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 ĨńĺŀĵƞŅĚįĸĔŅĶħŜŅŏĬŇĬĚŅĬĽĬŀĚıĶŃĶŅĝħŜŅĶŇŒĬĔŇěĔĶĶĴĕŀĚȮŀı,Ľī,ȮĕŀĚľĬƞĺĵĚŅĬĪňŗĶƞĺĴ
ĽĬŀĚıĶŃĶŅĝħŜŅĶŇȮŒĬĮƖĚĭĮĶŃĴŅĦȮ0336 

ĔŇěĔĶĶĴĪňŗȮ2ȮȮĔŇěĔĶĶĴŀĬŋĶńĔļƢŐĸŃŒĝƟĮĶŃőĵĝĬƢıńĬīŋĔĶĶĴıŊĝ 

ħŜŅŏĬŇĬĚŅĬőħĵĔŀĚĪńıŀŅĔŅĻ 

¶ ĔŅĶĨŇħĨŅĴĽĳŅıŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŊŗŀŒĝƟŒĬĔŅĶŏĔŖĭŏĴĸŖħıńĬīŋƢ 
 ĔŅĶĨŇħĨŅĴįĸŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸĽĳŅıŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŊŗŀŒĝƟŒĬĔŅĶŏĔŖĭŏĴĸŖħ
ıńĬīŋƢȮħŜŅŏĬŇĬĔŅĶĨŇħĨŅĴįĸĽĳŅıŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬĶŀĭĮƖȮŐĸŃĺŇŏėĶŅŃľƢįĸŏıŊŗŀ
ĔŜŅľĬħŏĺĸŅŒĬĔŅĶŏĔŖĭŀŅĔŅĻŏĵŖĬŏĕƟŅĽŌƞĶŃĭĭŏėĶŊŗŀĚėĺĭėŋĴľƟŀĚŏĵŖĬȮ&ĨŌƟĜĬĺĬ'ȮŒĬīĬŅėŅĶŏĴĸŖħıńĬīŋƢ 
ŏėĶŊŗŀĚėĺĭėŋĴĔŅĶĪŜŅĚŅĬĕŀĚľƟŀĚœħƟŐĔƞĔŅĶėĺĭėŋĴėƞŅĕŀĚŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢĳŅĵŒĬľƟŀĚȮ
ĮĶŃĔŀĭħƟĺĵľƟŀĚĸŃȮ/ȮĝŋħȮőħĵĴňľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶėĺĭėŋĴŀŋĦĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮŀŋĦľĳŌĴŇȮ
ĨńŘĚėƞŅĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚėĺĭėŋĴŀŋĦľĳŌĴŇĮƤěěŋĭńĬĨńŘĚėƞŅĔŅĶĪŜŅĚŅĬŀĵŌƞĶŃľĺƞŅĚȮȮ/0-/3Ȯ.C ĞŉŗĚľĴŅĵĩŉĚȮ
ŏėĶŊŗŀĚėĺĭėŋĴěŃŒľƟıńħĸĴħŌŏŀŅėĺŅĴŏĵŖĬĳŅĵĬŀĔıĶŃĴľŅīŅĨŋłȮŏĕƟŅĴŅĵńĚľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢŏĴŊŗŀ
ŀŋĦľĳŌĴŇĳŅĵĬŀĔıĶŃĴľŅīŅĨŋĨŗŜŅĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ/0-/3Ȯ.C ŒĬĕĦŃĪňŗıńħĸĴħŌŀŅĔŅĻŏĵŖĬĳŅĵĬŀĔŏĕƟŅĽŌƞ
ĳŅĵŒĬľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢŐĸŃĳŅĵŒĬľƟŀĚĴňŀŋĦľĳŌĴŇŏĪƞŅĔńĭȮ/0-/3 .C ıńħĸĴħŌŀŅĔŅĻěŃľĵŋħĔŅĶĪŜŅĚŅĬȮȮ
ŒĬĕĦŃĪňŗĽĳŅıŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢŏĶŇŗĴĽŌĚĕŉŘĬŏĔŇĬȮ/0-/3ȮȮ.C ŐĸŃŀŋĦľĳŌĴŇĳŅĵĬŀĔľƟŀĚ
ĨŗŜŅĔĺƞŅȮ/0-/3Ȯ.CȮıńħĸĴħŌħŀŅĔŅĻěŃĪŜŅĔŅĶħŌħŀŅĔŅĻŏĵŖĬŏĕƟŅœĮĽŌƞľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢěĬĔĺƞŅŀŋĦľĳŌĴŇŒĬ
ľƟŀĚŏĪƞŅĔńĭȮ/0-/3ȮȮ.C ıńħĸĴěŃľĵŋħħŌħŀŅĔŅĻȮĽŜŅľĶńĭŀŋĦľĳŌĴŇĳŅĵĬŀĔıĶŃĴľŅīŅĨŋĽŌĚĔĺƞŅȮ/0-/3Ȯ.C 
ıńħĸĴěŃœĴƞĪŜŅĚŅĬľĶŊŀœĴƞħŌħŀŅĔŅĻŏĕƟŅĽŌƞľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢ ĮƤěěŋĭńĬĪŅĚėĦŃĪŜŅĚŅĬȮŀı,Ľī,Ȯů Īŀ,ȮœħƟ
ħŜŅŏĬŇĬĨŇħĨŅĴĨĶĺěĽŀĭĕƟŀĴŌĸĔŅĶĪŜŅĚŅĬŐĸŃĮĶńĭĮĶŋĚĔŅĶĪŜŅĚŅĬĕŀĚĶŃĭĭŏĮƦĬĶŃĵŃȮŕȮėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢȮĨńŘĚėƞŅĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚėĺĭėŋĴėĺŅĴĝŊŘĬĽńĴıńĪīƢĳŅĵŒĬľƟŀĚŏĔŖĭŏĴĸŖħıńĬīŋƢŒľƟĴňėƞŅĶŃľĺƞŅĚȮ
2.-4.Ȯ% ľĴŅĵĩŉĚȮŏėĶŊŗŀĚėĺĭėŋĴėĺŅĴĝŊŘĬěŃĪŜŅĚŅĬħŌħĸħėĺŅĴĝŊŘĬŏĴŊŗŀĳŅĵŒĬľƟŀĚĴňėĺŅĴĝŊŘĬŏĔŇĬȮ4.Ȯ% 
ŐĸŃěŃľĵŋħĪŜŅĚŅĬŏĴŊŗŀėĺŅĴĝŊŘĬĽńĴıńĪīƢĨŗŜŅĔĺƞŅȮ2.Ȯ% 
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ŐĽħĚŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸŀńĨőĬĴńĨŇȮ 

ħŜŅŏĬŇĬĚŅĬőħĵŀĚėƢĔŅĶĽĺĬĽńĨĺƢŒĬıĶŃĭĶĴĶŅĝŌĮĩńĴĳƢ 

¶ ĔŅĶĻŉĔļŅȮĺŇěńĵȮĪŅĚħƟŅĬĝňĺĺŇĪĵŅőĴŏĸĔŋĸĕŀĚıŊĝŐĸŃĽńĨĺƢȮ(Plants Genetic and 
Animal Genetic) 

/,ȮĚŅĬĻŉĔļŅȮDNA ıŊĝ 
 - őėĶĚĔŅĶĻŉĔļŅĸŅĵıŇĴıƢħňŏŀŖĬŏŀıŊĝĺĚĻƢĕŇĚĭŅĚĝĬŇħȮőħĵŏĪėĬŇėȮRAPD (Random ů 
amplified Polymorphic DNA) 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ħŜŅŏĬŇĬĔŅĶĽĔńħħňŏŀŖĬŏŀěŅĔıŊĝĨŃĔŌĸĕŇĚ-ĕƞŅȮĳŅĵŒĬĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĻĶļģĔŇěıŀŏıňĵĚȮěŜŅĬĺĬ
ĪńŘĚĽŇŘĬȮ5ȮĝĬŇħȮœħƟŐĔƞȮĕƞŅĔŇĬŒĭȮĕĴŇŘĬȮĴľŅľĚļƢȮœıĸħŜŅȮĕƞŅŏĸŖĔȮĺƞŅĬĽŅĺľĸĚŐĸŃĔĶŃĪŊŀȮŏıŊŗŀľŅĮĶŇĴŅĦħň
ŏŀŖĬŏŀĪňŗœħƟĴŅĔĪňŗĽŋħěŅĔĔŅĶĽĔńħȮ0ȮĺŇīňȮėŊŀȮĽĔńħħƟĺĵħňŏŀŖĬŏŀȮŒĝƟĺŇīňħńħŐĮĸĚĕŀĚȮDoyleȮŐĸŃȮDoyle 
(1991) ŐĸŃĔŅĶĽĔńħħňŏŀŖĬŏŀħƟĺĵ innuPREP Plant DNA KitȮĪńŘĚĽŇŘĬěŜŅĬĺĬȮ4ȮĝĬŇħȮĪńŘĚĽŇŘĬȮ26ȮĨńĺŀĵƞŅĚȮ
ıĭĺƞŅȮĔŅĶĽĔńħħƟĺĵħƟĺĵ innuPREP Plant DNA KitȮœħƟŒľƟĮĶŇĴŅĦħňŏŀŖĬŏŀĪňŗĴŅĔĔĺƞŅ 
 

 
ŐĽħĚĨńĺŀĵƞŅĚĕŀĚŒĭıŊĝŒĬĨĶŃĔŌĸĕŇĚ-ĕƞŅ 

 

 



950 

 
ĭħĨńĺŀĵƞŅĚıŊĝħƟĺĵœĬőĨĶŏěĬŏľĸĺ 

 

 
ĔŅĶĽĔńħħƟĺĵħňŏŀŖĬŏŀȮŒĝƟĺŇīňħńħŐĮĸĚĕŀĚȮDoyle ŐĸŃȮDoyle (1991) ıĭĺƞŅȮĕĴŇŘĬŐĸŃĕƞŅŏĸŖĔ 
&ŐĩĭĪňŗȮ0ȮŐĸŃȮ3'ȮŒľƟĮĶŇĴŅĦħňŏŀŖĬŏŀŀŀĔĴŅœħƟĴŅĔĔĺƞŅĨńĺŀĵƞŅĚĝĬŇħŀŊŗĬŕȮŏĴŊŗŀŏĪňĵĭĔńĭ 

Lambda DNA Standard 
 

 
ĔŅĶĽĔńħħňŏŀŖĬŏŀħƟĺĵȮinnuPREP Plant DNA Kit ıĭĺƞŅȮĕƞŅĔŇĬŒĭȮĕĴŇŘĬȮĴľŅľĚļƢȮœıĸħŜŅȮĕƞŅŏĸŖĔ 
ĺƞŅĬĽŅĺľĸĚȮ&ŐĩĭĪňŗȮ/-Ȯ5'ȮȮŒľƟĮĶŇĴŅĦħňŏŀŖĬŏŀĪňŗĴŅĔĔĺƞŅĔĶŃĪŊŀȮ&ŐĩĭĪňŗȮ6'ȮŏĴŊŗŀŏĪňĵĭĔńĭ 

Lambda DNA Standard 
 
0,ȮĚŅĬĻŉĔļŅȮDNA fingerprint ĽńĨĺƢ 
 - őėĶĚĔŅĶĻŉĔļŅėĺŅĴĽńĴıńĬīƢĪŅĚıńĬīŋĔĶĶĴĕŀĚŐĵƟĪňŗĮĸƞŀĵėŊĬīĶĶĴĝŅĨŇȮ(Leiolepis 
belliana) ŒĬıŊŘĬĪňŗőėĶĚĔŅĶȮŀı.Ľī.-ĪĶ. ŀ.ĽńĨľňĭȮŐĸŃıŊŘĬĪňŗőėĶĚĔŅĶȮŀı.Ľī.- ĽĺĬĽńĨĺƢŏĮƕħŏĕŅŏĕňĵĺȮŀ.
ĻĶňĶŅĝŅȮě,ĝĸĭŋĶňȮ 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 



951 

 
 ħŜŅŏĬŇĬĔŅĶĽĔńħħňŏŀŖĬŏŀěŅĔŐĵƟįňŏĽŊŘŀȮLeiolepis belliana  ŒĬıŊŘĬĪňŗľĴŌƞŏĔŅŃŐĽĴĽŅĶĪńŘĚĽŇŘĬȮ12Ȯ
ĨńĺŀĵƞŅĚȮĽĔńħħňŏŀŖĬĬŏŀħƟĺĵĺŇīňȮFavoPrepTM  Tissue Genomic DNA Extraction kitz ȮěŅĔĬńŘĬĬŜŅ
ĨńĺŀĵƞŅĚħňŏŀŖĬĪńŘĚľĴħĴŅŏıŇŗĴĮĶŇĴŅĦħƟĺĵĮĢŇĔŇĶŇĵŅĸŌĔőĞƞȮPCR (Polymorase Chain Reaction)  ĬŜŅĴŅ
ĔŅĶĨĶĺěĽŀĭĮĶŇĴŅĦħňŏŀŖĬŏŀőħĵĺŇīňŀŇŏĸŖėőĨĶőĲĸňĞŇĽȮıĭĺƞŅœħƟŒľƟĮĶŇĴŅĦħňŏŀŖĬŏŀĴŅĔŒĬĪŋĔĨńĺŀĵƞŅĚȮ
ĔĶŃĭĺĬĔŅĶĽŋħĪƟŅĵŀĵŌƞŒĬĕńŘĬĨŀĬĔŅĶĽƞĚ Sequencing ŏıŊŗŀĔŅĶŐĮĸĶľńĽıńĬīŋĔĶĶĴ 
 

 
ŐĵƟįňŏĽŊŘŀ (Leiolepis belliana ' 

 

 
ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚŏĬŊŘŀŏĵŊŗŀŒĬĔŅĶĬŜŅĴŅĽĔńħħňŏŀŖĬŏŀ 

 

 
ĨĶĺěĽŀĭėŋĦĳŅıŐĸŃĮĶŇĴŅĦħňŏŀŖĬŏŀĭĬȮ0.4 % ŀŃĔŅőĶĽŏěĸ 

 



952 

 
 
 
 
ħŜŅŏĬŇĬĚŅĬőħĵŀĚėƢĔŅĶŏĳĽńĝĔĶĶĴ 

¶ őėĶĚĔŅĶŐĮĶĶŌĮĽĴŋĬœıĶėŋĦĳŅıŏıŊŗŀŒĝƟŒĬőĶĚĚŅĬ 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚőėĶĚĔŅĶ 
 /,ȮŏıŊŗŀĽĬŀĚıĶŃĶŅĝħŜŅĶŇŒĬőėĶĚĔŅĶŀĬŋĶńĔļƢıńĬīŋĔĶĶĴıŊĝŀńĬŏĬŊŗŀĚĴŅěŅĔıĶŃĶŅĝħŜŅĶŇȮĽĴŏħŖě
ıĶŃŏĪıĶńĨĬĶŅĝĽŋħŅłȮĽĵŅĴĭĶĴĶŅĝĔŋĴŅĶňȮ&ŀı,Ľī,' 
 0,ȮŏıŊŗŀŏĮƦĬŐľĸƞĚĺńĨĩŋħŇĭĽĴŋĬœıĶĪňŗœħƟėŋĦĳŅıŏıŊŗŀŒĝƟŒĬőĶĚĚŅĬĽŅĶĽĔńħĕŀĚŀĚėƢĔŅĶŏĳĽńĝĔĶĶĴ 
 3. ŏıŊŗŀĽĶƟŅĚĳŅııěĬƢĪňŗħňŒľƟĔńĭįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇĕŀĚŀĚėƢĔŅĶŏĳĽńĝĔĶĶĴȮŒĬŏĶŊŗŀĚŐľĸƞĚĺńĨĩŋħŇĭ
ŐĭĭȮGAP 
 2,ȮŏıŊŗŀŏĮƦĬŐĮĸĚĽŅīŇĨŐĸŃŐľĸƞĚŏĶňĵĬĶŌƟĔŅĶįĸŇĨĺńĨĩŋħŇĭĽĴŋĬœıĶėĶĭĺĚěĶ 
ıŊŘĬĪňŗŏĮƚŅľĴŅĵȮ 
 őĶĚĚŅĬŐĮĶĶŌĮĽĴŋĬœıĶȮıŊŘĬĪňŗŀĚėƢĔŅĶŏĳĽńĝĔĶĶĴȮŀŜŅŏĳŀľĬŀĚŒľĠƞȮȮěńĚľĺńħĝĸĭŋĶň 
ŏĮƚŅľĴŅĵ 
 ěŜŅĬĺĬĝĬŇħĕŀĚĽĴŋĬœıĶĪňŗŐĮĶĶŌĮœĴƞĬƟŀĵĔĺƞŅȮ5ȮĝĬŇħŏĮƚŅľĴŅĵŏĝŇĚėŋĦĳŅıĺńĨĩŋħŇĭĽĴŋĬœıĶĪňŗ
įĸŇĨœħƟįƞŅĬŏĔĦĤƢĴŅĨĶģŅĬėŋĦĳŅıĕŀĚŀĚėƢĔŅĶŏĳĽńĝĔĶĶĴ 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ŐĮĸĚıĶĴĴŇĪňŗĮĸŌĔěŜŅĬĺĬȮ3 œĶƞŒĬĮƖȮ2557ȮȮĪňŗœħƟŏĔŖĭŏĔňŗĵĺŐĸŃŐĮĶĶŌĮĨńŘĚŐĨƞŏħŊŀĬĔĶĔġŅėĴ-
ĔńĬĵŅĵĬȮ0335ȮŐĸŃœħƟĺńĨĩŋħŇĭıĶĴĴŇŐľƟĚěŜŅĬĺĬȮ53.ȮĔŇőĸĔĶńĴȮȮȮȮĴňĔŅĶŏĔŖĭŏĔňŗĵĺėĶńŘĚ(crop 1)ȮŏıŇŗĴŒĬ
ŏħŊŀĬĨŋĸŅėĴ 2557 œħƟĺńĨĩŋħŇĭıĶĴĴŇŐľƟĚŀňĔěŜŅĬĺĬȮ50.ȮĔŇőĸĔĶńĴȮĶĺĴœħƟĺńĨĩŋħŇĭıĶĴĴŇȮ1,450 ĔŇőĸĔĶńĴȮ
ľĶŊŀĮĶŃĴŅĦȮ26.ĔŇőĸĔĶńĴĨƞŀœĶƞȮĞŉŗĚĨĶĺěĽŀĭŐĸƟĺĺƞŅĴňĮĶŇĴŅĦĽŅĶĽŜŅėńĠȮėŊŀȮtotal saponin  1.2- 
1.8%ȮŐĸŃĴňėŋĦĽĴĭńĨŇŀŊŗĬįƞŅĬĴŅĨĶģŅĬĪňŗĔŜŅľĬħȮȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶŏĔŖĭŏĔňŗĵĺėĶńŘĚĪňŗĽŀĚ(crop 2)ȮŒĬ
ŏħŊŀĬıķĻěŇĔŅĵĬ-īńĬĺŅėĴȮ2557 ŏıŊŗŀĻŉĔļŅĕƟŀĴŌĸȮŀňĔȮ650 ĔŇőĸĔĶńĴȮıĭĺƞŅĴňĽŅĶĽŜŅėńĠĬƟŀĵĸĚȮėŊŀĴň
ĮĶŇĴŅĦĽŅĶĽŜŅėńĠȮėŊŀȮtotal saponin 0.8-1.1% 
 ŐĮĸĚıĶĴĴŇĪňŗĮĸŌĔěŜŅĬĺĬȮ3 œĶƞŒĬŏħŊŀĬıķļĳŅėĴȮ2558 ȮœħƟŏĔŖĭŏĔňŗĵĺŐĸŃŐĮĶĶŌĮĨńŘĚŐĨƞŏħŊŀĬ
ĔĶĔġŅėĴ-ĔńĬĵŅĵĬȮ0335ȮœħƟĺńĨĩŋħŇĭıĶĴĴŇŐľƟĚěŜŅĬĺĬȮ465 ĔŇőĸĔĶńĴĞŉŗĚĪħĽŀĭŐĸƟĺĺƞŅĴňĮĶŇĴŅĦ
ĽŅĶĽŜŅėńĠȮėŊŀȮtotal saponin  1.6- 2.0 %ȮŐĸŃĴňėŋĦĽĴĭńĨŇŀŊŗĬįƞŅĬĴŅĨĶģŅĬĪňŗĔŜŅľĬħȮȮěŃĨƟŀĚĴňĔŅĶ
ŏĔŖĭŏĔňŗĵĺŐĸŃŐĮĶĶŌĮıĶĴĴŇŒĬŐĮĸĚĬňŘŏıŇŗĴȮȮȮĶĺĴĪńŘĚŏĔŖĭŏĔňŗĵĺŐĮĶĶŌĮıĶĴĴŇŒĬŐĮĸĚĪňŗĮĸŌĔŒĬŏħŊŀĬ
ĽŇĚľŅėĴȮ2557 ŀňĔȮ3œĶƞőħĵŏĶŇŗĴŏĔŖĭŏĔňŗĵĺŏĴŊŗŀŀŅĵŋĕŀĚıĶĴĴŇĮĶŃĴŅĦĽŅĴŏħŊŀĬěŜŅĬĺĬĝĬŇħĕŀĚĽĴŋĬœıĶ
ĪňŗŐĮĶĶŌĮŒĬĮƖȮ2558 ĴňŏıňĵĚĝĬŇħŏħňĵĺėŊŀȮıĶĴĴŇȮȮŏĬŊŗŀĚěŅĔįĸŇĨĳńĦĤƢȮŴěňıňőŀȮıĶĴĴŇȮĝĬŇħŏĴŖħŵȮȮĪňŗŏĶŇŗĴ
ĺŅĚĨĸŅħŒĬŏħŊŀĬĔńĬĵŅĵĬȮ2557   ĴňĵŀħĕŅĵħňĔĺƞŅĮĶŃĴŅĦĔŅĶȮȮěŉĚĴňėĺŅĴĨƟŀĚĔŅĶĺńĨĩŋħŇĭıĶĴĴŇ
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ěŜŅĬĺĬĴŅĔȮȮȮĞŉŗĚıĶĴĴŇŐľƟĚĪňŗŒĝƟįĸŇĨĽŅĶĽĔńħĴŅěŅĔĔŅĶĮĸŌĔŏŀĚŏıŊŗŀėĺĭėŋĴĺƞŅŏĮƦĬĽŅĵıńĬīŋƢĪňŗœħƟĶńĭĴŅ
ěŅĔĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶŐĸŃĴňįĸĺŇěńĵŐĸƟĺȮ 
 

  
ĳŅıŐĽħĚȮĔŅĶĨŅĔıĶĴĴŇŒĬőĶĚĨŅĔŐĽĚŀŅĪŇĨĵƢŐĸŃĔŅĶŀĭıĶĴĴŇŒĬĨŌƟŀĭ 

 
ħŜŅŏĬŇĬĚŅĬőħĵĔĶĴĺŇĪĵŅĻŅĽĨĶƢĭĶŇĔŅĶ 

¶ őėĶĚĔŅĶŀĬŋĶńĔļƢıńĬīŋĔĶĶĴıŊĝŀńĬŏĬŊŗŀĚĴŅěŅĔıĶŃĶŅĝħŜŅĶŇłȮĽĬŀĚıĶŃĶŅĝħŜŅĶŇőħĵĔĶĴ
ĺŇĪĵŅĻŅĽĨĶƢĭĶŇĔŅĶ 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚőėĶĚĔŅĶ 
 /,ȮŏıŊŗŀĶƞĺĴĽĬŀĚıĶŃĶŅĝħŜŅĶŇŒĬĔŇěĔĶĶĴŀĬŋĶńĔļƢŐĸŃŒĝƟĮĶŃőĵĝĬƢěŅĔıńĬīŋĔĶĶĴıŊĝ 
 0,ȮĻŉĔļŅŀĚėƢĮĶŃĔŀĭĪŅĚŀŅľŅĶĕŀĚįĸĴŃŏĔňŚĵĚŐĸŃıŊĝŀĬŋĶńĔļƢȮ 
 1,ȮŏıŊŗŀĽƞĚŏĽĶŇĴŒľƟŏĔŇħėĺŅĴĶƞĺĴĴŊŀŐĸŃĔŅĶĪŜŅĚŅĬŒĬŏĝŇĚĭŌĶĦŅĔŅĶĶŃľĺƞŅĚľĬƞĺĵĚŅĬĳŅĵŒĬ
ĕŀĚĶńģŐĸŃĮĶŃĝŅĝĬ 
 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ħƟŅĬĔŅĶĺŇŏėĶŅŃľƢĪħĽŀĭĽƞĺĬĮĶŃĔŀĭĕŀĚĔĶħœĕĴńĬĕŀĚıŊĝŀĬŋĶńĔļƢȮĪňŗŏĔŖĭěŅĔıŊŘĬĪňŗĮĸŌĔŒĬ
ŏĕĨĺŇěńĵĕŀĚőėĶĚĔŅĶȮȮŀı,Ľī,ȮȮŒĬŏĕĨĳŅėŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵőħĵőėĶĚĔŅĶĺŇĪĵŅĻŅĽĨĶƢĝňĺĳŅıŏĮƦĬ
ľĬƞĺĵĚŅĬĪňŗĶńĭįŇħĝŀĭħŜŅŏĬŇĬĔŅĶĪħĽŀĭĨńĺŀĵƞŅĚŏĴĸŖħĴŃĔŇřĚȮ&Hodosonia sp. ĶľńĽȮHOD-../) ŐĸŃ
ěńħĪŜŅĶŅĵĚŅĬįĸĽƞĚŒľƟőėĶĚĔŅĶȮŀı,Ľī,ȮĶŅĵĔŅĶĽƞĺĬĮĶŃĔŀĭĕŀĚĔĶħœĕĴńĬĶĺĴȮ/4ȮĶŅĵĔŅĶȮœħƟŐĔƞȮĔĶħ
œĴĶŇĽĨŇĔȮĔĶħĮŅĸƢĴĴŇĨŇĔȮĔĶħĮŅĸƢĴĴŇőĨĸňŀŇĔȮĔĶħŏŁıĨŃħňėŅőĬŀŇĔȮĔĶħĽŏĨňĵĶŇĔȮĔĶħőŀĸňŀŇĔȮĔĶħœĸőĬĸň
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ŀŇĔȮĔĶħœĸőĬĸňĬŇĔȮĔĶħŀĶŅĝŇħŇĔȮĔĶħœŀőėĞňőĬŀŇĔȮĔĶħĭňŁňĬŇĔĔĶħĸŇĔőĬĞňĶŇĔȮœĕĴńĬŀŇŗĴĨńĺȮœĕĴńĬœĴƞŀŇŗĴĨńĺ
ĨŜŅŐľĬƞĚŏħňĵĺȮœĕĴńĬœĴƞŀŇŗĴĨńĺľĸŅĵĨŜŅŐľĬƞĚȮŐĸŃœĕĴńĬĪĶŅĬĽƢ 

 
ħŜŅŏĬŇĬĚŅĬőħĵŀĚėƢĔŅĶĽƞĚŏĽĶŇĴĔŇěĔŅĶőėĬĴŐľƞĚĮĶŃŏĪĻœĪĵ 

¶ őėĶĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚ 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚőėĶĚĔŅĶ 
 /,ŏıŊŗŀıńĥĬŅĽŌĨĶįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚŒľƟŏĮƦĬĪňŗĵŀĴĶńĭĕŀĚįŌƟĭĶŇőĳė 
 2.ŏıŊŗŀıńĥĬŅįĸŇĨĳńĦĤƢěŅĔįĸĴŃŏĔňŚĵĚŒľƟĽŅĴŅĶĩįĸŇĨŏĝŇĚŀŋĨĽŅľĔĶĶĴŐĸŃěŜŅľĬƞŅĵŏĝŇĚıŅĦŇĝĵƢ
œħƟ 
 3.ŏıŊŗŀŏıŇŗĴėĺŅĴľĸŅĔľĸŅĵŒľƟĔńĭįĸŇĨĳńĦĤƢőħĵĔŅĶŏıŇŗĴĶĽĝŅĨŇŒĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨ 
 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ĴŃŏĔňŚĵĚŏĮƦĬįĸœĴƟĨĶŃĔŌĸŏĭŀĶƢĶňŗœĪĵįĸĽŋĔĴňĽňĴƞĺĚŐħĚĶĽĝŅĨŇŏĮĶňŘĵĺİŅħĴňėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶ
ĽŌĚĬŇĵĴĬŅĴŅĭĶŇőĳėĪńŘĚŒĬĶŌĮįĸĽħŐĸŃįĸŇĨĳńĦĤƢŐĮĶĶŌĮœħƟŐĔƞĬƟŅĴŃŏĔňŚĵĚıĶƟŀĴħŊŗĴœĺĬƢĴŃŏĔňŚĵĚŏĬėĨŅĶƢ
ĴŃŏĔňŚĵĚŏĮƦĬĨƟĬĴŃŏĔňŚĵĚěńħŏĮƦĬıŊĝŒĬőėĶĚĔŅĶŀĬŋĶńĔļƢıńĬīŋĔĶĶĴıŊĝŀńĬŏĬŊŗŀĚĴŅěŅĔıĶŃĶŅĝħŅĶŇĽĴŏħŖě
ıĶŃŏĪıĶńĨĬĶŅĝĽŋħŅłĽĵŅĴĭĶĴĶŅĝĔŋĴŅĶň (ŀı.Ľī.) ĞŉŗĚĔŅĸńĚĽƞĚŏĽĶŇĴŒľƟĴňĔŅĶĮĸŌĔŐĸŃŀĬŋĶńĔļƢıńĬīŋƢıŊĝĬňŘ
œĺƟĔŀĮĶĔńĭŀĚėƢĔŅĶĽƞĚŏĽĶŇĴĔŇěĔŅĶőėĬĴŐľƞĚĮĶŃŏĪĻœĪĵ (ŀ.Ľ.ė.) œħƟŏĕƟŅĶƞĺĴőėĶĚĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢ
őħĵŏĸŊŀĔıńĥĬŅěŅĔįĸĴŃŏĔňŚĵĚĨŅĴŐįĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢĕŀĚŀ.Ľ.ė. ĮƖĚĭĮĶŃĴŅĦ 2557-
2559 ĴňĬőĵĭŅĵŒľƟıńĥĬŅįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴįĸœĴƟĨŅĴķħŌĔŅĸŏıŊŗŀĽŋĕĳŅıĽĶƟŅĚėĺŅĴľĸŅĔľĸŅĵŐĸŃ
ĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟĭĶŇőĳėĪňŗĴňŐĬĺőĬƟĴĭĶŇőĳėŀŅľŅĶĪňŗĴňĮĶŃőĵĝĬƢŒĽƞŒěĽŋĕĳŅıŐĸŃĴňėĺŅĴ
ŐĮĸĔŒľĴƞ 
 ĔŅĶĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚ (Yoghurt with Makiang) ĴňĺńĨĩŋĮĶŃĽĚėƢ
ŏıŊŗŀıńĥĬŅĽŌĨĶįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚŒľƟŏĮƦĬĪňŗĵŀĴĶńĭĕŀĚįŌƟĭĶŇőĳėĽŅĴŅĶĩįĸŇĨŏĝŇĚŀŋĨĽŅľĔĶĶĴ
ŏıŇŗĴėĺŅĴľĸŅĔľĸŅĵŒľƟĔńĭįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨŐĸŃěŅľĬƞŅĵŏĝŇĚıŅĦŇĝĵƢœħƟőħĵĚŅĬĺŇěńĵĻŉĔļŅ 1.) ĶŃħńĭ
ėĺŅĴĽŋĔĕŀĚįĸĴŃŏĔňŚĵĚ 2.) ĮĶŇĴŅĦĬƟŅĨŅĸĽŅľĶńĭĪŅŏĬŊŘŀĴŃŏĔňŚĵĚŏĝŊŗŀĴĪňŗĶƟŀĵĸŃ 30, 35, 40 ŐĸŃ45 3.) 

   
 ĨńĺŀĵƞŅĚįĸĴŃĔŇřĚ  
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ĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĔŅĶęƞŅŏĝŊŘŀ 4.) ŀńĨĶŅĽƞĺĬĕŀĚőĵŏĔŇĶƢĨĨƞŀŏĬŊŘŀĴŃŏĔňŚĵĚŏĝŊŗŀĴĪňŗŏľĴŅŃĽĴŐĸŃ 5.) ŀŅĵŋ
ĔŅĶŏĔŖĭĶńĔļŅįĸŇĨĳńĦĤƢőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚįĸĔŅĶĪħĸŀĚıĭĺƞŅĽŌĨĶĪňŗœħƟĶńĭĔŅĶĵŀĴĶńĭĴŅĔĪňŗĽŋħěŃĨƟŀĚ
ŒĝƟŏĬŊŘŀĴŃŏĔňŚĵĚěŅĔįĸĴŃŏĔňŚĵĚĽŋĔĸńĔļĦŃĽňĴƞĺĚħŜŅŏĬŊŘŀĬŇŗĴœĴƞľĵŅĭĔĶŃħƟŅĚŐĸŃŒĝƟĮĶŇĴŅĦĬƟŅĨŅĸĪĶŅĵŒĬ
ĔŅĶŏĝŊŗŀĴĶƟŀĵĸŃ 35 ĕŀĚĽƞĺĬįĽĴĪńŘĚľĴħ (ĽƞĺĬįĽĴŒĬĔŅĶĪŅŏĬŊŘŀĴŃŏĔňŚĵĚŏĝŊŗŀĴœħƟŐĔƞĬŘŜŅ, ŏĬŊŘŀĴŃŏĔňŚĵĚ, 
ĬŘŜŅĨŅĸĪĶŅĵ, ŏıėĨŇĬ) ŒĝƟŀŋĦľĳŌĴŇŒĬĔŅĶęƞŅŏĝŊŘŀ 80-85ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅ 20 ĬŅĪňŀńĨĶŅĽƞĺĬ
őĵŏĔŇĶƢĨĨƞŀŏĬŊŘŀĴŃŏĔňŚĵĚŏĝŊŗŀĴĪňŗŏľĴŅŃĽĴŒĬįĸŇĨĳńĦĤƢ 1 ĩƟĺĵėŊŀőĵŏĔŇĶƢĨ 104-106 ĔĶńĴĨƞŀŏĬŊŘŀĴŃŏĔňŚĵĚ
ŏĝŊŗŀĴ 14-16 ĔĶńĴőħĵœħƟĶńĭĔŅĶĵŀĴĶńĭěŅĔįŌƟĭĶŇőĳėĶƟŀĵĸŃ 78.6 ěŅĔįŌƟĪħĽŀĭ 150 ėĬėŋĦĳŅı
ĴŅĨĶģŅĬĕŀĚőĵŏĔŇĶƢĨįĽĴĴŃŏĔňŚĵĚŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅ 15 ĺńĬĪňŗŀŋĦľĳŌĴŇ 4-8 ŀĚĻŅŏĞĸŏĞňĵĽœĴƞıĭĬŘŜŅŐĵĔ
ĝńŘĬ (Syneresis) ŏĴŊŗŀėĬőĵŏĔŇĶƢĨŐĸŃĴŃŏĔňŚĵĚŒľƟŏĕƟŅĔńĬőĵŏĔŇĶƢĨěŃĴňĽňĝĴıŌĴƞĺĚŐĸŃĴňĝŇŘĬŏĬŊŘŀĴŃŏĔňŚĵĚ
ĽŅĴŅĶĩŏėňŘĵĺœħƟėŋĦĳŅıĪŅĚħƟŅĬŏėĴňıĭĺƞŅėƞŅĮĶŇĴŅĦĕŀĚŐĕŖĚĪňŗĸŃĸŅĵĬŘŜŅœħƟĪńŘĚľĴħľĶŊŀ Total 
Soluble Solid ŏĪƞŅĔńĭ 19oBrix , ėƞŅıňŏŀĝŏĪƞŅĔńĭ 4.09 , ėƞŅėĺŅĴŏĮƦĬĔĶħŏĪƞŅĔńĭ 0.85% ėŋĦĳŅı
ĪŅĚħƟŅĬěŋĸŇĬĪĶňĵƢıĭĺƞŅĮĶŇĴŅĦěŋĸŇĬĪĶňĵƢĪńŘĚľĴħ 127x105cfu/g , ĮĶŇĴŅĦĵňĽĨƢŐĸŃŏĝŊŘŀĶŅĬƟŀĵĔĺƞŅ 
1x101 cfu/g , ĮĶŇĴŅĦőėĸŇĲŀĶƢĴĬƟŀĵĔĺƞŅ 1x101 cfu/g ŐĸŃĮĶŇĴŅĦŐĭėĪňŏĶňĵĝĬŇħE.coliĬƟŀĵĔĺƞŅ 
1x101 cfu/g 
 

 
ĳŅıŐĽħĚȮȮŐĽħĚĸńĔļĦŃŏĬŊŘŀĴŃŏĔňŚĵĚŏĝŊŗŀĴĽŌĨĶĪňŗœħƟĶńĭĔŅĶėńħŏĸŊŀĔ 
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ħŜŅŏĬŇĬĚŅĬőħĵěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ 

¶ ĭĪĭŅĪĕŀĚıĶŀıŀĸŇĽįŉŘĚıńĬīŋƢ  Apis melliferaȮĨƞŀĔŅĶĨŅĵĕŀĚŏĞĸĸƢĴŃŏĶŖĚŏĨƟŅĬĴȮȮȮȮȮȮ
BT-474 

ĭĪĬŜŅ Ȯ 
 įĸŇĨĳńĦĤƢĕŀĚįŉŘĚĴňľĸŅĵĝĬŇħȮœħƟŐĔƞȮĬŘŜŅįŉŘĚȮĬĴįŉŘĚȮŏĔĽĶįŉŘĚȮœĕįŉŘĚȮıŇļįŉŘĚŐĸŃıĶŀıŀĸŇĽȮŒĬĽƞĺĬ
ĕŀĚķĪīŇśĪŅĚĝňĺĳŅıȮıĭĺƞŅıĶŀıŀĸŇĽĴňķĪīŇśĪŅĚĝňĺĳŅıľĸŅĵȮŕȮĝĬŇħĪňŗĬƞŅĽĬŒěȮěŉĚĬŇĵĴĬŜŅĴŅŒĝƟŒĬĪŅĚ
ĔŅĶŐıĪĵƢŐįĬőĭĶŅĦȮŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŐĸŃėŋĦĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚıĶŀıŀĸŇĽĕŉŘĬŀĵŌƞĔńĭĽĳŅıĪŅĚ
ĳŌĴŇĻŅĽĨĶƢȮĝĬŇħĕŀĚįŉŘĚȮĝĬŇħĕŀĚıŊĝŀŅľŅĶȮŏĮƦĬĨƟĬȮőħĵĪńŗĺœĮıĶŀıŀĸŇĽĴňĸńĔļĦŃŏĮƦĬĵŅĚŏľĬňĵĺĴňĽň
ĬŘŜŅĨŅĸŏĕƟĴȮıĶŀıŀĸŇĽĪňŗœħƟěŅĔĨƟĬȮȮPoplar (Populus nigra L.) ĮĶŃĔŀĭħƟĺĵȮĵŅĚěŅĔıŊĝȮ(50%), œĕ 
(30%), ĬŘŜŅĴńĬ (10%), ŏĔĽĶħŀĔœĴƟȮ(5%) ŐĸŃŀĚėƢĮĶŃĔŀĭŀŊŗĬȮŕȮ(5%)  
 ıĶŀıŀĸŇĽĴňķĪīŇśĪŅĚĝňĺĳŅıľĸŅĵȮŕȮĝĬŇħ ŏĝƞĬȮķĪīŇśĨƟŅĬŐĭėĪňŏĶňĵȮķĪīŇśĨƟŅĬœĺĶńĽȮķĪīŇśĨƟŅĬ
ĔŅĶŀńĔŏĽĭȮŐĸŃķĪīŇśĨƟŅĬŀŀĔĞŇŏħĝńĬȮĞŉŗĚıĭĺƞŅĪńŘĚĽŅĶĽĔńħŀĵƞŅĚľĵŅĭŐĸŃĽŅĶĮĶŃĔŀĭĴňķĪīŇśĪňŗħňĪńŘĚĽŀĚ
ĝĬŇħȮŐĸŃŒľƟįĸĪňŗħňĪńŘĚŒĬĶŃħńĭȮin vitro ľĶŊŀȮin vivo ĵĔĨńĺŀĵƞŅĚŏĝƞĬȮľĬŌȮmiceȮȮŏıĻįŌƟŐĭĭȮBALB/c 
œħƟĶńĭĽŅĶĽĔńħŀĵƞŅĚľĵŅĭħƟĺĵŏŀĪŅĬŀĸȮ(CEE) ĕŀĚ Brazillian green propolis (200 mg/kgȮĕŀĚ
ĬŘŜŅľĬńĔĨńĺ) ŏĮƦĬŏĺĸŅȮ3 ĺńĬȮįĸıĭĺƞŅľĬŌĴňĶŃĭĭĳŌĴŇėŋƟĴĔńĬĪňŗħňĕŉŘĬȮĴňĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮToll-like 
receptor (TLR)-2 ŐĸŃ TLR-4 ĪňŗĽŌĚĕŉŘĬȮŐĸŃĴňĔŅĶĽĶƟŅĚȮPro-inflammatory interleukin (IL)-1 ŐĸŃ 
IL-6 ĪňŗĴŅĔĕŉŘĬŒĬȮMacrophages ŐĸŃȮSpleenocyte cells ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅıĶŀıŀĸŇĽĪŜŅŒľƟĴňĔŅĶ
ŐĽħĚŀŀĔĕŀĚȮTLR-4 ŐĸŃĔĸŋƞĴĕŀĚ Differentiation (CD) 80 ŒĬȮHuman monocytes ŐĸŃŏıŇŗĴ

ĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚ Tumor necrosis factor (TNF)-a ŐĸŃȮIL-10 ŒĬĸńĔļĦŃĪňŗŐĮĶįńĬĨŅĴėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚĽŅĶȮĩƟŅȮTLR-4 ĩŌĔĵńĭĵńŘĚȮįĸıĭĺƞŅĔŅĶįĸŇĨȮCytokine ěŃĸħĸĚȮ 
 ıĶŀıŀĸŇĽĴňĽŅĶĮĶŃĔŀĭĪŅĚŏėĴňŀĵŌƞĮĶŃĴŅĦȮ3.ȮĝĬŇħȮĞŉŗĚĽƞĺĬŒľĠƞŏĮƦĬıĺĔȮPolyphenolic, 
flavonoids ŐĸŃȮFatty acids ĵĔĨńĺŀĵƞŅĚŏĝƞĬȮBaccharin ĪňŗŐĵĔœħƟěŅĔȮBrazillian propolis ĽŅĴŅĶĩ
ĵńĭĵńŘĚȮAldo-keto reductase 1C3 (AKR1C3) ĞŉŗĚĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶħŊŘŀĵŅȮCastration ĕŀĚȮ
Prostate cancer ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅȮŒĬľĬŌȮMice ĞŉŗĚœħƟĶńĭȮCaffeic acid phenethyl ester (CAPE) 
ĞŉŗĚŏĮƦĬĽŅĶĮĶŃĔŀĭĪňŗĽŜŅėńĠŒĬıĶŀıŀĸŇĽȮĪňŗĴňėĺŅĴŏĕƟĴĕƟĬȮ5 µM/kg őħĵĺŇīňȮIntraperitoneal 
injection ĽŅĴŅĶĩŀŅĔŅĶĔńĚĺĸĸĚœħƟȮıĭĺƞŅĴňĔŅĶŏĔŇħȮp38MAPK phosphorylation ĪňŗĸħĸĚȮĞŉŗĚĽƞĚįĸ
ŒľƟŏĔŇħĔŅĶĪŜŅĚŅĬĕŀĚȮGlucocorticoid receptor ĪňŗĴŅĔĕŉŘĬȮ 
 NpmnmcjgvƃȮĞŉŗĚŏĮƦĬĽŅĶĽĔńħħƟĺĵĬŘŜŅĕŀĚıĶŀıŀĸŇĽŒĝƟĶńĔļŅįŌƟĮƙĺĵĪňŗŏĮƦĬœĕƟŏĸŊŀħŀŀĔœħƟħňȮ 
įŌƟĮƙĺĵěŜŅĬĺĬȮ41ȮėĬȮĪňŗœħƟĶńĭȮ. NpmnmcjgvƃȮĕĬŅħȮ200 mg/ŐėĮĞŌĸȮěŜŅĬĺĬȮ0ȮŐėĮĞŌĸȮěŜŅĬĺĬȮ1ȮėĶńŘĚ
ĨƞŀĺńĬȮŏĮƦĬŏĺĸŅȮ5ȮĺńĬȮěŃĲƘƨĬœĕƟœħƟŏĶŖĺŀĵƞŅĚĴňĬńĵĽŜŅėńĠŒĬĺńĬĪňŗȮ1ȮŐĸŃĺńĬĪňŗȮ4ȮĨŅĴĸŜŅħńĭȮ  
 ĴňĔŅĶĶŅĵĚŅĬĩŉĚĔĸœĔŒĬĶŃħńĭőĴŏĸĔŋĸĕŀĚĽŅĶĮĶŃĔŀĭĪŅĚŏėĴňŒĬıĶŀıŀĸŇĽȮĵĔĨńĺŀĵƞŅĚŏĝƞĬȮ
CAPE (25 µM) ĽŅĴŅĶĩĝńĔĬŜŅȮApoptosis ŒĬȮHeLa cervical cancer cell line (ME 180) ľĸńĚŏĸňŘĵĚ
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ĶƞĺĴĔńĬŏĮƦĬĶŃĵŃŏĺĸŅȮ8 ĝńŗĺőĴĚȮŐĸŃĝńĔĬŜŅȮCell cycle arrest ĪňŗĶŃĵŃĵƞŀĵȮS ŐĸŃ G2/M subphases, 
ıĭĔŅĶŐĽħĚŀŀĔĪňŗĽŌĚĕŉŘĬĕŀĚȮE2F-1 target gene, cyclin A, cyclin E, apoptosis protease 
activating of factor-1 (Apaf-1) ŐĸŃȮMyeloid leukemia cell differentiation protein (Mcl-1) 
ŐĨƞĴňĔŅĶŐĽħĚŀŀĔĕŀĚȮCyclin B ĪňŗĸħĸĚ 
 ĬŀĔŏľĬŊŀěŅĔĬňŘȮĵńĚıĭĺƞŅȮChrysin ĽŅĴŅĶĩĸħĶŃħńĭĕŀĚȮPro-inflammatory cytokines IL-

1ɓ ŐĸŃȮIL-6 ŒĬĬŘŜŅŏĸŊŀħŒĬľĬŌȮRat ĪňŗĴňŀŅĔŅĶĕŀĚȮType 2 diabetic őħĵĔŅĶĝńĔĬŜŅħƟĺĵŀŅľŅĶĪňŗĴň

œĕĴńĬĽŌĚ / streptozotocin ŏĬŊŗŀĚěŅĔȮPro-inflammatory cytokines ĞŉŗĚĶĺĴĩŉĚȮTNF-Ŭ ĴňĭĪĭŅĪ
ĽŜŅėńĠĨƞŀĔŅĶĨƟŅĬȮInsulin resistance ŐĸŃĔŅĶĨŀĭĽĬŀĚĪŅĚĔŅĶŀńĔŏĽĭ, chrysin ěŉĚŏĮƦĬŏĮƚŅľĴŅĵ
ŒľĴƞŒĬĔŅĶŒĝƟĶńĔļŅȮType 2 diabetes  
 ėŅĶƢħŅĬŀĸȮĞŉŗĚŏĮƦĬĽŅĶĮĶŃĔŀĭȮPhenolic ĴńĔıĭŒĬȮCashew tree (Anacardiaceae) 
family ĩŌĔĶŅĵĚŅĬĔŅĶėƟĬıĭĴŅĔƞŀĬľĬƟŅĬňŘŐĸƟĺŒĬıĶŀıŀĸŇĽĕŀĚįŉŘĚıńĬīŋƢȮApis mellifera ĴňķĪīŇśŒĬĔŅĶ
ĨƟŅĬĔŅĶŀńĔŏĽĭȮĨƟŅĬŐĭėĪňŏĶňĵȮŐĸŃĨƟŅĬŀŀĔĞŇŏħĝńĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĭĪĭŅĪĔŅĶĪŜŅĚŅĬŒĬĶŃħńĭ
őĴŏĸĔŋĸĵńĚœĴƞĴňĔŅĶĶŅĵĚŅĬĩŉĚȮŒĬĚŅĬĺŇěńĵĬňŘȮŏĸŊŀĔŒĝƟȮBT-474 cell line ĞŉŗĚŏĮƦĬĴŃŏĶŖĚŏĨƟŅĬĴŏĮƦĬĨƟĬŐĭĭ
ŒĬĔŅĶĻŉĔļŅȮŏĬŊŗŀĚěŅĔŏĮƦĬĽŅŏľĨŋĔŅĶĨŅĵĕŀĚįŌƟľĠŇĚœĪĵŒĬĶŃħńĭĨƟĬȮŕȮ 

ŏĬŊŗŀĚěŅĔėŅĶƢħŅĬŀĸœĴƞĽŅĴŅĶĩľŅĞŊŘŀœħƟĨŅĴĪƟŀĚĨĸŅħȮŒĬĔŅĶĪħĸŀĚĬňŘěŉĚĨƟŀĚĪŜŅĔŅĶĽĔńħ
ĭĶŇĽŋĪīŇśŏŀĚȮĨŅĴĺŇīňĪňŗŏėĵĶŅĵĚŅĬĴŅŐĸƟĺĔƞŀĬľĬƟŅĬňŘȮŒĬĚŅĬĺŇěńĵĬňŘŒľƟėĺŅĴĽŜŅėńĠĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚ
ĽńĦģŅĬĺŇĪĵŅĞŉŗĚĽńĚŏĔĨœħƟőħĵŒĝƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚȮĻŉĔļŅȮCytotoxic activity őħĵŒĝƟȮ3-(4,5-
dimethyl-thiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT) assay ŐĸŃĔŅĶŏĔŇħȮCell 
cycle arrest, apoptosis ŐĸŃȮNecrosis ħƟĺĵĺŇīňȮFlow cytometric analysis ĶƞĺĴĔńĭĔŅĶĵƟŀĴŏĞĸĸƢ
ħƟĺĵĽňȮAnnexin V ŐĸŃȮPropidium (PI) ıĶƟŀĴĔńĭħŌĔŅĶŏĮĸňŗĵĬŐĮĸĚĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭĔŅĶĨŅĵĕŀĚŏĞĸĸƢŐĸŃĺńĢěńĔĶĕŀĚŏĞĸĸƢőħĵŒĝƟŏĪėĬŇėȮQuantitative reverse transcriptase 
polymerase chain reaction (qRT-PCR) ŐĸŃȮWestern blot analyses ŐĸŃĪƟŅĵĽŋħœħƟĴňĔŅĶŏĽĬŀ
ĔĸœĔŒĬĶŃħńĭőĴŏĸĔŋĸĕŀĚĔŅĶĪŜŅĚŅĬĕŀĚėŅĶƢħŅĬŀĸĪňŗĴňĨƞŀȮBT-474 cell line  

 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚőėĶĚĔŅĶ 
 1. ĻŉĔļŅķĪīŇśĕŀĚıĶŀıŀĸŇĽĕŀĚįŉŘĚıńĬīŋƢĪňŗĴňĨƞŀĔŅĶĵńĭĵńŘĚĔŅĶŏıŇŗĴěŜŅĬĺĬĕŀĚŏĞĸĸƢĴŃŏĶŖĚŏĨƟŅĬĴȮ
BT-474 
 2. ĔŅĶĨĶĺěĽŀĭĶŌĮŐĭĭĔŅĶĨŅĵĕŀĚŏĞĸĸƢĴŃŏĶŖĚŏĨƟŅĬĴȮBT-474ȮıĶƟŀĴĪńŘĚĶŃĵŃŒĬĺńĢěńĔĶĕŀĚ
ŏĞĸĸƢĪňŗĩŌĔĵńĭĵńŘĚħƟĺĵıĶŀıŀĸŇĽ 
 1,ȮĻŉĔļŅĔĸœĔĕŀĚıĶŀıŀĸŇĽŒĬĔŅĶĵńĭĵńŘĚŏĞĸĸƢĴŃŏĶŖĚŏĨƟŅĬĴȮBT-474Ȯ 
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ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵȮŐĸŃŐįĬĔŅĶĮĢŇĭńĨŇĚŅĬȮ 
 ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚ 
 ĪŜŅĔŅĶŏĔŖĭıĶŀıŀĸŇĽĕŀĚįŉŘĚıńĬīŋƢěŅĔěńĚľĺńħĬƞŅĬȮŐĸƟĺĪŜŅĔŅĶľƞŀħƟĺĵŐįƞĬŀĸŌĴŇŏĬňĵĴĲŀĵĸƢŏıŊŗŀ
ĮƚŀĚĔńĬŐĽĚȮŏĔŖĭĶńĔļŅĪňŗŀŋĦľĳŌĴŇȮ-20 oC 
  

ĔŅĶĽĔńħĭĶŇĽŋĪīŇśıĶŀıŀĸŇĽ 
 ĔŅĶĽĔńħħƟĺĵĨńĺĪŜŅĸŃĸŅĵŐĭĭŐĵĔĽƞĺĬ 
 ĬŜŅıĶŀıŀĸŇĽȮ&7.ȮĔĶńĴ'ȮĴŅĸŃĸŅĵŒĬȮȮ400 Ĵĸ,ȮĕŀĚȮ80% (v/v) ŏĴĪŅĬŀĸȮŏĕĵƞŅĪňŗȮ100 Ķŀĭ
ĨƞŀĬŅĪň, 15 oC, ŏĮƦĬŏĺĸŅȮ18 ĝńŗĺőĴĚȮŐĸƟĺĪŜŅĔŅĶĮƤƧĬŏľĺňŗĵĚĪňŗȮ4930 g, 20 oC ŏĮƦĬŏĺĸŅȮ15 ĬŅĪňȮĬŜŅĽƞĺĬ
ŒĽœĮĪŜŅĔŅĶĶŃŏľĵőħĵŒĝƟȮRotary evaporator (Buchi rotavapor R-114) ŏĴŊŗŀŐľƟĚěŃœħƟȮCrude 
MeOH extract (CME) ĬŜŅĨŃĔŀĬĴŅįĽĴĔńĭȮ400 Ĵĸ,ȮĕŀĚȮDichloromethane (CH2Cl2) ŐĸƟĺŏĕĵƞŅ
ĨƞŀĪňŗȮ100 ĶŀĭĨƞŀĬŅĪň, 15 oC, ŏĮƦĬŏĺĸŅȮ18 ĝńŗĺőĴĚȮŐĸƟĺĪŜŅĔŅĶĮƤƧĬŏľĺňŗĵĚĪňŗȮ4930 g, 20 oC ŏĮƦĬŏĺĸŅȮ
15 ĬŅĪňȮŏĔŖĭĽƞĺĬŒĽŐĸƟĺĬŜŅĴŅĪŜŅĔŅĶĶŃŏľĵőħĵŒĝƟȮRotary evaporator ŏĴŊŗŀŐľƟĚěŃœħƟȮCrude CH2Cl2 
extract (CDE) ĨƞŀěŅĔĬńŘĬĬŜŅĨŃĔŀĬœĮĸŃĸŅĵŒĬȮ400 Ĵĸ,ȮĕŀĚȮHexane, ŏĕĵƞŅĪňŗȮ/..ȮĶŀĭĨƞŀĬŅĪň, 
15 oC, ŏĮƦĬŏĺĸŅȮ18 ĝńŗĺőĴĚȮľĸńĚěŅĔĔŅĶĮƤƧĬŏľĺňŗĵĚĪňŗȮ4930 g, 20 oC ŏĮƦĬŏĺĸŅȮ15 ĬŅĪňȮĬŜŅĽƞĺĬŒĽœĮ
ĶŃŏľĵőħĵŒĝƟȮRotary evaporator ŏĴŊŗŀŐľƟĚěŃœħƟȮCrude hexane extract (CHE), ĬŜŅ CME, CDE 
ŐĸŃȮCHE œĮĝńŗĚȮĽńĚŏĔĨĸńĔļĦŃĪňŗœħƟȮŐĸƟĺĬŜŅœĮĨĶĺěĽŀĭȮAntiproliferative activity ŐĸŃŏĔŖĭĶńĔļŅœĺƟ
ŒĬĪňŗĴŊħȮĪňŗȮ-20 oC 
   
 őėĶĴŅőĨĔĶŅĲƖ 
 Quick column chromatography 
 ĪŜŅĔŅĶĭĶĶěŋȮsilica gel 60 G (0.063-0.2 mm) ĸĚŒĬȮSintered glass (ĕĬŅħėĺŅĴěŋȮ250 
Ĵĸ,) ŒĝƟĮƤƩĴĽŌĠĠŅĔŅĻŒĬĔŅĶĝƞĺĵŀńħŏěĸŒľƟŐĬƞĬȮįĽĴȮCrude extract ĔńĭȮSilica gel 60 ěĬĔĶŃĪńŗĚįĽĴ
ŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬŐĸŃœĴƞŏľĬňĵĺȮĨƞŀěŅĔĬńŘĬĬŜŅĕŀĚįĽĴœĮĺŅĚĪŅĚħƟŅĬĭĬĕŀĚėŀĸńĴĬƢȮĺŅĚĝŇŘĬĔĶŃħŅļ
ĔĶŀĚȮ&Whatman, 110 mm in Ø) ĭĬĕŀĚįĽĴȮľĸńĚěŅĔĬńŘĬĺŅĚĽŜŅĸňĪŅĚħƟŅĬĭĬĕŀĚĔĶŃħŅļĔĶŀĚȮ
ŏĨŇĴȮ1.5 ĸŇĨĶĕŀĚĨńĺĪŜŅĸŃĸŅĵĨƞŀœĮĬňŘȮ(500 Ĵĸ, / ėĶńŘĚ, 3x) hexane 25% (v/v) , CH2Cl2 -hexane 
50% (v/v), CH2Cl2 - hexane 75% (v/v), CH2Cl2 100% (v/v), MeOH - CH2Cl2 4% (v/v), ŐĸŃ 
MeOH - CH2Cl2 30% (v/v) ĸĚŒĬėŀĸńĴĬƢĨŅĴĸŜŅħńĭȮŏĔŖĭȮFractions, ĽńĚŏĔĨĶŌĮŐĭĭĕŀĚĽŅĶĮĶŃĔŀĭ
ĪŅĚŏėĴňĕŀĚĪŋĔȮFractions ħƟĺĵȮThin layer chromatography (TLC), ĬŜŅȮFraction ĪňŗĴňĶŌĮŐĭĭĭĬȮ
TLC ĪňŗŏľĴŊŀĬĔńĬĴŅĶĺĴĔńĬȮŐĸƟĺĬŜŅœĮĶŃŏľĵŐĸŃĝńŗĚĬĬŘŜŅľĬńĔȮĭńĬĪŉĔĸńĔļĦŃĕŀĚĽŅĶĪňŗœħƟȮŐĸƟĺĬŜŅœĮ
ĨĶĺěĽŀĭȮAntiproliferative activity ħƟĺĵȮMTT assay  
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 Adsorption chromatography 
 ĬŜŅȮSilica gel 60 (90 ĔĶńĴ) ĴŅįĽĴĔńĭȮHexane (250 Ĵĸ,) ĭĶĶěŋĸĚŒĬėŀĸńĴĬƢȮŐĸƟĺĬŜŅȮ
Fraction ĪňŗĴňķĪīŇśěŅĔȮQuick column chromatography ĴŅįĽĴĔńĭȮSilica gel 60 (5-7 ĔĶńĴ) 
ěĬĔĶŃĪńŗĚĕŀĚįĽĴœĴƞŏľĬňĵĺȮĮĸƞŀĵĪŇŘĚœĺƟŒľƟŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺĬŜŅœĮĭĶĶěŋĸĚĭĬħƟŅĬĭĬĕŀĚėŀĸńĴĬƢȮ
ėĸŋĴħƟĺĵĽŜŅĸňȮĪŜŅĔŅĶĝŃħƟĺĵȮ500 Ĵĸ,ȮĕŀĚȮ100% (v/v) hexane, 50% (v/v) CH2Cl2-hexane, 75% 
(v/v) CH2Cl2-hexane ŐĸŃ 100% (v/v) MeOH ĨŅĴĸŜŅħńĭ ŏĔŖĭȮFractions (ĕĬŅħȮ2.5 ml) ŐĸƟĺ
ĨĶĺěĽŀĭĶŌĮŐĭĭĕŀĚŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŐĨƞĸŃȮFraction őħĵȮTLC, ěŅĔįĸĭĬȮTLC plate, ĬŜŅȮ
Fraction ĪňŗĴňȮCardanol ĴŅĶĺĴĔńĬȮŐĸƟĺĪŜŅĔŅĶĶŃŏľĵȮĝńŗĚĽŅĶĪňŗœħƟȮ 

 
 Thin layer chromatography (TLC) 

ŒĝƟĺŇīňĬňŘŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĭĶŇĽŋĪīŇśĕŀĚĨńĺŀĵƞŅĚȮĪŜŅĔŅĶĨńħȮTLC plate (a silica coated 
plate, Merck) ŒľƟĴňĕĬŅħȮ5 ×5 cm2 ĕňħŏĽƟĬĪŅĚħƟŅĬĸƞŅĚĕŀĚŐįƞĬőħĵŒľƟĽŌĚěŅĔĕŀĭĸƞŅĚĕŉŘĬĴŅȮ0.5 ĞĴ,Ȯ
ħƟĺĵħŇĬĽŀȮŒĝƟȮCapillary tube ĩƞŅĵĽŅĶĨńĺŀĵƞŅĚĸĚĭĬŏĽƟĬĪňŗĕňħȮőħĵŒľƟĴňĸńĔļĦŃŏĮƦĬěŋħȮĩƟŅĨńĺŀĵƞŅĚ
ŏľĬňĵĺĕƟĬŏĔŇĬœĮȮĔŖĽŅĴŅĶĩĸŃĸŅĵĨńĺŀĵƞŅĚœħƟħƟĺĵĨńĺĪŜŅĸŃĸŅĵȮěŅĔĬńŘĬěŋƞĴȮTLC plate ĸĚŒĬȮSolvent 
chamber, őħĵŒĝƟȮ100% (v/v) CH2Cl2 ŏĮƦĬȮMobile phase, ŏĴŊŗŀŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŏėĸŊŗŀĬĪňŗŏĔŊŀĭ
ĩŉĚħƟŅĬĭĬĕŀĚȮTLC plate ĔŖĪŜŅĔŅĶħŉĚŐįƞĬŀŀĔěŅĔȮChamber, ĪŇŘĚœĺƟŒľƟŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚȮĽńĚŏĔĨ
ĶŌĮŐĭĭĕŀĚŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĭĬȮTLC plate ĳŅĵŒĨƟĶńĚĽňȮU.V. 
 
 ĔŅĶıŇĽŌěĬƢőėĶĚĽĶƟŅĚĕŀĚĽŅĶ 
 ĪŜŅĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚŀĚėƢĮĶŃĔŀĭŒĬȮFraction ĪňŗĴňķĪīŇśŐĸŃĭĶŇĽŋĪīŇśħƟĺĵȮ
Mass Spectrometry (MS)  

 
 ĔŅĶŏĸňŘĵĚŏĞĸĸƢĴŃŏĶŖĚŐĸŃĺńħŀńĨĶŅĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢĴŃŏĶŖĚ 
 Cell culture 
 œħƟĶńĭȮBreast cancer BT-474 cell line (ATCC no. HTB 20) ĴŅěŅĔĽĩŅĭńĬĺŇěńĵ
ŏĪėőĬőĸĵňĝňĺĳŅıŐĸŃıńĬīŋĺŇĻĺĔĶĶĴıńĬīŋĻŅĽĨĶƢȮěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵȮŐĸƟĺĪŜŅĔŅĶŏĸňŘĵĚŒĬŀŅľŅĶȮ
Roswell Park Memorial Institute (RPMI) 1640 ĪňŗĴňȮ5% (v/v) fetal calf serum (FCS), ĪŜŅĔŅĶȮ
Seed cells őħĵĪŜŅĔŅĶĵƟŅĵ 1 x 105 ŏĞĸĸƢĸĚŒĬȮ5 Ĵĸ,ȮĕŀĚŀŅľŅĶĪňŗŀĵŌƞŒĬĲĸŅĽĔƢĕĬŅħȮ25-cm2 ŐĸƟĺ
ĪŜŅĔŅĶĭƞĴĪňŗȮ37 oC ĪňŗĴňȮ5% (v/v) CO2 ĪŜŅĔŅĶȮRe-passage ŏĴŊŗŀėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢȮ
(Confluency)ȮĩŉĚȮ70-80%  
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 Cytotoxicity test  
 ŒĝƟȮ3-(4,5-dimethyl-thiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT) assay 
ŏĮƦĬĨńĺĨĶĺěĽŀĭȮĪŜŅĔŅĶȮSeed BT-474 cell line (5x103 ŏĞĸĸƢŒĬȮ200 µl ĕŀĚŀŅľŅĶ) ĸĚŒĬŐĨƞĸŃ
ľĸŋĴĕŀĚȮ96 well plate ĪŜŅĔŅĶĭƞĴĪňŗȮ17 oC ĪňŗĴň 5% (v/v) CO2 ŏĮƦĬŏĺĸŅȮ24 ĝ,Ĵ,ȮĪŜŅĔŅĶĸŃĸŅĵ 
Cardanol ħƟĺĵȮDimethylsulfoxide (DMSO) ŏıŊŗŀŏĮƦĬȮStock concentration, ľĸńĚěŅĔĬńŘĬŒĽƞȮ2 µl 
ĕŀĚȮCardanol ĸĚœĮŒĬ 
ŐĨƞĸŃľĸŋĴőħĵŒľƟĴňėĺŅĴŏĕƟĴĕƟĬĽŋħĪƟŅĵŏĮƦĬȮ100, 10, 1, 0.1, 0.01, ŐĸŃ 0.001 µg/ml, ĨŅĴĸŜŅħńĭȮŒĝƟȮ
DMSO (2 µl / ľĸŋĴ) ŏĮƦĬĨńĺėĺĭėŋĴȮĭƞĴŏĞĸĸƢĨƞŀŀňĔȮ72 ĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬŏĨŇĴȮ10 µl ĕŀĚ 5 mg/ml 
ĕŀĚ MTT solution ĸĚœĮŒĬŐĨƞĸŃľĸŋĴȮŐĸƟĺĭƞĴĨƞŀŀňĔȮ4 ĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬĪŜŅĔŅĶĵƟŅĵĽŅĶĸŃĸŅĵŀŀĔȮ
ŏĨŇĴĽŅĶĸŃĸŅĵĪňŗĮĶŃĔŀĭħƟĺĵȮ150 µl ĕŀĚ DMSO ŐĸŃ 25 µl ĕŀĚ 0.1 M glycine ĸĚœĮŒĬŐĨƞĸŃ
ľĸŋĴŏıŊŗŀĸŃĸŅĵȮFormazan crystal, ĪŜŅĔŅĶĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗȮ540 nm őħĵŒĝƟȮMicroplate 
reader, ŐĸƟĺėŜŅĬĺĦľŅŏĮŀĶƢŏĞŖĬĨƢĕŀĚĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢȮőħĵėŜŅĬĺĦěŅĔĽŌĨĶĨƞŀœĮĬňŘȮ 
 

ŏĮŀĶƢŏĞŖĬĨƢĕŀĚĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢ  
ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚĨńĺŀĵƞŅĚ

ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚĨńĺėĺĭėŋĴ
ρππ 

 
 ĪńŘĚĬňŘĔŜŅľĬħŒľƟĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢŒĬĔĸŋƞĴėĺĭėŋĴĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶŀĵŌƞĶŀħŏĮƦĬȮ/..%, ĪŜŅĔŅĶ
ĺŅħĔĶŅĲőħĵĔŜŅľĬħŒľƟŐĔĬȮY ŐĽħĚŏĮŀĶƢŏĞŖĬĨƢĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢȮŐĸŃŐĔĬȮX ŐĽħĚėĺŅĴŏĕƟĴĕƟĬ
ĕŀĚȮCardanol, ĪŜŅĔŅĶĸŅĔŏĽƟĬŒĬŐĬĺĬŀĬěŅĔĨŜŅŐľĬƞĚĕŀĚȮ50% ĭĬŐĔĬȮY ěĬĔĶŃĪńŗĚĩŉĚŏĽƟĬĔĶŅĲȮ
ŐĸƟĺĸŅĔŏĽƟĬĔĶŅĲĸĚĴŅŒĬŐĬĺĨńŘĚěĬĽńĴįńĽŐĔĬȮX, ěŋħĨńħĭĬŐĔĬȮX ŐĽħĚėƞŅȮIC50 value ĕŀĚȮ
Cardanol  
 
 Growth curve  
 ĪŜŅĔŅĶŏĨĶňĵĴȮUntreated BT-474 cells ŐĸŃ Treated BT-474 cells (őħĵŒĝƟėĺŅĴŏĕƟĴĕƟĬĪňŗ
ėƞŅ IC50 value), ŒĝƟȮMTT assay ŏıĪƞŀĨĶĺěĽŀĭįĸȮĪŜŅĔŅĶĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗȮ540 nm ĪŋĔȮŕȮ1, 
2, 3, 5, ŐĸŃ 7 ĺńĬȮĺŅħĔĶŅĲĪňŗŐĽħĚŏĮŀĶƢŏĞĬĨƢĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢȮ(ŐĔĬȮY) ŐĸŃŏĺĸŅȮ(ŐĔĬȮX) ĪŜŅ
ĔŅĶŏĮĶňĵĭŏĪňĵĭŐĬĺőĬƟĴĕŀĚŏĽƟĬĔĶŅĲĶŃľĺƞŅĚĨńĺŀĵƞŅĚŐĸŃĨńĺėĺĭėŋĴȮĪŜŅĔŅĶĪħĸŀĚȮ1ȮĞŘŜŅ  
 
 ĽńĦģŅĬĕŀĚŏĞĸĸƢ   
 ŏĨĶňĵĴŏĞĸĸƢȮ1ȮĔĸŋƞĴȮ(2 x 105 ŏĞĸĸƢ/Ĵĸ,) ĔĸŋƞĴĪňŗȮ1 ėŊŀȮĨńĺėĺĭėŋĴȮĔĸŋƞĴĪňŗȮ2 ŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭȮ
30 µg/ml ĕŀĚ Cardanol ŐĸŃĔĸŋƞĴĪňŗȮ3 ŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭȮ0.5 µg/ml ĕŀĚȮDoxorubicin (Positive 
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control), ĽńĚŏĔĨĽńĦģŅĬĕŀĚŏĞĸĸƢŒĬĪŋĔĔĸŋƞĴȮĪŋĔȮŕȮĶŃĵŃĔŅĶĭƞĴĪňŗȮ0, 24, 48, ŐĸŃ 72 ĝ,Ĵ,ȮőħĵŒĝƟȮ
Inverted microscope (Ziess) ĪňŗŏĝŊŗŀĴĨƞŀĔńĭȮDigital camera (Cannon EOS 7D)  
  
 ĔŅĶĨĶĺěĽŀĭȮApoptosis ŐĸŃȮNecrosis  
 ĪŜŅĔŅĶŏĸňŘĵĚȮBT-474 cells (3ů5 x 106 cells/ml) ŒĬȮCM ĪňŗĴňĔŅĶŏĨŇĴȮ(i) DMSO ŒĝƟŏĮƦĬĨńĺ
ėĺĭėŋĴ, (ii) 30 µg/ml ėŅĶƢħŅĬŀĸȮŐĸŃȮ(iii) 0.5 µg/ml doxorubicin (ĨńĺėĺĭėŋĴŐĭĭĭĺĔ) ŏĴŊŗŀĩŉĚ
ŏĺĸŅĭƞĴĪňŗĨƟŀĚĔŅĶȮĪŜŅĔŅĶŏĔŖĭŏĞĸĸƢȮőħĵĔŅĶĮƤƧĬŏľĺňŗĵĚȮ(3,000 x g, 4 oC ŏĮƦĬŏĺĸŅȮ10 ĬŅĪň) ĸƟŅĚŏĞĸĸƢ
ħƟĺĵȮ1 ml ĕŀĚȮ1 x phosphate buffer saline (PBS) ĪňŗŏĵŖĬȮŐĸŃĪŜŅĔŅĶŏĔŖĭŏĞĸĸƢȮĸŃĸŅĵĨŃĔŀĬŒĬȮ
50 µl ĕŀĚȮ1 x binding buffer pH 7.4 (10 mM Hepes, 140 mM NaCl ŐĸŃ 2.5 mM CaCl2) ĪŜŅ
ĔŅĶĵƟŀĴĽňŏĞĸĸƢħƟĺĵȮ1 µl ĕŀĚȮAnnexin V (Alexa Fluor 488 conjugate, cat. # A13201, Life 
Technologies)  ŐĸŃȮ5 µl ĕŀĚȮ1 mg/ml propidium iodide (PI) (P4864, Sigma Aldrich) ŒĬĪňŗ
ĴŊħȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬŏĺĸŅȮ30 ĬŅĪňȮŐĸƟĺĺŇŏėĶŅŃľƢįĸħƟĺĵȮFlow cytometry  
 
 ĔŅĶĨĶĺěľŅȮCell cycle arrest  
 ĪŜŅĔŅĶŏĸňŘĵĚȮBT-474 cells (1ů100 x 106 cells/ml) ŒĬŀŅľŅĶȮCM ĪňŗĴňĔŅĶŏĨŇĴȮ(i) DMSO ŒĝƟ
ŏĮƦĬĨńĺėĺĭėŋĴ, (ii) 30 µg/ml ėŅĶƢħŅĬŀĸȮŐĸŃȮ(iii) 0.5 µg/ml doxorubicin (ĨńĺėĺĭėŋĴŐĭĭĭĺĔ) 
ŏĮƦĬŏĺĸŅȮ24, 48 ŐĸŃȮ72 ĝĴ,ȮĪŜŅĔŅĶŏĔŖĭŏĞĸĸƢĨŅĴĪňŗĶŃĭŋĕƟŅĚĨƟĬȮĸŃĸŅĵĨŃĔŀĬŏĞĸĸƢŒĬȮ500 µl PBS 
ĪňŗŏĵŖĬŐĸŃȮ200 µl 70% (v/v) ŏŀĪŅĬŀĸĪňŗȮ-20 oC ŏĮƦĬŏĺĸŅȮ1 ėŊĬľĶŊŀŐĝƞĬŘŜŅŐĕŖĚŏĮƦĬŏĺĸŅȮ4 ĝ,Ĵ,ȮĪŜŅ
ĔŅĶŏĔŖĭŏĞĸĸƢŏľĴŊŀĬĔńĬĪňŗĶŃĭŋœĺƟĕƟŅĚĨƟĬȮĸŃĸŅĵĨŃĔŀĬŏĞĸĸƢħƟĺĵȮ250 µl PBS ĪňŗĴňȮ0.1 mg/ml RNAse 
ĪŜŅĔŅĶĭƞĴĪňŗȮ37 oC ŏĮƦĬŏĺĸŅȮ30 ĬŅĪňȮľĸńĚěŅĔŏĔŖĭŏĞĸĸƢȮĸŃĸŅĵŏĞĸĸƢħƟĺĵȮ12.5 µl ĕŀĚȮ1 mg/ml PI 
ĪŜŅĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŒĬĪňŗĴŊħȮŏĮƦĬŏĺĸŅȮ30 ĬŅĪňȮŐĸƟĺĺŇŏėĶŅŃľƢįĸħƟĺĵȮFlow cytometry ĪŜŅĔŅĶ
ŐĮĸįĸŒĬĶŌĮŐĭĭĕŀĚȮ(1) sub G1 phase (apoptotic cells), (ii) G1 phase (diploid 
chromosome content), (iii) S phase (DNA synthesis) ŐĸŃ (iv) G2/M subphase (double 
diploid) 
 

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬ  
ŒĬĶŃħńĭȮTranscription  
ĪŜŅĔŅĶŏĸňŘĵĚȮBT-474 cells (1ů100 x 106 cells/ml) ŒĬŀŅľŅĶȮCM ĪňŗĴňĔŅĶŏĨŇĴȮ(i) DMSO ŒĝƟ

ŏĮƦĬĨńĺėĺĭėŋĴ, (ii) 30 µg/ml ėŅĶƢħŅĬŀĸȮŐĸŃȮ(iii) 0.5 µg/ml doxorubicin (ĨńĺėĺĭėŋĴŐĭĭĭĺĔ) 
ŏĮƦĬŏĺĸŅȮ72 ĝ,Ĵ,ȮŐĸƟĺĪŜŅĔŅĶŏĔŖĭŏĞĸĸƢȮĪŜŅĔŅĶĽĔńħȮTotal RNA ħƟĺĵȮRNeasy Plus Mini Kit (Cat. # 
74134, Qiagen) ĪŜŅĔŅĶĝŃȮRNA ħƟĺĵȮ20 µl RNase-free H2O ŐĸŃĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗȮ260 ŐĸŃȮ
280 nm (A260 ŐĸŃ A280 ĨŅĴĸŜŅħńĭȮėŜŅĦĺĬľŅėĺŅĴŏĕƟĴĕƟĬĕŀĚȮRNA ĨŅĴĽĴĔŅĶĨƞŀœĮĬňŘȮ 
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ėĺŅĴŏĕƟĴĕƟĬĕŀĚȮRNA (µg/ml) = (A260) x dilution factor x (40) 
ėĺŅĴĭĶŇĽŋĪīŇśĕŀĚȮRNA ĪňŗĽĔńħœħƟȮėŜŅĦĺĬěŅĔȮA260/A280 ratio ŏĔŖĭĶńĔļŅȮRNA ĪňŗĽĔńħœħƟĪňŗȮ-20 oC 

 
 ĻŉĔļŅĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬőħĵŒĝƟȮqRT-PCR ŏĸŊŀĔĻŉĔļŅĵňĬȮ0ȮĔĸŋƞĴȮĔĸŋƞĴŐĶĔŏĮƦĬȮ
Death receptor group ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ Apoptosis œħƟŐĔƞȮB-cell lymphoma-2 (Baj-0), Mcl-1, 
mitogen activating protein-kinase activating death domain (MADD), cellular FLICE-like 
inhibitory protein (c-FLIP)ȮŐĸŃȮHsk_lȮbc_rfȮpcacnrmpȮ5Ȯ(DR5) ĔĸŋƞĴĪňŗȮ0ȮœħƟŐĔƞȮĵňĬĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭȮCell cycle œħƟŐĔƞȮp21, cyclin D1, awajglȮE*Ȯcyclin A, cyclin-dependent kinase 4 (CDK4), 
CDK6 ŐĸŃ CDK2 

ŏĨĶňĵĴĮĢŇĔŇĶŇĵŅőħĵŒĝƟȮOne Step SYBR PrimeScript RT-PCR Kit II (cat. # TKR-R-
RR064A, Takara) ŐĨƞĸŃĮĢŇĔŇĶŇĵŅȮ(20 µl ĽŜŅľĶńĭĮĶŇĴŅĨĶĽŋħĪƟŅĵ) ĮĶŃĔŀĭħƟĺĵȮTotal RNA (10 ng), 
10 µl 2x one step SYBR RT-PCR buffer, 1 µl Prime Script 1 step enzyme mix, 0.5 µl ĕŀĚ
ŐĨƞĸŃȮForward ŐĸŃȮReverse PCR primer (20 µM stock) ŐĸŃ RNase-free d-H2O ĶŅĵĸŃŏŀňĵħ
ĕŀĚȮForward ŐĸŃȮReverse primers ŀĵŌƞŒĬĨŅĶŅĚĪňŗȮ1 ĳŅĺŃĪňŗȮPCR ĪŜŅĚŅĬȮėŊŀȮ73ȮďAȮŏĮƦĬŏĺĸŅ 15 
ĬŅĪňȮĨŅĴħƟĺĵȮ40 ĶŀĭĕŀĚȮ72ȮďAȮŏĮƦĬŏĺĸŅȮ15 ĺŇĬŅĪň, x oC ŏĮƦĬŏĺĸŅȮ30 ĺŇĬŅĪňȮŐĸŃȮ50ȮďAȮŏĮƦĬŏĺĸŅȮ
30 ĺŇĬŅĪňȮėƞŅȮx ŐĽħĚœĺƟŒĬĨŅĶŅĚĪňŗȮ1 ĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬŏĮĶňĵĭŏĪňĵĭĔńĭĶŃħńĭĔŅĶŐĽħĚŀŀĔ
ĕŀĚȮß-actin ĞŉŗĚŒĝƟŏĮƦĬĨńĺėĺĭėŋĴȮėŜŅĦĺĬľŅĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬőħĵŒĝƟȮCrossing point (Cp) 
ħńĚĽĴĔŅĶĨƞŀœĮĬňŘȮ 
 

ĶŃħńĭĔŅĶŐĽħĚŀŀĔ = 2(Cp actin-Cp target) 
ėƞŅȮCp value ĴňėĺŅĴĽńĴıńĬīƢĔńĭĨńĺĨƟĬŐĭĭŏĶŇŗĴĨƟĬŐĸŃĭƞĚĭŀĔĩŉĚĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚȮmRNA 

 
ĨŅĶŅĚĪňŗȮ1  ŐĽħĚȮForward and reverse primers &3ŲȮĄ 1Ų'ȮĪňŗŒĝƟŒĬȮqRT-PCR. 

Gene  Nucleotide sequence 
Tm 
(oC) 

Reference 

ß-actin F 
R 

GACCTGACTGACTACCTCATGA 
AGCATTTGCGGTGGACGATGGAG 

55 Lirdprapamongkol 
et al.  

MADD F 
R 

TCAACCCACTCATCTATGGCAATG 
GCGGAATTGAAGAACCGTACCA 

60 Li et al. (2011) 

c-FLIP F 
R 

CCAGAGTGTGTATGGTGTGGAT 
TCTCCCATGAACATCCTCCTGAT 

60 Li et al. (2011) 
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Gene  Nucleotide sequence 
Tm 
(oC) 

Reference 

Bcl2 F 
R 

TGGGATGCGGGAGATGTG 
CGGGATGCGGCTGGAT 

60 Li et al. (2011) 

Mcl1 F 
R 

AGCAGAGGAGGAGGAGGAC  
GCCTGCTCCCGAAGGTA 

55 Lirdprapamongkol 
et al. (2013) 

DR5 F 
R 

TGCTGCTCAAGTGGCGC 
GGCATCCAGCAGATGGTTG 

60 Pillai et al. (2011) 

P21 F 
R 

CACTCCAAACGCCGGCTGATCTTC 
TGTAGAGCGGGCCTTTGAGGCCCTC 

55 Weglarz et al. 
(2006) 

E2F1 F 
R 

GCCACTGACTCTGCCACCA 
GGACAACAGCGGTTCTTGCT 

60 Galanti et al. 
(2008) 

Cyclin A F 
R 

GAAGACGAGACGGGTTGCA 
AGGAGGAACGGTGACATGCT 

60 Galanti et al. 
(2008) 

Cyclin D1 F 
R 

AATGACCCCGCACGATTTC 
TCAGGTTCAGGCCTTGCAC 

60 Ullmannova et al. 
(2003) 

Cyclin E F 
R 

TTCTTGAGCAACACCCTCTTCTGCAGCC 
TCGCCATATACCGGTCAAAGAAATCTTGTGCC 

58 Potemski et al. 
(2006) 

CDK2 F 
R 

TTTGGAGTCCCTGTTCGTAC 
TGCGATAACAAGCTCCGTCC 

58 Chiang et al. 
(2010) 

CDK4 F 
R 

CTTTGACCTGATTGGGCTGC 
GGAGAGGTGGGAGGGGAATG 

58 Chiang et al. 
(2010) 

CDK6 F 
R 

TCTTGCTCCAGTCCAGCTAC 
AGCAATCCTCCACAGCTCTG 

60 Ullmannova et al. 
(2003) 

 
 ŒĬĶŃħńĭőĮĶĨňĬȮ 
 ŒĝƟĺŇīňĔŅĶĕŀĚȮWestern blot analysis őħĵĮĶńĭĮĶŋĚĺŇīňěŅĔȮLirdprapamongkol et al. ĪŜŅ
ĔŅĶŏĸňŘĵĚȮBT-474 cells (1ů100 x 106 cells/ml) ŒĬŀŅľŅĶȮCM ĪňŗĴňĔŅĶŏĨŇĴȮ(i) DMSO ŒĝƟŏĮƦĬĨńĺ
ėĺĭėŋĴ, (ii) 30 µg/ml ėŅĶƢħŅĬŀĸȮŐĸŃȮ(iii) 0.5 µg/ml doxorubicin (ĨńĺėĺĭėŋĴŐĭĭĭĺĔ) ŏĮƦĬŏĺĸŅȮ
ĝ,Ĵ,ȮĪŜŅĔŅĶŏĔŖĭŏĞĸĸƢŐĸŃȮLyse ħƟĺĵȮ150 µlȮradioimmunoprecipitation assay buffer Īňŗ
ĮĶŃĔŀĭħƟĺĵȮ1x halt protease phosphatase ŐĸŃ phosphatase inhibitor cocktail ĪňŗĴň EDTA 



964 

 
(catalog# 78440, Thermo Scientific, USA), ĭĬĬŘŜŅŐĕŖĚȮĺńħėĺŅĴŏĕƟĴĕƟĬĕŀĚőĮĶĨňĬħƟĺĵĺŇīňȮ
Bradford assay  
 ĪŜŅĔŅĶȮLoad 20 µg őĮĶĨňĬĸĚŒĬŐĨƞĸŃľĸŋĴĕŀĚȮSodium dodecyl sulfate 
polyacrylamide gel (SDS-PAGE) ĪňŗĴňȮ7 ŐĸŃȮ4% (w/v) acrylamide separating ŐĸŃ stacking 
gel ĨŅĴĸŜŅħńĭȮľĸńĚěŅĔĔŅĶĪŜŅȮElectrophoresis ĪňŗȮ15 mA ŏĮƦĬŏĺĸŅȮ105 ĬŅĪňȮěŉĚĪŜŅĔŅĶĵƟŅĵőĮĶĨňĬ
ĽŌƞȮImmobilon-P nylon membrane (Millipore, Beaford, MA, USA) ħƟĺĵĺŇīňȮElectroblotting ĪňŗȮ
100 V ŏĮƦĬŏĺĸŅȮ90 ĬŅĪňȮĪŜŅĔŅĶȮBlocked ħƟĺĵȮ3% (w/v) bovine serum albumin (BSA) ıĶƟŀĴ
ŏĕĵƞŅŏĭŅȮŕȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬŏĺĸŅȮ1 ĝ,Ĵ,ȮĪŜŅĔŅĶȮProbe ħƟĺĵȮPrimary antibodies (Cell 
Signaling Technology) ĪňŗŏěŊŀěŅĚŒĬȮ3% (w/v) BSA ŒľƟŏĮƦĬ 1: 1000 (ĵĔŏĺƟĬȮanti-pERK ĪňŗĪŜŅŒľƟŏěŊŀ
ěŅĚŏĮƦĬȮ1: 5000) ŏĮƦĬĶŃĵŃŏĺĸŅȮ1ȮėŊĬĪňŗȮ4 oC ŒĬĪňŗĴŊħȮĸƟŅĚȮMembrane ħƟĺĵȮ1x TBS/T, pH 7.6 (20 
mM Tris ŐĸŃ 137 mM NaCl) ĪŜŅĔŅĶĭƞĴĶƞĺĴĔńĭȮHorseradish peroxidase-conjugated 
secondary antibody (catalog# W4021 and W4011, Promega, USA) ŒĬ TBS/T ĪňŗĴň 5% (w/v) 
skim milk (1: 10000 mouse, 1: 5000 rabbit) ıĶƟŀĴŏĕĵƞŅŏĭŅȮŕȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬŏĺĸŅȮ1 ĝ,Ĵ,ȮħŌ
įĸőħĵŒĝƟȮWestern bright ECL reagents (Advansta, Menlo Park, CA, USA' ŐĸŃ Image Quant 
LAS 4,000 mini instrument (GE Healthcare Life Sciences) 
 
 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇ  
 ĬŜŅŏĽĬŀįĸŒĬĶŌĮŐĭĭĕŀĚėƞŅŏĜĸňŗĵ ± ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ(1 S.D.) ŒĬŐĨƞĸŃĔŅĶĪħĸŀĚĴňĔŅĶ
ĪŜŅĞŘŜŅȮ1ȮėĶńŘĚȮĪŜŅĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸħƟĺĵȮOne way analysis of variance (ANOVA) ĨŅĴħƟĺĵȮ
RsicwŲqȮrcqrȮőħĵĴňėƞŅėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪňŗȮp < 0.05 ĪŋĔĔŅĶĺŇŏėĶŅŃľƢŒĝƟȮSPSS program 
version 19.0  
 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ĽŅĶĽĔńħŀĵƞŅĚľĵŅĭĕŀĚıĶŀıŀĸŇĽěŅĔ A. mellifera 
 ľĸńĚěŅĔĪŜŅĔŅĶĽĔńħıĶŀıŀĸŇĽĕŀĚȮA. mellifera (90 ĔĶńĴ) ħƟĺĵĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮ1ȮĝĬŇħȮ
(MeOH, CH2Cl2, ŐĸŃ hexane), įĸĔŅĶĪħĸŀĚĪňŗœħƟŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2 ĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅȮYield ĪňŗĽŌĚ
ĪňŗĽŋħœħƟěŅĔȮCHE (21,600 mg), ĽňĕŀĚŏĴŖħĽňĩŌĔĔŜŅěńħĪŇŘĚŒĬȮCHE ěŉĚĪŜŅŒľƟŏľŖĬĺƞŅĨńĺŀĵƞŅĚĬňŘĴňĽňĬŘŜŅĨŅĸĪňŗ
ěŅĚĸĚȮŒĬĕĦŃĪňŗĨńĺŀĵƞŅĚĪňŗŏľĸŊŀĵńĚėĚĴňĽňĬŘŜŅĨŅĸĪňŗĵńĚŏĕƟĴŀĵŌƞȮĩŉĚŐĴƟĺƞŅȮCrude extract ĪńŘĚľĴħŐĽħĚȮ

Antiproliferative activity ĨƞŀȮBT-474, ŐĨƞȮCDE ĴňķĪīŇśĽŌĚĪňŗĽŋħ (IC50 = 29.97 ± 6.17 mg/ml) 
ħńĚĬńŘĬěŉĚĬŜŅȮCDE œĮĪŜŅŒľƟĭĶŇĽŋĪīŇśĨƞŀœĮőħĵŒĝƟőėĶĴŅőĨĔĶŅĲƖȮȮ 
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ĨŅĶŅĚĪňŗȮ2 ŐĽħĚĸńĔļĦŃŐĸŃȮIC50 value ĕŀĚȮCrude extract (CME, CDE, ŐĸŃ CHE) 

Crude 
extract 

ĬŘŜŅľĬńĔ 
(mg) 

% yield ĕŀĚ
ıĶŀıŀĸŇĽ 

ĸńĔļĦŃ IC50 (µg/ml) 

CME 600 0.33 ĕƟĬŏľĬňĵĺŐĸŃĴňĽňĬŘŜŅĨŅĸŏĕƟĴ 38.26 ± 4.28 
CDE 1,540 1.71 ĕƟĬŏľĬňĵĺŐĸŃĴňĽňĬŘŜŅĨŅĸŀƞŀĬ 29.97 ± 6.17 
CHE 21,600 24 ĽňŏľĸŊŀĚŀƞŀĬ 39.18 ± 6.27 

 
įĸĕŀĚȮCardanol  
ŏĬŊŗŀĚěŅĔȮCDE (1,540 mg) ĴňķĪīŇśĽŌĚĽŋħȮěŉĚĪŜŅĔŅĶĽĔńħĭĶŇĽŋĪīŇśĨƞŀőħĵŒĝƟȮQuick column 

chromatography ŐĸŃȮAdsorption chromatography, ıŇĽŌěĬƢĺƞŅŏĮƦĬȮCardanol őħĵıŇěŅĶĦŅěŅĔȮ
Rf value ĭĬȮTLC plate ŐĸŃėƞŅȮSpectrum ĕŀĚȮMass spectrometry, įĸıĭĺƞŅœħƟȮCardanol Īňŗ
ĭĶŇĽŋĪīŇśȮ0.52 mg ěŅĔıĶŀıŀĸŇĽŏĶŇŗĴĨƟĬĪňŗȮ90 ĔĶńĴȮėŜŅĦĺĬœħƟȮIC50 value ĪňŗȮ15.57 ± 1.73 µg/ml 
(ĶŌĮĪňŗȮ/'ȮőħĵĴňėƞŅŒĔĸƟŏėňĵĚĔńĭĪňŗŏėĵĶŅĵĚŅĬœĺƟŒĬȮTeerasripreecha et al. (2012), ĞŉŗĚŏėĵĶŅĵĚŅĬœĺƟĺƞŅ
ĴňȮIC50 value ĕŀĚȮCardanol ĪňŗĽŅĴŅĶĩĵńĭĵńŘĚĔŅĶŏıŇŗĴěŜŅĬĺĬĕŀĚȮBT-474 cell lines ĪňŗȮ13.95 ± 0.9 
µg/ml 

 

 
 

ĶŌĮĪňŗȮ/ȮŐĽħĚȮIC50 value ĕŀĚȮCardanol ĪňŗĴňĨƞŀȮBT 474 cell line 
 
Growth curve  
ĔŅĶŏĨŇĭőĨĕŀĚȮUntreated BT-474 cells ŐĸŃȮTreated BT-474 cells ĪňŗėĺŅĴŏĕƟĴĕƟĬĨƞŅĚȮŕȮ

ĕŀĚȮCardanol (0.001-100 µg/ml) ŐĽħĚŒĬĶŌĮĪňŗȮ0, ŏĴŊŗŀıŇěŅĶĦŅĪńŘĚȮ4 ĶŃĵŃĕŀĚȮGrowth curve, 
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ěŃŏľŖĬœħƟĺƞŅŏĮŀĶƢŏĞĬĨƢĕŀĚĔŅĶŀĵŌƞĶŀħĕŀĚŏĞĸĸƢĩŌĔĭńĬĪŉĔŏĶŇŗĴěŅĔȮLag phase œĮěĬĩŉĚȮLog phase 
ŏıĶŅŃľĸńĚěŅĔĬńŘĬěŃŏĶŇŗĴŏľŖĬĔŅĶĨŅĵĕŀĚŏĞĸĸƢĪňŗŀĵŌƞŒĬĔĸŋƞĴȮTreated BT-474 cells, ıĭĺƞŅ Cardanol 
ĪňŗėĺŅĴŏĕƟĴĕƟĬȮ100 µg/ml ĴňķĪīŇśĨƟŅĬĔŅĶŏıŇŗĴěŜŅĬĺĬĕŀĚȮBT-474 ħňĪňŗĽŋħȮŒĬĳŅıĶĺĴěŃŏľŖĬœħƟĺƞŅȮ
Cardanol ĴňķĪīŇśĵńĭĵńŘĚŒĬĸńĔļĦŃĪňŗĕŉŘĬŀĵŌƞĔńĭŏĺĸŅŐĸŃėĺŅĴŏĕƟĴĕƟĬȮ 

 

 
 

ĶŌĮĪňŗȮ0 Growth curve of untreated and treated BT-474 cell line.  
 
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĽńĦģŅĬĕŀĚȮBT-474 cells 
ĪŜŅĔŅĶĭƞĴȮUntreated BT-474 cells ŐĸŃȮCardanol treated BT-474 cells (IC50 value 

conc.) ŏĮƦĬŏĺĸŅȮ96 ĝ,Ĵ,ȮĪŜŅĔŅĶĭńĬĪŉĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĽńĦģŅĬĕŀĚŏĞĸĸƢĪŋĔȮŕȮ24 ĝ,Ĵ,ȮįĸĕŀĚ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĽħĚŒĬĶŌĮĪňŗȮ4, ŒĬĳŅıĶĺĴĕŀĚȮUntreated BT-474 cells, ĽńĚŏĔĨŏľŖĬĺƞŅŏĞĸĸƢĵńĚėĚĴň
ĝňĺŇĨŀĵŌƞȮĴňĶŌĮĶƞŅĚŐĭĬŐĸŃĵŉħĨŇħĔńĭıŊŘĬįŇĺȮŐĨƞĽńĦģŅĬĕŀĚȮCardanol treated cells ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮőħĵŏĜıŅŃŐĨĔĨƞŅĚěŅĔĔĸŋƞĴėĺĭėŋĴȮľĸńĚĔŅĶĭƞĴȮ02Ȯĝ,Ĵ,ȮĽńĚŏĔĨŏľŖĬŏĞĸĸƢĸŀĵȮ
ŏĔŇħĔŅĶľħĨńĺĕŀĚŏĞĸĸƢȮľĸńĚěŅĔĔŅĶĭƞĴȮ26Ȯĝ,Ĵ,ȮĽńĚŏĔĨŏľŖĬŏĞĸĸƢĴŅĶĺĴĔńĬŏĮƦĬĔĸŋƞĴĕĬŅħŒľĠƞ ŐĸŃ
ľĸńĚěŅĔĔŅĶĭƞĴȮ50Ȯĝ,Ĵ,ȮŏľŖĬěŜŅĬĺĬŏĞĸĸƢĬƟŀĵĸĚĴŅĔȮ ĽŜŅľĶńĭĔŅĶĪħĸŀĚĬňŘȮŒĝƟȮDoxorubicin (0.5 
µg/ml), ĞŉŗĚŏĮƦĬȮChemotherapeutic drug, ĴŅŏĮƦĬȮPositive control, ĽńĦģŅĬĕŀĚȮDoxorubicin 
treated BT-474 cells ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚěŅĔĔĸŋƞĴėĺĭėŋĴŏĮƦĬŀĵƞŅĚĴŅĔȮŐĨƞĴňĸńĔļĦŃĕŀĚĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĪňŗėĸƟŅĵĔńĭȮCardanol treated BT-474 cells, ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĽńĚŏĔĨŏľŖĬĔŅĶĶĺĴĔńĬŏĮƦĬ
ĔĸŋƞĴŏĸŖĔȮŕȮĕŀĚŏĞĸĸƢȮĴňĶŌĮĶƞŅĚėĸƟŅĵĝĴıŌƞȮĽńĚŏĔĨœħƟĝńħŏěĬĺƞŅĴňěŜŅĬĺĬŏĞĸĸƢĪňŗĴňĝňĺŇĨŀĵŌƞĬƟŀĵĸĚĴŅĔȮ&ĶŌĮĪňŗȮ
3) 
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ĨńĺŀĵƞŅĚ ĭƞĴȮ24 ĝ,Ĵ, ĭƞĴȮ48 ĝ,Ĵ, ĭƞĴȮ72 ĝ,Ĵ, ĭƞĴȮ96 ĝ,Ĵ, 
Control 

 

Cardanol 

Doxorubicin 

 
ĶŌĮĪňŗȮ3 ŐĽħĚĽńĦģŅĬĕŀĚȮCardanol treated BT-474 cells ľĸńĚĔŅĶĭƞĴĪňŗ 24, 48, 72, ŐĸŃ 96 ĝ,Ĵ,Ȯ
ŒĝƟĔŜŅĸńĚĕĵŅĵĪňŗȮ200x, ĳŅıĴŅěŅĔĔŅĶĪŜŅĔŅĶĪħĸŀĚȮ3 ĞŘŜŅȮ  
 

ĔŅĶĝńĔĬŜŅŒľƟŏĔŇħȮApoptosis ŐĸŃȮNecrosis 
ĪŜŅĔŅĶĵƟŀĴĽňŏĞĸĸƢőħĵŒĝƟȮAnnexin V ŐĸŃ PI ŐĸƟĺĽńĚŏĔĨįĸħƟĺĵȮFlow cytometry įĸŐĽħĚ

ħńĚŒĬĶŌĮĪňŗȮ2 ıĭŏĞĸĸƢĴňĝňĺŇĨŀĵŌƞĴŅĔŒĬĔĸŋƞĴėĺĭėŋĴȮ(98 % ĪňŗȮ24 ĝ,Ĵ,ȮĩŉĚȮ78 % ĪňŗȮ72 ĝ,Ĵ,) ıĭĔŅĶĨŅĵ
ŐĭĭȮApoptosis ĭƟŅĚŏĸŖĔĬƟŀĵȮŒĬĪŅĚĨĶĚĔńĬĕƟŅĴŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭėŅĶƢħŅĬŀĸĴňĔŅĶĨŅĵŐĭĭȮLate 
apoptosis ěŜŅĬĺĬĴŅĔĪňŗȮ72 ĝ,Ĵ,Ȯ(27.2 ± 1.1 %) ŒĬĕĦŃĪňŗıĭĺƞŅŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭȮDoxorubicin 
ĴňĔŅĶĨŅĵŐĭĭȮNecrosis ŏĶŇŗĴĨńŘĚŐĨƞȮ48 ĝ,Ĵ,ȮŐĸŃıĭĔŅĶĨŅĵĪňŗĴŅĔĕŉŘĬľĸńĚěŅĔȮ72 ĝ,Ĵ,Ȯ(35.8 ± 
13.0%)  
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ĶŌĮĪňŗȮ4 ĔŅĶĝńĔĬŜŅŒľƟŏĔŇħĔŅĶĨŅĵŐĭĭȮApoptosis ŐĸŃ Necrosis ŒĬȮBT-474 cells ŏĴŊŗŀĪŜŅĔŅĶŏĸňŘĵĚ
ŒĬȮCM ĪňŗĴňŐĨƞȮDMSO (ĔĸŋƞĴėĺĭėŋĴ), 30 µg/ml ėŅĶƢħŅĬŀĸȮŐĸŃȮ0.5 µg/ml doxorubicin ŏĮƦĬ
ĶŃĵŃŏĺĸŅȮ(A) 24 ĝ,Ĵ,, (B) 48 ĝ,Ĵ,ȮŐĸŃȮ(C) 72 ĝ,Ĵ,ȮŏėĶŊŗŀĚľĴŅĵȮŴ((ŵȮŐĽħĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň
ĬńĵĽŜŅėńĠ (p < 0.01) ĶŃľĺƞŅĚĔĸŋƞĴėĺĭėŋĴŐĸŃȮTreated cells ŐĽħĚĕƟŀĴŌĸŒĬĶŌĮŐĭĭĕŀĚėƞŅŏĜĸňŗĵȮ± 
ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ&1 SD) ĪŜŅĔŅĶĪħĸŀĚĞŘŜŅȮ3 ėĶńŘĚ 
 

Cell cycle arrest 
ŒĬĺńĢěńĔĶĕŀĚŏĞĸĸƢŒĬĶŃĵŃȮInterphase ĴňĶŃĵŃĵƞŀĵȮG1, S ŐĸŃȮG2/M ĞŉŗĚĽŅĴŅĶĩĮĶŃŏĴŇĬœħƟ

ěŅĔȮDNA content ĞŉŗĚĺŇŏėĶŅŃľƢœħƟěŅĔȮFlow cytometry ľĸńĚĵƟŀĴĽňŏĞĸĸƢħƟĺĵȮPI œħƟįĸĔŅĶĪħĸŀĚħńĚ
ŐĽħĚŒĬĨŅĶŅĚĪňŗȮ 3 

ŒĬĔĸŋƞĴėĺĭėŋĴľĸńĚȮ24ů72 ĝ,Ĵ,ȮıĭŏĞĸĸƢĮĶŃĴŅĦȮ17ů19.3 % ŀĵŌƞŒĬĶŃĵŃĵƞŀĵ G2/M ŐĸŃȮ
66ů71.5 % ŀĵŌƞŒĬĶŃĵŃȮG1 ĕŀĚĺńĢěńĔĶĕŀĚŏĞĸĸƢȮŒĬĔĸŋƞĴĪňŗŏĞĸĸƢŏĸňŘĵĚĶƞĺĴĔńĭėŅĶƢħŅĬŀĸıĭĺƞŅĴňŏĞĸĸƢŀĵŌƞ
ŒĬĶŃĵŃĵƞŀĵȮG1 ĴŅĔĔĺƞŅĔĸŋƞĴėĺĭėŋĴŒĬĪńŘĚȮ3ȮĝƞĺĚŏĺĸŅȮėŊŀȮěŅĔȮ66.2 % ĩŉĚ 72.9 %, 67.2 % ĩŉĚ 74.6 
% ŐĸŃ 71.5 % ĩŉĚ 80.7 % Īňŗ 24, 48 ŐĸŃ 72 ĝ,Ĵ,ȮĨŅĴĸŜŅħńĭȮħńĚĬńŘĬěŉĚĽŅĴŅĶĩĔĸƞŅĺœħƟĺƞŅėŅĶƢħŅ
ĬŀĸĝńĔĬŜŅŒľƟŏĔŇħȮCell cycle arrest ĕŀĚ BT-474 cells ĪňŗĶŃĵŃĵƞŀĵȮG1 ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅȮ
Doxorubicin ĝƞĺĵŏıŇŗĴŒľƟŏĞĸĸƢŀĵŌƞŒĬĶŃĵŃĵƞŀĵȮG2/M ŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔĸŋƞĴėĺĭėŋĴŒĬĪńŘĚȮ
3ȮĝƞĺĚŏĺĸŅȮėŊŀȮěŅĔȮ19.3 % ĩŉĚȮ20.6 %, 20.1 % ĩŉĚ 30.0 %, ŐĸŃ 17.0 % ĩŉĚ 41.3 % ĪňŗȮ24, 48 
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ŐĸŃ 72 ĝ,Ĵ,ȮĨŅĴĸŜŅħńĭȮěŉĚĔĸƞŅĺœħƟĺƞŅȮDoxorubicin ĝńĔĬŜŅŒľƟŏĔŇħȮCell cycle arrest ĕŀĚȮBT-474 
cells ĪňŗĶŃĵŃĵƞŀĵȮG2/M  
 
ĨŅĶŅĚĪňŗ 3 ĽĶŋĮŏĮŀĶƢŏĞŖĬĨƢĕŀĚŏĞĸĸƢĪňŗŀĵŌƞŒĬĶŃĵŃĵƞŀĵȮInterphase 
Subphase  Control  Cardanol treated cells  Doxorubicin treated cells 

24 h 48 h 72 h  24 h 48 h 72 h  24 h 48 h 72 h 
Early G1 1.1 ± 

0.7 
1.3 ±  
0.9 

1.1 ± 
1.0 

 1.7 ± 
1.2 

2.5 ± 
0.6 

2.0 ± 
1.3 

 2.0 ± 
0.9 

3.5 ± 
1.1 

5.3 ± 
3.9 

G1 66.2 ± 
11.4 

67.2 ± 
6.3 

71.5 ± 
8.7 

 72.9 ± 
10.2 

74.6 ± 
3.4 

80.7 ± 
4.1 

 59.5 ± 
11.5 

46.9 ± 
3.4 

31.8 ± 
7.9 

S 10.2 ± 
1.1 

7.7 ±  
0.5 

7.3 ± 
1.7 

 8.5 ± 
4.5 

6.5 ± 
7.2 

5.8 ± 
2.2 

 13.9 ± 
1.8 

14.4 ± 
7.2 

14.0 ± 
2.2 

G2 / M 19.3 ± 
10.2 

20.1 ± 
6.5 

17.0 ± 
8.2 

 14.3 ± 
6.7 

13.2 ± 
8.2 

9.2 ± 
5.8 

 20.6 ± 
10.4 

30.0 ± 
8.2 

41.3 ± 
1.4 

ĕƟŀĴŌĸŐĽħĚŒĬĶŌĮŐĭĭĕŀĚėƞŅŏĜĸňŗĵȮ± ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ&1 SD) ĕƟŀĴŌĸĴŅěŅĔĔŅĶĪħĸŀĚȮ3 ĞŘŜŅȮ 
 
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮ 
ĽŊĭŏĬŊŗŀĚĴŅěŅĔėŅĶƢħŅĬŀĸĝńĔĬŜŅŒľƟŏĔŇħĔŅĶĨŅĵĕŀĚȮBT-474 cells ŐĭĭȮLate apoptosis 

ľĸńĚŏĸňŘĵĚĶƞĺĴȮ72 ĝ,Ĵ,ȮěŉĚĪŜŅĔŅĶĽĔńħȮTotal RNA ěŅĔȮBT-474 cells ĪňŗĝƞĺĚŏĺĸŅħńĚĔĸƞŅĺȮŏıŊŗŀĬŜŅĴŅ
ĻŉĔļŅĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮApoptosis ŐĸŃĺńĢěńĔĶĕŀĚŏĞĸĸƢőħĵŒĝƟȮqRT-PCR  

ŏĴŊŗŀĴŅıŇěŅĶĦŅĵňĬŒĬĔĸŋƞĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮApoptosis ıĭĺƞŅŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭėŅĶƢħŅĬŀĸĴň
ĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮDR5 ŐĸŃȮBcl-2 ĪňŗĽŌĚĕŉŘĬȮŐĨƞĴňĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮMcl-1, MADD 
ŐĸŃ c-FLIP ĪňŗĸħĸĚȮŒĬĽƞĺĬĕŀĚŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭ Doxorubicin ĴňĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮBcl-2 
ĪňŗĽŌĚĕŉŘĬȮŐĨƞĴňĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮMcl-1, MADD, c-FLIP ŐĸŃ DR5 ĪňŗĸħĸĚ (ĶŌĮĪňŗȮ5A) 

ŏĴŊŗŀĴŅıŇěŅĶĦŅĵňĬŒĬĔĸŋƞĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŐĸŃĺńĢěńĔĶĕŀĚŏĞĸĸƢȮıĭĺƞŅŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭėŅĶƢħŅ
ĬŀĸĴňĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮp21 ŐĸŃ E2F1 ĪňŗĽŌĚĕŉŘĬŐĨƞĴňĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮcyclin D1, 
awajglȮE* CDK4 ŐĸŃ CDK2 ĪňŗĸħĸĚȮŒĬĕĦŃĪňŗŏĞĸĸƢĪňŗŏĸňŘĵĚĶƞĺĴĔńĭ Doxorubicin ĴňĶŃħńĭĔŅĶŐĽħĚŀŀĔ
ĕŀĚĵňĬȮE2F1, p21, cyclin E, cyclin A, CDK4, CDK6 ŐĸŃ CDK2 ĪňŗĽŌĚĕŉŘĬȮ(ĶŌĮĪňŗȮ5B)  
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ĶŌĮĪňŗȮ3 ȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬŒĬĔĸŋƞĴȮ(A) death receptor group (ėĺĭėŋĴȮ
Apoptosis) ŐĸŃ (B) ĺńĢěńĔĶĕŀĚŏĞĸĸƢȮĕƟŀĴŌĸŐĽħĚŒĬĶŌĮĕŀĚėƞŅŏĜĸňŗĵȮ± ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ&1 SD) 
ĴŅěŅĔĔŅĶĪŜŅĔŅĶĪħĸŀĚȮ3 ėĶńŘĚȮėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĶŃľĺƞŅĚĔĸŋƞĴėĺĭėŋĴĔńĭȮTreated cells 
ŐĽħĚőħĵŒĝƟȮ(**) ŏĴŊŗŀȮp < 0.01 ŐĸŃ (*) ŏĴŊŗŀȮp < 0.05  
 

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŃħńĭĕŀĚőĮĶĨňĬȮ 
ĪŜŅĔŅĶĺńħĶŃħńĭĕŀĚőĮĶĨňĬȮERK, JNK ŐĸŃ p38 MAPK ĶĺĴĪńŘĚĶŌĮŐĭĭĪňŗĩŌĔȮ

Phosphorylated (active) ĕŀĚőĮĶĨňĬħńĚĔĸƞŅĺȮ(p-ERK, p-JNK and p-P38) ĶĺĴĪńŘĚȮp21 ŐĸŃ 
Cyclin D1 ŒĬ BT-474 cells ĪňŗŏĸňŘĵĚĶƞĺĴĔńĭȮ30 µg/ml ėŅĶƢħŅĬŀĸȮľĶŊŀȮ0.5 µg/ml Doxorubicin 
ľĸńĚěŅĔĶŃĵŃĔŅĶŏĸňŘĵĚȮ24 ĝ,Ĵ,Ȯ(ĶŌĮĪňŗȮ6) įĸıĭĺƞŅėŅĶƢħŅĬŀĸĽŅĴŅĶĩĔĶŃĨŋƟĬȮERK, JNK ŐĸŃ p38 
MAPK œħƟȮĞŉŗĚĽƞĚįĸŒľƟĴňĔŅĶŏıŇŗĴĶŃħńĭĕŀĚȮp21 ŐĸŃ cyclin D1 ĪńŘĚĬňŘŒĬĳŅıĶĺĴȮĔĸƞŅĺœħƟĺƞŅĶŃĵŃıńĔŒĬ
ĶŃĵŃĵƞŀĵȮG1 ĞŉŗĚĩŌĔĝńĔĬŜŅőħĵėŅĶƢħŅĬŀĸĬńŘĬŏĮƦĬįĸĴŅěŅĔĔŅĶĔĶŃĨŋƟĬĕŀĚȮMAPK-p21 pathway 
 

**  
**  

**  **  **  

**  

**  

**  

**  

**  

**  

**  
**  

**  

**  
**  

**  

**  

**  

*  *  *  
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ĶŌĮĪňŗȮ6  Western blot analysis ŏıŊŗŀŐĽħĚĶŃħńĭőĮĶĨňĬŒĬȮBT-474 cells ŒĬŀŅľŅĶ CM ĪňŗĴňĔŅĶŏĨŇĴȮ
DMSO ŏĪƞŅĬńŘĬȮ(ĔĸŋƞĴėĺĭėŋĴ) ľĶŊŀŏĸňŘĵĚĶƞĺĴĔńĭȮ30 µg/ml ėŅĶƢħŅĬŀĸȮľĶŊŀȮ0.5 µg/ml doxorubicin 
ŏĮƦĬŏĺĸŅȮ24 ĝ,Ĵ,ȮĪŜŅĔŅĶĪħĸŀĚĞŘŜŅȮ3 ėĶńŘĚȮ 
 
ĽĶŋĮŐĸŃĺŇěŅĶĦƢįĸĔŅĶĻŉĔļŅ 

ıĶŀıŀĸŇĽĕŀĚȮApis mellifera ĪňŗŏĔŖĭěŅĔěńĚľĺńħĬƞŅĬȮŏĴŊŗŀĬŜŅĴŅĽĔńħħƟĺĵĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮ
1ȮĝĬŇħȮėŊŀȮMeOH, CH2Cl2, ŐĸŃ Hexane ěŃœħƟȮCME, CDE, ŐĸŃ CHE, ĪńŘĚĬňŘıĭĺƞŅ CDE ĴňķĪīŇśȮ
Antiproliferative activity ĨƞŀŏĞĸĸƢĴŃŏĶŖĚŏĨƟŅĬĴȮBT-474 cells œħƟħňĪňŗĽŋħȮőħĵĴňȮIC50 value ŏĪƞŅĔńĭ 
29.97 ± 6.17 µg/ml 

CDE ĩŌĔĬŜŅœĮĽĔńħĭĶŇĽŋĪīŇśőħĵŒĝƟȮQuick column chromatography ŐĸŃ Adsorption 
chromatography, ěĬĔĶŃĪńŗĚŒĬĪňŗĽŋħœħƟȮCardanol ĪňŗĭĶŇĽŋĪīŇśȮĪńŘĚĬňŘıŇěŅĶĦŅěŅĔȮRf value ŏĴŊŗŀĪŜŅȮ

Control      Cardanol     Doxorubicin 
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Thin layer chromatography ŐĸŃěŅĔĔŅĶĪŜŅȮMass spectrometry, ěŅĔĔŅĶĪŜŅȮMTT assay, 

ıĭĺƞŅȮCardanol ĴňȮIC50 value Īňŗ 15.57 ° 1.73 µg/ml 
 
ĽŜŅľĶńĭĔŅĶĨĶĺěĽŀĭȮGrowth curve, ľĸńĚĔŅĶĭƞĴ Cardanol treated cells ĪňŗėĺŅĴŏĕƟĴĕƟĬ

ĨƞŅĚȮŕȮŒĬĝƞĺĚȮ0.001 - 100 µg/ml ŏĮƦĬĶŃĵŃŏĺĸŅȮ7 ĺńĬȮįĸĪňŗœħƟŐĽħĚŒľƟŏľŖĬĺƞŅȮCardanol ĴňįĸŒĬĔŅĶ
ĵńĭĵńŘĚĔŅĶŏĨŇĭőĨĕŀĚȮBT-474 cells ŒĬĶŌĮŐĭĭĪňŗĕŉŘĬŀĵŌƞĔńĭŏĺĸŅŐĸŃėĺŅĴŏĕƟĴĕƟĬȮ 

ŏĴŊŗŀĪŜŅĔŅĶĽńĚŏĔĨĽńĦģŅĬĕŀĚȮUntreated BT-474 cells ŐĸŃȮCardanol treated BT-474 
cells,ȮįĸıĭĺƞŅĶŌĮĶƞŅĚĕŀĚŏĞĸĸƢĪńŘĚȮ0ȮĔĸŋƞĴĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮŒĬĔĸŋƞĴȮCardanol treated BT-474 
cells, ĽńĚŏĔĨŏľŖĬĔŅĶĸŀĵĕŀĚŏĞĸĸƢȮĔŅĶľħĨńĺȮĔŅĶĶĺĴŏĮƦĬĔĸŋƞĴĕĬŅħŒľĠƞŐĸŃĔŅĶĸħěŜŅĬĺĬĸĚŀĵƞŅĚ
ĴŅĔĕŀĚŏĞĸĸƢȮ 

ľĸńĚěŅĔĔŅĶŏĸňŘĵĚȮBT-474 cells ĶƞĺĴĔńĭėŅĶƢħŅĬŀĸȮ72 ĝ,Ĵ,ȮıĭĔŅĶĨŅĵĕŀĚŏĞĸĸƢŒĬĝƞĺĚȮ
Late apoptosis ěŅĔĔŅĶıŇěŅĶĦŅĶŃħńĭĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĔńĭőĮĶĨňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮApoptosis 
ŐĸŃȮCell proliferation ĽŅĴŅĶĩĔĸƞŅĺœħƟĺƞŅȮMAPK ėĺĭėŋĴĶŃĵŃıńĔĕŀĚŏĞĸĸƢĪňŗĶŃĵŃĵƞŀĵȮG1őħĵ
ŏĔňŗĵĺĕƟŀĚĔńĭ p21  

ŒĬĳŅıĕŀĚĔŅĶĽĶŋĮȮěŉĚĽŅĴŅĶĩŏĽĬŀĔĸœĔĔŅĶĪŜŅĚŅĬĕŀĚėŅĶƢħŅĬŀĸĪňŗĴňĨƞŀȮBT-474 cells œħƟ
ħńĚŒĬĶŌĮĪňŗȮ7 ŀīŇĭŅĵœħƟĺƞŅėŅĶƢħŅĬŀĸŏıŇŗĴĔŅĶŏĔŇħȮPhosphorylation ĕŀĚ ERK, JNK ŐĸŃ p38 MAPK 
ĞŉŗĚĬŜŅœĮĽŌƞĔŅĶĔĶŃĨŋƟĬȮp21, ĪńŘĚĬňŘȮp21 ĪňŗĩŌĔĔĶŃĨŋƟĬĽŅĴŅĶĩĵńĭĵńŘĚȮCDK4/cyclin D ŐĸŃ cyclin 
E/CDK2 ŐĸŃĮƚŀĚĔńĬĔŅĶŏĔŇħȮHyperphosphorylation ĕŀĚőĮĶĨňĬȮRetinoblastoma ŀńĬĽƞĚįĸŒľƟ
ĶŃĚńĭȮDNA synthesis ŐĸŃĮƚŀĚĔńĬĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŏĞĸĸƢŏĕƟŅĽŌƞĶŃĵŃĵƞŀĵȮS ěŉĚŏĕƟŅĽŌƞĶŃĵŃıńĔĪňŗĶŃĵŃĵƞŀĵȮ
G1  

 
ĶŌĮĪňŗȮ7  őĴŏħĸŐĽħĚĔĸœĔĔŅĶĪŜŅĚŅĬĕŀĚėŅĶƢħŅĬŀĸĪňŗĽŅĴŅĶĩĝńĔĬŜŅȮCell cycle arrest ĪňŗĶŃĵŃĵƞŀĵȮ
G1 ŐĸŃĬŜŅœĮĽŌƞĔŅĶĨŅĵĕŀĚŏĞĸĸƢŒĬȮBT-474 cancer cells  
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ħŜŅŏĬŇĬĚŅĬőħĵĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚ 

¶ ĔŅĶĻŉĔļŅıńĬīŋĔĶĶĴœĸŏėĬȮŐĸŃĶŅĪňŗĔƞŀŒľƟŏĔŇħœĸŏėĬȮ 
ĭĪĬŜŅ 
 ěŅĔĔŅĶĽŜŅĶĺěŐĸŃĶĺĭĶĺĴĨńĺŀĵƞŅĚœĸŏėĬŒĬıŊŘĬĪňŗĶŀĭĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚŒĬĔŇěĔĶĶĴĕŀĚ
őėĶĚĔŅĶŀĬŋĶńĔļƢıńĬīŋĔĶĶĴıŊĝŀńĬŏĬŊŗŀĚĴŅěŅĔıĶŃĶŅĝħŜŅĶŇłȮ&ŀı,ȮĽī,'ȮĶŃĵŃȮ5 ĮƖĪňŗľƟŅȮ&ĨŋĸŅėĴȮ2554-Ȯ
ĔńĬĵŅĵĬȮ2559' ȮĞŉŗĚŒĬĔŇěĔĶĶĴĬňŘȮėĦŃĬńĔĺŇěńĵȮěŅĔľĬƞĺĵĺŇěńĵœĸŏėĬȮĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮœħƟĽĬŀĚ
ıĶŃĶŅĝħŜŅĶŇőħĵĔŅĶĽŜŅĶĺěŐĸŃŏĔŖĭĶĺĭĶĺĴĨńĺŀĵƞŅĚœĸŏėĬŒĬıŊŘĬĪňŗĕŀĚĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅ
ĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴıĶŃŏĔňĵĶĨŇȮěńĚľĺńħĔŅĠěĬĭŋĶňȮĬėĶıĬĴȮĽŋőĕĪńĵȮŐĸŃĽŋĶŇĬĪĶƢȮĞŉŗĚŏĮƦĬĨńĺŐĪĬĕŀĚĳŅė
ĨŃĺńĬĨĔȮĳŅėŏľĬŊŀȮŐĸŃĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮĨŅĴĸŜŅħńĭȮ 
 ĽŜŅľĶńĭŒĬĮƖĚĭĮĶŃĴŅĦȮ2558 ėĦŃĬńĔĺŇěńĵȮœħƟĽŜŅĶĺěŐĸŃĶĺĭĶĺĴĨńĺŀĵƞŅĚœĸŏėĬȮŒĬıŊŘĬĪňŗĶŀĭ
ĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴıĶŃŏĔňĵĶĨŇȮěńĚľĺńħĬėĶıĬĴȮĞŉŗĚıŊŘĬĪňŗĽƞĺĬŒľĠƞŏĮƦĬıŊŘĬĪňŗ
ĮƙŅĔŉŗĚīĶĶĴĝŅĨŇĪňŗĴňŀŅĦŅŏĕĨĨŇħĨƞŀĔńĭĝŋĴĝĬȮěŅĔĨńĺŀĵƞŅĚĪňŗŏĔŖĭĶĺĭĶĺĴœħƟĬňŘœħƟĬŜŅĪŜŅĔŅĶĻŉĔļŅŒĬ
őėĶĚĔŅĶĵƞŀĵŀŊŗĬŕȮĪňŗŏĔňŗĵĺĕƟŀĚȮěŜŅĬĺĬȮ3 őėĶĚĔŅĶȮœħƟŐĔƞȮőėĶĚĔŅĶĺŇěńĵĵƞŀĵĪňŗȮ3 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅȮ
ĬŇŏĺĻĺŇĪĵŅȮŐĸŃĔŅĶĨŇħĨŅĴĔŅĶŏĨŇĭőĨĕŀĚœĸŏėĬ őėĶĚĔŅĶĺŇěńĵĵƞŀĵĪňŗȮ4 ĔŅĶĻŉĔļŅıńĬīŋĔĶĶĴœĸŏėĬȮ
ŐĸŃĶŅĪňŗĔƞŀŒľƟŏĔŇħœĸŏėĬ ŐĸŃȮőėĶĚĔŅĶĺŇěńĵĵƞŀĵĪňŗȮ5 ĔŅĶěńħĔŅĶģŅĬĕƟŀĴŌĸȮŐĸŃıńĥĬŅıŇıŇīĳńĦĤƢœĸŏėĬ
ĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚ 

 
ĺŇīňĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
ĔŅĶěńħŏĨĶňĵĴĨńĺŀĵƞŅĚœĸŏėĬŏĕƟŅľƟŀĚĮĢŇĭńĨŇĔŅĶ 
 ŐĨĔĨƞŅĚœĮěŅĔĔŅĶŏĔŖĭĨńĺŀĵƞŅĚœĸŏėĬŏĕƟŅıŇıŇīĳńĦĤƢŏĸŖĔĬƟŀĵȮőħĵĬŜŅĨńĺŀĵƞŅĚœĸŏėĬĪňŗœħƟěŅĔ
ĳŅėĽĬŅĴįŉŗĚĸĴŒľƟŐľƟĚ 1-2 ĺńĬȮĭĶĶěŋĸĚĞŀĚŏĔŖĭĶńĔļŅŒĬĨŌƟėĺĭėŋĴŀŋĦľĳŌĴŇȮ2ȮŀĚĻŅŏĞĸŏĞňĵĽȮĦȮ
ľƟŀĚĮĢŇĭńĨŇĔŅĶľĬƞĺĵĺŇěńĵœĸŏėĬȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮŏĴŊŗŀıĶƟŀĴŐĸƟĺěŉĚĪŜŅĔŅĶ
ŐĵĔĶŅěŅĔœĸŏėĬĨŅĴĺŇīňĔŅĶĨƞŀœĮ 
 
ĔŅĶŐĵĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬěŅĔĨńĺŀĵƞŅĚ 
 ŏĨĶňĵĴŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀȮWater AgarȮŐĸƟĺĮƚŅĵ Vaseline petroleum jellyȮĨŇħĪňŗİŅħƟŅĬŒĬĕŀĚ
ěŅĬŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀ (Petri dish)ȮĨńħĨńĺŀĵƞŅĚĪňŗœħƟěŅĔĳŅėĽĬŅĴŒĬĽƞĺĬĪňŗĴňőėĶĚĽĶƟŅĚĽŊĭıńĬīŋƢŏĮƦĬĝŇŘĬ
ĕĬŅħĮĶŃĴŅĦȮ.,3xȮ.,3ȮĞĴ,ȮĨŇħĸĚĭĬȮVaseline ľĚŅĵěŅĬŏĸňŘĵĚŏĝŊŘŀŒĬĸńĔļĦŃİŅŀĵŌƞħƟŅĬĭĬŏıŊŗŀŒľƟ
ĽĮŀĶƢĩŌĔĮĸƞŀĵŀŀĔĴŅĕŉŘĬœĮĨŇħĔńĭŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀ Water Agar ĭƞĴĨńĺŀĵƞŅĚĪňŗŀŋĦľĳŌĴŇľƟŀĚŐĸƟĺĨŇħĨŅĴ
ĔŅĶĮĸƞŀĵĽĮŀĶƢŀŀĔĴŅěŅĔĽƞĺĬĽŊĭıńĬīŋƢőħĵŒĝƟĔĸƟŀĚěŋĸĪĶĶĻĬƢȮStereozoom microscopeȮĨŇħĨŅĴ
ĔŅĶĮĸƞŀĵĽĮŀĶƢŀŀĔĴŅĪŋĔĺńĬŏĮƦĬŏĺĸŅŀĵƞŅĚĬƟŀĵȮ5ȮĺńĬȮĺĚĭĶŇŏĺĦĪňŗĴňĽĮŀĶƢħƟĺĵĮŅĔĔŅŏĕňĵĬŐįƞĬŒĽĝĬŇħ
ľńĺŏĸŖĔȮŏıŊŗŀŒľƟĚƞŅĵĨƞŀĔŅĶĨńħȮŒĝƟĴňħįƞŅĨńħ (surgical blade)ȮŏĭŀĶƢȮ//ȮĨńħĽƞĺĬĕŀĚȮWater AgarȮĪňŗĴň
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ĽĮŀĶƢĵƟŅĵœĮĸĚŒĬŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀĝĬŇħȮMalt Yeast Extract AgarȮŐĸƟĺĭƞĴĪňŗŀŋĦľĳŌĴŇľƟŀĚĨŅĴĺŇīňĕŀĚȮ
Sangvichien ŐĸŃėĦŃ (2011)Ȯ 
 ĽĮŀĶƢĪňŗĩŌĔĵƟŅĵĴŅĸĚěŅĬŀŅľŅĶȮMalt Yeast Extract Agar ĬňŘěŃĩŌĔĨĶĺěĨŇħĨŅĴĔŅĶĚŀĔĕŀĚ
ĽĮŀĶƢĪŋĔĺńĬŏĮƦĬŏĺĸŅŀĵƞŅĚĬƟŀĵȮ0ȮĽńĮħŅľƢȮŏıŊŗŀŒľƟŐĬƞŒěœħƟĺƞŅŏĮƦĬĽĮŀĶƢĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬěĶŇĚľĶŊŀœĴƞȮ
ŏĬŊŗŀĚěŅĔĽĮŀĶƢĕŀĚĶŅĔĸŋƞĴĬňŘĴňĶŌĮĶƞŅĚĸńĔļĦŃŐĨĔĨƞŅĚœĮěŅĔĽĮŀĶƢĕŀĚĶŅĪňŗĮĬŏĮƘƨŀĬőħĵĪńŗĺœĮŐĸŃ
ŏĬŊŗŀĚěŅĔĽĮŀĶƢĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬěŃĴňĔŅĶĚŀĔĪňŗĝƟŅĔĺƞŅĶŅĪńŗĺœĮȮěŉĚĨƟŀĚĨĶĺěĨŇħĨŅĴŒľƟŐĬƞŒěĺƞŅŏĮƦĬ
ĽĮŀĶƢĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬěĶŇĚ 
 ŏĴŊŗŀĽĮŀĶƢĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬĚŀĔŐĸŃŏĔŇħŏĮƦĬĔĸŋƞĴŏĽƟĬŒĵĪňŗŏľŖĬœħƟħƟĺĵĨŅŏĮĸƞŅŐĸƟĺŒĝƟĴňħ
įƞŅĨńħĵƟŅĵŏĽƟĬŒĵħńĚĔĸƞŅĺœĮĸĚľĸŀħĪňŗĴňŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀȮMalt Yeast Extract AgarȮ(Slant)ȮŐĸŃĸĚŒĬ
ěŅĬŀŅľŅĶĪňŗĴňȮMalt Yeast Extract AgarȮĽŜŅľĶńĭĔŅĶĻŉĔļŅŀĵƞŅŀŊŗĬĨƞŀœĮ 
 
ĔŅĶĽĔńħŐĵĔĽŅĶıńĬīŋĔĶĶĴěŅĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ĽĔńħħňŏŀŖĬŏŀěŅĔĶŅĪňŗĔƞŀŒľƟŏĔŇħœĸŏėĬőħĵŒĝƟȮCTABȮĨŅĴĺŇīňĕŀĚȮCubero and CrespoȮ2002Ȯ
ĪŜŅĔŅĶŏıŇŗĴěŜŅĬĺĬĝŇŘĬħňŏŀŖĬŏŀĪňŗĨŜŅŐľĬƞĚȮITS, őħĵŒĝƟœıĶŏĴŀĶƢĪňŗěŜŅŏıŅŃėŊŀȮITS4   (White et al.* 
1990)  ITS1F (GardesȮandȮBruns, 1993),ȮmrSSU1 &XmjjcpȮet al.*Ȯ/777'Ȯ MSU7Ȯ&XfmuȮandȮ
Qr_lmqx*Ȯ0../' ŐĸŃȮLR0R , LR3 (Vilgalys and Hester* 1990)ȮĨŅĴĸŜŅħńĭȮħƟĺĵĺŇīňȮpolymerase 
chain reaction (PCR)ȮĨĶĺěĽŀĭįĸŇĨįĸĪňŗœħƟħƟĺĵ Agarose gel electrophoresis 
 
ĔŅĶĽƞĚĨńĺŀĵƞŅĚĽŅĶıńĬīŋĔĶĶĴœĮľŅĸŜŅħńĭĬŇĺėĸňőŀœĪħƢ 
 ĬŜŅįĸŇĨįĸıňĞňŀŅĶƢĕŀĚĨńĺŀĵƞŅĚĪňŗœħƟěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦĝŇŘĬĽƞĺĬħňŏŀŖĬŏŀĪňŗĨŜŅŐľĬƞĚ ITS, LSU 
ŐĸŃȮmtSSU ĬňŘĴŅĪŜŅŒľƟŐľƟĚŐĸƟĺĽƞĚĨńĺŀĵƞŅĚœĮĪŜŅĔŅĶĺŇŏėĶŅŃľƢľŅĸŜŅħńĭĬŇĺėĸňőŀœĪħƢ  
 
ĔŅĶŏĮĶňĵĭŏĪňĵĭĸŜŅħńĭŏĭĽĪňŗœħƟĔńĭģŅĬĕƟŀĴŌĸŐĸŃěńħĪŜŅȮPhylogeny tree ĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ĬŜŅĸŜŅħńĭĬŇĺėĸňőŀœĪħƢȮ&ŏĭĽ'ȮĪňŗœħƟĴŅĴŅĺŇŏėĶŅŃľƢĺĚĻƢĺŅĬĺŇĺńĥĬŅĔŅĶħƟĺĵőĮĶŐĔĶĴȮRAxML 
7.2.8 őħĵŒĝƟȮmaximum likelihood Ȯ(ML) modes (Stamatakis, 2006)ȮCIPRES Science 
Gateway Web server (Miller ŐĸŃėĦŃ, 2010)ȮŐĸŃĪŜŅĔŅĶĺŇŏėĶŅŃľƢėƞŅȮbootstrap   1000 ėĶńŘĚȮ 

 
ĔŅĶĪħĽŀĭķĪīŇśĪŅĚĝňĺĳŅıĕŀĚĽŅĶĪŋĨŇĵĳŌĴŇěŅĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ŀĵŌƞĶŃľĺƞŅĚħŜŅŏĬŇĬĔŅĶȮőħĵĪŜŅĔŅĶĻŉĔļŅ 

1. Anti-microbial activity 
2. Anti-oxidant activity 
3. Alpha-glucosidase inhibition 
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4. HMG reductase 
5. Enzyme inhibitionȮĝĬŇħŀŊŗĬŕ  

 
įĸĔŅĶĻŉĔļŅ 
 ĔŅĶěńħŏĨĶňĵĴĨńĺŀĵƞŅĚœĸŏėĬŏĕƟŅľƟŀĚĮĢŇĭńĨŇĔŅĶ 
 ěŅĔĔŅĶĶĺĭĶĺĴĨńĺŀĵƞŅĚœĸŏėĬȮŒĬıŊŘĬĪňŗĶŀĭĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴ
ıĶŃŏĔňĵĶĨŇȮěńĚľĺńħĬėĶıĬĴ ěŜŅĬĺĬȮ1ȮĶŀĭȮœħƟĨńĺŀĵƞŅĚĪńŘĚĽŇŘĬȮ46ȮĨńĺŀĵƞŅĚȮħńĚĶŅĵĸŃŏŀňĵħŒĬĨŅĶŅĚĪňŗȮȮ
4-1, 4-2,Ȯ4-3 
 
ĔŅĶŐĵĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬěŅĔĨńĺŀĵƞŅĚ 
 ěŅĔěŜŅĬĺĬĨńĺŀĵƞŅĚœĸŏėĬȮ37ȮĨńĺŀĵƞŅĚĬŜŅĴŅŐĵĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬŐĸŃĽŅĴŅĶĩŏĸňŘĵĚŒľƟŏĮƦĬ
őėőĸĬňŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶœħƟěŜŅĬĺĬȮ05ȮĨńĺŀĵƞŅĚ 
 
ĔŅĶĽĔńħŐĵĔĽŅĶıńĬīŋĔĶĶĴěŅĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ĨńĺŀĵƞŅĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬĽŅĴŅĶĩŏıŇŗĴĮĶŇĴŅĦĽŅĶıńĬīŋĔĶĶĴŒĬĨŜŅŐľĬƞĚȮITSȮœħƟěŜŅĬĺĬȮ/7Ȯ
ĨńĺŀĵƞŅĚ 
 
ĔŅĶěńħĪŜŅȮPhylogeny tree ĕŀĚĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ŏĬŊŗŀĚěŅĔěŜŅĬĺĬĨńĺŀĵƞŅĚĪňŗŐĵĔœħƟĴňœĴƞĴŅĔĬńĔŐĸŃĴŅěŅĔœĸŏėĬľĸŅĵĝĬŇħȮĔŅĶĪŜŅ phylogeny 
treeȮŐĵĔŐĨƞĸŃĨńĺŀĵƞŅĚœĴƞĽŅĴŅĶĩĭŀĔėĺŅĴŐĨĔĨƞŅĚľĶŊŀŀīŇĭŅĵįĸœħƟȮěŉĚĕŀĬŜŅĕƟŀĴŌĸĽƞĺĬĬňŘœĮ
ŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĨńĺŀĵƞŅĚœĸŏėĬŀŊŗĬĪňŗĴňŀĵŌƞŒĬľĬƞĺĵĺŇěńĵœĸŏėĬŐĸŃĬŜŅŏĽĬŀŒĬĔŅĶĶĺĭĶĺĴįĸĚŅĬ
ĜĭńĭĽĴĭĶŌĦƢ ŀĵƞŅĚœĶĔŖĨŅĴœħƟĬŜŅĕƟŀĴŌĸĽƞĺĬĬňŘŏĮĶňĵĭŏĪňĵĭĔńĭģŅĬĕƟŀĴŌĸȮGenBank œħƟįĸħńĚŐĽħĚŒĬ
ĨŅĶŅĚĪňŗȮ4-1 
 
ĔŅĶĪħĽŀĭķĪīŇśĪŅĚĝňĺĳŅıĕŀĚĽŅĶĪŋĨŇĵĳŌĴŇěŅĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬ 
 ŀĵŌƞĶŃľĺƞŅĚħŜŅŏĬŇĬĔŅĶ 
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ĨŅĶŅĚĪňŗȮ4-1  ĔŅĶĻŉĔļŅĔŅĶĮĸƞŀĵĽĮŀĶƢȮĔŅĶĚŀĔĕŀĚĽĮŀĶƢœĸŏėĬȮŐĸŃĔŅĶĻŉĔļŅĶŃħńĭĝňĺőĴŏĸĔŋĸȮȮȮȮ

œĸŏėĬȮĪňŗŏĔŖĭĶĺĭĶĺĴěŅĔȮĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴıĶŃŏĔňĵĶĨŇȮ
ěńĚľĺńħĬėĶıĬĴ &ĶŀĭĪňŗȮ/)  

ĸŜŅħńĭ ľĴŅĵŏĸĕĨńĺŀĵƞŅĚ ĔŅĶĮĸƞŀĵĽĮŀĶƢ ĔŅĶĚŀĔĕŀĚĽĮŀĶƢ ĸŜŅħńĭŏĭĽĪňŗĨŜŅŐľĬƞĚȮITS 
/ /3 - -  

0 /7-1 + +  

1 /7-2 + +  
2 20 + + + 

3 1/ + + + 

4 10 + -  
5 26 + + + 

6 50 + +  

7 71 + + + 
/. 72 + +  

// 75 + + + 

/0 /26 -   
/1 /34 + + + 

/2 /36 -   

/3 /40 -   
/4 /53 -   

/5 /6/ + +  

/6 013 + + + 
/7 047 + + + 

0. 163 + +  

0/ 17/ + + + 
00 170 + + + 

01 2./ -   

02 217 + + + 
03 230 + + + 

04 231 + + + 

05 232 + + + 
06 24/ + + + 

07 242 + + + 
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ĨŅĶŅĚĪňŗȮ4-2  ĔŅĶĻŉĔļŅĔŅĶĮĸƞŀĵĽĮŀĶƢȮĔŅĶĚŀĔĕŀĚĽĮŀĶƢœĸŏėĬȮŐĸŃĔŅĶĻŉĔļŅĶŃħńĭĝňĺőĴŏĸĔŋĸȮȮȮȮ

œĸŏėĬȮĪňŗŏĔŖĭĶĺĭĶĺĴěŅĔȮĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴıĶŃŏĔňĵĶĨŇȮ
ěńĚľĺńħĬėĶıĬĴ &ĶŀĭĪňŗȮ2)  

ĸŜŅħńĭ ľĴŅĵŏĸĕĨńĺŀĵƞŅĚ ĔŅĶĮĸƞŀĵĽĮŀĶƢ ĔŅĶĚŀĔĕŀĚĽĮŀĶƢ ĸŜŅħńĭŏĭĽĪňŗĨŜŅŐľĬƞĚȮITS 
1 683 - -  

2 691 - -  

3 695 + +  
4 763 + -  

5 764 - -  

6 766 - -  
7 770 + -  

8 825 + -  

9 827 + -  
10 1006 - -  

11 1045 - -  

12 1048 + -  
13 1049 - -  

14 1052 - -  

15 1053 - -  
16 1054 + +  

17 1055 + -  

18 1073 - -  
19 1075 + -  

20 1076 + -  

21 1077 + +  
22 1082 - -  

23 1083 - -  

24 1085 + +  
25 1086 + -  

26 1087 - -  

27 1089 + -  
28 1090 + -  

29 1148 + +  

30 1158 + -  
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KPN20 KPN453 

  
KPN695 KPN1148 

  
KPN1075 KPN1077 

ĳŅıĪňŗȮ4-1  ĨńĺŀĵƞŅĚĭŅĚĽƞĺĬĕŀĚĸńĔļĦŃĔŅĶŏěĶŇĠĕŀĚĶŅĪňŗĔƞŀŒľƟŏĔŇħœĸŏėĬĭĬŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀȮ 
        Malt Yeast extract Agar (MYA)  
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ĨŅĶŅĚĪňŗȮ1ȮŏĮĶňĵĭŏĪňĵĭĽŅĵıńĬīŋƢœĸŏėĬĔńĭģŅĬĕƟŀĴŌĸŀŀĬœĸĬƢȮ(NCBI Blast) ħƟĺĵĨŜŅŐľĬƞĚĵňĬȮITS 
ĸŜŅħńĭ ľĴŅĵŏĸĕ

ĨńĺŀĵƞŅĚ 
ĽŅĵıńĬīŋƢœĸŏėĬ ěŜŅĬĺĬŏĭĽ

ĪńŘĚľĴħ 
(bp) 

ěŜŅĬĺĬŏĭĽĪňŗ
ŏĮĶňĵĭŏĪňĵĭ(ŏĮŀĶƢŏĞŖĬĨƢ
ėĺŅĴŏľĴŊŀĬ) 

/ KPN20 Arthonia sardoa 721 158/159Ȯ(99%) 
0 KPN1/ Graphis scripta 647 497/583Ȯ(85%) 
1 KPN48 Graphis sp. 640 516/576Ȯ(90%) 
2 KPN93 Graphis scripta 647 495/583Ȯ(85%) 
3 KPN97 Fungal sp. (lichen) 650 398/477Ȯ(83%) 
4 KPN156 Ocellularia 

microsorediata 
584 407/471Ȯ(86%) 

5 KPN199 Graphis sp. 655 496/590Ȯ(84%) 
6 KPN235 Graphis sp. 637 504/581Ȯ(87%) 
7 KPN269 Graphis sp. 581 508/579Ȯ(88%) 
/. KPN391 -  - 
// KPN392 Pyrenula cruenta 595 254/303Ȯ(84%) 
/0 KPN439 Leiorreuma sericeum 580 408/487Ȯ(84%) 
/1 KPN452 Leiorreuma sericeum 580 408/487Ȯ(84%) 
/2 KPN453 Arthonia sardoa 953 255/299Ȯ(85%) 
/3 KPN454 Graphis sp. 584 505/583Ȯ(87%) 
/4 KPN461 Pyrenula thelemorpha 602 544/576Ȯ(94%) 
/5 KPN464 -  - 

  
ĕƟŀĴŌĸĪňŗœħƟĬňŘŏĮƦĬŏĭŊŘŀĚĨƟĬŏĪƞŅĬńŘĬȮĵńĚĨƟŀĚĨĶĺěĽŀĭįĸŏĪňĵĭĔńĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŐĸŃ

ŏėĴňĔƞŀĬěŉĚěŃĵŊĬĵńĬĝĬŇħĕŀĚœĸŏėĬœħƟĩŌĔĨƟŀĚȮŐĸŃěńħĪŜŅȮphylogeny treeȮŒľƟĽĴĭĶŌĦƢ 
 
ĽĶŋĮŐĸŃĺŇěŅĶĦƢįĸĔŅĶĻŉĔļŅ 
 ěŅĔĔŅĶĶĺĭĶĺĴĨńĺŀĵƞŅĚœĸŏėĬŒĬıŊŘĬĪňŗĶŀĭȮĴľŅĺŇĪĵŅĸńĵĶŅĴėŜŅŐľĚȮĽŅĕŅĺŇĪĵĭĶŇĔŅĶŏĜĸŇĴ
ıĶŃŏĔňĵĶĨŇȮěńĚľĺńħĬėĶıĬĴ ěŜŅĬĺĬȮ2ȮĶŀĭȮœħƟĨńĺŀĵƞŅĚĪńŘĚĽŇŘĬȮ59ȮĨńĺŀĵƞŅĚȮŐĵĔĶŅĔƞŀŒľƟŏĔŇħœĸŏėĬœħƟȮ
05ȮĨńĺŀĵƞŅĚ ĬŜŅœĮĽĔńħĽŅĶıńĬīŋĔĶĶĴŐĸŃŏıŇŗĴĮĶŇĴŅĦŒĬĨŜŅŐľĬƞĚŏĜıŅŃœħƟĕƟŀĴŌĸħńĚŐĽħĚŒĬ
ĳŅėįĬĺĔȮĕƟŀĴŌĸĪňŗœħƟĬňŘěŃĬŜŅœĮŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĨĶĺěĽŀĭĝĬŇħĕŀĚœĸŏėĬĨƞŀœĮ ĽŜŅľĶńĭĨńĺŀĵƞŅĚ
ĶŅĪňŗŐĵĔœħƟŀĵŌƞĶŃľĺƞŅĚħŜŅŏĬŇĬĔŅĶĨĶĺěĽŀĭķĪīŇśĪŅĚĝňĺĳŅı 
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ĳŅėįĬĺĔ 

ĸŜŅħńĭĽŅĶıńĬīŋĔĶĶĴŒĬĨŜŅŐľĬƞĚȮITS 
 
1. KPN 20 

TCCGTAGGTGAACCTGCGGAAGGATCATTATCAGTTCACACGCATGGGGAAAGGATCGTCGCGTCGGGGGACTTGACCCAGGCGACGA

TGGATCCCGCGGGGTCACCGACCGCCGCCATCACGTCCCGCCACGTCCGGGCGTGCCCGCCTTGCCGGTCAGGTCGGCCCCAGGTCAG

AACGCAAGTTCCGGCAACCGCCCCCCTGGGAACAGGCAGCAGCCCCGTCCCGGTGACTCCCTAGGTACACGCACAATCGGCGCCGTGG

TCAAATCATGCCCCTAGGCTCCGTGACGGGTAGCGCTGTTCGTTGGCTTTCCTATGACCCTCGTGGGGGAAAACAAGCAGCGGTAGCT

TCGTTCCCCGCTGCGGCGACCTCTTCCCCCCTCTGCTACCCGTGACGTTACATACCTCTGTTGCCTCGGCGGGCCGTCGTCCCCGAGA

CGCCGGGCGAGTCCTTTTTTCGAGGGCCCCGTGCGCCCGCCGCAGGAGCCTCGTGCAACTCGCCGCTCAGCGGCTCAACACCAGTCAA

TAATGACTAGCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGC

AGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCGTGGCATTCCGCGGGGCATGCCTGTTCGAGCGTCGGTTGGATCC

TTCCAGGCCCCTCGCGAGGGGGCTCATGGGCCCTGAGCGTACTCCCCCGGTCGGACCGGCCGGGGGCGCTCTGAATCTGTGGGTGGCG

GCCCCGGGCGCCGGACGAAGTGAGTCCCTGTGACATCGTCCGGAGGCCCGGCGGGTCGTGCACCAACCGGCGGGGGGTCCTCCCCCGT

CCAAGACACTACGTTCTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCAT 

 

2. KPN 31 

TCCGTAGGGTGAGTCTTAATCCATGTCTTCTTTCGGGTTGTACAATGCTAACTTTTCTAGTGAACCTGCGGAAGGATCATTAACGAGT

TAGGGTTCTTTGAGCCCGAACTTTCCAACCCTCTGCTTATTGAATTTTGTTGCTTCGGCGTAGCGTGGCTTTATAAGCCCCATCGGCT

GATGCTGATGTGTCTACGCCGAAGGATATTTCAAATTCGTTTAAAATTGTGTCTTAGAAATGGTTTTAATGTCTAAAAACTTTCAACA

ACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT

TTGAACGCACATTGCGCCTGATGGTATTCCGTCAGGCATGTCTGTTCGAGCGTCGCAAGCACAAAATCAAACAGTTTATTGTTTGGAG

TTAGGAATTCGTGAGTTTCACGATTCTGAAAAGGAGCGGCGGATCGGTAAAACTCCTAACGCGTTGAACAATGTTTCGTTAGATGTTT

GTTTTCATCGGTCTTGCCGGACAATTCGTATGCGTGATCTACTCGCATAGTTTCTAAAATCGACCTCGGATCAGATAGGAATACCCGC

TGAACTTAAGCATATCAATAAGCCGGGAGGA 

 

3. KPN 48 

TCCGTAGGGTGAGTGATATCGGGGACTTGTGATAATTGAAATGAAACAATTACTAACTTTTCTTAGTGAACCTGCGGAAGGATCATTA

CCGAGTGAGGGTTCTTTTGAGCCCGAATCTCCCAACTCTTTGCTTATTGAATTTTGTTGCTTCGGCGTGGCGTGACTTTAAGTCCCAC

CGGCTCTGGCTGGTGTGTTCACGCCGAAGGATTATTCAAATTCGTCTAAAGTTGTGTCTTAGTGTTTGTTTCCAATGTTTAAAAACTT

TCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC

GAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGTCTGTTCGAGCGTCGCAAACACAAGATCAAACAATTCATTGT

TTGGAACTAGGAATCCGTGATCTTCTCCACGGTTCTGAAAATGAGTGGCGGATTGATAGAACTCCTAACGCGTTGAACAATGTTTCGT

TAGATGTTGTTTTGTTCAGTCTCGCCGGTTAATCTGTATGTGTTGAAGTCACATAATTTCTTAGATCGACCTCGGATCAGATAGGAAT

ACCCGCTGAACTTAAGCATATCAA 

 

4. KPN 93 

TCCGTAGGGTGAGTCTTAATCCATGTCTTCTTTCGGGTTGTACAATGCTAACTTTTCTAGTGAACCTGCGGAAGGATCATTAACGAGT

TAGGGTTCTTTGAGCCCGAACTTTCCAACCCTCTGCTTATTGAATTTTGTTGCTTCGGCGTAGCGTGGCTGTATAAGCCCCATCGGCT

GATGCTGATGTGTCTACGCCGAAGGATATTTCAAATTCGTTTAAAATTGTGTCTTAGAAATGGTTTTTAATGTCTAAAAACTTTCAAC

AACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATC

TTTGAACGCACATTGCGCCTGATGGTATTCCGTCAGGCATGTCTGTTCGAGCGTCGCAAGCACAAAATCAAACAGTTTATTGTTTGGA

GTTAGGAATTCGTGAGTTTCACGATTCTGAAAAGGAGCGGCGGATCGGTAAAACTCCTAACGCGTTGAACAATGTTTCGTTAGATGTT

TGTTTTCATCGGTCTTGCCGGACAATTCGTATGCGTGATCTACTCGCATAGTTTCTAAAATCGACCTCGGATCAGATAGGAATACCCG

CTGAACTTAAGCATATCATAAGCCGGAAGGA 

 

5. KPN 97 

TCCGTAGGGTTCGTATTCCCCCGTCTCTCGCCCCTCGATTTTCCTACTGACATTGTCCAGTGAACCTGCGGAAGGATCATTATCGAGT

TCGGGACTCTCGCGAGCCCAAACTTTCCAACCCGTGTGTAAACTTTTCTGTTGCTTTGGCGGGGCGGGGCACGTCCCCCACCGGCTCC

GGCTGGTGAGTCCCCGCCAAAGGTACCTTCCCCAACGCTTAATCAGTTGTCTGAAGTCCATTGAACGAATGAAGCAAAACTTTCAACA

ACGGATCTCTTGGCTCCAGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAGTCT

TTGAACGCACATTGCGCTCCCTGGTATTCCGGGGAGCATGCTTGTTCGAGCGTCGCAAATACAGATCAGGCAAGTCTCTTGCTTGGAA

CTGGGGCGTGCGTCCCCACGGGACGACCCCGAAAATGAGCGGCGGTTCGATCGAACTCCCAGCGCGTTGGAAAATCTTCGCTGAGACG

TTTCGATCGTCACCGGCCGATGAAGCATGCCCCGGCGGCTCCGGCTGCGCGTGGTTGACGA 

CATCGACCTCGGATCAAGTAGGGATACCCGCTGAACTTAAGCATATCATAAGCCGGGAGGA 

 

6. KPN 156 

TCCGTAGGTGAACCTGCGGAGGGATCATTATCGAGTGAAGGTCTCTTAACCGGGTCCTGAACTTCCAACCCTTGCGAACTATATTTTG

TTGCTTTGGCGGGTCGCGGTTTGTGAACCCCACCGGCCTTGGCTGGTGAGTGCCCGCCGAAGGTTCATACAAATTCGTTTAATTTCAA

GTCTGATTTGAACAAAATAAATATCTAAAAACTTTCAACAATGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAT

AAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCATATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTTCG

AGCGTCGCAACACCTCTCAAGCTTGCTTATGCAGCGCTTGGATTTGGTGGCATGTCCTGCGGGGCAGCCCCGAAAATTAGCGGCGGTC

TGATCTGACCTCCAGCGCGTTGAATTTTTTTTCGCTCGTGAGGGAAAGATTTGGTCCTGCCGAACAGTTCTTGACCTTTTGCAATCGA

CCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGNCGGGAGGA 

 

7. KPN 199 

CCGTAGGGTGAGTGATATCGGTCACGGTCTGATAGTGAAATGAAACATTGTCTCACTGTTTCTAGTGAACATGCTGAAGGATCATCAC

CGAGTGAGGATTCTTTTGAGCAGGAATCTTCTAACCATCTGCTTATTGAATAATGTTGCTTCGTCGTGGCGTGACTTTAAGTCCCACC

GCCCGGTTCTGGCTGGCGTGTTCACGCCGAAGGATTATTCAAATTCGTTTAAAGTTGTGTCTTAGTGTTTGTTTCCAATGTTTAAAAA

CTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC

ATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGACTGTTCGAGCGTCTCTGACACAAAATCAAACAATTCAT

TGATTGCAACTACGAATCCGTGAGCTTCTCCACAGGTCTGAAAATGAGTGGCGGATTGATAGAACTCCTAACGCGAAGAACAATGTTT
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CGTTAGATGTTGCTCTGATCAGACTCGACGGTTAATCTATATGTGTTGAAGTCAATAACTTACGAAGATCGACCTCGGATCAGATAGG

AATACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGA 

 

8. KPN 235 

TCCGTAGGGTGAGTGAGATGTCTGTAATTTTGTGAGATTCAGTGCTAACTTTTCATTAGTGAACCTGCGGAAGGATCATTACCGAGTG

AGGGTTCTTTTGAGCCCAAACCTCCCAACCCTTTGCTTATTAAATTTTGTTGTTTCGGCGTGGCGTGACTTTATGTCCCGTCGGCTTA

TGCTGGTGTGTCCACGCCGAAAGTTTTTTCAAACTCGTTTAAGTTGTGTCTTAGTGGTCTTTTTTAATGTCTAAAAACTTTCAACAAC

GGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATTTTT

GAACGCACATTGCGCCCTTCGGTATTCCGGGGGGCATGTCTGTTCGAGCGTCGCAAATTCAAGATCAAACAATTCTGTTTGGATTTAG

GAACTTCGTGGTGTTCTCACGGTTCTGAAAATGAGCGGCGG 

ATTGATAGAACTCCTAACGCGTTGAACAATGTTTCGTTAGATGTTGCTTCTAGGCAATCTTGCCGGGTAAACCATACGTGTGGTGAAA

ATCATAGATTTCTAAGATCGACCTCGGATCAGATAGGAATACCCGTTGAACTTAAGCATATCAATAAG 

 

9. KPN 269 

TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGAGGGTTCTTTTGAGCCCGAATCTCCCAACCCTTTGCTTATTGAACTTTGTT

GCTTCGGCGTGGCGTGACTCTGAGTCCCACTGGCTTCGGCTGGTGTGTCCACGCCGAAGAATTATTCAAATTCGTTTAAAGTTGTGTC

TTAGTGTTTGTTTCTAAATGTCTAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAG

TAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTCGGTATTCCGGGGGGCATGTCTGTTCGAGC

GTCGCAAACACAAAATCGAACAATTCAGTTTGGAATTAGGAATTCGTGATCTTTCACGGTTCTGAAAATGAGTGGCGGATTGATAGAA

CTCCTAACGCGTTGAACAATGTTTCGTTAGATGTTGTTTTGTTCAGTCTTGCCGGTTAATCTGTATGTGTTGAAGTCACATAATTTCT

TAGATCGACCTCGGATCAGATAGGAATACCCGCTGAACTTAAGCATATCATAA 

 

10. KPN 391 

TCCGTAGGTAAGTAAACATCGACAACATGCTCTTTTCCCCTTCAAGAATCAATAACTAACATAATCCAAGGTGAACCTGCGGAGGGAT

CATTACCGAGTTAAGGGTAGCTTCGGCTGCTCTGACTTCCCAACCCTATGATTTGTTGTTTCTCATGTATCTTCCGGTATCTGTTCCG

ACATGCCGGAAGATTACCAATCAAACTCGTCTTGAAACTATGTTGTCATCATTCAATACCATAATTGAATCAAAACTTTCAACAACGG

ATCTCTTGGTTCTAGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTATGAATTGCAGAATTCAGTGAATCATCGAATCTTTGA

ACGCACATTGCGCCTCTTGGTATTCCATGAGGCATGCCTGTTCGAGCGTTATTATAAACTCCTCAAGTTCTAGCTTGGTAATGAATTT

TTGTCCCTTGACAAATTCTAAAATATTTTGTCTGTTGTAAAAGCCTTTTGCTTTGACGTAACCAATGACTTTGCGCTCGGCAAATCTT

TTACAACAAGTTTTTATCTTCTTCCACAGTTTAACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGNCGGAAG

GA 

 

 

11. KPN 392 

TCCGTAGGTGAACCTGCGGAAGGATCATCACTCCCACAAGTCTAGTCTCTCGGGACTCTGACCCTCAGATCCTCTGTTGACATGACCC

CTTCGTTACATTGGCGGAGGGCGGCCCTTGCGGGCTGCACCCGCCGGTGGGCCCCCCCAAAAACTCATTGTTGTGGAAACGTGTCCTC

TGAAGCCAATGCTATGAATAAGCAAAACTTTCAACAACGGATCCCTTGGCTCTGACTTCGATGAAGAGCGCAGCGAAACGCGATAAGT

GATGCGAATCGTAGATTTCCAGTGAGGCATCGAATTCTTGAACGCACATGGCGCCCTTTGGCATTCCGAAGGGCATGCTTCTTCGAGC

GTCAGTATCGACCCTCAGGCCGTTCCGGCTTGACGTTGGGCACCGATCGTGGACGGTCGG 

GCCCCAAAGGCAACGGCGGTGTTGCGACCCTCGGCGAAAGGTGCAACGAGCTTCGCATCGATTAGCGGAAGGCGCGGCGCCTGCCCTC

CAGTGTCGTACGTGGCACACTCTCCCCCTGAAGAAGTGACCTCGAATCAAGCAAGACTACCCGCTGAACTTAAGCATATCAATAAGGC

GGGAGGA 

 

12. KPN 439 

TCCGTAGGTGAACCTGCGGAGGGATCATTAACGAGTTATGGGTTTCTTGGATGAGCCCAGAATCTCCAACCCGTGTTTATCTTTATTG

TTGCTTTGGTAGGACGTGGGTTTTACCCCCATCGGCAATTTATTGCGGATGTGTGCCTGCCAAAGGTTTTAATTTAAATCTCTGAAGC

TTGTCTGAATCAGTGTTTTGGAATGCTTCAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCG

ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTC

CGAGCGTCGCAAATAAATGATCAAGCAATTTTGCTTGTATTTGGGATTTACGTCTGTTTAAAAGATGGTCCTCTAAGTTAGCGGCGGT

CTTCCTCAGATTTCTAGCGCGTTGAAGTTTTTTTCGCTAGTATGGTTTTGGGAGACTTCAGTCGAGAAGAATTCCTCTACATCGACCT

CGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCATAAGNCGGGAGGA  

 

13. KPN452 

TCCGTAGGTGAACCTGCGGAGGGATCATTAACGAGTTATGGGTTTCTTGGATGAGCCCAGAATCTCCAACCCGTGTTTATCTTTATTG

TTGCTTTGGTAGGACGTGGGTTTTACCCCCATCGGCAATTTATTGCGGATGTGTGCCTGCCAAAGGTTTTAATTTAAATCTCTGAAGC

TTGTCTGAATCAGTGTTTTGGAATGCTTCAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAACGCG

ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTC

CGAGCGTCGCAAATAAATGATCAAGCAATTTTGCTTGTATTTGGGATTTACGTCTGTTTAAAAGATGGTCCTCTAAGTTAGCGGCGGT

CTTCCTCAGATTTCTAGCGCGTTGAAGTTTTTTTCGCTAGTATGGTTTTGGGAGACTTCAGTCGAGAAGAATTCCTCTACATCGACCT

CGGATCAGGTATGAATACCCGCTGAACTTAAGCATATCATAGNCCGGAAGGA 

 

14. KPN 453 

TCCGTAGGTGAACCTGCGGAAGGATCATTATCAGTTCACACGCATGGGGAAAGGACCGTCGCGCCGGGGGACTTGACCCAGGCGACGA

TGGATCCCGCGGGGTCACCGACCGCCGCCATCACGTCCCGCCACGTTCGGGCGTGCCCGCCTTGCCGGTCAGGTCGGCCCCAGGTCAG

AACGCAAGTTCCGGCAACCGCCCCCCTGGGAACAGGCAGCAGCCCCGTCCCGGTGACTCCCTAGGTACACGCACAATCGGCGCCGTGG

TCAAATCATGCCCCTAGGCTCCGTGACGGGTAGCGCTGTTCGTTGGCTTTCCTATGACCCTCGTGGGGGAAAAAAAGCAGCGGTAGCT

TCGTTCCCCGCTGCGGCGACCTCTTCCCCCCTCTGCTACCCGTGACGTTACAT 

ACCTCTGTTGCCTCGGCGGGCCGTCGTCCCCGAGACGCCGGGCGAGCCCTTTTCCGAGGGCCCCGTGCGCCCGCCGCAGGAGCCTCGT

GCAACTCGCCGCTCAGCGGCTCAACACCAGTCAATAATGACTAGCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAG

AACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCGTGGCATTCC

GCGGGGCATGCCTGTTCGAGCGTCGGTTGGATCCTTCCAGGCCCCTCGCGAGGGGACTCATGGGCCCTGAGCGTACTCCCCCGGTCGG

ACCGGCCGGGGGCGCTCTGAATCTGTGGGTGGCGGCCCCGGGCGCCGGACGAAGTGAGTCCCTGTGACATCGTCCGGAGGCCCGGCGG

GCCGTGCACCAACCGGCGGGGGGTCCTCCCCCGTCCAAGACACTACGTTCTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAG

CATATCAATAATCCGGAGGA 
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15. KPN 454 

TCCGTAGGTGAACCTGCGGAAGGATCATTAGCGAGTAAAGGGTTCTCTTGTGAACCTGAATCTCCCAACCCTTTGCTGATTGAATTTT

GTTGCTTCGGCGTGGCGTGACTTCATTATCCCACCGGCTTTGGCTGGTGTGTCTACGCCGAAGGATTGTTCAAACTCGTTCAAATATT

GTCTTATGTTTCTAAGTATCAAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTA

ATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCTTCTGGTATTCCGGGAGGCATGTCTGTTCGAGCGT

CGCAAACACAAGATCAAACAATTTATTGTTTGGCTTTAGGATATTGTGTTTTTAAACACTATCCTGAAAATGAGCGGCGGATTGATAA

AGCTCCCTAACGCGTTGAACAATGTTTCGTTAGATGTAGCTTCTGATCAGTCTTGTCGGTTAAACCGTCTTGTGCGGTTAAACACATT

CTTCTATGATCGACCTCGGATCAGATAGGAATACCCGCTGAACTTAAGCATATCAA 

 

16. KPN 461 

TCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTTAGGGTTCTCTGGGCCCGACCTCCAACCCTGTGTTTAACTACCATGTTGCTT

TGGCAGGCCAGCCGTTAGGCGGCTGGGGGCCCCGTTGCTTAACGGCAGCAGGCTTCCTGACCCGTGCCTGCCAATAGCCCATTTAAAT

TCATTGATTAAATATTGCTGTCTGAGTAATAGATCTAATAAGCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAA

CGCAGCGAAATGCGATAAGTAATGCGAATTGCAGATACCGTGAGTCATCGAATCTTTGAACGCATATTGCGCCCTTTGGTATTCCGAA

GGGCATGCCTGTTCGAGCGTCATTATCAACCATCAAGCCTGGCTTGGAATTGGGTATGTGATCGTTAAAGATCAGCCCGAAAGATAAC

GACGGGGTCGTAATCTGACACCTAACGCAACGAGCTTTTTATAGCACGCGTTTAGTGGGGAGGTGCGGCTGCCGGTTAAGTCTTAACG

ATATTATATAACAAGGTTGACCTCGGATCAGGTAGGAGTACCCGCTGAACTTAAGCATATCATAAAGCGGAGGA 

 

17. KPN 464 

TCGGTAGGTGACCTTGCGGAGGGATCATACAGAGTTGGGGGTGCTTGGGTTGTTCGGACTTCCCACCCTTATGCCTTGTGGTTTTTTG

TATCTTCCGGTTCACTGCTCCGGCATGCCGGAAGGGATTTATTCAAACTCGTTTTTGAACTACTGTCATCATTCAATGATCAAAATTG

AATCAAAACTTTCAACAACGGATCTCTTGGTTCTAGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTATGAATTGCAGAATTC

AGTGAATCATCGAATCTTTGAACGCACATTGCGCCTTTTGGTATTCCATGAGGCATGCCTGTTCGAGCGTTATTACAAACTCTCAAGG

TCATACTTTGGTATTGAATCCCGTCGAAAGACAGATTCTAAAAAGAGTCGAGTGTTGTGGAAGCATAC 
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ĪňŗĬƞŅĽĬŒěŏĮƦĬŀĵƞŅĚĵŇŗĚȮŏĬŊŗŀĚěŅĔĺŋƟĬŏėĶŊŀľĴŅĬƟŀĵĴňĽĶĶıėŋĦŏĮƦĬĵŅŏĵŖĬŏĝƞĬŏħňĵĺĔńĭŏĜŅĔƠĺĵȮȮŀĵƞŅĚœĶĔŖ
ĨŅĴĴňĔŅĶĺŇěńĵŏėĶŊŀľĴŅĬƟŀĵĴŅĔıŀĽĴėĺĶĨńŘĚŐĨƞıŊŘĬģŅĬěĬĩŉĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮŐĨƞĵńĚœĴƞĴňĔŅĶĨƞŀĵŀħŒľƟ
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œħƟįĸŇĨĳńĦĤƢĪňŗŏĮƦĬĶŅĵœħƟĕŀĚĝŋĴĝĬȮŀŅěŏĔŇħěŅĔĔŅĶĪňŗŏĮƦĬıŊĝľŅĵŅĔĪŜŅŒľƟœĴƞĴňĪĶńıĵŅĔĶĴŅĔıŀŒĬĔŅĶ
ıńĥĬŅĨƞŀȮŐĸŃĵńĚœĴƞĴňĚŅĬĺŇěńĵħƟŅĬĔŅĶĕĵŅĵıńĬīŋƢŏėĶŊŀľĴŅĬƟŀĵœĴƞĴŅĔŏĪƞŅĪňŗėĺĶȮȮĬŀĔœĮěŅĔĬňŘĵńĚĕŅħ
ŏĶŊŗŀĚĔŅĶěńħĪŜŅŏŀĔĸńĔļĦƢĪŅĚıńĬīŋĔĶĶĴŐĸŃėĺŅĴľĸŅĔľĸŅĵĪŅĚıńĬīŋĔĶĶĴĕŀĚĨƟĬŏėĶŊŀľĴŅĬƟŀĵŀňĔ
ħƟĺĵȮĞŉŗĚľŅĔŏĕƟŅĶŃĭĭȮAEC ěŃĽƞĚįĸĨƞŀőĵĔĵƟŅĵĩƞŅĵŏĪĪĶńıĵŅĔĶıŊĝĽĴŋĬœıĶœĮȮħńĚĬńŘĬĔŅĶŏĶƞĚěńħĪŜŅ
ŏŀĔĸńĔļĦƢĪŅĚıńĬīŋĔĶĶĴŐĸŃģŅĬĕƟŀĴŌĸȮDNA barcode ıŊĝĽĴŋĬœıĶĕŀĚœĪĵȮěŉĚŏĮƦĬĽŇŗĚěŜŅŏĮƦĬŀĵƞŅĚĵŇŗĚ 
ĺńĨĩŋĮĶŃĽĚėƢ 
 /,ȮŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸĸńĔļĦŃĪŅĚıńĬīŋĔĶĶĴŐĸŃėĺŅĴľĸŅĔľĸŅĵĪŅĚıńĬīŋĔĶĶĴĕŀĚľĠƟŅ
ĕƟŅĺĬĔŏıŊŗŀŏĮƦĬĽƞĺĬľĬŉŗĚŒĬĔŇěĔĶĶĴĪňŗĽŀħėĸƟŀĚĔńĭĔĶŀĭőėĶĚĔŅĶŀĬŋĶńĔļƢıńĬīŋĔĶĶĴıŊĝŀńĬŏĬŊŗŀĚĴŅěŅĔ
ıĶŃĶŅĝħŜŅĶŇĽĴŏħŖěıĶŃŏĪıĶńĨĬĶŅĝĽŋħŅĽĵŅĴĭĶĴĶŅĝĔŋĴŅĶňł  
 2. ŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸĳŌĴŇĮƤĠĠŅĔŅĶŒĝƟĮĶŃőĵĝĬƢĕŀĚĨƟĬŏėĶŊŀľĴŅĬƟŀĵěŅĔıŊŘĬĪňŗĨƞŅĚŕ 
 3.ȮŏıŊŗŀěńħĪŜŅŏŀĔĸńĔļĦƢĪŅĚıńĬīŋĔĶĶĴħƟĺĵȮDNAȮbarcoding ĕŀĚĨƟĬŏėĶŊŀľĴŅĬƟŀĵěŅĔıŊŘĬĪňŗ
ĨƞŅĚ 
 4.ȮŏıŊŗŀĽĶƟŅĚįĸŇĨĳńĦĤƢŀŅľŅĶĽŋĕĳŅıĪňŗœħƟĴŅĨĶģŅĬĽŜŅľĶńĭĔŅĶĭĶŇőĳėŐĸŃŏĮƦĬĪňŗĵŀĴĶńĭĕŀĚ
ĝŋĴĝĬ 
įĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 ĔŅĶĻŉĔļŅĶŃĭĭĬŇŏĺĻȮĳŌĴŇĮƤĠĠŅȮŐĸŃĔŅĶĕĵŅĵıńĬīŋƢ 
 ĔŅĶĽŜŅĶĺěŐľĸƞĚŀŅĻńĵŐĸŃĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĭŊŘŀĚĨƟĬȮȮœħƟŐĔƞȮȮŀ. ŀĚėĶńĔļƢȮȮŀ,ŏĴŊŀĚȮȮě,ĬėĶĬŅĵĔȮȮ
ŀ,ŏĕŅĝŃŀŋƞĴȮȮĨ,ħĚĭńĚȮě,ȮĮĶŅěňĬĭŋĶňȮȮȮȮŀ,ĺńĥĬŅĬėĶȮě,ĽĶŃŐĔƟĺȮȮŀ,ĺŇľŅĶŐħĚȮȮě,ĽĶŃĭŋĶň 

 
ŐľĸƞĚĽŜŅĶĺě ĶŃĭĭĬŇŏĺĻ ĔŅĶŒĝƟĮĶŃőĵĝĬƢ 

ěȮĬėĶĬŅĵĔ ŀ,ȮŀĚėĶńĔļƢ ĨƟĬŏĸŊŘŀĵĕŉŘĬĨƟĬĨƟĬėŌĬȮĨŇħĬŅȮŐĽĚĶŜŅœĶ ĽĳŅı
ħŇĬŏĮƦĬħŇĬĶƞĺĬŐľƟĚȮħńĚĶŌĮĪňŗȮ/ 

ĵńĚœĴƞŏĮƦĬĪňŗĶŌƟěńĔĴŅĔĬńĔȮȮŐĨƞ
ŒĝƟĪŜŅĔŇĬȮŒĽƞŏėĶŊŗŀĚėĸƟŅĵ

ĸŅĭ 
 ŀ,ŏĴŊŀĚ ĪňŗĨŜŅĭĸȮľŇĬĨńŘĚȮȮĭƟŅĬľŇĬĨńŘĚȮȮŏĸŊŘŀĵŏĔŅŃĔŜŅŐıĚ

ĮŌĬȮȮħŇĬĶƞĺĬȮȮŐĽĚĶŜŅœĶȮȮħŇĬėƞŀĬĕƟŅĚĝŊŘĬȮȮȮĨƟĬ
ĴňħŀĔľĸŅĵĝƞŀȮ 

ĵńĚœĴƞŏĮƦĬĪňŗĶŌƟěńĔĴŅĔĬńĔȮȮŐĨƞ
ŒĝƟĪŜŅĔŇĬȮŒĽƞŏėĶŊŗŀĚėĸƟŅĵ

ĸŅĭ 
ě,ĮĶŅěňĬĭŋĶň ŀ,ŏĕŅĝŃŀŋƞĴ ĵńĚœĴƞŏĮƦĬĪňŗĶŌƟěńĔĴŅĔĬńĔȮȮŐĨƞŒĝƟĪŜŅĔŇĬȮŒĽƞŏėĶŊŗŀĚ

ėĸƟŅĵĸŅĭ 
ĶŌƟěńĔĔńĬħňȮȮŒĝƟĪŜŅĔŇĬĔńĭĕƟŅĺ
ėĸƟŅĵĬŘŜŅıĶŇĔȮȮŐĸŃȮĴňĔŅĶ
ĕĵŅĵıńĬīŋƢĕŅĵĔńĬĪňŗȮĭƟŅĬ
ĽĴŋĬœıĶħĚĭńĚ 

ě,ĽĶŃĭŋĶň ŀ,ĺŇľŅĶŐħĚ ŏĸŊŘŀĵŏĔŅŃĔŜŅŐıĚĮŌĬȮȮħŇĬĶƞĺĬȮȮŐĽĚĶŜŅœĶȮȮħŇĬ
ėƞŀĬĕƟŅĚĝŊŘĬȮȮħńĚĶŌĮĪňŗȮ1ȮȮ 

ĵńĚœĴƞŏĮƦĬĪňŗĶŌƟěńĔĴŅĔĬńĔȮȮ 

ěȮĽĶŃŐĔƟĺ ŀ,ĺńĥĬŅĬėĶ ĨƟĬŏĸŊŘŀĵĕŉŘĬĨƟĬĨƟĬœĴƟȮŒĬĮƙŅőĮĶƞĚȮŐĽĚĶŜŅœĶ 
ĽĳŅıħŇĬŏĮƦĬħŇĬŐħĚĶƞĺĬŐľƟĚ  ħńĚ 

ĶŌƟěńĔĔńĬħňȮȮŒĝƟĪŜŅĔŇĬĔńĭĕƟŅĺ
ėĸƟŅĵĬŘŜŅıĶŇĔ 
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 ěŅĔĔŅĶĽŜŅĶĺěĨŅĴĽĳŅıīĶĶĴĝŅĨŇŐĸŃĨŅĴĝŋĴĝĬȮıĭĺƞŅŒĬīĶĶĴĝŅĨŇŏĔŇħěŅĔŏĴĸŖħȮȮŒĬĕĦŃĪňŗ
ĭŅĚĝŋĴĝĬȮĽŅĴŅĶĩĕĵŅĵıńĬīƢħƟĺĵĔŅĶĮƤĔĝŜŅȮĞŉŗĚŏĮƦĬĔŅĶĕĵŅĵıńĬīŋƢĪňŗŐıĶƞľĸŅĵĴŅĔŒĬĝŋĴĝĬŐĸŃŐľĸƞĚ
ŏıŅŃĮĸŌĔĽĴŋĬœıĶȮħńĚŏĝƞĬȮĭƟŅĬħĚĭńĚȮȮěńĚľĺńħĮĶŅěňĬĭŋĶňȮȮĸńĔļĦŃĨƟĬĪňŗœħƟěŅĔĔŅĶĮƤĔĝŜŅȮĽŅĴŅĶĩŏěĶŇĠ
œħƟħňĴňĶŅĔœĴƞĨƞŅĚěŅĔĨƟĬŏıŅŃŏĴĸŖħ 
 
 ĔŅĶĻŉĔļŅėĺŅĴľĸŅĔľĸŅĵĪŅĚŐľĸƞĚŀŅĻńĵŐĸŃĶŌĮĶƞŅĸńĔļĦŃĪňŗĽŜŅėńĠ 
 ěŅĔĔŅĶĽŜŅĶĺěĨƟĬŏėĶŊŀľĴŅĬƟŀĵěŅĔŐľĸƞĚĨƞŅĚŕȮıĭĺƞŅĸńĔļĦŃĨƟĬŏėĶŊŀľĴŅĬƟŀĵĴňėĺŅĴ
ŐĨĔĨƞŅĚĔńĬœĮȮœħƟŐĔƞĶŌĮĶƞŅĚŒĭȮĕĬŅħŒĭŐĸŃȮĕĬŒĭȮĞŉŗĚĨƟĬĪňŗıĭŒĬŀŜŅŏĳŀĺńĥĬŅĬėĶȮěńĚĽĶŃŐĔƟĺȮěŃĴň
ĸńĔļĦŃĕĬŒĭĪňŗľĵŅĭȮĔĺƞŅĪňŗŀŊŗĬ 
 

ĨŅĶŅĚȮȮȮȮŐĽħĚėĺŅĴľĸŅĔľĸŅĵĕŀĚĸńĔļĦŃŒĭŏėĶŊŀľĴŅĬƟŀĵ 
ŐľĸƞĚĪňŗıĭ 

 
ĶŌĮĶƞŅĚŒĭ ĕĬŒĭ ĸńĔļĦŃ 

ŏıĝĶĭŌĶĦƢ P 1  2  3  5 ĔĸĴĴĬȮȮĔƟĬŒĭĮƕħ ĬŋƞĴ ŒĭĭŅĚ 
ŏıĝĶĭŌĶĦƢ P 4 ĔĸĴŏĶňĵĺȮȮĔƟĬŒĭŏĺƟŅ ĬŋƞĴ ŒĭĭŅĚ 
ĽĔĸĬėĶ  S2  S4  S5  

S6 
ĔĸĴŏĶňĵĺȮȮĔƟĬŒĭŏĺƟŅŏĸŖĔĬƟŀĵ ĬŋƞĴ ŒĭĭŅĚ 

ĽĔĸĬėĶ  S1  S3 ĔĸĴŏĶňĵĺȮȮĔƟĬŒĭŏĺƟŅľńĺŒě ĬŋƞĴ ŒĭĭŅĚ 
ŀĚėĶńĔļƢȮĬėĶĬŅĵĔ ĔĸĴĴĬȮȮĔƟĬŒĭĮƕħ ĬŋƞĴ ŒĭŒľĠƞȮŏĸŊŘŀĵĽŌĚľŅŐĽĚ

ĭĬĵŀħœĴƟ 
ŏĴŊŀĚȮĬėĶĬŅĵĔ ĔĸĴŏĶňĵĺȮȮĔƟĬŒĭŏĺƟŅ ĕĬŒĭĴňĬƟŀĵ ıŋƞĴľĬŅ 
ĺŇľŅĶŐħĚȮȮĽĶŃĭŋĶň ĔĸĴŏĶňĵĺȮȮĔƟĬŒĭŏĺƟŅ ĕĬŒĭĴňĬƟŀĵ ıŋƞĴľĬŅ 
ĺńĥĬŅĬėĶȮȮĽĶŃŐĔƟĺ ĔĸĴĴĬȮȮĔƟĬŒĭĮƕħ ŒĭŐĕŖĚȮȮĕĬŒĭ

ŐĕŖĚ 
œĴƞĽĴĭŌĶĦƢȮĴňŒĭĬƟŀĵ 

 
 ĞŉŗĚěŃıĭĺƞŅĸńĔļĦŃŒĭĴňėĺŅĴľĸŅĔľĸŅĵĔńĬĴŅĔŐĨƞĸŃıŊŘĬĪňŗȮĪŜŅŒľƟĔŅĶĶŃĭŋĽńĦģŅĬĺŇĪĵŅȮĪŜŅœħƟ
ĵŅĔĕŉŘĬȮȮĬŀĔěŅĔĬňŘȮėĺŅĴľĸŅĔľĸŅĵĕŀĚŏėĶŊŀľĴŅĬƟŀĵĬňŘȮŀŅěĽƞĚįĸŒĬĔŅĶĬŜŅœĮŒĝƟŏĮƦĬĺńĨĩŋħŇĭĮĶŃĔŀĭȮ
ŏĬŊŗŀĚěŅĔȮœĴƞĽŅĴŅĶĩĶŃĭŋĝńħŏěĬœħƟĺƞŅĨƟĬŏėĶŊŀľĴŅĬƟŀĵěŃĨƟŀĚĴňĸńĔļĦŃŏħƞĬȮȮŐĸŃȮĨƞŅĚěŅĔıŊĝŒĔĸƟŏėňĵĚ
ŏĝƞĬœĶȮȮĞŉŗĚŏĪėĬŇėħƟŅĬıńĬīŋĔĶĶĴȮȮŏėĶŊŗŀĚľĴŅĵıńĬīŋĔĶĶĴ ĽŅĴŅĩĬŜŅĴŅŒĝƟĮĶŃőĵĝĬƢŒĬĔŅĶĻŉĔļŅěŜŅŐĬĔȮ
ĶŃĭŋĽŅĵıńĬīŋƢŐĸŃěńħĪŜŅŏŀĔĸńĔļĦƢıŊĝĽĴŋĬœıĶĨƞŀœĮ    
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ĳŅıȮȮŐĽħĚėĺŅĴľĸŅĔľĸŅĵĕŀĚĸńĔļĦŃŒĭŏėĶŊŀľĴŅĬƟŀĵ 

 
 ĔŅĶĽŜŅĶĺěŒĬıŊŘĬĪňŗěńĚľĺńħĬėĶĬŅĵĔȮĮĶŅěňĬĭŋĶňȮĽĶŃŐĔƟĺȮŀŊŗĬŕȮœħƟŐĔƞȮĽĔĸĬėĶȮȮĝńĵĳŌĴŇȮȮ
ŏıĝĶĭŌĶĦƢ ıĭėĺŅĴŐĨĔĨƞŅĚĕŀĚĸńĔļĦŃŒĭȮĨƞŅĚĔńĬĴŅĔȮȮŒĬŐĨƞĸŃıŊŘĬĪňŗȮŀŅěĽƞĚįĸĨƞŀĔŅĶěŜŅŐĬĔħƟĺĵ
ĸńĔļĦŃĳŅĵĬŀĔȮŐĸŃȮœħƟĕƟŀĴŌĸĳŌĴŇĮƤĠĠŅĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔȮěńĚľĺńħĬėĶĬŅĵĔȮĮĶŅěňĬĭŋĶňȮĽĶŃŐĔƟĺȮ
ĽĔĸĬėĶȮȮĝńĵĳŌĴŇȮȮ 
 
ĔŅĶľŅĸŜŅħńĭȮĬŇĺėĸňőŀœĪħƢȮĪňŗŏĮƦĬŏŀĔĸńĔļĦƢĕŀĚŏėĶŊŀľĴŅĬƟŀĵĕŀĚĮĶŃŏĪĻœĪĵ 

œħƟĶĺĭĶĺĴĸŜŅħńĭĬŇĺėĸňőŀœĪħƢȮ ĨŜŅŐľĬƞĚȮrbcL ĵňĬȮ ĕŀĚĨńĺŀĵƞŅĚŏėĶŊŀľĴŅĬƟŀĵěŅĔĪňŗĨƞŅĚŕȮ
ěŜŅĬĺĬȮ0.ȮĨńĺŀĵƞŅĚȮȮĴňĸŜŅħńĭDNA ĪňŗŏĮƦĬŏŀĔĸńĔļĦƢĕŀĚœĪĵȮŀĵŌƞȮ/ȮĭĶŇŏĺĦȮĞŉŗĚŏĮƦĬȮDNA barcode ŒĝƟ
ŏĮƦĬŏŀĔĸńĔļĦƢĕŀĚĨƟĬŏėĶŊŀľĴŅĬƟŀĵĕŀĚœĪĵœħƟȮ Ȯ Ȯ Ȯ ĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĭĸŜŅħńĭĬŇĺėĸňőŀœĪħƢȮ ŒĬ
ģŅĬĕƟŀĴŌĸȮgene bank ĕŀĚĨńĺŀĵƞŅĚěŅĔĮĶŃŏĪĻŀŊŗĬŕȮıĭĺƞŅȮŏĶŅŏĮƦĬĔĸŋƞĴĨńĺŀĵƞŅĚŐĶĔěŅĔĮĶŃŏĪĻœĪĵ  
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Alignment  

CLUSTAL 2.1 multiple sequence alignment  

Ci.capensis1       CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.capensis2       CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.capensis        CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

WH01_Stephania     CTGCG - GTAGCTGCCGAATCTTCTACGGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

WH02_Stephania     CTGCG - GTAGCTGCCGAATCTTCTACGGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

St.abyssinica      CTGCG - GTAGCTGCCGAATCTTCTACGGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

St.tetrandra       CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

St.cephalantha     CTGCG - GTAGCTGCCGAATCCTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cy.burmanii1       CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cy.burmanii2       CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Co.orbiculatus1    CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Co.orbiculatus2    CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cy.polypetala1     CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cy.polypetala3     CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.pareira2        CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.t ropaeolifolia  CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cis.grandifolia    CAGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.andromorpha1    CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.pareira1         CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.owariensis1     CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.andromorpha     CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Ci.owariensis2     CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

C.p.var.hirsuta1   CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

C.p.var.hirsuta2   CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

Cy.polypetala2     CTGC G- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATGGACTT 59 

G5_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Pech02_rbcLF       CTGCGCGTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 60 

Y6_rbcLF           CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y8_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y7_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y5_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y4_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y3_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Y1_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakol04_rbcLF      CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakol03_rbcLF      CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59  

Sakol02_rbcLF      CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakol01_rbcLF      CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Pech04_rbcLF       CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Pech03_rbcLF       CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Pechburi01_rbcLF   CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

G6_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

G4_rbcL F           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

G3_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

G2_rbcLF           CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

G1_rbcLF           CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakew02            CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakew03            CTGCG - GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

Sakew01            CTGCG- GTAGCTGCCGAATCTTCTACAGGTACATGGACAACCGTGTGGACCGATGGACTT 59 

                   * *** ************** ***** ************** ******************  
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 ĨńĺŀĵƞŅĚĨƟĬŏėĶŊŀľĴŅĬƟŀĵĪňŗ
œħƟěŅĔĔŅĶĽŜŅĶĺě (ŒĬĔĶŀĭĽňŐħĚ'Ȯ
ŏĴŊŗŀĺŇŏėĶŅŃľƢėĺŅĴŒĔĸƟŏėňĵĚĔńĬĕŀĚȮ
ĵňĬȮrbcL ĞŉŗĚŏĮƦĬĵňĬĪňŗŒĝƟŒĬĔŅĶěŜŅŐĬĔ
ŐĸŃėĺŅĴŒĔĸƟŏėňĵĚĕŀĚĽŅĵıńĬīŋƢĕŀĚ
ıŊĝĝńŘĬĽŌĚıĭĺƞŅĨńĺŀĵƞŅĚĪňŗœħƟěŃŀĵŌƞŒĬ
ĔĸŋƞĴĕŀĚȮCyclea  polypetala ŐĸŃȮ
Cyclea burmanii ŀĵƞŅĚœĶĔŖĨŅĴěŅĔ
ĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĬĶŃľĺƞŅĚŐĨƞĸŃȮ
sequence ȮħƟĺĵȮclustalW ȮȮıĭĺƞŅȮ
ĔĸŋƞĴĨńĺŀĵƞŅĚĪňŗĶĺĭĶĺĴœħƟěŃŒĔĸƟŏėňĵĚ
Ĕńĭ Cyclea polypetala ĴŅĔĔĺƞŅ 

őħĵħŌěŅĔȮAlignment score   ėŊŀȮthai sample-Cyclea polypetala ŏĪŅĔńĭȮ2942  thai sample- 
Cissampelos pareira var. hirsute ŏĪƞŅĔńĭȮ07/6ȮȮŐĸŃȮthai sample- Cyclea burmaniiȮŏĪƞŅĔńĭȮ
0715 

 
ĔŅĶĻŉĔļŅĪŅĚħƟŅĬıķĔļŏėĴňŒĬĪŅĚŏĳĽńĝĺŇĪĵŅ 
 įĸĕŀĚĔŅĶĻŉĔļŅŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňěŅĔĸŅĵıŇĴıƢĽŅĶŏėĴňœĴƞıĭĽŅĶĔĸŋƞĴŐŀĸėŅĸŀĵħƢŒĬŒĭ
ŏėĶŊŀľĴŅĬƟŀĵȮŒĬĕĦŃĪňŗıĭĽŅĶĔĸŋƞĴĬňŘȮŀĵƞŅĚĬƟŀĵȮ4ȮĝĬŇħŒĬĽŅĶĪňŗĽĔńħěŅĔĶŅĔ &ĶŌĮĪňŗ 2Ȯb'ȮĽŅĶŐŀĸėŅ
ĸŀĵħƢěŃŒľƟĽňĽƟĴŏĴŊŗŀĨĶĺěĽŀĭħƟĺĵĬŘŜŅĵŅȮDragendroff őħĵěŃĽńĚŏĔĨŏľŖĬŐĩĭĽňĽƟĴĪňŗȮhRf 15, 29, 66, 
73 ȮĶŅĵĚŅĬĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴĕŀĚȮManu et al., 2012 œħƟŐĽħĚŒľƟŏľŖĬĺƞŅŒĬĶŅĔĕŀĚŏėĶŊŀľĴŅ
ĬƟŀĵĴňŐŀĸėŅĸŀĵħƢŒĬĔĸŋƞĴȮbisbenzylisoquinoline ŀĵŌƞľĸŅĵĝĬŇħȮŏĝƞĬȮtetrandine menismine, 
curine ŐĸŃȮœĴƞĴňĶŅĵĚŅĬĔŅĶıĭĽŅĶĔĸŋƞĴŐŀĸėŅĸŀĵħƢŒĬŒĭȮěŅĔĔŅĶĪňŗŐŀĸėŅĸŀĵħƢŏĮƦĬĽŅĶĪňŗĴňķĪīŇśĪŅĚ
ŏĳĽńĝĺŇĪĵŅȮĞŉŗĚĔƞŀŒľƟŏĔŇħĪńŘĚĮĶŃőĵĝĬƢŐĸŃőĪļĨƞŀĶƞŅĚĔŅĵȮĔŅĶœĴƞıĭĽŅĶĔĸŋƞĴĬňŘŒĬŒĭěŃĴňĕƟŀħňėŊŀȮľŅĔĬŜŅ
ŒĭŏėĶŊŀľĴŅĬƟŀĵĴŅĮĶŋĚŀŅľŅĶĔŖěŃœĴƞœħƟĶńĭįĸěŅĔĽŅĶŐŀĸėŅĸŀĵħƢ 
 
 ŒĭŏėĶŊŀľĴŅĬƟŀĵĪňŗĴňĸńĔļĦŃĨƞŅĚĔńĬȮěŃĴňĶŌĮŐĭĭĕŀĚĽŅĶŏėĴňĨƞŅĚĔńĬ  ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚŒĭ
ŏėĶŊŀľĴŅĬƟŀĵĪňŗœħƟěŅĔěńĚľĺńħŏıĝĶĭŌĶĦƢȮĞŉŗĚŒĭĴňĶŌĮĶƞŅĚĔĸĴĴĬȮĔƟĬŒĭĮƕħȮĕĬŒĭĬŋƞĴȮŒĭĭŅĚȮ(P1 ŐĸŃȮP3) 
ŐĸŃĪňŗœħƟěŅĔěńĚľĺńħĽĔĸĬėĶȮĞŉŗĚŒĭĴňĶŌĮĶƞŅĚĔĸĴŐĨƞĮĸŅĵŒĭėƞŀĬĕƟŅĚŏĶňĵĺȮĔƟĬŒĭŏĺƟŅȮŏĮƦĬĶŌĮľńĺŒěȮȮĕĬŒĭ
ĬŋƞĴȮŒĭĭŅĚ (S3 ŐĸŃ S6)ȮȮ 
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ĳŅıȮȮĸŅĵıŇĴıƢĽŅĶŏėĴňĕŀĚĽŅĶĽĔńħŒĭŏėĶŊŀľĴŅĬƟŀĵħƟĺĵŏĴīŅĬŀĸ 

(pale green colour; Y1 and Y4, dark green colour; G5 and G1, samples from 
Petchaboon province; P1 and P3, samples from Sakonnakorn province; S3 and S6, leaf 
of other plant; A) visualized with white light (_'*Ȯbp_eclbpmddŲqȮqnp_wgleȮpc_eclrȮ&`'*Ȯ
ultraviolet light 254 nm (c) and ultraviolet light 366 nm 
 

ėĺŅĴŐĨĔĨƞŅĚĪňŗĽńĚŏĔĨœħƟŒĬȮUV 254 &ĳŅıȮc' ėŊŀȮŒĭŏėĶŊŀľĴŅĬƟŀĵĪňŗœħƟěŅĔěńĚľĺńħŏıĝĶĭŌĶĦƢĴň
ŐĩĭĽĺƞŅĚĪňŗȮhRf 65 ĞŉŗĚœĴƞıĭŒĬĨńĺŀĵƞŅĚěŅĔěńĚľĺńħĽĔĸĬėĶȮĶĺĴĩŉĚĨńĺŀĵƞŅĚŀŊŗĬȮŕȮŐĸŃŏĴŊŗŀĨĶĺěĽŀĭ
ĳŅĵŒĨƟȮUV 366 &ĳŅıȮd' ŒĭŏėĶŊŀľĴŅĬƟŀĵĪňŗœħƟěŅĔěńĚľĺńħŏıĝĶĭŌĶĦƢĴňŐĩĭĽĺƞŅĚĪňŗȮhRf 40 ĞŉŗĚœĴƞıĭŒĬ
ĨńĺŀĵƞŅĚěŅĔěńĚľĺńħĽĔĸĬėĶŐĸŃĨńĺŀĵƞŅĚŀŊŗĬȮŕ 

ŒĭŏėĶŊŀľĴŅĬƟŀĵĪňŗĴňŀŅĵŋĨƞŅĚĔńĬĔŖěŃŒľƟĶŌĮŐĭĭĕŀĚĽŅĶŏėĴňĨƞŅĚĔńĬȮĽńĚŏĔĨœħƟěŅĔȮĨńĺŀĵƞŅĚȮȮY4 
ĞŉŗĚŒĭĴňĽňŏĕňĵĺŀƞŀĬȮŏĴŊŗŀĨĶĺěĽŀĭĳŅĵŒĨƟȮUV 366 &ĳŅıȮd' ěŃıĭŐĩĭĽĺƞŅĚȮ2 ĨŜŅŐľĬƞĚĪňŗŐĨĔĨƞŅĚěŅĔ
ĨńĺŀĵƞŅĚŀŊŗĬȮŕȮėŊŀŐĩĭĽĺƞŅĚĪňŗȮhRf 22 ŐĸŃ 42  

 


