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A B S T R A C T 
Aloysia citrodora is very important in Iranian traditional medicine. The aim of 

this study was to produce silver nanoparticles with aqueous extract of A. 

citrodora and investigate its antioxidant and inhibitory effects on the amyloid 

nanofibers from BSA as model protein. For synthesis of silver nanoparticles, 

aqueous A. citrodora extract was prepared and one mM silver nitrate was 

added to solution. To confirm the presence and determine the size of silver 

nanoparticles, UV-Vis spectroscopy and TEM were used. The antioxidant 

effect of the extract was evaluated by DPPH and the production of amyloid 

fibers was measured by Congored absorption method. The toxicity effect of 

nanoparticles on neuroblasts was investigated by MTT method and the 

inhibitory properties of the extract on amyloid production were investigated 

by TEM. Caryophyllene (7.66%), phytol (7.47%) and limonene (2.68%) were 

the most abundant compounds. TEM also confirmed spherical crystalline 

nanoparticles with a size between 30–70 nm. By increasing the concentration 

of the extract, the antioxidant properties of nanoparticles increased, so that 

97.35% of DPPH free radicals were inhibited at a concentration of 1 mg/ml. 

The highest inhibition of amyloid fibrils production was observed at 

concentration of 2 mg/ml by 96%, and the highest level of cytotoxicity at a 

concentration of 2 and with an IC50 of 2.25 mg/ml. The results showed that 

nanoparticles from A. citrodora leaves with anti–amyloid, antioxidant and 

anticancer properties can be considered as a new bio–nanomaterial in reducing 

Alzheimer's and cancer complications. 
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*� ���+ ,��- )Aloysia citrodora(  (���. /."�. 	01� 23 �� 4���� 5.�6,7�7 8�-,% *9-�:; <�. �. =8� .��.�

	�? ���@A �� �"B7 *� ,��- 	07? 5."C. 	��"� �     <�;,DE-? �. 8D�F,G�;? =��-.,7�7 8�-,% "� /? 	+87�.���� � 	7.8�HI.

*� 4��+ "�   	�? ���@A ��"B7 5.�6,7�7 J01� 4."� .�,� �8; <�K%�"
 /.,1A*�     �,DGL; <D�. *� � 8� *��% ,��-

"B7 5."0�7 M� �	G�;    4."D� .8� *)�N. �O,;  8D��P%  � �,DQR <�D�9%       �8D� J01D�,�� �"DB7 5.�6,7�D7 ��.8D7. �.

S�3  	T1�UV-Vis  �4�,EA 	7�"0U-. V,U��"U�; )TEM (	07? "C. 	�����. .8� ���W0�.    ���D@A 	7.8�HI.

 !�� *�DPPH ��.87. �   "� 5.�6,7�7 (��� "C. .8� �T7. ,X1I J;"Y Z#[ !�� *� 8�F,G�;? =��-. 8�-,% 4"�+

(�\���,7   !�� �� ��MTT          V,UD��"U�; �D� 8D�F,G�;? 8D�-,% "D� ���D@A 	+8D7�.���� ].,D^ � 8� 	��"�

 	DD7�"0U-.TEM  .(DD)"+ �."DDY 	DD��"� ��,DD;) <G�),���DDI66/7 ) �,DD0�) �(8DDa��47/7  � (8DDa��-�<7,DD�        

)68/2  (8a��/.�.")      8D7�,� ���D@A �� �,D[,; 5�DE�I"% <�"% .   ��.#D+ 	D7�"0U-. V,UD��"U�;  JD�7   5.�6,7�D7

�0H�"I 4�"I 	- �� ��.87.<�� 30 �%70 .� "0;,7�7 P%  	D07? (�Da�^ ����@A (bGc d�.J). �� .�"I 8��    	7.8�DHI.

�6,7�75. ()�� d�.J).� *�  4�,3  (bGc �� *I   1 	G�;  "+ "� 	G�;   "0�-35/97 ��U��.� 8a��   4�D�  �.�?DPPH 

8� ���; (bGc �� 8�F,G�;? *0�� 8�-,% ���; <�"0g�� .2 	G�;  	G�; "� "+   "0�-� /.J�; *� 96  8a�� <�"0g�� �

(bGc �� 	-,G� (��� /.J�; 2  �� �IC50 "�."� 25/2 	G�;  	G�; "� "+  "0�- 8� �8��g; �.� /�Dg7 h��07 .   *DI

 i"� �. �8� J01� 5.�6,7�7*�  ,��-A. citrodora ��   8DN ].,D^   48D�F,G�;? � 	D07?   	7.8�DHI.  �	7�3"D�8N �

	;  � 87.,%* .�"�+ �."Y *[,% ��,; /�3"� � "��.J-? j�.,A d��I �� 8�8[ 	0H�� ���;,7�7 /.,1A 
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Aloysia citrodora �6,7�7 ��	07? �   �/.8�HI.8�F,G�;?"��.J-? �.  
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� 4�   

�����4 .J-?�"� �U	 �� �.�k "%�< �. �GA (�� 1�6 �"UG�A /�.�	 

1A *� lO,�9; *I (�. /.,"�BA �.��" ; *0^�1�	  m"0�. .�,�

HI.�%.8�, ��; dB7	  � *9�,% ��
�()"g n,-,%�
4 �����4 

.J-?�"� /��,7 .��.�  ��4 -,I�n"1�M R�7 ���* �8A�Y  .4 
�d  Jo;

7�J *� �8%�h 8
�7�8 ;	  7,�8 . �� *b)�R �\0^. *� "T1; *I�< 

��/.��� ;	  �,�)Plascencia-Villa and Perry 2022(.  8�.,�

�? *I (�. ��.� /�g7 ��"0H+�2 HI.�%.8�, *7,+ p�,%  ��4 

HI.�/q �"� �� ��9)	  K%�"
 ����<  �. � �����84 KGI,7�M  ��

�����4 .J-?�"� .���T ;	  �,� �*�  gr� /.,1A	  5."C. �.

,7HI,%����M ���( 0s
�8 �0�;?�F,G��8 8R �% �Y.8R4�  p�,%

�.����U  ��4 ; �B-. �.�?	  ,� �)Collins, Saleh et al. 2022(.  *�

���< -���� /�;��  ��	� �. *� *I ��<  /�"��� +,G[�"4 -,% �.�8 

�.����U  ��4 ; M�I �.�?	  811I; �	  � �� 817.,%����4 .J-?�"� W;�8 

 .81���I"%�5�E 07?	  HI.�7.8	 *�   /.,1A�M ����"U 7�;��	  ��

�� /�;���( E@A	 ��7	 0s
 �.�8 ;?�0��F,G�8 �07 �,E�� ��h 

E@A	 � ������4 .J-?�"� )"9;	 �8� ����.� .87.4 %P��8�8�  .4  *I

��R �� ."� "N�R4 . �"01I�< �����4  ���W0�.;	   �87,�

�811I���;  ��4 -,I�< ; �,E�� .� �F\A *I 810H� �."0�.	  gr�18 �


 �. �;.�()"g �����4 +,G[�"4 �7	  1I1."��1� .8��< I"%�%�E	  *I

;	  �� 817.,%�( �0�;?�F,G�8 �.� �. .�  ��4 WG0r;	  �811I ���;

;	  . �"01I �� 817.,%�< �����4 ;t 81��� "C)Thulasi, Peera et 

al. , Fazelinejad, Zahedi et al. 2023(.  

� �"B7 5.�6,7�7�(H ��� �� ��+��� ��4 ^.�" ���Y *[,% �[,%	 

."� .�4 ���"���I4 U�J
 �� �,B-��	 � ��(H ��1�	  2G[ �,^ *�

 (�. ��"I)Ahmed, Usman et al. 2023(. . Z�r07.�< H;�" 

A,1@;	 7 ����� � �.,; *9�,% *� /�J).�������	� �%�J c ��"��	� 

�\R  ��4 ��(H "r%�2 #
�" � ��(H  (�. �."�� ��+���

)Manek, Darvas et al. 2020( ."�!�� =\^ ��4  J01�

�����	�� +�/��� ;	 817.,% �[�JX�< E��1;	 ."�4  5.�6,7�7 J01�

81��� ���." � �.,; �.����	� ��	 �7 ���W0�.	 811I^. .�l." 81��< 

,7��81H ��J01�, JG) 5.�6,7�74 � �. ���W0�. �� .��(H u0g; ��,%  �8�

M% 5.�,[,; �. -,G�	 "0I�� 817�;4 v��Y � �� A � �����@ ��4 +���	 

��.� �T7. 87. )Choi, Jung et al. 2021, Chauhan and 

Tapwal 2023, Fareed, Nisa et al. 2023.(  

*� -�,� )Aloysia citriodora( �U	 + �.�/���  	���.�;,�	 

.�/." (�. . ���� �� ���";. *I�/." ; (gI	 �,� ..�< +���  �.

��.,7�^ Verbenaceae  (�.*I .�.�4 200  (�. *7,+

)Boukabache, Chibani et al. 2023( ���+ <�. .*� 01� �,3	 

."�4 +��,^�;"� ���? /�;��	�  ���W0�. *�N��w,� � 2%

;	  ) �,�Demissie, M. G., et al., 2020 .( ���@A/? ��R4 

81��< I"%�2 G1)	� �19	 1)�� F,7�
�"
���84 G+��,U�*G  �

F,7�\)���8 	;   8���)Idm'hand, El-Ouazzani et al. 2022(. 

.�< I"%�2 .�.�4 -�9)�( 07?	  HI.�7.8 �	���0-.8N	� �,;,%8N4  �

;8N���"U	 810H� (Rashid, Mahmod et al. 2022).  

 u�BL% <�. ��*�  �,b1; 4����� j�.,A d��I   ,�%.8�HI. 4��

 	�? ���@A �. ���W0�. �� �"B7 5.�6,7�7 �/�3"� � "��.J-? 817�;

*� i"� ,��- 8� *��% 	07? ].,^ �   � 48�F,G�;?8N �	7.8�HI.

	-,G� (��� �,G� "�   4��.()"+ �."Y 	��"� ��,; /? 	7�3"� 

  

?�� � +$�   ��  
  

��� ���
 � !�    � � ��"#��$%   Aloysia citrodora  

.�< �"T% *9-�:;	 ���") ���< 1400 ;\�. �.�? ��Xg7.� ��	 

+ .8� �T7. (�� 8R.���� A. citrodora � k��1; JI"; �.�0H	 

.�/." �%�* + �.,; .8����	 k�[ ��?4  � Mg^ �. x
 �8�

�?�Z� /8� ."�4 �%�* + ���@A���  �."Y ���W0�. ��,;810)"+� 40 

+ �. "+���  *� .�100 ;�G	 -�"0 *)�N. �,7�%.  58; *� � ��"I2 

Y��*B 7��,[�8.  
  

&'#�� �(# ��) GC-MS �*# +��,- + ./0��12  

-�7?�J )."+,%�;�"I	 ��+4 3 *� �@0;�S h1� ;"[	  ��X0�� ��

4"�Agilent Technologies Inc.  /,0� *� J�T; )DB-5 (

 �,3 ��30 "0; ":Y �25/0 ;�G	 "0;  �G�) (;�rN �25/0 

 "0;�"U�; .8� �T7.h1
  �. "+�� *7,�7 100 ;�G	  -�"0 

�4  /�0;�"GI 8� �R �. x
 �10 Y��*B y,Gr; /8�  ��R ��

�;� �� 87,�."0-�.4 �;�?���Xg �) �. ���W0�. ���"0G #)�1; ":Y �� 2/0 

 /�"U�;)�"0G  .8��TR 10 ;�-�"U�"0 ��@A �.�  z7"� ��GC-

MS �;� � 8� ��.� �."Y4 /�?  58; *�10 Y��*B ��4 60  *[��

07����."X �;� �4 ��7	� 250 07�� *[��	  �."+  (A"� ��5  *[��

07��	 �."+  *B�Y� "� .()"+ �."Y�. x
 60 Y��*B ��;�4  � �,0Iq7.

*� �����U�? %"%�2 230  �300 07�� *[��	  �."+ �,� ��+ �. .G��� 

*�  A/.,1 R ��+�� �� �;�	 20 07��	 "0; 7�C "��*  8� ���W0�.

)Pasandideh S, Arasteh a., 2021.(  *7�r��0I m��."� w.J[.

I"%�5�E  ��X0�� �� �,[,;���1�	� 78� 8)Boukabache, 

Chibani et al. 2023(.  



 :/.��U�� � *0�.�?�? ���@A �. ���W0�. �� �"B7 5.�6,7�7 JE� J01�	 - *� i"��,� ...  34 

 

��&���! ,��3!    

 �5.�6,7�7 *��% 4."�10 ;�G	  -�"0  ���@A �.	�?  ��90 ;�G	  -�"0 

 �,GL;1 ;�G	  �O,; 7�5."0  � 8� y,Gr; �"B7 4."�24  (A��

��4 3�1o; /J���H	 �;� ��4 *� .()"+ �."Y {�%.  �,b1;

o% �8��g;��5."  z7� ��,GL;�X0�� �.�  "0;,0)�"0Us�.

Shimadzu UV2550  �� ���8L;300  �%700  "0;,7�7 ���W0�.

8�  �U�)1��R �,GL; .(4  (A"� �� 5.�6,7�712000  �� ���

Y��*B  58; *�15 Y��*B "07���W�n, �; xs� � 8��k ��	�  ���

��*0r 8� )Mansouri, Arasteh et al. 2021(.  

 

  
  

 )�41.  ��6,7�7 4��R �,GL; �. �a�R z7� "��o% �. x
5�."R  4�;� ��80 	07�� *[��  �."+  

  

/#��� �!�!0�!� � �+�� �
 ,��3!    

."�4 9%��< ��.87.  ���0^�� ].,^4 �. ;�V,U��"U 7�"0U-.	 ��� 	g

)SEM( ."� �4 9%��< �,% � ��.87.�k  �. �8� J01� �"B7 5.�6,7�7

;�V,U��"U "0U-.7�	 EA 4�,LEO-912AB -��A. n�0-� ��	 120 

I�,G 8� ���W0�. (-� )Mansouri, Arasteh et al. 2021).  
  

����� @4
�$+�� #$�A$� $��� ���/4 

��
�
/B�/�'�C ���  )/6��/4  
  

+����2 �/0�7 � �2 1��� ��2  

	07? 5."C. 	��"� 4."� �	7.8�HI. 5/0 ;�G	 -�"0  �,GL; �.1/0 

G�;	  �O,;DPPH �%�*  �,7�%. �� �8�95  �� 8a��100 ;�-�"U�"0 

-,% �"B7 ��6,7�7 �,GL;�8 ���@A �. �8��� 87�0�. ��.A. citrodora 

,Gr;y  .8�*7,�7 Z#[   |,; �,3 �� ��518  .8� �87.,^ "0;,7�7

*� �B; �,b1;�*H -�9)�( � �"B7 5.�6,7�7�J01�,  �. ��8� �,GL;

<�;�0�� C *�  07? /.,1A	 HI.�/.8 7�0�.��.8 ."� .8� ���W0�.4 9%��< 

 �.8B;IC50."� �4 -,% �"B7 5.�6,7�7�8 ���@A �. �8�A. citrodora 

I"% ��2 �;�? ���.87�0�.�d ��	�  �,GL; �. SG0r; (bGc h1
 ��

,7�7��,; 5.�6 � "b7 <�;�0��C *�  (E}; �"01I /.,1A  ��8[)1 (

�;�? "� .8� �T7.�d ; � 8� �T7. �."U% *� ���X7��< ��B;�" 

) .8� *E��L;Sharma, O. P., & Bhat, T. K. 2009.(  8a��

-�9)�( 	07? 	7.8�HI. � �� *:�.��" 8� *E��L; �*I  /? ��Acontrol� 

 ��.87. � �"01I *-,- Z#[Asample ��.87. � Z#[ *7,�7.(�.  

 

  

 .���1. (bGc  a�^ dT1� �� *7,�7 SG0r; 4���( 07?	 HI.�7.8	 ���@A ,��- *� ���+  
  

� !�  ���4  
��3!   � !�   

(*����*���)  

)��� � *:�� ;�  

(*����*���)  

�  7<� =�*>� !  

(*��� 2��� *� ?*@ 2���)  

1  400  1600  2/0  
2  800  1200  4/0  
3  1200  800  6/0  
4  1600  400  8/0  
5  2000 - 1  

6 ((E}; �"01I)  2 8��. M���,U�? �O,; 	G�; M� �,GL; "0�- 	G�;  
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+����2 �� �> A�!B�C!�� ����D  

,7�7 M�7n�8�F,G�;? 8N ].,^ 	�����. 4."�  �5.�6*7,�7  �� 4

) ��8[ u��:; SG0r;2 .878� *��% (*7,�7 xs�  58; *� ��48 

�� (A��4 ��"0 - �"��0�. �;� ��4 60 07�� *[��	 �."+  (A"� ��

100 Y� �� ����*B �� �� *�� 8B; ��. )�"E�� ��4 ;?�F,G�8 -,%�8 �8�

3 p�,%�S T1�	 �#[	 9% ,X1I J;"Y��< .8� �TR 100 

;�-�"U�"0 �,GL; �.  ��4 ;?�F,G�8  �� �8� ���;?1900 ;�-�"U�"0  �.

*-,- �8� y,Gr; ,X1I J;"Y ")��   58; *� ��10 Y��*B �;� ��4 

�;�?���Xg	 4�.#+�;"+ Z#[ xs� � 878� ��7? ��< 400  �%600 

�7"0;,7 ��":B; Z? "�."�� ��.87. +�"4 �,�L;) 8�4�  �/.��U�� � �.

1392.( )Kalhor, H. R., & Ashrafian, H.,2017  

  

 .���2. c(bG   SG0r; 4�� *7,�7 �� dT1�;? 8N ].,^�F,G�7n�8�M ���@A *� ���+ ,��-  
  

V,�%�"U�; �����  
 ~,0�.mg/ml25  �.BSA  

)µl(  
5."0�� ")��-5�WH) 3 pH )µl(  

��6,7�7 *7,�7  

)µl(  

 (bGcBSA �,GL; ��  

)mg/ml(  

1  100   400   -  5  

2  100   380   20   5  

3  100   360   40   5  

4  100   340   60   5  

5  100   320   80   5  

6  100   300  100   5  

  

)��F# 2��*� ���C!��� � ��G!���*�  �*����2 

�!-%
 )TEM(  

(�[ ��"�	 )���"E4 ;?�F,G�8 -,%�8�8� �5 ;�-�"U�"0  �,GL; �.

BSA ��7 (bGc ��	� 2 ;�G	  ; �� "+�G	  -�"0 )�"0G  xs� .8�

)�a #c�I p�,%	 "0G�) 8�� � �7*7,  �� ��3 7�� 8a��	  �TR "�

7.��.�� � 5�0�.*  58;1 Y��*B  p�,% /? �.��; � ��.� ,g0H�

)�a #c�I	  |��^8��"+  58; *� �2 �;� �� (A��4  Mg^ {�%.

*7,�7 .878� ; �� ���V,U��"U 7�"0U-.	 �,EA4 )�G�xs EM 

208 (S) 878� �8��g; )Hassanisaadi, Bonjar et al. 

2022(.  

  

+����2 ���7 �!��2 � ,��3!  �&���!  *� ��4 ���

!��2�  2 H*�7�I���!  (�!��I���! )  

"C. ��HI,%,0�M �,G� "� 5.�6,7�7  ��4  	7�3"� (�\���,7

�%)�*  �8��. BL% *H�,;�5�B  !�� �� (�,0��
MTT ��"�	  .8�

."�4 .�< �,G� �. �,b1;  ��4 � ��R����X- ��) �� 8���0	  ���W0�.

0�. .8��,G� .8   *� ���M  (gI *LWa96 ���	  � 878� �B01;

 �. x
24 ���,U7. (A���/, �3. ��/�1 .� �87� �,G� /�,�   � ��

EH��/8 M��� SI *�   (L% �,G� ��� ����%(bGc ��  ��4 

SG0r; �8� J01�,�� ��6,7�7 0)"+ �."Y81�,G� .   58; *� ��24 

��� (A �,G� ��O /�;� (�#+ �. x
   58; *� ��4  �� (A��

 �,GL; /��J).MTT ���,U7. �. x
 .878� *�,U7.��/,  �,GL;

MTT Gr%�*  �� �100 ;�-�"U�"0 DMSO �[�JX�<  �� .8�

��7��(  |,; �,3 �� Z#[570 ��.87. "0;,7�7 +�"4 .8�  

  

�(
�D  

0�*@!#��*�2 +@
 - H�K '��2 �*�2  

I"%�5�E ���1�	� )."+,%�;�"I p�,% �8�	 ��+4- 3�S T1�	 

;"[	 8� ��.� /�g7 ."+,%�;�"I ��) (�. � �U�2 .(I"%�2 

�����	�  ���@AA. citrodora � J�7 ��8[ �3  �8� ��.� /�g7

.(�.  
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 )�42. ��"� �. �a�R ."+,%�;�"I	  5�E�I"%���@A *� ���+ ,��-  

  

.��� 3. 	����1� 5�E�I"%  �8�%�;�"I ��+,"4��+ 	).- S�3   	;"[ 	T1����@A *� ���+ ,��-  
  

���4  =��*# ?   ��4 M�+2�  (�N��) �!OP .��P�  �!OP �N��  

1  Limonene 42/10  99  68/2  
2  Eucalyptol 50/10  98  83/2  
3  Linalool 36/11  55  6/0  
4  Carene 13/14  90  14/1  
5  Catechol 33/14  68  76/1  
6  Citral 17/15  72  58/0  
7  BETA.-THUJONE 96/15  49  59/0  
8  α .-Copaene 89/17  94  67/0  
9  α .-Bourbonene 07/18  64  64/0  
10  Naphthalene, 1,2,3,5,6,7,8,8a 48/19  95  71/0  
11  Benzene, 1-(dimethyl-4hexen..) 80/19  98  34/5  
12  gamma.-Muurolene 43/20  84  86/0  
13  (+) spathulenol 51/21  90  49/4  
14  Caryophyllene oxide 62/21  93  66/7  
15  Hexadecane 72/21  64  17/2  
16  beta.-D-Ribopyranoside 14/22  50  10/2  
17  beta.-D-Ribopyranoside 53/22  91  09/3  
18  Hexadecanoic acid, ethyl ester 18/27  95  84/0  
19  Phytol 25/29  91  47/7  
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H�K  '��2 !  ,��3 Q�� � UV-VIS  

�07�h 3�S T1�	 F";	 ���@A dW1�.")  +��� A. citrodora  �EY

 �U� �� �"B7 5.�6,7�7 J01� �. 89� �3  .(�. �8� ��.� /�g7


 "}I.8R�M 1L1; �� Z#[	  J01� �. x
 ���@A �. �a�R

 ���8L; �� �"B7 5.�6,7�7400  �%500 �% "0;,7�7��8"� 4  J01�

 5.�6,7�7.�,�  

  

 
 )�43. S�3 "0;,0)�"0Us�. UV-Vis ,7�7   �"B7 5.�6,���8� J01�  

  

��@% *� *[,%���" TEM � ��Ug%�,% � �"B7 5.�6,7�7�k  ��.87.

� ���8L; ���" 100 � � ()"+ �U� "0;,7�7�"0g �"I4  ��.87. ��

 p�,0;70 �,� "0;,7�7  �U�)4.(  

  

  

  

 

  
  

 )�44. ��@%�"  �. ��.#+ 	7�"0U-. V,U��"U�; 5.�6,7�7� �"B7�J01�, �8�  �����@A *� ���+  ��8R ��.87. .,��-70 4�"I �U� � "0;,7�7  5.�6,7�7(�. �,�g;.  

  

�/0�7 � �2 1��� ��2  

-�9)�( 07?	 HI.�7.8	 ; /�g7	  .J). �� *I 8���d  ����@A (bGc

-�9)�( 07?	  HI.�7.8	 .J).�d *0)�� a�^ "}I.8R ��( 

07?	 HI.�7.8	  (bGc ��1 ;�G	  ; �� "+�G	  -�"0  �8��g;8� 

) �U�5(.  
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 )�45. ��U��.� ���; /.J�;  4�� DPPH (bGc ��   ��6,7�7 SG0r; 4���"B7 ,�� �8� J01� �����@A *� ���+  ,��- )P <0.001.(  

  

�!# �"��� !  )�*-�0   
����C!���  

��"0g�< ;�/.J  ���8L; �� �� ,X1I Z#[480  �%520  "0;,7�7

*� ��,� �,34  *I (bGc2 ;�G	   "+�; "�G	  -�"0 ��6,7�7�  �.Ug%�� 

*0��  ��4 ;?�F,G�84  �% ��8R96 +,G[ 8a���"4  *I �"I

/�g7 d��I �81�� Ug%�� *0��  4�� ;?�F,G�84 ��  �,QR

(�. �"B7 5.�6,7�7  �U�)6.(  

  

  
 )�46.  �� Z#[ /.J�;(bGc  �"B7 5.�6,7�7 �. SG0r; 4�� -,% ���; 4."���"E�),7�7 8�   4��;?�F,G�84  
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 )�47. ��@%�" ;�V,U��"U 7�"0U-.	 �,GL; 4��+ "� <�;,E-? �+ ���@A /�8� (S-.)���	 �,QR �� (Z)  (bGc2 	G�;  	G�; "� "+  �. "0�- ���@A  

  

���7 �!��2 ,��3!    

���( �� "� 5.�6,7�74 -,G� ���	  	7�3"�(�\���,7   ��"�	 

 .8� h��07�g7,7�7 *I �.� /  5.�6 �8� 8�-,%� d��q
 <�. � ���Y

�,G� ���; *� ��4  	7�3"� �� (�\���,7IC50  ��8R25/2 

	G�;  	G�; "� "+  "0�-  �U�) 810H�8.(  

  
 )�48. �B�4 �,G� ��4 ) (�\���,7����% � �"B7 5.�6,7�7 �� �8��J01�, �8�P <0.001 (bGc d�.J). �� .(� �"B7 5.�6,7�7�1�,J0 �8�  (��� /,;�? ��

�87� /.J�; �	-,G�  �,G� 	7�;  �87� <�. � *0)�� d��I 	7�3"� 4��  (bGc �� 	7�;   4��5/1  �2 	G�;  	G�; "� "+  *� "0�-  .(�. *0)�� d��I 4�.� 	19; �U�  

  

EF�  

���1) �� ���";.4 *0H7.,% ,7�7  JG) �"B7 87.4 *� .� %.�6 5�,a	  ��.87. ��

 �. "0�I100 . "0;,7�7���T  �"B7 5.�6,7�7 .811I�� ��R �"B7 5.�6,7�74 

 ��8R10000  �%15000 JG) �"B7 .810H� �"B7 �%.4 !�� ��  ��4 

) SG0r;�J�U	� �����	� � ��n,-,�U	 Gr% 817�;�* R. ������4 

�����	�� �,7,���	� %��"� J01� � d��%	 �)��	  5.�6,7�7 *� (JE�

H���� ��J 8E%�� ;	 ,� �)Gohari, Farhadi et al. 2023) �� .

!�� JE� J01� ��/,  ��4 JG)4 �� �M  �. ���W0�. �� ���� d1I.�

I"%�5�E +���	 7 /�8���� 7 /�8� �(7�0U)�,� *���� ."� *��p  ]�^

 (��g) � �;�)� ���" E}% �;.,A�( 8E% 5.�6,7�7 *� �811I�� ;	   .87,�

I"% � �.,;�5�E � ��9)�n,-,�U	 ���@A �� �,[,; ��4 +���	  817�;

F,7�\)���8 �� ��" -,��0;�( ��4 ,; ��9); Z? �� �,GL; "C	 817.,% 

."�4  d��I�/, ��4 JG)4 �;� �� 5.�6,7�7 *�4  87,� ���W0�. {�%.

)Khan, Shariq et al. 2022(.  
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. ���<  J01� *9-�:; JE� �� �"B7 5.�6,7�7 �. ���W0�.���@A 

	�? A. citrodora 8� �T7. 07? 5."C. �	  HI.�7.8	 �8N 

  ;?�F,G�7n�8�M  ��,G� "� 	-,G� (���   4�� 	7�3"� ��,;

��"�	  .()"+ �."Y�U	 2-�[ �. "%�< ��+q	 ��4  5.�6,7�7JG)4� 

��+q	 ��4 �,74 ��7? . 5.�6,7�7 ��.87. � �U� *� *[,%�� *I (�

o%��" ;	  �U� �� .81I1� o%��" �8��g; z7�  �8� <��� ��� �. *�

�,�Y  .4 %��" LN.� *7�g7	 Ug% �.��  d1I.� �� �"B7 5.�6,7�7

JG) 5.�6,7�7 �� .�,�4� 8g%�8 L:� /,��\
	  ].,^ �,KH;

�,74 *�"@L1; �7? �")3 .(�. ��S Uv-Vis (EC *� �8�  �,3

.J). �;�I�d L:� /,��\
 5���9%�.	 .�  |,; �,3 ��450 

; xU91; "0;,7�7	  ��; .81I  "%�< G;�A	 BL% *� "T1; *I�5�B 

8
 ��,; �� ��"0H+��8 )�"E��\�/, �,^ *� �,^4 K%�"
�<  ��

. �(�. �8��< 8
��8 � ������4  ��4 �� � ��; !"0H+ ��R

,�,; � *�����4  ��4 ;?�F,G�8 � .(�. �."���+q	  ~"0g;

�����4  ��4 ;?�F,G��8 %Ug�� K%�"
 k�T%�< (�HY ��  ��4 

�07 .(�. /8� SG0r;�h .�<  ���@A *I �.� /�g7 *9-�:;A. 

citrodora .�.�4 07? ].,^	  HI.�7.8	 . �. � ��,��< �� �� "b7�" 

GEY 5�9-�:;	  �. .��.� (B��:;�*0)� ��4 .�<  �*9-�:; <G�),���I

)66/7 ) �,0�) �(8a��47/7  � (8a��-�) <7,�68/2  (8a��

/.�.")  87�,� ���@A �� �,[,; 5�E�I"% <�"% �U�)2  ��8[ �3 .(

��@%�" TEM ."�4 ��"�	 -,% 5.�6,7�7 ��.87. � �U��8 �8�

; � <U�. p�,%�V,U��"U 7�"0U-.	 �,EA4 ; /�g7	 8��  *I

�"I �"B7 5.�6,7�74  �. � �U�30  �%70 o0; "0;,7�7�" 810H� .

o% *I (�. "I6 *� �O��5." ��;  �pH 58; �  � /�;�

(bGc  ��4 U�7 �,GL; d1U��"� SG0r;	 ���@A � ��4 +���	 

;	  o% *1;.� "� 87.,%��5." CP% 5.�6,7�7 ��.87.�" ��.#X� )Mehata 

2022(. Kalipillai /.��U�� �  ��� ��2023*I 87�.� /�g7 

(bGc �� 5.�6,7�7  ��4 �
��< /�U; *�  ��4 a�^	 0H� ��*  ��4 

-�.�* K%�"
�< ; �@0;	  *0H� ��@%. �. � 87,�   *� ���8U�"X 

+,G[�"4 ;	  811I .0Y� *I 87�.� /�g7 ��7?	 Ug%�� )�"E  ��"�

;	  .�6,7�7 /��J). ��,�) 87�� (�. <U�; 5�"E��\�/,  .�

 81I m,U9;�� -.�=� � �. .��< �"E� )Kalipillai, Elancheran 

et al. 2023)�6,7�7 /��J). .5. (bGc �� ��4 �
��<  �A��

.J).�d ^�% ��)�" d��I � .J). ��)�d ; �,3	  d1U��"� .�,�

,Y4 ��< 0s
���8  /��� *� 5.�6,7�7 Z#[ d��I �� 5.�6,7�7 �

/�U; �� *0H� ��4 �� ]�^4 
 �. ���7?�87, *0H�  *� ���8U�"X 

07 �� ��*T ) d��I�"E��\�/, +,G[�"4 ;	 81I*� .  ���}; /.,1A

Sun /.��U�� �  ��� ��2023 �"I �O80�.7�"� *I 8 1U�� d

K%�"
 � 5.�6,7�7�< �� ;	 87.,% )�"E��\�/,  /�"I��8H; �� .�

/�U; ��4 *0H� ��@%. ��	� ) �A�� *I�"E��\�/, ;	 87,�  �� �

K%�"
 (bGc d��I�< L; �� k�T% 890H;�p 8�� d��I )Sun, 

Yang et al. 2023(. ��. *� *[,%�*U1 .�< *� 5.�6,7�7  5�,a

	0H�� �8� J01� *-�� p�,% ��7? �,:� �87.  .4 .K%�"
 ��<   ��

."� (L% *I (�. �8� *3�R.�p *0�� k�T%  .4 ��8   �� .87.

."��p �811I�.8��
�7� .J[.4 "X�?�J  �."Y �\R m"0�� ��

;	 +�87" .�U	 7�U; �.��H ��4 +87�.����	 .�< ; 5.�6,7�7	 87.,% 

."� �� ��7? �."�� "C.�p . *� .8��� k�T%�< dr� *I �19; ��4 

"X�?�J K%�"
�< ��4 dr� �5.�6,7�7 *-�� ��4 "X�?�J 5.�6,7�7  .�

"3 �.�u U��"�d1 ��4 "X�?�J-"X�?�J ;	 817��,
 )Mansouri, 

Arasteh et al. 2021(N") .�* ;? ��g�?�F,G�8 BL% ���5�B 

�����4 .J-?�"� H���� ;(�. ��� .�< N")�* ��/� ;	   *I 81I

��;  "%�< (GA �����4 .J-?�"� K%�"
 k�T%�< ;?�0��F,G�8  � (�.

/�;��  ��	� ;?�0� *I�F,G�8 ; d��I .�	  � �F\A 8������4 .J-?�"� 

; �,E�� .�	  ."��1� .8gr���< ,7�7 "+.*0��   4��;?�F,G�8  �,QR ��

;?�F,G�8 -,%�8 ; ��,�	  7�;�� 5."C. /.,%	 ."� .� /?4  d��I

� j�.,A����4 .J-?�"� g7 �.� /�)Galzitskaya, Grishin et 

al. 2023) .. ���< ��"� �� *9-�:;	 �07�h 3�S T1�	  ,X1I J;"Y

 ���@A *I 8� �rg;A. citrodora �7.,%	� -,% d��I�8 

K%�"
�< ;?�F,G�8 �07 .��.� .��h *I �.� /�g7 �; ��"0g�< +87�.����	 

-.�=� ;?�F,G�8  (bGc ��1 ;�G	 ; �� "+�G	 -�"0  � ���@A96 

a��8  �U�) �,�5.(  

  

(
/��  

 �*9-�:; <�. ��	07? "C. 	�����.   !�� *� ���@A 	7.8�HI.DPPH 

��.87. �   �T7. ,X1I J;"Y Z#[ !�� *� 8�F,G�;? =��-. 8�-,% 4"�+

���,7 "� 5.�6,7�7 (��� "C. .8�(�\   !�� �� ��MTT  	��"�

 V,U��"U�; �� 8�F,G�;? 8�-,% "� ���@A 	+87�.���� ].,^ � 8�

 	7�"0U-.TEM .()"+ �."Y 	��"� ��,;  

	07? (�a�^ ����@A (bGc d�.J). ��  ,7�7 	7.8�HI. �65. 

()�� d�.J).� *�  4�,3  (bGc �� *I   1 	G�;  "+ "� 	G�;   "0�-

35/97 ��U��.� 8a��  ��4  �.�?DPPH 8� ���; ���; <�"0g�� .

 (bGc �� 8�F,G�;? *0�� 8�-,%2 	G�;  	G�; "� "+   "0�-� /.J�; *� 

96  8a�� (bGc �� 	-,G� (��� /.J�; <�"0g�� �2  �� �IC50 

 ��8R25/2 	G�;  	G�; "� "+  "0�- 8� �8��g;�.� /�g7 h��07 .  *I

,7�7  i"� �. �8� J01� 5.�6*�  ,��-A. citrodora ��  ].,^

8N  48�F,G�;? �	07?  	7.8�HI. ��,G� "� *I 	-,G� (���   4��
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 	7�3"���.�	; �  *� 87.,%  d��I �� 8�8[ 	0H�� ���;,7�7 /.,1A

�.J-? j�.,A.�"�+ �."Y *[,% ��,; /�3"� � "�  

  

  

  

2 ����< � *�F#  

,7�/�+81H 
 ��Xg7.� �.�� �;�? � {"� /."�% 8R.� �,7���Xg 

�0�. ��.87;\�. �.�? ��Xg7.�	  (�� 8R.����I 7.��8Y � "Ug%	 

87�.� .�.  
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