
99/99 

 

 ������ �	
�� 

�
�
��
��� ���� �� ���� �
�  

  ���10  �	
�� 
2  �
��� 
99    ���107   )1402 (  

���	��� �
�� �! ��	
�" �                

Research Article 

Nova Biologica  Reperta 10(2): 99-107 (2023) 

Print ISSN: 2423-6330/Online ISSN: 2476-7115 

https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.10.2.99 

 

�����
� ����  �!  ��"
 #"�
� ���! �� �$%&�
�
�� 	��' �(!) � ��
���*� �' ��+��
� 

AsPC-1 ���
,  '��������� 
� -$.� /  
 

��
'�!( �
0�1��*�
2� ���3 42  ��
�* 6!�
. ���� �7�$( �1  
1 � �#$%& '(  �
�� �! 
�)�� �*�# 
�+
,��-+� !��.�
 /�$&� 
�)��  02� �#$%&'( �12 3!$4	
5 36���74 �
878�2 95$� # �+
,�& : 	� 
�3 
   
�)�� �*�#

�-+� !��. �
�� �!� 
  /�$&� 
�)��  

 :�
<2
1� =�>(� 
�	.	
)4 !���baharara@mshdiau.ac.ir 

  

 -$�8) .    ?�$1 
@ /
A$+ & 1 �   ��,�5 �� $2 & :    # ��
)2 � $2 & :   /
A$+  
B '+�  0 +�	#�#	��C 7 D   ���+ E�$F 	! GH�2 IJ
4 �   
8�� # 3   =��+ 	! ��"@�@. 
B 3    
A$+ �   � � .!��    	!

  $L� $M
* EN�
O� +�	#�#	��C 7 D   /6 /
74 # ����+ E�$F G�"P� D*�$� $4  ����+ �!	 	! ��"@�@. � #	! $7(� 	! $7%	! 3
BAsPC-1  ?�$1 
@ /
A$+)   ��� �+	$4 
(� 
( �

  .'+� � 	! & :  4$Q2 RB#S@ � - �B
��&
��.   �$4 3   +	$4 �    $L� '7�+   +�	#�#	��C 7 D   #	 $4 3  U12 7 $   =��+ 3
B AsPC-1   /���. ��MTT   
8�� ����+ V$� W�  0�� �!
�"+�    # ���

 2  	! ��$77X �� �+	$4 3$"��"&
+��C Y#	 E4 ����+ E�$F  0 X2 77 ��$   4 ZO+ 	! 7 /
   /6 3
B   )BAX  
Bcl-2  
APAF-1  
Caspase-3  
Caspase-9  
p53    #p21  
4 (

 ,12 7 [  Real-time PCR   �	� & 4
 �   �!�! .�� 3
B   �5 �   ,N� ZO+ 	! D�
* � 	�! 3   )p< 0.05 (   ��2 7 D   !$% & � .   E"C
& 3
B    /���. �� D�
*MTT   !�! /
�     E5 +�	#�#	��C 7 D   E4 -

 =��+ $7U12 RB
5 IJ
4 '\�] E4 E"(4�# �	��  3
BAsPC-1   ��  
!�� 
"  & ̂   �
 . 7 9   
+��C & $"��" 3   
�   / �9C� ��,B! & R   =��+ ��	! 3
B   2�"@�@. 7 [    	! =��+  	
�72 '�2 3
B

  0!�4 +�	#�#	��C 7 D   =��+ 	!  3
BAsPC-1    E�*$� 	! ����+ E�$F GH�2 _<+S    �
C 	! ����+ '7N�� RB
5 #G1   .��   +	$4 �   
"  & ̂  Real-time PCR   	!   =��+  3
B

 
��� 	
�72 
�   / �9C� ��,B! & R  4 7 /
  /6 :7,`�B # ��"@�@. �&
&	�,5�"7� $7(� 3
B /6 3
B   $L��   \,2 	! 7 a  ���+ E�$F .!�4 � +�	#�#	��C 7 D   IJ
4  RB
5 $7U12 ���+ # � 
8�� 3  

 ��"@�@.   /6 /
74 R&�9C� b&$A �� =��+ 	! ��"@�@. � #	! $7(� 	! D7�! 3
B  3
BAsPC-1   ��  :7,`�B 
!�� +�	#�#	��C 7 D    a7\,2 
4 /6  3
B )p53    #p21 (    _<+  GH�2

 ���+ E�$F �   =��+ :&� 	!  
B � � .!�� 
 

-#���$��& �
�.  
����+ $7U12  [7,12Real-time PCR  
?�$1 
@ /
A$+��"&
+��C 
" 3$ 

 

Evaluation of genes expression changes in the mitochondrial pathway 
of apoptosis and cell cycle in AsPC-1 cells treated with Fluorouracil 

 

Negar Khorasani1, Javad Baharara2 & Khadijeh Nejad Shahrokhabadi1 

1Department of Biology, Mashhad Branch, Islamic Azad University, Mashhad, Iran; 2Department of Biology & 

Research Center for Animal Development Applied Biology, Mashhad Branch, Islamic Azad University, Mashhad, Iran 

Correspondent author: Javad Baharara, baharara@mshdiau.ac.ir 

 
Abstract. Pancreatic cancer is one of the most deadly and aggressive cancers; Fluorouracil induces apoptosis and cell cycle arrest 

in cancer cells. In the present study; the effect of Fluorouracil on different stages of the cell cycle and the expression of genes 

involved in the internal pathway of apoptosis in the AsPC-1 cell line (human pancreatic cancer) were investigated. In order to do 

so, MTT assay was used to evaluate the cytotoxic effect of Fluorouracil on AsPC-1 cell proliferation; The type of induced cell 

death and cell cycle changes were investigated by flow cytometry; changes in the expression level of genes (BAX, Bcl-2, APAF-

1, Caspase-3, Caspase-9, p53, p21) were examined by Real-time PCR. Quantitative data were analyzed at the significant level of 

(p<0.05). The MTT assay results showed that Fluorouracil decreased AsPC-1 cell proliferation in a concentration-dependent 

manner. The results of flow cytometry analysis showed that increased percentage of apoptotic cells in the treated cells; 

Fluorouracil induces S phase cell cycle arrest in AsPC-1 cells and reduced distribution in the G1 phase. The Real-time PCR 

results in treated cells showed an increase in the expression of genes in the mitochondrial apoptotic pathway as well as genes 

effective in regulating the cell cycle. Fluorouracil reduces cell proliferation and induces apoptosis by increasing the expression of 

genes involved in the Intrinsic apoptotic pathway in AsPC-1 cells; Fluorouracil also caused cell cycle arrest in these cells by 

regulating the (p53, p21) genes. 
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B$�&�$@ ����2,127[ Real-time PCR.  

Table 1. Primer sequences for Real-time PCR. 

 

 Forward Reverse Gene 
ACG ACC AAA TCC GTT GAC CTC TCT GCT CCT CCT GTT GAPDH 

CAC AAA GAT GGT CAC G CAA ACT GGT GCT CAA G BAX 
CAG GAG AAA TCA AAC AGA GAT AAC GGA GGC TGG G Bcl-2 

AAG TAT CAT TTT AAT CAG CAT A TCA AGA CAT CCT ACA TCA T APAF-1 
CAG TTA GAC TTC TAC AAC GAT TGA TGC GTG ATG TTT CTA A Caspase-3 

GGT CCC TCC AGG AAA C GCC TCC ACTT CCC CT Caspase-9 
GAT TAC CAC TGG AGT CT GGA GTA TTT GGA TGA CAG AA p53 

AGA CAC ACA AAC TGA GAC TAA CCA GCA TGA CAG ATT TCT p21 
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Figure 1. Comparison of the mean survival percentage of control group cells with cells treated with Fluorouracil at 

different concentrations in 24 hours. (***p<0.001) . 

  

  
/8. 2- �
 .7 9 C 
+��&$"��".3 (A) =$",5 �#$%
 )B2 (7	
�  '\�] 
425 �7��� $4 j$%7���7$"  +�	#�#	��C ��7 D  

Figure 2. Flow cytometry analysis. (A) Control group, (B) Treated with a concentration of 25 mg/ml of Fluorouracil . 
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Figure 3. Cell cycle analysis. (A) Control group, (B) Treated with a concentration of 25 mg/ml of Fluorouracil . 
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Figure 4. Comparison of changes in genes expression of control group with cells treated with 25 mg/ml Fluorouracil by 

Real-time PCR. (*p<0.05) (**p<0.01).  
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