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/14:01:).47+.%�1+6&)1+�(+*0'42):�0:*)?0*)4.�'-�����+.@-(+%�).�41,+1�*4�%54E�*5+)1�*4F):�
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43� (0.-� :5+():02%� 0.,� ,1&7� (42+:&2+%�� �).:+� /14:01:).47+.%� 1+6&)1+� (+*0'42):�
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� Epilobium� %/�� :).%)� R-+2+1)� ,R.-0� R@+1).,+� 7+.)B� ')1� B+;)2,+� -0-S2(SB� 42&/� "���
;0,01� *R1+� %05)/*)1�� �&� :).%).� ')1� R-+%)� 420.� Epilobium hirsutum L.� 0.02G+@);8� 0.*)!
();14')-02� ?+� *R(Q1� 5R:1+2+1).).� 'R-R(+%).)� Q.2+-):)� Q@+22)T)� )2+� *0.S.(0;*0� ?+�
R2;+()@,+� 02*+1.0*)3� )20U� 42010;� ;&220.S2(0;*0,S1�� Epilobium hirsutum L.P� .).�
301(0;424G);� +*;)%)� 4.&.� %05)/� 42,&T&� %*+14),2+18� *0.+.2+1� ?+� 320?4.4),2+1+�
,0-0.(0;*0,S1�� �)*4;14(� ����� +.@)(2+1)� ')1U4;� )20U� ?+� ;)(-0%02S.�(+*0'42)@(0%S.,0.�
%41&(2&,&1201�� �)1U4;� Q.:R2� ;01%).4G+.� (0,,+� *4;%);� -0� ,0� ;01%).4G+.);� +*;)�
7Q%*+1+')2(+2+1)� )U).� %)*4;14(� ����� +.@)(2+1)� *0103S.,0.� (+*0'42)@+� +,)2(+2+1)�
7+1+;(+;*+,)1�� �&� *4;%);� +*;)� 30@� ��� +.@)(2+1)� *0103S.,0.� ;0*02)@2+.+.� ;4.G&70%-4.�
1+0;%)-4.201S� -0� ,0� 0.*)4;%),0.� +.@)(2+1� *0103S.,0.� Q.2+.+')2)1�� �+@� U02SB(0%S.S.� )2;�
;S%(S.,0�EH�Q1.+;2+1)�*4/20.,S�')*;).).�*04/10;�R%*R�;S%S(201S�)2+�50@S120.0.�%&2&�+;%*1+�
2)-43)2)@+� +,)2,)� ?+� 0;*)3� ')2+B);2+1)� ?+� '&.201S.� ();*01S� ��!��I��� *+;.)T)� -01,S(S-20�
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7R.�'4-&.:0�+.G+;*+�+,)2+1+;�EHP�&.�%SU0.�;010:)T+1�30@��8�30@����?+�0.*)4;%),0.�+.@)(2+1�
R@+1).,+�*+1Q/0*);�?+�*4;%);�+*;)2+1)�010B*S1S2,S���&�U02SB(0�EHP�&.�%SU0.�;010:)T+1�30@��8�
30@����?+�0.*)4;%),0.�+.@)(�0;*)?)*+2+1)8�(��	�?+�/14*+).�+;%/1+%-4.201S.S.�).:+2+.,)T)�
)2;� U02SB(0� 42(0;*0,S1�� �/+;*1434*4(+*1);� 0.02)@2+1� EHP� &.� %SU0.� ;010:)T+1� ,4;&201S�
R@+1).+�5+1�50.7)�')1�%)*4*4;%);�+*;)%)�42(0,STS.S�7Q%*+1()B*)1�C#��#!;0*D��EH�+.G+;%)-4.&�
%4.&:&.,0� %SU0.� ;010:)T+1� 30@� �8� 30@� ��� ?+� 0.*)4;%),0.� +.@)(� 0;*)?)*+2+1).,+� (+-,0.0�
7+2+.�,+T)B)(2+1�).:+2+.()B�?+�EHP�&.�%)*4;14(������+.@)(�0;*)?)*+2+1)�R@+1).,+�Q.+(2)�
Q2UR,+� ).5)'+� +,):)� +*;)%)� 42,&T&� '&2&.(&B*&1K� ���#	#� '0TS(2S� ��
�� C#��L!;0*D�
/M�����$8���"�#� '0TS(2S� '+.@3+*0().� �!,+(+*)20@� C"�#"!;0*D� /M�����#8� ���"�#�
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C/M�����#D�� �&� ,+T)B)(2+1).� ;0-.0TS.S� '&2(0;� )U).� /14*+).� ?+� (��	� +;%/1+%-4.201S�
E+%*+1.� '24*� ?+� 6��!���� *+;.);2+1)� -01,S(S-20� ).:+2+.()B*)1��J+%*+1.� '24*� U02SB(0201S�
%4.&:&.,0� ���#	#8� ���"�#8� ���"�#8� ���$	#� ?+� ���!(&� /14*+).�
+;%/1+%-4.201S.,0� :),,)� ')1� 0@02(0� C/M�����#D� 7Q@2+(2+.)1;+.� ��
#� ?+� ��F� /14*+).�
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U0/10@20(0� 42010;� ).:+2+.,)T).,+� +.@)(� 0;*)?)*+%).,+;)� 01*SB� 5+(� /14*+).� %+?)-+%).,+�
5+(� ,+� (��	� %+?)-+%).,+� (+-,0.0� 7+2+.� ,+T)B)(2+12+� /0102+2� 42010;� ,+T)B*)T)�
7Q@2+(2+.()B*)1�� � �)*4;14(� ����� +.@)(2+1).,+� (+-,0.0� 7+2+.� ).5)')%-4.� '&� +.@)(2+1�
*0103S.,0.� (+*0'42)@+� +,)2+.� ')1U4;� ;)(-0%02� (0,,+.).� ?+� )20:S.� ,0� (+*0'42)@(0%S.S�
+*;)2+(+;*+,)1�� � 9.:R2� ;01%).4G+.� (0,,+2+1).� 0;*)3� 502+� 7+2(+2+1)� )U).� %)*4;14(� �����
+.@)(2+1)� *0103S.,0.�(+*0'42)@+�+,)2(+2+1)�7+1+;*)T).,+.8�'&�+.@)(�%)%*+().,+�(+-,0.0�
7+2+.� ).5)')%-4.� @01012S�(+*0'42)*2+1).� 42&B&(&.&� ,0� +.7+22+(+;*+,)1��	-1S:0� %)*4;14(�
����� +.@)(2+1)� *0103S.,0.�(+*0'42)@+� +,)2+.� Q.:R2� ?+-0� 0;*)3� *4;%)%)*+� -0� ,0� 01**S1S2(SB�
+*;).2);2+1)� ,+� '&� +.@)(� %)%*+().,+� (+-,0.0� 7+2+.� ).5)')%-4.� %4.&:&.,0� ,+T)B)(+�
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+,)2+1+;� 5R:1+,+.� ,SB01S� 0*S2(0;*0� ?+� +*;).2);2+1).)� 7Q%*+1+(+(+;*+,)12+1�� EHP� &.�����
+.@)(� 0;*)?)*+%)� R@+1).,+;)� ).5)'+� +,):)� Q@+22)T)� ;+(4*+1Q/0*);� )20U201S.� +*;).2);2+1).)�
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&.� ;%+.4')-4*);� (0,,+2+1).� 0;*)?0%-4.&� ?+� ,+*4;%)3);0%-4.&� -420TS.,0� 142� 020.�
+.@)(2+1).�+;%/1+%-4.201S.S�?+�0;*)?)*+2+1).)�,+T)B*)1,)T).)�7Q%*+1(+;*+,)1���&.,0.�,420-S�
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� �5)%� %*&,-� E0%� :011)+,� 4&*� ).� *5+� �)4:5+()%*1-� �+/01*(+.*8� �+/01*(+.*� 43�
�)4247):02��:)+.:+%8�*5+��),,2+��0%*��+:5.):02��.)?+1%)*-8�,&1).7�*5+�-+01%�"��N!"�#$���

� ��+F/1+%%�(-�%).:+1+�710*)*&,+�*4�(-�%&/+1?)%418��143����1���
150.�	�	������0(�
341+?+1�*50.;3&2�341�5)%�+F*1+(+2-�?02&0'2+�0,?):+%�0.,�+.:4&107+(+.*�,&1).7�(-�*5+%)%��
�� 0(� 710*+3&2� 341� 5)%� +.,2+%%� *1&%*� *50*� 5+� 50%� %54E+,� 4.� (+8� .4� (0**+1� E5+*5+1� (-�
/14G+:*%�E+1+� %&::+%%3&2� 41� .4*��
)%� 50')*� 43� ;++/).7� 5)%� 433):+� ,441� 4/+.� 0.,� +0%-� *4�
0::+%%�0*(4%/5+1+�E5+.+?+1�5+�)%�/1+%+.*�)%�5)752-�0//1+:)0*+,����

� �� E4&2,� 2);+� *4� *50.;� 0.,� *4� +F/1+%%�(-� 710*)*&,+� *4�(-� :4!0,?)%41K� �143�� �1��
	200**).�����0.,�	%%4:���143���1�	-B+��).+����A����9��	��341�*5+)1�7&),0.:+�0.,�
%&//41*�*514&754&*�*5+�%*&,-��

� ��E)%5�*4�+F/1+%%�(-�%/+:)02� *50.;%�*4�(-�*5+%)%�:4(()**++�(+('+1%K��143���1��
�+.0-��	�����8��143��1��9@2+(��������������8�	%%4:���143���1���&1%+.�A
��
�
0.,� 	%%4:�� �143�� �1� 	-B+� �).+� ���A���� 341� *5+)1� ?02&0'2+� %&77+%*)4.%� 0.,�
:411+:*)4.%���

� ��0(�02%4�710*+3&2�*4��143���1���+%&,+����	��0.,��143���1���&2).����	��0.,�
*5+)1��0'�(+('+1%K�	%%)%*�� �143���1���Q;50.��	��8��0.�����	��0.,��+.)@� ������
�	��	��341�*5+)1�;).,2+%�0.,�4/+.�*5+)1�20'�341�(+�,&1).7�(-�+F/+1)(+.*��

� �� 0(� *50.;3&2� �1�� �0(0-� =����� 0.,� ����� �+.*102� �0'410*41-8� �42+:&201�
�)4247-!�)4*+:5.4247-� �+%+01:5� 0.,� �+?+24/(+.*� �+.*+18� �0%%� �/+:*14%:4/-�
�0'410*41-�341���!��I���0.02-%+%�43�Epilobium hirsutum����

� ��0(�%).:+1+2-� *50.;3&2� 341��1��	%2)�������0.,��&1'+*�������341�0.)(02�:01+�
0.,�/1+/010*)4.�43�%0(/2+%���

� ��0(�02%4�710*+3&2�341�022�/0%*�0.,�/1+%+.*�(+('+1%�43��0'�#��8�E54�01+�*44�(0.-�
*4� (+.*)4.� '-� .0(+�� �� 3++2� *50.;3&2� 341� +%/+:)022-� *4� �+2);+� �����8� 
0%0.� �3&;�
������
���8��410������8��1���)7,+(��	�	�8��(1+�����8��%10�������8��&7:+�

���8� �+2)50� �����8� �+1?+� 	����	�� 0.,� �&'0� ������ 341� %501).7� (0.-�
(+(410'2+�(4(+.*%�).%),+�0.,�4&*%),+�43�*5+�20'���5+)1�5+2/%8�?02&0'2+�%&77+%*)4.%�0.,�
%&//41*�).�022�%*+/%�43�(-�1+%+01:5�:0..4*�'+�,+.)+,���

� ��*50.;�(-�'+24?+,�E)3+��+?*0/�341�5+1�24?+8�%&//41*8�).:1+,)'2+�/0*)+.:+8�02E0-%�
50?).7�30)*5�).�(+�0.,�(0;).7�(+�20&75���).022-8���*50.;�(-�0,410'2+�%4.%�	2/��1+.�0.,�

7&@��+1;�341�'+).7�*5+�G4-�43�(-�2)3+�0.,�*+0:5).7�(+�54E�*4�2)?+�).�0�(4(+.*���
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#�#��0F4.4(-�43�Epilobium hirsutum���������������������������������������������������������������������������������#�

#�"��)4:5+():02�0.,��+,):02��*&,)+%�43�Epilobium hirsutum �������������������������������������������"�

#�$��50%+���0.,��50%+�����+.4')4*):��+*0'42)@).7��.@-(+%������������������������������������������������$�

#�$�#��50%+����+.4')4*):��+*0'42)@).7��.@-(+%�����������������������������������������������������������������$�

#�$�#�#��-*4:514(+�������.@-(+%��������������������������������������������������������������������������������������$�

#�$�#�#�#����#	#�����������������������������������������������������������������������������������������������������������������L�

#�$�#�#�"����"�#�����������������������������������������������������������������������������������������������������������������N�

#�$�#�#�$����"�#���������������������������������������������������������������������������������������������������������������#��

#�$�#�#������$	����������������������������������������������������������������������������������������������������������������#"�

#�$�"��50%+�����.@-(+%�������������������������������������������������������������������������������������������������������#��

#�$�"�#��2&*0*5)4.+��!�10.%3+10%+��������������������������������������������������������������������������������������#��

#�$�"�"��	�C�D
��&).4.+�
F),41+,&:*0%+�����������������������������������������������������������������������#H�

#�$�$�	.*)4F),0.*��.@-(+%�������������������������������������������������������������������������������������������������#O�

#�$�$�#��&/+14F),+��)%(&*0%+��������������������������������������������������������������������������������������������"#�

#�$�$�"��2&*0*5)4.+��+14F),0%+�������������������������������������������������������������������������������������������"$�

#�$�$�$�	1-2+%*+10%+�C	��D�������������������������������������������������������������������������������������������������"��

#����:4/+�43�*5+��*&,-��������������������������������������������������������������������������������������������������������"L�
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���������������������������������������������������������������������������������������"O�

"�#��5+():02%����������������������������������������������������������������������������������������������������������������������"O�

"�"��422+:*)4.�43�Epilobium hirsutum�������������������������������������������������������������������������������$��
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"�$��1+/010*)4.�43�Epilobium hirsutum�����F*10:*%�������������������������������������������������������������$#�

"�$�#��,+.*)3):0*)4.�0.,�6&0.*)3):0*)4.�43�	:*)?+��&'%*0.:+%�43�Epilobium hirsutum ������$#�

"�$�"��,+.*)3):0*)4.�43�0:*)?+�%&'%*0.:+�714&/%�43�Epilobium hirsutum�����������������������������$#�

"�$�$��,+.*)3):0*)4.�43�	2;024),%�����������������������������������������������������������������������������������������$#�

"�$����,+.*)3):0*)4.�43��01,)40:*)?+�
+*+14%),+%�����������������������������������������������������������������$"�

"�$���#�Keller - Kiliani �+%*:�����������������������������������������������������������������������������������������������$"�

"�$���"��02G+*��+%*���������������������������������������������������������������������������������������������������������������$"�

"�$���$��)+'+1(0..�!��&1:501,��+%*�����������������������������������������������������������������������������������$"�

"�$����,+.*)3):0*)4.�43��0/4.4%),+%�������������������������������������������������������������������������������������$"�

"�$�L��,+.*)3):0*)4.�43��20?4.4),%���������������������������������������������������������������������������������������$"�

"�$�H��,+.*)3):0*)4.�43�	.*54:-0.).%�����������������������������������������������������������������������������������$"�
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�+.&%���Epilobium����

�/+:)+%��Epilobium hirsutum L. 
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0)1-�E)224E!5+1'8�50)1-�E)224E!E++,8�E)224E�5+1'�C�.72)%58��.)*+,�
�*0*+%D8�*R-2R�-0;S�4*&�C�&1;+-D�

 Epilobium hirsutum L.�C�)7&1+�#�#D�)%�0�(+('+1�43��)?)%)4.��07.42)4/5-*0���*�)%�
34&.,�).�(4)%*�E0%*+�714&.,�43�*5+��+,)*+110.+0.�1+7)4.8��&14/+8�	%)08�0.,�	31):0���*�50%�
0�E),+�,)%*1)'&*)4.�).��&1;+-��Epilobium hirsutum (EH)�)%�0�/+1+..)028�0.,�)*�%/1+0,%�'-�
%++,%�0.,�'-�15)@4(+%���24E+1�'&,%�,+?+24/�03*+1�#��*4�#"�E++;%�43�714E*5���),+�%544*%�
02%4� /14,&:+� 324E+1).7� %*+(%8� 0.,� *5+�E542+� /20.*� )%� 324E+1).7� '-�(),!%&((+1� C &2-\
	&7&%*D� C�*&:;+-�#OH�D���+23!/422).0*)4.� )%� /4%%)'2+8�'&*� %++,�/14,&:*)4.� )%� 1+,&:+,�'-�
%+23!/422).0*)4.���++,%�01+�1)/+�0.,�'+7).�*4�,)%/+1%+���*4�L�E++;%�03*+1�324E+1).7���0:5�
%++,�)%�4'24.7�0.,�320**+.+,8�E)*5�0�*&3*�43�24.7�E5)*+�50)1%���5+�/20.*�50%�0�*5):;�15)@4(+�
0.,� ).*+.%)?+� 50)1-� 20.:+420*+� 2+03�� EH� 50%� /).;� :4241+,� 324E+1%� 0.,� �!#�� :(� 2+.7*5�
:0/%&2+%�).� *5+�324E+1%���+.7*5�43�%*+(�:0.�?01-�'+*E++.�$��0.,�"#��:(�� �EH� %/1+0,%�
(0).2-�E0*+1314.*�� �.��&1;+-8� *5+�7+.&%�Epilobium� )%�:022+,�]-0;S�4*u” 0.,� *5+�%/+:)+%�
Epilobium hirsutum L.�)%�:022+,�]*R-2R�-0;S�4*u” C�0-*4/�#OO�K��0-*4/�#OOOD����
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C�NNHND8� 72&*0*5)4.+� 1+,&:+,� 341(� C��
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(+*54%&230*+�C�OL"�D8�%+:4.,01-�0.*)'4,-�	��(4&%+� � C	$�L"D8�%+:4.,01-�0.*)'4,-�	��
10'')*� C	$LNHD8� %4,)&(� ,4,+:-2� %&230*+� C���K� ��$O�D8� %4,)&(!/4*0%%)&(� C�0!�D�
*01*010*+�C�!"$HHD8�*E++.�"��C�#$HOD8�F-2+.+�:-0.42�C��#"LD�E+1+�/&1:50%+,�314(��)7(0�
�5+():02��4(/0.-8��0).*��4&)%8��)%%4&1)8���	��

�*5-2+.+�,)0().+�*+*10�0:+*):�0:),�,)%4,)&(�%02*�C���	K��N�"#D8�720:)02�0:+*):�
0:),�C���LD8�72-:+142�C���O$D8�(07.+%)&(�:5241),+�C�7�2"K���N$$D8�(+*50.42�C�"���D8�p!
.)*14/5+.42� C#�LHOND8� /4*0%%)&(� :5241),+� C��2� #��O$�D8� /4*0%%)&(� ,)5-,147+.�
/54%/50*+� C�
"�
�K� ��NH#D8� ,)!/4*0%%)&(� 5-,147+.� /54%/50*+� C�"
�
�K� ��#�#D8�
%4,)&(�:01'4.0*+�C�L$OND8�%4,)&(�5-,14F),+�C�L�L"D8�*1):524140:+*):�0:),�C��	K���"�LD8�
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"
K�	NO�ONH�L��D8�342).!/5+.42�1+07+.*�C#��O��#�����D8�(07.+%)&(�:5241),+�
C�7�2"K� 	1*��N$$D8� /4*0%%)&(� :5241),+� C��2K� �O$�D8� %4,)&(� :01'4.0*+� C�0"�
$K�
#��L$O"D8� %4,)&(� :5241),+� C�0�2K� #��L���D8� %4,)&(� 5-,14F),+� C�0

K� �L�L"D8� @).:�
:5241),+�C�.�2"K�#�NN#�D��E+1+�*5+�/14,&:*%�43�����+1:;8��01(%*0,*8��+1(0.-��

	.)2).+� C	�H�OD� E0%� 4'*0).+,� 314(� �)%5+1� �:)+.*)3):� �4(/0.-8� �5+():02�
�0.&30:*&1).7��)?)%)4.8��0)1��0E.8��+E� +1%+-8���	���41(02,+5-,+�E0%�4'*0).+,�314(�
�2&;0� 	���8� �E)*@+120.,�� 	'%42&*+� +*50.42� C$"""#D� 0.,� 0:+*-2� 0:+*4.+� C$$���D� E+1+�
*0;+.�314(��)+,+28��+1(0.-��

g!.):4*).0(),+� 0,+.).+� ,).&:2+4*),+� /54%/50*+� 1+,&:+,� 341(� C�	��
K�
	#$O�D8� g!.):4*).0(),+� 0,+.).+� ,).&:2+4*),+� /54%/50*+� C�	��[K� �����D8� E+1+� *0;+.�
314(�	//2):5+(8��01(%*0,*8��+1(0.-��
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�!'14(4� �!:52414� $!).,4-2� /54%/50*+� C����K� ��N"#D8� ,)*5)4*51+)*42� C���K�
��NL#D8� 7+.+� 1&2+1��� ��� '/� ��	� 20,,+1� C���$H#D8� 2)75*� :-:2+1!30%*� %*01*� ��	�
�0%*+1�2&%������71++.���C��"�"D8��024.+-�(&1).+� 2+&;+()0�?)1&%�1+?+1%+�*10.%:1)/*0%+�
C�!�&�&!��K��#L""D8�/1+!%*0).+,�/14*+).�20,,+1�C���LH#D�E+1+�/&1:50%+,�314(�����
�+1(+.*0%8���	��

�4.!30*�,1-�()2;�C#H�!L���D�0.,�*+*10�(+*5-2�+*5-2+.+�,)0().+�C�����K�#L#!
�N�#D�E+1+�*5+�/14,&:*%�43��)4!�0,��0'410*41)+%8��):5(4.,8��02)341.)08���	��

�*5-2+.+� ,)0().+� *+*10� 0:+*):� 0:),� C���	K�	��OHD� 0.,� .)*14*+*10@42)&(� '2&+�
:5241),+�C���K�	#"�$D�E+1+�0:6&)1+,�314(�	//2):5+(��('
8��+1(0.-��

�5+� ���#	#� C%:!"�HH"D8� ���"�#I"� C%:!H$��LD8� ���"�#� C%:!#$$�O#D8� ��F�
C%:!#$$#L�D� 0.*)'4,)+%�E+1+� /&1:50%+,� 314(� �0.*0��1&@� C�0.*0� �1&@8� �	D� 0.,���
#�
C0'!$�#H$D� /1)(01-� 0.*)'4,-� E0%� /&1:50%+,� 314(� 	':0(� C�0('1),7+8� ��D�� �1)(+1%�
E+1+�(0,+�'-��)4��0%):��.:�C
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	22� *5+� 4*5+1� :5+():02%� &%+,� ).� *5)%� %*&,-�E+1+� 43� 0.02-*):02� 710,+� 0.,�E+1+�
4'*0).+,�314(�:4((+1:)02�%4&1:+%�0*�*5+�5)75+%*�710,+�43�/&1)*-��

 � �� �$++1%&*$/�$(�Epilobium hirsutum�����

� �5+�24:0*)4.�43�Epilobium hirsutum ���E0%�,+*+:*+,�,+/+.,).7�4.�*5+�1+/41*%�43�
�0?)%� C#OHND� 0.,� �0?)%� C#ON�DK� 0.,� ).� *5+� ,)1+:*)4.� 43� '244().7� *)(+8� ,)%*1)'&*)4.8�
50')*0*� 0.,� +2+?0*)4.� 43� *5+� /20.*8� 20.,� %+01:5� /20.%� E+1+� ,4.+�� �20.*� %0(/2+%� E+1+�
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24%).7�*5+�(41/54247-���20.*%�E+1+�),+.*)3)+,�,+/+.,).7�4.�*5+�32410�43��&1;+-�0.,��0%*�
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 �"�� �'1-2'2&*$/�$(�Epilobium hirsutum�����:&'2%&,�

� 	)1� ,1)+,� 0.,� /4E,+1+,� 324E+1).7� 0+1)02� /01*%� 43� /20.*� (0*+1)02� 50%� '++.�
%&'G+:*+,� *4� 0:*)?+� (0:+10*)4.� ).� ,,
"
� '-� &%).7� 
+),42/5� (+:50.):� %50;+1� 0*� $���
1/(I().�0*� 144(� *+(/+10*&1+� 341�N�54&1%���5+� +F*10:*�4'*0).+,�E0%� 3)2*+1+,� 314(� 3)2*+1�
/0/+1�0.,�,1)+,�).�*5+�31++@+�,1-+1�C�51)%*��0((0�"!#L����D�0.,�E+)75+,���5+�+F*10:*�
E0%�70%%+,�E)*5�.)*147+.�*4�/1+?+.*�4F-7+.�).*+10:*)4.8�0.,�%*41+,�0*�!"��4��341�).G+:*)4.�
*4�10*%��

 �"�!�� �51/&*(*%2&*$/�2/5�=82/&*(*%2&*$/�$(�
%&*61��8;,&2/%1,�$(�Epilobium hirsutum�
����

� �5+� *4*02� :4.:+.*10*)4.� 43� /5+.42):� :4(/4&.,%� ).� EH�+F*10:*%�E0%� ,+*+1().+,�
&%).7�0�%+1)+%�43�7022):�0:),�%*0.,01,%�0%�,+%:1)'+,�'-�*5+�(+*54,�43��).72+*4.�0.,��4%%)�
C#OL�D�0.,� *5+� 1+%&2*%� E+1+� 7)?+.�0%� (7� 7022):� 0:),� +6&)?02+.*%� C�	�D� /+1� #��� 7� 43�
+F*10:*�� �,+.*)3):0*)4.�0.,�6&0.*)*0*)4.�43�/5+.42):�:4(/4&.,%� ).�EH�E0%�/+1341(+,�'-�
&%).7� �)6&),� �514(0*4710/5-� �0%%� �/+:*14(+*1-� C��!����D�� � �41� 1+?+1%+,� /50%+�
:514(0*4710/5):� %+/010*)4.8� 0� �41'0F� ��!�#N� C"�#� F� ��� ((� F� #�N� `(D� :42&(.�
C	7)2+.*��+:5.4247)+%8��024�	2*48��	D�E0%�&%+,���5+�(4')2+�/50%+�:4.%)%*+,�43�C	D��8�c�
341():� 0:),� E)*5� �� (�� 0((4.)&(� 341(0*+� 0.,� C�D� (+*50.42�� �5+� %/+:*10� 43� +2&*+,�
%&'%*0.:+%�E+1+� 1+:41,+,�'+*E++.�"��� 0.,�����.(���0%%� %/+:*14(+*1):� 0.02-%+%�E+1+�
/+1341(+,�).�0.�	7)2+.*�L�L��*1)/2+�6&0,1&/42+�(0%%�%/+:*14(+*+1�C	7)2+.*��41/410*)4.8�
��D�+6&)//+,�E)*5�0.�+2+:*14%/10-�)4.)@0*)4.�C���D�%4&1:+�/2&%�	7)2+.*� +*��*1+0(�*50*�).�
*5+�/4%)*)?+�)4.)@0*)4.�C��D�(4,+���5+�:0/)2201-�0.,�.4@@2+�?42*07+%�E+1+������0.,�����
�8�1+%/+:*)?+2-���5+�fl4E�10*+�0.,�*+(/+10*&1+�43�*5+�%5+0*5�70%�E+1+�#��(2I().�0.,�$���
s�8� 1+%/+:*)?+2-���0(/2+�0:6&)%)*)4.�E0%�/+1341(+,� ).� *5+�(&2*)/2+�1+0:*)4.�(4.)*41).7�
C���D�(4,+��

 �"� �� �51/&*(*%2&*$/�$(�2%&*61�,8;,&2/%1�0'$8-,�$(�Epilobium hirsutum����

� �5+� 1+0:*)4.%8� E54%+� ,+*0)2%� 7)?+.� '+24E� E+1+� 0::4(/2)%5+,� ).� 41,+1� *4�
,+*+1().+�*5+�714&/�43�:4(/4&.,%�43�Epilobium hirsutum L��+F*10:*�6&02)*0*)?+2-����

 �"�"�� �51/&*(*%2&*$/�$(�
+92+$*5,�

� 	3*+1�'4)2).7�43�����7�43�:1&%5+,�/4E,+1�43�Epilobium hirsutum L.�).�#��(2�43�H��
c� +*50.42� :4.*0).).7� L� c� 
"�
�� 341� #� ().&*+8� *5+� %42&*)4.� E+1+� :442+,� 0.,� 2+*� *4�
/1+:)/)*0*+�� �)**2+� 0(4&.*� 43� %&/+1.0*0.*� E+1+� /4&1+,� ).*4� "� *&'+%�� �5+� 341(0*)4.� 43�
/1+:)/)*0*)4.�E0%� :5+:;+,� '-� 0,,).7��0-+1� 0.,��107+.,4133� 1+0:*0.*���5+� 0//14/1)0*+�
0(4&.*�43�"��c��0"�
$�E0%�0,,+,�).�*5)%�+*50.42!+F*10:*�()F*&1+�).�41,+1�*4�(0;+�*5+�
%42&*)4.�02;02).+���5+�%42&*)4.�E0%�()F+,�E)*5�#��(2�:52414341(�*50*�:0&%+%�%+/010*)4.�
43�20-+1%�314(�+0:5�4*5+1�0.,�03*+1�%+/010*)4.�:52414341(�E0%�,+/2+*+,�?)0�#��(2�43�#��c�
0:+*):� 0:),�� � �5+� 0:+*):� 0:),� 20-+1� E0%� *0;+.� ).*4� $� *&'+%K� 3)1%*� *&'+� E0%� 341� :4.*1428�
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%+:4.,�0.,�*5)1,�*&'+%�()F+,�E)*5��0-+1�0.,��107+.,4133�1+0:*0.*8�1+%/+:*)?+2-�).�41,+1�
*4�:5+:;�/1+:)/)*0*)4.���

 �"���� �51/&*(*%2&*$/�$(��2'5*$2%&*61�
1&1'$,*51,�

� "�7�43�/4E,+1�43�Epilobium hirsutum����E0%�3)2*+1+,�03*+1�'4)2).7�).�#��(2�43�H��
c�43�+*50.42�341�"�().&*+%�).�E0*+1�'0*5���5+�3)2*10*+�E0%�,)2&*+,�"�*)(+%�?42&(+�43�E0*+1�
0.,�#�(2�43�:4.:+.*10*+,�2+0,�%&'0:+*0*+�E0%�0,,+,�*4�%42&*)4.�0.,�3)2*+1+,���5+�3)2*10*+�
E0%� ()F+,� E)*5� #�� (2� 43� :52414341(�� �5+� %42&*)4.� E0%� *0;+.� ).*4� $� :0/%&2+%� 0.,�
34224E).7�1+0:*)4.%�E+1+�0//2)+,��

 �"���!�� Keller - Kiliani �1,&: �

� �5+� %42&*)4.� ).� *5+� :0/%&2+�E0%� +?0/410*+,� &.*)2� ,1)+,� /50%+� 4'*0).+,�� $�(2� 43�
�+�2$� %42&*)4.� :4.*0).).7� $���c� 43� 720:)02� 0:+*):� 0:),�E0%� 0,,+,� ).*4� *5+� :0/%&2+� 0.,�
).:&'0*+,� 341� #� ().&*+�� �5+.� 4'*0).+,� %42&*)4.� E0%� /4&1+,� :01+3&22-� ).*4� 0� *+%*� *&'+�
:4.*0).).7�"�(2�43�
"�
��).�41,+1�*4�341(�0�20-+1�0.,�4'*0).+,�:4241�E0%�(4.)*41+,���

 �"��� �� #2+O1&��1,&���

� �5+�%42&*)4.�).�*5+�:0/%&2+�E0%�+?0/410*+,�0.,�*5+�,1)+,�(0*+1)02�E0%�,)%%42?+,�
).�#�(2�43�+*50.42���02G+*� 1+0:*0.*�E0%�,14//+,�4.� *5)%� %42&*)4.�0.,�341(0*)4.�43�:4241�
E0%�(4.)*41+,���

 �"���"�� �*1;1'32//���#8'%)2'5��1,&���

� �5+�%42&*)4.�).�*5+�:0/%&2+�E0%�+?0/410*+,�0.,�*5+�,1)+,�(0*+1)02�E0%�,)%%42?+,�
).�#�(2�43�720:)02�0:+*):�0:),���5+�%42&*)4.�E0%�/4&1+,� ).*4�0�*+%*� *&'+�0.,�#!"�,14/�43�
:4.:+.*10*+,�
"�
��E0%�0,,+,�0.,�341(0*)4.�43�:4241�E0%�(4.)*41+,��

 �"���� �51/&*(*%2&*$/�$(��2-$/$,*51,��

� ����7�43�/4E,+1+,�(0*+1)02�E0%�/&*�).�0�*+%*�*&'+�E)*5�#��(2�43�54*�E0*+1�0.,�2+*�
*4�:442���5+.�*5+�*+%*�*&'+�E0%�()F+,�501%52-���.�*5+�/1+%+.:+�43�%0/4.4%),+8�340(�E5):5�
E0%�().)(&(�#��().&*+%�%*0'2+8�#!#��:(�5+)75*�0.,�E0%�.4*�,)%0//+01+,�E)*5�#!"�,14/�"�
��
�2�E0%�4'%+1?+,�����

 �"�K�� �51/&*(*%2&*$/�$(��+26$/$*5,�

� "�c�,+:4:*)4.�43�/20.*�/4E,+1�E0%�/1+/01+,���5)%�+F*10:*�*5+.�%+/010*+,�).*4�$�
/01*%�0.,�34224E).7�1+0:*)4.%�E+1+�0//2)+,��

� #!"�,14/�43�#��c�0((4.)0:�E0%�0,,+,�0.,�*5+�:4241�E0%�4'%+1?+,����
� �+0,�%&'0:+*0*+�%42&*)4.�E0%�0,,+,�0.,�*5+�:4241�E0%�4'%+1?+,��
� �+�2$�%42&*)4.�E0%�0,,+,�,14/�'-�,14/�0.,�*5+�:4241�E0%�4'%+1?+,��
� �-0.),+�1+0:*)4.��/20.*�/4E,+1�,)%%42?+,�).���(2�+*50.42�?)0�5+0*).7�0.,�+F*10:*�

E0%� 4'*0).+,�� 	3*+1� 3)2*10*)4.8� ���� (2� 43� :4.:+.*10*+,� 
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1
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(50% Inhibition of Autooxidation of Pyrogallol)
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3.6.1. Effects of Epilobium hirsutum L. on Rat Liver CYP1A1 mRNA Expression 

 The effect of EH on rat liver CYP1A1 mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that CYP1A1 mRNA expression significantly decreased (6.7-fold) 
from 1.0 ± 0.01 to 0.15 ± 0.03 (p<0.0001) in EH treated rats (n=30) as compared with 
that in control animals (n=10). The effect of EH on rat liver CYP1A1 mRNA expression 
(Mean±SDV) was given in Figure 3.29. 

 

 
Figure 3.29 The effect of EH treatment on rat liver CYP1A1 mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.2. Effects of Epilobium hirsutum L. on rat liver CYP2B1 mRNA Expression 

 The effect of EH on rat liver CYP2B1 mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that CYP2B1 mRNA expression significantly decreased (7.14-
fold) from 1.00 ± 0.01 to 0.139 ± 0.012 (p<0.0001) in EH treated rats (n=30) as compared 
with that in control animals (n=10). The effect of EH on rat liver CYP2B1 mRNA 
expression (Mean±SDV) was shown in Figure 3.30.  

 

 
Figure 3.30 The effect of EH treatment on rat liver CYP2B1 mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.3. Effects of Epilobium hirsutum L. on rat liver CYP2E1 mRNA Expression 

 The effect of EH on rat liver CYP2E1 mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that CYP2E1 mRNA expression significantly decreased (1.49 
fold) from 1.00 ± 0.07 to 0.67 ± 0.03 (p<0.0001) in EH treated rats (n=30) as compared 
with that in control animals (n=10). The effect of EH on rat liver CYP2E1 mRNA 
expression (Mean±SDV) was given in Figure 3.31. 

 

 
Figure 3.31 The effect of EH treatment on rat liver CYP2E1 mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.4. Effects of Epilobium hirsutum L. on CYP3A1 mRNA Expression 

 The effect of EH on rat liver CYP3A1 mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that CYP3A1 mRNA expression significantly decreased (12.5-
fold) from 1.00 ± 0.02 to 0.08 ± 0.001 (p<0.0001) in EH treated rats (n=30) as compared 
with that in control animals (n=10). The effect of EH on rat liver CYP3A1 mRNA 
expression (Mean±SDV) was shown in Figure 3.32. 

 

 
Figure 3.32 The effect of EH treatment on rat liver CYP3A1 mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.5. Effects of Epilobium hirsutum L. on Rat Liver GST-Mu mRNA Expression 

 The effect of EH on rat liver GST-Mu mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that GST-Mu mRNA expression significantly decreased (11,1-
fold) from 1.00 ± 0.015 to 0.096 ± 0.009 (p<0.0001) in EH treated rats (n=30) as 
compared with that in control animals (n=10). The effect of EH on rat liver GST-Mu 
mRNA expression (Mean±SDV) was given in Figure 3.33. 

 

 
Figure 3.33 The effect of EH treatment on rat liver GST-mu mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.6. Effects of Epilobium hirsutum L. on Rat Liver GST-Theta mRNA Expression 

 The effect of EH on rat liver GST-Theta mRNA expression was analyzed by 
qRT-PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-
PCR profile and reaction mixture were the same as mentioned in “Material and Method”. 
qRT-PCR analysis revealed that GST-Theta mRNA expression significantly decreased 
(3.57-fold) from 1.00 ± 0.01 to 0.280 ± 0.012 (p<0.0001) in EH treated rats (n=30) as 
compared with that in control animals (n=10). The effect of EH on rat liver GST-Theta 
mRNA expression (Mean±SDV) was given in Figure 3.34. 

 

 
Figure 3.34 The effect of EH treatment on rat liver GST-Theta mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.7. Effects of Epilobium hirsutum L. on NQO1 mRNA Expression 

 The effect of EH on rat liver NQO1 mRNA expression was analyzed by qRT-
PCR. As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR 
profile and reaction mixture were the same as mentioned in “Material and Method”. qRT-
PCR analysis revealed that NQO1 mRNA expression significantly increased (4.97- fold) 
from 1.00 ± 0.05 to 4.97 ± 0.06 (p<0.0001) in EH treated rats (n=30) as compared with 
that in control animals (n=10). The effect of EH on rat liver NQO1 mRNA expression 
(Mean±SDV) was given in Figure 3.35. 

 

 
Figure 3.35 The effect of EH treatment on rat liver NQO1 mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 
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3.6.8. Effects of Epilobium hirsutum L. on GPx mRNA Expression 

 The effect of EH on rat liver GPx mRNA expression was analyzed by qRT-PCR. 
As an internal standard, “housekeeping” gene GAPDH was used. The qRT-PCR profile 
and reaction mixture were the same as mentioned in “Material and Method”. qRT-PCR 
analysis revealed that GPx mRNA expression significantly increased (3.5-fold) from 1.00 
± 0.02 to 3.50 ± 0.01 (p<0.0001) in EH treated rats (n=30) as compared with that in 
control animals (n=10). The effect of EH on rat liver GPx mRNA expression 
(Mean±SDV) was shown in Figure 3.36. 

 

 
Figure 3.36 The effect of EH treatment on rat liver GPx mRNA expression. 

Alteration in mRNA expression was analyzed by using qRT-PCR. 
Results are presented as the mean from three independent experiments 
(n ≥ 3) and expressed as relative mean ± SD. The effect of EH on 
mRNA level of the tested gene was normalized to housekeeping 
GAPDH mRNA. 

 

 

 

 

 



OO�
�

�

�������

�

�����������
�

� 
+1'02�(+,):).+�1+/1+%+.*%�*10,)*)4.02�(+,):).+%�%&:5�0%�0�?01)+*-�43�+33):0:)4&%�
/20.*%�41�/20.*�+F*10:*%8�E5):5�50?+�'++.�;.4E.�*4�+.50.:+�5+02).7�43�?01)4&%�,)%+0%+%�
341� *54&%0.,%� 43� -+01%�� �.:1+0%).7� /4/&201)*-� *4E01,%� *10,)*)4.02� (+,):).+K� 5+1'02�
1+(+,)+%� 41� ,)+*01-� %&//2+(+.*%� 2+0,%� *5+� ).?+%*)70*41%� *4� %*&,-� *5+� 0:*)4.%� 43�
/5-*4:5+():02%� 4.� F+.4')4*):� (+*0'42)%(� 0.,� *5+)1� 0.*)4F),0.*8� 0.*)*&(4&18�
0.*):01:).47+.):� 0.,� 0.*)(&*07+.):� +33+:*%�� �.*+1?)+E%� E)*5� ��	� :0.:+1� /0*)+.*%� C.��
$#���D� %54E+,� *50*� L"�c� 43� *54%+�E+1+� &%+,� 0*� 2+0%*� 4.+� *-/+� 43� :4(/2+(+.*01-� 0.,�
02*+1.0*)?+� (+,):).+� ).� 0� -+01� C�01.+% et al.� "���D�� �41+4?+18� ).� *5+� 20%*� �� ,+:0,+%8�
'+%),+%� :5+(4*5+10/-8� /0*)+.*%�E+1+� &%+,� 5+1'02� ,1&7%� 0%� 0� :4(/2+(+.*01-� *5+10/-� ).�
41,+1� *4� 022+?)0*+� :2).):02� %-(/*4(%8� /1424.7� %&1?)?02� *)(+8� 0.,� ().)()@+� *5+� 0,?+1%+�
+33+:*%�43�:5+(4*5+10/-�).�	%)0�C�54�"�#�D���5+�714E).7�/4/&201)*-�43�*5+%+�1+(+,)+%�)%�
3&+2+,�'-�).:1+0%).7�%:)+.*)fi:�).*+1+%*�).�5+1'02�(+,):).+%��
.�*5+�4*5+1�50.,8�,&+�*4�20:;�
43� +.4&75� %:)+.*)3):� 1+%+01:5� E)*5� *54%+� /20.*%8� +33):0:-� 0.,� %03+*-� /14'2+(%� 01+�
0//+01+,��	2*54&75�*54%+�5+1'02�(+,):).+%�50?+�'++.�%42,�).�*5+�(01;+*%8�2+%%�%:)+.*)3):�
1+%+01:5�4.�*5+)1�(+:50.)%(8�%03+*-�0.,�/4%%)'2+�0,?+1%+�+33+:*�(0;+�*5+(�,0.7+14&%�341�
5&(0.�5+02*5���*�)%�0.�&.,+.)0'2+�30:*�*50*�/20.*%�50?+�'++.�&%+,�0%�*1+0*(+.*�341�5&(0.�
5+02*5�314(�*)(+�)((+(41)02��

� 
.+� 43� *5+� 1+/&*+,� 30()2-� ).� (+,):).02� /20.*%� )%� 
.0710:+0+ 50%� .&(+14&%�
(+,):).02� %/+:)+%� %&:5� 0%� Ludwigia octovalvis� &%+,� 341� *1+0*(+.*� 43� ,)0115+0� 0.,�
,-%+.*+1-8�Oenothera sp�� 341� *1+0*(+.*� 43� 0%*5(08� 70%*14).*+%*).02� ,)%41,+1%8� .+&1027)08�
%;).� ,)%+0%+%8� 0.,� 5+/0*):� 0.,� ;),.+-� ,)%+0%+%8� Epilobium angustifoliumK� 50%� 0.*)�
).320((0*41-�0:*)?)*-� C�0,&(��0;4' et al.� "�#"K��)%% et al.� "�##K��).75 et al.� "�#"D��
Epilobium sp.,�*5+�2017+%*�7+.&%�43�
.0710:+0+�30()2-8�)%�E),+2-�,)%*1)'&*+,�022�4?+1�*5+�
E412,�0.,�:4.%)%*%�43�0//14F)(0*+2-�"���%/+:)+%�� �*� )%� 34&.,�).�(4)%*�E0%*+�20.,�43� *5+�
�+,)*+110.+0.� 1+7)4.8��&14/+8�	%)08�0.,�	31):0��
.+�43� *5+�(+('+1%�43� *5)%�(+,):).02�
/20.*� 30()2-� )%� Epilobium hirsutum L (EH). �5+� %/+:)+%� EH� /4%%+%%+%� /42-/5+.42):%�
).:2&,).7� %*+14),%8� *0..).%�0.,� 320?4.4),%� C�010;0* et al.� #OOHK� �?0.:5+?0 et al.� #OO"D��
�5+� 0(4&.*� 43� *4*02� /5+.42):� :4(/4&.,%� 34&.,� ).� *5+� EH� +F*10:*� &%+,� ).� *5+� /1+%+.*�
%*&,-� E0%� #$�OL� (7� 43� �	�I#��� 7� 43� ,1-� E+)75*�� �*� E0%� 1+/41*+,� *50*� EH� +F*10:*�
+F5)')*+,� *4� 50?+� 5)75+%*� 0.*)4F),0.*� 0:*)?)*-� CLO�L� `�� *1424FI#��� 7� ,ED� 0.,� 5)75+%*�
0.*)4F),0.*� :4.:+.*10*)4.� C"�"���#� `�� ��	�I#��� 7� ,ED� 0(4.7� $"� /20.*%� +F*10:*%�
CJ4G,-_4 et al.�"��HD��
����0.02-%+%�43�EH�1+?+02+,�*50*�/20.*�+F*10:*�:4.*0).%�7022):8��
/14*4:0*+:5&):8� � +2207):8� � ?024.+):� � ,)20:*4.+8� /!:4&(01):� 0:),%8� � (+*5-2� � 70220*+8� � /!
(+*54F-��7022):��0:),��(+*5-2��+%*+18����;0+(/3+1428��6&+1:+*).��0.,��(-1):+*).�C�010;0* et 
al.�#OOHD���.�*5+�/1+%+.*�%*&,-8�*5+���!��I���0.02-%)%�43�EH�+F*10:*�%54E+,�*50*�/20.*�
+F*10:*�:4.%)%*%�43��8�H�^��8���L�//(�/!:4&(01).8�$L�L#�^���L$�//(�7022):�0:),8�������^�
�8���"�//(�;0+(/3+1428�N8N�^���##�//(�+2207):�0:),�0.,�02%4�24E�:4.:+.*10*)4.�43�?0.)2):�
0:),8� :4&(01):� 0:),8�(-1):+*).� 0.,� 6&+1:+*).� Cw� ���#� //(D�� �-*4*4F):)*-� %*&,)+%� 43�EH�



#���
�

+F*10:*� 4.� 5&(0.� %;).� 3)'14'20%*� :+22%� %54E+,� .4� :-*4*4F):� +33+:*8� E5):5� )%� )(/41*0.*�
'+:0&%+�43�*5+�31+6&+.*�+F*+1.02�&%+�43�*54%+�+F*10:*� C�)%% et al.�"�##D�� ��-*4*4F):)*-�43�
EH�E0%� 02%4� %*&,)+,� ).�4&1� %*&,-�'-�(+0%&1).7� 10*� '244,� %+1&(� 20:*0*+�,+5-,147+.0%+�
C��
D�0:*)?)*-���/+:*14/54*4(+*1):�0.02-%)%�43���
�%54E+,�*50*�EH�,4+%�.4*�:0&%+�0.-�
:-*4*4F):)*-�4.�10*�2)?+1�C#��#!342,D�0%�7)?+.�).��0'2+���#��

� EH� E0%� 02%4� 34&.,� )(/41*0.*� 341� )*%� 1+7&20*41-� +33+:*� 4.� :0.:+1� ,+?+24/(+.*��
�5)%�()75*�'+�,&+�*4�)*%�).5)')*41-�+33+:*�4.�2)/4F-7+.0%+�0:*)?)*-8�)(/41*0.*�341�714E*5!
1+20*+,� %)7.02� *10.%,&:*)4.� C�)%% et al.� "�##D��EH� )%� 02%4� &%+,� 0%�E4&.,�5+02).7� 30:*41�
'+:0&%+�43�)*%�).5)')*41-�+33+:*�4.�5-02&14.),0%+�0:*)?)*-�C�471+2 et al.�#OO$D��
-02&14.):�
0:),� 50%� 0� 3&.:*)4.� 43� ?)%:4+20%*):� '+50?)41� 43� %-.4?)02� 32&),� 0.,� )*%� %&'%+6&+.*�
,+710,0*)4.� '-� *5+� 5-02&14.),0%+� )%� *5+� *1)77+1).7� +?+.*� 341� *5+� %&'%+6&+.*� %*07+%� 43�
E4&.,� 5+02).7� *50*� 2+0,� *4� :4(/2+*+� 1+/0)1� C�471+2 et al.� #OO$D��	.� 0.*)!).320((0*41-�
+33+:*� 43� EH� E0%� 02%4� ,+(4.%*10*+,� C	2(07'4&2 et al.� #ONND�� �50*� ()75*� '+:0&%+� 43�
).5)')*41-�+33+:*�43�EH�4.�(-+24/+14F),0%+�0:*)?)*-���-+24/+14F),0%+�/14,&:+%�

�#8�
/4E+13&2� 4F),0.*� 7+.+10*+,� '-� .+&*14/5)2%8� 314(� 
"�"� 0.,� :5241),+�� �*� (0-� /20-� 0.�
)(/41*0.*�142+�0%�0.�).320((0*41-�(+,)0*41�).�'0:*+1):),02�0.,�3&.7):),02�0:*)?)*)+%�C�)%%
et al.� "�##D��	2*54&75�EH E0%�&%+,�0%� 0.� 02*+1.0*)?+�,1&7� 341� *5+� *1+0*(+.*�43� %+?+102�
,)%+0%+%� ).� 0.:)+.*� *)(+%8� *5+1+� )%� .4� 1+/41*� /&'2)%5+,� ).� 41,+1� *4� %54E� (42+:&201�
'0:;714&.,�43�)*%�0:*)4.��
+.:+8�E+�50?+�&.,+1*0;+.�*5)%�%*&,-�*4�+2&:),0*+�*5+�+33+:*%�43�
EH�4.�%+?+102�/50%+��8�/50%+����0.,�0.*)4F),0.*�+.@-(+�%-%*+(%��

� �50%+� �� 1+0:*)4.%�01+�:0*02-@+,�(0).2-�'-�(+('+1%�43�:-*4:514(+������C���D�
%&/+130()2-�����!,1&78����!344,�0.,����!:5+():02�).*+10:*)4.%�2+0,�*4�%+?+102�1+%&2*%���
	�.&('+1�43�����:0*02-@+,�1+0:*)4.%�1+%&2*�).�,+*4F)3):0*)4.�C).0:*)?0*)4.D�).�(0G41)*-�43�
:0%+%��
.� *5+� 4*5+1� 50.,8� *5+%+� +.@-(+%� :0.� 02%4� ')40:*)?0*+� %+?+102� /14,1&7%� *4� *5+)1�
0:*)?+�341(�� �.�0,,)*)4.�(0.-�+.?)14.(+.*02�:5+():02%�01+�0:*)?0*+,� *4� *5+)1�(&*07+.):�
0.,�:01:).47+.):�341(%�'-�,)33+1+.*�����)%4341(%�� �����+.@-(+%�(+*0'42)%+�.4*� 4.2-�
?01)4&%�F+.4')4*):%�'&*�02%4�(0.-�+.,47+.4&%�%&'%*10*+%�).:2&,).7�%*+14),%�C:542+%*+1428�
%+F� 541(4.+%D8� 30**-� 0:),%8� +):4%4.0),%� 0.,� ?)*0().� ��� �+:+.*2-8� �H� 7+.+%� 50?+� '++.�
:20%%)3)+,�).*4�#N�30()2)+%�0.,����%&'30()2)+%�0::41,).7�*4�0�,+71++�43�54(4247-�����%�
01+�24:02)@+,�).�*5+�()*4:54.,1)0�0.,�*5+�+.,4/20%():�1+*):&2&(���)*4:54.,1)02����%�01+�
).?42?+,� ).� *5+� (+*0'42)%(� 43� +.,47+.4&%� %&'%*10*+%� E5+1+0%� ():14%4(02� ���%�
(+*0'42)%+� '4*5� +.,47+.4&%� 0.,� +F47+.4&%� %&'%*10*+%�� �5+� )%4341(� :4(/4%)*)4.� 43�
:-*4:514(+������).�5&(0.�'+).7�(0-�,)33+1� ).�0.)(02� *)%%&+%�� ��5+1+341+8� %+2+:*)4.�43�
���� )%4341(�50%� 0� :1&:)02� )(/41*0.:+�E5)2+�E41;).7�E)*5� 4*5+1� %/+:)+%� *4�(0;+� 1)75*�
:411+20*)4.�*4�5&(0.�'+).7���.�4&1�%*&,-8�E+�50?+�:54%+.����#	#8����"�#8����"�#�
0.,����$	#�)%4341(%�).�10*� 2)?+1�*)%%&+�E5):5�:411+%/4.,�*4�5&(0.�,1&7�(+*0'42)@).7�
+.@-(+%K����#	#8����"�L8����"�#8�0.,����$	��C�4'0-0%5) et al.�"��"D���

� �.� *5)%� %*&,-8� +33+:*%� 43� � EH� +F*10:*� 4.� 10*� 2)?+1� �50%+� �� ������%�� ���#	#�
,+/+.,+.*� ��
�8� ���"�L� ,+/+.,+.*� '+.@/5+*0().+� �!,+(+*5-20%+8� ���"�#�
,+/+.,+.*� 0.)2).+� �!5-,14F-20%+� 0.,� ���	� �!,+(+*5-20%+8� ���$	�� ,+/+.,+.*�
+*5-2(41/5).+� �!,+(+*5-20%+K� �50%+� ��� +.@-(+%�� �4*028� *5+*0� 0.,��&� � 72&*0*5)4.+� �!
*10.%3+10%+%�C���8������0.,�����&D8��	��
��&).4.+�4F),41+,&:*0%+�#�C��
#D�0.,�
0.*)4F),0.*� +.@-(+%K� %&/+14F),+� ,)%(&*0%+� C�
�D8� 72&*0*5)4.+� /+14F),0%+� C��FD� 0.,�



#�#�
�

01-2+%*+10%+�C	��D��0:*)?)*)+%�E+1+�).?+%*)70*+,����.�0,,)*)4.�/14*+).�+F/1+%%)4.%�0%�E+22�
0%�(��	�+F/1+%%)4.%�43�*54%+�E+1+�,+*+1().+,�).�:4.*142�0.,�EH�*1+0*+,�10*�2)?+1��

� �.� /14*+).� 0.,� (��	� +F/1+%%)4.� %*&,)+%8� ).*+1.02� %*0.,01,%� '+*0� 0:*).� 0.,�
�	��
� E+1+� &%+,�� �&(+14&%� %*&,)+%� 50?+� %54E.� *50*� 14,+.*� 0.,� 5&(0.� ���#	#8�
���"�#8� ��
#� 0.,� ��F� +.@-(+%� :0*02-@+� %)()201� 1+0:*)4.%�� �+6&+.:).7� 0.02-%)%� 43�
:��	� 0.,� :411+%/4.,).7� /14*+).� %54E+,� *50*� 5&(0.� ���#	#8� ���"�#8� ���"�#8�
���$	#8� ��
#� 0.,� ��F� %501+� 4?+1� *50.� N�c� %)()201)*-� E)*5� 10*� :4&.*+1/01*%��
�5+1+341+8� ).�*5+�/1+%+.*�%*&,-8� *5+�10*� )%�&%+,�0%�0�(4,+2�4170.)%(�341�%:1++.).7� *5+%+�
+.@-(+%���

� �5+�,0*0�/1+%+.*+,�).�*5)%�%*&,-�,+(4.%*10*+,�*50*�).*10/+1)*4.+02�0,().)%*10*)4.�
43� $H���(7I;7� '4,-�E+)75*�E0*+1� +F*10:*� 43� EH *4� 10*%� :0&%+,� 1+(01;0'2+� :50.7+%� ).�
F+.4')4*):�(+*0'42)@).7�/50%+��8�/50%+����0.,�0.*)4F),0.*�+.@-(+%�).�10*�2)?+1���.�*5+�3)1%*�
/01*�43�*5+�%*&,-8�E+�50?+�%54E.�*50*�EH %)7.)3):0.*2- ,+:1+0%+,�*5+����#	#�,+/+.,+.*�
��
���C#��L�342,8�/q�����$D8����"�#�,+/+.,+.*�'+.@/5+*0().+��!,+(+*5-20%+��C"�#"�
342,8� /M�����#D8� ���"�#� ,+/+.,+.*� 0.)2).+� �!5-,14F-20%+� C��O$� 342,8� /M�����#D� 0.,�
���	� �!,+(+*5-20%+� C#�"� 342,8� /M����D8� ���$	#� ,+/+.,+.*� +*5-2(41/5).+� �!
,+(+*5-20%+�CN�LN�342,8�/M�����#D8��4*02�����0.,�)*%�)%4341(%K������&�0.,������5+*0�
C"�#L� 342,8� #�H$� 342,� 0.,�#�L�� 342,8� 1+%/+:*)?+2-� /M�����#D� 0.,� 01-2+%*+10%+� C$�$"� 342,8�
/M�����#D� 0:*)?)*)+%�� 
.� *5+� 4*5+1� 50.,8� 10*� 2)?+1� /50%+� ��� 0.,� 0.*)4F),0.*� +.@-(+�
0:*)?)*)+%�E+1+�%)7.)3):0.*2-�).:1+0%+,�E)*5�EH *1+0*(+.*����
#8��
��0.,���F�+.@-(+�
0:*)?)*)+%� E+1+� ).:1+0%+,� "�LN� 342,� C/M�����#D8� #��� 342,� C/M�����#D� 0.,� #���� 342,�
C/M�����#D8�1+%/+:*)?+2-�C�0'2+���#D���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



#�"�
�

�2;+1���!� �33+:*%�43�Epilobium hirsutum�L��4.��-*4:514(+�������+/+.,+.*��50%+��8�
�50%+����0.,�	.*)4F),0.*��.@-(+�	:*)?)*)+%��

�/J.31�
%&*6*&.� �$/&'$+� �
��
�$+5�

�1%'12,1�T�
�/%'12,1�

���#	#��+/+.,+.*�
�*54F-1+%41&3).!4!,+(+*5-20%+�
C��
�D�C/(42I().I(7Dbb�

L����^#�"#� ���N�^�#�LH� #��Lz�

���"�#��+/+.,+.*�
�+.@/5+*0().+��!,+(+*5-20%+�
C.(42I().I(7Dbbb�

#��"�^����$� ��LH�^���$�� "�#"z�

���"�#��+/+.,+.*������������
	.)2).+��!5-,14F-20%+�
C.(42I().I(7Dbbb�

���$H�^����#� ��#�O�^����#� ��O$z�

���"�#��+/+.,+.*������������
���	��!,+(+*5-20%+�
C.(42I().I(7Db�

��#O"�^����##� ��#�O^���#"� #�"z�

���$	���+/+.,+.*������������
�*5-2(41/5).+��!,+(+*5-20%+�
C.(42I().I(7Dbbb�

"��$�^����$� ��"N^����� N�LNz�

�4*02�����C.(42I().I(7Dbbb� H�L�"�^��"�O"� $�N�L�^�#N�#L� "�#Lz�

�����&�C.(42I().I(7Dbbb� #��"��^�#�LLO� N�#H$�^���L$H�� #�H$z�

�����5+*0�C.(42I().I(7Dbbb� "N�$H�^�#�OH$� #H�#H�^���ON$O� #�L�z�
��
#�C.(42I().I(7Dbbb� #H��N�^�"$��"� �H"���^������� "�LN{�

�
��C�I(7Dbbb� "�#"�^���#L� "�OH�^���#�� #��{�

��F�C.(42I().I(7Dbbb� ���LO�^�����L� ��#�H�^�����H� #���{�

	1-2+%*+10%+�C.(42I().I(7Dbbb� H��$�^���LL� "�#"�^���##�� $�$"�z�

��
�C�I(7D� L#O���^��L�$�� LNH�L�^��"�NO� #��#�
�
�02+�E)%*01�10*%�E+1+�,)?),+,�).*4�*E4�714&/%���4.*142�714&/�C.q#�D�E0%�.4*�*1+0*+,�E)*5�
0.-�:5+():02%�0.,��
��714&/�C.q$�D�E0%�).*10/+1)*4.+022-�0,().)%*+1+,�E)*5�Epilobium 
hirsutum ���+F*10:*�C$H���(7I;7D����
�+%&2*%� 01+� 0.02-@+,� '-� �10/5�0,� �1)%(� ���� %43*E01+� 0.,� ?02&+%� 01+� (+0.� ^� ��� 341�
*1)/2):0*+�,+*+1().0*)4.%���
�)7.)3):0.*2-�,)33+1+.*�314(�:4.*142�'-�*E4!*0)2+,��*&,+.*P%�*�!*+%*8�b/M����8�bb�pq�����$8�
bbb�pM�����#��
�
�� �
�
�



#�$�
�

� �*�E0%�E+22�;.4E.�*50*�:-*4:514(+������+.@-(+�30()2-�C���%D�01+�).?42?+,�).�
*5+� ')4*10.%341(0*)4.� 43�(0.-� +.,47+.4&%� 0.,� +F47+.4&%� %&'%*0.:+%� ).:2&,).7� ,1&7%��
���#	#�)%�*5+�(0).�(+('+1�43�:-*4:514(+�����#	�30()2-8�E5):5�:4&2,�'+�).,&:+,�'-�
�
	%� 0.,� ).?42?+,� ).� *5+� (+*0'42):� 0:*)?0*)4.� 43� �	
%� 0.,� 5+*+14:-:2):� 0().+%�
C�:�0.&% et al.� #OO�D�� �+*0'42)%(� 43� �	
%� '-� ���#	#� /14,&:+� 1+0:*)?+� /14,&:*%�
E5):5�01+�)11+?+1%)'2-�').,�*4�/14*+).�0.,���	�2+0,).7�*4�*4F):�0.,�:01:).47+.):�+?+.*%�
C�)22+1� 0.,��)22+1� #OLLD���5+� 1)%;� 0%%+%%(+.*� 341�(0.-�,)%+0%+%� +%/+:)022-� 1+%/)10*41-�
0.,� :0.:+18� %&%:+/*)'2+� *4� *5+� +()%%)4.� 43� �	
8�()75*� ,+:1+0%+�E)*5� *5+� ).5)')*)4.� 43�
���#	#� /20-).7� 142+� ).� *5+� 341(0*)4.� 43� %&:5� 1+0:*)?+� /14,&:*%� 0.,� *54%+� ).5)')*41-�
(+:50.)%(%�()75*�'+�0'2+�*4�%&//1+%%�*5+�*&(41�341(0*)4.�).,&:+,�'-��	
%�0.,�4*5+1�
:01:).47+.%��
+.:+�).5)')*)4.�43����#	#�,+/+.,+.*���
��0:*)?)*-�,&+�*4�*5+�*1+0*(+.*�
43�10*%�E)*5�EH�(0-�/1+?+.*�341(0*)4.�43���	�0,,&:*%8�E5):5�(0-�/14*+:*�*5+�:+22%�314(�
+.?)14.(+.*02� /14:01:).47+.%�� ���"�#� 50%� 0� E),+� ?01)+*-� 43� %&'%*10*+%� E5):5� 01+�
(0).2-� +F47+.4&%� %&:5� 0%� ).,&%*1)02� %42?+.*%8� /14*4F).%� 0.,� /14:01:).47+.%� C�4.@02+@�
"���D��
+.:+8�).5)')*)4.�43����"�#�(0-�/1+?+.*�:4.?+1%)4.�43�%&:5�/14!:01:).47+.%�*4�
*5+)1�:01:).47+.):�341(%�%&:5�0%�.)*14%0().+8�0:1-20(),+8�/5+.42�0.,�'+.@+.+���+.@+.+�
)%� 4.+� 43� *5+� )(/41*0.*� +.?)14.(+.*02� /422&*0.*%� 0.,� )*%� +F/4%&1+� :0&%+%� 0� ?01)+*-� 43�
50+(0*4*4F):�+33+:*%�).:2&,).7�0.+()0�0.,�2+&:4/+.)0�C
0-+% et al.�#OOHD���+*0'42)%(�43�
'+.@+.+� '-� ���"�#� )%� 1+%&2*+,� E)*5� *5+� 341(0*)4.� 43� '+.@46&).4.+� E5):5� :0&%+%�
.+:14%)%�C�5+&.7 et al.�"���D���&1*5+1(41+8�,1&7%�&%+,�'-�5&(0.�%&:5�0%�0:+*0().4/5+.8�
:5241@4F0@4.+�0.,�(+*54F-32&10.+�50?+�'++.�02%4�%54E.�*4�'+�(+*0'42)@+,�'-����"�#��
�+*0'42)%(� 43� :5241@4F0@4.+� 0.,� 0:+*0().4/5+.� '-� ���"�#� )%� 1+%&2*+,� E)*5� *5+�
341(0*)4.� 43� 02;-20*).7� (+*0'42)*+%K N!0:+*-2!p!'+.@4!6&).4.+� )().+� 0.,� L!5-,14F-!
:5241@4F0@4.+8� 1+%/+:*)?+2-� C�4.@02+@� "��HD�� �41+4?+18� 0%� 0� 1+%&2*� 43� � ���#	#� 0.,�
���"�#� :0*02-@+,� /14:+%%+%8� *5+� 4F-7+.!:+.*+1+,� 31++� 10,):02%� 02%4� ;.4E.� 0%� 1+0:*)?+�
4F-7+.�%/+:)+%8�C�
�D�%&:5�0%�%&/+14F),+�0.)4.�10,):02�C
"o!D8�5-,147+.�/+14F),+�C
"
"D�
0.,� 5-,14F-2� 10,):02� Co

D� :0.� '+� /14,&:+,�� �.� *5+� :0%+� 43� 0.-� )('020.:+� '+*E++.�
/14,&:*)4.�43��
��0.,�:+22&201�0.*)4F),0.*�:0/0:)*-�41�E5+.� *5+1+�)%�0�,+:1+0%+� ).� *5)%�
:0/0:)*-8�4F),0*)?+�%*1+%%�(0-�4::&1��
F),0*)?+�%*1+%%�(0-�'+�?+1-�,0(07).78�%).:+�*5+-�
:0.� 0**0:;� 2)/),%� ).� :+22�(+('10.+%8� /14*+).%� ).� *)%%&+%� 41� +.@-(+%8� :01'45-,10*+%� 0.,�
��	8� *4� ).,&:+� 4F),0*)4.%8� E5):5� :0&%+� (+('10.+� ,0(07+8� /14*+).� (4,)3):0*)4.�
).:2&,).7�+.@-(+%�0.,���	�,0(07+���5+1+341+8� ).5)')*)4.�43� *54%+� +.@-(+%�()75*�'+�
4.+�(+:50.)%(�).�41,+1�*4�/1+?+.*�341(0*)4.�43��
���	//14F)(0*+2-�O��c�43�:2).):022-�
&%+,�,1&7%� +.:4&.*+1�(+*0'42)%(�43�����+.@-(+%�+%/+:)022-8����"� C��cD�0.,����$�
C���cD�30()2)+%� C
),+%*10., et al.�"��#K��+.,):�"��"D�����"��%&'30()2-�(+('+1%�01+�
(0).2-�).?42?+,�).�*5+�(+*0'42)%(�43�F+.4')4*):%�).:2&,).7�(0.-�*5+10/+&*): ,1&7%�%&:5�
0%�:-:24/54%/50(),+%8�'&/14/)4.,�)34%30(),+8�'+.@4,)0@+/).+%�0., +30?)1+.@ C�;).%�0.,�
J1)75*4.�#OOOK�J01, et al.�"��$D���.,&')*0'2-8����$	�)%�*5+�(4%*�/1+,4().0.*�30()2-�
43�����+.@-(+%�).�*5+�;+-%�43�,1&7�(+*0'42)%(�%).:+����c�43�*5+�:&11+.*2-�&%+,�,1&7%�
).:2&,).7�0.*):0.:+18�0.*)+/)2+/*):8�0.*):407&20.*8�(+*0'42)@+,�'-�5+/0*):����$	����*�E0%�
%54E+.�*50*�����+.@-(+%�:0.�'+�(4,&20*+,�'-�%+?+102�;).,%�43�/20.*�+F*10:*%�%&:5�0%�
Hypericum Perforatum, Hydrastis canadensis� 0.,�Thonningia sanguinea� C�&12+- et al.�
"���K��-0(3) et al.�"���K�
'0:5�"���K��54& et al.�"��$D���4,&20*)4.�43����%�1+%&2*+,�
E)*5� )(/41*0.*� :2).):02� 0.,� *4F):4247):02� :4.%+6&+.:+%� '+:0&%+� 43� *5+)1� 0:*)4.� 4.� *5+�
(+*0'42)%(�43�,1&7%�0.,�*4F):0.*%���+%),+�43�5+1'!,1&7�).*+10:*)4.8����%�01+�:4.:+1.+,�



#���
�

E)*5� 0� 5)75� 10*)4� 43� ,1&7!,1&7� ).*+10:*)4.%� C�).� 0.,��&�#OOND�� �41� +F0(/2+8� ,)0@+/0(�
C(&%:2+�1+20F0.*D�)%�*5+�%&'%*10*+�43����"�#O�'&*�4.�*5+�4*5+1�50.,8�)*�)%�*5+�).5)')*41�43�
���"�L�� J5+.� )*� )%� &%+,� E)*5� '&/14/)4.� C0.*),+/1+%%0.*D8� (+*0'42)@+,� *4�
5-,14F-'&/14/)4.�'-� *5+� ���"�L� +.@-(+8� )*� /1+?+.*%� (+*0'42)%(� 43� '&/14/)4.� 0.,�
,+:1+0%+� 5-,14F-'&/14/)4.� ).�'244,�� �5+1+341+� (4,&20*)4.� 43� ,1&7� (+*0'42)@).7�
+.@-(+%� (0-� 033+:*� *5+� +33):0:-� 0.,� *4F):)*-� 43� ,1&7%� '+:0&%+� 43� )*%� +33+:*� 4.� ,1&7�
(+*0'42)%(� 0.,� :2+010.:+�� �.:1+0%+,� 2+?+2� 43� /01+.*� ,1&7� 41� )*%� (+*0'42)*+� (0-� '+�
501(3&2�41�6&):;�(+*0'42)%(I:2+010.:+�43�*5+�,1&7�(0-�,+:1+0%+�)*%�+33):0:-��
.+�43�*5+�
(4%*� )(/41*0.*� )%%&+%� 341�,1&7�(+*0'42)%(� )%� *5+�,1&7!,1&7� ).*+10:*)4.%�E5):5� 1+%&2*+,�
E)*5� *5+� 02*+10*)4.� 43� (+*0'42)%(� 43� ,1&7%�� �501(0:4247):02� 0:*)4.� 1+6&)1+,� 341�
*10.%341(0*)4.�43�/14!,1&7%�*4�0:*)?+�(+*0'42)*+%�:0.�'+�+2)().0*+,�E)*5�*5+�).5)')*)4.�43�
%/+:)3):� ���� +.@-(+�� �014F+*).+8� ����� 0.*),+/1+%%0.*� &%+,� ,&1).7� '1+0%*� :0.:+1� *4�
1+,&:+�54*�32&%5+%8� )%� *5+�).5)')*41�43����"�L���4!&%+,�E)*5� *0(4F)3+.8�&%+,� ).�'1+0%*�
:0.:+1� *1+0*(+.*8� 1+,&:+� *0(4F)3+.� 0:*)4.� C�+5� 0.,� �+1*)2%%4.� "�##D�� �);+� ,1&7!,1&7�
).*+10:*)4.8� ,1&7!5+1'� ).*+10:*)4.� )%� 02%4� )(/41*0.*�� �5+1+341+� Epilobium hirsutum� ���
%54&2,� '+� &%+,� E)*5� :0&*)4.� ).� /0*)+.*%� E54� &%+� ,1&7%� (+*0'42)@+,� '-� +%/+:)022-�
���"�L� 0.,����$	���	,().)%*10*)4.� 43�E0*+1� +F*10:*� 43� Epilobium hirsutum L�(0-�
(4,&20*+�:&11+.*2-�0:*)?+�&%+,�,1&7�(+*0'42)%(�'+:0&%+�43�)*%�/4*+.*)02�).5)')*41-�+33+:*�
4.�:-*4:514(+������,+/+.,+.*�,1&7�(+*0'42)@).7�+.@-(+%���

	2*54&75� *5+� (0G41)*-� 43� 72&*0*5)4.+� �!*10.%3+10%+!2).;+,� 1+0:*)4.%� %+1?+� *5+�
3&.:*)4.�43�,+*4F)3):0*)4.�?)0�1+(4?).7� *4F):�(+*0'42)*+%�314(�*5+�:+22�0.,�(0).*0).).7�
:+22&201� %&235-,1-2�714&/%� ).� *5+)1� 1+,&:+,� 341(8� ).� %4(+�:0%+%� *4F):)*-� )%� ).:1+0%+,�'-�
341(0*)4.�43�0���
�:4.G&70*+�E)*5�,):52414(+*50.+8�502402;+.+%8�?):).02�,)502402;+.+%�
0.,� 50240:),%� C�5+110** et al.� #OOHK� ?0.��20,+1+.� 0.,�?0.�
((+.�#OO#D���+%),+%8� *5+�
1+%)%*0.:+�43�:+22%�0.,�4170.)%(%�*4�/+%*):),+%8�5+1'):),+%�0.,�0.*)')4*):%�E0%�)(/2):0*+,�
).�����0:*)?)*)+%� C	1:0 et al.�#ONNK��4&1.)+1 et al.�#OO"D�� ��41+4?+18����%�50?+�'++.�
%54E.� *4� '+� 4?+1!+F/1+%%+,� ).� *&(41� :+22%� 5+.:+� )*� ).:1+0%+%� *5+� 1+%)%*0.:+� 341�
:5+(4*5+10/+&*):�,1&7%���0.:+1�:5+(4*5+10/+&*):�07+.*%�%&:5�0%�0,1)0(-:).8�#8$!')%�C"!
:52414+*5-2D!#� .)*14%4&1+08� '&%&230.� :-:24/54%/540(),� 01+� ,+*4F)3)+,� '-� ���� C
0-+%�
0.,��&2341,�#OO�D����5+1+341+8�+.50.:+,����!(+,)0*+,�:4.G&70*)4.%�43�:-*4%*0*):%�,&+�*4�
).:1+0%+,� ���� +F/1+%%)4.� &%+,� ).� :0.:+1� *1+0*(+.*� 50?+� '++.� %&77+%*+,� 0(4.7� *5+�
(+:50.)%(%�43�,1&7� 1+%)%*0.:+�� �.� *5)%� :4.*+F*8� ).5)')*)4.�43����%�(0-� %+.%)*)@+�,1&7!
1+%)%*0.*�:+22%�C
41*4. et al.�#OOOK��0.7 et al.�#OO"D���	2*54&75�*5+1+�01+�(0.-�0**+(/*%�
50?+� '++.� (0,+� *4� ,+?+24/� ���� ).5)')*41%8� (0.-� 43� *54%+� ���� ).5)')*41%� %&:5� 0%�
%-.*5+*):�0.0247&+%�0.,�72&*0*5)4.+�:4.G&70*+%�01+�+)*5+1�*44�*4F):�*4�'+�&%+,�).�?)?4 41�
01+� +33+:*)?+� 4.2-� ).� ?)*14�� �&1*5+1(41+8� 20:;).7� 43� %*0')2)*-� 0.,� %+2+:*)?)*-8� 0%�E+22� 0%�
*5+)1�/441� /501(0:4247):02� /143)2+�/4%+�(0G41� /14'2+(%� *4� *5+)1� &%+� C�&17� 0.,��&2,+1�
"��"K��&:+.*+ et al.�#OOND���5+1+341+�).5)')*41-�+33+:*�43�EH�4.�*4*02�����0:*)?)*-�0.,�)*%�
)%4341(%K����!�&�0.,����!�5+*0�%++(%�*4�'+�0�744,�%*10*+7-�*4�/1+?+.*�*5+�341(0*)4.�
43�50@01,4&%�+33+:*%�43�*5+)1�(+*0'42)*+%��
.+�43�*5+�:1&:)02�+.@-(+�).�*5+�,+3+.%+�%-%*+(�
070).%*��
��0%�E+22� 0%� .+4/20%)0� )%���
#� C�010;&1*� 0.,�	,02)� "�##D����
#�50%� .4*�
4.2-�50,�0� 3&.:*)4.�4.� *5+�,+*4F)3):0*)4.�43�&')6&).4.+�'&*� 02%4�50,�0� 3&.:*)4.�4.� *5+�
0.*)4F),0.*�0.,�:0.:+1�/1+?+.*).7�/14:+%%+%�C�0.,) et al.�#OOHD���.:1+0%+,�2+?+2�43���
#�
+.@-(+�0:*)?)*)+%�(0-�'+�1+%&2*+,�E)*5�*5+�).5)')*)4.�43��
��0.,�341(0*)4.I%*0')2)@0*)4.�



#���
�

43�*&(41�%&//1+%%41�/14*+).%�%&:5�0%�/�$�C	%5+1 et al.�"��#D���41+4?+18���
#�).,&:*)4.�
()75*� ,+:1+0%+� *5+� 341(0*)4.� 43� *5+� %+()6&).4.+� 10,):02%� E5):5� 01+� *5+� /14,&:*� 43�
6&).4.+%� 0%� )3� *5+-� 01+�(+*0'42)@+,� '-� :-*4:514(+������ +.@-(+%� .4*���
#���+%),+%�
+2+?0*+,���
#�0:*)?)*-�E0%� %54E.� *4�,+:1+0%+�4F),0*)?+���	�,0(07+�0.,� ).5)')*� *5+�
+%*147+.!).,&:+,�'1+0%*�:0.:+1�?)0�,+:1+0%).7� *5+� 2+?+2%�43�#Hg!+%*10,)42� C�"D!6&).4.+%�
:0/0'2+�43�).*+10:*).7�E)*5���	�'-�:4.?+1*).7��"!6&).4.+%�*4��"!:0*+:542%�C�).75 et al.�
"�##D���

�.�0,,)*)4.�*4�/50%+���0.,�/50%+����+.@-(+%8� in vivo�+33+:*�43�EH�4.�0.*)4F),0.*�
+.@-(+%K� �
�8� ��F� 0.,� 01-2+%*+10%+� E+1+� 02%4� ).?+%*)70*+,�� 	,().)%*10*)4.� 43� EH�
+F*10:*� *4� 10*%� %)7.)3):0.*2-� ).:1+0%+,��
��0.,���F�+.@-(+�0:*)?)*)+%� C/M�����#D�� �
.�
*5+�4*5+1�50.,�01-2+%*+10%+�+.@-(+�0:*)?)*-�E0%�,+:1+0%+,�$�$"!342,�C/M�����#D����.�41,+1�
*4� /1+?+.*� �
�!).,&:+,� :+22� ).G&1-8� 4&1� '4,-� 7+.+10*+,� 0.� 0.*)4F),0.*� %-%*+(� E5):5�
).:2&,+%�0.*)4F),0.*%� %&:5�0%�72&*0*5)4.+8� 02/50� *4:4/5+1428� 0%:41'):�0:),� 0.,� *5+�(0).�
0.*)4F),0.*� +.@-(+%� %&:5� %&/+14F),+� ,)%(&*0%+� C�
�D� 0.,� 72&*0*5)4.+� /+14F),0%+�
C��FD���5+�3)1%*� 2).+�43�*5+�,+3+.%+�070).%*��
��)%��
����
�%�:0*02-@+�,)%(&*0*)4.�43�
%&/+14F),+�0.)4.�C
" D�*4�5-,147+.�/+14F),+�C
"
"D�0.,�24:02)@+�0*�,)%*).:*�:4(/01*(+.*%K�
:-*4%428� ()*4:54.,1)0� 0.,� +F*10:+22&201� (0*1)F8� *5+-� /01*):)/0*+� ).� :4(/01*(+.*02)@+,�
1+,4F� %)7.02).7� *4� 1+7&20*+�(0.-�?0%:&201� 3&.:*)4.���41+4?+18� ,+:1+0%+,��
��0:*)?)*-�
E0%� 34&.,� *4� '+� 0%%4:)0*+,� E)*5� /4%*(+.4/0&%02� '1+0%*� :0.:+1� C�&(01 et al.� #OO#D��
�&1*5+1(41+8� ).:1+0%+,� 2+?+2� 43� �
�� %54E+,� *4� 50?+� 0� /14*+:*)?+� 142+� 070).%*�
0*5+14%:2+14%)%� C�*4:;+1� 0.,� �+0.+-� "���D� �� �).:+� �
�%� 01+� *5+� (0%*+1� ;+-%� 341�
:4.*1422).7� :+22&201� �
�� 2+?+2%8� �
�� 0.,� �
�� ()(+*):%� 50?+� '++.� 0::+/*+,� 50?+� 0�
/4*+.*)02� &%+%� 0%� 0� *5+10/+&*):� 07+.*%� ).� 4F),0*)?+� %*1+%%!1+20*+,� ,)%+0%+%�� �41+4?+18�
).:1+0%+,� 2+?+2� 43� �
�� +F/1+%%)4.� E0%� 34&.,� *4� %&//1+%%� *5+�(02)7.0.*� /5+.4*-/+� 43�
5&(0.�(+20.4(0� :+22%� C�54/4?0 et al.� "��OD����F� +.@-(+%� 1+,&:+�
"
"� 0.,� 4170.):�
�


�*4�E0*+1�0.,�02:4542%�C�

D8�1+%/+:*)?+2-����.:1+0%+,�2+?+2�43���F�0:*)?)*-�(0-�
+.50.:+� *5+� 1+%)%*0.:+� 070).%*� 1+0:*)?+� 4F-7+.� %/+:)+%�� ��F#!4?+1+F/1+%%).7�
X��F#C[I[DY� ():+� E+1+� 34&.,� *4� '+� (41+� 1+%)%*0.*� *4� /0106&0*!).,&:+,� 2+*502)*-� *50.�
��F#� ;.4:;4&*� ():+� X��F#C|I|DY� C�5+.7 et al.� #OOND�� �41+4?+18� /42-(41/5)%(� 43�
��F#�7+.+�0*�:4,4.�#ON�E0%�34&.,�*4�'+�0%%4:)0*+,�E)*5� *5+� ).:1+0%+,�1)%;�341�%+?+102�
*-/+%� 43� :0.:+1%� %&:5� 0%� '1+0%*8� :424.8� 2&.7� 0.,� /14%*0*+� C�5&4� 0.,� �)0(4.,� "��OD��
�+%),+� *5+%+8� ).:1+0%+,� 2+?+2� 43� ��F� )%� 02%4� /14*+:*)?+� 070).%*� :01,)4?0%:&201� ,)%+0%+%�
%).:+�1+0:*)?+�4F-7+.�%/+:)+%�%&:5�0%�%&/+14F),+�10,):02%�41�5-,147+.�/+14F),+%�:0&%+%�
0.-�:50.7+%�).�*5+�?0%:&201�*4.+�0.,�%*1&:*&1+�C�0**).�0.,��1&(075)(�"��OD���

�.� 0,,)*)4.� *4� 0224%*+1):� :4.*142� (+:50.)%(%� 43� +.@-(+%8� +F/1+%%)4.� 43�
:-*4:514(+������+.@-(+%�0%�E+22�0%�/50%+����0.,�0.*)4F),0.*�+.@-(+%�E+1+�;.4E.�*4�'+�
:4.*1422+,� 0*� *5+� *10.%:1)/*)4.02� 0.,� *10.%20*)4.02� 2+?+2%�� �5+1+341+8� ).� *5)%� %*&,-8� ).�
0,,)*)4.� *4� 0:*)?)*-� %*&,)+%� 43� *54%+� +.@-(+%8� ).� 41,+1� *4� :201)3-� *5+� (4,+� 43� :4.*142�
(+:50.)%(�43�*54%+�2)?+1�+.@-(+%�0*� *5+� *10.%:1)/*)4.02�0.,�*10.%20*)4.02�2+?+2%8�/14*+).�
0.,�43�(��	�+F/1+%%)4.�0.02-%)%�E+1+�0::4(/2)%5+,�&%).7�E+%*+1.�'24*�0.,�6��!����
*+:5.)6&+%���

�((&.4'24*�0.02-%)%8�%54E.�).��0'2+���"8�).,):0*+,�*50*�/14*+).�+F/1+%%)4.%�50?+�
'++.� 02*+1+,� ?)0� EH� 0,().)%*10*)4.� *4� 10*%�� ���#	#8� ���"�#8� ���"�#8� ���$	#8�
����&� /14*+).� +F/1+%%)4.%�E+1+� %)7.)3):0.*2-� ,+:1+0%+,� C/M�����#D�E5)2+���
#� 0.,�



#�L�
�

��F� /14*+).� +F/1+%%)4.%� %)7.)3):0.*2-� ).:1+0%+,� "�OH!342,� 0.,� #�O$!342,8� 1+%/+:*)?+2-�
:4(/01+,�*4�:4.*142�714&/�C/M�����#D���

�

�2;+1��� � �33+:*%� 43� Epilobium hirsutum� L�� 4.� �F/1+%%)4.� 43� �-*4:514(+� �����
�+/+.,+.*��50%+��8��50%+����0.,�	.*)4F),0.*��14*+).%��

�'$&1*/��:-'1,,*$/�
�$/&'$+�

�

�
��

�

�$+5�
�1%'12,1�T�
�/%'12,1�

���#	#bbb� N�#O�^�$�LL� "�"N�^�$L"� $��z�

���"�#bbb� �$L"�^��"L� ""�H�^�"N#� #�Oz�

���"�#bbb� "#��^�"H� N��^�#"� "�Lz�

���$	#bbb� #H����^�#���H� "$OO�^�$��� H�"Hz�

����&bbb� N#$��^�#�#O� N�H���^�#$N�L� O��z�

��
#bbb� $$�"�^��LO�H� OO���^�####� "�OH{�

��Fbbb� $"""�^�L$� L"�$�^�$�#� #�O${�

�+.%)*4(+*1):�0.02-%)%�43�/14*+).�'0.,%�E+1+�/+1341(+,�&%).7��(0G+� �%43*E01+���+%&2*%�
01+� 0.02-@+,� '-� �10/5�0,� �1)%(� ���� %43*E01+� � 0.,� /1+%+.*+,� 0%� *5+�(+0.� 314(� *51++�
).,+/+.,+.*� +F/+1)(+.*%� 0.,� +F/1+%%+,� 0%� 1+20*)?+� (+0.� ^� ���8� .�#�� C:4.*142DK� .�$��
C�
�D����������������
�)7.)3):0.*2-�,)33+1+.*�314(�:4.*142�'-�*E4!*0)2+,��*&,+.*P%�*�!*+%*8�pM�����#��
�

� �41+4?+18� :14%%� 0.02-%+%� 43� /14*+).� +F/1+%%)4.� ?+1%&%� +.@-(+� 0:*)?)*-� %54E+,�
*50*� *5+1+� )%� 0� :411+20*)4.�'+*E++.�/14*+).� +F/1+%%)4.� 2+?+2%� 0.,�:411+%/4.,).7�+.@-(+�
0:*)?)*)+%�).�EH�*1+0*+,�0.,�:4.*142�714&/%�0%�%54E.�).��)7&1+���#\�)7&1+������
�
�
�

�



#�H�
�

�
�*08'1���!� �411+20*)4.� '+*E++.� 2)?+1� ():14%4(02� ��
�� 0:*)?)*-� 0.,� 1+20*)?+�

���#	#�/14*+).�+F/1+%%)4.�).�10*���5+�:411+20*)4.�:4+33):)+.*�C1�q���NN8�

pM�����#D�E0%�:02:&20*+,�'-� *5+� 2+0%*� %6&01+%� 2).+01� 1+71+%%)4.�(+*54,��

�5+�%42),�2).+�1+/1+%+.*%�*5+�2).+�43�'+%*�3)*��

�

�
�*08'1��� � �411+20*)4.�'+*E++.�2)?+1�():14%4(02�0.)2).+��!5-,14F-20%+�0.,�1+20*)?+�

���"�#�/14*+).�+F/1+%%)4.� ).�10*���5+�:411+20*)4.�:4+33):)+.*� C1�q���H#8�

pM�����#D�E0%�:02:&20*+,�'-� *5+� 2+0%*� %6&01+%� 2).+01�1+71+%%)4.�(+*54,��

�5+�%42),�2).+�1+/1+%+.*%�*5+�2).+�43�'+%*�3)*��

0

2000

4000

6000

8000

10000

12000

14000

0.0 2.0 4.0 6.0 8.0

�
��
��
�	
��


��

�

�
��
��
��
��
�

���
��
��
���
�

�

�����
%&*6*&.�H-3$+T3*/T30I�
�

6.4
4.42EHT 

Control 

0

50

100

150

200

250

300

0.000 0.200 0.400 0.600 0.800 1.000

�
��
��
�	
��


��
��

�
��
��
��
��

��
��
��
���
�


/*+*/1���
.5'$:.+2,1�
%&*6*&.��
H/3$+T3*/T30I�

Control 
EHT 

r=0.71 

r=0.88 



#�N�
�

�
�*08'1���"�� �411+20*)4.� '+*E++.� 2)?+1� :-*4%42):� 72&*0*5)4.+� /+14F),0%+� 0:*)?)*-� 0.,�

1+20*)?+� ��F� /14*+).� +F/1+%%)4.� ).� 10*�� �5+� :411+20*)4.� :4+33):)+.*� C1� q�

��H�8� pM�����#D� E0%� :02:&20*+,� '-� *5+� 2+0%*� %6&01+%� 2).+01� 1+71+%%)4.�

(+*54,���5+�%42),�2).+�1+/1+%+.*%�*5+�2).+�43�'+%*�3)*��

�

�
�*08'1������ �411+20*)4.� '+*E++.� 2)?+1� :-*4%42):� ��
#� 0:*)?)*-� 0.,� 1+20*)?+� ��
#�

/14*+).�+F/1+%%)4.�).�10*���5+�:411+20*)4.�:4+33):)+.*�C1�q���NN8�pM�����#D�

E0%� :02:&20*+,� '-� *5+� 2+0%*� %6&01+%� 2).+01� 1+71+%%)4.�(+*54,���5+� %42),�

2).+�1+/1+%+.*%�*5+�2).+�43�'+%*�3)*��

�

0

1000

2000

3000

4000

5000

6000

7000

8000

0 0.05 0.1 0.15 0.2

�
��
��
�	
��
�
��
��
��
��
��
��

���
��
��
���
�

	�:�
%&*6*&.�H/3$+T3*/T30I�

Control 
EHT 

r=0.75 

0

2000

4000

6000

8000

10000

12000

14000

0 200 400 600 800 1000

�
��
��
�	
��
�
�
�

�
��
��
��
��
�

���
��
��
���
�

�G�!�
%&*6*&.�H/3$+T3*/T30I�

Control 
EHT 

r=0.88 



#�O�
�

� 	2*+10*)4.%�).�/14*+).�+F/1+%%)4.%�,&+�*4�EH�+F*10:*�*1+0*(+.*�43�10*%�2+0,%�&%�*4�
3&1*5+1� 0.02-@+� *5+� %4&1:+� 43� *5)%� ?01)0*)4.�� �5+1+341+8� (��	� +F/1+%%)4.� 43� /50%+� �8�
/50%+����0.,�0.*)4F),0.*�7+.+%�E+1+�0.02-@+,�'-�6��!������5+�1+%&2*%�4'*0).�314(�6��!
����%54E+,�*50*�EH +F*10:*�50%�1+(01;0'2+�+33+:*% 4. (��	�+F/1+%%)4.%�43����#	#8�
���"�#8� ���"�#8� ���$	#8� ����&8� ����#8� ��
#� 0.,� ��F� 7+.+%� C/M�����#D�
C�0'2+���$D����
�

�2;+1���"� �33+:*%� 43� Epilobium hirsutum� ��� 4.� (��	� +F/1+%%)4.%� 43� �0*� �)?+1�
�50%+��8��50%+����0.,�	.*)4F),0.*��+.+%��

3��
��:-'1,,*$/�
�$/&'$+�

�

�
��

�

�$+5�
�1%'12,1�T�
�/%'12,1�

���#	#bbb� #����^����#� ��#���^����$� L�Hz�

���"�#bbb� #����^����#� ��#$O�^����#� H�#�z�

���"�#bbb� #����^����H� ��LH��^����$� #��Oz�

���$	#bbb� #����^����"� ���N��^����#� #"��z�

����&bbb� #����^����"� ���OL�^����#� ##�#z�

����#bbb� #����^����#� ��"N��^����#� $��Hz�

��
#bbb� #����^������ ��OH�^����L� ��OH{�

��Fbbb� #����^����"� $����^����#� $��{�

�5+� +33+:*%� 43� EH 4.� *5+� (��	� 2+?+2%� 43� *5+� *+%*+,� 7+.+%� E+1+� .41(02)@+,� *4�
54&%+;++/).7��	��
�(��	8�E+1+�0.02-@+,�'-��10/5�0,��1)%(�����%43*E01+�0.,�E+1+�
/1+%+.*+,�0%� *5+� 1+20*)?+�(��	�+F/1+%%)4.�:4(/01+,� *4�:4.*142�714&/%��.�#��C:4.*142DK�
.�$��C�
�D���42,�43�).5)')*)4.�E0%���:02:&20*+,�'-�*5+�34224E).7�341(&20�� �VV�&���

bbb�)7.)3):0.*2-�,)33+1+.*�314(�:4.*142�'-�*E4!*0)2+,��*&,+.*P%�*�!*+%*8�pM�����#��
�

�5+� 1+%&2*%� 43� *5+� /1+%+.*� %*&,-� %54E+,� *50*� ���#	#� /14*+).� C$��!342,D� 0.,�
(��	� CL�H!342,D� +F/1+%%)4.%�E+1+� ,+:1+0%+,� %)7.)3):0.*2-� C/M�����#D�E5+.� :4(/01+,�
E)*5� :4.*142� 714&/�� �.5)')*)4.� 43����#	#�4.� *5+� *10.%:1)/*)4.02� 2+?+2�()75*� '+� ,&+� *4�
01-2�5-,14:01'4.� 1+:+/*41�C	
�D8�0� 2)70.,�0:*)?0*+,� *10.%:1)/*)4.� 30:*41���.,+1�.41(02�
:)1:&(%*0.:+%8�	
��)%� 24:0*+,�).� *5+�:-*4/20%(�E)*5�(42+:&201�:50/+14.+%K�5+0*!%54:;�
/14*+).8�	�	O�0.,�/�$���.�*5+�:0%+�43�0.-�2)70.,�').,).78�	
��)%�*10.%24:0*+,�).*4�*5+�
.&:2+&%� 0.,� 341(� 0� ,)(+1� E)*5� 	
�� .&:2+01� *10.%24:0*41� C	���D�� 	
�I	����



##��
�

5+*+14,)(+1�').,%�*4�*5+�F+.4')4*):�1+%/4.%+�+2+(+.*%�C���%D8�E5):5�).:1+0%+%����#	#�
*10.%:1)/*)4.� C
0-+% et al.� "��OD�� �.� 0,,)*)4.� *4� 1+:+/*41� (+,)0*+,� :4.*142� (��	�
+F/1+%%)4.� 43� ���#	#� ()75*� '+� ,&+� *4� +2+?0*+,� 2+?+2� 43� ():14��	� C()��	D� 0.,�
(+*5-20*)4.�� �.*+1+%*).72-8� '4*5� 5-/+1(+*5-20*)4.� 0.,� 5-/4(+*5-20*)4.� 43� ���#	#�
/14(4*+%� :01:).47+.+%)%� %).:+� 5-/+1(+*5-20*)4.� :0&%+%� 2+%%� 0:*)?+� ���#	#8� E5):5�
02*+1+,�:01:).47+.�(+*0'42)%(8�0.,�5-/4(+*5-20*)4.�2+0,%�(41+�0:*)?+�+.@-(+�1+%&2*+,�
E)*5�5)75+1�0:*)?0*)4.�43�/14:01:).47+.%�C�0(d%) et al.�"�##D���

�.�*5)%�%*&,-8�/14*+).�0.,�(��	�+F/1+%%)4.�43����"�#�E0%�,+:1+0%+,�"�"!342,�
0.,� H�#�!342,8� 1+%/+:*)?+2-� C/M�����#D�E5+.� :4(/01+,�E)*5� :4.*142� 714&/�� �*� 50%� '++.�
,+(4.%*10*+,� /1+?)4&%2-� *50*����"�� 7+.+� +F/1+%%)4.� )%� 1+7&20*+,� '-� /1+7.0.+� ��
1+:+/*41� 0.,� :4.%*)*&*)?+� 0.,14%*0.+� 1+:+/*41� C�	�D� C
)14) et al.� #OONK� J)22%4.� 0.,�
�2)+E+1� "��"D�� 
&(0.� 0.,� 10*� /4%%+%%� ).� 0� 5)75� 10*)4� 43� .&:2+01� 1+:+/*41� 0().4� 0:),�
),+.*)*-��5����0.,� 10*�����%501+�HLc�0().4�0:),� ),+.*)*-�0.,� *10.%:1)/*)4.�43�5&(0.�
0.,� 10*� ,1&7� (+*0'42)@).7� 7+.+%� 01+� 1+7&20*+,� '-� %0(+� .&:2+01� 1+:+/*41K 10*� ���"�#
(�	�I���) !� 5���"�L� C�	�I���D8� C�42%4.� 0.,�J0.7� "�#�D�� �+%&2*%� 43� 4&1� %*&,-�
).,):0*+�*50*�EH�(0-�,)%1&/*� *5+��	��0.,�����2)70.,�').,).7�,4(0).8�E5):5�1+%&2*+,�
E)*5�).5)')*)4.�43��	��0.,�����*10.%:1)/*)4.02�0:*)?)*-�0.,�*5+�%&//1+%%)4.�43����"��
0.,� ���$	� 7+.+%� (��	� +F/1+%%)4.%�� �41+4?+18� �*� E0%� ,+(4.%*10*+,� *50*�
4?+1+F/1+%%)4.�43�()�!#�N0� ).,&:+����"�L�+F/1+%%)4.� C"!342,D� C�0;0G)(0�0.,��4;4)�
"�##D�

�5+�/1+%+.*�E41;�%54E+,�*50*����"�#�/14*+).�0.,�(��	�2+?+2%�E+1+�,+:1+0%+,�
"�"!342,� 0.,� #��O!342,8� 1+%/+:*)?+2-� &/4.� ).G+:*)4.� 43� /20.*� +F*10:*� *4� 10*%�� �5+�
*10.%:1)/*)4.�43����"�#�).�(0((02)0.�:+22%�%*01*%�0�3+E�54&1%�03*+1�')1*5�0.,�1+0:5�*4�)*%�
(0F)(&(�).�4.+�,0-�C�(+.4 et al.�#ONND����10.%:1)/*)4.�43����"�#�(��	�2+?+2�E0%�
:4.*1422+,� '-� 5+/0*):� .&:2+01� 30:*41%� C
��!#D� C�5+&.7 et al.� "��$K� �0*%&.070 et al.�
"��ND�� �*� E0%� %54E.� *50*� *10.%:1)/*)4.� 43� ���"�#� %)7.)3):0.*2-� ,+:1+0%+,� ).� 
��!#�
;.4:;4&*� ():+� C�0*%&.070 et al.� "��ND�� �+*5-20*)4.� 43� ���"�#� 7+.+� E0%� %54E.� *4�
).5)')*� *5+� +.@-(+� ).� /1+.0*02� /+1)4,� C�)+)10 et al.� #OOND��
.� *5+� 4*5+1� 50.,8� ).� 0,&2*�
*)%%&+%8�*5+�(+*5-20*)4.�/0**+1.�43�*5+����"�#�7+.+�?01)+%�'+*E++.�?01)4&%�*)%%&+�*-/+%�
%&:5�0%�2&.78�;),.+-8�/20:+.*08�2)?+18�0.,�%;).8�).,):0*).7�*50*���	�(+*5-20*)4.�1+%&2*%�).�
*)%%&+!%/+:)fi:� 1+7&20*)4.� C�4**4 et al.� #OO�'K� �)+)10 et al.� #OOLD�� �41� ).%*0.:+K� 24E�
+F/1+%%)4.� 43� ���"�#� ).� 2&.7� *&(41� *)%%&+%� E0%� 34&.,� *4� '+� 0%%4:)0*+,� E)*5�
5-/4(+*5-20*)4.�43� *50*�7+.+� C�4**4 et al.�#OO�0D���+%),+� *5+�(+*5-20*)4.�0.,�1+:+/*41�
(+,)0*+,�:4.*142�43����"�#8�1+:+.*�%*&,)+%�,+(4.%*10*+,�*50*�()�!$HN�)%�).?42?+,�).�*5+�
/4%*!*10.%:1)/*)4.02� 1+7&20*)4.� 43����"�#�0.,�4?+1+F/1+%%)4.� 43�()�!$HN� %)7.)fi:0.*2-�
,+:1+0%+,����"�#�/14*+).�2+?+2%�0.,�+.@-(+�0:*)?)*-�C�451) et al.�"�#�D���

�5+�(4%*�0'&.,0.*������).�5&(0.�2)?+1�)%����$	��E5):5�)%�1+%/4.%)'2+�341�*5+�
(+*0'42)%(�43�(41+�*50.���c�43�/1+%:1)/*)4.�,1&7%�0.,�+.,47+.4&%�:4(/4&.,%�%&:5�0%�
%*+14),%�� �.*10/+1)*4.+02� 0,().)%*10*)4.� 43� EH� :0&%+,� 0� %)7.)3):0.*� ,+:1+0%+� ).� /14*+).�
CH�"H!342,D�0.,�(��	�C#"��!342,D�+F/1+%%)4.%�43����$	�����10.%:1)/*)4.02�1+7&20*)4.�43�
���$	�7+.+%�)%�(0).2-�:4.*1422+,�'-�/1+7.0.+���1+:+/*41�C���D��	().4�0:),�0.02-%+%�
43�5���$	��C���I�	�D�0.,�10*��������$	"�C���D�%54E+,�*50*�*5+-�50%�4?+1�*50.�
HL�c�),+.*)*-�C�42%4.�0.,�J0.7�"�#�D���/�*4�.4E8�G&%*�()�!"H'�50%�'++.�,+%:1)'+,�*4�
1+7&20*+�,)1+:*2-�+F/1+%%)4.�43����$	��C�0. et al.�"��OD��
.�*5+�4*5+1�50.,8�1+7&20*)4.�



###�
�

43� ���� +F/1+%%)4.� '-� ()�!#�N0� 2+0,%� )*%� 1+7&20*41-� 142+� 4.� ���$	�� C�0;07) et al.�
"��ND��

�.� 0,,)*)4.� *4� ���� /14*+).%8� /14*+).� 0.,� (��	� +F/1+%%)4.%� 43� /50%+� ��� 0.,�
0.*)4F),0.*�%-%*+(%�E+1+�02%4�0.02-@+,���0).�%&'%*10*+%�43�����50?+�0�:4((4.�,+71++�
43�5-,14/54'):)*-�0.,�/4%%+%%�+2+:*14/5)2):�:+.*+1%�E5):5�:0.�0**0:;�:+22&201�.&:2+4/5)2+%�
%&:5�0%���	8�:0&%).7�7+.4*4F):)*-���41+4?+18�,+2+*)4.�43�*5+�7+.+%�).�*5)%�%&/+1�30()2-�
(0-�*5+1+341+�1+%&2*�).�0.�).:1+0%+,�%&%:+/*)')2)*-�*4�:5+():02�,0(07+�0.,�'4*5�����#�
0.,�����#�50?+�'++.�:411+20*+,�E)*5�5)75+1�1)%;�43�:0.:+1�C�1-+1 et al.�#OO$K��*10.7+ et 
al.� #OO#D�� �.� *5+� /1+%+.*� %*&,-8� .).+� ,0-%� )�/� 0,().)%*10*)4.� 43� E0*+1� +F*10:*� 43� EH�
,+:1+0%+,�/14*+).�CO��!342,D�0.,�(��	�C##�#!342,D�+F/1+%%)4.%�43������&�C/M�����#D�
0.,�(��	�+F/1+%%)4.� 43�����#� C$��H!342,D�� ��4E.!1+7&20*)4.� 43� /14*+).� 0.,�(��	�
+F/1+%%)4.%� 43� ����&� 2+0,%� 014(0*):� 0().+%� 74� ).� 0.� 02*+1.0*)?+� /0*5E0-8�
5-,14F-20*)4.8� E5):5� 1+%&2*+,� E)*5� 341(0*)4.� 43� &.%*0'2+� :5+():02� %/+:)+%� E5):5� :0.�
1+0:*�E)*5���	�0%�(&*07+.%�41�:0&%+�,)1+:*�,0(07+�*4�4*5+1�:+22&201�:4(/4.+.*%�%&:5�0%�
/14*+).%���);+����"�#�0.,����$	�8�1+:+/*41�(+,)0*+,�1+7&20*)4.�43�����)%�:4.*1422+,�
'-�����C�02;.+1 et al.�"��#D��
?+1+F/1+%%)4.�43�*50*�7+.+�).:1+0%+,�����+F/1+%%)4.�"!
342,�:4(/01+,� *4�:4.*142� C�4.7 et al.�"��LD��	.�).?+1%+�:411+20*)4.�'+*E++.�����7+.+�
+F/1+%%)4.� 0.,� ��	� (+*5-20*)4.� E0%� ,+(4.%*10*+,� ).� (&1).+� /14%*0*+� C�0?)% et al.�
"��OD�� 
.� *5+� 4*5+1� 50.,8� *5+1+� )%� %*)22� .4� ,0*0� 341� ()��	� 1+7&20*)4.� 43� ���� ).�
2)*+10*&1+%���


.+�43�*5+�)(/41*0.*�/50%+����+.@-(+�;.4E.�0%���
#�E0%�02%4�%*&,)+,�).�*+1(%�
43�/14*+).�0.,�(��	�2+?+2%�03*+1�EH�*1+0*(+.*�43�*5+�10*%���4*5�/14*+).�C"�OH!342,D�0.,�
(��	�C��OH!342,D�+F/1+%%)4.%�E+1+�%)7.)3):0.*2-� ).:1+0%+,�C/M�����#D�E5+.�:4(/01+,�
E)*5�&.*1+0*+,�714&/��	%�(0.-�/50%+����+.@-(+%8�1+7&20*)4.�43�*5+�*10.%:1)/*)4.�43���
#�
)%�,4.+�'-�.&:2+01�*10.%:1)/*)4.�30:*418�.&:2+01�30:*41�+1-*514),�"!1+20*+,�30:*41�"�C���"D�
C�50;%5).0(441*5-� 0.,�  0)%E02� "���D�� �.� *5+� :0%+� 43� 4F),0*)?+� %*1+%%8� ���"� ').,%� *4�
0.*)4F),0.*� 1+%/4.%+� +2+(+.*� C	��D� ).� *5+� /14(4*41� 1+7)4.� 0.,� ).:1+0%+,� ��
#�
*10.%:1)/*)4.�C�)4) et al.�"��$D���4*�4.2-�*5+�4F),0*)?+�%*1+%%�:0&%+%���
#�*10.%:1)/*)4.�
'&*� /1+%+.:+� 43� 6&).4.+� 02%4� %*)(&20*+%� ��
#� *10.%:1)/*)4.�� �.� �01;).%4.P%� 0.,�
	2@5+)(+1P%�,)%+0%+%8���
#�+F/1+%%)4.�50%�'++.�1+/41*+,�*4�'+�+2+?0*+,�0%�0.�0,0/*)?+�
1+%/4.%+� 070).%*� ,4/0().+� 6&).4.+� (+*0'42)*+%P� /4*+.*)02� 0::&(&20*)4.� C�0).0 et al.�
#OOOK� ?0.��&)%E).;+2 et al.� "���D���41+4?+18� 0.� �13"�(��	� 2+?+2� E0%� 34&.,� *4� '+�
1+?+1%)'2-�:411+20*+,�E)*5�()�!"N�+F/1+%%)4.�C�0.7 et al.�"�##D���5+1+341+8�()�!"N�(0-�
,4E.!1+7&20*+�*10.%:1)/*)4.�43���
#�7+.+��

� �.�*5+�/1+%+.*�%*&,-8� in vivo�+33+:*�43�EH�4.�0.*)4F),0.*�+.@-(+K���F�E0%�02%4�
).?+%*)70*+,�0*� *5+� 2+?+2�43�/14*+).�0.,�(��	���5+�,0*0� %54E+,� *50*�0,().)%*10*)4.�43�
EH� %)7.)3):0.*2-� ).:1+0%+,� ��F� /14*+).� C#�O$!342,D� 0.,� (��	� C$��!342,D� +F/1+%%)4.%�
C/M�����#D����F�)%�*5+�+.@-(+�1+,&:).7�
"
"�0.,�4170.):��


�*4�E0*+1�0.,�02:4542%�
C�

D�� � �.:1+0%+,� 2+?+2� 43� ��F� 0:*)?)*-� (0-� +.50.:+� *5+� 1+%)%*0.:+� 070).%*� 1+0:*)?+�
4F-7+.�%/+:)+%����F#!4?+1+F/1+%%).7�():+�E+1+�34&.,�*4�'+�(41+�1+%)%*0.*�*4�/0106&0*!
).,&:+,�2+*502)*-�*50.���F#�;.4:;4&*�():+�C�5+.7 et al.�#OOND���+%),+�*5+%+8�).:1+0%+,�
2+?+2� 43� ��F� )%� 02%4� /14*+:*)?+� 070).%*� :01,)4?0%:&201� ,)%+0%+%� %).:+� 1+0:*)?+� 4F-7+.�
%/+:)+%� %&:5� 0%� %&/+14F),+� 10,):02%� 41� 5-,147+.� /+14F),+%� :0&%+%� 0.-� :50.7+%� ).� *5+�
?0%:&201� *4.+� 0.,� %*1&:*&1+� C�0**).� 0.,� �1&(075)(� "��OD�� 	%� 0� 1+%&2*8� :4(').).7�



##"�
�

).,&:*)4.� 43� ��F� *47+*5+1� E)*5� ��
#� 0.,� �
�� '-� *5+� EH� *1+0*(+.*� :4&2,� '+� 0�
1+0%4.0'2+�%)7.)3):0.*�+.50.:+(+.*�070).%*�*5+�*4F):)*-�43�?01)4&%�07+.*%��

�



##$�
�

�����������

�

� �.:1+0%).7�).*+1+%*�43�(+,):).02�/20.*%�0.,�*5+)1�1+(+,)+%�2+0,�*5+�).?+%*)70*41%�*4�
).?+%*)70*+�*5+�0:*)4.%�43�/5-*4:5+():02%�4.�F+.4')4*):�(+*0'42)%(�0.,�*5+)1�0.*)4F),0.*8�
0.*)*&(4&18�0.*):01:).47+.):�0.,�0.*)(&*07+.):�+33+:*%��
.+�43�*5+%+�(+,):).02�/20.*%�)%�
Epilobium hirsutum� ��� ;.4E.� 0%� )*%� 0.027+%):8� 0.*)!():14')02� 0.,� 0.*)!/142)3+10*)?+�
0:*)?)*-��
.�*5+�4*5+1�50.,8�(42+:&201�(+:50.)%(�43�)*%�0:*)4.�50%�.4*�:201)3)+,�-+*���.�4&1�
%*&,-8� E+� 50?+� ).?+%*)70*+,� .4*� 4.2-� :5+():02� 0.,� (42+:&201� /14/+1*)+%� 43� *50*� /20.*�
+F*10:*�'&*�02%4�).�?)?4�*5+10/+&*):�0.,�*4F):�+33+:*%�43�EH�E+1+�%*&,)+,�'-�,+*+1().).7�
*5+�(��	�0.,�/14*+).�+F/1+%%)4.%8�0%�E+22�0%�*5+�0:*)?)*)+%�43� 10*�+.@-(+%� ).?42?+,� ).�
*5+�(+*0'42)%(�43�+F47+.4&%�0.,�+.,47+.4&%�(42+:&2+%��EH�50%�0�%)7.)3):0.*�).5)')*41-�
+33+:*�4.�:-*4:514(+������ C���D�,+/+.,+.*�+.@-(+%���54%+�+.@-(+%�50?+�0� 3&.:*)4.�
4.�,1&7�(+*0'42)%(�0.,�(+*0'42)%(�43�%+?+102�:5+():02%���+?+102�/14:01:).47+.%�1+6&)1+�
(+*0'42):� 0:*)?0*)4.� 43� ���� +.@-(+%� ).� 41,+1� *4� %54E� *5+)1� *4F):� 0.,� :01:).47+.):�
+33+:*�� �5+1+341+8� ).5)')*)4.� 43� *50*� +.@-(+� %-%*+(� /1+?+.*%� 341(0*)4.� 43� 50@01,4&%�
(+*0'42)*+%���+%),+%8�).5)')*)4.�43�����+.-@(+%�033+:*%�(+*0'42)%(�43�,1&7%���+/+.,).7�
4.� *5+� (0**+1� 43� ,1&78� /14!,1&7� 41� 0:*)?+� ,1&78� :4.%&(/*)4.� 43� EH� (0-� (4,&20*+�
(+*0'42)%(� 0.,� *4F):)*-� 43� *5+� ,1&7%�� �5+1+341+� EH� %54&2,� '+� &%+,� E)*5� :0&*)4.� ).�
/0*)+.*%�E54�&%+�,1&7%�(+*0'42)@+,�'-�+%/+:)022-����"�L�0.,����$	���	,,)*)4.022-8�
2+?+2� 43� �
�� (0-� 02%4� ,+:1+0%+� 03*+1� :4.%&(/*)4.� 43� �
� E5):5� ).,)1+:*2-� /1+?+.*�
341(0*)4.� 43� �
�� '-� ).5)')*).7� �
�� /14,&:).7� ���� +.@-(+%�� 
.+� 43� *5+� �50%+� ���
+.@-(+%� )%� ���� E5):5� 50%� (0.-� 3&.:*)4.%� %&:5� 0%� ,+*4F)3):0*)4.� 43� +2+:*14/5)2):�
:4(/4&.,%8� 0:*)?0*)4.� 43� /14!:01:).47+.):� :4(/4&.,%� 41� ).:1+0%+� 1+%)%*0.:+� 43� (0.-�
:0.:+1�*-/+%�070).%*�:5+(4*5+10/+&*):�,1&7%��	2*54&758�(0.-�0**+(/*%�50?+�'++.�(0,+�
*4� ,+?+24/� ���� ).5)')*41%� (0.-� 43� *54%+� ).5)')*41%� %&:5� 0%� %-.*5+*):� 0.0247&+%� 0.,�
72&*0*5)4.+�:4.G&70*+%�01+�+)*5+1�*44�*4F):�*4�'+�&%+,�).�?)?4 41�01+�+33+:*)?+�4.2-�).�?)*14��
�&1*5+1(41+8�20:;).7�%*0')2)*-�0.,�%+2+:*)?)*-8�0.,�50?).7�0�/441�/501(0:4247):02�/143)2+8�
%-.*5+*):� 0.0247&+%� :0&%+� /14'2+(%� E5+.� &%+,�� �&+� *4� )*%� ).5)')*41-� +33+:*� 4.� ����
+.@-(+� 0:*)?)*-8� EH� :0.� '+� 0::+/*+,� 0%� 0� .+E� .0*&102� ���� ).5)')*41�� �+%),+%� )*%�
).5)')*41-� +33+:*%8� EH� E0%� %)7.)3):0.*2-� ).:1+0%+,� 4*5+1� �50%+� ��� +.@-(+8� ��
#� 0.,�
0.*)4F),0.*�+.@-(+%8���F�0.,��
����

� �5+�/1+%+.*+,�+?),+.:+%�/4).*�4&*� *50*�EH� 02*+1%� *5+� 0:*)?)*-� 0.,�+F/1+%%)4.�43�
+.@-(+%� ).?42?+,� ).� F+.4')4*):%� 0:*)?0*)4.I,+*4F)3):0*)4.� /0*5E0-%�� �5+1+341+8�
(4,&20*41-�+33+:*�43�EH�4.�*5+%+�+.@-(+%�%&77+%*%�0.�).5+1+.*�:5+(4/1+?+.*)?+�0:*)4.�
070).%*� 0� 714&/� 43� :5+():02%� ).:2&,).7� :01:).47+.%� 0.,� ,1&7%�� 
4E+?+18� .+:+%%01-�
/1+:0&*)4.%�%&:5�0%�(+,):02�0,?):+�%54&2,�'+�*0;+.�1+701,).7� *5+�&%07+�43�*5)%�/20.*�).�
1+/20:+(+.*�*1+0*(+.*%�%).:+�)*�1+?+02%�/4%%)'2+�).*+10:*)4.%�E)*5�,1&7%�0.,�,)+*01-�344,%���

��



##��
�

�����������
�

#� 	�����	8���8��
�	����8������0.,�����
�8���J��"��L���5+�1+7&20*)4.�43�
:-*4:514(+������"�#�,&1).7����!).,&:+,�).320((0*)4.�).�*5+�10*���4F):42��	//2��
�501(0:42��2168�#!#����

"� 	�	��8�
�8�	��!�	���8���� 0.,�	����8���� #OOL�� �((&.4:5+():02� 0.,� %&'!
%*1&:*&102�:5010:*+1)@0*)4.�43�%5++/�2&.7�:-*4:514(+������7�"���.*�� ���)4:5+(��
�+22��)42��288�$L$!$H"���

$� 	�	��8� 
�� 0.,� 	����8� ��� #OO��� �2+:*14/541+*):8� %/+:*1028� :0*02-*):� 0.,�
)((&.4:5+():02�/14/+1*)+%�43�5)752-�/&1)3)+,�:-*4:514(+��!����314(�%5++/�2&.7��
�.*�� ���)4:5+(��228�#�$$!#������

�� 	�!�	��	�8���8��
��	��8����0.,�J����	��8����#OL$��	.�+.@-(+�314(�10*�
2)?+1� :0*02-%).7� :4.G&70*)4.%� E)*5� 72&*0*5)4.+�� "�� �+/20:+(+.*� 43� .)*14� 714&/%��
�)4:5+(�� ��878��!O���

�� 	��	��
��8� 	���8� �	�
��8� 	���8� �	��
8� 	�����8� �	�
��8� 	�� 0.,�
�
	���8� ��	�� #ONN�� 	.*)():14')02� 0:*)?)*-� 43� :+1*0).� �&,0.+%+� /20.*%� &%+,� ).�
342;241):�(+,):).+���:1++.).7�341�0.*)3&.702�0:*)?)*-�C��D���)*4*+10/)0��598�$O$!$ON���

L� 	���
���
�
��
�8�����8���	��	���8�	����0.,���	����
�8���	��"��O��
�-*4:514(+� ����� ���#	#�� J),+1� 142+%� ).� :0.:+1� /1471+%%)4.� 0.,� /1+?+.*)4.��
�����0.:+1��9���

H� 	�J	�8�	�8���
�8���8� ������8���8����	8�  ���8� �	��8� �� �8� �������
�8�
 �	��0.,��
��8����"��$���.*+10:*)4.�43�5&(0.��	�C�D
�6&).4.+�4F),41+,&:*0%+�
#�C��
#D�E)*5�*5+�*&(41�%&//1+%%41�/14*+).�/�$�).�:+22%�0.,�:+22!31++�%-%*+(%�� ��
�)42���5+(��2788�#�$LN!#�$H$���

N� 	�����	�
��8� ��� 0.,� 	�����	�
��
�}8� ��� "��#�� �-*4:514(+%� �����
0.,�(+*0'42)%(�43�F+.4')4*):%��588�H$H!H�H���

O� 	
�	�	8� ��8� �	�	�
8� ��8� ������	�8� ����8� ����
��8� 
���� 0.,�
�
��	���8� �� �� #OO��� �)?+� 43� #"� 341(%� 43� ?0::).)0� ?)1&%!+F/1+%%+,� 5&(0.�
5+/0*):� :-*4:514(+� �����(+*0'42):022-� 0:*)?0*+� 0320*4F).� �#�� �14:�� �0*2�� 	:0,��
�:)��������	��878��HO�!�HO$���

#�� 	��	8� ��8� ���
8� ��8� ��	�	8� 	���8� ����	�8� �� �8� 
	�����
�8� ��� 0.,�
��	���8� ����#ONN���41(0*)4.�43�0.�0,,&:*�'+*E++.�34%34(-:).�0.,�72&*0*5)4.+��
	� .+E� (+:50.)%(� 43� 0.*)')4*):� 1+%)%*0.:+� ).� '0:*+1)0�� 	.*)():14'�� 	7+.*%�
�5+(4*5+1��328�#��"!#��L���



##��
�

##� 	����8� ��8�	�	��8�
�� 0.,��������!
��	�8�	���� "���0�� �.,&:*)4.� 43��!
.)*14%4,)(+*5-20().+�(+*0'42)%(�).�2)?+1�0.,�2&.7�'-�).�?)?4�/-1),).+�*1+0*(+.*%�
43�10'')*%��	1:5���4F):42��748�$"O!$$����

#"� 	����8� ��8� 	�	��8� 
�� 0.,� �������!
��	�8� 	���� "���'�� �*)(&20*)4.� 43�
0.)2).+8� /!.)*14/5+.42� 0.,� �!.)*14%4,)(+*5-20().+� (+*0'42)%(� ).� ;),.+-� '-�
/-1),).+�/1+*1+0*(+.*�43�10'')*%��	1:5���4F):42��748��"H!�$"���

#$� 	����8���8�	�	��8�
�8����	�8����0.,����	�8����#OO#���*)(&20*41-�+33+:*%�43�
'+.@+.+�4.�10'')*�2)?+1�0.,�;),.+-�():14%4(02�:-*4:514(+��!����,+/+.,+.*�,1&7�
(+*0'42)@).7�+.@-(+%��	1:5���4F):42��658�#NL!#O����

#�� 	����8����0.,����8�	��#OO����33+:*%�43�).�?)?4�'+.@4C0D/-1+.+�*1+0*(+.*�4.�2)?+1�
():14%4(02�()F+,!3&.:*)4.�4F),0%+�0:*)?)*)+%�43�7)2*5+0,�%+0'1+0(�C�/01&%�0&10*0D��
�4(/���)4:5+(���5-%)42���501(0:42���4F):42���.,4:1).42��1078����!�#����

#�� 	�
��8� ��8� �
���8�  �8� �

��8� ��8� �	�
�8� ��� 0.,� �
	��8� ��� "��#��
�+7&20*)4.� 43� /�$� %*0')2)*-� 0.,� /�$!,+/+.,+.*� 0/4/*4%)%� '-� �	�
� 6&).4.+�
4F),41+,&:*0%+�#���14:���0*2��	:0,���:)��������	��988�##NN!##O$���

#L� �	�	�	�8� 
�
�8� 
������8� ��	���8� �	��
��8� ����8� ����
��8� ��8�
�����
���8� ��� 0.,� �	JJ	�8� ��	���� #OOH�� �42-/5+.42):� (+*0'42)*+%� 43�
�/)24')&(�5)1%&*&(���5-*4:5+()%*1-��468�O$�!O�#���

#H� �	����8�����8��
J���!������8���8����	��8����0.,��	
��8������"�����
�4(/2+(+.*01-� 0.,� 02*+1.0*)?+�(+,):).+� &%+� 0(4.7� 0,&2*%���.)*+,��*0*+%8� "��"��
	,?���0*0��8�#!#O���

#N� �	����8������ 0.,�����	�
��8�  ����"��O��	.*)4F),0.*� 0:*)?)*-�43� %&23&1� 0.,�
%+2+.)&(��0�1+?)+E�43�1+0:*)?+�4F-7+.�%/+:)+%�%:0?+.7).78�72&*0*5)4.+�/+14F),0%+8�
0.,�(+*02!').,).7�0.*)4F),0.*�(+:50.)%(%���+22��)4:5+(���)4/5-%��558�#!"$���

#O� �	��������8� ��8� ���	8� ��8� ��	����8� ����� 0.,� �	��	���8� ��� "��#��
	.*)():14')02�0:*)?)*-�43��/)24')&(�%//��+F*10:*%���01(0:4��568�$��!$�N���

"�� �	��
�8� ��� #OOO�� �R1;)-+P,+� �)*;)2+1� )2+� �+,0?)8� �+U()B*+� ?+� �&7R.�� �.� 8�
C	.4.-(4&%�D�//��#$O8��4'+2��S/��)*0'+?2+1)��*,��=*)8��%*0.'&2���

"#� �	��
�8����#OO����R1;U+��)*;)�	,201S��Q@2RTR���R1;��)2��&1&(&��0-S.201S���.�8�
C	.4.-(4&%�D�//���HN8����

""� �����8�����8������	!	����	�8� �8��������	��
8���8��	�	��
��8���8�
�	�
8���8���
�������8���8��	���8�����8������8���8��	���8����0.,����	�8�
���#OOL���5+�142+�43���!,)0/5410%+�).�*5+�(0).*+.0.:+�43�*5+�1+,&:+,�0.*)4F),0.*�
341(� 43� :4+.@-(+��� ).�(+('10.+� %-%*+(%�� �14:���0*2�� 	:0,�� �:)�� ��� ���	�� 938�
"�"N!"�$"���



##L�
�

"$� �
	�8�����8��	��	��8�	���8������
8���8������8���8��	��
��	�
8��� ��
0.,����	���8������"�#����&:2+4/5)2):�:0*02-%)%�43�0:-25-,10@4.+�+6&)2)'10*)4.�
341�/14*+).!,)1+:*+,�,-.0():�:4?02+.*�:5+()%*1-���0*���5+(��28��O�!�OH���

"�� ��������8� ��8� �	��	�
8� J�8 �8�  �����
�8� 
�8� �
�	�
8�  �8 �8� �	��
�����8� ����8� 
��8� ����� 0.,� ��	��8� ����� #OON�� ���8� 0� .4?+2� %*+14),� 0.,�
F+.4')4*):!%+.%).7�.&:2+01�1+:+/*41���+.+%��+?��128�$#O�!$"�����

"�� �
��8�
���8��

�8���
��0.,��
���8����"��$���5+�:-*4:514(+��!����)%4+.@-(+�
���"�#� ).� *5+� ')4247):02� /14:+%%).7� 43� ).,&%*1)02� :5+():02%�� :4.%+6&+.:+%� 341�
4::&/0*)4.02�0.,�+.?)14.(+.*02�(+,):).+�� �.*��	1:5��
::&/���.?)14.��
+02*5��768�
#H�!#N����

"L� �
��
8���8������8���8�����
�	��8���8��	�8���8�
�����8�	�8������
8���8�
������
�8����0.,��	��	8����#OO�0��
-/4(+*5-20*)4.�0.,�5-/4+F/1+%%)4.�43�
5&(0.� ���"�#� 7+.+� ).� 2&.7� *&(41%�� �)4:5+(�� �)4/5-%�� �+%�� �4((&.�� 2058�
#�NL!#�O"���

"H� �
��
8���8������8���8�����
�	��8���8�����
��	8���8��	��	�����8�	�8�
��	����8���8� �	�8� ��8� ������8�J�8� �	
�	��8� ��� 0.,��	��	8���� #OO�'��
�)%%&+!%/+:)3):�+F/1+%%)4.�0.,�(+*5-20*)4.�43�*5+�5&(0.����"�#�7+.+���)4:5+(��
�501(0:42��488�#�O�!##�$���

"N� ����8���� 0.,�������8��� �� "��"���2&*0*5)4.+� :4.G&70*+%� 0.,� *5+)1� %-.*5+*):�
,+1)?0*)?+%�0%�).5)')*41%�43�72&*0*5)4.+!,+/+.,+.*�+.@-(+%�).?42?+,�).�:0.:+1�0.,�
,1&7�1+%)%*0.:+���1&7��+*0'���+?��348�N"#!NL$���

"O� �����8������0.,��	���8������#OH����*54F-1+%41&3).��,)1+:*�32&41)(+*1):�0%%0-�
43� 0� ():14%4(02� 
!,+02;-20*)4.� E5):5� )%� /1+3+1+.*)022-� ).,&:)'2+� '-� $!
(+*5-2:5420.*51+.+���1&7��+*0'���)%/4%��28��N$!�NN���

$�� �	�� ������9���8� ��8� �<��	�
���8� 	�8� ���8� ��8� �	���
���8� ��8�
������	�	8� ��8� ���	�8� 
�8� 	���A8� ��� 0.,� 	�	��8� 
�� "��N��
�0104F4.0%+I01-2+%*+10%+�10*)48��
�#�#O"�I��/42-(41/5)%(�0.,��
�#�%*0*&%�01+�
0%%4:)0*+,�E)*5�).:1+0%+,�1)%;�43�)%:5+():�%*14;+���2).���)4:5+(��418�#!O���

$#� �	������8� ��8� �
	�����8� ��8� �	�	�	�	�	�
8� ��8� �
���8� ��8�
�	�����8� ���8������
��
8�	�8���	���8����0.,�����

�8����#OO$���4*5�
:-*4:514(+%������"�#�0.,�#	#�01+�).?42?+,�).�*5+�(+*0'42)%(�43�:5241@4F0@4.+��
�5+(���+%���4F):42��68�N�"!N�H���

$"� �
���8�J�
�8� 

8� ����8� �	�������8� ��	�8� �
��8� ��	�8� �
���8� ����8 ��
0.,� ���8� ����� #OON�� �+22&201� 72&*0*5)4.+� /+14F),0%+� )%� *5+� (+,)0*41� 43� '4,-�
%+2+.)&(� *4� /14*+:*� 070).%*� /0106&0*� 2+*502)*-� ).� *10.%7+.):� ():+��  �� �&*1�� 1288�
#�H�!#�HL���



##H�
�

$$� �
����8���8�	���	�	8�����8����
8����0.,��
��	���8��� ��"��$��
+/0*):�
+F/1+%%)4.� 43� :-*4:514(+� ����%� ).� 5+/0*4:-*+� .&:2+01� 30:*41� #!02/50�
C
��#02/50D!,+3):)+.*�():+���)4:5+(���501(0:42��668�"�##!"�"����

$�� �
����8� ��8� ��8� 	���8� J	��8�  ���8� ��	���8� ��J�8� 	���	�	8� ����8�
�������	��8� ��� 0.,� �
��	���8� �� �� "����� �5+� :-/"+#!5&(0.)@+,�
*10.%7+.):�(4&%+�� 142+� 43� :-/"+#� ).� 0:+*0().4/5+.� 5+/0*4*4F):)*-���1&7��+*0'��
�)%/4%��338���O!��H���

$�� �

8�J������"�#����:)+.*)3):�+?),+.:+�4.�*5+�%&//41*)?+�:0.:+1�:01+�E)*5�:5).+%+�
(+,):).+��138�#O�!#O����

$L� �

��������8� ��� 0.,� �	��
�8� ��� "��L�� �5+� %).72+!%*+/� (+*54,� 43� ��	�
)%420*)4.� '-� 0:),� 7&0.),).)&(� *5)4:-0.0*+!/5+.42!:52414341(� +F*10:*)4.�� *E+.*-!
%4(+*5).7�-+01%�4.���0*���14*4:��18��N#!�N����

$H� �
�
��8� ��0.,�	����
�8� ��#O�O���)4:5+():02�0.,�/501(0:4247):02�:50.7+%�
).� *5+� 10*� 34224E).7� :514.):� 0,().)%*10*)4.� 43� (41/5).+� .0241/5).+� 0.,�
.41(41/5).+�� ���501(0:42���F/���5+1��1258�#��!##����

$N� �
�����8���	�8��
��
8������0.,��

��8��� ��"��N���0*&102�0.,�%-.*5+*):�
6&).4.+%� 0.,� *5+)1� 1+,&:*)4.� '-� *5+� 6&).4.+� 1+,&:*0%+� +.@-(+� ��
#�� �14(�
%-.*5+*):�4170.):�:5+()%*1-�*4�:4(/4&.,%�E)*5�0.*):0.:+1�/4*+.*)02��68�L$H!L�L���

$O� �
����8� ��� 0.,� ��	�����8� ����� #OL#�� 	� 2)?+1� +.@-(+� *50*� :4.G&70*+%�
%&234'14(4/5*502+).�%4,)&(�E)*5�72&*0*5)4.+�� ���2).���.?+%*��408�ON#!ONN���

��� ��	��8� �� �� 0.,� �	��
�8�  ���� "����� �+0:*)?+� 4F-7+.� %/+:)+%� 0.,� *5+�
(4,&20*)4.�43�%*14;+���1++��0,):���)42���+,��388�#�$$!#������

�#� ��	J�
��8�	�8� �	�����8�����8����	�
��8�����8������8���	�8��	��8�
�� �8��
�����
�8������0.,��

����8� ����"�#"���+20*)4.%5)/%�'+*E++.�%).72+�
.&:2+4*),+�/42-(41/5)%(%�43�0.*)4F),0.*�+.@-(+%�0.,�,)%+0%+���+.+��5018�NO!#�$���

�"� ���
��	8� ����8� �	��8� ��� 0.,� 
W
	��
�	�8� ����� "��L�� 	:*)?0*)4.� 43�
%&/+14F),+� ,)%(&*0%+%�� /&**).7� *5+� (+*02� *4� *5+� /+,02�� �)4:5)(�� �)4/5-%�� 	:*0��
17638�H�H!H�N���

�$� �	���8���
��#ON����2410�
3��&1;+-�	.,��5+��0%*�	+7+0.��%20.,%��8���

��� �	���8���
��#ON"���2410�
3��&1;+-�	.,��5+��0%*�	+7+0.��%20.,%��7���

��� �	���8���
��#OHN���2410�
3��&1;+-�	.,��5+��0%*�	+7+0.��%20.,%��6���

�L� �	���8���
��#OH"���2410�
3��&1;+-�	.,��5+��0%*�	+7+0.��%20.,%��4���



##N�
�

�H� ���
		�8� ���8���	����8���8��������
�8���8�������8���8�
W�
�	8�����8�
�
����8�����8���
��
�8�����8���������
8��� �8�J���8���8��
���8�����8�
��	��8�����8�
����
�8��� ��0.,��
�	8����#OON���):+�E)*5�0�54(4@-74&%�.&22�
(&*0*)4.� 341� *5+� (4%*� 0'&.,0.*� 72&*0*5)4.+� /+14F),0%+8� �/F#8� %54E� ).:1+0%+,�
%&%:+/*)')2)*-� *4� *5+� 4F),0*)?+� %*1+%%!).,&:).7� 07+.*%� /0106&0*� 0.,� 5-,147+.�
/+14F),+�� ���)42���5+(��2738�""�"N!""�$L���

�N� �
	��
��	�

��
�8����0.,� 	��J	�8�	����"������(022�(03� C�03��0.,�
�03�D� /14*+).%� .+70*)?+2-� 1+7&20*+� 0.*)4F),0.*� 1+%/4.%+� +2+(+.*!(+,)0*+,�
+F/1+%%)4.� 0.,� 0.*)4F),0.*� ).,&:*)4.� 43� *5+� �	�C�D
��&).4.+� 4F),41+,&:*0%+#�
7+.+�� ���)42���5+(��2758���#$�!��#�#���

�O� ����8���� 0.,��	������8������ "��$��
&(0.� +F*105+/0*):� :-*4:514(+%� ������
3&.:*)4.� ).� F+.4')4*):� (+*0'42)%(� 0.,� *)%%&+!%+2+:*)?+� :5+():02� *4F):)*-� ).� *5+�
1+%/)10*41-� 0.,� 70%*14).*+%*).02� *10:*%�� 	..&�� �+?�� �501(0:42�� �4F):42�� 438� #�O!
#H$���

��� �����8����0.,�J���
�
�8���	��#OOO���5+�142+�43����"�L�).�5&(0.�F+.4')4*):�
(+*0'42)%(���1&7��+*0'���+?��318�H#O!H�����

�#� �������8����#OLH�����,)0/5410%+��108�$�O!$#H���

�"� �������8� 	�� 0.,� 
�����8� ��� "����� �4:&%).7� 4.� *5+� +*5.4'4*0.):02� &%+%� 43�
/20.*%�).��+1%).�0.,�	,0.0�/14?).:+%�C�&1;+-D�� ���*5.4')42��*5.4(+,��18�L���

�$� �-8������0.,�	%5(0.8������#ONL��5+�&%+�43�02;02).+�/54%/50*0%+!:4.G&70*+,�0.*)!
)((&.4724'&2).�E)*5� )((&.4'24*%� 341�,+*+1().).7� *5+�%/+:)3):)*-�43�(4.4:24.02�
0.*)'4,)+%�*4�/14*+).�()F*&1+%���+*54,�0.,��.@(42�#$#8�OH!��O��

��� �	�����8� ����8� ���	���8�  �	�8� ��	
8� ��
�8� ��
�
��	�8� ����� 0.,�
��
��
8���	��"��#���+7&20*)4.�43�*5+�10*�72&*0*5)4.+��!*10.%3+10%+�	"�7+.+�'-�
72&:4:41*):4),%��).?42?+(+.*�43�'4*5�*5+�72&:4:41*):4),�0.,�/1+7.0.+���1+:+/*41%��
�42���501(0:42��608�L##!L#O���

��� �	��8� ��8� �
�	�	�
�8� ��� 0.,� 
	�����8�  ���� #OOH�� �*4):5)4(+*1-� 43� H!
+*54F-:4&(01).�(+*0'42)%(�'-�:-*4:514(+������"�#�E)2,!*-/+� 0.,� 3)?+� 0:*)?+!
%)*+�(&*0.*%��������+**��4168�HH!N����

�L� �
������8� ��8� �����8�  �!�8� 

���	��8� ��� 0.,� �	��
8� ��� #OO"��
	:+*-2:542).+%*+10%+���E4�*-/+%�43�(4,)3):0*)4.%�:4.3+1� 1+%)%*0.:+� *4� ).%+:*):),+��
 ���)42���5+(��2678�#�"H�!#�"H����

�H� ������	�8� ���8��
��	��
8� �8����
��8�����8��	����8�����8��	��	��8�
�����0.,����
���
�8�	����#OOL���+:1+0%+,�/20*+2+*� ).5)')*)4.�'-�.)*1):�4F),+�
).�*E4�'14*5+1%�E)*5�0�5)%*41-�43�01*+1)02�*514('4%)%�� ���2).���.?+%*��978�OHO!ONH���



##O�
�

�N� �����8�	�	�8� �
	
8���8�	�������	8�  �8� ��	��
�8�J���� 0.,� ���	���8�
����� #OO$�� �%+� 43� %)*+!,)1+:*+,� (&*07+.+%)%� 43� 022+2+!%/+:)3):� ���� /1)(+1%� *4�
),+.*)3-�*5+�����#�	8�����#��8�����#�	8��0.,�����#�.&22�/42-(41/5)%(%�
0*�*5+�72&*0*5)4.+��!*10.%3+10%+8�����#�24:&%���)4:5+(�� ��295 ( Pt 1)8�$#$!$#����

�O� ����
�8� ��8� �
�
	�8� ��8� �	�����8�  ���8� �

����������8� ��8�
��
����8� 
�8� ��� ���	������8� ��8� �	����8� 
�8� ��	���8� ��� 0.,� ���
J	�����8� ��� #OOO�� 
&(0.� ���"�L�� +F/1+%%)4.8� ).,&:)')2)*-� 0.,� :0*02-*):�
0:*)?)*)+%���501(0:47+.+*):%��98�"O�!$�L���

L�� �
��8�
�8�����
8�����8�����
8�����8���8���8����8� �
�8��	���8�����8��
�	8�
��8� ���8� ��8� �	�	�8� ����8� �	�8� ��J�8� �����	�8� ��� 0.,� ���8� J�� "��L��

1/50.�.&:2+01�1+:+/*41�/1+7.0.+���1+:+/*41�%+.%)*)@+%�4F),0*)?+�%*1+%%�1+%/4.%+%�
).�*10.%7+.):�():+�0.,�:0.:+14&%�:+22%���42���.,4:1).42��208�"HO!"O����

L#� �
��	���8� �� �� "��H�� �5+� "��L� �+1.01,� ��� �14,)+� 	E01,� �+:*&1+�� �-/"+#��
�1&7��+*0'���)%/4%��358�#!N���

L"� �
��	���8� �� �� "����� �42+� 43� :-*4:514(+%� ����� ).� :5+():02� *4F):)*-� 0.,�
4F),0*)?+�%*1+%%��%*&,)+%�E)*5����"�#���&*0*���+%��5698�#�#!##����

L$� �
����8� ����� 0.,� 

��������8� ����� #ONO�� �+*0'42)%(� 43� �!
.)*14%4,)(+*5-2!� 0.,� �!.)*14%4,)+*5-20().+� '-� 10*� 5+/0*4:-*+%�� +33+:*%� 43�
/1+*1+0*(+.*�E)*5�+*50.42���5+(���+%���4F):42��28��$L!��#���

L�� �����J	��8� ��#OON���5+�+(+17).7� 142+�43�5+1'02�(+,):).+� ).�5+02*5�:01+� ).�
�&14/+���1&7��.3�� ��328�#�#!#�$���

L�� ���������
8� ����� #OOO���-*4:514(+� �!���� $	��� 1+7&20*)4.� 0.,� 142+� ).� ,1&7�
(+*0'42)%(��	..&���+?���501(0:42���4F):42��398�#!#H���

LL� ���������
8� ����� 0.,� �
��	�	8� ��� #OO#�� 
F),0*)4.� 43� *4F):� 0.,�
:01:).47+.):� :5+():02%� '-� 5&(0.� :-*4:514(+� �!���� +.@-(+%�� �5+(�� �+%��
�4F):42��48�$O#!��H���

LH� ������8� �� �8� �	�����8� ����8� 
���	��8� ��	�8� J����	��8� ����8�
������8�J���8��
	�8���	��0.,��
	
8�	��"������.�?)?4�+33+:*%�43�742,+.%+028�
;0?0�;0?08�'20:;�:454%58�0.,�?02+1)0.�4.�5&(0.�:-*4:514(+������#	"8�"�L8�"�#8�
0.,�$	�I��/5+.4*-/+%���2).���501(0:42���5+1��778��#�!�"L���

LN� ��	���8���	�8�

�	�	8���8�
��
��!�
	�
��8����0.,�	���	8����"�����
�.5)')*41-� +33+:*%� 43� *5+� (+,):).02� 5+1'8� �54..).7)0� %0.7&).+08� 4.� 2)?+1� ,1&7�
(+*0'42)@).7�+.@-(+%�43�10*%��
&(���F/���4F):42��198�L"$!L$#���

LO� 
	���8� J�
�8� �	���8� �� �� 0.,�  	�
��8� J���� #OH��� �2&*0*5)4.+� �!
*10.%3+10%+%���5+�3)1%*�+.@-(0*):�%*+/�).�(+1:0/*&1):�0:),�341(0*)4.�� ���)42���5+(��
2498�H#$�!H#$O���



#"��
�

H�� 
	���
8�	�8�J
 ���
J���8� ��0.,��	����8�J�	��"��N���33+:*�43�%+2+:*+,�
0.*),+/1+%%0.*�,1&7%�4.�:-*4:514(+������"��C���"�D�).�10*�2)?+1��	.�).�?)*14�0.,�
).�?)?4�%*&,-���501(0:42���+/��608�O�H!OL����

H#� 
	��	��8���8��
	��8�
��0.,�

��������8����"��N��
F-7+.�0:*)?0*)4.�'-�
:-*4:514(+������(4.44F-7+.0%+���54*4%-.*5��+%��988�L�H!LLL���

H"� 
	���
�8���8���������8���8� ������	�!��������8���� 0.,��

���8�
���#OO����+7)4.02�,)%*1)'&*)4.�43� +*50.42!).,&:)'2+� :-*4:514(+������ ���#� ).� *5+�
10*�:+.*102�.+1?4&%�%-%*+(���+&14%:)+.:+��348���#!�L$���

H$� 
	���8�  ���8�����
�	!�
��
�	8�	���� 0.,����	

�8���� "��O���14%%!
*02;� '+*E++.� *10.%:1)/*)4.� 30:*41%� 	5�� 0.,� �13"�� 2+%%4.%� 341� :0.:+1�
:5+(4/1+?+.*)4.�314(�,)4F).���4F):42���:)��1118�#OO!"�#���

H�� 
	���8�  ���8� ��	�	�	�8�  ���� 0.,�  
J���8� ����� "����� �2&*0*5)4.+�
*10.%3+10%+%��	..&���+?���501(0:42���4F):42��458��#!NN���

H�� 
	���8� ����0.,�����
��8��� ��#OO����5+�72&*0*5)4.+��!*10.%3+10%+�%&/+17+.+�
30()2-�� 1+7&20*)4.� 43� ���� 0.,� *5+� :4.*1)'&*)4.� 43� *5+� )%4+.@-(+%� *4� :0.:+1�
:5+(4/14*+:*)4.�0.,�,1&7�1+%)%*0.:+���1)*���+?���)4:5+(���42���)42��308����!L�����

HL� 
	���8� ����8� ���8� ����8� �
������8� ��8� ��8� ����8� J	�

����8� ��8�
��	���8� ����8� ��8� ����8� �
�
�	�8� ��8� 


���8� ����� 0.,� �����8� �����
#OOH���+.@+.+�0.,�*5+�,4%+!1+20*+,�).:),+.:+�43�5+(0*4247):�.+4/20%(%�).��5).0��
�5).+%+� 	:0,+(-� 43� �1+?+.*)?+� �+,):).+!!�0*)4.02� �0.:+1� �.%*)*&*+� �+.@+.+�
�*&,-��14&/�� ���0*2���0.:+1��.%*��898�#�L�!#�H#���

HH� 
��
�8������#OOO0���4'0::4�%(4;+�:01:).47+.%�0.,�2&.7�:0.:+1�� ���0*2���0.:+1�
�.%*��918�##O�!#"#����

HN� 
��
�8������#OOO'���4'0::4�%(4;+�:01:).47+.%�0.,�2&.7�:0.:+1�� ���0*2���0.:+1�
�.%*��918�##O�!#"#����

HO� 
������	��8� ��8� 
��	��
�8� ��8� �	�
���8�  ���8� ���	�8� ��8�
����
���8� 
�8� ���������8� ��� 0.,� ������	�!��������8� ��� "��#��
���"�L�0.,����"�#O�0%� *5+�(0G41�+.@-(+%� 1+%/4.%)'2+� 341� *5+�(+*0'42)%(�43�
%+2+7)2).+8� 0� ,1&7� &%+,� ).� *5+� *1+0*(+.*� 43� �01;).%4.W%� ,)%+0%+8� 0%� 1+?+02+,� 314(�
+F/+1)(+.*%�E)*5�1+:4(').0.*�+.@-(+%���1&7��+*0'���)%/4%��298�#�N�!#�N����

N�� 
����	��8� 	�8�  �	�8� 
�� 0.,� �	����8� J�� #ONL�� �.32&+.:+� 43� �/)24')&(�
+F*10:*%�4.�/14%*0720.,).�')4%-.*5+%)%�0.,�:01107++.).� ).,&:+,�4+,+(0�43� *5+�10*�
/0E�� ���*5.4/501(0:42��178�#L#!#LO���

N#� 
��
�8���8���	
�	8���8��

J8����0.,����	�8����#OON���)%%&+�,)%*1)'&*)4.%�43�
���"�#8� "�"8� "�$� 0.,� "��� (��	� ).� 10*%� ,+*+:*+,� '-� ��!����� �)4:5)(��
�)4/5-%��	:*0��13808�$��!$#"���



#"#�
�

N"� 

��
�8�  ���8� �
�8� ��8� �����8�  ���8� �	��

����8� ��8� 	J	��
�8� ����8�
����	8���8�	�	
��! 	�	��8���	�8��
��
�
8����0.,�����
	�8������#OOO��
�5010:*+1)@0*)4.� 43� 0� :52410('&:)2!1+%)%*0.*� 5&(0.� 4?01)0.� :01:).4(0� :+22� 2).+�
4?+1+F/1+%%).7�72&*0*5)4.+��!*10.%3+10%+�`���)4:5+(���501(0:42��588�LO$!H�"���

N$� ��	�8� 
�8� �	�	�
��	8� ��8� 	�	�8� ��8� �	�	�
�
8� 
�8� �
��	8� ��� 0.,�
�	�	�	J	8����#OON���&//1+%%)4.�43� 2+&;4*1)+.+� 341(0*)4.� ).����!"
$�:+22%�
*50*� 4?+1+F/1+%%+,� /54%/542)/),� 5-,14/+14F),+� 72&*0*5)4.+� /+14F),0%+��  �� �)42��
�5+(��2738�#OO�!#OOH���

N�� ��	�8���8���
8�	��0.,��	�
8����#OLL���?),+.:+�341�')4:5+():022-�,)33+1+.*�*-/+%�
43�?+%):2+%�).�*5+�5+/0*):�():14%4(02�310:*)4.�� ���)4:5+(��608��#H!�"N���

N�� ��	
�	8� ��8� �	�	�	8� ��8� 
��
�8� ��8� 
	�	�
�8� ��8� �	�	��8� ��8�
�	���	��8����0.,����	�8����#OOL���&2*)/2+�341(%�43�5&(0.������+F/1+%%+,�
).� �0::5014(-:+%� :+1+?)%)0+�� �-%*+(0*):� :5010:*+1)@0*)4.� 0.,� :4(/01)%4.� E)*5�
*54%+�43�*5+�10*���)4:5+(���501(0:42��518�#��#!#������

NL� ��	��
��	8� ��8� �	�
�
�	8� ��8� ������ ���	8�  �8� ���
�8� ��� 0.,�
��	�
���	8����#OO"���42-/5+.42%� 314(��&2701)0.�(+,):).02�/20.*%�E)*5� 0.*)!
).3+:*)4&%�0:*)?)*-���0%):��)3+��:)��598�H#H!H"N���

NH� ����8� ����� 0.,� ����8� ��J�� #OOO�� �5010:*+1)@0*)4.� 43� �50%+� �� 0.,� �50%+� ���
5+/0*):�,1&7�(+*0'42)%(�0:*)?)*)+%� ).�0�/0.+2�43�5&(0.�2)?+1�/1+/010*)4.%���5+(��
�)42���.*+10:*��1188�#�#!#LO���

NN�  ���
8����0.,��	�������8����#OOO���0%*�/14,&:*�341(0*)4.�0.,�%24E�/14,&:*�
1+2+0%+� 01+� )(/41*0.*� 3+0*&1+%� ).� 0� 5-%*+1+*):� 1+0:*)4.� (+:50.)%(� 43� 72&*0*5)4.+�
*10.%3+10%+��"!"���)4:5+()%*1-��388�OON"!OOO#���

NO�  

��
�8� ��� 0.,� �������8� ��� "����� �&/+14F),+� ,)%(&*0%+%� 0.,� *5+)1� )(/0:*�
&/4.�5&(0.�5+02*5���42��	%/+:*%��+,��268�$��!$�"���

O�� �	�����	�
�8�
�8��	�	������8�	��0.,��	���	����	��	�8����"�#"��
�4F):4247):02�+?02&0*)4.�43�N�c�(+*50.42�+F*10:*�43��&,E)7)0�4:*4?02?)%� C 0:6�D�
��
���0?+.� 2+0?+%� C
.0710:+0+D� ).��	��I:�():+��  ���*5.4/501(0:42��1428� LL$!
LLN���

O#� �	�	����8� ��8� �����8�	�8� �����8���8��������!
��	�8�	���8� ���8�	��
0.,� 	�	��8� 
�� "�#$�� �/)24')&(� 5)1%&*&(� 02*+1%� F+.4')4*):� (+*0'42)@).7�
���#	#8����"�#8���
#�0.,���F�0:*)?)*)+%8�(��	�0.,�/14*+).� 2+?+2%� ).� 10*%��
�501(���)42��518�L��!L�N���

O"� �	�	����8� ��� 0.,� 	�	��8� 
�� "�##�� �33+:*� 43� *0..):� 0:),� 4.� 72&*0*5)4.+� %!
*10.%3+10%+�0.,��	�C�D
��6&).4.+�4F),41+,&:*0%+�#� +.@-(+%� ).� 10'')*� 2)?+1� 0.,�
;),.+-���1+%+.��.?S14.��&22��208�#N��!#N##���



#""�
�

O$� �	J	 ���8����0.,��� ��!�����	�	8����#OO#�������0.,�5&(0.�:0.:+1�� /.�� ��
�0.:+1��+%��828�#$"�!#$$����

O�� �	J	�
�
8���8� ����
�
�8���8�����
8� ��8��

��8���8�J	�
����8����
0.,� �����
�8� ��� #OOO�� �5+.4'01')*02!1+%/4.%)?+� .&:2+01� *10.%24:0*)4.� 43� *5+�
1+:+/*41��	��).�).,&:*)4.�43�*5+����"��7+.+���42���+22���)42��198�L$#N!L$""���

O�� ����
�	8����0.,�������	��8�	����"��$�����"�#���)4:5+()%*1-8�*4F):4247-8�
1+7&20*)4.� 0.,� 3&.:*)4.� ).� +*50.42!).,&:+,� 2)?+1� ).G&1-���&11���42���+,�� 38� ��O!
�#N���

OL� ����8� 	���8� �	����
8� 	�8� �������8� 	�8� ��	���	8� ��8�  	���J��	8� ��8�
��	�����8� ��8� �
������8� 	�� 0.,� ��J
J	����8�  �� "�##�� 
+.4*5+).� �W%�
:4.*1)'&*)4.� *4� *5+� 0.*)!).320((0*41-� 0.,� 0.*)4F),0.*� 0:*)?)*-� 43� �/)24')&(� %/��
�5-*4(+,):).+��188���H!�L����

OH� ���	���	8� ��8� ���	�	8� 	�8� �	��
8� 
�8� ����
	�	8� ��8� �
�	8� ��� 0.,�


�	8����#OOO����!,)0/5410%+!2);+�6&).4.+�1+,&:*0%+�).�10*�/20%(0���)42���501(��
�&22��228�NN$!NN����

ON� �
�	�	�
�8� ��8� ��	�
��	8� ��8� �
��	�	8� ��� 0.,� �
��	8� ��� "��"��
�&'%*10*+� %/+:)3):)*-� 341� 10*� :-*4:514(+� ����� C���D� )%4341(%�� %:1++.).7� E)*5�
:��	!+F/1+%%+,�%-%*+(%�43�*5+�10*���)4:5+(���501(0:42��638�NNO!NOL���

OO� �
�	��8� ���8��
J�8�����8���
�������!���8���8��

�
8���8��	��8���8�
J���
�
�8� ��	�8� ����
�8� ����� 0.,� J	�����8� ����� #OO��� ���$	� 7+.+�
+F/1+%%)4.�).�5&(0.�7&*�+/)*5+2)&(���501(0:47+.+*):%��48�"�H!"�O���

#��� ���	�8���8� �
	��	�	 �8���� 0.,� �	�
�	�	��	�8� ��� #OO#�� �50.7+%�
4'%+1?+,�).�0.*)4F),0.*�%-%*+(�).�*5+�'244,�43�/4%*!(+.4/0&%02�E4(+.�E)*5�'1+0%*�
:0.:+1���)4:5+(���.*��258�$H#!$N����

#�#� �	�����8������#OH����2+0?07+�43�%*1&:*&102�/14*+).%�,&1).7�*5+�0%%+('2-�43�*5+�
5+0,�43�'0:*+1)4/507+������0*&1+��2278�LN�!LN����

#�"� �	���8� ��8� ��
�������8� ��8� �	���8� ����8� �����	!	����	�8�  �� 0.,�
�����8������#OOH����!�)0/5410%+�(0).*0).%�*5+�1+,&:+,�%*0*+�43�&')6&).4.+%�).�
2)/),�?+%):2+%�*5+1+'-�/14(4*).7�*5+)1�0.*)4F),0.*�3&.:*)4.���1++��0,):���)42���+,��
228�$"O!$$����

#�$� ��
�	��8� ���8������8�����8�J	��
�8���	�8�J����
�8�����8��

��8�
 ���� 0.,� ����J��8� ��	�� #OON�� �5+� 5&(0.� 41/50.� .&:2+01� 1+:+/*41� ���� )%�
0:*)?0*+,� '-� :4(/4&.,%� *50*� 1+7&20*+� ���$	�� 7+.+� +F/1+%%)4.� 0.,� :0&%+� ,1&7�
).*+10:*)4.%�� ���2).���.?+%*��1028�#�#L!#�"$���

#��� ���8� �
��0.,���8�	����#OON���.5)')*)4.�0.,�).,&:*)4.�43�:-*4:514(+������0.,�*5+�
:2).):02�)(/2):0*)4.%���2).���501(0:4;).+*��358�$L#!$O����



#"$�
�

#��� ����8� ��8� �	���	�8� ��8� 

�
�����8� ��� 0.,� �������8� ��� #OO��� ��!
,)0/5410%+��/&1)3):0*)4.8�/14/+1*)+%8�0.,�3&.:*)4.���+*54,%��.@-(42��1868�"NH!$�#���

#�L� �������8� ��8� �����8� ��� 0.,� ������8� ��� #OON�� �+%)7.� 0.,� %-.*5+%)%� 43�
72&*0*5)4.+�0.0247&+%���01(0:4��538�H"#!H$����

#�H� �	������8� ����� #ONO�� W	W!+%*+10%+%�� �.@-(+%� 244;).7� 341� 0� 142+~� �)4:5+(��
�501(0:42��388�$N�!$O����

#�N� �	������8� ��� 0.,� �	������8� ��� #OH��� �.?42?+(+.*� 43� *5+� %&/+14F),+�
0.)4.� 10,):02� ).� *5+� 0&*4F),0*)4.� 43� /-14702242� 0.,� 0� :4.?+.)+.*� 0%%0-� 341�
%&/+14F),+�,)%(&*0%+���&1�� ���)4:5+(��478��LO!�H����

#�O� �	������8������#ON"��
&(0.�:4//+1!:4.*0).).7�%&/+14F),+�,)%(&*0%+�43�5)75�
(42+:&201�E+)75*���14:���0*2��	:0,���:)��������	��798�HL$�!HL$N���

##�� �	����8� ����8� ���J	��8� ����8� �	�����8�  ���� 0.,� ���8� ��� #OO���
�)4:5+():02� 0.,�(42+:&201� 0%/+:*%� 43�(0((02)0.� %&%:+/*)')2)*-� *4� 0320*4F).��#�
:01:).47+.):)*-���14:���4:���F/���)42���+,��2088�"#$!""H���

###� �	����	�	8���8�����	8���8��	�����
�8���8��
�	�	��8����0.,�

�
8�
��� "��N�� �5+� (42+:&201� (+:50.)%(� 1+7&20*).7� "�!54&1� 15-*5(� 43� ���"�#�
+F/1+%%)4.�).�*5+�(4&%+�2)?+1��
+/0*4247-��488�"��!"�#���

##"� �	���8�����8��
����������8�����8��
����8���	��0.,��	���8�	����"��O��
�F/1+%%)4.�2+?+2�0.,���	�(+*5-20*)4.�%*0*&%�43�72&*0*5)4.+!�!*10.%3+10%+�7+.+%�).�
.41(02�(&1).+�/14%*0*+�0.,���	���*&(41%���14%*0*+��698�#$#"!#$"����

##$� ���
��8�  ���� #OHL�� �&/+14F),+� 0.,� %&/+14F),+� ,)%(&*0%+�� �.?)14.�� 
+02*5�
�+1%/+:*��Vol.168�#N#!#N"���

##�� ���
��8� ����0.,�����
���
8����#OLO���5+�&*)2)*-�43�%&/+14F),+�,)%(&*0%+�).�
%*&,-).7� 31++�10,):02� 1+0:*)4.%�� ����0,):02%�7+.+10*+,�'-� *5+� ).*+10:*)4.�43� %&23)*+8�
,)(+*5-2�%&234F),+8�0.,�4F-7+.�� ���)42���5+(��2448�L��L!L�L$���

##�� ���	���8� ����8� �������8� J���8� ���
����8� ����8� 
������8� 	�8�
��	���
�
�8� ����� 0.,� �����8� ��
�� #OO��� �+*0'42)%(� 43� "!
0:+*-20().432&41+.+� 0.,� '+.@4C0D/-1+.+� 0.,� 0:*)?0*)4.� 43� 344,!,+1)?+,�
5+*+14:-:2):�0().+�(&*07+.%�'-�5&(0.�:-*4:514(+%��!������0.:+1��+%��508�$$LH!
$$HL���

##L� ������8���8�����	�8���8��
�����8�����8��	�
8������0.,�����	��8������
"��$�� �(4;).78� 02:4542)%(� 0.,� 7+.+*):� /42-(41/5)%(%� 02*+1� ���"�L� 2+?+2%� ).�
5&(0.�'10).���+&14/501(0:4247-��458�#""!#$"���



#"��
�

##H� ������8������0.,�������8� �	��#OLL���+:50.)%(%�43�:5+():02�:01:).47+.+%)%��
.0*&1+�43�/14F)(0*+�:01:).47+.%�0.,�).*+10:*)4.%�E)*5�(0:14(42+:&2+%���501(0:42��
�+?��188�N��!N$N���

##N� �

��8� ��8� �	�	 ��	8���8� ���	��8� ��8� �	�	���	8���8� 	
��8� ��� 0.,�
�
�
�8����"�#���
&(0.����"�#�)%�1+7&20*+,�'-�()�!$HN���)4:5+(���501(0:42��
798�#���!#��"���

##O� �

��8�����8��	���8��� �8� 
���8���	�8������
�8�����8��
�����8�����8�
�������8� ���8��

�J��8���8�������8���8���	��
	��8�����8�J����
�8�
����8� �
�����8�  ���� 0.,� ����J��8� ��	�� "����� 
1/50.� .&:2+01� 1+:+/*41%�
:4.%*)*&*)?+� 0.,14%*0.+� 1+:+/*41� 0.,� /1+7.0.+� �� 1+:+/*41� %501+� F+.4')4*):� 0.,�
%*+14),�2)70.,%�� ���)42���5+(��2758�#�#""!#�#"H���

#"�� ����
��8� ��	�� 0.,� ��������8� ����� #OON�� �+F!,+/+.,+.*� (+*0'42)%(� 43�
F+.4')4*):%���1&7��+*0'���+?��308���#!�ON���

#"#� ����	�8� ����8� �	��
�8� 	�8� �	����8� ����8� J�	���8� ��8� �J��8� ��J�8�
������8�J���� 0.,������8������ #OO����5+� ,)%*1)'&*)4.� 43� ,)33+1+.*� 341(%� 43�
:-*4:514(+��!����).�5&(0.�2)?+1���)4:5+(���4:���10.%��188�#"�"���

#""� ���	���8�����8����8�����8��
	J8� ����0.,���	J8������#OO����1-%*022)@0*)4.�
0.,� /1+2)().01-� �!10-� :1-%*0224710/5):� 0.02-%)%� 43� 01-2+%*+10%+� 314(� �)'1)4�
()():&%���14*+).��:)��48�#O$#!#O$$���

#"$� �	�	 ��	8� ��� 0.,� �
�
�8� ��� "�##�� �):14��	%� 314(� ')4247-� *4� 3&*&1+�
/501(0:4*5+10/-�� �+7&20*)4.� 43� :-*4:514(+� ����%� 0.,� .&:2+01� 1+:+/*41%�� 1318�
$$�!$$H���

#"�� �	�
8� ��� #O�$�� �5+� :4241)(+*1):� +%*)(0*)4.� 43� 341(02,+5-,+� '-� (+0.%� 43� *5+�

0.*@%:5�1+0:*)4.���)4:5+(�� ��558��#L!�"#���

#"�� ����
�8� ����8� �
��	��8� ��8� �	�	�	��8� ��8� ������	�8�  � �8�
����������8���8�J	��	�8��� �8�J	����	�8�����8��
�

8�
�8��

�8�
�� �8� ���	��

�8� ��J�8� ����	���8� ����� 0.,� ������8� ��J�� #OOL�� �����
%&/+130()2-�� &/,0*+� 4.� .+E� %+6&+.:+%8� 7+.+� (0//).78� 0::+%%)4.� .&('+1%� 0.,�
.4(+.:20*&1+���501(0:47+.+*):%��68�#!�"���

#"L� �����
�8� ��
�8� ����	���
�8�	�� 0.,��	�������8� ��� "����� �+,+%)7.� 43�
%&'%*10*+!%+2+:*)?)*-� ,+*+1().).7�(4,&2+%� 43� 72&*0*5)4.+� *10.%3+10%+�	#!#� ).%*022%�
5)75� :0*02-*):� +33):)+.:-�E)*5� *4F):� 02;+.02� /14,&:*%� 43� 2)/),� /+14F),0*)4.�� �14:��
�0*2��	:0,���:)��������	��978�O��N!O�#"���

#"H� ��
�8���8����	

�8���8���

8���8��	�	�
�
8����0.,�
	���8� ����"��$��
�,+.*)3):0*)4.�43�0�.4?+2��13"!1+7&20*+,�0.*)4F),0.*�1+%/4.%+�+2+(+.*�C	��D�).�*5+�
(4&%+� �	�C�D
�6&).4.+� 4F),41+,&:*0%+� #� 7+.+�� 1+0%%+%%(+.*� 43� *5+� 	���
:4.%+.%&%�%+6&+.:+���)4:5+(�� ��3748�$$H!$�N���



#"��
�

#"N� 
�	�
8� ����� "����� �.5)')*)4.� 43� 5&(0.� :-*4:514(+� ����� +.@-(+%� '-�
:4.%*)*&+.*%� 43� �*��  45.W%� J41*8� 0.� 5+1'02� /1+/010*)4.� &%+,� ).� *5+� *1+0*(+.*� 43�
,+/1+%%)4.�� ���501(0:42���F/���5+1��2948�NN!O����

#"O� 
������8���J��#ONN���1++�10,):02%�0.,�,)0'+*+%���1++��0,):���)42���+,��58�##$!
#"����

#$�� 
���	8� ��� 0.,� �	�
8� ��� #OL��� �5+� �01'4.� �4.4F),+!�).,).7� �)7(+.*� 43�
�)?+1��):14%4(+%�� �)�� �42&')2)@0*)4.8� �&1)3):0*)4.8� 0.,��14/+1*)+%��  ���)42���5+(��
2398�"$HO!"$N����

#$#� �	���	8� ����� 0.,� �	�������8� J���� #OLH�� �*&,)+%� 4.� *5+� 6&0.*)*0*)?+� 0.,�
6&02)*0*)?+� :5010:*+1)@0*)4.� 43� +1-*514:-*+� 72&*0*5)4.+� /+14F),0%+��  �� �0'�� �2).��
�+,��708�#�N!#LO���

#$"� �	�8� ����8� �	
8� J�� 0.,� ��8� 	���� "��O�� �):14��	%� 1+7&20*+� ���$	��
+F/1+%%)4.�?)0�,)1+:*�0.,�).,)1+:*�*017+*).7���1&7��+*0'���)%/4%��378�"##"!"##H���

#$$� ����8�
���� 0.,��

�8��� ��#OON���+7&20*)4.�43� 10'')*� :-*4:514(+������"�#�
+F/1+%%)4.� ).�
+/�"� :+22%� '-� ).%&2).� 0.,� *5-14),� 541(4.+���42�� �501(0:42�� 548�
H��!H�H���

#$�� �����8���8��
����8���8���	���8���
�8��J	�	��8���8����������
8������
0.,� �	��8� ����� #OO��� 
-,14F-20*)4.� 43� :5241@4F0@4.+� 0%� 0� %/+:)3):� /14'+� 341�
5&(0.�2)?+1�:-*4:514(+��!������#���5+(���+%���4F):42��38��LL!�H$���

#$�� �
����8� ��	�8� �
	�8� 
���8� ������

���8� ��� 0.,� �����8� ��� #OO$��
�143)2+� 43� 5-02&14.),0%+� 0:*)?)*-� ,)%*).7&)%5+%� :01'4.� ,)4F),+� 20%+1� 314(� %:02/+2�
E4&.,�5+02).7��	..���&17��2178�#OL!"�����

#$L� �	
�	�8� ��8� ���J	�8� ����� 0.,� �
��8� 	�� "��L�� 
F),0.*� 0.,� 0.*)4F),0.*�
'020.:+�).�*5+�0)1E0-%�0.,�0)1E0-�,)%+0%+%���&1�� ���501(0:42��5338�"""!"$O���

#$H� �	��	8�	���8��������
�8��� �8���	�8� ���8������8����0.,�����
8���	��
#OOO�� �&).4.+� 1+,&:*0%+� C��
#D8� 0� %+.%)*)?+� 1+,4F� ).,):0*418� )%� ).:1+0%+,� ).�
	2@5+)(+1W%�,)%+0%+���+,4F��+/��48�"$!"H���

#$N� ������8����"��"���&((01-�43�).341(0*)4.�4.�5&(0.�����+.@-(+%��5&(0.������
(+*0'42)%(�,0*0���1&7��+*0'���+?��348�N$!��N���

#$O� ������8� ��� 0.,� ��� �	��
8� �� �� #OOH�� 
&(0.� :-*4:514(+� ����� +.@-(+%�� 	�
%*0*&%�1+/41*�%&((01)@).7�*5+)1�1+0:*)4.%8�%&'%*10*+%8�).,&:+1%8�0.,�).5)')*41%���1&7�
�+*0'���+?��298��#$!�N����

#��� �
�����
�8�  �	�8� �
��8� 
���� 0.,� ������8� ��J�� #ONL��
�	�C�D
�(+.0,)4.+� 4F),41+,&:*0%+�� �4?+2� /&1)3):0*)4.� 43� +.@-(+� :��	� 0.,�



#"L�
�

:4(/2+*+� 0().4� 0:),� %+6&+.:+8� 0.,� 7+.+� 1+7&20*)4.��  ���)42���5+(�� 2618� #�HO�!
#�HOO���

#�#� �
����
8���8����8���8�
���	����8�	���8��	���	8�	�8��	�����8� ��0.,�
��	8� 	�� #OOH�� �&1)3):0*)4.� 0.,� :5010:*+1)@0*)4.� 43� /0104F4.� 5-,1420%+� 314(� 10*�
2)?+1���)4:5+(�� ��321 ( Pt 3)8��O�!L�#���

#�"� �
���8� �� � �8� 
�	��8�  �8� �
��
8� ��8� ��������8� ��8� ������	�!
��������8� ��� 0.,� �	����8� ����� #OON�� �F/1+%%)4.� 0.,� ,)%*1)'&*)4.� 43�
:-*4:514(+� /���� +.@-(+%� ).� (02+� 10*� ;),.+-�� �33+:*%� 43� +*50.42� 0:+*4.+� 0.,�
,)+*01-�:4.,)*)4.%���)4:5+(���501(0:42��558�#"$!#"O���

#�$� �
��8���8����	8� ���8�J�����8�����8���	��8�
���8�	�J	�8�	��0.,�������8�
��� "����� �	�C�D
�6&).4.+� 4F),41+,&:*0%+� #� C��
#D�� :5+(4/14*+:*)4.8�
')40:*)?0*)4.8� 7+.+� 1+7&20*)4.� 0.,� 7+.+*):� /42-(41/5)%(%�� �5+(�� �)42�� �.*+10:*��
1298�HH!OH���

#��� ��
����	�8�  ���� 0.,� �����8� ����� #OHN�� �1+/010*)4.� 43� ():14%4(+%� E)*5�
:02:)&(���+*54,%��.@-(42��528�N$!NO���

#��� ��
�	���8�  � �� 0.,� �
J��8� ��� #OO��� �-*4%42):� �	�C�D
�C6&).4.+!
0::+/*41D4F),41+,&:*0%+� ).� 5&(0.� .41(02� 0.,� *&(41� *)%%&+�� +33+:*%� 43� :)701+**+�
%(4;).7�0.,�02:4542���.*�� ���0.:+1��458���$!��O���

#�L� �����	!	����	�8�  �� 0.,�����8����#ONO��
.� *5+�(+:50.)%(�43� *5+��.$C[D!
).,&:+,�.+&14*4F):)*-�43�,4/0().+�/1+?+.*)4.�43�6&).4.+!,+1)?+,�4F-7+.�*4F):)*-�
'-����,)0/5410%+�0.,�%&/+14F),+�,)%(&*0%+���5+(���)42���.*+10:*��728�$�O!$"����

#�H� ���8� 	�� 0.,� ������	�	�8� 	�� "����� �)4:5+():02� :5010:*+1)@0*)4.� 0.,�
,)%*1)'&*)4.� 43� 72&*0*5)4.+� �!*10.%3+10%+%� ).� 2+0/).7� (&22+*� C�)@0� %02)+.%D��
�)4:5+()%*1-�C�4%:D��698�OO$!#������

#�N� �
���	��8��� �8�����
��8��� �8�
	����
�8��� �8������8����0.,�
	���8�
 ���� #OOH�� �?),+.:+� *50*� 5&(0.� :20%%� �5+*0� 72&*0*5)4.+� �!*10.%3+10%+� �#!#� :0.�
:0*02-%+� *5+� 0:*)?0*)4.� 43� ,):52414(+*50.+8� 0� 2)?+1� 0.,� 2&.7� :01:).47+.� ).� *5+�
(4&%+�� �4(/01)%4.� 43� *5+� *)%%&+� ,)%*1)'&*)4.� 43� ���� �#!#� E)*5� *50*� 43� :20%%+%�
	2/508��&�0.,��)�����).�5&(0.���)4:5+(�� ��326 ( Pt 3)8�N$H!N�L���

#�O� �

�
�	8� ����8� �	��
��	8� ����8� �	�
����8� ����� 0.,� ��
�	�
�	8�
	���� "��O�� �14*+:*)?+� +33+:*%� 43� 0� %&/+14F),+� ,)%(&*0%+I:0*020%+� ()(+*):�
:4(/4&.,�070).%*�/0106&0*�/.+&(4*4F):)*-�).�10*�2&.7���+%/)14247-��148����!�#����

#��� ������8���8��
��
�8�����8�����8� �	�8��������8������0.,��
��8����#OOH��
�5+� 1+,&:*)4.� 43� 02/50!*4:4/5+1426&).4.+� '-� 5&(0.� �	�C�D
�� 6&).4.+�
4F),41+,&:*0%+��*5+�142+�43�02/50!*4:4/5+1425-,146&).4.+�0%�0�:+22&201�0.*)4F),0.*��
�42���501(0:42��528�$��!$�����



#"H�
�

#�#� ����
8���8��
	�8������0.,��
	�8�
����"�##���.,&:*)4.�43��	�C�D
!�&).4.+�
4F),41+,&:*0%+�#�'-�0.*)4F),0.*%�).�3+(02+�	���10*%�)%�0%%4:)0*+,�E)*5�,+:1+0%+�).�
4F),0*)?+� ��	� ,0(07+� 0.,� ).5)')*)4.� 43� +%*147+.!).,&:+,� '1+0%*� :0.:+1��
�01:).47+.+%)%���

#�"� ����
8� ��8� �	��8� ��� 0.,� �
	��	8� ����� "�#"�� 	.� &/,0*+,� 1+?)+E� 4.� *5+�

+.4*5+10�7+.&%��108�H#H!H"����

#�$� �������
�8� ����� 0.,� �
���8�  �	�� #OL��� �4241)(+*1-� 43� *4*02� /5+.42):%� E)*5�
/54%/54(42-',):!/54%/54*&.7%*):�0:),�1+07+.*%��	(�� ���.42���)*):��168�#��!#�N���

#��� ����
8� ����8� ��

�8� ����� 0.,� 
���	��
�8� ����� #ON��� �+0%&1+(+.*� 43�
/14*+).�&%).7�'):).:54.).):�0:),��	.02���)4:5+(��1508�HL!N����

#��� ��
����8� ��� 0.,� ��	���8�  ���8 �� "����� �42+� 43� 4F),0*)?+� (4,)3):0*)4.%� ).�
0*5+14%:2+14%)%���5-%)42���+?��848�#$N#!#�HN���

#�L� ���	���8�����8��	�
	�

8���8��	�����8�����8� 
���8���8��
��
�8�J�8�
�����8�  ���� 0.,� ��	���8� ��� #OO#�� �5+� 5&(0.� 72&*0*5)4.+� �!*10.%3+10%+%�� 0�
:0%+!:4.*142� %*&,-� 43� *5+� ).:),+.:+� 43� *5+� ���#� �� /5+.4*-/+� ).� /0*)+.*%� E)*5�
0,+.4:01:).4(0���01:).47+.+%)%��128�"�!"N���

#�H� �������8������#OH����)%*1)'&*)4.02�5)%*41-�43�Epilobium hirsutum�C�1+0*�
0)1-�
J)22)4E�
+1'D�).��41*5�	(+1):0��54,410���54,410��728�#L�!#N#���

#�N� �	�	��8� ��8� �	�	 ��	8� ��8� �

��8� ��� 0.,� �
�
�8� ��� "��N�� �4%*!
*10.%:1)/*)4.02�1+7&20*)4.�43�5&(0.�/1+7.0.+���1+:+/*41�'-�():14!��	�033+:*%�*5+�
+F/1+%%)4.�43�:-*4:514(+������$	��� ���)42���5+(��2838�OLH�!OLN����

#�O� �	�}��8���8��
�
��
��8���8���
��
8���	��0.,��	���8�	��"�##���42+�43�
F+.4')4*):� (+*0'42)%(� ).� :0.:+1�� �.?42?+(+.*� 43� *10.%:1)/*)4.02� 0.,� ()��	�
1+7&20*)4.�43�����%��688�##$#!##�L���

#L�� ��
8� ����� 0.,� ��������
�8� ��� "�##�� �501(0:47+.4():%� 43� ���"�L��
�42+:&201� 7+.+*):%8� ).*+1+*5.):� ,)33+1+.:+%� 0.,� :2).):02� )(/41*0.:+���1&7��+*0'��
�501(0:4;).+*���

#L#� ���	8� ��8� 	����!
	�8� 
�8� ���	�
��8� 	�8� �	��	���8� ��� 0.,� �	�
8� ���
"��#��	.027+%):�/14/+1*)+%�43��/)24')&(�0.7&%*)342)&(8�+?02&0*+,�'-�*5+�54*�/20*+�
*+%*�0.,�*5+�E1)*5).7�*+%*���01(0:4��568�$�#!$�$���

#L"� �
��
�8�	�
��0.,�J	��8�
��"�#����+7&20*)4.�43�,1&7!(+*0'42)@).7�+.@-(+%�
'-�F+.4')4*):�1+:+/*41%������0.,��	���	,?���1&7��+2)?���+?��628�#"$N!#"�O���

#L$� �
J���8�
�8���	�
����8����0.,��
��
�8� ��#OHO���2+:*14/541+*):�*10.%3+1�43�
/14*+).%� 314(� /42-0:1-20(),+� 7+2%� *4� .)*14:+22&24%+� %5++*%�� /14:+,&1+� 0.,� %4(+�
0//2):0*)4.%���)4*+:5.4247-��248�#��!#�O���



#"N�
�

#L�� ���
8����0.,��
��	���8��� ��#OO����10.%:1)/*)4.02�:4.*142�43� *5+�10*�5+/0*):�
���"�#�7+.+���42���+22���)42��108���O�!�������

#L�� ����
8���8��
��8��� �8��
�	�8���8�����
��8�
����0.,��
��	���8��� ��
#ONN�� �5+� 10*� �������#� 7+.+�� :4(/2+*+� ).*14.� 0.,� +F4.� %+6&+.:+8� :514(4%4(+�
(0//).78� 0.,� :411+20*)4.� 43� ,+?+24/(+.*02� +F/1+%%)4.� E)*5� %/+:)3):� �W� :-*4%).+�
,+(+*5-20*)4.�� ���)42���5+(��2638��O�L!�OL"���

#LL� �	�� ��	�����8� �� �� 0.,� �	�� 
����8� ��� #OO#�� �5+� ).5)')*)4.� 43�
72&*0*5)4.+� �!*10.%3+10%+%�� (+:50.)%(%8� *4F):� :4.%+6&+.:+%� 0.,� *5+10/+&*):�
'+.+3)*%���501(0:42���5+1��518�$�!�L���

#LH� �	�� ����J�����8� ����8� ��� �
�8� ��	�8� �
�8�  ���8� 	������	8� ��8�
 	����� �����8� ����8� �
��8� ��8� ������8� ��� 0.,� ����	��
8� ��� "�����
�F/1+%%)4.� 43��	�C�D
�6&).4.+�4F),41+,&:*0%+� ).� *5+� .41(02� 0.,��01;).%4.)0.�
%&'%*0.*)0�.)710���+&14')42��	7).7��258�#"�$!#"L"���

#LN� �����	8���8��	�	���8���8��	���
8�
��0.,���������8����#OON���F/1+%%)4.�43�
���"�#�).�5&(0.�2&.7�0.,�;),.+-�,&1).7�,+?+24/(+.*�0.,�).�3&22!*+1(�/20:+.*0��
	� ,)33+1+.*)02�(+*5-20*)4.� 43� *5+� 7+.+� )%� ).?42?+,� ).� *5+� 1+7&20*)4.� /14:+%%�� 838�
#N$!#NH���

#LO� �����	8���8��
�����8����0.,���������8����#OOL���+?+24/(+.*02�+F/1+%%)4.�43�
���"�#� ).� *5+�5&(0.� 2)?+1�
-/+1(+*5-20*)4.�:4.*142�43�7+.+�+F/1+%%)4.�,&1).7�
*5+�.+4.0*02�/+1)4,��2388��HL!�N$���

#H�� ���	�
��8� 	�8� �
���8� ��8� �	��	���8� ��8� �	��	���8� ��8� �	�
8� ��� 0.,�
���	8����"��#��	.*)!/142)3+10*)?+�+33+:*�4.�0�/14%*0*):�+/)*5+2)02�:+22�2).+�C��!
��!
HD�'-��/)24')&(�0.7&%*)342)&(�����01(0:4��568��N$!�NO���

#H#� ���	�
��8�	�8����
��8�  �8��

��8���8��
��	8������ 0.,����	8���� "��$��
�5010:*+1)@0*)4.� 43� *5+� +33+:*� 43� �/)24')&(� +F*10:*%� 4.� 5&(0.� :+22� /142)3+10*)4.��
�501(0:4247-��698�HO!NH���

#H"� J	��8� ��	�8� �
����8�  ���8�  
���8� ����8� 
	��8� ����8� ��
��
	��8� ��	��
0.,�����	8����"��$���5+�:-*4:514(+������"�L�C���"�LD�)%�*5+�(0).�:0*02-%*�43�
+30?)1+.@� /1)(01-� 0.,� %+:4.,01-�(+*0'42)%(�� )(/2):0*)4.� 341�
��I	���� *5+10/-�
0.,� &*)2)*-� 43� +30?)1+.@� 0%� 0� %&'%*10*+� (01;+1� 43� ���"�L� :0*02-*):� 0:*)?)*-��  ��
�501(0:42���F/���5+1��3068�"NH!$�����

#H$� J	��	�8��� ��#OOO�������7+.+�).,&:*)4.�'-�%*1&:*&1022-�,)?+1%+�F+.4:5+():02%��
:+.*102�142+�43�.&:2+01�1+:+/*41%��	�8����8�0.,���	���	1:5���)4:5+(���)4/5-%��
3698�##!"$���

#H�� J����
�8������ 0.,�����J��8���	�� "��"�����8� :01� 0.,� ,1&7�(+*0'42)%(�� 18�
"�O!"LL���



#"O�
�

#H�� J
 ���
8� 	�8� 
����	����8�  �� 0.,� ��������8� ��� "��H�� 	.*)4F),0.*�
0:*)?)*-�0.,�/5+.42):�:4(/4&.,%�).�$"�%+2+:*+,�5+1'%���44,��5+(��1058�O��!O�O���

#HL� J

���
��8��� �8�
	����8������0.,��
�	�8������"��"�� �.%&2).�%)7.02).7�
).� *5+� *10.%:1)/*)4.02� 0.,� /4%**10.%:1)/*)4.02� 1+7&20*)4.� 43� ���"�#� +F/1+%%)4.��

+/0*4247-��358�"L$!"H$���

#HH� J�
���J���8���� 0.,��	���8�  �8� ��� #O�����0:*):��+5-,147+.0%+�	:*)?)*-� ).�
�244,���14:��4:��F/��)42��+,��908�"#�!"#$���

#HN� �	�	�	��8� 
�8� ����8� ��8� J���
�
�8� ��	�8� ���������
8� ����� 0.,�
�
��	�	8����#OO����14:01:).47+.�0:*)?0*)4.�'-�:-*4:514(+������$	��0.,�$	��
+F/1+%%+,�).��%:5+1):5)0�:42)�0.,�'-�5&(0.�2)?+1�():14%4(+%���01:).47+.+%)%��168�
"#LH!"#H����

#HO� �	��8� ����8� �

8�  ���8� ��
��	��8� 
�� 0.,� 

��8�  ���� #OO��� �-*4:514(+�
�������#�� 142+%� ).� .)*14%0().+�(+*0'42)%(� 0.,�(+:50.)%(%� 43� 1+7&20*)4.�� �1&7�
�+*0'���+?��228�#�H!#�O���

#N�� �	��8���8� �	
8� ��8� �	���8� ��8� �
	��8� ��� 0.,� �

�8� ��� "�##���)�!"N�
1+7&20*+%��13"�+F/1+%%)4.�*514&75�0��+0/#!).,+/+.,+.*�(+:50.)%(���1+0%*��0.:+1�
�+%���1+0*��1298�ON$!OO#���

#N#� �	��8� J���8� ���������8� 	�8�  

���
�8�  ���8� ���	���8� ����� 0.,�
�
J	�8� ����� #OO"�� �42+� 43� 72&*0*5)4.+� 0.,� 72&*0*5)4.+� �!*10.%3+10%+� ).�
:52410('&:)2�1+%)%*0.:+���42���501(0:42��418�L"�!L$����

#N"� �

�8���8��	
8���8� �	��8�J�8�
�	��8���8���8�	��0.,��	��
�8� �J��"��$��
�.*+10:*)4.%�43�5+1'%�E)*5�:-*4:514(+��������1&7��+*0'���+?��358�$�!ON���

#N$� �
�
8� ��� 0.,� ��	�
��8� 	���� "��O�� �42+:&201� (+:50.)%(%� '-� E5):5�
%+2+.4/14*+).%� 033+:*�:0.:+1� 1)%;� 0.,�/1471+%%)4.���)4:5)(���)4/5-%��	:*0��17908�
#��L!#������

�

�



#$��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



#$#�
�


��������
�


�
�����
����#�
������������
��
�����������

�



#$"�
�

�
�

�

�

�

�



#$$�
�

�



#$��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



135 
 

CURRICULUM VITAE 

 
 

 

Surname  Name : KARAKURT, Serdar 
Academic Title : Research Assistant  

 

 Birthplace  /  Birthdate : Gaziantep  /  30.06.1980 

 Nationality : Turkish 

 Work Tel  : (312)2105161 

 E-mail  : kserdar1@yahoo.com 

 Appointed to 

 Academic Unit : Natural and Applied Sciences  

 Department : Biochemistry 

 Education 

 BACHELOR 

  

University  : Ege University  
Academic Unit  : Faculty of Sciences  
Programme/Department : Biology   
Country  : Turkey  
Graduation Year  : 2003  

 

 MASTER 

  

University  : Middle East Technical University  
Graduate School  : Natural and Applied Sciences  
Field of Study  : Biochemistry  
Title of Thesis  : The Effects of Phenolic Compound Tannic Acid on Phase II and 

Cytochrome P450 Dependent Enzymes in Rabbit Liver and Kidney 
Country  : Turkey  
Graduation Year  : 2008  

 

 DOCTORATE 

  

University  : Middle East Technical University  
Graduate School  : Natural and Applied Sciences  
Field of Study : Biochemistry 
Title of Thesis  : Investigation of the Effects of Folk Medicinal Plant Epilobium 

hirsutum L. on Cytochrome P450 Dependent and Antioxidant 
Enzymes: A Molecular Approach 

Country  : Turkey  
Graduation Year  : 2013  

 



136 
 

 Foreign Languages 

  Language Level 

1  English Advanced 

2 Finnish Moderate 

 

Academic Titles 

 University Country City Department Duty Years 

1 Middle East Technical 
University Turkey Ankara Biochemistry Research 

Assistant 2005-2013 

2 
Institute of Biomedical 
Technology- University 

of Tampere 

Finlandiya Tampere 

Molecular 
Biology of 

Prostate 
Cancer 

Research 
Assistant 2011-2012 

 

 Research Projects & Reports 

Duties in Research projects supported by national organizations  
Project Type Duty Title Year 

1 TUBITAK 
113Z488 

Project 
Manager 

Effects of Plant Phenolic compounds Tannic 
Acid and Resveratrol on Prostate Cancer 
Metastasis and Chemotherapeutic Drug 
Metabolizing Phase I, Phase II Enzymes. 

2013 

2 BAP-01-08-
2013-001 Researcher 

Doğal olarak bulunan ellajik asit, kuersetin, 
naringenin, resveratrol, rutin ve hesperidin gibi 
polifenolik bileşiklerin ilaç metabolizmasında 
rol oynayan enzim aktiviteleri üzerine etkileri 

2013 

3 TUBITAK 
109R012 Scholarship 

Yakıotunun Ksenobiyotik Metabolizması 
Üzerine Etkilerinin ve İlaç-Diyet Etkileşim 
Potansiyelinin Proteomik ve Moleküler 
Yaklaşımlar ile Aydınlatılması 

2009-2012 

4 ODTU-BAP-
01-08-2011-002 Researcher 

Tıbbi Bitki Epilobium hirsutum' un Sulu 
Ekstresinin Sıçan Karaciğer Mikrozomal Flavin 
Monooksijenaz 3 (FMO3) Protein Ekspresyonu 
Üzerine Etkisinin İncelenmesi 

2011 

5 ODTU-BAP -
01-08-2010-01 Researcher 

Tıbbi Bitki Epilobium hirsutum' un Sulu 
Ekstresinin Sıçan Karaciğer Mikrozomal Flavin 
Monooksijenaz Enzimi Üzerine Etkisi 

2010 

6 ODTU-BAP 01-
08-2009-03 Researcher 

Fenolik Bileşik Tannik Asitin Tavşan Karaciğer 
ve Böbreğinde Sitokrom P450 Bağımlı Anilin 
4-Hidroksilaz ve Etilmorfin N-Demetilaz 
Enzim Aktiviteleri Üzerine Etkisi 

2009 

7 08-11-DPT2002 
K120510 Researcher 

Fenolik Bileşik Tannik Asitin Tavşan Karaciğer 
Ve Böbreğinde Faz II Ve Sitokrom P450 
Bağımlı Enzimler Üzerindeki Etkileri 

2006-2008 

 
 



137 
 

 Areas of Expertise 

1  Biochemistry 

2  Molecular Pharmacology and Toxicology 

3  Molecular Biology 

 

 Articles 

Article excluding technical notes, letter to editor, discussions, event presentations or 
abstracts published in international periodicals covered by SCI (Science Citation 
Index), SSCI (Social Science Citation Index) or AHCI (Arts and Humanities Citation 
Index)  

  Year  

1 

Celik G., Semiz A., KARAKURT S., Arslan S., Adali O., Sen A. A 
Comparative Study for the Evaluation of Two Doses of Ellagic Acid on 
Hepatic Drug Metabolizing and Antioxidant Enzymes in the Rat. BioMed 
Research International (J. Biomedicine and Biotechnology), Vol.2013, 
pp.1-9. 

2013 

2 

KARAKURT S., Sever M., Celebioglu H.U., Adali O. Effects of Naturally 
Occurring Polyphenolic Compounds on Rabbit Liver Glutathione S-
transferase and NAD(P)H:quinone Oxidoreductase 1. Journal of 
Phytotherapy and Pharmacology. Vol. 2(1), pp.14-22. 

2013 

3 

KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A. M., Sen A., Adali 
O. Effects of Epilobium hirsutum L. on Liver CYP2E1, CYP1A1, GPx and 
NQO1 Activities, mRNA and Protein Levels in Rats. Pharmaceutical 
Biology. Vol. 20, pp.1-9.  

2013 

4 

Saraç Ç. G., KARAKURT S., Adali O, Doğru Jakubowska E. Correlation 
Between Hippocampal Levels of Neural, Epithelial, and Inducible NOS and 
Spatial Learning Skills in Rats. Behavioral Brain Research Journals. Vol. 
235(2), pp. 326-333. 

2012 

5 

KARAKURT S., Adali O. Effect of Tannic Acid on Glutathione S-
transferase and NAD(P)H: quinone Oxidoreductase 1 Enzymes in Rabbit 
Liver and Kidney.  Fresenius Environmental Bulletin. Vol. 20(7A), pp. 
1804-1811. 

2011 

   

Technical notes, letter to editor, discussions, event presentations or abstracts published 
in international periodicals covered by SCI, SSCI or AHCI.  

1  
Adali O., Sever M., KARAKURT S., Sen A. Modulation of Protein and 
mRNA Expressions of Rat Liver Vitamin D3 Metabolizing CYP27B1 by O-
Coumaric Acid. The FEBS Journal, Vol.280(1), pp. 174-175 

2013 

2  

KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A. M., Sen A., Adali 
O. in vivo effect of Epilobium hirsutum on Xenobiotic Metabolizing 
CYP2E1, CYP1A1, Glutathione Peroxidase and NAD(P)H:quinone 
Oxidoreductase 1 Enzymes in Rat Liver The FEBS Journal, Vol.279(1), 
pp.90 

2012 

3  

KARAKURT S., Semiz A., Celik G., Aslan S., Akca H., Gencler-Ozkan A. 
M., Sen A., Adali O Molecular Studies on Inhibitory Effects of Epilobium 
hirsutum L. on Drug Metabolizing CYP2B1, CPY2C6, CYP2D2 and 
CYP3A4 Enzymes in Rat Liver Microsomes. Drug Metabolism Reviews. 
Vol. 42 (1), pp. 96 

2012 



138 
 

4  

Sever M., KARAKURT S., Gencler-Ozkan A. M., Sen A., Adali O In Vivo 
Effect of Epilobium hirsutum L. on Protein and mRNA Expressions of Rat 
Liver Vitamin D3 Metabolizing CYP27B1 and CYP24A1 enzymes. Drug 
Metabolism Reviews Vol.42, pp.112. 

2012 

5  

Çelebioglu H. U., KARAKURT S., Gencler-OZKAN A. M., Sen A., Adali 
O. Effects of Medicinal Plant Viscum album L. on Rat Liver Flavin-
containing Monooxygenase Activity and Expression. Drug Metabolism 
Reviews Vol.42, pp.100. 

2012 

6  
KARAKURT S., Adali O. Effect Of Ellagic Acid and Tannic Acid on 
Xenobiotic Metabolizing Cytochrome P450 and Flavin Monooxygenase 
Enzymes in Rabbit Liver. The FEBS Journal, Vol. 278(1), pp. 330.  

2011 

7  
Todurga Z.G., Adali O., Celik G., Semiz A., KARAKURT S., Sen A. 
Antioxidant Capacity of Epilobium hirsutum in Rats. The FEBS Journal. 
Vol. 278(1), pp. 235.  

2011 

8  

Ozyurt R. Semiz A., Celik G., KARAKURT S., Aslan S., Gencler-Ozkan 
A. M., Adali O., SEN A. Modulations of Drug Metabolizing Enzymes By in 
Vivo Treatment of Epilobium hirsutum Extract in Rat. The FEBS Journal, 
Vol. 278(1), pp. 225.  

2011 

9  

Semiz A., Celik G., KARAKURT S., Aslan S., Gencler-Ozkan A. M., Adali 
O., Sen A. In Vivo Effects of Epilobium hirsutum Extract on Different 
Glutathione S-transferase Isozymes. The FEBS Journal, Vol. 278(1), pp. 
233.  

2011 

10  
Sen A., Celik G., Semiz A., KARAKURT S., Adali O., Effects of Ellagic 
Acid on CYP2E1, CYP1A1, CYP1A2, NQO1 and GST Mu Enzymes in Rat. 
The FEBS Journal. Vol. 278(1), pp. 241.  

2011 

11 
KARAKURT S., Adali O. The Effects of Phenolic Compound Tannic Acid 
on Glutathione S-Transferase Activity in Rabbit Liver and Kidney. Drug 
Metabolism Reviews Vol: 40(1), pp. 91-91. 

2008 

   

 Papers 

Paper, poster or display presented at international congress, conference or symposium and 
published as summary in proceedings.  
 Year  

1 

KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A. M., Sen A., Adali 
O. Molecular Studies on Inhibitory Effect of Epilobium hirsutum L. on Drug 
Metabolizing CYP2B1, CYP2C6, CYP2D2 and CYP3A4 Enzymes in Rat 
Liver Microsomes. 19th International Symposium on Microsomes and 
Drug Oxidations and 12th European ISSX Meeting. The 
NETHERLANDS 

2012 

2 

Çelebioglu H. U. KARAKURT S., Gencler-Ozkan A. M., Sen A., Adali O. 
Effects of Medicinal Plant Viscum album L. on Rat Liver Flavin Containing 
Monooxygenase Activity and Expression. 19th International Symposium 
on Microsomes and Drug Oxidations and 12th European ISSX Meeting. 
The NETHERLANDS 

2012 

3 

Sever M., KARAKURT S., Gencler-Ozkan A. M., Sen A., Adali O. In Vivo 
Effect of Epilobium hirsutum L. on Protein and mRNA Expressions of Rat 
Liver Vitamin D3 Metabolizing CYP27B1 and CYP24A1 Enzymes. 19th 
International Symposium on Microsomes and Drug Oxidations and 
12th European ISSX Meeting. The NETHERLANDS 
 
 

2012 



139 
 

4 

Sever M., KARAKURT S., Gencler-Ozkan A. M., Sen A., Adali O In Vivo 
Effect of Ellagic Acid on Protein and mRNA Expressions of Rat Liver 
Vitamin D3 Metabolizing CYP27B1 and CYP24A1 Enzymes. 10th 
International Symposium on Pharmaceutical Sciences,TURKEY 

2012 

5 

Çelebioglu H. U., KARAKURT S., Gencler-Ozkan A. M., Sen A., Adali O 
In Vivo Effects of O-Coumaric Acid on Rat Liver Flavin-Containing 
Monooxygenase (FMO) Activity and Expression. 10th International 
Symposium on Pharmaceutical Sciences, TURKEY 

2012 

6  

Saraç Ç.G., KARAKURT S., Adali O, Doğru Jakubowska E. Investigation 
of the Potential Role of Nitric Oxide Synthase (NOS) Isoforms in Spatial 
Learning in Rat Hippocampus . 7th FENS Forum of European 
Neuroscience, Amsterdam, THE NETHERLANDS 

2010 

7 

Saraç Ç. G., KARAKURT S., Öykü O., Adali O, Doğru Jakubowska E. 
Correlation Between Spatial Learning and The Expression of Different 
Nitric Oxide Synthase (NOS) Isoforms in Rat Hippocampus. Neuroscience, 
Chicago, USA 

2009 

8 
KARAKURT S., Adali O. Inhibitory Effect of Tannic Acid on Glutathione 
S-Transferase Activity in Rabbit liver and kidney. EMBO YIP Meeting, 
Istanbul, TURKEY 

2008 

Paper, poster or displays presented at national congress, conference or symposium and 
published as summary in proceedings.  

  Year  

1  

KARAKURT S., Saraç Ç.G., Adali O., Doğru Jakubowska E. Correlation 
between Individual Variation in Spatial Learning Skills and Level of Chat 
Enzyme. Turk J Bioch. 38(1), XXV. National Biochemical meeting, 
Izmir, TURKEY. 

2013 

2  

Sever M., KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A. M., Sen 
A., Adali O., In Vivo Effect of Ellagic Acid on Antioxidant Enzyme 
Glutathione Peroxidase in Rat Liver. Turk J Bioch. 36(1), 78, XXIII. 
National Biochemical meeting, Adana, TURKEY. 

2011 

3  
Çelik G., Semiz A., KARAKURT S., Adali O., Şen A. The effects of 
Ellagic acid on Phase I enzyme. XX. National Biology meeting, Denizli, 
TURKEY. 

2010 

4 

Semiz A., KARAKURT S., Çelik G., Gençler-Özkan A.M.,Adali O., Şen A. 
Differentiation of Glutathione S-transferase and Antioxidant Enzymes via 
Extracts of Epilobium hirsutum, XX. National Biology meeting, Denizli, 
TURKEY. 

2010 

5 
KARAKURT S., Çelebioglu H. U., Adali O. In vitro Effects of Tannic Acid 
on Liver FMO, Cytochrome P450 and Antioxidant Enzyme Activities. XX. 
National Biology meeting, Denizli, TURKEY. 

2010 

6 

Saraç Ç. G., KARAKURT S., Adali O, Doğru Jakubowska E. Study of The 
Relation Between the Spatial Learning Capacity and The Hippocampal 
Expression of Different NOS Isoforms in The Random Populations of 
Young-Adult Laboratory Rats, IX. National Neuroscience Congress 
Istanbul, TURKEY 

2010 

7 

KARAKURT S., Adali O. The role of Tannic Acid on the Activities of 
Rabbit Liver Drug and Xenobiotics Metabolizing CYP2E1, CYP2B6 and 
CYP3A4 dependent enzymes. XXI. National Biochemistry meeting, 
Istanbul, TURKEY. 

2009 

 
 
 
 

 



140 
 

Oral Presentation at international congress, conference or symposium and published 
as summary in proceedings.  

Year  

1 

KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A.M., Sen A., Adali 
O. Investigation of the Effects of Folk Medicinal Plant Epilobium hirsutum 
L. on Carcinogen and Drug Metabolizing Cytochrome P450 Dependent and 
Antioxidant Enzymes, International Workshop on Plant Products 
Chemistry and  Symposium on Medicinal and  Aromatic  Plant, Izmir-
TURKEY 

2013 

Oral Presentation at national congress, conference or symposium and published 
as summary in proceedings.  
 Year  

1 

KARAKURT S., Semiz A., Celik G., Gencler-Ozkan A.M., Sen A., Adali 
O. Ellagic Acid Contributes to the Anti-carcinogen and Antioxidant 
Potential of Epilobium hirsutum L.  in Rat Liver Turk J Bioch. 38(1), XXV. 
National Biochemistry meeting, İzmir, TURKEY. 

2013 

2 

Çelebioglu H. U., KARAKURT S., Adali O. In Vitro Effects of Mercury 
and Silver on Rat Liver NAD(P)H:Quinone Oxidoreductase 1. Turk J 
Bioch. 36(1), 78, XXIII. National Biochemistry meeting, Adana, 
TURKEY. 

2011 

3 

KARAKURT S., Sever M., Saraç Ç., Doğru Jakubowska E., Adali O. In 
Vitro Effects of Plant Phenolic Compounds on Liver Glutathione S-
Transferase Activity. Turk J Bioch. 35 (1), 78, XXII. National 
Biochemistry meeting, Eskisehir, TURKEY. 

2010 

4 
KARAKURT S., Adali O. Inhibition of Rabbit Liver and Kidney NQO1 
Enzyme Activity by Tannic Acid. Turk J Bioch. 33 (S1), 99-100, 
Biochemistry Congress , Kapadokya, Nevsehir, TURKEY 

2008 

 

 Scholarships and Honors 

Scholarships awarded by international organizations for scientific research or art 
productions.  
 Year  

1 
01 April 2012-31 October 2012. Sigrid Juselius Foundation. Foreign 
Scientists Grants, FINLAND 2012 

2 04-09 September 2012. “22nd IUBMB & 37th FEBS Congress”, Seville, 
SPAIN. Travel Grant 2012 

3  17-21 May 2008. “10th European ISSX Meeting”, Vienna, AUSTRALIA. 
Travel Grant 2008 

4 
20-22 February EMBO Young Scientists Forum, Istanbul, TURKEY. Travel 

Grant 2008 

Scholarships awarded by national organizations for scientific research or art productions.  

1 Best poster Award: XXIII National Biochemical Congress, TURKEY 2011 

2 27-30 October XXI I National Biochemistry Meeting, Travel Grant 2010 

3 28-31 October XXI National Biochemistry Meeting, Travel Grant 2009 

4 29 October-01 November XX National Biochemistry Meeting, Travel Grant 2008 



141 
 

5 Top student in the department (METU, ANKARA) 2008 

6 High Performance award in MS (METU, ANKARA) 2007 

7 High Performance award in BS (The Turkish Education Foundation) 2003 

8 High Performance award in BS (The Turkish Education Foundation) 2002 

9 High Performance award in BS (The Turkish Education Foundation) 2001 

 Membership of Scientific / Professional Organizations 

  Organization Dates 

1 AAAS-American Association for the Advancement of Science 01.2010<>--- 

2 FEBS-Federation of the Societies of Biochemistry and Molecular Biology, 
TBD-Turkish Biochemical Society 01.2009<>--- 

3 International Society for the Study of Xenobiotics (ISSX) 01.2008<> --- 

 Certification Program 

  Topic Dates  

1 Techniques in Animal Cell Culture and Stem Cell, Ege University, İZMİR 2009 

2 Animal use in Experimental Research, GATA, ANKARA 2008 

3 DNA Damage and Repair Mechanisms, Dokuz Eylül University, İZMİR 2007 
 

  

Miscellaneous 

 Topic Year  

 Reviewer Human and Experimental Toxicolog 2012<>... 

Reviewer Pharmaceutical Biology 2013<>... 

 


