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Abstract    

 
Background & Aims: Today, sperm cell cryopreservation, as a suitable method, is widely 
used in infertility clinics to maintain sperm cell fertility potential. But sperm 
cryopreservation has deleterious effects on sperm parameters. For this purpose, there are 
various ways to protect sperm cells during cryopreservation like sperm cell encapsulation 
with alginate (ALG). Sodium ALG (C6H7O6Na) is sodium salt of alginic acid, which is a 
natural anionic and hydrophilic polysaccharide and is mainly extracted from the cell wall of 
brown seaweed (7). Due to its non-toxicity and high biocompatibility, ALG hydrogel can 
create semi-permeable membranes around the sperm cells (8). To the best of our knowledge, 
no study has been performed to optimize the method of encapsulation of sperm with ALG in 
human sperm for clinical use. The main purpose of this study was to find an optimal method 
for encapsulating human sperm for use in cryopreservation.  
Methods: In this study, in four stages, the effect of different concentrations of ALG, calcium 
chloride, and how to add cryoprotectant agent (CPA) in the process of encapsulation of 
sperm by ALG were investigated. In this study, the direct swim-up method was used to 
prepare sperm samples. ALG hydrogels were prepared by dissolving sodium ALG powder in 
a water solvent (12). To evaluate the optimal concentration, the solutions were well 
homogenized at concentrations of 1 and 1.5% by volume (W/V) at room temperature. 
Calcium chloride was selected as a cross-linker for cross-linking and final hydrogel 
formation and was used with a concentration of 102 mM/L. For evaluation of the effects of 
ALG concentration, twelve normozoospermic samples were divided into the following 
groups after preparation and subjected to freezing and thawing: 1- ALG 1% + CPA, 2- ALG 
1.5% + CPA, 3- control. To determine the best concentration of calcium chloride, which was 
used as a crosslinker to form ALG hydrogels, twelve normozoospermic samples after 
preparation were divided into the following groups and then subjected to freezing and 
thawing: 1- ALG + CPA + CaCL2 (100µL), 2- ALG + CPA + CaCL2 (150µL): 3- control. 
For evaluation of addition of CPA before encapsulation, twelve normozoospermic samples, 
were prepared and divided into the following groups and then subjected to freezing and 
thawing: 1- ALG + CPA, 2- ALG, 3- control. To investigate the effects of giving time before 
encapsulation twelve normozoospermic samples were divided into the following groups and 
then subjected to freezing and thawing: 1- ALG + (CPA + NaCl), 2- ALG + group (CPA + 
NaCl) 3 Min, 3- control. At each stage, the sperm samples were frozen by rapid freezing 
after encapsulation. To freeze the samples in the cryotube, they were first placed horizontally 
at a distance of three cm above the level of liquid nitrogen in the nitrogen vapor for thirty 
minutes and then immersed in the liquid nitrogen. During thawing, the cryotubes were 
placed at 35 °C for two minutes after leaving the liquid nitrogen. The samples were then 
transferred to a laminar hood and placed in the medium containing 150 μL of sodium citrate 
119 mM/L solution at pH = 7.5. After 30 seconds, the pre-warmed Ham’s F10 with human 
serum albumin was added dropwise and after complete washing of the cryotube with the 
medium, the samples were centrifugated for 10 minutes at 300 g. After removing the 
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supernatant, the final pellet was used for analysis. After thawing and dissolving ALG, sperm 
motility and viability were assessed for all groups. Eosin-nigrosin staining method was used 
to evaluate membrane integrity and sperm viability. The ultrastructure of ALG hydrogel was 
examined by scanning electron microscopy (SEM).  
Results: SEM showed that the prepared ALG hydrogel had a porous structure with 
interconnected porosity that could act as a semi-permeable membrane. The progressive 
motility in the 1.5% ALG group was zero. There was also a significant difference between 
total (progressive + non-progressive) motility of sperm between the 1% and 1.5% ALG 
groups (P˂0.001). Total sperm motility in ALG groups showed a significant decrease 
compared to the control group. Sperm viability rate in the 1% ALG group was significantly 
higher than the 1.5% ALG group (P˂0.01) and both ALG groups showed a significant 
decrease in viability rate compared to the control group. Progressive and total motility of 
sperm in the 150 μL calcium chloride group compared to the 100 μL group showed a 
decreasing trend while total motility in the 150 μL group compared to the control group 
showed a significant decrease (P <0.05). The rate of sperm viability in the 150 μL group 
compared to the 100 μL group of calcium chloride and the control group showed a 
decreasing trend. Regarding the adding CPA before encapsulation on sperm parameters, 
progressive and total sperm motility in the different ALG groups showed a significant 
decrease compared to the control group and there was no significant difference between the 
groups of adding CPA before encapsulation and after encapsulation. The rate of sperm 
viability after thawing in the group that received CPA before encapsulation showed a 
significant increase compared to the group that received before cryopreservation, but there 
was no significant difference compared to the control group. The group that did not receive 
CPA before encapsulation showed a significant reduction in sperm viability compared to all 
groups (P <0.001). Regarding the effects of giving time before encapsulation, progressive 
motility in both groups that used ALG for cryopreservation showed a significant decrease 
compared to the control group. However, the total motility in the group that had time was 
significantly higher than the group that did not have time (P <0.05). Sperm viability rate in 
the group without time did not show a significant difference compared to the group that had 
three minutes, but there was a significant decrease compared to the control group.  
Conclusion: Encapsulation of sperm with ALG is a promising method that can prevent the 
side effects of cryopreservation. It seems that 1% ALG with 100 µL of calcium chloride and 
the use of CPA before and after encapsulation is a good way to encapsulate human sperm by 
ALG for freezing. 
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�8	%"����	I�- I�����/�	 �	3�� 	��8- ��(��� 8 �� ��� .D
(3��*Y��� ,D7�=�� d ��� ��4,�� ����  

-���� .���,���� �� ��� )����&
F4 �,���kJ )���YF�d� �� .
-QG^���  4 qG,A� 
 ���,5�J ���% .���,�� �� � )��&
F

  -�� .�� �,5�J �!
��,� u'�,�)15=  18(.   ��M'� �,:�
 ������ ���� ! )����&
F4 ������ �F ��L�� -��&�&� �� �

��kJ�&Bm!  ����    ?���&F l����� ��@��&���������.   ;&��LG�
  �� ���C  ���� �'��G�;8�2'���!   �� .������ ?���&F l�����

  ���% .���,�� �� � )��&
F4����&J �,���kJ )���YF�d� .
 ���� -���� .��� ����D�-QG^�����  )����&
F4 q��G,A�

���� !  �� �
�� ��&Bm!    -&�&� �� L��]���   )����&
F4
�  ;
� 
 ��
 �G	7 �] L�����  ,����� .���� #&:��D! �

  ����)19(.    �� ��,:�  �'�M�  ��  ��'�  ��  �Q�  ���%  J&�� 
. p�  ��
@5�  �� �  �5�p�  ��	
��  ��  ��
�  �F L��  ���� 

�����  f� !  
F4&)��  ������  .�� �  �5�p�  ��	
��  #$% 
��  ��	
��  ��  �����  �5�w�  ���� � �! �� GA!&� c4 #��(�� 

] G�  
  J G7&��  ��  :D!&#  'I  #(��  
  H����(  F G���� 
�
��  ��  O���  �&�4���  ��	
��  �� ���  )3(  . �� ��� ��

  ��	
�� �5�p� �� � ��
@5� . p�� ���!   �Y��7 �YF�d�
  �YF�d� �� .-�� �,5�M� )� XHerrler   �� � ����:	� 


��	
�� �5�p�  ��    #$%  
 �� �5�w�x&��� J   ������ �����
  ���D� ���,5�J ���Q� �� ������� 
 �4 2&� #��Y!)15( ���� .

  ���� �:�'� �� �7 !)��&Bm!   ����	
�� �5���p� �� � -$n�
  
 -L� ���� �� ��&�2'���  &� �'4�
�  ]T �� � ��&�� ��

  ��&J G7 ����� �� ��	
�� �5�p������   ����&� ���&( �'
  ��
�� ��.-L� ��,D&� )�YF�d�    �!4 ��J��L' � �� �
�

  ��� 	� ����� �F�N� 2'�  � ���!�YF�d���   ����&8� ������
4 �� ����� ���� �F L�� 6
� ���� �� )����&
F �������

��L���    �� .���,�� � Q�� ��  ?&�&G�.-���� .�D� ��
�� 
  `��  �� ����	
�� ������ )����&
F4 �� .���,���� �YF�d� 2'�

  ?��' �� ���' -�� 
 �����6
�   O����� ������ ����&8�
�� ����� ����,����" �� ��	
�� c�A� )��B�����.  

  
��� ���  

�������    ����������  �����:    ���YF�d� 2��'� �� ��
  .���	&%��  @��'� �
�)5/1    ���!2  �G&����,&F 2	&��� t'���� (
�� ����5�   �����87 -�����8� �������� �������&Y� v��$Z

 �*���� ������� �����Y! ���� ���Y&$Z ������,����" �����50 
  �� � &G&��G&��,&F  �� �� 
 ��� �  @���  ������� ��
�������

  ����� �Y7��� � � .�MD'���4 
 ����J���� .���,����.   ��
 6
� �� �YF�d� 2'�Direct Swim-up �� ��.���4���� 

.���,�� �8�����  ��.  '� ��  ���� )� X 2  ?��'�G&����,&F 
 �4 �
� 
 ���,A'� ���F F #��(�� 2	&���5/1 �G&����,&F 

 f&p�Ham’s F10  ���� ��˳C37  ����� 2&� ��$F4 ���
)10%
 �5�w� (    � !�� :�� #(�� ��˳C37   ?��' )���� ����

  -C����    �'
��45   f&��p� i���� .���� �,����kJ �7��
 �� 
 ��7 �'
�5 �G&��,&F  ���� 
 { ��GA� -��D� f&��p�

  )��5    �� �N&%�2000  �N&%� �� �
�   .���� T &�'�,�����
  
 �� �,A'� �
� �'
� f&p� =�(4 ���!.����   ���� �F F

 -��5�J �����% .���,���� �� � O'���4)20( . ���YF�d� 2��'�
� ���,&	� f��� ! -���� ���,5�J �����% ���&'�! �� ��� |+��(

)IR.MODARES.REC.1397.198.(  
 !��  "�#$���  %���&�
  � '
(� ��)*
 +�(*�: 

 #���  ����  2&��D&" )���N&Np! v����d� )��&
F4 ]T
��&�
F4 ;'�� �� "  ����
) )��&Sigma-Aldrich, U.S.A (

  �'��J �&8! c4 ]+� ��)15( -��QG^ ������� -��87 .
  =��&8�] Gp�����    ����-QG^�����  1  
  5/1   �����
 ���X��

) �	
�W/V .������ 2��M	� �� ��( �� |�!� ���� �� (
] Gp������ .�����4  �M����� ���,G&5 �� .���,���� ���� .����

22/0  f'��� �� �,�
�:&�[+�����   � ��� ���'� �� #'�,����
 �� #'�,���� 
 ����7 ��8� :F�5 �� 
 .�� #'�,�� ���&�*

  ����� ����4    �7��  l &LG�  ������������   ��Y�
.���� ����8M�  

 �'�8� ]T
��&� #&:D! 
 �w�C )*�}!� ��
'� -87
) ;&��LG��'�G� ?��	�Sigma-Aldrich, Germany ���� (

  -QG^ �� 
 c�A,�� �:�&F l��� �� �CL/mM  102   ��)
  �'��J .���,��  (�dN� c4 ]+�)21(.   

**��(� , � �**��-�.**��(. **��(�.�
 , **/��� , 
(Scanning Electron Microscopy, SEM) : 2��'�

 ���&8! ��8FT
����&� �T ��F 5� � ����� � Q�� �� � ��4
�8FT
��&� .�'��J .���,�� .��=���&8! �� �Y� )��&
F4 � 

) ���'��� @'�5 .�M,�� ��ALPHA1-2LD, UK #��N,�� (
��.    -L! ��
�� -87 .�� � ?D( �!SEM  =���� 	��� 

 �� i���� 
 ������ .��� O� " +Z ��~�@��'�	������ 
 O�
� qG,A�  �� 
 .���4�� .�� �,5�J i:C  

��(� ,  &
(�01!  ���  %���&�
:    2'�OA�   ���� ������
  �
� ���
4 -�������    .���,���� �� ��� )��&
F4 �����%

-5�J  .12    �� �Y� ]���� 2	&� �� 	� ��C.���4����   ��
.
�J���    .���� ;&LN! �'� �� ���&&�! ���	� �� 6
� 2'�

  �� �,5�J �,�kJ )�YF�d�)15(  .�� 	���   �'� �&!�! ��
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                    4��. 2�j _�" #����48 �        

������kJ  ���'��J �&8! 
   �����% c
s 
 ����	
�� -��p! 

��,5�J  :  

١- .
�J ALG %1+ CPA:  #����� .
���J 2'� ���� 	�
 ��p� + �������&f  ����	
�� �5���p�100 �&F
�:&���, )5 

 %�&���N
F4 + (&)���� )1% (100 �&F
�:&���, ��G� + ��'� 
LG�&;  )102  �&G�  �* ���  (100  �&F
�:&���,  +   ��' ?   �����

��G� ����  ��D,L� ��'� ����'; )9/0% (50 �&F
�:&���,  + 
 ��p�)&f ��G� +����	
�� �5���p� ��'� ����'; 9/0 % (100 

�&F
�:&�,  �
�� ���� 

٢- .
�J    ALG%1.5+CPA:    #����� .
�J 2'� ���� 	�
 ��p� + �������&f  ����	
�� �5���p�100 �&F
�:&���, )5 

 %�&�����N+ ( 
F4&)������ )5/1% (100 �&F
�:&�����,  +
��G�'LG��&;  )102  �&G�  �* �  (100  �&F
�:&�,  +   ��' ? 

��G� ����  D,L� ��� ��'�  ����';  )9/0%  (50  �&F
�:&���,  + 
 ��p�)&f ��G� + ����	
�� �5���p� ��'� ����'; 9/0% (100 

�&F
�:&�,  ���� �
�� 

٣- .
���J ]���,�� (CTRL): ���� 	�  ��p� + �������&f 
  ��	
�� �5�p�100 �&F
�:&�,  )5   %�&�N(  

��(� ,  &
(�01!  �*�+
2  
(3�*	�  *43��5:   -��87
 l����� �� �C �� �� ;&LG� �'��G� -QG^ 2'�,8� 2&&Y!
 .���,���� )����&
F4 ]T
����&� #&:��D! -��87 ?���&F

��  =� �  ���Y!12   �� �Y� ]���� 2	&� �� 	�.���4���� 
��    .
�J  
 ;&��LN! �'� ���������k��J  ������    
 i����

��,5�J ���% c
s 
 ��	
�� -p!:  
١- .
�J L )(100 2ALG+CPA+CaCL:  .
�J 2'�

 #����� ��p� + ������� ���� 	�&f  ����	
�� �5���p�100 
�&F
�:&�,  )3   %�&�N
F4 + (&)��  )1    (%100  �&F
�:&���, 

��G� +'�   ��LG�&;  )102  �& ��G�    (�* ���100  �&F
�:&���, 
) ��' ?  %�&���N + ( ��' ? ��G� ����  ��D,L� ����� ��'� ����'; 
)9/0%(50  �&F
�:&�,  p�) +&f  ��G� + �5�p�'�  ����'; 
9/0%  (100 �&F
�:&�,  ���� �
��   

٢-  .
�J L)(150 2ALG+CPA+CaCL : .
���J 2'�
 #����� ��p� + ������� ���� 	�&f  ����	
�� �5���p�100 

�&F
�:&�,  )3   %�&�NF4 + (
&)��  )1%  (100  �&F
�:&�,   +
��G�'�  LG�&;  )102  �&G�    (�* �150  �&F
�:&�,  ) ��' ? 

 %�&�N  + (' ?  ��G� ����  D,L� ��� ��'�  ����';  )9/0%  (50 
�&F
�:&���,  + ��p�)&f ��G� + �5���p� ��'� ����'; (100 
�&F
�:&�,  ���� �
�� 

٣-  .
�J  ]���,��  (CTRL):   ��p� + ������� ���� 	�&f 

  ��	
�� �5�p�100 �&F
�:&�,  )3   %�&�N(   

��(� ,  +��26
  7��8    ��*�%�
 96�*7�:*;<   �

���4=�  +�(�:    2��'� ��O��A�  �&Bm��!  ��
@��5�   f&��p�

p�  �� #$% ��	
�� �5����� �F L��   �����Y! .�� �����
12  ]���� 2	&� �� 	�    �� �Y�.���4����  .
���J ���� �� 
�'� �� ;&LN!��  :-5�J )� X c
s 
 ��	
�� i�� 
  

١-  .
�J  ALG+CPA  :  #��� .
�J 2'��� 	�  ������� 
  +p�&f  �5�p�  ��	
��  100  �&F
�:&�,    �
��)������ + (


F4&)��  )1%  (100  �&F
�:&�,    +��G� ��'�   ��LG�&;  )102 
�&G�  �* � (100 �&F
�:&�, p�) +&f �5�p� ����	
��  +

��G�'�  ��';  9/0%  (100 �&F
�:&�,    ���� �
�� 

٢-  .
�J  ALG  :�� 	�  �������    +
F4&)����  )1%  (100 
�&F
�:&�,    +��G� ��'�   ��LG�&;  )102  �& ��G�    (�* ���100 
�&F
�:&���, ��p�) +&f ��G� + ����	
�� �5���p� ��'� ����'; 
9/0%  (100 �&F
�:&�,    ���� �
�� 

٣- .
���J ]���,�� (CTRL):  ��p� + ������� ���� 	�&f 
  ��	
�� �5�p�100 �&F
�:&�,  ���� �
��    

 ��(� ,  &
(�01!  +���  :;<  �
  ���4=�  +�(*�:   ��
  2'�OA�    -87�&Bm!    ����	
�� �5���p� f&p� { GA�
 

  ;'�� �'��G�9/0%   -����� ����,����" �� ���� �� .��	�
  
.�������  �� 	���    ��3  .
���J  ������ ;&��LN!  i���� 


:��,5�J ���% c
s 
 ��	
�� -p!  
١- .
�J ALG + (CPA + NaCl): �'2  #����� .
���J 

�� 	�  p� + �����&f    ��	
�� �5�p�100  �&F
�:&�,  )3 
 %�&���N
F4 + (&)���� )1% (100 �&F
�:&���, ��G� + ��'� 

LG�&;  100  �&F
�:&�, )' ?  %�&�N + (' ?   ��D,L� �����
��G� ��'�  ��';  )9/0%  (50  �&F
�:&�,  p�) +&f  �5�p� 
��	
��    +��G� ��'�  ����';  9/0%  (100  �&F
�:&���,   �
����

����  
٢- .
�J ALG +(CPA + NaCl) 3Min:  .
���J 2��'�

 #�����  ��p� + ������� ���� 	�&f  ����	
�� �5���p�100 
�&F
�:&�,  )3   %�&�N
F4 + (&)��  )1%  (100  �&F
�:&�,   +

��G�'LG��&;  )102  �&G�    (�* �100  �&F
�:&���,  ) ��' ? 
 %�&�N  + (' ?  ��G� ����  D,L� ��� ��'�  ����';  )9/0%  (50 
�&F
�:&�,  p�) +&f  ��G� + ����	
�� �5���p� ��'�  ����'; (

100 �&F
�:&�,  3   %�&�N  ���� 

٣- .
���J ]���,�� (CTRL):  ��p� + ������� ���� 	�&f 
  ��	
�� �5�p�100 �&F
�:&�,  )3   %�&�N(  

�(.�� >�? � ���%�
#�4=���"  @(=*�
 ���A: 
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�8	%"����	I�- I�����/�	 �	3�� 	��8- ��(��� 8 �� ��� .D
(3��*Y��� ,D7�=�� d ��� ��4,�� ����  

  O�
K" 2'� ���� 	���   t'�� ��	
�� 6
� �� .���,�� ��
���� �	
��  )22(  .> �   �� .���� .���,���� �5�p� .���
 ���YF�d� 2��'�Advantage Sperm Freeze, SAGE, 

USA) s’(Quinn .� ��� ����	
�� ������ ���� 	����  �
��
  �GX�5 �� ��,�� c &! '���3    )���� ���� 
 �,� �,���30 

 ���� �T
���,&� ��A� �� t'�� �T
�,&� ed� �� �!*�� �N&%�
 t'���� �T
���,&� �� �4 �� i��" 
 ��,5�J ���% �N5� -F��

����Z ^�
  H
����( �� i���" c
s �����M�� �� .�������
c &! '���  )�� �� )�� ?��! �� ��2    2� �� �N&%� ����

35    l &LG� �7����,5�J ���%  i�� .�� 	���   � � ��
 )�
���
� �� 
 ������ #��N,�� �����&�*150  ���,&F
�:&�

)��,&� ;'�� ] Gp� L/mM 119  ����pH  =5/7  �����%
����,5�J -���kJ �� ���Y� .30 f&��p� ���&��B 10F s’Ham 

 .�d% .�d% )� X �� -�� .�� ��J #$% �� �� ��� ���
 =f&��p� �� c &! '��� #���  D,L� �� �Y� 
 .�� �5�w�

���� 	���  )���� ����) T &�'�,����� ����10  �
� ���� ���N&%�
g300  #N,�� (  H
�( �� �Y� .�'��J���� 	���   .�M,���� ��

 @&F����4 -��87 �'���8� -��G" 
 .�� �,A'� �
� �'
� t'��
.�� .���,��   

�  ,��(� B�(A  ���� ,���  @(=�
:   �� ����� -���
�'�	�J�@� 
 -���,�� ��5 @�F =� :�
�:&�400 v$Z ×

#	YF�� ,�����  WHO  ���� �������  )20( �* ���� �� .
200    �� �����3   ���� -��'�8� �� 
 6��	��� ���'� ���&�

 ���&^ 
 .��
���D&" ���&^ -��� =.��
�D&" -��� )� X
.�� �,5�J �X�� E�p,�   
 .��
���D&" -����� > 	
�

�� ����! -����� �� ���C ���� (���7��) .��
���D&"�&^ -���
.�� 6��@J  .����� l�������� 
� f��� ! ���� 	� ����� ����

 6��@��J ���X�� )� ��X ���� 2&M����&� 
 ����������� .
.�������   ] G��� _���D^ -�+��� ���'��� v'�Z �� �����

  2'� �� ��� �� .���,�� �� �����-� ��� 2'�
���M&�.   ������
  =E ,�� �&8!67/0  � �� ��" ����J  =2'� ���10   �� ��" ����J

  
 2'�
�M&�9/0    �� ;'���� ���'��G� ��J100  �G&����,&F 
.�� #� �dN� c4    i��10    ���� �� 	� �� �,&F
�:&�10 

  2'� �� ��� �� �,&F
�:&�-   �� ���Y� 
 { ��GA� 2'�
�M&�
  -�kJ30    �&��B10   �* �
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