)] 

.132(a) .394(a) 
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 orx+YCJ7/orx+YCJ14 
 

  alpha beta 

Mann-Whitney U 
6.000 .000 

Wilcoxon W 
27.000 21.000 

Z 
-1.922 -2.882 

Asymp. Sig. (2-tailed) 
.055 .004 

Exact Sig. [2*(1-tailed Sig.)] 

.065(a) .002(a) 

 

 

 sham+YCJ7/sham+YCJ14 
 

  alpha beta 

Mann-Whitney U 
13.000 16.000 

Wilcoxon W 
34.000 37.000 

Z 
-.801 -.320 

Asymp. Sig. (2-tailed) 
.423 .749 

Exact Sig. [2*(1-tailed Sig.)] 

.485(a) .818(a) 
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U���H��V���W�1��W _̂���� hair follicles 1��4�	����� ERα ��� ERβ  
U����Y��  7 ������ 14 ��� 

 

sham/orx 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 12.000 .000 187.500 294.500 

Wilcoxon W 477.000 465.000 652.500 759.500 

Z -6.493 -6.673 -3.889 -2.303 

Asymp. Sig. (2-tailed) .000 .000 .000 .021 

 

   sham/orx+EB 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U .000 52.500 227.500 331.500 

Wilcoxon W 465.000 517.500 692.500 796.500 

Z -6.670 -5.897 -3.296 -1.755 

Asymp. Sig. (2-tailed) .000 .000 .001 .079 

 

sham/orx+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U .000 .000 144.500 233.500 

Wilcoxon W 465.000 465.000 609.500 698.500 

Z -6.690 -6.677 -4.528 -3.208 

Asymp. Sig. (2-tailed) .000 .000 .000 .001 

 
sham/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 11.000 442.000 289.000 409.000 

Wilcoxon W 476.000 907.000 754.000 874.000 

Z -6.513 -.120 -2.387 -.607 

Asymp. Sig. (2-tailed) .000 .904 .017 .544 
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orx/orx+EB 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 200.000 366.500 405.500 407.500 

Wilcoxon W 665.000 831.500 870.500 872.500 

Z -3.718 -1.242 -.660 -.629 

Asymp. Sig. (2-tailed) .000 .214 .509 .529 

 

orx/orx+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 16.500 245.500 377.500 401.000 

Wilcoxon W 481.500 710.500 842.500 866.000 

Z -6.451 -3.049 -1.077 -.726 

Asymp. Sig. (2-tailed) .000 .002 .282 .468 

 

orx/sham+YCJ 
 alpha7 beta7 alpha14 beta14 

Mann-Whitney U 370.500 .000 308.500 259.000 

Wilcoxon W 835.500 465.000 773.500 724.000 

Z -1.185 -6.674 -2.097 -2.827 

Asymp. Sig. (2-tailed) .236 .000 .036 .005 

 
   orx+EB/orx+YCJ 

 
alpha7 beta7 alpha14 beta14 

Mann-Whitney U 101.500 218.000 335.000 316.000 

Wilcoxon W 566.500 683.000 800.000 781.000 

Z -5.210 -3.454 -1.708 -1.985 

Asymp. Sig. (2-tailed) .000 .001 .088 .047 
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 orx+EB/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U 62.000 49.000 339.500 292.000 

Wilcoxon W 527.000 514.000 804.500 757.000 

Z -5.774 -5.951 -1.637 -2.339 

Asymp. Sig. (2-tailed) .000 .000 .102 .019 

 

   orx+YCJ/sham+YCJ 
 

alpha7 beta7 alpha14 beta14 

Mann-Whitney U .000 .000 226.000 209.500 

Wilcoxon W 465.000 465.000 691.000 674.500 

Z -6.693 -6.679 -3.323 -3.561 

Asymp. Sig. (2-tailed) .000 .000 .001 .000 

 

  Alpha = estrogen receptor α (ERα) 
  Beta   = estrogen receptor β (ERβ) 
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U���H��V���W�1��W _̂���� hair follicles 1��4�	����� ERα ��� ERβ  
1�[����W treatment ����������\������Y��  7 ������ 14 ��� 

 
sham7/sham14     

 

  alpha beta 

Mann-Whitney U 
345.500 271.500 

Wilcoxon W 
810.500 736.500 

Z 
-.503 -1.756 

Asymp. Sig. (2-tailed) 
.615 .079 

 

 

orx7/orx14 
 

  alpha beta 

Mann-Whitney U 
316.000 350.000 

Wilcoxon W 
641.000 675.000 

Z 
-1.001 -.424 

Asymp. Sig. (2-tailed) 
.317 .672 

 
 
 

 orx+EB7/orx+EB14 
 

  alpha beta 

Mann-Whitney U 
292.500 333.500 

Wilcoxon W 
757.500 798.500 

Z 
-1.400 -.703 

Asymp. Sig. (2-tailed) 
.162 .482 
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 orx+YCJ7/orx+YCJ14 
 

  alpha beta 

Mann-Whitney U 
161.500 266.500 

Wilcoxon W 
486.500 591.500 

Z 
-3.660 -1.843 

Asymp. Sig. (2-tailed) 
.000 .065 

 

 

 sham+YCJ7/sham+YCJ14 
 

  alpha beta 

Mann-Whitney U 
461.500 387.000 

Wilcoxon W 
926.500 852.000 

Z 
-2.875 -3.615 

Asymp. Sig. (2-tailed) 
.004 .000 
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U���H��V���W�1��W
���\��U�� 4̀�\���3������� a U����Y�� 7 ������ 14 ��� 
 

sham7/sham14 
 

epidermis dermis hypodermis 

Mann-Whitney U 4802.500 430.000 9530.500 

Wilcoxon W 1.613E4 1.176E4 20855.500 

Z -8.582 -14.403 -2.289 

Asymp. Sig. (2-tailed) .000 .000 .022 

 

orx7/orx14 
 

epidermis dermis hypodermis 

Mann-Whitney U 1.021E4 9.604E3 8276.500 

Wilcoxon W 2.154E4 2.093E4 19601.500 

Z -1.381 -2.191 -3.958 

Asymp. Sig. (2-tailed) .167 .028 .000 
 

orx+EB7/orx+EB14 
 

 

 
 
 
 

 

orx+YCJ7/orx+YCJ14 
 epidermis dermis hypodermis 

Mann-Whitney U 1.008E4 6.568E3 6863.500 

Wilcoxon W 2.140E4 1.789E4 18188.500 

Z -1.561 -6.232 -5.839 

Asymp. Sig. (2-tailed) .118 .000 .000 
 

sham+YCJ7/sham+YCJ14 
 epidermis dermis hypodermis 

Mann-Whitney U 9736.500 8.786E3 10296.500 

Wilcoxon W 2.106E4 2.011E4 21621.500 

Z -2.015 -3.281 -1.269 

Asymp. Sig. (2-tailed) .044 .001 .204 

 epidermis dermis hypodermis 

Mann-Whitney U 4144.500 5.286E3 9548.500 

Wilcoxon W 1.547E4 1.661E4 20873.500 

Z -9.458 -7.938 -2.265 

Asymp. Sig. (2-tailed) .000 .000 .024 
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U���H��V���W�1��W
���\��U�� 4̀�\���3������� a U����Y�� 7 ������ 14 ��� 
 
 

 

                           sham/orx 
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 10272.500 1368.000 2131.500 4860.500 9338.500 2281.000 

Wilcoxon W 21597.500 12693.000 13456.500 16185.500 20663.500 13606.000 

Z -1.301 -13.154 -12.138 -8.505 -2.544 -11.939 

Asymp. Sig. (2-tailed) .193 .000 .000 .000 .011 .000 

 
 

 

                          sham/orx+EB  
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 6052.500 .000 10979.500 4327.000 6098.000 8284.000 

Wilcoxon W 17377.500 11325.000 22304.500 15652.000 17423.000 19609.000 

Z -6.919 -14.975 -.360 -9.215 -6.858 -3.948 

Asymp. Sig. (2-tailed) .000 .000 .719 .000 .000 .000 

 
 
 

                          sham/orx+YCJ   
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 9451.500 306.000 10000.000 6683.500 7232.000 9375.000 

Wilcoxon W 20776.500 11631.000 21325.000 18008.500 18557.000 20700.000 

Z -2.394 -14.568 -1.664 -6.079 -5.348 -2.496 

Asymp. Sig. (2-tailed) .017 .000 .096 .000 .000 .013 

 
 
  

                          sham/sham+YCJ 
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 3548.500 2907.000 10780.500 7798.500 7256.000 9510.000 

Wilcoxon W 14873.500 14232.000 22105.500 19123.500 18581.000 20835.000 

Z -10.252 -11.106 -.625 -4.594 -5.316 -2.316 

Asymp. Sig. (2-tailed) .000 .000 .532 .000 .000 .021 
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                    orx/orx+EB   
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 7039.000 1766.000 1306.000 9745.000 5193.000 6909.000 

Wilcoxon W 18364.000 13091.000 12631.000 21070.000 16518.000 18234.000 

Z -5.605 -12.624 -13.237 -2.003 -8.063 -5.778 

Asymp. Sig. (2-tailed) .000 .000 .000 .045 .000 .000 

 
 

 
                    orx/orx+YCJ  

 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 10306.500 10655.000 1444.500 10742.000 6841.500 1779.500 

Wilcoxon W 21631.500 21980.000 12769.500 22067.000 18166.500 13104.500 

Z -1.256 -.792 -13.052 -.676 -5.868 -12.606 

Asymp. Sig. (2-tailed) .209 .428 .000 .499 .000 .000 

 
 
 

                          orx/sham+YCJ  
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 5426.500 8128.000 .000 6292.000 8366.500 182.000 

Wilcoxon W 16751.500 19453.000 11325.000 17617.000 19691.500 11507.000 

Z -7.752 -4.156 -14.975 -6.600 -3.838 -14.733 

Asymp. Sig. (2-tailed) .000 .000 .000 .000 .000 .000 

 
 
 

                          orx+EB/orx+YCJ   
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 7417.500 1607.500 9866.000 10206.000 9737.000 4554.000 

Wilcoxon W 18742.500 12932.500 21191.000 21531.000 21062.000 15879.000 

Z -5.102 -12.835 -1.842 -1.390 -2.014 -8.913 

Asymp. Sig. (2-tailed) .000 .000 .065 .165 .044 .000 
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                          orx+EB/sham+YCJ   
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 7637.000 .000 8685.500 5104.500 3351.500 6786.000 

Wilcoxon W 18962.000 11325.000 20010.500 16429.500 14676.500 18111.000 

Z -4.809 -14.975 -3.414 -8.180 -10.514 -5.942 

Asymp. Sig. (2-tailed) .000 .000 .001 .000 .000 .000 

 
 
 
 

                          orx+YCJ/sham+YCJ 
 

  epidermis7 dermis7 hypodermis7 epidermis14 dermis14 hypodermis14 

Mann-Whitney U 6847.500 6930.500 7500.000 8468.000 5591.000 10403.500 

Wilcoxon W 18172.500 18255.500 18825.000 19793.000 16916.000 21728.500 

Z -5.860 -5.750 -4.992 -3.703 -7.533 -1.127 

Asymp. Sig. (2-tailed) .000 .000 .000 .000 .000 .260 
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U���H��V���W�1��W
���������
��������U���`�U����Y�� 7 ������ 14 ��� 
 
 
 

sham7/sham14 
 WW WD 

Mann-Whitney U 155.000 129.000 

Wilcoxon W 326.000 300.000 

Z -.221 -1.044 

Asymp. Sig. (2-tailed) .825 .296 

Exact Sig. [2*(1-tailed Sig.)] .839
a
 .308

a
 

 
 
 

   orx7/orx14 
 WW WD 

Mann-Whitney U 127.000 98.000 

Wilcoxon W 298.000 269.000 

Z -1.107 -2.025 

Asymp. Sig. (2-tailed) .268 .043 

Exact Sig. [2*(1-tailed Sig.)] .279
a
 .044

a
 

 
 
 

   orx+EB7/orx+EB14 
 WW WD 

Mann-Whitney U 156.000 158.000 

Wilcoxon W 327.000 329.000 

Z -.190 -.127 

Asymp. Sig. (2-tailed) .849 .899 

Exact Sig. [2*(1-tailed Sig.)] .864
a
 .913

a
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   orx+YCJ7/orx+YCJ14 
 WW WD 

Mann-Whitney U 57.000 29.000 

Wilcoxon W 228.000 200.000 

Z -3.322 -4.208 

Asymp. Sig. (2-tailed) .001 .000 

Exact Sig. [2*(1-tailed Sig.)] .001
a
 .000

a
 

 
 
 

   sham+YCJ7/sham+YCJ14 
 WW WD 

Mann-Whitney U 139.000 91.000 

Wilcoxon W 310.000 262.000 

Z -.728 -2.246 

Asymp. Sig. (2-tailed) .467 .025 

Exact Sig. [2*(1-tailed Sig.)] .481
a
 .024

a
 

 

  WD = wound depth              
  WW = wound width  
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U���H��V���W�1��W
���������
��������U���`�U����Y�� 7 ������ 14 ��� 
 

 sham/orx 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 143.500 117.500 118.000 105.500 

Wilcoxon W 314.500 288.500 289.000 276.500 

Z -.585 -1.408 -1.392 -1.788 

Asymp. Sig. (2-tailed) .558 .159 .164 .074 

Exact Sig. [2*(1-tailed Sig.)] .563
a
 .161

a
 .171

a
 .074

a
 

 
 

  sham/orx+EB 
 

 
 
 

 
 
 
 
 
 
 

  sham/orx+YCJ 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 141.000 71.000 43.000 56.500 

Wilcoxon W 312.000 242.000 214.000 227.500 

Z -.664 -2.879 -3.765 -3.338 

Asymp. Sig. (2-tailed) .506 .004 .000 .001 

Exact Sig. [2*(1-tailed Sig.)] .521
a
 .003

a
 .000

a
 .001

a
 

 
 
 
 
 
 
 
 

 WD7 WW7 WD14 WW14 

Mann-Whitney U 119.000 108.000 153.000 133.000 

Wilcoxon W 290.000 279.000 324.000 304.000 

Z -1.360 -1.708 -.285 -.918 

Asymp. Sig. (2-tailed) .174 .088 .776 .359 

Exact Sig. [2*(1-tailed Sig.)] .181
a
 .091

a
 .791

a
 .372

a
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  sham/sham+YCJ 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 125.000 106.500 92.500 122.000 

Wilcoxon W 296.000 277.500 263.500 293.000 

Z -1.171 -1.756 -2.199 -1.266 

Asymp. Sig. (2-tailed) .242 .079 .028 .206 

Exact Sig. [2*(1-tailed Sig.)] .252
a
 .079

a
 .027

a
 .214

a
 

 
 

  orx/orx+EB 
 
 
 
 
 

 
 
 
 
 

 orx/orx+YCJ 
 
 
 
 
 
 
 
 
 
 

 orx/sham+YCJ 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 141.500 149.000 119.000 123.000 

Wilcoxon W 312.500 320.000 290.000 294.000 

Z -.649 -.411 -1.360 -1.234 

Asymp. Sig. (2-tailed) .517 .681 .174 .217 

Exact Sig. [2*(1-tailed Sig.)] .521
a
 .696

a
 .181

a
 .226

a
 

 
 

 WD7 WW7 WD14 WW14 

Mann-Whitney U 132.000 151.000 145.000 139.000 

Wilcoxon W 303.000 322.000 316.000 310.000 

Z -.949 -.348 -.538 -.728 

Asymp. Sig. (2-tailed) .343 .728 .591 .467 

Exact Sig. [2*(1-tailed Sig.)] .355
a
 .743

a
 .606

a
 .481

a
 

 WD7 WW7 WD14 WW14 

Mann-Whitney U 155.000 104.000 56.000 66.000 

Wilcoxon W 326.000 275.000 227.000 237.000 

Z -.221 -1.835 -3.354 -3.037 

Asymp. Sig. (2-tailed) .825 .066 .001 .002 

Exact Sig. [2*(1-tailed Sig.)] .839
a
 .068

a
 .001

a
 .002

a
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  orx+EB/orx+YCJ 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 140.000 125.000 60.500 95.000 

Wilcoxon W 311.000 296.000 231.500 266.000 

Z -.696 -1.171 -3.212 -2.120 

Asymp. Sig. (2-tailed) .486 .242 .001 .034 

Exact Sig. [2*(1-tailed Sig.)] .501
a
 .252

a
 .001

a
 .034

a
 

 

 
  orx+EB/sham+YCJ 

 WD7 WW7 WD14 WW14 

Mann-Whitney U 148.000 162.000 108.500 143.000 

Wilcoxon W 319.000 333.000 279.500 314.000 

Z -.443 .000 -1.693 -.601 

Asymp. Sig. (2-tailed) .658 1.000 .090 .548 

Exact Sig. [2*(1-tailed Sig.)] .673
a
 1.000

a
 .091

a
 .563

a
 

 

 

 orx+YCJ/sham+YCJ 
 WD7 WW7 WD14 WW14 

Mann-Whitney U 134.000 118.000 81.000 15.000 

Wilcoxon W 305.000 289.000 252.000 186.000 

Z -.886 -1.392 -2.563 -4.651 

Asymp. Sig. (2-tailed) .376 .164 .010 .000 

Exact Sig. [2*(1-tailed Sig.)] .389
a
 .171

a
 .010

a
 .000

a
 

 
WD7 = wound depth 7 days             WW7 = wound width 7 days 
WD14 = wound depth 14 days             WW14 = wound width 14 days 
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U���H��V���W�1��W
����U��U������4�	����� ERα ��� ERβ  
U����Y�� 7 ������ 14 ��� 

 
   sham/orx 

 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
16.000 15.000 11.000 13.500 

Wilcoxon W 
37.000 36.000 32.000 34.500 

Z 
-.361 -.638 -1.185 -.802 

Asymp. Sig. (2-tailed) 
.718 .523 .236 .423 

Exact Sig. [2*(1-tailed 
Sig.)] .818(a) .699(a) .310(a) .485(a) 

 

   sham/orx+EB 
 

 alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
7.500 12.000 15.500 16.000 

Wilcoxon W 
28.500 33.000 36.500 37.000 

Z 
-2.021 -1.173 -.412 -.365 

Asymp. Sig. (2-tailed) 
.043 .241 .680 .715 

Exact Sig. [2*(1-tailed 
Sig.)] .093(a) .394(a) .699(a) .818(a) 

 
 

   sham/orx+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 15.500 15.000 15.000 15.500 

Wilcoxon W 36.500 36.000 36.000 36.500 

Z -.527 -.638 -.518 -.433 

Asymp. Sig. (2-tailed) .598 .523 .604 .665 

Exact Sig. [2*(1-tailed 
Sig.)] .699(a) .699(a) .699(a) .699(a) 
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   sham/sham+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 12.500 18.000 17.500 16.000 

Wilcoxon W 33.500 39.000 38.500 37.000 

Z -1.354 .000 -.086 -.365 

Asymp. Sig. (2-tailed) .176 1.000 .931 .715 

Exact Sig. [2*(1-tailed 
Sig.)] .394(a) 1.000(a) .937(a) .818(a) 

 

 

   orx/orx+EB 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
12.000 15.000 8.500 15.000 

Wilcoxon W 
33.000 36.000 29.500 36.000 

Z 
-1.038 -.561 -1.586 -.561 

Asymp. Sig. (2-tailed) 
.299 .575 .113 .575 

Exact Sig. [2*(1-tailed 
Sig.)] .394(a) .699(a) .132(a) .699(a) 

 

   orx/orx+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
18.000 18.000 6.000 16.500 

Wilcoxon W 
39.000 39.000 27.000 37.500 

Z 
.000 .000 -2.152 -.267 

Asymp. Sig. (2-tailed) 
1.000 1.000 .031 .789 

Exact Sig. [2*(1-tailed 
Sig.)] 1.000(a) 1.000(a) .065(a) .818(a) 
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   orx/sham+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
16.000 15.000 10.000 15.000 

Wilcoxon W 
37.000 36.000 31.000 36.000 

Z 
-.361 -.638 -1.441 -.561 

Asymp. Sig. (2-tailed) 
.718 .523 .150 .575 

Exact Sig. [2*(1-tailed 
Sig.)] .818(a) .699(a) .240(a) .699(a) 

 

   orx+EB/orx+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 10.500 15.000 16.000 17.000 

Wilcoxon W 31.500 36.000 37.000 38.000 

Z -1.369 -.561 -.349 -.178 

Asymp. Sig. (2-tailed) .171 .575 .727 .859 

Exact Sig. [2*(1-tailed 
Sig.)] .240(a) .699(a) .818(a) .937(a) 

 

 

   orx+EB/sham+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
12.000 12.000 13.000 18.000 

Wilcoxon W 
33.000 33.000 34.000 39.000 

Z 
-1.173 -1.173 -.862 .000 

Asymp. Sig. (2-tailed) 
.241 .241 .389 1.000 

Exact Sig. [2*(1-tailed 
Sig.)] .394(a) .394(a) .485(a) 1.000(a) 
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   orx+YCJ/sham+YCJ 
 

  alpha7 beta7 alpha14 beta14 

Mann-Whitney U 
15.500 15.000 13.000 17.000 

Wilcoxon W 
36.500 36.000 34.000 38.000 

Z 
-.527 -.638 -.962 -.178 

Asymp. Sig. (2-tailed) 
.598 .523 .336 .859 

Exact Sig. [2*(1-tailed 
Sig.)] .699(a) .699(a) .485(a) .937(a) 

 
 

 

  Alpha  =  estrogen receptor α (ERα) 
  Beta   =  estrogen receptor β (ERβ) 

(a)     =  not corrected for ties 
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U���H��V���W�1��W
����U��U������4�	����� ERα ��� ERβ 1�[����W treatment 
����������\������Y�� 7 ������ 14 ��� 

 
sham7/sham14     

 

  alpha beta 

Mann-Whitney U 
16.000 17.500 

Wilcoxon W 
37.000 38.500 

Z 
-.360 -.096 

Asymp. Sig. (2-tailed) 
.719 .923 

Exact Sig. [2*(1-tailed Sig.)] 

.818(a) .937(a) 

 

orx7/orx14 
 

  alpha beta 

Mann-Whitney U 
11.000 15.000 

Wilcoxon W 
32.000 36.000 

Z 
-1.187 -.561 

Asymp. Sig. (2-tailed) 
.235 .575 

Exact Sig. [2*(1-tailed Sig.)] 

.310(a) .699(a) 

 
  

orx+EB7/orx+EB14 
 

  alpha beta 

Mann-Whitney U 
18.000 15.000 

Wilcoxon W 
39.000 36.000 

Z 
.000 -.561 

Asymp. Sig. (2-tailed) 
1.000 .575 

Exact Sig. [2*(1-tailed Sig.)] 

1.000(a) .699(a) 
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 orx+YCJ7/orx+YCJ14 
 

  alpha beta 

Mann-Whitney U 
13.000 17.000 

Wilcoxon W 
34.000 38.000 

Z 
-.962 -.178 

Asymp. Sig. (2-tailed) 
.336 .859 

Exact Sig. [2*(1-tailed Sig.)] 

.485(a) .937(a) 

 

 

 sham+YCJ7/sham+YCJ14 
 

  alpha beta 

Mann-Whitney U 
15.500 15.000 

Wilcoxon W 
36.500 36.000 

Z 
-.527 -.638 

Asymp. Sig. (2-tailed) 
.598 .523 

Exact Sig. [2*(1-tailed Sig.)] 

.699(a) .699(a) 
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U���H��V���W�1��W��_�\���\�HU��������������	Y�1���U�����1���� 
2���Y�� 7 ������ 14 ��� 

 
   sham/orx 

 

  started7 killed7 started14 killed14 

Mann-Whitney U 
6.000 11.500 10.500 11.500 

Wilcoxon W 
27.000 32.500 31.500 32.500 

Z 
-1.328 -.107 -1.203 -1.043 

Asymp. Sig. (2-tailed) 
.184 .915 .229 .297 

Exact Sig. [2*(1-tailed 
Sig.)] .257(a) .914(a) .240(a) .310(a) 

 
   sham/orx+EB 

 

  started7 killed7 started14 killed14 

Mann-Whitney U 
15.000 18.000 5.000 7.500 

Wilcoxon W 
36.000 39.000 26.000 28.500 

Z 
-.489 .000 -2.096 -1.687 

Asymp. Sig. (2-tailed) 
.625 1.000 .036 .092 

Exact Sig. [2*(1-tailed 
Sig.)] .699(a) 1.000(a) .041(a) .093(a) 

 
 

   sham/orx+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
11.000 9.500 4.500 13.000 

Wilcoxon W 
32.000 30.500 25.500 34.000 

Z 
-1.141 -1.373 -2.169 -.801 

Asymp. Sig. (2-tailed) 
.254 .170 .030 .423 

Exact Sig. [2*(1-tailed 
Sig.)] 

.310(a) .180(a) .026(a) .485(a) 
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   sham/sham+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
5.500 16.500 13.000 14.000 

Wilcoxon W 
26.500 37.500 34.000 35.000 

Z 
-2.056 -.241 -.801 -.641 

Asymp. Sig. (2-tailed) 
.040 .810 .423 .522 

Exact Sig. [2*(1-tailed 
Sig.)] .041(a) .818(a) .485(a) .589(a) 

 

 

   orx/orx+EB 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
11.000 11.500 13.000 8.500 

Wilcoxon W 
21.000 21.500 34.000 29.500 

Z 
-.213 -.107 -.806 -1.527 

Asymp. Sig. (2-tailed) 
.831 .915 .420 .127 

Exact Sig. [2*(1-tailed 
Sig.)] .914(a) .914(a) .485(a) .132(a) 

 
   orx/orx+YCJ 

 

  started7 killed7 started14 killed14 

Mann-Whitney U 
7.000 4.500 10.500 16.000 

Wilcoxon W 
28.000 25.500 31.500 37.000 

Z 
-1.066 -1.609 -1.212 -.320 

Asymp. Sig. (2-tailed) 
.286 .108 .226 .749 

Exact Sig. [2*(1-tailed 
Sig.)] 

.352(a) .114(a) .240(a) .818(a) 
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   orx/sham+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
5.500 8.000 15.500 17.000 

Wilcoxon W 
26.500 18.000 36.500 38.000 

Z 
-1.407 -.858 -.401 -.160 

Asymp. Sig. (2-tailed) 
.159 .391 .688 .873 

Exact Sig. [2*(1-tailed 
Sig.)] .171(a) .476(a) .699(a) .937(a) 

 

   orx+EB/orx+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
4.000 7.000 13.500 10.000 

Wilcoxon W 
25.000 28.000 34.500 31.000 

Z 
-2.242 -1.771 -.728 -1.290 

Asymp. Sig. (2-tailed) 
.025 .077 .466 .197 

Exact Sig. [2*(1-tailed 
Sig.)] .026(a) .093(a) .485(a) .240(a) 

 

 

   orx+EB/sham+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
3.000 16.000 17.500 9.000 

Wilcoxon W 
24.000 37.000 38.500 30.000 

Z 
-2.419 -.321 -.081 -1.444 

Asymp. Sig. (2-tailed) 
.016 .748 .936 .149 

Exact Sig. [2*(1-tailed 
Sig.)] 

.015(a) .818(a) .937(a) .180(a) 
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   orx+YCJ/sham+YCJ 
 

  started7 killed7 started14 killed14 

Mann-Whitney U 
17.500 1.500 14.500 16.500 

Wilcoxon W 
38.500 22.500 35.500 37.500 

Z 
-.081 -2.651 -.565 -.241 

Asymp. Sig. (2-tailed) 
.936 .008 .572 .810 

Exact Sig. [2*(1-tailed 
Sig.)] 

.937(a) .004(a) .589(a) .818(a) 

 

 
  Started     = (0*D3.<3415:@).-3L;/@) 
  Killed      = (0*8U;LH-A:@).-3L;/@) ((0*l9-N*O) 
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U���H��V���W�1��W��_�\���\�HU��������������	Y�1���U�����1����1�[����W 
treatment ����������\������Y�� 7 ������ 14 ��� 

 
sham7/sham14     

 

  started wounded killed 

Mann-Whitney U 
15.500 8.000 9.500 

Wilcoxon W 
36.500 29.000 30.500 

Z 
-.408 -1.601 -1.363 

Asymp. Sig. (2-tailed) 
.683 .109 .173 

Exact Sig. [2*(1-tailed Sig.)] 

.699(a) .132(a) .180(a) 

 

 

orx7/orx14 
 

  started wounded killed 

Mann-Whitney U 10.500 7.000 12.000 

Wilcoxon W 
20.500 17.000 33.000 

Z -.321 -1.066 .000 

Asymp. Sig. (2-tailed) 
.748 .286 1.000 

Exact Sig. [2*(1-tailed Sig.)] 

.762(a) .352(a) 1.000(a) 

 
 

orx+EB7/orx+EB14 
 

  started wounded killed 

Mann-Whitney U 
9.500 10.000 11.000 

Wilcoxon W 
30.500 31.000 32.000 

Z 
-1.373 -1.283 -1.123 

Asymp. Sig. (2-tailed) 
.170 .199 .261 

Exact Sig. [2*(1-tailed Sig.)] 

.180(a) .240(a) .310(a) 
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 orx+YCJ7/orx+YCJ14 
 

  started wounded killed 

Mann-Whitney U 
1.000 7.000 11.000 

Wilcoxon W 
22.000 28.000 32.000 

Z 
-2.727 -1.764 -1.123 

Asymp. Sig. (2-tailed) 
.006 .078 .261 

Exact Sig. [2*(1-tailed Sig.)] 

.004(a) .093(a) .310(a) 

 

 

 sham+YCJ7/sham+YCJ14 
 

  started wounded killed 

Mann-Whitney U 
6.000 8.000 11.500 

Wilcoxon W 
27.000 29.000 32.500 

Z 
-1.935 -1.601 -1.043 

Asymp. Sig. (2-tailed) 
.053 .109 .297 

Exact Sig. [2*(1-tailed Sig.)] 

.065(a) .132(a) .310(a) 

 
Started    = (0*D3.<3415:@).-3L;/@) 
Wounded = (0*L,-DG/5-'3m-* 

  Killed       = (0*8U;LH-A:@).-3L;/@) ((0*l9-N*O) 
(a)        =  not corrected for ties 
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��������	
���
��������
���������������������
����	�� treatment  ��%�� 7 ��� 
 

  sham/orx 
 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 12.500 6.000 17.000 8.000 10.500 2.000 3.500 5.000 9.000 10.000 14.000 

Wilcoxon W 33.500 27.000 38.000 29.000 31.500 23.000 24.500 26.000 30.000 31.000 35.000 

Z -.882 -1.922 -.162 -1.604 -1.225 -2.672 -2.330 -2.100 -.640 -1.281 -.641 

Asymp. Sig. (2-tailed) .378 .055 .871 .109 .221 .008 .020 .036 .522 .200 .522 

Exact Sig. [2*(1-tailed 

Sig.)] 
.394

a
 .065

a
 .937

a
 .132

a
 .240

a
 .009

a
 .015

a
 .041

a
 .610

a
 .240

a
 .589

a
 

 
  sham/orx+EB 

 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 13.500 16.000 15.000 17.500 9.000 .000 13.500 6.500 14.000 .000 10.500 

Wilcoxon W 34.500 37.000 36.000 38.500 30.000 21.000 34.500 27.500 35.000 21.000 31.500 

Z -.722 -.320 -.484 -.080 -1.454 -2.966 -.727 -1.851 -.641 -2.882 -1.203 

Asymp. Sig. (2-tailed) .470 .749 .629 .936 .146 .003 .467 .064 .522 .004 .229 

Exact Sig. [2*(1-tailed 

Sig.)] 
.485

a
 .818

a
 .699

a
 .937

a
 .180

a
 .002

a
 .485

a
 .065

a
 .589

a
 .002

a
 .240

a
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    sham/orx+YCJ 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
  sham/sham+YCJ 

 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 6.000 15.500 5.000 8.000 3.000 9.000 5.500 10.000 13.000 6.000 10.000 

Wilcoxon W 27.000 36.500 26.000 29.000 24.000 30.000 26.500 31.000 34.000 21.000 31.000 

Z -1.922 -.401 -2.093 -1.610 -2.428 -1.682 -2.009 -1.297 -.365 -1.643 -1.281 

Asymp. Sig. (2-tailed) .055 .688 .036 .107 .015 .093 .045 .195 .715 .100 .200 

Exact Sig. [2*(1-tailed 

Sig.)] 
.065

a
 .699

a
 .041

a
 .132

a
 .015

a
 .180

a
 .041

a
 .240

a
 .792

a
 .126

a
 .240

a
 

 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 9.500 14.000 16.000 12.000 13.500 17.000 8.500 12.000 16.500 6.000 6.000 

Wilcoxon W 30.500 35.000 37.000 33.000 34.500 38.000 29.500 33.000 37.500 27.000 27.000 

Z -1.363 -.641 -.321 -.966 -.730 -.192 -1.527 -.964 -.241 -1.922 -1.922 

Asymp. Sig. (2-tailed) .173 .522 .748 .334 .466 .847 .127 .335 .810 .055 .055 

Exact Sig. [2*(1-tailed 

Sig.)] 
.180

a
 .589

a
 .818

a
 .394

a
 .485

a
 .937

a
 .132

a
 .394

a
 .818

a
 .065

a
 .065

a
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  orx/orx+EB 
 

 

 

 

 

 

 

 

 

 

 

 
 
  orx/orx+YCJ 

 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 17.500 6.000 16.500 13.000 7.000 2.000 1.000 4.000 6.000 12.000 1.000 

Wilcoxon W 38.500 27.000 37.500 34.000 28.000 23.000 22.000 25.000 27.000 33.000 22.000 

Z -.080 -1.922 -.241 -.801 -1.780 -2.667 -2.732 -2.250 -1.279 -.961 -2.722 

Asymp. Sig. (2-tailed) .936 .055 .810 .423 .075 .008 .006 .024 .201 .337 .006 

Exact Sig. [2*(1-tailed 

Sig.)] 
.937

a
 .065

a
 .818

a
 .485

a
 .093

a
 .009

a
 .004

a
 .026

a
 .257

a
 .394

a
 .004

a
 

 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 17.500 9.000 15.500 13.500 13.500 16.500 4.000 15.500 10.000 8.000 8.500 

Wilcoxon W 38.500 30.000 36.500 34.500 34.500 37.500 25.000 36.500 20.000 29.000 29.500 

Z -.080 -1.441 -.404 -.722 -.732 -.254 -2.262 -.407 -.426 -1.601 -1.524 

Asymp. Sig. (2-tailed) .936 .150 .686 .470 .464 .799 .024 .684 .670 .109 .128 

Exact Sig. [2*(1-tailed 

Sig.)] 
.937

a
 .180

a
 .699

a
 .485

a
 .485

a
 .818

a
 .026

a
 .699

a
 .762

a
 .132

a
 .132

a
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     orx/sham+YCJ 

 
cholesterol triglyceride HDL LDL BUN creatinine Total protein albumin AST ALT ALP 

Mann-Whitney U 4.000 7.000 6.500 2.000 .000 .500 .000 4.500 9.000 11.000 4.000 

Wilcoxon W 25.000 28.000 27.500 23.000 21.000 21.500 21.000 25.500 24.000 26.000 25.000 

Z -2.242 -1.761 -1.851 -2.562 -2.898 -2.922 -2.892 -2.185 -.245 -.730 -2.242 

Asymp. Sig. (2-tailed) .025 .078 .064 .010 .004 .003 .004 .029 .806 .465 .025 

Exact Sig. [2*(1-tailed 

Sig.)] 
.026

a
 .093

a
 .065

a
 .009

a
 .002

a
 .002

a
 .002

a
 .026

a
 .905

a
 .537

a
 .026

a
 

 

 

  orx+EB/orx+YCJ 
 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 16.500 14.000 14.000 16.500 4.000 .000 5.000 4.000 10.000 13.500 17.000 

Wilcoxon W 37.500 35.000 35.000 37.500 25.000 21.000 26.000 25.000 31.000 34.500 38.000 

Z -.241 -.641 -.643 -.241 -2.254 -2.961 -2.089 -2.250 -1.281 -.722 -.160 

Asymp. Sig. (2-tailed) .810 .522 .520 .810 .024 .003 .037 .024 .200 .470 .873 

Exact Sig. [2*(1-tailed 

Sig.)] 
.818

a
 .589

a
 .589

a
 .818

a
 .026

a
 .002

a
 .041

a
 .026

a
 .240

a
 .485

a
 .937

a
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     orx+EB/sham+YCJ 
 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 3.500 17.500 7.500 7.500 .000 .000 .500 4.500 13.500 15.000 17.000 

Wilcoxon W 24.500 38.500 28.500 28.500 21.000 21.000 21.500 25.500 28.500 30.000 38.000 

Z -2.326 -.080 -1.696 -1.684 -2.898 -3.017 -2.817 -2.185 -.274 .000 -.160 

Asymp. Sig. (2-tailed) .020 .936 .090 .092 .004 .003 .005 .029 .784 1.000 .873 

Exact Sig. [2*(1-tailed 

Sig.)] 
.015

a
 .937

a
 .093

a
 .093

a
 .002

a
 .002

a
 .002

a
 .026

a
 .792

a
 1.000

a
 .937

a
 

 

 

       orx+YCJ/sham+YCJ 
 

cholesterol triglyceride HDL LDL BUN creatinine 

Total 

protein albumin AST ALT ALP 

Mann-Whitney U 3.500 12.000 7.500 7.500 6.000 11.500 14.000 17.000 10.000 15.000 13.000 

Wilcoxon W 24.500 33.000 28.500 28.500 27.000 32.500 35.000 38.000 31.000 30.000 34.000 

Z -2.326 -.961 -1.687 -1.684 -1.939 -1.158 -.643 -.162 -.913 .000 -.801 

Asymp. Sig. (2-tailed) .020 .337 .092 .092 .053 .247 .520 .872 .361 1.000 .423 

Exact Sig. [2*(1-tailed 

Sig.)] 
.015

a
 .394

a
 .093

a
 .093

a
 .065

a
 .310

a
 .589

a
 .937

a
 .429

a
 1.000

a
 .485

a
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��������	
���
��������
���������������������
����	�� treatment  ��%�� 14 ��� 
 

  sham/orx 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 11.000 15.000 17.000 15.500 16.000 11.000 11.000 16.500 15.000 15.500 17.000 

Wilcoxon W 32.000 36.000 38.000 36.500 37.000 32.000 32.000 37.500 36.000 36.500 38.000 

Z -1.121 -.481 -.160 -.408 -.320 -1.129 -1.125 -.241 -.485 -.401 -.161 

Asymp. Sig. (2-tailed) .262 .630 .873 .684 .749 .259 .261 .810 .628 .688 .872 

Exact Sig. [2*(1-tailed 

Sig.)] 
.310

a
 .699

a
 .937

a
 .699

a
 .818

a
 .310

a
 .310

a
 .818

a
 .699

a
 .699

a
 .937

a
 

 

     sham/orx+EB 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 10.500 12.000 17.500 12.000 12.000 6.000 16.500 10.000 14.500 7.500 7.000 

Wilcoxon W 31.500 33.000 38.500 33.000 33.000 27.000 37.500 31.000 35.500 28.500 28.000 

Z -1.212 -.961 -.080 -.969 -.961 -1.928 -.241 -1.290 -.587 -1.684 -1.761 

Asymp. Sig. (2-tailed) .226 .337 .936 .332 .337 .054 .810 .197 .557 .092 .078 

Exact Sig. [2*(1-tailed 

Sig.)] 
.240

a
 .394

a
 .937

a
 .394

a
 .394

a
 .065

a
 .818

a
 .240

a
 .589

a
 .093

a
 .093

a
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  sham/orx+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 10.000 16.000 11.000 14.500 17.000 11.000 15.000 15.500 16.500 9.000 16.000 

Wilcoxon W 31.000 37.000 32.000 35.500 38.000 32.000 36.000 36.500 37.500 30.000 37.000 

Z -1.281 -.320 -1.121 -.571 -.160 -1.125 -.480 -.401 -.247 -1.441 -.321 

Asymp. Sig. (2-tailed) .200 .749 .262 .568 .873 .261 .631 .688 .805 .150 .748 

Exact Sig. [2*(1-tailed 

Sig.)] 
.240

a
 .818

a
 .310

a
 .589

a
 .937

a
 .310

a
 .699

a
 .699

a
 .818

a
 .180

a
 .818

a
 

 

 

  sham/sham+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 6.000 15.000 16.000 15.500 6.500 8.500 18.000 13.500 15.500 8.000 6.000 

Wilcoxon W 27.000 36.000 37.000 36.500 27.500 29.500 39.000 34.500 36.500 29.000 27.000 

Z -1.922 -.480 -.320 -.404 -1.845 -1.535 .000 -.727 -.406 -1.607 -1.922 

Asymp. Sig. (2-tailed) .055 .631 .749 .686 .065 .125 1.000 .467 .685 .108 .055 

Exact Sig. [2*(1-tailed 

Sig.)] 
.065

a
 .699

a
 .818

a
 .699

a
 .065

a
 .132

a
 1.000

a
 .485

a
 .699

a
 .132

a
 .065

a
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  orx/orx+EB 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 16.000 14.000 18.000 14.000 15.000 6.500 12.500 5.000 14.000 5.500 7.000 

Wilcoxon W 37.000 35.000 39.000 35.000 36.000 27.500 33.500 26.000 35.000 26.500 28.000 

Z -.321 -.645 .000 -.642 -.480 -1.848 -.884 -2.100 -.653 -2.012 -1.768 

Asymp. Sig. (2-tailed) .748 .519 1.000 .521 .631 .065 .377 .036 .514 .044 .077 

Exact Sig. [2*(1-tailed 

Sig.)] 
.818

a
 .589

a
 1.000

a
 .589

a
 .699

a
 .065

a
 .394

a
 .041

a
 .589

a
 .041

a
 .093

a
 

 

 

  orx/orx+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 14.000 14.000 11.000 13.000 16.000 14.000 10.000 18.000 14.500 12.500 16.500 

Wilcoxon W 35.000 35.000 32.000 34.000 37.000 35.000 31.000 39.000 35.500 33.500 37.500 

Z -.641 -.642 -1.121 -.803 -.320 -.642 -1.281 .000 -.565 -.882 -.241 

Asymp. Sig. (2-tailed) .522 .521 .262 .422 .749 .521 .200 1.000 .572 .378 .810 

Exact Sig. [2*(1-tailed 

Sig.)] 
.589

a
 .589

a
 .310

a
 .485

a
 .818

a
 .589

a
 .240

a
 1.000

a
 .589

a
 .394

a
 .818

a
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  orx/sham+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 10.000 16.500 16.500 16.500 5.000 16.500 9.000 9.000 13.000 5.500 5.000 

Wilcoxon W 31.000 37.500 37.500 37.500 26.000 37.500 30.000 30.000 34.000 26.500 26.000 

Z -1.281 -.241 -.241 -.241 -2.082 -.241 -1.441 -1.454 -.808 -2.012 -2.082 

Asymp. Sig. (2-tailed) .200 .810 .810 .810 .037 .810 .150 .146 .419 .044 .037 

Exact Sig. [2*(1-tailed 

Sig.)] 
.240

a
 .818

a
 .818

a
 .818

a
 .041

a
 .818

a
 .180

a
 .180

a
 .485

a
 .041

a
 .041

a
 

 

 
  orx+EB/orx+YCJ 

 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 17.500 17.000 11.000 15.000 10.000 3.000 16.000 9.000 17.500 12.500 9.500 

Wilcoxon W 38.500 38.000 32.000 36.000 31.000 24.000 37.000 30.000 38.500 33.500 30.500 

Z -.080 -.161 -1.121 -.481 -1.281 -2.410 -.321 -1.449 -.083 -.882 -1.363 

Asymp. Sig. (2-tailed) .936 .872 .262 .630 .200 .016 .748 .147 .934 .378 .173 

Exact Sig. [2*(1-tailed 

Sig.)] 
.937

a
 .937

a
 .310

a
 .699

a
 .240

a
 .015

a
 .818

a
 .180

a
 .937

a
 .394

a
 .180

a
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  orx+EB/sham+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol Triglyceride HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 10.000 14.000 16.000 12.000 15.000 9.000 15.000 9.500 17.000 17.500 11.500 

Wilcoxon W 31.000 35.000 37.000 33.000 36.000 30.000 36.000 30.500 38.000 38.500 32.500 

Z -1.283 -.641 -.320 -.962 -.480 -1.444 -.481 -1.388 -.162 -.080 -1.043 

Asymp. Sig. (2-tailed) .199 .522 .749 .336 .631 .149 .630 .165 .871 .936 .297 

Exact Sig. [2*(1-tailed 

Sig.)] 
.240

a
 .589

a
 .818

a
 .394

a
 .699

a
 .180

a
 .699

a
 .180

a
 .937

a
 .937

a
 .310

a
 

 

 

  orx+YCJ/sham+YCJ 
 

BUN Creatinine AST ALT ALP Cholesterol 

Triglycerid

e HDL LDL 

Total 

protein Albumin 

Mann-Whitney U 16.000 16.000 11.000 14.000 6.000 16.500 13.500 12.500 16.500 15.000 6.500 

Wilcoxon W 37.000 37.000 32.000 35.000 27.000 37.500 34.500 33.500 37.500 36.000 27.500 

Z -.320 -.320 -1.121 -.641 -1.922 -.241 -.722 -.884 -.243 -.482 -1.845 

Asymp. Sig. (2-tailed) .749 .749 .262 .522 .055 .810 .470 .377 .808 .630 .065 

Exact Sig. [2*(1-tailed 

Sig.)] 
.818

a
 .818

a
 .310

a
 .589

a
 .065

a
 .818

a
 .485

a
 .394

a
 .818

a
 .699

a
 .065

a
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��������	
���
��������
���������������
����	�� treatment  ��
�����	)�������%�� 7 ���*�) 14 ��� 
 

  sham7/sham14 
 

  Cholesterol Triglyceride HDL LDL BUN Creatinine 
Total 

protein Albumin AST ALT ALP 

Mann-Whitney U 
.000 11.500 .000 .000 16.000 .000 14.500 14.500 9.500 .000 15.000 

Wilcoxon W 
21.000 32.500 21.000 21.000 37.000 21.000 35.500 35.500 30.500 21.000 36.000 

Z 
-2.887 -1.043 -2.882 -2.898 -.321 -2.939 -.561 -.562 -1.363 -2.903 -.480 

Asymp. Sig. (2-
tailed) 

.004 .297 .004 .004 .748 .003 .575 .574 .173 .004 .631 

Exact Sig. [2*(1-
tailed Sig.)] .002(a) .310(a) .002(a) .002(a) .818(a) .002(a) .589(a) .589(a) .180(a) .002(a) .699(a) 

 

  orx7/orx14 
 

  Cholesterol Triglyceride HDL LDL BUN Creatinine 
Total  

protein Albumin AST ALT ALP 

Mann-Whitney U 
.000 5.000 .000 .000 6.000 1.500 11.500 18.000 10.000 1.000 6.000 

Wilcoxon W 
21.000 26.000 21.000 21.000 27.000 22.500 32.500 39.000 31.000 22.000 27.000 

Z 
-2.882 -2.082 -2.892 -2.882 -1.925 -2.661 -1.048 .000 -1.281 -2.722 -1.922 

Asymp. Sig. (2-
tailed) 

.004 .037 .004 .004 .054 .008 .295 1.000 .200 .006 .055 

Exact Sig. [2*(1-
tailed Sig.)] .002(a) .041(a) .002(a) .002(a) .065(a) .004(a) .310(a) 1.000(a) .240(a) .004(a) .065(a) 
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 orx+EB7/orx+EB14 
 

  Cholesterol Triglyceride HDL LDL BUN Creatinine 
Total  

protein Albumin AST ALT ALP 

Mann-Whitney U 
4.000 7.000 .000 .000 2.000 .000 .500 .000 4.000 .000 14.000 

Wilcoxon W 
25.000 28.000 21.000 21.000 23.000 21.000 21.500 21.000 25.000 21.000 35.000 

Z 
-2.246 -1.764 -2.887 -2.903 -2.571 -2.908 -2.812 -2.887 -2.242 -2.887 -.641 

Asymp. Sig. (2-
tailed) 

.025 .078 .004 .004 .010 .004 .005 .004 .025 .004 .522 

Exact Sig. [2*(1-
tailed Sig.)] .026(a) .093(a) .002(a) .002(a) .009(a) .002(a) .002(a) .002(a) .026(a) .002(a) .589(a) 

 
 

  orx+YCJ7/orx+YCJ14 
 

  Cholesterol Triglyceride HDL LDL BUN Creatinine 
Total  

protein Albumin AST ALT ALP 

Mann-Whitney U 
.000 6.000 .000 2.000 13.500 .000 2.000 9.500 5.000 2.500 16.000 

Wilcoxon W 
21.000 27.000 21.000 23.000 34.500 21.000 23.000 30.500 26.000 23.500 37.000 

Z 
-2.887 -1.922 -2.882 -2.567 -.722 -2.934 -2.567 -1.366 -2.082 -2.486 -.320 

Asymp. Sig. (2-tailed) 
.004 .055 .004 .010 .470 .003 .010 .172 .037 .013 .749 

Exact Sig. [2*(1-
tailed Sig.)] .002(a) .065(a) .002(a) .009(a) .485(a) .002(a) .009(a) .180(a) .041(a) .009(a) .818(a) 
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  sham+YCJ7/sham+YCJ14 
 

  Cholesterol Triglyceride HDL LDL BUN Creatinine 
Total  

protein Albumin AST ALT ALP 

Mann-Whitney U 6.500 11.000 .000 .000 11.000 .000 .000 .000 8.500 1.000 1.500 

Wilcoxon W 27.500 32.000 21.000 21.000 32.000 21.000 21.000 21.000 29.500 22.000 22.500 

Z -1.845 -1.121 -2.892 -2.892 -1.125 -2.989 -2.898 -2.903 -1.524 -2.722 -2.647 

Asymp. Sig. (2-
tailed) 

.065 .262 .004 .004 .261 .003 .004 .004 .128 .006 .008 

Exact Sig. [2*(1-
tailed Sig.)] .065(a) .310(a) .002(a) .002(a) .310(a) .002(a) .002(a) .002(a) .132(a) .004(a) .004(a) 
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+�	��*,������	+	�-����	�)�.��������
�����������/��0����
����	�� treatment 7 ��� 

 
�������     !"#$�%&'()� mean±SEM  !/0()�(1��!�2�)�$3�)�$�4'5�"6�(57#5$"57/5289:�)3;%'4< 

   *  !/0 **    (>3 2�?�%?4�@�A4�@B/2�?A#/3$25@2/ )� sham C#��4()� p value A4H p<0.05 !/0 p<0.01 ���/6�#5@ 
      + !/0 ++   (>3 2�?�%?4�@�A4�@B/2�?A#/3$25@2/ )�  orx C#��4()� p value A4H p<0.05 !/0 p<0.01 ���/6�#5@ 

                                   B/2�?1K�(?�0�:()�A�$�(�4(/K'K2L3$�/>3#�'MN'2/ )� 7 15' 
             sham            orx           orx+EB           orx+YCJ           sham+YCJ 

Cholesterol (mg%)             81.00±4.4              88.83±6.2 88.00±6.6 89.17±6.1 64.50±4.9+ 
Triglyceride (mg%) 119.00±13.6 78.50±9.5 113.83±19.1 137.00±26.2 112.83±16.6 
HDL (mg%) 21.00±1.1 21.33±1.6 20.33±1.2 21.50±1.8 17.33±1.3* 
LDL (mg%) 36.17±3.8 51.83±6.0 44.83±8.7 40.50±6.7 24.50±3.9+ 
AST (U/L) 187.00±36.7 307.67±123.5 224.17±27.1 167.83±28.6 391.17±191.0 
ALT (U/L) 237.00±20.3 186.67±33.7 123.00±14.5** 150.50±30.2 198.83±51.8 
ALP (U/L) 204.50±15.9 223.17±10.9 162.00±26.4 161.50±7.9++ 175.17±14.5+ 
Total protein (g%) 6.37±0.2 7.20±0.2* 6.60±0.1+ 5.85±0.2++ 5.58±0.2*,++ 
Albumin (g%) 3.20±0.1 3.72±1.2* 3.62±0.1 3.00±0.2+ 3.00±0.2+ 
BUN (mg%) 22.50±1.3 24.33±1.2 24.67±0.8 21.00±1.0 17.83±1.0*,++ 
Creatinine (mg%) 0.47±0.0 0.65±0.0** 0.67±0.0** 0.45±0.0++ 0.42±0.0++ 



 

207 
 

 
   

 
 

+�	��*,������	+	�-����	�)�.��������
�����������/��0����
����	�� treatment 14 ��� 
 

                                    B/2�?1K�(?�0�:()�A�$�(�4(/K'K2L3$�/>3#�'MN'2/ )� 14 15' 
               sham            orx             orx+EB            orx+YCJ         sham+YCJ 

Cholesterol (mg%) 41.50±5.0 50.00±3.5 63.33±5.1 48.00±3.5 50.83±4.0 
Triglyceride (mg%) 92.17±26.3 58.83±9.2 72.67±18.8 65.00±8.5 83.17±15.0 
HDL (mg%) 44.17±6.4 39.00±2.4 53.17±5.5+ 40.67±4.8 43.67±2.5 
LDL (mg%) 8.83±0.9 10.83±2.1 8.33±0.7 9.33±1.6 8.17±0.8 
AST (U/L) 116.80±21.62 125.70±33.1 118.33±24.5 92.60±16.9 144.17±39.9 
ALT (U/L) 53.50±4.5 58.70±6.3 51.17±2.8 43.40±11.4 59.00±8.9 
ALP (U/L) 186.20±31.9 163.00±27.5 144.17±35.7 167.00±31.5 104.50±15.6+ 
Total protein (g%) 6.80±0.4 6.90±0.2 8.47±0.7+ 7.80±0.5 8.60±1.1+ 
Albumin (g%) 4.40±0.8 4.50±0.9 6.60±0.2 4.80±0.8 6.90±0.2+ 
BUN (mg%) 22.90±1.2 21.10±1.1 20.70±1.1 18.50±2.1 19.27±1.1 
Creatinine (mg%) 0.90±0.1 0.90±0.1 0.99±0.1 0.90±0.1 0.94±0.0 
 
�������     !"#$�%&'()� mean±SEM  !/0()�(1��!�2�)�$3�)�$�4'5�"6�(57#5$"57/5289:�)3;%'4< 

   *  !/0 **    (>3 2�?�%?4�@�A4�@B/2�?A#/3$25@2/ )� sham C#��4()� p value A4H p<0.05 !/0 p<0.01 ���/6�#5@ 
      + !/0 ++   (>3 2�?�%?4�@�A4�@B/2�?A#/3$25@2/ )�  orx C#��4()� p value A4H p<0.05 !/0 p<0.01 ���/6�#5@ 
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