
����� ����	 
 ���� ���� .��������� ��
� ��)  �� !"( :%�&�%

�'��� (��) :*/�/��

,��-. (��) :"//�/��

���������	 �� ����� ��������� ���� �� �� ������ SPH! SPHC!� �� "�#� 
$���! �%& ������! �'(�� �C)�*!�+ �+ �,��� �

������� 	
���	�� ������ ��� ���	� ������� ������� ����� ��  � !	"#	� ��� ������$ �%	�  �&	'��

()����� *+�&,�-) �*.

�����

��	��:�/�	0�  ,�� ��1�� � �') � 2��&, 3*�,4	#	# 5 * � �*3�6�2��  7����  ,�� / � #� *    8�9# :� !��;<�*��* & 7*  , :� =	�  �	'

9#� $	� 8� 2��&, *    ���� !�> ���< �� ��?*"�0   @	& A�,�� / �  , =, � ,3�, ��  2��&, 8�9# B*    �0, �C� !�> � C* 2�) D C* �

 �1 �/����   2��&, E�� D-1 *   � �/� :� �*3�6�2��7   :� F!  ,�   ��G :�H"��*   :� ?�	I"#�   �&	#�� J��K !�> ���<  �*LM)

��,� .��� ��O�� � :+2	9� ��, ��:&	�	#/�,� ���1    �	C0��*;K :C�	K�� �&	C#� SPHC/ (superporouse hydrogel and SPH 

composite) SPH�@�,�< PQ1 ��
-� �,��/ �*2��&,#��� ��O�� :� �RS��T, �, / ����/�,� EU@  �C���    ?2	C# �*C
;G/,�

D��< �,�% :+2	9� ����.

����:  ��*2	� ��	�=F�	L V� J���� :+2	9� ��, �� �< :;>,��  �	'&, ?2	# �*
;G/,� D��<�� �  :C� J��W �  	C0 X��CY��

-)*2��&, =, ��@ :*;K �� �,�# �*	0 ���SPHC/  SPH�,��> J��W :�� :� �Z5 ?2	# [;G/,� *� ��"�	�  C#��� ��CO�� :� �

,RS��T�  , / ����  /�,� EU@ ��3��')      8�9# /  �@ ��#� 2��&, *�,�*"YK C+� EW,�� �� 3��;< / *�  :C;>,�� =, �C+� / E
% 

 	)]< �=,�&, D�	# *����< �� .

	������:    � �^	� :+2	9� ��*!,3AUC2��&,*  �  ;K �/�< ��*  ��– 2��&, *  =,  �  	C�&/�,�  �/�C<  ��C� �)$	C�) ab/aP<(.  �/�C< �� 

;K*��–2��&,*�     � �� ��# 3��;< 8�9# * 	%� ��   �.aefa    #� ��> E%,�� :� *   / �  8�9#�*"YKC;K �/�< �� * �C�– 2��C&, * �

&*  )�� �� 3�  2��&, :� * 1�	> ��       #� !�> �� ��> �,�H� �g�,�� :� * ��� ��  �@ P���#  .0*    /�,� :C^�	� :&�< h �C�   CG �� �

�	� !	�=F	�=�� /  	)i =, jK :"k0 F��I& ��0	R� !��.

���	�����: ;K*	0 ���SPHC/  SPH,3�, [
# �2��&, PQ1 B*�,��> �� / 9# B0	��8�*"YKC��< ��&�., �  :C+2	9� �

#��� 	��RS� �T, �, �#$���� �*� �� !�*� !,�	��"�	��@ �0,�> X	
&� .

 ����������� :SPH SPHC �L,��> �*2��&,�*"YK eC

�e ��5 J	H*H�) 3���!/�� 3��?�*2��	"� / !,�-) �U@3K ��;� �	IR&,�

�e�=	#/�,� �/�<�=	#/�,� ��UR&,� !,�-) �U@3K ��;� �	IR&,� 

le	�F �/�<�6�2�*��*K, / �D@,�-� ��UR&,� !,�-) �U@3K ��;� �	IR&,� 

*0121 :������	
� �� ������ �	��� ���� ������� �  !�"�#�� �$	���� � !�"�#�� ���% :rafitehr@ams.ac. ir
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03�'����4 5 
 01��6) :07��89 :;! <��=� 0>����8�1�� ��! ��6) ?�	... %/

	����

  �"�L �m,�� ?5�*;�           :CL !�C> �C�%  C*%� X  ��    	C� DC�	-&

 !,�	CC�*� �� �*2��CC&, n��CC� o�CC& �"�	CC���/� DCC#�� 

����F  �� V�           !,�	C�*� / !	pC@3K =, �(C+� �*� �� �;*�

        ��,� ��C1/ �*2��C&, 	� !	��� o/�@ �,�� .   �;�,�C�O& C*�

    D��/��� ��	�"1, JqpR� !=/ B�,3�,	0�� !�r�0 

         / sCH& t	�C�,  C��3) =, �@	& P,�9^,     �)�C� �Cpk) 

 ��	�*� !�@          =	C# �TMC"� ,� �	C�*� �	"�� D#, �p�� &� /

 �� ��,         !�> ��% �� X�"�L V� :� �-"�� �;*�  ���<  ,Q2 �0

  :*W�) / :1�)           �C�, B0	CL / uC*kS) [
# �&,�"� :L �,

D@,� �0,�> D�	�� X�"�L �� ��-� BH& ���< v&,��.

��         �C�  C��3) �&q(C� J���C� �*2��&, ,�"�,  / �C���<

:;W	k�         :CL ��C;1��= J���C� !F =, ��	k"#, ��L �&	�= 

,� �&q(CC� o�CC& 	CC� !	�CCp� �RCCS��T,�� DCC�,�1 �CC2/ 

  �� �	'�, ��"�L      DC��< �,�C% X	
H"C#, ������L .   �CG ��

 �*>, !	*2	#    �/� �*CHH��        3��C')  �C*O& �Ck;"S� �	C0

    X	pC@, �L,��> X	p@, ��Rw �	0 ��9% X	��� j&,�)

   PQ1 E�	% �G =,�   C0�            / X	C��6,/ / X	C"L� / �C�*� / !	

?"�*#         �C&, ���CL �	-�R*K ,� /�,� E�	� ���� �	0]��[

          �/� !,�C�+� ��;1��=  ��3) �/� �^	� X	� �� �2/

D#, ��&	� �%	� �*2��&, 3��') �,�� ��	S"&, .

 �/� ��	�)    �*2��&, 3��') �,�� ��1�� �	0 �/�   �	C0

          C>,� :C� �*2��C&, EC�� �,�� V�6�2��3*� �*5   !	C��1 E

    ����� !�> ���<��"�0    �/� ��, �� /    C� �*2��&, 	0:

     !�> ���< !	��1 E>,��/� P	� �       / ��C@ �C�& :"S�� 

       �� !�C> �C�% [C#	�� 8�9C# !�C�F D#�� D;� �*�-�

         �C� DC#�� ���*2��C&,�Y*0 �	C'�,  ��G =, V*"�	�� �,��,

F�CC� .     :CCL ��,� ��CC1/ 3CC*& ��0,�CC@ �CC�, �CC� �/qCC�

  V� ��> ���*2��&,�Y*0  !6/�)F E�	�    VC*&6��z&F/ DC#,

]�[.

  � n�G =,��I  C�0,�� �       �*�	CK �L,��C> �*2��C&, �"�C�= 

       / {�3� �*2��&, X�p2�� :L,�w D#, D#/� PF ���C�  / 

�;K  3&F J���� 	0=,�*"YK�     �z��� ��	*�*@ [��S) / V*)	�

 	k2, |#�)e Y��)��L �    �� �*2��&, [��S) [
# �*��< C& �

   �*2��&, ���� �� :L  �C#   C��3&F �      =, �C"�-� ��C1��  �C#

G	S�� �� �@	�]}  Z [        3��C') �,�C� ?-� �	0�# =, �p�

   D#, ��, �*2��&, �L,��> :�  X�;#    �CK, �	C0  ��/� X	C*;)

  ��& �+*
G ��9� X�p2��/�L	� ��&,�)   ,� �*2��C&, Eg� ��	0

            �	C0=/� 3��') :� =	*& �G	> �*�-� / ��0� ��
� ��> =,

  ���	CCH� PQCC1 DCC-1 �L,��CC> �*2��CC&, �$	CC� ECC�	% 

�=,�&,�� !�> �� �*2��&, ��*<�@	�]~[.

         B*CK EC�	% �*5 E�	@ 	0�# / JqpR� ��	#    !��C� �C�*�

          �*2��C&, PQC1 �� �*>M) / ��/� �� ��
� !	�=    �CK �	C0

   �� X��YL �� ��@�@	� .   ��, ��	�)E�,��    �C;*2�  ��"�C0

��,��  �0,�� ,�w :L�        |CH� �L,��C> �*2��&, �"��=  C&*?

 �� �W���@	�]�.[         �"S�C� :CL D#, JqpR� ��, E*2�� 

�� =, !,�)     C� �L,��C> �*2��&, !	���:     �/� VC� !,�C��

             ��	k"C#, ,QC5 =, EC
% �	C0=/� �,�C� ���9� V�6�2��3*�

���& .  �/� �*HH�� X	��-�       �,�C� ,� ���+"� E�,�� / 	0

  �0,�� !��/F D#���      B�	�=F ���� �*2��&, �)$	� �"��= 

 ��,� �,�%     X	�), E�	@ :L �&,   �/�K	L :� �*2��&, X�p2��* V

  B@�K / �*#,   !	#�"*L |#�) !��L �,�  DC#,     :CL    ��C> 

   [��S) [
#F?�3&      ��Ck& B�,3C�, / �@�,�< �	0  ���QCK

 �� �*2��&,   ���C<.       C��G ���C�       �	I"C#� =, /�,� PQC1

 -�) ��,�<* � E� ���<  .  �/� ��	C#      J,�C**�) E�	C@ 	C0

           Cw �	0�*C#, :C� �*2��C&, X�p2�� X	�), / ��	*�*@P�

D#,            ��C@ �C� ��/� =, �*2��C&, PQC1 E*-�) [
# :L 

/ C�r�0*CC� �		CC� :CCL ��CC�*;K �	0�kCC#/�p*� =, ��	k"CC#,

  �/� =, ��	k"#,     ,� !	RC& �C#��-� �	0� ��C@, �C&   PQC1 

X�p;� �*2��&, �	0,3�,� B�D#, :"�	]�[.

�p�� ��I�/� =, 	0��& �� �C��1 �	0��*;K o,��, SPH 

(superporouus hydrogel ) / SPHC (SPH composite) 

���@	�.   t	C
"�, !	C�= B�,3�, [
# 	0��*;K ��,  :&	�	C#

               �	CL �C�, :CL �C&��< �� /�,� PQ1 �z�/ E�� �� E�	�

�:      p*&	Cp� X	�), / 	0��*;K v��# ���) :9#,/�   �,�C1 :C� 

  �� �	'&, ��/����< .  ��,:&	�	#    q
C% EC�	� �	0"   �/� �C�

:&��&      �< �,�C% B�	�=F ���� �&,�*� �	0 :C"�, �C&    [
C# / 

  C�0,�� B�,3�,�      �*2��C&, �	C0/�,� �"�C�=  /    �C�	)/�"L, 

�����<,�&  h*0 /    :^�	� / D*�# :&�<      ��/� �,�C1 �C� �,

J	+2	9� �� !,�*��) !/���  �C;K / DC#, ��R& ����   �C�
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����� ����	 
 ���� ���� .��������� ��
� ��)  �� !"(%�

  :C^�	� / �C**�) h*0 !/�� vC�� ��/� =, �, �C� ���C<]

�a�[.

 SPH / SPHC  :L ��"�0 ��	0�� �;K :� C#��D  ���C"� 

   �C� 3C*& ��$	C� PQ1 J��% �,�,� / ��@ ��C@	�. SPH 

=, �"+��# SPHC    p*&	Cp� �CO& =, �C2/ ��@ ���"�� �,/� 

��,� ��"�L .  t	C
"�,  !	C�= B�,3�, :� ��	% 	0��*;K ��,

    �C� ��/� �� ��+� /�,� PQ1 �z�/ E�� �� E�	� ?"�*#

            	�C), / 	C0��*;K v��# ���) :;*#�� ,� �	L ��, :L ��@	� X

p*&	p��       �C� �	C'&, ��/� �,�1 :�    �C�0�]��[.   �	C0��*;K 

  � �&��	% t/�K:  ��@ ���"� D��#      v�	C� =, ��	�= ���	H� 

?�3&F �,��0 :� ,�     �C&=,�&, �,�C� ��C> E>,�C� ��/� �	C0.

�	0��*;K ��, �� �/q� SPH     J$	�C), !��CL =	C� :� ��	%

�2�;# �*� ?p���   �C�, �/� �C� �p*&	p� �	R� X	��, 	�

 �� J$	�),  ��@	�]��[.      �CG �� B&,�	Cp�0 / ��CL��  

:+2	9�      �;K ��, �2	�"�, J,�T, �#��� :� �,     �/� �C� 	C0��

�K,��*;)��">,��K  ��/� .:+2	9� ��, ��    �C���< ��0	RC�

 h*0 :L     �;K ��, |#�) �p�6�2����� :+�	^ :&�<    :C� 	C0��

���< ��& ��,/ ��/� �;>,� �,�1]��[.

��CCL�� :CC+2	9� �� PQCC1 �/� �CC� :CCL B&,�	CCp�0 / 

��/� �	C0��*;K =, ��@ :*-) �*2��&, �, SPHC, SPH   :CL

  ��> �/� ��      ��C� :C"��< �	'&, ?2	# �	0    C�0,�� VC� �

  �"��=}±�/�   �W�� /�/�±�/�  � �W�� :    �,�C� [C*)�)

/�:&	�	# �,��> !�<	&�<� �C�F D#�� . EC�	H� ��,  VC� 

�0,���    �/�� �"��= �/�±Z/�   � �,�� �W��   E>,� �/

��/�              :CL ��C� �C�, �I&	RC& J	+2	9� ��, / ��F D#�� �,

�	0��*;K SPH / SPHC   C�0,�� B�,3C�, [
#�  �"�C�= 

�� �*2��&, �&��<]�[.

 ��CL�� �I�� :+2	9� ��    ��C@ ��,� !	RC& B&,�	Cp�0 /

   �;K ��, :L D#,          ?Cp�� J$	�C), !��CL =	� :� ��	% 	0��

 X�;# �*� �K, �	0 ��/� X	*;) ��"�0 �,      �	C'�, J,�C**�) / 

   �� DR<�� E�	% ��@@	��      	C-&F �"*�L�)�"*# J	+2	9� / �

  |C#�) X	CH"&, B�,3�, :L �,� !	R& SPHC & SPH   [
C#

:+�	^�	-2�;# :� �, Caco.2*��&���<]��[.

1 Tight junction

 	0 �/��  � !�<	&�< ��I� O& *�:&	�	#  / ��C*G	��� �	0

�;K   �	S� :� E�"� �	0��D-1  ,3C�, �   	K !	C�= B C��,��

;K� D#, ��@ �	-�R*K ��/� �� 	0�*"YK ]��[.

    #��� �^	� :+2	9� =, n�0� �0,�� �     	C� �*2��&, �"��= 

 =, ��	k"#, ��,:&	�	# ���1 E�	� ���@	�.

����

      5 ��*2	� ��	�=F�	L V� J���� :+2	9� ��, C*    / ���	�C) �

   �	C'&, ?2	C# �*
;G/,� �/� �� ��L �*5 DC��<.  :C+2	9� 

  ) :� �^	��M* �� �*" %q>, :� U@3K ��;� �	IR&,� �  !,�C-) 

CC#�*;� / �CC*	CC^� ��CC� !	CC
;G/,� :� �� D��CC@ :CC�	& D

�	�F	�=�� 2	� *��     �&���& 	(�, / :+2	9� ,� .    ���C� D*+�1 

     	C-&F ?*H"�� :+1,�� / ����� !q�, V� t	#, �� :+2	9�

               �C� / �"+��C@ �C"L� !	"C#�	�*� ��C5 J	CH*H�) 3L�� :�

�/�/ �	0�	*+� t	#,/�/�>/  :+2	9� ��,��<��&�.

 ��/�/ �	0�	*+� E�	@  :�e     ��C� j�1 �e  �C# ��–��

  X	#�e   ��	�*� :H�	# �"@,�&   �	0�*<,��    :;�1 =, ��  DC�	

/       ���� / ��*;L / ��
L ��	�*�}e     n��C� :H�	# ��� 

  /�,�Ze   ���  :� q"�, ��	�*�  /�*) �	0�  �*fe     ��C1/ ��C� 

    �@�,�< ��	�*� :H�	#�e  ��	�*� �"@,�& 	0�&,/� �i–

  ,�0, :H�	# ����    �� !�> �      �3��&�C> :H�	# 	� �*>, �	� 

�@�,�<�e
G*+�   !��� !��=F�	0�),�L ��/,    �C�% �*C&

!�> /    ��
L �ae	�& C�    &�C� ���C) :� �C+*
G��e   ��C� 

       # / ��S� �,�� / Ep2, =, ��	k"#,*  �	I�.e
G* C+�   !��C� 

 / !�CC> �	RCC�CC��w�!�CC> / �le j�=�"&	CC�F �"CC@,�& 

�I*& j&	CU��CC&���  . �/�CC> �	C0�	*+�  E�	C@ �e ��CC1/ 

 q� :&�<�0�    ���@ �@�,�< ?�– q� �   ���@ D*#	�� ?

 �;K :�  	0��)Eg� :         ���C) [C;% !	��C^ B�,3C�, :'*<�#

   ��k�) JqpR� 	� J��W (�–      EC*
% =, �C
;% J$q">, 

     [C;% !	��^ J,�**�)]–         �	C� ��	C�*� :C&�<�0 ��C1/ 

[)     [C) �C*5 / �,�  �,�  /b– ,          =, ��	k"C#, :C� �	C�*� �	C
1

:;>,�� �	0/�,���*2	� ��	�=F�	L �G �� �<�&��� .

  P	S"&, =, jK         / ��,� �,�C% !��=F D�) ,� ?2	# �*
G/,� 

  �� 	-&F :�l     �*2��&, ,3'� ��/� ) �L,��> �*2��&,  � :� *!,3

]���,�CC# �CC�,/�CC��CC;K �CC�SPHC /SPH �*2��CC&, 

�,��>�  � :� *!,3]aa / ��,/ 	C�&/�,�      :;CW	� 	C� E%,�C�

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

20
24

-1
2-

21
 ]

 

                             3 / 10

https://journals.tums.ac.ir/ijdld/article-1-369-fa.html


03�'����4 5 
 01��6) :07��89 :;! <��=� 0>����8�1�� ��! ��6) ?�	... %"

&	�=�/�   ��,� :"k0�@.  /�,� X	U@,  �C�      �� ��	k"C#, ���C� 

�/�<	0	0=/� �� �	�=, u;"S� �=, �&��� J�	
� B:

 X/, ��/�) 	�&/�,� �/�<( :    )$6 X��CY� E�	@ 	�&/�,�* C��

	#�  300 2	> �           :�	RC� �=,�C&, ?C0 / EUC@ ?C0    	C# 	C�� �

X��Y�	0���	k"#, ���� .

��/� �/� )   �/�< �0	C@( :���   2��C&, DC�	*  �,��C> ��   :C� 

�*  !,3}��    ��) �� �C�,/  C*    C;K 	C� [�  C), * ;< �;*   �� X�CU

X��Y�	0��,� B@�K .

  ��/���#)   �/�< :+2	9� ����(  :��� 2��&, D�	* �,��> ��

 � :�*  !,3}��   ��) �� ��,/ *  ;K 	� [� ), * ;< �;*  �,��-� X�U

;K*  X��Y� �� ��	0�  �,� B@�K ) EU@�.(   n��� =, jK

  G �� /�,�  �}    !	C
;G/,� ��	"@	& D�	#       �� !�C> :C&��& 

	%�� Z/��    / /�,� n��� =, E
%    EW,�� �� Ze�Ze��e

��e���e�Z�e���e�}�:H*%�     /�,� n��C� =, jK   �� 

:2�2	0�   7R>  vC�1  ��/F��< C�   / �   ��C#F    |C#�) 	C-&

�"&	CC#�=	CC#,�1 6�k�/ 	CC�� ���˚C�ie  �	CCI�0 	CC)

�=,�&,<*��E�,��    �CO& ���C�  �,�C-I&� �< � C�� .  8�9C#

��#�2��&, * C� �:�,� �/� C�, �� C#,�&���  #	�C� 	C�* D

  E%,�C�MIU/mlb/a  ��C# 8�9C# /� �C*"YK C C� : �/�

�,��, �� C#,�&���  #	�C� 	C� * E%,�C� Dng/ml a�b/a  	C�

  � =, ��	k"#,*D	0�      :C&	>�	� D>	C# IMMUNOTECH

 < �=,�&,*�� ��< �� . 	0 ��,��   D#�� F  ���  D-1 :
C#	��

 = �9#� ���� ��/ r�0        �CT, J�C� X�G / o/�@ �*�/�,�

/�g�,��   3') ���� /�,� �T,� / :;�)*  D��< �,�% E. �,�H�

1�	> �*2��&,�:9H& �0�� ��< :
#	�� E�� X���� =, ��.

������ !�"#= 2��C&,*  X	C)�) �   !	C�= �� (t)e)"YK C*  �C

!	�=��(t)* 2��&,*�kW !	�=�� � /"YK* �C�kW !	�=�� (

      	) / :+2	9� �G ��i :"k0       �CO& =, �*
;G/,� :+2	9� =, �+�

�&��� X�"�L D�) �2	�"�, :^�	� :&�< �0 ��1/.

 &�' ���  �(' � 	�   �)� �*�* + :      ��C�, DC#�� J	C�qG,

 �/� |#�)F2	&*�,/ 3� j&	ANOVA � / �/�< �0 �� * �

�/�<      :C�	&�� =, ��	k"#, 	� 	0F �	C��SPSS  DC#,��/b/��

3')�  ;�) / :* ��< E� / �ab/aP< � :!,���    C�+� �9C# � �,�

nq">, !����@ :"��< �O& �� 	0.

	������

  -) / D>	CC# =, jCCK �CC^	� :CC+2	9� ��CC*;K :*	CC0�� /

X��Y�  /�,� EU@ 	0��  
;G/,� �� *       �,�C% n��C� ���C� �

D��< .    =, EUR"� !	
;G/,��Z   � 	� ��� *I&	*  �C# ��� /��

  � / X	#*I&	*  � 	�& �    &�C� ���C) :�Z/ �}  �C&���  .   X�CG ��

  �	'&, :C#  	C�=,�	� ��/���  C0 *  h C�   �	Cw� !	C
;G/,� =, 7

 ��I& :^�	����& .�	�)�   ,�1, X�G�� �,��, �   ��(� 8�G 

��"@,�.

	"&�      < �=,�C&, =, ECW	� � C*��    !�C> �C�%    �/�C< ��  	C0�

     :+2	9� ���� / 	�&/�,�  �I&	R&F   � :� ��� !* � �*I&	*  �C�% �

  !	�= �� !�>	0�    �� u;"S� �    & / ��C� 7 C*  	H� �� 3 C� :�

�*  < �,��, ��+� J/	k) �/���,��  DC@,�& ��C1/  C2/� �� 

  �/�<�0	@ 	H� �:� �  C*I&	*    	C0 �C�% ��     !	C�= �� !�C> Z

:H*%�    /�,� n��C� =, E
%    	C%� 	C� �   ~�   / ��  /�.a  C2, �

laaCC�+� J/	CCk) � DCC@,� �,� ))�) :CC�CC* [���/�P</ 

�}/�P<(    !	�= �� /~� %� *        ��C> E%,�C� �� !�> ��% :H

,� �,�%D@) EU@..(

@
�A�&B�  CD> E��1 ��� ���0FGF�)(AUC����. 
 �H
IJ� ?�	8�1�
 �89 �FK  &C�
�J ?���� 5

����*#,(,� ��- ./0

BS
1#,(,� ��- ./0   

 ���23 C
#,(,� ��- ./0

���4  ������*�-

5��/��}±iil/�l]e��/�}��±��/~��Ze_

6Z�/}Z�±���/������/����±��/��Z���/�}~�±��/�~��

7��/��~~±���~/���~}/�����±}/����Ze��/���}±���/~Z��

*   �/�< � :      �/�< ���*)$6 X��YL E�	@ 	�&/�,�. :      �;K 	� [*L�) �� �L,��> �*2��&, D�	���    �/�< �X�p*;< �;*),l :     	� [*L�) �� �L,��> �*2��&, D�	���

�;K��*;K �,��0 :� X�p*;< �;*),
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��� I�8�) S�) ! Q 1 �
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�J �5 �� ?�O�P
�� ���3)���>� ��8� �L1 .

  8�9���5: ;��0 <�=��*

��'��>���* &

 ? ������ @��" A�/0 B��� �-����

���23�&C���Dc �E� +F��� * 

��0� 	�G� �*��* ���4 HI�

��'������ &��3 ���4 @C��"  ��>

� �-���������� @��" A�/0 B�� ? 

�23�&C�����DcE� +F��� * � 

��* ���4 HI���0� 	�G� �*

��'������ &��3 ���>J4 @C��"  ��>

� �-���������� @��" A�/0 B�� ? 

�23�&C�����DcE� +F��� * � 
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��  �Y'��� �� Z. N	  0[��8Y9 ?�	8�Y1�   �Y� 

��I���\\0�.����8> �R�
 ��SPHC  
 SPH ?�	8�1� ]��I�� �� 07��89�// 1
���
 �R�

* [�� �� �,���&Mean ± SE �*
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�J �� ^�> ^) ?�	8�1� U8D> ?�V1�� <����T)  W��X� Q5      �'��� �� Z. N	> ��� ?�O�P
��    0[��8Y9 ?�	8�1�    �Y� 

��I���\\��8> �R�
��0�. ��SPHC  
  SPH ?�	8�1� ]��I�� �� 07��89�// 1
���
 �R�

* [�� �� �,���&Mean ± SE �*
;G/,� �,�+) / D#, ��@ !	*� �b/ D#, ���� �/�< �0 �� �k& ab/a P<  nq"C>, !��C� �,� ��+� �9# !,��+�  	C0

D#, ��@ :"��< �O& ��.
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  :;! �&   U8D> ?�V1�� <����T)  ����. C  �
�J ��  W��X� Q5      �'��� �� Z. N	> ��� ?�O�P
��   0[��89 ?�	8�1�  ��IY�� �� �\\

0�.����8> �R�
 ��SPHC 
 SPH ?�	8�1� ]��I�� �� 07��89�//
 �R�
 1
��� .
* [�� �� �,���&Mean ± SE �*
;G/,� �,�+) / D#, ��@ !	*� �b/ D#, ���� �/�< �0 �� �k& ab/a P<��+� �9# !,��+� nq">, !��� �,� 	0

D#, ��@ :"��< �O& ��.

�r�0*  � �  C*I&	*  2��C&, �*� �	C)   !	C
;G/,� ��    �	C�) �� �

�/�<  	0 �+� J/	k)��,�� ,�   !	�= �� 	0�    C� �� u;"S� * �

�/ ��� 7�� �,��, 	� �/�< �I�,�& !	R&)  EU@l.(

CC�+� J/	CCk)��,� �� �� CC*I&	*"YK �CC*�C�� !	CC�=	CC0�

  � �� u;"S�*  ��  / ��� 7�  � �,��, 	��/�< �I	0�  	C�&/�,� 

 /�0	@/,�& ��1D@)  EU@].(

 "YK 8�9# C*�eC ��     �/�C<    :C+2	9� ���C� ��   CG �   !	C�= 

 B0	CC�DCC�	� 8�9CC#/ F !	CC�= �� !�}�%� * ��CC9� :CCH

�+���,��      !	C�= =, �"�� �� %� * :CH      /�,� n��C� =, EC
% 

��  �@	�)��/�(P< .   8�9C#F  C� !*  !	C�= � 	C0�Z   / �}�

%�* & :H*  �+� nq">, 3� ,� �,�D@)��/�P<(     !	�= =, / ~�

%�* , :H� J/	k) �   �)=�	� 	0���  � / :   �CSR� ��CG�    	C� �Z

%�*�+� B0	� :H�,� �,�D@)  EU@].(

�� 	H� �  /� �9# :��  C���� �    �	C� :C� �      �C�% B0	C� =, 

 � !�>��@	�   C�+� J/	Ck) ��,��	H� ��  C� C� :�*  �/�C< �

	�&/�,�   / /� �/�<  � ��I �RC& ��0	R� ) X/�C1�.( C2/� �� 

2��&, �/�<*B�/� ��,�� *# =, B	��/�< ���� 	0.

�	H��   � [�C��� � C*I&	*  � ±  +� n,�C�&, C*� �	 C*  / ��C@ !	

�bn=� ��@	�.

= �9#����� ��2��&,* � !6/3<,�/�< �� :C+2	9� ����

 �+� J/	k)� �,� �   	H� �� ,� �  	# 	� :����,��,  �/�C<  �0	C@

 �,�& !	R&)X/�1�.(2/�    �/�< ��   :C+2	9� ����  =,  �/�C<

 	�&/�,��)$	��� �)ab/a(P<.

 /� �9# � ���� �  "YK  *�eC:   �/�< �� :+2	9� ���� D
�&

 �	�) :�� �/�<   	0$	����� �)2/ � C�+� J/	k) ��,� � C� * �

,�	# 	� �/�< ���/�< � D@,�& ��1/ 	0)X/�1�.(

 K(4

      t	C#, �C� !	C-1 �C#	)�# �� �*>, J	H*H�) / J	+2	9� 

 �0,�� B�,3�,�        �L,��C> �	0�*"YK �"R*� PQ1 / �"��= 

,  D#, ��@ �,�"# .  �*2/,B0/zK 	C0    �/� �C�  :&	�	C#  �	C0

 �*"YK �L,��>�       = D#, :"��< J��W �*2��&, �/� �� � ,�

       VC�6�2��3*� �/� �*2��C&, �L,��C> 3��')    DC#, ��C)

 2��&, !�w*  �:�  ��G         ECH"�� �C
L :� ��/�  ��G =, ?*H"��
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��          ?C0 ,� �9*�� �*2��&, B�,3�, J,�T, �*�r�0 / ���<

��,�&]��[.�/� ��, =, �p�   �C��1 �	C0��*;K o,�C�, 	0

SPH  / SPHC  �� �C@	�.     B�,3C�, [
C# 	C0��*;K �C�, 

   t	
"�, !	�=:&	�	#         �C� /�,� PQ1 �z�/ E�� �� E�	� 

    � �	L ��, :L �&��<:        X	�C), / 	C0��*;K v��# ���) :9#,/

p*&	p��     �� �	'&, ��/� �,�1 :�  ���C< .   �C�, :&	�	C#  �	C0

 q
% E�	�"  �& �/� ��:&�       �,�C% B�	C�=F ���� �&,�*� �	0

        C�0,�� B�,3C�, [
C# / D#, :"��<�     �	C0/�,� �"�C�= 

�*2��&, /  �"L, �    h*0 / D#, �����< ��	)�     / D*�C# :C&�<

:^�	�J	+2	9� �� !,�*� ��/� �,�1 �� �, ex-vivo  ��C��

   �;K / D#, ��R&      :C^�	� / �**�) h*0 !/�� ��   ��/� =, �,

v�������<.

	"& �  "� 8�9# � 2��&, |#�*    �/�< �� � 	C�&/�,�   �,� !	RC& 

  �+� J/	k) :�� �,� �  !	�= �� 	0�    C� uC;"S� *   8�9C# �

 2��&, |#�"�*     , / ��,�C& ��1/ � C�    �I&	RC& �F    :C� D�C&

�"�-��  O�) E�	� �*  2��&, 8�9# ?*     � !�> ��% !�� �� ��

     �) !�> ��% !�w / �@	�** W	> ��  , �� �     :"C@,�& �/�C< �

D#,  2��&, 8�9# * & �* �) 3 C**  � C�+�� �,� � K  C*   ���CU& ,�

  �) / D#,** ��"S� J,�� & *    2��&, 8�9# �� :� 3* � �� ��

��   C@	& ��@ �   CW	> =, *  �C@�) D�  2��C&, *     :C� DC#, �

&	��CC^ J���CC��CC� �CC@�) �, :CC� ���CC< CC� J	&	��CC^ �

�: �# J��W�   �0 v�Ze� %� *   / :H�  	:� F J��W   :"�C0  	C�

�Z�e�� %� * � :H��@	� .  J	&	��^F  ,�@ �� :"�0� 	K |�:,�

/     �/� |#�) [;5, / �&�,� ��1 	C0� �,�  C� , ���* C#,���

 �=,�&, E�	%<*�� � � C@	��  , / � C�        ,QC5 =, jCK J	&	��C^ �

�R)�  C� ��    , / �C&��<  C�         8�9C# :C� :"�C�,/ J	&	C#�& �

)���*�& !�<	��;< / X/3���@	� ]�}[.

   � �^	� :+2	9� ��* 2��&, !,3*     �/�< �� !6/3<, ��   �)$	C� 

 	# =,� �/�< �     &	RC& :C� ��� 	0  C) �IMT* ;K �*    ,3C�, �� �C�� B

 2��&, PQ1*  ��� �@	�  . �0*�  ;K �/�< ��G* �C��  ,�,�  �

AUC �)$	� �  2��&, =, * �,��> ��    	C-�)  ��C�   ?C0 =	C� :C� 

�I&	R& T	C)* � � C* , �"R C� ;K �*         2��C&, PQC1 �C� 	C0 �C�* �

���@	�. ;K �/�C< ��* �C�� T max ,  &$�CG� �C)=,  �/�C<

2��&,* B�/� �    ��C@ �,� �C��)l./�.±�  /�/fa±./��i

%�*:H(   ) !	�= D;+� :�M>*��   �	C'k&, :;��� 	) :� D#, �

F   ;K :"�C0 =, /�,� !�@ �,=* �C��  C�r�0 / ��,� ��C1/ * �

2�CC�*,�CC� �=$ !	CC�= E�CC� /�,� PQCC1 ��CC@	�. vCC%,/ �� 

;K*    /�,� EU@ :� �&��	% 	0����      	� ,� �O& ���� �   !	C�= 7

CC)M>*���� 	CC) ��%� *5 DCC-1 :CC� :CCHCC* !��CC� X	CC+� �

F&3�?	0� 2��)/�K *"*  D#, �=$ 7  	�& ?0,�� �   � �� / ��* �

  X	�F =	# �,=�  �	C'k&, �      ?CU�� J$	�C), !��C� =	C� / 

  D-1F =	# �,=�  "YK E� *   �� � C�   &	C�= ��/� 7�    ,� �	C)�� 

 ���� ?0,��.   �*2��&, 8�9#�	)   �	%� �� �Z�e��  B�,3C�,

 :O�q� E�	% ,� �,  �/�C< ���  �C� !	RC& �C0�) EpC@l.(

   !	R& ��	"&�,�X��YL   ��*)$6 �	0��/� BL/� �,�,� ��@ 

       J�� :� 	"@	& �*
;G/,� :� �L,��> 3��') =, �+��Z�e�Z

�� �%	� ��+� �� :H*%�&	���;K ��,��	�� � �	C0�� SPHC  :C�

     ��,�< :2�2 �)$	� D��%)��&��m� (   E%,�� �,��fae]b

:H*%�   :� :"���<z�/ �p*&	p� �	0F    E�C"� 	-& �C� �&�C@.

 > EpR�  �� �CW	 �C0          3��C') =, �C+� !	C
;G/,� =, VC�

 �;K �L,��>  �R& ��0	R� 	0��  �� !	R& :L  �0�    �C;K �C�,

	0��       �� ����	CL �,�C�  :&	�	C#     �L,��C> �&	C#�/�,� �	C0

��"�0 ���, !	�&,��.

����    ���� * ��" �,L 	���� M��9� : 	"& �     !�C> �C�% �

     �� 	�&/�,� :� X/, �/�< ���     C�+� J/	k) �&��� ���� D�	�

�,��  � ,� * 	0��% ��     !	C�= �� !�C>  	C0�   !	RC& J/	Ck"� 

�,�CC& .  &�CC> DCCO;5 �2	CC� �,�CC�, ��� 	"CC@	& 3��CC;< �

�*3�6�2�CC� �/�CC� �� 7���e���*CC;���CC</CC#��2*�CC"

��     �/�< �� :� �@	�	�&/�,�         	"C@	& !�C> �C�% |#�"� ?0 

�aei��*;���< /#��2 *�"��� .	"&� 2��C&, 8�9# �* �� �

,�     :C� �,� !	R& �/�< �    C�+� J/	Ck) � �,� �  C� *   8�9C# �

 2��&, |#�"�*  !	�= �� �	0�      , / ��,�C& ��1/ u;"S�  C� �

  %� X�"�� �I&	R&*   /  �  7jK���&  �C% �  C� *  2��C&, �*  / �

 � 3��;<� � �@	�:��G�  [
C# !�> ��% D�, :�  C�  �CT, 7

�	-�� ��� �  /� �� �  2��&, �@�) *        DC�, =, v&	C� / ��@ �

�*   � !�> ��% �"R� ���<  �� � )�) �* � [    �@�) B0	� 	� :

2��&,*   "& �� / �* ,3�, :'� 2�) B*   �C
� 3��;< ��    B0	C� / 

   D�	� |#�) 3��;< n���	0�    2��C&, :C� t	�� *  ECg� �

 :;(CC�CC���CC&��< ,��	CC�� / �,3CC�, [CC1�� �� DCCO;5 B

	�#qK��� 3��;< �&�@ �]�}[.

 0/�< ���  2��&, :� *    X��Y� �� ,� 	-�) � 	C0�  BC�/� �,�

��/� ��CC@,��� ���CC� n��CC� �CC&�) �/�CC<�( J/	CCk) 
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����� ����	 
 ���� ���� .��������� ��
� ��)  �� !"(%_

�+���,�� � *      !	C�= �� !�C> �C�% |#�"� � 	C0�  uC;"S� 

       2��C&, �CT, �I&	RC& :C� D@,� ��1/*  /� �C� !6/3C<, ��

    !	�= �� !�> ��% B0	�	0�~�   / �� %� *    / D#, ���� :H

 �0 ��*    2��&, :� D#, !	�= �* & �*   C� B0	� 3��    :C� �C�	

,� & �*   , 	�  �	9� 3�           !�C> �C�% B0	C� :� D#, :"U& �  :C�

�* !,3 mg/dl�Ze��,�� � 2��C&, �@�) B0	� * C;>,� ��

�	�� � ��@	�.  �C�, /         ,� �C;>,� �*2��C&, �C@�) B0	CL

��  B0	L 	� !,�) "YK *�eC � :    !	�= ��, �� sSR� ��G  	C0

 �,� !	R&)��/�P<) ( EpC@](. ��        	C� o/�C@ :C9H&F!  :CL

    �/�< �� !�> ��% ���	H�  �	0./l   �/�< =, �)$	� �  DC#, 

�) 	� �2/ =, ��	k"C#, :� :1 AUC    :
C#	�� �	C0 J/	Ck) /

        J/	Ck) �C�, �kW !	�= :� D
�& ��@       �CO& =, :C*2/, �	C0

F��& D*�0, E�	% ��	��@	� .

    :� :1�) 	�AUC      = �9C# �I&	R& :� !�> ��%  C� C���� ��

       2/, �,�CH� =, !�C> ��% D�, C*  :F  C� !� �C@	�  ���    �/�C< �

    �/�< :� D
�&	�&/�,� ,3�, �  � !	R& B�   �& :� �0� 	 C� �I&	

,�      X��Y� !��� �,� B@�K :� D#, �	0�  2��C&, *   ��C> �

    �"-� PQ1 [
#F  �@ �0,�> ! .AUC    !�>  ��%  �/�<�

    �/�< :� D
�& 	�& /�,� � *  ��C� �"R .       	C� �C^	� :C+2	9� ��

F! ;K :�*    ,3�, [
# D#, :"�&,�) ���   2��C&, PQC1 B* / �

 "YK �	-�*�C ��<   �2/�      � ,� !�> ��% D#, :"�&,�"& :  ��CG

�	% :O�q� E,�    , :� �0� B0	� � 	"& ��   :+2	9�  :�	R� � �,

 |#�) :L ���Gwin up   =/� =,  ��	k"C#, 	C� B&,�	p�0 / 

�}}         �L,��C> J���C� �L�> X	"���L �*2��&, ���,/ 

 X��YL ��  �	0 ��@ B�/�   	�  ��F 	"��;* #, 7*�     v&	C� :CL 

           	C� t,�p&	CK �	0=,�C*"YK |#�) �*2��&, !�@ :"�p@ =,

��/� �� �,�<��  �@ �	'&, � ���  .     =, �/� ��C��K �C�, :C"
2,

 ��& �	O"&,               !���C> =, �C+� !�C> �C�% 8�9C# :CL �C@	�

    B0	L �L,��> �*2��&,&        �L,��C> �*2��C&, :CL ,�w ��	*

        �C� 3L�C;< �*2�) �	-� [
# �
L�� 4	)���     J,�CT, / ��C@

 �� �L�&,         / �C��w DC�	� �� �C9*�� 3L�;< n��� �/�

  / ��,� :;(�  �� �O& :��#� ,      �"�	�� !,�	�*� �� 3L�;< D�

 E�"�� �"R*� �@	�          3L�C;< �C*2�) �"�	�� �,��, �� :L ,�w

            B0	CL �L,��C> �*2��&, 3��') 	� /  :"�	� B�,3�, ��
L

����	� .    �� �O& :� :w �<,  �#�    !,�C"& �C^	� X	C� ��  	C�

              �C�% EC�	L X�C"�L n,�C0, :C� ��	-�) :� �L,��> �*2��&,

       � B0	CL 	� �2/ D�	� D#� !�>      / �CH��3) �*2��C&, =/

         [
C# DC#, �p�� �9*�� ���*2��&,�Y*0 8�9# B0	L

    /�L	� A�,�� B0	L  /       =, �C@	& DC�	�� �2�p#,/ /�p*�

����< �*2��&, V*&6��z&F / V*&6/�)F J,�T,]�b[.

�����23 	���C 4 * �����  ��: �/�< �� 	�&/�,�  8�9C# 

"YK*  �C & *   C�+� J/	k) 3� �,� �  C� *  !	C�= � 	C0�  	Ck"�  J/

  !	�0 / D@,�&  � :� ��G�&,�* 2��&, ?*  � :� �*  /	�C� !,3�

 "YK 	�*  �C  �1 ��  C�    !�C> !	F  C� �,=� ���C< ."YK C*�eC   �CT, 

 ��@ :">	�@,�  /� �� � 2��	"� * 0���� ?�*J,��    / ��,�C& 	0

  2��&, nq> ��*� "YK *�eC    �& :"@,��� �
� |#�) �  / ��@

  ;� |#�) [;5,*: � 	0:� �@�) �,��, E>,��  ���C<& /*  :C�

	�CC#qK �CC���� �/�CC� ��%� *& �CC�,�� �� :CCH* �CC�� :CC�

	�#qK�� 2��&, *   :� �} %� * � :H�    C�0 �C� / ��,� �C@	� * �

 �� t	#,*�	�   CHH�� =, *  "YK =, � C*�C  C� :    �I&	RC& !,�C��

 X�;# ��U;��	0�   � ��	k"#, 	"� �     C��G =, / ���� � �  C* !,3

;�* "YK j&,�*�C  ,�@ �� � 
G |* C+�  � / *3�6�2� C�   DC�	T 7

��   , ��	�� / �@	��"YK 8�9# t	#, �� �*�C C� �  �� !,�C)

,�@�	K |�� �,�*2��&, �@�) !,3*�S) ,� �* �= �]�}[.

 �/�CC< ���CC�*� �CC*"YK !,3CC* �C �� 	CC%� �  ��e / �}�

 �+� J/	k)� �,� �  �I&	R& :� D@,� ��1/2��&, PQ1* �

�,��>�, �� �	%� ��"YK !���& P���# /  *�C� ��@	�

�: � �O&� , �#� C�  �   :&	�	C#     ,3C�, [
C# EC�	��  PQC1 B

2��&,*   	� ��	L/=	# �1 ���  	H� �� �  	# 	� :��  �:&	�	#	0�

 �1 E�	��  2 Eg� �*     	0 �/=�Y� X��Y��&	& 	  2��C&, :C� 	0* �

  �S) =, ,��   |#�) [F3&� 	0 ?� ��/� ,�  � DO�	�� ����� 

�����<]�~[.
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