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º·¤Ñ´ÂèÍ 

Ã¦��o°Á­ºÉ°¤°�́Á­��(Osteoarthritis, OA) Á�È �Ã¦��o°�̧É¡�Å�o�n°¥Ã�¥Á�¡µ³°¥nµ�¥·É��¦· Áª��o°�n°�·�Ã�
àÇÕÂÅ (Synovial joint) °µ�µ¦Â­���̧ÉÁ�n���́Ä��¼ o�n ª¥Á® n̈µ�̧Ê �º°°µ�µ¦�ª�Á�nµ�¹É �Á�È �°»�­¦¦�°¥nµ�¥·É��n°�µ¦Á� º̈É°�Å®ª
Ã�¥Á�¡µ³Ä��¼ o­¼�°µ¥»��µ¦¦́�¬µÃ¦��o°Á�nµÁ­ºÉ°¤Ä��́��»��́�·¥¤Ä�o¥µÄ�� »̈n¤­Á�̧¥¦°¥�rÂ¨³�¥µ�oµ��µ¦°�́Á­��̧ÉÅ¤nÄ�n­
Á�̧¥¦°¥�rÁ¡ºÉ°�¦¦Á�µ°µ�µ¦�ª��Â�n¥µ� »̈n¤�̧Ê ¤̧�¨�oµ�Á�̧¥�°¥nµ�¤µ����́�´Ê��µ¦«¹�¬µª·�¥́Á¡ºÉ°Ä®oÅ�o¥µ�̧ÉÁ�È ��µ�Á º̈°�Ä®¤n
�¹É �¤̧�¨�oµ�Á�̧¥��o°¥�ªnµ¥µ�̧É¤̧Ä�o°¥¼nÄ��́��»��́�¹�¤̧�ªµ¤�ÎµÁ�È �°¥nµ�¤µ� Morus alba L.ËÃ×Íµé¹ËÁèÍ¹ä´éÁÕ¡ÒÃãªé¡Ñ¹
ÍÂèÒ§á¾ÃèËÅÒÂã¹»ÃÐà·È Ṏ¹ â´Â¹íÒÁÒà»ç ¹ÊèÇ¹»ÃÐ¡Íºã¹µíÒÃÑºÂÒ Ṏ¹âºÃÒ³ Ä��¦³Á�«Å�¥¤̧�µ¦� ¼̈�Á¡ºÉ°Ä�oÄ�Ä�
�µ¦Á¨̧Ê¥�®�°�Å®Á ¤̧�µ¦«¹�¬µ¡�ªnµ�o�®¤n°�¤̧§��·Í �µ�Á£­´�ª·�¥µ¤µ�¤µ¥�Á�n��§��·Í �oµ��µ¦°�́Á­� Â¨³�§��·Í �oµ�
Í¹ØÁÙÅÍÔÊÃÐ  

Â¤oªnµ�³¤̧®¨µ¥�µ¦«¹�¬µ�̧É¦µ¥�µ��¨�oµ��µ¦°�́Á­��°��o�®¤n°��Â�n«�́¥£µ¡Ä��µ¦¨�°µ�µ¦�ª�Â¨³§��·Í
Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��o°Á­ºÉ°¤°�́Á­�¥�́Å¤n¤̧�µ¦«¹�¬µ���́�´Ê��µ¦ª·�¥́�̧Ê �¹�
µéÍ§¡ÒÃÈÖ¡ÉÒ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹µèÍÍÒ¡ÒÃ»Ç´Â¨³§��·Í Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°
¡ÃÐ Ù́¡ÍèÍ¹�̧ÉÁ�·��µ��o°Á�nµÁ­ºÉ°¤ Ã�¥�µ¦«¹�¬µ�̧Ê Á¦·É¤�µ��µ¦Á�¦̧¥¤­µ¦­��́Ã���o�®¤n°��Â¨³ÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ÊÒÃ
°°��̧Á¦­Áª°¦r¦µ�¦°¨Ä�­µ¦­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤Å�o ¡èÍ¹¹íÒä»ÈÖ¡ÉÒ§��·Í ã¹¡ÒÃÅ´ÍÒ¡ÒÃ»Ç´áÅÐªÐÅÍ¤ÇÒÁ
Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��n°Á­ºÉ°¤ ã¹Ë¹Ù¢ÒÇà¾È¼Ù é ¾Ñ¹ Ø̧ì Wistar �¹É �¶Ù¡ªÑ¡¹íÒãËéà¡Ô´âÃ¤¢éÍà¢èÒ
Á­ºÉ°¤Ã�¥�µ¦��́Á­o�Á°È��̧É¤̧�ºÉ°ªnµ anterior cruciate ligament (ACL) áÅÐ�·��µ¤�¦³Á¤·�°µ�µ¦�ª��̧ÉÁ�·��¹Ê�â´Âãªé
Á�¦ºÉ°�¤º°�̧Éª�́�µ¦¨��ÎÊ µ®��́�̧ÉÁ�oµ®¨�́�°�®�¼��̧ÉÁ¦̧¥�ªnµ hind limb weight bearing tester �°��µ��̧Ê ¥�́�¦³Á¤·�§��·Í
Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��´Ê�Ä�oª·�̧¡ÒÃÇÔà¤ÃÒÐËìáºº Mankin�s grading �¨�µ¦ª·�¥́�̧Ê¡�ªnµ ÊÒÃ
­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤Å�oÁÕ»ÃÔÁÒ³ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ à·èÒ¡ÑºÃéÍÂÅÐ 17.86 §��·Í �¦¦Á�µ°µ�µ¦�ª�Ä�®�¼�̧É�¼�
Á®�̧É¥ª�ÎµÄ®oÁ�·��o°Á­ºÉ°¤ä´éà·ÕÂºà·èÒ¡Ñº¡ÅÙâ¤«ÒÁÕ¹  �°��µ��̧Ê¥�́¡�ªnµ­µ¦­��́�̧Ê¥�́¤̧§��·Í Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�
Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��Ä��µ¦ª·�¥́�̧Ê ¥�́«¹�¬µ§��·Í �oµ�°�»¤¼¨°·­¦³¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤è¹µé¹ËÁèÍ¹â´ÂãªéÇÔ Õ̧¡ÒÃ»ÃÐàÁÔ¹
®¨µ¥Çª·�̧��µ��¨�µ¦��¨°�¡�ªnµ­µ¦­��́�̧ÊÂ­��§��·Í �oµ�°�»¤¼¨°·­¦³Ä��»�ª·�̧�µ¦��­°��̧ÉÄ�o�¦³Á¤·� 

�µ�ª·�¥́�̧Ê Á�È ��µ¦«¹�¬µ�¦́Ê �Â¦��̧ÉÂ­��Ä®oÁ®È��¹�§��·Í �°�­µ¦­��́�µ�Ã���o�®¤n°��n°�µ¦�¦¦Á�µ°µ�µ¦
�ª�Â¨³�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�Ä�®�¼�̧É�¼�Á®�̧É¥ª�ÎµÄ®oÁ�·��o°Á­ºÉ°¤��¹É �§��·Í ��́� n̈µª�̧Ê°µ��³Á�È ��¨
¤µ�µ��µ¦�̧É­µ¦­��́�̧Ê ¤̧�»�­¤��́·Ä��µ¦�oµ�°�»¤¼¨°·­¦³�Â�n°¥nµ�Å¦�È�̧¥�́�o°�¤̧�µ¦«¹�¬µÁ¡·É¤Á�·¤�n°Å�¶Ö§¡Åä¡¢Í§
­µ¦�̧É°°�§��·Í Ä�­µ¦­��́�̧Ê  
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Abstract 
 

Osteoarthritis (OA) is a common disorder of the synovial joint. Knee pain is a 
predominant clinical symptom that causes disability, especially in the elderly. It is typically worse with 
weight bearing and activities resulting in the loss of the patient�s quality of life.  The current 
medications used for OA, such as steroids and NSAIDs, cause serious side-effects. Therefore, 
alternative medicines that offer a superior safety profile are required. Morus alba L. (Mulberry tree) has 
long been widely used in traditional Chinese medicines.  It has been reported to have various 
pharmacological properties including anti-inflammatory and anti-oxidant activities.  Although a 
number of studies have reported the anti-inflammatory effects of M. alba L., its potential for treating 
pain associated with OA and the ability to delay the progression of the disease has not been explored. 
Thus, this study was designed to investigate whether M. alba L. stem extract can attenuate pain-related 
behavior and delay the progression of the disease in a rat model of OA. OA was induced in male Wistar 
rats by anterior cruciate ligament transection (ACLT). The pain-related behavior was determined using 
a hind limb weight bearing tester. The severity of the knee joints cartilage damage was determined 
using Mankin�s scoring system.  Moreover, the antioxidant capacities of the plant extract were also 
determined by using several in vitro antioxidant assay systems to determine whether the efficacy of this 
plant could be attributed due to its antioxidant effects. M. alba L. extract significantly attenuated joint 
pain in a dose-dependent manner and its effect at the highest dose appears to be comparable with 
glucosamine.  An improvement in the Mankin score was observed in the group of rats that were treated 
with this extract, suggesting that this extract could delay the progression of the disease and may be used 
as a disease-modifying OA drug (DMOAD). In addition, the extract exhibited the positive scavenging 
activities in all the antioxidant assays, suggesting its antioxidant capacity.  

This study is the first to demonstrate that M. alba L. extract can attenuate pain associated 
with OA and delay the progression of the disease in a rat model of OA. Based on this finding, it 
suggests that the anti-oxidative effect of M. alba L. stem extract may be involved and responsible for 
its effects. However, further study is required to fully define the precise mechanisms involved.  
 
 



iii 
 

Executive Summary 

Ã¦��o°Á­ºÉ°¤��Osteoarthritis, OA) Á�È �Ã¦��o°�̧É¡�Å�o�n°¥Ã�¥Á�¡µ³°¥nµ�¥·É�Ä��¼ o­¼�°µ¥»�°µ�µ¦
Â­���̧ÉÁ�n��´��°�Ã¦��̧Ê ���º°��µ¦�ª��µ¤�o°Ã�¥Á�¡µ³�o°�̧É� Îµ®�oµ�̧É¦́��ÎÊ µ®�´���ª·�̧Ä��µ¦�¦¦Á�µ
ÍÒ¡ÒÃ»Ç´ËÃ×Í¡ÒÃÍÑ¡àÊºÁÑ¡¨Ðãªé¡ÒÃÃÑº»ÃÐ·Ò¹ÂÒ àªè¹ ÊàµÍÃÍÂ´ì (steroids) ËÃ×ÍÂÒÃÐ§Ñº»Ç´  áÅÐ
�oµ�°�́Á­��̧ÉÅ¤nÄ�n� »̈n¤�­Á�°¦°¥�r��Non-steroidal anti-inflammatory drugs, NSAIDs) �¹É �¥µÄ�� »̈n¤
��́� n̈µª�Á�È �¥µ�̧É¤̧�¨�oµ�Á�̧¥�°¥nµ�¤µ����́�´Ê��µ¦«¹�¬µª·�¥́Á¡ºÉ°Ä®oÅ�o¥µ�̧É¤̧�¨�oµ�Á�̧¥��o°¥�¹�¤̧�ªµ¤
�ÎµÁ�È �°¥nµ�¥·É���µ��µ¦«¹�¬µ�n°�®�oµ�̧Ê �¡�ªnµ�­µ¦­��́�̧ÉÁ�¦̧¥¤Å�o�µ�­nª��nµ�Ç�°��o�®¤n°�(Morus 
alba L.) ÁÕÊÒÃÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ  (oxyresveratrol) �¹É �¤̧§��·Í �oµ��µ¦°�́Á­�Å�o�̧ áÁéÇèÒ¨ÐÁÕËÅÒÂ
�µ¦«¹�¬µ�̧É¦µ¥�µ��¨�oµ��µ¦°�́Á­��°�­µ¦­��́�µ��o�®¤n°��Â�n«�́¥£µ¡Ä��µ¦¨�°µ�µ¦�ª�°�́
Â¨³§��·Í Ä��µ¦�³¨°�ªµ¤Á­ºÉ °¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��o°Á­ºÉ°¤°�́Á­�Â Ñ§äÁèÁÕ
¡ÒÃÈÖ¡ÉÒ �°��µ��̧Ê¥�́¡�ªnµ­µ¦�°°��̧Á¦­Áª°¦r¦µ�¦°¨�¤̧�¦·¤µ�¤µ�Ä�­µ¦­��́�̧ÉÅ�o�µ�­nª��̧ÉÁ�È ��·É�
Â¨³Ã���°��o�®¤n°�Á¤ºÉ°Á�̧¥���́­nª��̧ÉÁ�È �Ä����́�´Ê��µ¦ª·�¥́�̧Ê �¹�¤̧ª�́�»�¦³­��r�̧É�o°��µ¦«¹�¬µ§��·Í
¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹µèÍÍÒ¡ÒÃ»Ç´Â¨³§��·Í Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��̧É
Á�·��µ��o°Á�nµÁ­ºÉ°¤Ä�®�¼��¨°��¹É ��¼���́�ÎµÄ®oÁ�·�Ã¦��o°Á�nµÁ­ºÉ°¤ 

�µ�ª·�¥́�̧ÊÂ�n�Á�È �­µ¤­nª�Ã�¥¤̧ª�́�»�¦³­��r®¨�́��́�̧Ê  
1. Á¡ºÉ°ª·Á�¦µ³®r®µ�¦·¤µ�­µ¦ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ  Ä�­µ¦­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤Å�o 
2. Á¡ºÉ°��­°�§��·Í �°�­µ¦­��́�µ�â¤¹�o�®¤n°��̧ÉÁ�¦̧¥¤Å�o�ªnµ­µ¤µ¦�¨�°µ�µ¦�ª�Â¨³�³¨°
�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��n°Á­ºÉ°¤Ä�®�¼Å�o®¦º°Å¤n� 

3. Á¡ºÉ°��­°�§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�̧ÉÅ�o�µ��o�®¤n°��̧ÉÁ�¦̧¥¤Å�o 
 
�µ¦��¨°�Ä�­n ª��¸É�ř  �µ¦��¨°�Ä�­nª�Â¦��̧Ê Á�È �¡ÒÃÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ

�¦°¨�µ��µ¦­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤�¹Ê���¹É ��¨�̧ÉÅ�o�º°�Å�o­µ¦­��́�̧É¤̧¨�́¬�³Á�È ���­̧�ÎÊ µ�µ¨Á�o¤�
â´ÂÁÕ»ÃÔÁÒ³ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ à·èÒ¡ÑºÃéÍÂÅÐ 17.86  

�µ¦��¨°�Ä�­nª��¸É�Ś�¡ÒÃ��¨°�Ä�­nª��̧Ê�³Á¦·É¤�µ��µ¦ÊÃéÒ§áºº¨íÒÅÍ§¢Í§Ã¦�Á�nµÁ­ºÉ°¤Ä�
Ë¹Ù â´Â�̧É®�¼�¼�ªÑ¡¹íÒÄ®oÁ�È �Ã¦�Á�nµÁ­ºÉ°¤�oª¥�µ¦��́Á­o�Á°È��̧ÉÁ�nµ�̧É¤̧�ºÉ°ªnµ�anterior cruciate ligament 
(ACL) ®¨�́�µ��´Ê��³Á�È ��µ¦��­°�§��·Í �°�­µ¦­��́�µ�â¤¹�o�®¤n°��̧ÉÁ�¦̧¥¤Å�o�µ��µ¦��¨°��̧É�ř 
ÇèÒÊÒÁÒÃ¶Å´ÍÒ¡ÒÃ»Ç´áÅÐªÐÅÍ¤ÇÒÁÁ­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��n°Á­ºÉ°¤Ä�®�¼
ä´éËÃ×ÍäÁè �¨�µ¦«¹�¬µ¡�ªnµ�µ¦­¦oµ�Â���Îµ¨°�Ã¦�Á�nµÁ­ºÉ°¤Ä�®�¼­µ¤µ¦��ÎµÅ´é â´Â¾ºÇèÒË¹ÙÁÕ
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°µ�µ¦�ª�°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·Á¤ºÉ°Á�̧¥���́� »̈n¤�ª��»¤�(Naïve and Sham group) �̧É­´��µ®r�̧É�5 
ÀÒÂËÅÑ§¡ÒÃªÑ¡¹íÒã®oÁ�·��o°Á�nµÁ­ºÉ°¤  Â¨³�°��µ��̧Ê  ÃÐ´Ñº¢Í§ÍÒ�µ¦�ª��³Á¦·É¤���̧Éã¹­´��µ®r�̧É�5 ËÅÑ§
�µ¦�nµ��́Â¨³��°¥¼nÄ�¦³��́�̧Ê�¨°��µ¦��¨°���¹É ��¨�̧ÉÅ�o�̧Ê­°��¨o°���́�µ¦��¨°�Ä�®�¼�̧ÉÅ�o�̧¡·¤¡r
�n°�®�oµ�̧Ê �(Wen et al., ŚŘřŘ) ¼Å¡ÒÃÇÔà¤ÃÒÐËì·Ò§ Ø̈Å¾ÂÒ Ô̧ÇÔ·ÂÒâ´ÂÇÔ Õ̧ Mankin�s grading Ä®o�¨�̧É
ÊÍ´¤ÅéÍ§¡Ñº¼Å¡ÒÃ»ÃÐàÁÔ¹ÍÒ¡ÒÃ»Ç´ã¹Ë¹Ù·´ÅÍ§¡ÅØèÁà ṌÂÇ¡Ñ¹ Ã�¥�³Á®È�Å�oªnµ°µ�µ¦�ª�Á�·��¹Ê�Ä�
��³�̧É¤̧�µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°� ÍÂèÒ§äÃ¡ç Ṍ Ä��µ¦«¹�¬µ�̧Ê Å¤n­µ¤µ¦��°�Å�oªnµÁËµØ¡ÒÃ³ìã´
Á�·��¹Ê�¡èÍ¹¡Ñ¹ �°��µ��̧Ê Ä��µ�ª·�¥́�̧ÊÂ Ñ§ä´éÈÖ¡ÉÒ¼Å¢Í§ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹µèÍÍÒ¡ÒÃ»Ç´â´Âãªé
áºº¨íÒÅÍ§´Ñ§¡ÅèÒÇ ¨Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇèÒ­µ¦­��́�µ�Ã���o�®¤n°�¤̧§��·Í �¦¦Á�µ°µ�µ¦�ª�¨Ò¡¢éÍ
à¢èÒÁ­ºÉ°¤Ä�®�¼�̧É�¼�Á®�̧É¥ª�ÎµÄ®oÁ�·��o°Á­ºÉ°¤ä´é¤ÅéÒÂ¤ÅÖ§¡Ñº¡ÅÙâ¤«ÒÁÕ¹  �°��µ��̧Ê ¥�́¡�ªnµ­µ¦­��́�̧Ê
¥�́¤̧§��·Í Ä��µ¦ªÐÅÍ�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�  

�µ¦��¨°�Ä�­n ª��¸É�ś�¡ÒÃ��¨°�Ä�­nª��̧Ê Á�È ��µ¦«¹�¬µ§��·Í �oµ�°�»¤¼¨°·­¦³¢Í§ÊÒÃ
Ê¡Ñ́ â¤¹µé¹ËÁèÍ¹áÅÐÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ �¹É �Á�È �­µ¦­Îµ��́�̧É¡�Ä�­µ¦­��́�̧Ê �Ã�¥Ä�oª·�̧�µ¦�¦³Á¤·�
ËÅÒÂÇÔ Õ̧ àªè¹  DPPH radical scavenging, hydroxyl radical scavenging, nitric oxide radical scavenging, 
superoxide radical scavenging áÅÐ ferric reducing antioxidant power (FRAP) assay ¨Ò¡¼Å¡ÒÃ·´ÅÍ§
¾ºÇèÒÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹áÊ´§§��·Í �oµ�°�»¤¼¨°·­¦³Ä��»�ª·�̧�µ¦��­°��̧ÉÄ�o�¦³Á¤·����́�´Ê�ÍÒ¨¨Ð
¡ÅèÒÇä´éÇèÒÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ÁÕ§��·Í �oµ�°�»¤¼¨°·­¦³Å�oÃ�¥°µ«¥́�µ�®¨µ¥�¨Å��Ã�¥�¨Å��̧É­Îµ��́
¤×Í ¡ÒÃ¡íÒ¨Ñ́ Í¹ØÁÙÅÍÔÊÃÐ (radical scavenging activity) Â¨³��ªµ¤­µ¤µ¦�Ä��µ¦Á¦n���·�·¦·¥µ¦̧��́�´É� 
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º·¹íÒ 

Ã¦��o°Á­ºÉ°¤��Osteoarthritis, OA) Á�È �Ã¦��o°�̧É¡�Å�o�n°¥Ã�¥Á�¡µ³°¥nµ�¥·É�Ä��¼ o­¼�°µ¥»��°µ�µ¦
Â­���̧É Á�n��´�Ä��¼ o�n ª¥Á® n̈µ�̧Ê �º°°µ�µ¦�ª��µ¤�o°Ã�¥Á�¡µ³°¥nµ�¥·É��o°�̧É� Îµ®�oµ�̧É ¦́��ÎÊ µ®�´��
Â¡µÑÇÍÂèÒ§àªè¹ ¢éÍà¢èÒ ¢éÍºÃÔ àÇ³ÊÐâ¾¡ à»ç ¹µé¹ (Bove et al., ŚŘŘš� �¹É �°µ�µ¦�ª��̧Ê�³Á�È �°»�­¦¦�
°¥nµ�¥·É��n°�µ¦Á� º̈É°�Å®ªÂ¨³�µ¦�Îµ�·�ª�́¦�¦³�Îµª�́�°��¼ o�n ª¥��¥µ�̧É�·¥¤Ä�oÄ��́��»��́Á¡ºÉ°�¦¦Á�µ
°µ�µ¦�ª��o°�Å�oÂ�n�¥µÄ�� »̈n¤­Á�̧¥¦°¥�r�Â¨³¥µ�oµ��µ¦°�́Á­��̧ÉÅ¤nÄ�n­Á�̧¥¦°¥�r�Â�nÁ�ºÉ°��µ�¥µÄ�
� »̈n¤�̧Ê ¤̧�¨�oµ�Á�̧¥�°¥nµ�¤µ����́�´Ê��µ¦«¹�¬µª·�¥́Á¡ºÉ°Ä®oÅ�o¥µ�̧ÉÁ�È ��µ�Á º̈°�Ä®¤n�¹É �¤̧�¨�oµ�Á�̧¥��o°¥
�ªnµ¥µ�̧É¤̧Ä�o°¥¼nÄ��́��»��́�¹�¤̧�ªµ¤�ÎµÁ�È �°¥nµ�¤µ�  

�¹�Â¤oªnµÃ¦��o°Á­ºÉ°¤�³�¼���́°¥¼nÄ�Ã¦��o°�̧ÉÅ¤n¤̧�µ¦°�́Á­� Â�n�µ¦«¹�¬µ�Îµ�ª�¤µ�Á�ºÉ°ªnµ
�¦³�ª��µ¦°�́Á­��nµ�³¤̧­nª�Á�̧É¥ª�o°�°¥nµ�¤µ��n°�µ¦Á­ºÉ°¤�°��¦³�¼�°n°��̧É�¦· Áª��o°Ä���Å�o�̧É
Á�È �Ã¦��o°Á­ºÉ°¤�(Allen et al., ŚŘřŘ� ­µ¦­ºÉ°�¨µ��̧É� ÎµÄ®oÁ�·��µ¦°�́Á­��(pro-inflammatory mediators) 
�Îµ�ª�¤µ��¼�­¦oµ��¹Ê ��µ�Á�¨¨rÁ¥ºÊ°�»�o°�(synoviocytes) áÅÐà«ÅÅì¡ÃÐ Ù́¡ÍèÍ¹ (chondrocytes) 
Â¡µÑÇÍÂèÒ§àªè¹ prostaglandin E2 (PGE2), nitric oxide (NO) and ­µ¦Å�Ã�Å��r�̧ÉÁ¦̧¥�ªnµ�proinflammatory 
cytokines ä´éá¡è interleukin-1 beta (IL-1â), interleukin-6 (IL-6) áÅÐ tumor necrosis factor-á (TNF-á) 
(Fernandes et al., 2002) ¤̧�µ¦«¹�¬µ¡�ªnµ�Ä��¼ o�n ª¥�̧ÉÁ�È �Ã¦��o°Á­ºÉ °¤�­µ¦­ºÉ °�¨µ��̧É� ÎµÄ®oÁ�·��µ¦
°�́Á­��¼��¦³�» o�Ä®o¤̧�µ¦­¦oµ�¤µ��¹Ê�­n��¨�ÎµÄ®oÁ�·�£µª³Å¤n­¤�»¨¦³®ªnµ��¦³�ª��µ¦­¦oµ�Â¨³
¡ÃÐºÇ¹¡ÒÃ·íÒÅÒÂ¢Í§¡ÃÐ Ù́¡ÍèÍ¹ (Amin et al., ŚŘŘŘ, Heinecke et al., ŚŘřŘ� Ã�¥­µ¦­ºÉ°�¨µ�Á® n̈µ�̧Ê
ä»ÁÕ¼Å·íÒãËéÁÕ¡ÒÃ up-regulate ¢Í§àÍ¹ä«Áì proteinases �¹É �¤̧�ªµ¤­Îµ��́Á�̧É¥ª�o°�Ä��µ¦�Îµ¨µ¥�¦³�¼�
ÍèÍ¹¢Í§¢éÍ ¤×Í matrix metalloproteinases (MMPs) (Amin et al., 2000, Fernandes et al., 2002, 
Heinecke et al., 2010) �°��µ��̧Ê ¥�́¤̧�µ¦¦µ¥�µ�ªnµ�NO áÅÐ PGE2 ¤̧­nª�Á�̧É¥ª�o°§·íÒãËéà¡Ô´ÍÒ¡ÒÃ»Ç´
�̧É�o°Ä��¼ o�n ª¥Ã¦��o°Á­ºÉ°¤�Á�ºÉ°��µ�­µ¦Á® n̈µ�̧Ê �³¤̧�µ¦­¦oµ�¤µ��¹Ê��¹É �­n��¨�ÎµÄ®o�ª́¦́�¦¼ oÁ�̧É¥ª��́�ªµ¤
à¨çº»Ç´ (nociceptor) ¤̧�ªµ¤Åª�n°­·É�Á¦oµ¤µ��ªnµ���· (hyperalgesia) (Schaible et al., 2002, Moon et al., 
2010) 

ã¹»ÃÐà·È Ṏ¹ Morus alba L. ËÃ×Íµé¹ËÁèÍ¹ä´é¶Ù¡¹íÒÁÒãªé¡Ñ¹ÍÂèÒ§á¾ÃèËÅÒÂ â´Â¹íÒÁÒà»ç ¹
­nª��¦³�°�Ä��Îµ¦́�¥µ�̧�Ã�¦µ��¤̧�µ¦«¹�¬µ¡�ªnµ�o�®¤n°�¤̧§��·Í �µ�Á£­´�ª·�¥µ¤µ�¤µ¥�Á�n��§��·Í
¨�¦³��́�ÎÊ µ�µ¨Ä�Á º̈°��§��·Í �oµ�°�»¤¼¨°·­¦³�Â¨³Ã�¥Á�¡µ³°¥nµ�¥·É�§��·Í �oµ��µ¦°�́Á­� ÁÕÃÒÂ§Ò¹ÇèÒ
­µ¦­��́�µ��o�®¤n°�­µ¤µ¦�¨��µ¦­¦oµ�­µ¦­ºÉ°�¨µ��°��µ¦°�́Á­��(Inflammatory mediators) àªè¹ 
NO áÅÐ PGE2 (Choi and Hwang, ŚŘŘŝ� �¨�µ��µ¦ª·�¥́�̧É�nµ�¤µ�¡�ªnµ�°°��̧Á¦­Áª°¦r¦µ�¦°¨  
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(oxyresveratrol) �¹É �­��́Å�o�µ�Á� º̈°�¦µ��°��o�®¤n°�¤̧§��·Í �oµ��µ¦°�́Á­� (Chung et al., ŚŘŘś� áÁéÇèÒ
�³¤̧®¨µ¥�µ¦«¹�¬µ�̧É¦µ¥�µ��¨�oµ��µ¦°�́Á­��°��o�®¤n°��Â�n«�́¥£µ¡Ä��µ¦¨�°µ�µ¦�ª�Â¨³§��·Í
Ä��µ¦�³¨°�µ¦Á­ºÉ°¤�°��¦³�¼�°n°�Ä�Ã¦��o°Á­ºÉ°¤°�́Á­�¥�́Å¤n¤̧�µ¦«¹�¬µ��°��µ��̧Ê ��µ��¨�µ¦ª·�¥́
�n°�®�oµ�̧Ê �¥�́¡�ªnµ­µ¦�°°��̧Á¦­Áª°¦r¦µ�¦°¨�¤̧�¦·¤µ�¤µ�Ä�­µ¦­��́�̧ÉÅ�o�µ�­nª��̧ÉÁ�È ��·É�Â¨³¨Îµ
�o��°��o�®¤n°�Á¤ºÉ°Á�̧¥��´�­nª��̧ÉÁ�È �Ä��(Thongsuk, ŚŘŘş� ��́�´Ê��µ¦ª·�¥́�̧Ê �¹�¤̧�»�¤»n�®¤µ¥Ä�
�µ¦«¹�¬µ§��·Í �°�­µ¦­��́�µ�Ã���o�®¤n°�Ä��µ¦¨�°µ�µ¦�ª�Â¨³�³¨°�µ¦Á­ºÉ°¤�°��¦³�¼�°n°��̧É
Á�·��µ��o°Á�nµÁ­ºÉ°¤Ä�®�¼��¨°��¹É ��¼���́�ÎµÄ®oÁ�·�Ã¦��o°Á�nµÁ­ºÉ°¤Ã�¥�µ¦��́Á­o�Á°È��̧É¤̧�ºÉ°ªnµ anterior 
cruciate ligament (ACL)  
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ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§§Ò¹ÇÔ̈ ÑÂ 

1. Á¡ºÉ°àµÃÕÂÁÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹áÅÐÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ÊÒÃÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅã¹ÊÒÃÊ¡Ñ́ �̧É
àµÃÕÂÁä´é 
 

2. Á¡ºÉ°��­°�§��·Í �°�­µ¦­��́�µ�Ã���o�®¤n°��̧ÉÁ�¦̧¥¤Å�o�ªnµ­µ¤µ¦�¨�°µ�µ¦�ª�Â¨³�³¨°�ªµ¤
Á­ºÉ°¤ 
�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�°�́Á�ºÉ°�¤µ�µ�Ã¦��n°Á­ºÉ°¤Ä�®�¼Å�o®¦º°Å¤n� 
 

3. Á¡ºÉ°��­°�§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�̧ÉÅ�o�µ��o�®¤n°��̧ÉÁ�¦̧¥¤Å�o 
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¡ÒÃ·´ÅÍ§ 

�µ¦��¨°�­nª��¸É�ř: ¡ÒÃàµÃÕÂÁÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ áÅÐ¡ÒÃÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ
·ÃÍÅÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§¡ÒÃÇÔ Ñ̈Â 

Á¡ºÉ°àµÃÕÂÁÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ áÅÐÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ÊÒÃ ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅã¹ÊÒÃ
­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤Å�o 
 
ÇÔ̧ Õ¡ÒÃ´íÒà¹Ô¹¡ÒÃÈÖ¡ÉÒ 
µÑÇÍÂèÒ§¾×ª (Plant materials) 

�ª́°¥nµ�¡º��̧ÉÄ�oÁ�È �Ã���o�®¤n°��¡�́�»r�»¦̧¦́¤¥r�ŞŘ�°µ¥»�¦³¤µ��řŝ��̧�Å�o¦́��ªµ¤°�»Á�¦µ³®r
�µ�Â�¨�®¤n°��°�«¼�¥r®¤n °�Å®¤Â®n ��µ�· Á� ·̈ ¤¡¦³ Á �̧¥¦�·­¤ Á�È �¡¦³�µ� Á�oµ­· ¦· �· �·Í �
¾ÃÐºÃÁÃÒªÔ¹Õ¹Ò¶ ¨Ñ§ËÇÑ́ µÒ¡ 

 
¡ÒÃàµÃÕÂÁÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ (Preparation of mulberry stem extract) 

�Îµ�µ¦¨°�Á� º̈°�Ã���o�®¤n°��´Ê��°�°°�Ä®oÁ® º̈°Â�nÁ�ºÊ°Å¤o��­̧Á® º̈°�� �µ��´Ê�®´É�Ä®oÁ�È ��·Ê�
àÅç¡æ áÅÐ¹íÒä»Íºã¹µÙéÍº (Memmert®, Germany) �̧É°»�®£¼¤·�ŝŘ�°�«µÁ�¨Á�̧¥­ Á�È �Áª¨µ�Ś-ś�ª�́���
Â®o���Îµ®¤n°��̧É°�Â®o�Â¨oª¤µ��Ä®oÁ�È ���Ã�¥Ä�oÁ�¦ºÉ°���­¤»�Å¡¦��n°��ÎµÅ�ËÁÑ¡Ê¡Ñ́  (maceration) 
�oª¥�ŠŘ% àÍ·Ò¹ÍÅ  �Îµ�ª��Ś�¦°��¦°�Â¦��Ś�ª�́�Â¨³¦°��̧É­°��ś�ª�́��Îµ�ÎÊ µ¥µ­nª�Ä­�̧ÉÁ�È�Å�o�´Ê��Ś�
¦°��Å��¦°��nµ��¦³�µ¬�¦°�Á�°¦r�ř��Â¨³�ÎµÅ�¦³Á®¥Â®o��oª¥Á�¦ºÉ°��Rotary evaporator (Buchi B-
171 Vacobox, Switzerland) áÅÐ¹íÒä»ÃÐàËÂáËé§µèÍº¹ water bath  �µ��´Ê��Îµ­µ¦­��́¤µ����Á�È ���  

 
¡ÒÃ¤íÒ¹Ç³ËÒÃéÍÂÅÐ¢Í§¼Å¼ÅÔµ (Determination of percentage yield) 

�´É��ÎÊ µ®��́­µ¦­��́®¥µ���crude extract) �̧ÉÅ�o�Â¨³�Îµ�ª�®µ¦o°¥¨³�°��¨� ·̈���% yield) ¨Ò¡
ÊÁ¡ÒÃ 

ÃéÍÂÅÐ¢Í§¼Å¼ÅÔµ    =    ��ÎÊµ®��́�°�­µ¦­��́���ÎÊµ®��́�°�¡º�­���x 100 
 

¡ÒÃÊ¡Ñ́ áÂ¡ÊÒÃÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ (Isolation of oxyresveratrol) 
�µ¦­�´�Â¥�°°��̧Á¦­Áª°¦r¦µ�¦°¨�µ�­µ¦­�´��ÎÊ µ�°�Â�n��ª�®µ���Artocarpus 

lakoocha) ·íÒâ´Â¹íÒ¼§»Ç¡ËÒ´ÁÒÅÐÅÒÂ´éÇÂàÁ·Ò¹ÍÅ»ÃÔÁÒ³àÅç¡¹éÍÂ áÅÐ¼ÊÁ´éÇÂ silica gel 60 (No. 
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7734, particle size 0.063 � 0.200 mm) Â¨³�ÎµÄ®oÂ®o�£µ¥Ä�o�ªµ¤��́��µ��´Ê��ÎµÅ�­��́Â¥��oª¥Á���·�
¤ÍÅÑÁ¹ìâ¤ÃÁÒâ·Ã¡ÃÒ¿Õ ª¹Ô´àÃçÇ (quick column chromatography) áÅÐãªéÊèÇ¹¼ÊÁ¢Í§¤ÅÍâÃ¿ÍÃìÁ
Â¨³Á¤�µ�°¨�̧É¤̧�polarity gradient �̧É�nµ���́Á�È ��ª́�Îµ¨³¨µ¥Ä�ª�́£µ�Á� º̈É°��̧É â´ÂÊèÇ¹ (fraction) �̧É�ř-
Ś�Ä�o�¨°Ã¦¢°¦r¤�n°Á¤�µ�°¨�95:5 áÅÐÊèÇ¹ (fraction) �̧É�ś-Śŝ�Ä�o�¨°Ã¦¢°¦r¤�n°Á¤�µ�°¨�šŘ:10 ¹íÒ
­µ¦�̧É�nµ��°¨¤́�r°°�¤µÂ�n¨³­nª���fraction) ÁÒÈÖ¡ÉÒÃÙ»áºº¢Í§ fingerprint â´ÂÇÔ Õ̧ Thin Layer 
Chromatography (TLC) â´ÂãªéàÁ·Ò¹ÍÅã¹¤ÅÍâÃ¿ÍÃìÁ¤ÇÒÁà¢éÁ¢é¹ÃéÍÂÅÐ 15 â´Â»ÃÔÁÒµÃ à»ç ¹µÑÇ·íÒ
ÅÐÅÒÂ�̧É¡�́�µÂ�� (developing solvent) �Îµ­nª��̧É¤̧�fingerprint �̧É�¨oµ¥��́¤µ¦ª¤��́�Â¨³�ÎµÅ��ÎµÄ®o
�¦·­»��·Í �n°�oª¥ª·�̧�gel filtration chromatography â´Âãªé Sephadex LH-20 Â¨³Á¤�µ�°¨�Á�È�­µ¦�̧É�nµ�
¤ÍÅÑÁ¹ìÊèÇ¹ (fraction) ¨³�ŚŘ�¤·¨ ·̈ ·̈�¦�«¹�¬µ¦¼�Â���°��fingerprint â´ÂÇÔ Õ̧ TLC °̧��¦́Ê ��fraction �̧É
áÊ´§ spot à ṌÂÇÀÒÂãµéáÊ§ UV �̧É�ªµ¤¥µª� º̈É��ŚŝŜ��µÃ�Á¤�¦��³�Îµ¤µ¦ª¤��́�Â¨³¦³Á®¥Ä®oÂ®o�
ÀÒÂãµéÊØ­­Ò¡ÒÈ ¡èÍ¹¹íÒä»¾ÔÊÙ¨¹ìâ¤Ã§ÊÃéÒ§´éÇÂÇÔ̧ Õ Nuclear Magnetic Resonance (NMR) spectra  

 
¡ÒÃÇÔà¤ÃÒÐËìËÒÍÍ¡«Õ àÃÊàÇÍÃì ÃÒ·ÃÍÅã¹ÊÒÃÊ¡Ñ´â¤¹µé¹ËÁèÍ¹â´ÂÇÔ Õ̧â¤ÃÁÒâµ¡ÃÒ¿Õ ¢Í§àËÅÇ
ÊÁÃÃ¶¹ÐÊÙ§ (Determination of oxyresveratrol in stem mulberry extract by High Pressure Liquid 
Chromatography)  

­£µª³�µ¦��¨°����́�̧Ê  
-    Mobile phase �̧ÉÄ�o�º° Acetonitrile: 0.05 M KH2PO4, 1 : 3, pH 3 
-    ÍÑµÃÒ¡ÒÃäËÅ¢Í§ mobile phase �º°�ř�ml/min 
-    �°¨¤́�r�̧ÉÄ�o��º°�C-18 Reverse phase HPLC column (Gemini, 5µm C18, 150 x 4.60 mm, 
Phenomenex, USA) 
-    ÍØ³ËÀÙÁÔ¢Í§ column oven �º°�śŘ�°�«µÁ�¨Á�̧¥­ 

  
¡ÒÃàµÃÕÂÁ¡ÃÒ¿ÁÒµÃ°Ò¹ (calibration curve) ¢Í§ ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ   

àµÃÕÂÁ stock standard â´ÂÅÐÅÒÂÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ ã¹àÍ·Ò¹ÍÅÃéÍÂÅÐ 80 â´Â»ÃÔÁÒµÃã¹
�ªµ¤Á�o¤�o��ř��¤·¨ ·̈�¦́¤�n°¤·¨ ·̈ ·̈�¦  �µ��´Ê�Á�º°�µ�Ä®o¤̧�ªµ¤Á�o¤�o�°¥¼nÄ��nª��Ř�ŘŘŘŝ�- Ř�05 ÁÔÅÅÔ¡ÃÑÁ
µèÍÁÔÅÅÔÅÔµÃ �¦°�­µ¦¨³¨µ¥�´Ê�®¤��oª¥�0.45 µm filter membrane ¡èÍ¹¹íÒä»ÇÔà¤ÃÒÐËì´éÇÂÁ�¦ºÉ°�â¤ÃÁÒ
â·¡ÃÒ¿¿Õ ¢Í§àËÅÇÊÁÃÃ¶¹ÐÊÙ§ (HPLC)   
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¡ÒÃÇÔà¤ÃÒÐËìÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅã¹ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ 
  àµÃÕÂÁ stock solution ¢Í§ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹  â´ÂÅÐÅÒÂÊÒÃÊ¡Ñ́ ã¹àÍ·Ò¹ÍÅÃéÍÂÅÐ 80 
â´Â»ÃÔÁÒµÃ Ä��ªµ¤Á�o¤�o��ř�¤·¨ ·̈�¦́¤�n°¤·¨ ·̈ ·̈�¦  �µ��´Ê�Á�º°�µ�­µ¦­��́Ã���o�®¤n°�Ä®o¤̧�ªµ¤
Á�o¤�o��Ř�Śŝ�¤·¨ ·̈�¦́¤�n°¤·¨ ·̈ ·̈�¦  �¦°�­µ¦¨³¨µ¥�´Ê�®¤��oª¥�0.45 µm filter membrane ¡èÍ¹¹íÒä»
ÇÔà¤ÃÒÐËì´éÇÂ HPLC  �Îµ�µ¦��¨°��ÎÊ µ�ś��¦́Ê � 
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�¨�µ¦«¹�¬µ 
¦o°¥¨³�°��¨�¨·���Percentage yield) 
�ÎÊµ®��́�°�Ã��®¤n°�­���ś�şŘŘ��¦́¤ 
�ÎÊµ®��́�°�­µ¦­��́�řšŘ��¦́¤ 
��́�´Ê��  Percentage  yield   =  (190/3700) x 100 

                       =  5.13 % 
�µ¦­��́Â¥�­µ¦°°��̧Á¦­Áª°¦r¦µ�¦°¨�(Isolation of oxyresveratrol) 

­µ¦¤µ�¦�µ�°°��̧Á¦­Áª°¦r¦µ�¦°¨ �̧ÉÄ�oÄ��µ¦«¹�¬µ�̧Ê �Å�o­��́Â¥��µ����ª�®µ���¹É �
Á�È �­nª��̧ÉÅ�o�µ�­µ¦­��́�ÎÊ µ�°�Â�n��Artocarpus lakoocha�Â¨³�Îµ¤µÂ¥��¦·­»��·Í �oª¥�quick column 
chromatography ¦nª¤��́ª·�̧¦��Á¨��·ª�µ���Thin layer chromatography; TLC) �µ��TLC �Îµ�fraction�̧É�14�
- 19 �¹É �¤̧�fingerprint �̧É�¨oµ¥��́¤µ¦ª¤��́�¹É ��n°��oµ�¤̧­·É����¨°¤�o°¥Å�o�Îµ¤µ¦ª¤��́�Â¨³�ÎµÄ®o
Á�o¤�o��¹Ê�Ã�¥Ä�o�rotary evaporator Â¨³�ÎµÅ��ÎµÄ®o�¦·­»��·Í �n°�oª¥ª·�̧�gel filtration chromatography ­µ¦
�̧ÉÅ�o¤̧¨�́¬�³Á�È �� ¹̈�­̧Á® º̈°�°n°� Â¨³�UV spectrum ¤̧�nµ�µ¦�¼�� º̈�Â­�­¼�­»��̧É�ªµ¤¥µª� º̈É��329 
�µÃ�Á¤�¦��ëmax 329 nm��¦¼��̧É�1.1 

 
 
 
 
 

 
 
 
 
 
 
 
 
¦¼��¸É�1.1  ­Á���¦́¤�µ¦�¼�� º̈�Â­�°´̈ �¦oµÅªÃ°Á¨��°�°°��̧Á¦­Áª°¦r¦µ�¦°¨��̧É�ªµ¤Á�o¤�o��Ř�Řř�
¤·¨ ·̈�¦́¤�n°Á¤�µ�°¨�ř�¤·¨ ·̈ ·̈�¦� 
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¡·­¼��r­¼�¦Ã�¦�­¦oµ��µ�Á�¤¸ 
Á¤ºÉ°­��́�°°��̧Á¦­Áª°¦r¦µ�¦°¨� �µ��ª�®µ�Å�o­µ¦�¦·­»��·Í Â¨oª��Îµ­µ¦�̧ÉÅ�o¤µª·Á�¦µ³®r­¼�¦

Ã�¦�­¦oµ��µ�Á�¤̧�oª¥Á�¦ºÉ °��·ªÁ�¨̧¥¦rÂ¤�Á��·�Á¦Ã�Â���r­Á��Ã�¦­Ã��̧ (Nuclear Magnetic 
Resonance; NMR) �ªµ¤�̧É�ŜŘŘ�Á¤�³Á±¦·Í �Ã�¥Ä�o deuterated dimethylsulfoxide Á�È ��ª́�Îµ¨³¨µ¥�Â­��
­´��µ���́�n°Å��̧Ê  

1H NMR (400 MHz, DMSO): ä6.07 (1H, t, H-4�), 6.24 (1H, dd, J = 2.31, 2.34 Hz, H-5), 6.32 
(1H, d, J = 2.35 Hz, H-3), 6.34 (2H, d, J = 2.09 Hz, H-2� and H-6�), 6.77 (1H, d, J = 16.44 Hz, H-â), 
7.15 (1H, d, J = 16.48 Hz, H-á), 7.34 (1H, d, J = 8.52 Hz, H-6) �¦¼��̧É 1.2) �µ� 1H NMR ¡�ªnµ
Ã�¦�­¦oµ�­°��¨o°���́�2,4,3�,5�-tetrahydroxystilbene�®¦º°�oxyresvertrol Â¨³­°��¨o°���́¦µ¥�µ�
�°��Sritularak (1998)  
 
 
 

 
  
 
 
 
 
 
 
 
 
 

 
 
 
 

¦¼��¸É�1.2   1H NMR spectrum of °°��̧Á¦­Áª°¦r¦µ�¦°¨� (2,4,3�,5�-tetrahydroxystilbene) 

  á 

 4� 

  â   5 
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   2�, 6� 
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y = 84,160,996.2682x - 21,353.4504
R² = 1.0000
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¡ÒÃÇÔà¤ÃÒÐËìËÒ ÍÍ¡«ÕàÃÊàÇÍÃì ÃÒ·ÃÍÅ  ã¹ÊÒÃÊ¡Ñ´â¤¹µé¹ËÁèÍ¹â´ÂÇÔ Õ̧â¤ÃÁÒâµ¡ÃÒ¿Õ ¢Í§àËÅÇ
ÊÁÃÃ¶¹ÐÊÙ§ (Determination of oxyresveratrol in stem mulberry extract by High Pressure Liquid 
Chromatography)  

¡ÒÃ·´ÊÍº¤ÇÒÁÊÑÁ¾Ñ¹ ì̧àªÔ§àÊé¹µÃ§¢Í§ÇÔ Õ̧¡ÒÃÇÔà¤ÃÒÐËìËÒÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ ¾ºÇèÒä´é
�¦µ¢Á­o��¦��Ã�¥¤̧�nµ­´¤�¦³­·��·Í ­®­´¤¡�́�r�(Correlation coefficient, R2) à·èÒ¡Ñº 1 ��́Â­��Ä�¦¼��̧É 
1.3 ¨Ò¡¡ÒÃÇÔà¤ÃÒÐËìËÒ»ÃÔÁÒ³ ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ  ã¹ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ ¾ºÇèÒ ÊÒÃÊ¡Ñ́
ËÁèÍ¹ÁÕ»ÃÔÁÒ³ ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ  à·èÒ¡Ñº ÃéÍÂÅÐ 17.86 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 

¦¼��¸É 1.3 ¡ÃÒ¿ÁÒµÃ°Ò¹ (calibration curve) ¢Í§ ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ  �̧É�ªµ¤Á�o¤�o�Ä��nª��Ř�ŘŘŘŝ��- 
Ř�05 ÁÔÅÅÔ¡ÃÑÁµèÍÁÔÅÅÔÅÔµÃ ¤èÒ R2 Á�nµ��́� ř�ŘŘŘŘ Â¨³­¤�µ¦�̧ÉÅ�o� �º°� y = 84,160,996.2682x - 
21,353.4504 
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ÊÃØ»¼Å�µ¦«¹�¬µÄ�­nª��¸É�1 
�µ¦�ÎµÁ�·��µ��°�Ã�¦��µ¦Ä��nª��Ş�Á�º°�Â¦��Å�o� Îµ�µ¦Á�¦̧¥¤­µ¦­��́®¥µ��(crude extract) 

¨Ò¡â¤¹µé¹ËÁèÍ¹â´ÂÇÔ Õ̧¡ÒÃáªèËÁÑ¡ (maceration) �oª¥Á°�µ�°¨�ªµ¤Á�o¤�o�¦o°¥¨³�ŠŘ�Â¨³�Å�o� Îµ�µ¦
áÂ¡ÊÒÃÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ¨µ��ª�®µ�Á¡ºÉ°Ä�oÁ�È �­µ¦¤µ�¦�µ�Ä��µ¦ª·Á�¦µ³®r®µ�¦·¤µ�°°��̧
Á¦­Áª°¦r¦µ�¦°¨Ä�­µ¦­��́�̧ÉÁ�¦̧¥¤�¹Ê���°��µ��̧Ê ¥�́Å�o� Îµ�µ¦ª·Á�¦µ³®r®µ�¦·¤µ�°°��̧Á¦­Áª°¦r¦µ
�¦°¨�µ��µ¦­��́Ã���o�®¤n°��̧ÉÁ�¦̧¥¤�¹Ê��Â¨³�¨�̧ÉÅ�o�º°�Å�o­µ¦­��́�̧É¤̧¨�́¬�³Á�È ���­̧�ÎÊ µ�µ¨Á�o¤�
â´ÂÁÕ»ÃÔÁÒ³ÍÍ¡«ÕàÃÊàÇÍÃìÃÒ·ÃÍÅ à·èÒ¡Ñº ÃéÍÂÅÐ 17.86  
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�µ¦��¨°�­nª��¸É�2 
¡ÒÃ��­°�§��·Í�°�­µ¦­�´��¸ÉÅ�o�µ�Ã���o�®¤n°�ã¹¡ÒÃÅ´ÍÒ¡ÒÃ»Ç´áÅÐªÐÅÍ¡ÒÃ´íÒà¹Ô¹¢Í§âÃ¤¢èÍ

Á­ºÉ°¤Ä�®�¼ 
ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§¡ÒÃÇÔ̈ ÑÂ 

Á¡ºÉ°��­°�§��·Í�°�­µ¦­�´��¸ÉÅ�o�µ�Ã���o�®¤n°��¸ÉÁ�¦̧¥¤Å�o�ÇèÒÊÒÁÒÃ¶Å´ÍÒ¡ÒÃ»Ç´áÅÐ
�³¨°�µ¦�ÎµÁ�·��°�Ã¦��n°Á­ºÉ°¤Ä�®�¼Å�o®¦º°Å¤n 
 

�µ¦��¨°�Ä�­nª��̧É�2 Á�È ��µ¦«¹�¬µÄ�­´�ªr��¨°���¹É �Â�n��µ¦ª·�¥́°°�Á�È �­°�­nª�¥n°¥���́�̧Ê  
�µ¦��¨°�­nª��¸É�2.1 

�µ¦«¹�¬µ�µ¦�ÎµÁ�·��°�Ã¦��n°Á­ºÉ°¤Ã�¥�µ¦�¦³Á¤·�°µ�µ¦�ª�Â¨³¡¥µ�·­£µ¡�̧ÉÁ�¨̧É¥�Â�¨�
Å�®¨�́�µ��µ¦��́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤ã¹áºº¨íÒÅÍ§Ë¹Ù  

 
ÇÔ̧ Õ¡ÒÃ´íÒà¹Ô¹¡ÒÃÈÖ¡ÉÒ 
ÊÑµÇì·´ÅÍ§  

Ë¹Ù¢ÒÇ Wistar à¾È¼Ù é ÍÒÂØ 5 ­´��µ®r� �ÎÊµ®��́�¦³¤µ�� 140-160 ¡ÃÑÁ ¶Ù¡áºè§ÍÍ¡à»ç ¹ 4 ¡ÅØèÁ 
ä´éá¡è   

- � »̈n¤�̧É�1 Naïve (n=6) 
- � »̈n¤�̧É�2 Sham (n=7)  
- � »̈n¤�̧É�ś�OA-řŝ�weeks (n=řŚ) 
- � »̈n¤�̧É�4 OA-6 weeks (n = 6) 

 
®�¼� »̈n¤�̧É�1 Á�È �� »̈n¤�ª��»¤�̧ÉÅ¤nÅ�o¤̧�µ¦�¦³�ÎµÄ�Ç�­nª�®�¼Ä�� »̈n¤�̧É�2 - 4 Á�È �� »̈n¤�̧ÉÅ�o¦́�

�µ¦�nµ��́Ã�¥�̧É®�¼� »̈n¤�̧É�2 ä´éÃÑº¡ÒÃ¼èÒµÑ́ àªè¹à ṌÂÇ¡Ñº� »̈n¤�̧É�3 áÅÐ 4 ¥�Áªo�Â�nÁ­o�Á°È��̧ÉÁ¦̧¥�ªnµ�
anterior cruciate ligament (ACL) �³Å¤n�¼���́°°��Ä���³�̧É®�¼Ä�� »̈n¤�̧É�3 áÅÐ 4 ä´éÃÑº¡ÒÃ¼èÒµÑ́  áÅÐ
Á­o�Á°È���·��̧Ê�¼���́°°�Á¡ºÉ°��́�ÎµÄ®oÁ�·�°µ�µ¦�ª�Á�ºÉ°��µ��o°Á�nµÁ­ºÉ°¤�Â¨³�µ¦�¦³Á¤·�°Ò¡ÒÃ»Ç´ä´é
�Îµ�µ¦«¹�¬µÁ�¡µ³Ä�®�¼� »̈n¤�̧É�1-3 ­nª��µ¦�¦³¤·�¡¥µ�·­£µ¡�Îµ�µ¦«¹�¬µÄ�®�¼�´Ê��4 ¡ÅØèÁ â´ÂË¹Ù
Ä�� »̈n¤�̧É�ř-ś ä´éÃÑº¡ÒÃ»ÃÐàÁÔ¹¾ÂÒ Ô̧ÊÀÒ¾ËÅÑ§¶Ù¡àÁµµÒ¦Òµ (euthanized) Ä�­´��µ®r�̧É�řŝ�­nª�®�¼
� »̈n¤�̧É�Ŝ�Å�o¦́��µ¦�¦³Á¤·�¡¥µ�·­£µ¡®¨�́�¼�Á¤��µ�µ�Ä�­´��µ®r�̧É�Ş â´Â¡ÒÃ»ÃÐàÁÔ¹ÍÒ¡ÒÃ»Ç´áÅÐ
¡¥µ�·­£µ¡Å�o�ÎµÁ�·��µ¦��́�̧Ê � 
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�µ¦�¦³Á¤·�°µ�µ¦�ª� 
�n°��µ¦�nµ��́Á¡ºÉ°��́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤�®�¼�»��ª́�³�¼�ª�́�nµ¡ºÊ��µ��(baseline) �°��µ¦¨�

�ÎÊ µ®��́�̧ÉÁ�oµ®¨�́�°�®�¼�´Ê�­°��oµ�Ã�¥Á�¦ºÉ°�¤º°�̧ÉÁ¦̧¥�ªnµ�hind limb weight bearing tester ®¦º° 
incapacitance tester���¦¼��̧É�2.1) ®¨�́�µ��µ¦ª�́�nµ¡ºÊ��µ� ®�¼Ä�� »̈n¤�̧É�2�- 3��³Å�o¦́��µ¦�nµ��́��́�̧É
� n̈µª�oµ��o��®¨�́�µ¦�nµ��́®�¼�»��ª́Ä�� »̈n¤�̧É�1-ś��³�¼�ª�́�nµ�µ¦¨��ÎÊµ®��́�̧É�µ®¨�́�´Ê�­°��oµ���´Ê��µ�̧É
Å¤nÅ�o¦́��µ¦�nµ��́ (contralateral non-surgical leg) Â¨³�µ�oµ��̧ÉÅ�o¦́��µ¦�nµ��́ (surgical leg) Ä�­´��µ®r
�̧É�1, 3, 5, 6, 9, 12 Â¨³�15�Á¡ºÉ°«¹�¬µ�µ¦�ÎµÁ�·��°�Ã¦�Ã�¥�¼�µ��µ¦¡�́�µ�°�°µ�µ¦�ª��̧Éª�́Å�oÄ�Â�n
¨³�¦́Ê ���nµ�̧Éª�́Å�o�³�¼��Îµ¤µ�Îµ�ª�Á�È �Á�°¦rÁ�È��r��́­¤�µ¦�oµ� n̈µ��̧Ê �(Pomonis et al., 2005)� 

 Ψ��������������������������ൌ ሾ����������������������ሿ ൈ ͳͲͲሾ���������������������� ൅ ��������������������������� െ ������������ሿ� 
 

�nµÁ�°¦rÁ�È��r�̧ÉÅ�o�̧Ê �³�Îµ¤µÄ�oÁ�È ���́�̧�n��̧Ê�¹��ªµ¤�ª��̧É®�¼Å�o¦́�®¨�́�µ¦��́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤� 
 
 
 
 
 
 
 
 
 
 
 

 

¦¼��̧É�2.1 Incapacitance tester (Hind paw weight bearing tester) 
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¡ÒÃ»ÃÐàÁÔ¹¾ÂÒ Ô̧ÊÀÒ¾¢Í§¢éÍà¢èÒ 
�µ¦�¦³Á¤·�¡¥µ�·­£µ¡�̧ÉÁ�¨̧É¥�Â�¨�Å��°��o°Á�nµÄ�®�¼�³«¹�¬µ£µ¥®¨�́�µ��µ¦ª�́�µ¦

¡�́�µ�°�°µ�µ¦�ª�Ä�®�¼Â�n¨³� »̈n¤­·Ê�­»�¨���º°­´��µ®r�̧É�15 (ÊíÒËÃÑº¡ÅØèÁ 1-3) Â¨³­´��µ®r�̧É�6 
(ÊíÒ®¦́�� »̈n¤�̧É�4) ®¨�́�µ��´Ê�®�¼�»��ª́�¼�Á¤��µ�µ��Â¨³�o°Á�nµ�°��oµ��̧É�¼���́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤�
(¢éÒ§¢ÇÒ) �¼�Â¥�°°�Â¨³�ÎµÄ®o°¥¼nÄ�­£µª³���̧ÉÄ��10% neutral buffered formalin à»ç ¹àÇÅÒ 3 ÇÑ¹ 
®¨�́�µ��´Ê��o°Á�nµ�¼��ÎµÅ��decalcified à»ç ¹àÇÅÒ 2 ÊÑ»´ÒËì ã¹ phosphate buffered saline �¹É �¤̧
ÊèÇ¹»ÃÐ¡Íº¢Í§ 10% ethylenediaminetetraacetic acid (EDTA) áÅÐ»ÃÑº pH �̧É�7.4 â´ÂËÅÑ§¨Ò¡¡ÒÃ 
decalcification ¢éÍà¢èÒ¶Ù¡ embedded ã¹ paraffin áÅÐ¶Ù¡µÑ́ ´éÇÂ¤ÇÒÁË¹Ò 4-5 m áÅÐÂéÍÁ´éÇÂ 
hematoxylin and eosin (H & E) áÅÐsafranin-O/fast green Á¡ºÉ°«¹�¬µ¨�́¬�³Ã�¥�´ÉªÅ��°�Á�ºÊ°Á¥ºÉ°Â¨³
¤ÇÒÁÊÁºÙÃ³ì¢Í§ matrix proteoglycans �¹É �Á�È �­nª��¦³�°��̧É­Îµ��́�°��¦³�¼�°n°���µ¤¨Îµ��́ (Braza-
Boils et al., 2011) ¦³��́�ªµ¤¦»�Â¦��°��µ¦Á­ºÉ°¤�°��o°Á�nµÄ�®�¼��¨°��¼��¦³Á¤·�Ä��¦³�¼�­nª��̧É
àÃÕÂ¡ÇèÒ tibial plateaux µÒÁÇÔ Õ̧¡ÒÃÇÔà¤ÃÒÐËìáºº Mankin�s grading (Pearson et al., ŚŘřř��ª·�̧�̧Ê�¦³Á¤·�
�µ��»�¨�́¬�³­̧É�¦³�µ¦�°��¦³�¼�°n°���¹É �Å�oÂ�n�cartilage structure (0-6 ¤Ðá¹¹), abnormality of the 
chondrocyte (0-3 ¤Ðá¹¹), matrix staining (â´Âãªé safranin-O/fast green Á¡ºÉ°�¦³Á¤·¹¤ÇÒÁÊÁºÙÃ³ì¢Í§ 
proteoglycan (0-4 ¤Ðá¹¹) áÅÐ tidemark integrity (0-1 ¤Ðá¹¹) ¦µ¥¨³Á°̧¥�Â­��Ä��µ¦µ��̧É Ś�1 
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µÒÃÒ§ 2.1 : �µ¦Ä®o�³Â���·Ê�Á�ºÊ°Ä��µ¦«¹�¬µ�µ��»¨¡¥µ�·ÇÔ·ÂÒ (Pearson et al., 2011) 
 

Features Score Histologic features 

Cartilage structure  

0 
1 
2 
3 
4 
5 
6 

Normal 
Surface irregularities 
Pannus and surface irregularities 
Clefts to transitional zone 
Clefts to radial zone 
Clefts to calcified zone 
Complete disorganisation 

Abnormality of the chondrocytes  

0 
1 
2 
3 

Normal 
Diffuse hypercellularity 
Cell clusters or cloning 
Hypocellularity 

Matrix staining  

0 
1 
2 
3 
4 

Normal 
Slight reduction 
Moderate reduction 
Severe reduction 
No dye noted 

Tidemark integrity 0 
1 

Intact 
Crossed by blood vessels 
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¼Å¡ÒÃÈÖ¡ÉÒ 
�nµÁ�°¦rÁ�È��r�°��ÎÊ µ®�´��̧É�·Ê�¨����µ®¨�́�°�®�¼� »̈n¤�ª��»¤�Naïve �� »̈n¤�̧É�ř��¤̧�nµ���̧É��̧É

ÃÐ´Ñº»ÃÐÁÒ³ 50% �¨°��µ¦��¨°��Â­��ªnµ¤̧�µ¦¨��ÎÊ µ®��́�̧É�µ®¨�́�Ś��oµ�Á�nµÇ��́�­nª�®¨�́�µ¦
�nµ��́�nµÁ�°¦rÁ�È��r�°��ÎÊµ®��́�̧É�·Ê�¨����µ®¨�́Ä�®�¼� »̈n¤�ª��»¤�sham �� »̈n¤�̧É Ś���¤̧�nµ¨�¨�Á¨È��o°¥
Ä��nª�­´��µ®rÂ¦�Â¨³�¨�́Á�oµ­¼n�nµ���·Ä�­´��µ®r�̧É­µ¤Â¨³��°¥¼nÄ�¦³��́���·�̧É�¦³¤µ��50% µÅÍ´
�µ¦��¨°���¨�̧ÉÅ�o�̧ÊÂ­��Ä®oÁ®È�ªnµ�µ¦�nµ��́¤̧�¨Ä®oÁ�·��ªµ¤Á�È��ª�Ä��nª��1-2 ÊÑ»´ÒËìáÃ¡ËÅÑ§¡ÒÃ
�nµ��́�Â�n®¨�́�µ��´Ê���nµÁ�°¦rÁ�È��r�°��ÎÊµ®��́�̧É�·Ê�¨����µ®¨�́�̧ÉÅ�o�µ�� »̈n¤�ª��»¤�sham  Á¦·É¤���̧É°¥¼n
ã¹ÃÐ´Ñºà ṌÂÇ¡Ñº Naïve Â¨³Å¤n¤̧�µ¦Á�¨̧É¥�Â�¨�°¥nµ�¤̧�¥́­Îµ��́�¨°��µ¦��¨°��­nª�®�¼�̧É�¼���́�Îµ
Ä®oÁ�·��o°Á�nµÁ­ºÉ°¤�(� »̈n¤�̧É�ś, OA-řŝ�weeks) �nµÁ�°¦rÁ�È��r�°��ÎÊµ®��́�̧É�·Ê�¨����µ®¨�́¤̧�µ¦¨�¨�°¥nµ�
ÁÕ¹ÑÂÊíÒ¤Ñ­à¤ºÉ°Á�¦̧¥�Á�̧¥���́� »̈n¤ 1 (Naïve) áÅÐ 2 (Sham) �¦¼��̧É�2.2) áÊ´§ãËéàËç¹ÇèÒ¡ÒÃµÑ́ àÊé¹àÍç¹ 
ACL ¤̧�¨Ä®oÁ�·��ªµ¤Á�È��ª��Ã�¥Á�¡µ³°¥nµ�¥·É�Ä��nª�­´��µ®rÂ¦�®¨�́�µ¦�nµ��́�³Á®È�Å�oªnµ®�¼Â­��
°µ�µ¦�ª��̧É­»�Ã�¥­µ¤µ¦�­´�Á��Å�o�µ��nµÁ�°¦r Á�È��r�°��ÎÊ µ®��́�̧É�·Ê�¨����µ®¨�́�´Ê�¨�¨�°¥nµ�
¦ª�Á¦Èª��µ��nµ�̧É�¦³¤µ��50.05  0.22% Á® º̈°�̧É 35.74  1.76% Ã�¥¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́��̧É�
p < 0.05 �°��µ��̧Ê ¥�́¡�ªnµÄ�­´��µ®r�̧É�5 ®¨�́�µ¦�nµ��́��nµÁ�°¦rÁ�È��r�°��ÎÊ µ®��́�̧É�·Ê�¨����µ�oµ��̧É
�ª��´Ê�Á¦·É¤���̧É�Â¨³��°¥¼nÄ�¦³��́�ŜŚ�ŝ�-Ŝŝ�Ř% ���¹�­´��µ®r�̧É�ř5 
 

�µ��¨�µ¦«¹�¬µ¡¥µ�·­£µ¡�̧ÉÁ�¨̧É¥�Â�¨�Å��°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�Ä�� »̈n¤�°�®�¼�̧É�¼���́�Îµ
Ä®oÁ�·��o°Á�nµÁ­ºÉ°¤�Ã�¥Ä�oª·�̧�µ¦ª·Á�¦µ³®r�µ¤Â���Mankin�s grading ¾ºÇèÒ Mankin score Ä�®�¼� »̈n¤�̧É
�¼���́�ÎµÄ®oÁ�È ��o°Á�nµÁ­ºÉ°¤Á�È �Áª¨µ�Ş�­´��µ®r�(¡ÅØè¤�̧É�Ŝ, OA-Ş�weeks) Â¨³�řŝ�­´��µ®r�(� »̈n¤�̧É�ś, OA-
řŝ� weeks) ÁÕ¤èÒ 4.40 ± 0.24 áÅÐ 8.33 ± 1.43 �µ¤¨Îµ��́� �¹É ��nµ�̧ÉÅ�o� ¤̧�nµ­¼��¹Ê�°¥nµ�¤̧�¥́­Îµ��́Á¤ºÉ°
à»ÃÕÂºà·ÕÂº¡Ñº¡ÅØèÁ¤Çº¤ØÁ sham (� »̈n¤�̧É� Ś, 1.17 ± 0.31) (¦¼��̧É� Ś�3) ËÒ¡à»ÃÕÂºà·ÕÂº¤èÒ Mankin score 
ÃÐËÇèÒ§¡ÅØèÁ¤Çº¤ØÁnaïve áÅÐ sham ¡�ªnµ� �nµ�̧ÉÅ�oÅ¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́� �o°¤¼¨�̧ÊÂ­��Ä®o
Á®È�ªnµ°µ¥»�̧É¤µ��¹Ê��°�®�¼Â¨³Â�¨°�́Á�ºÉ°�¤µ�µ��µ¦�nµ��́Å¤nÅ�o¤̧�¨�n°�µ¦Á�¨̧É¥�Â�¨�¡¥µ�·­£µ¡
�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°� 
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¦¼��¸É� 2.2 �µ¦Á�¨̧É¥�Â�¨��°�Á�°¦rÁ�È��r�°��ÎÊµ®��́�̧É�µ®¨�́�´Ê�­°��oµ��°�®�¼���·� (Naïve), Ä�®�¼�̧É
ä´éÃÑº¡ÒÃ¼èÒµÑ́ â´ÂäÁèµÑ́ àÊé¹àÍç¹ (Sham) Â¨³Ä�®�¼�̧É�nµ��́Â¨³��́�ÎµÄ®oÁ�·�°µ�µ¦�ª�Á�ºÉ°��µ��o°Á�nµ
Á­ºÉ°¤Ã�¥ª·�̧�µ¦��́Á­o�Á°È��̧É¤̧�ºÉ°Á¦̧¥�ªnµ� anterior cruciate ligament (anterior cruciate ligament 
transaction) (ACLT) (OA) �¨�̧ÉÂ­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§
µÑÇÍÂèÒ§ã¹áµèÅÐ¡ÅØèÁ·´ÅÍ§ ¤èÒ¹ÑÂÊíÒ¤Ñ­·Ò§Ê¶ÔµÔÃÐËÇèÒ§¡ÅØèÁ sham Á¤ºÉ°Á�̧¥���́� »̈n¤�OA áÅÐÃÐËÇèÒ§
¡ÅØèÁ naïve Á¤ºÉ°Á�̧¥���́� »̈n¤�OA áÊ´§â´ÂÊÑ­ÅÑ¡É³ì * áÅÐ # µÒÁÅíÒ´Ñº 
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¦¼��¸É� 2.3 �µ¦Á�¨̧É¥�Â�¨��µ�¡¥µ�·­£µ¡�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��̧É�o°Á�nµ�°�®�¼���·� (Naïve), ®�¼�̧É
ä´éÃÑº¡ÒÃ¼èÒµÑ́ â´ÂäÁèµÑ́ àÊé¹àÍç¹ (Sham) Â¨³Ä�®�¼�̧É�nµ��́Â¨³��́�ÎµÄ®oÁ�·�°µ�µ¦�ª�Á�ºÉ°��µ��o°Á�nµ
Á­ºÉ°¤Ã�¥ª·�̧�µ¦��́Á­o�Á°È��̧É¤̧�ºÉ°Á¦̧¥�ªnµ ACL (OA) Ã�¥�µ¦�¦³Á¤·�¡¥µ�·­£µ¡�ÎµÄ�­´��µ®r�̧É� 15 
(OA, 15 wk) Â¡àÇé¹¡ÅØèÁ OA, 6 wk �¦³Á¤·�Ä�­´��µ®r�̧É�6 ËÅÑ§¡ÒÃ¼èÒµÑ́  ¡ÒÃ»ÃÐàÁÔ¹ãªéÇÔ̧ Õ Mankin�s 
grading â´Â¦³��́�ªµ¤¦»�Â¦��°��µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�­µ¤µ¦�ª�́Å�o�´Ê�Â�n� Ř� �¹�� řŜ  �¨�̧É
Â­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§ã¹áµèÅÐ¡ÅØèÁ·´ÅÍ§ â´Â
¤èÒ¹ÑÂÊíÒ¤Ñ­·Ò§Ê¶ÔµÔÃÐËÇèÒ§¢Í§¡ÅØèÁ sham Á¤ºÉ°Á�̧¥���́� »̈n¤� OA, Ş wk áÅÐ OA, řŝ� wk áÊ´§â´Â
ÊÑ­ÅÑ¡É³ì * (p< 0.05), **** (p < 0.0001) áÅÐÃÐËÇèÒ§¡ÅØèÁ OA, Ş wk áÅÐ OA, řŝ�wk áÊ´§â´Â ** (p< 
0.01) 
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ÊÃØ»¼Å¡ÒÃÈÖ¡ÉÒ 
 �µ��¨�µ¦��¨°��̧Ê¡�ªnµ�µ¦�nµ��́Á¡ºÉ°��́�ÎµÄ®o®�¼Á�·�Ã¦��o°Á�nµÁ­ºÉ°¤Ã�¥��́Á­o�Á°È��̧É¤̧�ºÉ°
àÃÕÂ¡ÇèÒ anterior cruciate ligament (ACL) ­µ¤µ¦���́�ÎµÄ®o®�¼Â­��°µ�µ¦�ª�Á¤ºÉ°¨��ÎÊ µ®��́�̧É�µ®¨�́
°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·Á¤ºÉ°Á�̧¥���́� »̈n¤�ª��»¤�´Ê�­°�� »̈n¤�(naïve áÅÐ sham) Â¨³�°��µ��̧Ê  ÃÐ´Ñº
�°�°µ�µ¦�ª��³Á¦·É¤���̧ÉÄ�­´��µ®r�̧É�5 ®¨�́�µ¦�nµ��́Â¨³��°¥¼nÄ�¦³��́�̧Ê�¨°��µ¦��¨°���¹É ��¨�̧ÉÅ�o
�̧Ê­°��¨o°���́�µ¦��¨°�Ä�®�¼�̧ÉÅ�o�̧¡·¤¡r�n°�®�oµ�̧Ê �(Wen et al., ŚŘřŘ� ��́�´Ê��̧É­´��µ®r�̧É�5 ËÅÑ§¡ÒÃ
�nµ��́�¹��¼�Ä�oÁ�È �­´��µ®r�´Ê��o��̧ÉÁ¦·É¤¤̧�µ¦Ä®o­µ¦�̧É�o°��µ¦��­°�§��·Í �Á¡ºÉ°Ä®oÂ�nÄ�ªnµ°µ�µ¦�ª��̧É
­´�Á��Á®È�Å¤n¤̧�µ¦Á¡·É¤�¹Ê�®¦º°¨�¨��n°��̧É�³¤̧�µ¦Ä®o­µ¦�̧É�o°��µ¦��­°���¹É ��µ¦��­°��̧Ê ¤̧�¹Ê�Ä�
­nª��°�ª�́�»�¦³­��r�o°�̧É�2.2 

�°��µ��̧Ê Ä��µ¦��¨°��̧Ê ¥�́¡�ªnµ�¨�µ¦ª·Á�¦µ³®r�µ��»¨¡¥µ�·ª·�¥µÃ�¥ª·�̧ Mankin�s grading 
Ä®o�¨�̧É­°��¨o°���́�¨�µ¦�¦³Á¤·�°µ�µ¦�ª�Ä�®�¼��¨°�� »̈n¤Á�̧¥ª��́ â´Â¨ÐàËç¹ä´éÇèÒÍÒ¡ÒÃ»Ç´
Á�·��¹Ê�Ä���³�̧É¤̧�µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°� ÍÂèÒ§äÃ¡ç Ṍ Ä��µ¦«¹�¬µ�̧Ê Å¤n­µ¤µ¦��°�Å�oªnµ
Á®�»�µ¦�rÄ�Á�·��¹Ê��n°���́��´Ê��̧Ê ¥�́Á�È ��̧É­´�Á��Å�oªnµ°µ�µ¦�ª��³Á¦·É¤���̧É��̧É­´��µ®r�̧É�5 ËÅÑ§¡ÒÃ¼èÒµÑ́
Â¨³��°¥¼nÄ�¦³��́�̧Ê�¨°��µ¦��¨°��Ä���³�̧É�µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°�¥�́���ÎµÁ�·��n°Å� 
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�µ¦��¨°�­nª��¸É�2.2 
�µ¦«¹�¬µ§��·Í �°�­µ¦­��́Ã���o�®¤n°�Ä�Â���Îµ¨°�®�¼Ä��µ¦¨�°µ�µ¦�ª�Â¨³�³¨°

�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°� 
ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§¡ÒÃÇÔ̈ ÑÂ 

Á¡ºÉ°«¹�¬µ§��·Í �°�­µ¦­��́Ã���o�®¤n°�Ä�Â���Îµ¨°�®�¼Ä��µ¦¨�°µ�µ¦�ª�Â¨³�³¨°
�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°� 

 
ÇÔ̧ Õ´íÒà¹Ô¹¡ÒÃÈÖ¡ÉÒ 
Ś�Ś�ř� «¹�¬µ§��·Í �¦¦Á�µ�ª��°�­µ¦­��́Ã���o�®¤n°�Ä�Â���Îµ¨°�®�¼ËÅÑ§¨Ò¡¶Ù¡ªÑ¡¹íÒãËéà¡Ô´¢éÍà¢èÒ
Á­ºÉ°¤ â´ÂÈÖ¡ÉÒã¹Ë¹Ù¢ÒÇ Wistar à¾È¼Ù é ÍÒÂØ 5 ­´��µ®r��ÎÊµ®��́�¦³¤µ�� 140-160 �¦́¤�®�¼�´Ê�®¤��¼�
áºè§ÍÍ¡à»ç ¹ 6 ¡ÅØèÁ ä´éá¡è   

� »̈n¤�̧É�1- Sham + vehicle (n=7) 
� »̈n¤�̧É�2- OA + vehicle (n=10)  
� »̈n¤�̧É�3- OA + glucosamine sulfate (250 mg/kg) (n=6) 
� »̈n¤�̧É�4- OA + M.alba stem extract (5.6 mg/kg) (n=6) 
¡ÅØè¤�̧É�ŝ- OA + M.alba stem extract (56 mg/kg) (n=6) 
� »̈n¤�̧É�Ş- OA + M.alba stem extract (560 mg/kg) (n=6) 
 

 Ã�¥®�¼Ä�� »̈n¤�̧É�ř�Á�È �®�¼�̧ÉÅ�o¦́��µ¦�nµ��́Ã�¥Å¤n¤̧�µ¦��́Á­o�Á°È��ACL ­nª�®�¼� »̈n¤�̧É�Ś�� Ş�
ä´éÃÑº¡ÒÃ¼èÒµÑ́ áÅÐµÑ́ àÊé¹àÍç¹ ACL Á¡ºÉ°��́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤�­Îµ®¦́��ª́°¥nµ���­°��¼�Á�¦̧¥¤�¹Ê�
��́�̧Ê  � ¼̈Ã��µ¤̧���¼��ÎµÄ®ö ³¨µ¥Ã�¥Ä�o�ÎÊ µ�­nª����°�­µ¦­��́�̧ÉÅ�o�µ�Ã���o�®¤n°��¼��Îµ¤µ�¦³�µ¥ 
Ä��ÎÊµ �¹É ��³Å�o�ª́°¥nµ���­°�Ä�¦¼��°�­µ¦Â�ª��³�°� (suspension)  Ë¹Ùáµè¨ÐµÑÇä´éÃÑºÊÒÃ·´ÊÍº  
��́�̧Ê  �ÎÊ µ�(vehicle), ¡ÅÙâ¤«ÒÁÕ¹ «ÑÅà¿µ (glucosamine sulfate)  ��µ��ŚŝŘ�¤·¨ ·̈�¦́¤�n°�ÎÊ µ®��́�ª́�ř�
¡ÔâÅ¡ÃÑÁ ËÃ×Í ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ã¹¢¹Ò´ (5.6, 56 áÅÐ 560 ¤·¨ ·̈�¦́¤�n°�ÎÊ µ®��́�ª́�ř��·Ã¨�¦́¤) 
â´ÂÇÔ̧ Õ»é Í¹à¢éÒ·Ò§»Ò¡ (Oral gavage) ·Ø¡Ç Ñ¹à»ç ¹àÇÅÒ 8 ­´��µ®r°¥nµ��n°Á�ºÉ°�Ã�¥Á¦·É¤Ä®o­µ¦��­°��¦́Ê �
Â¦���́�̧Ä�­´��µ®r�̧É�5 Ã�¥�̧É�µ¦��́�¹��nµÁ�°¦rÁ�È��r�°��ÎÊ µ®�´��̧É�·Ê�¨����µ®¨�́�Îµ�̧É­´��µ®r�̧É�ŝ�
�n°�Ä®o­µ¦��­°��Â¨³­´��µ®r�̧É�6, 9 áÅÐ 12 �µ¤¨Îµ��́��µ��´Ê��®�¼�»��ª́�¼�Á¤��µ�µ��(euthanized) 
ËÅÑ§¨Ò¡¡ÒÃÇ Ñ́ ¤èÒ¤ÇÒÁÁ�È��ª��¦́Ê �­»��oµ¥­·Ê�­»�¨��Â¨³�o°Á�nµ�°��oµ��̧É�¼���́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤�
(¢éÒ§¢ÇÒ) �¼�Â¥�°°�Á¡ºÉ°�ÎµÅ�«¹�¬µ�n°Å�Ã�¥Ä�oª·�̧�µ��»¨¡¥µ�·ª·�¥µ�(�o°�̧É�2.2.2) 
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Ś�Ś�Ś� �µ¦«¹�¬µ§��·Í Ä��µ¦�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��°�­µ¦­��́Ã���o�®¤n°�Ä�
áºº¨íÒÅÍ§Ë¹Ù  

ã��µ¦��¨°��̧Ê �³Á�È ��µ¦«¹�¬µ§��·Í �°�­µ¦­��́Ã���o�®¤n°�Ä��µ¦�³¨°�ªµ¤¦»�Â¦��
(severity) �°�¡¥µ�·­£µ¡�̧ÉÁ�¨̧É¥�Â�¨�Å��°�Ã¦��o°Á­ºÉ°¤®¨�́�µ��¼���́�ÎµÁ�È �¦³¥³Áª¨µ� řŚ� ­´��µ®r�
Ã�¥­´�ªr��¨°��̧ÉÄ�oÁ�È �� »̈n¤Á�̧¥ª��́�̧ÉÄ�oÄ��µ¦«¹�¬µÄ��o°�̧É� Ś�Ś�ř� �º°� »̈n¤�̧É� ř-3 Â¨³� Ş�  â´Âã¹
�µ¦«¹�¬µ�̧Ê�³�¦³Á¤·�¦³��́�ªµ¤¦»�Â¦��°��µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��̧É�o°Á�nµ�°�®�¼�̧ÉÅ�o¦́�
­µ¦­��́Ã���o�®¤n°��̧É��µ��560 ¤·¨ ·̈�¦́¤��·Ã¨�¦́¤�Ã�¥�³Á�¦̧¥�Á�̧¥���́� »̈n¤�̧É�1 (sham + vehicle) 
Â¨³� »̈n¤�̧É�3 (OA + glucosamine sulfate) �̧ÉÅ�o¦́�­µ¦�ÎÊµ�Â¨³� ¼̈Ã��µ¤̧��̧É��µ��Śŝ0 ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ 

�¹É ��µ¦��¨°��̧Ê Á�·��¹Ê�£µ¥®¨�́�µ��µ¦��¨°�Ä��o°�̧É�Ś�Ś�ř�­·Ê�­»�¨��Â¨³®�¼�»��ª́Ä�� »̈n¤
´Ñ§¡ÅèÒÇ¶Ù¡àÁµµÒ¦Òµ (euthanized) Â¨³�o°Á�nµ�°��oµ��̧É�¼���́�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤�(¢éÒ§¢ÇÒ) ¶Ù¡áÂ¡
°°�Á¡ºÉ°�ÎµÅ�«¹�¬µ�n°Å�Ã�¥Ä�oª·�̧�Ò§ Ø̈Å¾ÂÒ Ô̧ÇÔ·ÂÒ µÒÁÇÔ Õ̧¡ÒÃÇÔà¤ÃÒÐËìáºº Mankin�s grading 
(Pearson et al., ŚŘřř�� ��́�̧É� n̈µªÅ�Â¨oª�oµ��o� 

 
¼Å¡ÒÃÈÖ¡ÉÒ 

¨Ò¡¡ÒÃ·´ÅÍ§Á¡ºÉ°��­°�§��·Í �°�­µ¦­��́�̧ÉÅ�o�µ�Ã���o�®¤n°��̧É�ªµ¤Á�o¤�o��nµ�Ç��́Ã�¥
Á�¦̧¥�Á�̧¥���́� ¼̈Ã��µ¤̧��¹É �Á�È �­µ¦Ä�� ·̈�£�́�r�µ��µ¦�oµ�̧ÉÁ�È ��̧É�·¥¤Ä�oÄ��µ¦�¦¦Á�µ°µ�µ¦�ª�
Á�ºÉ°�¤µ�µ�Ã¦��o°Á­ºÉ°¤ �¨�µ¦��¨°�¡�ªnµ�®�¼��¨°�� »̈n¤�̧ÉÅ�o¦́�­µ¦­��́�̧ÉÅ�o�µ�Ã���o�®¤n°��̧É
¢¹Ò´ 56 �� »̈n¤�ŝ�� áÅÐ 560 �� »̈n¤�Ş��¤·¨ ·̈�¦́¤/¡ÔâÅ¡ÃÑÁ ÊÒÁÒÃ¶ºÃÃà·ÒÍÒ¡ÒÃ»Ç´ä´éÍÂèÒ§ÁÕ¹ÑÂÊíÒ¤Ñ­
Á¤ºÉ°Á�̧¥���́� »̈n¤�̧ÉÅ�o¦́��ÎÊ µ�(� »̈n¤�Ś, OA + vehicle) �¹É �­µ¤µ¦�­´�Á��Å�o�µ��nµÁ�°¦rÁ�È��r�°��ÎÊ µ®��́�̧É
�·Ê�¨����µ®¨�́¤̧¤èÒÁÒ¡¡ÇèÒ¢Í§Ë¹Ù¡ÅØèÁ�̧ÉÅ�o¦́��ÎÊ µ°¥nµ�¤̧�¥́­Îµ��́Ä�­´��µ®r�̧É�6, 9 áÅÐ 12  �¦¼��̧É�
2.4A)  Á¤ºÉ°�Îµ�¨�̧ÉÅ�o¤µ�ÎµÁ­�°Á�È ��nµ�°�¡ºÊ��̧ÉÄ�o�¦µ¢�(Area Under the Curve; AUC) ¢Í§¡ÒÃ
Á�¨̧É¥�Â�¨��°�Á�°¦rÁ�È��r�°��ÎÊ µ®��́�̧É�·Ê�¨����µ®¨�́Ä�®�¼��¡�ªnµ­µ¦­��́Ã���o�®¤n°�­µ¤µ¦�
ºÃÃà·ÒÍÒ¡ÒÃ»Ç´ä´é â´Â»ÃÐÊÔ· Ô̧ÀÒ¾�¹Ê���́��µ��°�­µ¦­��́�̧ÉÄ�o��¦¼��̧É�Ś�4B���°��µ��̧Ê �¼Å¡ÒÃ
��¨°��̧ÉÅ�o�̧Ê ¥�́Ä®o�¨�¨oµ¥� ¹̈���́�¨�̧ÉÅ�o�µ�� »̈n¤�°�®�¼��¨°��̧ÉÅ�o¦́�� ¼̈Ã��µ¤̧�ã¹¢¹Ò´ 250 
ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ Ã�¥�̧É�nµ AUC �°��µ¦Á�¨̧É¥�Â�¨��°�Á�°¦rÁ�È��r�°��ÎÊ µ®��́�̧É�·Ê�¨����µ®¨�́Ä�
®�¼¤̧�nµÁ¡·É¤�¹Ê�°¥nµ�¤̧�¥́­Îµ��́�(p < 0.05) Ä�� »̈n¤�°�®�¼�̧Éä´éÃÑºÊµ¦­��́�̧É��µ��56 ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ 
(� »̈n¤��̧É�5; 552.20  ±  2.02)  áÅÐ 56Ř ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ (� »̈n¤�̧É�6; 569.00  ± 5.52) Â¨³Ä�� »̈n¤�°�®�¼�̧É
ä´éÃÑº¡ÅÙâ¤«ÒÁÕ¹ (� »̈n¤�̧É�3; 562.70 ± 5.32) Á¤ºÉ°Á�̧¥���́� »̈n¤�ª��»¤�̧ÉÅ�o¦́��ÎÊ µ�(� »̈n¤�̧É�2; 535.30 ± 
4.01) ¨Ò¡�¨�µ¦��¨°��̧Ê ¥�́¡�ªnµ §��·Í �¦¦Á�µ�ª��°�­µ¦­��́�̧ÉÅ�o�µ�Ã���o�®¤n°��̧É��µ��56Ř 
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¤·¨ ·̈�¦́¤��·Ã¨�¦́¤�¤̧�¦³­·��·£µ¡Ä�¨oÁ�̧¥���́§��·Í �¦¦Á�µ�ª��°�� ¼̈Ã��µ¤̧� �µ¦ª·�¥́�̧Ê ¥�́Å�o«¹�¬µ
�ªµ¤�¨°�£¥́Ä��µ¦Ä�o­µ¦­��́Ã���o�®¤n°�Ã�¥�µ¦�·��µ¤�µ¦Á�¨̧É¥�Â�¨��°��ÎÊ µ®��́�ª́�°�®�¼
·´¨°�Ä�Â�n¨³� »̈n¤��µ��¨�µ¦��¨°�Å¤n¡��ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�°��nµÁ�¨̧É¥�°��ÎÊ µ®��́�ª́
¢Í§Ë¹Ù·´ÅÍ§ã¹áµèÅÐ¡ÅØèÁ  �¦¼��̧É�2.5)   
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¦¼��̧É�2.4 A. �¨�°�­µ¦­��́Ã���o�®¤n°�Â¨³�¨¼Ã��µ¤̧��n°�µ¦Á�¨̧É¥�Â�¨��°�Á�°¦rÁ�È��r�°��ÎÊ µ®�´��̧É�·Ê�¨����µ®¨�́Ä�
®�¼�̧É�¼���́�ÎµÄ®oÁ�·�°µ�µ¦�ª�Á�ºÉ°��µ��o°Á�nµÁ­ºÉ°¤Ã�¥�µ¦��́Á­o�Á°È��̧É¤̧�ºÉ°Á¦̧¥�ªnµ�anterior cruciate ligament �¨�̧ÉÂ­��Á�È �
�nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§ã¹áµèÅÐ¡ÅØèÁ·´ÅÍ§ â´ÂáÊ´§¼Åà»ç ¹¤èÒà»ÍÃìà«ç¹µì¢Í§
�ÎÊµ®��́�̧É�·Ê�¨����µ®¨�́Ä�®�¼�(A) áÅÐ �nµ�°�¡ºÊ��̧ÉÄ�o�¦µ¢�°��µ¦Á�¨̧É¥�Â�¨��°�Á�°¦rÁ�È��r�°��ÎÊµ®�´��̧É�·Ê�¨����µ®¨�́�
(B) ¡ÒÃ·´ÊÍº·Ò§Ê¶ÔµÔãªé¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹áºº¨íÒá¹¡·Ò§à ṌÂÇ (one-way analysis of variance (ANOVA)) áÅÐÇÔ Õ̧
¢Í§¹ÔÇáÁ¹¤ÙÅÊì (Newman-Keuls post hoc test) â´Â¤èÒ�´¥­Îµ��́�µ�­�·�·¦³®ªnµ�� »̈n¤�°�­µ¦­��́�̧É��µ��nµ�ÇÁ¤ºÉ°Á�̧¥���́
¡ÅØèÁ OA + vehicle áÊ´§â´ÂÊÑ­ÅÑ¡É³ì  * (p< 0.05), ** (p< 0.01), *** ( p < 0.0001) áÅÐ¤èÒ¹ÑÂÊíÒ¤Ñ­·Ò§Ê¶ÔµÔÃÐËÇèÒ§¡ÅØèÁ 
sham + vehicle áÅÐ OA + vehicle áÊ´§â´ÂÊÑ­ÅÑ¡É³ì ### (p< 0.05) 
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¦¼��¸É�2.5 �µ¦Á�¨̧É¥�Â�¨��°��nµÁ�¨̧É¥�°��ÎÊµ®��́�ª́�°�®�¼��¨°�Ä�Â�n¨³� »̈n¤ 

 
�¨�µ��»¨¡¥µ�·ª·�¥µ�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��°��o°Á�nµ�°�®�¼�̧É�¼���́�ÎµÄ®o�o°Á�nµÁ­ºÉ°¤Á�È �

Áª¨µ�řŚ�­´��µ®rÃ�¥�µ¦¥o°¤�oª¥�safranin-O/fast green ¡�ªnµ�¨�́¬�³�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��̧É¡�Ä�
¡ÅØèÁ sham �̧ÉÅ�o¦́�­µ¦�ÎÊ µ (sham + vehicle group)  ¤̧¨�́¬�³�̧É���·Ã�¥­µ¤µ¦¶ÊÑ§à¡µä´é̈ Ò¡ÅÑ¡É³Ð
�°��·ªÁ�ºÊ°Á¥ºÉ°�¦³�¼�°n°�¤̧¨�́¬�³Á¦̧¥�Â¨³Å¤n¤̧¦°¥�̧��µ��Â¨³�°��µ��̧Ê ¥�́Å¤n¡��µ¦Á�¦·�Á�·�Ã�
®¦º°�µ¦Â�n��ª́�̧É�·����·�°�Á�¨¨r�¦³�¼�°n°��(chondrocyte) (¦¼��̧É�Ś�6A) Á¤ºÉ°ª·Á�¦µ³®rÁ�ºÊ°Á¥ºÉ°�¦³�¼�
°n°��°��o°Á�nµ�̧ÉÅ�o�µ�� »̈n¤�OA �̧ÉÅ�o¦́��ÎÊ µ�(� »̈n¤�̧É�Ś, OA + vehicle group) ¡�ªnµÁ�ºÊ°Á¥ºÉ°�¦³�¼�°n°�¤̧
¨�́¬�³�·����·�Ã�¥�̧ÉÁ�ºÊ°Á¥ºÉ°�·ª�³¤̧¨�́¬�³Å¤nÁ¦̧¥� (surface irregularities) áÅÐÁÕ¡ÒÃ©Õ¡¢Ò´ 
(fibrillation and fissures) ¡ÒÃÂéÍÁµÔ´ÊÕ¢Í§ safranin-O/fast green ¹éÍÂÅ§ ¨íÒ¹Ç¹à«ÅÅì¢Í§¡ÃÐ Ù́¡ÍèÍ¹
Å´¹éÍÂÅ§ (chondrocyte hypocellularity) Êè§¼ÅãËéà¡Ô´¡ÒÃ cloning ¢Í§ chondrocytes Á¡ºÉ°��Â��Á�¨¨r
�̧ÉÁ­̧¥Å��(¦¼��̧É�Ś�6B) �¨�̧ÉÅ�o�̧Ê Å�o�¼��ÎµÅ�ª·Á�¦µ³®rÃ�¥Ä�oª·�̧�Mankin�s grading �¹É ��¨�̧ÉÅ�o¡�ªnµ�nµ 
Mankin score ¤̧�nµ­¼��¹Ê�°¥nµ�¤̧�¥́­Îµ��́Ä�� »̈n¤�°�� OA + vehicle group (� »̈n¤�̧É�Ś) Á¤ºÉ°Á�¦̧¥�Á�̧¥�¡Ñº
¡ÅØèÁ sham + vehicle group  (� »̈n¤�̧É�1) (8.33 ± 0.71 vs. 0.83 ± 0.48) (¦¼��̧É�2.7) 
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¦¼��¸É� 2.6 £µ¡�ª́°¥nµ��µ��¨�µ��»¨¡¥µ�·ª·�¥µ�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��°��o°Á�nµ�°�®�¼�̧É�¼���́�ÎµÄ®o
�o°Á�nµÁ­ºÉ°¤Á�È �Áª¨µ�řŚ�­´��µ®rÃ�¥�µ¦¥o°¤�oª¥�safranin-O/fast green (��µ����·�x 200).  (A) sham + 
vehicle group (B) OA + vehicle group; (C) OA + glucosamine sulfate (250 ¤·¨ ·̈�¦́¤��·Ã¨�¦́¤) group 
and  (D) OA + M.alba (560 ¤·¨ ·̈�¦́¤��·Ã¨�¦́¤) group  

 

 

 

 

 

 
 

$ % 

& ' 
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¦¼��¸É�2.7 Mankin score �°�Á�ºÊ°Á¥ºÉ°�o°Á�nµ�°�®�¼Ä�� »̈n¤�̧É 1 (sham + vehicle), 2 (OA + vehicle), 3 (OA 
+ ¡ÅÙâ¤«ÒÁÕ¹) (250 ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ) Â¨³� Ş (OA + ÊÒÃÊ¡Ñ́ ¨Ò¡â¤è¹µé¹ËÁèÍ¹ (560 ÁÔÅÅÔ¡ÃÑÁ/
¡ÔâÅ¡ÃÑÁ)) �¨�̧ÉÂ­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§ã¹áµèÅÐ
¡ÅØèÁ·´ÅÍ§ ¡ÒÃ·´ÊÍº·Ò§Ê¶ÔµÔãªé¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹áºº¨íÒá¹¡·Ò§à ṌÂÇ (one-way 
analysis of variance (ANOVA)) áÅÐÇÔ̧ Õ¢Í§¹ÔÇáÁ¹¤ÙÅÊì (Newman-Keuls post hoc test) â´Â¤èÒ
¹ÑÂÊíÒ¤Ñ­·Ò§Ê¶ÔµÔÃÐËÇèÒ§¡ÅØèÁáÊ´§â´ÂÊÑ­ÅÑ¡É³ì * (p< 0.05), ** (p< 0.01) áÅÐ *** (p < 0.0001) 
 

­·É��̧É�nµ­�Ä��È�º°¦³��́�ªµ¤¦»�Â¦��°��µ¦Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��´Ê�¨�¨�Ä�� »̈n¤�°� 
OA + ¡ÅÙâ¤«ÒÁÕ¹ áÅÐ¡ÅØèÁ OA + ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ (560 ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ)â´ÂÊÒÁÒÃ¶
­´�Á��Å�o�µ�¨�́¬�³�·ª�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��̧ÉÁ¦̧¥��¹Ê�Â¨³¨�́¬�³�°�Á�¨¨r�¦³�¼�°n°��̧É�n°��oµ�
»¡µÔ (¦¼��̧É�Ś�6 C áÅÐ D) �¨�̧ÉÅ�o�̧Ê­°��¨o°���́ Mankin score �̧É¨�¨�°¥nµ�¤̧�¥́­Îµ��́Ä�®�¼� »̈n¤�OA 
+ ¡ÅÙâ¤«ÒÁÕ¹ (6.50 ± 0.43) áÅÐ OA + ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ (4.83 ± 0.48) Á¤ºÉ°Á�̧¥���́� »̈n¤�OA + 
vehicle group (8.33 ± 0.71) Ã�¥Á�¡µ³°¥nµ�¥·É�Á¤ºÉ°Á�¦̧¥�Á�̧¥�¦³®ªnµ�� »̈n¤�OA �̧ÉÅ�o¦́�� ¼̈Ã��µ¤̧� áÅÐ 
OA �̧ÉÅ�o¦́�­µ¦­��́�µ�Ã���o�®¤n°��³¡�ªnµ Mankin score ÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹ÍÂèÒ§ÁÕ¹ÑÂÊíÒ¤Ñ­ (¦¼��̧É�
Ś�7) 
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ÊÃØ»¼Å¡ÒÃÈÖ¡ÉÒ 
�¨�µ¦ª·�¥́�̧Ê¡�ªnµ­µ¦­��́�µ�Ã���o�®¤n°�¤̧§��·Í �¦¦Á�µ°µ�µ¦�ª��µ��o°Á�nµÁ­ºÉ°¤Ä�®�¼�̧É

�¼�Á®�̧É¥ª�ÎµÄ®oÁ�·��o°Á­ºÉ°¤Å�o�¨oµ¥� ¹̈���́� ¼̈Ã��µ¤̧����°��µ��̧Ê ¥�́¡�ªnµ­µ¦­��́�̧Ê ¥�́¤̧§��·Í Ä��µ¦
�³¨°�ªµ¤Á­ºÉ°¤�°�Á�ºÊ°Á¥ºÉ°�¦³�¼�°n°��Ã�¥�̧É�µ�ª·�¥́�̧Ê Á�È ��µ¦«¹�¬µ�¦́Ê �Â¦��̧ÉÂ­��Ä®oÁ®È��¹�§��·Í
�°�­µ¦­��́�µ�Ã�n��o�®¤n°�Ä�Â���Îµ¨°�®�¼�̧É�¼�Á®�̧É¥ª�ÎµÄ®oÁ�·��o°Á�nµÁ­ºÉ°¤ ÍÂèÒ§äÃ¡çµÒÁÂ Ñ§µéÍ§ÁÕ
�µ¦«¹�¬µÁ¡·É¤Á�·¤Á¡ºÉ°«¹�¬µ�¨Å��µ¦°°�§��·Í �°�­µ¦­Îµ��́�̧É¤̧­nª�Á�̧É¥ª�o°�Ä��µ¦�¦¦Á�µ�ª�� 
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�µ¦��¨°�­nª��¸É�ś 

¡ÒÃ��­°�§��·Í�oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́Ã���o�®¤n°� 

ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§¡ÒÃÇÔ̈ ÑÂ 
Á¡ºÉ°��­°�§��·Í�oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�¸ÉÅ�o�µ�Ã���o�®¤n°��¸ÉÁ�¦̧¥¤Å�o 

ÇÔ̧ Õ´íÒà¹Ô¹¡ÒÃÈÖ¡ÉÒ 
3.1 Determination of total phenolic content 

µÃÇ¨ËÒ»ÃÔÁÒ³ Total phenolic content ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹â´ÂÇÔ Õ̧ Folin-Ciocalteau 
(FC) (Chumark et al., 2008) â´Âãªé gallic acid (GA) à»ç ¹ÊÒÃÁÒµÃ°Ò¹ ÇÔ Õ̧·´ÊÍº·íÒâ´Â ¼ÊÁ
­µ¦¨³¨µ¥�°�­µ¦­��́�µ�Ã���o�®¤n°��̧É�ªµ¤Á�o¤�o��nµ�Ç�Ä��50% àÁ·Ò¹ÍÅ ËÃ×Í GA solution 
»ÃÔÁÒµÃ 100 äÁâ¤ÃÅÔµÃ à¢éÒ¡Ñº FC reagent (10% v/v) »ÃÔÁÒµÃ 500 äÁâ¤ÃÅÔµÃ �Îµ­nª��­¤�̧ÉÅ�oÅ��
vortex áÅÐ incubate �̧É°»�®£¼¤·®o°�Á�È �Áª¨µ�2 �µ�̧��µ��´Ê� àµÔÁÊÒÃÅÐÅÒÂ  7.5% Na2CO3 »ÃÔÁÒµÃ 400 
äÁâ¤ÃÅÔµÃ áÅÐ¹íÒä» incubate µèÍÍÕ¡ 60 �µ�̧��̧É°»�®£¼¤·®o°���n°��ÎµÅ�ª�́�nµ�¼�� º̈�Â­��̧É�765 ¹Òâ¹
Á¤�¦Ã�¥Ä�oÁ�¦ºÉ°��spectrophotometer �Îµ�nµ�̧Éª�́Å�oÅ��Îµ�ª��nµ�Total phenolic content â´Â¡ÒÃà·ÕÂº
¡Ñº standard curve ¢Í§ GA áÅÐáÊ´§¼Åà»ç ¹äÁâ¤Ã-   âÁÅ¢Í§ GA equivalents (GAE)  �n°�ÎÊ µ®��́��
ÊÒÃÊ¡Ñ́ áËé§ 1 ÁÔÅÅÔ¡ÃÑÁ (µmol GAE/mg of dry extract) Ã�¥Ä��µ¦ª·Á�¦µ³®r�´Ê�Á�È ��µ¦Â¥��Îµ�µ¦
·´ÊÍº¨íÒ¹Ç¹ 3 �¦́Ê ��(three independent experiment) Ã�¥Â�n¨³�¦́Ê ��³�Îµ�µ¦ª�́�ÎÊ µ� Îµ�ª��2 �¦́Ê � 
(duplicate) 

 
3.2 Determination of total flavonoid content 

¡ÒÃµÃÇ¨ËÒ»ÃÔÁÒ³ Total flavonoid content ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹â´ÂÇÔ Õ̧ aluminium 
colorimetric â´Âãªé quercetin (QU) à»ç ¹ÊÒÃÁÒµÃ°Ò¹ (Omoruyi et al., ŚŘřŚ� ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ
·´ÊÍºáÅÐÊÒÃÁÒµÃ°Ò¹àµÃÕÂÁâ´Â¡ÒÃÅÐÅÒÂã¹ 50% methanol ÇÔ Õ̧·´ÊÍº·íÒâ´Â¼ÊÁÊÒÃÅÐÅÒÂ¢Í§
ÊÒÃ·´ÊÍº»ÃÔÁÒµÃ 500 äÁâ¤ÃÅÔµÃà¢éÒ¡Ñº ÊÒÃÅÐÅÒÂ 2% aluminium chloride (AlCl3) »ÃÔÁÒµÃ 500 
Å¤Ã�¦ ·̈�¦��n¤�̧É°»�®£¼¤·®o°�Á�È �Áª¨µ�60 �µ�̧��µ��´Ê�­nª��­¤�̧Ê�¼��ÎµÅ�ª�́�nµ�¼�� º̈�Â­��̧É�420 ¹Ò
Ã�Á¤�¦Ã�¥Ä�oÁ�¦ºÉ°��spectrophotometer ¹íÒ�nµ�̧Éª�́Å�oÅ��Îµ�ª��nµ�Total flavonoid content â´Â¡ÒÃ
à·ÕÂº¡Ñº standard curve ¢Í§ QU áÅÐáÊ´§¼Åà»ç ¹äÁâ¤ÃâÁÅ (µmol QUE/mg of dry extract) â´Âã¹



  DBG5480013  

28 
 

�µ¦ª·Á�¦µ³®r�´Ê�Á�È ��µ¦Â¥��Îµ�µ¦��­°��Îµ�ª��3 �¦́Ê ��(three independent experiment) Ã�¥Â�n¨³�¦́Ê �
�³�Îµ�µ¦ª�́�ÎÊ µ� Îµ�ª��2 ¤¦́Ê � (duplicate) 

 
3.3 DPPH radical scavenging assay 
 ��­°�§��·Í �µ¦�oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�µ�Ã���o�®¤n°�Â¨³°°��̧Á¦­Áª°¦µ�¦°¨Ã�¥
ÇÔ Õ̧ DPPH radical scavenging  (Roche et al., 2005) â´Âãªé trolox à»ç ¹ÊÒÃÁÒµÃ°Ò¹ ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ
Ê¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ (0.1 ÁÔÅÅÔ¡ÃÑÁ/ÁÔÅÅÔÅÔµÃ), ÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ (0.1 ÁÔÅÅÔâÁÅÒÃì) áÅÐ trolox (0.1 
ÁÔÅÅÔâÁÅÒÃì) àµÃÕÂÁâ´Â¡ÒÃÅÐÅÒÂã¹ 100% methanol ÇÔ Õ̧·´ÊÍº·íÒâ´Â¼ÊÁÊÒÃÅÐÅÒÂ DPPH 100
äÁâ¤ÃÅÔµÃà¢éÒ¡Ñº ­µ¦¨³¨µ¥�°�­µ¦­��́�µ�Ã���o�®¤n°�Ä��¦·¤µ��̧ÉÂ���nµ���́�®¦º°�­¤��́trolox 
ËÃ×Í oxyresverattrol �̧É�ªµ¤Á�o¤�o��̧ÉÂ���nµ���́�Ã�¥�̧ÉÄ®o�¦·¤µ�¦­»��oµ¥�°�­nª��­¤°¥¼n�̧É�1 ÁÔÅÅÔÅÔµÃ 
�Îµ­nª��­¤�̧ÉÅ�oÅ��incubated �̧É°»�®£¼¤·®o°�Á�È �Áª¨µ�3 ¹Ò·Õ áÅÐ¹íÒä»ÇÑ́ ¤èÒ�¼�� º̈�Â­��̧É��515 ¹Òâ¹
Á¤�¦�Ã�¥Ä�oÁ�¦ºÉ°��spectrophotometer  ¦o°¥¨³�°��µ¦¥�́¥ ´Ê�°�»¤¼¨°·­¦³�(scavenging activity; SA) ¢Í§
ÊÒÃ­��́�µ�Ã���o�®¤n°�Â¨³°°��̧Á¦­Áª°¦µ�¦°¨­µ¤µ¦��Îµ�ª�Å�o�µ�­¤�µ¦���́�̧Ê � 
 
   SA (%) = [A � B/ A] × 100% 
 
Ã�¥�̧É�A à»ç ¹¤èÒ Ù́´¡Å×¹áÊ§¢Í§ blank sample (vehicle);  
          B à»ç ¹¤èÒ Ù́´¡Å×¹áÊ§¢Í§ÊÒÃ·´ÊÍº (ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹, ÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ ËÃ×Í 
trolox)  
 Ã�¥�̧ÉÁ�°¦rÁ�È��r�µ¦�oµ�°�»¤¼¨°·­¦³ (DPPH radical scavenging activity (%)) ¶Ù¡ plotted ¡Ñº 
�ªµ¤Á�o¤�o��°�­µ¦�̧ÉÄ�o��­°�Á¡ºÉ°Ä�oÄ��µ¦®µ�nµ�IC50  
 
3.4 Ferric ion reducing antioxidant power (FRAP) assay 

¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÕ ỐÇ«ìà¿ÍÃÔ¡äÍÍ¹¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹áÅÐÍÍ¡«Õ àÃÊàÇÍÃÒ
·ÃÍÅ¶Ù¡»ÃÐàÁÔ¹â´ÂÇÔ Õ̧ FRAP assay (Benzie and Strain, řššŞ� â´Âãªé ferrous sulfate à»ç ¹ÊÒÃ
ÁÒµÃ°Ò¹ ÇÔ Õ̧·´ÊÍº·íÒâ´Â¼ÊÁ 100 äÁâ¤ÃÅÔµÃ ¢Í§ FRAP reagent ¡Ñº 50 äÁâ¤ÃÅÔµÃ¢Í§ ferrous 
sulfate solution (FeSO4.7H2O; standard) �̧É�ªµ¤Á�o¤�o��nµ�Ç�Â¨³�­¤��́­µ¦­��́�µ�Ã���o�®¤n°��
ËÃ×Í °°��̧Á¦­Áª°¦µ�¦°¨��µ��´Ê��Îµ­nª��­¤Å��n¤�̧É°»�®£¼¤·®o°�Á�È �Áª¨µ�3 ¹Ò·Õ áÅÐ¶Ù¡¹íÒä»ÇÑ́ ¤èÒ
�¼�� º̈�Â­��̧É�593 ¹Òâ¹Á¤�¦Ã�¥Ä�oÁ�¦ºÉ°��spectrophotometer �Îµ�nµ�̧Éª�́Å�oÅ��Îµ�ª��nµ�FRAP values 
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â´Â¡ÒÃà·ÕÂº¡Ñº standard curve ¢Í§ ferrous sulfate áÅÐáÊ´§¼Åà»ç ¹äÁâ¤ÃâÁÅ¢Í§ Fe (II)  µèÍ
�ÎÊ µ®��́��­µ¦­��́Â®o��1 ÁÔÅÅÔ¡ÃÑÁ Ã�¥Ä��µ¦ª·Á�¦µ³®r�´Ê�Á�È ��µ¦Â¥��Îµ�µ¦��­°��Îµ�ª��3 �¦́Ê ��
(three independent experiment) Ã�¥Â�n¨³�¦́Ê ��³�Îµ�µ¦ª�́�ÎÊ µ� Îµ�ª��2 �¦́Ê � (duplicate) 

 
3.5 Scavenging of hydroxyl radical by deoxyribose method 
 Hydroxyl radical scavenging activity ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ áÅÐÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ
¶Ù¡»ÃÐàÁÔ¹â´ÂãªéÇÔ̧ Õ deoxyribose (Srinivasan et al., 2007) â´Âãªé trolox à»ç ¹ÊÒÃÁÒµÃ°Ò¹ ÊÒÃÅÐÅÒÂ
¢Í§ÊÒÃ·´ÊÍºáÅÐÊÒÃÁÒµÃ°Ò¹àµÃÕÂÁâ´Â¡ÒÃÅÐÅÒÂã¹ 50% methanol ÇÔ̧ Õ·´ÊÍº·íÒâ´Â¼ÊÁ 100 
äÁâ¤ÃÅÔµÃ ¢Í§ÊÒÃ·´ÊÍºà¢éÒ¡Ñº 900 äÁâ¤ÃÅÔµÃ ¢Í§ reaction mixture solution �¹É ��¦³�°�Å��oª¥�
deoxyribose (14 ÁÔÅÅÔâÁÅÒÃì, 200 äÁâ¤ÃÅÔµÃ), ferrous sulphate (2.5 ÁÔÅÅÔâÁÅÒÃì, 100 äÁâ¤ÃÅÔµÃ), 
normal saline (400 äÁâ¤ÃÅÔµÃ) and hydrogen peroxide (4 ÁÔÅÅÔâÁÅÒÃì, 200 äÁâ¤ÃÅÔµÃ) ®¨�́�µ��´Ê��Îµ
­nª��­¤�̧ÊÅ��n¤�̧É°»�®£¼¤·�37C à»ç ¹àÇÅÒ 60 �µ�̧��µ��´Ê�Á�·¤ 300 äÁâ¤ÃÅÔµÃ ¢Í§ 1% thiobarbituric 
acid (TBA) solution ã¹ 50 ÁÔÅÅÔâÁÅÒÃì NaOH áÅÐ 300 äÁâ¤ÃÅÔµÃ ¢Í§ 2.8% trichloro acetic acid 
(TCA)  ¹íÒÊèÇ¹¼ÊÁä»ºèÁµèÍã¹ water bath à»ç ¹àÇÅÒ 10 ¹Ò·Õ �µ��´Ê��È� n̈°¥Ä®o­nª��­¤Á¥È�¨��̧É
°»�®£¼¤·®o°��n°��ÎµÅ�ª�́�nµ�¼�� º̈�Â­��̧É� 532 ¹Òâ¹àÁµÃ Ã�¥�̧ÉÁ�°¦rÁ�È��r�µ¦�oµ�°�»¤¼¨°·­¦³�¼��
plotted ��́��ªµ¤Á�o¤�o��°�­µ¦�̧ÉÄ�o��­°�Á¡ºÉ°Ä�oÄ��µ¦®µ�nµ�IC50  
 
3.6 Superoxide scavenging assay 
 ��­°�§��·Í �µ¦��́°�»¤¼¨°·­¦³�»�Á�°¦r°°�Å��r�°�­µ¦­��́�µ�Ã���o�®¤n°��Â¨³°°��̧Á¦­
Áª°¦µ�¦°¨� �µ¤ª·�̧�µ¦�̧ÉÅ�o¤̧�µ¦� n̈µªÅªoÂ¨oªÄ�¦³Á�̧¥�ª·�̧�°�� Channbane et al., (2012) â´ÂÍ¹ØÁÙÅ
°·­¦³�̧ÉÁ�·��¹Ê��³�Îµ��·�·¦·¥µ��́�nitroblue tetrazolium (NBT) �¹É �¤̧­̧Á® º̈°��Å�oÁ�È ��NBT-diformazn �¹É �¤̧
­̧�ÎÊµÁ�·�� �µ¦��­°�Ä�o quercetine (QU) à»ç ¹ÊÒÃÁÒµÃ°Ò¹áÅÐãªé superoxide dismutase (SOD) à»ç ¹ 
positive control â´ÂÊÒÃ·´ÊÍº¨Ð·íÒ» Ô̄¡ÔÃÔÂÒ¡ÑºÍ¹ØÁÙÅÍÔÊÃÐ«Ø»à»ÍÃìÍÍ¡ä«´ì (O2

-) ä´éà»ç ¹äÎâ´Ãà¨¹
à»ÍÃìÍÍ¡ä«´ì (H2O2) áÅÐÍÍ¡«Ôà¨¹ (O2) ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ·´ÊÍºáÅÐÊÒÃÁÒµÃ°Ò¹àµÃÕÂÁâ´Â¡ÒÃ
ÅÐÅÒÂã¹ 50% methanol ÇÔ̧ Õ·´ÊÍº·íÒâ´Â¼ÊÁ 100 äÁâ¤ÃÅÔµÃ ¢Í§ÊÒÃ·´ÊÍºà¢éÒ¡Ñº reaction 
mixture �¹É ��¦³�°�Å»´éÇÂ 100 äÁâ¤ÃÅÔµÃ ¢Í§ 65 ÁÔÅÅÔâÁÅÒÃì EDTA, 200 äÁâ¤ÃÅÔµÃ ¢Í§  40 äÁ
â¤ÃâÁÅÒÃì riboflavine, 200 äÁâ¤ÃÅÔµÃ ¢Í§ 960 äÁâ¤ÃâÁÅÒÃì nitroblue tetrazolium salt (NBT) áÅÐ 
400 äÁâ¤ÃÅÔµÃ ¢Í§ 50 ÁÔÅÅÔâÁÅÒÃì phosphate buffer, pH 7.4 �µ��´Ê���Îµ­nª��­¤�̧ÉÅ�oÅ��n¤�̧É°»�®£¼¤· 
30°C à»ç ¹àÇÅÒ 30 ¹Ò·Õ Â¨³�¼��ÎµÅ�ª�́�nµ�¼�� º̈�Â­��̧É�560 �µÃ�Á¤�¦��́�̧�Ã�¥�̧ÉÁ�°¦rÁ�È��r�µ¦�oµ�
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Í¹ØÁÙÅÍÔÊÃÐ (superoxide radical scavenging activity (%)) ¶Ù¡ plotted ��́� �ªµ¤Á�o¤�o��°�­µ¦�̧ÉÄ�o
��­°�Á¡ºÉ°Ä�oÄ��µ¦®µ�nµ�IC50  
 
3.7 Nitric oxide scavenging assay 
 ·´ÊÍº Nitric oxide scavenging activity ¢Í§ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹áÅÐÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ
�µ¤ª·�̧�µ¦�̧É¤̧�µ¦� n̈µªÅªoÂ¨oªÄ�¦³Á�̧¥�ª·�̧�°� Omoruyi et al.,  �ŚŘřŚ� â´Âãªé sodium nitrite (NaNO2) 
à»ç ¹ÊÒÃÁÒµÃ°Ò¹ ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ·´ÊÍºáÅÐÊÒÃÁÒµÃ°Ò¹àµÃÕÂÁâ´Â¡ÒÃÅÐÅÒÂã¹ 50% methanol 
ÇÔ̧ Õ·´ÊÍº·íÒâ´Â¼ÊÁ 1 ÁÔÅÅÔÅÔµÃ ¢Í§ 10 ÁÔÅÅÔâÁÅÒÃì sodium nitroprusside (SNP) �¹É ��¼�Á�¦̧¥¤�¹Ê�Ä®¤n
à¢éÒ¡Ñº 250 äÁâ¤ÃÅÔµÃ ¢Í§ phosphate buffer saline, pH 7.4 áÅÐ 250 äÁâ¤ÃÅÔµÃ ¢Í§ÊÒÃÊ¡Ñ́ â¤¹µé¹
ËÁè°�� ®¦º°� °°��̧Á¦­Áª°¦µ�¦°¨� �̧É�ªµ¤Á�o¤�o��nµ�Ç��́� �Îµ­nª��­¤�̧ÉÅ�oÅ��n¤�̧É°»�®£¼¤·®o°�� Á�È �
àÇÅÒ 60 �µ�̧��µ��´Ê�Á�·¤�500 äÁâ¤ÃÅÔµÃ ¢Í§ 1% sulfanilamide ã¹ 2% phosphoric acid (H3PO4) áÅÐ
�n¤�n°�̧É°»�®£¼¤·®o°�Á�È �Áª¨µ� 5 ¹Ò·Õ Á¤ºÉ°�¦�Áª¨µ� Á�·¤� 500 äÁâ¤ÃÅÔµÃ ¢Í§ 0.1% 
napthylethylenediamine (NED) Â¨³� �n¤�n°�̧É°»�®£¼¤·®o°�� Á�È �Áª¨µ� 10 ¹Ò·Õ ¹íÒä»ª�́�nµ�¼�� º̈�Â­��̧É�
546 �µÃ�Á¤�¦� �¹É ��³¡�ªnµ­nª��­¤�̧ÉÅ�o�³Á�¨̧É¥�Á�È �­̧¤nª�� � Îµ�ª�®µ�¦·¤µ��°�� nitric oxide ¨Ò¡
»ÃÔÁÒ³ nitrite ions (NO2

-) �̧ÉÅ�o�µ��sodium nitrite (NaNO2) Ã�¥�̧Éà»ÍÃìà«ç¹µì¡ÒÃµéÒ¹Í¹ØÁÙÅÍÔÊÃÐ (nitric 
oxide radical scavenging activity  (%)) ¶Ù¡ plotted ��́��ªµ¤Á�o¤�o��°�­µ¦�̧ÉÄ�o��­°�Á¡ºÉ°Ä�oÄ��µ¦®µ
¤èÒ IC50  
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¼Å¡ÒÃÈÖ¡ÉÒ 
3.1 Determination of total phenolic and total flavonoid content 
»ÃÔÁÒ³ total phenolic áÅÐ total flavonoid �°�­µ¦­��́�µ�Ã���o�®¤n°�Å�oÂ­��ÅªoÄ��µ¦µ��̧É�3.1  
�µ¦µ��̧É�3.1: »ÃÔÁÒ³ Total phenolic content áÅÐ total flavonoid content ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ 

Assays Content 
Total Phenolic Content (mol GAE/mg extract) 34.87 ± 1.12 

Total Flavonoid Content (mol QUE/mg extract) 0.13 ± 0.00 

�¨�̧ÉÂ­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§¨Ò¡ÊÒÁ¡ÒÃ·´ÅÍ§ 
 

3.2 §��·Í�oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�µ�Ã���o�®¤n°� 

ã¹¡ÒÃÈÖ¡ÉÒ�̧ÊÅ�o� Îµ�µ¦��­°�§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́Ã���o�®¤n°�Ã�¥ª·�̧�nµ�Ç
��́�̧Ê �DPPH radical, hydroxyl radical, nitric oxide radical, superoxide radical áÅÐ ferric reducing 
antioxidant power (FRAP) assay ¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇèÒ ÊÒÃÁÒµÃ°Ò¹  (trolox áÅÐ quercetin) ÊÒÃÊ¡Ñ́ â¤¹
�o�®¤n°��Â¨³�°°��̧Á¦­Áª°¦µ�¦°¨�¤̧§��·Í �oµ�°�»¤¼¨°·­¦³Á¡·É¤�¹Ê��µ¤��µ��̧ÉÄ�o�(dose-dependent) ã¹
ËÅÒÂÇÔ Õ̧¡ÒÃ·´ÊÍº â´Â¤èÒ IC50 Å�o­¦»�ÅªoÄ��µ¦µ��̧É�3.2 áÅÐ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹ ì̧ÃÐËÇèÒ§¤ÇÒÁ
Á�o¤�o���́§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦�̧ÉÄ�o��­°�Ã�¥ª·�̧�nµ�ÇÅ�oÂ­��Ä�¦¼��̧É��3.1, 3.2, 3.3 áÅÐ 3.4  
 

�µ¦µ��̧É� 3.2 : ¤èÒ IC50 ¢Í§ÊÒÃÁÒµÃ°Ò¹ ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹ áÅÐ ÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ â´Âãªé
ª·�̧�µ¦��­°�§��·Í �oµ�°�»¤¼¨°·­¦³Â���nµ�Ç 

Scavenging assays IC50 (g/ml) 
Standard Extract Oxyresveratrol 

a DPPH  6.46 ± 0.05 26.62 ± 0.96 13.50 ± 0.48 
a HO°  1.49 ± 0.03 5.16 ± 0.28 3.34 ± 0.16 
b O2°-  132.00 ± 6.35 173.73 ± 12.66 N/A 
NO  N/A 12.19 ± 1.03 8.06 ± 0.30 
 
�¨�̧ÉÂ­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§¨Ò¡ÊÒÁ¡ÒÃ·´ÅÍ§ 
a ãªé Trolox à»ç ¹ÊÒÃÁÒµÃ°Ò¹, b ãªé Quercetine à»ç ¹ÊÒÃÁÒµÃ°Ò¹  
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¦¼��̧É 3.1 §��·Í �µ¦�oµ�°�»¤¼¨°·­¦³�°��(A) trolox áÅÐ (B) ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹â´ÂÇÔ̧ Õ DPPH radical scavenging 

 

 
 

 
 

 
 

 

¦¼��̧É 3.2 §��·Í �µ¦�oµ�°�»¤¼¨°·­¦³�°��(A) trolox áÅÐ (B) ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹â´ÂÇÔ̧ Õ HO° scavenging activity (A) 
 
 

 
 

 
 

 
 
 

¦¼��̧É 3.3 §��·Í �µ¦�oµ�°�»¤¼¨°·­¦³�°��(A) trolox áÅÐ (B) ÊÒÃÊ¡Ñ́ â¤¹µé¹ËÁèÍ¹â´ÂÇÔ̧ Õ O2°- scavenging activity 
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¦¼��̧É 3.4 §��·Í �µ¦�oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́Ã���o�®¤n°�Ã�¥ª·�̧ NO scavenging activity 

�°��µ��̧Ê �  §��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́Ã���o�ËÁèÍ¹ à»ÃÕÂºà·ÕÂº¡Ñº ÍÍ¡«ÕàÃÊàÇÍÃÒ
·ÃÍÅ ¥�́�¼�­¦»�ÅªoÄ��µ¦µ��̧É� 3.3 Ã�¥Å�oÂ­��ÅªoÄ�®�nª¥�nµ�Ç��́�¹Ê�°¥¼n��́��·��°�­µ¦¤µ�¦�µ��̧É
Ä�oÄ�Â�n¨³�µ¦��¨°���́�̧Ê  mol trolox equivalent (TE)/mg dry extract ÊíÒËÃÑº DPPHáÅÐ HO 
scavenging assays ã¹Ë¹èÇÂ¢Í§ mol quercetin equivalent (QUE)/mg dry extract ÊíÒËÃÑº O2°- 
scavenging assay áÅÐã¹Ë¹èÇÂ¢Í§ mol ascorbic acid equivalent (AAE)/mg dry extract ÊíÒËÃÑº 
FRAP assays ÊíÒËÃÑº NO radical scavenging activity ®�nª¥�̧ÉÄ�o�³Â­��Á�È � nmol of scavenged NO 
by 1 g of test compound (�µ¦µ��̧É�3.3)   

�µ��¨�µ¦��¨°�¡�ªnµ§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�µ�Ã���o�®¤n°�Â¨³oxyresveratrol 
ÁÕ¤èÒà·èÒ¡Ñº 0.98 ± 0.05 áÅÐ 2.04 ± 0.09 mol TE/mg of test compound ÊíÒËÃÑº DPPH scavenging 
assay áÅÐ 1.11 ± 0.08 áÅÐ 1.63 ± 0.03 mol TE/mg of test compound ÊíÒËÃÑº HO° scavenging assays 
µÒÁÅíÒ´Ñº (�µ¦µ��̧É� 3.3) �°��µ��̧Ê¥�́¡�ªnµ§��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́�µ�Ã���o�®¤n°�¤̧�nµ
à·èÒ¡Ñº1.13 ± 0.16 mol QUE/mg dry extract áµèäÁèÊÒÁÒÃ¶µÃÇ¨ÇÑ́ ¤èÒä´é̈ Ò¡ oxyresveratrol Á¤ºÉ°
·´ÊÍºâ´Â O2°- scavenging assay (�µ¦µ��̧É�3.3) ã¹ FRAP assay reducing capacity ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡
â¤¹µé¹ËÁèÍ¹ áÅÐoxyresveratrol ÁÕ¤èÒà·èÒ¡Ñº 1.29 ± 0.15 and 4.27 ± 0.28 mol AAE/mg of test 
compound �°��µ��̧Ê¥�́¡�ªnÒ nitric oxide radical scavenging activity ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤¹µé¹ËÁèÍ¹ 
áÅÐoxyresveratrol ÁÕ¤èÒà·èÒ¡Ñº 1.88 ± 0.36 and 2.23 ± 0.03 nmol of scavenged NO by 1 g of test 
compound µÒÁÅíÒ´Ñº 
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�µ¦µ��̧É 3.3: §��·Í �oµ�°�»¤¼¨°·­¦³�°�­µ¦­��́Ã���o�®¤n°�� Â¨³ ÍÍ¡«ÕàÃÊàÇÍÃÒ·ÃÍÅ Á¤ºÉ°��­°�
´éÇÂÇÔ̧ Õ DPPH radical (DPPH) scavenging, hydroxyl radical (HO°) scavenging, superoxide radical 
(O2°-) scavenging áÅÐ nitric oxide radical (NO) scavenging à·ÕÂº¡ÑºÊÒÃÁÒµÃ°Ò¹ 

Scavenging Assays 
Antioxidant capacities 

      Extract         Oxyresveratrol 
DPPH (mol TE/mg of test compound) 0.98 ± 0.05 2.04 ± 0.09 
HO° (mol TE/mg of test compound)  1.11 ± 0.08 1.63 ± 0.03 
O2°- (mol QUE/mg of test compound) 1.13 ± 0.16 N/A 
FRAP (mol AAE/mg of test compound) 1.29 ± 0.15 4.27 ± 0.28 
NO (nmol of scavenged NO/ µg of test compound) 1.88 ± 0.36 2.23 ± 0.03 
�¨�̧ÉÂ­��Á�È ��nµÁ�¨̧É¥� �nµÁ�̧É¥�Á��¤µ�¦�µ��°��nµÁ�¨̧É¥ (± SEM) ¢Í§µÑÇÍÂèÒ§¨Ò¡ÊÒÁ¡ÒÃ·´ÅÍ§ 
  

ÊÃØ»¼Å¡ÒÃÈÖ¡ÉÒ 
�¨�µ¦��¨°��̧Ê­°��¨o°���́�µ¦��¨°�°ºÉ�Ç�̧É�nµ�¤µ�(Chang et al., ŚŘřř, Khan et al., 

ŚŘřś� �¹É �¡�ªnµ­µ¦­��́�µ�­nª��nµ�Ç�µ��o�®¤n°��Á�n��Ä���·É��Á� º̈°�¦µ��¤̧­nª��¦³�°��°��phenolic 
compounds Ä��µ¦«¹�¬µ�̧Ê ¡�ªnµ�phenolic compounds ¡çÊÒÁÒÃ¶¾ºä´éã¹ÊèÇ¹â¤è¹¢Í§µé¹ËÁèÍ¹ 
�°��µ��̧Ê �Ä��µ¦ª·�¥́�̧Ê¥�́«¹�¬µ§��·Í �oµ�°�»¤¼¨ÍÔÊÃÐ¢Í§ÊÒÃÊ¡Ñ́ ¨Ò¡â¤è¹µé¹ËÁèÍ¹áÅÐÍÍ¡«ÕàÃÊàÇÍÃÒ
�¦°¨��¹É �Á�È �­µ¦­Îµ�´��̧É¡�Ä�­µ¦­�´��̧Ê �Ã�¥Ä�oª·�̧�µ¦�¦³Á¤·�®¨µ¥ª·�̧�Á�n���DPPH radical 
scavenging, hydroxyl radical scavenging, nitric oxide radical scavenging, superoxide radical 
scavenging áÅÐ ferric reducing antioxidant power (FRAP) assay  

�µ��¨�µ¦��¨°�¡�ªnµ­µ¦­��́Ã���o�®¤n°�Â­��§��·Í �oµ�°�»¤¼¨°·­¦³Ä��»�ª·�̧�µ¦
��­°��̧ÉÄ�o�¦³Á¤·����́�´Ê��°µ��³� n̈µªÅ�oªnµ­µ¦­��́Ã���o�®¤n°�¤̧§��·Í �oµ�°�»¤¼¨°·­¦³Å�oÃ�¥°µ«¥́
�µ�®¨µ¥�¨Å�� Ã�¥�¨Å��̧É­Îµ��́�º°� �µ¦�Îµ��́°�»ÁÙÅÍÔÊÃÐ (radical scavenging activity) áÅÐ 
�ªµ¤­µ¤µ¦�Ä��µ¦Á¦n���·�·¦·¥µ¦̧��́�´É� (reducing activity)   

 
 
 
 



  DBG5480013  

35 
 

ºÃÃ³Ò¹Ø¡ÃÁ 
Allen KD, Adams SB, Setton LA (ŚŘřŘ��Evaluating Intra-Articular Drug Delivery for the Treatment of 

Osteoarthritis in a Rat Model. Tissue Engineering Part B-Reviews řŞ�Šř-šŚ� 
Amin AR, Dave M, Attur M, Abramson SB (ŚŘŘŘ��COX-Ś, NO, and cartilage damage and repair. Curr 

Rheumatol Rep Ś�ŜŜş-Ŝŝś� 
Benzie IF, Strain JJ (řššŞ��The ferric reducing ability of plasma (FRAP) as a measure of "antioxidant 

power": the FRAP assay. Anal Biochem Śśš�şŘ-şŞ� 
Bove SE, Flatters SJL, Inglis JJ, Mantyh PW (ŚŘŘš��New advances in musculoskeletal pain. Brain Res 

Rev ŞŘ�řŠş-ŚŘř� 
Braza-Boils A, Alcaraz MJ, Ferrandiz ML (ŚŘřř��Regulation of the inflammatory response by tin 

protoporphyrin IX in the rat anterior cruciate ligament transection model of osteoarthritis. J 
Orthop Res Śš�řśşŝ-řśŠŚ� 

Chaabane F, Boubaker J, Loussaif A, Neffati A, Kilani-Jaziri S, Ghedira K, Chekir-Ghedira L (ŚŘřŚ��
Antioxidant, genotoxic and antigenotoxic activities of daphne gnidium leaf extracts. Bmc 
Complementary and Alternative Medicine řŚ� 

Chang LW, Juang LJ, Wang BS, Wang MY, Tai HM, Hung WJ, Chen YJ, Huang MH (ŚŘřř��
Antioxidant and antityrosinase activity of mulberry (Morus alba L.) twigs and root bark. Food 
Chem Toxicol Ŝš�şŠŝ-şšŘ� 

Choi EM, Hwang JK (ŚŘŘŝ�� Effects of Morus alba leaf extract on the production of nitric oxide, 
prostaglandin EŚ and cytokines in RAWŚŞŜ�ş macrophages. Fitoterapia şŞ�ŞŘŠ-Şřś� 

Chumark P, Khunawat P, Sanvarinda Y, Phornchirasilp S, Morales NP, Phivthong-Ngam L, 
Ratanachamnong P, Srisawat S, Pongrapeeporn KU (ŚŘŘŠ�� The in vitro and ex vivo 
antioxidant properties, hypolipidaemic and antiatherosclerotic activities of water extract of 
Moringa oleifera Lam. leaves. J Ethnopharmacol řřŞ�Ŝśš-ŜŜŞ� 

Chung KO, Kim BY, Lee MH, Kim YR, Chung HY, Park JH, Moon JO (ŚŘŘś�� In-vitro and in-vivo 
anti-inflammatory effect of oxyresveratrol from Morus alba L. J Pharm Pharmacol ŝŝ�řŞšŝ-
řşŘŘ� 

Fernandes JC, Martel-Pelletier J, Pelletier JP (ŚŘŘŚ�� The role of cytokines in osteoarthritis 
pathophysiology. Biorheology śš�Śśş-ŚŜŞ� 



  DBG5480013  

36 
 

Heinecke LF, Grzanna MW, Au AY, Mochal CA, Rashmir-Raven A, Frondoza CG (ŚŘřŘ��Inhibition 
of cyclooxygenase-Ś expression and prostaglandin E-Ś production in chondrocytes by avocado 
soybean unsaponifiables and epigallocatechin gallate. Osteoarthritis Cartilage řŠ�ŚŚŘ-ŚŚş� 

Khan MA, Rahman AA, Islam S, Khandokhar P, Parvin S, Islam MB, Hossain M, Rashid M, Sadik G, 
Nasrin S, Mollah MN, Alam AH (ŚŘřś��A comparative study on the antioxidant activity of 
methanolic extracts from different parts of Morus alba L. (Moraceae). BMC Res Notes Ş�ŚŜ� 

Moon JS, Shim JC, Suh JS, Lee WC (ŚŘřŘ��Radiographic predictability of cartilage damage in medial 
ankle osteoarthritis. Clin Orthop Relat Res ŜŞŠ�ŚřŠŠ-Śřšş� 

Omoruyi BE, Bradley G, Afolayan AJ (ŚŘřŚ�� Antioxidant and phytochemical properties of 
Carpobrotus edulis (L.) bolus leaf used for the management of common infections in 
HIV/AIDS patients in Eastern Cape Province. BMC Complement Altern Med řŚ�Śřŝ� 

Pearson RG, Kurien T, Shu KS, Scammell BE (ŚŘřř�� Histopathology grading systems for 
characterisation of human knee osteoarthritis--reproducibility, variability, reliability, 
correlation, and validity. Osteoarthritis Cartilage řš�śŚŜ-śśř� 

Pomonis JD, Boulet JM, Gottshall SL, Phillips S, Sellers R, Bunton T, Walker K (ŚŘŘŝ��Development 
and pharmacological characterization of a rat model of osteoarthritis pain. Pain řřŜ�śśš-śŜŞ� 

Roche M, Dufour C, Mora N, Dangles O (ŚŘŘŝ��Antioxidant activity of olive phenols: mechanistic 
investigation and characterization of oxidation products by mass spectrometry. Org Biomol 
Chem ś�ŜŚś-ŜśŘ� 

Schaible HG, Ebersberger A, Von Banchet GS (ŚŘŘŚ��Mechanisms of pain in arthritis. Ann N Y Acad 
Sci šŞŞ�śŜś-śŝŜ� 

Srinivasan R, Chandrasekar MJ, Nanjan MJ, Suresh B (ŚŘŘş�� Antioxidant activity of Caesalpinia 
digyna root. J Ethnopharmacol řřś�ŚŠŜ-Śšř� 

Sritularak, B.  (1998). Chemical constituents of Artocarpus lakocha and A. gomezianus. Master thesis,    
Chulalongkorn University, Bangkok. 

Thongsuk P (ŚŘŘş�� In vitro and clinical study of mulberry extract for skin whitening product. In: 
Cosmetic Sciences vol. Master of Sciences Phitsanulok, Thailand: Naresuan University. 

Wen ZH, Tang CC, Chang YC, Huang SY, Hsieh SP, Lee CH, Huang GS, Ng HF, Neoh CA, Hsieh 
CS, Chen WF, Jean YH (ŚŘřŘ��Glucosamine sulfate reduces experimental osteoarthritis and 



  DBG5480013  

37 
 

nociception in rats: association with changes of mitogen-activated protein kinase in 
chondrocytes. Osteoarthritis Cartilage řŠ�řřšŚ-řŚŘŚ� 
 

  



  DBG5480013  

38 
 

¼Å§Ò¹¨Ò¡â¤Ã§¡ÒÃ (Output) 
 
àÊ¹Í¼Å§Ò¹ÃÐ´Ñº»ÃÐà·È 

1. Arada Khunakornvichaya, Sujinna Lekmeechai, Tasana Pitaksuteepong, Noppawan Phumala 
Morales, Warinkarn Hemstapat. Effect of Morus alba L. Extract on pain associated with 
osteoarthritis in rats. Thai J Pharmacol, 2012; 34(1), 121-25. 
 

2. Pham Phuong Phi, Noppawan Phumala Morales, Tasana Pitaksuteepong, Warinkarn 
Hemstapat. Evaluation of in vitro Antioxidant Activity of Morus alba L. Stem Extract. 
Abstract#F17. Proceeding of the 35th Pharmacological and Therapeutic Society of Thailand 
Meeting 20-22 March 2013.   
 

3. Two Master degree students were graduated from this project. 
 Mr. Arada Khunakonvichaya graduated with Master of Science (Toxicology) on 21st 

Jan, 2013 
 Mr. Pham Phuong Phi graduated with Master of Science (Pharmacology) on 20th May, 

2013 
 

 
 
 
 
 
 
 
 
 
 
 



  DBG5480013  

39 
 

ÀÒ¤¼¹Ç¡ 
 
Á°�­µ¦�¸É� 1 Arada Khunakornvichaya, Sujinna Lekmeechai, Tasana Pitaksuteepong, Noppawan 
Phumala Morales, Warinkarn Hemstapat. Effect of Morus alba L. Extract on pain associated with 
osteoarthritis in rats. Thai J Pharmacol, 2012; 34(1), 121-25. 
 
Á°�­µ¦�¸É� 2 Pham Phuong Phi, Noppawan Phumala Morales, Tasana Pitaksuteepong, Warinkarn 
Hemstapat. Evaluation of in vitro Antioxidant Activity of Morus alba L. Stem Extract. Abstract#F17. 
Proceeding of the 35th Pharmacological and Therapeutic Society of Thailand Meeting 20-22 March 
2013.   
 

 
 

 



ThaiJ Pharmaeol; Yol34: No 1,2A12

RESEARCH ARTICLE

lffiffiffii#ffi i::,ffii :*$ffi
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:^:t.siii$aruurus (OAi is a common discrder of rynovial joinl Knee pain is a predominant

clinical symptom that causes disability especially in elderty. It is typically worse with weight
bearing and activiiies rezuiting in the ioss of patient's quaiity oi iife. The eurrerit medications
used for OA zuch as steroids and NSAIDs cause serim side-effects. Therefore alternative
medicines that offer a superior safety profile are rquired. Morus alba L. (Mulberry fiee) has
long been widely used in haditiodal Chinese medicines. ft has been rqoorted to kve various
pharmacological propenies including antihyperglycemic, anti-oxidant and in particular anti-
inflammatory effects. M alba exfract has been showu to suppress the production of
inflammatory mediators including NO, PGE2. Although a rndrer of studies have reported the
anti-inflarnnna-tcqy effects af Ii. *!ba, i+s potential fcr featmg pain asscciated .*ith OA has not
been explored Thtrs, this study was designed to investigde the efficacy af M. alba extract on
pain-related behavior in rat modsl of OA. OA was in&Ed in male Wistar rai$ by anterior
cruciate ligament hansection (ACLT). The pain-related bdavior during OA development was
determined up to 12 weels postSA induction by using M timb werght bearing tester. M.
alba extract significantly reduced OA-associated joint pain in similar fiulnner as glucosamine.
This study is the first to demons&ate that M. alba exaad.muld attenuate pain associated with
OA in rat model. However, further studies are required to &ficnnine the active coqronents and
the mechanism of action responsible for its effect

Key Words Osteoarthritis, Monts albaL., anterior cruciate ligarnent transection, joint pain,
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Introduction

Osteoarthritis (OA) is a painful
condition of chronic progressive

degenerative joint disease, and is a leading
cause of disability in elderly. [t can affect
any joint in the body. The most comnnon

affected joints include hands, feet, spine,
and weight-ttearing jornts s,-,ch as knees

and hips. Since the current medicine used
s^^+ A ^ -^^^^.;scs sc,gsral adversert, rl(;4E vn l,rri'a:lr

effects, an alternative medicine that
provides pain-reiieving efiect as weli as

delays disease pmgression with superior
safety profile forOA is needed.

The mulberry {Morus alba L.) tree
(also known as white mulberry) bas been

widely used in traditional Chinese

medicines. Methanolic extract of M. alba
loof hac lren ohn.r^ t^ crrnnrAsc the1!ei 

^a.E 
vwu auu vr ii !v rel/P^ Yvo

production of inflammatory mediators
including NO, PCE2 (Choi and Hwang,
2005). The active component isolated from
water extract ordried root bark of l"{. alba
have been shown to exhibit the anti-
inflammatory effect (Chung et al., 2003).
This anti-inflanunatory properly mi$tt be
correlated with inhibition of the iNOS
evnressinn fhrorroh rlorwn-reqrlntion fhe

binding activity of NF-KB, a pivotal
u^---j-tl-- f--.-- ^L-^ L-- l--^- :---^l---luaul}urrPuurr rauurt ulitr tkls ur]stl luvulYcu
in the regulationof expression of numerous
genes associated with infiammtory
response (Roman-Blas and Jimenez, 2006),
and significant inhibition of COX-2
activity. Although OA has traditionally
been regarded as a non-inflammatory
arth:itis, inflamunatory processes are
believed to play a significant role in the
-- **^:^- ^f ^-*:t^* J^^^-.-^+:^- ^-,1PrvSrvntruu vr wellt4Bv gvBwuvrcuuu uu
joint demage in OA patients (Allen et al.,
20i0). The possibie mechanisms that are
responsible for the anti-inflapmatory
effects of M alba exmct has been
identified (Chung et al., 2A03, Choi and
Hwang, 2005), however its pote,ntial for
treating OA has not been explored- This
study is thereforc aimed to investigate the
mlaafial af otaa lf ^lh^ avircnlc oo q
yvwrrare^ v^ Drvrs !11. t.u* v^uovE E E

novel treatrnent for OA pain.

Materials and Methods

Animots
Five weets sld male wistar rat$ (140

- 160 g) were obtained from National
Laboratory animal Center, Mahidol
Universiry, Thailand. Ethical approval of
this study was obtained and approved by
the Facultyof Science, Mahidol University
Animal Care and Use Committee. Animat
we.re housed in pair in a teraperah-rre-

controlled room (20 + 2"C|, maintained at

hurrridiry ffi + iOaA, and a 12 Wlzh dark-
light cycle. Standard laboratory rat food
and watq were supplied ad libitum. The
OA was surgically induced by anterior
cruciate ligament transection (ACLT) as

previously described (Naito et al.. 2010).
Sham-operated rats were'treated identically
as ACLT ets except tlat transectioa of the
ACL is omitted.

Investigfun of the efficaq of M. alba
Nra*inn model of AA

M alba ethanolic extract was
prepared by maceration from Department
of Pharmeutical Technology, Faculff of
Pharmaceutical Sciences, Naresuan
tJn iversity, Thaila-rrd.

Wisbr rats were divided into four
t eL-- .';rL "-L:^l- /QLom

6rvul,o- I.guu 6lvsf/ trtur Yvalrvlw \uueur
+ vehicle; rF'l), 2. ACLT group with
vehiele (ACLT + vehicle; n:i0),3. ACLT
group wilh glucosamine sulfate (ACLT +
glucosamire; nd) anii 4. ACLT group
with &I alba exttact (ACLT + M. alba
extract; ffi).M alba exaa$ (280 mg/kg)
and glucoeamine sulfate (250 mg/kg) were
dissolvedin v/ater.

All or.trr6e renaiverl fact qrlicle< nr
vehicle (nnrter) via oral gavage ooce a day
C^- n ^^-^^^-^:--^ ---^^l-^ -L^r:-- ^L ---^-l- EIOf , C'irlisEllulivti -W-EEI(S S-Uimng aI YIETEK J
post ACLT induction Changes in hind
paw weight$earing distributions wbre
assessed at the following time points: at 0
(baseline), 5, 6, 9 arald 12 weeks post ACLT
inductiol-

lcaoaclrlns, of Pnin: Woioht-heoino
distribdorlt6t

T'L^ :-^^-^-:+^-^^ *^+- /L:-I l:*lrri€ mcapaciuuice me[€r (Erno Emo
weight beming tester) (Harvard Apparatus,
Barceiom, Spain) was useri io assess ite
pain-related behavior (knee joint paln).
This techique measures the difference ih
weight bcaring between the conhalateral
operated limb and the cootralateral
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16810
Tire after surgelv (wks)

Figure t Effects of M. alba extract (280 rnglkg) and giucosamine (250 mg&g) on the %
weight bearing. M. alba exhact and glucosamine were orally administired once &
day for 7 consecutive weeks strting at week 5 fotlowing ACLT induction.
Statistically significmt differences were determined using one-way analysis of
variance (ANovA), followed by Newman-Keuls post hoc test (+p < 0.05, **p <
0.01, ***p < 0.0001 vs ACLT r vehiele goup)
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non-operated limb. Changing of hind paw
wei$t distribution between the operated
and the contralateral non-oper;ated limb
were used as an index of knee joint pain in
ttis stud,v. The perce,ntage of weight
disnibuted on the operated limb was
deermined as previcusly described
(Pomonis et al", 2005).

Statistical Analysis
All riata were expressed as the mean

and standard error of the mean (mean *
SEM). Statistical significance was
determined using one-way analysis of
variance (ANOVA), followed by Newman-
Keuls post hoc test. The p v.alue was set at
p < 0.05 for the significant different
bei*'een grouFs.

Result anri Discussion

As can be seen in Tigure l, a
significant reduction in the percent weight-
bearingon the surgical limb was observed

throughout the study period in ACLT
group reeeived vehicle, while sham-
operated rats maintained the perc€lil

of approximately 50%.
Oral administration of glucosamine (250
mglkg) significantty reversed the percent
weight-bearing at al! test tinne pohts.
Similar result was also noted in ACLT
group receiv&. luL alba exttact, ia which
the percent weight-bearing was higher
than that of the ACLT goup received'
vehicle at 6,9 and 12 week post ACLT
induction (45.6 + l.2o/o vs 42.6 * 0.5yo,
*p < 0.05; 45.6 * 03% vs 42.9 + O.$Yo,
**p < 0.01; 47.6 *0.5yo vs 44.A + 0.8Yo,
r ** p < 0.000 1, respecdvety).

rr^- ^r.-^t ^-t,{rlll;llIDrUrr

To our knowledge, this is the first
study to demonshate that tbe ethanolic
extract of M. alba at dose of 28A frglkg
significantly attenuate pain associated
'with OA h AClT-induced rat model.
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f,:Ater shrdres are reqr-rire.d t-o de.termine
tLe active coryonents and the mechanism
^f -^+:^n -**:Ll- f^- i+^ oG0^+l,I qvuvu rv+DErvtw lvl lE glrwt.
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it An imbatarce ler€l of oxidsrts in &e body has been shorm to cause many diseases, including crdiovasc,lar and
1,,'reurodegen"4o diseases' diabeteq "*oo aad arthritis- Herhl plants are si"l"g attentim as a s*rrce of
lflT}*}Yf alba L, also knoum as n&ite mi:lbery, has lang tue" *ua in raaif;mar folk medicine in many:''i\sian countries' inchding China Thailad md Vistarn fieqrh antioxidant astivity of ftis prarn has treen

=hrmstigated 
in a nurnber olstuaies, nme has been cmpared ttre afroxioant ".d;t;i;ous part of M alba wfrl

;r,Trn:ly..The Sloxidant activity of stern, t$rig aod leaf of i alba has been curpard by 2,2-Diphenyt-l-
..IgYjff g-P scavenelng assay and fomd trat the activity of stem was shoum to Ui the hiSest, followed by
;,,S8 a}o teafl ryry1vely. Thaefore, mtioxidant activity of i4 alba stem exhact was firrther in"siig"t"d u-irg iJa
:,P|enoltc .:"T"t ffPC) assan DPPH scavenging amy md FRAP assay. The data soq6d that ihe-amourt oitcut
.':Pienolle in the stem exract of .id alba was 3j.8* 1.9 pmot GAE/mg &ied stem qtracq trolox quival*t -to"iJr.,t',F{cipr }.nrj{Savensins assay was 0.98 + 0.09 pmol trot* 

"qirir"l€nt/ag 
ai.art* ou.ct and ascorbic acid

::qtu$Tt T FIIP sssay.q'as 
^13. 

* 0.3 pmoUmg erftact Horerer, fir0rer ry"i-*r" re needad to derern he th€

I4f,rc Arctio*glant Aciivi*y af Morus frftfu ilstem Extract

:'potential antioxidat eapacity of this stem extract as m altermtiye treatnent fu oxidative st.ss-reld€d diseases.

xq**or*: l,{onis dbal sffi exiract, oxidative stress, Antioxidafi activity

: farlmrlrrr*ia-duwuluud
,.,

."Oxidativestress is a cmditim octrlrring when &se is an imbalauebetnmn the lercl of oxidm* mdthe ca;pacityof
ianti,o.xidant,defary sJ4stqm in the 6ay. o*iootit" stress has been impticated in severar disease$, including
" 

cardiovascular and mrnodegaeratine diseas€s, diabetec cflrcer aad arthritii 1r1 serr.eral stuaies ha.r.e demonstrsted
" 

aeatn uaeats of dieary indla oflrerur prarr cmqinlg hi$ "*t*t of antioxidants. Fr instancg M. alba,a plant
"thatcotains 

se\r€ral anioxidant actir.ecilpmeq inchrdingphenolic acids, s*ilbenes flavmsids asdcorl3earills hsg:'Img been used in eaditi@al chinese medicine. sq,era rcalt}r 6*rte t*r t"il r.prtrilirlilaq antihperglpmic
' (2), h@ipidemic (3) md alti-inaryn*ory pd palgesic 1+1- me rytioxidaat activiry of afErent px* +f ta atba
''.std as leanes, ffi: tgI bark, amd t*is ?p _*m-",iaii in"estig"t"E ho*"d;;, has bea conpared the: artioxidantactivityofvariorspartofi4 otto.urnrecentl-v.ti"*tior]aurt"*iriqr;fG,twigmd ls.f af ld alba:has been comparod by DP-P-H scavenging assay (5,6). rne activity orrm, *.r r[o1* io-fr tt" hi6est, follo$/d bytwig and leaf with ee half naximal-inhibitu:r 

"qrlent 
atim 0i.J:44.g * 0.0t, 214.3 * 0.A|,aed 365.4 + 0.01rc/nl. respectircty (5,6). In additiut, st€Nn of ,l4 alba wasf&d 6 cmuin ru niguJanumt of oxyresraratro[ a

, polyphenolic hrdrqllstilt€oe compareil to twig and leaf. rta**r*, *:rr*,,-rro uas also reported to be an eftcdw
' scarmgpr fu DPPII radical (Ic. ro 16.9 + 0-0 plmt) (5,O. Th;;A mtioxidant activity of M attu stw,extacr $Es, firther inrre*igated fr the antimidant activity.
: since, I str@g cmrelatim betr{/een the level oflfiaolic cmtent and rrtioxidmt activityhas be€n r€p*hd (T). TheFres€nt sat$ffis deigned to daermine the atioxicant activity"rmetaamori" 

"ar."t;f141 
aba ofui,,6tm stemmd to pro"ide additioal si:ientifc datn to "ryT the vatuabL ta.rry of T is prmito n*tta develqpmert as a' cafinal sGiioe ofaatioriiidaet This strdy is ae iirstto waiuate i i'*t*etioxidant activityofmeiharot ic lrat alhast€mqtact

Materlak and Mettods

PrErydion al*I oIfu stendrrct oadparffud oxyrusver*ol
M*slolic 14 al&e st6Ec €atast r*as prryod P T1*_oiq errn @armm of phrmace*icat refud€r, Fac,lfyof Pharmaceuticel scienceg Nacsnao u"itemiiy, Thailand odrir "i*, trdox, DppH-;; preasd frm Sigmach€mica! co' {sr r,c.de }+Io}. rdin-ciocaltaiieii@tmdsodirnn.**ratr *;*rbt.;o.,6 ftm M€r* (krnstadtGemmy).

annie
Typewriter
เอกสารที่ 2



94

Evatuadon af ttte antixidant eqacity of tte stem uM in yitro
Detendnaion af ffial phendie eowlt qrc!: Jhe total phendie contsrt of the stern exfia"1 was determindusing tbe Folin-cioealteau gc) ne&od as previc*siy a**iH'*tu rugil;-"d*;; (B). Btiefiy, i00 pL orprqared extact sc[,tim r a *andard sohdm;f crallie acil;]r" o,.t*i ,* ;;-rru, 5m pL FC ragat (.tr/ov/v)' Ttre mixnrre ua-scare'f"rlly vortsed *i **uut* J-di.*i*o.* fG 2 mfu. rrr* eao .2tL of 7.S%Nazcorsol.tiqr was addd and the mixt,re uas fin&er incubafql f* 60 rir; roffir temp€raune. Absabance nms meas'red at765 nm using a- spectnfohc*-c'un*er 1crc c*tra roq rvlauc*:mlar:*agai. callie aeid (GA) eryivaienh value wascalculatedbyusingthestmdrdtestouio glr\rcandther**"or.*pco"tin 

lmol GAUmgof&ioil sterr €xtractDPPH rafieot suwngingcryg'--rne TSg sca-vmging acrivity (sA) of the M alba stry'eilract or DppHradicat was assessod tasea on rhJmee;d aooiu.a gi*i*riy'uino.a" er ar. (9) wi& soae modifications. sro*scfinrions of t]re stan 
llaactan<i eo{ox r"t-ro-.a *tJx6;#;-ry-"d in rfx}c,omedrnrol md firrtrrer dih*ed to0'l mglml and ol m[d, respetively' Afixed volunne of I mM DrF,H (I00 t L) uo,i;;;with varying vohrmes ofihe stem €xtraci r diftrat concentratiur oioot* to *irl-r-J orm iafoi* ;;;. The mixtre was theninorbst€d d rom t*rySrp fc 3 miq and rhe absrbaoce 

""r ;;;.i*o"dtJy; i[r*, *rre specrr@sm€rer.Percentage of DPPH ttg scarrcngrng activity (%sA) ** *r*rrtra""r*dfrrr;tlr; f;fir*i.g fsm,la: sa yr) :IA - B / AJ x tnaYo whqe: e ii ak*anT'"f yq;rrpt] is absudnce ort" ,rnpre (s6m extracr 6toiox)'The psc$tage oj i*iui1i-m was plcted against fu ;;;trdi* orae errart ard ihe ICro was obtained.TEAC (trolox equivalent anfoxidant caF;ity) valus *o 
""r*i"t u by using &e standard regression qrme and iheresuit nas expressui in lrmoi tolox ofOry,t _ "*tot'Fenic ion rcduciag enttoxidartPorect fnAPlas4y'The ircu reducing capecig ofthe M albastem exfrEctwas evduated using FRAP assav, urtrich ;as p*ib"-J*;;dd;" e" r"dili;E;;;d skain (10) wi& somemodific*ims' one mL of ERAP reagent was mixed *tt i0.;L .if *rr,* "**o"ri* il* sur&te {Feso+.7}{zosoluim; positive carml) or the std extract sol'tioru rr," #x*.; E;ilb#;, rTL, ,.rp"r*" for 3 minand the absrbance at 593 nm was raeasurod *irg 

"p".t 
rsffi; rhe regresdcra eqe,ation ofstenderd was used tocdculate the FRAp varues (pmol Fe (tr) pq mg1 of tire tifo ,t*, ".i*,

Results end Discussion

The antio:tidant activity oi M atbast€m €xtract yl lal11tod using &ree assiu6. The da sowed thadre unqmt oftotal phenolics in &e'stem €xhact of Ll alba*q.34.q * t.l pmot-Eawmg aieo stem ot""a Therenraining data meshsum in Tabie i and2 AII data t *" 
"*,i rrt*a in ripric*et des*eo as the n'ean * stmdrd deviation.

The teeradical scavenging activityofthe ex&et auld trolo-r rncqessed dssedepeade,ntlli iE \f;'hich &e IC56 valiie oftheafta6 {}d tolox'rrere 26'6 * 1.? t€ftnL md 6.5.*. o.tEir,L;;;ir"ly {Figue l)- Trolox equi'alent anrioxidantcapacity (TEAC) wre 0'98 * ot pdd trotox eg:ivet*t*f;Jorl,:J#-*m"t €at*e l). Thseresiiis s-ugBesr tid ftisstern extact has a hydrogendmaing activityto free radical]
in ERAP assay' the reducing c.pacig of &e .,rtact wm also obs6\Fed as indicated byrRAp varue as 3.9 * 0.5 pmolFe oD per mg of-/r4 arba stemexrai and to.o + o.r p*.G; GIt* * of ascmbic acid.

ffiHfffff?ffi*f ** st€m orkact has a ftrric red,cing activitv wtrich can prevqrr &e formatior of the most

Table 1. DppHscavorging activity.

Trolox 6.5 * 0.1

Table 2. Ferric ion reducing antioxidant power.

! 2rn,

N/A
Ascorbic acid 16.0+ 0.3
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Couclusion

The pesent dda SM fta* tre mc&anolic stem erdract of Id albs ffitahs phenolic acid vith a radical svenging
.adivity- and irm rc&icing capacirn Th€sc divities maybe &ie to its StroFr€ acid compmer4 espeelalb oqrsvuatrot
xeich was repctsd to Fesat d a high cmceafiatim in tLc stem af. M alba (O Howver, firrther erserimerlts ee
nee&d to determiae the @enibt ffiiirxidet ffieacity of 'this stEe e:itra€t as am altanatirc traaffimi of oridative
stress-related diseasq.
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