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Abstract  
Ovarian cancer happens as the result of change in 

gene and molecular metabolites. Because of 

chemotherapy side effects in cancer treatment such 

as drug resistance, using of complementary 

therapy with herbal and their derivatives is 

increased. This study evaluates anti-tumor effects 

of vitexin on AHRI, p53 and Kras genes 

expression by Real time PCR. Also metabolite 

changes due to these variations are measured by 

1D NOESY, 
1 

HNMR. SKOV3 cells treated whit 

different concentrations of vitexin and determined 

IC50 by MTT assay. The IC50 was measured as 

520µg /ml. Then RNA extracting and building of 

cDNA done to determine level of genes expression 

changes. Metabolites extracted by water, 

chloroformed and methanol and lyophilized 

samples evaluated by 
1
HNMR. The expression of 

AHRI and p53 tumor suppressor genes in the 

treated cells increased by 1.93 and 1.76 times, 

respectively, and the expression of Kras oncogene 

gene decreased by 0.23 times. Maximum changes 

in metabolites pathways observed in Aminoacyl-

tRNA biosynthesis, Biotin, cysteine, methionine, 

branch amino acids, lysine metabolism, and 

steroids biosynthesis. Vitexin shows its anti-tumor 

effects by targeting of several biochemical 

pathways and reload of metabolites by change in 

genes which have roll in ovarian cancer. So to 

confirm this study more evaluations in pathway 

signaling is needed.     

 

Keywords: AHRI, 
1
HNMR, Kras, Ovarian cancer, 

p53, Vitexin. 
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 8�E' \^#(3�� *2 8#%G3�� �����;2� �' ���Y��' �2 . 

MetaboAnalyst � 	��X S�9��X ?.�X4  �' ���Y��' �

 _�	PLS-DA
1 'S5' ?#(�
E4 d�s� 	� � A2(� 


(� 	'Sa' 4Matlab  *2��'� ��4  %&c S�9��X ����X

 -#�� 	� �(�]��MetaboAnalyst  �2 .%�%� 8#%G3

' P
E?# ��-# ��'� ��4 *2 -�� �%�X 'S5' *24 

 [�I2(� 8V'%C � �+='�KS5 PLS-DA ?�2  �� ��(T

��(�]��4 �
��S#  �%&&E*2 -�� %#X ��.  

2�5 *2 '	 �%&&ES#�
�� 4��(�]��* �#�5 4��  �#��
��

��� � ��(E 8#%G3-�9�2 ��  ��;2� �' ���Y��' �2HMDB
2 

 �	���#���&�  -��9 .%&�a(T 	'(V�l �� ��� �-�9�2 ��  '	

?.�X *2 Integrated pathway analysis 	� 

MetaboAnalyst  ��G3	' � ��'��l ��  *@(c �2 '	

                                                                      
1. Partial least squares-discriminant analysis 

2. Human Metabolome Database 
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���-�9�2 �� *2 -�� %�X'(2 .4 *2 -��  ��	�X�&I� 	'�4 

4	��X  �'05/0*P<  	�-�3 ��4 �%�� ���� %� ���Y��' 

)Li & Deng, 2017(.  

  

8
	��  

��'�� :��"��  ����+��� �� ($�)*�	 ��   

 �' \� �2 	�
�3-k+M ��4 O+�6�  ?��^�#����2 	�� 

 �����24 �48  �72 �-1�� �5�3 82�V Z��E�  	�

 �'%I3��+� ��4 	� �%��  ��+� ��	 ���7(�SKOV3 

 �%��.� %��� ��(T *2 -G��%���
� . 	�7 	� *E

'��
� 	1  � ����� ����2 *� 	� �-�' �%� ��'� ��.�

	� ?��^�#� -k+M µg/ml520�IC50   �#���4  *E

 �3 '	 �9�+� 4�<250 %=	� �� Z��E %��.   

  
����� #�$� #%���AHRI ; Kras  	 p53 &� 

�'  �� ��
$�($�)*�	  

-k+Mµg/ml 520 *2 -�� F�2 �%�X 4'(2 ��	(2 ���2 

�l ���Y��' %�. -k+M ?#'  �2 	�
�3  UG� ?��^�#� �'

Z#'Sa'  ���2�l �� 	���3 (;2�E(� 4p53  �AHRI 

*2 U�3(3  �'S�� *277/1  �99/1  ?�&L
� � (2'(2

�l ���2 Z��E  �l�^�'Kras  �'S�� *223/0  	� (2'(2

 �2 *�#�<���+� �� �(�&E 4 *2 -�� .%�X  

 

  
 �'3�
�1.  %�	 	��� �&s&���+� �� ��	 4SKOV3 *2 [%� 24 �48  �72 -1�� ?��^�#� �2 	��
3 �' \�.  

 �'S��50  %=	��%�� ��%��� )IC50 	� (��+� ��4 ��7(�� SKOV3 *2 _�	 MTT  %� 
�,�')05/0*P<( .  

  

  
�'3�
� 2. �'S�� ���2  ���S
��l *� ARHI �Kras  �p53 	� ��	 ��+� ��4 ���7(�  �'%
63SKOV3 -s3 	�
�3 �2  ?��^�#�

*2 %�[ 48 -1��  -k+M 	�)µg/ml520 (�2 ���Y��' �' PCR Real-time .� '	�� ��  Z#'Sa' g1�2 ?��^�#� .%���&I� 	'�  ���2

�l �� (;2�E(� 4 ARHI � p53 Z��E ��&I� 	'�  �l�^�' ���2Kras -�' �%� )05/0*P<(.  
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 �*$ ���*� D'�$$E� �� ($�)*�	 �F'+��� �� �

���6�� SKOV3  

�
�3 �' \��%
1 ���9�2��� ['(��]3 ?��^�#� �2 	  4'

 	�O�7 ��	(2  4��1D HNMR 1DNOESY 

%� �%��.�. 8^� 1�  	'��
�Scores Plot  �

���'%54 ���-�9�2 ��  ��a 	� ?��^�#� �2 	�
�3 �' \�

 ��.� '	 8�a�v�9 ��a � 8�a�	%���� %��8^� . 2� 

 *#S,38�+s3 � PLS-DA  � 8�a�	%�� ��a *2 ��2(�

 8�a�v�9*��
� ��	�
�3 4 .-�' �(�&E �2 *�#�<� 	� �%�

��<� 8@'� 	'��
� ��.� �%&�� ��i� ['(��]3 

�#��
�� ���-�9�2 �� �%1 � VIP )variable 

importance projection( ��'%�' (�T4 -�
�' 

['(��]3 	� �#��
�� �%� PLS-DA �� ��2% .*GI5 4�� 

�;�	 -
� -�'	 -k+M ��4 �G�� -�9�2��� *7�2(� 

	� ��(T ��4 �9�+� Z#���X � �(�&E ��.� '	 �� %&��. 

��� �#���&� � �a(I� �' \�-�9�2 ��  ��;#�� �'HMDB �

 ��2(� �^�9�2��� 4��(������ ?#' *2-�9�2 ��  ��l �� 4

AHRI �Kras  �p53 ��� �-�9�2 ��(��]3 4 (� 	� *�a�#

 -#�� d��3 ��(��� ?#' �' 
'%EMetaboAnalyst  �

 (��� {#(7 �'Joint Pathway Analysis ��	(2 �

.%�%�  ��%52  � �^�9�2��� 4��(��� ?#(�
��

��� �#���&�-�9�2 �� ['(��]3 ?#' ��G3	' � *�a�#(��]3 4

 *2 ��2(� ��<9�2 �^���l ['(��]3 �2�l �� *I9�i� �	�� 4

 ��.� '	�� %��.   

���#} *2 -�� �%�X �' O�7 ,&�� 
1
HNMR  	�

8^� 1 ��.� ��'� �%� -�'. �	(2� 7�O 1D 

HNMR *2 -�� �%�X ��(T �� �' �%� 	�
�3 � �(�&E �

]3��['( 9�2��� �%
1�^� �' \� � �2 ���	�#�^��?  '	

 ��.��� %�� 8^� .A 7�O � �(�&E ��(T 
�@ 8^� 

B  ��(T3�	�
 �%�� �2#�^��?  ��a 	� '	8�a�	%�� 

 ��.��� %��  8^� �C � D 7�O ' 
�@#?  ��(T ��

 	� '	8�a�%�� ��a  ��.��� %&��  8^�)1(.  

  

  
8^� 1. A7 (�O  
�@1HNMR  ��a8�a�	%�� ��+� ��4 SKOV3 �(�&E �B ��a (8�a�	%�� ��+� ��4 SKOV3  �2 �%�	�
�3

?��^�#� �C( 7�O 
�@ 1HNMR  ��a8�a�v�9 ��+� ��4 SKOV3 �(�&E � D (7�O  
�@1HNMR 9 ��a�a�v�8 ��+� ��4 SKOV3 

 �2 �%�	�
�3'�#�^��?  ��.� '	�� %��.  
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8^� A -2�  	'��
�PLS-DA 3 � �(�&E ��(T�	�
 

� �2#�^��? -��%2X ��a 	� '	 (8�a�	%��)  ��.��� %�� 

 8^� �B -2 O�7 ��4 ����v
�� '#?  ��a 	� '	 ��(T ��

9�a�v�8  ��.��� %��' 	� .#? ��	'��
� �*I9�i�4 

PLS-DA  4'(2���-�9�2 ��4 z'(6��' ��+� �' �%�� 

 ��a 	�8�a�	%��  ��.���� *E �'�-�9�2 ��  �� 	�*@�� 

 %�' �%� '%5 �� �' 'S,�*2 	�74  *E\��#	'� 5/62 

%=	� � 6/9 %=	�  8^�) ��2A -2 *+C(� 	� .(

9�a�v�+�P' �#? ���'%54 �2 5/33  �2/38  �' %=	�

	'�#\��  8E��'� �� .� '	��  8^�) �'�B -2.(  

 	�) 8^�A, B -3� (�Z 2�&� ]�� ����( 

)VIP��'� ��.� (  � �%��'%1' a�(�#�8 9�2����- 

 �%�'%5��2(� ����a *24 8�a�	%��  �8�a�v�9 

*��
� ��4  -s3	�
�3 �<� 	�#*�  ��.� '	 %��� �2

�� *^9 .%�� ��4 � �	'��
� 	� ��5����'S ]3��['( 

��
���# -�9�2��� ��4 �
��#S 2 '	 �%&&E� �%1 VIP 

]3 	� ��@��['( ��
�� �# �%� 	�PLS-DA  ��.�

��  	�s� .%��Y �%1 VIP '(2 '	4 ]�� (��(  	�

 	�s�X �� ��.�  �' (�T	S2) %��1*GI5 .( ��4 

;�	� -k+M -�'	 -
� ��4 G��� 9�2����- 

��(T 	� '	 *7�2(� ��4 9�+�� ���X#Z  �(�&E �

�� ��.� .%&�� 

 

  
 /)�2.  	'��
�PLS-DA ���-�9�2 ��4  ��+�SKOV3  .�'%
63 ��7(� -s3 � �(�&E ��(T	�
�3 � �2#�^��?  '	 �� 	���a )A (

8�a�	%�� )B (�9a�v�8  ��.��� %���
3 ��	'��
� .#S oJ��E Q6.�� 2 '	�?  ��.� *+C(� �� (� 	� ��(T ���� %&��.  

  

  
 8^�3 .VIP scores ��� 4'(2-�9�2 �� 4S#�
��8�a�	%�� ��a �%&&E(A)   8�a�v�9 ��a �(B) ��+� �� 4SKOV3  '	 ?��^�#� �2 �%� 	�
�3

 ��.��� %��. �� *GI54  	'��
� -�'	 -
�VIP �'�'(a -G��� ��� -k+M �-�9�2 ��  ��.� '	�� %��.  
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 �	�
� ��%52. �����(4 �2����^�9 ]3��(#*�a�  	���+� ��4  ��	 �'%
63 ��7(�SKOV3 3 �' \��	�
  �2?��^�#�  

�^�9�2��� 4��(���  ���-�9�2 ��  
Total  

��� 8E-�9�2 ��  
Hits    

��� �'%I3-�9�2 ��*�a�# (��]3 4  
Raw P  

4	��X 	'��&I� yi�  

 8��X�&��X S�&���2tRNA 
�' - ?������  

�' -?#S�9  
48  2  0013/0  

4%�K�(��' ���	�� S�&���2  
��(��l�(�  

  
58  1  0072/0  

 ���9�2���?���K(3 � ?#(� �?���+T  
�' -?����3�����  

  
33  1  04061/0  

?�3��2 ���9�2���  
?�3��2  

�' -?#S�9  
10  2  0505/0  

?������ � ?�$���� ���9�2���  
�' - ?����3�����  

�' -?������  
33  2  1035/0  

?#S�9 *#S,3 (���  
�' -?#S�9 

 
25  1  1221/0  

?#	�� ���9�2���  dGMP 
dGTP 

65  2  1890/0  

 ���9�2������EF�T  �Y9X-4�-���EF�T  27  1  1933/0  

%�K�(��' S�&���2  ��(��3F  42  1  1975/0  

  

5,��� � 9/� ���:  

 %�' ��'� ��.� [�I9�i� �Z��/� ?#' }#��� �2 {2�i�

 *E2��. � ��7(� -+1 ?#(@%2�
� ��4 ����'� 

 	� Z�5�l ��4 (;2�E(� ���3	� �^�'�l ��  �

&L
��? k&3��  U��&����l ��4  f�@�� ��2*E % 

���*,  �X2 �'�? ?�a	 $3�(��? ��4 -�' ������X %N 

)Sutton et al., 2019.(  

 *2 *5�3 �2 	'��
�2  �l ���2AHRI )DIRAS3 (

 �'S�� *293/1 �l .-�' *�a�# Z#'Sa' (2'(2 AHRI 

#P  	���3 (;2�E(� �l ��'���@ �'RAS  
�� �2

��'%�� )DIRAS3(  *E -�' ��+� (�n^3 	��� g1�2

 	���3 4l�a�3' Z#'Sa' � ������� Z��E ����7(�

�� �� .�DIRAS3  8�^.3 g1�2 (T��MX \^+v
E

BECN1-PIK3C3-ATG14  �'#��,  A
�,�

��MX#? l�a�3' g1�2 -#��� 	� � 4
���T�a�3' �� ��� .

 �l ?#' �-�' ��'� ��.� }#���*2 	�7  	� ��(��T

��+� ��4 ���(� �'�+���� 
'%�' ��4 2 ����' O+�6���� 

�� ��� ��7(� ��,#' �2 *E �'%
63  �l ?#' ���2

��%C 60  %=	�-�' *�a�# Z��E. *�a�# ?�&L
�  ��

 *E -�' ��'� ��.� 	���7(� ��4(;#� 4 ��L
� 

	 ������#*3 �[����(� ��K�(�%  �%I
9'��9 � ?#' ���2

-�' *�a�# Z��E �l )Dobrzycka  et al., 2009(.  

 }#���*2 -�� �%�X �l ���2 Z��E *I9�i� ?#' 	� 

Kras  *2 �'S��23/0  	'��
� {G7 '	 (2'(22 ��.� 

�� %�� �l .KRAS *2 *E -�' �l�^�' P# *i�'� 

���( � ��<��'���&;MAP-kinase  �g1�2 %I3#8 

�
3#S 9�+��  ���2 Z#'Sa' �$3�(��? GTPase � 

 Z#'Sa'(s3#P  %�	 ��+��� ���. 	� 20 �330 

 %=	���	���3 8E �'4 ����'� ' �^#�`1' �  ��'���@

RAS  Z�5 	�c��� ��� ��'%
63 ��7(� 	� .U+M' 

	�,&���4 �� {+I��  *2Z�5 ��4 KRAS  -�' ���2

 *E���'S Z�5 ��4 *i<� '4Kras  2�? 15  �339 

=	� % Z�5 S�� >	S2 ���	 ��7(� 	� �51  4%=	�

 *E .-�' �%� _	'ST �l ?#'� (k� *2� %�	 Z�5 

Kras 2�(�. �	�E �2����&4 7�6�� -�' dG3(� 

)Silwal-Pandit et al., 2018(.   

	���3 �'(;2�T(� (;#� ��L
�� �l ���2 p53 

)TP53(        �'S�� *2 �� *I9�i� �	�� �'%
63 ��7(� 	�

76/1  	'��
�) �'� ��.� ���2 Z#'Sa' (2'(22 .(�l p53 

)TP53 ( P# �l2�E(�(; 	���3  m��s��� ��� 

*E *2 �'�&1 #P ���	 	��E�a#��  *2 8Q��DNA� 

+2�V�-  	� O+�6� (3���(� (Q&1 %= %&c *2 ��Q3'
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��l.�	'� '	 ' �'#? 2 �	��� k&3 '	 �l ��%=�� 

�� %&E. 2�Z <s3 *�� *� �'�{  �	�� 	�TP53  Z<�

���'� k&3 	� '	 �X�� X(a#��%&4 �+=' 9�+��� (�k� 

(�&E� n^3�(  �	��@�� �YC  
��l ��(E [�GH'-�' 

)., 2008et al Gottschalk(.  

 4(#b� -�#� Z��E � -�
� (H' ��	(2 �' \�

 (2 ?��^�#���+� �� ���7(� 4SKOV3 �%��.� �

 UG� ���� � ��� *2 *��2'� [	�= *2 ?��^�#� %�

 ���#� �#��'�3 Z��E��+� ��  ���7(�SKOV3 

�� �� .�IC50  �3 '	 �9�+� ��<2 *E 4��� �#50 %=	� 

 Z��E�� %�����2 *� 	� � 	'��
� 	� ����� 41  *K'	'

.-�' �%�  �'S�� *E IC50 	�48  -1��

µg/ml520 *2 -�� %�X ) 	'��
�1(.  �����T �' ���Y��'

 �' 4	���2 �' 4(�;.�� 	� ���X [�<�.� ���7(� �� �

 (#�� 	�&E 	�_�	 �� �	�� �	'�
� (;#� ����	� 4

��2 *5�3 �c�G��E 4�c �+=' [�G�E(3 �' �^# .-�' � 

 %&��� *2 U�E(3 ?#' -�' ?��^�#� 
�� *2 4' ����

 P#���X %��E' 8
1 �'�� %&E  ������X 	��� g1�2 �

 	���+� �� ���7(� 4�� ��' .� ['(H��7(�%N �

 	� ?��^�#���7(� �� ��L
� �Y+�6� 4 ��7(�

\^�	�a���� )NPC(� 
��9� ��K�+�% ?�S� )K-562(� 

%GE �[����(� ������J2��+T�  �' Z�� �'%
63 � 4(�

 � ��	(2 ?#'%�#h3 -�' �%� )& Ronen,  Lodi

2020Ping, Deng, 2017;  2011; Li &(.   

 ���9�2��� ['(��]3 (2 ?��^�#� (H' Z��/� ?#' 	�

��+� ����	 �'%
63 ���7(� 4 SKOV3 *2 _�	 

1
HNMR   .%� ��	(2 }#����� ��	(2  ��.��� %�� �

�� 8#�a�(� ['(��]3 ?#(�
�� ��7(� %��	 	� ���9�2�

 �2 �'%
63 ���9�2��� 4��(��� ���9�2��� ['(��]3

 8��X�&��XtRNA 2��� �����&� ?$���� �?�3��2 ���9�

?������ ��� %�K�(��' S�&���2 � ?#S�9 � .-�' �'(
� 

��+� ��4 n^3�( #*�a� M�(G7�I�� *2 8�9� ?��'� 

�#T/� ��4 @%2�� ��+� ��4 ��7(��n^3 *+
5 �' ��( 

(�#A 
5��3 *+
C ��  *2-a�2 ��4 G7�I�'(2 �4 

 *2 ���� ?#''Sa'#Z 2�S�&�� � ������4 b]3#* '4 

9�2������ 4�� ]3��(#*�a� 4(�.�2  *��'� 	���@' 	� %#�2

%&��2 )Bonifácio et al., 2020(.  

*2 �� (k�  ��7(� 	� ��+� 4l(�' �'S�� %�	

 -�
�' SK�C 	���2�� ��2 �' �^# .%�'	 	�E 	��� 4��

 ��7(��� �'�3 �2 ?#'(2�&2 .%��2 ��+� 4l(�' �(�&E %

 -�9�2��� 	� (��]3 {#(7 �' ��+� 4l(�' yi� Z��E

 '� 4l(�' 4�� (����� �'�3  ��7(� ��+� %�	
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