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Abstract  

Severe skin damage or defects can cause various problems in living animates, which 

could affect a patient's life. Developing wound dressings with acceptable antibacterial 

activity, besides biocompatibility and biodegradability, is essential in developing wound 

healing applications for decreasing or limiting synthetic antibiotic abuse. The present 

study aimed to design, prepare, and develop a functional hydrogel structure based on 

chitosan (CS) containing clove extract (CEO) with enhanced antibacterial activity, non-

toxicity, and wound-healing potential. The hydrogel structure was studied using a 

scanning electron microscope (SEM) and Fourier transform infrared (FTIR). In 

addition, the cytotoxicity of the designed hydrogel was assayed by the MTT test. Based 

on the SEM, adding clove extract increased the pore size of the CS hydrogel. FTIR 

analysis confirmed the presence and mixture of clove extract with CS in the hydrogel 

structure. Our investigations displayed that the clove extract-loaded CS hydrogel did not 

have cytotoxic effects on the mouse fibroblast (L929) cells. In addition, the designed 

hydrogel showed antibacterial activity against Staphylococcus aureus and Escherichia 

coli. According to the results, CS/CEO hydrogel is a great potential candidate for 

antibiotic-free wound healing applications. 
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�4,# 56e� .����� �8����/ (
�IK�) |��
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 .�"  

�-$��+� ;+�D :	���� ���$5W
8�,& ����  
��6.,�

5/1  �k8�)w/v ()CS ( 8� 
 	�" _��6� 8�6( ��

) V,.�� �,�� 5� 1% *�� D$ ���� ���� 8� (24 

 .�#�� 8��C 8�,.�� �-� �G�� P& �$ 
���I&

 56e-� �� 	��\.�� �$ �	�" D,�� 56e-� 
�86/NaOH 

)N10 
��,� (pH  	��� Q���#� �z!/ 	�
�-� ��

��6" 	8�SG �
�  
��6.,� 5W
8�,& D,�� ���$ .�

) VN,�CS/CEO
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 D,�� V,.�� �,�� 5�  8���6" 	8�SG xr� .�


��,� D$ VN,� 0625/0 �k8�  �� 	�
�#� 56e-� D$

 56e-� �� 	��\.�� �$ ����� 8� 
 	�"NaOH )N10 (

 
��,�pH  P,t!� �z!/ 	�
�-� ����6" .�  

 �� �-$��+� ��*E�� ���#� �
$#*='. F�=�$#=+3
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 8�./�� �$���8�5W
8�,&�& D,�� �

 ��
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8�,&�& �CS   
CS/CEO  8�

�� 56e-�) �,c�K���#�8�( 
 �,c�K�8��6e� �4,�2 �k8� (

 *�� D$V�  �$ xr� .�" 	��$ 
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 8� 
 	��� 6�.�" 8���#80-  D$ DE8� *��4  �G��
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�.%K� ]6%�
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I+J )�3�K�L��Fourier Transform Infrared  
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6��� ���$ ��&
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8�,& ��&8�./�� ���,I," ��&��6,( 
 �e��G

CS D$861  VN,� 	8�SG �$ 	�" d,\e� 
 D��(

CS/CEO  �a!� ^,1  ��FTIR ^,1 .�" 	��\.�� 

 �a!�FTIR �.�6.#6.%r�� 	��.�� �$Burker  

)55Equinox  p6J
 �$ (
�IK� �1-cm 4 	�
�-� 
 �
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�0A�$ ��$#=+3 �M 
���-$��+��� 
CS/CEO :

� ��E �$
�%,��J �,K�L# �$���85W
8�,&�& D,�� �

 ��& DSN�� .����� 	��\.�� ��.��$ D�6� 
� �� 	�"

��.��$�&  	8�I" 5
�E 8�1  .��� 	�" Dc�8� ���$

 ��.$� �$
�%,� �J ��� )�a����.��$�& �E. coli و 

S. aureus �$ 8 �$ 8��� 

��6� ��� l,-� �


 ��� ���%� *86S$ F��.�� ]�6� �� 	��\.��

 *�� D$ 
 �" 	���24  8��C 86��$6%�� 

8� �G��

�,e( ���� 8� �xr� .�" 	��� 
��,� �&µl 300  �� ��

D�6I��&) VN,� 	8�SG �CEO extract 5W
8�,& �(
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��6.,�CS 	8�SG �
�  
��6.,� 5W
8�,& 
 (

) VN,�CS/CEO �"@� �$ .�" 	�
�#� (24  �G��

 
6,��$6%�� ��D�6I��&�UC �86��$6%�� 8� 	�" 8�I,� � 
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 ��,������ �"8 )�G ��&
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���� ������. 
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���� �$���8� 86t!� 5W
8�,& �8�����CS/CEO  ��
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24  5W
8�,& D�6I� �xr� .���" 	��� ��� �G��

CS/CEO  Pa  8�100 �.,K
�%,�  
 D#�J� l,-� D$

 *�� D$ ���a�24  8��C 86��$6%�� 

8� �G��

 ._.#�� �"@� �$24  8�I,� �� �G��56e��&  �$

 5W
8�,&CS/CEO  �W6K6#86�56e��&  *8
�a� 8�

 O6%L� �86� ]6%�
�%,� �� 	��\.�� �$ 5W
8�,&

)Bell, INV-100FL 8� 56e� ��� �� .�" 	�&��� (

6e� ��� �,e(.�" 	��\.�� 5�.!� D�6I� 
�6!L$ 5  

��
� ������. ��(� �
�3L929  ��$�L3 �%

 �-$��+�CS/CEO : 5W
8�,& D�6I�CS/CEO  �$

pH �
�  8/6  Pa  D$100  �.,K
�%,� D$ 
 D."���$

 ���L�410  56e�929L  �$ xr� .����� �6eN� 
� �$

 56e-� �� 	��\.��NaOH  
��,�pH �z!/ �
�  D$ 

)2/7  ��4/7(  .�" P,t!�D�6I��&56e� �- �$ 5W
8�,&

  �� 	��\.��PBS  	��� 6" 
 ��" ��� l,-� 


 �D���� 8� .���"D�6I��&56e� �- 	���� 5W
8�,&

 56e� ��� �,e( D$ 	�" ����96  F+.!�  D��/

��6" .�D�6I��&  ��� l,-� �� 	��\.�� �$DMEM 

 �
� FBS 10  �k8� ����� 	��$ ���$24 �48  
72 

 86��$6%�� 

8� �G�� 2CO 5  �k8� �$618 �$95 

�k8�  ���L� ����� 	��$ �& ���$ .�" 	��� 8��C3  8�$

 8��%�) D�6I� ��3  =n��� �,e( 8� ��� 
 (  56e�

 .�" D.#�� �t� 8� 5�.!� D�6I� 
�6!L$ �"@� �� x(

	��$ 56e-� �	�" ^��L� ����� ��&MTT )10 

(�k8� ,�� ��� l,-� F� Pa  �� V&�h �& D$ 
 D

 *�� D$ 
 	�
�#�3  	��� 8��C 86��$6%�� 

8� �G��

 �� �L$ 	�" F,%�� 

���
�# ��&86e$ .�"3  �G��

 �� 	��\.�� �$ �
6,��$6%��DMSO  �� 	��\.�� �$ 
 F 

�,e(
�%,� Q��6/ 	��.�� )Bio-Tek 	�
�-� 8� (

 y6� 561570  �.�6��� .�" 	���6/  

  

 5
�E1- DSN�� ��.��$��&�$
�%,��J ��� 8� 	��\�� �86� �  
Table 1. Characteristics of the bacteria used in antibacterial testing 

Gram Reaction Standard Number Bacterium name 

Positive ATTC 25923 Staphylococcus areus (S. aureus) 
Negative ATTC 1330 Escherichia coli (E. coli) 
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 ���%���"�$ 5W
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I+J�L��Fourier Transform Infrared 

Spectroscopy )FTIR( : ��6S� 8�b1 w@E ^,1 �

 5W
8�,& D�6I� 
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8�,& 
 _,�� ��&��"�$ �)22 ,

23(V,( . ��& D, ��1-cm 1245  
1163  0,��� D$

	
�� �"�L�8� Q�� D$ �6$�� ��&��6,( _,�� ��&

C-N F( 
8�+.��� �"�L�8� Q�� 
 ��.�� ��&

 ��&��6,(C-O ��� 	�&��� F$�C )24( . 8� �
�-�
1-cm 3591  
1609  8� 56�W6c� 	
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 F%" 8��6I� 8� 	�&���b1�6E
 �  
��6.,� �I,e(

) VN,� 	8�SG �$ 	��I&CS/CEO.��� �,c�� F$�C (  



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 12-1 	���#� $ %�&�� 

  

6 

 

 ��$#=+3�M �+'�O7 ������.�-$��+��� 


CS/CEO :$D �,K�L# D���+� 
 �$���8� 86t!�

 	�" D,�� 5W
8�,& �$
�%,��JCS/CEO D�6I� 
� �

) 
��6.,� 5W
8�,&CS) VN,� 	8�SG 
 (CEO 

extract.�#�� 8��C DLK�U� �86� �,� (  O����$

 F%" 8� 	�" Dc�8� 8��6I� 
 ��
�S�b  
a2 _��.�,$ �

 ��.��$ 
� D,eG �$
�%,��J �,K�L#E. coli  
S. 

aurous  	�,� �� 	�" y��N.�� 	8�SG D$ �6$��

 VN,���"�$ �,K�L# �6E
 DE6� F$�C D.%� .�

 5W
8�,& �����.��$�JCS  	8�SG �8�@�8�$ �C�#

,k�/ 	�!!��,c�� D� ���� VN,� �����.��$�J �

 
��6.,���"�$ �����.��$�J �,K�L# .�5W
8�,&�& 

)CS 
 CS/CEO��.��$ D,eG VN,� 	8�SG 
 (E. 

coli  ��.��$ �� �.�,$S. aureus  .���  

���� ���#� $ 
��0�����
��
�3  ��(�L929  �%

�-$��+� ��$�L3 : ��
�S� D� 86U��I&a3  F$�C

 5W
8�,& ���� 	�&���CS/CEO �C�#  ���$ �,I�

56e��& �L929 ���� ��8�4G D$ �� 	�6$ 8�����

��"�$ 5W
8�,& �$ 	�" 8�I,� D�6I� D���+� 8� .�

CS/CEO 
 �"8 ��
8 8� ��
�\� 5�.!� D�6I� �$ 

 �W6K6#86�56e��& � 	����I6"	��� 
��,� .� ����

56e��& �L929  ��� �� 	��\.�� �$MTT  D���+� 8�

 5W
8�,&CS/CEO  �$ F%" 8� 5�.!� D�6I�b3  Dc�8�

 
 �"8 ��
8 DLK�U� �86� D�6I� 
� �& .��� 	�"

 �,z%�56e��& �L929  ����� 	��$ 8�72  �G��

 .��� 	�!���# ��� ��8��56e��& �L929  	�" 8�I,�

 5W
8�,& �$CS/CEO  8� �8 �����#� �"8 ��
83  	��$

 ��!&� �� 
��� �����D$861 D���+� 8� D%�24  �$72 

 jU� ��8�� �G���!L�8�� �001/0 p < ��"�$ .�

 �K6e� �"8 D� ��� �K� 8� _��D�6I��&8� 5�.!� � 

 5W
8�,& �$ 	�" 8�I,� �$ D���+�CS/CEO  �.�,$

 D.%� _�� .�������6� VN,� 	8�SG 86b  F,K�$ �

 5W
8�,& D�6I� 8�CS  .�"�$  

 
 F%"1- DSN�� �$��5W
8�,&�&) .	�" �.!� �a ( ��
�S�SEM  ��5W
8�,&�& �CS  
CS/CEO ��I!�8�$��
�S� ��: 500 



�%,� . )b ^,1 (FTIR 5W
8�,&�& �CS  
CS/CEO.  
Fig. 1. The synthesized hydrogels characterization. (a) SEM images of CS and CS/CEO hydrogels 

Magnification: 500 µm. (b) FTIR spectra of CS and CS/CEO hydrogels. 
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 F%"2- �$���8�  �$
�%,� �J �,K�L#5W
8�,&�&) .	�" �.!� �a �$
�%,��J �,K�L# ��
�S� (5W
8�,&�& �CS  
CS/CEO 

D�6� F$�+� 8� ��.��$ ��&E.coli and S. aureus) .b ���$ 8��� l,-� �
8 �$ �8����$ D, �� _,���,� 8��6I� (E.coli and S. 

aureus  �� �L$ �$ 
6,��$6%��5W
8�,&�& �CS  
CS/CEO . 

Fig. 2. The antimicrobial activity assay of synthesized hydrogels. (a) Antimicrobial activity of images of 

CS and CS/CEO hydrogels against E. coli and S. aureus. strains (b) Average diameter of inhibition zone 

area on agar for E. coli and S. aureus after incubation of CS and CS/CEO hydrogels. 
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 F%"3- �$���8�

�$ ��&) .�!�a �86� ]6%�
�%,� ��
�S� (56e��& �L929  5W
8�,& �
8 �$CS/CEO $ �� �L24 

�� �t� 8� 5�.!� 
�6!L$ 5W
8�,& 

�$ 56e� ��� �,e( 8� ��� .
6,��$6%�� �G���S� ���I!�8�$ .�" D.# ��
x100 

��"�$) .�b	��� () �"6� �.��$
�4,# 56e� ����L929 5W
8�,& �
8 �$ 	�" ��� (CS/CEO  8� 5�.!� 
$ ����� 	��24-

72  .
6,��$6%�� �� �L$ �G�� 

Fig. 3. In-vitro assay. (a) Inverted microscopy images of L929 cells on CS/CEO hydrogel after 24h 

incubation. A plate well without hydrogel was used as a control. The magnification of images is 100x. (b) 

The cell viability of mouse fibroblast cells (L929) was seeded on CS/CEO hydrogel and controlled after 

24-72h incubation.  
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 �/�� ?
8 
 	����� 	��� u6�P/� ?6( �c� 
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��6.,� �I,e( ���� D.#�� 8��C 	�6  _�� _,++-�

��"�$�!� _,.,� 
6,��,.��� 56S-� 
��6.,� .�� 

�N� �� D.#������ �I,e(6,$ _�� .��� 
�.�6( -

���� 
 8�����0��N���'�
 D� 	�6$ ��@( D,K
� ��&

 V� ��,� �86�P/� ?6(��"�$ �,k�/ �_,!`I& .�

6$ �$
�%,��J�����.��$�J 	'� �h8�C�J 
 i���� �
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8 �,k�/�.��
��,����  �86�6��J

F$�C�,Z ���I� 0E6� V,�6,��� �,&�� 
 _�� ��IZ�

 ��� 	�" �I,e()15� 29� 30( . �$ �8�./�� D,��
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Abstract 

Studying helminth parasites of the digestive tract of fish can complete our information 

about parasite distribution, host characteristics, and food safety, especially regarding 

edible fish in the Persian Gulf. The aim of this study was to investigate helminth 

parasites in the digestive tract of Cynogossus bilineatus caught off the coast of Bandar 

Abbas. For this purpose, the digestive tract of 50 C. bilineatus was examined during the 

summer of 2017 in Bandar Abbas. After procuring the fishes, they were transferred to 

the laboratory and different parts of their bodies were measured for morphometric 

study. Then whole digestive tract of the fishes was removed, opened with a small 

scissor into a dish and the content digestive tract and body cavity searched for the 

presence of helminth. Finally, the parasites were then stained and identified with the 

help of reliable sources. The helminthic parasites that were recovered from the digestive 

tract of the fishes were identified as follows: The trematodes Lepocreadioides zebrini 

and acanthocephalan Hemiradinorhynchus leuciscus were recovered from C. bilineatus 

with 10% and 2% infection rate respectively. In addition, cestodes Scolex pleuronectis, 

Trypanorhyncha larvae, as well as Anisakis sp each with a 2% infection rate were 

isolated from C. bilineatus.  All these parasites are reported for the first time from C. 
bilineatus caught from the coasts of the Persian Gulf. The finding of Scolex 

pleuronectis, Trypanorhyncha larvae, and Anisakis sp. as new records for C. bilineatus 

highlights the importance of continued parasitological surveys to better understand the 

biodiversity and ecological relationships within this marine environment. 

 
Keywords: Cynogossus bilineatus, Helminth parasites, Anisakis, Bandar Abbas. 
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Petrochenko, 1956:  )'	0�P��>��?W  �
��.W %	�"  �#

2  	�	� 	� �'I 3�"N�SM E? 
��# �N��� ��# %�# .�

 �$ 
��M ��	���M � +"Z� �a��M r��� �
�"�?

:%�# 0�C  .��	� E 	�	 %�# � 	�, E-"� @�&>�	 78/2 

��" �>  :u�� �166  \��M ��C�M 0�C �%���" 

:
�� 6/147  
�� \��M ��C�M u�� �%���": 

5/61  �� �=��M �%���" 11 r� Y'�� 
I	��	 ��'�$

 :��M3/20  ��6/40  ���) %���" 5.(  

LK�� ;'� �,0�8�� 4��� ���- 4�� MA0N- 
��

�A,
* �/)�(G & : L'�>� ��>24-= %� IW E# Ea�$ �#

fM�� )"# E? �	� %��� %�#I �=�  %�# Y�>Z  @�=

 � (%�# ��F#	 E# %I� !42� � %�# 0�C �%I�) �
��.W

 0��a) ��	�� ��a� ��>24-= E��
 �"= �����	3.( 

��F  EG#	� 0��a )'	 m4C �# �# �	�05/0 p ≤  �� gV6

 E.�# �$ 
I�� E�N�6 � ���#W <P�  �$ 
I�� E�N�6 ��	� 

.��	� ��a� �>�� 

    

 0��a1-  O'�> �6��  3�SZ� �=� �=��4� ���# �*	�� �� 
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Table 1 Morphometric indicators of tongue soles caught off the coast of in Bandar Abbas coast 

Indicators Size (mm) 

 Average SE 

Total weight (g) 47. 63 19.51 

Total length (mm) 228. 19 29.36 

Standard length (mm) 212. 67 29.24 

Dorsal fin length (mm) 10. 99 2.02 

Ventral fin length (mm) 11. 04 2.21 

Distance between eyes (mm) 2. 77 2.40 

Dorsal fin base (mm) 218. 46 27.28 

Ventral fin base (mm) 182.02 31.19 

Distance from snout to eye (mm) 18.41 3.61 

 
 0��a2- ��?�� 
�� !6�' @�=50   %�#I �=�  ���Cynoglossus linnaeus ��4� ���# �*	�� �� 
�� �"N 

Table 2. Helminths found in 50 tongue soles (Cynoglossus Linnaeus) caught on the coast of Bandar Abbas 

Parsites Class No. Infection % 

                Lepocreadioides zebrini         Trematode 5 10 

                           Scolex pleuronectis  Cestode 1 2 

Trypanorhyncha                                      Cestode 1 2 

Anisakis sp.                                             Nematode 1 2 

    Hemiradinorhynchus leuciscus    Acanthocephala 1 2 

  

 0��a3- �=�  O'�> �6��  3�SZ� ��4����# �*	�� �� 
�� �"N � �? ���	 E# 
��.W�"D � 
��.W %�#I @�= 

Table 3. Morphometric characteristics of tounge sole infected and not infected with helminth parasites caught on the 

coast of Bandar Abbas 
Indecies Non-infected Infected F p  Correlation  

Mean  SE Mean  SE 

Total weight (g) 48.14 19.98 44.93 17.74 0.10 0.74 Absent 

Total length (mm) 228.19 29.41 228.18 31.15 0.09 0.76 Absent 

Standard length (mm) 212.61 29.42 212.93 30.27 0.06 0.79 Absent 

Maximum body thickness (mm) 9.04 1.65 8.72 1.67 0.09 0.76 Absent 

Dorsal fin base length (mm) 217.28 26.97 224.62 29.98 0.002 0.96 Absent 

Ventral fin base length (mm) 183.00 32.11 176.87 27.11 0.59 0.44 Absent 

Dorsal fin height (mm)  10.88 1.98 11.59 2.28 0.45 0.50 Absent 

Ventral fin height (mm) 11.01 2.21 11.25 2.32 .018 0.89 Absent 

Distance from snout to dorsal fin (mm) 14.03  5.46 19.18 3.68 4.64 0.03 Present 

Distance from snout to eye (mm) 18.14 3.69 19.82 2.92 0.05 0.81 absent 

Distance between two eyes (mm) 2.81 2.61 2.56 .67 0.52 0.47 absent 

Left eye diameter (mm) 3.38 .79 3.66 1.04 1.01 0.31 absent 

Right eye diameter (mm) 3.09  1.00 3.00 1.41 0.81 0.37 absent 
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Lateral line to ventral fin distance 24.49  4.54 27.75 6.87 1.78 0.18 Absence 

Distance from lateral line to dorsal fin 24.25  4.59 25.09 6.76 0.73 0.39 Absence 

Distance from snout to gill opening 36.22  14.02 46.81 7.86 4.31 0.04 Present 

  

  

 
 ���1 - ���	 Lepocreadioides zebrini  

Fig. 1. Lepocreadioides zebrine 

 

  
��� 2 - ���	 Scolex pleuronectis  

Fig. 2. Scolex pleuronectis parasite 
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 ���3 - ���	  Trypanorhyncha  

Fig. 3. Trypanorhyncha 

  

  
��� 4 -  ���	Anisakis sp.  

Fig. 4. Anisakis sp. 
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��� 5 -  ���	Hemiradinorhynchus leuciscus 

Fig. 5. Parasite Hemiradinorhynchus leuciscus 
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Abstract 

Milk thistle (Silybum marianum) is a medicinal plant with anti-inflammatory and 

antioxidant properties and in the treatment of chronic liver and inflammatory diseases 

that grows in the Mediterranean region. This study aimed to investigate the effect of 

silymarin in milk thistle on lipid profile, liver enzymes, and inflammatory cytokines in 

the blood of male Wistar rats. First, 16 adult rats with an average weight of 180-200 

grams were selected and treated with silymarin and accumulated alpha-amylase. Then, 

by comparing with the control sample, the profile of triglycerides, cholesterol, low-

density lipoprotein (LDL), high-density lipoprotein (HDL), liver enzymes alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) 

and also, inflammatory cytokines interleukin 6 (IL-6), interleukin 1-beta (IL-1β), tumor 

necrosis factor-alpha (TNF-α), nuclear factor kappa B (NFKB) and C-reactive protein 

(CRP) with kits specificity and ELISA method were assessed. Data analyzed using 

ANOVA and Tukey's post hoc tests by the SPSS software. Based on the results, the 

group treated with silymarin dissolved in 1% dimethyl sulfoxide and agglomerated 

alpha-amylase showed a significant reduction effect on the level of inflammatory 

cytokines, liver enzymes, LDL, triglycerides, and cholesterol and also a significant 

increase in HDL in the blood, compared to other groups. It is concluded that silymarin 

can potentially protect the liver by modulating the level of liver enzymes. By reducing 

the lipid profile and inflammatory factors in the blood, it plays an important role in 

reducing diseases related to the liver, cardiovascular, and immune system, further 

research should determines the optimal doses and areas and the individual 

characteristics of the patient and underlying diseases. 
 
Keywords: Milk thistle, Alpha-amylase, Cytokine, Liver enzymes, Lipid profile, Silybum 

marianum. 
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4 2/ ��:�+
� M	  .��  ���

��� T	�:� �F��� �P�:J2/ U�-  � �'  2/ u
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^�)0. �! �# # �:�'  
�# # (�&' ��P.�I! .#�� 2+ �' 
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�! ,�)! � 1�k��  , ���  �/�)0.  K�F
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B�! K�, 
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1	*'$ ��.�P= K�FALT �AST  � ALP  
  �#�a0�  �/

�i�g07  ��+ )Dialab Co., Austria(  w/�I!

�
 �'  ��'
�� T3��
4 2� ,# ��+ ��:�+
� .�� K
��
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CRP, NF-κB � TNF-α( 	2'�L'K�F K�!# ,# �
� 
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3� T1-  
�VW���
�K�F jI� 
/ 2P.�I! #,�! �'�!,# )A (AST) �B (ALT � )C( ALP (�7 ,# �,K�F ,�0�	� # Y' 
' .

)001/0 p < �***:001/0 p <:###.(   
Fig. 1. Effect of the studied treatment groups on the levels of (A) AST, (B) ALT and (C) ALP in the 

blood of male Wistar rats. (p < 0.001:***), (p < 0.001:###). 
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 T3�2- ��
� 
�VW�K�F K,�L��  #,�!jI� 
/ 2P.�I! )A (LDL) �B ( �;�
0��+)C (�	
����� K
� � )D( HDL (�7 ,# 

�,K�F ,�0�	� # Y' 
' )001/0 p < �***:001/0 p <:###.(   
Fig. 2. Effect of the studied treatment groups on the levels of (A) LDL, (B) cholesterol, (C) triglycerides 

and (D) HDL in the blood of male Wistar rats (p < 0.001: ***), (p < 0.001: ###). 
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 T3�3- ��
� 
�VW�K�F K,�L�� jI� 
/ 2P.�I! #,�! )A (IL6) �B (IL1B� )C (CRP) �D( TNF-α ) �E (NFKB  ,#

(�7 �,K�F ,�0�	� # Y' 
' )001/0 p < �***:001/0 p <:###.(  
Fig. 3. Effect of the studied treatment groups on the levels of (A) IL6, (B) IL1B, (C) CRP, (D) TNF-α and 

(E) NFKB in the blood of male Wistar rats. (p < 0.001:***, p < 0.001:###). 
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Abstract 
The role of mesenchymal stem cells (MSCs) is mainly dependent on their paracrine 

components, namely their secretome. The use of stem cells has been recognized as a 

novel approach in the treatment of infertility and in vitro oocyte maturation (IVM) and 

has shown promising results, especially in women with polycystic ovary syndrome 

(PCOS). However, the health of the resulting embryos remains a major challenge. In 

this study, menstrual blood stem cell secretome was used for in vitro oocyte maturation 

in 100 patients with PCOS, and the health of the embryos was assessed by 

preimplantation genetic screening for aneuploidy (PGT-A). The resulting embryos were 

cultured to the blastocyst stage and their chromosomal status was assessed by next-

generation sequencing (NGS). The results showed that the total number of embryos 

produced did not differ significantly between the two groups. In the age group under 30 

years, the difference in the total number of embryos between the control and 

experimental groups was not statistically significant, and although the percentage of 

high-quality embryos in the secretome group increased compared to the control group, 

this difference was not statistically significant (p = 0.207). In the age group over 30 

years, the number of embryos between the two groups was not significantly different, 

but the percentage of high-quality embryos in the secretome group was significantly 

higher than the control group. Also, in people over 30 years, the quality of the embryos 

improved and there was no significant difference in terms of aneuploidy, euploidy, and 

mosaicism. IVM had no significant effect on the health of the embryos in terms of 

aneuploidy and mosaicism. These findings indicate the safety and efficacy of the in 

vitro maturation method of oocytes using stem cell secretome in the treatment of 

infertility. 
 

Keywords: Stem cells, In Vitro Maturations, Polycystic Ovary, Preimplantation Genetic 

Screening, Aneuploidy. 
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�1�$ ��H� K/ �KM-�W% 	�[� 2%�1 ���&f� '�
�##1
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+��  Dulbecco's platelet lysate  ���$ 
��� ��1
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��
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Sperm Injection(  
��
 �� 9�=�;#1 ����." �  9�
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 � 4�#: 4��.� ��O�1��;"� 	� 
��O;"� �/� 
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�$. 5  ��10 wH: !.�;�, G��%	� +��/ =��"� +9�

.�$  	�=��"�6 
�$ +9�� wH: +DNA  h��R;"�
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X6 +��\��8 ��M]� K1 �"� K:�� 2/�Y .���$ 	���

	� �;H1 +��\��8��� �V9� �/) ��\��8�� '��#� K/ 20 

�V9�(� ��\��8��� )�/ �V9� +��\��8��� G�/ 	� 80 

�V9� (�� X��\�	�% )�/ �V9� +��\��8��� 4�/20 �� 

80 �V9� (E9�0
 �$.  

:
��+5 2-1�8 ( ?�MP8  	� 
��O;"� �/SPSS KR�� 18 

��� K��"�/ �69���H� X"9 � 9�05�Graphpad PRISM 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

44 

 

9.4.1 .�$ ��r�� 4�#: ��O�1 � ���M� K����% +��/ �6

��� 	� 
��
 �� 4�/9�05�  SPSS QU�1 K/ K:�� �/ �

��� 	� K��H� Xr  '��/ +�6Fisher's Exact Test  

 � Mann-Whitney U Test  �$ 
��O;"�.  +��/

 	� 2V�  T��;� !"9�/PGT-A  �!#M% ���O� +9��

��\��8�� w�	�� �V9� 4�/+��\��8��� �+  X����	�% �

+9�%� '�%	� 	� �G��%	� � =�;#1 
��
 9� Chi-

Square  +�1)-.�$ 
��O;"� (��  

Q��*
  

 �-�-./-����L&�-1. ?139+ 
  9�� ��� �(9N �<

30  
J�� (30 ��� : ����." 	� 
��O;"� ��cd�

=��"�6 ��O�1 � ���M� G��05� �/ +���#/ +4�#:�6 

 ��	) !#" 
��
 �� 9�30  +Z�/ � =�"30  (=�"

 .�$ !"9�/4�#:�6 	� 2V�  +'��	 !�8 '��HR� �/ -

!#" 4�����% � Q�;��1 75/3 ± 77/32 � '�%9�6 

�!;� 4��-�%	� ��Z�/ 63/3 ± 14/4 !��%/��
����)(�;�- 

 � ��	 !#" 
��
 �� 9� � 
�$ !/��	9� ��O�1 �_� 	�

 +Z�/30 K;"� =�".���$ +�#/  K����% ���M� 21

4�#:�6 2V�  +4�/  ^&;S� 
��
 ��!#M%9�� +

���� '��� . ��	 !#" 
��
 9�30 =�" 9� ^&;S� �

 21 ���M�4�#:�6  �_� 	� G��%	� � =�;#1 
��
 4�/
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��
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 +9�%� �_� 	� ^&;S� 4�� �%� ���� '���!#M%9�� ��?� 

)207/0  =p .( +Z�/ !#" 
��
 9�30  �_� 	� =�"
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��
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��
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��
 �� �6 9�

 ��	) !#"30  +Z�/ � =�"30  ���O� �(=�"
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 4�/ +����."  9�4�#:�6 �/ +

) ��� 
�6��% �/ � o"�;% ��O�105/0 p >( 

=��:)1 � 2.$ 1.(  

 �+,�/-���� : � =�;#1 
��
 4�/ !�1 ���O�

��\��8�� w�	�� �_� 	� G��%	�) +76/0 = p( �

��\��8���+ )65/0 = p ( X����	�% �)90/0 = p (

!#M%9�� � ���� IVM  G��05� u��/!#M%9�� 

 G6�1 �� +��\��8���!#M%9�� �"� 
��� +��\��8�� 

)85/0 = p( .!% '��� T��;� 4�� K1 �6�IVM  ��cd�

!#M%9�� �%&" �/ +4�#:�6  � +��\��8��� �_� 	�

 �9��� X����	�%=��:)1 2.$ �2(.  

 

=��: 1-  K����%!
7���6 +4�#:�6 9� 2V�  +
��
�6 =�;#1 
��
 � K�S��% + +Z�/ � ��	 !#" 
��
 9�30 =�"  
Table 1. Comparison of characteristics of embryos obtained in the intervention and control groups in the 

age group under and over 30 years 
 Control < 30 Control > 30 Secretome < 30 Secretome > 30 

Number of oocytes 100 100 100 100 

Grade A embryos 2.9 (22.2%) 2.15(13.3%) 7.14 (50%) 8.18 (44.4%) 

Grade B embryos 6.9 (66.6%) 10.15 (66.6 %) 6.14 (42.8 %) 7.18 (38.8%) 

Grade B and C embryos 1.9 (11.1%) 4.15 (26.6%) 1.14 (7.1%) 3.18 (18.8%) 

Aneuploid Blastocysts (28.5 %) (ns) (37.5 %) (ns) 

Euploid Blastocysts (57.1%) (ns) (50 %) (ns) 

Mosaicism Blastocysts (14.2 %) (ns) (12.5 %) (ns) 
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 2.$1- 9���H�  ��O�1 K����%4�#:�6 4�/ =�;#1 � ����." 
��
 9� (,����1 K� �%) ��1 ��" 	�9 9� K;5�� 4��.� +'��	  ��	30  � =�"

 +Z�/30 .=�"  * '���^&;S� 
�#6� 05/0 p ≤  =�;#1 
��
 K/ �?��!%$�/ .� ���M�4�#:�6  21 ���M� K/4�#:�6  �9��/ 
��
 �6 9�

.�"� 
�$ K?"��% �V9�  

Fig 1. Graph comparing the quality of embryos developed on the third day of culture (cleavage stage) in 

the secretome and control groups between women under 30 years and over 30 years of age. * indicates a 

difference of p ≤ 0.05 compared to the control group. The number of embryos was calculated as a 

percentage of the total number of embryos in each group. 

  
 2.$2- 9���H�  �%&" K����%4�#:�6 	�9 9� K;5�� 4��.� +Xr#8  K� �%) ��1���"�;"&/.=�;#1 � ����." 
��
 9� (   ���M�4�#:�6 

 21 ���M� K/4�#:�6 �"� 
�$ K?"��% �V9� �9��/ 
��
 �6 9�  4�/ &;S� �
��
�6 !#M%9�� ) ��?�05/0 > p.(  

Fig 2. Graph comparing the health of embryos developed on the fifth day of culture (blastocyst stage) in 

the secretome and control groups. The number of embryos was calculated as a percentage of the total 

number of embryos in each group, and the difference between the groups was not significant (p > 0.05). 
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 �6 �%� 4�� K1!%���� �

 !H"&8�;�" P��/ ��� 	� !$��QHR��6  K1 �$�/

 4�#: 2�.�� Kr�;� 9� � P��/ q�� G6�1 K/ �r#%

�$ �6��S )14( . 
��
 �� 4�/ T��;� ���O� �4�#bH6
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2/�Y ��?(/ ���� 9� 4�#: ��O�1 0�� � ���M� 9� K:�
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 -

 P��/ K� �% t�R�� +��/ +9�9�/�� '�%9� +�6

{.�gH1 4�� ^F  QHR� ^��f� 	� !-��" +�6
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Abstract  
Ischemia/reperfusion (I/R) injury is characterized by the restriction of blood supply to 

the organ followed by the return of blood flow and reoxygenation. The aim of this study 

was to measure Protective effect of nano magnesium oxide (MgO) on I/R on renal 

function and vascular endothelial growth factor (VEGF) in male Wistar rats. In this 

study, 54 adults male Wistar rats were randomly divided into 9 groups of 6 rats, 

including healthy control, control, I/R control, three healthy experimental groups, and 

three I/R experimental groups. I/R injury was induced by ligation of the left renal 

pedicle for 20 minutes. Animals were tested using MgO (doses of 1.25, 2.5 and 5 

mg/kg) for 30 days via gavage and finally serum samples were collected to assess renal 

function. In addition, after sacrificing the animals, kidney tissue was obtained for 

immunohistochemical examination of VEGF expression and the resulting data were 

statistically analyzed (p<0.05). The results showed that I/R mice that were intervened 

with MgO significantly reduced serum urea and creatinine levels at concentrations of 

2.5 and 5 mg/kg. Renal function and VEGF expression also showed significant 

improvement. MgO, as a potent vasodilator, were able to improve serum urea and 

creatinine levels as indicators of renal cell damage in I/R groups. Also, by reducing the 

expression level of VEGF in MgO-treated groups, MgO may effectively mediate the 

protection against hypoxia induced by I/R injury.  
 
Keywords: Nano magnesium oxide, Ischemia/reperfusion, Kidney, VEGF. 
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"#�IVEGF  	��S��1 ) %W2� ���E

z�`F��2"W 2� .%���I �8��2� �2 ( 6�S'I 
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 �E�C� ,�1 I/R�8��2�"��� 
%''I  MgO �E

 ,�1	��25/1 �5/2  �5 �#��!�
/ !�
"#�I 	��S��2 

z�`F �� m�"S� ���E) ,%W2�VEGF   ���� �2 (

%����  6�%J)2.(  

  

 6�%J1- >"� 2� ���� P�'����I � 
2�� e"O� �E R�*�'�%��I�"��� �U�� R.�� ,�1 I/R  
Table 1. Effect of nano-MgO on levels of Serum Urea and Creatinine in normal and I/R rats 

Group Urea (mg/dL) Creatinine (mg/dL) 

Normal Control 14.83 ± 0.48 0.67 ± 0.17 

Sham-operated 14.48 ± 0.52 0.68 ± 0.02 

Normal Experimental + Nano-MgO (mg/kg)   

1.25 14.50 ± 0.43 0.68 ± 0.01 

2.5 14.50 ± 0.56 0.69 ± 0.01 

5 15.33 ± 0.42 0.70 ± 0.01 

I/R Control 70.83 ± 2.33 *** 2.91 ± 0.05 *** 

I/R Experimental + Nano-MgO (mg/kg)   

1.25 68.01 ± 1.29 *** 2.68 ± 0.91*** 

2.5 62.33 ± 1.54 ***+++ 2.52 ± 0.91 ***+++ 

5 46.50 ± 1.18 ***+++ 1.83 ± 0.63 ***+++ 

 P������ ��"'NE ������± �� ���E >"� a( ,��E 2��N� Q�� ��%�"(. *** 001/0 <p �'N� Q�SF�R.�� 6�S'I 
��
 	� 2��  �+++ 001/0 

<p �'N� Q�SF� 6�S'I 
��
 	� 2��I/R  
Values are expressed as mean ± SEM for six rats. *** p < 0.001 significantly different from the normal control group 

and +++ P < 0.001 significantly different from the I/R control group. 
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 6�%J2- "��� �U�MgO a'I��"�"@�� ��*�� �EGS�1 ,��?/ ,�VEGF>"� G�#I �8�E 2� � R.�� ���� W ,�1I/R  
Table 2. Effect of nano-MgO on VEGF expression levels in normal and I/R rats 

Group VEGF Expression rate 

Normal Control 1.0 ± 0.00 

Sham-operated 1.0 ± 0.00 

Normal Experimental + Nano-MgO (mg/kg)  

1.25 1 ± 0 

2.5 1 ± 0 

5 1 ± 0 

I/R Control 3 ± 0.2 *** 

I/R Experimental + Nano-MgO (mg/kg)  

1.25 2.6 ± 0.2 *** 

2.5 1.8 ± 0.4 **+++ 

5 1.4 ± 0.3 +++ 

GE ������ P������ ��"'$± �� ���E >"� a( ,��E 2��N� Q�� ��%�"(.   **01/0˂ p  �*** 001/0 < p �'N� Q�SF� 6�S'I 
��
 	� 2��

 � 6����++ 01/0˂ p � +++ 001/0˂ p �'N� Q�SF� 6�S'I 
��
 	� 2��I/R . 

Values are expressed as mean ± SEM for six rats. ** p < 0.01, *** p < 0.001 significantly different from the normal 

control group and ++ p < 0.01, +++ p < 0.001 significantly different from the I/R control group. 
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�E�C� �8��2�"��� 
%''I MgO)25/1 �5/2  �5 �#��!�
/(!�
"#�I 6���"#
 �E �N�5Z ,"�#I 2�SF�� �Ez�`F ���E � �N�5Z ,�1 VEGF 2�

6���"#
G.". � �1 �,"�#I ,�1F>"� :) �-"�8�+�2/�@)��� 6�S'I ���� W ,�1I/R( %�%( ���E �E VEGF G.". �,"�#I ,�1G-I :


��
�E�C� ,�1 I/R�8��2�"��� 
%''I MgO)25/1 �5/2  �5 �#��!�
/I(!�
"#� z�`F �� m�"S� ���E �EVEGF  G.". 2� ,"�#I ,�1

)IHC(  ���@'
2*E �E400×.  
Fig. 1. VEGF expression in renal tissue in all experimental groups. A, normal control group; B sham-operated group; 

C-E experimental normal groups receiving nano-MgO (1.25, 2.5, and 5 mg/kg) with normal renal structure with 

normal glomeruli and mild expression of VEGF in glomeruli and renal tubules; F, ischemia/reperfusion (I/R) control 

rats with a severe expression of VEGF in renal tubules; G-I experimental I/R groups receiving nano-MgO (1.25, 2.5, 

and 5 mg/kg) with moderate to a mild expression of VEGF in renal tubules (IHC).400x 
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Abstract  
The effect of different feeding levels on the biochemical indicators and immunity of 

green tiger shrimp in a biofloc aquaculture system was investigated. The experiment 

was conducted for 45 days with shrimps with an average weight of 2.85 g. Rearing 

tanks was filled with 150 liters of filtered water with a sand filter, and then 53 

individual shrimps were stored in each tank. 7 experimental groups were considered for 

this research, which included three control groups with different feeding levels in terms 

of body weight, 6% (CW6), 4% (CW4) and 2% of body weight (CW2), and four biofloc 

treatments of 6% (BFT6), 4% (BFT4), 2% (BFT2) and 0% (BFT0). The results showed 

that the highest levels of triglyceride (175.0 mg/dl) and cholesterol (142 mg/dl) were 

observed in the CW2 treatment. The highest amount of glucose (47 mg/dl) was obtained 

in BFT0 treatment and the lowest amount was 35.66 and 36.35 in BFT6 and BFT4 

treatments, which showed a significant difference with other treatments (p < 0.05). The 

highest value of lysozyme activity was obtained in BFT6 and BFT4 treatments (24.6 

and 24.3 u/ml/min), respectively, and the lowest value was obtained in BFT0 treatment 

(15 u/ml/min), which showed a significant difference with other treatments (p > 0.05). 

The highest amount of phenol oxidase activity was the highest in BFT6 (0.74 u/ml) and 

BFT4 (0.75 u/ml) treatments, and the lowest value was obtained in BFT0 treatment 

(0.37 u/ml). In general, the results showed that different feed levels affect the 

biochemical activities and immunity of green tiger shrimp hemolymph. Feeding with 

food levels of 6 and 4% in biofloc system leads to improvement of lysozyme, total 

immunoglobulin and phenol oxidase activities in green tiger shrimp. 

 
Keywords: Green tiger shrimp, Biofloc, Immunity, Hemolymph. 
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Table 1. Different feeding levels and experimental treatments 

DTD 

 

1-10 11-20 21-30 31-45 WE (daily) AN 

6    35-50% CW6 

6    0.5-1% BFT6 

4    35-50% CW4 

4    0.5-1% BFT4 

2    35-50% CW2 

2    0.5-1% BFT2 

0 (Biofloc only, 5 to 10 ml/l 0.5-1% BFT0 

Abbreviation: DTD: different test days, WE: Water exchange, AN: Abbreviated number 
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Fig. 1. Changes in hemolymph biochemical indices of green tiger shrimp under the influence of different 

treatments in a biofloc aquaculture system 
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Fig. 2. Changes in hemolymph immunity indices of green tiger shrimp under the influence of different 

treatments in a biofloc aquaculture system 
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Abstract 
Heavy metal pollution directly affects marine aquaculture such as shrimp farming. 

Heavy metals in the shrimp can be transferred to humans through the food chain. In this 

research, the concentration of heavy metals in the muscle tissue of western white-legged 

shrimp (Litopenaeusvannamei) was determined and the risk for consumers was assessed 

in the Gamishan shrimp breeding station of Golestan province. For this purpose, 30 

samples were analyzed by atomic absorption after drying and chemical digestion. The 

data were analyzed using SPSS software. The different heavy metals were identified in 

shrimp samples, including arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), iron 

(Fe), copper (Cu), cobalt (Co), chromium (Cr), manganese (Mn), molybdenum (Mo), 

nickel (Ni), tin (Sn) and zinc (Zn). The average amount of As, Cd, Hg and Pb was 0.11-

0.08, 0.01, 0.01 and 0.38-0.14 mg/kg, respectively. Sn and Ni had a lower average than 

other metals. Fe and Cu were the highest level, followed Zn and Mn. Co, Cr and Mo 

were the lowest level. A significant difference was reported between different sites in 

regarding Zn (p < 0.05). The concentration of all heavy metals was according to the 

standard limit (FAO/WHO). Continuous and daily consumption of this product for 

different age groups is not safe in terms of As and there is a risk, but it is safe for other 

metals. The results of this study suggest that the measurements to prevent the pollution 

of breeding ponds in Golestan province should be taken by the responsible authorities. 

It is possible to reduce the dangerous effects of heavy metals by monitoring, regularly 

examining and evaluating these mineral pollutants. 

 

Keywords: White Leg Shrimp (Litoppenaeus vannamei), Golestan Province, Heavy Metals, 

Risk Assessment. 
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Table 1. Mean ± SD of heavy metal levels in farmed shrimp in Golestan Province (mg/kg dry weight) 

Site 3 Site 2 Site 1 Heavy metals 

0.40 ± 0.11 0.43 ± 0.08 0.44 ± 0.11 As 

0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 Cd 

0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 Co 

0.54 ± 0.26 0.65 ± 0.18 0.56 ± 0.19 Cr 

15.66 ± 3.27 19.04 ± 2.49 21.77 ± 4.50 Cu 

21.95 ± 6.84 38.07 ± 2.97 40.40 ± 4.65 Fe 

0.16 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 Hg 

0.78 ± 0.22 1.03 ± 0.54 1.17 ± 0.87 Mn 

0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 Mo 

0.20 ± 0.10 0.22 ± 0.11 0.14 ± 0.0۴ Ni 

0.28 ± 0.23 0.22 ± 0.14 0.43 ± 0.38 Pb 

0.30 ± 0.01 0.30 ± 0.01 0.31 ± 0.01 Sn 

27.51 ± 5.21a 33.68 ± 1.25b 34.85 ± 1.90b Zn 

Z���* "��U	
 ����Z�	\� ��BR� �BY
)�� A$- �����R* ����
�� ) 3��05/0 < p(  
*Different letters indicate significant differences between experimental groups (p < 0.05) 

  

 0��P2- �	��g '%!$F )�����) ]ANOVA( �B� "��'4$A a�-$����K  3
�� )���	2'� ��	�� �
)��= *��$
  

Table 2. Results of analysis of variance of residual heavy metals in farmed shrimp meat in Golestan Province 

Heavy 

metals  

Sum of 

squares 
df 

Mean 

squares 

Calculated 

surface (Fe) 
p 

As 

betweengroups 0.004 2 0.002 0.164 0.852 

Within-Group 0.099 9 0.011 

Total 0.102 11 

Cd 

betweengroups 0 2 0 0.201 0.821 

Within-Group 0.002 9 0 

Total 0.002 11 

Co 

betweengroups 0 2 0 2.07 0.182 

Within-Group 0.001 9 0 

Total 0.001 11 

Cr 

betweengroups 0.031 2 0.015 0.322 0.733 

Within-Group 0.429 9 0.048 

Total 0.46 11 

Cu 

betweengroups 74.993 2 37.496 3.023 0.099 

Within-Group 111.635 9 12.404 

Total 186.628 11 

Fe 

betweengroups 808.074 2 404.037 0.391 0.687 

Within-Group 9294.394 9 1032.71 

Total 10102.468 11 

Hg 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Mn 

betweengroups 0.301 2 0.151 0.405 0.679 

Within-Group 0.347 9 0.372 

Total 3.648 11 

Mo 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Ni 

betweengroups 0.014 2 0.007 0.836 0.464 

Within-Group 0.076 9 0.008 

Total 0.09 11 

Pb 
betweengroups 0.111 2 0.055 0.664 0.538 

Within-Group 0.75 9 0.083 
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Total 0.861 11 

Sn 

betweengroups 0 2 0 1.059 0.386 

Within-Group 0 9 0 

Total 0 11 

Zn 

betweengroups 124.324 2 62.162 5.76 0.025 

Within-Group 97.133 9 10793 

Total 221.456 11 

  

0��P3- ��� P *�R�)����	�� �- ��	2'� ��	�� �
)��= *��$
 A$�B� "��'4 ���$
 E2��#
 )FAO/WHO(  

Table 3. Comparison of heavy metal levels in farmed shrimp in Golestan Province with international standards 

(FAO/WHO) 

Heavy metals Standard value (ppm) Standardized mean difference t df p 

As 0.5 -0.07183 -2.579 11 0.026 

Cd 0.2 -0.16856 -43.934 11 0.000 

Co 50 -49.97966 -1.515 11 0.000 

Cr 30 -29.41064 -498.450 11 0.000 

Cu 100 -81.16996 -68.264 11 0.000 

Fe 100 -66.52135 -7.604 11 0.000 

Hg 0.2 -0.03550 -1.236 11 0.000 

Mn 50 -49.00097 -294.755 11 0.000 

Mo 150 -149.96590 -2.088 11 0.000 

Ni 0.5 -0.31169 -11.955 11 0.000 

Pb 0.4 -0.10293 -1.274 11 0.229 

Sn 250 -249.69152 -2.175 11 0.000 

Zn 150 -117.98085 -91.087 11 0.000 

  

 0��P4-  ��	�� �
)��= *��$
 3
�� ^2�) �-���)�A$�B� "��'4 E- 3/2� ��	2'�  
Table 4. Health risk assessment of farmed shrimp in Golestan province with respect to heavy metals 

Heavy metals Daily intake (mg/g body weight per day) MTDI (mg.g-1 BW/day) 

Children Adults 

As 1.98 × 10-1 1.13 × 10-1 5 × 10-2 

Cd 1.45 × 10-2 8.31 × 10-3 6 × 10-2 

Co 9.4 × 10-3 5.37 × 10-1 - 

Cr 2.72 × 10-1 1.55 × 10-1 2 

Cu 8.71 4.97 3 × 10-1 

Fe 15.48 8.84 5 × 10-2 

Hg 7.6 × 10-2 4.34 × 10-2 - 

Mn 4.62 × 10-1 2.64 × 10-1 - 

Mo 1.57 × 10-2 9.٠١ × 10-٣ - 

Ni 8.71 × 10-2 4.97 × 10-2 3 × 10-1 

Pb 1.37 × 10-1 7.85 × 10-2 2.1 × 10-1 

Sn 1.42 × 10-1 8.15 × 10-2 - 

Zn 14.81 8.46 6 × 10-1 

MTDI: Maximum Tolerable Daily Intake  
  

O��  
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Abstract 

Selenium (Se) is an essential rare element that plays a vital role in the health and 
performance of animals. This study was conducted with the aim of investigating the 
effect of hydroxyl selenomethionine (OH-SeMet) in the diet of broiler breeder and old 
broiler breeder roosters on production performance, quality traits of eggs and blood 
parameters. For this purpose, 260 broiler breeders Ross 308 (45 weeks old) were used in 
a completely randomized design with four treatments and five repetitions (13 hens and 
one rooster in each replication). Experimental treatments included: 1) a basal diet 
without OH-SeMet (control), 2) a broiler breeder diet without OH-SeMet and a rooster 
diet containing 0.1 mg/kg OH-SeMet, 3) broiler breeder diet containing 0.1 mg/kg OH-
SeMet and rooster diet without OH-SeMet and 4) broiler breeder and rooster diet 
containing 0.1 mg/kg OH-SeMet. Performance and quality traits of eggs were measured 
weekly at 50, 55 and 60 weeks of age. The results showed that the use of 0.1 mg/kg 
OH-SeMet in the broiler breeder diet and the broiler breeder and rooster diet improved 
the laying percentage, egg weight, egg mass and feed conversion ratio compared to the 
control treatment (p < 0.05). Feeding broiler breeder and rooster with diet containing 
OH-SeMet improved the mentioned parameters compared to feeding broiler breeders 
alone (p < 0.05). Eggshell strength increased in treatments 3 and 4 compared to control 
and treatment 2 (p < 0.05). The concentration of selenium and glutathione peroxidase in 
the treatments fed with OH-SeMet was significantly higher than the control treatment (p 
< 0.05). The use of 0.1 mg/kg of OH-SeMet may be a practical approach to help 
production performance and eggshell strength in old broiler breeders. 
 

Keywords: Hydroxy selenomethionine, Broiler breeders, Broiler breeder roosters, Laying, 
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	�(�C �'�� (��\�5.  ^4�c" � =�dT" @��C

�
�
PQ" 	R4> !�RS � @�4G�" 
�#�:� @�E �� K�


=��( MIXED � =T5���' @��C=��( �� ��O @�E 

GLM ��� (
(�d'� SAS )18 (I4���4
 .�� �
�R��� �E

 yH� (
 	>�" ��
�� �C5 � =���<
 �S(
��.�  

  

 $��M1- N��O � K�
 =��3 ��4M [4>�" 	���� (
�
 @�E 

Table1. Composition of the basal diet of broiler breeders and roosters  
Ingredient, g/kg Broiler breeders Broiler breeder roosters 
Corn grain 625.0 532.7 
Soybean meal (44% CP) 165.0 55.0 
Wheat grain 40.0 65.0 
Barley grain 0.0 50.0 
Wheat bran 40.0 234.0 
Soybean oil 12.0 8.0 
Di-calcium phosphate 16.4 12.8 
Bentonite 7.05 9.55 
Calcium carbonate 77.2 15.4 
Vitamin premixa 2.5 2.5 
Mineral premixb 2.5 2.5 
Salt 2.2 2.0 
Sodium bicarbonate 2.2 2.35 
Potassium bicarbonate 1.5 1.5 
DL-methionine 1.8 1.4 
L-lysine HCL 0.6 0.8 
L-threonine 0.8 0.8 
Choline chloride 1.0 1.0 
Antioxidants 0.2 0.2 
Toxin binder  1.0 1.0 
Anti-ammonium extra 1.0 1.0 
Phytase 0.05 0.05 
Total 1000.0 1000.0 
Calculated composition   
Metabolizable energy (kcal/kg) 2800 2825 
Crude protein (%) 13.52 11.77 
Crude fiber (%) 3.02 4.63 
Calcium (%) 3.20 0.90 
Available P (%) 0.34 0.30 
Lysine (SID) (%) 0.60 0.43 
Methionine (SID) (%) 0.38 0.30 
Met + Cys (SID) (%) 0.61 0.48 
Threonine (SID) (%) 0.55 0.39 
DCAB (mEq/kg) 203.00 200.00 

a- :	��2L ��4M �����4> �E @��� =C ��� =~�(� =54
���� ^:#
15000 I4C ���� I4
���� 	��:G�A u5000 I4C ����	��:G�  I4
���� D3 u130 I4C ���� 	��:G�

 I4
����E u9 	�4
 I4
���� ���K3 u6 	�4
 I4
���� ���B1 u20 	�4
 I4
���� ���B2 u8 	�4
 I4
���� ���B6 u5 	�4
���  I4
����B9 u07/0 	�4
 ���

 I4
����B12 u6/0 	�4
 uI4"�4C ���70 	�4
 uI4��4� ���25 	�4
.945"����3 �4�� ��� b- :��4M �����4> �E @��� =C ��� =~�(� 	��F
 
��
 ^:#
50 	�4
 ���

 �IE�16 	�4
 �|
 ���120 	�4
 �d5�5
 ���120 	�4
 �@�( ���3 	�4
 ��� ���3/0 	�4
.��45�� ���  
a Vitamin premix provided per kilogram of diet: Vitamin A, 15,000 IU; vitamin D3, 5,000 IU; vitamin E, 130 IU; 
vitamin K3, 9 mg; Vitamin B1, 6 mg; Vitamin B2, 20 mg; vitamin B6, 8 mg; vitamin B9, 5 mg; vitamin B12, 0.07 mg; 
biotin, 0.6 mg; niacin, 70 mg; pantothenic acid, 25 mg. b Mineral premix provided per kilogram of diet: Fe, 50 mg; 
Cu, 16 mg; Mn, 120 mg; Zn, 120 mg; I, 3 mg; Se, 0.3 mg. 
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Table 2. Effects of hydroxy-selenomethionine on the production performance of Ross 308 broiler breeders (45-60 
weeks old) 

Item  Egg production (%) Egg weight (g) Egg mass (g) FCR 

 
Treatments1 

1 68.86c 66.41c 45.56b 3.50a 

2 69.55c 66.38c 45.97b 3.46a 

3 70.98b 67.90b 48.08a 3.31b 

4 72.99a 68.23a 49.66a 3.20c 

SEM  0.18 0.05 0.11 0.01 
 

p 
Treat <0.001 <0.001 <0.001 <0.001 
Time <0.001 <0.001 <0.001 <0.001 

Treat × Time <0.001 <0.001 <0.001 <0.001 
 :^
�� 	���
�� @�E(�:4"1���C =��3 ��4M (  I4��4�
�5�� 	�>�(�4E) �(�E��2K�
 ��4M (���C (
�
 @�E I4��4�
�5�� 	�>�(�4E  ��4M �

N��O @��� �E1/0 	�4
���/ �����4>I4��4�
�5�� 	�>�(�4E �3K�
 ��4M ( @��� (
�
 @�E1/0 	�4
���/�����4>  	�>�(�4E

I4��4�
�5�� O ��4M �N�����C �E I4��4�
�5�� 	�>�(�4E  �4K�
 ��4M (N��O � (
�
 @�E @��� �E1/0 	�4
���/ �����4>  	�>�(�4E

I4��4�
�5��. SEM
(������� @�HO I4���4
 : �a,b-  �E (
 =C��
 �4L D������� ����	5F
 !��R" ��5E
 yH� (
 @(�
� (�
05/0 .&��   
1Experimental treatments include 1) a basal diet without OH-SeMet, 2) a chicken diet without OH-SeMet and a 
rooster diet containing 0.1 mg/kg OH-SeMet, 3) chicken diet containing 0.1 mg/kg OH-SeMet and rooster diet 
without OH-SeMet and 4) chicken and rooster diet contained 0.1 mg/kg OH-SeMet. a, b Means within the same 
column with different letters differ significantly (p < 0.05). SEM, standard error of means. 
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Table 3. Effect of experimental treatments on egg quality traits of Ross 308 broiler breeders (45-60 weeks old) 

Item  Yolk weight 
(%) 

Albumen 
weight (%) 

Shell 
weight (%) 

Albumen 
height (mm) 

Haugh 
unit 

Shell strength 
(kg/m2) 

 
Treatments 

1 28.52 62.14 9.33 6.35 76.43 2.53b 

2 28.68 61.86 9.45 6.56 78.28 2.74b 

3 27.96 62.57 9.46 6.70 78.44 3.26a 

4 27.65 62.98 9.36 6.81 79.90 3.14a 

SEM  1.35 2.38 0.86 0.26 2.14 0.36 
 
p 

Treat 0.14 0.12 0.91 0.27 0.13 0.006 
Time 0.29 0.87 0.15 0.41 0.06 0.001 

Treat×Time 0.16 0.34 0.88 0.53 0.74 0.16 

  

 $��M4-  �J� �C 	���
�� @�E(�:4"=T5���'��O @�E N��O � K�
	���� (
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 @�E  N�(308 )45-60 (	��RE 

Table 4. Effect of experimental treatments on blood parameters of Ross 308 broiler breeder hens and roosters (45-60 
weeks old) 

Treatments Glucose 
(mg/dL) 

Triglycerides 
(mg/dL) 

Cholesterol 
(mg/dL) 

LDL 
(mg/dL) 

HDL 
(mg/dL) 

Total 
Protein 
(g/dL) 

Albumin 
(g/dL) 

Selenium 
(µg/dL) 

1 322.40 3282.57 143.43 82.09 34.57 7.51 2.81 133.23b 

2 326.10 3016.08 149.71 88.33 33.75 9.05 2.18 146.47ab 

3 312.60 2894.28 162.78 95.61 40.98 9.59 2.90 155.26a 

4 305.60 2463.20 167.94 62.09 35.45 9.73 2.47 152.08a 

SEM 18.94 305.98 12.08 9.90 2.67 0.72 0.40 3.40 
p 0.86 0.30 0.46 0.11 0.23 0.13 0.58 0.01 

 
 $��M5-  �J�P�d�� �C 	���
�� @�E(�:4"	��� &4'�� � @��> @�E	���4�>� N��O � K�
	���� (
�
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Table 5. Effect of experimental treatments on liver enzymes and antioxidant capacity of Ross 308 broiler breeder 
hens and roosters (45-60 weeks old) 
Treatments ALP (U/L) AST (U/L) ALT (U/L) MDA (mmol/mL) SOD (U/mL) GPx (U/mL) 

1 1823.30 241.30 109.82 3.78 379.14 76.18b 

2 1849.40 227.10 109.02 3.16 341.80 83.64a 

3 1857.60 219.20 111.15 3.45 333.35 82.62a 

4 1810.50 226.20 97.34 3.75 392.74 84.33a 

SEM 20.59 10.32 9.49 0.44 23.41 2.88 
p 0.33 0.49 0.71 0.73 0.23 0.03 
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Abstract 

One of the main concerns in achieving peak production in broiler breeders is eggshell 

quality traits, which are very important and effective in the profitability of the breeder 

flock. The present study was conducted to investigate the effects of organic and 

inorganic forms of copper, zinc, and manganese on egg quality traits of Ross 308 broiler 

breeder hens. 30 pens were used, and 8 hens and one rooster were placed in each pen. 

This research was conducted as a factorial experiment in a completely randomized 

design. The first factor included organic and inorganic forms and the second factor 

included zinc, copper, and manganese elements. The number of treatments and 

replications were 6 and 5, respectively. Eggshell quality traits of broiler breeder hens 

were measured at weeks 33, 37, and 40. The collected data were analyzed using the 

LSmeans procedure using SAS statistical software. The results showed that organic zinc 

significantly increased eggshell weight (p < 0.05). Organic manganese improved 

eggshell thickness and strength (p < 0.05). The use of organic forms of zinc and 

manganese in the diet of broiler breeders was effective in improving the quality traits of 

their eggs, therefore, the use of organic forms of manganese, copper, and especially zinc 

in the diet of broiler breeders is recommended. 
 
Keywords: Broiler Breeder, Copper, Eggshell, Manganese, Organic Zinc.  
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�� �; 8= 
8"6i

 �K>`� :�;�?��.�7 �"�� .	  8-�I� �-��S' %.�<
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��� .��� ��T � �:�>� �F'�;  ���?�� .�8=%.�< 

 ���?+"��� �= 
	8=.�T:8E Z�7 :��?��  :�. �= �F'

 ���� .��� �M>��	   8?��7 ,���_� ����	���>�:  �

 ,&G���"	.  

67��8 �)�9M : ,��FI8?��7: �F'B���;  �=

 �?���(>� �� ���D?�� ����� )�?>R"�001/0 ���>�?� 

 )	�) ��(���DASQUA .� 
�>A�?"� .��E ,U�� (

 8�) :�WE 8>
�� 8� �� ]��	
 � �F' 8?��7 c��

���	�� (8K_�� � �	  :�>� ���	�� Z>���>3  8K_�G ,&

) 	"���14.( 

67��8 $�' : �	?=� .� 
8?��7 !�� Z>>J' :��=

 !�.� %�"�?`��F'B�� 8=%.�<  � �	  �A�U ]��E

 �A�?>R"� :����' �= Nz�,���= 01/0  !�� ���

	"��� ,&G � :�>� ���	�� 8?��7.  

6�0(:�=%= N4E�:'�� :���� �= ^>_`' �� ]<�
 :�;

) ]".�?E�- V"���� �� ���D?��2×3 [�T \A�� .� (

����E ) �-��S'CRD 8����= � (���.�L-�: SAS  �.��

 �� �;.�W>' Z>���>� 8+"�_� :��= � ,-�� .��� L>A���

 8"�.LSMeans  ���D?�� �.�� :.��� )	� .	  ���D?��

:,�� �"� [�  8= Yijk= µ + Ai + Bj + (AB)ij + 

eijk  8EYijk�	;��� �; .�	_� = 
µ ]E Z>���>� =

(8J��b) 
Ai .�?E�- �G� =A ��  )�( � �K� �� .�)

(��	J� � �A� 
Bj .�?E�- �G� =B ��  �G� �K� 8� .�)

(LM�M� � N� 
:�. �<�M� 
ij)AB �� ]=�_?� �G� =(

(�<�M� � ��	J� � �A� )�( �) .�?E�- 
eijk �G� =

 (�-��S' ��"���� :�KU) �	��W>��= ]����  

  
 )�	b1-  %�&>E�' �"�69 ��>b 8"�7B���; 8?D; .� �? �� .��� :40-33   

Table 1. Composition of basal diet supplied to broiler breeder hens from 33 to 40 week of age 

(%) Nutrient composition (%) Ingredient composition 

2795.00 Metabolizable energy (kcal/kg) 60.00 Corn  

14.45 Crude protein (%) 17.50 Soybean meal (44%) 

0.56 Lysine (%) 9.5 Wheat meal  

0.35 Methionine (%) 3.00 Soybean oil 

0.57 Methionine + cysteine (%) 1.25 Dicalcium phosphate 

0.53 Threonine (%) 4.52 oyster shell powder 

3.20 Calcium (%) 3.00 Calcium carbonate 

0.34 Available phosphorus (%) 0.25 Sodium bicarbonate   

0.18 Sodium (%) 0.22 Salt 

0.18 Chlorine (%) 0.17 Methionine 

  0.04 Threonine 

  0.05 Choline chloride 

  0.25 Mineral premix1 

  0.25 Vitamin premix2 

1- � .�Z" b��>�; �	J� ]W(� ��� �. 
N� !�	=:  .,�� �	  ���D?�� LM�M� �2- E�'\> ]W(��;: ��M>��?" ]W(� ��;: �	J�� ��=: E �;�����> b��> 

� :]�� Z>��?" A: 10000  
	
��Z>��?"�D3 :3200 � 
	
��Z>��?" E: 130 � 
	
��Z>��?" K: 9 ���>
��� ���?">Z B12 :07/0 ���>
��� .-�&"��Z" :20 

���>
��� +�E�>  :%�M'�?��715 ���>
��� �Z>��> :70 ���>
��� A�EZ> ���E	" :1000 ���>
��� =Z>'�> :6/0 ���>
��� 'Z>��> :6 ���>
��� 7Z>+E�	"�> :8 

���>
��� ��	> A�-@> :5 ���>
��� 	" :2 ���>
���  :Z;�50 ���>
��� M����> :200 �
�����(>  :,A�&E500 �> .�����(  

1- A mineral supplement without copper, zinc and manganese has been used in these rations. 2- The composition of 

vitamin supplements and mineral supplements for each kilogram of ration includes: Vitamin A, 10000 units., Vitamin 

D3, 3200 units., Vitamin E: 130 units., K: 9 mg., Vitamin B12: 0.07 mg., Riboflavin; 20 mg., Calcium pantothenate: 

15 mg., Niacin: 70 mg., choline chloride: 1000 mg., biotin: 0.6 mg., thiamine: 6 mg., pyridoxine: 8 mg. folic acid: 5 

mg., iodine: 2 mg., iron: 50 mg., selenium; 200 micrograms., cobalt: 500 micrograms. 
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  8= ��=�� 8?��7 !�� Z"�?�>=

 �A� :�. :��
 .�W>')28/7( �� �=	.  

67��8 ��&�7�% :��	J� )�( � �G��A� 
  � ]=�_?� �G�

LM�M� � N� 
:�.  �= �� 8?��7 ��(`?�� :�	?=� 8?D;

33  8?D; !�"�7 �'40 V"���� �MJ�) 	  .��05/0 < 

p( . .� 8?D;33 V"����
  LM�M� :��
 .�W>' Z"�?�>=

.� �. 8?��7 ��(`?��  V"���� )�T��� !��� )96/2 (

 �A� :�	� ��`A ���;.�W>' ���W' .�
  ��(`?��

 V;�E .�g� !��� .6� �= 8?��7 :.�T 8= ,�� �	 

 8E��(`?�� �K� Z"�'m�= �.�� !�"�7 .� �F' 8?��7 

 .�W>' 8= ��=�� :��
) �A� LM�M�12/2( ��=.  

67��8 �)�9M :]<�
 X"�?� ��.�= �=  �D>E L>A��� ��

 ��"���� �.�� !�"�7 .� 8?��7 %�D< )��	b)2  �'4 (

 ]=�_?� �G� � �A� 
��	J� )�( � �G�!��;  �= ��"	(" �=

 8?��7 ,��FI.�  ���W'8?D;�;:  V"�����MJ�.�� 

 ,�� �	 )05/0 < p
(  LM�M� :��
 :�;.�W>' .�

	  �	"� V"���� )�T .� ,��FI Z"�?�>= � �,��

A��  .� �;.�W>' ���W' :�	� .�	_�8?��7 ,��FI
  �=

 !��� .6� ,�� �	  V;�E .�g�8=.�T: 8E 

 LM�M� :��
 .�W>' 8= ��=�� 8?��7 ,��FI Z"�?�>=

 8?D; .�33  V"����422/0 ��=,�� �. 

 
)�	b 2-  ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=�F' 8?��7B���; �? �� .��� :O�. 308  8?D; .�33. 

Table 2. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 33 weeks 

Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements 

Zinc a6.36 b0.396 b2.57  
Copper b6.07 b0.385 b2.67 

Manganese b6.05 a0.422 a2.84 

SEM 0.38 0.014  0.05 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b5.99 b0.396 b2.57 

Organic Minerals a6.42 a0.416 a2.79 

SEM 0.46 0.016  0.08 

p.value 0.02  0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.20 b0.393 b2.62 

Organic zinc a6.50 b0.395 b2.66 

Inorganic copper b6.01 b0.390 b2.64 

Organic copper b6.11 b0.395 b2.65 

Inorganic manganese b6.07 b0.394 b2.65 

Organic manganese  b6.12 a0.419 a2.81 

SEM 0.30 0.011 0.04 

p.value 0.03 0.03 0.02 

N"��m�=!��� !�?� �; .� s�?���>9 :�;�MJ� :.��� %��D' �	M;�) .��05/0 < p 
(SEM 
Z>���>� �.�	��?�� :�KU :p.value )�W?
� .�	_� :  

Non common superscripts in each column are indicate the significant statistical difference (p < 0.05), SEM: Standard 

error of the mean, p.value: Probability value. 
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)�	b 3- �F' 8?��7 ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=B���; �? �� .��� :O�. 308  8?D; .�37. 

Table 3. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 37 weeks. 
Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements  

Zinc a6.85 b0.383 b2.09 

Copper b6.51 b0.372  b2.20 

Manganese b6.44 a0.406 a2.38 

SEM 0.40 0.015 0.07 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b6.52 b0.380 b2.10 

Organic Minerals a6.82 a0.401  a2.31 

SEM 0.49 0.016 0.06 

p.value 0.02 0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.57 b0.378 b2.22 

Organic zinc a6.93 b0.380 b2.23 

Inorganic copper b6.50  b0.376 b2.16 

Organic copper b6.49 b0.378 b2.15 

Inorganic manganese b6.46 b0.379 b2.15 

Organic manganese  b6.63 a0.404 a2.40 

SEM 0.33 0.010 0.05 

p.value 0.03 0.03 0.02 

  

)�	b4-�F' 8?��7 ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=B���; �? �� .��� :O�. 308  8?D; .�40. 

Table 4. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 40 weeks. 

Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements  

Zinc a7.25 b0.370 b1.75 

Copper b6.84 b0.359 b1.79 

Manganese b6.75 a0.394 a2.02 

SEM 0.48 0.018 0.07 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b6.83 b0.365 b1.79 

Organic Minerals a6.25 a0.389 a1.99 

SEM 0.56 0.016 0.05 

p.value 0.02 0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.90 b0.368 b1.89 

Organic zinc a6.28 b0.370 b2.90 

Inorganic copper b6.83 b0.368 b2.93 

Organic copper b6.79 b0.367 b2.92 

Inorganic manganese b6.80 b0.367 b2.91 

Organic manganese  b6.93 a0.395 a2.12 

SEM 0.39  0.013 0.04 

p.value 0.03 0.03 0.03 
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Abstract 

The aim of the present study, considering the increasing level of heavy metal pollution 
and their impact on the environment, was to evaluate the bioaccumulation of heavy 
metals mercury, zinc and nickel in soft tissues (muscle and hepatopancreas) of the blue 
swimming crab (Portunus segnis) on the coasts of Makoran (Bris, Pesem and Tis). 18 
crab samples and 9 surface sediment samples were collected in the winter of 2019 and 
the concentrations of mercury, zinc and nickel in the hepatopancreas and muscle tissues 
of the crab and sediments of the sampling areas were measured by atomic absorption 
spectrometry. In all three stations, the concentration of zinc in the hepatopancreas was 
higher than in the muscle and there was a statistically significant difference between all 
stations (p < 0.05). The overall average accumulation of mercury, zinc and nickel metals 
in mg/kg in hepatopancreas was 0.85 ± 0.7, 240.81 ± 101.41 and 69.24 ±  33.58 in 
muscle 0.37 ± 0.04, 78.45 ± 14.02 and 33.01 ± 9.12 and in sediment 0.96 ± 0.6, 26.4 ± 
14.45 and 21.49 ± 6.21. The pattern of heavy metal accumulation in tissue and sediment 
was obtained as mercury < nickel < zinc. Comparison of metal concentrations in the 
muscle of the blue-swimming crab of the study area with international standards (UK 
MAFF, FDA, NHMRC, WHO and FAO) showed that the mercury concentration was 
lower than the NHMRC standard and close to other standards, the zinc concentration 
was higher than the permissible limit compared to only some standards, and the nickel 
concentration was lower than the permissible limit announced by the FDA. Therefore, 
the consumption of the studied crab meat in terms of mercury and especially zinc may 
be harmful to health. Comparison of the average concentration of heavy metals in 
sediments sampled from the stations with sediment quality standards showed low 
concentrations of zinc, nickel and mercury. 
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Fig. 1. Geographical location of blue swimming crab sampling stations 
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Table 1.  Mean ± standard deviation of biometric factors of the crab at the sampling stations 

 Beris Pozm Tis 
Carapace Length (mm) 66.32 ± 12.36 65.32 ± 12.67 67.17 ± 9.87 
Carapace Width (mm) 105.45 ± 23.22 116.33 ± 23.17 113.21 ± 18.13 

Weight (g) Male 213.41 ± 65.11 241.30 ± 50.25 185.59 ± 55.87 
Female 119.13 ±17.14 182.65 ± 77.83 155.17 ± 48.26 
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Table 3.  Mean ± standard deviation of mercury concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 0.45 ± 0.71 a0 ± 0.055   a 0.08 ± 0.34  0.37 ± 0.04  
Hepatopancreas   a 0.73 ± 1.24 b 0.66 ± 0.73  a 0.05 ± 0.57  0.85 ± 0.7  
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Table 3.  Mean ± standard deviation of zinc concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  b 10.09 ± 77.83  b 16.58 ± 70.27 b 7.93 ± 87.25  78.45 ± 14.02  
Hepatopancreas   b 125.13 ± 240.21  a 74.07 ± 217.07 b 106.48 ± 265.15  240.81 ± 101.41  
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Table 3.  Mean ± standard deviation of Nikel concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 2.92 ± 23.81  a 9.95 ± 37.23 a 4.78 ± 37.98  33.01  ±9.12  
Hepatopancreas   b 13.75 ± 55.76  b 21.98 ± 64.58 b 49.26 ± 87.38  69.24 ± 33.58  
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Table 5. Correlation comparison between metal concentrations in tissues and sediment 

 
Hg 

Hepatopancreas 
Zinc 

Hepatopancreas 
Nickel 

Hepatopancreas 
Hg 

Muscle 
Zinc 

Muscle 
Nickel 
Muscle 

Hg 
Sediment 

Zinc 
Sediment 

Mercury 
Hepatopancreas 

Correlation 

Significance 

Zinc 
Hepatopancreas 

Correlation 0.223 
Significance 0.375 

Nickel 
Hepatopancreas 

Correlation 0.226 0.602 

Significance 0.368 0.008 

Mercury 
 Muscle 

Correlation 0.286 0.247 0.025 

Significance 0.250 0.324 0.920 

Zinc 
Muscle 

Correlation 0.107 0.258 0.264 0.268 
Significance 0.672 0.302 0.290 0.282 

Nickel 
 Muscle 

Correlation -0.049 0.100 0.392 -0.438 0.406 

Significance 0.846 0.694 0.107 0.069 0.095 

Mercury  
Sediment 

Correlation 0.095 -0.022 -0.140 0.000 -0.235 -0.092 

Significance 0.807 0.955 0.720 1.000 0.543 0.814 

Zinc  
Sediment 

Correlation -0.106 0.077 -0.064 0.182 -0.075 -0.674 -0.246 

Significance 0.785 0.845 0.870 0.639 0.847 0.046 0.523 

Nickel 
Sediment 

Correlation -0.131 0.503 0.631 0.201 0.308 -0.220 -0.484 0.655 

Significance 0.736 0.168 0.069 0.604 0.421 0.570 0.187 0.045 
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Fig. 1.  Comparison of mean mercury concentration in muscle and hepatopancreas tissues across sampling stations. 
Different letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 2. Comparison of zinc concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 3. Comparison of nickel concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 4. Comparison of mean concentrations of the heavy metals nickel, zinc, and mercury in sediments 
from the sampling stations. Different letters denote statistically significant differences, while identical 
letters denote no significant differences. 
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Abstract 

Methamphetamine is a potent central nervous system stimulant that directly affects 
brain function, causing significant changes in feeding patterns and appetite regulation. 
Given the extensive side effects of this substance, the use of alternative interventions 
such as herbal remedies and exercise has been considered as harm reduction strategies. 
In this study, 30 female Wistar rats were divided into seven groups of six: healthy 
control, methamphetamine, methamphetamine + aerobic exercise, methamphetamine + 
berberine (barberry extract), methamphetamine + exercise + berberine, 
methamphetamine + crocin (saffron extract), and methamphetamine + exercise + crocin. 
Methamphetamine was injected intraperitoneally at an initial dose of 10 and then 40 
mg/kg six days a week. Berberine hydrochloride (100 mg/kg) was administered via 
drinking water, and crocin was administered in a similar manner. Aerobic exercise 
consisted of treadmill running at a speed of 25 m/min for 30 minutes, six days a week, 
for four weeks. After the intervention, the expression of pro-opiomelanocortin (POMC) 
and melanocortin 4 receptor (MC4R) genes in hypothalamic tissue was examined using 
the relative fold change method. The results showed that methamphetamine use 
increased the expression of POMC (166%) and MC4R (42%). Berberine caused a 
greater decrease in the expression of both POMC (47% vs. 14%) and MC4R (47% vs. 
29%) genes than crocin. Aerobic exercise also had a similar effect. The combination of 
berberine + exercise showed the greatest reduction in POMC (50%) and the 
combination of crocin + exercise showed the greatest reduction in MC4R (76%). These 
results show the effective role of herbal and exercise interventions in inhibiting the 
neurochemical consequences of methamphetamine. 
 
Keywords: Methamphetamine, Berberine Hydrochloride, Crocin, Aerobic Exercise, Pro-
opiomelanocortin, Melanocortin-4 Receptor. 
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	�%�U9�� �! ���! 	��M?
� �6o �� %����G� D�$

% � �,����.  K���?L�" %�	����,��&� �!�C .�U0 �� � 

MC4R ^�C�  B� �P'� BC �$! V��;0� �� D��  �

 �M?
�	��
!. %������ B� �?+� ����<�� �! �@� K�� D�$

��&� �! �!�� 	-�?�b POMC/MC4R  ��$���

	��
	��m?�� %&����" �!�! ���� BC 	��N �! 

MC4R ��� ��� V$�C � D��  g��� �	��
!. 

%� c�E�^�C�  *��@� 8�O! B� K���?L�" �M?
� ��''C

	����, ��� ���
 V$�C � B�6:, u�  B� �P'� �

!�
. � K�'t<$ K�;� c�E	����, !�P�� g��� �

 �� 	���� � 	<&N %��  *�-�� �� 	U� � l�_

 � 	&L', *�-�� �	9��� 	+�9 *�-�� B�<N

!�
 	���� *f�?R� )6(. �� D���$ 5��� POMC  

� MC4R  5�� B� �M?
� �� � !��! 8��U, l�?m� D�$

 ��@A, Db��� ��? �<$ �	���6�!.  % � ��
 �!�! ����

 %�O�U0 V��;0� g��� D���$ 5��� BC������$D 

POMC 	��<C B?&$ �! )ARC(   e��f�,�]�$

	��
!��! V>� Db��� .!�U, � �M?
� =�Q', �! BC !. 

%�O�U0 �! V��;0� K�� POMC 	����,� � B� �P'

!�
 Db��� c�E� V��;0� � �M?
� ^�C�  )7( .

 K�'t<$ D���$ 5���	����,%�O�U0 � MC4R  ��

������ ��'C 8��U, � �M?
� =�Q', �! 	<M� V>� BC D�



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 136-123 	%&��'�� ( )�'* 

126 

 

!��! ��� ��� )3( .���� 5��� MC4R  �! ��

 V��;0� e��f�,�]�$	�$! BC ��	����, *��@� B� �

	��'C H<C �" 	��M?
� )8( .D�� �� 5��� *��@� 

POMC  � MC4R 	����, Db��� %�Uv� B� B?&� �

�
�� *��L?� !�0. � B� �� 8+9 K?0�� ���� �.�w� ���'

 %�O�U0 V��;0� g��� 5���������$D POMC  �

���� MC4R 	��
 ^�C�  V��;0� B� �P'� BC !

 Db��� c�E� � �M?
�	��
! . 5��� *�
	����, �

�� 5��� *��@� �� POMC � MC4R  ��@A, ;��

!��6#�� . �� 5��� �� B&��>� �! f�� *�
 �� 5��

 *��@� �=C *�
D�� �� D�,���� POMC � MC4R 

!��! )7( . 5��� H�O���?� 
��'  � 	9�a �� D���$

 �!5���$�b *�� F�� B� �?+� D MC4R  D�����N

	�'C ���� BC ��	�$! 5��� �	����, V$�C B� �

!�+<C *��@� MC4R �'C H<C Db��� ��? �<$ �� 

)9( . ��_ B�	�C5�� B� D���$ 5��� � D�$

���t�7�� D� POMC � MC4R  �M?
� �� � !��! 8��U,

 ��@A, Db��� ��? �<$ �	���6�!.  �� 5��� *��@�

 Db��� %�Uv� �'��� 	����� B� B?&� �$��&� K�� D��

 5��� *�
 �	����, �
�� *��L?� �)10(.  �	0�_��

 �� ��
 [?�� 	U�+_ X�C�, H� ������C����$ K�����

 �M?
� �� �" ��>O�� *��@� D��� �	$�C H
�� ����

 �����C����$ K����� .% � B?0�� ���9 BUO�n� !���

!��6#� ��@A, ��� %����� � �M?
� �� % � K-<� 

)11( ��O�, V��;0� �� �����C����$ K����� .

�����$�$ =�Q', �� D��  � 	#' �� BC 	Y�R D

	�'C V$�C �� �M?
� ��'	�$!� . �����C����$ K�����

 B� D�� �, % � K-<� BC % � p+,�� ��� V$�C ��

^�C�  *��@� 8�O!�
�� �M?
� ��''C.  K����� 8<-�

 �! 	MN�, 8��9 ��� V$�C B� �P'� �����C����$

 x�� %���! B� �?+� ����<��2  	9�a �	��
! )12(. 

^�C�  *��@� �� �����C����$ K����� �M?
� ��''C

=&���-� 
�P�� 	L�?m� D�$	��
B�<N �� �!:  K�����

 �����C����$��?]7 ��O�,-1 ����C��� B+
 )GLP-1 (

 V��;0� ��	�$! � �M?
� =�Q', B� BC 	�����$ ��

 H<C ;C��� =&�O���?�	�'C� . % � ��
 �!�! ����

 V$�C �� K�O�� yn  �����C����$ K����� BC

	�$! H��G, �� �M?
� BC 	�����$ ��	�'C� � K����

��?]7 ��O�, �����C����$ YY )PYY ( V��;0� ��

	�$! H<C D��  � �M?
� =�Q', B� BC 	�����$ ��

	�'C�.  �����C����$ K����� 8<-� B'�M� *�� � ��!

 zm�� 	��R B� ��� V$�C � �M?
� ^�C�  D���

% � ���� )13( . �� *�UO�n� �?��� �.�� K�� ��

 �� l�?m� D�$��!500 	��� �, 
��1500 	��� 
��

���! D��� ��� �! D�$4-12 �!�C �!�L? � B?L$���. 

 �b ���� K����� �����C����$ 8<-�POMC  ;:� �! ��

 V��;0�	�$! Db��� .!�U, � �M?
� =�Q', �! BC �

 !��! V>�)14( . K� ��C ���L�� BO�C �@�� �!�� BC

 % �^�C�  *��@� D���! K-<� � % � �M?
� ��''C

 ���� �� ��@A, �� % ��b�$ DPOMC  �MC4R  B�

 .�'C H<C ��� V$�C �b ���� K� ��CPOMC  ��

 =�Q', �!��! V>� Db��� .!�U, � �M?
� =�Q', �! BC

	�'C �b ���� K� ��C 8<-� .�POMC  ;:� �! ��

 V��;0�	�$!Db��� .!�U, � �M?
� =�Q', �! BC � 

 !��! V>�)15( �b ���� �� K�'t<$ K� ��C .MC4R 

', H� BC �% � Db��� .!�U, � �M?
� D���C ��''C =�Q

 ��@A,	���6� �b ���� K� ��C 8<-� .!MC4R  �! ��

 V��;0� e��f�,�]�$	�$! � �M?
� =�Q', �! BC �

.!��! V>� Db��� .!�U,  D�� �� K� ��C *��@�

�b�$D POMC  � MC4R =&���-� �� 	L�?m� D�$

 
�P��	��
 B�<N �� �! %�O�U0 V��;0� AMPK   BC

K�/,��7 K� ��C.�U0 ��'�C�� ��
 AMP (AMPK)  ��

 .�U0	�'C V>� �M?
� � Db��� .!�U, =�Q', �! BC �

.�U0 .!��!D��  AMPK  ���� V��;0� ���b�$D 

POMC � MC4R % � p+,�� )16( ��O�, K� ��C .

��?]7-1 ����C��� B+
 (GLP-1)  V��;0� ��	�$! ��
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 H<C ;C��� =&�O���?� � �M?
� =�Q', B� BC 	�����$

	�'C� GLP-1  ���� V��;0� ���b�$D POMC � 

MC4R % � p+,�� )17( . � ��! :���� *�� � ��!

M� *�� � �M?
� ^�C�  D��� K� ��C 8<-� B'�

 K�� �� .% � ���� zm�� 	��R B� ��� V$�C

 �� l�?m� D�$��! �� *�UO�n� �?��� �.��500  �,

1500 	������! D��� ��� �! 
�� D�$4-12  B?L$

�!�C �!�L? ����. ��  ��6��@� � ��
 �C{ !���� B� BN�,

 �� K�+�� ���  � D���$ 	��� %�O�U0 �!���b�$ D

 K�,��C������7��7)POMC(  K�,��C���� ������ �

4 )MC4R(  !�N� 
�� B?+O� � e��f�,�]�$ e�9 �!

 ��#��-� ��'C �! �$��:?� K�� 	 ��� %MN 	0�C q��'�

l�C !�Y�! �v�� V$�W7  �! p���� K��

5���$ 	|��GY D	�
�� .� 

J(� ( 5&�4��  

 BC % � 	��P, x�� �� �v�� [�>G, }�_��  *��Q�

	-
;7 �! ~�R� B?�<C  ~�>� �� %��<� B?�<C �

*������  ���C IR.IAU.NEYSHABUR.REC.1403.002 

.�� � X��E, B�  �v�� �UO�n� �!42  5�� � 

 	��� �!��G� �! �!�� \'N �� ��?&��200-140 

	� 8�-�, 
�� .��!�!5���$  *������ ;C�� ��

 D��� .���
 B�M, !��$�
 	-
;7 
��� ��#���!

5���$  B?L$ H� ���#�����" p�G� B� .�>?�� �� \7

 � ���N p�G� �� 	��'
" � e�? � V$�C %MN ����

 B?0�� �Q� �! 8��!�, �� 	��'
" D��� ���� B?L$ H�

 .�
�� B��!� �!  BN�, �! *������ ���� B�7  ����6 

?'C 	��,%� %0���! �=O�  .�%� �K���?L�"K���?L�" + 

%� �D���$ %�O�U0+ K���?L�" K����������C����$� 

%�K���?L�" +  �K� ��C%�D���$ %�O�U0 + K���?L�" 

 +%� � �����C����$ K����� %�O�U0 + K���?L�"

K� ��C +D���$ =�&>, %+@ D��� .���
 D�'�

��� �*������ 	��� *����:, �! �x��
 �� 8+9 	�C

8-,��7 D��N� .�_ � 
�P�� B?L$ �$ �" �� \7 � �$

 .��!�� %+@%� ����O" �<#�  %C�
 �� K���?L�"

K�O�  .���� �! � D�����R 9/0 �Y�!  �
 .��G�

%� D�>O� %MN �K���?L�"5���$  ��;��10 

	���
��/
�����C/�%� 	9�LY ���! [��;, �� -

�P�� 8�O! B�) K���?L�" �� �!�L? � �� �� (K�;� e�? � !

 *�� B� K�O�&�� ��� 5  ��!�C %0���! ���)18(. 

���L�� 8� ���E� �� ��
 [?�� K� ��C ��P� %G, 

 �'� ��C����� � �
 B�M, BUO�n� K�� �! �!�L? � D���. 

 ��?�� K� ��C V
 � �
 8� K�O�  .���� .��G� �!

 ��! �� B?L$ �! ���40 	���
��/ *������ B� 
�����C

 	9�LY ���! *��E��
 [��;, )19( .K����� 

�@�� �!�� BC �����C����$ 	$�C H
�� �	�
���  ��

�
 B�M, (�����) �+C��� %C�
  � *������ B���! �� 

100 	���
��/�C 8� �� ��� �! 
�����C ^" �! �" �!

 �
 B0�v� 	�����
")20(.  BC D���$ K��<, 8-,��7

B� �� ������N 8��!�, D�� 	?��>? � K��<, *��Y

 H� �K�f �$ D�M?�� �! .�
 
�P�� �;P� K�f d'7

 	?9� BC %
�! ���9 	-��?-O� Vm�5���$  �!

	� !��� !�R K�f 	��M?�� Vm� 	-�!;� F�
 ����


	� %0���! �� 	-+  	-��?-O� x��
 �� 8+9 .��!�C

�<, 8-,��7C D�� �'
" ���! H� *������ �	'� �+

����� .��!�! 
�P�� �� 8��!�,B  *�� B� 	'��<,4  B?L$

 K�;� 5��� .!�� 8��!�, D�� D���$ K��<,

 8��
 (K��<,)4  %��  �� ����! B����� B?L$25  �?�

 *�� B� B>�9! �!30  � B>�9!6  �!) B?L$ �! ���

 x�<P�24  (B&�N � %��  K��9  �,12 �� y+Y 
�P

	��
 (21)  .��N)1(.  	O�-O�� D�$ 	 ��� %MN

 ���m? � ��?�� ��b ���� yn  �!RNA  ��9 %0�� ��

 �!�L? � �� \]  �%0�� 
�P�� �.����, �� �!�L? � �� 1�

 ��� .�_ �! ��� ^6N %�Y�R ��260  �� � �?�����

 B��<� ���R BN�! � %Q�o ��� Bn��� H<CRNA 

��" % �� 	<C *��Y B�: C (µg/µl) = A260× ɛ× 
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d/1000.  ���m? � �� \7RNA  %Q�o � ���R ��

B��<� 	��<, �� f�� ���&� 8���� BUO�n� !��� D�$

 ;?' cDNA  
�P�� �����  %C�
 8-,��7 [+_

 \]  � %0��cDNA  V'C�� 
�P�� %MN ��
 ;?' 

��?�� .%0�� ���9 �!�L? � !��� e�-U� 	&����� 

 B� ����� ���
 	���_ D�$�<���7�b�$  	 ��� !���

 ���� 	 ��� \]  � �%0�� ���9�b�$  �� �!�L? � ��

	<C 5��q-RT  PCR  	O��, .%0��67 
�P��

 .��N �! �$����o"2  D��� .% � ��
 �!�! ����

 �� 	�R�! .�?'CmRNA β-actin  8-,��7 .�
 �!�L? �

 �!�L? � !��� 	,���� BR�aReal time-PCR  :8��


°95  *�� B�10  �B>�9!°95  *�� B�10  B� � �B���@

 �" .�+�!45  8-� °10 B���@ *���� �! D�60  BN�!

 ���� %+&� .!���b�$ �� �BUO�n� K�� �! 	 ��� !��� D

B&��>� 5��) B��? " BR�a D�Thereshold Cycle: 

CT.�'?0�� ���9 	������ !��� (  �� V$�W7 K�� �!

��� D��� �b ���� ���� *��L, 	 �����$ �� l�?m� D

5�� .% � ��
 �!�L? � H�,����L����� K��� D�$

�!�! 8��G, � B�;P, %MN ��Q'� K��� % ! B� D�$

 �! ���"�����$ c�?R� B+ �G� � �'a�O�0 5�� �� �

�!�! .% � ��
 
�P�� 8��G, � B�;P, qN�� �b �� �$  

2>���4 Fold Change:  5�� H� �b ���� D���

 l�?m� p���
 �! �b ���� yn  B&��>� D��� d���

 ���� d'a�O�0 .% � (����! H� �� �U� � 8+9 �'���)

	�$! %+&� B��#a B��<� H� �! �b ���� yn  BC �

B��<� B� B+ �G� 8���� .% � �!�C ���:, �#�! D

% � ��� }�
 B� 	�C ��_ B� d'a�O�0: 

K&+L6�& RNA M6�� (cDNA : ��?�� RNA  ��

B��<� ���m? � �$	��
B� \]  � ! cDNA  8��+,

	��
!. 

&��&�
�& �5��6�& �� %: %�/� NO� 
+/PqPCR:  ����

) qN�� �b � �Q� !��� �b�b�$" ���� yn  BC 	� �M�

�'��� �% � %��@GAPDH (  B��<� �! �$ �!

������ D���	��
 �!�L? � �� ��C K�� .!�5�� � qPCR 

 
�P��	��
!. 

;/Q
�/4 2>���4Ct: ���>� Ct BR�a) D��� (B��? " D

	� % ! B� �b �$ � B��<� �$K�#���� % � �?M� .��" 

Ct ���� V��;0� %9! �, !�
 B+ �G� ���-, K��'a. 

2>���4(Delta Ct) ∆Ct : ∆Ct ���>� �!�C =C �� Ct 

���>� �� qN�� �b Ct 	� % ! B� �Q� !��� �b��". 

 referenceCt  –target  Ct ∆Ct= 
2>���4(Delta Delta Ct) ∆∆Ct : ∆∆Ct �!�C =C �� 

∆Ct  �� .�?'C ∆Ct 	� % ! B� B��<���". 

control−∆Ct sample∆∆Ct= ∆Ct  

R�F�7�9 2>���4: Bn��� �� �!�L? � �� d'a�O�0 ��� D

 B+ �G�	��
!:  ∆∆Ct−2=Change Fold 

��� �BO!�U� K�� �! ∆∆Ct  	L'� �?��;� d'a�O�0 ��
��

 ��1 ���� BC !�� �$��R �! �b ���� V��;0� ��'$!

��� .% � �Q� !��� B��<� ∆∆Ct  ��
�� %+w�

 �� �?<C d'a�O�01 ���� BC !�� �$��R V$�C ��'$!

% � �Q� !��� B��<� �! �b ���� )22(. 

  

 .��N1- D���$ K��<, 8-,��7  
Table 1: Aerobic exercise protocol  

Week Speed (m/min) Duration (min) 

1 20 20 

2 20 25 

3 25 25 

4 25 30 
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.��N 2-  �<���7 D�#O��b�$  
Table 2. Primer pattern of genes  

Gene Name Primer Sequence (5’→3’) Product Size (bp) 

POMC 
F: CCATAGATGTGTGGAGCTGGTG R: 

CATCTCCGTTGCCAGGAAACAC 200 

MC4R 
F: CCTGAGGTGTTTGTGACTCTGG R: 

AACGCTCACCAGCATATCAGCC 
380 

GAPDH 
(Housekeeping) 

F: AAAGTTGTCATGGATGACC R: 
CATGGAGAAGGCTGGGG 

195 

  

R��6
  

!�! ���� K�,��C������7��7 �b ���� 	 ���  %� u�>O�

 K���?L�"(B��
)  V��;0� XN��166  K�� D�Y�!

% � ��
 =O�  .�?'C ���� B� %+&� �b )��!�<� 1.( 

 K����� B� %+&� ���L�� K� ��C !�! ���� d��?�

 �b ���� �! D�?��� V$�C 	$�C H
�� �����C����$

POMC ) �'?
�! X�,�, B�14 �Y�!  ����� �!47 

�Y�! V$�C D���$ K��<, ���� ������ B� �+��>, (

)48% V$�C(.  �!�����$���E� 	+�C�, D 	$��� D�$

 �! �?��� V$�C �� D��" %L#
 ��n� d��?� �K��<, �

 B� %+&� D���$ K��<, � 	$�C H
�� X�C�, ����

 !�� D���$ K��<, � K� ��C X�,�, B�)50 �Y�!  �!

 �����34 �Y�!  ��!�<�) (V$�C2.(  ���� �� Bn��� �!

 �bMC4R �v�� V$�W7 d��?� � �b B���� 	��#O�

POMC  !�! ���� B-���n� (B��
) K���?L�" %� u�>O�

 V��;0� XN��42  ���� B� %+&� �b K�� D�Y�!

 ��!�<�) % � ��
 =O�  .�?'C3 .( d��?� K�'t<$
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Fig. 1. POMC gene expression values in the healthy control and glass-induced groups 
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 ��!�<�2-  �b ���� ��!�>�POMC  �!�����$ Dl�?m� 

Fig. 2. POMC gene expression values in different groups 
 

 
 ��!�<�3-  �b ���� ��!�>�MC4R B��
 u�>O� � =O�  .�?'C ���� �! 

Fig. 3. MC4R gene expression values in the healthy control and glass-induced groups 
 

  
 ��!�<�4-  �b ���� ��!�>�MC4R  �!�����$K�+�� ���  � K��<, D 

Fig. 4. MC4R gene expression values in the exercise and psilocybin groups 
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Abstract 
Obesity is associated with lipid disorders and a significant increase in cardiovascular 

diseases. This study aimed to investigate the effect of 10 weeks of high-intensity 

interval training (HIIT) and high-protein diet (HPD) on the plasma levels of 

apolipoprotein A1 and B and lipid profile in obese male rats. 40 obese male Wistar rats 

in five groups (n = 8): HIIT, HPD, HPD+HIIT, obese control-A (OC-A), and obese 

control-B (OC-B) and eight rats were also studied as normal control group (NC). 

Training groups, ran five days a week for 10 weeks with at the about intensity of 90% of 

maximum oxygen uptake on the treadmill. After the end of the intervention, blood 

sampling was done and the levels of apolipoproteins ApoA1, ApoB, and lipid profile 

were measured in plasma. The data were analyzed using one-way analysis of variance 

and Tukey's post-hoc tests at a significance level of p < 0.05. The plasma level of HDL-

C was significantly higher in the NC group than in the OC-A group (p ˂ 0.05), but no 

significant difference was observed between the other groups (p > 0.05). The TC/HDL-

C and LDL-C/HDL-C ratios in the NC and HIIT+HPD groups were significantly lower 

compared with the OC-A group (p ˂ 0.05), while no significant difference was observed 

between the other groups (p ˃ 0.05). Also, triglyceride-glucose index (TyG) was 

significantly lower in the NC, OC-B, HIIT, HPD, and HIIT+HPD groups than in the 

OC-A group (p < 0.05). No significant difference were observed in the plasma levels of 

ApoA1, ApoB, ApoB/ApoA1, Triglyceride (TG), Total cholesterol (TC), Low-density 

lipoprotein (LDL-C), and Very low density lipoprotein (vLDL-C) among the groups (p 

> 0.05). It seems that doing HIIT along with HPD can prevent possible metabolic 

complications caused by obesity and high-fat diets by improving the lipid profile. 
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Fig. 1. Plasma levels of (A) ApoA1: apolipoprotein A1, (B) ApoB: apolipoprotein B and (C) ApoB/ApoA1 ratio in 

the study groups. NC: normal control group (normal diet), OC-A, obese control-A (high-fat diet), OC-B: obese 

control-B (high-fat diet discontinued and normal diet consumed), HIIT: high-intensity interval training, HPD: high-

protein diet. 
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Fig. 2. Plasma levels of (A) HDL-C: high-density lipoprotein cholesterol, (B) LDL-C: low-density lipoprotein 

cholesterol, (C) vLDL-C: very low-density lipoprotein cholesterol, (D) TC: total cholesterol, (E) TG: triglyceride, (F) 

TC/HDL-C ratio, (G) LDL-C/HDL-C ratio and (H) TyG: triglyceride-glucose index in the study groups. * Significant 

difference with the OC-A group (obese control-A) (p < 0.05). 
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Table 1. Weight and Lee index values of rats before and after 10 weeks of diet and (Mean ± SD) 
Groups Normal control Obese control-A Obese control-B HIIT HPD HIIT + HPD 

Body weight (g) 

before 
283.10  ± 42.26 395.78  ± 38.82 388.18  ±  34.67 390.37  ± 38.82 370.53 ±  19.81 387.47  ± 26.83 

Lee index before 301.19  ± 4.96 331.78  ± 9.43 327.61 ±  7.09 338.52  ± 16.66 323.73  ± 8.29 334.55  ± 15.29 

Body weight (g) 

after 
419.06  ± 49.26 524.70 ±  48.87 505.38  ± 49.80 442/93 ±  29.86 374.50  ± 26.57 381.23  ± 21.53 

Lee index after 318.81  ± 2.53 338.45  ± 8.38 327.29  ± 3.85 315.86  ± 4.57 304.13  ± 3.11 306.85  ± 2.56 

Normal control: Normal weight control with normal diet, Obese control-A: Obese control with high-fat diet, Obese 

control-B: Obese control with normal diet, HIIT: High-intensity interval training with high-fat diet, HPD: High-

protein diet. 
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 راهنمای تهیه و تدوین مقالات

 ؿَد دس ٌّگبم اسػبل هقبلار ثِ ًکبر صیش سَخِ فشهبیٌذ:ًَیؼٌذگبى هحششم سقبضب هی

 هقبلِ دس هدلِ دیگشی ثِ چبح ًشػیذُ یب ثِ طَس ّوضهبى ثشای ػبیش هدلار اسػبل ًـذُ ثبؿذ. -1

ؿخبف هدشة، ثب ثلیشر ٍ ثب اسخبع ثِ هقبلِ دظٍّـی حبكل سحقیق ًَیؼٌذگبى ثبؿذ. هقبلار هشٍسی ًیض اص ا -2

 ؿَد.سؼذاد قبثل قجَلی اص هقبلار هٌشـش ؿذُ سَػط ًَیؼٌذگبى دزیشفشِ هی

ی فبسػی ٍ كفحِ ٍ هـشول ثش ػٌَاى فبسػی ٍ اًگلیؼی، چکیذُ 14كفحِ ٍ حذاکثش  7هقبلِ اسػبلی حذاقل  -3

 333، ًشبیح، ثحث ٍ هٌبثغ ثبؿذ. چکیذُ ثیؾ اص ّبکلوبر کلیذی فبسػی ٍ اًگلیؼی، هقذهِ، هَاد ٍ سٍؽ اًگلیؼی،

 ٍاطُ ثبؿذ. 7سب  4کلوِ ًجَدُ ٍ کلوبر کلیذی ًیض ثیي 

ثِ ّوشاُ ّش هقبلِ، یک كفحِ هدضا ؿبهل ػٌَاى هقبلِ )فبسػی ٍ اًگلیؼی(، ًبم ٍ ًبم خبًَادگی ًَیؼٌذگبى )فبسػی  -4

 ٍE-mail ٌیب هٌضل یي ًـبًی، ؿوبسُ سلفي ٍ فکغ هحل کبس(اًگلیؼی(، هشسجِ ػلوی ٍ هحل اؿشغبل آًْب ٍ ّوچ 

)سلفي ّوشاُ ٍ هؼئَل هکبسجبر خْز سؼشیغ دس هکبسجبر ثؼذی رکش ؿَد. سشسیت دسج اػبهی ًَیؼٌذگبى سا ثبیذ 

 هـخق ًوَدُ ٍ هؼئَل هکبسجبر ًیض ثب ػلاهز ػشبسُ هـخق ؿَد.

 ػبًشی 3  سبیخ ؿذُ ثبؿذ ٍ B Lotus  ٍTimes New Roman، قلن  Word (doc, docx)هقبلِ ثب ًشم افضاس -5

 .ثبؿذ داؿشِ طشف چْبس اص حبؿیِ هشش

، آدسع ًَیؼٌذگبى ٍ چکیذُ Bold 12، ًبم ًَیؼٌذگبى Bold 14بسػی ٍ اًگلیؼی هقبلِ ف ػٌَاى قلن اًذاصُ -6 

. ثبؿذ 12  هقبلِ هشي ،11 اًگلیؼی کلیذی کلوبر ، 13 فبسػی کلیذی کلوبر ،12  اًگلیؼی ، چکیذ11ُفبسػی 

سٌظین گشدد. اػبهی ػلوی لاسیي ٍ ػٌَاى  11، هٌبثغ ٍ اكطلاحبر اًگلیؼی ثب فًَز Bold 12 هشي داخل سیششّبی

 هدلار خبسخی دس هٌبثغ ثبیذ ثِ كَسر ایشبلیک سبیخ ؿًَذ.

دس صیش  13دس ثبلای آًْب رکش ؿذُ ٍ دس كَسر ًیبص ثِ سَضیحبر ثیـشش، هطبلت ثب قلن  11ػٌَاى خذاٍل ثب قلن  - 7

خذٍل اسائِ گشدد. ثِ ػلاٍُ ّش ػشَى خذٍل ثبیذ داسای ػٌَاى ٍ ٍاحذ هشثَط ثِ خَد ثبؿذ. سَضیحبر هشثَط ثِ 

ّبی اسػبلی ثبیذ اكل، داسای هقیبع، ٍاضح ٍ ًَؿشِ ؿَد. ػکغ 11ّب، سلبٍیش ٍ ًوَداسّب دس صیش آًْب ثب قلن هٌحٌی

 دقیق ثبؿٌذ.

ّب ًیض ثِ اًگلیؼی ثشگشداًذُ ؿًَذ( ٍ ثش اػبع حشٍف الفجبی ًبم دس اًشْبی هقبلِ هٌبثغ ّوِ ثِ اًگلیؼی )فبسػی -8

ی اٍل ؿوبسُ گزاسی ؿذُ ٍ دس هشي هقبلِ ثب ؿوبسُ ٍ دس داخل دشاًشض اسخبع دادُ ؿَد. دس ًگبسؽ خبًَادگی ًَیؼٌذُ

 هٌبثغ هَاسد صیش سػبیز گشدد:

 :اػز شبةک هٌجغ اگش –الف 

 ًبم خبًَادگی ٍ حشف اٍل ًبم ًَیؼٌذگبى، سبسیخ اًشـبس، ػٌَاى کبهل کشبة، ؿوبسُ چبح، ًبؿش، ؿْش، كفحبر. هثبل:

 اگش هٌبثغ هَسد ًظش هدلِ اػز: -ة

 ًبم خبًَادگی ٍ هخفف ًبم سوبهی ًَیؼٌذگبى، سبسیخ اًشـبس، ػٌَاى هقبلِ، ًبم هدلِ، دٍسُ، ؿوبسُ، كفحبر. هثبل:
 Gerendai I., Shaha C., Gunsalus G.L., Bardin C.W., 1986. The effects of opioid 

receptor antagonists suggest that testicular opiates regulate Sertoli and Leydig cell 

function in the neonatal rat. Endocrinology, 118(5): 2039-2044. 
ذُ ًَیؼٌذگبى اػز. ضشٍسی اػز ّوشاُ ثب هقبلِ، فشَکذی فشم سؼْذ هشقبثل هؼئَلیز كحز ٍ ػقن هطبلت ثِ ػْ - 9

 کِ دس داخل هدلِ آٍسدُ ؿذُ اػز، سکویل ٍ اسػبل گشدد.



 داخل کشٍؿِ قیذ گشدد. In Persianدس اًشْبی هٌبثغ فبسػی اػشفبدُ ؿذُ کِ ثِ لاسیي سشخوِ ؿذُ اػز ػجبسر  -13
 

اسػبل  ( ٍ ػبثویز هقبلwww.ascij.damghaniau.ac.irِ) دس ػبیز هدلِثجز ًبم ًَیؼٌذُ هقبلار اص طشیق  -11

 گشدًذ.
 

 faslnameh.zist@gmail.comپست الکترونیک: 

 323 -35225358تلفکس: 

حَصُ ، د اػلاهی ٍاحذ داهغبىداًـگبُ آصاثؼذ اص هیذاى ػؼذی،  ،ػلیداهغبى، کیلَهشش یک خبدُ چـوِ: آدرس پستی

 ؿٌبػی خبًَسی    دفشش فللٌبهِ صیؼز ،ٍسیآ هؼبًٍز دظٍّؾ ٍ في

 

mailto:faslnameh.zist@gmail.com


 

 

 

 

 

 

 

Journal of Animal Biology 

Azad University, Damghan Branch 

Vol  . 17, Spring (2025)  

ISSN: 1735-9724 
.................................................................................................................................................................................................................................................................................................................................................... 

Publisher License Holder: 

Islamic Azad University, Damghan Branch 

Deputy of Research and Development 
.................................................................................................................................................................................................................................................................................................................................................... 

Chairman: 

Dr  . Hooman Shajiee 
.................................................................................................................................................................................................................................................................................................................................................... 

Editor in Chief:  

Dr. Gholamhassan Vaezi 
....................................................................................................................................................................................................................................................................................................................................................  

Executive Editor: 

Dr. Vida Hojati 
.................................................................................................................................................................................................................................................................................................................................................... 

Editorial Board: 
Dr. M. Shams Lahijani (Professor), Dr. M.J. Golalipour (Professor), Dr. N. Rastegar  Pouyani (Professor), 

Dr  . Gh. H Vaezi (Professor), Dr. Mokhtar Mokhtari (Professor), Dr  . Sh. Pashaei Rad (Associate 

Professor), Dr  . E. Rastegar  Pouyani (Associate Professor), Dr. M. Rahnama (Associate Professor), Dr. F. 

Kafilzadeh (Professor), Dr. M. Modaresi (Associate Professor),  

Dr  .  A.H. Shiravi (Associate Professor) and Dr  . V. Hojati (Associate Professor)  

.................................................................................................................................................................................................................................................................................................................................................... 

Editor: 

Dr  . Vida Hojati 

.................................................................................................................................................................................................................................................................................................................................................... 

Layout:  
Samaneh Marvizadeh 

 

 

This Journal is indexed in ISC, SID and Magiran    
.................................................................................................................................................................................................................................................................................................................................................... 

Address: Office of Journal of Animal Biology, Deputy of Research and Development 
Islamic Azad University, Damghan Branch, Cheshmeh Ali Road, Damghan, Semnan Province, Iran 

Tel-fax: 023-35225058 
 

E-mail: faslnameh.zist@gmail.com   
Website: https://sanad.iau.ir/journal/ascij/ 

 

mailto:faslnameh.zist@gmail.com




 

 

 

 

 

 
 
 

 

 فصلنامه زیست شناسی جانوری دانشگاه آزاد اسلامی واحد دامغان

 4141 بهار، هفدهمپژوهشی، سال  ـ علمی
.................................................................................................................................................................................................................................................................................................................................................... 

 مغاندانشگاه آزاد اسلامی واحد دا آوریو فن معاونت پژوهش صاحب امتیاز:
.................................................................................................................................................................................................................................................................................................................................................... 

 دکتر هومن شجیعی مدیرمسئول:
.................................................................................................................................................................................................................................................................................................................................................... 

 غلامحسن واعظیدکتر  سردبیر:
.................................................................................................................................................................................................................................................................................................................................................... 

 ویدا حجتیدکتر  مدیر داخلی:
.................................................................................................................................................................................................................................................................................................................................................... 

 هیأت تحریریه:

 دکتر دکتر غلامحسن واعظی )استاد(،، )استاد(پور، دکتر محمدجعفر گلعلی)استاد(، دکتر نصرالله رستگارپویانی)استاد( دکتر مریم شمس لاهیجانی

 دکتر فرشید  ،)دانشیار( ، دکتر مهدی رهنما(استاد)، دکتر اسکندر رستگارپویانی)دانشیار(رادیدکتر شاهرخ پاشایمختار مختاری )استاد(، 

 (دانشیار) ویدا حجتیدکتر و  )دانشیار(دکتر عبدالحسین شیروی، )دانشیار( ، دکتر مهرداد مدرسی(استاد)زادهکفیل
.................................................................................................................................................................................................................................................................................................................................................... 

 ویدا حجتی دکتر ویراستار: 
.................................................................................................................................................................................................................................................................................................................................................... 

 زادهسمانه مروی تنظیم و صفحه آرایی:

 

 

 مرکزی دانشگاه آزاد اسلامی، فصلنامه زیست شناسی جانوری دانشگاه آزاد اسلامی سازمان  44/44/41مورخ  440411/48طبق نامه شماره 

 باشد.واحد دامغان دارای مجوز انتشار می

-می تکوین و فیزیولوژیاین نشریه  مقالات وزارت علوم، تحقیقات و فناوری حوزه تخصصی 41/48/25/ مورخ 441521/44/5طبق مجوز شماره 

 باشد.

 باشد.پژوهشی می-وزارت علوم، تحقیقات و فناوری این مجله دارای رتبه علمی 44/44/24/ مورخ 401/44/5طبق مجوز شماره 
 

2841- 4851 :ISSN 

.................................................................................................................................................................................................................................................................................................................................................... 

 گردد.نمایه می Academia و ISC  ،SID ،Magiranفصلنامه علمی پژوهشی زیست شناسی جانوری در 
.................................................................................................................................................................................................................................................................................................................................................... 

 شناسی جانوریفصلنامه زیست دفتر ،آوریوفن دانشگاه آزاداسلامی واحددامغان، حوزه معاونت پژوهش، دامغان،کیلومتر یک جاده چشمه علی نشانی:

 445 -51441414تلفکس: 
 

  Faslnameh.zist@gmail.com  الکترونیک:پست 

   /https://sanad.iau.ir/journal/ascij الکترونیک:آدرس 

 

mailto:Faslnameh.zist@gmail.com
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Abstract  

Severe skin damage or defects can cause various problems in living animates, which 

could affect a patient's life. Developing wound dressings with acceptable antibacterial 

activity, besides biocompatibility and biodegradability, is essential in developing wound 

healing applications for decreasing or limiting synthetic antibiotic abuse. The present 

study aimed to design, prepare, and develop a functional hydrogel structure based on 

chitosan (CS) containing clove extract (CEO) with enhanced antibacterial activity, non-

toxicity, and wound-healing potential. The hydrogel structure was studied using a 

scanning electron microscope (SEM) and Fourier transform infrared (FTIR). In 

addition, the cytotoxicity of the designed hydrogel was assayed by the MTT test. Based 

on the SEM, adding clove extract increased the pore size of the CS hydrogel. FTIR 

analysis confirmed the presence and mixture of clove extract with CS in the hydrogel 

structure. Our investigations displayed that the clove extract-loaded CS hydrogel did not 

have cytotoxic effects on the mouse fibroblast (L929) cells. In addition, the designed 

hydrogel showed antibacterial activity against Staphylococcus aureus and Escherichia 

coli. According to the results, CS/CEO hydrogel is a great potential candidate for 

antibiotic-free wound healing applications. 

 
Keywords: Clove extract, Hydrogel, Chitosan, Wound dressing, Antibacterial. 
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�,e( ���� 8� �xr� .�" 	��� 
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D�6I��&) VN,� 	8�SG �CEO extract 5W
8�,& �(
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8� 56e� ��� �,e( ��&24  *�� D$ D��/



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 12-1 	���#� $ %�&�� 

  

5 

 

24  5W
8�,& D�6I� �xr� .���" 	��� ��� �G��

CS/CEO  Pa  8�100 �.,K
�%,�  
 D#�J� l,-� D$
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�%,� �� 	��\.�� �$ 5W
8�,&

)Bell, INV-100FL 8� 56e� ��� �� .�" 	�&��� (
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�3L929  ��$�L3 �%
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�  8/6  Pa  D$100  �.,K
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� �$

 56e-� �� 	��\.��NaOH  
��,�pH �z!/ �
�  D$ 

)2/7  ��4/7(  .�" P,t!�D�6I��&56e� �- �$ 5W
8�,&

  �� 	��\.��PBS  	��� 6" 
 ��" ��� l,-� 


 �D���� 8� .���"D�6I��&56e� �- 	���� 5W
8�,&

 56e� ��� �,e( D$ 	�" ����96  F+.!�  D��/

��6" .�D�6I��&  ��� l,-� �� 	��\.�� �$DMEM 

 �
� FBS 10  �k8� ����� 	��$ ���$24 �48  
72 

 86��$6%�� 

8� �G�� 2CO 5  �k8� �$618 �$95 

�k8�  ���L� ����� 	��$ �& ���$ .�" 	��� 8��C3  8�$

 8��%�) D�6I� ��3  =n��� �,e( 8� ��� 
 (  56e�

 .�" D.#�� �t� 8� 5�.!� D�6I� 
�6!L$ �"@� �� x(

	��$ 56e-� �	�" ^��L� ����� ��&MTT )10 

(�k8� ,�� ��� l,-� F� Pa  �� V&�h �& D$ 
 D

 *�� D$ 
 	�
�#�3  	��� 8��C 86��$6%�� 

8� �G��

 �� �L$ 	�" F,%�� 

���
�# ��&86e$ .�"3  �G��

 �� 	��\.�� �$ �
6,��$6%��DMSO  �� 	��\.�� �$ 
 F 

�,e(
�%,� Q��6/ 	��.�� )Bio-Tek 	�
�-� 8� (

 y6� 561570  �.�6��� .�" 	���6/  

  

 5
�E1- DSN�� ��.��$��&�$
�%,��J ��� 8� 	��\�� �86� �  
Table 1. Characteristics of the bacteria used in antibacterial testing 

Gram Reaction Standard Number Bacterium name 

Positive ATTC 25923 Staphylococcus areus (S. aureus) 
Negative ATTC 1330 Escherichia coli (E. coli) 
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����� 
 ��D.#�� ���
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)CS/CEO _,!`I& .��� 	�" �.�8�$ @#�!� 	����� (

� ��
�S� 8a1 5W
8�,& �CS/CEO  �,Z p6U� ��8��
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 �$���8� 86t!�

 	�" D,�� 5W
8�,& �$
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� �
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��6.,� 5W
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 F%" 8� 	�" Dc�8� 8��6I� 
 ��
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a2 _��.�,$ �

 ��.��$ 
� D,eG �$
�%,��J �,K�L#E. coli  
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aurous  	�,� �� 	�" y��N.�� 	8�SG D$ �6$��

 VN,���"�$ �,K�L# �6E
 DE6� F$�C D.%� .�

 5W
8�,& �����.��$�JCS  	8�SG �8�@�8�$ �C�#

,k�/ 	�!!��,c�� D� ���� VN,� �����.��$�J �

 
��6.,���"�$ �����.��$�J �,K�L# .�5W
8�,&�& 
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 CS/CEO��.��$ D,eG VN,� 	8�SG 
 (E. 

coli  ��.��$ �� �.�,$S. aureus  .���  

���� ���#� $ 
��0�����
��
�3  ��(�L929  �%

�-$��+� ��$�L3 : ��
�S� D� 86U��I&a3  F$�C

 5W
8�,& ���� 	�&���CS/CEO �C�#  ���$ �,I�

56e��& �L929 ���� ��8�4G D$ �� 	�6$ 8�����

��"�$ 5W
8�,& �$ 	�" 8�I,� D�6I� D���+� 8� .�

CS/CEO 
 �"8 ��
8 8� ��
�\� 5�.!� D�6I� �$ 

 �W6K6#86�56e��& � 	����I6"	��� 
��,� .� ����

56e��& �L929  ��� �� 	��\.�� �$MTT  D���+� 8�

 5W
8�,&CS/CEO  �$ F%" 8� 5�.!� D�6I�b3  Dc�8�

 
 �"8 ��
8 DLK�U� �86� D�6I� 
� �& .��� 	�"

 �,z%�56e��& �L929  ����� 	��$ 8�72  �G��

 .��� 	�!���# ��� ��8��56e��& �L929  	�" 8�I,�

 5W
8�,& �$CS/CEO  8� �8 �����#� �"8 ��
83  	��$

 ��!&� �� 
��� �����D$861 D���+� 8� D%�24  �$72 

 jU� ��8�� �G���!L�8�� �001/0 p < ��"�$ .�

 �K6e� �"8 D� ��� �K� 8� _��D�6I��&8� 5�.!� � 

 5W
8�,& �$ 	�" 8�I,� �$ D���+�CS/CEO  �.�,$

 D.%� _�� .�������6� VN,� 	8�SG 86b  F,K�$ �

 5W
8�,& D�6I� 8�CS  .�"�$  

 
 F%"1- DSN�� �$��5W
8�,&�&) .	�" �.!� �a ( ��
�S�SEM  ��5W
8�,&�& �CS  
CS/CEO ��I!�8�$��
�S� ��: 500 



�%,� . )b ^,1 (FTIR 5W
8�,&�& �CS  
CS/CEO.  
Fig. 1. The synthesized hydrogels characterization. (a) SEM images of CS and CS/CEO hydrogels 

Magnification: 500 µm. (b) FTIR spectra of CS and CS/CEO hydrogels. 
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 F%"2- �$���8�  �$
�%,� �J �,K�L#5W
8�,&�&) .	�" �.!� �a �$
�%,��J �,K�L# ��
�S� (5W
8�,&�& �CS  
CS/CEO 

D�6� F$�+� 8� ��.��$ ��&E.coli and S. aureus) .b ���$ 8��� l,-� �
8 �$ �8����$ D, �� _,���,� 8��6I� (E.coli and S. 

aureus  �� �L$ �$ 
6,��$6%��5W
8�,&�& �CS  
CS/CEO . 

Fig. 2. The antimicrobial activity assay of synthesized hydrogels. (a) Antimicrobial activity of images of 

CS and CS/CEO hydrogels against E. coli and S. aureus. strains (b) Average diameter of inhibition zone 

area on agar for E. coli and S. aureus after incubation of CS and CS/CEO hydrogels. 

 

 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 12-1 	���#� $ %�&�� 

  

8 

 

 
 F%"3- �$���8�

�$ ��&) .�!�a �86� ]6%�
�%,� ��
�S� (56e��& �L929  5W
8�,& �
8 �$CS/CEO $ �� �L24 

�� �t� 8� 5�.!� 
�6!L$ 5W
8�,& 

�$ 56e� ��� �,e( 8� ��� .
6,��$6%�� �G���S� ���I!�8�$ .�" D.# ��
x100 

��"�$) .�b	��� () �"6� �.��$
�4,# 56e� ����L929 5W
8�,& �
8 �$ 	�" ��� (CS/CEO  8� 5�.!� 
$ ����� 	��24-

72  .
6,��$6%�� �� �L$ �G�� 

Fig. 3. In-vitro assay. (a) Inverted microscopy images of L929 cells on CS/CEO hydrogel after 24h 

incubation. A plate well without hydrogel was used as a control. The magnification of images is 100x. (b) 

The cell viability of mouse fibroblast cells (L929) was seeded on CS/CEO hydrogel and controlled after 

24-72h incubation.  
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Abstract 

Studying helminth parasites of the digestive tract of fish can complete our information 

about parasite distribution, host characteristics, and food safety, especially regarding 

edible fish in the Persian Gulf. The aim of this study was to investigate helminth 

parasites in the digestive tract of Cynogossus bilineatus caught off the coast of Bandar 

Abbas. For this purpose, the digestive tract of 50 C. bilineatus was examined during the 

summer of 2017 in Bandar Abbas. After procuring the fishes, they were transferred to 

the laboratory and different parts of their bodies were measured for morphometric 

study. Then whole digestive tract of the fishes was removed, opened with a small 

scissor into a dish and the content digestive tract and body cavity searched for the 

presence of helminth. Finally, the parasites were then stained and identified with the 

help of reliable sources. The helminthic parasites that were recovered from the digestive 

tract of the fishes were identified as follows: The trematodes Lepocreadioides zebrini 

and acanthocephalan Hemiradinorhynchus leuciscus were recovered from C. bilineatus 

with 10% and 2% infection rate respectively. In addition, cestodes Scolex pleuronectis, 

Trypanorhyncha larvae, as well as Anisakis sp each with a 2% infection rate were 

isolated from C. bilineatus.  All these parasites are reported for the first time from C. 
bilineatus caught from the coasts of the Persian Gulf. The finding of Scolex 

pleuronectis, Trypanorhyncha larvae, and Anisakis sp. as new records for C. bilineatus 

highlights the importance of continued parasitological surveys to better understand the 

biodiversity and ecological relationships within this marine environment. 

 
Keywords: Cynogossus bilineatus, Helminth parasites, Anisakis, Bandar Abbas. 
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Lepocreadioides zebrini Yamaguti, 1936 :
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Scolex pleuronectis Müller, 1788:  )'	 �# ��>2�
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Hemirhadinorhynchus leuciscus Krotov & 

Petrochenko, 1956:  )'	0�P��>��?W  �
��.W %	�"  �#
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 0��a) ��	�� ��a� ��>24-= E��
 �"= �����	3.( 

��F  EG#	� 0��a )'	 m4C �# �# �	�05/0 p ≤  �� gV6

 E.�# �$ 
I�� E�N�6 � ���#W <P�  �$ 
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 0��a1-  O'�> �6��  3�SZ� �=� �=��4� ���# �*	�� �� 
�� �"N %�#I @ 

Table 1 Morphometric indicators of tongue soles caught off the coast of in Bandar Abbas coast 

Indicators Size (mm) 

 Average SE 

Total weight (g) 47. 63 19.51 

Total length (mm) 228. 19 29.36 

Standard length (mm) 212. 67 29.24 

Dorsal fin length (mm) 10. 99 2.02 

Ventral fin length (mm) 11. 04 2.21 

Distance between eyes (mm) 2. 77 2.40 

Dorsal fin base (mm) 218. 46 27.28 

Ventral fin base (mm) 182.02 31.19 

Distance from snout to eye (mm) 18.41 3.61 

 
 0��a2- ��?�� 
�� !6�' @�=50   %�#I �=�  ���Cynoglossus linnaeus ��4� ���# �*	�� �� 
�� �"N 

Table 2. Helminths found in 50 tongue soles (Cynoglossus Linnaeus) caught on the coast of Bandar Abbas 

Parsites Class No. Infection % 

                Lepocreadioides zebrini         Trematode 5 10 

                           Scolex pleuronectis  Cestode 1 2 

Trypanorhyncha                                      Cestode 1 2 

Anisakis sp.                                             Nematode 1 2 

    Hemiradinorhynchus leuciscus    Acanthocephala 1 2 

  

 0��a3- �=�  O'�> �6��  3�SZ� ��4����# �*	�� �� 
�� �"N � �? ���	 E# 
��.W�"D � 
��.W %�#I @�= 

Table 3. Morphometric characteristics of tounge sole infected and not infected with helminth parasites caught on the 

coast of Bandar Abbas 
Indecies Non-infected Infected F p  Correlation  

Mean  SE Mean  SE 

Total weight (g) 48.14 19.98 44.93 17.74 0.10 0.74 Absent 

Total length (mm) 228.19 29.41 228.18 31.15 0.09 0.76 Absent 

Standard length (mm) 212.61 29.42 212.93 30.27 0.06 0.79 Absent 

Maximum body thickness (mm) 9.04 1.65 8.72 1.67 0.09 0.76 Absent 

Dorsal fin base length (mm) 217.28 26.97 224.62 29.98 0.002 0.96 Absent 

Ventral fin base length (mm) 183.00 32.11 176.87 27.11 0.59 0.44 Absent 

Dorsal fin height (mm)  10.88 1.98 11.59 2.28 0.45 0.50 Absent 

Ventral fin height (mm) 11.01 2.21 11.25 2.32 .018 0.89 Absent 

Distance from snout to dorsal fin (mm) 14.03  5.46 19.18 3.68 4.64 0.03 Present 

Distance from snout to eye (mm) 18.14 3.69 19.82 2.92 0.05 0.81 absent 

Distance between two eyes (mm) 2.81 2.61 2.56 .67 0.52 0.47 absent 

Left eye diameter (mm) 3.38 .79 3.66 1.04 1.01 0.31 absent 

Right eye diameter (mm) 3.09  1.00 3.00 1.41 0.81 0.37 absent 
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Lateral line to ventral fin distance 24.49  4.54 27.75 6.87 1.78 0.18 Absence 

Distance from lateral line to dorsal fin 24.25  4.59 25.09 6.76 0.73 0.39 Absence 

Distance from snout to gill opening 36.22  14.02 46.81 7.86 4.31 0.04 Present 

  

  

 
 ���1 - ���	 Lepocreadioides zebrini  

Fig. 1. Lepocreadioides zebrine 

 

  
��� 2 - ���	 Scolex pleuronectis  

Fig. 2. Scolex pleuronectis parasite 
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 ���3 - ���	  Trypanorhyncha  

Fig. 3. Trypanorhyncha 

  

  
��� 4 -  ���	Anisakis sp.  

Fig. 4. Anisakis sp. 

 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 24-13 	
$% & ��'()�)*� 

 

20 

 

  
��� 5 -  ���	Hemiradinorhynchus leuciscus 

Fig. 5. Parasite Hemiradinorhynchus leuciscus 
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Abstract 

Milk thistle (Silybum marianum) is a medicinal plant with anti-inflammatory and 

antioxidant properties and in the treatment of chronic liver and inflammatory diseases 

that grows in the Mediterranean region. This study aimed to investigate the effect of 

silymarin in milk thistle on lipid profile, liver enzymes, and inflammatory cytokines in 

the blood of male Wistar rats. First, 16 adult rats with an average weight of 180-200 

grams were selected and treated with silymarin and accumulated alpha-amylase. Then, 

by comparing with the control sample, the profile of triglycerides, cholesterol, low-

density lipoprotein (LDL), high-density lipoprotein (HDL), liver enzymes alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) 

and also, inflammatory cytokines interleukin 6 (IL-6), interleukin 1-beta (IL-1β), tumor 

necrosis factor-alpha (TNF-α), nuclear factor kappa B (NFKB) and C-reactive protein 

(CRP) with kits specificity and ELISA method were assessed. Data analyzed using 

ANOVA and Tukey's post hoc tests by the SPSS software. Based on the results, the 

group treated with silymarin dissolved in 1% dimethyl sulfoxide and agglomerated 

alpha-amylase showed a significant reduction effect on the level of inflammatory 

cytokines, liver enzymes, LDL, triglycerides, and cholesterol and also a significant 

increase in HDL in the blood, compared to other groups. It is concluded that silymarin 

can potentially protect the liver by modulating the level of liver enzymes. By reducing 

the lipid profile and inflammatory factors in the blood, it plays an important role in 

reducing diseases related to the liver, cardiovascular, and immune system, further 

research should determines the optimal doses and areas and the individual 

characteristics of the patient and underlying diseases. 
 
Keywords: Milk thistle, Alpha-amylase, Cytokine, Liver enzymes, Lipid profile, Silybum 

marianum. 
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/ � �3�.�/�0! K�F

;�! ,#  ,�# # (�&' �' ��� K�F �' )12( bLX� .

'�!
 ���<��
4�! }, � ,�07�� M�<��
4 n	 2+ �F#

 �P�:J
�- U.�Q ,# � �# # ��# 
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)A2(��# � )A3( ��� � )A4 ( K 
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�# n	 �/�K
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 .�� �#�a0�  
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CRP, NF-κB � TNF-α( 	2'�L'K�F K�!# ,# �
� 
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3� T1-  
�VW���
�K�F jI� 
/ 2P.�I! #,�! �'�!,# )A (AST) �B (ALT � )C( ALP (�7 ,# �,K�F ,�0�	� # Y' 
' .

)001/0 p < �***:001/0 p <:###.(   
Fig. 1. Effect of the studied treatment groups on the levels of (A) AST, (B) ALT and (C) ALP in the 

blood of male Wistar rats. (p < 0.001:***), (p < 0.001:###). 
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 T3�2- ��
� 
�VW�K�F K,�L��  #,�!jI� 
/ 2P.�I! )A (LDL) �B ( �;�
0��+)C (�	
����� K
� � )D( HDL (�7 ,# 

�,K�F ,�0�	� # Y' 
' )001/0 p < �***:001/0 p <:###.(   
Fig. 2. Effect of the studied treatment groups on the levels of (A) LDL, (B) cholesterol, (C) triglycerides 

and (D) HDL in the blood of male Wistar rats (p < 0.001: ***), (p < 0.001: ###). 
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 T3�3- ��
� 
�VW�K�F K,�L�� jI� 
/ 2P.�I! #,�! )A (IL6) �B (IL1B� )C (CRP) �D( TNF-α ) �E (NFKB  ,#

(�7 �,K�F ,�0�	� # Y' 
' )001/0 p < �***:001/0 p <:###.(  
Fig. 3. Effect of the studied treatment groups on the levels of (A) IL6, (B) IL1B, (C) CRP, (D) TNF-α and 

(E) NFKB in the blood of male Wistar rats. (p < 0.001:***, p < 0.001:###). 
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Abstract 
The role of mesenchymal stem cells (MSCs) is mainly dependent on their paracrine 

components, namely their secretome. The use of stem cells has been recognized as a 

novel approach in the treatment of infertility and in vitro oocyte maturation (IVM) and 

has shown promising results, especially in women with polycystic ovary syndrome 

(PCOS). However, the health of the resulting embryos remains a major challenge. In 

this study, menstrual blood stem cell secretome was used for in vitro oocyte maturation 

in 100 patients with PCOS, and the health of the embryos was assessed by 

preimplantation genetic screening for aneuploidy (PGT-A). The resulting embryos were 

cultured to the blastocyst stage and their chromosomal status was assessed by next-

generation sequencing (NGS). The results showed that the total number of embryos 

produced did not differ significantly between the two groups. In the age group under 30 

years, the difference in the total number of embryos between the control and 

experimental groups was not statistically significant, and although the percentage of 

high-quality embryos in the secretome group increased compared to the control group, 

this difference was not statistically significant (p = 0.207). In the age group over 30 

years, the number of embryos between the two groups was not significantly different, 

but the percentage of high-quality embryos in the secretome group was significantly 

higher than the control group. Also, in people over 30 years, the quality of the embryos 

improved and there was no significant difference in terms of aneuploidy, euploidy, and 

mosaicism. IVM had no significant effect on the health of the embryos in terms of 

aneuploidy and mosaicism. These findings indicate the safety and efficacy of the in 

vitro maturation method of oocytes using stem cell secretome in the treatment of 

infertility. 
 

Keywords: Stem cells, In Vitro Maturations, Polycystic Ovary, Preimplantation Genetic 

Screening, Aneuploidy. 

 

 

 

  

  

Journal of Animal Biology, Spring 2025; 17(3):39-50 

ISSN: 1735-9724 

Research Article 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

40 

 

  

  

 �+,� ( �-�-. ������&/-���� 0�1� �& 2 �3 
�)4��+�5 6�78 ��(IVM)  9-:;8 ��8

 ��89'���1���
<�-�� 
  


��)*�� &�1-�1	 
���<(� �8�-3 �-�
1*	 �>�. ?-��
@<&2	 
��B
& ,-����C2  

1- ���	 
��
 ��	� 
������ �������� � ���� � �� �!"�#$!%&"�� �'��(� '����  

2- +,�-�#.���/ ������� 01�% 23%��-��45 
���6�78 �+9���'��(� ��#�" 4/� �!6������ ��(: !;��	 ���� 4��� +�6 '����  
*=�>�% ��?��.% :hayati@iau.ac.ir  

 :�5��9� A�9��28/12/1403                           :E��F8 A�9��19/02/1404 

DOI: 10.60833/ascij.2025.1202355 

��-'E  

=��" G�� !H����0% +���#/ +�6)MSCs ('� 4��1�9�8 +�0:� K/ L���H� ����." !#M� ��6'� �6 .�9�� !�;�/ 	� 
��O;"�

=��"�6 +���#/ +/K '��#�$�9!  P��/ � +9�9�/�� '�%9� 9� 4��������%	�QHR� !6 )IVM(  � 
�$ K;S�#$ T��;�


�##19����%�K/ +� K/ &;?% '��	 9� 
7�� �9�#"!�8 '��HR�Q�;��1 )PCOS( ��� '����"� 
 �%&" �=�  4�� �/ .4�#:�6 +

G-�U 	� !.� 2V�  +�6 ����." �KM-�W% 4�� 9� .�"� X(%=��"�6 P��/ +��/ !
���Y '�S +���#/ +�����%	� 9� QHR� !6

100  9�H�/ K/ &;?%PCOS  �%&" � �$ 
��O;"�4�#:�6 K�Z 	� G�8 !.�;�, +��-�/�[ E�9 �/!#�0
 ) +��\��8���� +��/PGT-

A( ����
 !"9�/. 4�#:�6���$ 
��� ��1 ���"�;"&/ K� �% �� 2V�  + '� !%�	�%��1 ��M]� �Q�#.� �/ �6 !-��� !/��

 2�����: )NGS ( .�$ !"9�/ K1 ��� '��� T��;�4�#: 21 ���M�!#M% ^&;S� 
��
 �� 4�/ 2V�  +�6 9� .���� '��� +9��

 ��	 !#" 
��
30 4�#: 21 ���M� 9� ^&;S� �=�"!#M% +9�%� �_� 	� G��%	� � =�;#1 
��
 4�/ �6��?� 9�� K.#�� �/ �  �V9�

4�#: 
��
 9� !-�� ��O�1 �/ +�6 ����."� ���� '��� G��05� =�;#1 
��
 K/ �?��!#M% +9�%� �_� 	� ^&;S� 4�� �%��?� 9�� 

)207/0  =p +Z�/ !#" 
��
 9� .(30 =�"�  ���M�4�#: �6 
��
 �� 4�/ +�9��!#M% ^&;S���?� 9�� 4�#: �V9� �%� �/ +�6

=�;#1 
��
 K/ �?�� ����." 
��
 9� !-�� ��O�1  .��/ �;��/ !(:�� 2/�Y 9�W/ 4�#bH6 +Z�/ ���5� 9�30  ��O�1 �=�"

4�#:�6  ���O� � �5�� ��?(/!#M%9��X����	�% � +��\��8�� �+��\��8��� �_� 	� + �$��� ��:�. IVM !#M% ��cd� �/ +9��

4�#: �%&"��� X����	�% � +��\��8��� �_� 	� �6.�$ K;5�� 4��!��9�1 � !#H�� 	� !1�  �6 E�9  P��/�����%	�QHR� !6  �/

 ����." 	� 
��O;"�=��"�6 .�"� +9�9�/�� '�%9� 9� +���#/ +  

���1. 
�-1.: =��"�6 P��/ �+���#/ +�����%	�QHR� !6!�8 '��HR� �Q�;��1K�Z 	� G�8 !.�;�, +��-�/�[ �!#�0
 �+��\��8���. 

?+�F+  


�$ e$�� !#��1�9�8 +�69�;1�5 =��" ����." �� -

+���#/ +�6  !���05� K/ �9 9�f K/K/ !�%�� '��#�

+��/ K;5�
 9��Y =�?Y �9�% �5�/ +	�"	�/ 4�� .���

4�>���8 	� !O�f 2%�$ �69�;1�5 ��6��g�- ��6

��.�%RNA � �6=�.�	�+�6 h9�S �#��% !-��"

��	�0
��6 
9i��.�% ��#;�6 �6.  P��/�����%	� !6

QHR�  ��IVM )In Vitro Maturation ( j�R;�� Q�

+��/ k"�#%  '�%9� K/ !O�M] A"�8 K1 !���	

��������� ��� 	
��
�� ����� ����� 	���	 ���� 1404 	 ���� 50-39 

ISSN:  9724-1735  

�4�(@C ?G�F+ 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

41 

 

!% 4�8������#
 � 4���8 '��HR� 
��Si +�9�� ��#6�

'��HR� m9��	 !��"9�� �#;�6 �  �/ '�9�H�/ 
7�� K/

!�8 '��HR� �9�#"Q�;��1 )PCOS:Polycystic 

Ovary Syndrome (!%$�/� )1(.  ��� 15 �V9� 	� 

QHR��6 2V�  +	� 2.�"+�6 E�9 !.H1 +�6

+9�9�/�� '�%9� )ART Assisted Reproductive 

Technologies: ( n-�/���#;�6 )2(.  ��O�1 �=�  4�� �/

QHR��6 o��% 9� 
�$ n-�/ +�����%	� k�[� 


4���8 	� ��QHR��6 4�� K1 ��"� '�/ 9� 
�$ n-�/ +

 �%�!%���� 4�#: ��O�1 � p��- q�� G6�1 K/ �r#% �

 ��1 o��% ��?(/ �2�-� 4�H6 K/ .��$IVM  K/

 p�W% 23%��-�� ������� 9� X(% G-�U Q� '��#�

 .�"� 
�$ 	� 
��O;"�=��"�6 �#���5 9� +���#/ +

IVM  ���� E�9 Q� '��#� K/ '�%9� 9� GR/

�"� 
�$ p�W% +9�9�/�� )3( .=��"�6 �/ +���#/ +

 s���� K/ 0��H� !������=��"�6  +�69�;1�5 e$�� �

 ��$9!%���� P��/ +��/ k"�#% !W��% �#QHR��6 

�##1 X6��5.  ����." 	� 
��O;"�=��"�6 +���#/ +

 !H����0%)MSC-CM ( K/ !���05� Q� '��#� K/

 ��1 o��%IVM 4�%d� 9� '� !������ 2�-� K/ �

=�.-�% ���" � �$9 +�69�;1�5 �+9��] +�6

!%���� P��/ ��?(/ +��/ 
�##19����%� +9�.6�9 �

�$�/ 4�#: ��O�1 � QHR� =�" 9� K1��S� +�6 

 9���/�"� K;5�
 9��Y K:�� �9�% )4 �5( o���$ 9� .

o��% �!;#" ��1 +�6IVM  !S�/ ��?H1 2�-� K/

X6��5 K/ 9��Y k�[� �!;��	 +�69�;1�5 o���$ +9��


���K;�6 P��/ +��/ =� QHR� !H"&8�;�" � +�

 .�#;��� ��M-�W%���: 
��� '��� K1 ��� '��05�

 ����."=��"�6!H����0% +���#/ + !%���� � 4��

 � 
��H� '��?: �9 tY��� P��/ q�� G��05� u��/

��?(/ �QHR� �/ G��05� � 4�#: ��O�1', '� +�6

 �=�3% +��/ .��$ !-��" 0��H� � ��3.� �/ o?��%

G6�78��r�� +�6=�% +�9 �/ 
�$ � !����  +�6

 ����." '��05� K1 �"� 
��� '��� !�����MSCs  K/

 ��1 o��%IVM  � QHR� P��/ G��05� K/ �r#%

 ���M� �#��% !#�#: +�6�;%�9�8 ��?(/=��"�6 + 
9��:

���"�;"&/ �  	�;8�8� G6�1!%�$� )6� 7( 
�&� .

4�� �/ 	� !S�/ 
��1 ���d� �������o��% K1 ��� +�6

!#[ �/ 
�$ ����% 4�����1=��"�6 +���#/ +

) !H����0%MSCs ( ��-�� '�0�%4�#:�6 ��O�1 �/ +

 
��� G��05� �9 ��Z�/�"� )8 �9( . w/�#% 	� !.�

'�"� !"�;"� KW"��/ ���S� K1 !-��" �  !H:�(���[

 s���� K/ 0��H� !������ �=��"�6K/ � !M?#% '��#�

+9�H�/ '�%9� � !;S�"	�/ !.$08 9� �#H$	9� +�6

 9��Y K:�� �9�% '��	K;5�
 =��"�6 	� x;�% +���#/ +

!
���Y '�S )MenSCs( �"�. ����." =��" 4���6 

4�1�;�" ��$9 +�69�;1�5 +��  K1��	�0
� � �6 �6

K/ ��"�!#[ 
��% Q� '��#� P��/ ��?(/ +��/ 	�"

 K;5�
 9��Y !"9�/ �9�% 4�#: ��O�1 � QHR� K1

�"� K;$�� !�R/��%� T��;� )4(.  ����� +�" 	�

K�Z 2����;8 !#�0
4�#:�6 4���8 '�#bH6 !����� +

 K1 �"� 4�� 2�Z� 	� !.� .�"�4�#:�6 !����� +

 o��% 9� 
�$ ��-�������%	�
 �"� 4.H%  �_� 	�

!M�?f��[ !%�	�%��1  �#$�/ j�R;�� K1 !-�  9� �

4�#:�6  K��H6 !.�,�-�59�% +�69��M% m�"� �/

 !$�9!MWY t�R�� +��/ ���/�Y  �$9 � +9�9�/

QHR� 4�#: � ����.  KM-�W% 9� 	� G�/ +�9 �/ +�

6000 4�#:  '����$ 
��� +9�r#6�� K1 +�6

 !%�	�%��1 4�#: +,�-�59�% � 9��% 4" 	� P9�5 K/


��;�
 9�f !/��	9� �K��O"d;% .��9�� ��:� +�

!?WY ���:� G��%	� �/ Q�;�,�;�"  �6�%�;"&/ �

 9� K1 !.�;�, +�6�#���5 �9�% 9� !H1 ���&f�

!% q9 QHR�!% K\�9� ��#6��6�.  y�?�9� �4�#bH6

�#: +,�-�59�% 4�/+��\��8��� � 4  '�#bH6

�"� tR�%�� )10.( w��$ +��\��8��� s�� 4���

K�Z ��.$ 2%�� � !%�	�%��1 +9�r#6��!#�0
  � 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

42 

 

4�#: o�" �"� .K�Z 	� G�8 !.�;�, t�R��!#�0
 

�� PGD )Preimplantation Genetic Diagnosis ( �

=�/�[K�Z 	� G�8 !.�;�, +�
!#�0
  ��PGS  

)Preimplantation Genetic Screening (!%���� �#

9� +9��9�/ q�� G��05� K/ �r#% IVF  '���	�� �-�� �

 X-�" �;��/���$ .  �9�% 9� !H1 ���&f� =�  4�� �/

 9� +��\��8��� !�����54�#:�6 x��f 	� 
�$ ��-�� +

IVM � ��:��9�� !����� 
9��H6 � �9�% 9� !��6

4�#: �%&" �/ E�9 4�� !-�H; � ����cd�  ��:�

.�9�� 
��� '��� ��M-�W% K1 ���4�#:�6 	� 2V�  +

QHR��6P��/ + o��% 9� K;5�������%	�!6  4.H%

+9�r#6�� �WS G��05� �/ �"� �Z&;S� �!.�;�, +�6

 '��"&�;%DNA ���$ K:��% !#��.� �&.�% � 

)11( K1 !%����!8� �����z� 	� !$�� �# �� !.�;�,

m�;"� �#���5 =�f 9� !W��% +�6IVM �#$�/ .

 �4�� �/ 
�&�QHR��6 9� 
�%� �"� K/ n-�/�� +

2.�" ICSI  K;S���� 9��!%�$ �6��$ K1 !-�  9� ��

 m�"� �/ +��\��8��� ��Z�/ q�� �/ !#?% +��#;"� 2/�Y

 P��/ ��M]�QHR��6 QHR� 	�9 9� ��:� +��


.�9���  ��M-�W% !S�/ +�94�#:�6 ��-�� !����� +

 
�$ �/ART 	� 
��O;"� �/ �9 +��\��8��� +Z�/ q�� �

PGS 
��� '���.���  �4�#bH6PGS  !"9�/ +��/ k�[�

+��\��8��� '�0�%  9�4�#:�6 +IVM K1 +���5� 9� �

 !.�;�, +��-�/�[ +������1 9�.% o�" K�/�" 2�-� K/

 
��O;"� �����/!%�$. 
	��%� E�9K;5���8 +�6 +�

!-��� �#��%���: 2�� !/��  ��NGS )Next 

Generation Sequencing( !% 9��Y 
��O;"� �9�% -

.����
 +�9�% KM-�W% '�#1��- �9�% 9� +�6�$

�%&" 4�#:�6 +2V�   	�QHR��6 
�$ n-�/ + 9�

�����%	�
  �/
��O;"�  ����." 	�=��"�6 �+���#/ +

 !"9�/ KM-�W% 4�� ^�6 �4���/�#/ .�"� 
��� ��;#%

��O�1  4�#: 9� +��\��8��� q�� �4�#:�6 +

 	� K;5�� 4��.� ���"�;"&/QHR��6 	� 2V�  +

 P��/�����%	� ����." 	� 
��O;"� �/ !6=��"�6 +

 +���#/��/ !
���Y '�S 	� 2V�  )5 �6 �12.(  

H(� ( <&�+��  

�.9�����.�� : o��% ��cd� !"9�/ K/ KM-�W% 4��

!#[ ��1 ����." �/ 
�$=��"�6 ��O�1 �/ +���#/ +

 �%&" �4�#:�6 P��/ 	� 2V�  +�����%	� !6

 '��HR� �9�#" K/ &;?% '�9�H�/ 9� QHR�

!�8Q�;��1  �G6�78 4�� 9� .�"� K;S���8100  9�H�/

 !#" 
	�/ �/20  ��40  +�69��M% m�"� �/ K1 =�"

4��M� � '���� 23%��-�� 4Hr�� o"�� 
�$

4�#: !.$08 4Hr�� � (������9) �8�9� !"�#$

) �.��%� 23%��-��2003 (t�R�� PCOS   �5��9�

4/� 01�% 9� �����/ 
��1'�%9� ��� �#�" IVF  9��Y

#;5�
 .�4�#:�6 	� 2V�  +QHR��6 K/ 
�$ n-�/ +

 P��/ E�9�����%	� !6 9� 
��
 � =�;#1 
��
 ��

!#[ ��1 ����." �/ 
�$=��"�6 �_� 	� +���#/ +

 	� G�8 .�#;5�
 9��Y !/��	9� �9�% �%&" � ��O�1

�1�$ ��H� K/ �KM-�W% 	�[� 2%�1 ���&f� '�
�##1

 � �$ K\�9� G6�78 o���$ 
9�/9� K��6�
� ���]9

����
 FS� '��� 	� !?;1.  

 0�1��)4��+�56�78 �� (IVM) : P��/�����%	� !6

QHR��6 2.�" 	� 2V�  n-�/�� +IVF  	� 
��O;"� �/

 	� 2V�  ����."=��"�6 !
���Y '�S +���#/ +

 .�$ ��r�� �#�" 4/� 
���6�78 =��" Q��/ 	� 
�$ K�(�


�$ 
��O;"� 2.���8 x?f !-��" ����."  o"��

�$ K�(� '�9�.H6 � !��9	�1 !�;5 )6(.  j�i 	� {8

=��"�6��1 o��% 9� +���#/ +DMEM-F12  

+��  Dulbecco's platelet lysate  ���$ 
��� ��1

 X1��� K/ ��70 �V9�  4;R�9 9�� 	� {8 .����"9

 �!5�]� o��%=��"�6 o��% 9� DMEM-F12  '��/

 ��% K/ � ���$ 
��� 9��Y =�#548  ��72  9� ���"

 +�%�37 !;��" K:9� o���$ � ���
5 �V9� 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

43 

 

+� 	� !��9 w��% �{g" .���$ K/�.�� 4/�1 ���1�

 |��" �;��52/0  +�;%��.�%�$ 
��� 9�?� � 

wH: =���% GR/ ����(�9��$ +9��
  9� �

j�����.�% +�65 !��%K;�/ +�;�- 
��Si � +�#/

����
. QHR��6+  K� �% 9� n-�/��%9, 2.�	� =�#�

)GV( K/ 
	���"� 
�%�QHR� 2H� 	� 	� +��
 '��	

K/ &;?% !�8 '��HR�Q�;��1  !-�?Y 2/�Y ��O�1 K1

 
��
 �� 9� �#;$������." +��  40 �V9�  

+ ����."60 �V9�  o��%) =�;#1 
��
 � ���1 o��%

 K��8 � 4���9 o��% K1 ���1�����%	� � ��1 +��/ 


 QHR� P��/!%$�/ ��r�� ��M-�W% K/��% �_�[ �/ (�


�$ )13 �14(  o���$ 9�6�V9� CO2  �20�V9� 

'7��1� .���$ 
��� ��1  

/-�� �4. ( I�FG :QHR��6 + 
�$ n-�/ 	� 2V� 

 p��-�����%	� !6��g"� o"�� x�90� 	� �M/  E�9 K/

!H"&8�;�" 2S��  ��ICSI ) Intracytoplasmic 

Sperm Injection(  
��
 �� 9�=�;#1 ����." �  9�

 +�%� 9���/�.��3  '�0�% � K:9�CO2 6 �V9�  9�

o��%Cleav   � ���$ 
��� ��14�#:�6 2V�  +

 	� �M/72  � ,����1 K� �% 9� ��" 	�9 9� ���" �/

 K/ ��1 o��% ~��M�Blast  	� �M/120  9� ���"

 �_� 	� ���"�;"&/ K� �% 9� ��1 Xr#8 	�9

 � 4�#: 4��.� ��O�1��;"� 	� 
��O;"� �/� 

��."��.�% )Nikon, SMZ800N, Japan ( �9�%

���$ K����% 
��
 �� 4�/ � K;5�
 9��Y !/��	9�.  

 ���9�?
J �& K-C �'-*
L���MN 
�-O�1C�-
5 
&9� 

�� PGT-A  6�. ?�NGS : KH64�#:�6 2�.�� +


�$  o��% 9�Blast   �1�$Origio  �� � Xr#8 	�9

 K/ '��"9 ���"�;"&/ K� �% � ���$ 
��� ��1

4�#:�6 ����"9 K� �% 4�� K/ 
��
 �� �6 9� K1 !� �/

 	� 
��O;"�E�9 !.H1 |#�b6 )Assisted 

Hatching (QH1 K/  90�-���$ �6  m�"� �/ �

K:9� X;��"���9�
 +�#/ )15(  �y��?�� '�0�% �_� 	�

!�S�� !-��" 
��� ��O�1 9��;.5��� �� )TE( �9�% 

 !/��	9��#;5�
 9��Y!�8��/ . TE  +�9

���"�;"&/ 	�9 +�65  	� �;(/ K:9� �/3 BB � ��r�

�$. 5  ��10 wH: !.�;�, G��%	� +��/ =��"� +9�

.�$  	�=��"�6 
�$ +9�� wH: +DNA  h��R;"�

.�$ ���, 21 ��3.� E�9 �'� 	� {8  ��H� +�9

K��H� .�$ ��r�� !-�S =�;#1 4�#bH6 � +��5 +�6

K��H� +��/ o���$ �:�� �_�[ 9���% ���/ +��5 +�6

 4�/20  ��80 �$�/ �;�-��.�% �/ ��
����.  !"9�/ +��/

� +�����8���	� E�9 !-������, 21 !/��  ��WGS 

)Whole Genome Sequencing (
��%� K��R/�;1 +	�"

K��H� 	� 
��O;"� �/+�6 DNA   !5���� �9�V K/ K1

 
	���� K/200  ��500  	�/ �O:KMWY ����/ 
�$ KMWY

���"�;"&/ 	� �!�8��/ +�6 	�9 9� 
�$5  K/

����/ 
�%� �"� !-��� ��1)!/��Ion SingleSeq  �

�1�$Thermo Fisher Scientific  ( .�$ ��r�� K/

 ��MWY +�(;��DNA 2�;% !V��;S� +�69�;8��� �

!-��� '�.%� �� ���$��O;�8 9� !/��+�6 !-��� 2�� !/��

) ���:NGS(  �#��%Ion Torrent  .��$ X6��5 


��%�k-�Y ��r�� � K��H� +	�" )Templating(  +�9

9�1��S 
��;"�Ion Chef  �1�$ Thermo Fisher 

Scientific   �.��%�K$��� .�$ ��r�� +�6

k-�Y+�#/X;��" 	� 
��O;"� �/ 
�$ Ion S5 !-��� !/��


��� 2���� .���$!-��� 	� 2V�  +�6��� �/ !/��9�05� 

Ion Reporter �$ ��r��. !����� w:�% ���, �/ T��;�  �/

���" 	� 
��O;"� https://www.pgxcloud.com  

X6 +��\��8 ��M]� K1 �"� K:�� 2/�Y .���$ 	���

	� �;H1 +��\��8��� �V9� �/) ��\��8�� '��#� K/ 20 

�V9�(� ��\��8��� )�/ �V9� +��\��8��� G�/ 	� 80 

�V9� (�� X��\�	�% )�/ �V9� +��\��8��� 4�/20 �� 

80 �V9� (E9�0
 �$.  

:
��+5 2-1�8 ( ?�MP8  	� 
��O;"� �/SPSS KR�� 18 

��� K��"�/ �69���H� X"9 � 9�05�Graphpad PRISM 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 50-39 	%&��'�� ( 
��)*�� 

 

44 
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��
�6 =�;#1 
��
 � K�S��% + +Z�/ � ��	 !#" 
��
 9�30 =�"  
Table 1. Comparison of characteristics of embryos obtained in the intervention and control groups in the 

age group under and over 30 years 
 Control < 30 Control > 30 Secretome < 30 Secretome > 30 

Number of oocytes 100 100 100 100 

Grade A embryos 2.9 (22.2%) 2.15(13.3%) 7.14 (50%) 8.18 (44.4%) 

Grade B embryos 6.9 (66.6%) 10.15 (66.6 %) 6.14 (42.8 %) 7.18 (38.8%) 

Grade B and C embryos 1.9 (11.1%) 4.15 (26.6%) 1.14 (7.1%) 3.18 (18.8%) 

Aneuploid Blastocysts (28.5 %) (ns) (37.5 %) (ns) 

Euploid Blastocysts (57.1%) (ns) (50 %) (ns) 

Mosaicism Blastocysts (14.2 %) (ns) (12.5 %) (ns) 
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 2.$1- 9���H�  ��O�1 K����%4�#:�6 4�/ =�;#1 � ����." 
��
 9� (,����1 K� �%) ��1 ��" 	�9 9� K;5�� 4��.� +'��	  ��	30  � =�"

 +Z�/30 .=�"  * '���^&;S� 
�#6� 05/0 p ≤  =�;#1 
��
 K/ �?��!%$�/ .� ���M�4�#:�6  21 ���M� K/4�#:�6  �9��/ 
��
 �6 9�

.�"� 
�$ K?"��% �V9�  

Fig 1. Graph comparing the quality of embryos developed on the third day of culture (cleavage stage) in 

the secretome and control groups between women under 30 years and over 30 years of age. * indicates a 

difference of p ≤ 0.05 compared to the control group. The number of embryos was calculated as a 

percentage of the total number of embryos in each group. 

  
 2.$2- 9���H�  �%&" K����%4�#:�6 	�9 9� K;5�� 4��.� +Xr#8  K� �%) ��1���"�;"&/.=�;#1 � ����." 
��
 9� (   ���M�4�#:�6 

 21 ���M� K/4�#:�6 �"� 
�$ K?"��% �V9� �9��/ 
��
 �6 9�  4�/ &;S� �
��
�6 !#M%9�� ) ��?�05/0 > p.(  

Fig 2. Graph comparing the health of embryos developed on the fifth day of culture (blastocyst stage) in 

the secretome and control groups. The number of embryos was calculated as a percentage of the total 

number of embryos in each group, and the difference between the groups was not significant (p > 0.05). 
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Abstract  
Ischemia/reperfusion (I/R) injury is characterized by the restriction of blood supply to 

the organ followed by the return of blood flow and reoxygenation. The aim of this study 

was to measure Protective effect of nano magnesium oxide (MgO) on I/R on renal 

function and vascular endothelial growth factor (VEGF) in male Wistar rats. In this 

study, 54 adults male Wistar rats were randomly divided into 9 groups of 6 rats, 

including healthy control, control, I/R control, three healthy experimental groups, and 

three I/R experimental groups. I/R injury was induced by ligation of the left renal 

pedicle for 20 minutes. Animals were tested using MgO (doses of 1.25, 2.5 and 5 

mg/kg) for 30 days via gavage and finally serum samples were collected to assess renal 

function. In addition, after sacrificing the animals, kidney tissue was obtained for 

immunohistochemical examination of VEGF expression and the resulting data were 

statistically analyzed (p<0.05). The results showed that I/R mice that were intervened 

with MgO significantly reduced serum urea and creatinine levels at concentrations of 

2.5 and 5 mg/kg. Renal function and VEGF expression also showed significant 

improvement. MgO, as a potent vasodilator, were able to improve serum urea and 

creatinine levels as indicators of renal cell damage in I/R groups. Also, by reducing the 

expression level of VEGF in MgO-treated groups, MgO may effectively mediate the 

protection against hypoxia induced by I/R injury.  
 
Keywords: Nano magnesium oxide, Ischemia/reperfusion, Kidney, VEGF. 
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 �E�C� ,�1 I/R�8��2�"��� 
%''I  MgO �E
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 6�%J1- >"� 2� ���� P�'����I � 
2�� e"O� �E R�*�'�%��I�"��� �U�� R.�� ,�1 I/R  
Table 1. Effect of nano-MgO on levels of Serum Urea and Creatinine in normal and I/R rats 

Group Urea (mg/dL) Creatinine (mg/dL) 

Normal Control 14.83 ± 0.48 0.67 ± 0.17 

Sham-operated 14.48 ± 0.52 0.68 ± 0.02 

Normal Experimental + Nano-MgO (mg/kg)   

1.25 14.50 ± 0.43 0.68 ± 0.01 

2.5 14.50 ± 0.56 0.69 ± 0.01 

5 15.33 ± 0.42 0.70 ± 0.01 

I/R Control 70.83 ± 2.33 *** 2.91 ± 0.05 *** 

I/R Experimental + Nano-MgO (mg/kg)   

1.25 68.01 ± 1.29 *** 2.68 ± 0.91*** 

2.5 62.33 ± 1.54 ***+++ 2.52 ± 0.91 ***+++ 

5 46.50 ± 1.18 ***+++ 1.83 ± 0.63 ***+++ 

 P������ ��"'NE ������± �� ���E >"� a( ,��E 2��N� Q�� ��%�"(. *** 001/0 <p �'N� Q�SF�R.�� 6�S'I 
��
 	� 2��  �+++ 001/0 

<p �'N� Q�SF� 6�S'I 
��
 	� 2��I/R  
Values are expressed as mean ± SEM for six rats. *** p < 0.001 significantly different from the normal control group 

and +++ P < 0.001 significantly different from the I/R control group. 
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 6�%J2- "��� �U�MgO a'I��"�"@�� ��*�� �EGS�1 ,��?/ ,�VEGF>"� G�#I �8�E 2� � R.�� ���� W ,�1I/R  
Table 2. Effect of nano-MgO on VEGF expression levels in normal and I/R rats 

Group VEGF Expression rate 

Normal Control 1.0 ± 0.00 

Sham-operated 1.0 ± 0.00 

Normal Experimental + Nano-MgO (mg/kg)  

1.25 1 ± 0 

2.5 1 ± 0 

5 1 ± 0 

I/R Control 3 ± 0.2 *** 

I/R Experimental + Nano-MgO (mg/kg)  

1.25 2.6 ± 0.2 *** 

2.5 1.8 ± 0.4 **+++ 

5 1.4 ± 0.3 +++ 

GE ������ P������ ��"'$± �� ���E >"� a( ,��E 2��N� Q�� ��%�"(.   **01/0˂ p  �*** 001/0 < p �'N� Q�SF� 6�S'I 
��
 	� 2��

 � 6����++ 01/0˂ p � +++ 001/0˂ p �'N� Q�SF� 6�S'I 
��
 	� 2��I/R . 

Values are expressed as mean ± SEM for six rats. ** p < 0.01, *** p < 0.001 significantly different from the normal 

control group and ++ p < 0.01, +++ p < 0.001 significantly different from the I/R control group. 
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"#�I 6���"#
 �E �N�5Z ,"�#I 2�SF�� �Ez�`F ���E � �N�5Z ,�1 VEGF 2�

6���"#
G.". � �1 �,"�#I ,�1F>"� :) �-"�8�+�2/�@)��� 6�S'I ���� W ,�1I/R( %�%( ���E �E VEGF G.". �,"�#I ,�1G-I :


��
�E�C� ,�1 I/R�8��2�"��� 
%''I MgO)25/1 �5/2  �5 �#��!�
/I(!�
"#� z�`F �� m�"S� ���E �EVEGF  G.". 2� ,"�#I ,�1

)IHC(  ���@'
2*E �E400×.  
Fig. 1. VEGF expression in renal tissue in all experimental groups. A, normal control group; B sham-operated group; 

C-E experimental normal groups receiving nano-MgO (1.25, 2.5, and 5 mg/kg) with normal renal structure with 

normal glomeruli and mild expression of VEGF in glomeruli and renal tubules; F, ischemia/reperfusion (I/R) control 

rats with a severe expression of VEGF in renal tubules; G-I experimental I/R groups receiving nano-MgO (1.25, 2.5, 

and 5 mg/kg) with moderate to a mild expression of VEGF in renal tubules (IHC).400x 
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Abstract  
The effect of different feeding levels on the biochemical indicators and immunity of 

green tiger shrimp in a biofloc aquaculture system was investigated. The experiment 

was conducted for 45 days with shrimps with an average weight of 2.85 g. Rearing 

tanks was filled with 150 liters of filtered water with a sand filter, and then 53 

individual shrimps were stored in each tank. 7 experimental groups were considered for 

this research, which included three control groups with different feeding levels in terms 

of body weight, 6% (CW6), 4% (CW4) and 2% of body weight (CW2), and four biofloc 

treatments of 6% (BFT6), 4% (BFT4), 2% (BFT2) and 0% (BFT0). The results showed 

that the highest levels of triglyceride (175.0 mg/dl) and cholesterol (142 mg/dl) were 

observed in the CW2 treatment. The highest amount of glucose (47 mg/dl) was obtained 

in BFT0 treatment and the lowest amount was 35.66 and 36.35 in BFT6 and BFT4 

treatments, which showed a significant difference with other treatments (p < 0.05). The 

highest value of lysozyme activity was obtained in BFT6 and BFT4 treatments (24.6 

and 24.3 u/ml/min), respectively, and the lowest value was obtained in BFT0 treatment 

(15 u/ml/min), which showed a significant difference with other treatments (p > 0.05). 

The highest amount of phenol oxidase activity was the highest in BFT6 (0.74 u/ml) and 

BFT4 (0.75 u/ml) treatments, and the lowest value was obtained in BFT0 treatment 

(0.37 u/ml). In general, the results showed that different feed levels affect the 

biochemical activities and immunity of green tiger shrimp hemolymph. Feeding with 

food levels of 6 and 4% in biofloc system leads to improvement of lysozyme, total 

immunoglobulin and phenol oxidase activities in green tiger shrimp. 

 
Keywords: Green tiger shrimp, Biofloc, Immunity, Hemolymph. 
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Table 1. Different feeding levels and experimental treatments 

DTD 

 

1-10 11-20 21-30 31-45 WE (daily) AN 

6    35-50% CW6 

6    0.5-1% BFT6 

4    35-50% CW4 

4    0.5-1% BFT4 

2    35-50% CW2 

2    0.5-1% BFT2 

0 (Biofloc only, 5 to 10 ml/l 0.5-1% BFT0 

Abbreviation: DTD: different test days, WE: Water exchange, AN: Abbreviated number 
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Fig. 1. Changes in hemolymph biochemical indices of green tiger shrimp under the influence of different 

treatments in a biofloc aquaculture system 
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Fig. 2. Changes in hemolymph immunity indices of green tiger shrimp under the influence of different 

treatments in a biofloc aquaculture system 
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Abstract 
Heavy metal pollution directly affects marine aquaculture such as shrimp farming. 

Heavy metals in the shrimp can be transferred to humans through the food chain. In this 

research, the concentration of heavy metals in the muscle tissue of western white-legged 

shrimp (Litopenaeusvannamei) was determined and the risk for consumers was assessed 

in the Gamishan shrimp breeding station of Golestan province. For this purpose, 30 

samples were analyzed by atomic absorption after drying and chemical digestion. The 

data were analyzed using SPSS software. The different heavy metals were identified in 

shrimp samples, including arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), iron 

(Fe), copper (Cu), cobalt (Co), chromium (Cr), manganese (Mn), molybdenum (Mo), 

nickel (Ni), tin (Sn) and zinc (Zn). The average amount of As, Cd, Hg and Pb was 0.11-

0.08, 0.01, 0.01 and 0.38-0.14 mg/kg, respectively. Sn and Ni had a lower average than 

other metals. Fe and Cu were the highest level, followed Zn and Mn. Co, Cr and Mo 

were the lowest level. A significant difference was reported between different sites in 

regarding Zn (p < 0.05). The concentration of all heavy metals was according to the 

standard limit (FAO/WHO). Continuous and daily consumption of this product for 

different age groups is not safe in terms of As and there is a risk, but it is safe for other 

metals. The results of this study suggest that the measurements to prevent the pollution 

of breeding ponds in Golestan province should be taken by the responsible authorities. 

It is possible to reduce the dangerous effects of heavy metals by monitoring, regularly 

examining and evaluating these mineral pollutants. 
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Table 1. Mean ± SD of heavy metal levels in farmed shrimp in Golestan Province (mg/kg dry weight) 

Site 3 Site 2 Site 1 Heavy metals 

0.40 ± 0.11 0.43 ± 0.08 0.44 ± 0.11 As 

0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 Cd 

0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 Co 

0.54 ± 0.26 0.65 ± 0.18 0.56 ± 0.19 Cr 

15.66 ± 3.27 19.04 ± 2.49 21.77 ± 4.50 Cu 

21.95 ± 6.84 38.07 ± 2.97 40.40 ± 4.65 Fe 

0.16 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 Hg 

0.78 ± 0.22 1.03 ± 0.54 1.17 ± 0.87 Mn 

0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 Mo 

0.20 ± 0.10 0.22 ± 0.11 0.14 ± 0.0۴ Ni 

0.28 ± 0.23 0.22 ± 0.14 0.43 ± 0.38 Pb 

0.30 ± 0.01 0.30 ± 0.01 0.31 ± 0.01 Sn 

27.51 ± 5.21a 33.68 ± 1.25b 34.85 ± 1.90b Zn 

Z���* "��U	
 ����Z�	\� ��BR� �BY
)�� A$- �����R* ����
�� ) 3��05/0 < p(  
*Different letters indicate significant differences between experimental groups (p < 0.05) 

  

 0��P2- �	��g '%!$F )�����) ]ANOVA( �B� "��'4$A a�-$����K  3
�� )���	2'� ��	�� �
)��= *��$
  

Table 2. Results of analysis of variance of residual heavy metals in farmed shrimp meat in Golestan Province 

Heavy 

metals  

Sum of 

squares 
df 

Mean 

squares 

Calculated 

surface (Fe) 
p 

As 

betweengroups 0.004 2 0.002 0.164 0.852 

Within-Group 0.099 9 0.011 

Total 0.102 11 

Cd 

betweengroups 0 2 0 0.201 0.821 

Within-Group 0.002 9 0 

Total 0.002 11 

Co 

betweengroups 0 2 0 2.07 0.182 

Within-Group 0.001 9 0 

Total 0.001 11 

Cr 

betweengroups 0.031 2 0.015 0.322 0.733 

Within-Group 0.429 9 0.048 

Total 0.46 11 

Cu 

betweengroups 74.993 2 37.496 3.023 0.099 

Within-Group 111.635 9 12.404 

Total 186.628 11 

Fe 

betweengroups 808.074 2 404.037 0.391 0.687 

Within-Group 9294.394 9 1032.71 

Total 10102.468 11 

Hg 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Mn 

betweengroups 0.301 2 0.151 0.405 0.679 

Within-Group 0.347 9 0.372 

Total 3.648 11 

Mo 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Ni 

betweengroups 0.014 2 0.007 0.836 0.464 

Within-Group 0.076 9 0.008 

Total 0.09 11 

Pb 
betweengroups 0.111 2 0.055 0.664 0.538 

Within-Group 0.75 9 0.083 
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Total 0.861 11 

Sn 

betweengroups 0 2 0 1.059 0.386 

Within-Group 0 9 0 

Total 0 11 

Zn 

betweengroups 124.324 2 62.162 5.76 0.025 

Within-Group 97.133 9 10793 

Total 221.456 11 

  

0��P3- ��� P *�R�)����	�� �- ��	2'� ��	�� �
)��= *��$
 A$�B� "��'4 ���$
 E2��#
 )FAO/WHO(  

Table 3. Comparison of heavy metal levels in farmed shrimp in Golestan Province with international standards 

(FAO/WHO) 

Heavy metals Standard value (ppm) Standardized mean difference t df p 

As 0.5 -0.07183 -2.579 11 0.026 

Cd 0.2 -0.16856 -43.934 11 0.000 

Co 50 -49.97966 -1.515 11 0.000 

Cr 30 -29.41064 -498.450 11 0.000 

Cu 100 -81.16996 -68.264 11 0.000 

Fe 100 -66.52135 -7.604 11 0.000 

Hg 0.2 -0.03550 -1.236 11 0.000 

Mn 50 -49.00097 -294.755 11 0.000 

Mo 150 -149.96590 -2.088 11 0.000 

Ni 0.5 -0.31169 -11.955 11 0.000 

Pb 0.4 -0.10293 -1.274 11 0.229 

Sn 250 -249.69152 -2.175 11 0.000 

Zn 150 -117.98085 -91.087 11 0.000 

  

 0��P4-  ��	�� �
)��= *��$
 3
�� ^2�) �-���)�A$�B� "��'4 E- 3/2� ��	2'�  
Table 4. Health risk assessment of farmed shrimp in Golestan province with respect to heavy metals 

Heavy metals Daily intake (mg/g body weight per day) MTDI (mg.g-1 BW/day) 

Children Adults 

As 1.98 × 10-1 1.13 × 10-1 5 × 10-2 

Cd 1.45 × 10-2 8.31 × 10-3 6 × 10-2 

Co 9.4 × 10-3 5.37 × 10-1 - 

Cr 2.72 × 10-1 1.55 × 10-1 2 

Cu 8.71 4.97 3 × 10-1 

Fe 15.48 8.84 5 × 10-2 

Hg 7.6 × 10-2 4.34 × 10-2 - 

Mn 4.62 × 10-1 2.64 × 10-1 - 

Mo 1.57 × 10-2 9.٠١ × 10-٣ - 

Ni 8.71 × 10-2 4.97 × 10-2 3 × 10-1 

Pb 1.37 × 10-1 7.85 × 10-2 2.1 × 10-1 

Sn 1.42 × 10-1 8.15 × 10-2 - 

Zn 14.81 8.46 6 × 10-1 

MTDI: Maximum Tolerable Daily Intake  
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Abstract 

Selenium (Se) is an essential rare element that plays a vital role in the health and 
performance of animals. This study was conducted with the aim of investigating the 
effect of hydroxyl selenomethionine (OH-SeMet) in the diet of broiler breeder and old 
broiler breeder roosters on production performance, quality traits of eggs and blood 
parameters. For this purpose, 260 broiler breeders Ross 308 (45 weeks old) were used in 
a completely randomized design with four treatments and five repetitions (13 hens and 
one rooster in each replication). Experimental treatments included: 1) a basal diet 
without OH-SeMet (control), 2) a broiler breeder diet without OH-SeMet and a rooster 
diet containing 0.1 mg/kg OH-SeMet, 3) broiler breeder diet containing 0.1 mg/kg OH-
SeMet and rooster diet without OH-SeMet and 4) broiler breeder and rooster diet 
containing 0.1 mg/kg OH-SeMet. Performance and quality traits of eggs were measured 
weekly at 50, 55 and 60 weeks of age. The results showed that the use of 0.1 mg/kg 
OH-SeMet in the broiler breeder diet and the broiler breeder and rooster diet improved 
the laying percentage, egg weight, egg mass and feed conversion ratio compared to the 
control treatment (p < 0.05). Feeding broiler breeder and rooster with diet containing 
OH-SeMet improved the mentioned parameters compared to feeding broiler breeders 
alone (p < 0.05). Eggshell strength increased in treatments 3 and 4 compared to control 
and treatment 2 (p < 0.05). The concentration of selenium and glutathione peroxidase in 
the treatments fed with OH-SeMet was significantly higher than the control treatment (p 
< 0.05). The use of 0.1 mg/kg of OH-SeMet may be a practical approach to help 
production performance and eggshell strength in old broiler breeders. 
 

Keywords: Hydroxy selenomethionine, Broiler breeders, Broiler breeder roosters, Laying, 
Eggs. 
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UNIVARIATE PROC  �Shapiro-Wilk  (
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�
PQ" 	R4> !�RS � @�4G�" 
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=��( MIXED � =T5���' @��C=��( �� ��O @�E 

GLM ��� (
(�d'� SAS )18 (I4���4
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Table1. Composition of the basal diet of broiler breeders and roosters  
Ingredient, g/kg Broiler breeders Broiler breeder roosters 
Corn grain 625.0 532.7 
Soybean meal (44% CP) 165.0 55.0 
Wheat grain 40.0 65.0 
Barley grain 0.0 50.0 
Wheat bran 40.0 234.0 
Soybean oil 12.0 8.0 
Di-calcium phosphate 16.4 12.8 
Bentonite 7.05 9.55 
Calcium carbonate 77.2 15.4 
Vitamin premixa 2.5 2.5 
Mineral premixb 2.5 2.5 
Salt 2.2 2.0 
Sodium bicarbonate 2.2 2.35 
Potassium bicarbonate 1.5 1.5 
DL-methionine 1.8 1.4 
L-lysine HCL 0.6 0.8 
L-threonine 0.8 0.8 
Choline chloride 1.0 1.0 
Antioxidants 0.2 0.2 
Toxin binder  1.0 1.0 
Anti-ammonium extra 1.0 1.0 
Phytase 0.05 0.05 
Total 1000.0 1000.0 
Calculated composition   
Metabolizable energy (kcal/kg) 2800 2825 
Crude protein (%) 13.52 11.77 
Crude fiber (%) 3.02 4.63 
Calcium (%) 3.20 0.90 
Available P (%) 0.34 0.30 
Lysine (SID) (%) 0.60 0.43 
Methionine (SID) (%) 0.38 0.30 
Met + Cys (SID) (%) 0.61 0.48 
Threonine (SID) (%) 0.55 0.39 
DCAB (mEq/kg) 203.00 200.00 

a- :	��2L ��4M �����4> �E @��� =C ��� =~�(� =54
���� ^:#
15000 I4C ���� I4
���� 	��:G�A u5000 I4C ����	��:G�  I4
���� D3 u130 I4C ���� 	��:G�

 I4
����E u9 	�4
 I4
���� ���K3 u6 	�4
 I4
���� ���B1 u20 	�4
 I4
���� ���B2 u8 	�4
 I4
���� ���B6 u5 	�4
���  I4
����B9 u07/0 	�4
 ���

 I4
����B12 u6/0 	�4
 uI4"�4C ���70 	�4
 uI4��4� ���25 	�4
.945"����3 �4�� ��� b- :��4M �����4> �E @��� =C ��� =~�(� 	��F
 
��
 ^:#
50 	�4
 ���

 �IE�16 	�4
 �|
 ���120 	�4
 �d5�5
 ���120 	�4
 �@�( ���3 	�4
 ��� ���3/0 	�4
.��45�� ���  
a Vitamin premix provided per kilogram of diet: Vitamin A, 15,000 IU; vitamin D3, 5,000 IU; vitamin E, 130 IU; 
vitamin K3, 9 mg; Vitamin B1, 6 mg; Vitamin B2, 20 mg; vitamin B6, 8 mg; vitamin B9, 5 mg; vitamin B12, 0.07 mg; 
biotin, 0.6 mg; niacin, 70 mg; pantothenic acid, 25 mg. b Mineral premix provided per kilogram of diet: Fe, 50 mg; 
Cu, 16 mg; Mn, 120 mg; Zn, 120 mg; I, 3 mg; Se, 0.3 mg. 
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Table 2. Effects of hydroxy-selenomethionine on the production performance of Ross 308 broiler breeders (45-60 
weeks old) 

Item  Egg production (%) Egg weight (g) Egg mass (g) FCR 

 
Treatments1 

1 68.86c 66.41c 45.56b 3.50a 

2 69.55c 66.38c 45.97b 3.46a 

3 70.98b 67.90b 48.08a 3.31b 

4 72.99a 68.23a 49.66a 3.20c 

SEM  0.18 0.05 0.11 0.01 
 

p 
Treat <0.001 <0.001 <0.001 <0.001 
Time <0.001 <0.001 <0.001 <0.001 

Treat × Time <0.001 <0.001 <0.001 <0.001 
 :^
�� 	���
�� @�E(�:4"1���C =��3 ��4M (  I4��4�
�5�� 	�>�(�4E) �(�E��2K�
 ��4M (���C (
�
 @�E I4��4�
�5�� 	�>�(�4E  ��4M �

N��O @��� �E1/0 	�4
���/ �����4>I4��4�
�5�� 	�>�(�4E �3K�
 ��4M ( @��� (
�
 @�E1/0 	�4
���/�����4>  	�>�(�4E

I4��4�
�5�� O ��4M �N�����C �E I4��4�
�5�� 	�>�(�4E  �4K�
 ��4M (N��O � (
�
 @�E @��� �E1/0 	�4
���/ �����4>  	�>�(�4E

I4��4�
�5��. SEM
(������� @�HO I4���4
 : �a,b-  �E (
 =C��
 �4L D������� ����	5F
 !��R" ��5E
 yH� (
 @(�
� (�
05/0 .&��   
1Experimental treatments include 1) a basal diet without OH-SeMet, 2) a chicken diet without OH-SeMet and a 
rooster diet containing 0.1 mg/kg OH-SeMet, 3) chicken diet containing 0.1 mg/kg OH-SeMet and rooster diet 
without OH-SeMet and 4) chicken and rooster diet contained 0.1 mg/kg OH-SeMet. a, b Means within the same 
column with different letters differ significantly (p < 0.05). SEM, standard error of means. 
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Table 3. Effect of experimental treatments on egg quality traits of Ross 308 broiler breeders (45-60 weeks old) 

Item  Yolk weight 
(%) 

Albumen 
weight (%) 

Shell 
weight (%) 

Albumen 
height (mm) 

Haugh 
unit 

Shell strength 
(kg/m2) 

 
Treatments 

1 28.52 62.14 9.33 6.35 76.43 2.53b 

2 28.68 61.86 9.45 6.56 78.28 2.74b 

3 27.96 62.57 9.46 6.70 78.44 3.26a 

4 27.65 62.98 9.36 6.81 79.90 3.14a 

SEM  1.35 2.38 0.86 0.26 2.14 0.36 
 
p 

Treat 0.14 0.12 0.91 0.27 0.13 0.006 
Time 0.29 0.87 0.15 0.41 0.06 0.001 

Treat×Time 0.16 0.34 0.88 0.53 0.74 0.16 
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Table 4. Effect of experimental treatments on blood parameters of Ross 308 broiler breeder hens and roosters (45-60 
weeks old) 

Treatments Glucose 
(mg/dL) 

Triglycerides 
(mg/dL) 

Cholesterol 
(mg/dL) 

LDL 
(mg/dL) 

HDL 
(mg/dL) 

Total 
Protein 
(g/dL) 

Albumin 
(g/dL) 

Selenium 
(µg/dL) 

1 322.40 3282.57 143.43 82.09 34.57 7.51 2.81 133.23b 

2 326.10 3016.08 149.71 88.33 33.75 9.05 2.18 146.47ab 

3 312.60 2894.28 162.78 95.61 40.98 9.59 2.90 155.26a 

4 305.60 2463.20 167.94 62.09 35.45 9.73 2.47 152.08a 

SEM 18.94 305.98 12.08 9.90 2.67 0.72 0.40 3.40 
p 0.86 0.30 0.46 0.11 0.23 0.13 0.58 0.01 

 
 $��M5-  �J�P�d�� �C 	���
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Table 5. Effect of experimental treatments on liver enzymes and antioxidant capacity of Ross 308 broiler breeder 
hens and roosters (45-60 weeks old) 
Treatments ALP (U/L) AST (U/L) ALT (U/L) MDA (mmol/mL) SOD (U/mL) GPx (U/mL) 

1 1823.30 241.30 109.82 3.78 379.14 76.18b 

2 1849.40 227.10 109.02 3.16 341.80 83.64a 

3 1857.60 219.20 111.15 3.45 333.35 82.62a 

4 1810.50 226.20 97.34 3.75 392.74 84.33a 

SEM 20.59 10.32 9.49 0.44 23.41 2.88 
p 0.33 0.49 0.71 0.73 0.23 0.03 
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Abstract 

One of the main concerns in achieving peak production in broiler breeders is eggshell 

quality traits, which are very important and effective in the profitability of the breeder 

flock. The present study was conducted to investigate the effects of organic and 

inorganic forms of copper, zinc, and manganese on egg quality traits of Ross 308 broiler 

breeder hens. 30 pens were used, and 8 hens and one rooster were placed in each pen. 

This research was conducted as a factorial experiment in a completely randomized 

design. The first factor included organic and inorganic forms and the second factor 

included zinc, copper, and manganese elements. The number of treatments and 

replications were 6 and 5, respectively. Eggshell quality traits of broiler breeder hens 

were measured at weeks 33, 37, and 40. The collected data were analyzed using the 

LSmeans procedure using SAS statistical software. The results showed that organic zinc 

significantly increased eggshell weight (p < 0.05). Organic manganese improved 

eggshell thickness and strength (p < 0.05). The use of organic forms of zinc and 

manganese in the diet of broiler breeders was effective in improving the quality traits of 

their eggs, therefore, the use of organic forms of manganese, copper, and especially zinc 

in the diet of broiler breeders is recommended. 
 
Keywords: Broiler Breeder, Copper, Eggshell, Manganese, Organic Zinc.  
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�� �; 8= 
8"6i
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) 8"6i' :�y- 
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(�	��7/�?� �E��'
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��"���� ��>b :�;
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�*4����G��)�/ 
 : 8>�E��>b�; O��� �= 
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 8"�7 ��>bO��� �= 7>�;���M�:  %�b�>?
� )�	b

) .�>T �"�69NRC	�	  �>qM' (  )�	b)1 � .�	_� .(

 :�;.�W>' .� LM�M� � N� 
:�. ��	J� � �A� ]( 

 )�( � �� 8"�7 ��>b .� 8?&A� .��= %��D?� o�?F�

D?�� .�E6� �<�M� ��	J�� N� %�DA�� �� .	  ��

)CuSO4,5H2O� 
() :�. %�DA�ZnSO4,H2O � (

) LM�M� %�DA��MnSO4,H2O !��>� ,E�  	>A�' (

�W>  !���') -  (!��"�8=!��M�  �� � ��	J� Q=�M�
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:�.- Z>��>?� )Zinpro® Availa® Zn-12.0% � (

LM�M�- Z>��>?� )Zinpro® Availa® Mn-8.0% (

,E�  	>A�'Zinpro®   :��= �("����h'>Z  �A� Q=�M�

 8= �<�M� ��>� �.�� .�	_� .	  ���D?�� 8JA�K� �.��

 :��= %�DA�� ]( B���; �? �� .��� :O�.  ^&T
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 8E �A� \>E�' �= ��	J� :�;

 %�_>_`' 8�
�� .� .	  	>A�' 
��= ��.�= �.��

]W(� 
��.�- :�;.�W>' � 	  ]_?M� �.�- 8= �;

)��>b�;�7 k�S� 8= � �	  	>A�' ��"���� (: !��	�

 :]��  ��"���� :�;.�W>' .	>�. V"���� ,`'1 (

 �SM� ]W(� :��
 ��>b�E��>�  
:�. ��	J�2 (

 �SM� ]W(� :��
 ��>b�E��>�  
:�. �A�3 ��>b (

 �SM� ]W(� :��
�E��>�  
N� ��	J�4 ��>b (

 �SM� ]W(� :��
�E��>�  
N� �A�5 :��
 ��>b (

 �SM� ]W(��E��>�  � LM�M� ��	J�6  :��
 ��>b

 �SM� ]W(��E��>� .��= LM�M� �A�  
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��?D;
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��� .��� ��T � �:�>� �F'�;  ���?�� .�8=%.�< 

 ���?+"��� �= 
	8=.�T:8E Z�7 :��?��  :�. �= �F'

 ���� .��� �M>��	   8?��7 ,���_� ����	���>�:  �

 ,&G���"	.  

67��8 �)�9M : ,��FI8?��7: �F'B���;  �=

 �?���(>� �� ���D?�� ����� )�?>R"�001/0 ���>�?� 

 )	�) ��(���DASQUA .� 
�>A�?"� .��E ,U�� (

 8�) :�WE 8>
�� 8� �� ]��	
 � �F' 8?��7 c��

���	�� (8K_�� � �	  :�>� ���	�� Z>���>3  8K_�G ,&

) 	"���14.( 

67��8 $�' : �	?=� .� 
8?��7 !�� Z>>J' :��=

 !�.� %�"�?`��F'B�� 8=%.�<  � �	  �A�U ]��E

 �A�?>R"� :����' �= Nz�,���= 01/0  !�� ���

	"��� ,&G � :�>� ���	�� 8?��7.  

6�0(:�=%= N4E�:'�� :���� �= ^>_`' �� ]<�
 :�;

) ]".�?E�- V"���� �� ���D?��2×3 [�T \A�� .� (

����E ) �-��S'CRD 8����= � (���.�L-�: SAS  �.��

 �� �;.�W>' Z>���>� 8+"�_� :��= � ,-�� .��� L>A���

 8"�.LSMeans  ���D?�� �.�� :.��� )	� .	  ���D?��

:,�� �"� [�  8= Yijk= µ + Ai + Bj + (AB)ij + 

eijk  8EYijk�	;��� �; .�	_� = 
µ ]E Z>���>� =

(8J��b) 
Ai .�?E�- �G� =A ��  )�( � �K� �� .�)

(��	J� � �A� 
Bj .�?E�- �G� =B ��  �G� �K� 8� .�)

(LM�M� � N� 
:�. �<�M� 
ij)AB �� ]=�_?� �G� =(

(�<�M� � ��	J� � �A� )�( �) .�?E�- 
eijk �G� =

 (�-��S' ��"���� :�KU) �	��W>��= ]����  

  
 )�	b1-  %�&>E�' �"�69 ��>b 8"�7B���; 8?D; .� �? �� .��� :40-33   

Table 1. Composition of basal diet supplied to broiler breeder hens from 33 to 40 week of age 

(%) Nutrient composition (%) Ingredient composition 

2795.00 Metabolizable energy (kcal/kg) 60.00 Corn  

14.45 Crude protein (%) 17.50 Soybean meal (44%) 

0.56 Lysine (%) 9.5 Wheat meal  

0.35 Methionine (%) 3.00 Soybean oil 

0.57 Methionine + cysteine (%) 1.25 Dicalcium phosphate 

0.53 Threonine (%) 4.52 oyster shell powder 

3.20 Calcium (%) 3.00 Calcium carbonate 

0.34 Available phosphorus (%) 0.25 Sodium bicarbonate   

0.18 Sodium (%) 0.22 Salt 

0.18 Chlorine (%) 0.17 Methionine 

  0.04 Threonine 

  0.05 Choline chloride 

  0.25 Mineral premix1 

  0.25 Vitamin premix2 

1- � .�Z" b��>�; �	J� ]W(� ��� �. 
N� !�	=:  .,�� �	  ���D?�� LM�M� �2- E�'\> ]W(��;: ��M>��?" ]W(� ��;: �	J�� ��=: E �;�����> b��> 

� :]�� Z>��?" A: 10000  
	
��Z>��?"�D3 :3200 � 
	
��Z>��?" E: 130 � 
	
��Z>��?" K: 9 ���>
��� ���?">Z B12 :07/0 ���>
��� .-�&"��Z" :20 

���>
��� +�E�>  :%�M'�?��715 ���>
��� �Z>��> :70 ���>
��� A�EZ> ���E	" :1000 ���>
��� =Z>'�> :6/0 ���>
��� 'Z>��> :6 ���>
��� 7Z>+E�	"�> :8 

���>
��� ��	> A�-@> :5 ���>
��� 	" :2 ���>
���  :Z;�50 ���>
��� M����> :200 �
�����(>  :,A�&E500 �> .�����(  

1- A mineral supplement without copper, zinc and manganese has been used in these rations. 2- The composition of 

vitamin supplements and mineral supplements for each kilogram of ration includes: Vitamin A, 10000 units., Vitamin 

D3, 3200 units., Vitamin E: 130 units., K: 9 mg., Vitamin B12: 0.07 mg., Riboflavin; 20 mg., Calcium pantothenate: 

15 mg., Niacin: 70 mg., choline chloride: 1000 mg., biotin: 0.6 mg., thiamine: 6 mg., pyridoxine: 8 mg. folic acid: 5 

mg., iodine: 2 mg., iron: 50 mg., selenium; 200 micrograms., cobalt: 500 micrograms. 
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 �= �= ��"	(" 8?��7 !��.� 8?D; ��W':�;  V"����

�MJ�.�� ,�� �	  )05/0 < p
(  .� 8E :.�T 8=; 8?D

V"���� �"�	?=�
  ��=�� 8?��7 !�� Z"�?�>=�W>' 8=. 

 :��
 �A� :�.�� �=	 8E !��� , 6� �=
  !�L>�

 :�	� 8?D; .� � ���E �	>7 V"�L-� 8?��7 !��40 

 V"���� )�	b)5(
  8= ��=�� 8?��7 !�� Z"�?�>=

 �A� :�. :��
 .�W>')28/7( �� �=	.  

67��8 ��&�7�% :��	J� )�( � �G��A� 
  � ]=�_?� �G�

LM�M� � N� 
:�.  �= �� 8?��7 ��(`?�� :�	?=� 8?D;

33  8?D; !�"�7 �'40 V"���� �MJ�) 	  .��05/0 < 

p( . .� 8?D;33 V"����
  LM�M� :��
 .�W>' Z"�?�>=

.� �. 8?��7 ��(`?��  V"���� )�T��� !��� )96/2 (

 �A� :�	� ��`A ���;.�W>' ���W' .�
  ��(`?��

 V;�E .�g� !��� .6� �= 8?��7 :.�T 8= ,�� �	 

 8E��(`?�� �K� Z"�'m�= �.�� !�"�7 .� �F' 8?��7 

 .�W>' 8= ��=�� :��
) �A� LM�M�12/2( ��=.  

67��8 �)�9M :]<�
 X"�?� ��.�= �=  �D>E L>A��� ��

 ��"���� �.�� !�"�7 .� 8?��7 %�D< )��	b)2  �'4 (

 ]=�_?� �G� � �A� 
��	J� )�( � �G�!��;  �= ��"	(" �=

 8?��7 ,��FI.�  ���W'8?D;�;:  V"�����MJ�.�� 

 ,�� �	 )05/0 < p
(  LM�M� :��
 :�;.�W>' .�

	  �	"� V"���� )�T .� ,��FI Z"�?�>= � �,��

A��  .� �;.�W>' ���W' :�	� .�	_�8?��7 ,��FI
  �=

 !��� .6� ,�� �	  V;�E .�g�8=.�T: 8E 

 LM�M� :��
 .�W>' 8= ��=�� 8?��7 ,��FI Z"�?�>=

 8?D; .�33  V"����422/0 ��=,�� �. 

 
)�	b 2-  ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=�F' 8?��7B���; �? �� .��� :O�. 308  8?D; .�33. 

Table 2. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 33 weeks 

Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements 

Zinc a6.36 b0.396 b2.57  
Copper b6.07 b0.385 b2.67 

Manganese b6.05 a0.422 a2.84 

SEM 0.38 0.014  0.05 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b5.99 b0.396 b2.57 

Organic Minerals a6.42 a0.416 a2.79 

SEM 0.46 0.016  0.08 

p.value 0.02  0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.20 b0.393 b2.62 

Organic zinc a6.50 b0.395 b2.66 

Inorganic copper b6.01 b0.390 b2.64 

Organic copper b6.11 b0.395 b2.65 

Inorganic manganese b6.07 b0.394 b2.65 

Organic manganese  b6.12 a0.419 a2.81 

SEM 0.30 0.011 0.04 

p.value 0.03 0.03 0.02 

N"��m�=!��� !�?� �; .� s�?���>9 :�;�MJ� :.��� %��D' �	M;�) .��05/0 < p 
(SEM 
Z>���>� �.�	��?�� :�KU :p.value )�W?
� .�	_� :  

Non common superscripts in each column are indicate the significant statistical difference (p < 0.05), SEM: Standard 

error of the mean, p.value: Probability value. 
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)�	b 3- �F' 8?��7 ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=B���; �? �� .��� :O�. 308  8?D; .�37. 

Table 3. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 37 weeks. 
Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements  

Zinc a6.85 b0.383 b2.09 

Copper b6.51 b0.372  b2.20 

Manganese b6.44 a0.406 a2.38 

SEM 0.40 0.015 0.07 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b6.52 b0.380 b2.10 

Organic Minerals a6.82 a0.401  a2.31 

SEM 0.49 0.016 0.06 

p.value 0.02 0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.57 b0.378 b2.22 

Organic zinc a6.93 b0.380 b2.23 

Inorganic copper b6.50  b0.376 b2.16 

Organic copper b6.49 b0.378 b2.15 

Inorganic manganese b6.46 b0.379 b2.15 

Organic manganese  b6.63 a0.404 a2.40 

SEM 0.33 0.010 0.05 

p.value 0.03 0.03 0.02 

  

)�	b4-�F' 8?��7 ,>D>E %�D< �= LM�M� � :�. 
N� �<�M� ��	J� � �A� )�( � ��.�=B���; �? �� .��� :O�. 308  8?D; .�40. 

Table 4. The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and their 

interaction on Ross 308 broiler breeder' hen Eggshell quality at 40 weeks. 

Treatment Egg shell weight (g) Shell thickness (mm) Shell strength (kg⁄cm2) 

Trace elements  

Zinc a7.25 b0.370 b1.75 

Copper b6.84 b0.359 b1.79 

Manganese b6.75 a0.394 a2.02 

SEM 0.48 0.018 0.07 

p.value 0.02 0.03 0.02 

Mineral forms 

Inorganic Minerals b6.83 b0.365 b1.79 

Organic Minerals a6.25 a0.389 a1.99 

SEM 0.56 0.016 0.05 

p.value 0.02 0.02 0.02 

Trace elements × Mineral forms 

Inorganic zinc b6.90 b0.368 b1.89 

Organic zinc a6.28 b0.370 b2.90 

Inorganic copper b6.83 b0.368 b2.93 

Organic copper b6.79 b0.367 b2.92 

Inorganic manganese b6.80 b0.367 b2.91 

Organic manganese  b6.93 a0.395 a2.12 

SEM 0.39  0.013 0.04 

p.value 0.03 0.03 0.03 

  

P��  

�<��Z"�'  ]>(�' .� �. ]���8?��7: �F'
  !���

 �F' o��' �. 8E 	M?-�� 8R>?� � 	���E ���� �
. .�

o��' !��� Z"�
  � ,�� %��D?� o�?F� :�;��l� .�

 ]����8"6i':�  .	�.�� :.��	��� !��� .� :�?WE V_�
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Abstract 

The aim of the present study, considering the increasing level of heavy metal pollution 
and their impact on the environment, was to evaluate the bioaccumulation of heavy 
metals mercury, zinc and nickel in soft tissues (muscle and hepatopancreas) of the blue 
swimming crab (Portunus segnis) on the coasts of Makoran (Bris, Pesem and Tis). 18 
crab samples and 9 surface sediment samples were collected in the winter of 2019 and 
the concentrations of mercury, zinc and nickel in the hepatopancreas and muscle tissues 
of the crab and sediments of the sampling areas were measured by atomic absorption 
spectrometry. In all three stations, the concentration of zinc in the hepatopancreas was 
higher than in the muscle and there was a statistically significant difference between all 
stations (p < 0.05). The overall average accumulation of mercury, zinc and nickel metals 
in mg/kg in hepatopancreas was 0.85 ± 0.7, 240.81 ± 101.41 and 69.24 ±  33.58 in 
muscle 0.37 ± 0.04, 78.45 ± 14.02 and 33.01 ± 9.12 and in sediment 0.96 ± 0.6, 26.4 ± 
14.45 and 21.49 ± 6.21. The pattern of heavy metal accumulation in tissue and sediment 
was obtained as mercury < nickel < zinc. Comparison of metal concentrations in the 
muscle of the blue-swimming crab of the study area with international standards (UK 
MAFF, FDA, NHMRC, WHO and FAO) showed that the mercury concentration was 
lower than the NHMRC standard and close to other standards, the zinc concentration 
was higher than the permissible limit compared to only some standards, and the nickel 
concentration was lower than the permissible limit announced by the FDA. Therefore, 
the consumption of the studied crab meat in terms of mercury and especially zinc may 
be harmful to health. Comparison of the average concentration of heavy metals in 
sediments sampled from the stations with sediment quality standards showed low 
concentrations of zinc, nickel and mercury. 

 
Keywords: Heavy metals, Blue-swimming crab, Makoran coasts, Hepatopancreas. 
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Fig. 1. Geographical location of blue swimming crab sampling stations 
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Table 1.  Mean ± standard deviation of biometric factors of the crab at the sampling stations 

 Beris Pozm Tis 
Carapace Length (mm) 66.32 ± 12.36 65.32 ± 12.67 67.17 ± 9.87 
Carapace Width (mm) 105.45 ± 23.22 116.33 ± 23.17 113.21 ± 18.13 

Weight (g) Male 213.41 ± 65.11 241.30 ± 50.25 185.59 ± 55.87 
Female 119.13 ±17.14 182.65 ± 77.83 155.17 ± 48.26 
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Table 3.  Mean ± standard deviation of mercury concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 0.45 ± 0.71 a0 ± 0.055   a 0.08 ± 0.34  0.37 ± 0.04  
Hepatopancreas   a 0.73 ± 1.24 b 0.66 ± 0.73  a 0.05 ± 0.57  0.85 ± 0.7  
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Table 3.  Mean ± standard deviation of zinc concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  b 10.09 ± 77.83  b 16.58 ± 70.27 b 7.93 ± 87.25  78.45 ± 14.02  
Hepatopancreas   b 125.13 ± 240.21  a 74.07 ± 217.07 b 106.48 ± 265.15  240.81 ± 101.41  
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Table 3.  Mean ± standard deviation of Nikel concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 2.92 ± 23.81  a 9.95 ± 37.23 a 4.78 ± 37.98  33.01  ±9.12  
Hepatopancreas   b 13.75 ± 55.76  b 21.98 ± 64.58 b 49.26 ± 87.38  69.24 ± 33.58  
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Table 5. Correlation comparison between metal concentrations in tissues and sediment 

 
Hg 

Hepatopancreas 
Zinc 

Hepatopancreas 
Nickel 

Hepatopancreas 
Hg 

Muscle 
Zinc 

Muscle 
Nickel 
Muscle 

Hg 
Sediment 

Zinc 
Sediment 

Mercury 
Hepatopancreas 

Correlation 

Significance 

Zinc 
Hepatopancreas 

Correlation 0.223 
Significance 0.375 

Nickel 
Hepatopancreas 

Correlation 0.226 0.602 

Significance 0.368 0.008 

Mercury 
 Muscle 

Correlation 0.286 0.247 0.025 

Significance 0.250 0.324 0.920 

Zinc 
Muscle 

Correlation 0.107 0.258 0.264 0.268 
Significance 0.672 0.302 0.290 0.282 

Nickel 
 Muscle 

Correlation -0.049 0.100 0.392 -0.438 0.406 

Significance 0.846 0.694 0.107 0.069 0.095 

Mercury  
Sediment 

Correlation 0.095 -0.022 -0.140 0.000 -0.235 -0.092 

Significance 0.807 0.955 0.720 1.000 0.543 0.814 

Zinc  
Sediment 

Correlation -0.106 0.077 -0.064 0.182 -0.075 -0.674 -0.246 

Significance 0.785 0.845 0.870 0.639 0.847 0.046 0.523 

Nickel 
Sediment 

Correlation -0.131 0.503 0.631 0.201 0.308 -0.220 -0.484 0.655 

Significance 0.736 0.168 0.069 0.604 0.421 0.570 0.187 0.045 
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Fig. 1.  Comparison of mean mercury concentration in muscle and hepatopancreas tissues across sampling stations. 
Different letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 2. Comparison of zinc concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 3. Comparison of nickel concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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Fig. 4. Comparison of mean concentrations of the heavy metals nickel, zinc, and mercury in sediments 
from the sampling stations. Different letters denote statistically significant differences, while identical 
letters denote no significant differences. 
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Abstract 

Methamphetamine is a potent central nervous system stimulant that directly affects 
brain function, causing significant changes in feeding patterns and appetite regulation. 
Given the extensive side effects of this substance, the use of alternative interventions 
such as herbal remedies and exercise has been considered as harm reduction strategies. 
In this study, 30 female Wistar rats were divided into seven groups of six: healthy 
control, methamphetamine, methamphetamine + aerobic exercise, methamphetamine + 
berberine (barberry extract), methamphetamine + exercise + berberine, 
methamphetamine + crocin (saffron extract), and methamphetamine + exercise + crocin. 
Methamphetamine was injected intraperitoneally at an initial dose of 10 and then 40 
mg/kg six days a week. Berberine hydrochloride (100 mg/kg) was administered via 
drinking water, and crocin was administered in a similar manner. Aerobic exercise 
consisted of treadmill running at a speed of 25 m/min for 30 minutes, six days a week, 
for four weeks. After the intervention, the expression of pro-opiomelanocortin (POMC) 
and melanocortin 4 receptor (MC4R) genes in hypothalamic tissue was examined using 
the relative fold change method. The results showed that methamphetamine use 
increased the expression of POMC (166%) and MC4R (42%). Berberine caused a 
greater decrease in the expression of both POMC (47% vs. 14%) and MC4R (47% vs. 
29%) genes than crocin. Aerobic exercise also had a similar effect. The combination of 
berberine + exercise showed the greatest reduction in POMC (50%) and the 
combination of crocin + exercise showed the greatest reduction in MC4R (76%). These 
results show the effective role of herbal and exercise interventions in inhibiting the 
neurochemical consequences of methamphetamine. 
 
Keywords: Methamphetamine, Berberine Hydrochloride, Crocin, Aerobic Exercise, Pro-
opiomelanocortin, Melanocortin-4 Receptor. 

  

  

  

  

Journal of Animal Biology, Spring 2025; 17(3):123-136 
 

ISSN: 1735-9724 

Research Article 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 136-123 	%&��'�� ( )�'* 

124 

 

  

 �&+�� %&+�,� ( -��� ���., +/0�1 2���34 �� ��(5 -�+� �64�36�& �
�� �/7�89 :%��
 

POMC  � MC4R  �5���4 2� 5�684 �5�4 ��6��( 
��;/4�6�4<  

)�'* ��/
&512�&�= �>4&� 	
&1?�7&@�/A 5&�� �/� 	2*��  +>C& 	��D9& ��E3  

1-  �	
��� 
��� ���� �������� ��������� �������� �	�� � !��" ��#���! 

2-  �	
��� 
��� ���� �!��$�
 ��������� �!��$�
 �	�� � !��" ��#���!  

3- %&�� ���� �	 �'
����� �������� �	�� � !��" ��#���! �������� ���� 
* :*�+,�-� .�/&�javadzia@gmail.com  

 :%0���! 1���,28/11/1403                           :5��67 1���,31/01/1404 

DOI: 10.60833/ascij.2025.1199681 

 ��/'F  

%�8��9 *����:, �;:� !�-�<� �� =�>?&� ��@A, �� BC % � D;C�� 	+E� =?&�  D�9 F�G� H� (B��
) K���?L�" �! 	MN�,

B�6:, D�$�#O� !�P�� �M?
� =�Q', � D�	�'C �'��� K�;#��N *�R��� �� �!�L? � ��!�� K�� �!�?&� S���� B� BN�, �� .�

!����B� 	
��� %�O�U0 � 	$��� D�$ �V$�W7 K�� �! .% � B?0�� ���9 BN�, !��� X� " V$�C D�$��-$�� ���'�30  � 

 ��?&�� !�W� �!�� 	���GY 5�� B�%L$  ����V
  �=O�  .�?'C :8��
 	��,%� �K���?L�"%� �D���$ K��<, + K���?L�"

%�K����� + K���?L�" (H
�� ���E�) �%�%� �K����� + K��<, + K���?L�"K� ��C + K���?L�" (���L�� ���E�)%� � � K���?L�"

%� .���
 =�&>, K� ��C + K��<, +B� K���?L�" B�O�� ��! �� 	9�LY 8R�! [��;, *��Y10  \]  �40 	��� V
 
�����C/
��

) �����C����$ K����� .�
 [��;, B?L$ �! ���100 	��� (
�����C/
�� B���� 5�� �� ;�� K� ��C � 	�����
" ^" [��_ ��

 ����! 8��
 D���$ K��<, .�
 ;��P, %��  �� 8��!�, D��25  *�� B� �B>�9! �! �?�30  *�� B� � B?L$ �! ��� V
 �B>�9!

 ���� �*�R��� 
�<,� �� \7 .%0�� 
�P�� B?L$ ��Ma�b�$D ��7�K�,��C������7 )POMC (� �,��C���� ������ K4 )MC4R( 

%� c�E� !�! ���� d��?� .�
 	 ��� 	+&� d'a�O�0 5�� �� e��f�,�]�$ %0�� �!���� V��;0� g��� K���?L�" �bD�$ 

POMC  )166 �Y�!( � MC4R  )42 �Y�!( 	��
 �b �! �$ ���� �! D�?��� V$�C K� ��C B� %+&� K����� .! POMC 

)47  �Y�! ����� �! 14 � (�Y�! MC4R  )47   �Y�! ����� �!29 �Y�! ( K����� X�C�, .%
�! B���� D�@� ;�� D���$ K��<,

�! �� V$�C K��?��� K��<, + POMC )50٪( �! �� V$�C K��?��� K��<, + K� ��C X�C�, � MC4R )76 �Y�!(  .!�! ����

%� 	���<�
���� D�$����7 ��M� �! �� 	
��� � 	$��� *�R��� �@k� V>� d��?� K��?L�" K���	� �����$!. 

:
�/HC ���HC %� �K���?L�"�����C����$ K������ �C��K�  ��7 �D���$ 	��� %�O�U0� K�,��C���� ������ �K�,��C������74.  

24�34  

 �� �M?
� � D��  =�Q', �! 	<M� V>� e��f�,�]�$

 �L�� �b l�?m� D�$��&� [��_	�'C ��&� �! .�

 � K�,��C���� ��&� ��'�"�0 K�� �! ����! D���C

�'?&$ K�?]O ��&� �! .K�,��C���� ��&� ������$D 

K�,��C������7���7 )POMC(  B?&$ �! 	��<C

F�G� �����$ �e��f�,�]�$ %� ���� �LO" )α-

������� 	
��
�� ����� ����� ����� 	���	  ����1404 	 ���� 136-123 

ISSN:  9724-1735  

�D�(IE 27�34 



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 136-123 	%&��'�� ( )�'* 

125 

 

MSH(  ��O�,	�'CK�,��C���� ������ B� BC �'-4   

)MC4R ( 8E?� 	'n� ���7 �!	��
 !)1( .������$D 

MC4R  �! PVN  V��;0� � �6o c�E� V$�C ��

B� Db��� c�E� α-MSH  1 �7	�$! �! ��&� K�� .�'

 .�U0 B�6:, %O��	��
 BC 	���� �!�����$�$ �! D

 D6:� !��� 	�����0 B� K�O�&�� � K�?]O �'��� 5!��

 .�'#� 	�$!�' )2( . ��&� �!K�?]O  %0�� p �, BC

 ��O�, 	��a	��
!�R ������ B� �! )LEPR(  D��

������$D POMC 8E?� 	��
 �.�E,� K�� .!

5��!�7 POMC B� α-MSH  �>,�� ��	�$! \]  BC �

������$D MC4R  .�U0 ��	�'C� �  %O�� �!

 �	#' ��������$	,��" �� p+,�� ��?]7 D )AgRP(  �

��?]7���� Y )NPY(  .�U0	��
 ��M� �� � ��

������$D MC4R %��>, �� �6o c�E� �	�'C�' 

)3(. ������$���� D ������ ��''C	&C� �! K� �,

 �!�C ����! �� 	��<C B?&$������$D MC4R �! 

PVN  ��
 %��>, H�b�,���,��� q��  .�>?�� [��_ ��

p �, α-MSH   D��  g��� %��  B�	��
�� .

 �	0�_��������$ �! !�N�� DD�;'� B? ! B?&$ 

)NTS( K�'�C�?&�  BO�C BC )CCK ( ���� ��	�'C �'

 r�<�>?&�������$D MC4R �! �� PVN  H��G,

	�'C�'$! ���� �� D��  .�'#�  �, �' . � �$��&� K��

������$  ��? �<$ K�<s, �D��  � �M?
� =�Q', D���

 ��C =$ �� 	9�a �� D�����N � Db���	�'C�'.  Bn���

%� K�� �K���?L�"POMC  �MC4R  � % � ���t�7

=&���-� 8��
 � �6o c�E� �� BC % � D!�U?� D�$

 ��@A, D�� 	���6�%� BC 	O�� �! .!" K���?L�

	����, ���� ��M� �� �NPY ^�C�  �� �6o c�E� �

 K�'t<$ ��'C	����, ��&� �MC4R  D�>O� D��� ��

.�'C .�U0 D��  %� K���?L�"	����,5��!�7 �� � 

POMC V�7 BC	� ��?]7 �� �M?
�	��G� �����$ � F

%� ����  �LO"!��6#� ��@A, �% � )4( α-MSH . B� 

MC4R  8E?�	��
 H��G, �� �M?
� ^�C�  � !

	�'C�. %� K���?L�"	����, ��
 [?�� D�$��?]7 ���� �

�� POMC �$! ���:, �� 	� *��@� B� % � K-<� BC -

�'C H<C �" 	��M?
�. %� K���?L�"	����,��&� �� � 

MC4R  ��� ��� � �M?
� =�Q', �! 	<M� V>� BC

�
�� B?
�! 8��U, �!��! )5(. �� �	0�_ %� K���?L�"

	����,���� �� � MC4R .�'#�  D�$��&� � K���7 	$!

 ��@A, D��  � �6o c�E� �� � !��6#� ��@A, �" % !

!��6#�.  K�'t<$ K���?L�" %�	����, ���� ��M� �� �

��?]7���� Y)Db��� ��?]7 H���( �� �6o c�E� �

�'C ^�C� .  �! �@� K��5���$ 	 �? ! �� 	�

 ���� BC �% � �,��-
" �6o B� !��G�	�$! *��@� �

	�%�U9�� �! ���! 	��M?
� �6o �� %����G� D�$

% � �,����.  K���?L�" %�	����,��&� �!�C .�U0 �� � 

MC4R ^�C�  B� �P'� BC �$! V��;0� �� D��  �

 �M?
�	��
!. %������ B� �?+� ����<�� �! �@� K�� D�$

��&� �! �!�� 	-�?�b POMC/MC4R  ��$���

	��
	��m?�� %&����" �!�! ���� BC 	��N �! 

MC4R ��� ��� V$�C � D��  g��� �	��
!. 

%� c�E�^�C�  *��@� 8�O! B� K���?L�" �M?
� ��''C

	����, ��� ���
 V$�C � B�6:, u�  B� �P'� �

!�
. � K�'t<$ K�;� c�E	����, !�P�� g��� �

 �� 	���� � 	<&N %��  *�-�� �� 	U� � l�_

 � 	&L', *�-�� �	9��� 	+�9 *�-�� B�<N

!�
 	���� *f�?R� )6(. �� D���$ 5��� POMC  

� MC4R  5�� B� �M?
� �� � !��! 8��U, l�?m� D�$

 ��@A, Db��� ��? �<$ �	���6�!.  % � ��
 �!�! ����

 %�O�U0 V��;0� g��� D���$ 5��� BC������$D 

POMC 	��<C B?&$ �! )ARC(   e��f�,�]�$

	��
!��! V>� Db��� .!�U, � �M?
� =�Q', �! BC !. 

%�O�U0 �! V��;0� K�� POMC 	����,� � B� �P'

!�
 Db��� c�E� V��;0� � �M?
� ^�C�  )7( .

 K�'t<$ D���$ 5���	����,%�O�U0 � MC4R  ��

������ ��'C 8��U, � �M?
� =�Q', �! 	<M� V>� BC D�



������� 	
��
�� ����� ���������� 	 ���	  ����1404	  ���� 136-123 	%&��'�� ( )�'* 

126 

 

!��! ��� ��� )3( .���� 5��� MC4R  �! ��

 V��;0� e��f�,�]�$	�$! BC ��	����, *��@� B� �

	��'C H<C �" 	��M?
� )8( .D�� �� 5��� *��@� 

POMC  � MC4R 	����, Db��� %�Uv� B� B?&� �

�
�� *��L?� !�0. � B� �� 8+9 K?0�� ���� �.�w� ���'

 %�O�U0 V��;0� g��� 5���������$D POMC  �

���� MC4R 	��
 ^�C�  V��;0� B� �P'� BC !

 Db��� c�E� � �M?
�	��
! . 5��� *�
	����, �

�� 5��� *��@� �� POMC � MC4R  ��@A, ;��

!��6#�� . �� 5��� �� B&��>� �! f�� *�
 �� 5��

 *��@� �=C *�
D�� �� D�,���� POMC � MC4R 

!��! )7( . 5��� H�O���?� 
��'  � 	9�a �� D���$

 �!5���$�b *�� F�� B� �?+� D MC4R  D�����N

	�'C ���� BC ��	�$! 5��� �	����, V$�C B� �

!�+<C *��@� MC4R �'C H<C Db��� ��? �<$ �� 

)9( . ��_ B�	�C5�� B� D���$ 5��� � D�$

���t�7�� D� POMC � MC4R  �M?
� �� � !��! 8��U,

 ��@A, Db��� ��? �<$ �	���6�!.  �� 5��� *��@�

 Db��� %�Uv� �'��� 	����� B� B?&� �$��&� K�� D��

 5��� *�
 �	����, �
�� *��L?� �)10(.  �	0�_��

 �� ��
 [?�� 	U�+_ X�C�, H� ������C����$ K�����

 �M?
� �� �" ��>O�� *��@� D��� �	$�C H
�� ����

 �����C����$ K����� .% � B?0�� ���9 BUO�n� !���

!��6#� ��@A, ��� %����� � �M?
� �� % � K-<� 

)11( ��O�, V��;0� �� �����C����$ K����� .

�����$�$ =�Q', �� D��  � 	#' �� BC 	Y�R D

	�'C V$�C �� �M?
� ��'	�$!� . �����C����$ K�����

 B� D�� �, % � K-<� BC % � p+,�� ��� V$�C ��

^�C�  *��@� 8�O!�
�� �M?
� ��''C.  K����� 8<-�

 �! 	MN�, 8��9 ��� V$�C B� �P'� �����C����$

 x�� %���! B� �?+� ����<��2  	9�a �	��
! )12(. 

^�C�  *��@� �� �����C����$ K����� �M?
� ��''C

=&���-� 
�P�� 	L�?m� D�$	��
B�<N �� �!:  K�����

 �����C����$��?]7 ��O�,-1 ����C��� B+
 )GLP-1 (

 V��;0� ��	�$! � �M?
� =�Q', B� BC 	�����$ ��

 H<C ;C��� =&�O���?�	�'C� . % � ��
 �!�! ����

 V$�C �� K�O�� yn  �����C����$ K����� BC

	�$! H��G, �� �M?
� BC 	�����$ ��	�'C� � K����

��?]7 ��O�, �����C����$ YY )PYY ( V��;0� ��

	�$! H<C D��  � �M?
� =�Q', B� BC 	�����$ ��

	�'C�.  �����C����$ K����� 8<-� B'�M� *�� � ��!

 zm�� 	��R B� ��� V$�C � �M?
� ^�C�  D���

% � ���� )13( . �� *�UO�n� �?��� �.�� K�� ��

 �� l�?m� D�$��!500 	��� �, 
��1500 	��� 
��

���! D��� ��� �! D�$4-12 �!�C �!�L? � B?L$���. 

 �b ���� K����� �����C����$ 8<-�POMC  ;:� �! ��

 V��;0�	�$! Db��� .!�U, � �M?
� =�Q', �! BC �

 !��! V>�)14( . K� ��C ���L�� BO�C �@�� �!�� BC

 % �^�C�  *��@� D���! K-<� � % � �M?
� ��''C

 ���� �� ��@A, �� % ��b�$ DPOMC  �MC4R  B�

 .�'C H<C ��� V$�C �b ���� K� ��CPOMC  ��

 =�Q', �!��! V>� Db��� .!�U, � �M?
� =�Q', �! BC

	�'C �b ���� K� ��C 8<-� .�POMC  ;:� �! ��

 V��;0�	�$!Db��� .!�U, � �M?
� =�Q', �! BC � 

 !��! V>�)15( �b ���� �� K�'t<$ K� ��C .MC4R 

', H� BC �% � Db��� .!�U, � �M?
� D���C ��''C =�Q

 ��@A,	���6� �b ���� K� ��C 8<-� .!MC4R  �! ��

 V��;0� e��f�,�]�$	�$! � �M?
� =�Q', �! BC �

.!��! V>� Db��� .!�U,  D�� �� K� ��C *��@�

�b�$D POMC  � MC4R =&���-� �� 	L�?m� D�$

 
�P��	��
 B�<N �� �! %�O�U0 V��;0� AMPK   BC

K�/,��7 K� ��C.�U0 ��'�C�� ��
 AMP (AMPK)  ��

 .�U0	�'C V>� �M?
� � Db��� .!�U, =�Q', �! BC �

.�U0 .!��!D��  AMPK  ���� V��;0� ���b�$D 

POMC � MC4R % � p+,�� )16( ��O�, K� ��C .

��?]7-1 ����C��� B+
 (GLP-1)  V��;0� ��	�$! ��
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 H<C ;C��� =&�O���?� � �M?
� =�Q', B� BC 	�����$

	�'C� GLP-1  ���� V��;0� ���b�$D POMC � 

MC4R % � p+,�� )17( . � ��! :���� *�� � ��!

M� *�� � �M?
� ^�C�  D��� K� ��C 8<-� B'�

 K�� �� .% � ���� zm�� 	��R B� ��� V$�C

 �� l�?m� D�$��! �� *�UO�n� �?��� �.��500  �,

1500 	������! D��� ��� �! 
�� D�$4-12  B?L$

�!�C �!�L? ����. ��  ��6��@� � ��
 �C{ !���� B� BN�,

 �� K�+�� ���  � D���$ 	��� %�O�U0 �!���b�$ D

 K�,��C������7��7)POMC(  K�,��C���� ������ �

4 )MC4R(  !�N� 
�� B?+O� � e��f�,�]�$ e�9 �!

 ��#��-� ��'C �! �$��:?� K�� 	 ��� %MN 	0�C q��'�

l�C !�Y�! �v�� V$�W7  �! p���� K��

5���$ 	|��GY D	�
�� .� 

J(� ( 5&�4��  

 BC % � 	��P, x�� �� �v�� [�>G, }�_��  *��Q�

	-
;7 �! ~�R� B?�<C  ~�>� �� %��<� B?�<C �

*������  ���C IR.IAU.NEYSHABUR.REC.1403.002 

.�� � X��E, B�  �v�� �UO�n� �!42  5�� � 

 	��� �!��G� �! �!�� \'N �� ��?&��200-140 

	� 8�-�, 
�� .��!�!5���$  *������ ;C�� ��

 D��� .���
 B�M, !��$�
 	-
;7 
��� ��#���!

5���$  B?L$ H� ���#�����" p�G� B� .�>?�� �� \7

 � ���N p�G� �� 	��'
" � e�? � V$�C %MN ����

 B?0�� �Q� �! 8��!�, �� 	��'
" D��� ���� B?L$ H�

 .�
�� B��!� �!  BN�, �! *������ ���� B�7  ����6 

?'C 	��,%� %0���! �=O�  .�%� �K���?L�"K���?L�" + 

%� �D���$ %�O�U0+ K���?L�" K����������C����$� 

%�K���?L�" +  �K� ��C%�D���$ %�O�U0 + K���?L�" 

 +%� � �����C����$ K����� %�O�U0 + K���?L�"

K� ��C +D���$ =�&>, %+@ D��� .���
 D�'�

��� �*������ 	��� *����:, �! �x��
 �� 8+9 	�C

8-,��7 D��N� .�_ � 
�P�� B?L$ �$ �" �� \7 � �$

 .��!�� %+@%� ����O" �<#�  %C�
 �� K���?L�"

K�O�  .���� �! � D�����R 9/0 �Y�!  �
 .��G�

%� D�>O� %MN �K���?L�"5���$  ��;��10 

	���
��/
�����C/�%� 	9�LY ���! [��;, �� -

�P�� 8�O! B�) K���?L�" �� �!�L? � �� �� (K�;� e�? � !

 *�� B� K�O�&�� ��� 5  ��!�C %0���! ���)18(. 

���L�� 8� ���E� �� ��
 [?�� K� ��C ��P� %G, 

 �'� ��C����� � �
 B�M, BUO�n� K�� �! �!�L? � D���. 

 ��?�� K� ��C V
 � �
 8� K�O�  .���� .��G� �!

 ��! �� B?L$ �! ���40 	���
��/ *������ B� 
�����C

 	9�LY ���! *��E��
 [��;, )19( .K����� 

�@�� �!�� BC �����C����$ 	$�C H
�� �	�
���  ��

�
 B�M, (�����) �+C��� %C�
  � *������ B���! �� 

100 	���
��/�C 8� �� ��� �! 
�����C ^" �! �" �!

 �
 B0�v� 	�����
")20(.  BC D���$ K��<, 8-,��7

B� �� ������N 8��!�, D�� 	?��>? � K��<, *��Y

 H� �K�f �$ D�M?�� �! .�
 
�P�� �;P� K�f d'7

 	?9� BC %
�! ���9 	-��?-O� Vm�5���$  �!

	� !��� !�R K�f 	��M?�� Vm� 	-�!;� F�
 ����


	� %0���! �� 	-+  	-��?-O� x��
 �� 8+9 .��!�C

�<, 8-,��7C D�� �'
" ���! H� *������ �	'� �+

����� .��!�! 
�P�� �� 8��!�,B  *�� B� 	'��<,4  B?L$

 K�;� 5��� .!�� 8��!�, D�� D���$ K��<,

 8��
 (K��<,)4  %��  �� ����! B����� B?L$25  �?�

 *�� B� B>�9! �!30  � B>�9!6  �!) B?L$ �! ���

 x�<P�24  (B&�N � %��  K��9  �,12 �� y+Y 
�P

	��
 (21)  .��N)1(.  	O�-O�� D�$ 	 ��� %MN

 ���m? � ��?�� ��b ���� yn  �!RNA  ��9 %0�� ��

 �!�L? � �� \]  �%0�� 
�P�� �.����, �� �!�L? � �� 1�

 ��� .�_ �! ��� ^6N %�Y�R ��260  �� � �?�����

 B��<� ���R BN�! � %Q�o ��� Bn��� H<CRNA 

��" % �� 	<C *��Y B�: C (µg/µl) = A260× ɛ× 
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d/1000.  ���m? � �� \7RNA  %Q�o � ���R ��

B��<� 	��<, �� f�� ���&� 8���� BUO�n� !��� D�$

 ;?' cDNA  
�P�� �����  %C�
 8-,��7 [+_

 \]  � %0��cDNA  V'C�� 
�P�� %MN ��
 ;?' 

��?�� .%0�� ���9 �!�L? � !��� e�-U� 	&����� 

 B� ����� ���
 	���_ D�$�<���7�b�$  	 ��� !���

 ���� 	 ��� \]  � �%0�� ���9�b�$  �� �!�L? � ��

	<C 5��q-RT  PCR  	O��, .%0��67 
�P��

 .��N �! �$����o"2  D��� .% � ��
 �!�! ����

 �� 	�R�! .�?'CmRNA β-actin  8-,��7 .�
 �!�L? �

 �!�L? � !��� 	,���� BR�aReal time-PCR  :8��


°95  *�� B�10  �B>�9!°95  *�� B�10  B� � �B���@

 �" .�+�!45  8-� °10 B���@ *���� �! D�60  BN�!

 ���� %+&� .!���b�$ �� �BUO�n� K�� �! 	 ��� !��� D

B&��>� 5��) B��? " BR�a D�Thereshold Cycle: 

CT.�'?0�� ���9 	������ !��� (  �� V$�W7 K�� �!

��� D��� �b ���� ���� *��L, 	 �����$ �� l�?m� D

5�� .% � ��
 �!�L? � H�,����L����� K��� D�$

�!�! 8��G, � B�;P, %MN ��Q'� K��� % ! B� D�$

 �! ���"�����$ c�?R� B+ �G� � �'a�O�0 5�� �� �

�!�! .% � ��
 
�P�� 8��G, � B�;P, qN�� �b �� �$  

2>���4 Fold Change:  5�� H� �b ���� D���

 l�?m� p���
 �! �b ���� yn  B&��>� D��� d���

 ���� d'a�O�0 .% � (����! H� �� �U� � 8+9 �'���)

	�$! %+&� B��#a B��<� H� �! �b ���� yn  BC �

B��<� B� B+ �G� 8���� .% � �!�C ���:, �#�! D

% � ��� }�
 B� 	�C ��_ B� d'a�O�0: 

K&+L6�& RNA M6�� (cDNA : ��?�� RNA  ��

B��<� ���m? � �$	��
B� \]  � ! cDNA  8��+,

	��
!. 

&��&�
�& �5��6�& �� %: %�/� NO� 
+/PqPCR:  ����

) qN�� �b � �Q� !��� �b�b�$" ���� yn  BC 	� �M�

�'��� �% � %��@GAPDH (  B��<� �! �$ �!

������ D���	��
 �!�L? � �� ��C K�� .!�5�� � qPCR 

 
�P��	��
!. 

;/Q
�/4 2>���4Ct: ���>� Ct BR�a) D��� (B��? " D

	� % ! B� �b �$ � B��<� �$K�#���� % � �?M� .��" 

Ct ���� V��;0� %9! �, !�
 B+ �G� ���-, K��'a. 

2>���4(Delta Ct) ∆Ct : ∆Ct ���>� �!�C =C �� Ct 

���>� �� qN�� �b Ct 	� % ! B� �Q� !��� �b��". 

 referenceCt  –target  Ct ∆Ct= 
2>���4(Delta Delta Ct) ∆∆Ct : ∆∆Ct �!�C =C �� 

∆Ct  �� .�?'C ∆Ct 	� % ! B� B��<���". 

control−∆Ct sample∆∆Ct= ∆Ct  

R�F�7�9 2>���4: Bn��� �� �!�L? � �� d'a�O�0 ��� D

 B+ �G�	��
!:  ∆∆Ct−2=Change Fold 

��� �BO!�U� K�� �! ∆∆Ct  	L'� �?��;� d'a�O�0 ��
��

 ��1 ���� BC !�� �$��R �! �b ���� V��;0� ��'$!

��� .% � �Q� !��� B��<� ∆∆Ct  ��
�� %+w�

 �� �?<C d'a�O�01 ���� BC !�� �$��R V$�C ��'$!

% � �Q� !��� B��<� �! �b ���� )22(. 

  

 .��N1- D���$ K��<, 8-,��7  
Table 1: Aerobic exercise protocol  

Week Speed (m/min) Duration (min) 

1 20 20 

2 20 25 

3 25 25 

4 25 30 
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.��N 2-  �<���7 D�#O��b�$  
Table 2. Primer pattern of genes  

Gene Name Primer Sequence (5’→3’) Product Size (bp) 

POMC 
F: CCATAGATGTGTGGAGCTGGTG R: 

CATCTCCGTTGCCAGGAAACAC 200 

MC4R 
F: CCTGAGGTGTTTGTGACTCTGG R: 

AACGCTCACCAGCATATCAGCC 
380 

GAPDH 
(Housekeeping) 

F: AAAGTTGTCATGGATGACC R: 
CATGGAGAAGGCTGGGG 

195 

  

R��6
  

!�! ���� K�,��C������7��7 �b ���� 	 ���  %� u�>O�

 K���?L�"(B��
)  V��;0� XN��166  K�� D�Y�!

% � ��
 =O�  .�?'C ���� B� %+&� �b )��!�<� 1.( 

 K����� B� %+&� ���L�� K� ��C !�! ���� d��?�

 �b ���� �! D�?��� V$�C 	$�C H
�� �����C����$

POMC ) �'?
�! X�,�, B�14 �Y�!  ����� �!47 

�Y�! V$�C D���$ K��<, ���� ������ B� �+��>, (

)48% V$�C(.  �!�����$���E� 	+�C�, D 	$��� D�$

 �! �?��� V$�C �� D��" %L#
 ��n� d��?� �K��<, �

 B� %+&� D���$ K��<, � 	$�C H
�� X�C�, ����

 !�� D���$ K��<, � K� ��C X�,�, B�)50 �Y�!  �!

 �����34 �Y�!  ��!�<�) (V$�C2.(  ���� �� Bn��� �!

 �bMC4R �v�� V$�W7 d��?� � �b B���� 	��#O�

POMC  !�! ���� B-���n� (B��
) K���?L�" %� u�>O�

 V��;0� XN��42  ���� B� %+&� �b K�� D�Y�!

 ��!�<�) % � ��
 =O�  .�?'C3 .( d��?� K�'t<$

 K� ��C B� %+&� �����C����$ K����� !�! ����

 �b ���� �! D�?��� V$�CMC4R  X�,�, B�) �'?
�!

47 �Y�!  ����� �!29 �Y�! (V$�C V$�C ��;�� .

;�� D���$ K��<, ���� �! �b K��  ������ B� �+��>,

 ����!�� K� ��C )28  �Y�! �! .(V$�C�����$ D

���E� 	+�C�, ��n� d��?� �K��<, � 	$��� D�$

D��" %L#
  �b \-�POMC � !��  �?��� V$�C

 X�C�, ���� �!K� ��C  B� %+&� D���$ K��<, �

�����C����$ K�����  D���$ K��<, ��
 �!�! ���� 

 X�,�, B�)76  �Y�!  ����� �!32 �Y�!  (V$�C

 ��!�<�)4.(  

  

 
 ��!�<�1-  �b ���� ��!�>�POMC B��
 u�>O� � =O�  .�?'C ���� �! 

Fig. 1. POMC gene expression values in the healthy control and glass-induced groups 
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 ��!�<�2-  �b ���� ��!�>�POMC  �!�����$ Dl�?m� 

Fig. 2. POMC gene expression values in different groups 
 

 
 ��!�<�3-  �b ���� ��!�>�MC4R B��
 u�>O� � =O�  .�?'C ���� �! 

Fig. 3. MC4R gene expression values in the healthy control and glass-induced groups 
 

  
 ��!�<�4-  �b ���� ��!�>�MC4R  �!�����$K�+�� ���  � K��<, D 

Fig. 4. MC4R gene expression values in the exercise and psilocybin groups 
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S��  

%� u�>O� !�! ���� �v�� V$�W7 XN�� K���?L�"

 �b ���� V��;0� ������ � K�,��C������7��7

 K�,��C����4  �!5���$ �!�� 	|��GY D� ��
 

 K�� ���� V$�C XN�� ���L�� BO�C � 	$�C H
��

�b�$  e��f�,�]�$ �!	��
K�'t<$ .��  �Q'�	� �� 

 �?��� !�+M� � 	��;0� =$ XN�� B�R��� �!�$ X�C�,

 K���b�$  ��
.% �  �v�� V$�W7 d��?� �� Bn��� �!

 V��;0������$�$ �K���?L�" %� ��� 	
�� D��  D ��

 �&<$ *�UO�n� �� D���&�	�
���.  ���� ��? �� K��!

% � ��
 %� K���?L�" F�G� D���! H� ���'� B�

 D�9	����, !�-�<� � yn  �� ������$�$ p+,�� D
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Abstract 
Obesity is associated with lipid disorders and a significant increase in cardiovascular 

diseases. This study aimed to investigate the effect of 10 weeks of high-intensity 

interval training (HIIT) and high-protein diet (HPD) on the plasma levels of 

apolipoprotein A1 and B and lipid profile in obese male rats. 40 obese male Wistar rats 

in five groups (n = 8): HIIT, HPD, HPD+HIIT, obese control-A (OC-A), and obese 

control-B (OC-B) and eight rats were also studied as normal control group (NC). 

Training groups, ran five days a week for 10 weeks with at the about intensity of 90% of 

maximum oxygen uptake on the treadmill. After the end of the intervention, blood 

sampling was done and the levels of apolipoproteins ApoA1, ApoB, and lipid profile 

were measured in plasma. The data were analyzed using one-way analysis of variance 

and Tukey's post-hoc tests at a significance level of p < 0.05. The plasma level of HDL-

C was significantly higher in the NC group than in the OC-A group (p ˂ 0.05), but no 

significant difference was observed between the other groups (p > 0.05). The TC/HDL-

C and LDL-C/HDL-C ratios in the NC and HIIT+HPD groups were significantly lower 

compared with the OC-A group (p ˂ 0.05), while no significant difference was observed 

between the other groups (p ˃ 0.05). Also, triglyceride-glucose index (TyG) was 

significantly lower in the NC, OC-B, HIIT, HPD, and HIIT+HPD groups than in the 

OC-A group (p < 0.05). No significant difference were observed in the plasma levels of 

ApoA1, ApoB, ApoB/ApoA1, Triglyceride (TG), Total cholesterol (TC), Low-density 

lipoprotein (LDL-C), and Very low density lipoprotein (vLDL-C) among the groups (p 

> 0.05). It seems that doing HIIT along with HPD can prevent possible metabolic 

complications caused by obesity and high-fat diets by improving the lipid profile. 
 

Keywords: Exercise training, Diet, Insulin resistance, Lipid profile, Obesity. 
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Fig. 1. Plasma levels of (A) ApoA1: apolipoprotein A1, (B) ApoB: apolipoprotein B and (C) ApoB/ApoA1 ratio in 

the study groups. NC: normal control group (normal diet), OC-A, obese control-A (high-fat diet), OC-B: obese 

control-B (high-fat diet discontinued and normal diet consumed), HIIT: high-intensity interval training, HPD: high-

protein diet. 
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Fig. 2. Plasma levels of (A) HDL-C: high-density lipoprotein cholesterol, (B) LDL-C: low-density lipoprotein 

cholesterol, (C) vLDL-C: very low-density lipoprotein cholesterol, (D) TC: total cholesterol, (E) TG: triglyceride, (F) 

TC/HDL-C ratio, (G) LDL-C/HDL-C ratio and (H) TyG: triglyceride-glucose index in the study groups. * Significant 

difference with the OC-A group (obese control-A) (p < 0.05). 
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Table 1. Weight and Lee index values of rats before and after 10 weeks of diet and (Mean ± SD) 
Groups Normal control Obese control-A Obese control-B HIIT HPD HIIT + HPD 

Body weight (g) 

before 
283.10  ± 42.26 395.78  ± 38.82 388.18  ±  34.67 390.37  ± 38.82 370.53 ±  19.81 387.47  ± 26.83 

Lee index before 301.19  ± 4.96 331.78  ± 9.43 327.61 ±  7.09 338.52  ± 16.66 323.73  ± 8.29 334.55  ± 15.29 

Body weight (g) 

after 
419.06  ± 49.26 524.70 ±  48.87 505.38  ± 49.80 442/93 ±  29.86 374.50  ± 26.57 381.23  ± 21.53 

Lee index after 318.81  ± 2.53 338.45  ± 8.38 327.29  ± 3.85 315.86  ± 4.57 304.13  ± 3.11 306.85  ± 2.56 

Normal control: Normal weight control with normal diet, Obese control-A: Obese control with high-fat diet, Obese 

control-B: Obese control with normal diet, HIIT: High-intensity interval training with high-fat diet, HPD: High-

protein diet. 
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 بسمه تعالي

 فرم تعهد نویسندگان مقالات

  جانوری زیست شناسي پژوهشي-علمي فصلنامه 

 دانشگاه آزاد اسلامي واحد دامغان

 

 مدیر مسئول محترم فصلنامه

 با سلام و احترام

ران این مقاله سایر همکا هبه همرا "............................ "نویسنده مسئول مقاله تحت عنوان    ............ اینجانب

در جای دیگری بطور  وحاصل کار تحقیقاتي خودمان بوده دستاوردی جدید این مقاله که  شویممتعهد مي

جدول زیر مورد تایید کلیه نویسندگان بوده و ترتیب کامل چاپ یا ارائه نشده است. اسامي نویسندگان طبق 

   قابل تغییر نخواهد بود.

 نویسندگان نام و نام خانوادگي ردیف

 )نویسنده مسئول با * مشخص شود( 

 امضا پست الکترونیک

1    

 

2    

 

3    

 

4    

 

5    

 

6    

 

7    

 

 

 



 منافع تعارض فرم

 اخلاق از لکام طور بهارائه شده  مقاله انتشار با رابطه در که دنکنمی اعلامیک مقاله  )گان( نویسنده که است اینامه توافق ،منافع تعارض فرم

 و ردندا وجوددر این راستا  تجاری منافعی و اندنموده پرهیز دوگانه، انتشار و ارسال یا و هاداده جعل رفتار، سوء ادبی، سرقت جمله از ،نشر

 سطتو چگونه مقاله متن که دهدمی نشان اثر خوانندگان به منافع تعارض فرم .اندننموده دریافت وجهی خود اثر ارائه قبال در نویسندگان

 اعلامرا  نآمحتوای  اصالت ونماید می تایید و امضارا  این فرم نویسندگان سایر نبجا از مسئول نویسنده است. شده ارائه و تهیه گاننویسند

 یدهنگرد ارائه دیگری نشریه به همزمان و نشده منتشر دیگری جای در قبلا اثر این که داردمی اعلام چنین هم مسئول نویسنده .نمایدمی

 .است گردیده محول ناشر به ... و تصاویر ،جداول محتوا، از استفاده حقوقکلیه  همچنین است.

 

 مسئول: نویسنده نام الکترونیکی: آدرس

 سازمانی: وابستگی تلفن:

 مقاله: عنوان

 شده ائهار مقاله از بخشی هر یبرا (رهیغ و یخصوص ادیبن ،یتجار ،ی)دولت ثالث شخص کی از وجهی مربوطه هموسس ای سندگانینو ایآ

 ؟است نموده دریافت (... و یآمار لیلتح و هیتجز ،اثر یسازآماده مطالعه، یطراح ها،داده بر نظارت ،یمال یهاکمک )شامل
 

  خیر  بلی

 ؟در حال انجام دارند این اثر را به مربوط ،ثبت شده ای و داوری ،حال انجام که در یاختراع هرگونه سندگانینو ایآ

 
 

  خیر  بلی

 ؟دریافت نمایند مقاله سندگانینواضافی اثر مذکور را از  اطلاعات که بتوانند خوانندگان که دارد وجود یگرید طرق دسترسی ایآ
 

  خیر  بلی

  ؟باشد نشر اخلاق تاییداعلام و  به نیاز که است یانسان ی های خاصماریب ای یشیآزما واناتیح مرتبط با اثر نیا از یاجنبه ایآ
 

  خیر  بلی

 امضا                                                     تاریخ:                                                            مسئول: هنویسند نام

 



 
 

 (4141قابل اجرا از از بهار راهنمای تهیه و تدوین مقالات )

 مقاله در مجله دیگری به چاپ نرسیده یا به طور همزمان برای سایر مجلات ارسال نشده باشد. -1

 شود.مقالات مروری نیز از اشخاص مجرب پذیرفته می ومقاله پژوهشی حاصل تحقیق نویسندگان  -2

)برای مقالات مروری با کیفیت صفحه  11و حداکثر و فاصله سینگل(  12)با فونت صفحه  11مقاله ارسالی حداقل  -3

ی فارسی کلمات کلید ی فارسی و انگلیسی،و مشتمل بر عنوان فارسی و انگلیسی، چکیدهصفحه نیز مجاز است(  21تا 

کلمه و کلمات کلیدی  311تا  211بین و منابع باشد. چکیده  گیری، نتیجهها، نتایج، بحثو انگلیسی، مقدمه، مواد و روش

 واژه باشد. 7تا  5بین 

ر ترتیب د وده و مسئول مکاتبات نیز با علامت ستاره مشخص شود.بترتیب درج اسامی نویسندگان باید مشخص  -1

اسامی دقت شود تغییر یا اضافه و کم نمودن اسامی با مکاتبات بسیار رسمی و وقت گیر در مراحل اولیه قابل انجام 

دهی و بعد از پذیرش به هیچ عنوان قابل انجام نخواهد بود پس در ترتیب و املای اسامی و نحوه آدرس خواهد بود

 .متیازدهی انجام شوددقت و هماهنگی کامل با نویسندگان و مرجع ا

 متر سانتی 3  تایپ شده باشد و Times New Romanو  B Lotus، قلم (docxیا  doc)  Wordافزار مقاله با نرم - 5

 .باشد A4و در قطع  طرف چهار از حاشیه

فارسی  ، آدرس نویسندگان و چکیدهBold 12، نام نویسندگان Bold 11 مقاله انگلیسی و فارسی عنوان قلم اندازه -6 

( 11های انگلیسی )واژه 12 مقاله متن ،11 انگلیسی کلیدی کلمات ، 11 فارسی کلیدی کلمات ،12 انگلیسی  ، چکیده11

تنظیم گردد. اسامی  11داخل متن با فونت  اصطلاحات انگلیسیو  11، منابع با فونت Bold 12 متن داخل تیترهای. باشد

و در تنظیمات پاراگراف اعداد قبل و بعد صفر  singleفاصله خطوط  علمی لاتین باید به صورت ایتالیک تایپ شوند.

 باشد.  noneروی  specialو 

  ها در کل متن فارسی الزامی است.فاصلهرعایت نکات ویرایشی بخصوص نیم -7

 معادل انگلیسی جلوی واژه و داخل پرانتز گذاشته شود.پاورقی استفاده نشود و به هیچ عنوان  -8

 علائمی مانند نقطه، ویرگول، نقطه ویرگول و ...به کلمه قبلی چسبیده و با کلمه بعدی یک فاصله داشته باشند. -9

( 15/1و اعشارها با ممیز )مانند بوده اعداد داخل متن مقاله )بجز محتوای جداول، نمودارها و تصاویر( به فارسی  -11

 .باشد

11- p 15/1یا  167 ± 12یک فاصله باشد )مثال  ±و  >، <و طرف علائم =، دداری کوچک و ایتالیک باشد. معنی > 

p.) گرم رت میلیلیتر نوشته شوند نه بصوگرم/میلیگرم/کیلوگرم یا میلیها در متن فارسی برای مثال بصورت میلیمقیاس

 لیتر.گرم در میلیبر کیلوگرم یا میلی

اعداد نیز . چین(و چپ  Times New Roman)قلم  متن کلیه جداول، نمودارها و تصاویر به انگلیسی باشد -13

 (11 یا  11 فونتبا ) در بالای جدول هم به فارسی عنوان جدول( مشخص شود. 0.05با نقطه )آنها انگلیسی و اعشار 

ر دذکر شده و در صورت نیاز به توضیحات بیشتر،  حجم مطلب( بسته به 11یا  9با فونت )انگلیسی به زیر آن هم در و 

ارائه گردد. به علاوه هر ستون جدول باید  (9و  11 فونتبا )به ترتیب هم به فارسی و هم انگلیسی مطالب زیر جدول، 

ی شکرنگ و خطوط افقی نیز بصورت حداقلی مدر جداول خطوط عمودی بیدارای عنوان و واحد مربوط به خود باشد. 

 باشد. 



 
 

و زیر آن انگلیسی با  11 یا  11 با قلمابتدا فارسی ها، تصاویر و نمودارها در زیر آنها توضیحات مربوط به منحنی -11

 های ارسالی باید اصل، دارای مقیاس، واضح و دقیق باشند.نوشته شود. عکس (بسته به حجم مطلب) 11یا  9قلم 

ی فارسی نیز به انگلیسمنابع همه به انگلیسی )انتهای مقاله منابع دهی ونکوور )ترتیبی( است. سیستم رفرنس -15

گذاری شده و شمارهترتیب استفاده در متن ( و بر اساس گذاشته شود [In Persian]ده و در پایان رفرنس برگردانده ش

اری با همان شماره اول استفاده شده و شماره جدید منابع تکردر متن مقاله با شماره و در داخل پرانتز ارجاع داده شود. 

 به انها اختصاص داده نشود.

 در نگارش منابع موارد زیر رعایت گردد:

 :است کتاب منبع اگر –الف 

  صفحات.انتشار،  سالکشور، نام خانوادگی و حرف اول نام نویسندگان، عنوان کامل کتاب، شماره چاپ، ناشر، شهر، 

 نظر مجله است:اگر منابع مورد  -ب

ود ش)فقط حرف اول اولین کلمه و اسامی خاص بزرگ نوشته می نویسندگان، عنوان مقاله نام خانوادگی و مخفف نام

دوره، شماره، صفحات. ، )ماه و روز لازم نیست( انتشار سال، (Abbreviated) مجلهمخفف ، نام بقیه با حروف کوچک(

 مثال:
Gerendai I, Shaha C, Gunsalus GL, Bardin CW. The effects of opioid receptor antagonists suggest 

that testicular opiates regulate Sertoli and Leydig cell function in the neonatal rat. Endocrinol. 

1986;118(5):2039-2044. 

 

 شود.گذاشته می  .et al، اسم هفتمنویسنده 6بیش از وجود در صورت  -

 داخل کروشه قید گردد. [In Persian]در انتهای منابع فارسی استفاده شده که به لاتین ترجمه شده است عبارت  -

را  دو فرم تعهد و تعارض منافعکلیه نویسندگان باید . مسئولیت صحت و سقم مطالب به عهده نویسندگان است -61

 تکمیل و به همراه فایل مقاله ارسال نمایند.

 هاهزینه

و در زمان پذیرش بعد از اصلاحات در سامانه  هزار تومان 044در هنگام پذیرش اولیه و ارسال مقاله برای داوری مبلغ 

 دانشگاه آزاد اسلامی واریز گردد. از طریق درگاه سایت مجله به حساب مجلات یک میلیون تومانمبلغ 
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