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Abstract 
Background: Epidermal growth factor receptor (EGFR) plays a major role in the pathophysiology of a wide 
variety of solid tumors such as glioblastoma and breast cancer. Therefore, blocking of signaling cascade of this 
receptor via specific antibodies is an appropriate therapeutic target against these cancers. The first step to make 
monoclonal antibodies is production of recombinant protein with high purity and glycosylation pattern similar to 
human protein. One of the best available hosts for this purpose is the Pichia pastoris yeast. 

Methods: Coding sequence of extracellular and transmembrane domain of EGFR protein was isolated from 
human glioma cell line (A172) using real-time polymerase chain reaction (RT-PCR) technique. This sequence 
was cloned into plasmid pPicZαA and transferred into Pichia pastoris yeast cells. Then, the production of 
recombinant protein was induced via treating of cells with methanol with final concentration of 0.5%, in several 
time periods, 24, 48, 72, 96, 120, 144, 168 and 192 hours. Protein production was assessed using sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 

Findings: Partial coding sequence of EGFR was cloned in pICZαA plasmid. The results of induction of protein 
expression on SDS-PAGE gel showed that the protein expression increased as incubation time increased. 
However, after three days of induction, the secreted host proteins in the culture medium increased and got visible 
on SDS-PAGE gel. 

Conclusion: In this study, we produced EGFR protein that can dramatically speed up production process of EGFR 
inhibiting monoclonal antibodies. 

Keywords: Epidermal growth factor receptor (EGFR), Human glioma cell line (A172), Recombinant protein, 
Plasmid pPicZalphaA, Yeast, Pichia pastoris 
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����� 	20 �������� "F�� %� >�O�, )�
+.  

  

��� 	
  

��, �%(��i� 1� ��������A ��
��� #��  % A �#  C� )  �� � 92-1391 �# 

��')��$
�  �,��"�,)v (��2M&, >�O�,  + ! . 	 
($0  #�� �  �% (��i� 

�,��$
� Z'U� %� ����� �"F� �,+�+��A 5$� �����
�,�A %(0,�� -+��A 

%� ��, ��')��$
� +�#��  .  

�����
(� #��� %� �%(��i� 5��! Z'�, %� ����� �"F� 	a�  5 $� 

�����
�,�A %� "0 %6�) ����� �  �" F�  >+ �  	
 )�H/  % �  �>�� 
'��# 

	J
,�� #�
 �,�� 	A�! �# %(��i� � >+� Z'�, %� ��B ���
   �� � �#

����
�� �� CZ'B, �'�� �� �)� #�� .��
�W$� 4�
 ��$
� 5U6 �, >�$�, 

%�B,+� %� �,��� ��
(� `��B �, %(��i� �# �Y� %'
�9 +!.  

�O/ %��$� � #��� ��
� %(��i� �� -#�M'), �, C���
 #�����  � O/ 

%��$� 	20 %H��J�  � �
k��
� �� � �� �#  � Y�  �'
� 9  xi )  �� �
$@,   

95 � �,�� ����� 80 �+&�# ]����,�  4,� 

F�  �� �
  �� B  ] � �, 

5$� %A �# %(��i� � �2���� %�  �," 
� 1/1  #���� �  + ! �  ��
 �W$� 

56,+/ 4��M� ��(� �,# �
� �# -��9 %A %�  �," 
� 8/0 �#  � Y�  % '
�9 

�+! %� #,+(� 30 �M� �# �� -��9 #����� +!.  

�# ��,  �%(��i�60 ��$
�  �,+ �+��A  5 $�  ��� ��
�,�A  % � L�� 

y
EN� �
#�E� %� �# -��9 30 -�M� �
HJ� +�+�#�9.  

�,�� %
�A � ��,��$
� 	�"�� 5U6 5$� �, >�O�, +! �  �� $
�  ] � 

�, 	
���# 8
� ���,# %� j��, 5$� >,"�, +! � 	20  I�� !  � !�2
� 

�,  5
��'�
3  �>�9� �
A/>�9���
�   >?��,+ 
�5  � �
�   C� 
����� �>� 9   

2 ��
� �>�9��
A/>�9 ]
) ����A,��� %� �,+J� 15/0 ��
� >�9��
A/>�9 

� �
f�A�+
� %� �,+J� 5/1 ��
�  >�9� �
A/>�9  -#�M' ),  + ! . ��,+ 2k� 

�     !�2
� �     � -#�M'     ), �,   �,"     
� %     � C�     
�����   

100 >�9���
�/>�9��
A/	��) #��.  

�# #��� _���  ���� ��#  -�Z �  � �  _�� �  % k�  -+ ��,#  % A  � �$� 

1  
����"�, � �  k��� 4�  'A? �#�  � �# 4��  & ���  
� 3  H/ �  � 

5$(�,��')# ���
� ��B �"�� �A �� C���� �
��) C#�(� 3  � �,��  � O/ 

��B �"�� � ��B �"�� #���  � �  � O/  C#� (�  �,� U0 ��  .+ !  _�� � 

�1
����# �, I�� ��+) ����A 5 +&�# %� �,"
� 5 ��
�  � '
�/ >�9� �
A 
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������� 	
��
� � ���
���� �� ���

�� ���� �
� � �� ���  !��"  �
�

���# ���� ���	
�� 
���� # ��$
% & 

� �,�#, �,��$
� �� �O/ C#�(� �,�#, �,  I� �  +
f���' H��A  1 
����"�, 

�,�U0 +! .�,"
� _��� �, 	)# %'
� � �
\ v�Ha� "
� �# #���   � �

��$
� �� -#�M'), +
f���'H��A �, 1
����"�, �,�U0 +!.  

��B ���
 8��A �,��$
� �� 5
�
 ���
, � �#,�� �#��A ��  �
��� �, 

� ��B ���
 8�,"
, �A�� � �#��A �� C���'�? �,�U0 +! .  

�,�� �,��$
� -��9 �C�, 60 ��
� >�9 D�6 >��
'��# 5U6 �,  �� J�, 

�  !�2
� "��  O� +  ! � �# -��  9 �>�# �

��  � �  � v�  �����#   

1/0 ��
� >�9/>�9��
A 45 %J
6#  5 U6 �,  ��$ H���  e ��"�  + ! .  �� �


��B �  bU �  ��� $
�  5 U6 �  + (� �,  >� O�,  % �B,+� �#  � � �# L�� 

%H��J� � ������, +!.  

-#,# ��� �%(��i� +(� �, _$0 ���� � _
� �yJ� >�� �, -#�M'), ��  �," 
, 

SPSS  %N H� � 23 )version 23, SPSS Inc., Chicago, IL(  #�� � 

%�"O� � 5
�a� �,�6 	
�9 .����� ��� �����  #�� �  �-#�M' ),  5�� ! 

����� ��� 2
χ� t � Repeated measures ANOVA #��.  

  

���
	 	
  

�# ,�� %(��i�� 60 ���$
 +��A�,+� /,�0 C�$�,� �,�A ��� ��
   % �

�@e� 
#�E�� �# -��9 �# %�	
�� -+��A � >��
'��# �  
�� ��
   HJ��
 

 �# .+�+!C�+0 1� ���_� F'�����
 
,�9��#1
 ��$� �� ��,��$
  �#

 -��9�� ����� ��,�� .	), -+t� �
k��
� ��) ���� 4+� �5$�  4+ � 

��!�2
� ���� ��
)���'HA, ��B �O/ � � �" �    M� -�� 9 �# �#4�� 

��(�  	!,+� �,#)050/0 > P(�W$� .��
  ����� 3H/ ��2
χ� ��� _ � 

  ]� 0 % 0�# �  �+ �� American Society of Anesthesiologists 

)ASA (�# �# -��9 4��M'� #�U�.  

_��!  ��� �  I� �  �# �� ���  � � �#  -�� 9  �� ���.���  �,�
 � � � �,   

10 #��  �  -��  9 �#>��  
'��# � 9 #��  �  -��  9 �#�

��  � +  �#��   

)3/33 +&�# �#  5��J�30 +&�# .( ��
�W$�9 �M�  -��9 �,>��
'��# � 

8 �M�  -��9 �,��

��� Z'U�  % �  � ��
�9  + �#�� )30  + &�#   5 ��J� �#

7/26 +&�# .(�, ��, �# -��9� ��� %� 3 
 3 � 4  � M�   �� z# � H����, 

+  �#�� )10 +  &�#  5  ��J� �#3/13 +  &�# .(2   �  � �, �  M�-��  9   

)7/6 +&�#.��$� %� Z'U� (����� 1   # -�� 9 �, � M� >�� 
'��  �2   �, � M�


��� -��9��
   ) >� M�� % � Z'U�3/3  + &�#   5 ��J� �#7/6  + &�# � (  

5 -��9 �� �, �M� )7/16 +&�#�) %� Z'U� (�� �������� "F��  +�#��

) 5�!1.(  

�# C�+0 2�  �
k�� 
� �  K,� a�,  �� 
(�  �� �
  �� B  �C�' H
) 

C�')��# � ����Q 3�6 5U6 �� 5$� �, 4 	��) +(� �, K�E�  D� 6 

� 4+� �������   	 ), -+ �� . � �  3 H/  �� ��� t� �#  � @  4+ � 

�� ��
9 �# �������� ���
 ��B �  ���� Q  3 �6  �,�� $
� �#  -�� 9 

	
���# -+��A � �

��� � >��
'��# KZ'B,  � �(� �,#  �	 !,+�  � �, �# 

4���) 4-1 +(� �, K�E� �D�6  KZ' B,  �� �
  �� B  C�' H
) � 

C�')��# �# �# -��9  KZ' B,  � �(� �,#  	 !,# �  	 
���#  ��9+ ��A 

�>��
'��# �, ���
 ��B �
��� ��� �,#��B��  + �#�� . ��
 �W$�  ���� Q 

3�6 �,��$
� �# �@ 4+�  �� )���  KZ' B,  � �(� �,#  �
 � �#  -�� 9 

	!,+�.  

�, K�@ ��k�#  �� ��� Repeated measures ANOVA  �� �� 

%A #,#  + ���  4,� 

F�  �� �
  �� B  C�' H
)   5� !)2� (  C�' )��#   

 5�!)3�# ( �
� �# -��9 KZ'B, ��(� �,# ��, �	!,# +���  4,� 

F� 

����Q �
� 3�6 �# -��9 4��M'� #�U� ) 5�!4.(  

  

���� 1. �	
�� 
������� ��������� � ����� �� �� ����  

�����   ������
���*  ��	������ ����**   �����P 

(���) "� "*+��*�  0/18 ± 6/43  0/15 ± 21/48  410/0 

) 
./ "*+��*�kg(  5/11 ± 4/73  5/11 ± 4/73  890/0 

(	1*2�) 3�4 5�� "*+��*�  4/48 ± 8/228  4/44 ± 1/218  410/0 

(	1*2�) ��6�*# 5�� "*+��*�  7/64 ± 0/246  0/51 ± 1/258  460/0 

 "*+��*�(	1*2�) 
6*��#6 78� 
��.  5/3 ± 67/47  1/37 ± 1/42  520/0 


69 :�; "*+��*� ) <�=�ml(  0/427 ± 3/523  2/379 ± 0/550  830/0 

>?@ 

(����) ���AB  

�C�  )7/36 (11  )8/20 (5  
430/0 


.  )3/53 (16  )3/63 (19  

ASA  
(����) ���AB  

I )3/73 (22  )7/56 (17  
290/0 

II )7/26 (8  )3/43 (13  

ASA: American Society of Anesthesiologists 
	
���#* -+��A � 1/0 ��
� >�9/>�9��
A �

��� �J��"� * **	
���# -+��A � 60 ��
� >�9 >��
'��# �A,��B  
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������� 	
��
� � ���
���� �� ���

�� ���� �
� � �� ���  !��"  �
�

���# ���� ���	
�� 
���� # ��$
% & 

   
� ! 1. �"����� #�" ����� �� �� ����  

  
���� 2. %�&"��� � '��("� ���)� ��*� +�, -���.�/ ���/�	� � +�0�1 234 �� �� ����  

�����	�  

�	��  

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

��
���  ��	�����  ����� P ��
���  ��	�����  ����� P ��
���  ��	�����  ����� P 

3D2 .� 3�4  5/12 ± 6/120  7/18 ± 8/126  560/0 0/18 ± 4/88  9/10 ± 3/82  620/0 8/17 ± 1/86  8/17 ± 4/89  110/0 

1 E4�� �A# .� 

FCG� HC2  

8/13 ± 8/116  7/22 ± 2/98  001/0 < 3/11 ± 9/80  1/16 ± 5/60  001/0 < 8/13 ± 9/81  2/12 ± 6/82  300/0  

2 E4�� �A# .� 

FCG� HC2  

7/18 ± 6/121  4/21 ± 4/93  001/0 < 6/10 ± 5/82  2/11 ± 5/58  001/0 < 0/12 ± 8/80  0/12 ± 6/78  840/0 

3 E4�� �A# .� 

FCG� HC2 

5/14 ± 9/134  4/17 ± 6/99  001/0 < 7/10 ± 8/81  6/13 ± 8/60  001/0 < 8/10 ± 6/81  6/11 ± 7/80  470/0 

4 E4�� �A# .� 

FCG� HC2 

2/13 ± 6/130  2/16 ± 4/100  001/0 < 0/10 ± 4/81  2/12 ± 6/62  001/0 < 3/12 ± 1/82  9/12 ± 6/81  740/0 

/�# �/�/ 	# 

<�/��=�  

5/13 ± 6/120  3/14 ± 6/120  890/0 4/13 ± 1/77  8/10 ± 2/78  730/0 0/21 ± 4/81  2/15 ± 2/87  230/0 

	1*2� < 5 �� 

<�/��=�  

7/20 ± 2/123  3/26 ± 5/120  660/0 5/14 ± 2/76  3/11 ± 5/79  340/0 7/20 ± 9/81  5/12 ± 2/89  110/0 

	1*2� < 10 �� 

<�/��=�  

9/20 ± 5/125  7/17 ± 5/125  990/0 3/14 ± 8/79  5/10 ± 3/81  640/0 1/24 ± 6/80  1/13 ± 7/87  100/0 

	1*2� < 15 �� 

<�/��=�  

3/21 ± 7/127  4/17 ± 6/125  680/0 6/14 ± 7/80  1/10 ± 6/81  780/0 3/18 ± 9/81  1/12 ± 9/87  160/0 

	1*2� < 5 


6*��#6 78�  

4/19 ± 6/132  0/17 ± 7/126  220/0 9/12 ± 4/83  9/11 ± 3/84  790/0 4/18 ± 8/84  4/14 ± 3/89  140/0 

���1� P   003/0   001/0 <   200/0  

  
�
k��
� � �# 	��6, 4+������� �# -��9 �# �# 	 
��  -+ ��A � 


����
 # �>��
'�� ��� %�3
 5/4 ± 0/74  �4/22 ± 7/71 6#%J
  � #��

 ��  ��� e  U@t� 4��  M� �  �(� ��,# �
  � �# -��  9 -+��  ��  +  ��  

)470/0  =P( .@ �# 	), �Ac 5��6� %(��i� 4+�� �}
 ����$
  ��z#

 #,� �) 5$� �, ]� 7�,���  ��#�� A    ��� B �� �
 8�," 
,   � I� 2�

+�� (S,�M'),.  

10

9

1

2

3

5

9

8

2 2

4

5

0

2

4

6

8

10

12

�1�
f991 �1��6S �1�59C �1�
f,�&0 !#
-�,� �
�$

��
�:




�:;�<� &���

I
��"6
= A�)-�1
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������� 	
��
� � ���
���� �� ���

�� ���� �
� � �� ���  !��"  �
�

���# ���� ���	
�� 
���� # ��$
% & 

  
� ! 2 .%�&"��� ��*� +�, ���.�/ �54 ��� 
� �� 4 7��/ �)0 
� '�8� 9�4 �� �� ) ����003/0  =P(  

  

  
� ! 3 .%�&"��� ��*� +�, ���/�	� �54 ��� 
� �� 4 7��/ �)0 
� '�8� 9�4 �� �� ���� )001/0 ≤ P(  

  

%&!  

K+� �A� �, >�O�, ,��  �% (��i� �J�� % H �   � q, -#�M' ), �,  
�� �
� � 

>��
'��# �� ��� 4,�

F� ���
 ��B � bU�� >�k�� `��B �, �
!�2� 

�# /,�0� �,�A
����� 	20 �������� "F�� #�� .  

�# ,�� %(��i�� 60 �
��$ +��A�+�, C�$�, /,�0� �,�A
 �� ���  % � 

�@�e 
#�E�� %� �# -��9 �#�	
� -+��A � #�'�
>�� �  
�� �
�   HJ�
� 

+!+� � #��� )���� �,�6 +�'
�9 .�
�,��$ �# -��9 �,  � Y� F'�
 � ��� 


,�9��#
1 � ���% 5��! ���  �_  � )� �   H�0�� ����  4+ �  �5 $� 

4+  � �
  !�2�� I�  � �5  $� ASA � ��  ��   )���'HA,
�� KZ'  B, 

�(�� �,# +�'!,+� � �q, L�+N� -+��A ,� �,  ��,5�,�� �# %(��i� #�-+ 

+����� ��, �, . �'��~ � %	)# -+�� %� C�$'/, ���#� ����� %�  4�� M� 

�tq
� �# ��,#� 
���
� � #�'�
>�� -#�� 	),.  

)���� ���'�,���� #�$�����
1 �
�,��$ �# @� 4 	��) +(� 

�, K�E� D�6 #�'�
>�� � ������� ���� �#,# �
 �,�� $ �#� 	 
� 

-+��A � #�'�
>�� �, ���
  ��B)
C�'H ��
�� ��� 	UH� %�  -�� 9 

�#�	
� -+��A  �
���
� �,#��B�� +�#�� .�W$�
�� �
�,��$  -�� 9 

#�'�
>�� ���
  ��B#�C�')� ��
�� ��� +�'!,# %A ,  ��  4�� M�  � � 

3�\, ����� %� 4���) /
� 5$� )4 -1  	�� )  + (� �,  K� E� 

D�6 (#�� .�, K�@ #��k� �� v�),  �����ANCOVA �
" +��� 

F�

4,� ���
 ��B )
 C�' H � #� C�' )� �#   @�  4+ �  % (��i� 

4��M� �(�� �,# 	!,#��, � 4��M�   �(�� �,#� �# F�  

4,�  bU � 

�
�,��$ -+���� +�� .  
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���� �� ���

�� ���� �
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�

���# ���� ���	
�� 
���� # ��$
% & 

  
� ! 4 .%�&"��� +�0�1 -234 �54 
� ��� �� 4 7��/ �)0 
� '�8� 9�4 �� �� ���� )200/0  =P(  

  

4+� ���� 	��6, �# ������� �# �# #��� -��9 %(��i�  4�� M'� 

#�U� � �, K�@ ��k�# �# �@ 4+�  �% (��i�  }
 �  % Q��� �,  ] � �, 

5$� �# �,��$
� �# -��9 -+���� +��.  

4�(��i� ��k�# "
� ���� -#,# %A +�, -#�M'), �, >��
'��# �# C�$�, 

������
�,�A 4�Uq 1
����#�$� G��i�  �� �  + (� �,  ��
 )���'HA, �# 

��$
� #�O�, �� +��$� .%� �,��� �C�P� �# %(��i� � Nam � �,���$� �# 

���A �-�A 60 ��$
� 	a� 5$� �/,�0 %� 3  -�� 9 20  -� M�  �
 HJ� 

+�+!. %� -��9 C�, 2/0  � �
�  >� 9/ >�9� �
A  �>�� 
'��#  % �  -�� 9 >�#   

5/1 ��
� >�9/>�9��
A C���$), � %�  -�� 9  >� )    " 
� (+�� ! -�� 9)   

5 ��
� �'
� C���� �
��) e��"� .+�#�9 ���
 ��B � bU� �,��$
�  % ) 

-��9 �# ���� #��� %� ������� #��� �)��� �,�6  	 
�9 .�#  -�� 9 

	  
���# -+  ��A � >��  
'��# � �C���$  ), �,�,# bU  � � ��  �
 ��  B 

�
��� ��� 	UH� %� -��9 +��! +�#�� .�#  �
 �  �C� /  �� �
  �� B � 

bU� -��9 �# >��
'��# ��?�� �, -��9 C���$), #�� )6.(  

�# %(��i� � Jiang � ��,���$� 60 ��$
�  �� @ %�  �
#� E�  % �  �� 2z 

-��9 15 -�M� �
HJ� +�+! .-��9 C�, %� �,��� -��9  +�� !  C� ���  �
�� ) 

	
���# +�#�A .-��9 >�# ��
f�A�+
� -��9  >� )  >�� 
'��# �  -�� 9  >�� 2z 

�
f�A�+
�  +>��
'��# 	
���# .+�#�$� 	
(Q� ���
 ��B �  bU �  �,�� $
� 

�# >�k�� #��� %� ������� #���  ��� ���,  �,� 6  	 
�9 . �# � �,  �% (��i� 

	
(Q� ���
 ��B � bU� �,��$
� -��9 +��!  �� @ %�  � �(� ��,#  ��?� � 

�, �# -��9 �k�# #�� . ��
 �W$�  -�� 9  >�� 2z  % A  �
f�A�+ 
� �  >�� 
'��# 

	
���# -#�A �+�#�� �
���  ��� �  �� �
  �� B �  bU � ,�  +�' !,# .�#  � �, 

�%(��i� �,�� C�'�A ���
 ��B � bU� +(� �, ��
)���'HA,  �,�� $
�  	 a� 

�5$� >��
'��# ���q�� �, �
f�A�+
� 	), -#�� )7(.  

�# %   (��i� � Yu � ��,��   �$� �
qt   � �# ���,# >��   
'��# � 

�
X�#���
� �# C�'�A ���
 ��B � bU� �,��$
�  + (� �,  ��
 )���'HA, 

#���  % H��J�  �,� 6  	 
�9 .�#  � �,  �% (��i� 60  �� $
�  	 a�  5 $� 

�����
�,�A %� %) -��9 20 -�M� �
HJ� .+�+! -��9 C�, C���� ��
��) 

-��9 >�# >��
'��# � -��9 >�) �
X�#���
� 	
���# .+�#�A ���
 ��B 

� bU� �# �,��$
� ���� ��
)���'HA, -�,+�, ��
9 �  � �  	
( Q�  % ��� 

)5U6 5$� �, (%H��J� +�#�9 .�# ��,  �% (��i�  8�," 
,  �� �
  �� B � 

bU� �# -��9 	
���# -+��A � C���� ��
��) ��@ %� ��(� ��,#  ��?� � 

�, �# -��9 �k�# #�� .��
�W$�  ~�� '�  � �,  % (��i�  �� �� �#,# ���,# 

>��
'��# ���q�� �, �
X�#���
� �#  C� '�A  �� �
  �� B �  bU �  + (� �, 

5$� �����
�,�A ��  +!��)9-8.(  

�+! %'M9 %W���z >��
'��#  	 �� %�  7�,� �  �U�� 0  � E'N� �# 

C�$�, �/,�0 �����
�,�A 5��6 -#�M'), 	), � �� �,�� �, �� �,��� %� 

1� ���,# C�'�A -+��A � ���
 ��B +(� �, ��
)���'HA, -#�M'),  #�A

)5(,�z * >��
'��# %A ���� -# �U�6 ,� 	��q %k� �� �#�,# �#   % A ��� / 

��B ���
 � 	���J� j���  1
$' H
) ,�  8�� A  � �  + �# . �� ��0 

��B ��"F� �� >��
'��# Compromised �$� #�! �  % �  �
 $�  �5 
�# 

>��
'��# 1� ���,# G��i� �# ����# ��B ���
 C�'�A -+�� �#  � @ 

���$
� ]�,���, ���   " F� j�� �  � �  + !�� �  � �  + �,�� �#  �,�� $
� 

G�E�, �/,�0 #��� -#�M'), �,�6  #�
9)6.(  

  

'(����$ � �)�*  

%��J� � ����� �, %'
�9�� ��Q�/ %��� �  �� 'A#  % 
�/ �,  	 ),  % A  � � 

-��$! � 391196 �# 	���(� ����.� -+���,# � ��!"� 3��E� � 

�� 	��$/  �� �   	 ���(� � �,  % �  >� O�,  .+
 )�  ��9+� H���  % ��J� �, 

4�$/� ����, ��+J� � ���� �� +���$�. 

  

70

75

80

85

90

95

U&V U+< �
 ?V�$ �= ?V�$ �$ ?V�$ -��g ?V�$  �F�<=0 4-��X
-  �F�<=5 4-��X
-  �F�<=10 

4-��X
-

 �F�<=15 

4-��X
-

 �F�<=5 

���$���"#��

��
�?

� 
��

 @
�?

 �
�$�

A
 )

�2
���

�

�:;�<� ���(

A�)-�1 I
��"6
=



 

  

  
www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /364 ����� 	 �! /"��# 1394 2245 

������� 	
��
� � ���
���� �� ���

�� ���� �
� � �� ���  !��"  �
�

���# ���� ���	
�� 
���� # ��$
% & 

References 
1. Edward RW, Richards JR. An investigation into the 

quality of post operation status. Ann Med 2010; 35: 
63-7. 

2. Sou YZ. Common early complication in the 
extubation time. J anesthesiology. 2009; 31: 52-4. 

3. Avila J. Assessment of health care needs in the post 
operation. NBC 2008; 9: 46-52. 

4. Hartley M, Vaughan RS. Problems associated with 
tracheal extubation. Br J Anaesth 1993; 71(4): 561-8. 

5. Fujii Y, Saitoh Y, Takahashi S, Toyooka H. 
Combined diltiazem and lidocaine reduces 
cardiovascular responses to tracheal extubation and 
anesthesia emergence in hypertensive patients. Can J 
Anaesth 1999; 46(10): 952-6. 

6. Nam DH, Park BS, Kang HS. Cardiovascular 
response of esmolol and diltiazem to endotracheal 

extubation. Korean J Anesthesiol 1996; 31(1): 43-8. 
[In Korean]. 

7. Jiang L, Wan XJ, Xu H, Bian JJ, Han WJ, Zhu KM, 
et al. Effect of diltiazem and lidocaine on arterial 
pressure or heart rate and the quality of extubation in 
patients undergoing uvulopalato-pharyngoplasty. 
Journal of Medical Colleges of PLA 2007; 22(4): 
230-3. 

8. Yu B,Wang BG,Wang YZ. Effect of diltiazem and 
nicardipine on postoperative extubation response in 
patients with intracranial surgery. Chinese Journal of 
General Practice 2011; .9. 

9. Owens WB. Blood pressure control in acute 
cerebrovascular disease. J Clin Hypertens 
(Greenwich) 2011; 13(3): 205-11. 



 

 

1- Associate Professor, Anesthesiology and Critical Care Research center, Isfahan University of Medical Sciences, Isfahan, Iran 
2- Student of Medicine, School of Medicine AND Student Research Committee, Isfahan University of Medical Sciences, Isfahan, Iran 
Corresponding Author: Mohammadali Attari MD, Email: attari@med.mui.ac.ir 
 

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /364 ����� 	 �! /"��# 1394 2246 

Journal of Isfahan Medical School Received: 17.10.2015 
 

Vol. 33, No. 364, 4th Week, February 2016 Accepted: 22.01.2016 
 

 
Comparison of the Effects of Morphine and Diltiazem on Blood Pressure and 

Heart Rate during Craniotomy Surgeries 

 
Mohammadali Attari MD1, Reihanak Talakoub MD1, Batool Rahimzadeh2 

 
Abstract 
Background: Getting out of the anesthesia occurs with stimulation of sympathetic system and increasing in 
patient's pulse and blood pressure. Various methods are used to control the blood pressure and heart rate, but 
there is no single method, so far. This study aimed to compare the effects of morphine and diltiazem of blood 
pressure and pulse rate in recovery time among the patients underwent craniotomy.  

Methods: In a double-blind clinical trial study during 2012-2013, 60 patients who were candidates for 
craniotomy were selected and divided in two groups of 30. The first group received 60 mg diltiazem and the 
second group received 0.1 mg/kg morphine. During 4 hours after the surgery, the hemodynamic variables were 
checked and compared between the two groups. 

Findings: Before the operation, the mean systolic blood pressure was 120.6 ± 12.5 and 126.8 ± 18.7 mmHg in 
morphine and diltiazem groups, respectively (P = 0.560). 4 hours after the drug consumption, mean systolic 
blood pressure was 130.6 ± 13.2 and 100.4 ± 16.2 mmHg in morphine and diltiazem groups, respectively  
(P < 0.001). During the follow-up period in recovery room, there was no significant difference between the 
blood pressure and heart rate between the two groups; but 4 hours after the drug consumption, systolic and 
diastolic blood pressure was significantly lower in the diltiazem group. During the study, there was no 
significant difference in heart rates between the two groups. 

Conclusion: According to the results of the study, using diltiazem led to better control of blood pressure during 
craniotomy with little side effects. So, it can be used safely in patients under craniotomy. 

Keywords: Craniotomy, Diltiazem, Morphine 
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Abstract 
Background: Silver nanoparticles (AgNPs) are widely consumed in different fields of biology and exposure to 
them have increased. This study was designed to evaluate the effects of subcutaneous administration of silver 
nanoparticles during pregnancy on development of some internal organs and liver histomorphometry of mouse 
offspring.  

Methods: Fifteen pregnant NMRI female mice in three groups were subcutaneously administered every three 
days until delivery with 0 (control), 0.2, and 2 mg/kg of body weight (BW) of silver nanoparticles. Internal 
organs of five male and five female offspring from each groups were weighed following anesthesia on 28th day 
offspring. Histological liver sections were also prepared to assess histomorphometry of liver. Finally, results 
were analyzed according to the treatment and sex. 

Findings: There were no significant differences in offspring body weights (P > 0.05). Partial weight of spleen 
were lower in the group received 2 mg/kg nanoparticles compared to the control group (P < 0.01). Although liver 
partial weight were not significantly different between the groups (P > 0.05), the effect of silver nanoparticles on 
liver weight was influenced by the sex (P < 0.05), in a way that only the liver weight of male mice were 
increased (P < 0.05). Number of hepatocytes decreased and their size increased sex-independently in silver-
nanoparticles-treated groups compared to control group (P < 0.01). 

Conclusion: Although exposure of pregnant mice to silver nanoparticles has no effect on the growth of their 
offspring, it leads to increased liver weight and liver structural changes. 
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The Relationship between the Scores of Bispectral Index (BIS) and Glasgow 

Coma Scale (GCS) in Poisoned Patients with Decreased Level of Consciousness 

Requiring Tracheal Intubation 

 
Mitra Jabal-Ameli MD1, Nastaran Eizadi-Mood MD2, Parisa Tavangar-Rad3, Ahmad Yaraghi MD1 

 
Abstract 
Background: Determining the depth of anesthesia or loss of consciousness in poisoned patients admitted to 
hospitals is one of the most important issues in determining the necessity to tracheal intubation. This study aimed 
to investigate the relationship between the scores of Bispectral index (BIS) and Glasgow coma scale (GCS) in 
poisoned patients with loss of consciousness requiring tracheal intubation.  

Methods: 24 poisoned patients referred to Noor Hospital in Isfahan, Iran were enrolled. The level of 
consciousness was recorded using the GCS and BIS in two times, one at the beginning and the other at the time 
of tracheal intubation. Finally, the data were analyzed using independent-t and Pearson's correlation and 
regression analysis tests via SPSS software. 

Findings: There was a significant correlation between the BIS and GCS scores at admission that as BIS 
increased in patients, the GCS score increased, too (P = 0.050). In addition, a significant relationship was found 
between the BIS scores at the admission and during tracheal intubation (P = 0.001). 

Conclusion: As in our study, the hemodynamic changes was very low and the BIS changes was lower than the 
GCS, we can understand that BIS is more indicative in showing hemodynamic changes and complications 
associated with tracheal intubation. 

Keywords: Bispectral index (BIS), Glasgow coma scale (GCS) Intubation, Poisoned 
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���� 2 �"��( 2��#& .ANCOVA ���� Interleukin-17 )IL-17( 3&
"��( 3��! �.  

  ���� �� �� �  !	"��� #�$%	��  F   � ���P 


�
 1,234 ���  2  89/5584  220/3  050/0  

�,56� 0.��7� 8 Interleukin-17  1  51/389  225/0  638/0  


609  1  23/11153  430/6  015/0  

�:;  47  00/1734      
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���� 3 �"��( 2��#& .ANCOVA $�#%&"'�
( ��
��� ����  

  ���� �� �� �  !	"��� #�$%	��  F   � ���P 


�
 1,234 ���  2  86/20464  16/21  001/0 <  

�,56� 0.��7� ", 	�+-.�/ 8  1  52/3394  10/35  001/0  


609  1  77/8553  85/8  005/0  

�:;  47  90/966  

 ����* {����ANCOVA 1��� S� '0 ��� ��?� ������a��* $��	 ����Z� "���  VD�� 
$���Z�	� ���#� "W���
� $� ����� ����	 '� 9�H� ���� ������a��* $��	 n�B	 ) ���005/0  =P(.  

  

���� 4 �"��( 2��#& .ANCOVA  �����"�
��#!�  

  ���� �� �� �  !	"��� #�$%	��  F  � ��� P 

 ���
�
 1,234  2  9/1424  057/9  001/0 <  

�,56� 0.��7� �+.��0 �� 8  1  29/1018  47/6  015/0  


609  1  27/2314  71/14  001/0 <  

�:;  47  33/157  
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The Effect of 8 Weeks of Aerobic Training on Serum Levels of Interleukin-17, 

Adiponectin, and Estradiol in Women with Breast Cancer 

 
Abdolreza Kazemi PhD1, Lida Radmehr MSc2, Mokhtar Ghanbarzadeh MSc2 

 
Abstract 
Background: Today, breast cancer is most current cancer disease in women. The role of the aerobic training as 
preventive and adjuvant therapy in cancer is concerned. This study aimed to examine the effect of the aerobic 
training on the levels of interleukin-17 (IL-17), adiponectin and estradiol in women with breast cancer.  

Methods: 40 patients with breast cancer were randomly divided into two equal groups of exercise and control. 
The training group performed aerobic training for 8 weeks with intensity between 40 to 55 percent of target heart 
rate. 24 hours before the first and 48 hours after the last session of exercise protocol, blood samples were taken 
from both groups and serum levels of IL-17, adiponectin and estradiol were measured using enzyme-linked 
immunosorbent assay (ELISA). 

Findings: 8 weeks of aerobic exercise training increased adiponectin (P = 0.005) and decreased IL-17 (P = 0.015) and 
estradiol (P < 0.001) serum levels. 

Conclusion: The results of the present study suggested that levels of IL-17 and estradiol in response to aerobic 
training decreased but serum level of adiponectin as anti-inflammatory factor increased. So the exercise training 
can be an appropriate method for prevention and adjutant therapy in cancer. 
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