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Abstract. Cisplatin, as a chemotherapy drug, causes serious side effects in the advanced stages of the cancer. Recently, 
Artemisia has been considered for its bioactive compounds, anti-proliferative and anti-inflammatory effects. The aim of 
this study was to evaluate the anti-cancer and anti-metastatic effects of the methanolic extract of aerial organs of 
Artemisia and cisplatin, either alone or in combination, in human ovarian cancer cell line A2780. The viability of 
A2780 cells after treatment with Artemisia extract, cisplatin and their combination was evaluated by MTT assay and the 
alterations in the morphology of the cell nuclei were examined by DAPI staining. The induction of apoptosis was 
assessed by Annexin V test, cell migration and changes in expression levels of apoptotic genes (Bax and P53) and 
metastasis (MMP2 and MMP9) using real-time PCR. MTT test data showed that Artemisia extract, cisplatin and their 
combination decreased the viability of ovarian cancer cells. DAPI and Annexin V indicated the DNA fragmentation and 
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increased percentage of cellular apoptosis in comparison with the control group. The migration and real-time PCR data 
showed a decline in thr cell invasion and expression of genes involved in metastasis (MMP2 and MMP9)  in cancer cells 
while the expression of apoptotic genes (Bax and P53) was increased in the treated groups. The results of this study 
showed that while both Artemisia extract and cisplatin posses anti-proliferative effect, apoptotic and suitable anti-
metastatic effects on their own in A2780 cell line, their combination have synergic effects and posses those desired 
properties in lower concentration of cisplatin, which can reduce the side effects of cisplatin in cancer treatment.  
 

Key words. Annexin test, Bioactive compounds, Cell biology, Cell nucleus morphology, Immigration test 
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Table 1. Sequence of primers used in Real-time PCR technique . 

Antisense Sense Gene 

TTGCTGTAGCCAAATTCGTT TGACTTCAACAGCGACACC GAPDH 

CTCCATGTTACTGTCCAGTTCGT TTTGCTTCAGGGTTTCATCCA BAX 

TCTGGGAAGGGACAGAAGATG TTGCCGTCCCAAGCAATGGA p53 

TGCTTCCAAACTTCACGCTCTT CTGATAACCTGGATGCCGTCGT MMP 2 

GAGGTGCCGGATGCCATTCACGTC GCCTGCACCACGGACGGTCGCTCC MMP 9 
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Figure 1. Comparison of the effect of different concentrations of Artemisia aerial organ methanolic extract (µg/ml) on 
survival of human ovarian cancer cells A2780. Data is displayed as ± SD mean. P value (**p <0.01 and ***p <0.001) 
showed a significant difference compared to the control group. 
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Figure 2. Comparison of the effect of different concentrations of cisplatin  (µg/ml) on survival in human ovarian cancer 
cells A2780. Data is displayed as ± SD mean. P value (**p <0.01 and ***p <0.001) showed a significant difference 
compared to the control group. 
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Figure 3. Comparison of the effect of different concentrations of Artemisia aerial organ methanolic extract with 
cisplatin  (µg/ml) on the percentage of survival in human ovarian cancer cells A2780. Data is displayed as ± SD mean. 
The value of P (***p <0.001) shows a significant difference compared to the control group. 
 

 B�� �" ��� DAPI  

     Y!
   2;9�$  DAPI   *T,
  �(
-6  
�^)�  B6  B#+P  �(�)


 >��(  2�PA2780   *^�_  -9M�5  *�5  ���!�#�  	
�UA  -M��  2�P

 V��!� ) �,;9�5
$ �,��P 2�P250  / V-.'-49� ��9�  D9( 2'
�" �(-#9�

 ) 3950C1  / V-.'-49� ��9� ) V��5 ' (-#9�5 /0    / V-.'-49� ��9� -#9� 

 9(  2'
�"  �6  	�-�P  3950C  D200    /  V-.'-49� ��9� -#9�   	
�UA

 b,�#!  .�
  V�G!�  (�,;9�5
$   F��&   ��   Y!
   2;9�$  DAPI �   ��-99X5  

 @,8���H
��   B#+P   /�d�P   ��."- H   �.�97'-m   B#+P   '   F94 5  

 +�� V�   
"  @95�#C�C$   >��( /���T5  /�K-(  2�P   �6  	�
  
��95  

 *^�_ 0C D9( 2'
�" ��,;9�5
$ 	
�UA |�#T� 2�P ' 395   
" �
 V��5

 F4
) "�" /� ! �
 >-#)7 	'-. �6 B+,�:�4 ( .    

@�! Annexin V- FITC 

   39+4!�  v  ��B6 �!��5  
�K  �6�T#!�  B6   F,�95��+H  3,-(   FU#�  

/��)A  B6  BG9#!  
"  '  "�
   >��(  �9T 5  2�-6  2-7
��2�P  

2��#C�C$  	"��#(�  
"  ."�
  3,�  BS��[�  >��(2�P  /�K-(  

/���T5  �6  *^�_2�P  2
�%�  )IC50(  	
�UA  V��!�  ���!�#�  2�P

�,;9�5
$ �,��P  )250-.'-49�  /V��9�-#9�  3950C D9( 2'
�" �(

)1  /V-.'-49���9�-#9�) V��5 ' (5/0    /V-.'-49���9�  2'
�" -#9�

3950C  D9(    �6  	�-�P200    /  V-.'-49���9�-#9�    	
�UA

(�,;9�5
$  �!�

��95.   �)�)�  �
��  B6  b,�#!2�
�"  2�P  
�%m  

B9&�!  )>��(2�P   �`��(  ��#C�C$  �B9�'�  ��#C�C$  �B,�!�M  �'-4!  ( "
��

  .*H-.  
�-Q  �(
-6  �6B��5  B6  �)�)�F��&  2�P  ��  *+5  

39+4!�  � �
  	�P� �  B7  
"  *^�_2�P  2
��95  � ��
"  ��#C�C$ 

����( *=+! B6 	'-. >-#)7 \,�;H� B#H�, *(�  F4
)5(.    

 F6A� G&3
+� ����	    

    B6  
�^)�  �(
-6  -M�  �2��#(�#�  �L  >��(2�P  /�K-(  

/���T5  /�+!�  W(�5   _ *^�2�P  -M{�  �5
$  	
�UA  ��,;9(D9  

50C39  5  V��5  ' 
��9   �#!  .�!�
b,  �3,  (
-6�    "�"  /� !  	'-.  
"

 >��( >-#)72�P  A2780  &�!B9  � B7 	"-7-C �
 l�-�3,    /� !

�-��%�  	�)P"  �  `��%5  '3,  >��( .*(�  �P  ��&
" �  

B7)250/V-.'-49���9�-#9�)  3950C  D9(  2'
�"  �(1  	'-.  2�P

52
��9  �6  	
�UA  V��!�  ���!�#��,;9�5
$  �,��P  2�P 

/V-.'-49���9�-#9�  V��5  '  ()5 /0  /V-.'-49�9��� -#9�   2'
�"

  �6 	�-�P 3950C D9(200  /V-.'-49���9�-#9� (�,;9�5
$ 	
�UA  

� ' �-��%� \P�7 fA�6/�;9  >��( `��%5/�K-( 2�P    /���T5

�
 F4
)6 .(    

��&2� 2�/
  /< D��! /���" Real-Time PCR  

   
"  3,�   \P'aC  /�96  /82�P   �"F9    F��
 ��#(�#� ' ��#C�C$ 
"

BAX�p53 �MMP2   '  MMP9    
"  >��( /�K-(  2�P

/���T5  /�+!� A2780   �6	"��#(�  ��  l'
  Real-Time PCR 

(
-6 "
���  �#! .*H-. 
�-Qb,  �3,  (
-6�  6 "�" /� !/�9  /8 2�P  

2��#C�C$  
"   >��(2�P  /�K-(  /���T5  DC  ��  
��95  �6 

*^�_  2�P 2
�%�  )IC50(  	
�UA  �,;9�5
$  )250   /V-.'-49�

��9�-#9�0C D9( 2'
�" �( ) 3951   / V-.'-49���9�-#9�  V��5 ' (

)5/0   /V-.'-49� ��9�3950C  D9(  2'
�"  -#9�    �6  	�-�P200  

  /V-.'-49���9�-#9�  �5
$ 	
�UA�,;9�;H� ( \,  *H�,P .)d�39   
"

�3,  	'-.5  2�P2
��9  6/�9  /8  2�PMMP2  '  MMP9  
"  

B+,�:� �6  	'-.  \P�7 >-#)7 F4
) *H�,7(.  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
01

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.4.1.3
https://system.khu.ac.ir/nbr/article-1-3509-en.html


B#H�, ��� ��#+,� V��A 
" 3,�! 2�P9 	
��
 �4  :256 -246 )1401 (Nova Biologica Reperta 9(4): 246-256 (2023)                                                         

 

252/252 

 

  M.94 -  9�$ Y!
;  2DAPI  >��( B#+P 
" ��-99X5 	�)P" /� !  /�+!� /���T5 /�K-( 2�PA2780  	'-. 
"�,��).
;6) 2
��95 ' >-#)7 2�PX400   (

�� /� ! �
 B#+P /�
 BS[Q BS[Q ;�-Q /�49C .�P" 

Figure 4. DAPI staining showing changes in the nucleus of human A2780 ovarian cancer cells in control and treatment 
groups (X400 magnification). The red arrow indicates the fragmentation of the nucleus. 
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Figure 5. Results of apoptosis in human ovarian cancer cells A2780 in control and treatment groups based on Annexin 
V-FITC test. 
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Figure 6. Cell migration. Effect of Artemisia aerial organ methanolic extract, cisplatin extract and its synergistic effect 
on human ovarian cancer cell migration (A2780). A) A2780 cells at the time of scratching. B) Control group after 24 
hours. C) Treatment of cells with Artemisia extract (250 µg / ml) D) Treatment of cells with cisplatin (1µg / ml). E) 
Synergistic treatment of cells (0.5 µg / ml cisplatin with 200 µg / ml Artemisia extract). Diagram of scratch distance 
alterations in experimental groups. Data is displayed as ± SD mean. P value (*p <0.05 and ***p <0.001) showed a 
significant difference compared to the control group. 
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Figure 7. Changes in expression levels of BAX, p53, MMP2 and MMP9 genes in ovarian cancer cells by Real-Time 
PCR. 
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