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�./* �'7 �=>':+?� 8��>"@ 8�(�=*A� 5+ %��B�*+ �@ ��7���A*+ $�CD�@ �E�!=F� $+��&=( � �+): 

��

���	� 
�./�* �=>'�:+?� 8���>"@ 8��()Mesenchymal Stem 

Cells: MSCs ( I.��F� ����J�?@ 8���>"@ �./�* �0.�:

�� 6� !:. 8+��@ 8!��!9	 �.�K L>��:��� �>�#�K �� �@ 

�./�* M�@ ?���=	 $+.�	 � �:N.O P!� ��/&�*+ %�� 8��(Q

�� M�K�"6 !:��J .�./* S�+ QTU+� �� �(Q��>D �./�* �0.: 

$.K 5+ ���@ S>���+ 8+�@ � %�.@ $+.V�*+ ?W� �� S7�* 5�*

 %!6 �>#.	 � 85�*+!X ���@ S�+ !:+)�.(?�W� ��@ %�A0

 * Q$+.V�*+ �./* 8��Y T@�"� ��� �� �=>':+?� 8��>"@ 8�(

 Q�N.�&@+�	 $+.V��*+ Q�*.��� ���@ L��6 ���J�?@ �+��+

 � ��Z>F� $.K Q��/&*+ M/[0 Q���.">* %��� Q�@�\ ���@

�*+ 8�>6 $+!:�)�24(.

]C* �:N.O P!� 8+�@ �>^&	 $+.	 ?>: � ?��=	 L>�:��� 

M@ �=>':+?� 8��>"@ �./* M7 �*+ %!6 ]�*�"� T�C"� _�

 8)	+��*+ �� ��*!";� � �:����� �./�* Q�����@ `>��	 8�(

 �.6 L�!C	 ���@)�421.(�./�* S��+ a!:+ ��>�@ �+!b	 ��(

 $c �>^&	 Q$!@ �� I��"�X+ �">���@ P��b��Z� 5+ d>�� +� ��(

 ���*+ %����7 �������: .M��=( M��7 ���*+ �����Y �� S���+

L=b�+�.�*� 8�( �(�<'���5c �'7 8+�@ e�+� MSCs Q5+

8��J S>"X -�*)FCS ( M��W	 L=&� $+."0 M@ %��B��*+ 8+

�� !""7 .5+ �">���@ %��B�*+ �/#+ T:��MSCs Q�.[�Y M�@

FCS �� f.@�� �'7 g>F� �� g>F� L=&� S�+ +��5 �.6

 8��=>@ L��Y �*+ S&=� �'7 �:.���� � ��*���� 8��(

!6�@)�3Q��.(

S>h	����� 8.���F� -���* ���/� Q���( $.����.( Q�(!��>�i� Q���(

�>�.@��� ��*+ �:!�b� � ��+��D �+.�� Q�( .%!�=0 ��:+�<:

 5+ %��B�*+ �� M7 8�<��FCS M�7 ��*+ S��+ ��+� �.�X� 

S>h	��� L���0 _�� $+.�"0 M@ ��+� 8��J j�'"� M7 $c 8�(

 �'�7 -��* 8���Y g>�F� �� M�7 ��./* � %�.@ �X��K

 �� Q%!6 !�:.>� $!�@ M�@ +� ��( S>h	��� S�+ 5+ �K�@ !:+.	

 � %!:.6 !��=: Lk�" .M�7 %!�6 %�+� $�'�: lm+�>K+�n��./�* 

MSCs 8���Y g>F� �� ��+!:��*+ g�+�6 �F	 M���� !6� 

FCSQ��!��Y �n2����/>� S>h	����� -���JFCS L��=Y +� 

�� !""7)�3Q��.(

�./�* M7 �*+ %�+� $�': P�b��Z� �K�@ M\ �J+ 8��(

 ���5 �.�X� S�+ �@ Q!"��>: _>:o.:.=�+ �=>':+?� 8��>"@ �:

�./* S�+ M7 8��Y g>F� �� �(FCS ��=�Y+ Q!:.6 �>^&	 

��� d�+?�+ $�@?>� $!@ �� �"=�+ �*�� 5��@ !�@��)��Q��.(

�./* �K�@ ��.� �� p.E.� S�+ M�C�+ ��( %!�6 %�+� $�'�: 

�./* !:.>� M7 8�.O M@ Q�*+ �>�*.B"� � _>	�!�:� 8�(

 8��Y g>F� �� %!6 �'7FCS ��"=�+ ��*�� 5��@ ]C* 

� ���*+ %!6 $�@?>� �� ��7A>��:c d"7+)�12��(.L�>�� 

�� �./��* �'��7 $����5 �� M��7 ���*+ S���+ $cFCS Q

S>h	��� $c %+��=( M@ Q%!6 �./* ��+� -�* �� �.X.� 8�(

�� Lk�"� $�@?>� $!@ M@�.6)��Q��.(

lm+�>K+ %��7 �b* $+!"=':+� �./�* �'�7 M�7 !�:+ 8��(

 Y g>F� �� +� �=>':+?� 8��>"@ S>':�X 8�� 8��(FCS 5+ 

S��+ � !�"(� -��9:+ ��Z>F� $.�K 5+ %!6 M>;	 -�* L>CU

 �>k�.� 8��!Y �	 ��� ��*+ %�.@ ?>�c)4�24n.(�.�7���

 �� M7 8�<�� %��B��*+ ��.�� -��* S>':�X $+."0 M@ !:+.	

 ��>J �+�UQ�� �=*A� L>&'�	 8+?X+ �q: 5+ M7 !6�@ %!�"(�

 S>h	��� 8��Y -�* !":�=( ���.( Q�($.Q��+��D �+.�� Q��(

�>�.@��� �*+ �:!b� �+.� � �( .8���Y �=�*A� S>�"\ `(

�7A� � �>^&	 �� �r.� !6� 8�(�.�7�� 5+ �bC"� M7 �*�(

 �� ��./* ?��=	 ��*+ %�+� $�'�: S>'>� P�b��Z� � !"6�@

 �7A� S�+ M7 �./�* ��>^&	 � �'7 �� ��C^� �>r�	 �( 8��(

 �=>':+?� 8��>"@ !:�+� )4�24�.(�M7 �*+ S�+ ��+ TU+� ��

?����=	 � ���>^&	 ���@ �=��*A� �>r���	 ���@ f���C	�+ �� P���b��Z�

�./* �=>'�:+?� 8��>"@ 8�( ��*+ a!�:+ ��>��@ .S��+ ��

f�C	�+ &6�$���* �� $+��&=( �4nn3 M�>;	 8�=*A� 5+ 

S��+ M�7 !�:�+� $�': � !:��7 %��B�*+ $+.V�*+ ?W� 5+ %!6

 7 �+!�b	 ��*+ ���U �'7 g>F� L=&� $.�/ S>���&�c 8��(

 �C^� 5�	�B��)�./* �:+.V��*+ �.�>:o��� 8�( (d�+?��+ +�

!(�)41.(

��>^&	 � !�6� $��&�+ �*��@ ?>: �E�Y Mb��Z� p.E.�

�./* 8��X M�@ �=�*A� 5+ %��B�*+ �@ �=>':+?� 8��>"@ 8�(

FCS �*+ .5+ %!�6 M�>;	 8�=�*A� 5+ ��E�Y M�b��Z� ��

 � ��*+ %!6 %��B�*+ �Z>F� $.K ��E�Y M�b��Z� s!�(

 !�6� �@ �=*A� �>r�	 �*��@ �./�* ��>^&	 �8���>"@ 8��(

 QP!�� �:N.�O �'7 �� $+.V�*+ ?W� 5+ t�'� �=>':+?�

 uK�6 5+ %��B�*+ �@ d����5c L�>CU 5+ �!�b�� 8�(MTT Q

$./7 $+.	 d9"* $.�/7 ��ZU M���k� � ��+5 MC�*�F� Q��(
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�� �+!b	 �@+�@ !6�J%��� �.O �� ��./* �>b=X �'�7 

��*+ %�.�@ !6� �"F"� `*� �.P+�>r��	 M�b��Z� S��+ ��

 �@ �=*A�FCS �*+ %!6 M���k� .?���=	 L>�:��� S>"\ `(

�./* �*+ %!6 �*��@ ?>: �=*A� �@ %!6 �>^&	 8�( .


 ��� �
���
�+!b	 Q�E�Y �@�9	 Mb��Z� �� vwQ��+�F# �.� �* 

�+):Wistar �C��k	 S* �@ Q�n2�M�B( S>�	�� �.O M@ M7

$+.�>Y M���:�@ tCO ��� M���W	 M�:�K !�6 %��B��*+ Q!:!�6 .

�.� $+.V�*+ Q!:!6 �.;>@ -����/7 5+ %��B�*+ �@ �( 8��(

 ̀ ( ���@ � !���J +!X �>C>	 � �.=� $c s+��O+ !"@ a��� ��(

 g>��F� L��K+� � !��6DMEM (Dulbecco Modified 

Eagles Medium) 8��Y �nnS>@ !Y+� �"� �//=�+ �*/>>S

)Q�:�=�c .&C>X (��nnS>�@ !�Y+� S>�����.����*+ ��//=�+

)Q�:�=�c .&C>X (+� M@ � ���J �+�UKL�k�"� L���*+ �.( L

!���J .$+.V�*+ 8�;�:+ �� �* 5+ %��B�*+ �@ � !���J TZU �(

 $5.*44M��.� L�K+� M�@ $+.V��*+ ?W� Q����/>� 8���>�

 g>F� 8.�F�DMEM 8��Y FCS ��:c �_�>	.>@Flush 

!6 .�./* ��@ o.B���:��* ��@ _� 5+ x� Q$+.V�*+ ?W� 8�(

 ����4nn P!�� M@ �d�6 M�@ � %!�6 ���=�6 QM�k>U� 

�&(��\ d�6 s���y �� � !���J `>�k	 8���� �=�U

 !6 �'7._(�\ M* M7 P�.# S�!@ Q-�* 8��Y g>F� 

���J �">"X)FCS ( ��<�� _�(�\ M�* �Q8.��F� g>�F� 

����7 �������� P� 8�=��*A� .��( 8+���@ �'��7 �.��� �

M:�J+!X !6 %�+� ]>	�	  .� LY+�� �+�&	 �@ 8+ .

3� �./* Q�'7 5�Dc 5+ x� �0�* �@ %!>C�\ �>D 8�(

 �@ .'��6 � g>F� z�.b	 -�9:+PBS+� !�6 M�V�� ��� 

�./* g>F� $c 5+ x� Q�(3!�6 z�.b	 ��@ _� 5�� .�n

Q�'7 5�Dc 5+ x� 5��1n2�n�'�7 s��y �7 !#�� 

�./* 5+ �� Q$��5 S�+ �� M7 !6 -��9:+ ��./�* o�*�� S>��+

���J .�./* M7 ]>	�	 S�!@ ��.�� � !:!�6 M">��i��	 ��(

 !"���J �+�U ���=6 .�./�* L�7 5+ ��(Q�n���( 5+ �./�* 

uK��6 �K�@ �*��@ �.q"� M@ %��J L�>CU 5+ !�6� 8��(

 $./7 $+.	 ��>b=X �J!�6 ��@+�@ �� �+!�b	 MC*�F� Q��+5

 5 $+.	 �*��@ Q��./* ��� �@ ����MTT �"F"� `>*�	 �

�./* M>k@ � !6 %��B�*+ !6� _*A� �� �(4���:��* ����

 !:!6 �'7 T@��)��+ o�*�� .(-.�* o��*�� �	 ��./* �'7

 M�@ L�#+ �� M�7 �'�7 5+ M/Y�� �( L#�Y � ���� M�+�+

 �./* ]>	�	 �� I.�F� -��;\ �	 ��+ o�*�� 8�( 5+ Q!:.6

uK�6 {�F� %!6 ��� !6� 8�(!:!6 �*��@ .

P� �Z>F� $.K 5+ �=*A� M>;	 :

P� M7 S�+ 5+ x� !:!�6 �.�;>@ -�����/7 g�*.	 �(Q

$c M">* M�BU |:�* 5+ %��B�*+ �@ � !6 5�@ �(4n�/>� Q��>�

 $c �Z>F� $.K L7 !�6 %�>i*c ]/U LK+� 5+ �( .8+5+ M�@

 �/>� �( M��E+ $.K M@ S���i( !Y+� _� �Z>F� $.K ��>�

!6 .KP!�� M@ %!�c �*� M@ $.�n��� ��@ M�k>U� 4nnn

���� T��� � !6 o.B���:�*)�=*A� (P!� M@ � !���J +!X

���� �@ Mk>U� ��nn!6 o.B���:�* .�� L�#�Y 8�=�*A�

 8���4n2!�6 !=9"� .I�} 5+ x�� Q%��B��*+ -��<"( ��

 �o L>&'�	 5+ 8�>J./X 8+�@ Q%!6 M>;	 8�(�=*A� $��7

)M�V� ��9�+ (�Q�'7 g>F� ���/>� �� S���i( !Y+� ���>�

!6 M��E+ �'7 g>F� M@.

d���5c$./7 ��+5 :

�.�q"� S�!@ �nnd��� �� M�>��+ �'�7 5+ �./�* �n

�/>� 8��Y g>F� �� �� T@�� ���FCS P!�� M@ �=*A� �

�3 !:!6 �'7 5�� .�./�* Q�'7 $���� �� ��@ ���@ �� ��(

 �./F�PBS |�:� ��@ � %!6 M��6 M�@ ���.�� �������7

 P!��|:� Mk>U� !:!���J 8?>�c .$./7 %!�6 L>&'	 8�(

 %��J �� ��FCS ~.&�*��&>� ���5 �� Q�	� 8�=*A� �

���J �+�U ���=6 ��.� � !���J %!(�'� 8�.: .���7 S�+

 8+�@�n�+!�b	 S><:�>� � !6 -�9:+ M:�J+!X �.O M@ �.� 

�./�* 8+��@ $./7 �� 8��( � ��	� 8�=�*A� %���J FCS 

%!6 MC*�F� �8���c $.�5c �@ t-test !����J M����k� .`�(

 $./7 �ZU S>"\ ������&>� ]��Y ��@ %���J �� �� ?�>: �(

%5+!:+ ��( �� M�7 ]>	�	 S�!@ Q!���J M���k� � %!6 8�>J

 %��J �( 5+ M:.=:Q4n%!�6 I�V�:+ �����	 �.O M@ �:./7 

%5+!:+ �!6 8�>J .

�J!�6 ��@+�@ �� �+!�b	 MC*�F� ��./�* ��>b=X)(PDN) 

population Doubling Number:( 

@�C*�F� 8+��MPDNQ�n3×��'7 5+ L#�Y �./* 
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�./* �'7 �=>':+?� 8��>"@ 8�(�=*A� 5+ %��B�*+ �@ ��7���A*+ $�CD�@ �E�!=F� $+��&=( � �+): 

��

�./* ]>	�	 M@ L#+ �� M7 -.* o�*�� �	 M>��+ o��*�� 8��(

 -����;\ ���	 ��+���� I.���F� +� �� Q!:.��6��K ���>/� L�4

M:�K !:!6 �'7 8+ .�� �./* �'7 ��@ _� �U� !"\ �(

 7 ~.&*��&>� ��5 ��@ ��	 !����J ���"confluence $!�6 

)��� �./�* 5+ %!>�6.� �'�7 ,Z* -�=	 M7 �:��5 �.�6(

�.�6 -���9:+ ��./�* ���=��6 Q�'�7 .���E�Y M��b��Z� ��

�./��* %����J 8���(FCS M��/Y�� M��@ ���	��5 confluency 

!:!>��*�)���O ����5�� .(�� ���( �'��7 $����5 S���+ ��

�./*)�./* %��J 8�(FCS �=*A� �(!:!�6 M">��i��	 �

!"���J �+�U ���=6 ��.� .�'�7confluenced ��>/� �� 

�4 M:�K ��!Y 8+�n�×4/��6+� �./* .��@+�@ �� $+?>�

 �.���� 5+ ��./�* �>b=X �J!6��/�×)N0×N1(log 

!6 S>>b	)�4(.Q�.���� S�+ ��N1�+!�b	 ��@ ��*+ ��@+�@ 

�'7 $���� �� �./* �N0�./* �+!b	 �@ �*+ �@+�@ �� ��(

�Dc �'7 5.PDN p.=9� P�.# M@ L7 PDN �'7 8�( 

!6 M���J �q: �� -.* � -�� Q��+ o�*�� QM>��+ .�*��@ S�+

 ���nS><:�>� � ���J -�9:+ M:�J+!X �.O M@ �.� PDN 

%��J �� L7PBDS �FCS $.�5c �@ t-test!6 M���k� .

d���5c(Methyl Tetrazolium) MTT :  

+ �.q"� M@ d���5c S�+ �./�* �����5 $+.	 �@��5� 8��(

!��6 %��B���*+ %����J �� .���5c S���+ ����*+$.L>&'��	 ���@ 

������7 `���>* ���&/=0 �r+ �� $+5���.� |:� dB"@ 8�(

 � P�">�7.* ���B"	 %��>9:5 M@ t/b�� 5��7��� -.>��5+��	 

_=: 8�� �@ Q�����!"7.�>� -.�>��5+��	 8�(MTT �+.��*+ 

�*+ .�"F"� _� +!�@+ ��� S�+ �� ��	 !6 `*� ��+!:��*+

M��">;@ ��"<>��* S>��@ M��Z@+�)OD �.��� �.��O �� �3n2��n 

���.:�: (�./* �+!b	 �6 ���� �(.�)13��/n=R2(�� M�7

 %��!F� _��n3×��	�n3�./* /��6+� �+��U _(�\.

5+ �q: ��.� d���5c -�9:+ 8+�@�n3_�(�\ �( �� �./* 

%��B�*+!6.d����5c -��9:+ 8+��@MTT Q�n3M�@ �./�* 

s����y1�8.���F� �&(���\ lµ�nn 8����Y g>��F� ��%

FCS �� ��%P!� M@ � !6 M��E+ �	� 8�=*A���� 5�� 

g�+�6°C�� ��%CO2!6 M@.&:+ .M�@ P!� S�+ -�=	 �� 

M:+5�� �.O )� `9"�� Q-���;\ Q-.�* Q-�� Q��+ Q�B# 5��

`'6 (d���5c {�F� 5+ Q�@.: �B( ��MTT Q!6 �@��5�+ 

�	 S�!@ %!6 �7} M/Y�� �( �� M7 ]>	Q_�(�\ ��( M@ µl 

4n |:� ��5 �./F� MTT)�/n�/>� ��>� �� -�J)(Q�:�=�c 

�=<>* (P!�� M�@ �'�7 � !����J M��E+42��� �0��* 

°C�� !6 M@.&:+ .�./* ���� g>F� xi* � !�6 M>/V	 �(

µl4nn 8� !���7.B�.* L>��)Q�:�=�c a���(!����J M���E+ 

��������7 ���	 '��	 8���(!:.��6 L��Y %!��6 L>&)�.��: 5+ ���

`>k��� .(%�<�*� M/>*� M@ _(�\ I�X xi* �!��� +?�N+ 

!6 %!:+.K .�./�* 8+�@ d���5c S�+ ��( 5+ L�#�Y 8��(

 �'7 5+ M/Y��)-.�* � -�� Q��+ o��*�� QM�>��+ �'7 (M�@

 8+��@ � !�6 -�9:+ M:�J+!X �.O�n%��B��*+ ��.�� �.�� 

!���J �+�&	 .�./* ��;@ M���k� 8+�@ %��J �� 8�(PBDS 

�FCS 5�� �� I�X S><:�>� Q�8+��@ �'�7 M/Y�� �( 

�n MC*�F� %��J �( �+�&	 ��@ !65+ M@�'�� S><:��>� ��@ �

$.�5c �@ �<�� %��JT-test!���J M���k� .

!6� �"F"� :

!6� �"F"� `*� 8+�@ �n�×��'7 5+ L#�Y �./* 

d6 s��y �� M* �	 _� 8�(o�*�� � M>��+ �'7 �&(�\

!:!6Q�./* 5�� �B( �	 M:+5�� �.O M@%!�6 M">�i��	 �(Q

$c �+!b	 $c !�6� �"F"� � ���=6 ��@.h: -N g*.	 �( ��(

!6 `>*�	 .

�@�\ � $+.V�*+ M@ ?��=	:

�./�* �=>'�:+?� ��>(�� 5+ $��">=O+ 8+�@ ��.�� 8��(

 �@�\ � $+.V�*+ M@ ?��=	 d���5c 5+ Mb��Z� S�+ �� �*��@

 !6 %��B�*+ .�.�q"� S�+ 8+�@�n��� M�* o��*�� 5+ �./�* 

g>F� �� �&(�\ d6 s��yFCS ���%�	� 8�=*A�

 !:!6 �'7 .M�7 S��+ ��/0 M�@ Q$+.V��*+ M�@ ?��=	 8+�@

�./* �.K M@ �.K �.O M@ M* o�*�� �� �=*A� %��J �� �(

 �� �@�\ M@ ?��=	 �=* M@5+ x� Q!:��43g>�F� �0�* 

�./* � �@ �( 8.�F� $+.V�*+ M@ ?��=	 g>F�n�/>� �� -�J

���/>� !>��*+ _>@�.&��*+ ����>��2QP�B���� �n�N.��� .:���: 

� $�5���+?J��n�/>� P�B�� ����>/J � ��@ �N.�)��&���c

��=<>* (6 z�.b	�S��+ 5+ x� Q�@�\ M@ ?��=	 8+�@ � !

�./* M7!�:��7 ��� +� s�y �7 �(Q�./�* g>�F� ��@ ��(

 M@ ?��=	 g>F� 8.��F� ��@�\���/>� �� -��J��&>� ���>�

>@�.&*+�_�2B�� �P�Q�nn:�: �$�5����+?J� �N.�� .�
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>��8
:�� ���("�� ��,� 2�3!A7��X RT-PCR 

PCR cycles Annealing  
Temperature (C°)Size product Primer Sequence (5'-3') Target cDNA 

�� �4�1� F: CGGACCCTGCCTTACCAACTCATTTGTGCC 
R: CGCACGCGATGCAACACCACTCAGG ALP 

�� �n4�� F: GATTATAGTGACACAGAC 
R: AGCAGGAATACTAACTGC Osteopontin 

�� ����� F: GTCCCAACAAGCAACTCG 
R: CCAAAGCTGAAGCTGCCG  Osteocalcin 

�� ���3n F: ACGTGGAGACGCAGCAGAA 
R: AGGCGGTCATTGTCACTGG C/EBP-alpha

�� �n��� F: CCCTGCCTTCCCTGTGAACTGAC 
R: GGGACTCATCTGTACTGGTGGGGAC PPAR-alpha 

�� ��3nn F: GGTGAAACTCTGGGAGATCC 
R: TGAGGGAGTTTGAAGACTCTTC PPAR-gama 

�� ����n F: TGCTGAGTATGTCGTGGAGTC 
R: AAAGGTGGAAGAATGGGAG GAPDH 

�n �/>� �� -�J��&>� S>*����!"�+ ��>�)��&���c �=<>�* �(

!6 S�?<��X .� ���� M�+�+ M�B( M* P!� M@ ?��=	 �'7

 ��� �@ ?��=	 p.U� QP!� S�+ $���� �� �=>6.���>( 8�(

 �RT-PCR���J �+�U �@��5�+ ��.� .

|:� �� S��+?>�c 8?>�c :

M/>*� M@ ��./* M�N +!�@+ PBS�@ � %!6 M��6 �.:���� 

)� $�=�ca���(P!� M@�n��@ xi�* Q!�6 x&>�� Mk>U� 

�� S��+?����>�c)�7�����>:.�c Ic �� !����#�� _�����4�

!#��)(� �&���c�=<>* (�� � !6 |:� Mk>U� �� P!� M@

�./* M�+�+ !:!6 M��6 �Zk� Ic �@ �( .

|:� �� L��+ 8?>�c:

�./* ��@ �0��* _�� P!� M@ �( S>������3%x&>�� 

� !:!6 L&�+ �@ xi* �n%P!� M@ � M��6 ��2�nMk>U� 

�� L������+ |����:� �����@)�/n�� !����#�� 11!����#�� 

�.:������?�+)(� �&���c�=<>* (|:� !�6 8?>�c.��;�:+ �� 

�./* � !6 ���K �<:� �./F� L�&�+ ��@ ���@ M�* Q�(�n

!:!6 M��6 !#�� .

?>��:cRT-PCR:

�./* 5�� �� �(4�$o $��>@ {�F� 5+ 8��( �:+.V��*+

 5�	�B�� S>��&�c � S>�:.�.h�*+ QS>�/7.h�*+ �>q:)ALP ( �

$o L��>CU 5+ ���@�\ 8���(PPAR-gama QPPAR-alpha �

C/EBP-alpha !"���J �+�U �*��@ ��.� )��!X�.(8+��@

 �.q"� S�+RNA �./* L7 5+ %��B��*+ ��@ ��q: ��.�� 8�(

RNX-Plus  )$o�">* � $+�;	 (�@ t@�Z� �L=b�+�.�*�+S�

!6 85�*+!X �7�6 .xi*cDNA %�>9:5 _	 8+��@ 8+

RT-PCR �J5���Dc 5+ %��B���*+ ���@ oligo (dt) `�?��:c �

x:+���	 �.��&b� 5����i��7)First (Revert Aid Strand 

cDNA synthesis kit )5��"��� (!6 M>;	 .d"7+� M�+�+ ��

PCR 8��� �� 13��:�* MX�� P!� M@ �+�J��� QM�k>U� 

8���13M�X�� ��:��* P!�� M�@ �+��J3�8���� QM�>:�r 

|">/>:c P!� M@3�8��� QM>:�r �4��:��* MX�� M�@ �+��J

 P!�3�8��� � M>:�r �4��:�* MX�� P!�� M�@ �+�J�n

�� � ���;: �>^&	 8+�@ Mk>U���!6 -�9:+ L&>* .$���� ��

 �.�F�PCR _(�\ $��� �o 8�(�/�5����Jc !�#�� 

��&�+ 5+ x� � %!6 M�V�� !������@ -.�!�>	+ |:� �@ 5�.��

|:� !6 �@��5�+ xi* � 8?>�c .

�� ����� 
� �=*A� %��J �� �( M>��+ �'7 �� FCS $./7 ����(

 !6 L>&'	 .$./7 8�� �@ %��J 8�(FCS 8����5 �+!�b	 

!6 %!(�'� S6�� �./* .�./* %��J �� %!6 �'7 8�(

 �� o�*�� �� �=*A�Q� ��7�� lmA��7 8o.�.��.� �� !"��6+

 �./�* �'�7 �� M�7 ���Y $��"\ `�( -��* %���J 8��(

�./* �� %!�� S6�� �7�� �>D 8�( !6.o�*�� �'7 ��

�M��*�./��* �./��* 8����Y �=��*A� %����J 8���( 8���(

www.SID.ir



Arc
hi

ve
 o

f S
ID

�./* �'7 �=>':+?� 8��>"@ 8�(�=*A� 5+ %��B�*+ �@ ��7���A*+ $�CD�@ �E�!=F� $+��&=( � �+): 

��

�./* �'7 �� M7 ���Y �� �.@ ��*A@��C>� %���J 8��(

FCS Q�./* �./* � S6�� �=>':+?� �>D 8�( ��>D 8�(

�7��)d/� (� `'\ M@ ?>:���.K)L&6�.(

05	
:>,?� �&�,"� J���G C� � C%&�� D;# �� ��@	 D;# 2�3

 � ����GFCS .  >,?@� D;# �� J�@��G 7� '��@��G ��!@A 2�@3

 >,?� 2��$ _̂�6��+ D;@# C@# �&�@$�� �,@� 05@	 �@#�� 2�3

>,?� ��!@A 2�3FCS �@#�� !@%� >,?@� 2���@16 )Y@?` (<@%�

��D	)j�<� �:��� ×/[.(

$./7 �+!b	 �(M:.=: �� M�@ Q�.�@ P���B�� �/�V� 8�(

 M:.=: 5+ �&� �� M7 8�.O $./7 �+!b	 Q�( %���J �� �� �(

 M:.=: M>k@ �� M7 ���Y �� �.@ �@+�@ $.�/7 �+!�b	 �( �� ��(

 %��J 5+ d>@ Q�=*A� %��JFCS �.@ .S><:�>� p.=9� �� 

$.��/7 �=��*A� %����J �� ���()4�/4±�/�1(�.��O M��@

�"b� %��J 5+ d>@ 8�+�FCS)4n4/4±3/��(�.@)L&6

4Qn�/np< .( 

�./�* ��>b=X Q%!��c ��*� M@ e���: ��*+ �@ 8��(

 �'7 %��� �.O �� Q�=*A� �� %!6 �'7)QM�>��+ �'7 

*���-.* � -�� Q��+ o� (g*.�� �.O M@��/�±����/1

05	�:A(\�� >,?� �,?# 7� D@&,:� >�".@:!# �� ��	 2<%�X

 ����G ��!AB(\�� ���3 �� �&,?� �,?# ��!@A 7� 2<@%�XFCS 

C(�,?# ���16 -%N��%� ��@��G ��!@A �� �� �@3)RPM ( B!@� �

2��A)FCS (D(��!A �� �� �,?# !Mf -%N��%�E(�� ��<%� !��!� 

�A�	� �� 0# �&,?� D%1�8 ��!A �.

��@ %���J �� M7 ���Y �� %!6 �@+�@ ��FCS �./�* Q��(

3n/4±��4�/�nS��+ 5+ %���J �� � !:!�6 �@+�@ �� ��@ 

!"�6+� 8���c P��B	 �q:)n3/np<(Q)L&�64.(M�@ -5N

�7}�*+ ����>b=X $!�6 �@+�@ �� $+?�>� �*���@ M�7 �

-�� o�*��

�./*��J 8�(%FCS �./*%��J ��(RPM    

-.* o�*��

M>��+ �'7

��+ o�*��

BA

C

�3 �,?l ���16 C.:�L�

D

�3 �,?l �7���� C.:�L�

E

�&,?� D%1�8 �A�	 !��!� �� ���16 C.:�L�

www.SID.ir



Arc
hi

ve
 o

f S
ID

���%�Q%��=6vQ��;@��

�	

05	 �:Y:��7X 2�3���,�� MTT :  >,?� Q,�)� �� ��!A 2�3

����G)RPM: Rat Plasma ( W�@ & 7� D;@# 0@$�!� B�@�6 ��

 -%:�G *F8 ��<%� 2���X �� ��;� mK�	 -:� C# �="	�� 2!6 �3�

 >,?� C# -%:�G �".:7 ��,6 7� ��!A -:� 2�3 ���,� ����,K!� 2!6 .

c��(6 � ����G ��!A �� -%� 2�3FCS "�� C� 7� B,@� J���G 2�=4

�=1� 2���X W� & �,� ��� .

05	/:�	� �= =� .>,?� �	� ��<%� ����G ��!A �� �3)RPM (

 ��!A C� D�.�FCS�,� !"�# D;# ���� >,b B��6 �� .
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�./* �'7 �=>':+?� 8��>"@ 8�(�=*A� 5+ %��B�*+ �@ ��7���A*+ $�CD�@ �E�!=F� $+��&=( � �+): 

��

05	�:?� <:��6>,����G �� ��	 D;# 2�3)RPM ( �FCS . >,?� �=��: <:��6 ��!V � ��,R"�� C� �=".��,6 ��!A �� !3 2�3)D��� �,"� (

�X 2��%=� @ ��%;��<� D%3�� 7� �#�$ C# �,� �3 .>,?� '����G ��!A D;# �� D%�,e:�X C� �,K C� �,K �,b C� 'I%�J,e:�X <:��6 >!"=# 2�3

C"`�: <:��6 ���)j�<� �:��� ×/[(

FCS 

RPM 

FCS 

RPM 

Adipogenesis 

380 bp 
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��

8+�@ �./* �.�O M�@ �'�7 5+ M�/Y�� �( 5+ L#�Y 8�(

 {��F� 5+ %���J �� P���B	 M�7 �+� $�': Q+?9�PDN �� 

�./* 8�"^�*+ M@ �(o�*�� M=( -.�* o��*�� 5+ L#�Y 8�(

�"b� �*+ �+�.

�./* LY+�� -�=	 �� Q�=*A� %��J �� M���� !6� 8�(

 Q��*��@ ��.�� 8��(5�� -�=	 �� � �'7 I��X $+?�>�

S>��� �./* �@ M���k� �� 8�	 %��J 8�(FCS!"�6+� .S��+

 M�b��Z� ��.�� ��+.��� o��*�� M�* � M>��+ �'7 �� M����

 �.@ �.;'� lmA��7)L&6�.(I��X S><:��>� M7 8�.O M@

Q�=*A� %��J 8+�@ M>��+ �'7 d6 5�� �� �/n±n4/�

���@+�@ �� ��/n±�/�8+���@ FCS 5+ P����B	 S���+ � �.��@ 

���"b� 8�����c {���F� �.��@ �+�)nn�/np< .( ��+ o���*�� ��

 Q�=*A� %��J I�X $+?>� 4/n±4�/�L@�k� �� ��/n±

3�/�-�� o�*�� �34/�L�@�k� �� ��/n±��/�� �.�@ 

P��B	 S�+ -�=	 �"b� �( �.@ �+� .M�7 �.�@ S��+ ]��X M�&:

 ���J �� I��X $+?�>� P���B	 -.* o�*�� �� %)�=�*A� :

�3/�L��@�k� �� FCS : �4/�({���F� 5+ ���"b� 8�����c �+�

�.C: .�� I�X �� sA�K+ S�+ �� P���B	 L�>�� M@ !:+.	
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Culture of rat mesenchymal stem cell using peripheral blood-
derived plasma as the culture medium supplement 
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Abstract 
Background and Objectives 
In current protocol for isolation and expansion of mesenchymal stem cells (MSCs), the use of 
fetal calf serum (FCS) as a medium supplement is inevitable. FCS is immunogenic for human 
subjects and may transfer infection in the case of transplantation. In the search for an 
appropriate substitute for FCS, in the present study the effect of plasma prepared from 
peripheral blood on the growth of MSCs has been examined. 
 
Materials and Methods 
Marrow cells obtained from rat long bones were cultivated both in the mediums containing 
FCS and in those with plasma prepared from rat peripheral blood for the primary culture and 
the three consequent passages. The cells present in all four passages were evaluated at each 
culture stage for population doubling number, viability, and the rate of proliferation by cell 
count, MTT assay, and plotting growth curve, respectively. The cells from primary culture 
were also examined with respect to their clonogenic activity. All experiments were replicated 
10 times and the average values for each group were statistically compared. Furthermore, 
passage 3 cells from each group were examined in terms of bone and adipogenic 
differentiation by specific staining as well as RT-PCR. 
 
Results 
The cultures from plasma group appeared morphologically more homogenous than those from 
FCS group. In general, the cells from FCS groups had a better status in terms of total 
population doubling number and MTT test but these differences were not significant in passage 
3. Moreover, growth curve plotted for each group indicated that the proliferation of cells in the 
plasma group is somewhat slower than those in FCS groups. The culture of plasma groups 
showed more colon cells compared to FCS groups but the colons in the latter appeared larger 
than the former. The cells from both groups were readily differentiated into osteoblastic and 
adipogenic cells lineages; this was confirmed by alizarin red and oil red staining, the bone 
expression of osteopontin and osteocalcin, and the expression of PPAR-alfa, PPAR-gamma, 
and C/EBP-alpha for adipose cells. 
 
Conclusions 
Taken together, plasma as a substitute for FCS can support proliferation of MSCs and 
maintains their viability in vitro. Although this support was somehow less strong than FCS, 
plasma could still be considered a safe substitute for FCS. 
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