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��	S�  
  B�) 3,� C�)B�);, �      �DE%� 	�%D> ;�DFE �D�)�� �	 $�%! C 

   ��) �-��G �)�H $	��3 .           CI�DJ 1/DK: LD�M	 3) �D4� $�%D!

    NI , �:)�3 ;�I�+G 	�OPK:           �'DJ �D�3 QRD� CI�DJ S+D T

    �> ;�FE �	 $3�,�'J 5M%=U>  /!��)� .(S+-<��"   SD�)�( 

   ?�� �	��A�           3) �D" �D�) 1	%DK( 	�,V�D� ��  	��D+P+>   ��D-4I 

S+>3   %> $3�,�'" $�I        	,/DW .�D+(	 �	 S+D:�)3 1	�X-�) 	��/� 

	��+P+>       , $�%! L4'> $)�)	 ��-4I Y 	��+P+>     #Z�D > �	 ��-4I 

     / -<I [H), \'] �K+( , \'] .  �	       �D+^( �I�%'D" 3) �D]��

   ;�-�,/ I , ;�-<"�� .;)��).          �DU� �D_)�) 3) $�-'D+� �6<D( 

    /(�)	 �)�H $�%! C � `�)�! .  	,/W�� %   ;)��) �W�<> L" 3) 

�� 5�%9           1	�X-D�) $3�,�'" 5)/+0%� �%^ > �� , C�V , �'" 

�>	%! . �> �-XG     �� \�	B( �" 	%!��%       �'D" �D�3 QR� S�) 

      �+PH .$�%! L4'> �� bP-c> 5�E�	 ��d D+�      ;	%D� ���DH�e , 

 �> ,��,�/ !�� .C+� �> � +�     �� ;)B+> S�) 	%!��%    �D_)�) L" 

     / " $,�'+� �%'" f�����)� .(    G%PE L+0	 �� g�] $�%! $�+

      3) �DD4� .1�DD+G ;,�	 �DD� ��)�DDe �DD9� : , fV f�DDE 3)

��	,/U> �> f%<U> �:)�3 ;�I�+G /!� $�I ;)% : �� , 	%!

  $3�,�'" h�B� L4'>. ��       $3�,�'D" 1iD�, .f�D����   ��)BDG 

   ��) 1/!)� .( �:)�3 ;�I�+G. � �     �F(V 3) �K" 	)/j� BE.   S��D-F� 

�^Pe �	 )� 	%] /!� $�INJ�> k�&() �� \K( (���/ .  

 lDD(�PG)Carthamus tinctorius L. ( 3) .�0�<DD4� �I�DD+G

   ;�6"�> 1	)%(�])Asteraceae (          �D� LDKU-> 1�D+G \D� ;)% : ��

    N" / (�> �R+U> /:�<>�( `�)�!    �> �-]� ! $�%! , ��V 	%D! .

   �K<H �>%� 1�+G S�)         �D" �D��m���V , �(�+>�,�] .�+�V 3) ���I

     LG 3) 1	�X-�) $)�� �-!�G �	     �'D" C��DI �D>     , �D�) 1/D!

            �D> �'D" SDe,� n)�c-D�) $)�� �-'+� 1�+G S�) 13,�>)  	%D!

)�� .(             %DE 3) �D-K" , k/ G 3) �-'+� $�%! �� l(�PG �>,�m>

��) .          ?%=U> /+0%� �+P��H , $�%! �� �>,�m> �^( 3) l(�PG

          	�)	 �)�H �6 � , / H�/ oT .%E 3) p� f����� `�)�! �	.   �D0, 

       ��) %E �+6! N�	 `�)�! �	)Y   , �� .( �D()%E    �)�m-D�) , �D(3

               �DU� ?%=DU> /D+0%� q)�D� �D()�U� LD>�: ,	 �rI�+G [���

 �DD(%G �DDs") �	 , / -<DDI $�%DD! C DD� `�)�DD! .�DD:)�3 $�DDI

�()%E       NF> 3) �rI�+G �+0,) /!� , �(3       �D� t�<DW LW)�> S���

  ��) $�%! C �.  ?�� �	   �8� �-!�G $�I     $)�D� $	�D�3 $�I

  �()%E `�)�! 	%6F�  �/H , �(3          $)�D� �DrI�+G , ��D� CD�,� 5

`+U> �	 �!�"��) 1/! k�&() C ��� $�I .�,� 3) �4� $�I

    C+� $�,� � 3) 1	�X-�) .�-��'+�  ��DK+�) lD +K�)�� (   fV �D� ��D�

     �> �,� S�) �� �" ��) �()%E 5�/H ;)%�  )� ��D� C�,� , �(3

        	)	 C�)B�) C � �� 	�%]�� `�)�! �	)�   , � .(     SD�) q�D�)B> 3)

 > $�,� �u       �()%E �:�� , /9�	 C�)B�) �� ;)%�    n,�D] .�D(3

�])% 4�  [��� , ��  �DrI�+G ��         C�)BD�) , v%DP� ���'D+� .�DI

    $)�DD� [+DD�, $�DDI�>	 LDDKU� .�DDrI�+G �)�m-DD�) �-])%DD 4�

�()%E     *+D�V ?%P� 789) .�(3         	%D6F� .�D2-X] w�DW .1/D�	

    k�D2 I �	 �DR+U> /:�<>�( `�)�! �� �>,�m> .?%=U> �+X+"

  �) , �!�"          	�D" 1��D!) 1�D+G %K( 5�/H C�)B)�� .(  5�Dm+mU�

    C+� �" 1	)	 ;�'( 	/j->       .S+:�)3 `�%� �!�" 3) L6H ��� ��K+�

             .��D� f%PR>�D( �-<D� , �DR+U> /:�<>�( `�)�! �	 x%=c�

�> �()%E /()%�               �-<D�3 1�,	 $)/D-�) �	 )� %DK( , /D!� , �D(3

           	%D! �DrI�+G �-F� �T �I �)�m-�) y:�� , 1/+'c� 	%6F� .  SD�)

   f%PR> 1	�X-�) *6� �>)   1	�F( 3) 1�+G ��      �	 , 1/! f%PR> $�I

 �> ���F(         		�G ?%=U> �X+" , �K" C�)B�) *6� /()%�)��.( 

<>z     S+>3 ;/! �%! , $�%! �0        ;�DI�+G �'D" �D�3 �U� $�I

      S+>3 S�) 3) 1	�X-�) 5�,�_ , �:)�3      .?%=DU> /D+0%� $)�� �I

      NI , $�%! �� l(�PG ;	%� LKU->   S+ T��+{z   l +K�)�� �6s> 

 �()%E ��              .C D� `�)�D! �DU� �DrI�+G [��D� �)�m-D�) , �(3

1B+2()         `�)�D! �DU� �I�2'D��>3V �,� \D� �	 �D� /�	�G $)

               �D]�� , /D!� #D+H	 |�-6<D( , [��� ����3�) ;�4>) .1/! ?�- "

�Gi�,             �DU� .�D!/PG NDH� .lD(�PG 1�D+G \�}%0%�B+� q�I

		�G NI)�� $�%! C � `�)�!.  
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 ?�DD� �	 C��DD>3V SDD�)��AA 1/4'DD()	 ���DDm+mU� �DD(�cPG �	 

  �0, 1�2'()	 $3�,�'"  �=:)~: ( �� ;�& <��   L��%-"�� 5�%9
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 g%P� 7�Z *0�H �	 /D! )�E) �)�4� ��FT �� ��	�=� L>�" q�I .

��K+�       QR� ��FT �	 l +K�)�� L>�! �I)    fV �� l +K�)�� ./I�!

 �DD� N�/DD� /DD��P" �DD� lDD +K�)�� .�DDRm> $BKDD�) L+<DD(�-� �� 

��	              �D^Pe �D� N+<P" 5)�-+( �� l +K�)�� , �-> �� p K�3�� 

�DDP+>�M%DD> (   $�%DD! QRDD� ��DDFT ,) .�XDD9A .�Y , �� 

��	   �-> �� p K�3 (/(	%� .      �D+0�� .�+�%"%" L>�! �'" �-<�

     �� �" 	%� $	�� ���> ,     �6<( �� *+���� :� :�      , �%DPc> NI �� 

 ;)/PG �	   W �� �4+-�8� $�I   ND&�      /(/D! �D-c�� �D-+0  .  $)�D�

   ��� .l +K�)�� q�I��K+� ?�K:)    5/> �� �I��    ?%PU> �	 �:�� 

       �� �Rm> fV , N�/� /��P" .N+<P" 5)�-+(     �4���� �	 )B&> �%Z

    $�>	 �	 ,��     /(/! 1	)	 �)�H t%+<P� �E�	  .   $�I��D� p��

             �	 �PD9��8� , /(/�	�G \'] , �-<! �Rm> fV �� 1/! N�)��

 	,/DDW #DDK:�/��-(�DD� ;)/DDPG �	 $�DD-> �	 �4+-DD�8� $�DDI

 ?�� 1�>/ X�)��AA/(/! �'" .  

                  h�D� S+D0,) �%DF� �DPW�> 3) LD6H �D� ��D� �'" ;�>3 3)

      ���G 5�%9 �Rm> fV �� $��+�V .�m+mW .    S+0,) n,�] 3) /j�

     �PW�> �� �m+mW h���       / PG%I ��)�e ?%PU> �� $��+�V .�G�� 

 /! k�&() .   �PW�> 3)�    /Dj� �� �G��         3) .$�%D! ?�DK:) �DFE .

          1	�X-D�) �D^( 	�%D> ��DK+� �D4��-40) ��)/I �� / PG%I ?%PU>

/�	�G .�^Pe           ?%DPU> �	 N�/D� �,�P" 3) 1	�X-�) �� \K( $�I

    �� , �+F� / PG%I ��)�e          , \D � LDK: 3) /j� .�&��/� 5�%9

  $�)/F2(�              .1�D+G $/D!� �DPW�> �� �-<� , ;)/PG �I �	 ��%� 

�-XI  $)�   �0) � 6��>     ;)B+> �� ���� �P+>   ;)/PG �� �-+0   ���D_) �I

     	%! ?�K:) �s")/W �^Pe �� /! .13)/()     bDP-c> 5�XD9 $�+G

   	,/W �I�2'��>3V��      \DK( �^Pe S��-'+� ?�K:) 3) /j� 3,� 

)  #6Z L+O'� �PW�> (        13)/D() L>�D! �D" .�D��G 5�%9  $�D+G

            \'D] ;3, .��)%DI k)/() \'] ;3, .h�� QR� .1�+G ��X��)

 <( .�'��             \'D] ;3, .��)%DI k)/D() �D� �'�� \'] ;3, �6

          ����� ���F( �	 , �6<( fV $)%-U> , L+�,�P" $)%-U> .#6Z

     /(	%� 1�+G �	 \'] 1	�> [�3%� .       ;/D! )/E 3) p� .h�� QR�

h��   �� ��%� 3) �I           t�D�)�� h�D� QRD� C& D� 1�2-�	 �P+�,

  �-(�D� /W),     13)/D() 	�%D> [D��>�->     �D��G �)�DH $�D+G .  q)�D�

13)/()           �'�� 3) ��)%I k)/() .1�+G �'�,� k)/() \'] ;3, $�+G

          /! \'] |8>�" �Rm> fV �� %'-<! 3) p� , )/E .   �DPW�> �	

               $�D>	 �D� ;,V LD])	 1�D+G �'�� , ��)%I k)/() ./j���   �DE�	 

      5/D> �D� t%+<P���� ��            3) /Dj� , /D! 1	)	 �)�DH �:�D� 

              k)/D() SD�) \'D] ;3, .�'D�� , ��)%DI k)/() ;/! \']  �DI

      /D! S+D+j� k�G /W), t��)�� .      �6<D( fV ;)BD+>)RWC (  �D�

 /�	�G �6��U> ��3 �R�)� 3) 1	�X-�))�:(  

 / \'] ;3, h�� � 13�� ;3,h�� ( = �6<( fV $)%-U>  

���× )\'] ;3,h�� �1/+��>V ;3, h��  

]�[ 

 13)/() q)��     S-c+0 �,� 3) L+�,�P" $)%-U> $�+G  ?, , �0�� ;��

)�� (  �(%K( �� ,  $�+G  h�� 3) ��	�=�    1��=D: , �0�� $�I  $�D+G

   /! 1	�X-�) ?%(�-> �� .      �(%K( 1/! �+F� 1��=: �%( f�E ;)B+> �I

  n%> ?%Z �	   $�DIYYY     , �->%(�D( Y��        3) 1	�X-D�) �D� .�->%(�D( 

      L+�,�P" �^Pe ���F( �	 , /! �d)�H �->%-�,�-4��) 1�2-�	a 

  ,b              ?%D>,�4+> /DW), t�D�)�� �D�3 `D�),� 3) 1	�X-D�) ��    �D� 

�P+> /! �6��U> h�� �� ;3, k�G:  

]�[                                   Chla *(A ) - /=
666

653 65 15  

]�[                     Chlb / *(A ) / *(A )= −
653 666

27 05 11 21  

  �"Chla    L+�,�P" ;)B+> a  .Chlb    L+�,�P" ;)B+> b   , A   �Dd)�H 

        �D> �D^( 	�%> n%> ?%Z �	 1�2-�	 /D!�� . 13)/D()   $�D+GSpad 

)  L+�,�P" ;)B+> �]�! (     1�2-�	 3) 1	�X-�) ��Spad-502  k�&() 

/! .   1	)	 L+PU� , ��B&�        5�XD9 �2-<D6KI *�)�_ S++j� , �I

    ?�K-W) QR� �	� %��  k�( �P+�,   �)BD�)SAS    �c<D( �/A   k�D&() 

���G . ?�K-W) QR� �	 5�X9 �2-<6KI *�)�_� % �<��m> ,

 1	)	 S+2(�+>     4()	 ;%>3V #��Z �� B+( �I      ���F( �	 , /! k�&() S

   k�( 3) 1	�X-�) ��   �)BD�)Excel           k)/DH) �DI�)	%K( ND�� �D� �6<D(

/�	�G.  

  

p�� � c-�/7  

q�� (�-��L ��	7� <3= U��  

           .$�%D! bP-c> 7%R� `m� �" 	)	 ;�'( p(���), ��B&� ~��-(



 ���� 
��
�� � 	����� � ����� ������ ��� /  �����  /  !��"# $�%& /'()'  

��  

     ��)%I k)/() \'] ;3,)  �H�� , h�� (      ?�DK-W) QR� �	 )�� %

      > �{) , 	)	 �)�H �+{z� �U�           SD�) �D� lD +K�)�� , $�%D! LD��m-

 � j> �X9   	%6( �)	)  ?,/E�( . S+2(�+> �<��m>     �D" 	)	 ;�'( �I

               CI�D" $�%D! C�)BD�) �D� ��)%DI k)/D() \'] ;3, S+2(�+>

� j>  ���� $�)	 .�� $�%Z         $�%D! 7%RD� 	����" �� �"A  .�Y  , 

�� ��	    �� h�� \'] ;3, S+2(�+> .�-> �� p K�3   *D+����� .

��   , �� /9�	          	)	 ;�'D( CI�D" /I�D! �� �6<(  . NDI  S+D T

 $�%! 	����"  $�IA  .�Y   , �� ��	         S+2(�D+> .�D-> �D� p DK�3

    �� )� �H�� \'] ;3,    *D+�����  .��   , ��       �D� �6<D( /D9�	 

  	)	 CI�" /I�! .      �D j> 5,�DX� �" / T �I     7%RD� S+D� $�)	

  $�%!�Y   , �� ��	       �!)/( 	%E, �-> �� p K�3)   ?,/DE�( .

  �> �>) S�)()%�               �D{) S��-'D+� �D" /D!�� �%D_%> SD�) �2(�D+� /

              $�%D! QRD� �	 .1�D+G �0%P� ���� �� N�/� ;%� �6��c��Y 

��	     �D�) 1	%� �-> �� p K�3.      �D> �D^( �D�      CI�D" �DJ /D��

            �D^Pe �E%� L��H C�)B�) �� , N�/� /��P" `�%� fV L+<(�-�

;%�                3) .��)�De �D9� : ;3)%D� �D� �F(V �+{z� , �P" , N�/� $�I

NF> ��      / !�� l(�PG 1�+G /!� 1/(�)	3�� L>)%: S� .   ;3, CI�D"

       �> $�%! C�)B�) �&+-( �	 ��)%I k)/() \']     	)/Dj� �D� /()%�

     h�� �-4T%" QR� , h�� �-K"   	%! 1	)	 �6<( �I . �-��� S�) �I

      ;)��4KI , �<��� ~��-( ��)�� (       h�D� QR� , 	)/j� CI�J �J

     /D(	�J ��)BDG $�%! C � `�)�! �	 )� %E 1�+G NDI .  �()%D]

	�)	 .  N+<H)�A (         h�� �� ;3, .$�%! C�)B�) �� �" 	%K( ;)% :

              �	 N�/D� ;%� C�)B�) )� �>) S�) L+0	 , .���� CI�" )BP" 1�+G

�> 1�+G ��)%I k)/()/()	 .  

      ��)%I k)/() \'] ;3, S+2(�+>)   �H�D� , h�� (  �2-<D6KI

  � j> , �6s>            +2(�D+> , �D�%� �	 h�D� 	)/Dj� S+2(�+> �� $�)	 S

  �!)	 h�� QR� .          SD�) �	 l(�PG /!� CI�J L�M	 3) 3) �O�

 �> .CI,i�          , �'�� `+U> �	 N�/� ;%� C�)B�) 3) �!�( /()%�

             1�D+G 3�+( 	�%> �9� : ���� , N+��-� ;%� f�E CI�J ;V ,�+�

/!�� .     �!%E .�R�)� S+KI �	)� (        3) �D!�( N+D��-� 	%D6K" B+(

         : , /!� CI�" ;V [6Z �� , N�/� 	��	3)    ;�DI�+G �]�� 	�4PK

    ��) 1	�" ��)BG )� �:)�3 .          QRD� , h�D� 	)/Dj� �	 CI�D"

         �D> $B- �%-� 7%R� �	 CI�" [H), �	 �" .h��    	%D] ./D!��

�>/!�� 1�+G \'] ;3, CI�" L>)%: 3) �4� /()%�.  

  

8 (�3-� <3= U��  

    � j> �+{z� $�%! bP-c> 7%R�        �'D�� \'D] ;3, �D� $�)	

�!)	 .    � bP-c> 7%R� �{) S4+0     �'�� \'] ;3, �� l +K�)�

� j> 	%6( �)	 .             SD�) �D� lD +K�)�� , $�%D! L>�: ,	 L��m-> �{)

  �D j> �]�!    /'D( �)	)   ?,/DE� .(      ;3, .$�%D! C�)BD�) �D�

  �� �'�� \'] � j> �%Z  ���� CI�" $�)	 . �(%G ��     �D� �D" $)

 $�%! 	����"  $�IA   , �Y ��	         ;3, S+2(�D+> .�D-> �D� p K�3

  �� �'�� \']   *+�����   , ��         $�%D! 	����D" �� , /9�	 �� 

��	    .�-> �� p K�3��           ;�'D( CI�D" /I�D! �D� �6<( /9�	 

	)	 .            ��DK+� �+{zD� �DU� �'�� \'] ;3, CI�" /(,� �<��m>

             �D� )� �'�� \'] ;3, $�%! S+��� QR� �" 	)	 ;�'( $�%!

            $�%! 7%R� , /I�! QR� S+� , 	)	 CI�" $�-'+� ;)B+>A 

  ,�Y ��	    ) �-> �� p K�3    � j> w8-]) �^( S�) 3   	%DE, $�)	

  �!)/()  ?,/E� (        $�%D! �" ��) *PR> S�) �2(�+� �>) S�)-

  q�IA   , �Y ��	              �D� �6<D( )� �'D�� ;3, �DJ �-> �� p K�3

 �� /I�!   *+�����   , ��1	)	 CI�J /9�	     $��D>V �D^( 3) ./D()

       �-!)	 �'�� \'] ;3, ;)B+> �� �F��'> �{)/() .    CI�D" �DP:

   � �'�� \'] ;3,   �> .$�%! C�)B�) �      q�DI�{) �Z�D] �� /()%�

           CI�D" y:�� �" /!�� g�] ?%PU> 	��3 $BK�) L+<(�-� �X >

        �D> ��)�De �D9� : , fV f�E          �D� �D& > �D��F( �	 , 	%D!

      �> ��)%I Cc� , �'�� /!� CI�"  		�G)�   , �� .(NI  S+D T

     �> )� �'�� \'] ;3, CI�"        , h�D� QRD� CI�D" �D� ;)%�

     	)	 �6<( h�� 	)/j�)�  .�   , � .(       �D6s> �2-<D6KI �� �E%� ��

 � j> ,              ;3, S+2(�D+> �D� �'D�� \'D] ;3, S+2(�D+> �" $�)	

           �D!)	 h�D� QR� S+2(�+> , ��)%I k)/() \'])   ?,/DE� (

�>              QRD� ;)BD+> �	 CI�D" �� $�%! �" 	%K( �+6j� S+ T ;)%�

           �� �" .1/! $B- �%-� 7%R� ;)B+> �	 CI�" y:�� .1�+G h��

   �	 CI�" ;V [6� 5)�/D+I%��" B- �     �	 , 	�)	 ?�D6(	 �D� )� �DI

�> 1�+G \'] ;3, CI�" y:�� ���F(		�G.  
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r (�-��L ��	7� �� �3-� <3= U�� 9567  

       �D� �H�� �� �'�� \'] ;3, �6<(   �D j> �%DZ    QRD� �	 $�)	

  ?�K-W)� %       �D��G �)�DH $�%D! �+{z� �U� .    bDP-c> 7%RD�

  l +K�)�� NI ,              ;3, �6<D( �D� ��DK+� ,	 SD�) LD��m-> �{) S+ T

�DD j> �H�DD� �DD� �'DD�� \'DD] /'DD( �)	) ?,/DDE� .( �<DD��m>

S+2(�+>           �� �H�� �� �'�� \'] ;3, �6<( �" 	)	 ;�'( �I  �%DZ

� j>  ���� C�)B�) $�)	 .�� $�%Z          �D� $�%D! C�)BD�) �� �"�� 

��	    .�-> �� p K�3�� %           	)	 ;�'D( C�)BD�) /I�D! �D� �6<D(

)  ?,/E� .(           �DJ 1/D! 1	)	 ;�'( .�I�+G 5�j0�R> 3) $��+<� �	

         	�)	 \DK( �D^Pe �D� �2-<D� 1�D+G �'D�� /!� �� $�%! �{) .

�� $�%Z    �^Pe 3) ��j� �" �> �I       \D��U� )� �'D�� /D!� /()%�

        �> $�+G%PE �H�� /!� 3) �" ���%9 �	 ./ "  /��K()� .(�� �^(

�>    $�%! �" /���� ��	         �6<D( �D-> �D� p K�3    7%RD� �D�

S+���             �-D!)	 1�D+G �'D�� /!� �� �G/  " \��U� �{) .$�%! ��

��) . �P: )��3  � j> CI�J Ne� ;3, �)	    $�%! �	 �'�� �']

�� ��	               ;�'D( C�)BD�) �H�D� �D� �'D�� �6<( .�-> �� p K�3

�> /I	 .        �	 NH� S�) �'�� �	 /!� CI�J 5/! �J k%FX> S�/�

    �> �-KJ .�H�� �� ��6��)/!�� .�)B�)      �'D�� \'] ;3, �6<( C

       �D> $�%D! `�)�! �U� �H�� ��       $�I��",3�D� 3) �D4� /D()%�

    /!�� $�%! C � �� �>,�m> .     l(�� .�R�)� S+KI �	)�� (  LDm(

        �> �" ���I��",3�� 3) �PKE 3) �J ��) 1	�"     CI�D" 3) /D ()%�

 )� fV ;�>/DD()� , /DD  " $�+G%DDPE �0%PDD� p(�DD�}�%� ��'DD�

     �>,�m> C�)B�) ./ I	 C�)B�)  �G��)�(3,�    C�)BD�) .�-K" $�I

        �0%D4+�%" �>�cD_ C�)BD�) , �P+�,B> �>,�m> (    C�)BD�) �D�

    ��) �H�� �� �'�� �6<( .CI,i�    1	)	 ;�'D( $��+<� $�I  /D()

            �)�H $�%! �+{z� �U� �'�� /!� 3) �-'+� ��)%I k)/() /!� �"

�>               �'D�� �D� h�D� , ��D! �6<( CI�" y:�� $�%! , 	�+G

�>  		�G)�� , ��.(  

  

  (�;�� e�`
�� � d�� YZ�  

   �� $�%! bP-c> 7%R� � j> �%Z        ��DX��) , h�D� QRD� $�)	

      ?�K-W) QR� �	 )� �H��� %      	)	 �)�DH �+{zD� �DU� .    QRD� �D{)

             �D j> �->)��D� ,	 S�) �� ��K+� ,	 S�) L��m-> �{) , l +K�)�� �)	

  	%6()  ?,/E� .(       �D� h�� QR� S+2(�+> .$�%! C�)B�) ��  �%DZ

�DD j> $�)	 �DD��� CI�DD" .  $�%DD! 7%RDD� �	A .�Y , �� 

��	       �� h�� QR� S+2(�+> .�-> �� p K�3    *D+�����  .��   , �� 

          �D��� CI�D" /I�D! �D� �6<D( /9�	 . NDI      	����D" �D� S+D T

$�%!   $�IA  .�Y   , �� ��	          ��DX��) S+2(�D+> .�D-> �D� p K�3

 �� �H��   *+���A  .��   , ��        ;�'D( CI�" /I�! �� �6<( /9�	 

  	)	)  ?,/E�.(           �� �6<( h�� QR� �" ��) ;V 3) �"�W ~��-( 

     t�<W $�%! ��K+� �� �H�� ��X��)   �D�) �D� .    CI�D" |M�DK-W)

            13)/() �	 CI�" � j� 1/K: L+0	 �� �� ��) S4K> h�� QR�

  h�� \� \�    h�� /+0%� �	 CI�" .�I        �BD�� �D� , /D�/E $�I

h��  /!�� �+� $�I .  �> �^( ��         CI�DJ NDF> LD�M	 3) �4� /��

  /!�              1�+D! �DKI)�� CI�DJ .$�%D! C D� `�)�! �	 NH� S�)

           /D!�� h�D� QRD� CI�" �{) �	 1	�,��)�   , �� .( NDI   .S+D T

              CI�D" yD:�� .�0%PD� ;/D! L�%Z , N+<m� CI�" �� $�%!

  �> 1�+G ��X��)  		�G)� .(    ;)��4KI , l(),)�� (   /D(	%K( ;)% :

                 LD��H fV ;)BD+> .`+DU> �	 78D>) 	�D�3 ��	�Dm> �%�W �	 �"

�-�	     �D> CI�" 1�+G $)�� t           *DE%> w�DZ \D� 3) �D" /D���

                CI�D" yD:�� �D2�	 w�DZ 3) , �0%PD� N+<Dm� ;/! 	,/U>

  ?%P� ;/! N+&W �> �I        ��-<DG CI�D" 5�%9 S�/� , 	%!

    �D> 3,�� h�� QR� /D " .            	�D&�) �D� $�%D! C D� .1,8D: �D�

       ?%40%> , �I�'e �� �>/9 , �(%� �+>%K<>     �D� �D +@�,�� $�I

> �+{z� h�� ��-<G� 	�)�G)�� , ��.(  

  

LH (1: <3= U�� � d��  �	f
 C-g�)j5O(  

             �D�%� �	 h�D� 	)/j� S+2(�+> �" 	)	 ;�'( p(���), ��B&� ~��-(

�� � j> �%Z       ���G �)�H l +K�)�� , $�%! �+{z� �U� $�)	 . �{)

    � j> ��%� �	 h�� 	)/j� S+2(�+> �� L>�: ,	 S�) L��m->  	%D� �)	

) ?,/E� .((�+> �<��m>1	)	 S+2 �� �" 	)	 ;�'( CI,i� S�) $�I

     QR� �� $�%! C�)B�)�� ��	        	)/Dj� S+2(�D+> .�-> �� p K�3

    � j> CI�" ��%� �	 h��  $�)	)��/�P< (���� .�� $�%Z   �	 �"

   $�%! 7%R�A  .�Y   , �� ��	        	)/Dj� S+2(�D+> .�-> �� p K�3
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    �D� ��%� �	 h��    *D+����  .��   , ��         /I�D! �D� �6<D( /D9�	 

  CI�"  ����)  ?,/E� .(      �2-<6KI ��%� �	 h�� 	)/j� S+2(�+>

�DD j> , �DD6s> , ��)%DDI k)/DD() \'DD] ;3, S+2(�DD+> �DD� $�)	

     �!)	 h�� QR� S+2(�+>)   ?,/DE�( .      	)/Dj� CI�D" |M�DK-W)

               ;/D! B6D� �	 �+]zD� , CI�" 3) �!�( $�%! C�)B�) �� h��

h��     [��� ;/! �+� , /�/E $�I  h�D� ��   <D( �DI     /I�D! �D� �6

/!�� .NI      �> )� h�� 	)/j� �	 CI�" S+ T     \DK( 1�+]� �� ;)%�

  h�� �	 ���_)    h�� S�) �B�� , �I  	)	 �6<( �I . �D�  $�%DZ   �D"

h�� S<> $�I �> ��  h�� , /(B��         �D-K" �D^Pe �D� /D�/E $�I

  �> S�B2��E \K(  /(%!)�(       �D> 	%D] SD�) �" .     3) �D4� /D()%�

    /!�� $�%! �� �>,�m> $�I��",3�� .p4:       �D� BD+( 1�D+G LKj0)

        	%� 5,�X-> N�)�� �%( �� ��6��) �	 $�%! C�)B�) .�� $�%Z   �� �"

   $�%! 	����"A ��	      N�)�� .�-> �� p K�3�)  l +K�)��,�/D+I (

              �D� $�%! C�)B�) �� , 	)	 ;�'( )� ��%� �	 h�� 	)/j� S��-'+�

   ��M�� 7%R�)����	   �D-> �D� p K�3(    N�)�D� , /I�D! N�)�D� .

�P"               3) �D�%� �	 h�D� 	)/Dj� S��-'+� ;	%� )�)	 �^( 3) N�/� /�

N�)�� ����/(	%� �-F� �I .  

   S�) �� �E%� ��           �	 C�)BD�) [H), �	 h�� 	)/j� �	 C�)B�) �"

        C � �R+U> `�)�! �	 , ��) 1/  " B- �%-� 7%R�   �� 1�+G .)3

       �> �E)%> h�� QR� CI�" �� bP-c> L�M		%! .    QRD� �� )�0

  $�%!�� �	 �          N�)�D� 3) 1	�X-D�) .�D-> �� p K�3�)  /I�D! ( ,

  N�)���)  N�/� /��P" (          C D� �D� LKU� �	 )� 1�+G ��) �-<()%�

        �> N�)�� ,	 S�) 3) 1	�X-�) , /(��� $���     	%D6F� �FE �	 /()%�

        		�G [H), �{�> �R�)�! S+ T �	 	�4PK:)  L4!�( .  �{) $�%!

� j>  $�)	)��/�P< (      #6Z \'] ;3, S+2(�+> �� �D!)	 .  �D{)

  �DD j> �XDD9 SDD�) �DD� lDD +K�)�� , $�%DD! LDD��m-> 	%DD6( �)	  

)  ?,/E� .( S+2(�+> �<��m>           C�)BD�) �D� �D" �D�) S�) �2(�+� �I

       �D� #D6Z \'] ;3, S+2(�+> .$�%!    �D j> �%DZ   CI�D" $�)	

���� . �D� $�%DZ             7%RD� �D� $�%D! C�)BD�) �D� �D"�Y   , �� 

��	         �� ��%� �	 #6Z \'] ;3, .�-> �� p K�3  D+���  *�   , �� 

                QRD� S+D� /D T �DI .	)	 ;�'D( CI�" /I�! �� �6<( /9�	

     $�%! QR� , /I�!A ��	      �D j> w8-]) �-> �� p K�3 $�)	

   �!)/( 	%E,)  ?,/E�.(         C�)BD�) �D� #6Z \'] ;3, CI�" 

           CI�" .��)�e �9� : , fV f�E CI�" �{) �	 |M�K-W) $�%!

           > �" /!�� 1�+G �	 B- �%-� �:�� CI�" , h�� QR�    �D� �D&

              CI�D" �D��F( �	 , 1/D! 1�D+G �	 5)�/+I%��" ���]� CI�"

      �!)	 /I)%] ?�6(	 �� )� 1�+G \'] ;3, .   �D4��" , L+D���)� (

              �D� �D" /D(	�" 1/I�'> fV $�%! �� l(�PG C "), ����� �	

  ;)B+> �� 1�+G L" \'] ;3, .$�%! C�)B�)�Y %���� CI�" .

NI       � C�)B�) y:�� $�%! �" /(	�" ��)BG S+ T #6Z 	)/j $�I

        #6Z �" /! y:�� $�%! C�)B�) , /! l(�PG    /j� , �+s0�{ $�I

       #D6Z 	)/j� , 	%'( L+4'� ;V 3)         	,/DW BD+( �D�%(�{ $�DI�� %

/��� CI�".  

  

� (1: � �3-� 0�-��L ��	7� <3= ! �� $
[6
C-g�  

             N+F<D� ;)BD+> $�%D! ��K+� �" 	)	 ;�'( p(���), ��B&� ~��-(

    , ��)%I k)/() \'] 1	�>   �� )� �'��   � j> �%Z   �+{z� �U� q�)	

 	)	 �)�H .       LDG �	 \'] 1	�> N+F<� ;)B+> S4+0   SD��V)GDW (

       �D��2( �)�DH $�%! ��K+� �+{z� �U� .       �D{) , lD +K�)�� ��DK+�

              �D j> BD+( �XD9 SD�) �D� lD +K�)�� , $�%! L��m->   	%D6( �)	

)  ?,/E�( . S+2(�+> �<��m>        �D� $�%! ��K+� �+{z� �� �%��> q�I

F<�               S+2(�D+> .$�%D! C�)BD�) �D� �DJ 	)	 ;�'( \'] 1	�> N+

       �� �'�� , ��)%I k)/() \'] 1	�> N+F<�  � j> �%Z  CI�" $�)	

���� .��$�%Z      �� $�%! C�)B�) �� �"A  .�Y   , �� ��	  p K�3

         �D� h�D� \'] 1	�> N+F<� ;)B+> .�-> ��    *D+�����  .�Y   , �� 

       �� �H�� \'] 1	�> N+F<� ;)B+> , /9�	    *D+�����  .��   , �A 

     ���� CI�" /I�! �� �6<( /9�	 .        7%RD� S+DKI 	����D" �D�

         �D� �'D�� \'] 1	�> N+F<� ;)B+> B+( $�%!    *D+�����  .��  , 

��  	)	 ;�'DD( CI�DD" /I�DD! �DD� �6<DD( /DD9�	 ) ?,/DDE�( .

;�KI �%Z    S+2(�+> �<��m> ~��-( �"  �> ;�'( �I      C�)BD�) �D� ./DI	

    1	�> �-'+� x�=-]) .$�%! QR�    #D6Z �D� \']     CI�D" �D� .

   	%� 1)�KI �'�� , �H�� �� \'] 1	�> x�=-]) . �D� $�%DZ  �D"

     $�%! QR� S���M�� �	)�� ��	    �D-> �� p K�3(   x�=D-]) .

     �H�� �� \'] 1	�>)SDW(   h�� .)LDW(    �'D�� .)RDW(  ,   



 ���� 
��
�� � 	����� � ����� ������ ��� /  �����  /  !��"# $�%& /'()'  

��  

 ��	W( .,7��: q�/T� ��`B �R/65"L  

5�X9  h�� ;3,  �H�� ;3,  �'�� ;3,  h�� 	)/j�  h�� QR� 

h�� QR�  **A�/�+  **A�/�+  ns ��/��  * ��/�  ─  
h�� 	)/j�  **��/�+  *�A/�+  ns �Y/�+ ─    

�'�� ;3,  **YA/�+  **��/�+  ─      

�H�� ;3,  **Y�/�+  ─        

h�� ;3,  ─          
** .* , ns :�� u j> *+��� ?�K-W) 7%R� �	 �)	� % ,� %� j> w8-]) 	%E, k/: ,�)	  

  

  
1E#' . �� ,%
"-��& � ���# >%E"L���7�T�: ?-��# �  09#	�: $;� 0,7��: �
�� �  d��  �	f
 .U�37 U�/� �L �  � �"� ?= !	%L 

��  ��	7�/�� ��Z= 	#��(Mean±SE).  

  

 ��	WQ .��	7� �� <3= ! �� $
[6
 �� ,%
"-��& � ���# �*� b7�-��� �-K�
 c-�/71: � �3-�� ��LC-g�  

5�j��> S+2(�+>  

5)�++o� [6 >  $	)3V �E�	  ,h�� �'] ;3  �H�� �'] ;3,  �'�� �'] ;3, #6Z �'] ;3,  

�)�4�  �  **���/�  ns ��Y/�  *���A/�  ns ���/�  

l +K�)��  �  ns ���/�  ns ���/�  ns ���/�  ns ���/�  

$�%!  �  **���/�  **���/�  **���/�  ns ��Y/�  

$�%!* l +K�)��  �  ns  ���/�  ns ���/�  ns ���/�  ns ���/�  

�R]  ��  ���/�  ���/�  ����/�  ��Y/�  

 5)�++o� *��_(%)  �  ��  �/��  A/��  �/��  
** .* , ns :�� u j> *+��� ?�K-W) 7%R� �	 �)	� % ,� %� j> w8-]) 	%E, k/: ,�)	  
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 ��	Ws .��	7� �� <3= ! �� $
[6
 C
R7�
� �6-�S����# ��"

 �
*+
 9�
 �3-� � �-��L ��L  

S+2(�+> .;%-� �I �	-<I g�-'> w�W �� LH)/W $)�)	 �" ���I� j> w8-]) /  QR� �	 $�)	� %/(�)/(.  

  

  #6Z)GDW (��    *D+�����/�    k�DG )   ?	�Dj>��(%  .��/�   k�DG 

) ?	�j>��(% .��/� k�G ) ?	�j>� (% ,��/� k�G ) ?	�j>�Y (%

	%� .�0�W�	       �� /I�! ��K+� �	 �6<( S�) �J    *D+�����  .��  .�� 

  ,��    	%� /9�	 )  L4!�( .      " .#+mU� S�) ~��-( �� �E%� �� CI�

                 �D� �D& > .$�%D! C�)BD�) �D{) �	 h�� QR� , h�� 	)/j� �	

              CI�D" ;V /D>�+� �D" 1/�	�G 1�+G �	 \'] 1	�> [K&� CI�"

   �> L" \'] ;3,/!�� .  �> �^( ��         �D� 	,�, 3) LD6H 1�D+G /��

                �	 .�H�D� �D� �-'D+� \'D] 1	�D> x�=D-]) �� .�'�)3 �PW�>

             �D� ;�D>3 �	 	)%> S�) 	/&> ?�m-() �� .C � `�)�!    .�D()	 ;/D!

     ��) 1/! #6Z ;3, 	%6F� y:��. ��      ;)��D4KI , %4�	)�� ( ,

    ;)��4KI , ��8�))�� (  1	�" �d)�) $/I)%!   �> ;�'( �" /() /I	

        �(�'�) 1	�G 3) L6H 	)%> x�=-]) 1%U()     �D� �P6 � ;3, �6<(

    �(�'�) 1	�G �PW�> �	 �H�� (�>    C+D� �	 /D()%�    �]�D! �D +�

    �%> �G/+�� �PW�> �	 �!)	��	�+G �)�H  1	�X-�) 	 . �� �E%� ��

S�)              �-]�D� �D0V 	)%D> ?�Dm-() /9�	 �2(�+� �!)	�� �]�! �"

                �]�D! $)�)	 �D" �>�DH�) pD� .�D�) ;Bc> �� [6 > 3) 1/!

  �!)	��q	��3   5)�/+I%��" /(�	�H ./ -<I       3) )� $�-'D+� $�DI

k)/() /(%! 	�4PK: C�)B�) y:�� , /  " Lm- > B6� $�I)�.(  

  

� (  	� Spad 1
����2 ���/�� �a � b  

� j> �{) $�%!  LD+�,�P" $)%-U> �� $�)	a, b   	/D: , Spad 

�!)	 .NI             �D� ��DK+� ,	 SD�) L��m-> �{) , l +K�)�� ��K+� S+ T

  � j> 5�X9 S�)    	%D6( �)	)   ?,/DEY( .      yD:�� $�%D! C�)BD�)

� j> CI�" L+�,�P" $)%-U> �)	a, b   /D�	�G ��)%I k)/() �	 .

��  $�%DZ    �D"             ��M�D� 7%RD� �D� $�%D! C�)BD�) �D�)�Y   , �� 

��	   �-> �� p K�3(      LD+�,�P" $)%D-U> .a  �D�     *D+�����   , �� 

     L+�,�P" $)%-U> , /9�	b          $�%D! 7%RD� S+DKI 	����D" �� 

��   *+�����   , ��            	)	 ;�'D( CI�D" /I�D! �D� �6<D( /9�	  .

;�DDKI �DD> ��DD^-() �DD"�%Z $�%DD! 7%RDD� .�DD��A .�Y , �� 

��	       .�D-> �D� p K�3   	/D:Spad   �D� )�     *D+����/�  .�/�   , �� 

     	)	 CI�" /I�! �� �6<( /9�	 .       , /I�! ��K+� S+� �" / T �I

   $�%! 7%R�A   , �Y ��	      �D j> 5,�X� �-> �� p K�3  3) $�)	

      �D!)/( 	%E, �^( S�))   ?,/DE�( .   �D> SD�)      �D� �DP+0	 /D()%�

        /!�� $�%! 3) � +j> �(�-�V �� L+�,�P" ;)B+> $�)/��� .   3) �D4�

NF>       �� �F(V *��c� .L+�,�P" CI�" L�M	 S���  �(%G �P+�, $�I

 ?�j� ;i+<"))Reactive Oxygen Species, ROS (�+^( �O� H .

OH, ��
O�DD>  /DD!��)�� .(    CI�DD" LDD>)%: 3) �DD2�	 �DD4�

L+�,�P"          3�D +" L+>��%PG N�B(V S-��G �'+� , ���H� .�I)  N�BD(V

  S+0,�� 1/  " B+0���" (        V 3) fV C D� k�D2 I �D�   5�D>��%PG N�BD(

  3�2+0)    L+�,�P" B- �%+� �+<> N�B(V S+0,) (�>      yD:�� �D" /D!��

�>            , /D��� S+0,�� w�=> �� �-'+� 5�>��%PG 3�� C+� �� 	%!

           	%D! �DE)%> ��	,/DU> �� L+�,�P" B- �%+� S�)��� �)A .(  �D^(

    ;)��4KI , �2+�)�Y (        LD+�,�P" $)%D-U> �" /(	)	 ;�'(a   , b 

    ̂ Pe �	 C�)B�) �P: ��      h�D� �	 N�/� /��P" \K( �   ,	 $�DI

   � j> CI�" .)BP" NH�             NDH� �	 CI�D" SD�) �D" 	�D" )/+� $�)	

RGS NH� �� �6<( Hayola 401	%� �-'+�  .   ~��D-( �D� �E%� ��

              �-D!)	 �D� �	 )� h�D� LD+�,�P" *D��c� $�%! C�)B�) .�%�

��) .             L>�D! �D�8�,�P" �	 5)�D++o� yD:�� $�%D! �" )�T  

  5�X9 S+2(�+>  

 $�%! QR�)dS/m(   h��)k�G��%� �	 (   �H��)��%� �	 k�G(   �'��)��%� �	 k�G(   #6Z)��%� �	 k�G(  

/I�!  a ��/�  a ��/�  a �A/�  a  ��/�  

A  a��/� b ��/�  b��/�  a   �Y/�  

�Y  b ��/� c �A/� c ��/� a   �Y/� 

��  c ��/� d��/� d ��/� a   ��/� 



 ���� 
��
�� � 	����� � ����� ������ ��� /  �����  /  !��"# $�%& /'()'  

�Y  

  
 1E#] .[6
 	B� ���# q�/T� N�Z� �
*+
 9�
 <3= ! �� $
.U�37 U�/� �L �  � �"� ?=  ��	7�/�� ��Z= !	%L   

�� 	#��(Mean±SE).  

  

 ��	Wa .  	� �� ,%
"-��& � ���# �*� b7�-��� �-K�
 c-�/7Spadd�� �567 8� ���/�� � 1
����2 ���/�� 0  

5�j��> S+2(�+>  

                      5)�++o� [6 >E�	$	)3V �  Spad  L+�,�PJa  L+�,�PJb
 �6<( fV $)%-U>  

�)�4�  �  ns �/�Y  ** �/��  ns ��/� ns Y/��� 

l +K�)��  �  ns �/��  ns A�/� ns Y�/� ns A/��� 

$�%!  �  ** �/���  ** �/�Y  ** ��/�  * �/��Y 

$�%!×l +K�)��  �  ns �/� ns ��/� ns A�/� ns  �/��� 

�R]  ��  �Y  ��/�  A�/�  �/A�  

��_ 5)�++o� *(%)  �  YA/A  �/�A  �/��  �/��  
** .* , ns :�� u j> *+��� ?�K-W) 7%R� �	 �)	� % ,� %� j> w8-]) 	%E, k/: ,�)	  

  

 ��	Wt.���# ��"

 �
*+
 9�
 �"2 ��`B C
R7�
� �6-�S�   

S+2(�+> .;%-� �I �	� j> w8-]) / -<I g�-'> w�W �� LH)/W $)�)	 �" ���I QR� �	 $�)	� %/(�)/(.  

  5�X9 S+2(�+>  

7%R� $�%!)dS/m(  Spad  L+�,�P"a(%)   L+�,�P"b (%)  $)%-U> �6<( fV)(%  

/I�!  a �/�A  a �/��  a �  a Y/Y�  

A  a�/�� a�/��  a�/�  a �/YA  

�Y  a �/�� b A/A b �/� a �/Y�  

��  b �/�� c �  c �/� a A/Y� 
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            Dc�� NDI �D� , �-"�D� ;�K-]�D� ;	)	 ��	 3) .�G/+",�T S-

            �-��'D( ;	)	 �D�	 3) , �I�()�G ;	%K( t�>V .�I�()�G ;�>3��

�> 	%!)�.(  

  

N (�567 8� ���/��  

      �D j> C�)BD�) y:�� $�%! C�)B�)     �D��� fV $)%D-U> �)	  �DI

/�	�G .��$�%Z     $�%! 	����" �� �"��  �D�	       .�D-> �D� p DK�3

    �6<( fV $)%-U>�� %    ���� C�)B�) /I�! �� �6<( .   /D T �I

  +� S+� �"       $�%D! 7%R� , /I�! ��KA   , �Y  �D�	    �D� p DK�3

  � j> w8-]) �->    /�	�2( 1/I�'> $�)	)  ?,)/EY   , � .(  �^( ��

�>          �6<D( fV $)%D-U> C�)BD�) �DJ /D��  h�D�      �Z�D] �D� �DI

      fV 5�XP� 1/ I	 CI�" $�I��",3��)�-<�  �(3,� ;/! ���I ( ,

         �'�� ��-<G #��Z 3) fV �-'+� f�E �R�), �� ��   /D!�� �DI .

NI      �D j> , �D6s> �2-<6KI S+ T        fV $)%D-U> S+D� �D" $�)	

        �> .�!)	 	%E, �I�+G ���� S+0,�� ;)B+> , �6<(  �2(�+� /()%�

      �0V ?%PU> 	)%> [K&� #��Z 3) 1�+G |M�K-W) �" /!�� *PR> S�)

       �X > $BK�) L+<(�-� ��) �-<()%� .S+0,�� ;%T $BK�)  )� $��

        LK: S�) �&+-( �	 , / " 	�&�) h�� �	      `+U> 3) )� $�-'+� fV 

              , �0%PD� t�D>V �DXW yD:�� �D��F( �	 , /��K( f�E �'��

#+H�               `�)�D! �	 )� 	%D] �D>,�m> , 		�DG \K( �^Pe $3��

    /I	 C�)B�) �%!)A   , � .(    SD�) �� �E%� ��       �I�D+G lD(�PG �D"

                 1�D+G .\DK( �D^Pe C�)BD�) �D� .�D�) $�%D! �� k,�m> |�-6<(

  ���� fV $)%-U>   1	)	 C�)B�) )� �I      �%! `�)�! ��) �-<()%� , 

   / " LKU� �-F� )� .   h�� fV ;)B+> C�)B�)       ;/D! �-D!%G , �DI

     �+�%4+PG �	 �%! `�)�! �	 �F(V      ��) 1/! ��)BG NI �I)� .(

  �!%E)� (     h�D� ;/D! �-D!%G         �	 )� ;�DI�+G 3) �D]�� $�DI

           h�� fV C�)B�) �" �!)	 ��F�) , 	%K( ��)BG $�%! `�)�!

� �{) CI�" *6� ��) S4K>;%� �K	%! �%! `�)�! �	 �I.  

  

��
/7 ��
:  

         �> .����� 	�%> 5�X9 3) L9�W ~��-( �� �E%� ��    �DXG ;)%D�

         �'D�� /!� `+U> �	 \K( �^Pe C�)B�) / T �I �"  .lD(�PG

 �!/PG NH�  .           CI�D" , h�D� LD+�,�P" �^Pe CI�" �� �& >

      L��m> �	 S4+0 ./! 1�+G \'] ;3,.        fV $)%D-U> C�)BD�) �D� 

 ���� �6<(�I              �H�D� �D� �'D�� \'D] ;3, �6<D( C�)BD�) , . 

�>               #D��Z 3) $	,/DW �� , / " LKU� �-F� )� �%! `�)�! /()%�

                )� C D� 3) �D!�( 5��<D] �H�D� �D��� �	 \'] 1	�> [K&�

 / " ;)�6E .               �D� �%'D" �'D" LD��H �D_)�) 3) �K+( �" �&(V 3)

              �D� �DE%� �D� , / -<I �E)%> $�%! L4'> �� bP-c> 5�E�	

  >3V S�) ~��-(   �" C��   	)	 ;�'(  �D> l(�PG       �D� )� $�%D! /D()%�

  QR��Y ��	 K�3            \'D] ;3, LH)/DW CI�D" �D� �D-> �� p  

       �D> #Z�D > S�) �	 l(�PG �'" )�0 ./ " LKU�   3) �D4� /D()%�

�,�  /!�� �-���/> $�I.     C��>3V kBP-<> �&+-( S�) / T�I  $�I

�> �:�B> �	 �P+KO�/!��.   
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