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ŚǀưǀƃƺŤƀǀƷƿƯōŻƺƨǀƬĭ�Ŷǀƫƺţ�ƾǀƬĭƺƴǀƱŚƨ�ƽŚƷ��GAGs��ƵŵŚƯ�ƽƶƴǀƯŻ���ƽř(ECM)�Ŷƃ�ƵŵŚƠŤſř���
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Ñ�ſ�űřŹƺ����źƐƣÑ�ƾƬǀƯ���źŤƯ���Ŷƃ�ŵŚŬƿř��ľŚƘưū�ÕÍ�űřŹƺſ���Ɓƺĭ�����ƵŹŚƈƗŚŝ�ƾŝźŬţ�Ƶƹźĭ�ƽŚƷ�ƽƬĪƫř�ƾ�ĭǀ����ƽĥƺºƫƺƿżǀƟ�ƭźºſŚŝ�ƩźºŤƴƧ�Ƶƹźĭ�ƹ�ƶŬƳƺƿ�ƵŚ
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�ƲǀƀƫōŚŝ�ƺƬŝ�pH��źŝřźŝÎ�ƹ�Ò�Ï���ƽřźŝGAGsƶƬǀƀƧƺŝźƧ�ƹ�ƶţŚƠƫƺſ����ƲƿŶǀŗƺƫƺţ�ƾŝō�ƲǀƴĤưƷ�ƹ�Śŝ�ƽŻŚƯƹźƧŚŤƯ�ƂƴƧřƹ�ƽřŹřŵ� GAGs�ƶţŚƠƫƺºſ��

Ŷƃ�ƁŹřżĭ�ƾƟƹźƌƛ�ŢƟŚŝ�Źŵ����
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ŢſǈŝƹŹŶƴƧ����Ƭĭ�Ůƃźţ�ƹ�ŚƷǀƯřŻƺĪǀƬĭƺƴǀƱŚĪ�ŚƷƽ����ƹ�ƶƬǀƀƧƺŝźƧ�ƽŶǀſř�Źŵ�ƶţŚƠƫƺſ�ƵŵŚƯ�ƽƯŻ�ǀƶƴ�řƽ�Ţſř�ƵŶƿŵźĭ�Ɲƹźƌƛ�ƮǀƯźţ�ŢƗźſ�Ʊō�ƖŞţ�ƶŝ�ƹ�
ƾƯ�ơƺƟ�ƵŚǀĭ�ǇŚưŤůř�ƹŹ�Ʋƿř�Żř�ƹ�ƶƴǀƯŻ�ŶƳřƺţ�Źŵ�ƵŶƴƿō�šŚƘƫŚƐƯ�ƽ�ƵŵŚƠŤſř�ƹ�ƵŚǀĭ�Ʋƿř�ƾƄŴŝ�ƭŚǀŤƫř�źŧř�ŵŹƺƯ�ŚƷƽƺƫƺĩŚƯŹŚƟ�ĥƿŚưƳ�ƮƷřźƟ�řŹ�ĨƿŶ� ��

ĥřƹƱŚĭƽŶǀƬƧ���ǀƬĭ��Ɓƺĭ�Ɲƹźƌƛ��ƽŻŚſŻŚŝ�ƹ�ƮǀƯźţ��ƶŬƳƺƿƁƺĭźų��ƱŚƨǀƬĭƺƴǀƯō�Żƺƨ��
��

�ƶƯŶƤƯ��
������ƮººººųŻ�ƮǀƯźººººţ�Wound Healing���ƹŚŝŻƽŻŚººººſ�

�Regeneration����ŻřŶƴƿřźƟƽŚƷ���ŢƟŚŝ�ƾųźŝ�ƾƘǀŞƏ�����ƱŶºŝ�ƽŚƷ
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���ƶƤƐƴƯ�źǀưƘţ�ƹ�ƮǀƯźţ����Ŝǀſō�ƽ��ƾƯ�űŹ�ƵŶƿŵ�ŶƷŵ��Î�����ƱřŹƺƳŚºū
��������ŶºƳŹřŵ�ƽŻŚºſŻŚŝ�ƽřźºŝ�ƾƿǇŚŝ�ƾƿŚƳřƺţ�ƵŵŚſ�����ƶŤºſŵ�řźºƿŻ���ƽŚºƷ� �
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�ƬĭƱŚƨǀƬĭƺƴǀƯōŻƺƨǀ�ƶƫǇ�ƮǀƯźţ�Źŵ�Ɲƹźƌƛ�ƽŚƷ�Ɓƺĭ�ƽ��
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 
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�Żř�ƾĭŹżŝƩƺƬſ�ƽŵŚǀƴŝ�ƽŚƷ��Stem Cell��ƶƧ�ŶƳŹřŵ�ƱŶŝ�Źŵ�řŹ�
ŝ��ƶŝ�šźūŚƸƯ�Ś�ƂŴŝ��ƽŚƷ�����ƵŶºƿŵ�Ŝǀºſō�����ŢºƟŚŝ�ƮǀƯźºţ�����Żř�ƽŚºƷ

����ƶºŤƟŹ�Ţſŵ����ƾºƯ�ŜºūƺƯ�řŹ��ŶƳƺºƃ��Ï���������Śºŝ�ƽŻŚºſŻŚŝ�ƾƿŚºƳřƺţ
��ƀƳ�ŹƺƳŚū�ƾĭŶǀĤǀě��ŵŹřŵ�žƨƗ�ŢŞ���������Żř�ƽŹŚǀƀºŝ�Źŵ�ƩŚºŨƯ�ƽřźŝ�

ƱŚŤƀƿŻƹŵ�ƹ����ƾŝō�ƽŚƷŹŚưſƺſ��ŚºƳřƺţƿ��ƾ�����ǇŚºŝ�ŹŚǀƀºŝ�ƮǀƯźºţ��Żř�źţ
��ƱřŹřŶƳŚŤƀěŢſř���������ŢºƟŚŝ�ŵƹŶºŰƯ�Żř�ƾƨƿ�Ɓƺĭźų�Ɓƺĭ���ƽŚºƷ

�������ƪºƯŚƧ�ƽŻŚſŻŚŝ�ƹ�ƮǀƯźţ�ŢǀƬŝŚƣ�ƽřŹřŵ�ƶƧ�Ţſř�ƱřŹřŶƳŚŤƀě�ƱŶŝ
ƶưƷ��ƽ��ŢºƟŚŝ�������ƾºƯ�ƶºǀƫƹř�ƽŚºƷ��ŶºƃŚŝ��ÐƹÏ��������ŢºƟŚŝ�ƪǀƨƄºţ�Źŵ

�ƫƺţ��ƾƟƹźƌƛ���������ƶºƬưū�Żř�ƽŶǀºſř�ƽŶºƴƣ�šŚºŞǀƧźţ�Ůºƃźţ�ƹ�Ŷºǀ
ƱŚºººƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ�����ƦºººǀƳƹŹƺƫŚǀƷ�Ŷǀºººſř�ŶºººƴƳŚƯ�ƾƿŚºººƷ

ƲǀŤǀŗƹŹŶƴƧƹ�������ƾƫƺƬſ�Ʋǀŝ�ƵŵŚƯ�Źŵ�šŚƠƫƺſ�ECM���ƮƸƯ�Żř��Ʋƿźţ
ƶƳŚƄƳ���ƩƺƬſ�żƿŚưţ�ƽŚƷ������ƾƟƹźƌºƛ�ƽŚºƷ��ŢºſǈŝƹŹŶƴƧ����Ţºſř� �

�ÒƹÑ������ƶƫǇ�Ɲƹźƌƛ�ƶƧŚŬƳō�Żř��ƽ���������ƶºŝ�ƶǀŞºƃ�Ɓƺºĭźų�Ɓƺºĭ�
ƶƜǀţ����ŚƠƯ�ŮƐſ�ƾƟƹźƌƛ�ƽ���ƾƴǀŝ��ƪƇ��ƹ���ƵŶºƳŵ�ƾưƨƃ�ƽŚƸŤƳř���ŚºƷ

�������Ţſř�ƲǀƫŚǀƷ�ƕƺƳ�Żř��ƱŚƀƳř�Źŵ�Ñ��������Żř�ƪƇŚů�ŪƿŚŤƳ�ľǇŚưŤůř�řŸƫ�
ƶƘƫŚƐƯ��ƽ����Ɓƺĭźų�Ɓƺĭ�Ɲƹźƌƛ�������ƮǀºưƘţ�ƽřźŝ�ƾŞſŚƴƯ�ƩŶƯ

�Ţſř�ƱŚƀƳř�ƶŝ�Ó�� ���ŶºƳƹŹ�źºŝ�ƞƬŤŴƯ�ƽŚƷƹŹřŵ�ƹ�ƱŚƷŚǀĭ�źǀŧŚţ
��������������ƵŚºǀĭ�źºŧř�ƱƺƴƧŚºţ�ŚƯř�Ţſř�ƵŶƃ�ƶƘƫŚƐƯ�Ɓƺĭźų�Ɓƺĭ�ƮǀƯźţ

��ƹŹ�źŝ�ƶŬƳƺƿ���ſŹźŝ�ŵŹƺƯ�ƮǀƯźţ�ŶƳƾ���Ţſř�ƶŤƟźĮƳ�Źřźƣ������ŜºƏ�Źŵ
���������������Źŵ�śō�ƱŶºƃ�ƶŤºƃŚŞƳř�ƹ�ŢºƿźţŹō�ƱŚºƯŹŵ�ƽřźŝ�ƶŬƳƺƿ�Żř�ƾŤƴſ

ŢƟŚŝ���ŚƷ���ƭŵř�ƽŹŚưǀŝ�ƪŨƯ���ƾƯ�ƵŵŚƠŤſř�������ƵŚºǀĭ�Ʋƿř�ƲǀƴĤưƷ�ƹ�ŵƺƃ
�����ƲǀƯŚŤƿƹ�ƽŵŚƿŻ�ŹřŶƤƯ�ƽƹŚůA���ƹ�C��������ƮºųŻ�Ʊō�ƵŶºǀŝƺƧ�ƹ�Ţſř�

����Ƶŵřŵ�ƭŚŤǀƫř�ŢƗźſ�ƶŝ�řŹ�������ƾºƯ�ƽźǀĭƺºƬū�ƽżƿźƳƺų�Żř�����ŶºƴƧ�Ô���
������ƲǀƯŚŤƿƹ�Śƿ�ŚƷƹŹřŵ�ƽŹŚǀƀŝ�źǀŧŚţ�ƶģźĭř�řŸƫ���������ƮǀƯźºţ�ŶºƳƹŹ�źºŝ�ŚºƷ

����������ƵŚºǀĭ�šŚºƿƺŤŰƯ�ƶºŝ�ƶºūƺţ�Śºŝ�ŚƯř��Ţſř�ƵŶƃ�ƾſŹźŝ�Ɲƹźƌƛ
��������������ŶºƳƹŹ�Ʊŵƺºŝ�ƂºŴŝ�ƭŚǀŤƫř�šŹƺƇ�Źŵ��Ʊō�Ʊŵƺŝ�ƱřŻŹř�ƹ�ƶŬƳƺƿ

�ƶŝ��ƮǀƯźţ�����������źºŤưƧ�ƾŞƳŚºū�ƉŹřƺƗ�Śŝ�ŜſŚƴƯ�ƾƷŚǀĭ�ƽƹŹřŵ�ƱřƺƴƗ
��Ŷƃ�ŶƷřƺų�ƾƟźƘƯ������Ŝǀſō�šźŨƧ�ƶŝ�ƶūƺţ�Śŝ�ƽŚƷ����Źŵ�ƾƟƹźƌºƛ�

������������šǈƨƄºƯ�ƶƧ�ŢƟŚŝ�Ʋƿř�ŵƹŶŰƯ�ƮǀƯźţ�ƾƟźƏ�Żř�ƹ�ŻƹźƯř�ƽŚǀƳŵ
�����������ƝŶƷ�řŸƫ��ŵŹřŵ�ƩŚŞƳŵ�ƶŝ�ƱřŹŚưǀŝ�ƽřźŝ�ƾƳřƹŹ�ƾůƹŹ�ƹ�ƽŵŚƈŤƣř
����������šŚºŞǀƧźţ�Ůºƃźţ�ŶƳƹŹ�ƾƿŚǀưǀƃƺŤƀǀƷ�ƾſŹźŝ�źǀųř�ƂƷƹĦě�Żř

GAG������������ŹŚºưǀţ�Żř�žºě�Ɲƹźƌƛ�ŢƟŚŝ�ƮǀƯźţ�ƪůřźƯ�Źŵ�ƽŶǀſř
űřŹƺſ����������Śºŝ�Ɓƺĭźų�Ɓƺĭ�Źŵ�ƵŶƃ�ŵŚŬƿř�ƽŚƷ�ƵŹŚƈºƗ��ƽ���ƵŚºǀĭ�

ŵƺŝ�ƶŬƳƺƿ���
��

ƁƹŹƾſŹźŝ����
�����ƶǀƸţ��ƽ�ƶƳƺưƳ���ƽ�ƾƷŚĮƄƿŚƯŻō������ř�ƭŚºŬƳř�ƽřźŝ�ºƿ��Ʋ�ƶºƘƫŚƐƯ��ƽ�
ŝźŬţƾ��Ɓƺĭźų��ŚƷƽ�����ƽŶºƴƬƿŻƺǀƳ�ŵřĦºƳ�źƳ���ÎÍ�ŽřŹ�����ƱŻƹ�ƶºŝ

��ƾŞƿźƤţÒ�Ï���Śţ�Ð�����ƶƀºſƺƯ�Żř�ƭźĭƺºƬǀƧ��������ƹ�ƲƀºƧřƹ�šŚºƤǀƤŰţ�ƽ
ƭźſ������ƂƿŚƯŻō�ƹ�ƶǀƸţ�ŶƸƄƯ�ƽŻřŹ�ƽŻŚſ�������šŚºƳřƺǀů�ƂºŴŝ�Źŵ�ŚƷ

ƗŹ�Śººŝ�ƶƀººſƺƯ���šŚººƳřƺǀů�Żř�ŢººƿŚưů�ƾººƣǈųř�ƩƺººƇř�ŢººƿŚ
��ŢƟźĭ�ƭŚŬƳř�ƾƷŚĮƄƿŚƯŻō���������ƽŚºƷƺƯ�řŶŤŝř��űřŹƺſ�ŵŚŬƿř�Żř�Ƃǀě

��ƶƫǇ�Źŵ�ƾƟŚƋř����������������Śºŝ��Ŷºƃ�ƶŤºƃřŵźŝ�źŝƺºƯ�ƭźºƧ�Ǝºſƺţ�Ɓƺºĭ�ƽ
���Ɓƺĭ�ƪƨƫř�Żř�ƵŵŚƠŤſř�����ƵŵźƧ�ƾƳƺƠƗ�ŶƋ�řŹ�ŚƷ������Źŵ�Ɓƺºĭźų�źƷ�

ƶƔƠŰƯ���ƵŶƳŹřŶƸĮƳ�ƅƺƈŴƯ�ƽ����Ŷƃ�Ƶŵřŵ�Źřźƣ����Ɓƺĭ�žĜſ���ŚºƷ
��ſŵ�Żř�ƵŵŚƠŤſř�Śŝ���ƶºŝ�ŵƺºŝ�ƵŶƃ�ƶǀƸţ�ŹƺƔƴƯ�ƲǀưƷ�ƶŝ�ƶƧ�ĢƳŚě�ƵŚĮŤ

�ƾƬººƇř�īŹ�ƝźººƏ�ƹŵ�Źŵ�ƹ�ƩŚƿŶººƯ�ŢººǀƘƣƺƯ�Źŵ�Ƶźººƿřŵ�ƪƨººƃ
�ŶƳŶƃ�űřŹƺſ�������ƶºƫǇ�ŢƯŚŴºƋ�ƪºĩ��ƽ�������ƹ�Ţºſƺě�ƪƯŚºƃ�Ɓƺºĭ�
�Ư�ƝƹźƌƛǀƳŚƾ��Ťƃřŵźŝ�ƶ�Ŷƃ�������Ɓƺĭ�źƷ�ŹŵÑ������Ʀºƿ�źºƷ�űřŹƺſ�

���źƐƣ�ƶŝÑ������������ľŚºƘưū�řŸºƫ�ƹ�Ŷºƃ�ŵŚŬƿř�źŤƯ�ƾƬǀƯ�ÕÍ�����ƽřźºŝ�ƖºƋƺƯ
��ŶƯō�ƮƷřźƟ�ƶƘƫŚƐƯ��ÒN=������������ƶºƳƺưƳ�ƱřƺºƴƗ�ƶŝ�ƵŶƃ�ĢƳŚě�ŢƟŚŝ�Żř

��ŶƷŚƃ��ƶǀƫƹř�ƮƫŚſ������������ƵŵŚƠŤºſř�ƮǀƯźºţ�ƩŚů�Źŵ�ŢƟŚŝ�Śŝ�ƶƀƿŚƤƯ�Źŵ
�Ŷƃ�Õ����
ƶǀƸţ��ƽ�ƵŹŚƈƗ���ƽ�ƾƷŚǀĭ���ĭǀ��ŹŚŝźƷŹŵ�ƶŬƳƺƿ�ƵŚƿ����ŵřŻō�ƵŚĮƄºƳřŵ�ƭƺ
Ưǈſřƾ��ŶƸƄƯ�Ŷůřƹ��(IAUM)�����Ŷºĩ�Śŝ�ŹŚºŝźƷƿƯƺƾ�����ƵŹŚưºƃ�Śºŝ�
ÖÍÒÍ�ŚſŚƴƃ�ƿƾ�ŵźĭ�ƿŶ��Ţưƀƣ�����ƶƣŚſ�ƹ�īźŝ�ƾƿřƺƷ�ƽŚƷ��Śǀĭ�ƽ�Ƶ
ŵźų��ƵŶƃ����žĜſ�ÎÒÍ���ƭźĭ�ƶŬƳƺƿ���ƽ�������ƝźºƓ�ƪºųřŵ�ƵŶºƃ�ŵźų
ƶƄǀƃ����ƽř��Ź�ƽźŤǀƫ�Ʀƿ��ƶŤŴƿƃŶ���ƹ����Ʊō�ƶºŝÔÒÍ��ƾºſ��ƾºſ��Ʃǈºů��

�ƩƺƳŚººţřÖÓŶººƇŹŵ����ƵŹŚƈººƗ�ƽŹŚĭŶººƳŚƯ�ƒººƠů�ƽřźººŝ���ƶƟŚººƋř
Ŷººƿŵźĭ�śŹŵ�ƝźººƓ��ƶƄººǀƃ��ƽř�ƮººƨŰƯŶººƃ�ƶŤƀººŝƹ��ŢººƸū�

����������������ƝźºƓ�Źŵ�ƶºƿŚě�ƶºſ�ƽƹŹ�źºŝ��ƮǀƤŤƀºƯ�šŹřźºů�Żř�ƽźǀĭƺƬū
ƶƄǀƃ�īŹżŝ�ƽř��Żř�źě�źţƭźĭ�śō°c) Ï� ±ÐÏ���Ŷºƃ�Ƶŵřŵ�Źřźºƣ����
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����ƾƘǀƟŹ�Ʋǀƀůƹ�ƍŚǀų�Śƴǀū�źŤƧŵ��ƵŵřŻ 

ƶƬŬƯ�řŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

˼

��šŶƯ������ƵŹŚƈºƗ�ƽřźºŝ�ũřźŴŤºſř�ƱŚƯŻ����ƽŚºƷ���ƾºƴƛƹŹźǀƛÑ����Śºţ�Ò�
�ƾƯ�ŢƗŚſ��ŶƃŚŝ��Ô������ƵŹŚƈƗ�ƱŵźƧ�ƝŚƇ�ƽřźŝ���ƽŝƶ��ƵŶƯō�Ţſŵ��
�Ƶƺǀưŝō�Żř�ƽźǀĭ������ƾưƿŶºƣ�ƽŚƷ��Śºŝ����ºƴǀţǇĥ�ƢºƬƏ�ƾ�����ƵŵŚƠŤºſř��Ŷºƃ��

�������������Ƶƺºǀưŝō�ƪºųřŵ�ƶºƬůźƯ�Ŷºƴģ�Źŵ�ƵŚºǀĭ�ƹ�ƵŹŚƈƗ�ƍƺƬŴƯ���ƽźºǀĭ
��ƶŤŴƿŹ��ƶºƫŚƠţ�ƹ����Ʊō�ƽ���řŶºū�Ŷºƿŵźĭ���ƵŹŚƈºƗ���ƽ�ƶºŝ�����ƵŶºƯō�Ţºſŵ

ƺţŚŝƺĪƳřŹŵ��Ź�ŢƟźĭ�Źřźƣ�ƹ��ŝ��Ʃǈů�ƝŸů�Żř�žěƶ�Źŵƺě�šŹƺƇ�
�����ƹ�ŶƯō�Źŵ�ĨƄų��ƶƄǀƃ�ƝźƓ�ƪųřŵ���������ƩŚºĤŴƿ�Źŵ�ĬºƳŹ�Ƶźǀţ�ƽř

��ƽŹřŶƸĮƳŶƃ��ŵŚƤƯƿ��řźŝ�ƭŻǇ�źƽ�ţ�ǀ�ƘƋƺƯ�ŹŚưƾ�ǈŝ������ƪºŞƣ�ƶƬºƇŚƟ
�ŹŚĩ�Żř�ƫŚſ�ƩŚƯźƳ�Źŵǀ�Ʋ�Ŷƃ�ƪů�Ô�����
ƵƺŰƳ��ƽ��ƶƳƺưƳ�ŹŚưǀţ��ŚƷ���űřŹƺſ�ƽƹŹ�Ʒ�������ŻƹŹ�Źŵ�ŹŚºŝ�ƹŵ�Ţƀţ�ƽŚ

�����ƵŹŚƈƗ�Śŝ�ƾƴǀƘƯ�Ţƣƹ�Źŵ�ƹ����űřŹƺſ�ƹ�ƶŬƳƺƿ�ƽ�������Śºŝ�ƩźºŤƴƧ�ƽŚºƷ
����Śţ�ƽĥƺƫƺƿżǀƟ�ƭźſÒÍ��������ƾƘƋƺƯ�ŹŚưǀţ�űřŹƺſ�ŵŚŬƿř�Żř�žě�ŻƹŹ�

�ŹřŵźŤƬǀƟ�ĬƳźſ�Ǝſƺţ��Ŷƃ���
ƶƳƺưƳ��ƾŤƟŚŝ�ƽŹřŵźŝ�����������ƾºŝ�ƹ�ƾƳƺºƠƗ�ŶºƋ�Żř�žºě������ƱŵźºƧ�žºů
Ɓƺĭ�����ƶƔƠŰƯ�Źŵ�ľřŵŶŬƯ�Ʊřƺǀů��ŚƷ������Ŷºƃ�Ƶŵřŵ�Źřźƣ�ƅƺƈŴƯ�ƽ��

��Żř������ƵŻřŶƳř�ƶŝ�űřŹƺſ�źƐƣ�Śŝ�ƾĤƳŚě�ƵŚĮŤſŵ���ƽÓ�ƾƬǀƯ�����ƵŵŚƠŤºſř�źŤƯ
���Ɓƺĭźų�Ɓƺĭ�ƹ�Ŷƃ���ƵŻŚŝ�Źŵ�ŚƷ���������Żř�žºě�ƆŴƄºƯ�ƾƳŚºƯŻ�ƽŚƷ

����űřŹƺºſ�ŵŚŬƿř�Ò���ÎÍ���ÎÒ���ÏÍ���ÏÒ���ÐÍ��ÑÍ��ƹÒÍ�����Żř�žºě�ŻƹŹ�
űřŹƺſ���ŢǀƘƣƺƯ�Źŵ���������Ŷºƿŵźĭ�űřŹƺſ�ľřŵŶŬƯ�ƮǀƯźţ�ƩŚů�Źŵ�ƽŚƷ

�ÒN=����
ƶǀƸţ���ƾěƺƨſƹźƨǀƯ�ƖƏŚƤƯ�ƽ��ƶǀƬƧ��ƽ�ŢƟŚŝ��ŚƷ����Ʋŗƺŝ�ŹƺţŚƀƨǀƟ�ƶŝ�

��ƶºŤƟŚƿ�ƩŚƤŤƳř�������������ƽŵƺƘºƇ�šŚºūŹŵ�Śºŝ�ƽźºǀĮŝō�ƞºƬŤŴƯ�ƪºůřźƯ�
�ƲǀƟřŹŚě��ƩƺƳŚţř��ŜƫŚƣ��ƾƷŵ����Ɓźºŝ��ƽźºǀĭ��������ŢƯŚŴºƋ�Śºŝ�ƽźºǀĭÔ�

ƱƹźƨǀƯ������ƭƺţƹźƨǀƯ�ƵŚĮŤſŵ�ƎſƺţÏ�ÎÒLeitz����Ŷºƿŵźĭ�ƭŚŬƳř��
�Żř�žě��������������šŚºūŹŵ�Śºŝ�ƾƷŶºŝō��żºǀưţ�ƭǇ�ƽƹŹ�ƖƏŚºƤƯ�ƽźǀĭŹřźƣ

���ĬºƳŹ��ƩƺƳŚţř�ƾƫƹżƳ�������ƺƫƺţ�ƾºŝō�Śºŝ�ƽżºǀƯō������ƺºƬŝ�Ʋǀƀºƫō�ƹ�ƲƿŶºǀŗ� �
ÎpH�ƹ�Ò�Ï pHŢƟźƿŸě�ƭŚŬƳř��ĬƳŹ�ƦưƧ�ƶŝ��ƺƬŝ�Ʋǀƀƫō�ƽżǀƯō

�������������ƹ�ƶţŚƠƫƺºſ�ƽŶǀºſř�ƽŶºƴƣ�šŚºŞǀƧźţ�Źƺƌů�ƲƿŶǀŗƺƫƺţ�ƾŝō�ƹ
��ŵŹƺººƯ�Ɲƹźƌººƛ�ƽŻŚººſŻŚŝ�ƹ�ƮǀƯźººţ�ŶººƳƹŹ�ƾººƏ�ƶƬǀƀººƧƺŝźƧ� �

���ŢºƟźĭ�Źřźƣ�ƾſŹźŝ������������ƾƳƺǀţŚºƧ�ƩƺºƨƫƺƯ�Ʀºƿ�ƲƿŶºǀŗƺƫƺţ�ƾºŝō
�S+ÐNÎÓHÎÒC����řƺºººƳř�Śºººŝ�ƱŶºººƃ�ŜºººǀƧźţ�ŢºººǀƬŝŚƣ�Śºººŝ�ƕ

ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ���������Ţºſř�ƾºƠƴƯ�ŹŚºŝ�ƽƹŚºů�ƽŚƷ���Ƶƹźºĭ���ƽŚºƷ
�ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ�šŚƠƫƺſ��ƩƺƨƫƺƯ�ŚƷ�������řŹ�źºƔƳ�ŵŹƺƯ�ĬƳŹ�ƽŚƷ

�ƾƯ�śŸū�ŶƴƴƧ�������������žƨƿźţŚºƯ�Źŵ�ƩƺºƨƫƺƯ�Ʋºƿř�šŹƹŚºŬƯ�Źŵ�źĭř
����ƾƫƺƬſ�ũŹŚųGAG����������ƵŚºĮƿŚū��ŶºƃŚŝ�źŤƄºǀŝ�ƾºƠƴƯ�ŹŚŝ�Śŝ����ƽŚºƷ

����ǀŤƳ�Źŵ�ƹ�Ŷºƃ�ŶºƴƷřƺų�ƩŚƜƃř�ƩƺƨƫƺƯ�Ʋƿř�ƽƹŹ�źŝ�ƽźŤƄǀŝ��ƶºŬ
�����Ʋºƿř�ƶŝ�ƹ�ŵƺŝ�ŶƷřƺų�źŤƄǀŝ�ŢƟŚŝ�Źŵ�ƵŶƷŚƄƯ�ŵŹƺƯ�ĬƳŹ�šŶƃ

����ƾººƯ�ƾƳřƺººƛŹř�ĬººƳŹ�Ɲƹźƌººƛ�Ŝººǀţźţ��ŵźººǀĭ��ŢǀººƇŚų
�ƽŻŚºƯƹźƧŚŤƯ������ĬºƳŹ�šŶºƃ�Źŵ�šƹŚºƠţ���žƨƿźţŚººƯ�Źŵ�ƽźƿŸºě

ƶŝ�����ƱŚƨǀƬĭƺŘţƹźě�ƾƳřƹřźƟ�Źŵ�šƹŚƠţ�ŢƬƗ�ŢſŚƷ������ĬºƳŹ�Źƺƌºů
������������ƶºŝ�ƦºƿŵżƳ�ƶţŚƠƫƺºſ�šŚŞǀƧźţ�Ʋƿř�ƩŚƈţř�ŜŞſ�ƲƿŶǀŗƺƫƺţ�ƾŝō

����ƹ�ƵŶƃ�ƮƷƱō���ƶŝ�řŹ�ŚƷ�������ƶºŝ�ƶƧ�ƵŵŹƹōŹŵ�źưǀƬě�ƾƗƺƳ�šŹƺƇ���ĬºƳŹ
�Źŵ�ƾƳřƺƛŹř�ƾƯ����Ŷºƴƿō�ÎÍƹÖ��������ƺºƬŝ�Ʋǀƀºƫō�ƩƺºƨƫƺƯ��ƶºŝ����ŢºƫŚů

���������ơƺƟ�ƽźƿŸě�ŜǀƧźţ�ŢǀƬŝŚƣ�ƹ�Ţſř�ŢŞŨƯ�ŹŚŝ�Śŝ�ƩƺƬŰƯ�ƵŵŚƘƫř��ƽř
���ƴƯ�Ʊƺƿ�śŸū�ƽřźŝ�ŵŹřŵ�ƾƠ��������ƩƺºƨƫƺƯ�ŵřŶºƘţ�ŵŚƿŵŻř�Śŝ�řŸƫ���ƽŚºƷ

��ƶţŚƠƫƺſ�����Źŵ�Ʋǀƀƫō�ƽřźŝÎ pH������ƶƬǀƀƧƺŝźƧ�šŚŞǀƧźţ�ƹ��ƽřźŝ
���Źŵ�ƲǀƀƫōÒ�Ï pH���ĬƳŹ�šŶƃ�����������ŵƺºŝ�ŶºƷřƺų�źŤƄºǀŝ�ƽźƿŸºě� �

�ÎÏƹÎÎ�����
ƜŤƯǀŚƷźƽ�ƶƘƫŚƐƯ����ƶƘƫŚƐƯ�ƾƏ��ƽ��ƭǇ�ƾěƺƨſƹźƨǀƯ������šŶºƃ��ŚºƷ

��������ƽżǀƯō�ĬƳŹ�Żř�Ʀƿ�źƷ�Źŵ�ƵŶƃ�ƪǀƨƄţ�ƵŻŚţ�Ɲƹźƌƛ�ĬƳŹ���ŚºƷ�
�������ƶūŹŵ�ƹ�ƾſŹźŝ�ƩźŤƴƧ�ƹ�ƾŝźŬţ�Ƶƹźĭ�ƽřźŝ������ĬºƳŹ�šŶƃ�ƽŶƴŝ

�ƁƹŹ�ƢŝŚºƐƯ��ĬºƳŚĭ��Gong���ƶºūŹŵ���ƽŶºƴŝÍ��Śºţ�Ò���ƁŹřżºĭ� �
Ŷƃ��ÎÐ����ƾƿŚŬƳō�Żř����ĬƳŹ�šŶƃ�ƂƿřżƟř�ƶƧ�ŚƷƽ���ºſŹźŝ�ŵŹƺƯ�ƾ�

�šŚºººŞǀƧźţ�żŤƴºººſ�ŵŚºººƿŵŻř�ƪºººǀƫŵ�ƶºººŝ�ƾƟƹźƌºººƛ�ŢºººƟŚŝ�Źŵ
�ſř�ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭǀŶƽ�������Ɲƹźƌƛ�ŢƟŚŝ�ƾƫƺƬſ�Ʋǀŝ�ƵŵŚƯ�Źŵ�

ƾƯ����ºƫ��ŶºƃŚŝ�řŸ�šŶºƃ������ŢƟźƄºǀě�ƽŚºƿƺĭ�ƵŶºƃ�ƵŶƷŚƄºƯ�ĬºƳŹ� �
��ƾƟƹźƌƛ�ŢƟŚŝ�żŤƴſ�ŶƳƹŹ��ƶƳŚƄºƳ�řŸƫ�ƹ�ƽ���ºſō�ŵƺºŞƸŝ�ŶºƳƹŹ�ǀ�Ŝ

Ɵƹźƌƛƾ���Ţſř��ÎÒƹÎÑ�����������šŚºƗǈƏř�Ʊŵƺºŝ�ƶŤƀƀĭ�ƶŝ�ƶūƺţ�Śŝ
�ĬººƳŹ�šŶººƃ�ƶººƳŚǀƯ��Ƙţ�ŚººƷǀººǀƹ�Ŷººƃ�Ʋ��ŹŚººƯō�ƱƺººƯŻōƽ� �

Mann Whitney�ƹ� WilcoxonƳřŶƃ�ƭŚŬ��ŚƷŹřŵƺưƳ�ƮſŹƽ�
Ƴ�ƶƏƺŝźƯǀŢƟźĭ�šŹƺƇ�ż���

��

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ƬĭƱŚƨǀƬĭƺƴǀƯōŻƺƨǀ�ƶƫǇ�ƮǀƯźţ�Źŵ�Ɲƹźƌƛ�ƽŚƷ�Ɓƺĭ�ƽ��
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˽

ƶŤƟŚƿ�ƷŚ��
��������ƶƜǀţ�ƾěƺƨſƹźƨǀƯ�šřŶƷŚƄƯ�Źŵ��ƽ����ƱŚƯŻ��ŶƿŶū�ƾƟƹźƌƛ�

��ƽŻŚººƯƹźƧŚŤƯ�ƂƴººƧřƹ�ƕƹźººƃ��Źŵ�ƂƠƴººŝ�ĬººƳŹ���ƶººŝ�ŲººſŚě
ĬƳŹ���ƲƿŶǀŗƺƫƺţ�ƾŝō�ƽżǀƯō���ƶƳƺưƳ�Źŵ��ƽ�����ƩźŤƴƧ�ƶŝ�ŢŞƀƳ�ƾŝźŬţ�
Ɩƿźſ���������ŵŹƺºƯ�ĬºƳŹ�šŶºƃ�ƲǀƴĤưƷ�ƹ�źţ������ŵƺºŝ�źŤƄºǀŝ�ƵŶƷŚƄºƯ�

���ƪƨƃÏ�ƹÎ����ŹřŵƺºưƳ�ƹÎ��������ƂƿřżºƟř��żŤƴºſ�ƵŻŚºţ�Ɲƹźƌºƛ�Źŵ
ººƳŹ�šŶººƃ�ƺººƬŝ�Ʋǀƀººƫō�Ĭ�Ò�Ï�ƹ�Î �pH���ƾººŝźŬţ�Ƶƹźººĭ�Źŵ

����ƩźŤƴƧ�ƶŝ�ŢŞƀƳ�ƪƨƃ�ÑƹÐ����ŹřŵƺưƳÐ�ƹÏ�����Ŷºƃ�ƵŶƷŚƄºƯ����řŸºƫ
��������Źŵ�ƾƟƹźƌƛ�ŢƟŚŝ�ƾƿŚǀưǀƃƺŤƀǀƷ�šřźǀǀƜţ�Źŵ�ƽŹŚƨƃō�šƹŚƠţ

������������Ŷºƃ�ƵŶƷŚƄºƯ�ƩźºŤƴƧ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ�ƾŝźŬţ�Ƶƹźĭ�ƮǀƯźţ�ƩŚů��
�ŚƷŹřŵƺưƳ�ƢŝŚƐƯ������ƾŝźŬţ�Ƶƹźĭ�ƝƹźƌƛÐÑ������ŵŚºŬƿř�Żř�žě�ŻƹŹ�

�Ħƿƹ�űřŹƺſƾĭ�������ƾºƯ�ƂƿŚºưƳ�ƶºŝ�řŹ�ŶƷŚƃ�Ɲƹźƌƛ�ƽŚƷ���Źŵ�ŶºƸƳ
ƾƫŚů���ƶƳƺưƳ�Źŵ�ƶƧ�ƽ�ŻƹŹ�Śţ��ƩźŤƴƧ�ÑÕ��ŶƄºƳ�ƵŶƷŚƄºƯ�ŶƳƹŹ�Ʋƿř��

�ƽŚƷŹřŵƺưƳ�Î�Śţ�Ð������������Źŵ�ƵŶƷŚƄºƯ�ŵŹƺƯ�ĬƳŹ�šŶƃ�ƶĩ�ŚŬƳō�Żř
�Ư�ƖƏŚƤƯǀěƺĪſƹźĪƾ������ĩźţ�Źƺƌºů�ŢºƔƬƛ�Śŝ��ǀ���Ɵƹźƌºƛ�šŚºŞƾ�

���ƶºƜǀţ�ƮǀƯźţ�řŸƫ��Ţſř�ƎŞţźƯ�ƽ��ƾƟƹźƌºƛ���ŵƺºŞƸŝƽ�ƮºųŻ����Źŵ
ŝźŬţ�ƵƹźĭƖƿźſ�ƾ�ŵƺŝ�źţ������

��
��

��
��
��
��
��
��
��

��

�ƪƨƃÎ��ƶǀůŚƳ�Ɓźŝ�ƽ�ƮǀƯźţ��ƝƹźƌƛÎÒ�ƾŝźŬţ�Ƶƹźĭ��űřŹƺſ�ŵŚŬƿř�Żř�žě�ŻƹŹ��T���ƎſƺŤƯ�ĬƳŹ�šŶƃ�Śŝ�Ð����ƩźŤƴƧ�Ƶƹźĭ�ƹ�C���ŲſŚě�ƱƹŶŝ
�������ŝōƾŗƺƫƺţ�ǀŶƿƲ�ŚưƳ�ŢƃŹŵ�ƾƿ�XÎÍÍ����

��

 �������
�ƪƨƃÏ��ƶǀůŚƳ�Ɓźŝ�ƽ�ƮǀƯźţ��ƝƹźƌƛÏÔŹƺſ�ŵŚŬƿř�Żř�ŶƘŝ�ŻƹŹ�ƾŝźŬţ�Ƶƹźĭ��űř��T��ŶƿŶƃ�ŲſŚě�šŶƃ�Śŝ��Ñ���ƩźŤƴƧ�Ƶƹźĭ�ƹ��C���ŲſŚě�Śŝ

�ƎſƺŤƯ�šŶƃ�ƹ�ƽźǀųŚţ�Ð����ŝōƾŗƺƫƺţ�ǀŶƿƲ��ŚưƳ�ŢƃŹŵ�ƾƿ�XÎÍÍ����
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����ƾƘǀƟŹ�Ʋǀƀůƹ�ƍŚǀų�Śƴǀū�źŤƧŵ��ƵŵřŻ 

ƶƬŬƯ�řŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

˾

������������
�ƪƨƃÐ��ƶǀůŚƳ�Ɓźŝ�ƽ�ŻƹŹ�Ɲƹźƌƛ�ƮǀƯźţ�ÐÑ�ƾŝźŬţ�Ƶƹźĭ��űřŹƺſ�ŵŚŬƿř�Żř�žě�T)��ŶƿŶƃ�ŲſŚě�šŶƃ�Śŝ�Ò���ƩźŤƴƧ�Ƶƹźĭ�ƹ��C���šŶƃ�Śŝ

Śě�ƎſƺŤƯ�Ųſ�Ð����ƺƬŝ�Ʋǀƀƫō�Î pH ��ŚưƳ�ŢƃŹŵ�ƾƿ�XÎÍÍ����
��

��������
�ƪƨƃÑ�ƶǀůŚƳ�Ɓźŝ��ƽ�Ɲƹźƌƛ�ƮǀƯźţ�ÐÑ�ƾŝźŬţ�Ƶƹźĭ��űřŹƺſ�ŵŚŬƿř�Żř�ŶƘŝ�ŻƹŹ�T)���ŶƿŶƃ�ŲſŚě�šŶƃ�Śŝ�Ò����ƩźŤƴƧ�Ƶƹźĭ�ƹ�C���šŶƃ�Śŝ

�ƎſƺŤƯ�ŲſŚě�Ð�����ƺƬŝ�ƲǀƀƫōÒ�ÏpH ŚưƳ�ŢƃŹŵ��ƾƿ�XÎÍÍ����
��

��
ŹřŵƺưƳ�Î�ƶƀƿŚƤƯ��ƽǀƯ�ƶƳŚ�ƽƾŝō�ĬƳŹ�šŶƃ���ƮǀƯźţ�ƩŚů�Źŵ�Ɲƹźƌƛ�Źŵ�ƲƿŶǀŗƺƫƺţ��

ƶƳƺưƳ�Ʋǀŝ�Źŵ�ƞƬŤŴƯ�ƽŚƷŻƹŹ��ƩźŤƴƧ�ƹ�Ţƀţ�ƽŚƷ�ÍÍÑ�Í P��Ò N����
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�ƬĭƱŚƨǀƬĭƺƴǀƯōŻƺƨǀ�ƶƫǇ�ƮǀƯźţ�Źŵ�Ɲƹźƌƛ�ƽŚƷ�Ɓƺĭ�ƽ��
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

˿

��
�ŹřŵƺưƳÏ�ƶƀƿŚƤƯ��ƽƶƳŚǀƯ��ƽ�ƺƬŝ�Ʋǀƀƫō�ĬƳŹ�šŶƃ�Î�pH�ƮǀƯźţ�ƩŚů�Źŵ�Ɲƹźƌƛ�Źŵ���

ƶƳƺưƳ�Źŵ�ƞƬŤŴƯ�ƽŚƷŻƹŹ�Źŵ�ƩźŤƴƧ�ƹ�Ţƀţ�ƽŚƷ��ÍÍÑ�Í P��Ò N����
��

��
�ŹřŵƺưƳÐ�ƤƯ�ƶƀƿŚ�ƽƶƳŚǀƯ��ƽ�ƺƬŝ�Ʋǀƀƫō�ĬƳŹ�šŶƃ�Ò�Ï�pH�ƮǀƯźţ�ƩŚů�Źŵ�Ɲƹźƌƛ�Źŵ���

ƶƳƺưƳ�Źŵ�ƞƬŤŴƯ�ƽŚƷŻƹŹ�Źŵ�ƩźŤƴƧ�ƹ�Ţƀţ�ƽŚƷ��ÍÍÑ�Í P��Ò N����
��

ŦŰŝ��
��������������Ŷºǀƫƺţ�šŶƃ�ƹ�ŢƗźſ�ƂƿřżƟř�ƽŚƿƺĭ�źƋŚů�ƢǀƤŰţ�ŪƿŚŤƳ

������ƶţŚƠƫƺſ�ƹ�ƶƬǀƀƧƺŝźƧ�ƽŶƴƣ�šŚŞǀƧźţ����ĬƳŹ�ƶŝ�ŲſŚě�Źŵ���ƽżºǀƯō
Ʋǀƀººƫō�ƲƿŶººǀŗƺƫƺţ�ƹ�ƺººƬŝ�ŝƺººƬ��Źŵ�Ưźººţ�ƪººůřźƯǀ�Ɲƹźƌººƛ�Ʈ
űřŹƺſ�ŚƷƽ�ƶƫǇ��������ƵŹŚƈºƗ�źǀŧŚţ�ŢŰţ�Ɓƺĭźų�Ɓƺĭ�ƽ��ƽ���ƵŚºǀĭ�

���ŵƺŝ�ƶŬƳƺƿ��ŹřŵƺưƳÎ�Śţ�Ð��������ŶºƃŹ�Śºŝ�ƶºƧ�ŵřŵ�ƱŚƄºƳ�ƞƨǀƴǀĤƟř
ƶƜǀţ��ƽ����ŢǀſƹŹŶƴƧ�żƿŚưţ�ƹ�ƾƟƹźƌƛ�������ƺƬŝ�Ʋǀƀƫō�ĬƳŹ�šŶƃ��ŚƷ

��ŢǀſƹŹŶƴƧ�ƝřźƏř�Źŵ�����ƲǀƴĤưƷ�ƹ�ŚƷECM��ƾƯ�źŤƄǀŝ��ŵŵźĭ���Źŵ
���ƿźƀţ�ŵřƺƯ�ƱŵƹżƟř�šŹƺƇ�ƵŶƴƴƧ�Ɩ��ƽ����ƶºŝ��Ɲƹźƌƛ�ƮǀƯźţ����ŢºƬƗ

����ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ�ƹ�žƨƿźţŚƯ�ŹřŶƤƯ�ƂƿřżƟř����ƽŵŚƿŻ�ŵřŶƘţ��ŚƷ
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����ƾƘǀƟŹ�Ʋǀƀůƹ�ƍŚǀų�Śƴǀū�źŤƧŵ��ƵŵřŻ 

ƶƬŬƯ�řŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

̀

�ƩƺƨƫƺƯ�Żř�������ƵŶƃ�śŸū�ƶƤƐƴƯ�Ʋƿř�ƶŝ�Ʋǀƀƫō�ƽŚƷ������ĬºƳŹ�šŶºƃ�
ŢǀººſƹŹŶƴƧ�ƝřźººƏř�Źŵ�řŶººŤŝř�Źŵ�ƾţŶººƯ�Żř�žººě�ƹ�ŚººƷ�ECM�

�ƾƯ�ƂƿřżƟř���ŶŝŚƿ�ÎÓ�����ƶŝ�ƶūƺţ�Śŝ�����ƽŶǀſř�ƽŶƴƣ�šŚŞǀƧźţ�Źƺƌů
��ŹŵECM��ƶŝ�ƾƟƹźƌƛ����ƾºƯ�źƔƳ�����������Ɩƿźºſ�ƹ�ŶƿŶºƃ�ŲºſŚě�ŶºſŹ

�����Ʋǀƀƫō�ƶŝ�ƮǀƯźţ�ƩŚů�Źŵ�Ɲƹźƌƛ���ƲƿŶǀŗƺƫƺţ�ƹ�ƺƬŝ�����Źƺƌºů�ƺºƬŝ
����ƱŚºƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ�źŤƄǀŝ�ƹ�źţŵƹŻ������ƽŶǀºſř�ƽŚºƷECM��Źŵ�řŹ�

��ƶƜǀţ�ŶƃŹ�ƱŚƿźū��ƽ�����ƵŹŚƈƗ�Śŝ�ŹŚưǀţ�Ƶƹźĭ�Źŵ�ƾƟƹźƌƛ��ƽ�ƶŬƳƺƿ�
ƾƯ�ƱŚƄƳ�ŶƷŵ���ƶŬƳƺƿ�ƵŚǀĭƹ�Żř�ŹŚƃźſƿƯŚŤǀƲ�ŚƷƽ A, C, E, K 

ƴĤưƷ�ƹǀřŵ�ƲřŹƽ Řţƹźěǀ�Ʋƹ���ƶºƴǀƯō�ƽŚƷŶǀſřƫ�ºǀżƿ�Ʋ��ºƳĥŹōǀ�Ʋ 

ƷǀŤƀǀŶƿ�Ƴŵō��Ʋǀ�ƴƟ��Ʋǀ��ºƳǇō�ƪǀ�Ʋ��ĥřŹŚĜºſōƿ��ſ�ƹ�Ʋ�ºǀŤƀǀ��Ʋ�Ţºſř��
ƿ�řŹřŵ�ƶŬƳƺƽ�ſř�ǀ�źƠƀƟ�Ŷƿ��Ĩƹ�ƴĤưƷ�ǀ�ƴƯ�Ʋǀżƿ�ƭƺ�ƲƷō���ŶºƤƯ�ƹř�Ź

żūƿƾ ƴſŹřǀĨ ƹ ſǀƬǀž �Ţſř�Ô�� �źǀŧŚţ�ŵŶƘŤƯ�šŚƤǀƤŰţ�ŪƿŚŤƳ
��ƲǀƯŚŤƿƹA���C��EƱō�šŚƤŤƄƯ�ƹ�����ƱŚƄºƳ�řŹ�Ɲƹźƌºƛ�ŶƃŹ�źŝ�ŚƷ

ƾƯ���ŶƷŵ�ÎÔƹ�ÎÐ���Õ���Ò���ƎǀŰƯ�źŤƄǀŝ�Źŵ�ƩƺƬſ�ŢƄƧ�ƽŚƷ��ƽŚƷ
����Źƺƌů�ƭŶƗ�ƾƟƹźƌƛ�Ŷǀſř��Ʊō�šŚƤŤƄƯ�Żř�ƾƨƿ�Śƿ�ƦǀŝŹƺƨſō

����ƩƺƬſ�żƿŚưţ�ƹ�ŶƃŹ��źǀŨƨţ����������ƾºƯ�ƶºūřƺƯ�Ţƀºƨƃ�Śºŝ�řŹ�ŚƷ�Ƨ�Ŷºƴ��
���������������ŶºƳƹŹ�źºŝ�ƶºƧ�ƽźŤƸŝ�źŧř�ŢƬƗ�ƶŝ�šŚƤŤƄƯ�Żř�ƾųźŝ�ƶƧ�ŶƴģźƷ

�����ŶººƳźţźŧƺƯ�ƲƿźƿŚºſ�Żř�ŶºƳŹřŵ�ƱĥǈººƧ�ƽŚºƷźŞǀƟ�ŶºƃŹ�ÎÕ����Źŵ
�������ƲǀƯŚŤƿƹ�Źƺƌů�ƱřŹŚƨưƷ�ƹ�ƝŚŤƫō�šŚƤǀƤŰţC�����ƶºƨƴƿř�źŝ�ƵƹǈƗ�

������ƾƯ�ƭƺƿŹŶƴƧ�ƽźě�ŶƃŹ�ƹ�šŚŞŧ�ŜŞſ�������źºǀŨƨţ�ŻŚƟ�šŶƃ�ƶŝ��ŵƺƃ
�Proliferative Phase����źƌººƛ�ƮǀƯźººţ�ŶººƳƹŹ�Źŵ�řŹ�ƹ�Ɲƹ

����ƩƺƬſ�ƹ�ƵŵźƧ�ƵŚţƺƧ�ƱřƺŴŤſř�������šŶƯ�Źŵ�řŹ�ƽźŤƄǀŝ�ƽŚƷ��ƽźºŤưƧ
�ƾƯ�Ŷǀƫƺţ���ŶƴƧ�ÎÔ��������������ŢƀºŝŹřŵ�ƶºƧ�ŶºƴŤƟŚƿŹŵ�ƱřŹŚºƨưƷ�ƹ�ƩŹŚºƟ
ƱĥǈƧ����ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ������ƲǀƯŚºŤƿƹ�ƶƧC������Ʊō�ƽŹƹźºƋ�żºū�
Ţſř���Śưţ��ƩƺƬſ�żƿ���������żƳĥƺŘŤſř�ƹ�żƳĥƹŹŶƴƧ�ƾƏ�Źŵ�řŹ�ƽŵŚǀƴŝ�ƽŚƷ

���ƾƯ�ŢƿŚưů�ƹ�ƾƳŚŞǀŤƄě���ŶƴƧ�Ò�����ƵŶƷŚƄƯ�ŶƿŚƃ�řŸƫ��ƽ����Żř�ƾƄºŴŝ�
������ƶºŤƟŚƿ�Śºŝ�ŚŤºſřŹ�ƮºƷ��źƋŚů�ƢǀƤŰţ�Źŵ�ƾƄŴŝ�ƭŚǀŤƫř�ŪƿŚŤƳ���ƽŚºƷ

�ƶŝ��ơƺƟ��������ƵŹŚƈºƗ�Źŵ�ƲǀƯŚºŤƿƹ�Ʋƿř�Źƺƌů�ƪǀƫŵ��ƽ����ŶºƃŚŝ�ƶºŬƳƺƿ���
������ƩŚſ�Źŵ�žƫŚƷ�ƹ�žƳƹŶƫŚĭÏÍÍÕ������ƴǀţŹ�ƶºƧ�ŶºƳŵřŵ�ƱŚƄºƳ���Ʀºǀŗƺ
��ƲǀŘţƹźě�ƽŚƤƫř�ƮǀƔƴţ�ŦƗŚŝGLA�žƨƿźţŚƯ��Mgp����ŹƺŤƧŚºƟ�ƹ

ÎÍ���ƽżƿŚưţ��Gdf-ÎÍ��ƾƯ���������Źŵ�ƾºſŚſř�ƂºƤƳ�ƶºƧ�ŵƺºƃ���ƩźºŤƴƧ

żƳĥƹŹŶººƴƧ�ƹ��ŶººƳŹřŵ�ƾƫƺƬººſ�īźººƯ�ÎÖ����šŚººƘƫŚƐƯ�ŪƿŚººŤƳ�Źŵ
��ƩŚººſ�Źŵ�ƂƳřŹŚººƨưƷ�ƹ�ƱƺŤƬĮƴǀººƃÏÍÍÓ���ŶǀººſřţŹǀŗƺƴººǀ�Ĩ

ƶŝ���ƵřźưƷOncostain��ưƗ�źŧř�ǀƤƾ���źţŚƯ�ƽŻŚſŻŚŝ�źŝ�ƿ���ũŹŚºų�žĪ
ſƫƺƬƾ����Ţƃřŵ�ƶŤƟŹ�Ţſŵ�Żř���řƿ��ĩźţ�ƹŵ�Ʋǀ�Ư�Ŝ�ºǀ��źţŚºƯ�Ʊřżƿ�žĪ

��ŻŚŘţƹźěƺƫŚŤƯ�MMPs���Ɣƴţ�řŹǀ�Ư�Ʈƾ�Ŷƴƴĩ��ÏÍ������ƩŚſ�Źŵ�ƪǀƸƳŹŚŝ
ÏÍÍÓ������ƹ�ŵŚƿŻ�ŢƔƬƛ�ƶƧ�ŵřŵ�ƱŚƄƳ�ƿƯŚŤǀ��ƲA��ŝ�Żř�ǀ�ţƺƴƟ�ƱŚǀĚ�ŚƷƽ�

�ſƹŹŶƴĩ�šƹŚƠŤƯǀŢ�ŚƷƽ�ƵŶƳŵ��řƽ��ŰƯ�Źŵ�ǀ���ĭƺºƬū�ŢƄĩ�Ǝǀźƽ��ƹ�
Ʊō����řŹ�ŚƷƿ�Ư�ƶģŹŚĜĪƾ�Ŷƴĩ��ÏÎ�������������Źŵ�ĬºƴƿŻ�ƹ�ƺºƿ��Ʋºƿř�ŵƺūƹ�Śŝ

�ƩŚººſÏÍÍÒ����ƾƫŚƴĮǀººſ�ƾººưǀƔƴţ�ƂƷŚººƧ�ƶººƧ�ŶººƳŵřŵ�ƱŚƄººƳ�� �
TGF-â/Smad������ƵŶºƴƴƧ�ŢºƘƳŚưƯ�ƂƤƳ�ŜŞſ���ƽ����žƳřźºţ���Ŷǀºſř

���ƾƯ�żƳĥƹŹŶƴƧ�źŝ�ƦǀŗƺƴǀţŹ�������Źƺƌºů�řŸƫ�ƹ�ŵƺƃ���Ŷǀºſř��ƦºǀŗƺƴǀţŹ
���ƾƯ�ƾưǀƔƴţ�ƽŚƷŹƺŤƧŚƟ�Źƺƌů�ƱƹŶŝ��ƽźŧƺƯ�ƾŞƿźŴţ�ƂƤƳ�ŶƳřƺţ

�����ŶƃŚŝ�ƶŤƃřŵ�żƳĥƹŹŶƴƧ�źŝ�ÏÏ���Ź��������ƩŚºſ�Źŵ�ƱřŹŚºƨưƷ�ƹ�źƬƿƺºſř
ÏÍÍÖ��ƶƘƫŚƐƯ�Śŝ���ƽ���źŧř���Ŷǀſř��������ƱŚºǀŝ�Ɲƹźƌºƛ�ƽƹŹ�źºŝ�ƦǀŗƺƴǀţŹ

������������ũƹźºų�ƱřżºǀƯ�ƵŶºƴƴƧ�ƮǀƔƴţ�ƾƬſƺŤǀſ�ƮǀƀƬƧ�šŶƃ�ƶƧ�ŶƳŵźƧ
�����Ţſř�ƾƫƺƬſ�Ʋǀŝ�ŵřƺƯ�ÏÐ�����ƲǀƯŚŤƿƹE��ƾŤƳō�Ʀƿ����ƽƺƣ�ƱřŶǀƀƧř

������������Ţºſř�ƶºŬƳƺƿ�ƵŚºǀĭ�šŚŞǀƧźţ�źĮƿŵ�Żř�ƾŝźģ�Źŵ�ƪů�ƪŝŚƣ����Ʋºƿř
��ǇŚŝ�ƽŚƷŻƹŵ�Źŵ�ƲǀƯŚŤƿƹƮųŻ�Źŵ������Ţºſř�źŧƺºƯ�ƾĮŤųƺºſ�ƽŚºƷ��

�ƲǀƯŚººŤƿƹ�ƶººƧ�ŶººƳŵźƧ�ƭǈººƗř�ƱřŹŚººƨưƷ�ƹ�ƮǀººƧE�ŵƺººŞƸŝ�ƽřźººŝ�
ŹŚƨſř�������ƾƯ�ŵŚŬƿř�ƮųŻ�Żř�žě�ƶƧ�ƾƿŚƷ�������Ţºſř�źŧƺºƯ�ǈƯŚƧ��ŶƳƺƃ

�ÏÑ������ƩŚſ�ŹŵÏÍÍÏ���ŚƧƺƫƹ��Ʒ�ƹ������Źƺƌů�ƶƧ�ŶƳŵřŵ�ƱŚƄƳ�ƱřŹŚƨư
��ƲǀƯŚŤƿƹE��ƪưƨƯ�Źŵ�����������ŢƿźţŹōƺŘŤºſř�Śºŝ�ƱřŹŚºưǀŝ�Źŵ�ƾƿřŸƛ�ƽŚƷ

������ƺƳřŻ�Ɲƹźƌƛ�ƮŬů�ƂƷŚƧ�ŦƗŚŝ��ƶŝ�ƶƧ�������Ʋºƿř�Źŵ�ƩƺºưƘƯ�ŹƺƏ
��ƾƯ�ŵŚŬƿř�ƱřŹŚưǀŝ�ŵƺƃ��ƾưƳ��Ʊō�ŵƺƃ�����Źƺƌºů�ƶƧ�ŶƴŤƟźĭ�ƶŬǀŤƳ�ŚƷ

��ƲǀƯŚŤƿƹE����ƾƯ�Ɲƹźƌƛ�ƪǀƬŰţ�ƖƳŚƯ����ŵƺƃ�ÏÒ�����ƲǀƯŚŤƿƹE��Ʀƿ�
�Ţººſƺě�Źŵ�ƽŹƹźººƋ�żººūŢººſř���ƩŚººſ�ŹŵÏÍÍÓ�ƹ�ƩŚººſƺų��

��������ƲǀƯŚºŤƿƹ�ƭźƧ�ƶƧ�ŶƳŵźƧ�šŚŞŧř�ƲƯŶƬĭE��ƾºƯ�������Źƺƌºů�Żř�ŶºƳřƺţ
������������ŶºƷŵ�ƂƷŚƧ�šŶƃ�ƶŝ�řŹ�Ʊō�Śƿ�ŶƴƧ�ƽźǀĭƺƬū�ŹŚƨſř�ÏÓ�����ƶºŝ

�ƾƯ�źƔƳ�����ƶŤƟŚƿ�Śŝ�ƢŝŚƐţ�Źŵ�ŶſŹ�������Żř�ƾŤưƀƣ�ƪƣřŶů�ŶƿŚƃ�ơƺƟ�ƽŚƷ
��������ƲǀƯŚŤƿƹ�Źƺƌů�ƪǀƫŵ�ƶŝ�ƶŬƳƺƿ�ƵŚǀĭ�ƾƄŴŝ�ƭŚǀŤƫř�šřźŧř����ƽŚºƷA�

��ŚƿE��ƶƧ�ŶƃŚŝ�ŵŹřŵ�ŵƺūƹ�ƵŚǀĭ�Ʋƿř�Źŵ�����ƢºǀƤŰţ�ŪƿŚºŤƳ�ƶƧŚŬƳō�Żř

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ƬĭƱŚƨǀƬĭƺƴǀƯōŻƺƨǀ�ƶƫǇ�ƮǀƯźţ�Źŵ�Ɲƹźƌƛ�ƽŚƷ�Ɓƺĭ�ƽ��
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

́

�źƋŚů�����������ƵŹŚƈºƗ�Źŵ�ŵƺºūƺƯ�šŚºŞǀƧźţ�ƶǀƬƧ�ƭřƺţ�źǀŧŚţ�ƪƇŚů��ƽ�
��������ŵŚƸƴƄºǀě��ơƺºƟ�šřźǀŧŚºţ�Ƣºǀƣŵ�ƮƀǀƳŚƨƯ�ƥŹŵ�ƽřźŝ��Ţſř�ƵŚǀĭ

ƾƯ���ŭźƏ�Źŵ�ŵƺƃ��������ƱƺǀƀºƧřźƟ�ƾƄºŴŝ�ƭŚǀŤƫř�źǀŧŚţ�ƵŶƴƿō�ƽŚƷ���ƽŚºƷ
����ƶŝ�ƵŹŚƈƗ�Źŵ�ŵƺūƺƯ�ƞƬŤŴƯ������ŵŹƺƯ�ƵŶƃ�ƆƫŚų�ƹ�ƶƳŚĭřŶū�ŹƺƏ�

ŵźǀĭ�Źřźƣ�ƶƘƫŚƐƯ���
��

ƶŬǀŤƳ��ƽźǀĭ��
�����������������ƵŹŚƈºƗ�ǇŚºưŤůř�ƶºƧ�Ʋºƿř�ƶºŝ�ƶºūƺţ�Śŝ���Źŵ�ƶºŬƳƺƿ�ƵŚºǀĭ�ƽ� �

������ƱŚƨǀƬĭƺƴǀƯōŻƺƨǀƬĭ�ƽǇŚŝ�źƿŵŚƤƯ�Ŷǀƫƺţ�ŜŞſ�źƋŚů�ƢǀƤŰţ��ƽŚƷ
����������ƵŶƃ�ƮǀƯźţ�ƩŚů�Źŵ�ƾƟƹźƌƛ�ŢƟŚŝ�Źŵ�ƾƫƺƬſ�ũŹŚų�žƨƿźţŚƯ

���ƾƯ�źƔƳ�ƶŝ��Ţſř�����ƵŹŚƈƗ�ƾƄŴŝ�ƭŚǀŤƫř�ƂƤƳ�ŶſŹ������źºŝ�ƵŚǀĭ�Ʋƿř�ƽ
�źƌƛ�ƮǀƯźţ���������ƽŶǀºſř�ƽŶƴƣ�šŚŞǀƧźţ�Ŷǀƫƺţ�ƂƿřżƟř�ƢƿźƏ�Żř�Ɲƹ
��ƶŝ�ľǇŚưŤůř�ƹ�����ƲǀƯŚŤƿƹ�Źƺƌů�ƪǀƫŵA���C���E�Ʊō�šŚƤŤƄƯ�Śƿ�ƹ����ŚºƷ
����ƵŚǀĭ�Ʋƿř�Źŵ�ŶƃŚŝ������������ƶºŝ�ŲºſŚě�Źŵ�ĬºƳŹ�šŶƃ�ƂƿřżƟř�ƲǀƴĤưƷ� �

� �

���ƲƿŶǀŗƺƫƺţ�ƾŝō��ƽŻŚƯƹźƧŚŤƯ�ƂƿřżƟř����ƺƬŝ�Ʋǀƀƫō�ƹŚŝ��pH��źºŝřźŝ�
Î���ƹ�Ò�Ï�����ǀƯōŻƺƨǀƬĭ�Źƺƌů�ƂƿřżƟř�ƽŚƿƺĭ�ǇŚưŤůř�ƱŚƨǀƬĭƺƴ���ŚºƷ

ĪƄººţ�ƂƿřżººƟř�řŸººƫ�ƹǀƯŻ�ƵŵŚººƯ�ƪǀƶººƴ�řƽ�ƹ�ƮǀƯźººţ�ƹ�Ɲƹźƌººƛ�
��ƽŻŚſŻŚŝ�ŵƺŞƸŝ�����ƾƯ�Ɓƺĭźų�Ɓƺĭ�Ɲƹźƌƛ��ŶºƃŚŝ�����ŚºŬƳō�Żř

��ƤŰţ�šřŶƷŚƄƯ�ƶĩǀ���ŧŚţ�ŢŰţ��źƋŚů�Ƣǀ�ƵŹŚƈºƗ�ź�ƽ�ĭ�ƪºƯŚĩ��ºǀ�ƵŚ
ŝƶ��ƵŶƯō�Ţſŵ������������ĭ�Źŵ�ŵƺºūƺƯ�ŵŶºƘŤƯ�ƪºƯřƺƗ�ǇŚºưŤůř��Ţºſř�ºǀƵŚ�
���ƹ�źŝ�ƵƹǈƗƿƯŚŤǀƲ�ŚƷ��ŝƶ�������šřŶƷŚƄºƯ�źºŝ�ƭřƺºţ�ŹƺƏ�ųř��ºǀ���źŧƺºƯ�ź

Ƶŵƺŝ�ŶƳř���ŝ�řŸƫƶ��ƾƯ�źƔƳ������ŝ�šŚºƘƫŚƐƯ�ƭŚŬƳř�Śŝ�ŶſŹ�ºǀ��ō�Źŵ�źŤƄƿ��ƵŶºƴ
�ŧŚţǀ���źƷ�źƿ��ĩźţ�Żř�Ĩǀ�ĭ�šŚŞǀ�������ŻŚºſ�ƆƫŚºų�Żř�žºě�ƵŚƽ�ƯŻ��ǀ��ƶºƴ

ƵŵŚƠŤſř�������ƵŚǀĭ�Ʋƿř�Żř�ƦƿĥƺƫƺƧŚƯŹŚƟ�ŜſŚƴƯ�ƽ����ƹ�ƮºųŻ�ƮǀƯźţ�Źŵ
����ŢººƟŚŝ�žƨƿźţŚººƯƺǀŝ�ŢųŚººſ�Źŵ�Śººƿ�ƹ�Ɲƹźƌººƛ�ƽŻŚººſŻŚŝ

���ŵƺºƃ�ƮƷřźƟ��ƾƟƹźƌƛ���ř�Źŵ�ºƿ���ƴū�šŹƺºƇ�Ʋ�ƶºŞ��ŚºƷƽ��ƳŚºƯŹŵ�ƾ�
���ĭ�ŵźŝŹŚĩ�Żř�ƪƇŚůǀ�ƹŹřŵ�ƱŚƷŚƾƿ�������ŞƳŚºū�ƉŹřƺºƗ�Żř�ǇŚºưŤůř��ƾ�

źŤưĩƽŚƷƹŹřŵ�ƶŝ�ŢŞƀƳ�ƽŤƘƴƇ�ƾŵƺŝ�ŶƷřƺų�ŹřŵŹƺųźŝ����

��
References 

1- Stadelmann WK, Digenis AG, Tobin GR. 

Physiology and healing dynamics of chronic 

cutaneous wounds. Am J Surgery. 1998; 176: 

26S-38S. 

2- Schnapp E, Kragl M, Rubin L, Tanaka EM. 

Hedgehog signaling controls dorsoventral 

patterning, blastema cell proliferation and 

cartilage induction during axolotl tail 

regeneration. Development. 2005; 132: 3243-53. 

3- Morrison JI, Loo˶˶f S, He P, Simon A. 

Salamander limb regeneration involves� the 

activation of a multipotent skeletal muscle 

satellite cell population, J Cell Biology. 2006; 

172: 433-40. 

4- Junqueira LC, Carneiro J, Kelley R. Basic 

histology: Appleton & lange, MCGrow hill: USA; 

2003. 

5- Farrell E, O'Brien FJ, Doyle P, et al. A 

collagen-glycosaminoglycan scaffold supports 

adult rat mesenchymal stem cell differentiation 

along osteogenic and chondrogenic routes. Tissue 

Eng. 2006; 12: 459-68. 

6- Pribitkin EA, Ambro BT, Bloeden E, O'Hara 

BJ. Rabbit ear cartilage regeneration with a small 

intestinal submucosa graft, Laryngoscope. 2004. 

114; 9 (Part 2): 1-19.  

7- Cseke LJ, Kirakosyan A, Kaufman PB, et al. 

Nature products from plants. CRC Press: USA; 

2006. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

����ƾƘǀƟŹ�Ʋǀƀůƹ�ƍŚǀų�Śƴǀū�źŤƧŵ��ƵŵřŻ 

ƶƬŬƯ�řŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

̂

8- Kamrava SK, Farhadi M, Rezvan F, et al. The 

histological and clinical effects of 630 nanometer 

and 860 nanometer low-level laser on rabbits' ear 

punch holes. Lasers Med Sci. Springer-Verlag 

London Ltd. 2008; 24: 949-54. 

9- Carson FL. Histotechnology. A self-

instructional text. Chicago: American Society of 

Clinical Pathologists, 1997. 

10- Zhang L, Williams M, Poh CF, et al. 

Toluidine blue staining identifies high-risk 

primary oral premalignant lesions with poor 

outcome. Cancer Res. 2005; 65: 8017-21. 

11- Whiteman P. The quantitative measurement of 

Alcian Blue-glycosaminoglycan complexes. 

Biochem J. 1973; 131: 343-50. 

12- Adebowale AO, Cox DS, Liang Z, Eddington 

ND. Analysis of glucosamine and chondroitin 

sulfate content in marketed products and the 

Caco-2 permeability of chondroitin sulfate raw 

materials. J Am Nutr Assoc. 2000; 3: 37-44.  

13- Gong H, Wen YE. Hyaluronic acid in the 

normal and glaucomatous optic nerve. Exp Eye 

Res. 1997; 64: 587-95. 

14- Volpi N, Maccari F. Detection of 

submicrogram quantities of glycosaminoglycans 

on agarose gels by sequential staining with 

toluidine blue and Stains-All. Electrophoresis. 

2002. 23; 4060-6. 

15- Terry DE, Chopra RK, Ovenden J, 

Anastassiades TP. Differential use of alcian blue 

and toluidine blue dyes for the quantification and 

isolation of anionic glycoconjugates from cell 

cultures: application to proteoglycans and a 

highmolecular- weight glycoprotein synthesized 

by articular chondrocytes. Anal. Biochem. 2000. 

285; 211-9.  

16- Ovchinnikov D. Alcian blue/alizarin red 

staining of cartilage and bone in mouse. Cold 

Spring Harbor Protocols. 2003; 16: 171-3. 

17- Altaf FM, Hering TM, Kazmi NH, Yoo JU, 

Johnstone B. Ascorbate-enhanced chondrogenesis 

of ATDC5 cells. Eur Cell Mate. 2006; 9: 64-9. 

18- Ibold Y, Lübke C, Pelz S, et al. Effect of 

different ascorbate supplementations on in vitro 

cartilage formation in porcine high-density pellet 

cultures. Tissue Cell. 2009; 41: 249-56. 

19- Galdones E, Hales BF. Retinoic acid receptor 

gamma-induced misregulation of chondrogenesis 

in the murine limb bud in vitro. Toxicol Sci. 2008; 

106: 223-32. 

20- Shingleton WD, Jones D, Xu X, Cawston TE, 

Rowan AD. Retinoic acid and oncostatin M 

combine to promote cartilage degradation via 

matrix metalloproteinase-13 expression in Bovine 

but not human chondrocyte. Rheumatol J. 2006; 

45: 958-965. 

21- Barnhill JG, Fye CL, Williams DW, Reda DJ, 

Harris CL, Clegg DO. Chondroitin product 

selection for the glucosamine/chondroitin arthritis 

intervention trial. J Am Pharm Assoc (Wash DC). 

2006; 46: 14-24. 

22- Yu Z, Xing Y. All-trans retinoic acid inhibited 

chondrogenesis of mouse embryonic palate 

mesenchymal cells by down-regulation of TGF-

â/Smad signaling. Biochem Biophys Res Commun. 

2005; 22: 28-38. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

�ƬĭƱŚƨǀƬĭƺƴǀƯōŻƺƨǀ�ƶƫǇ�ƮǀƯźţ�Źŵ�Ɲƹźƌƛ�ƽŚƷ�Ɓƺĭ�ƽ��
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

˺˹

23- Rasweiler JJ, Cretekos CJ, Behringer RR. 

Alcian blue staining of cartilage of short-tailed 

fruit bat (Carollia perspicillata). Cold Spring 

Harbor protocols. 2009; 1: 130-41. 

24- Kim JE, Shklar G. The effect of vitamin E on 

the healing of gingival wounds in rats. 

Periodontol J. 1983; 54: 305-8. 

25- Wluka AE, Stuckey S, Brand C, Cicuttini 

FM. Supplementary vitamin E does not affect the 

loss of cartilage volume in knee osteoarthritis: a 2 

year double blind randomized placebo controlled 

study. Rheumatol J. 2002; 29: 2585-91. 

26- Khoosal D, Goldman R. Vitamin E for 

treating children's scars. Does it help reduce 

scarring. Can Fam Physician. 2006; 52: 855-6. 

 

 

 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

����ƾƘǀƟŹ�Ʋǀƀůƹ�ƍŚǀų�Śƴǀū�źŤƧŵ��ƵŵřŻ 

ƶƬŬƯ�řŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃ��ƽÏÍƵŹŚưƃ����ƽÕÏ��ƽŵ�ƹ�Źŷō�ÖÎ 

˺˺

Cartilage Glycosaminoglycans in Wound Healing of the Pinna in Rabbits by Medicago 

Sativa Extract 
 

Rafiei H1, Khayatzadeh J2 
1Islamic Azad University, Mashhad Branch, Mashhad, Iran 

2Dept. of Biology, Islamic Azad University, Mashhad Branch, Mashhad, Iran 

 

Corresponding Author: Khayatzadeh J, Dept. of Biology, Islamic Azad University, Mashhad Branch, Mashhad, Iran. 

E-mail: J.khayatzadeh@mshdiau.ac.ir 

Received: 9 Jan 2012          Accepted: 9 Jul 2012 

 

 

Background and Objective: Articular cartilage abnormalities are important factors of skeletal disorders and 

usually are related to glycosaminoglycans synthesis in the cartilage tissue.  Presence of some vitamins, 

amino acids, and minerals increases cartilage regeneration.  In this study, Medicago sativa (Alfalfa), which is 

high in some vitamins, amino acids and minerals, was used for cartilage healing of the pinna in rabbits, and 

glycoseaminoglycans (GAGs) of the extracellular matrix (ECM) were investigated histochemically. 

Materials and Methods: Four holes (4-mm in diameter each) were punched in the medial portion of each 

pinna of 10 New Zealand male rabbits (randomly divided into 2 groups), after shaving the hair and 

anesthetization by 10% lidocaine (total of 80 holes).  The ears of the experimental group were treated by 

alcoholic extract of M. sativa, while the control group was treated by normal saline daily.  Samples of 

regenerating tissue from day 0 through day 50 after the punch were prepared for microscopic studies.  A 

color intensity of Alcian blue in pH 1 for sulfated molecules and in pH 2.5 for carboxylated GAGs and 

toluidine blue (that has a metacromatic reaction with sulfated GAGs) were considered. 

Results: In all 3 histochemical staining methods, an early high-color intensity of cartilage was observed in 

the treated group compared with the control.  Furthermore, the closure of the cartilage hole in the treated 

group happened faster. 

Conclusion: It seems that the M. sativa extract, probably because of its vitamin�and amino acid composition, 

increases chondroblasts activity for secretion of carboxylated and sulfated GAGs in ECM, which leads to a 

faster cartilage wound healing.  Therefore, the plant extract provides a good candidate for future studies on 

its potential role in wound healing and pharmacological applications. 
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