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ABSTRACT 

¢ƘŜ ǎǘǳŘȅ ƛƴŎƭǳŘŜǎ ŀ ǎȅǎǘŜƳŀǝŎ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ 

ƛƴǾŜǎǝƎŀǝƻƴ ƻƴ ǘƘǊŜŜ non-dietary wild plants ŎƘƻǎŜƴ ŦǊƻƳ ǘƘŜ {ȅǊƛŀƴ ƅƻǊŀΦ 

¢ƘŜ ǎŜƭŜŎǝƻƴ ƻŦ Ǉƭŀƴǘǎ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀōƻǳǘ 

ŜǘƘƴƻƳŜŘƛŎƛƴŀƭ ǳǎŜ ŀƴŘ ǘƘŜƛǊ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘ ŘƛǾŜǊǎƛǘȅ ƻŦ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƭŀǎǎŜǎ 

ǘƘŀǘ ǇƻǎǎŜǎǎ ŀƴǝƻȄƛŘŀƴǘ ǇǊƻǇŜǊǝŜǎΦ ¢ƘŜ ŀŜǊƛŀƭ ǇŀǊǘǎ ƻŦ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ 

.ŀƭƭΦΣ CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ [Φ ŀƴŘ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ ǿŜǊŜ ŘǊƛŜŘΣ ƎǊƻǳƴŘ ŀƴŘ ŜȄǘǊŀŎǘŜŘ ǳǎƛƴƎ 

{ƻȄƘƭŜǘ ŀǇǇŀǊŀǘǳǎ ǎǳŎŎŜǎǎƛǾŜƭȅΣ ǿƛǘƘ ƴπƘŜȄŀƴŜΣ ŘƛŎƘƭƻǊƻƳŜǘƘŀƴŜ ό5/aύ ŀƴŘ ƳŜǘƘŀƴƻƭ 

όaŜhIύΦ ¢ƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ƛƴǾŜǎǝƎŀǝƻƴ ƭŜŘ ǘƻ ŦǳǊǘƘŜǊ ŦǊŀŎǝƻƴŀǝƻƴ ǘƻ ǇǊƻŘǳŎŜ ŦƻǳǊ 

ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ ŀƴŘ ƻƴŜ ǿŀǎƘŜŘπ5/a ŜȄǘǊŀŎǘ ǳǎƛƴƎ ŀ ǎƻƭƛŘπǇƘŀǎŜ ŜȄǘǊŀŎǝƻƴ 

ǇǊƻŎŜŘǳǊŜΦ 

¢ƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǇǊŜǎŜǊǾŜŘ ƳƻǊŜ ǘƘŀƴ фл҈ ƻŦ ǘƘŜ ƘǳƳŀƴ ƳŀƳƳŀǊȅ a/Cπт 

ŘŜǊƛǾŜŘ ǊŜǇƻǊǘŜǊ !w9Ŏон ŎŜƭƭ ƭƛƴŜ Ǿƛŀōƛƭƛǘȅ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ǳǎƛƴƎ ǘƘŜ a¢¢ ŀǎǎŀȅ ƻŦ ŀƭƭ ŎǊǳŘŜ 

ŜȄǘǊŀŎǘǎ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǝƻƴǎΦ ¢ƘŜ ǎŜƭŜŎǘŜŘ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ǘƘŜƴ 

ŀǎǎŜǎǎŜŘ ŦƻǊ bǊŦн ƛƴŘǳŎǝƻƴ ǇƻǘŜƴǝŀƭ ǳǎƛƴƎ ŀƴ !w9Ŏон ŎŜƭƭπōŀǎŜŘ ƭǳŎƛŦŜǊŀǎŜ ƎŜƴŜ ǊŜǇƻǊǘŜǊ 

ŀǎǎŀȅΦ ¢ƘŜ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ н ŀƴŘ о ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ǎǎǇΦ ƳŀȄƛƳǳǎΣ ŦǊŀŎǝƻƴǎ мΣ н ŀƴŘ 

ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ ŀƴŘ ŦǊŀŎǝƻƴ о ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ǎƘƻǿŜŘ ǘƘŜ ƘƛƎƘŜǎǘ 

ƛƴŘǳŎǝƻƴ ƛƴ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿƛǘƘ пΦоΣ тΦоΣ тΦуΣ моΦсΣ рΦф ŀƴŘ фΦм ŦƻƭŘπƛƴŘǳŎǝƻƴΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 

! ǘƻǘŀƭ ƻŦ нр ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ ǾŀǊƛƻǳǎ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƭŀǎǎŜǎ όǇƘŜƴƻƭƛŎΣ ƅŀǾƻƴƻƛŘǎΣ 

ŦǳǊŀƴƻŎƻǳƳŀǊƛƴǎΣ ŦǳǊŀƴƻǉǳƛƴƻƭƛƴŜ ŀƭƪŀƭƻƛŘǎ ŀƴŘ ŀŎŜǘƻǇƘŜƴƻƴŜ ŘŜǊƛǾŀǝǾŜǎύ ǿŜǊŜ ƛǎƻƭŀǘŜŘ 

ǳǎƛƴƎ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ŜƳǇƭƻȅƛƴƎ м5 

ŀƴŘ н5 ƴǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ όbawύ ŀƴŘ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊƛŎ ǘŜŎƘƴƛǉǳŜǎΦ LǎƻƭŀǘŜŘ 

ŎƻƳǇƻǳƴŘǎ ƛƴŎƭǳŘŜŘ т ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ǎǎǇ ƳŀȄƛƳǳǎ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ н ŀƴŘ 

оΣ п ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ м ŀƴŘ н όн ŎƻƳǇƻǳƴŘǎ ŀǊŜ ƴƻǾŜƭύ ŀǎ 

ǿŜƭƭ ŀǎ о ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ ǘƘŜ ŎƭŜŀƴŜŘπǳǇ 5/a ŜȄǘǊŀŎǘ όм ƴƻǾŜƭ ŎƻƳǇƻǳƴŘύΣ ŀƴŘ мм 

ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ ŦǊŀŎǝƻƴ о ŦǊƻƳ wΦ ŎƘŀƭŜǇŜƴǎƛǎΦ 

¢ƘŜ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΩ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘŜŬƴŜŘ ōȅ ǘƘŜ a¢¢ ŀǎǎŀȅ ǿŜǊŜ 

ƛƴǾŜǎǝƎŀǘŜŘ ŦƻǊ ǘƘŜƛǊ bǊŦн ƛƴŘǳŎǝƻƴ ǇƻǘŜƴǝŀƭ ōȅ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅΦ hǳǘ ƻŦ нр 

ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΣ мф ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ 

ŎƻƳǇƻǳƴŘǎ ǿƛǘƘ ƎǊŜŀǘŜǊ ǘƘŀƴ нπŦƻƭŘ ƛƴŘǳŎǝƻƴΦ Eugenin (122) from D. carota ǎǎǇ ƳŀȄƛƳǳǎ 
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ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴ оΣ ǘƘŜ ƴŜǿ ŎƻƳǇƻǳƴŘ quercetin-3-O-glucuronide methyl ester (126) 

from CΦ ǾǳƭƎŀǊŜ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ н ŀƴŘ moskachan D (133) from wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŦǊŀŎǝƻƴ 

о ǊŜŎƻǊŘŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ŀŎǝǾƛǝŜǎ ǿƛǘƘ уΦмΣ фΦо ŀƴŘ тΦрπŦƻƭŘ ƛƴŘǳŎǝƻƴΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 

¢Ƙƛǎ ǎǘǳŘȅ ƛƴǘǊƻŘǳŎŜŘ ŀ ŎƻƭƭŜŎǝǾŜ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ ŎƘŜƳƻǇǊŜǾŜƴǝƻƴ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ 

ǘƘǊŜŜ ƴƻƴπŜŘƛōƭŜ ǿƛƭŘ Ǉƭŀƴǘǎ ŦǊƻƳ ǘƘŜ {ȅǊƛŀƴ ƅƻǊŀΣ ǇǊƻǾƛŘƛƴƎ мф ƴŀǘǳǊŀƭ ŎƻƳǇƻǳƴŘǎ ŀǎ 

ǇƻǘŜƴǘ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀƎŜƴǘǎΦ  
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мΦпΦоΦ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ όCǊƛƴƎŜŘ wǳŜύ оф 

мΦпΦоΦмΦ .ƻǘŀƴƛŎŀƭ ŘŜǎŎǊƛǇǝƻƴ оф 

мΦпΦоΦнΦ 5ƛǎǘǊƛōǳǝƻƴ оф 

мΦпΦоΦоΦ ¢ǊŀŘƛǝƻƴŀƭ ǳǎŜ пл 

мΦпΦоΦпΦ tǊŜǾƛƻǳǎ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ƛƴǾŜǎǝƎŀǝƻƴǎ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ пл 

мΦпΦоΦрΦ .ƛƻƭƻƎƛŎŀƭ ƛƴǾŜǎǝƎŀǝƻƴǎ ƻŦ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ пп 

мΦрΦ !ƛƳ пт 

мΦрΦмΦ hōƧŜŎǝǾŜǎ пт 

/ƘŀǇǘŜǊ н пу 

aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ пу 

нΦмΦ {ǳƳƳŀǊȅ пф 

нΦнΦ tƭŀƴǘ ƳŀǘŜǊƛŀƭǎ рм 

нΦоΦ 9ȄǘǊŀŎǝƻƴ рн 

нΦпΦ 9ǾŀǇƻǊŀǝƻƴ ƻŦ ǎƻƭǾŜƴǘ ŦǊƻƳ ǘƘŜ ŜȄǘǊŀŎǘ ŀƴŘ ǇǊŜǎŜǊǾŀǝƻƴ рп 

нΦрΦ /ƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎ рр 

нΦрΦмΦ {ƻƭƛŘπtƘŀǎŜ 9ȄǘǊŀŎǝƻƴ ό{t9ύ рр 

нΦрΦнΦ ¢Ƙƛƴ [ŀȅŜǊ /ƘǊƻƳŀǘƻƎǊŀǇƘȅ ό¢[/ύ рс 

нΦрΦоΦ IƛƎƘπtŜǊŦƻǊƳŀƴŎŜ [ƛǉǳƛŘ /ƘǊƻƳŀǘƻƎǊŀǇƘȅ όIt[/ύ рт 

нΦсΦ /ƻƳǇƻǳƴŘ Lǎƻƭŀǝƻƴ рф 

нΦтΦ LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ со 

нΦтΦмΦ bǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ όbawύ со 

нΦтΦн aŀǎǎ ǎǇŜŎǘǊƻǎŎƻǇȅ όa{ύ сс 

нΦуΦ .ƛƻƭƻƎƛŎŀƭ ŀŎǝǾƛǝŜǎ ст 

нΦуΦмΦ {ŀƳǇƭŜǎ ǇǊŜǇŀǊŀǝƻƴ ŦƻǊ ōƛƻƭƻƎƛŎŀƭ ŀǎǎŀȅǎ ст 

нΦуΦнΦ !w9Ŏон ŎŜƭƭ ƭƛƴŜ ст 

нΦуΦоΦ /Ŝƭƭ /ǳƭǘǳǊŜ су 

нΦуΦпΦ /Ŝƭƭǎ Ǿƛŀōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ тл 

нΦуΦрΦ [ǳŎƛŦŜǊŀǎŜ wŜǇƻǊǘŜǊ DŜƴŜ !ǎǎŀȅ тм 
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/ƘŀǇǘŜǊ о тп 

wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ тп 

оΦмΦ {ǳƳƳŀǊȅ тр 

оΦнΦ ¸ƛŜƭŘ ƻŦ ŜȄǘǊŀŎǝƻƴ тс 

оΦоΦ tǊŜƭƛƳƛƴŀǊȅ ōƛƻƭƻƎƛŎŀƭ ŀŎǝǾƛǘȅ ǎŎǊŜŜƴƛƴƎ ƻŦ ǘƘŜ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ тт 

оΦоΦмΦ /ȅǘƻǘƻȄƛŎƛǘȅ ƻŦ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ ōȅ ǘƘŜ a¢¢ ŀǎǎŀȅ тт 

оΦоΦнΦ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ ǘƘŜ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ ум 

оΦпΦ ¸ƛŜƭŘ ƻŦ ŦǊŀŎǝƻƴŀǝƻƴ ōȅ {t9 уо 

оΦрΦ .ƛƻŀǎǎŀȅπƎǳƛŘŜŘ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴΥ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ уп 

оΦрΦмΦ tǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǝŎŀƭ It[/ ƻŦ 5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ уп 

оΦрΦнΦ /ȅǘƻǘƻȄƛŎ ŜũŜŎǘ ƻŦ 5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ŦǊŀŎǝƻƴǎ ур 

оΦрΦоΦ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ 5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ {t9 ŦǊŀŎǝƻƴǎ ус 

оΦрΦпΦ /ƻƳǇƻǳƴŘǎ ƛǎƻƭŀǝƻƴ ƻŦ 5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ут 

оΦсΦ Bioassay-guided compound isolationΥ CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ aƛƭƭΦ фм 

оΦсΦмΦ tǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǝŎŀƭ ¢[/ ǎŎǊŜŜƴƛƴƎ ƻŦ CΦ ǾǳƭƎŀǊŜ 5/a ŜȄǘǊŀŎǘ фм 

оΦсΦнΦ tǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǝŎŀƭ It[/ ƻŦ CΦ ǾǳƭƎŀǊŜ фн 

оΦсΦоΦ /ȅǘƻǘƻȄƛŎƛǘȅ ƻŦ CΦ ǾǳƭƎŀǊŜ {t9 ŦǊŀŎǝƻƴǎ фп 

оΦсΦпΦ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ CΦ ǾǳƭƎŀǊŜ {t9 ŦǊŀŎǝƻƴǎ фр 

оΦсΦрΦ /ƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ фс 

оΦтΦ .ƛƻŀǎǎŀȅπƎǳƛŘŜŘ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴΥ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ млл 

оΦтΦмΦ tǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǝŎŀƭ It[/ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ млл 

оΦтΦнΦ /ȅǘƻǘƻȄƛŎƛǘȅ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ {t9 ŦǊŀŎǝƻƴǎ млм 

оΦтΦоΦ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ {t9 ŦǊŀŎǝƻƴǎ млн 

оΦтΦпΦ /ƻƳǇƻǳƴŘǎ ƛǎƻƭŀǝƻƴ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ мло 

оΦуΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΥ /ƘŀǊŀŎǘŜǊƛǎŀǝƻƴ ŀƴŘ ǎǘǊǳŎǘǳǊŜ 

ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ млр 

оΦуΦмΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнмύ ŀǎ ƭǳǘŜƻƭƛƴ млр 

оΦуΦнΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнпύ ŀǎ ŎƘǊȅǎƻŜǊƛƻƭ млу 

оΦуΦоΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмноύ ŀǎ ŀǇƛƎŜƴƛƴ ммм 

оΦуΦпΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмннύ ŀǎ ŜǳƎŜƴƛƴ ммр 

оΦуΦрΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнлύ ŀǎ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όŎȅƴŀǊƻǎƛŘŜύ ммф 

оΦуΦсΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘǎ όпуύ ŀƴŘ όрфύ ŀǎ ŀ ƳƛȄǘǳǊŜ ƻŦ ǉǳŜǊŎŜǝƴ оπhπ

ƎƭǳŎƻǎƛŘŜ όƛǎƻǉǳŜǊŎŜǝƴύ ŀƴŘ ǉǳŜǊŎŜǝƴ оπhπǊǳǝƴƻǎƛŘŜ όǊǳǝƴύ мнн 

оΦуΦтΦ  5Φ ŎŀǊƻǘŀ ǎǳƳƳŀǊȅ ǎǘŀǘŜƳŜƴǘΥ мол 
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оΦфΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΥ /ƘŀǊŀŎǘŜǊƛǎŀǝƻƴ ŀƴŘ ǎǘǊǳŎǘǳǊŜ 

ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ мом 

оΦфΦмΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ C±мΦм ŀǎ ǉǳŜǊŎŜǝƴ оπhπƎƭǳŎǳǊƻƴƛŘŜ όƳƛǉǳŜƭƛŀƴƛƴΣ руύ ŀƴŘ 

C±нπ.м ŀǎ ǉǳŜǊŎŜǝƴ оπhπƎƭǳŎǳǊƻƴƛŘŜ ƳŜǘƘȅƭ ŜǎǘŜǊ όмнсύ мом 

оΦфΦнΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнрύ ŀǎ мπhπόǇπŎƻǳƳŀǊƻȅƭύπоπhπόоΣпΣрπ

ǘǊƛƘȅŘǊƻȄȅŎƛƴƴŀƳƻȅƭύ ǉǳƛƴƛŎ ŀŎƛŘ мпл 

оΦфΦоΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнтύ ŀǎ оΣрπŘƛπhπŎŀũŜƻȅƭπǉǳƛƴƛŎ ŀŎƛŘ 

όƛǎƻŎƘƭƻǊƻƎŜƴƛŎ ŀŎƛŘ !ύ мпп 

оΦфΦпΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнуύ ŀǎ мπόоΩΣпΩπŘƛƳŜǘƘƻȄȅ ǇƘŜƴȅƭύπнπ

ƘȅŘǊƻȄȅŜǘƘŀƴƻƴŜ мпу 

оΦфΦрΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмолύ ŀǎ ǇπŀƴƛǎƛŎ ŀŎƛŘ όt!!ύ мро 

оΦфΦсΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмнфύ ŀǎ ǾŜǊŀǘǊƛŎ ŀŎƛŘ ό±!ύ мрс 

оΦфΦтΦ CΦ ǾǳƭƎŀǊŜ ǎǳƳƳŀǊȅ ǎǘŀǘŜƳŜƴǘΥ мсл 

оΦмлΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΥ /ƘŀǊŀŎǘŜǊƛǎŀǝƻƴ ŀƴŘ ǎǘǊǳŎǘǳǊŜ 

ŜƭǳŎƛŘŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ wΦ ŎƘŀƭŜǇŜƴǎƛǎ мсм 

оΦмлΦмΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όунύ ŀǎ ǎƪƛƳƳƛŀƴƛƴŜ мсм 

оΦмлΦнΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όтуύ ŀǎ ƪƻƪǳǎŀƎƛƴƛƴŜ мср 

оΦмлΦоΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όтоύ ŀǎ πɹŦŀƎŀǊƛƴŜ мсф 

оΦмлΦпΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмомύ ŀǎ ǊƛōŀƭƛƴƛǳƳ мтм 

оΦмлΦрΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όстύ ŀǎ ōŜǊƎŀǇǘŜƴ мтс 

оΦмлΦсΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όфпύ ŀǎ ŎƘŀƭŜǇƛƴ мтф 

оΦмлΦтΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όффύ ŀǎ ǊǳǘŀƳŀǊƛƴ муо 

оΦмлΦуΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όфрύ ŀǎ ŎƘŀƭŜǇŜƴǎƛƴ мур 

оΦмлΦфΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όусύ ŀǎ нπώсΩπόнIπōŜƴȊƻ ώŘϐ мέΣ оέπ ŘƛƻȄƻtƭŜƴπ

рέπȅƭύπƘŜȄȅƭϐπƘȅŘǊƻǉǳƛƴƻƭƛƴπпπƻƴŜ муф 

оΦмлΦмлΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмонύ ŀǎ нπƴƻƴȅƭǉǳƛƴƻƭƛƴπп όмIύπƻƴŜ 

όǇǎŜǳŘŀƴŜ L·ύ мфп 

оΦмлΦммΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмооύ ŀǎ ƳƻǎƪŀŎƘŀƴ 5 мфу 

оΦмлΦмнΦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ǎǳƳƳŀǊȅ ǎǘŀǘŜƳŜƴǘΥ нлн 

оΦммΦ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΥ /ȅǘƻǘƻȄƛŎƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘǎ 

ŀƎŀƛƴǎǘ !w9Ŏон ŎŜƭƭǎ нло 

оΦмнΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ ŎƻƳǇƻǳƴŘǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ǎǎǇ ƳŀȄƛƳǳǎ нлс 

оΦмоΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ ŎƻƳǇƻǳƴŘǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ нлт 

оΦмпΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ ŎƻƳǇƻǳƴŘǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ wΦ ŎƘŀƭŜǇŜƴǎƛǎ нлф 
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List of abbreviations 

1D hƴŜ ŘƛƳŜƴǎƛƻƴŀƭ  

2D ¢ǿƻ ŘƛƳŜƴǎƛƻƴŀƭ 
мIπbaw tǊƻǘƻƴ ƴǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ 
мо/πbaw /ŀǊōƻƴ ƴǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ 

!/b !ŎŜǘƻƴƛǘǊƛƭŜ 

AREs Antioxidant response elements  

bs Broad singlet 

CAT Catalase 

CD3OD Deuterated methanol 

CDCl3 Deuterated chloroform  

ŎƳ /ŜƴǝƳŜǘǊŜ 

/h{¸ /ƻǊǊŜƭŀǝƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ 

CYP Cytochrome P450 

Ř 5ƻǳōƭŜǘ 

DAD Diode array detector 

DC  Daucus carota subsp. maximus (Desf.) Ball 

5/a 5ƛŎƘƭƻǊƻƳŜǘƘŀƴŜ 

DCQA Dicaffeoylquinic acid 

DMEM Dulbecco's modified eagles medium 

DMSO Dimethyl sulfoxide  

DMSO-d6 Deuterated DMSO 

EBV Epstein-Barr virus 

EEA European environment agency 

9{L 9ƭŜŎǘǊƻǎǇǊŀȅ ƛƻƴƛǎŀǝƻƴ Ƴŀǎǎ ǎǇŜŎǘǊƻǎŎƻǇȅ 

FBS Foetal bovine serum 

C5! CƻƻŘ ŀƴŘ 5ǊǳƎ !ŘƳƛƴƛǎǘǊŀǝƻƴ  

FV Foeniculum vulgare Mill. 

Ǝ DǊŀƳ 

GCL Glutamate-cysteine ligase  

GI Gastrointestinal tract 

GPX Glutathione peroxidase 

Ƙ IƻǳǊ 

HBV Hepatitis B virus 

HCV Hepatitis C virus 

HMBC Heteronuclear multiple bond correlation 

HO-1 Hemoxygenase-1 

It[/ IƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ 

HPV Human papillomavirus 

HSQC Heteronuclear single quantum correlation 
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IȊ IŜǊǘȊ 

IARC LƴǘŜǊƴŀǝƻƴŀƭ !ƎŜƴŎȅ ŦƻǊ wŜǎŜŀǊŎƘ ƻƴ /ŀƴŎŜǊ  

IC50 ¢ƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƴŜŜŘŜŘ ǘƻ ǇǊƻŘǳŎŜ рл҈ ƻŦ ŎŜƭƭ 

ƛƴƘƛōƛǝƻƴκŘŜŀǘƘ 

IGF-1 Insulin-like growth factor 1 

W /ƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘ 

YŜŀǇ м YŜƭŎƘπƭƛƪŜ 9/IπŀǎǎƻŎƛŀǘŜŘ ǇǊƻǘŜƛƴ м 

KSHV Kaposi's sarcoma-associated herpesvirus 

LAR Luciferase assay reagent 

[/мл The least toxic concentration ƴŜŜŘŜŘ ǘƻ ǇǊƻŘǳŎŜ мл҈ ƻŦ ŎŜƭƭ 

ŘŜŀǘƘ 

LPS Lipopolysaccharide 

Ƴ Multiplet 

a aƻƭŀǊ 

ƳκȊ  aŀǎǎπǘƻπŎƘŀǊƎŜ Ǌŀǝƻ 

aŜhI aŜǘƘŀƴƻƭ 

ƳƎ  aƛƭƭƛƎǊŀƳ 

aIȊ aŜƎŀƘŜǊǘȊ 

MIC Minimum inhibition concentration 

Ƴƛƴ aƛƴǳǘŜ 

Ƴ[ aƛƭƭƛƭƛǘǊŜ 

aw{! aǳƭǝŘǊǳƎπǊŜǎƛǎǘŀƴǘ {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ŀǳǊŜǳǎ 

MS Mass spectroscopy 

a¢¢ оπό пΣрπŘƛƳŜǘƘȅƛǘƘƛŀȊƻπнπȅƭύπнΣрπŘƛǇƘŜƴȅƭǘŜǘǊŀȊƻƭƛǳƳ 

NADPH NAD(P)H nicotine adenine dinucleotide phosphate 

NCI National cancer institute 

ƴƳ bŀƴƻƳŜǘǊŜ 

baw  bǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ 

NO Nitric oxide 

bh9{¸ bǳŎƭŜŀǊ hǾŜǊƘŀǳǎŜǊ 9ƴƘŀƴŎŜƳŜƴǘ {ǇŜŎǘǊƻǎŎƻǇȅ 

NQO1 NAD(P)H quinone dehydrogenase 1 

bǊŦн bǳŎƭŜŀǊ ŦŀŎǘƻǊ ŜǊȅǘƘǊƻƛŘ нπǊŜƭŀǘŜŘ ŦŀŎǘƻǊ н 

h5 hǇǝŎŀƭ ŘŜƴǎƛǘȅ 

PBS Phosphate buffer saline 

PMN Polymorphonuclear leukocytes cells  

ǇǇƳ tŀǊǘǎ ǇŜǊ Ƴƛƭƭƛƻƴ 

ǇǊŜǇπIt[/ tǊŜǇŀǊŀǝǾŜ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ 

PRX Peroxiredoxin 

RC Ruta chalepensis L. 

RCTs Randomized controlled trials 

RLB Passive reporter lysis buffer  



  

·L± 
 

ROS/RNS Reactive oxygen/nitrogen species 

ǎ {ƛƴƎƭŜǘ 

SAR Structure-activity relationship 

SDI Socio-demographic Index 

{9a {ǘŀƴŘŀǊŘ ŜǊǊƻǊ ƻŦ ǘƘŜ ƳŜŀƴ 

{ŜƳƛ ǇǊŜǇπIt[/ {ŜƳƛπǇǊŜǇŀǊŀǝǾŜ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ 

sh tŜŀƪ ǎƘƻǳƭŘŜǊ 

SNCR Syrian National Cancer Registry 

SOD Superoxide dismutase enzymes 

{t9 {ƻƭƛŘπǇƘŀǎŜ ŜȄǘǊŀŎǝƻƴ 

ǘ ¢ǊƛǇƭŜǘ 

TAM Traditional Arabic medicine 

ǘ.Iv ¢ŜǊǘπōǳǘȅƭƘȅŘǊƻǉǳƛƴƻƴŜ 

¢C! ¢ǊƛƅǳƻǊƻ ŀŎŜǝŎ ŀŎƛŘ 

¢[/ ¢Ƙƛƴ ƭŀȅŜǊ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ 

TM Traditional medicine 

ǘw wŜǘŜƴǝƻƴ ǝƳŜ 

¦± ¦ƭǘǊŀǾƛƻƭŜǘ 

VLC Vacuum liquid chromatography 

²Ih ²ƻǊƭŘ ƘŜŀƭǘƘ ƻǊƎŀƴƛǎŀǝƻƴ 

XMEs Xenobiotic metabolizing enzyme  

 ɻ /ƘŜƳƛŎŀƭ ǎƘƛƊ 

Ǝ˃ aƛŎǊƻƎǊŀƳ 

[˃ aƛŎǊƻƭƛǘǊŜ 

a˃ aƛŎǊƻƳƻƭŜ 
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Figure 1.4. The location and map of Syria (UNCCD, 2020; Google-maps, 
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Figure 1.6. The chemical structure of some of the main compounds isolated 
from D. carota subsp. maximus (Desf) Ball essential oil. 
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Figure 1.8. The chemical structure of some of the main compounds isolated 
from the essential oils of F. vulgare. 
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Figure 1.9. The chemical structure of some of the phenolic compounds 
isolated from F. vulgare. 
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Figure 1.10. The chemical structure of some of the flavonoids isolated from F. 
vulgare. 

ор 

Figure 1.11. The chemical structure of the main fatty acids isolated from F. 
vulgare. 
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Figure 1.12. The chemical structure of the major polyacetylenes isolated from 
F. vulgare. 
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Figure 1.13. The chemical structure of some of the furanocoumarins isolated 
from F. vulgare. 
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Figure 1.15. The chemical structure of some alkaloids isolated from R. 
chalepensis.         
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Figure 1.16. The chemical structure of some furanocoumarins isolated from R. 
chalepensis.  

пн 

Figure 1.17. The chemical structure of some long-chain ketones isolated from 
R. chalepensis. 
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Figure 1.18. The chemical structure of some flavonoids and phenolic 
compounds isolated from R. chalepensis.  
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Figure 3.1. Effect of D. carota extracts on AREc32 cell viability as a percentage 
to control. 
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Figure 3.4. Effect of R. chalepensis extracts on AREc32 cell viability as a 
percentage to control.    
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Figure 3.7. Effects of D. carota methanol fractions on AREc32 cell viability as 
a percentage to control. 
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CƛƎǳǊŜ оΦнрΦ 9ũŜŎǘ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ 
ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ǘƻ ŎƻƴǘǊƻƭΦ 

млн 
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CƛƎǳǊŜ оΦнсΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ aŜhI ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон 
ŎŜƭƭǎΦ            

мло 

CƛƎǳǊŜ оΦнтΦ tǊŜǇŀǊŀǝǾŜ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ w/πaŜπCǊоΣ ǳǎƛƴƎ ƳŜǘƘƻŘ w/π.Φ  млп 
CƛƎǳǊŜ оΦнуΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ (121) млр 
CƛƎǳǊŜ оΦнфΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ ƭǳǘŜƻƭƛƴ (121)   млс 
CƛƎǳǊŜ оΦолΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ (121) млс 
CƛƎǳǊŜ оΦомΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ƭǳǘŜƻƭƛƴ (121) млт 
CƛƎǳǊŜ оΦонΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ (121) млу 
CƛƎǳǊŜ оΦооΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ (124) млу 
CƛƎǳǊŜ оΦопΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ 5a{hπŘсύ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ (124) млф 
CƛƎǳǊŜ оΦорΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ (124) ммл 
CƛƎǳǊŜ оΦосΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ (124) ммл 
CƛƎǳǊŜ оΦотΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ (124) ммм 
CƛƎǳǊŜ оΦоуΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ (123) ммн 
CƛƎǳǊŜ оΦофΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ CD3ODύ ƻŦ ŀǇƛƎŜƴƛƴ (123) ммн 
CƛƎǳǊŜ оΦплΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ (123) ммо 
CƛƎǳǊŜ оΦпмΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ (123) ммо 
CƛƎǳǊŜ оΦпнΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ (122) ммр 
CƛƎǳǊŜ оΦпоΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ ŜǳƎŜƴƛƴ (122) ммр 
CƛƎǳǊŜ оΦппΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ (122) ммс 
CƛƎǳǊŜ оΦпрΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ŜǳƎŜƴƛƴ (122) ммт 
CƛƎǳǊŜ оΦпсΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ (122) ммт 
CƛƎǳǊŜ оΦптΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ (120) ммф 
CƛƎǳǊŜ оΦпуΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ 5a{hπŘсύ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ 

(120)   
мнл 

CƛƎǳǊŜ оΦпфΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ (120) мнм 
CƛƎǳǊŜ оΦрлΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ (120) мнм 
CƛƎǳǊŜ оΦрмΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ (120) мнн 
Figure 3.52. 1H NMR spectrum (600 MHz, CD3OD) of isoquercetin όпуύ and 

rutin (59)  
мно 

Figure 3.53. The 13C DEPTQ spectrum of isoquercetin όпуύ and rutin (59) мнп 
Figure 3.54. The 1H-13C HSQC direct correlations of isoquercetin όпуύ and rutin 

(59)    
мнп 

Figure 3.55. The 1H-13C HMBC correlations of isoquercetin όпуύ and rutin (59)  мнр 
Figure 3.56. The structure of rutin (59) R= rutinosyl and isoquercetin (48) R= 

glucosyl 
мнр 

CƛƎǳǊŜ оΦртΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ƛǎƻǉǳŜǊŎŜǝƴ όпуύ ŀƴŘ Ǌǳǝƴ (59) мнс 
CƛƎǳǊŜ оΦруΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŎƻƳǇƻǳƴŘǎ όруύ ǊƛƎƘǘΣ ŀƴŘ όмнсύ ƭŜƊΦ мол 
CƛƎǳǊŜ оΦрфΦ мI baw ǎǇŜŎǘǊǳƳ ƻŦ vоD (58) όслл aIȊΣ /5оh5ύΣ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 

C±πaŜπCǊмΦ      
мом 

CƛƎǳǊŜ оΦслΦ мо/ ǎǇŜŎǘǊǳƳ ƻŦ vоD (58) όслл aIȊΣ /5оh5ύΣ ƛǎƻƭŀǘŜŘ ŦǊƻƳ C±πaŜπ
CǊмΦ 

мон 

CƛƎǳǊŜ оΦсмΦ мIπмI /h{¸ ŎƻǊǊŜƭŀǝƻƴ ƻŦ vоD όруύΦ мон 
CƛƎǳǊŜ оΦснΦ HSQC correlation of Q3G (58) isolated from FV-Me-Fr1. моо 
CƛƎǳǊŜ оΦсоΦ 1H-13C HMBC correlation of Q3G (58) isolated from FV-Me-Fr1. моп 
CƛƎǳǊŜ оΦспΦ мI baw ǎǇŜŎǘǊǳƳ ƻŦ vоDπƳŜǘƘȅƭ ŜǎǘŜǊ όмнсύ όслл aIȊΣ /5оh5ύΣ 

ƛǎƻƭŀǘŜŘ ŦǊƻƳ C±πaŜπCǊнΦ 

мор 
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CƛƎǳǊŜ оΦсрΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ vоDπ ƳŜǘƘȅƭ ŜǎǘŜǊ όмнсύ όслл aIȊΣ 
/5оh5ύΣ ƛǎƻƭŀǘŜŘ ŦǊƻƳ C±πaŜπCǊнΦ 

мор 

CƛƎǳǊŜ оΦссΦ мIπмо/ I{v/ ŘƛǊŜŎǘ ŎƻǊǊŜƭŀǝƻƴ ƻŦ vоDπ ƳŜǘƘȅƭ ŜǎǘŜǊ όмнсύ мос 
CƛƎǳǊŜ оΦстΦ Ia./ ŎƻǊǊŜƭŀǝƻƴ ƻŦ vоDπ ƳŜǘƘȅƭ ŜǎǘŜǊ όмнсύ ƛǎƻƭŀǘŜŘ ŦǊƻƳ C±π

aŜπCǊнΦ 

мос 

Figure 3.68. Chemical structures of miquelianin (58) and (quercetin 3-O-
glucuronide methyl ester (126) 

мот 

Figure 3.69. The ESIMS spectrum of Q3G (58) мот 
Figure 3.70. The ESIMS spectrum of vоDπ ƳŜǘƘȅƭ ŜǎǘŜǊ (126) мот 
CƛƎǳǊŜ оΦтмΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ of 1-O-(p-coumaroyl)-3-O-(3,4,5-

trihydroxycinnamoyl) quinic acid (125) 
моф 

CƛƎǳǊŜ оΦтнΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ of 1-O-(p-coumaroyl)-3-O-(3,4,5-
trihydroxycinnamoyl) quinic acid (125) 

моф 

Figure 3.73. 1H NMR spectrum (600 MHz, CD3OD) of of 1-O-(p-coumaroyl)-3-
O-(3,4,5-trihydroxycinnamoyl) quinic acid (125) 

мпл 

CƛƎǳǊŜ оΦтпΦ ¢ƘŜ мIπмI /h{¸ ǎǇŜŎǘǊǳƳ ƻŦ of 1-O-(p-coumaroyl)-3-O-(3,4,5-
trihydroxycinnamoyl) quinic acid (125) 

мпм 

CƛƎǳǊŜ оΦтрΦ ¢ƘŜ мо / 59t¢v baw ǎǇŜŎǘǊǳƳ ƻŦ of 1-O-(p-coumaroyl)-3-O-
(3,4,5-trihydroxycinnamoyl) quinic acid (125) 

мпм 

Figure 3.76. 1H - 13C HSQC spectrum of of 1-O-(p-coumaroyl)-3-O-(3,4,5-
trihydroxycinnamoyl) quinic acid (125) 

мпн 

Figure 3.77. 1H - 13C HMBC spectrum and 2J and 3J correlations of of 1-O-(p-
coumaroyl)-3-O-(3,4,5-trihydroxycinnamoyl) quinic acid (125)          

мпн 

CƛƎǳǊŜ оΦтуΦ wŜƭŀǝǾŜ ǎǘŜǊŜƻŎƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ ǉǳƛƴƛŎ ŀŎƛŘ ƳƻƛŜǘȅ ƛƴ of 1-O-(p-
coumaroyl)-3-O-(3,4,5-trihydroxycinnamoyl) quinic acid (125)          

мпо 

CƛƎǳǊŜ оΦтфΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƛǎƻŎƘƭƻǊƻƎŜƴƛŎ ŀŎƛŘ ! (127) мпо 
Figure 3.80. 1H NMR spectrum (600 MHz, CD3OD) of ƛǎƻŎƘƭƻǊƻƎŜƴƛŎ ŀŎƛŘ ! 

(127) 
мпп 

CƛƎǳǊŜ оΦумΦ The ESIMS spectrum of ƛǎƻŎƘƭƻǊƻƎŜƴƛŎ ŀŎƛŘ ! (127) мпр 
Figure 3.82. Structure of 3,5-di-O-caffeoyl-quinic acid (isochlorogenic acid A) 

(127)          
мпр 

CƛƎǳǊŜ оΦуоΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-2-hydroxyethanone 
(128) 

мпт 

CƛƎǳǊŜ оΦупΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-
2-hydroxyethanone (128) 

мпу 

CƛƎǳǊŜ оΦурΦ ¢ƘŜ /h{¸ ǎǇŜŎǘǊǳƳ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone (128) 

мпу 

CƛƎǳǊŜ оΦусΦ ¢ƘŜ мо / 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone (128) 

мпф 

CƛƎǳǊŜ оΦутΦ мI π мо/ I{v/ ǎǇŜŎǘǊǳƳ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone (128) 

мрл 

CƛƎǳǊŜ оΦууΦ мI π мо/ Ia./ ǎǇŜŎǘǊǳƳ ƻŦ 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone (128) 

мрл 

Figure 3.89. Structure of compound (128) 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone     

мрл 

CƛƎǳǊŜ оΦфлΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƻƳǇƻǳƴŘ of 1-όоΩΣпΩ-dimethoxy phenyl)-2-
hydroxyethanone (128) 

мрм 
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CƛƎǳǊŜ оΦфмΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŎƻƳǇƻǳƴŘ (130) ŀǎ ǇπŀƴƛǎƛŎ ŀŎƛŘ мрн 
Figure 3.92. 1H NMR spectrum (600 MHz, CD3OD) of p-anisic acid (130) мрн 
CƛƎǳǊŜ оΦфоΦ ¢ƘŜ мо / baw ǎǇŜŎǘǊǳƳ ƻŦ ǇπŀƴƛǎƛŎ ŀŎƛŘ (130) мро 
CƛƎǳǊŜ оΦфпΦ мI π мо/ Ia./ ǎǇŜŎǘǊǳƳ ƻŦ ǇπŀƴƛǎƛŎ ŀŎƛŘ (130) мрп 
Figure 3.95. The ESIMS spectrum of p-anisic acid (130) мрп 
CƛƎǳǊŜ оΦфсΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ǾŜǊŀǘǊƛŎ ŀŎƛŘ (129)  мрр 
CƛƎǳǊŜ оΦфтΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ ǾŜǊŀǘǊƛŎ ŀŎƛŘ (129) мрс 
CƛƎǳǊŜ оΦфуΦ ¢ƘŜ мо / 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ǾŜǊŀǘǊƛŎ ŀŎƛŘ (129) мрт 
Figure 3.99. 1H - 13C HMBC spectrum of veratric acid (129) мрт 
CƛƎǳǊŜ оΦмллΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ǾŜǊŀǘǊƛŎ ŀŎƛŘ (129) мру 
CƛƎǳǊŜ оΦмлмΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ǎƪƛƳƳƛŀƴƛƴŜ (131) мсл 
Figure 3.102. 1H NMR spectrum (600 MHz, CD3OD) of skimmianine (131) мсм 
CƛƎǳǊŜ оΦмлоΦ ¢ƘŜ мIπмI /h{¸ ǎǇŜŎǘǊǳƳ ƻŦ ǎƪƛƳƳƛŀƴƛƴŜ (131) мсм 
Figure 3.104. The 13C DEPTQ NMR spectrum of skimmianine (131) мсн 
CƛƎǳǊŜ оΦмлрΦ ¢ƘŜ мIπмо/ I{v/ ǎǇŜŎǘǊǳƳ ƻŦ ǎƪƛƳƳƛŀƴƛƴŜ (131) мсн 
CƛƎǳǊŜ оΦмлсΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ǎƪƛƳƳƛŀƴƛƴŜ (131) мсо 
CƛƎǳǊŜ оΦмлтΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ǎƪƛƳƳƛŀƴƛƴŜ (131) мсо 
CƛƎǳǊŜ оΦмлуΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƪƻƪǳǎŀƎƛƴƛƴŜ (78) мсп 
Figure 3.109. 1H NMR spectrum (600 MHz, DMSO-d6) of kokusaginine (78) мср 
CƛƎǳǊŜ оΦммлΦ The мо/ DEPTQ spectrum of kokusaginine (78) мсс 
CƛƎǳǊŜ оΦмммΦ The 1H-13C HMBC correlations of kokusaginine (78) мсс 
Figure 3.112. The ESIMS spectrum of kokusaginine (78) мст 
CƛƎǳǊŜ оΦммоΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ -ɹfagarine (73) мсу 
Figure 3.114. 1H NMR spectrum (600 MHz, CD3h5ύ ƻŦ ʴ-fagarine (73)  мсф 
Figure 3.115. The 13C DEPTQ NMR ǎǇŜŎǘǊǳƳ ƻŦ ʴ-fagarine (73) мсф 
Figure 3.116. ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ʴ-fagarine (73) мтл 
Figure 3.117. The UV spectrum of ribalinium (131) мтл 
Figure 3.118. 1H NMR spectrum (600 MHz, CD3OD) of ribalinium (131) мтм 
Figure 3.119. The 13C DEPTQ NMR spectrum of ribalinium (131) мтн 
Figure 3.120. The 1H-13C HMBC correlations of ribalinium (131) мтн 
Figure 3.121. The ESIMS spectrum of ribalinium (131) мто 
Figure 3.122. The UV spectrum of bergapten (67) мтр 
Figure 3.123. 1H NMR spectrum (600 MHz, CDCl3) of bergapten (67) мтс 
Figure 3.124. The COSY spectrum of bergapten (67) мтс 
Figure 3.125.  The 13 C DEPTQ spectrum of bergapten (67) мтт 
CƛƎǳǊŜ оΦмнсΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ōŜǊƎŀǇǘŜƴ (67) мтт 
CƛƎǳǊŜ оΦмнтΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŎƘŀƭŜǇƛƴ (94) мту 
CƛƎǳǊŜ оΦмнуΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5/ƭоύ ƻŦ ŎƘŀƭŜǇƛƴ (94) мтф 
CƛƎǳǊŜ оΦмнфΦ ¢ƘŜ мо/ 59t¢v baw ǎǇŜŎǘǊǳƳ ƻŦ ŎƘŀƭŜǇƛƴ (94) мтф 
Figure 3.130. 1H - 13C HSQC spectrum of chalepin (94) мул 
Figure 3.131. 1H - 13C HMBC spectrum of chalepin (94) мум 
CƛƎǳǊŜ оΦмонΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƘŀƭŜǇƛƴ (94) мун 
CƛƎǳǊŜ оΦмооΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ǊǳǘŀƳŀǊƛƴ (99) мун 
CƛƎǳǊŜ оΦмопΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5/ƭоύ ƻŦ ǊǳǘŀƳŀǊƛƴ (99) мун 
Figure 3.135. 13C DEPTQ NMR spectrum of rutamarin (99) муо 
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1.1. Cancer 

Most definitions of cancer correspond with the current National Cancer Institute (NCI) 

ŘŜŦƛƴƛǘƛƻƴ ά/ŀƴŎŜǊ ƛǎ ŀ ŘƛǎŜŀǎŜ ƛƴ ǿƘƛŎƘ ǎƻƳŜ ƻŦ ǘƘŜ ōƻŘȅΩǎ ŎŜƭƭǎ ƎǊƻǿ ǳƴŎƻƴǘǊƻƭƭŀōƭȅ ŀƴŘ 

ǎǇǊŜŀŘ ǘƻ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ōƻŘȅέ (National Cancer Institute, 2024), or with the description 

by the World Health Organization ό²Ihύ ƻŦ ŎŀƴŎŜǊ ŀǎ άŀ ƎŜƴŜǊƛŎ ǘŜǊƳ ŦƻǊ ŀ ƭŀǊƎŜ ƎǊƻǳǇ ƻŦ 

ŘƛǎŜŀǎŜǎ ǘƘŀǘ Ŏŀƴ ǎǘŀǊǘ ƛƴ ŀƭƳƻǎǘ ŀƴȅ ƻǊƎŀƴ ƻǊ ǘƛǎǎǳŜ ƻŦ ǘƘŜ ōƻŘȅέ (WHO, 2024b). Recently 

ŀ ƎǊƻǳǇ ƻŦ ǊŜǎŜŀǊŎƘŜǊǎ ǇǊƻǇƻǎŜŘ ŀƴ ǳǇŘŀǘŜŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŎŀƴŎŜǊ ά/ŀƴŎŜǊ ƛǎ ŀ ŘƛǎŜŀǎŜ ƻŦ 

ǳƴŎƻƴǘǊƻƭƭŜŘ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ōȅ ǘǊŀƴǎŦƻǊƳŜŘ ŎŜƭƭǎ ǎǳōƧŜŎǘ ǘƻ ŜǾƻƭǳǘƛƻƴ ōȅ ƴŀǘǳǊŀƭ ǎŜƭŜŎǘƛƻƴέ 

(Brown et al., 2023). The rapid and uncontrollable proliferation of abnormal cells leads to 

metastasis, a critical process where the uncontrolled growth eventually invades other 

tissues and organs. Widespread metastases are the primary contributor to mortality 

associated with cancer (Cancer Research UK, 2023b; National Cancer Institute, 2024; WHO, 

2024b). 

1.1.1. Global cancer incidence and common types 

Cancer has always afflicted human beings, although its relative impact was overshadowed 

by early death from infectious diseases for centuries. Nowadays, cancer is considered the 

first or second leading cause of premature mortality (i.e. at ages 30ς69 years) in 134 of 

183 countries including the UK. It ranks third or fourth in an additional 45 countries 

including Syria (Sung et al., 2021). The tendencies of global incidence and mortality figures 

of the six major cancer types (lung, breast, colorectal, prostate, stomach and cervical 

cancer) vary across regions and countries, this can be attributed to their income level, 

Human Development Index, screening programmes application and also to the availability 

of recent data from national cancer registries (Wild, Weiderpass and Stewart, 2020a; Sung 

et al., 2021). 

Lung cancer is the most common cancer type worldwide in terms of both incidence, i.e., 

new recorded cases and mortality. The major cause is tobacco smoking which is 

responsible for more than 90% of lung cancer deaths in countries where smoking is 

prevalent in both sexes (Thandra et al., 2021). The most commonly diagnosed cancer in 

women is breast cancer, and it is the leading cause of cancer death in women globally 
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(670,000 deaths in 2022) (WHO, 2024a). Although mortality rates have decreased in 

countries with high human development index, colorectal cancer ranks second in terms of 

mortality worldwide, considering the mortality rates are increasing in many low- and 

middle-income countries (Xi and Xu, 2021). Additionally, the incidence rates of colorectal 

cancer have increased in younger age groups and recent generations in several countries. 

Globally, prostate cancer is now the second most common cancer in men worldwide, while 

stomach cancer ranks fifth in terms of incidence and third in terms of mortality. Cervical 

cancer incidence and mortality rates have declined in most countries in recent decades, as 

a result of the detection by screening. However, increasing rates have been observed in 

younger generations of women in some countries (The Global Cancer Observatory, 2020). 

In the UK, 167,000 cancer deaths have been recorded every year between (2017-2019). 

One-fifth of them are from lung cancer (Cancer Research UK, 2023a). Daily, around 1000 

new cancer cases are diagnosed in the UK (2016-2018) (Wild, Weiderpass and Stewart, 

2020b; Cancer Research UK, 2023a). The latest global burden of cancer can be found online 

in The GLOBOCAN 2020 database as part of the International Agency for Research on 

Cancer  (IARC) Global Cancer Observatory. The recent estimates of new cases and deaths 

in 2020 released by GLOBOCAN are represented in (Figure 1.1) (The Global Cancer 

Observatory, 2020). The pie chart (Figure 1.1) shows that lung cancer is still the most 

common cancer type regarding the death numbers while breast cancer has become the 

most common in terms of new cases records. Unfortunately, it seems that liver cancer 

CƛƎǳǊŜ мΦмΦ bǳƳōŜǊ ƻŦ ƴŜǿ ŎŀƴŎŜǊ ŎŀǎŜǎ όǊƛƎƘǘύ ŀƴŘ ŘŜŀǘƘǎ όƭŜƊύ ƛƴ нлнлΣ ōƻǘƘ ǎŜȄŜǎΣ ŀƭƭ ŀƎŜǎΦ  
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causes a higher percentage of deaths, ranking third among the cancer types in mortality 

rates. 

There are increasing global inequalities in cancer management and outcomes. While 

mortality rates from cancer are declining in most higher-income countries with higher 

human development index (cancer survival has doubled in the last 40 years in the UK), 

such progress is lacking in lower-income countries. Moreover, it is estimated that there 

will be approximately 20 million new cancer cases globally by the end of the year 2025. 

Consequently, finding effective new treatment options and potential strategies for the 

prevention of cancers remains a major challenge for drug discovery researchers and 

pharmaceutical companies (Wild, Weiderpass and Stewart, 2020b; Cancer Research UK, 

2023a). 

 

1.1.2. Cancer incidence and statistics in Syria 

Tumours are the third cause of mortality in Syria (Manachi et al., 2022). Before the onset 

of the conflict in 2011, Syria had an estimated 17,599 new cancer cases in 2009, with 52% 

of the cases occurring in males and 48% in females, according to the Syrian National Cancer 

Registry (SNCR) (Manachi et al., 2022). 

In 2018, the WHO reported 23,170 new cancer cases and 14,042 cancer-related deaths, 

which showed a higher cancer incidence in the country. Breast cancer had the highest 

incidence rate of 21.3%, while lung cancer had the highest mortality rate of 15.0% (WHO, 

2020). 

According to Al Bairouni University Hospital (the hospital which manages more than 60% 

of all Syrian cancer patients), the post-war period has seen a notable increase in cancer 

cases, there were about 9000 annual new cases as observed in the Al Bairouni University 

Hospital's 2020 data (Manachi et al., 2022). 

The most recent statistics were published online by GLOBOCAN addressing the number of 

new cases in both sexes for 2022, all ages, where breast (46.2%), lung (17.8%), prostate 

(17.6%), colorectal (10.9%), and leukaemia (8.4%) account for the highest cases (Global 

Cancer Observatory, 2022). 



  

р 
 

Since the 2011 conflict, Syria experienced crucial challenges affecting the government and 

medical professionals with over a decade of war, which had severe consequences on 

health care, i.e., destruction of healthcare facilities, economic sanctions, people 

displacements, and loss of human resources (Manachi et al., 2022). Despite these 

difficulties, Syria has employed global preventive measures such as the HPV vaccination 

program and cervical cancer screening (WHO, 2020). 

However, there are still significant gaps in early detection and treatment services, which 

further complicates cancer management in the war-torn country. Serious strategies such 

as reducing cancer incidence rates through primary prevention and improving cancer 

research are urgently needed (WHO, 2020; Manachi et al., 2022). 

 

1.1.3. Cancer causes and risk factors 

Recognizing what is known about cancer causes and risk factors is a fundamental way to 

identify cancer management options. Cancer causes are categorised into internal and 

acquired factors. Internal factors include inherited mutations, hormones and immune 

conditions. Acquired, which are also known as lifestyle or environmental factors comprise 

radiation, diet, tobacco, alcohol and infections. While the hereditary factors cannot be 

modified, the acquired and the environmental factors are modifiable (Anand et al., 2008b; 

GBD 2019 Cancer Risk Factors Collaborators, 2022). 

The genetic material inherited from generation to generation can pass the risk of 

developing certain cancers. Fortunately, the observations suggest that most cancers do 

not originate as a result of hereditary origin, as the mutations with high penetrance are 

rare in the population as a whole, and account for up to 4% of all cancers worldwide (Sloan 

and Gelband, 2007; Anand et al., 2008a). The leading risk factors can be different 

depending on the region and the Socio-Demographic Index (SDI). The top two leading risk 

factors in the middle SDI quintile in 2010 and 2019 are smoking and alcohol consumption. 

While they are followed by high BMI in high SDI regions, unsafe sex is on the top three list 

of leading risk factors in low SDI regions (GBD 2019 Cancer Risk Factors Collaborators, 

2022). 
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Tobacco and alcohol 

Tobacco use is the largest single contributor to cancer mortality. Smoking and alcohol 

consumption can change several cellular signalling pathways, they can trigger oxidative 

stress and NF-ˁ. activation, lgcfkpi"vq"vjg"tgngcug"qh"rtqkpὍcoocvqt{"e{vqmkpgu"vjcv"

cvvtcev"koowpg"egnnu0"Vjku"tguwnvu"kp"kpetgcugf"rtqfwevkqp"qh"tgcevkxg"qz{igp"urgekgu"cpf"

ogvcnnqrtqvgcugu"d{"pgwvtqrjknu."ecwukpi"vkuuwg"fcocig"cpf"fkugcug"rtqitguukqp0 (Read, 

Zhu and Yang, 2021). Tobacco contains more than 50 carcinogens, benzo[a]pyrene-diol 

epoxide ƛǎ ƻƴŜ ƻŦ ǘƻōŀŎŎƻΩǎ ƳŜǘŀōƻƭƛǘŜǎ ǘƘŀǘ Ƙŀǎ ŀ ŘƛǊŜŎǘ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ƭǳƴƎ ŎŀƴŎŜǊΣ ǘƘƛǎ 

carcinogen can penetrate the oesophagus when combined with ethanol. Research 

suggests that ethanol is not a carcinogen itself but is more of a cocarcinogen, as when it is 

metabolized, acetaldehyde and free radicals are generated (Sloan and Gelband, 2007; 

Anand et al., 2008a; Read, Zhu and Yang, 2021). 

Diet, body weight, and physical activity 

Diet, obesity, and physical inactivity levels are vividly correlated together to either 

promote or reduce the risk of cancer. 

Long-term exposure to food contaminants has been associated with the induction of 

carcinogenesis. Food can be contaminated with naturally occurring (mycotoxins produced 

by fungi) or manmade carcinogens (pesticides and industrial chemicals) (Pakdel, Olsen and 

Bar, 2023). 

In addition, food additives such as nitrates and dioxins, the heterocyclic amines produced 

during meat cooking, and carbon compounds resulting from meat smoke curing have a 

strong cancerous effect (World Cancer Research Fund International, 2018). 

Obesity and cancer main denominators include endogenous hormones; such as insulin-like 

growth factor 1 (IGF-1), insulin, and leptin; sex steroids; adiposity; insulin resistance; and 

inflammation (Sattar, Nisar and Nwosu, 2021). 

Infectious agents 

Infectious pathogens are strong and modifiable causes of cancer. The four most important 

are Helicobacter pylori, human papillomavirus (HPV), hepatitis B virus (HBV) and hepatitis 

C virus (HCV). These pathogens together account for more than 90% of infection-related 

cancers worldwide (de Martel et al., 2020).  
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Environmental pollution and radiation 

According to a European Environment Agency (EEA) report published in 2022, over 10% of 

all cancer cases in Europe are attributable to exposure to air pollution, second-hand 

smoke, radon, ultraviolet radiation, asbestos, certain chemicals and other pollutants 

(European Environment Agency, 2022b). Air pollution includes indoor (tobacco smoke, 

formaldehyde, and volatile organic compounds) and outdoor (chemicals mixture of 

vehicular exhaust). About 2% of all cancer deaths in Europe can be attributed to air 

pollution, with lung cancer to be the most attributable 9% (European Environment Agency, 

2022a). 

Both ionizing and nonionizing radiations are responsible for the induction of up to 10% of 

total cancer cases. Nonionizing radiation resulting mainly from sunlight contains ultraviolet 

(UV) rays. Exposure to UV radiation either from sunlight or sunbeds for cosmetic tanning 

causes a growing incidence of melanoma (Sloan and Gelband, 2007; Anand et al., 2008a). 

 

1.1.4. Carcinogenesis 

The carcinogenesis process is complex and often prolonged. Its duration might take from 

a few years to several decades. Cancer development involves the conversion of normal 

cells into malignant cells, meanwhile, a steady accumulation of mutations occurs. Which 

in turn, leads to uncontrolled division and cellular growth. Fundamentally, DNA alterations 

induced by mutations contribute to the occurrence of cancer. Numerous sources can 

initiate the mutations, including genetic factors, lifestyle choices, environmental 

exposures or errors in the DNA replication process (Weston and Harris, 2003; Baptista et 

al., 2023). 

The observations of age-dependent cancer incidence estimate that a minimum of four to 

six independent steps are involved in carcinogenesis. Thus it can be conceptually divided 

into tumour initiation, tumour promotion, malignant conversion, and tumour progression 

(Weston and Harris, 2003). (Figure 1.2) represents the four operational phases of 

carcinogenesis (initiation, promotion, progression and metastasis). 
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1.1.4.1. Tumour initiation  

Carcinogenesis may be initiated by the effect of various biological, physical or chemical 

agents like viruses, radiation, UV light, or DNA replication errors. Leading to non-lethal 

permanent genetic errors within cells (mutations). The accumulation of these mutations 

creates changes in the DNA sequence. If the mutated cell fails to repair the damage in the 

DNA, allowing abnormal cells to proliferate and progress to the phases, the initial 

irreversible genetic change can cause tumour transformation. However, the damaged cell 

is not yet cancerous, and, in most cases, cells can repair the DNA within days or weeks, 

making the initial phase inadequate for cancer development (Weston and Harris, 2003; 

Baptista et al., 2023). 

1.1.4.2. Tumour promotion 

Promotion is the second stage of the multistep carcinogenic process. In this stage, specific 

agents (promoters) enhance the expansion and division of the initiated cells by providing 

them with selective growth advantages over normal cells.  

The expansion of initiated cells thus, produces a larger population of cells that are at risk 

of further genetic changes and malignant conversion. The promoter activity on the 

initiated cell is epigenetic, reversible but cumulative (dose-dependent effect), it requires 

multiple exposures of the initiated cell to the promoter agent to produce cancer. However, 

promoters have no effect when the cells have not been previously exposed to an initiator 

(Weston and Harris, 2003; Baptista et al., 2023). 

 

 

CƛƎǳǊŜ мΦнΦ ¢ƘŜ ŦƻǳǊ ƻǇŜǊŀǝƻƴŀƭ ǇƘŀǎŜǎ ƻŦ ŎŀǊŎƛƴƻƎŜƴŜǎƛǎ ό.ŀǇǝǎǘŀ Ŝǘ ŀƭΦΣ нлноύΦ 
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1.1.4.3. Tumour progression 

Tumour progression is the third phase of the process associated with the development of 

the cell into a biologically malignant cell. Progression comprises the expression of the 

malignant phenotype and the tendency of malignant cells to acquire more aggressive 

characteristics over time. In other words, where neoplasia develops from a low grade to a 

high grade of malignancy. Which all together make this process irreversible.  

A prominent characteristic of the malignant phenotype is the increased invasiveness, 

tendency for genomic instability and modifications in biochemical, metabolic, and 

morphologic characteristics, also, neoplasias develop the ability to metastasize (Weston 

and Harris, 2003; Baptista et al., 2023).  

1.1.4.4. Metastasis 

This final stage is the spread of cancer cells from the primary site to other parts of the body 

mainly through the bloodstream or the lymph system. Several mechanisms are involved in 

metastasis: cell migration, angiogenesis, matrix degradation, and evasion of the host 

immune system. Additionally, metastasis may involve the ability of tumour cells to secrete 

proteases that allow invasion beyond the immediate primary tumour location (Weston 

and Harris, 2003; Baptista et al., 2023). 

 

1.1.5. Cancer treatment 

Several options for cancer treatment modalities are presently in use. The choice of 

treatment depends on the cancer type, location, and severity level (Abbas and Rehman, 

2018). 

In this era worldwide, over 60% of all ongoing medical treatment trials concentrate on 

cancer management. The most widely used conventional treatment approaches are 

surgery, chemotherapy, and radiotherapy, while the modern modalities include hormone-

based therapy, anti-angiogenic, stem cell therapies, and immunotherapy (Abbas and 

Rehman, 2018; Debela et al., 2021).  
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1.1.5.1. Chemotherapy 

Chemotherapy is considered the mainstay of cancer treatment and the most effective 

modality in several types of cancers (Dabo-Trubelja and Gottumukkala, 2023). While cell 

proliferation is normally regulated by cell death in healthy bodies, in malignant growth 

chemotherapy intervenes to cause genotoxicity within tumour cells to impose apoptosis 

or terminate their ability to divide. Hence, chemotherapeutic medications are categorised 

into two cytotoxic and cytostatic drugs, respectively (Abbas and Rehman, 2018; Dabo-

Trubelja and Gottumukkala, 2023). 

Chemotherapy is mainly systemic and passes through the body to approach cancer cells' 

location. However, chemotherapy is usually combined with localised and targeted 

modalities such as radiotherapy or surgery, where it can be applied to make the tumour 

smaller before surgery or radiation therapy, also it can be used afterwards to destroy any 

remaining cancerous cells (National Cancer Institute, 2022). 

Additionally, chemotherapeutic agents, which currently count to more than 100 drugs, 

might be used as a single treatment or in combination (Abbas and Rehman, 2018). Classic 

chemotherapeutic agents are classified depending on their chemical nature and function 

(Dabo-Trubelja and Gottumukkala, 2023).  

Alkylating agents replace the alkyl group with hydrogen atoms in DNA and stop the cancer 

cell division. They are used ƛƴ ƭȅƳǇƘƻƳŀΣ ƭŜǳƪŀŜƳƛŀΣ ƳǳƭǘƛǇƭŜ ƳȅŜƭƻƳŀΣ ŀƴŘ IƻŘƎƪƛƴΩǎ 

disease. The downside of these agents is that they can cause bone marrow damage and 

leukaemia in long-term applications (5-10 years).  

Antitumor antibiotics (Anthracyclines) inhibit the enzymes required for DNA replication. 

Critical limit usage of these drugs can damage the heart. 

Antimetabolites are nucleotide analogues with DNA and RNA. They inhibit the replication 

of cancer cells (leukaemia, cancers of the ovary, breast, and intestinal tract). 

Topoisomerase inhibitors inhibit the topoisomerase enzyme, so the cancer cell cannot 

replicate (Abbas and Rehman, 2018; Dabo-Trubelja and Gottumukkala, 2023). 
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Corticosteroids ŀǊŜ ŀƴǘƛπƛƴŦƭŀƳƳŀǘƻǊȅ ŀƴŘ ƛƴƘƛōƛǘ ǇǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎΦ ¢ƘŜǎŜ ŀƎŜƴǘǎ ŀǊŜ ƴƻǘ 

tumour-specific and can damage healthy cells as well (Dabo-Trubelja and Gottumukkala, 

2023). 

Consequently, although chemotherapy has reduced morbidity and mortality, it is highly 

associated with several side effects including dose selection difficulty, rapid drug 

metabolism and lack of specificity. It targets many types of fast-dividing cells, including 

healthy cells like the ones that line the mouth and intestines and the cells responsible for 

hair growth. Eventually, the damage to these cells will result in mouth sores, nausea, and 

hair loss (Abbas and Rehman, 2018; Debela et al., 2021; National Cancer Institute, 

2022). Another major limitation of chemotherapy is drug resistance, wherein the same 

cells which were suppressed by the drug reduce its uptake and increase drug efflux (Debela 

et al., 2021). 

 

1.1.5.2. Radiation therapy 

This therapy modality depends on the use of physical entities; electromagnetic sources use 

·π ŀƴŘ ƎŀƳƳŀ ǊŀȅǎΣ ŀƴŘ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜǎ Ŏƻƴǎƛǎǘ ƻŦ ǇƘƻǘƻƴǎΣ ŜƭŜŎǘǊƻƴǎΣ ŀƴŘ ǇǊƻǘƻƴǎΦ 

The high-energy radiation inhibits the cells' division and stops their proliferation ability by 

damaging their genetic material. Cancer cells continue to die for weeks and months after 

radiation therapy sessions. Similar to chemotherapy, this modality can be used before 

surgery to shrink the tumour or after it to destroy cancer cells left behind. The high cost 

and big size of the machines operating radiotherapy limit their use (Abbas and Rehman, 

2018; Debela et al., 2021; Dabo-Trubelja and Gottumukkala, 2023). 

 

1.1.5.3. Surgery 

Surgery is the most effective modality at an early stage of disease progression. It assures 

less damage to the surrounding tissues than chemotherapy and radiotherapy.  

The health situation of the patient, pain, wound infection, blood clots and other 

complications related to any operation procedure are major limitations of cancer surgery 

(Abbas and Rehman, 2018; Debela et al., 2021). 
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Recently, modern radio-surgical techniques were launched, the exposure of small areas of 

the body to very high doses of radiation to damage and destroy selected organs or areas 

is the principle of a radiation-based surgical knife. Although no cutting or blad is used in 

this procedure, the risk of damaging surrounding tissues by the beam of radiation is still a 

concern (Abbas and Rehman, 2018). 

 

1.1.5.4. Other cancer treatment 

Side effects associated with conventional methods of cancer treatments feature the 

opportunity for novel and modern cancer treatment methods, which are; hormone 

therapy (steroids as hormone-ƭƛƪŜ ŘǊǳƎǎύΣ ƛƳƳǳƴƻǘƘŜǊŀǇȅ όŀŎǘƛǾŀǘŜǎ ǘƘŜ ƘƻǎǘΩǎ ŀƴǘƛǘǳƳƻǳǊ 

immune response) cancer vaccines (by incorporating DNA, RNA and tumour viral antigen 

to initiate cellular responses), anti-angiogenesis inhibitors (to cut off the blood supply to 

the tumour cells, i.e., thalidomide), and stem cells and bone marrow transplant (Abbas and 

Rehman, 2018; Dabo-Trubelja and Gottumukkala, 2023). 

Overall, a variation of cancer treatment modalities is applied from conventional to 

modern. Considering the severity of complications for each of them, including cost, healthy 

cell toxicity and resistance, there is a crucial need to work for some advancement in cancer 

treatments (Abbas and Rehman, 2018). 

 

1.2. Natural products and cancer 

Historically, several plants and numerous natural compounds have long been used 

for the treatment of human ailments including cancers and tumours, e.g. taxanes 

(paclitaxel (taxol), docetaxel, cabazitaxel), podophyllotoxin and its derivatives 

(etoposide, teniposide), vinca alkaloids (vinblastine, vincristine, vindesine, 

vinorelbine) (KINGHORN et al., 2016). 

Plants biosynthesise several chemical compounds. Secondary metabolites are 

produced through cellular metabolic pathways. These secondary metabolites help 

the plants to survive and protect themselves against pathogens and environmental 

challenges (Howes, 2018; Hussein and El-Anssary, 2019). 
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Traditionally, several applications of herbal remedies were attributed to the plant's 

secondary metabolites. Later these phytochemicals served as foundational 

prototypes for the formulation of semi-synthetic analogues, considered among the 

most effective cancer chemotherapeutics currently available (Cragg and Pezzuto, 

2016; Sarker et al., 2020). 

A survey by the National Cancer Institute (NCI) showed that 69% of anticancer drugs 

which were approved between 1980 and 2002 and are currently used in clinical 

practice are either natural products or were developed based on knowledge gained 

from natural products (Alachkar et al., 2011; Sarker et al., 2020). Although these 

compounds are among the most effective chemotherapeutics in use today, some 

suffer from the liabilities of poor solubility in aqueous media and significant toxic side 

effects. Thus, further and constant research is still needed for the potential discovery of 

new and safe cancer drugs. (Cragg and Pezzuto, 2016). 

 

1.2.1. Chemotherapeutic effects of natural products 

Nature has continued to remain an attractive source of biologically active molecules 

for anticancer drug development (Cragg and Pezzuto, 2016). Numerous natural 

products or their semi-synthetic analogues are successfully used in clinical practice 

as anticancer drugs. They can be categorised into four groups: Podophyllum 

hexandrum (etoposide and teniposide), Taxus brevifolia (paclitaxel and docetaxel), 

Campthotheca acuminata (camptothecin, topotecan and irinotecan), and, Vinca 

rosea (vinblastine and vincristine which were first FDA-approved phytochemicals as 

chemotherapeutic agents in the USA in the early sixties of the last century) (Cragg 

and Pezzuto, 2016). 

Anticancer drugs of natural origins have many mechanisms of action. In most cases, 

naturally derived anticancer drugs reveal their activity by inhibiting topoisomerases. 

These are crucial enzymes for cell division, as they reduce the supercoiling in DNA. 

Numerous studies have been considering the blockage of type 1B topoisomerase 

(Top1) for chemotherapy research, especially after the observation of this enzyme 

being overexpressed in certain tumours. Camptothecins, doxorubicin, etoposide and 



  

мп 
 

teniposide follow this mechanism. Topoisomerase enzymes might also be targeted by 

poisoning its relegation stage with other anticancer drugs. Vinca alkaloids, taxanes, 

and epothilones exert their chemotherapeutic activity by interfering with the 

structure of DNA by inhibiting microtubule function, which is crucial for appropriate 

cell division (KINGHORN et al., 2016). 

 

1.2.2. Cancer chemoprevention 

The definition of chemoprevention in principle is the delay, blockage or reversal of 

the development of carcinogenesis progress, by a prolonged utilising of specific 

natural or synthetic bioactive agents (Steward and Brown, 2013; Cragg and Pezzuto, 

2016). 

Chemoprevention is highly preferable and more cost-efficient in preventing the 

appearance of a tumour. In an ideal world, cancer chemoprevention would work as 

well as vaccines for the prevention of human ailments (Cragg and Pezzuto, 2016). 

The tumorigenesis process takes many years or decades to develop, passing through 

multi-progressive phases, initiation, promotion, and progression. From the initial DNA 

damage level to the promotional series of signal transduction, associated hormones, 

inflammation, the abstention of apoptosis and the development of metastasis. 

The strategy of concentrating primary efforts on the terminal stages of cancer has been 

ineffectual because cancer cells would have already spread and are more likely to have 

become resistant to conventional therapeutic drugs. This understanding directed the 

trend of cancer treatment research from chemotherapy to chemoprevention. The latter 

targets the initial or promotional stages throughout the carcinogenesis progress, aiming 

not only to intervene, interrupt or reverse the progression but also the resistance of 

chemo-/radio- therapies in cancer patients. Consequently, chemoprevention strategies 

can be applied solely or as an adjuvant for chemotherapy (Amin et al., 2009; Ji, Orlikova 

and Diederich, 2014; Ritchie and Sarker, 2020). Although many chemopreventive agents 

might reveal their activity in many mechanisms, they still can be categorised into two 

groups displayed in (Figure 1.3.): 
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Blocking agents: These compounds are the most active when applied in the early stages 

of the tumour progression. This means prior or after the exposure to internal or external 

carcinogens. They obstruct the initial DNA damage from happening, the further gain of 

harmful mutations and they induce detoxifying and antioxidant mechanisms. 

Suppressing agents: These chemicals act on the promotion or the progression stages, 

to inhibit the proliferation of initial mutated cells to tumorous ones. In addition, they 

suppress both the spread of cancer to new sites and the harmful signalling pathways.  

On the cellular level, both blocking and suppressing agents can follow the four main 

strategies of chemoprevention; cell defence mechanisms inducement, inflammation 

reduction, apoptosis promotion, and metastasis inhibition (Ji, Orlikova and Diederich, 

2014; Ritchie and Sarker, 2020). 

1.2.2.1. Oxidative stress 

Free radicals are produced as a result of aerobic respiration in the mitochondria, many of 

these compounds could be beneficial for certain cellular events in low concentrations. In 

normal conditions, natural antioxidant defences that are naturally present in the cell can 

neutralize the free radicals and set up the balance in the body. When the biological system 

is overwhelmed with chronic and excessive amounts of Reactive Oxygen/Nitrogen Species 

(ROS/RNS), the equilibrium between free radicals and antioxidants generation is lost, thus 

oxidative stress occurs when the compensation is broken (Sosa et al., 2013; Prasad and 

Srivastava, 2020). 

Oxidative stress is implicated in the development of many chronic human diseases such 

as neurodegenerative disease, inflammatory disease, diabetes, ageing and cancer. These 

free radicals can induce oxidative damage to genetic materials, lipids and proteins. 

Furthermore, hydroxyl ions can readily attack DNA causing mutations and increased 

cancer risk (Sosa et al., 2013; Prasad and Srivastava, 2020). 
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1.2.2.2. Chemoprevention by Nrf2 activation 

/ŜƭƭǎΩ ƻǊƎŀƴƛŎ ŀƴǘƛƻȄƛŘŀƴǘ ǎȅǎǘŜƳǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ŎƻǳƴǘŜǊŀŎǘ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŀƴŘ 

overcome cellular damage for the prevention of oxidative stress-mediated diseases like 

cancer. Cellular ROS levels are tightly controlled and predominantly regulated by the 

master regulator molecule of antioxidant gene induction; nuclear erythroid 2-related 

factor. (Nrf2) regulates the basal and inducible expression of several genes that contain 

Antioxidant Response Elements (AREs) (Ma, 2013). 

Under unstressed conditions, Nrf2 remains in the cytoplasm, inactive and ready to degrade 

by forming a homodimer with its repressor protein Kelch-like ECH-associated protein 1 

(KEAP1). (Sosa et al., 2013; Prasad and Srivastava, 2020; Ritchie and Sarker, 2020). 

CƛƎǳǊŜ мΦоΦ ¢ƘŜ ǊƻƭŜ ƻŦ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀƎŜƴǘǎ ƛƴ ŘƛũŜǊŜƴǘ ŎŀǊŎƛƴƻƎŜƴŜǎƛǎ ǎǘŀƎŜǎ ό{ǳǊƘ Ŝǘ ŀƭΦΣ 

нллрύΦ 
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However, KEAP1 works as a sensor for oxidative stress. During oxidation, KEAP1 dissociates 

from Nrf2. The latter, can then translocate to the cell nucleus and form a heterodimer with 

Mef Proteins. 

This complex activation results in the induction of the expression of cellular defence genes, 

such as glutamate-cysteine ligase (GCL), hemoxygenase-1 (HO-1), peroxiredoxin (PRXs), 

and xenobiotic metabolizing enzyme (XMEs) and NAD(P)H quinone dehydrogenase 1  

(NQO1). This mechanism (Nrf2 activation signalling and the induction of the genes it 

regulates) was identified as an important pharmacological target for cancer 

chemoprevention research (Na and Surh, 2008; Prasad and Srivastava, 2020). 

 

 

1.2.2.3. Natural products as chemopreventive agents 

Numerous population-based studies suggested that cancer-developing risk might be 

50% less for people who eat a minimum of five portions of fruits and vegetables each 

day. This is especially applicable to cancers of the digestive and respiratory tracts 

(Surh, 2003).  

{ǳŎƘ ŦƛƴŘƛƴƎǎ ƘŀǾŜ ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ŘƛŜǘ ŀŘǾƛŎŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƳƳƻƴ άр ŀ Řŀȅέ 

campaign to encourage the consumption of fruits and vegetables in an attempt to 

decrease the prevalence and incidence rate of cancer (Cancer, 2003). 

Natural products have traditionally been recognised for their ability to reduce 

oxidative stress, and quench and deactivate ROS. Remarkable, examples of household 

culinary ingredients contain large amounts of antioxidants, such as spices (cinnamon, 

rosemary, turmeric), and common beverages (coffee; chlorogenic acid, wine; resveratrol), 

in addition to the diets rich in fibres, vitamins and minerals. 

Besides their well-known antioxidant activity, a variety of phytochemicals such as 

carotenoids, flavonoids, polyphenols, and sterols have a proven ability to prevent 

oxidative stress-induced degenerative diseases and represent potential candidates to 

activate the Nrf2-AREs signalling pathway (Zyad et al., 2018; Qader et al., 2020). 

Many phytochemicals have been investigated for their ability to obstruct ROS by 

inducing enzyme-based cellular defence mechanisms. Chemopreventive 
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phytochemicals can block or reverse the premalignant stage (initiation and promotion) of 

multistep carcinogenesis. They can also halt, or at least, obstruct the development and 

progression of precancerous cells into malignant ones. The focus of modern research on 

these strategies of applying phytochemicals for chemoprevention purposes can 

potentially be explained by the challenges of treating the advanced stages of cancer 

(Surh, 2003; Ji, Orlikova and Diederich, 2014). 

Consequently, phytochemicals can be promising chemopreventive agents. They can 

prevent DNA damage and mutations that increase cancer risk. This can be achieved 

by suppressing the free-radicals adverse reactions and providing the 

chemoprevention antioxidant effect (Kou et al., 2013). 

 

1.2.3. Non-dietary plants 

Natural compounds are a proven source of candidates for drug discovery. Their use 

is generally advantageous over synthetic molecules due to several features; the 

abundant availability of numerous plants and the simplicity of obtaining them. 

Moreover, the chemical processes needed to develop drugs from initial natural 

compounds are time and cost-efficient. These reasons encouraged various researchers 

around the world to adopt phytochemical research. 

A group of researchers (Ji, Orlikova and Diederich, 2014) have assessed 165 review papers 

of natural product interest, they reported that 60% of the natural compounds studied were 

derived from plants and were obtained from edible plants. The other 40% were gained 

from non-edible plant sources. These statistics reveal that most researchers tend to 

consider edible plants to be their base for natural compound studies. 

In contrast, regarding the approved anticancer drugs from plant origin, it was found that 

65% of all the approved anti-cancer drugs from plants are derived from 11 non-edible 

plants, while 35% of all approved anticancer drugs from plants are from six edible plants. 

This suggests that the non-edible plants might have a higher potentiality to contain 
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effective phytochemicals which can be further developed into anticancer remedies (Ji, 

Orlikova and Diederich, 2014). 

Most of the research papers on cancer chemoprevention by phytochemicals investigated 

compounds derived from dietary plants (curcumin, genistein and resveratrol) rather than 

non-edible plants. Consequently, insufficient information is available about non-dietary 

plant constituents. Thus, it was concluded that more attention ought to be focused on the 

discovery and development of chemopreventive phytochemicals from non-edible plants 

(Ji, Orlikova and Diederich, 2014). 

 

1.3. Flora of Syria 

Syria is a country in the Middle East, demonstrating a significant location boarded by 

Turkey in the north, Jordan to the South, Lebanon and the Mediterranean Sea to the 

West and Iraq to the East (Figure 1.4). Syria is renowned for its abundant and diverse 

flora which is attributed to its remarkable geographical (Jaddouh, 2004; Almasri et 

al., 2010). 

Geographically, the landscape consists of distinct zones; to the west, the coastal zone 

that includes a narrow mountain belt along the western side, to the south and east, 

almost 185.180 square kilometres of the semi-arid rangelands form an expansive 

plateŀǳ ƪƴƻǿƴ ŀǎ ά!ƭ .ŀŘƛŀέ ƛƴ !ǊŀōƛŎΣ ŀƴŘ ǘƘŜ ά{ǘŜǇǇŜέ ƛƴ 9ƴƎƭƛǎƘΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 

several rivers crossing the country. The distinctive combination of Badia and sea 

enriches the climate elements in Syria and the array of plant species accordingly 

(Jaddouh, 2004; Alachkar et al., 2011; Abu-Darwish and Efferth, 2018). 

Syria has always been grouped with Lebanon or Palestine for floristic purposes, due 

ǘƻ ƎŜƻƎǊŀǇƘƛŎŀƭ ƻǊ ƘƛǎǘƻǊƛŎŀƭ ǊŜŀǎƻƴǎΦ ¢ƘŜ ŦƛǊǎǘ ǎǘŀƴŘŀǊŘ ŘƻŎǳƳŜƴǘ ƻŦ άCƭƻǊŀ ƻŦ {ȅǊƛŀΣ 

tŀƭŜǎǘƛƴŜ ŀƴŘ {ƛƴŀƛέ ǿŀǎ ǇǳōƭƛǎƘŜŘ ōȅ DŜƻǊƎŜ 9ŘǿŀǊŘ tƻǎǘΣ ƛƴ мфонΦ CƻƭƭƻǿŜŘ ōȅ ǘǿƻ 

FlƻǊŀǎ άCƭƻǊŀ tŀƭŀŜǎǘƛƴŀέ ŀƴŘ άbƻǳǾŜƭƭŜ CƭƻǊŜ Řǳ [ƛōŀƴ Ŝǘ ŘŜ ƭŀ {ȅǊƛŜέ ǿƘƛŎƘ ǿŜǊŜ 

almost simultaneously published (1966) by Michael Zohary and Paul Mouterde, 

respectively (Mouterde, 1966; Zohary, 1972). A total of 142 families, 955 genera and 
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4200 vascular plant species are documented in the Flora of Syria, Palestine and Sinai 

(Post and Dimsmore, 1932), including 1923 species of plants as listed on the Flora 

Syria OnLine website, these include trees, shrubs, wildflowers, and herbs (Xu et al., 

2020; Flora Syria On Line, 2024). 

 

1.3.1. Traditional and herbal medicine in Syria 

¢ǊŀŘƛǘƛƻƴŀƭ ƳŜŘƛŎƛƴŜ ό¢aύ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ²Ih ŀǎ άǘƘŜ ǘƻǘŀƭ ƻŦ ǘƘŜ ƪƴƻǿƭŜŘƎŜΣ ǎƪƛƭƭΣ 

and practices based on the theories, beliefs, and experiences indigenous to different 

cultures, whether explicable or not, used in the maintenance of health as well as in 

ǘƘŜ ǇǊŜǾŜƴǘƛƻƴΣ ŘƛŀƎƴƻǎƛǎΣ ƛƳǇǊƻǾŜƳŜƴǘ ƻǊ ǘǊŜŀǘƳŜƴǘ ƻŦ ǇƘȅǎƛŎŀƭ ŀƴŘ ƳŜƴǘŀƭ ƛƭƭƴŜǎǎέ 

(WHO, 2013).  

WHO in many circumstances has considered the integration of TM into the official 

health care system. Recently, the WHO Global Centre for Traditional Medicine was 

established in March 2022 and the first Traditional Medicine Global Summit in August 2023 

in India (WHO, 2023). 

CƛƎǳǊŜ мΦ пΦ ¢ƘŜ ƭƻŎŀǝƻƴ ŀƴŘ ƳŀǇ ƻŦ {ȅǊƛŀ (UNCCD, 2020; Google-maps, 2024)Φ 
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Traditional medicine practice might vary widely from one country to another, 

concerning the variations in the culture and accessibility of the medication material. 

In the East Mediterranean region, despite the availability of modern therapies, 88% 

of the fifteen countries of this region use several types of traditional medicine, which 

makes TM one of the primary sources of health care (WHO, 2013). Throughout 

ancient times in Syria, as an integral part of Bilad Alsham, the home to many of the 

earliest civilizations, humans used various natural materials as sources of medicine 

(Jaddouh, 2004; Xu et al., 2020). 

The use of Traditional Arabic Medicine (TAM) has been popular among Syrians. 

However, it was scarcely studied in Syrian traditional literature. To the best of our 

knowledge, only three ethnobotanical studies in the form of surveys were carried out 

in Syria (between 2011 and 2021), covering Aleppo governorate in the North, Latakia 

and Tartus in the Western coastal region, and Hama and Homs in the central region 

of Syria. People with interest and familiarity with medicinal plants were interviewed 

to collect the data for these surveys, including traditional healers, local herbalists, 

medicinal plant collectors, medicinal plant users, elderly people, and a few local 

general physicians. 

The cross-linked data refer to that the plants from the Asteraceae family are the most 

commonly used by the population (Achillea, Matricaria and Artemisia genera), 

followed by the Rosaceae (Rosa damascena, Crataegus azaralus), the Lamiaceae 

(Origanum syriacum, Mellissa officinalis), the Apiaceae (Ammi genus, Coriandrum 

sativum) and the Fabaceae (Trigonella foenumgraecum, Cassia angustifolia). 

The main purpose among the studied plants is for treating gastrointestinal (GI) tract 

and digestive disorders, Achillea santolina L. was used for the loss of appetite, GI 

inflammation and discomfort, and the bark of Punica granatum L. was utilised as 

anthelmintic, for diarrhoea, malabsorption syndrome and ulcer, and the flower 

decoction or infusion of Matricaria chamomilla L. was used internally for stomach 

ache treatment. 
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Respiratory system disease management including asthma, bronchitis and coughs is 

the second main cause of herbal medicine applications. Leaves and flowers of Althaea 

officinalis L. and Malva sylvestris are crushed and used to prepare a decoction or tea 

taken internally as expectorant, for cough and respiratory infections. Also, a 

decoction of Hedera helix L. leaves was used for whooping cough. Similarly, Pistacia 

lentiscus L. and Rhus coriaria L. were used internally to treat colds, bronchitis, 

allergies and influenza (Alachkar et al., 2011; Khatib, Nattouf and Agha, 2021b; 

Khatib, Nattouf and Agha, 2021a). 

More recently, in 2020 Khatib et al conducted another ethnobotanical survey 

research on herbal medicine use as adjuvant therapy in the prevention and treatment 

of COVID-19 symptoms in Syria. Traditional healers who are called "Attarin" 

confirmed that most of their customers relied on natural healing, several herbs were 

requested by the public, and Lamiaceae was the abundant family among all, 

represented by six species (Thymus syriacus Boiss, Micromeria myrtifolia Boiss. & 

Hohen, Mentha pulegium L., Origanum syriacum L., Rosmarinus offcinalis L., and 

Melissa offcinalis L.), followed by Apiaceae (Pimpinella anisum L. and Foeniculum 

vulgare Mill.), and Myrtaceae (Eucalyptus Globulus Labill., Eugenia caryophyllata 

Thunb.). The primary forms of preparation were decoction and infusion (Khatib, 

Nattouf and Agha, 2021c). 

Topical and oral forms of application were employed to handle several skin diseases. 

The petals of Rosa damascena Herrm. are used to prepare rose water applied 

externally for skin care, the element of the Damascus Rose and associated heritage 

practices and craftsmanship were inscribed in 2019 on the UNESCO Intangible 

Cultural Heritage of Humanity (UNESCO, 2019). The husk of Triticum aestivum L. 

(common wheat) was applied externally as a compress for skin itchiness. For treating 

insect bites the bulb oil of Allium sativum L (garlic) and the leaves of Petroselinum 

sativum Hoffm. (parsley) were in use topically. As cutaneous leishmaniasis is still 

common in Syria, a decoction of Dittrichia viscosa L. is applied externally; it is also 

useful for burns and wounds. 
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Moreover, numerous herbs and plants have been popular for diabetes management 

(Avena sativa L. and leaves of Olea europaea L.), removal of kidney stones and urinary 

tract disorders (Lepidium sativum, and Prunus avium L.), infertility and impotency 

(Eruca sativa Mill. and Juglans regia L.), cardiac disorders (Crataegus azarolus L. and 

Crataegus azarolus L.), nervous system disorders (Lactuca saligna L., Valeriana 

officinalis L. and Lavandula stoechas L.), and in the treatment of several types of 

cancer (Arum maculatum L, Raphanus raphanistrum L. and Colchicum autumnale L). 

The surveys revealed that the majority of medicinal plants in Syria were used for more 

than one disorder, and many of them are still in use (Alachkar et al., 2011; Khatib, 

Nattouf and Agha, 2021b; Khatib, Nattouf and Agha, 2021a; Khatib, Nattouf and Agha, 

2021c).  

Despite the rich flora and accumulative traditional heritage, not many 

phytochemicals and bioactivity studies have been conducted on Syrian plants. Many 

wild plants from Syria, especially non-dietary plants, are yet to be evaluated for their 

medicinal potential (Alachkar et al., 2011; Abu-Darwish and Efferth, 2018). 

1.4. Plants selection and project hypothesis 

Three medicinal plants form the Syrian flora, i.e., Daucus carota ssp maximus (Desf) Ball. 

(Apiaceae), Foeniculum vulgare Mill. (Apiaceae) and Ruta chalepensis L. (Rutaceae) were 

selected for this study. The diversity of phytochemical content and the variety of their 

traditional uses, in addition to the intensity of the biological activities, made them 

potential candidates for chemopreventive investigation. In particular, these plants tend to 

produce high amounts of phenolic compounds which are important antioxidants and 

potential candidates to exhibit the desired chemoprevention properties. 

 

1.4.1. Daucus carota subsp. maximus (Desf) Ball. 

The Daucus genus (Carrots) from the Apiaceae family contains about 60 species. These 

members are annual or biennial herbs, usually hispid or bristly, with mostly an erect 

branched stem. Leaves blades are pinnate umbels are terminal and often showy. They can 
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be distinguished by sterile central flowers. Flowers might be hermaphrodite and 

staminate. Their petals are mostly unequally radiating (Post and George, 1932; Mouterde, 

1966; Zohary, 1972). 

The species Daucus carota L., normally known as carrot, is classified depending on the 

intraspecific morphological variations into twelve subspecies, of which only three 

represent the cultivated and edible varieties while nine are the wild types (Zohary, 1972; 

Saad, El-Sharkawy and Halim, 1995; Ismail et al., 2023). 

In scientific literature, when (Daucus carota) is mentioned, this is typically referring to the 

cultivated and edible variety known as D. carota subsp. sativus (the most documented and 

well-known). Although the species and subspecies might have numerous similarities, it is 

essentially recommended to ensure the accurate naming of the subspecies of D. carota, 

especially since limited information has been published on the wild carrots and their 

subspecies (Ismail et al., 2023). Accordingly, it is noteworthy that the plant studied in this 

project is the wild carrot D. carota subsp. maximus (Desf) Ball. 

1.4.1.1. Distribution 

The plants from the genus Daucus can tolerate many harsh conditions; low temperature, 

salinity, weeds, poor soil, and low pH. It is assumed that carrots originated in Afghanistan, 

also in Iran, India, Pakistan and Anatolia. The variant of Purple and yellow carrots spread 

to the Mediterranean area and Western Europe in the 11th and 14th centuries. The orange 

carrot probably arose in Western and Eastern Europe or the western Mediterranean 

region (Al-Safadi, 2008; Shakheel et al., 2017). Figure 1.5. displays the distribution map of 

Daucus carota ssp. maximus according to (The Herbarium Catalogue. Royal Botanic 

Gardens-Kew, 2024a). 

 

1.4.1.2. Botanical description 

The erect stem of this species can grow up to 2 m tall. The pinnate leaves are alternating, 

oblong or ovate in outline, divided into 2-3 pinnatisect. Umbels have numerous dozen of 

rays, up to 20 cm in diameter. Flower petals are radiant and white, and those of the sterile 
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flowers are purple. The flowering season starts from April to August. Fruits are ovoid or 

oblong with many prickles. 

1.4.1.3. Traditional use 

The taproot seems to be the most commonly eaten part of the edible D. carota, this 

vegetable root is widely used in many cuisines, especially in salad preparation (Ross, 2005; 

Shakheel et al., 2017). In addition to its usage in food, D. carota root juice was taken orally 

for cancer of the stomach, bowel, and uterus in China, while it was drunk for persistent 

coughs in Italy, it was also used as an expectorant in India. The hot water extract of the 

dried root is taken orally as a carminative in the US and Peru. The fresh root is applied 

externally for dermatitis and burns in Italy. The hot water of the leaves of D. carota was 

taken orally for jaundice and stimulation of the uterus during parturition in Pakistan and 

India. In Tunisia, the dried leaves are applied externally for chilblains. Seeds of D. carota in 

dried form or aqueous extract form were used as an abortifacient, emmenagogue, or to 

facilitate childbirth in Europe, Arab countries and the US (Ross, 2005; Shakheel et al., 

2017). 

 

CƛƎǳǊŜ мΦ рΦ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǎǇΦ ƳŀȄƛƳǳǎ ŘƛǎǘǊƛōǳǝƻƴ ƳŀǇ ό¢ƘŜ IŜǊōŀǊƛǳƳ /ŀǘŀƭƻƎǳŜΦ wƻȅŀƭ 

.ƻǘŀƴƛŎ DŀǊŘŜƴǎπYŜǿΣ нлнпŀύΦ 
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1.4.1.4. Previous phytochemical investigations of D. carota ssp. maximus 

The published data on Daucus carota subsp. maximus are generally limited, additionally, 

the available literature predominantly focused on the essential oil composition of this 

subspecies. 

Terpenoids and phenylpropanoids with variable percentages appear to be the main two 

chemical classes in D. carota subsp. maximus essential oil studied in different geographic 

areas (Table 1.1, Figure 1.1)Φ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƘŜ Ƴŀƛƴ ƳƻƴƻǘŜǊǇŜƴŜǎ ƛƴŎƭǳŘŜŘΤ ʰ-pinene (1), 

-̡phellandrene (2), geranyl acetate (3) and -ɹterpinene (4). The 

sesquiterpene/oxygenated sesquiterpenes include carotol (5), -̡bisabolene (6), 

preisocalamendiol (7) and shyobunone (8) stand out as the most prominent constituents. 

For phenylpropanoids, h-asarone (9)Σ ʲ-asarone (10) and trans-methyl isoeugenol (11) 

were the abundant compounds (Figure 1.6, Table 1.1). 

However, the compositions of the essential oils of Daucus carota subsp. maximus varied 

qualitatively and quantitatively, not only due to the geographic origin but also among the 

different organs of the same plant (flowers, stem, leaves, roots) (Saad, El-Sharkawy and 

Halim, 1995; Gaglio et al., 2017; Boudjema et al., 2018; Badalamenti et al., 2022; Ismail et 

al., 2023). 

Table 1.1. The abundant compounds isolated from the essential oil of Daucus carota subsp. 

maximus 

/ƻǳƴǘǊȅ 
tƭŀƴǘ 

hǊƎŀƴ 
aŀƛƴ /ƻƳǇƻƴŜƴǘǎ wŜŦŜǊŜƴŎŜǎ 

tƻǊǘǳƎŀƭ 
ǊƛǇŜ 

ǳƳōŜƭǎ 

aƻƴƻǘŜǊǇŜƴŜǎΥ πhǇƛƴŜƴŜ όмύ όннΦн҈ύΣ ƎŜǊŀƴȅƭ ŀŎŜǘŀǘŜ όоύ 

όмс҈ύΣ ʲπǇƛƴŜƴŜ όмнύ όрΦу҈ύ 

{ŜǎǉǳƛǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴΥ π̡ōƛǎŀōƻƭŜƴŜ όсύ όммΦр҈ύ 

tƘŜƴȅƭǇǊƻǇŀƴƻƛŘΥ πhŀǎŀǊƻƴŜ όфύ όфΦу҈ύΣ  ό9ύ π ƳŜǘƘȅƭ 

ƛǎƻŜǳƎŜƴƻƭ όммύ όу҈ύ 

ŜƭŜƳƛŎƛƴ όмоύ όс҈ύ 

ό±ŀƭŜƴǘŜ Ŝǘ ŀƭΦΣ 

нлмрύ 

{ƛŎƛƭȅΣ 

Lǘŀƭȅ 

ƎǊŜŜƴ 

ǎŜŜŘǎ 
hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎΥ ŎŀǊƻǘƻƭ όрύ όппΦсу҈ύ 

όDŀƎƭƛƻ Ŝǘ ŀƭΦΣ 

нлмтύ 
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{ŜǎǉǳƛǘŜǊǇŜƴŜ ƘȅŘǊƻπŎŀǊōƻƴǎΥ ̡πōƛǎŀōƻƭŜƴŜ όсύ όмнΦтн҈ύ 

ƛǎƻŜƭŜƳƛŎƛƴ όмпύ όммΦрм҈ύ 

hȄȅƎŜƴŀǘŜŘ ƳƻƴƻǘŜǊǇŜƴŜǎΥ ƎŜǊŀƴȅƭ ŀŎŜǘŀǘŜ όоύ όпΦос҈ύΣ пπ

ŎŀǊǾƻƳŜƴǘƘŜπƴƻƭ όмрύ όнΦоо҈ύΦ 

aƻƴƻǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ Ǉπ/ȅƳŜƴŜ όлΦсфύ όмсύ 

ŘƛǘŜǊǇŜƴŜΥ ŎŀƳǇƘƻǊŜƴŜ όмтύ όлΦнс҈ύ 

 

{ƛŎƛƭȅΣ 

Lǘŀƭȅ 

Ǌƻƻǘǎ 

aƻƴƻǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ πɹǘŜǊǇƛƴŜƴŜ όпύ όорΦф҈ύΣ π̡

ǇƘŜƭƭŀƴŘǊŜƴŜ όнύ όмсΦо҈ύΣ ǇπŎȅƳŜƴŜ όмсύ όмрΦт҈ύ ŀƴŘ 

ǘŜǊǇƛƴƻƭŜƴŜ όмуύ όмпΦн҈ύΦ 

ό.ŀŘŀƭŀƳŜƴǘƛ 

Ŝǘ ŀƭΦΣ нлннύ 

ǎǘŜƳǎ 

aƻƴƻǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ π̡ǇƘŜƭƭŀƴŘǊŜƴŜ όнύ όтлΦм҈ύ 

hȄȅƎŜƴŀǘŜŘ ƳƻƴƻǘŜǊǇŜƴŜǎΥ пπǘŜǊǇƛƴŜƻƭ όмфύ όоΦс҈ύ 

hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎΥ ŎŀǊƻǘƻƭ όрύ όлΦу҈ύΣ сπŜǇƛπ

ǎƘȅƻōǳƴƻƴŜ όнлύ όлΦс҈ύ 

tƘŜƴȅƭǇǊƻǇŀƴƻƛŘΥ ̡ πŀǎŀǊƻƴŜ όмлύ όнΦс҈ύ 

ŦƭƻǿŜǊǎ 

aƻƴƻǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ π̡ǇƘŜƭƭŀƴŘǊŜƴŜ όнύ όмфΦу҈ύ 

hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎΥ ŎŀǊƻǘƻƭ όрύ όмлΦл҈ύΣ пπǘŜǊǇƛƴŜƻƭ 

όмфύ όрΦт҈ύ 

tƘŜƴȅƭǇǊƻǇŀƴƻƛŘΥ π̡ŀǎŀǊƻƴŜ όмлύ όмрΦу҈ύΦ 

9ƎȅǇǘ 

ǊƛǇŜ ŀƴŘ 

ƳŀǘǳǊŜ 

ŦǊǳƛǘǎ 

tƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎΥ ǘǊŀƴǎπƳŜǘƘȅƭƛǎƻŜǳƎŜƴƻƭ όнмύ όотΦнн҈ύΣ π̡

ŀǎŀǊƻƴŜ όмлύ όмтΦср҈ύΣ ƳŜǘƘȅƭŜǳƎŜƴƻƭ όннύ όмΦфтύ 

{ŜǎǉǳƛǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ π̡ōƛǎŀōƻƭŜƴŜ όсύ όопΦт҈ύΣ π̡

ŎŀǊȅƻǇƘȅƭƭŜƴŜ όноύ όмΦпу҈ύΣ πhōƛǎŀōƻƭŜƴŜ όнпύ όо҈ύ 

hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜΥ ǎƘȅƻōǳƴƻƴŜ όуύ όлΦср҈ύΣ 

ǇǊŜƛǎƻŎŀƭŀƳŜƴŘƛƻƭ όтύ όлΦоф҈ύ 

ό{ŀŀŘΣ 9ƭπ

{ƘŀǊƪŀǿȅ ŀƴŘ 

IŀƭƛƳΣ мффрύ 

[ŜŀŦ 

hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎΥ ǇǊŜƛǎƻŎŀƭŀƳŜƴŘƛƻƭ όтύ όмтΦфр҈ύΣ 

ǎƘȅƻōǳƴƻƴŜ όуύ όнлΦсм҈ύ 

{ŜǎǉǳƛǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴΥ π̡ŎǳōŜōŜƴŜ όнрύ όмнΦтн҈ύΣ ǘǊŀƴǎπ

ǇπŦŀǊƴŜǎŜƴŜ όнсύ όнΦпф҈ύΣ π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜ όноύ όнΦмр҈ύΣ 
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{ǘŜƳ 

hȄȅƎŜƴŀǘŜŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎΥ ǇǊŜƛǎƻŎŀƭŀƳŜƴŘƛƻƭ όтύ όонΦсф҈ύΣ 

ǎƘȅƻōǳƴƻƴŜ όуύ όомΦфр҈ύ 

aƻƴƻǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴǎΥ πhǇƛƴŜƴŜ όмύ όпΦот҈ύΣ ƭƛƳƻƴŜƴŜ 

όнтύ όнΦлф҈ύΣ ǎŀōƛƴŜƴŜ όнуύ όмΦфр҈ύΣ ƳȅǊŎŜƴŜ όнфύ όмΦлс҈ύ π̡

ǇƛƴŜƴŜ όмнύ όлΦсл҈ύΦ 

{ŜǎǉǳƛǘŜǊǇŜƴŜ ƘȅŘǊƻŎŀǊōƻƴΥ π̡ŎǳōŜōŜƴŜ όнрύ όоΦрр҈ύΣ ǘǊŀƴǎπǇπ

ŦŀǊƴŜǎŜƴŜ όнсύ όмΦол҈ύΣ π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜ όноύ όлΦсо҈ύ 

 

1.4.1.5. Phytochemicals from Daucus carota L. and other subspecies 

Several phytochemical analyses and bioactivity investigations were conducted on Daucus 

carota L. and its wild and cultivated subspecies.  

Ascorbic acid (vitamin C), carotenoids ( -̡carotene -hcarotene, lutein and zeaxanthin), 

coumarins umbelliferon, flavonoids and flavonoids glycosides of (quercetin, kaempferol, 

luteolin), lignans, Phenolic acids [chlorogenic acid (30), caffeic acid (31), ferulic acid (32)], 

phytoalexins (falcarindiol (33)), in addition to polyacetylenes (falcarinol (34)) were 

reported as phytochemicals isolated from carota (Sarkar and Phan, 1979; Al-Safadi, 2008; 

Zaini et al., 2012; Shebaby et al., 2014; Akhtar et al., 2017; Al-Snafi, 2017; Iqbal et al., 2017; 

!ƘƳŀŘ Ŝǘ ŀƭΦΣ нлмфΤ /ƘŜƴƎ Ŝǘ ŀƭΦΣ нлмфΤ |ǊŜŘƴƛŎƪŀ-Tober et al., 2022; Ismail et al., 2023; 

Kobaek-Larsen et al., 2023). 

                                             

-̡phellandrene (2)          ɹ-terpinene (4)                      h -pinene (1)          ̡ -pinene (12) 

                   

  Carotol (5)     Preisocalamendiol (7)      ̡ -bisabolene (6)         Geranyl acetate (3) 
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-hasarone (9)         ̡ -asarone (10)             Shyobunone (8)    Trans-methyl isoeugenol (11) 

Figure 1.6. The chemical structure of some of the main compounds isolated from D. carota 

subsp. maximus (Desf) Ball essential oil. 

 

1.4.1.6. Biological investigations of D. carota ssp. maximus 

Antibacterial activity 

Two previous studies focused on the essential oils from different plant parts of Daucus 

carota subsp. maximus from Italy, against several bacterial strains (Gaglio et al., 2017; 

Badalamenti et al., 2022). 

The undiluted essential oil of green seeds from D. carota subsp. maximus growing wild in 

Sicily, Italy showed a large inhibition spectrum against food-borne pathogens, including 

Gram-positive strains (Staphylococcus strains) and also against Gram-negative bacteria 

(Stenotrophomonas maltophilia CE272). The minimum inhibition concentration (MIC) was 

in the range of 1.25 ς нΦрл ˃[κƳ[ ŦƻǊ ǘƘŜ Ƴƻǎǘ ǎŜƴǎƛǘƛǾŜ ǎǘǊŀƛƴǎ (Gaglio et al., 2017). 

The antimicrobial activity of the organs of D. carota subsp. maximus showed different 

antimicrobial activity. The essential oil of the flower and the stem showed higher activity 

than root oil against the Gram-negative Escherichia coli 5IрʰΦ IƻǿŜǾŜǊΣ ŦƻǊ ǘƘŜ DǊŀƳ-

positive strain Staphylococcus aureus ATCC6538P, the activity of the essential oils from 

different parts of the plant showed more similar activities at lower concentrations. 

Researchers assumed that the activity of stem essential oil could be related to the high 

content of oxygenated monoterpenes and monoterpene hydrocarbons which destroy cell 

integrity and inhibit respiration and ion transport processes (Badalamenti et al., 2022). 
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Antifungal activity 

The essential oil from aerial parts of Portuguese D. carota ssp. maximus showed a broad 

spectrum inhibitory effect against many fungal strains. Higher activity with lower MIC 

concentration was recorded against dermatophytes (Trichophyton mentagrophytes, 

Epidermophytum floccosum) and Cryptococcus neoformans. Aspergillus and Candida 

species were also inhibited but with slightly higher MIC. The authors credited the 

ŀƴǘƛŦǳƴƎŀƭ ǇǊƻǇŜǊǘƛŜǎ ǘƻ ǘƘŜ ƘƛƎƘ ŎƻƴǘŜƴǘǎ ƻŦ ƎŜǊŀƴȅƭ ŀŎŜǘŀǘŜ ŀƴŘ ʰ-pinene (Valente et al., 

2015). 

Antioxidant activity 

The activity of antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and 

glutathione peroxidase (GPX) in polymorphonuclear leukocytes (PMN) cells increased 

after treatment with essentials oil of roots, stems and flowers of D. carota subsp. maximus 

with flower essential oils causing a greater increase (Badalamenti et al., 2022). 

Anti-inflammatory 

As an inflammatory indicator, the production of nitric oxide (NO) was evaluated in 

macrophages and microglia cells after treatment with several dilutions of the essential oil 

from the aerial parts of D. carota ssp. maximus. At a non-toxic essential oil concentration, 

a decrease in NO production by 20.7% and 35.8% was recorded in macrophages and 

microglia cells, respectively. The anti-inflammatory properties were partly attributed to 

the presence of high levels of geranyl acŜǘŀǘŜ ŀƴŘ ʰ-pinene in the essential oil (Valente et 

al., 2015). 

 

1.4.2. Foeniculum vulgare Mill (Fennel) 

1.4.2.1. Botanical description 

Foeniculum vulgare Mill., commonly known as bitter fennel is a green-glaucous branching 

perennial herb from the Apiaceae family; it grows up to 2 metres. The stem is erect and 
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cylindrical, coloured bright green. Leaves grow up to 40-60 cm., ovate-triangular in outline, 

pinnatisect, decomposed into capillary strips. Blooming starts from July to November in 

large flat terminal umbels, that might have up to 25 unequal rays. Flowers are small, bright 

and yellow. Fruits are slightly curved, short 4-5 mm, brownish or greyish to yellow, with 

strongly marked ribs. (Mouterde, 1966; Zohary, 1972; Badgujar, Patel and Bandivdekar, 

2014). 

1.4.2.2. Distribution 

Although the fennel plant can tolerate various climates, it grows better in temperate 

climates. It can be cultivated in fields and it also grows wild with the potential to invade 

crops and become a weed. F. vulgare Mill. was originally found around the Mediterranean 

region, where wild fennel develops densely. It has also been introduced and naturalised 

into many areas, like the northern, eastern, and western hemispheres, specifically in Asia, 

North America, and Europe (Figure 1.7) (Hunault, Desmarest and Du Manoir, 1989; 

Badgujar, Patel and Bandivdekar, 2014). 

1.4.2.3. Traditional use 

Fennel stems, fruit, leaves and whole plants have been extensively used in traditional 

treatments of several diseases. It is primarily used for its carminative properties, by 

CƛƎǳǊŜ мΦтΦ CΦ ǾǳƭƎŀǊŜ ŘƛǎǘǊƛōǳǝƻƴ ƳŀǇ ό¢ƘŜ IŜǊōŀǊƛǳƳ /ŀǘŀƭƻƎǳŜΦ wƻȅŀƭ .ƻǘŀƴƛŎ 

DŀǊŘŜƴǎπYŜǿΣ нлнпōύΦ 
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preparing fennel seeds tea. Fennel water is used to correct the flatulence of infants, which 

ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ǳǎŀƎŜ ƻŦ ŀƴƛǎŜ ŀƴŘ Řƛƭƭ ǿŀǘŜǊΣ ǘƘŜǎŜ ǿŀǘŜǊǎ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ŘƻƳŜǎǘƛŎ ΨƎǊƛǇŜ 

water' by mixing with syrup and sodium bicarbonate. F. vulgare aerial parts are widely 

employed by breastfeeding mothers as galactagogues to increase the quantity and quality 

of milk and improve the milk flow. In many parts of India and Pakistan, roasted, sugar-

coated or uncoated fennel seeds are consumed as a mouth freshener to remove any 

unpleasant smell from the mouth. In addition, it was well documented in the 

ethnobotanical literature of F. vulgare that the plant's different parts were used for 

treating respiratory and gastrointestinal disorders, abdominal pains, antiemetic, aperitif, 

constipation, depurative, and diarrhoea (Badgujar, Patel and Bandivdekar, 2014; Rather et 

al., 2016). 

1.4.2.4. Previous phytochemical investigations of F. vulgare 

Foeniculum vulgare Mill. is well-observed for its diverse phytochemical constituents and 

significant medicinal properties. 

Essential oils 

The chromatography analysis of F. vulgare essential oil showed that the abundant 

components have been reported to be trans-anethole (35), fenchone (36), estragole (37) 

(methyl chavicol), D-limonene (27) and a-phellandrene (38) (Figure 1.8). The characteristic 

odour of F. vulgare is attributed to the aroma of each of these compounds. The relative 

concentration of these compounds varies considerably depending on the phonological 

state and origin of the fennel. Similarly, The content of trans-anethole, the main 

component of the essential oil, was reported to vary between 81.63 and 87.85% according 

to the maturity stage of fruits. Additionally, a comparison study indicated that wild fennel 

contained a higher amount of anethole and a lower amount of estragole than that of 

cultivated fennel. Numerous studies have shown that essential oil and its constituents 

exhibit novel pharmacological activities (Díaz-Maroto et al., 2006; Telci, Demirtas and 

Sahin, 2009; Rather et al., 2012; Abdellaoui et al., 2020; Abd El-Kareem et al., 2024). 
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Trans-anethole (35)  Fenchone (36)   Estragole (37)    D-limonen (27)  h -phellandrene (38) 

Figure 1.8. The chemical structure of some of the main compounds isolated from the 

essential oils of F. vulgare. 

 

Phenolic compounds 

Aqueous extract of fennel fruits contains rich phenolic content including several 

compounds such as 3-O-caffeoylquinic acid (39) (chlorogenic acid), 4-O-caffeoylquinic acid 

(40), 5-O-caffeoylquinic acid (41), 1,3-O-di-caffeoylquinic acid (42), 1,4-O-di-caffeoylquinic 

acid (43), 1,5-O-di-caffeoylquinic acid (44), rosmarinic acid (45) and hydroxylcinnamic acid 

(46) derivatives (Figure 1.9) (Parejo et al., 2004; Rather et al., 2012). 

 

        

   3-O-caffeoylquinic acid (39)            Rosmarinic acid (45)  

      

Hydroxycinnamic acid (46)                           1,3-O-di-caffeoylquinic acid (42) 

Figure 1.9. The chemical structure of some of the phenolic compounds isolated from F. 

vulgare. 
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Flavonoids 

Flavonoids phytochemical group of compounds were reported as rich constituents in the 

plants of the Apiaceae family. Numerous flavonoids were isolated from F. vulgare (Figure 

1.10), most importantly eriodictyol 7-O-rutinoside (ericitrin) (47), isoquercetin (48), 

isorhamnetin 3-O-glucoside (49), isorhamnetin 3-O- -hrhamnoside (50), kaempferol 3-O-

arabinoside (51), kaempferol 3-O-rutinoside (52), kaempferol 3-O-glucoside (53), 

kaempferol 3-O-glucuronide (54), quercetin 3-O-arabinoside (55), quercetin 3-O-

galactoside (56), quercetin 3-O- -̡glucoside (57), quercetin 3-O-glucuronide (Miquelianin) 

(58) and quercetin 3-O-rutinoside (rutin) (59) (Harborne and Saleh, 1971; Parejo et al., 

2004; He and Huang, 2010; Nassar et al., 2010). 

 

   

     Ericitrin (47)     Isoquercetin (48) 

 

       

         Isorhamnetin 3-O-glucoside (49)              Isorhamnetin 3-O- -hrhamnoside (50) 
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           Kaempferol 3-arabinoside (51)   Kaempferol 3-O-glucuronide (54) 

      

Quercetin 3-O-arabinoside (55)    Quercetin 3-O-galactoside (56) 

Figure 1.10. The chemical structure of some of the flavonoids isolated from F. vulgare. 

Fatty acids 

The characteristic and predominant fatty acid of the fruits of fennel is petroselinic acid 

(60), the percentage of petroselinic acid could be as high as 70 to 80%, followed by linoleic 

acid (61), palmitic acid (62) and oleic acid (63) (Figure 1.11) (Charvet, Comeau and Gaydou, 

1991). 

 

    

      Petroselinic acid (60)     Linoleic acid (61) 

 

 Linoleic acid (61) 
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Oleic acid (63)    

Figure 1.11 The chemical structure of the main fatty acids isolated from F. vulgare 

 

Other phytochemicals 

Polyacetylenes were considered chemosystematic marker compounds for the Apiaceae; 

falcarindiol (33), falcarinol (34) and falcarindiol-3-acetate (64) were found in fennel in trace 

amounts (Figure 1.12) (Rawson et al., 2013). The furocoumarins (Figure 1.13) imperatorin 

(65), psoralen (66), bergapten (67), xanthotoxin (68) and isopimpinellin (69) were isolated 

from the methylene chloride extract of F. vulgare (Nassar et al., 2010). 

   

          Falcarindiol (33)   Falcarinol (34)  Falcarindiol-3-acetate (64) 

Figure 1.12 The chemical structure of the major polyacetylenes isolated from F. vulgare 

             

  Imperatorin (65)      Psoralen (66)            Bergapten (67)    Xanthotoxin (68) 

Figure 1.13 The chemical structure of some of the furanocoumarins isolated from F. 

vulgare 



  

от 
 

1.4.2.5. Biological investigations of F. vulgare Mill.   

Anticancer potential 

The chloroform fraction of fennel inhibited the growth of MCF-7 cells in a time- and 

concentration-dependent manner. Morphological changes associated with apoptosis were 

observed in the treatment groups (disruption in the mitochondrial membrane, DNA 

fragmentation) (Syed et al., 2018). In another study, a combination of F. vulgare and 

Pelargonium graveolens essential oils exhibited a synergistic effect against MCF-7 cells by 

inducing apoptosis and cell cycle arrest. Moreover, the oil mixture did not exert any 

significant toxicity on normal human peripheral blood lymphocytes in vitro (El-Garawani 

et al., 2019). 

Estrogenic activity 

Since the 1930s, substantial effort has been dedicated to studying the phytoestrogenic 

activity of F. vulgare. The essential oils of F. vulgare along with Pimpinella anisum (anise) 

were used as estrogenic agents. In particular, in terms of increasing milk secretion, 

promoting menstruation, alleviating the symptoms of female climacteric, and facilitating 

birth. Dianethole and photoanethol constituents ƻŦ ŦŜƴƴŜƭΩǎ ŜǎǎŜƴǘƛŀƭ ƻƛƭǎ have been 

reported to exert estrogenic activity (Albert-Puleo, 1980; He and Huang, 2010). 

A recent study has reported that treatment with F. vulgare extracts has increased 

estrogenic levels and the number of ovarian follicles in female rats exposed to bisphenol 

A. Further, the treatment increased total antioxidant capacity and decreased the NO levels 

(Khazaei F, 2023). 

A systematic review and meta-analysis conducted in 2021, has scanned randomized 

controlled trials (RCTs) that included any type of fennel treatment in the menopausal 

stage. Findings from the included studies showed the beneficial effects of fennel in 

menopausal symptoms improvement, which was in favour of fennel against placebo with 

no serious adverse events reported (Lee et al., 2021).  
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Antibacterial, antifungal and antiviral activities 

Several studies have reported several antimicrobial activities of the extracts and essential 

oils of F. vulgare. A study by (Naaz et al., 2022) reported the antibacterial activity of the F. 

vulgare essential oils to be higher than the standard commercial ampicillin for fighting 

Gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus), while it was less 

active against Gram-negative (Escherichia coli and Pseudomonas aeruginosa). 

Other standard and isolate strains such as Acinetobacter baumannii (and an isolate 

resistant to cephalosporin), Bacillus cereus, Bacillus magaterium, Bacillus pumilus, Bacillus 

substilis, Eschericha coli, Klebsiella pneumonia, Micrococcus lutus, Pseudomonas 

aeruginosa (and an isolate resistant to gentamicin), Pseudomonos pupida, Pseudomonos 

syringae, Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus aureus (and 

an isolate resistant to methicillin -MRSA), Candida albicans and C. parapsilosis were 

sensitive and shown to be inhibited by the essential oil or organic extracts of F. vulgare 

with the essential oil displaying better activity than the extracts (Gulfraz et al., 2008; Orhan 

et al., 2012; Barrahi et al., 2020; Kaveh et al., 2023). 

Additionally, in several studies, the overall antibacterial potential seemed to be more 

efficient against Gram-positive strains, this could be attributed to the lipopolysaccharide 

(LPS) coating in Gram-negative bacteria (Gulfraz et al., 2008). 

The essential oil of Foeniculum vulgare Mill. (collected in fully mature and flowering 

periods) exhibited antiviral effects against the DNA virus Herpes simplex type-1 (HSV-1) 

and the RNA virus parainfluenza type-3 (PI-3), in a study including other 12 12 other 

medicinal plants from Turkey and the widely encountered components in essential oils 

(Orhan et al., 2012). 
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1.4.3. Ruta chalepensis L. (Fringed Rue) 

1.4.3.1. Botanical description 

Ruta chalepensis belongs to the Rutaceae family and it is a shrub with a pungent odour, 

height of 50- 70 cm. It has a woody stem at the base and grows ascendingly. Leaves are 

oblong in outline 10-15 cm, and pinnately divided into oblanceolate or obovate leaflets. 

Bracts 5-8 mm, ovate-lanceolate. Flowers 0.8-1.5 cm, pedicellate. Petals count 4- 5, about 

1 cm, oblong and deeply fringed. Capsules 7-10 mm, acutely lobed (Post and George, 1932; 

Zohary, 1972). 

1.4.3.2. Distribution 

The genus Ruta grows on sandy and calcareous soils. It is native to the countries of the 

Mediterranean basin, e.g., Algeria, Italy, Spain, Syria and many others. It was also 

introduced in different areas worldwide, like America and South Africa (Figure 1.14) (Nahar 

et al., 2021b). 

CƛƎǳǊŜ мΦмпΦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŘƛǎǘǊƛōǳǝƻƴ ƳŀǇ ό¢ƘŜ IŜǊōŀǊƛǳƳ /ŀǘŀƭƻƎǳŜΦ wƻȅŀƭ 

.ƻǘŀƴƛŎ DŀǊŘŜƴǎπYŜǿΣ нлнпŎύΦ 
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1.4.3.3. Traditional use 

Some resources indicate that Hippocrates has documented the traditional use of Ruta 

species in his treatise collections which were written starting from the 5th century BCE. 

Leaves, roots and seeds of Ruta spp. were taken internally after being soaked in wine or 

combined with honey. The main purpose of that was to manage gynaecological conditions, 

it was used as an abortifacient and emmenagogue, besides the treatment of pulmonic 

illnesses (Pollio et al., 2008; Nahar et al., 2021b). 

1.4.3.4. Previous phytochemical investigations of R. chalepensis 

Ruta chalepensis possesses several bioactive metabolites which were reported to be found 

in the leaves, stems, and roots, such as alkaloids, coumarins, furanocoumarins and 

flavonoids (Elizondo-Luévano et al., 2023). 

Alkaloids 

Several phytochemical analyses of R. chalepensis highlighted the presence of 

furanoquinoline alkaloids (Figure 1.15) including (arborinine (70), chaloridone (71), 

dictamnine (72), -ɹfagarine (73), graveoline (74), and graveolinine (75), isokokusaginine 

(76) isogravacridonechlorine (77), kokusaginine (78), maculosidine (79), pteleine (80), 

rutacridone (81), skimmianine (82), , оΩ-hydroxygraveolin (83), 6-methoxydictamnine (84) 

and 5-methoxydictamnine (85), the latter compound (85) was isolated from a variety of 

the specie, namely R. chalepensis var. latifolia Salisb (Ulubelen et al., 1986; Ulubelen, 

DǸƴŜǊ ŀƴŘ /ŜǘƛƴŘŀƐΣ мфууΤ ¦ƭǳōŜƭŜƴ ŀƴŘ ¢ŜǊŜƳΣ мфууΤ 9ƭ {ŀȅŜŘ Ŝǘ ŀƭΦΣ нлллΤ 9ƭƛȊƻƴŘƻ-

Luévano et al., 2023). Additional two quinoline alkaloids were isolated from the roots of R. 

chalepensis collected in the northern Saudi desert: 2-[6'-(2H-benzo[d]1'',3''-dioxolen-5''-

yl) hexyl]-hydroquinolin-4-one (86) and 2-[6'-(2H-benzo[d]1'',3''-dioxolen-5''-yl)hexyl]-4-

methoxy-quinoline (87) (El Sayed et al., 2000). 

 

                                     

         Arborinine (70)            Chaloridone (71)                Dictamnine (72) 
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         Graveoline (74)           Graveolinine (75)   Isogravacridonechlorine (77) 

        

      Maculosidine (79)             Pteleine (80)   Rutacridone (81) 

 

 

2-[6'-(2H-benzo[d]1'',3''-dioxolen-5''-yl) hexyl]-hydroquinolin-4-one (86) 

Figure 1.15. The chemical structure of some alkaloids isolated from R. chalepensis. 

 

Coumarins  

Coumarins which represent a wide structure diversity, are predominantly produced by 

plants from the Rutaceae family (Bergheul et al., 2019). Furanocoumarins constitute a 

subclass of coumarins that contain a furan ring fused with a coumarin nucleus at the C6/C7 

(linear) or C7/C8 (angular) position of the coumarin core molecule (Bergheul et al., 2019; 

Stegelmeier and Davis, 2023). 

In a furanocoumarin and coumarin-targeted chemical characterization of three Rutaceae 

species (Haplophyllum tuberculatum (Forsk.), R. angustifolia Pers and R. chalepensis) from 

Algeria using UHPLC-MS, the phytochemical analysis revealed the presence of 27 

coumarins and furanocoumarins like bergaptol (88), cnidicin (89), imperatorin (65), 
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limettin (90), oxypeucedanin (91), umbelliferon (92) and xanthotoxol (93) with R. 

chalepensis being the highest producer (Bergheul et al., 2019). 

Additionally, linear furanocoumarins like bergapten (67), chalepin (previously named 

rutacultin) (94), chalepensin (95), isoimperatorin (96), isopimpinellin (69), marmasin (97), 

psoralen (66), rutalpinin (98), rutamarin (99), umbelliferone (92), and xanthotoxin (68) 

were also reported by several research groups (Figure 1.16) (Brooker, Eble and Starkovsky, 

1967; Ulubelen et al., 1986; Ulubelen and Terem, 1988; El Sayed et al., 2000). 

                     

       Bergaptol (88)            Xanthotoxol (93)    Limettin (90)         Umbelliferon (92) 

                      

       Cnidicin (89)       Isoimperatorin (96)          Oxypeucedanin (91)  Rutalpinin (98) 

                                     

       Isopimpinellin (69)           Marmasin (97)                Rutamarine (99)       

 

     

           Chalepin (94)        Chalepensin (95) 

Figure 1.16. The chemical structure of some furanocoumarins isolated from R. chalepensis. 
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Essential oils 

Ruta chalepensis has an aromatic scent due to the production of essential oils. The 

essential oils of R. chalepensis collected from different parts of the world have been 

extensively investigated (Nahar et al., 2021b). The major components of the essential oils 

of R. chalepensis were long-chain aliphatic ketones, mainly 2-undecanone (100), 2-

decanone (101), 2-dodecanone (102), 2-nonanone (103), and octyl acetate (104) (Figure 

1.17) (Mejri, Abderrabba and Mejri, 2010; Fakhfakh et al., 2012). As 2-undecanone (100) 

is the most abundant compound in several studies, this suggests it is a suitable 

chemotaxonomic marker for the genus Ruta L. (Bennaoum et al., 2017).  

Several reports indicated the lack of a significant amount of terpene components in R. 

chalepensis essential oils. However, some studies addressed menthol (105), linalool (106), 

and limonene (27) (Bouajaj et al., 2014; Ghazghazi et al., 2015; Ortu et al., 2017). 

 

    

    2-Nonanone (103)       2-Decanone (101)          2-Undecanone (100) 

                      

         2-Dodecanone (102)     Octyl acetate (104) 

Figure 1.17. The chemical structure of some long-chain ketones isolated from R. 

chalepensis. 

 

Phenolics and flavonoids 

Phenolic compounds including flavonoids have been found as the main constituents in 

several investigations on the phytochemical analysis of R. chalepensis (Figure 1.18). Two 

groups of phenolic acids were isolated from RC; benzoic acids (gallic acid (107), 

protocatechuic acid (108), and syringic acid (109)), and hydroxycinnamic acids (chlorogenic 

acid (30), caffeic acid (31), coumaric acid (110), ferulic acid (32), and sinapic acid (111)). 

Rutin (59) is one of the most common flavonol glycosides that is found remarkably in the 

Rutaceae plants. Moreover, the flavonoids hesperidin (112), isorhamnetin (113), 
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isorhamnetin 3-O-rutinoside (114), kaempferol (115), quercetin (116), rutin 3'-methyl 

ether (117), vicenin-2 (118) and 6-hydroxy-rutin 3',7-dimethyl ether (119) were reported 

to be isolated from extracts prepared from the aerial parts of RC and were analysed using 

HPLC techniques with NMR/MS spectroscopy or internal standards (Kacem et al., 2015; 

Terkmane et al., 2018; Almajmaie et al., 2019; Ali Mohammed Zaki et al., 2023). 

                    

Protocatechuic acid (108)      Syringic acid (109)      Coumaric acid (110)      Ferulic acid (32) 

   

      Rutin (59)     Hesperidin (112) 

Figure 1.18 The chemical structure of some flavonoids and phenolic compounds isolated 

from R. chalepensis. 

 

1.4.3.5. Biological investigations of Ruta chalepensis 

The Ruta species have been described as possessing several biological properties, 

associated with their bioactive compounds, extracts or essential oils (Coimbra, Ferreira 

and Duarte, 2020). 
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/ȅǘƻǘƻȄƛŎƛǘȅ 

In a recent study conducted by (Elizondo-Luévano et al., 2023), wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŎǊǳŘŜ 

ƳŜǘƘŀƴƻƭ ŀƴŘ ŎƘƭƻǊƻŦƻǊƳ ŜȄǘǊŀŎǘǎ ŜȄƘƛōƛǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ƛƴ ǾƛǘǊƻ ŎȅǘƻǘƻȄƛŎ ŀŎǝǾƛǝŜǎ ŀƎŀƛƴǎǘ 

ǘǿƻ tumour ŎŜƭƭ ƭƛƴŜǎ; ƘǳƳŀƴ ƘŜǇŀǘƻŎŀǊŎƛƴƻƳŀ όI9tπDнύ ŎŜƭƭǎ ŀƴŘ ƳǳǊƛƴŜ ƭȅƳǇƘƻƳŀ ŎŜƭƭ 

ƭƛƴŜ ό[рмту¸πwύ ŎŜƭƭǎΦ bƻǘŀōƭȅΣ ǘƘŜ ƳŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘ ǿŀǎ ǇŀǊǝŎǳƭŀǊƭȅ ŜũŜŎǝǾŜ ŀƎŀƛƴǎǘ 

tumour ŎŜƭƭǎ without affecting ƴƻǊƳŀƭ ŎŜƭƭǎΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ŀ ƘƛƎƘ ǎŜƭŜŎǝǾƛǘȅ ƛƴŘŜȄ ό{LύΦ 

!ŘŘƛǝƻƴŀƭƭȅΣ the ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎΣ ƛƴŎƭǳŘƛƴƎ ŎƘŀƭŜǇŜƴǎƛƴ (95)Σ ƎǊŀǾŜƻƭƛƴ 

(74) and ǊǳǘŀƳŀǊƛƴ (99)Σ ǎƘƻǿŜŘ ƘƛƎƘ ŀŎǝǾƛǘȅ ŀƎŀƛƴǎǘ [рмту¸πw ŎŜƭƭǎ. 

The methanolic extracts from R. chalepensis collected in Tunisia exhibited high anticancer 

activity against human bladder carcinoma (RT112), human myelogenous leukaemia (K562) 

and human laryngeal carcinoma (Hep2) cell lines (Khlifi et al., 2013).  

Ethanol extract has also demonstrated strong cytotoxicity against T-leukemic cells (CEM, 

H9, Jurkat and CEM-IRCs) and B lymphoblast cells (SKW 6.4) without harming normal blood 

cells (PBL and PBLs) (Terkmane et al., 2018). 

!ƴǝƳƛŎǊƻōƛŀƭ ŀŎǝǾƛǝŜǎ 

Three flavonoids isolated from R. chalepensis rutin (59), Ǌǳǘƛƴ оΩ-methyl ether (117) and 6-

hydroxy-Ǌǳǘƛƴ оΩΣт-dimethyl ether (119) have shown antimicrobial activity against both 

Gram-positive (Staphylococcus aureus (NCTC 12981) and Micrococcus luteus (NCTC 7508)) 

and Gram-negative bacterial strains (Escherichia coli (NCTC 12241) and Pseudomonas 

aeruginosa (NCTC 12903) and Staphylococcus aureus. In addition, Candida albicans (ATCC 

90028) which is a common fungal pathogen (Almajmaie et al., 2019). Moreover, these 

flavonoid glycosides have also shown antibacterial activity against methicillin-

resistant Staphylococcus aureus (MRSA) strains, with 6-hydroxy-Ǌǳǘƛƴ оΩΣт-dimethyl ether 

(119) being notably the most active (Almajmaie et al., 2021). 

 

!ƴǝŦǳƴƎŀƭ 

Both the essential oil and methanolic extract of R. chalepensis leaves showed significant 

fungicidal effects against two fungi Aspergillus niger, and A. flavus, and one yeast Candida 

albicans, with methanolic extract demonstrated better antimicrobial activity than the 

essential oil (Aouadhi et al., 2013). 
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!ƴǝǇǊƻǘƻȊƻŀƭ ŀŎǝǾƛǘȅ 

The furocoumarins rutamarin (99) and chalepin (94) showed high antiprotozoal activity in 

vitro tests following bio-guided isolation on Entamoeba histolytica trophozoites (family 

Endomoebidae) the cause of amoebiasis disease (Bazaldúa-Rodríguez et al., 2021). 

 

!ƴǝƻȄƛŘŀƴǘ ŀŎǝǾƛǘȅ 

Additionally, ethanol extract prepared from leaves of R. chalepensis collected in Italy and 

rutin (59) were able to protect erythrocytes from induced oxidative stress in patients with 

early colorectal cancer, suggesting that these natural antioxidants might be useful to 

prevent carcinogenesis progression (Acquaviva et al., 2011). 

!ƴǝπƛƴƅŀƳƳŀǘƻǊȅ ŜũŜŎǘ 

The anti-inflammatory properties of Ruta essential oils have not been thoroughly reviewed 

(Nahar et al., 2021b). However, a study of RC essential oils in Northern Algeria found that 

the essential oil could significantly reduce carrageenan-induced paw oedema in 

albino mice like diclofenac (positive control). This activity might be due to inhibition of 

inflammation mediators like serotonin, prostaglandin, and histamine (Boudjema et al., 

2018). 
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1.5. Aim 

This research project aimed to investigate the chemopreventive potential of selected 

non-dietary Syrian wild medicinal plants. 

 

1.5.1. Objectives 

 

Objective 1- Prepare several extracts for each of the selected plants using a standard 

protocol utilizing various solvents of increasing polarity. 

 

Objective 2- Carry out cytotoxicity and chemopreventive assays to find out the bioactive 

extracts. 

 

Objective 3- Conduct a bioassay-guided fractionation of the active extracts, and select 

bioactive fractions. 

 

Objective 4- Isolate and characterize the major compounds of the bioactive fractions. 

 

Objective 5- Investigate potential anticancer activity and protective effects of the isolated 

compounds on different cancer cell lines in vitro and compare cytotoxic selectivity against 

cancer cells compared to appropriate non-cancer cells. 
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Chapter 2 

 

Materials and Methods 

  



  

пф 
 

2.1. Summary  

¢ƘǊŜŜ Ǉƭŀƴǘǎ ǿŜǊŜ ǎǘǳŘƛŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΥ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ ό5/ύΣ 

CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ aƛƭƭ όC±ύΣ ŀƴŘ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ όw/ύΦ ! ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ǇǊƻǘƻŎƻƭ ǿŀǎ 

ŦƻƭƭƻǿŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅΦ .ǊƛŜƅȅΣ ǘƘǊŜŜ ŜȄǘǊŀŎǘǎ ƻŦ 

ƛƴŎǊŜŀǎƛƴƎ ǇƻƭŀǊƛǘȅ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ǳǎƛƴƎ ƴπƘŜȄŀƴŜΣ ŘƛŎƘƭƻǊƻƳŜǘƘŀƴŜ ό5/aύ ŀƴŘ ƳŜǘƘŀƴƻƭ 

όaŜhIύΦ ¢ƘŜ ŎȅǘƻǘƻȄƛŎƛǘȅ όa¢¢ ŀǎǎŀȅύ ŀƴŘ ŎƘŜƳƻǇǊŜǾŜƴǝƻƴ ǇƻǘŜƴǝŀƭ ό[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅύ 

ŀƎŀƛƴǎǘ !w9Ŏон ŎŜƭƭǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘΦ !ŎǝǾŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ŦǊŀŎǝƻƴŀǘŜŘ ƛƴǘƻ ŦƻǳǊ 

ŦǊŀŎǝƻƴǎ ŦƻƭƭƻǿƛƴƎ ǘƘŜ {ƻƭƛŘπtƘŀǎŜ 9ȄǘǊŀŎǝƻƴ ǇǊƻŎŜŘǳǊŜ ό{t9ύ ŀƴŘ ŜŀŎƘ ŦǊŀŎǝƻƴ ǿŀǎ 

ǘŜǎǘŜŘ ŦƻǊ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀƴŘ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅΦ tƘȅǘƻŎƘŜƳƛŎŀƭǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 

ǘƘŜ ƘƛƎƘƭȅ ōƛƻŀŎǝǾŜ ŦǊŀŎǝƻƴǎ ǳǝƭƛǎƛƴƎ IƛƎƘπtŜǊŦƻǊƳŀƴŎŜ [ƛǉǳƛŘ /ƘǊƻƳŀǘƻƎǊŀǇƘȅ όIt[/ύΦ 

¢ƘŜ ōƛƻŀŎǝǾƛǝŜǎ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ŀƊŜǊ ŜƭǳŎƛŘŀǝƴƎ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŜǎ ōȅ 

м5 ŀƴŘ н5 baw ǎǇŜŎǘǊŀƭ ŀƴŀƭȅǎƛǎΦ CƛƎǳǊŜ нΦм ǎǳƳƳŀǊƛǎŜǎ ǘƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ŀǇǇǊƻŀŎƘ 

ŀŘƻǇǘŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ  
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CƛƎǳǊŜ нΦмΦ {ǳƳƳŀǊȅ ƅƻǿ ŎƘŀǊǘ ƻŦ ǘƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ƛǎƻƭŀǝƻƴ ƻŦ ŀŎǝǾŜ ŎƻƳǇƻǳƴŘǎ 
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2.2. Plant materials 

!ŜǊƛŀƭ ǇŀǊǘǎ ƻŦ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ ό5/ύΣ CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ aƛƭƭ 

όC±ύΣ ŀƴŘ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ όw/ύ όƭƛǎǘŜŘ ƛƴ ¢ŀōƭŜ мύ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǎŜǾŜǊŀƭ ǎƛǘŜǎ ŀƭƻƴƎ 

ǘƘŜ {ȅǊƛŀƴ /ƻŀǎǘŀƭ aƻǳƴǘŀƛƴ wŀƴƎŜ όCƛƎǳǊŜ нΦнύΣ ǿƘŜǊŜ ǘƘŜȅ ƎǊŜǿ ƛƴ ǘƘŜƛǊ ƴŀǘǳǊŀƭ ƘŀōƛǘŀǘΣ 

ƛƴ ǘƘŜ ǇŜǊƛƻŘ ōŜǘǿŜŜƴ !ǳƎǳǎǘ ŀƴŘ {ŜǇǘŜƳōŜǊ нлнлΦ  

¢ƘŜ Ǉƭŀƴǘǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ōȅ tǊƻŦŜǎǎƻǊ !ƘƳŀŘ WŀŘƻǳ όCŀŎǳƭǘȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ 9ƴƎƛƴŜŜǊƛƴƎΣ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭŜǇǇƻΣ {ȅǊƛŀύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǎǇŜŎƛƳŜƴǎ ƻŦ {ȅǊƛŀƴ CƭƻǊŀ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ 

!ƎǊƛŎǳƭǘǳǊŜ 9ƴƎƛƴŜŜǊƛƴƎΦ 

tƭŀƴǘ ƳŀǘŜǊƛŀƭǎ ǿŜǊŜ ǎƘŜŘπŘǊƛŜŘ ƛƴ ŜȄǇƻǎǳǊŜ ǘƻ ŀ ŦǊŜǎƘ ŀƛǊ ōǊŜŜȊŜΦ ! ƎǊŀƛƴ ƎǊƛƴŘŜǊ ǿŀǎ ǳǎŜŘ 

ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ǇƻǿŘŜǊŜŘ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ Ǉƭŀƴǘ ǇƻǿŘŜǊ ǿŀǎ ǿŜƛƎƘŜŘ ŀƴŘ ƪŜǇǘ ƛƴ ŀƛǊπ

ǝƎƘǘ ŎƻƴǘŀƛƴŜǊǎ ƛƴ ŘǊȅ ŀƴŘ ŘŀǊƪ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŦǳǊǘƘŜǊ ǇǊƻŎŜŘǳǊŜǎΦ 

CƛƎǳǊŜ нΦн ŘƛǎǇƭŀȅǎ ǘƘŜ ƳŀǇ ƻŦ {ȅǊƛŀ ŀƴŘ ǘƘŜ ŀǊŜŀ ǿƘŜǊŜ ǘƘŜ Ǉƭŀƴǘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ 

ό¦b//5Σ нлнлΤ DƻƻƎƭŜ aŀǇǎΣ нлнпύΦ CƛƎǳǊŜǎ нΦоπнΦр ǎƘƻǿ ǘƘŜ ŎƻƭƭŜŎǘŜŘ Ǉƭŀƴǘǎ ƛƴ ƴŀǘǳǊŜ 

ǿƘŜƴ ǘƘŜȅ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳΦ 

 

  

CƛƎǳǊŜ нΦнΦ aŀǇ ƻŦ {ȅǊƛŀΣ ό¦b//5Σ нлнлΤ DƻƻƎƭŜπƳŀǇǎΣ нлнпύΦ 
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CƛƎǳǊŜ нΦоΦ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ 

CƛƎǳǊŜ нΦпΦ CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ aƛƭƭ όC±ύΦ 

CƛƎǳǊŜ нΦрΦ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ όw/ύ 
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2.3. Extraction 

¢ƘŜ ƎǊƻǳƴŘ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ƻŦ ŜŀŎƘ Ǉƭŀƴǘ ǿŀǎ ǇƭŀŎŜŘ ƛƴŘƛǾƛŘǳŀƭƭȅ ƛƴ ŀ ǘƘƛƳōƭŜ ƳŀŘŜ ƻŦ ǘƘƛŎƪ 

ŎŜƭƭǳƭƻǎŜ ŬƭǘŜǊ ǇŀǇŜǊΦ ¢ƘƛƳōƭŜ ŘƛƳŜƴǎƛƻƴǎ ǾŀǊƛŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǾƻƭǳƳŜκǎƛȊŜ ƻŦ ǘƘŜ 

{ƻȄƘƭŜǘ ŎƘŀƳōŜǊ όрлл Ƴ[ ƻǊ мллл Ƴ[ύΦ {Ƴŀƭƭ ǘƘƛƳōƭŜ ŘƛƳŜƴǎƛƻƴǎ ǿŜǊŜ о ŎƳ ƛƴ ŘƛŀƳŜǘŜǊ Ȅ 

у ŎƳ ƛƴ ƭŜƴƎǘƘύΣ ǿƘƛƭŜ ǘƘŜ ƭŀǊƎŜ ǘƘƛƳōƭŜ ŘƛƳŜƴǎƛƻƴǎ ǿŜǊŜ р ŎƳ ƛƴ ŘƛŀƳŜǘŜǊ Ȅ мт ŎƳ ƛƴ 

ƭŜƴƎǘƘΦ ¢ƘŜ ŎŜƭƭǳƭƻǎŜ ǘƘƛƳōƭŜ ǿŀǎ ǇŀŎƪŜŘ ǿƛǘƘ ƎǊƻǳƴŘ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ǇƭŀŎŜŘ ƛƴ ǘƘŜ 

ŜȄǘǊŀŎǝƻƴ ŎƘŀƳōŜǊ ƻŦ ǘƘŜ {ƻȄƘƭŜǘ ŀǇǇŀǊŀǘǳǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нΦсΦ 

¢ƘŜ ŜȄǘǊŀŎǝƻƴ ƻŦ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀ {ƻȄƘƭŜǘ ŀǇǇŀǊŀǘǳǎ όрлл Ƴ[ ƻǊ мллл 

Ƴ[ύΦ .ǊƛŜƅȅΣ ŀ ŎƻƴŘŜƴǎŜǊ ǿŀǎ ŎƻƴƴŜŎǘŜŘ ŀǘ ǘƘŜ ǘƻǇ ŜƴŘ ƻŦ ǘƘŜ ŀǇǇŀǊŀǘǳǎ ŀƴŘ ŀ ŎƻƭŘ ǿŀǘŜǊ 

ƅƻǿ ǿŀǎ Ŏƻƴǝƴǳƻǳǎƭȅ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ƛǘΦ !ǘ ǘƘŜ ōƻǧƻƳ ŜƴŘ ƻŦ ǘƘŜ {ƻȄƘƭŜǘΣ ŀ ǊƻǳƴŘ 

ōƻǧƻƳ ƅŀǎƪ όрлл Ƴ[ ƻǊ мллл Ƴ[ύ ǿŀǎ ŀǧŀŎƘŜŘ ŀƊŜǊ ǇƻǳǊƛƴƎ ǘƘŜ ŜȄǘǊŀŎǝƻƴ ǎƻƭǾŜƴǘ ƛƴǘƻ 

ƛǘΦ ¢ƘǊŜŜ ǎƻƭǾŜƴǘǎ όрлл Ƴ[ ƻǊ флл Ƴ[ύ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇƻƭŀǊƛǘȅ ƴπƘŜȄŀƴŜΣ ŘƛŎƘƭƻǊƻƳŜǘƘŀƴŜ 

ό5/aύ ŀƴŘ ƳŜǘƘŀƴƻƭ όaŜhIύ ǿŜǊŜ ǎŜǉǳŜƴǝŀƭƭȅ ŜƳǇƭƻȅŜŘ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ŜȄǘǊŀŎǝƻƴ 

ǇǊƻŎŜǎǎΦ !ƭƭ ǎƻƭǾŜƴǘǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŜȄǘǊŀŎǝƻƴ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ CƛǎƘŜǊ {ŎƛŜƴǝŬŎΣ ¦{!Σ 

ŀƴŘ ǳǎŜŘ ǿƛǘƘƻǳǘ ŦǳǊǘƘŜǊ ǇǳǊƛŬŎŀǝƻƴΦ 

{ŜǉǳŜƴǝŀƭƭȅ ǘŜƴ ŎȅŎƭŜǎ ƻŦ {ƻȄƘƭŜǘ ŜȄǘǊŀŎǝƻƴ ƻŦ ŜŀŎƘ ǎƻƭǾŜƴǘ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŀǎ ōƻƛƭƛƴƎ 

Ǉƻƛƴǘǎ ǿŜǊŜ ŀǇǇǊƻŀŎƘŜŘ ǳǝƭƛǎƛƴƎ ŀ ƘŜŀǝƴƎ ƳŀƴǘƭŜ ό9ƭŜŎǘǊƻǘƘŜǊƳŀƭΣ ¦YύΦ ¢ƘŜ 

ŀŎŎƻƳǇƭƛǎƘƳŜƴǘ ƻŦ ƻƴŜ ŜȄǘǊŀŎǝƻƴ ŎȅŎƭŜ ƛǎ ǿƘŜƴ ǘƘŜ ǎƻƭǾŜƴǘ Ǉǳƭƭǎ Řƻǿƴ ōŀŎƪ ǘƻ ǘƘŜ ƅŀǎƪ 

ŀƊŜǊ ŀǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ōŜƴŘ ƭŜǾŜƭ ƛƴ ǘƘŜ ǳǇǿŀǊŘ ǘǳōŜ ƻŦ {ƻȄƘƭŜǘ ŀǎ ƛǘ ƎŜǘǎ ƎǊŀŘǳŀƭƭȅ ŬƭƭŜŘ ōȅ 

ǘƘŜ ŎƻƴŘŜƴǎŜŘ ǎƻƭǾŜƴǘ ŀƭƻƴƎǎƛŘŜ ǘƘŜ ŜȄǘǊŀŎǝƻƴ ŎƘŀƳōŜǊ (Palma et al., 2013). 

CƛƎǳǊŜ нΦсΦ tƭŀƴǘ ŜȄǘǊŀŎǝƻƴ ōȅ {ƻȄƘƭŜǘ ŀǇǇŀǊŀǘǳǎΦ 
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¢ƘŜ ŜȄǘǊŀŎǝƻƴ ǇǊƻŎŜǎǎ ǿŀǎ ǊŜǇŜŀǘŜŘ ǎŜǾŜǊŀƭ ǝƳŜǎ ŦƻǊ ŜŀŎƘ Ǉƭŀƴǘ ŘǳǊƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ 

ǇŜǊƛƻŘ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǊŜǉǳƛǊŜŘ ŀƳƻǳƴǘ ƻŦ ŜȄǘǊŀŎǘǎ ǘƻ ŎƻƴŘǳŎǘ ŀƭƭ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ 

ōƛƻƭƻƎƛŎŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ ¢ƘŜ ǘƻǘŀƭ ǿŜƛƎƘǘ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ŜŀŎƘ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭΣ ǎŎƛŜƴǝŬŎ 

ƴŀƳŜΣ ŦŀƳƛƭȅ ŀƴŘ ŜȄǘǊŀŎǘ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ¢ŀōƭŜ нΦмΦ 

¢ŀōƭŜ нΦмΦ {ŎƛŜƴǝŬŎ ƴŀƳŜǎΣ ŦŀƳƛƭƛŜǎΣ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ǿŜƛƎƘǘ ŀƴŘ ŀōōǊŜǾƛŀǝƻƴǎ ƻŦ ǘƘŜ ǎǘǳŘƛŜŘ 

Ǉƭŀƴǘǎ 

tƭŀƴǘ ǎǇŜŎƛŜǎ CŀƳƛƭȅ 
²ŜƛƎƘǘ 
όƎύ 

9ȄǘǊŀŎǘǎκ!ōōǊŜǾƛŀǝƻƴǎ 

9ȄǘǊŀŎǘǎ !ōōǊŜǾƛŀǝƻƴǎ 

5ŀǳŎǳǎ ŎŀǊƻǘŀ 
ǎǳōǎǇΦ ƳŀȄƛƳǳǎ 
ό5ŜǎŦΦύ .ŀƭƭΦ 

!ǇƛŀŎŜŀŜ урл 

ƴπIŜȄŀƴŜ 5/πIŜȄ 

5ƛŎƘƭƻǊƻƳŜǘƘŀƴŜ 
ό5/aύ 

5/π5/a 

aŜǘƘŀƴƻƭ όaŜhIύ 5/πaŜ 

CƻŜƴƛŎǳƭǳƳ 
ǾǳƭƎŀǊŜ aƛƭƭΦ 

!ǇƛŀŎŜŀŜ ммлл 

ƴπIŜȄŀƴŜ C±πIŜȄ 

5/a C±π5/a 

aŜhI C±πaŜ 

wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ wǳǘŀŎŜŀŜ плл 

ƴπIŜȄŀƴŜ w/πIŜȄ 

5/a w/π5/a 

aŜhI w/πaŜ 

 

2.4. Evaporation of solvent from the extract and preservation 

¢ƘŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ŬƭǘŜǊŜŘ ǘƘǊƻǳƎƘ ŬƭǘŜǊ ǇŀǇŜǊ ό²ƘŀǘƳŀƴΣ /ƘƛƴŀύΣ ŀƴŘ ǘƘŜ ŬƭǘǊŀǘŜǎ ǿŜǊŜ 

ŜǾŀǇƻǊŀǘŜŘ ǘƻ ŘǊȅƴŜǎǎ ǳǎƛƴƎ ŀ ǊƻǘŀǊȅ ŜǾŀǇƻǊŀǘƻǊ ƛƴǘŜƎǊŀǘŜŘ ǿƛǘƘ ŀ ǿŀǘŜǊπǊŜŎƛǊŎǳƭŀǝƴƎ 

ŎƘƛƭƭŜǊ ŀƴŘ ŀǳǘƻƳŀǘŜŘ ǾŀŎǳǳƳ ǇǳƳǇ ό.ǳŎƘƛΣ {ǿƛǘȊŜǊƭŀƴŘύ όCƛƎǳǊŜ нΦоύΦ ¢ƘŜ ǿŀǘŜǊ ŎƻƻƭƛƴƎ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǎŜǘ ŀǘ уᴈΣ Ǌƻǘŀǝƻƴ пπр wtaΣ ǊŜŘǳŎŜŘ ǇǊŜǎǎǳǊŜ ǘƻ ŀǇǇǊƻŀŎƘ рл ƳōŀǊΣ ŀƴŘ 

ǿŀǘŜǊ ōŀǘƘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎƻƭǾŜƴǘ ǳǎŜŘ όолᴈ ŦƻǊ ƴπƘŜȄŀƴŜ ŀƴŘ 5/aΣ 

орπплᴈ ŦƻǊ aŜhIΣ ŀƴŘ прπрлᴈ ŦƻǊ aŜhIκǿŀǘŜǊ ƳƛȄǘǳǊŜǎύΦ {ƻƳŜ ƻŦ ǘƘŜ ƳŜǘƘŀƴƻƭƛŎ 

ŜȄǘǊŀŎǘǎ ŀƴŘ aŜhIκǿŀǘŜǊ ŦǊŀŎǝƻƴǎ ǊŜǉǳƛǊŜŘ ƳƻǊŜ ǇǊƻŎŜŘǳǊŜǎ ǘƻ ŘǊȅΣ ŀƛǊκƴƛǘǊƻƎŜƴ ƅƻǿ 

ǿŀǎ ǳǎŜŘ ǘƻ ŀŎƘƛŜǾŜ ǘƻǘŀƭ ŘǊȅƴŜǎǎΦ 5ǊƛŜŘ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ǿŜƛƎƘŜŘ ŀƴŘ ƪŜǇǘ ƛƴ ŎƭŜŀƴ 

Ǝƭŀǎǎ ǾƛŀƭǎΣ ǇǊŜǎŜǊǾŜŘ ŀǘ рᴈ ŦƻǊ ŦǳǊǘƘŜǊ ǳǎŜΦ 
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2.5. Chromatographic techniques 

/ƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ǎŜǇŀǊŀǘŜ ŀ ƳƛȄǘǳǊŜ ƛƴǘƻ ƛǘǎ ŎƻƳǇƻƴŜƴǘǎΦ 

¢ƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎŜǇŀǊŀǝƻƴ ƛǎ ǘƘŜ ǎŜƭŜŎǝǾŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘǎ 

ōŜǘǿŜŜƴ ǘƘŜ ƳƻōƛƭŜ ŀƴŘ ǎǘŀǝƻƴŀǊȅ ǇƘŀǎŜǎΣ ōŀǎŜŘ ƻƴ ǇƻƭŀǊƛǘȅ ŀƴŘ ŀŶƴƛǘȅ ǘƻǿŀǊŘǎ ǘƘŜ 

ǇƘŀǎŜǎΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ Ƴŀƴȅ ƻǘƘŜǊ ǇƘȅǎƛŎŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ŦŀŎǘƻǊǎΦ tŜǊŦŜŎǘ ǎŜǇŀǊŀǝƻƴ ƻŦ 

ŎƻƳǇƭŜȄ ƳƛȄǘǳǊŜǎ όƴŀǘǳǊŀƭ ǇǊƻŘǳŎǘ ŜȄǘǊŀŎǘǎύ ƴŜŜŘǎ ǘƻ ǳǝƭƛǎŜ ǎŜǾŜǊŀƭ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ 

ǘŜŎƘƴƛǉǳŜǎ ǎŜǉǳŜƴǝŀƭƭȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƻƳǇƻƴŜƴǘǎ ǎǳōƧŜŎǘŜŘ ǘƻ ŀ ǎƛƴƎƭŜ 

ƛǎƻƭŀǝƻƴ ǇǊƻŎŜŘǳǊŜ όwŜƛŘ ŀƴŘ {ŀǊƪŜǊΣ нлмнύΦ 

2.5.1. Solid-Phase Extraction (SPE) 

{ƻƭƛŘπǇƘŀǎŜ ŜȄǘǊŀŎǝƻƴ ό{t9ύ ǘŜŎƘƴƛǉǳŜ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ŦǊŀŎǝƻƴŀǘŜ ǘƘŜ ǇƻƭŀǊ ŜȄǘǊŀŎǘǎ 

όaŜhIύ ŀƴŘ ǘƻ ŎƭŜŀƴ ǳǇ ƭŜǎǎπǇƻƭŀǊƛǘȅ ŜȄǘǊŀŎǘǎ ό5/aύ ōŜŦƻǊŜ ǎǳōƧŜŎǝƴƎ ǘƘŜƳ ǘƻ It[/ 

ŀƴŀƭȅǎƛǎ όwŜƛŘ ŀƴŘ {ŀǊƪŜǊΣ нлмнύΦ 

! {ǘǊŀǘŀ /му ŎŀǊǘǊƛŘƎŜ όtƘŜƴƻƳŜƴŜȄΣ ¦{!ύ ǇǊŜǇŀŎƪŜŘ ǿƛǘƘ όмл ƻǊ нл Ǝύ ǊŜǾŜǊǎŜŘπǇƘŀǎŜ ǎƛƭƛŎŀ 

/му ǿŀǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǾŀŎǳǳƳ ŎƻƴƛŎŀƭ ƅŀǎƪ ǿƛǘƘ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŀŘŀǇǘŜǊ όCƛƎǳǊŜ нΦтύΦ ¢ƘŜ 

ŎŀǊǘǊƛŘƎŜ ǿŀǎ ƛƴƛǝŀƭƭȅ ŎƭŜŀƴŜŘ ǳǎƛƴƎ рл Ƴ[ ƻŦ aŜhI ŀƴŘ ŜǉǳƛƭƛōǊŀǘŜŘ ǿƛǘƘ млл Ƴ[ ƻŦ ǿŀǘŜǊ 

ǳƴŘŜǊ ŀ ǾŀŎǳǳƳ ǎŜǉǳŜƴǝŀƭƭȅΦ 

 

 

CƛƎǳǊŜ нΦтΦ {ƻƭƛŘπtƘŀǎŜ 9ȄǘǊŀŎǝƻƴ ό{t9ύ 
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¢ƘŜ aŜhI ŜȄǘǊŀŎǘ όм Ǝ ŦƻǊ мл Ǝ ŎŀǊǘǊƛŘƎŜ ƻǊ н Ǝ ŦƻǊ нл Ǝ ŎŀǊǘǊƛŘƎŜύ ǿŀǎ ǎǳǎǇŜƴŘŜŘ ƛƴ п Ƴ[ 

ƻŦ ŀ нл҈ aŜhI ƛƴ ǿŀǘŜǊ ƳƛȄǘǳǊŜ ŀƴŘ ƭƻŀŘŜŘ ƻƴǘƻ ǘƘŜ ŎŀǊǘǊƛŘƎŜΦ CƻǳǊ ŦǊŀŎǝƻƴǎ CǊмΣ CǊнπΣ 

CǊо ŀƴŘ CǊп ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ƎǊŀŘƛŜƴǘ ŜƭǳǝƴƎ ƳƛȄǘǳǊŜǎ ƻŦ ŘŜŎǊŜŀǎƛƴƎ ǇƻƭŀǊƛǘȅ ƻŦ aŜhI 

нл҈Σ рл҈Σул҈ ƛƴ ǿŀǘŜǊ ŀƴŘ млл҈ aŜhI όнлл Ƴ[ ŜŀŎƘύΦ 

aŜŘƛǳƳ ǇƻƭŀǊƛǘȅ ŜȄǘǊŀŎǘǎ ό5/aύ Ŏŀƴƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ ǊŜǾŜǊǎŜŘπǇƘŀǎŜ It[/Σ ŀ 

ǿŀǎƘπǳǇκŎƭŜŀƴƛƴƎ ǇǊƻŎŜǎǎ ǘƘǊƻǳƎƘ ŀƴ {t9 ό/муύ ŎŀǊǘǊƛŘƎŜ ƻǊ ŦǊŀŎǝƻƴŀǝƻƴ ǇǊƻǘƻŎƻƭ ǳǎƛƴƎ 

ǘƘŜ ǾŀŎǳǳƳ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ό±[/ύ ǘŜŎƘƴƛǉǳŜ ƛǎ ǊŜǉǳƛǊŜŘ ōŜŦƻǊŜƘŀƴŘΦ !ŎǝǾŜ 5/a 

ŜȄǘǊŀŎǘǎ ǿŜǊŜ ŎƭŜŀƴŜŘ ǳǇ ōȅ ǇŀǎǎƛƴƎ ǘƘŜ ŜȄǘǊŀŎǘ όн ƎΣ ǎǳǎǇŜƴŘŜŘ ƛƴ aŜhIύ ǘƘǊƻǳƎƘ ǘƘŜ {t9 

ό/муύ ŎŀǊǘǊƛŘƎŜ ŀƴŘ ŜƭǳǘŜŘ ǿƛǘƘ млл҈ aŜhI όнллπолл Ƴ[ύΦ ²ƘŜƴ ŦǳǊǘƘŜǊ ŦǊŀŎǝƻƴŀǝƻƴ ǿŀǎ 

ǊŜǉǳƛǊŜŘΣ пл҈Σ сл҈Σ ул҈ aŜhI ƛƴ ǿŀǘŜǊ ŀƴŘ млл҈ aŜhI ǿŜǊŜ ǳǎŜŘ ǳƴŘŜǊ ǾŀŎǳǳƳ ǘƻ 

ƻōǘŀƛƴ ŦƻǳǊ {t9 ŦǊŀŎǝƻƴǎΦ 

/ƻƭƭŜŎǘŜŘ ŦǊŀŎǝƻƴǎ ǿŜǊŜ ŜǾŀǇƻǊŀǘŜŘ ǘƻ ŘǊȅƴŜǎǎ ǳǎƛƴƎ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ǊƻǘŀǊȅ ŜǾŀǇƻǊŀǘƻǊ 

ŀƴŘ ƴƛǘǊƻƎŜƴ ƅƻǿΦ 5ǊƛŜŘ ŦǊŀŎǝƻƴǎ ǿŜǊŜ ǇǊŜǎŜǊǾŜŘ ƛƴ Ǝƭŀǎǎ ŀƛǊπǝƎƘǘ Ǿƛŀƭǎ ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘƘŜ 

ŦǊƛŘƎŜ ŀǘ рᴈ ŦƻǊ ŦǳǊǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀǝƻƴ όwŜƛŘ ŀƴŘ {ŀǊƪŜǊΣ нлмнύΦ 

aŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘ ŦǊŀŎǝƻƴŀǝƻƴ ŀƴŘ 5/a ŜȄǘǊŀŎǘ ŎƭŜŀƴπǳǇ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǎŜǾŜǊŀƭ ǝƳŜǎ 

ŀǎ ǊŜǉǳƛǊŜŘ ōȅ ǘƘŜ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ  

2.5.2. Thin Layer Chromatography (TLC) 

¢Ƙƛƴ ƭŀȅŜǊ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ƛǎ ŀ ǎƛƳǇƭŜ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜ ǿƛŘŜƭȅ ǳǎŜŘ ǘƻ ŘŜǘŜŎǘΣ 

ǎŎǊŜŜƴ ŀƴŘ ƛǎƻƭŀǘŜ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ ƳƛȄǘǳǊŜ ŦƻƭƭƻǿƛƴƎ ŀ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎΦ ¢ƘŜ 

ŎƻƳǇƻǳƴŘϥǎ ǎŜǇŀǊŀǝƻƴ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ŀŘǎƻǊǇǝƻƴΣ ǇƻƭŀǊƛǘȅ ŀƴŘ ǘŜƳǇƻǊŀǊȅ 

ōƛƴŘƛƴƎ ǘƻ ǎƛƭƛŎŀ όDƛōōƻƴǎΣ нлмнύΦ 

¢Ƙƛǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ǎŜŎƻƴŘŀǊȅ 

ƳŜǘŀōƻƭƛǘŜǎ ƻŦ Ǉƭŀƴǘ ŜȄǘǊŀŎǘǎ Ƴŀƛƴƭȅ ƴƻƴπǇƻƭŀǊ ŜȄǘǊŀŎǘǎΦ aƻǊŜƻǾŜǊΣ ǘƘƛǎ ǇǊƻŎŜŘǳǊŜ ǿŀǎ 

ǳǝƭƛǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǇǊƻŬƭŜ ƻŦ ŎƻƳǇƻǳƴŘ ǎŜǇŀǊŀǝƻƴ ƻŦ 5Φ ŎŀǊƻǘŀ ŀƴŘ CΦ ǾǳƭƎŀǊŜ 5/a 

ŜȄǘǊŀŎǘǎ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ōŜƛƴƎ ŎƭŜŀƴŜŘ ǳǇ ǘƘǊƻǳƎƘ ǘƘŜ {t9 ό/муύ ŎŀǊǘǊƛŘƎŜΦ  

¢ƘŜ ǎǘŀǝƻƴŀǊȅ ǇƘŀǎŜ ƛƴ ǘƘƛǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ƛǎ ǘƘŜ ǇǊŜŎƻŀǘŜŘ ǎƛƭƛŎŀ ƎŜƭ ŀƭǳƳƛƴƛǳƳ ǇƭŀǘŜǎ 

όсл tCнрпΣ нлл ƳƳ Ȅ нлл ƳƳ Ȅ лΦнр ƳƳύΦ tƭŀƴǘ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ŘƛǎǎƻƭǾŜŘ ƛƴ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ 
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ǎƻƭǾŜƴǘ ŀƴŘ ƭƻŀŘŜŘ ŀǘ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ ǇƭŀǘŜ όмΦр ŎƳ ŦǊƻƳ ǘƘŜ ōƻǧƻƳ ŜŘƎŜύΦ Dƭŀǎǎ ŎŀǇƛƭƭŀǊȅ 

ǘǳōŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ǎǇƻǘ ǘƘŜ ǎŀƳǇƭŜǎΦ 

¢ƘŜ ¢[/ ǇƭŀǘŜǎ ǿŜǊŜ ǘƘŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴ ŀ Ǝƭŀǎǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ŎƘŀƳōŜǊ ŎƻƴǘŀƛƴƛƴƎ ŀ 

ǎǳŶŎƛŜƴǘ ŀƳƻǳƴǘ ƻŦ ǘƘŜ ƳƻōƛƭŜ ǇƘŀǎŜΦ !ƊŜǊ ǘƘŜ ƳƻōƛƭŜ ǇƘŀǎŜ ŘŜǾŜƭƻǇŜŘ ǘƻ мΦр ŎƳ ŦǊƻƳ 

ǘƘŜ ǘƻǇ ŜŘƎŜ ƻŦ ǘƘŜ ǇƭŀǘŜǎΣ ¢[/ ǎƘŜŜǘǎ ǿŜǊŜ ŘǊƛŜŘ ŀƴŘ ǾƛǎǳŀƭƛǎŜŘ ǳƴŘŜǊ ǎƘƻǊǘ ǿŀǾŜƭŜƴƎǘƘ 

όнрп ƴƳύ ŀƴŘ ƭƻƴƎ ǿŀǾŜƭŜƴƎǘƘ όосс ƴƳύ ǳǎƛƴƎ ¦± ƭŀƳǇǎΦ 5ŜǘŜŎǝƴƎ ǊŜƎŜƴǘ ƻŦ ŀƴƛǎŀƭŘŜƘȅŘŜ 

ǎƻƭǳǝƻƴ όм҈ύ ƛƴ ŀǉǳŜƻǳǎ Iн{hп ǿŀǎ ǎǇǊŀȅŜŘ ƻƴ ǘƘŜ ǇƭŀǘŜǎ ŀƴŘ ǘƘŜȅ ǿŜǊŜ ŜȄǇƻǎŜŘ 

ŀƊŜǊǿŀǊŘǎ ǘƻ ƻǾŜƴ ƘŜŀǝƴƎ ŀǘ мллƻ/ ŦƻǊ р ƳƛƴǳǘŜǎ ƻǊ ǳƴǝƭ ǘƘŜ ŎƻƭƻǳǊŜŘ ǎǇƻǘǎ ŀǇǇŜŀǊŜŘΦ Lƴ 

ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǘƘŜ ƳƻōƛƭŜ ǇƘŀǎŜ ǳǎŜŘ ǿŀǎ ǘƘŜ ǳƴƛǾŜǊǎŀƭ ǎȅǎǘŜƳ ƻŦ млπнл҈ 9ǘh!Ŏκƴπ

ƘŜȄŀƴŜ όDƛōōƻƴǎΣ нлмнΤ IƻǳǎǎŜƴ ŀƴŘ WŀǎǇŀǊǎΣ нлмнύΦ 

 

2.5.3. High-Performance Liquid Chromatography (HPLC) 

wŜǾŜǊǎŜŘπǇƘŀǎŜ It[/ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŦƻǊ ōƻǘƘ ǘƘŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ŜȄǘǊŀŎǘǎ ŀƴŘ ǘƘŜ 

ƛǎƻƭŀǝƻƴ ƻŦ ǇƘȅǘƻŎƘŜƳƛŎŀƭǎΦ ¢ƘŜ ǎǘŀǝƻƴŀǊȅ ǇƘŀǎŜ ǳǎŜŘ ƛǎ ƴƻƴπǇƻƭŀǊ /му ǎƛƭƛŎŀ ŀƴŘ ǘƘŜ 

ŜƭǳŜƴǘ ƛǎ ŀ ǇƻƭŀǊ ƳƛȄǘǳǊŜ ƻŦ ǿŀǘŜǊ ŀƴŘ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘǎ ŀŎŜǘƻƴƛǘǊƛƭŜ ό!/bύ ƻǊ aŜhI ƛƴ 

ǾŀǊƛƻǳǎ ǊŀǝƻǎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ лΦм҈ ƻŦ ǘǊƛƅǳƻǊƻŀŎŜǝŎ ŀŎƛŘ ό¢C!ύ ǿŀǎ ŀŘŘŜŘ ǘƻ ŀƭƭ ŜƭǳŜƴǘ 

ǎƻƭǾŜƴǘǎ ǘƻ ƘŜƭǇ ǎƘŀǊǇŜƴ ǘƘŜ ǊŜǎƻƭǳǝƻƴ ƻŦ ǘƘŜ ǎŜǇŀǊŀǘŜŘ ǇŜŀƪǎΦ 

2.5.3.1. Analytical high-performance liquid chromatography  

!ƴŀƭȅǝŎŀƭ It[/ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǘƻ Ǌǳƴ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǎŎǊŜŜƴƛƴƎ ƻŦ ǘƘŜ aŜhI ŜȄǘǊŀŎǘǎ ƻŦ 

Ǉƭŀƴǘǎ ŀƴŘ ŀƭƭ {t9 ŦǊŀŎǝƻƴǎΣ ǇǊƻǾƛŘƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŜŀŎƘ ŜȄǘǊŀŎǘ 

όōŀǎŜŘ ƻƴ ǊŜǘŜƴǝƻƴ ǝƳŜ ŀƴŘ ¦± ǎǇŜŎǘǊŀύΦ !ƴŀƭȅǝŎŀƭ It[/ ǿŀǎ ŀƭǎƻ Ǌǳƴ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ 

ƻǇǝƳŀƭ ƳŜǘƘƻŘǎ ŦƻǊ ƛǎƻƭŀǝƻƴ ǳǎƛƴƎ ǇǊŜǇŀǊŀǝǾŜ ŀƴŘ ǎŜƳƛπǇǊŜǇŀǊŀǝǾŜ It[/ ŀƴŘ ǘƻ ǾŜǊƛŦȅ 

ǘƘŜ ǇǳǊƛǘȅ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΦ aƻǊŜƻǾŜǊΣ ŀƴŀƭȅǝŎŀƭ It[/ ǿŀǎ ŦǳǊǘƘŜǊ ǳǝƭƛǎŜŘ ǘƻ ǇǳǊƛŦȅ 

ƛƳǇǳǊŜ ŎƻƳǇƻǳƴŘǎ ƛƴ ǎǇŜŎƛŬŎ ŎŀǎŜǎΦ 

.ƻǘƘ !ƎƛƭŜƴǘ мнсл LƴŬƴƛǘȅ It[/ ό!ƎƛƭŜƴǘΣ ¦Yύ ŀƴŘ 5ƛƻƴŜȄ ¦ƭǝƳŀǘŜ оллл ¦It[/ ό¢ƘŜǊƳƻ 

{ŎƛŜƴǝŬŎΣ ¦Yύ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ .ƻǘƘ ƛƴǎǘǊǳƳŜƴǘǎ ŀǊŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ ŘŜƎŀǎǎŜǊΣ ŀƴ 

ŀǳǘƻǎŀƳǇƭŜǊΣ ŀ ŎƻƭǳƳƴ ŎƘŀƳōŜǊΣ ŀƴŘ ŀ 5ƛƻŘŜ !ǊǊŀȅ 5ŜǘŜŎǘƻǊ ό5!5ύ ǘƻ ǊŜŎƻǊŘ ¦±π±ƛǎ 

ŀōǎƻǊǇǝƻƴ ǎǇŜŎǘǊŀΦ 



  

ру 
 

¢ƘŜ ǎǘŀǝƻƴŀǊȅ ǇƘŀǎŜ ǿŀǎ ŀ tƘŜƴƻƳŜƴŜȄ ŎƻƭǳƳƴ ό[ǳƴŀϯ р ҡƳ /му όнύ млл )Σ мрл ƳƳ Ȅ пΦс 

ƳƳΣ ǎŜǊƛŀƭ bƻΦ Iнлπотпфмоύ ŬǧŜŘ ǿƛǘƘ ŀ tƘŜƴƻƳŜƴŜȄ ƎǳŀǊŘ ŎƻƭǳƳƴΦ ¢ƘŜ ŎƻƭǳƳƴ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǎŜǘ ŀǘ нрᴈΦ  

¢ƘŜ ƳƻōƛƭŜ ǇƘŀǎŜ ŎƻƴǎƛǎǘŜŘ ƻŦ ŀ ƳƛȄǘǳǊŜ ƻŦ It[/ ƎǊŀŘŜ ǎƻƭǾŜƴǘǎ ǎǳǇǇƭƛŜŘ ōȅ CƛǎƘŜǊ 

{ŎƛŜƴǝŬŎΣ Ƴŀƛƴƭȅ ǿŀǘŜǊ ǿƛǘƘ ǾŀǊƛƻǳǎ Ǌŀǝƻǎ ƻŦ aŜhI ƻǊ !/b όŀƭƭ ǿƛǘƘ лΦм҈ ¢C!ύΦ ¢ƻ ƪŜŜǇ 

ǘƘŜ It[/ ǎȅǎǘŜƳ ŦǊŜŜ ƻŦ ŀƛǊ ōǳōōƭŜǎΣ ǎƻƭǾŜƴǘ ōƻǧƭŜǎ ǿŜǊŜ ŘŜƎŀǎǎŜŘ ƛƴ ŀ ǿŀǘŜǊ ōŀǘƘ ōŜŦƻǊŜ 

ǳǎŀƎŜΣ ŀƭǎƻ ŀ ǇǳǊƎƛƴƎ ǇŜǊƛƻŘ ƻŦ мл ƳƛƴǳǘŜǎ Ƙŀǎ ŀƭǿŀȅǎ ǘŀƪŜƴ ǇƭŀŎŜ ōŜŦƻǊŜ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘΦ 

9ȄǘǊŀŎǘǎΣ ŦǊŀŎǝƻƴǎ ŀƴŘ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŘƛǎǎƻƭǾŜŘ ƛƴ aŜhI ŀǘ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ м ƳƎκƳ[Σ 

ŀ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ ǇǊŜǇŀǊŜŘ ǘƻ ǇǳǊƛŦȅ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΦ ! ǾƻƭǳƳŜ ƻŦ млπрл ҡ[ 

ƻŦ ǘƘŜ ǇǊŜǇŀǊŜŘ ǎŀƳǇƭŜ ǿŀǎ ƛƴƧŜŎǘŜŘΦ ¢ƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ ǿŀǎ ƳƻƴƛǘƻǊŜŘ ŀǘ ŀ ƅƻǿ ǊŀǘŜ ƻŦ 

м Ƴ[κƳƛƴ ǳǎƛƴƎ ŦƻǳǊ ¦±κ±ƛǎ ǿŀǾŜƭŜƴƎǘƘǎ ōŜǘǿŜŜƴ нлл ŀƴŘ плл ƴƳΦ 

 

2.5.3.2. Preparative and semi-preparative HPLC 

¢ƘŜ ǇǊŜǇŀǊŀǝǾŜ ŀƴŘ ǎŜƳƛπǇǊŜǇŀǊŀǝǾŜ It[/ ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ƛǎƻƭŀǝƻƴ ŀƴŘ 

ǇǳǊƛŬŎŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ ŜȄǘǊŀŎǘǎ ŀƴŘ ŦǊŀŎǝƻƴǎ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƳŜǘƘƻŘǎ ƻǇǝƳƛǎŜŘ 

ǳǎƛƴƎ ǘƘŜ ŀƴŀƭȅǝŎŀƭ It[/Φ ¢ƘǊŜŜ It[/ ƛƴǎǘǊǳƳŜƴǘǎ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ !ƎƛƭŜƴǘ мнсл 

ƛƴŬƴƛǘȅ ǎŜǊƛŜǎ (Agilent, UK)Σ WŀǎŎƻ όWŀǎŎƻΣ ¦YύΣ ŀƴŘ 5ƛƻƴŜȄ (Thermoscientific, UK). All 

instruments are equipped with ŀ ōƛƴŀǊȅ ǇǳƳǇΣ ŀ ŘŜƎŀǎǎŜǊΣ ŀƴ ŀǳǘƻǎŀƳǇƭŜǊ ŀƴŘ ŀ ¦±κ5!5 

ŘŜǘŜŎǘƻǊΦ 

! ǇǊŜǇŀǊŀǝǾŜ ǎŎŀƭŜ tƘŜƴƻƳŜƴŜȄ ŎƻƭǳƳƴ ǿŀǎ ǳǎŜŘ ŀǎ ǘƘŜ ǎǘŀǝƻƴŀǊȅ ǇƘŀǎŜ ό[/ /ƻƭǳƳƴΣ 

[ǳƴŀϯ мл ҡƳ /муόнύΣ млл )Σ мрл ƳƳ Ȅ нмΦн ƳƳΣ ǎŜǊƛŀƭ bƻΥ Iмуπмфснслύ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ 

tƘŜƴƻƳŜƴŜȄ ƎǳŀǊŘ ŎƻƭǳƳƴ ŀƴŘ ƪŜǇǘ ŀǘ нрϲ/ ŀƴŘ ƳƻƴƛǘƻǊŜŘ ŀǘ мл Ƴ[κƳƛƴ ƅƻǿ ǊŀǘŜΦ 

{ŀƳǇƭŜǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀǘ όмлл ƳƎκƳ[ύ ƛƴ aŜhI ǿƛǘƘ ǿŀǘŜǊ ŀŘŘŜŘ ŀǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ōŜǧŜǊ 

ǎƻƭǳōƛƭƛǘȅ όŦǊŀŎǝƻƴǎ мπнύΦ LƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǾŀǊƛŜŘ ŀƳƻƴƎ ǎŀƳǇƭŜǎ όмллπулл ҡ[ύΦ 

Impure compounds or compound mixtures were purified using another column from 

tƘŜƴƻƳŜƴŜȄ όDŜƳƛƴƛ р ˃ /муΣ ммл )Σ 150 mm x 10.0 mm, serial No 656221-1), column 

temperature was kept at 25°C, while the flow rate was set at 2 mL/min. Samples were 

prepared in methanol (20-40 mg/mL). Injection volume varied among samples (20-80 µL). 

¢ƘŜ ǎƛƎƴƛŬŎŀƴǘ ŀƴŘ ǿŜƭƭπǎŜǇŀǊŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ Ƴŀƴǳŀƭƭȅ ƛƴǘƻ Ǝƭŀǎǎ ōƻǧƭŜǎ 

ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǿƛǘƘ ǘƘŜ ƻōǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜ ¦± ǎǇŜŎǘǊǳƳ ǇŜŀƪ ŀǎ ǘƘŜ ŎƻƳǇƻǳƴŘ ŜƭǳǘŜŘΦ 
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¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ǊŜǇŜŀǘŜŘ ǎŜǾŜǊŀƭ ǝƳŜǎ ǘƻ ŎƻƭƭŜŎǘ ǎǳŶŎƛŜƴǘ ŀƳƻǳƴǘǎ ƻŦ ŜŀŎƘ ŎƻƳǇƻǳƴŘ 

ŦƻǊ ōƛƻŀǎǎŀȅ ŀǎǎŜǎǎƳŜƴǘΦ 

2.6. Compound Isolation 

2. 6. 1. Compounds isolation from D. carota 

Three extracts of n-hexane, DCM and MeOH were obtained by extracting the dried powder of 

D. carota (DC) aerial parts (850 g) following the extraction protocol using Soxhlet extraction 

(section 2.3). Preliminary screening of chemopreventive activity introduced the DCM and 

MeOH extracts of DC as potential chemopreventive extracts, while the n-hexane extract 

showed a low level of activity. Moreover, the MeOH fractions 2 and 3 of DC revealed high 

chemoprevention potential and were subjected to chromatographic procedures to isolate the 

main compounds and investigate their chemopreventive potential. 

All of the analytical and preparative methods applied to study the extracts and fractions of D. 

carota and isolate the main compounds are listed in Table 2.2.  

¢ŀōƭŜ нΦнΦ hǇǝƳƛǎŜŘ It[/ ƳŜǘƘƻŘǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ŦǊƻƳ 

5Φ ŎŀǊƻǘŀ 

aŜǘƘƻŘ 
ŎƻŘŜ 

¢ȅǇŜ ƻŦ It[/ 
¢ƛƳŜ 
ǎƭƻǘ 
όƳƛƴύϝ 

aŜhI҈ !/b҈ ²ŀǘŜǊ҈ 
9ȄǘǊŀŎǘκ 
ŦǊŀŎǝƻƴ 

bƻǘŜǎ 

! 
!ƴŀƭȅǝŎŀƭ 
ό!ƎƛƭŜƴǘκ 
5ƛƻƴŜύ 

л π ол олπмлл π тл π л 
aŜhI 
ŜȄǘǊŀŎǘ 
CǊмΣнΣоΣп 

{ǘŀƴŘŀǊŘ 
ŀƴŀƭȅǝŎŀƭ 
ƳŜǘƘƻŘ 

5/π. 
tǊŜǇŀǊŀǝǾŜ 
ό!ƎƛƭŜƴǘύ 

л π ол нр π рр π тр π пр 5/πCǊн 
Lǎƻƭŀǝƻƴ 
ƳŜǘƘƻŘ 

5/π/ 
{ŜƳƛπ

ǇǊŜǇŀǊŀǝǾŜ 

ό5ƛƻƴŜȄύ 
л π рл пт π ро 

5/πCǊнπ
ƳƛȄ 

tǳǊƛŬŎŀǝƻƴ 
ƳŜǘƘƻŘ 

5/π5 
ǇǊŜǇŀǊŀǝǾŜ 
ό!ƎƛƭŜƴǘύ 

л π ср π олπпр тлπрр 5/πCǊо 
Lǎƻƭŀǝƻƴ 
ƳŜǘƘƻŘ 

5/π9 
!ƴŀƭȅǝŎŀƭ 
ό5ƛƻƴŜȄύ 

л π нр π нт то 5/πCǊоπtн 
tǳǊƛŬŎŀǝƻƴ 
ƳŜǘƘƻŘ 

ϝ !ƭƭ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǝƳŜ ǎƭƻǘǎ ǿŜǊŜ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǿŀǎƘπǳǇ ŀƴŘ ŜǉǳƛƭƛōǊŀǝƻƴ 
ǇƘŀǎŜǎ όǿƘŜǊŜ ǘƘŜ Ǌŀǝƻ ƻŦ ǘƘŜ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘ ǳǎŜŘ ǊƛǎŜǎ ǘƻ млл҈ ŦƻǊ р ƳƛƴǎΣ 
ŀƴŘ ǘƘŜƴ Ŧŀƭƭǎ ōŀŎƪ ǘƻ ǘƘŜ Ǌŀǝƻ ƻŦ ǎǘŀǊǝƴƎ Ǉƻƛƴǘ ŦƻǊ ŀ Ŭƴŀƭ р ƳƛƴΦ 
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2.6.2. Compounds isolation from F. vulgare 

The dried powder of F. vulgare (FV) aerial parts (1100 g) was subjected to Soxhlet extraction 

following the extraction protocol mentioned earlier (see Section 2.3). n-Hexane, DCM and 

MeOH extracts were obtained. Preliminary screening identified DCM and MeOH extracts as 

bioactive extracts, while n-hexane extract revealed a high level of toxicity. 

CǊŀŎǝƻƴŀǝƻƴ ƻŦ aŜhI ŜȄǘǊŀŎǘ όор Ǝύ ŦƻƭƭƻǿƛƴƎ {t9 ǇǊƻǘƻŎƻƭ ǿŀǎ ǇŜǊŦƻǊƳŜŘ мф ǝƳŜǎΣ 

ǊŜǇŜǝǝƻƴ ǿŜǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ǎǳŶŎƛŜƴǘ ŀƳƻǳƴǘ ƻŦ ŦǊŀŎǝƻƴǎ ŦƻǊ ŎƻƳǇƻǳƴŘ 

ƛǎƻƭŀǝƻƴ ǇǊƻŎŜŘǳǊŜǎΦ ¢ƘŜ ǘǿƻ ŦǊŀŎǝƻƴǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŀŎǝǾƛǘȅ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ŦǳǊǘƘŜǊ 

ǿƻǊƪ ŀƛƳƛƴƎ ŀǘ ƛǎƻƭŀǝƴƎ ŎƻƳǇƻǳƴŘǎΦ 

As the FV-DCM extract revealed high activity, for further phytochemical investigation, an SPE 

ό/муύ cartridge was used to trap any non-polar compounds which cannot be injected into the 

reversed-phase HPLC system. A portion (3 g) was passed through the cartridge by methanol 

wash. The obtained DCM-washed extract was scanned using analytical HPLC. The 

corresponding chromatogram showed good separation of peaks and low density of 

compound, therefore, no further fractionation was required for this extract. 

Table 2.3 summarizes the final optimised HPLC methods applied to perform phytochemical 

analysis and compound isolation and purification of F. vulgare. 
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¢ŀōƭŜ нΦоΦ hǇǝƳƛǎŜŘ It[/ ƳŜǘƘƻŘǎ ŀǇǇƭƛŜŘ ǘƻ ŀƴŀƭȅǎƛǎ ŀƴŘ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ŦǊƻƳ CΦ 

ǾǳƭƎŀǊŜΦ 

  

aŜǘƘƻŘ 

ŎƻŘŜ 

¢ȅǇŜ ƻŦ 
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5ƛƻƴŜȄύ 

л π ол олπмлл π тл π л 

aŜhI 

ŜȄǘǊŀŎǘ 

CǊмΣнΣоΣп 

{ǘŀƴŘŀǊŘ 

ŀƴŀƭȅǝŎŀƭ 

ƳŜǘƘƻŘ 
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tǊŜǇŀǊŀǝǾŜ 

ό!ƎƛƭŜƴǘύ 
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Lǎƻƭŀǝƻƴ 

ƳŜǘƘƻŘ 
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όWŀǎŎƻύ 
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ƳŜǘƘƻŘ 

C±π5 

{ŜƳƛπ
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ό!ƎƛƭŜƴǘύ 

л π пл π нл ул C±πCǊнπ. 
tǳǊƛŬŎŀǝƻƴ 

ƳŜǘƘƻŘ 

C±π9 
tǊŜǇŀǊŀǝǾŜ 

ό5ƛƻƴŜȄύ 
л π рл π мр π ол ур π тл C±πCǊн 

Lǎƻƭŀǝƻƴ 
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л π нр π нл ул 

C±πCǊн 

όмлύ 

tǳǊƛŬŎŀǝƻƴ 

ƳŜǘƘƻŘ 

C±πD 
!ƴŀƭȅǝŎŀƭ 

ό!ƎƛƭŜƴǘύ 
л π ол π млπмлл фл π л 

C±π5/a 

ǿŀǎƘŜŘ 

{ǘŀƴŘŀǊŘ 

ŀƴŀƭȅǝŎŀƭ 

ƳŜǘƘƻŘ 

C±πI 
tǊŜǇŀǊŀǝǾŜ 

ό!ƎƛƭŜƴǘύ 
л π сл π р π ол фр π тл 

C±π5/a 

ǿŀǎƘŜŘ 

Lǎƻƭŀǝƻƴ 

ƳŜǘƘƻŘ 

ϝ !ƭƭ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǝƳŜ ǎƭƻǘǎ ǿŜǊŜ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǿŀǎƘπǳǇ ŀƴŘ ŜǉǳƛƭƛōǊŀǝƻƴ 

ǇƘŀǎŜǎ όǿƘŜǊŜ ǘƘŜ Ǌŀǝƻ ƻŦ ǘƘŜ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘ ǳǎŜŘ ǊƛǎŜǎ ǘƻ млл҈ ŦƻǊ р ƳƛƴǎΣ 

ŀƴŘ ǘƘŜƴ Ŧŀƭƭǎ ōŀŎƪ ǘƻ ǘƘŜ Ǌŀǝƻ ƻŦ ǎǘŀǊǝƴƎ Ǉƻƛƴǘ ŦƻǊ ŀ Ŭƴŀƭ р ƳƛƴΦ 
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2.6.3. Compounds isolation of R. chalepensis 

The dried powder of R. chalepensis aerial parts (400 g) was extracted by Soxhlet apparatus 

following the extraction of ten cycles for each of the solvents used n-hexane, DCM and MeOH 

to obtain three extracts of different polarity. Preliminary cytotoxicity and chemoprevention 

investigation of the aforementioned extracts revealed that the n-hexane extract of R. 

chalepensis had high toxicity against the cells studied and it was excluded from further 

phytochemical investigation. The DCM and MeOH extracts showed a potential 

chemopreventive activity and a deeper phytochemical investigation of RC-Me was carried out. 

The methanol extract of RC (22 g) was subjected to SPE fractionation following the extraction 

protocol mentioned earlier (section 2.2). Fraction 3 recorded the highest activity among the 

four fractions of RC, while RC-Me-Fr1, 2, and 4 showed a slightly low potential of 

chemoprevention potency of less than 2-fold in the Luciferase assay. Consequentially, RC-Me-

Fr3 was chosen for the compound isolation procedure.  

Table 2.4. lists the final optimised HPLC methods that were followed to analyse and isolate the 

main compounds of R. chalepensis. 
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ǇƘŀǎŜǎ όǿƘŜǊŜ ǘƘŜ Ǌŀǝƻ ƻŦ ǘƘŜ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘ ǳǎŜŘ ǊƛǎŜǎ ǘƻ млл҈ ŦƻǊ р ƳƛƴǎΣ 
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2.7. Identification and characterisation of isolated compounds 

{ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŀƭƭ ǘƘŜ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ǎǇŜŎǘǊƻǎŎƻǇƛŎ 

ǘŜŎƘƴƛǉǳŜǎ Ƴŀƛƴƭȅ ¦±Σ baw ŀƴŘ aŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅΦ 

2.7.1. Nuclear magnetic resonance (NMR) 

bǳŎƭŜŀǊ aŀƎƴŜǝŎ wŜǎƻƴŀƴŎŜ όbawύ ƛǎ ŀ ǇƻǿŜǊŦǳƭ ǎǇŜŎǘǊƻǎŎƻǇƛŎ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ƛǎ 

ŜƳǇƭƻȅŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛǎŜ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎΦ baw ǎǇŜŎǘǊƻǎŎƻǇȅ ƛƴǾƻƭǾŜǎ 

ǎǳōƧŜŎǝƴƎ ǘƘŜ ŀǘƻƳƛŎ ƴǳŎƭŜƛ ƻŦ ŀ ǎŀƳǇƭŜ ǘƻ ŀ ǎǘǊƻƴƎ ŜȄǘŜǊƴŀƭ ƳŀƎƴŜǝŎ ŬŜƭŘ ƭƛƴƪŜŘ ǿƛǘƘ 

ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǊŀŘƛŀǝƻƴ ǿƛǘƘ ŀ ǎǇŜŎƛŬŎ ŦǊŜǉǳŜƴŎȅΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ŜƴŜǊƎȅ ŀōǎƻǊōŜŘ ōȅ 

ƴǳŎƭŜƛ ǿƛƭƭ ōŜ ŜƳƛǧŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ baw ǎǇŜŎǘǊǳƳ ƛƴŎƭǳŘƛƴƎ ǎŜǾŜǊŀƭ ǎƛƎƴŀƭǎ ǘƘŀǘ ƭŜŀŘ ǘƻ 

ǎǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ baw ŜȄǇŜǊƛƳŜƴǘǎ ŦƻŎǳǎŜŘ ƻƴ ǎǘǳŘȅƛƴƎ ǘƘŜ 

ǎǇŜŎǘǊŀƭ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƴǳƳōŜǊ ŀƴŘ ǘȅǇŜǎ ƻŦ ǇǊƻǘƻƴǎ ŀƴŘ ŎŀǊōƻƴǎ ƛƴ ǘƘŜ ƛǎƻƭŀǘŜŘ 

ŎƻƳǇƻǳƴŘǎ ό.ǊŜƛǘƳŀƛŜǊΣ нллнōΤ DǸƴǘƘŜǊΣ нлмоύΦ 

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŀƭƭ ƛǎƻƭŀǘŜŘ ŀƴŘ ǇǳǊŎƘŀǎŜŘ ŎƻƳǇƻǳƴŘǎΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǎƻƳŜ ƻŦ ǘƘŜ ŎǊǳŘŜ 

ŜȄǘǊŀŎǘǎΣ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ baw ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ŀǾŀƛƭŀōƭŜ ŀƳƻǳƴǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ όлΦн ς мр 

ƳƎύ ǿŜǊŜ ŘƛǎǎƻƭǾŜŘ ƛƴ ŀƴ ŀŘŜǉǳŀǘŜ ǾƻƭǳƳŜ όлΦт Ƴ[ύ ƻŦ ŘŜǳǘŜǊŀǘŜŘ ǎƻƭǾŜƴǘǎ ό/ŀƳōǊƛŘƎŜ 

LǎƻǘƻǇŜ [ŀōƻǊŀǘƻǊƛŜǎ ό/L[ύ LƴŎύ Ƴŀƛƴƭȅ ŘŜǳǘŜǊŀǘŜŘ ƳŜǘƘŀƴƻƭ ό/5оh5ύΣ ŘŜǳǘŜǊŀǘŜŘ 5a{h 

ό5a{hπŘсύ ŀƴŘ ŘŜǳǘŜǊŀǘŜŘ ŎƘƭƻǊƻŦƻǊƳ ό/5/ƭоύ ǿŜǊŜ ǘƘŜ ǘƘǊŜŜ ŘŜǳǘŜǊŀǘŜŘ ǎƻƭǾŜƴǘǎ ǳǎŜŘΦ 

{ŀƳǇƭŜǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ baw ǘǳōŜǎ ό²ƛƭƳŀŘϯΣ ¦{!ύΣ слл aIȊΣ h5Υ р ƳƳΣ ƭŜƴƎǘƘΥ т 

ƛƴŎƘŜǎΣ Ŏƭŀǎǎ ! Ǝƭŀǎǎ ƳŀǘŜǊƛŀƭΦ !ƭƭ baw ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ¦ƭǘǊŀ ǎƘƛŜƭŘ .ǊǳƪŜǊ 

!a· слл baw ƛƴǎǘǊǳƳŜƴǘ ό.ǊǳƪŜǊΣ DŜǊƳŀƴȅύΦ {ǇŜŎǘǊŀ ǿŜǊŜ ǊŜǇǊƻŎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ ¢ƻǇ{Ǉƛƴ 

о ǎƻƊǿŀǊŜ ǇǊƻǾƛŘŜŘ ōȅ .ǊǳƪŜǊΦ /ƻƳǇƻǳƴŘ ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ƻƴ .Lh±L! 5Ǌŀǿ нлнм 

ǎƻƊǿŀǊŜΦ 

{ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘǎ ǿŀǎ ŎƻƴŎƭǳŘŜŘ ŀƊŜǊ ŀǇǇƭȅƛƴƎ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ baw 

ŜȄǇŜǊƛƳŜƴǘǎ ƛƴŎƭǳŘƛƴƎ м ŘƛƳŜƴǎƛƻƴ όм5ύ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ н ŘƛƳŜƴǎƛƻƴǎ όн5ύ baw 

ŜȄǇŜǊƛƳŜƴǘǎ ŀǎ ŦƻƭƭƻǿǎΦ 
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2.7.1.1. The one-dimensional (1D) NMR spectroscopy 

Lƴ ƻƴŜπŘƛƳŜƴǎƛƻƴŀƭ όм5ύ baw ǎǇŜŎǘǊƻǎŎƻǇȅΣ ǘƘŜ ǘȅǇƛŎŀƭ ǎǇŜŎǘǊŀ ŘƛǎǇƭŀȅ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ 

ōŜǘǿŜŜƴ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ƛƴǘŜƴǎƛǘȅΣ ǿƘŜǊŜ ŎƘŜƳƛŎŀƭ ǎƘƛƊǎ ŀƴŘ ŎƻǳǇƭƛƴƎǎ ŀǊŜ ƻōǎŜǊǾŜŘ ƻƴ ǘƘŜ 

ǎŀƳŜ ŦǊŜǉǳŜƴŎȅ ŀȄƛǎΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ м5 ŜȄǇŜǊƛƳŜƴǘǎ ƛƴŎƭǳŘŜ ǇǊƻǘƻƴ όмIύ ŀƴŘ ŎŀǊōƻƴ 

όмо/ύ baw ŀƴŘ мо/ 59t¢ ό²ƛƭƭƛŀƳǎ ŀƴŘ CƭŜƳƛƴƎΣ мффрύΦ 

Proton (1H) NMR spectroscopy 

мI baw ǎǇŜŎǘǊƻǎŎƻǇȅ ƛǎ ŀƴ ŜǎǎŜƴǝŀƭ ǘŜŎƘƴƛǉǳŜ ƻũŜǊƛƴƎ ŦǳƴŘŀƳŜƴǘŀƭ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ 

ƴǳŎƭŜŀǊ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ ƻŦ ƘȅŘǊƻƎŜƴ ƴǳŎƭŜƛ ƛƴ ŀ ǎŀƳǇƭŜΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǊŜǾŜŀƭǎ 

ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǊƻǘƻƴǎ όǎƛƎƴŀƭǎύΣ ŎƘŜƳƛŎŀƭ ǎƘƛƊ όʵΣ ƳŜŀǎǳǊŜŘ ƛƴ ǇŀǊǘǎ 

ǇŜǊ Ƴƛƭƭƛƻƴ όǇǇƳύΣ ǇǊƻǘƻƴ ƴŜƛƎƘōƻǳǊǎΣ ŎƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘǎ όW ǾŀƭǳŜǎ ƛƴ IȊύΣ ŀƴŘ ƛƴǘŜƎǊŀǝƻƴΣ 

ǇǊŜǎŜƴǘŜŘ ǘƘǊƻǳƎƘ ŀ ǎǇŜŎǘǊǳƳ ǊŀƴƎƛƴƎ ŦǊƻƳ л ǘƻ мр ǇǇƳΦ /ƘŜƳƛŎŀƭ ǎƘƛƊ ǾŀƭǳŜǎ ŘŜǎŎǊƛōŜ 

ǘƘŜ ŜƭŜŎǘǊƻƴƛŎ ŜƴǾƛǊƻƴƳŜƴǘ ŎŀǳǎŜŘ ōȅ ǘƘŜ Ǉƻǎƛǝƻƴǎ ƻŦ ǇǊƻǘƻƴ ǎƛƎƴŀƭǎΦ tǊƻǘƻƴ ƴŜƛƎƘōƻǳǊǎ 

ƛƴŘǳŎŜ ǎƘƛŜƭŘƛƴƎ όǳǇŬŜƭŘύ ƻǊ ŘŜǎƘƛŜƭŘƛƴƎ όŘƻǿƴŬŜƭŘύ ŜũŜŎǘǎ ƻŦ ǘƘŜ ǇǊƻǘƻƴǎΦ {ǇƛƴπǎǇƛƴ 

ǎǇƭƛǩƴƎ ǇŀǧŜǊƴǎΣ ǎǳŎƘ ŀǎ ǎƛƴƎƭŜǘǎ όǎύΣ ŘƻǳōƭŜǘǎ όŘύΣ ǘǊƛǇƭŜǘǎ όǘύΣ ƻǊ ƳǳƭǝǇƭŜǘǎ όƳύΣ ŀǇǇŜŀǊ ŀǎ 

ŀ ǊŜǎǳƭǘ ƻŦ ƴƻƴπŜǉǳƛǾŀƭŜƴǘ ƘȅŘǊƻƎŜƴǎ ƛƴ ŀ ŎƻƳǇƻǳƴŘΦ /ƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘǎ όW ǾŀƭǳŜΣ IȊύ 

ǇǊƻǾƛŘŜ ŘŜǘŀƛƭǎ ŀōƻǳǘ ǘƘŜ ŘƛǎǘŀƴŎŜ ŀƴŘ ǎǘŜǊŜƻŎƘŜƳƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ƴŜƛƎƘōƻǳǊƛƴƎ 

ǇǊƻǘƻƴǎΣ ǿƘƛƭŜ ƛƴǘŜƎǊŀǝƻƴ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƘȅŘǊƻƎŜƴǎ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ŜŀŎƘ ǎƛƎƴŀƭ 

ό{ƛƭǾŜǊǎǘŜƛƴ ŀƴŘ .ŀǎǎƭŜǊΣ мфснΤ ²ƛƭƭƛŀƳǎ ŀƴŘ CƭŜƳƛƴƎΣ мффрΤ .ǊŜƛǘƳŀƛŜǊΣ нллнŀύΦ 

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŀ мI baw ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ Ǌǳƴ ŦƻǊ ŀƭƭ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŀǎ ŀƴ ŜǎǎŜƴǝŀƭ 

ǘƻƻƭ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŎƘŜŎƪ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛǘ ǿŀǎ 

Ǌǳƴ ǘƻ ŎƻƴŬǊƳ ǘƘŜ ƛŘŜƴǝǘȅ ƻŦ ǇǳǊŎƘŀǎŜŘ ŎƻƳǇƻǳƴŘǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ǇǳōƭƛǎƘŜŘ 

ŘŀǘŀΦ ¢ȅǇƛŎŀƭƭȅΣ рмн ǎŎŀƴǎ ǿŜǊŜ ŀǇǇƭƛŜŘ ǳƴƭŜǎǎ ǘƘŜ ȅƛŜƭŘ ƛǎ ƭƻǿŜǊ ǘƘŀƴ о ƳƎΣ млнп ǎŎŀƴǎ 

ŀǇǇƭƛŜŘΦ 

мо/ baw ŜȄǇŜǊƛƳŜƴǘ  

мо/ baw ǎǇŜŎǘǊƻǎŎƻǇȅ ƛǎ ŀ ƪŜȅ ŜȄǇŜǊƛƳŜƴǘ ŦƻǊ ƛŘŜƴǝŦȅƛƴƎ ŎŀǊōƻƴ ŀǘƻƳǎ ǿƛǘƘƛƴ ŀƴ ƻǊƎŀƴƛŎ 

ŎƻƳǇƻǳƴŘΣ ǇǊƻǾƛŘƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ŎŀǊōƻƴ ŀǘƻƳǎϥ ƴǳƳōŜǊΣ ǘȅǇŜǎ ŀƴŘ ŦǳƴŎǝƻƴŀƭ 

ƎǊƻǳǇǎ ǘƻ ǿƘƛŎƘ ǘƘŜ ŎŀǊōƻƴǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘΦ ¢ƘŜ мо/ baw ǎƛƎƴŀƭǎ ǘȅǇƛŎŀƭƭȅ ŀǇǇŜŀǊ ƛƴ ƻƴŜ 

ŘƛǊŜŎǝƻƴ ŀǎ ǎƛƴƎƭŜǘǎ ǿƛǘƘƛƴ ŀ ŎƘŜƳƛŎŀƭ ǎƘƛƊ ǊŀƴƎŜ ōŜǘǿŜŜƴ όлπнлл ǇǇƳύ ƛƴ ǘƘŜ ǎǇŜŎǘǊǳƳ 
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ό{ƛƭǾŜǊǎǘŜƛƴ ŀƴŘ .ŀǎǎƭŜǊΣ мфснΤ .ǊŜƛǘƳŀƛŜǊΣ нллнŀύΦ ¢Ƙƛǎ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ǳǎŜŘ ǿƘŜƴ ǘƘŜ 

59t¢ ǎǇŜŎǘǊŀ ǿŜǊŜ ƴƻǘ ǿŜƭƭπǊŜǎƻƭǾŜŘΣ ǘȅǇƛŎŀƭƭȅ мсоуп ǎŎŀƴǎ ǿŜǊŜ ŀǇǇƭƛŜŘΦ 

¢ƘŜ 5ƛǎǘƻǊǝƻƴƭŜǎǎ 9ƴƘŀƴŎŜƳŜƴǘ ōȅ tƻƭŀǊƛȊŀǝƻƴ ¢ǊŀƴǎŦŜǊ ό59t¢ύ ǘŜŎƘƴƛǉǳŜ 

59t¢ ƛǎ ŀ ƘŜƭǇŦǳƭ ƳŜǘƘƻŘ ƛƴ baw ǎǇŜŎǘǊƻǎŎƻǇȅ ǘƘŀǘ ŘƛǎǇƭŀȅǎ ǘƘŜ ŎŀǊōƻƴ ǎƛƎƴŀƭǎ ōŀǎŜŘ ƻƴ 

ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǊƻǘƻƴǎ ŀǧŀŎƘŜŘ ǘƻ ǘƘŜƳΦ Lǘ ŘƛǎǝƴƎǳƛǎƘŜǎ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ŎŀǊōƻƴ ǘȅǇŜǎΣ 

ǎǳŎƘ ŀǎ ǘƘŜ ǎƛƎƴŀƭǎ ŦƻǊ ƳŜǘƘƛƴŜ όπ/IύΣ ŀƴŘ ƳŜǘƘȅƭ όπ/Iоύ ƎǊƻǳǇǎ ŀǇǇŜŀǊ ƛƴ ƻƴŜ ŘƛǊŜŎǝƻƴΣ 

ŀƴŘ ƳŜǘƘȅƭŜƴŜ όπ/Iнύ ŀƴŘ ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴǎ ǎƛƎƴŀƭǎ ǎƘƻǿ ƛƴ ǘƘŜ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǝƻƴ ƻƴ 

ǘƘŜ ǎǇŜŎǘǊŀ ό{ƛƭǾŜǊǎǘŜƛƴ ŀƴŘ .ŀǎǎƭŜǊΣ мфснΤ .ǊŜƛǘƳŀƛŜǊΣ нллнŀύΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǘƘŜ 59t¢ 

ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ Ǌǳƴ ŀǘ мсоуп ǎŎŀƴǎΦ 

2.7.1.2. The two-dimensional (2D) NMR spectroscopy 

¢ǿƻπŘƛƳŜƴǎƛƻƴŀƭ όн5ύ baw ǎǇŜŎǘǊƻǎŎƻǇȅ ǇǊƻǾƛŘŜǎ ŀŘŘƛǝƻƴŀƭ Řŀǘŀ ŀōƻǳǘ ƴǳŎƭŜŀǊ 

ƛƴǘŜǊŀŎǝƻƴǎ ŀƴŘ ŎƻƴƴŜŎǝǾƛǘȅ ƛƴ ƳƻƭŜŎǳƭŜǎΦ ¢ƘŜ Řŀǘŀ ƛǎ ǇƭƻǧŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘǿƻ ŀȄŜǎ ǿƘƛŎƘ 

ƳƛƎƘǘ ōŜ ǎƛƳƛƭŀǊ όIƻƳƻƴǳŎƭŜŀǊ ŎƻǊǊŜƭŀǘŜŘ ǎǇŜŎǘǊƻǎŎƻǇȅύ ƭƛƪŜ ǘƘŜ мIπмI /h{¸ ŀƴŘ bh9{¸ 

ŜȄǇŜǊƛƳŜƴǘǎ ƻǊ ŘƛũŜǊŜƴǘ όIŜǘŜǊƻƴǳŎƭŜŀǊ ŎƻǊǊŜƭŀǘŜŘ ǎǇŜŎǘǊƻǎŎƻǇȅύ ƭƛƪŜ мI πмо/ ŜȄǇŜǊƛƳŜƴǘǎ 

I{v/ ŀƴŘ Ia./Φ 

¢ƘŜ мIπмI /h{¸ ό/ƻǊǊŜƭŀǝƻƴ {ǇŜŎǘǊƻǎŎƻǇȅύ 

¢ƘŜ IƻƳƻƴǳŎƭŜŀǊ /ƻǊǊŜƭŀǝƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜ όмIπмI /h{¸ύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇǊƻǘƻƴπ

ǇǊƻǘƻƴ ŎƻǳǇƭƛƴƎ ŎƻǊǊŜƭŀǝƻƴǎ ƛƴ ŀ ƳƻƭŜŎǳƭŜΦ ¢ƘŜ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ Ǉƭƻǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ 

ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘǿƻ ŀȄŜǎ ƻŦ ǘƘŜ ǇǊƻǘƻƴ ŎƘŜƳƛŎŀƭ ǎƘƛƊ ǎǇŜŎǘǊǳƳ ƻƴ ōƻǘƘ ŘƛƳŜƴǎƛƻƴǎ 

ŦƻǊƳƛƴƎ ŀ ǎǉǳŀǊŜ ǎȅƳƳŜǘǊȅ ό.ǊŜƛǘƳŀƛŜǊΣ нллнύΦ bǳƳōŜǊ ƻŦ ǎŎŀƴǎ ǎŜǘ ŦƻǊ /h{¸ ŜȄǇŜǊƛƳŜƴǘǎ 

ŀǘ мс ǎŎŀƴǎΦ 

¢ƘŜ мIπмI bh9{¸ όbǳŎƭŜŀǊ hǾŜǊƘŀǳǎŜǊ 9ƴƘŀƴŎŜƳŜƴǘ {ǇŜŎǘǊƻǎŎƻǇȅύ 

{ƛƳƛƭŀǊ ǘƻ /h{¸Σ ǘƘŜ bh9{ ̧ǎǇŜŎǘǊǳƳ ŘƛǎǇƭŀȅǎ ŀ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ŎƻǊǊŜƭŀǝƻƴ ƻŦ ǘƘŜ ǘǿƻ мI 

ǇǊƻǘƻƴǎ ƛƴ ǎǇŀŎŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ŎǊǳŎƛŀƭ ŘƛũŜǊŜƴŎŜ ƛǎ ǘƘŀǘ ǘƘŜ ŎǊƻǎǎ ǇŜŀƪǎ ƛƴŘƛŎŀǘŜ ǇǊƻǘƻƴǎ 

ǘƘŀǘ ŀǊŜ ŎƭƻǎŜ ƛƴ ǎǇŀŎŜ ǇǊƻǾƛŘƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ǊŜƭŀǝǾŜ ǎǘŜǊŜƻŎƘŜƳƛǎǘǊȅ ƻŦ 

ƳƻƭŜŎǳƭŜǎ ό²ƛƭƭƛŀƳǎ ŀƴŘ CƭŜƳƛƴƎΣ мффрύΦ 
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¢ƘŜ IŜǘŜǊƻƴǳŎƭŜŀǊ {ƛƴƎƭŜ vǳŀƴǘǳƳ /ƻǊǊŜƭŀǝƻƴ όI{v/ύ ǎǇŜŎǘǊƻǎŎƻǇȅ 

I{v/ ƛǎ ŀ ǿƛŘŜƭȅ ǳǎŜŘ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ όн5ύ baw ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ǊŜǾŜŀƭǎ ǘƘŜ ŘƛǊŜŎǘ 

ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǇǊƻǘƻƴϥǎ ŎƘŜƳƛŎŀƭ ǎƘƛƊǎ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎŀǊōƻƴ όмо/ύ 

ǎƛƎƴŀƭǎ ƛƴ ŀ ŎƻƳǇƻǳƴŘΦ ¢ƘŜ ǘǿƻ ŘƛƳŜƴǎƛƻƴǎ ƛƴ I{v/ ǎǇŜŎǘǊŀ ǊŜǇǊŜǎŜƴǘ ǘƘŜ мI baw 

ǎǇŜŎǘǊǳƳ ƻƴ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘƻǇ ŀȄƛǎ ŀƴŘ ǘƘŜ мо/ baw ǎǇŜŎǘǊǳƳ ƻƴ ǘƘŜ ǾŜǊǝŎŀƭ ŀȄƛǎ 

ό{ƛƭǾŜǊǎǘŜƛƴ ŀƴŘ .ŀǎǎƭŜǊΣ мфснΤ .ǊŜƛǘƳŀƛŜǊΣ нллнŀύΦ ¢Ƙƛǎ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ Ǌǳƴ ŀǘ сп ǎŎŀƴǎ ŦƻǊ 

Ƴƻǎǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΦ 

¢ƘŜ IŜǘŜǊƻƴǳŎƭŜŀǊ aǳƭǝǇƭŜ .ƻƴŘ /ƻǊǊŜƭŀǝƻƴ όIa./ύ ǎǇŜŎǘǊƻǎŎƻǇȅ 

Ia./ ƛǎ ŀƴƻǘƘŜǊ ƘŜǘŜǊƻƴǳŎƭŜŀǊ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ όн5ύ baw ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ƘŜƭǇǎ 

ŘŜǘŜǊƳƛƴŜ ƭƻƴƎπǊŀƴƎŜ ŎƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǇǊƻǘƻƴǎ ŀƴŘ ŎŀǊōƻƴ ŀǘƻƳǎ мIπмо/ ǿƘƛŎƘ ŀǊŜ 

ǎŜǇŀǊŀǘŜŘ ōȅ ǘǿƻ ƻǊ ǘƘǊŜŜ ŎƘŜƳƛŎŀƭ ōƻƴŘǎ όнW ŀƴŘ оWύΦ ¢ƘŜ Ia./ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ 

ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴǎ ǿƛǘƘ ǉǳŀǘŜǊƴŀǊȅ ŀƴŘ ŎŀǊōƻƴȅƭ ό²ƛƭƭƛŀƳǎ ŀƴŘ CƭŜƳƛƴƎΣ мффрΤ 

.ǊŜƛǘƳŀƛŜǊΣ нллнŀύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ мну ǎŎŀƴǎ ǿŜǊŜ ǎŜǘ ǘƻ Ǌǳƴ ǘƘŜ Ia./ ŜȄǇŜǊƛƳŜƴǘΦ 

2.7.2 Mass spectroscopy (MS) 

aŀǎǎ ǎǇŜŎǘǊƻǎŎƻǇȅ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŀǳǘƘƻǊƛǘŀǝǾŜ ǘŜŎƘƴƛǉǳŜǎ ǳǎŜŦǳƭ ƛƴ ǘƘŜ ŘŜǘŜǊƳƛƴŀǝƻƴ ƻŦ 

ǘƘŜ ƴƻƳƛƴŀƭ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƻŦ ŎƻƳǇƻǳƴŘǎ ŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀΦ ¢Ƙƛǎ 

ŀƴŀƭȅǝŎŀƭ ǘŜŎƘƴƛǉǳŜ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǘƻ ŎƻƴŬǊƳ ǘƘŜ ƴŀǘǳǊŀƭ ŎƻƳǇƻǳƴŘ ǎǘǊǳŎǘǳǊŜ ŀƭǊŜŀŘȅ 

ōŜŜƴ ŜƭǳŎƛŘŀǘŜŘ ōȅ baw ŜȄǇŜǊƛƳŜƴǘǎΦ  

LŘŜƴǝŬŜŘ ŀƴŘ ǇǳǊƛŬŜŘ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛƴƛǝŀƭƭȅ ŘƛǎǎƻƭǾŜŘ ƛƴ 5a{hΣ aŜhIΣ ƻǊ ŎƘƭƻǊƻŦƻǊƳ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǎƻƭǳōƛƭƛǘȅΦ !ƊŜǊǿŀǊŘǎΣ ŀƴ ŀŘŜǉǳŀǘŜ ǾƻƭǳƳŜ ǿŀǎ ƳƛȄŜŘ ǿƛǘƘ ǳƭǘǊŀπǇǳǊŜ 

ƳŜǘƘŀƴƻƭ ŦƻǊ Ƴŀǎǎ ŀƴŀƭȅǎƛǎ ό¦It[/πa{Σ ¢ƘŜǊƳƻπCƛǎƘŜǊΣ ¦Yύ ǘƻ ŀǇǇǊƻŀŎƘ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ мπмл ǇǇƳΦ 

5ƛǊŜŎǘ ƛƴŦǳǎƛƻƴ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŀǇǇƭƛŜŘ ǳǎƛƴƎ ŀ ǎȅǊƛƴƎŜ όнрл [˃ύ ŀƴŘ ǎȅǊƛƴƎŜ ǇǳƳǇ όIŀǊǾŀǊŘΣ 

¦Yύ ǘƻ ŘŜƭƛǾŜǊ ǘƘŜ ǎŀƳǇƭŜǎ ƛƴǘƻ ǘƘŜ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊ όaƛŎǊƻƳŀǎǎ [/¢Σ ¦Yύ ƛƴ ŀ ǊŜƎǳƭŀǊ 

ƅƻǿ ƻŦ ƭƛǉǳƛŘ όнл ˃[κƳƛƴύΦ ¢ƘŜ Ƴŀǎǎ ǎǇŜŎǘǊǳƳ ǿŀǎ ǊŜŎƻǊŘŜŘ ǊŜƭŀǝƴƎ ǘƻ ǘƘŜƛǊ Ƴŀǎǎ ǘƻ ŎƘŀǊƎŜ 

όƳκȊύ ŀǘ ŀ ŎŀǇƛƭƭŀǊȅ ǇƻǘŜƴǝŀƭ ƻŦ оллл ±Φ 

LƴǎǘǊǳƳŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǎŜǘ ŀǘ олл ᴈΣ Ǝŀǎ ƅƻǿ ŘŜǎƻƭǾŀǝƻƴ ƅƻǿ ŀǘ тлл [κƘ ŀƴŘ ŎƻƴŜ 

ǾƻƭǘŀƎŜ ŀǘ όолπрл ±ύΣ ƛƴ ǇƻǎƛǝǾŜ ƻǊ ƴŜƎŀǝǾŜ ƛƻƴ ƳƻŘŜǎΦ 
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2.8. Biological activities 

.ƛƻŀǎǎŀȅǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ 

ŜȄǘǊŀŎǘǎΣ ŦǊŀŎǝƻƴǎ ƻǊ ǇǳǊŜ ŎƻƳǇƻǳƴŘǎ ŀǘ ŀ ǊŀƴƎŜ ƻŦ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǳǎƛƴƎ !w9Ŏон ŎŜƭƭǎΦ 

2.8.1. Samples preparation for biological assays 

{ǘƻŎƪ ǎƻƭǳǝƻƴǎ ƻŦ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎκŦǊŀŎǝƻƴǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀǘ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ мл ƳƎκƳ[ 

ōȅ ŘƛǎǎƻƭǾƛƴƎ ǘƘŜ ǎŀƳǇƭŜ ƛƴ ŘƛƳŜǘƘȅƭ ǎǳƭŦƻȄƛŘŜ ό5a{hύΦ !ƭƭ ǎŀƳǇƭŜǎ ǿŜǊŜ ƪŜǇǘ ŀǘ пᴈΦ CƻǊ 

ōƛƻŀǎǎŀȅǎΣ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ м ƳƎκƳ[ ǿŀǎ ǇǊŜǇŀǊŜŘ ōȅ ŘƛƭǳǝƴƎ ŀƴ ŀŘŜǉǳŀǘŜ ǾƻƭǳƳŜ ƻŦ 

ǘƘŜ ǎǘƻŎƪ ǎƻƭǳǝƻƴ ƛƴ ŦǊŜǎƘ ƳŜŘƛǳƳ όлΦм҈ 5a{h ǾκǾύΣ ŦǊƻƳ ǿƘƛŎƘ ǎŜǾŜƴ Řƛƭǳǝƻƴǎ ǿŜǊŜ 

ǇǊŜǇŀǊŜŘ ǘƻ ǊŀƴƎŜ ŦǊƻƳ мл ǘƻ мллл ҡƎκƳ[Φ 

Lƴ ǎǇŜŎƛŬŎ ŎŀǎŜǎΣ ŀ ƘƛƎƘŜǊ ǾƻƭǳƳŜ ƻŦ 5a{h ǿŀǎ ǊŜǉǳƛǊŜŘ ǘƻ ŘƛǎǎƻƭǾŜ ǘƘŜ ǎŀƳǇƭŜ όƴπƘŜȄŀƴŜ 

ŜȄǘǊŀŎǘǎ ŀƴŘ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ пύ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 5a{h ōǳǘ ƴƻǘ 

ŜȄŎŜŜŘƛƴƎ м҈Φ Lƴ ŀƭƭ ŎŀǎŜǎΣ ǘƘŜ ŜȄŀŎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 5a{h ǳǎŜŘ ƛƴ ǘƘŜ ǘŜǎǘ ǎŀƳǇƭŜǎ ǿŀǎ 

ǊŜǇƭƛŎŀǘŜŘ ƛƴ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ 

¢ƘŜ ǎŀƳŜ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘ ŦƻǊ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ƻǊ ǇǳǊŎƘŀǎŜŘ ŎƻƳǇƻǳƴŘǎ ƻŦ 

ƪƴƻǿƴ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘΦ IƻǿŜǾŜǊΣ ǘƘŜ ƛƴƛǝŀƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ǎǘƻŎƪ ǎƻƭǳǝƻƴ ƛƴ 5a{h 

ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŀƴƎŜ ƻŦ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘƛƭǳǘŜŘ ƛƴ ƳŜŘƛǳƳ ǾŀǊƛŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ 

ǘƘŜ ŀǾŀƛƭŀōƭŜ ŀƳƻǳƴǘ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘΦ  

 

2.8.2. AREc32 cell line 

¢ƘŜ a/Cт !w9Ŏон ό9/!// мслтмфлнύ ŎŜƭƭ ƭƛƴŜ ƛǎ ŀ ǎŜƴǎƛǝǾŜ ŀƴŘ ǎǘŀōƭŜ ƘǳƳŀƴ ƳŀƳƳŀǊȅ 

ŎŜƭƭΣ ǿƘƛŎƘ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ƘǳƳŀƴ ōǊŜŀǎǘ ŎŀƴŎŜǊ a/Cπт ŎŜƭƭǎ ƭƛƴŜΦ ¢ƘŜ a/Cт 

!w9Ŏон ŎŜƭƭ ƭƛƴŜ ǿŀǎ ǘǊŀƴǎŦŜŎǘŜŘ ǿƛǘƘ ŀ ƎŜƴŜ ŎƻƴǎǘǊǳŎǘ ς Ǌŀǘ D{¢ ŀƴǝƻȄƛŘŀƴǘ ǊŜǎǇƻƴǎŜ 

ŜƭŜƳŜƴǘ ό!w9ύ ƭƛƴƪŜŘ ǘƻ ŀ ƭǳŎƛŦŜǊŀǎŜ ƎŜƴŜ ŘŜǊƛǾŜŘ ƻǊƛƎƛƴŀƭƭȅ ŦǊƻƳ ŀ ŬǊŜƅȅ ό¦Y IŜŀƭǘƘ 

{ŜŎǳǊƛǘȅ !ƎŜƴŎȅύΦ ¢Ƙƛǎ ŎŜƭƭ ƭƛƴŜ ǿŀǎ ƪƛƴŘƭȅ ƻōǘŀƛƴŜŘ ŦǊƻƳ tǊƻŦŜǎǎƻǊ wƻƭŀƴŘ ²ƻƭŦΣ ¦ƴƛǾŜǊǎƛǘȅ 

ƻŦ 5ǳƴŘŜŜ ǿƘƻǎŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ƎŜƴŜǊŀǘŜŘ ǘƘƛǎ ŎŜƭƭ ƭƛƴŜ ƛƴ нллс ό²ŀƴƎΣ IŀȅŜǎ ŀƴŘ ²ƻƭŦΣ 

нллсύΦ 
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¢ƘŜ ŀŘƘŜǊŜƴǘ ŜǇƛǘƘŜƭƛŀƭ !w9Ŏон ŎŜƭƭ ƭƛƴŜ ǿŀǎ ƎŜƴŜǝŎŀƭƭȅ ƳƻŘƛŬŜŘ ǘƻ ƘŜƭǇ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ 

ǇƻǘŜƴǝŀƭ ƻŦ ŀƴǝŎŀƴŎŜǊ ŘǊǳƎǎ ǘƻ ƛƴŘǳŎŜ ǘƘŜ !ƴǝƻȄƛŘŀƴǘ wŜǎǇƻƴǎŜ 9ƭŜƳŜƴǘ ό!w9ύ ŘǊƛǾŜƴ 

ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎ ƘŀǾŜ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƭǳŎƛŦŜǊŀǎŜ 

ŀŎǝǾƛǘȅ ƛƴ ǘƘŜ !w9Ŏон ƛǎ ƳŜŘƛŀǘŜŘ ōȅ ǘƘŜ ƴǳŎƭŜŀǊ ŦŀŎǘƻǊ ŜǊȅǘƘǊƻƛŘπǊŜƭŀǘŜŘ ŦŀŎǘƻǊ н όbǊŦнύΦ 

!ŎŎƻǊŘƛƴƎƭȅΣ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ǊŜƅŜŎǘǎ bǊŦн ŀŎǝǾŀǝƻƴΦ 

Lǘ ƛǎ ǿŜƭƭπŜǾƛŘŜƴŎŜŘ ǘƘŀǘ ǘƘŜ ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊ bǊŦн ƳŜŘƛŀǘŜǎ ǘƘŜ ƛƴŘǳŎǝƻƴ ƻŦ ŀƴǝƻȄƛŘŀƴǘ 

ŀƴŘ ŘŜǘƻȄƛŎŀǝƻƴ ƎŜƴŜǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ !w9Σ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŎŜƭƭǎ ǘƻ 

ǿƛǘƘǎǘŀƴŘ ƘŀǊƳŦǳƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴǘǎ ό²ŀƴƎΣ IŀȅŜǎ ŀƴŘ ²ƻƭŦΣ нллсύΦ 

¢ŜǊǘπōǳǘȅƭ ƘȅŘǊƻǉǳƛƴƻƴŜ όǘ.Ivύ ǿŀǎ ǳǎŜŘ ǘƻ ŎƘŀƭƭŜƴƎŜ ǘƘŜ !w9Ŏон ŎŜƭƭǎ ŀƴŘ ƭŜŀŘ ǘƻ ŀ 

ǎƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƛƴ ŀ ŘƻǎŜ ŀƴŘ ǝƳŜπŘŜǇŜƴŘƛƴƎ ƳŀƴƴŜǊ ό²ŀƴƎΣ 

IŀȅŜǎ ŀƴŘ ²ƻƭŦΣ нллсύ ŀƴŘ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ǳǎŜŘ ŀǎ ŀ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ ƛƴ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ 

ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ 

2.8.3. Cell Culture 

!w9Ŏон ŎŜƭƭǎ ǿŜǊŜ ŎǳƭǘǳǊŜŘ ǳǎƛƴƎ 5ǳƭōŜŎŎƻϥǎ aƻŘƛŬŜŘ 9ŀƎƭŜǎ aŜŘƛǳƳ ό5a9aύ ƘƛƎƘ 

ƎƭǳŎƻǎŜ ό.ƛƻǎŜǊŀΣ CǊŀƴŎŜύ ǎǳǇǇƭŜƳŜƴǘŜŘ ƛƴ ŀ ǎǘŜǊƛƭŜ ŜƴǾƛǊƻƴƳŜƴǘ ǿƛǘƘ мл҈ όǾκǾύ CƻŜǘŀƭ 

.ƻǾƛƴŜ {ŜǊǳƳ όC.{ύ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǝŬŎΣ ¦{!ύ ŀƴŘ м҈ όǾκǾύ ǇŜƴƛŎƛƭƭƛƴκǎǘǊŜǇǘƻƳȅŎƛƴ 

όDƛōŎƻϯπ{ƛƎƳŀ !ƭŘǊƛŎƘΣ ¦{!ύ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ŎƻƳǇƭŜǘŜ ƳŜŘƛǳƳΦ !ƴ ŀŘŘƛǝƻƴŀƭ лΦу ƳƎκƳ[ ƻŦ 

ǘƘŜ ǎŜƭŜŎǝǾŜ ŀƴǝōƛƻǝŎ ƎŜƴŜǝŎƛƴ Dпму ǎǳƭǇƘŀǘŜ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǝŬŎΣ ¦{!ύ ǿŀǎ ŀŘŘŜŘ 

ǘƻ ǘƘŜ ƎǊƻǿǘƘ ƳŜŘƛǳƳ ŀƊŜǊ ōŜƛƴƎ ŬƭǘŜǊŜŘ ǘƘǊƻǳƎƘ ŀ лΦнн ҡa ƳƛŎǊƻŬƭǘŜǊΦ ! ŎƻƳǇƭŜǘŜ 

ƳŜŘƛǳƳ ōƻǧƭŜ ǿŀǎ ǇŜǊƳŀƴŜƴǘƭȅ ǎǘƻǊŜŘ ŀǘ пᴈ ŀƴŘ ǿŀǊƳŜŘ ŦƻǊ нл Ƴƛƴ ƛƴ ŀ ǿŀǘŜǊ ōŀǘƘ 

όWǳƭŀōƻΣ DŜǊƳŀƴȅύ ŀǘ отᴈ ōŜŦƻǊŜ ŜŀŎƘ ǳǎŜΦ 

¢ƘŜ ŎŜƭƭǎ ǿŜǊŜ ŎǳƭǘǳǊŜŘ ƛƴ ¢тр ŎǳƭǘǳǊŜ ƅŀǎƪǎ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǝŬŎΣ 5ŜƴƳŀǊƪύ ŎƻƴǘŀƛƴƛƴƎ 

мн Ƴ[ ƻŦ ǘƘŜ ŎƻƳǇƭŜǘŜ ƳŜŘƛǳƳΦ ¢ƘŜǎŜ ƅŀǎƪǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ƛƴ ŀ .ƛƴŘŜǊϯ ƛƴŎǳōŀǘƻǊ 

ό.ƛƴŘŜǊΣ DŜǊƳŀƴȅύΣ ŀǘ отϲ/Σ р҈ /hн ŀƴŘ фр҈ ƘǳƳƛŘƛŬŜŘ ŀǘƳƻǎǇƘŜǊŜΦ 

¢ƻ Ƴŀƛƴǘŀƛƴ ƎƻƻŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜ ŎƻƳǇƭŜǘŜ ƳŜŘƛŀ ǿŀǎ ŀǎǇƛǊŜŘ ŀƴŘ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ŀ 

ǇǊŜπǿŀǊƳŜŘ ŦǊŜǎƘ ŀƳƻǳƴǘ ƻƴ ŀƴ ŀƭǘŜǊƴŀǘŜ Řŀȅ ōŀǎƛǎΦ 
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2.8.3.1. Cells passaging (sub-culture) 

²ƘŜƴ !w9Ŏон ŎŜƭƭǎ ǿŜǊŜ тлπул ҈ ŎƻƴƅǳŜƴǘΣ ǘƘŜȅ ǿŜǊŜ ǇŀǎǎŀƎŜŘ ƻǊ ǎŜŜŘŜŘ ŦƻǊ ǘƘŜ ŘŜǎƛǊŜŘ 

ŜȄǇŜǊƛƳŜƴǘΦ CƛǊǎǘƭȅΣ ǘƘŜ ŎƻƳǇƭŜǘŜ ƳŜŘƛŀ ǿŀǎ ŀǎǇƛǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ƅŀǎƪǎ ŀƴŘ ǘƘŜ ŎŜƭƭǎ ǿŜǊŜ 

ǊƛƴǎŜŘ ǘƘǊŜŜ ǝƳŜǎ ǳǎƛƴƎ р Ƴ[ ƻŦ ǇǊŜπǿŀǊƳŜŘ tƘƻǎǇƘŀǘŜ .ǳũŜǊ {ŀƭƛƴŜ όt.{ύ ό{ƛƎƳŀπ!ƭŘǊƛŎƘΣ 

¦{!ύΦ ¢ƻ ŘŜǘŀŎƘ ǘƘŜ ŎŜƭƭǎ ŦǊƻƳ ǘƘŜ ƅŀǎƪ ǎǳǊŦŀŎŜΣ м Ƴ[ ƻŦ лΦнр҈ ǘǊȅǇǎƛƴπ95¢! ǎƻƭǳǝƻƴ όотᴈύ 

όDƛōŎƻϯπ¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǝŬŎΣ ¦{!ύ ǿŀǎ ŀŘŘŜŘ ŀƴŘ ƛƴŎǳōŀǘŜŘ ŦƻǊ н ƳƛƴΦ Cƭŀǎƪǎ ǿŜǊŜ 

ǘƘŜƴ ǘŀǇǇŜŘ ƎŜƴǘƭȅ ǘƻ ƘŜƭǇ ŎŜƭƭǎ ŘƛǎƭƻŘƎŜ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜΦ ¢ƘŜ ŎŜƭƭǳƭŀǊ ŘŜǘŀŎƘƳŜƴǘ ǿŀǎ 

ŎƻƴŬǊƳŜŘ ōȅ ǾƛǎǳŀƭƛǎƛƴƎ ǘƘŜ ƅŀǎƪ ǳƴŘŜǊ ŀ ƳƛŎǊƻǎŎƻǇŜ όhƭȅƳǇǳǎ /ƻǊǇƻǊŀǝƻƴΣ WŀǇŀƴύΦ 

! ŎƻƳǇƭŜǘŜ ƎǊƻǿǘƘ ƳŜŘƛǳƳ όмл Ƴ[ύ ǿŀǎ ǘƘŜƴ ŀŘŘŜŘ ǘƻ ƴŜǳǘǊŀƭƛǎŜ ǘƘŜ ǘǊȅǇǎƛƴ ŀŎǝƻƴ ŀƴŘ 

ǘƘŜ ŎŜƭƭ ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ŀƎƛǘŀǘŜŘ ǘƻ ōǊŜŀƪ ǳǇ ŀƴȅ ŎŜƭƭ ŎƭǳƳǇǎΦ  

¢ƘŜ ŎŜƭƭ ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ŎŜƴǘǊƛŦǳƎŜŘ ŀǘ мрлл ǊǇƳ ŦƻǊ р Ƴƛƴ ƛƴ ŀ ǊŜŦǊƛƎŜǊŀǘŜŘ ŎŜƴǘǊƛŦǳƎŜ румл 

w ό9ǇǇŜƴŘƻǊŦΣ DŜǊƳŀƴȅύΦ ¢ƘŜ ǎǳǇŜǊƴŀǘŀƴǘ ǿŀǎ ŘƛǎŎŀǊŘŜŘ ŀƴŘ ǘƘŜ ŎŜƭƭ ǇŜƭƭŜǘ ǿŀǎ 

ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ ŀ ŦǊŜǎƘ ŎƻƳǇƭŜǘŜ ƳŜŘƛǳƳΦ ¢Ƙƛǎ ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ŜƛǘƘŜǊ ǳǎŜŘ ǘƻ ǎŜŜŘ ƴŜǿ 

¢тр ƅŀǎƪǎ ƻǊ ǘƻ ǎŜŜŘ фсπǿŜƭƭ ǇƭŀǘŜǎ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǳǊǇƻǎŜǎΦ ¢ƘŜ ǇŀǎǎŀƎƛƴƎ ǇǊƻŎŜǎǎ ǿŀǎ 

ǇŜǊŦƻǊƳŜŘ ŜǾŜǊȅ оπп Řŀȅǎ ŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ ŘŀǘŀǎƘŜŜǘ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ό¦Y IŜŀƭǘƘ {ŜŎǳǊƛǘȅ 

!ƎŜƴŎȅύΦ 

2.8.3.2. Cells counting and seeding 

/Ŝƭƭ ŎƻǳƴǝƴƎ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǎǘŜǇ ƛƴ ǇǊŜǇŀǊƛƴƎ ǘƘŜ ŎŜƭƭ ǎǘƻŎƪ ǎǳǎǇŜƴǎƛƻƴ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘǎΦ 

! ǎƻƭǳǝƻƴ ƻŦ ŀƴ Ŝǉǳŀƭ ŀƳƻǳƴǘ όмΥмύ ƻŦ ŎŜƭƭ ǎǳǎǇŜƴǎƛƻƴ ŀƴŘ ǘǊȅǇŀƴ ōƭǳŜ лΦп҈ όDƛōŎƻΣ [ƛŦŜ 

¢ŜŎƘƴƻƭƻƎƛŜǎΣ ¦{!ύ ǿŀǎ ƳƛȄŜŘ ŀƴŘ мл ҡ[ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ƭƻŀŘŜŘ ƛƴǘƻ ŜŀŎƘ ŎƻǳƴǝƴƎ 

ŎƘŀƳōŜǊ ƻŦ ǘƘŜ ƘŀŜƳƻŎȅǘƻƳŜǘŜǊΦ ¢ƘŜ ǾƛŀōƭŜ ŎŜƭƭǎ ǿŜǊŜ ŎƻǳƴǘŜŘΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ŝǉǳŀǝƻƴ 

ǿŀǎ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŎŜƭƭ ƴǳƳōŜǊ ǇŜǊ м Ƴ[Υ 

/ŜƭƭǎκƳ[Ґ ƳŜŀƴ ƴǳƳōŜǊ ƻŦ ŎŜƭƭǎ ƛƴ ǎǉǳŀǊŜǎ Ȅ н Ȅ млп 

!ǇǇǊƻǇǊƛŀǘŜ Řƛƭǳǝƻƴǎ ǿŜǊŜ ƳŀŘŜ ǘƻ ǇǊŜǇŀǊŜ ŀ ŎŜƭƭ ǎǘƻŎƪ ǎǳǎǇŜƴǎƛƻƴ ŀǘ ŀ ŘŜƴǎƛǘȅ ƻŦ мΦн Ȅ 

млп ŎŜƭƭǎκǿŜƭƭΦ /Ŝƭƭǎ ǿŜǊŜ ǘƘŜƴ ǎŜŜŘŜŘ ƛƴǘƻ ǘƘŜ фсπǿŜƭƭ ǇƭŀǘŜǎ ό/ƻǊƴƛƴƎΣ ¦{!ύ ŀƴŘ ŀƭƭƻǿŜŘ 

ǘƻ ƎǊƻǿ ŦƻǊ нп ƘƻǳǊǎ ōŜŦƻǊŜ ŀ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ŀǇǇƭƛŜŘΦ 
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2.8.4. Cells viability assessment 

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ a¢¢ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀǘ ŜǾŜǊȅ ǎǘŜǇ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 

ŀǇǇǊƻǇǊƛŀǘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǘƻ ǳǝƭƛǎŜ ƛƴ ǘƘŜ !w9Ŏон ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ όƴƻ ƳƻǊŜ ǘƘŀƴ 

мл҈ ǘƻȄƛŎƛǘȅύΦ 

 

2.8.4.1. The MTT cytotoxicity assay 

¢ƘŜ a¢¢ ŀǎǎŀȅ ǿŀǎ ǘƘŜ ŬǊǎǘ ǊŀǇƛŘ ŎƻƭƻǳǊƛƳŜǘǊƛŎ ŀǎǎŀȅ ŘŜǾŜƭƻǇŜŘ ōȅ ¢ƛƳ aƻǎƳŀƴƴ ƛƴ мфуо 

όaƻǎƳŀƴƴΣ мфуоύ ŀƴŘ ƛǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǿƛŘŜƭȅ ǳǎŜŘ ƳŜǘƘƻŘǎ ƛƴŘƛŎŀǝƴƎ ǘƘŜ ŎŜƭƭǎϥ 

ǾƛŀōƛƭƛǘȅΦ ¢Ƙƛǎ ŀǎǎŀȅ ǳǎŜǎ ǘƘŜ ǿŀǘŜǊπǎƻƭǳōƭŜ a¢¢ ǘŜǘǊŀȊƻƭƛǳƳ ǎŀƭǘ όоπόпΣрπŘƛƳŜǘƘȅƭǘƘƛŀȊƻƭπнπ

ȅƭύπнΣрπŘƛǇƘŜƴȅƭ ǘŜǘǊŀȊƻƭƛǳƳ ōǊƻƳƛŘŜ ŀƴŘ ŘŜǇŜƴŘǎ ƻƴ ŀ ǎƛƳǇƭŜ ŎƻƭƻǳǊƛƳŜǘǊƛŎ ǊŜŀŎǝƻƴ 

ǿƘŜǊŜ ǘƘŜ ȅŜƭƭƻǿ a¢¢ ǊŜŀƎŜƴǘ ƛǎ ǊŜŘǳŎŜŘ ƛƴǘƻ ƛƴǎƻƭǳōƭŜ ǇǳǊǇƭŜ ŦƻǊƳŀȊŀƴ ŎǊȅǎǘŀƭǎ ōȅ ǘƘŜ 

ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŜƴȊȅƳŜǎ όǎǳŎŎƛƴŀǘŜ ŘŜƘȅŘǊƻƎŜƴŀǎŜύ ƛƴ ǾƛŀōƭŜ ŎŜƭƭǎ όCƛƎǳǊŜ нΦуύΦ 

/ƻƴǎŜǉǳŜƴǝŀƭƭȅΣ ƻǇǝŎŀƭ ŘŜƴǎƛǘȅ Ŏŀƴ ōŜ ƳŜŀǎǳǊŜŘ ŀǘ ртл ƴƳ ǘƻ ǉǳŀƴǝŦȅ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ǊŀǘŜ 

όaƻǎƳŀƴƴΣ мфуоύΦ 

 

Mitochondrial reductase
-

 

όоπώпΣрπŘƛƳŜǘƘȅƭǘƘƛŀȊƻƭπнπȅƭϐπ                      рπώпΣрπŘƛƳŜǘƘȅƭǘƘƛŀȊƻƭπнπȅƭϐπ 

нΣрπŘƛǇƘŜƴȅƭ ǘŜǘǊŀȊƻƭƛǳƳ ōǊƻƳƛŘŜ     мΣоπŘƛǇƘŜƴȅƭŦƻǊƳŀȊŀƴ 

 a¢¢ ό¸Ŝƭƭƻǿύ       CƻǊƳŀȊŀƴ όǇǳǊǇƭŜύ 

CƛƎǳǊŜ нΦуΦ a¢¢ ŀǎǎŀȅ ǊŜŀŎǝƻƴ 

!ƊŜǊ ǎŜŜŘƛƴƎ ǘƘŜ !w9Ŏон ŎŜƭƭǎ ƛƴ фсπǿŜƭƭ ǇƭŀǘŜǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ нΦуΦоΦнύ ŀƴŘ 

ƛƴŎǳōŀǝƴƎ ǘƘŜƳ ŦƻǊ нп ƘΣ ǘƘŜ ƳŜŘƛǳƳ ǿŀǎ ǊŜƳƻǾŜŘ ōȅ ǾŀŎǳǳƳ ŀǎǇƛǊŀǝƻƴ ŀƴŘ ǎǳōǎǝǘǳǘŜŘ 

ǿƛǘƘ млл ҡ[ ƻŦ ŦǊŜǎƘ ƳŜŘƛǳƳ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ŜƛƎƘǘ ŘƛũŜǊŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 

ŜŀŎƘ ǎǘǳŘƛŜŘ ŜȄǘǊŀŎǘΣ ŦǊŀŎǝƻƴ ƻǊ ǇǳǊŜ ŎƻƳǇƻǳƴŘΦ 
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!ŘŘƛǝƻƴŀƭƭȅΣ ŀ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ ƻŦ нл҈ 5a{h ƛƴ ƳŜŘƛǳƳΣ ŀ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ Ŭƴŀƭ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 5a{h ǳǎŜŘ ǘƻ ŘƛǎǎƻƭǾŜ ǘƘŜ ǎŀƳǇƭŜ ƛƴ ƳŜŘƛǳƳ όлΦм ς м ҈ύ 

ŀƴŘ ŀ ƴŜƎŀǝǾŜ ŎƻƴǘǊƻƭ ƻŦ ŦǊŜǎƘ ŎƻƳǇƭŜǘŜ ƳŜŘƛǳƳ ǿƛǘƘƻǳǘ ŀƴȅ ǘǊŜŀǘƳŜƴǘ ǿŜǊŜ ŀƭǎƻ ǳǎŜŘΦ 

CƻƭƭƻǿƛƴƎ нп ƘƻǳǊǎ ƻŦ ǘǊŜŀǘƳŜƴǘΣ ǘƘŜ ƳŜŘƛǳƳ ǿŀǎ ŀǎǇƛǊŀǘŜŘ ŀƴŘ нл ҡ[ ƻŦ р ƳƎκƳ[ a¢¢ 

ǊŜŀƎŜƴǘ ŘƛǎǎƻƭǾŜŘ ƛƴ t.{ ǿŀǎ ǇƛǇŜǧŜŘ ƛƴ ŜŀŎƘ ǿŜƭƭΦ ¢ƘŜ ǇƭŀǘŜǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ŦƻǊ п ƘƻǳǊǎ 

ŀǘ от ᴈΦ 

¢ƘŜ a¢¢ ǎǳōǎǘǊŀǘŜ ǎƻƭǳǝƻƴ ǿŀǎ ǘƘŜƴ ŘƛǎŎŀǊŘŜŘ ōȅ ŀǎǇƛǊŀǝƻƴ ŀƴŘ млл ҡ[ ƻŦ 5a{h ǿŀǎ 

ǇƛǇŜǧŜŘ ƛƴǘƻ ŜŀŎƘ ǿŜƭƭ ǘƻ ŘƛǎǎƻƭǾŜ ǘƘŜ ŦƻǊƳŀȊŀƴ ŎǊȅǎǘŀƭǎΦ ¢ƘŜ ǇƭŀǘŜǎ ǿŜǊŜ ǘƘŜƴ ǎƘŀƪŜƴ 

ƎŜƴǘƭȅ ǘƻ ŜƴǎǳǊŜ Ŧǳƭƭ ǎƻƭǳōƛƭƛǎŀǝƻƴ ŀƴŘ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ǇǳǊǇƭŜ ǎƻƭǳǝƻƴΦ ¢ƘŜ ŀōǎƻǊōŀƴŎŜ 

ƻŦ ŦƻǊƳŀȊŀƴ ǎƻƭǳǝƻƴ ŦƻǊƳŜŘ ƛƴ ǾƛŀōƭŜ ŎŜƭƭǎ ǿŀǎ ǊŜŀŘ ŀǘ ртл ƴƳ ǳǎƛƴƎ ǘƘŜ ƳƛŎǊƻǇƭŀǘŜ ǊŜŀŘŜǊ 

¢9/!b ό¢ŜŎŀƴΣ {ǿƛǘȊŜǊƭŀƴŘύΦ 

CƻǊ ǘƘŜ a¢¢ ŀǎǎŀȅΣ ŀƭƭ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘǊƛǇƭƛŎŀǘŜ ŦƻǊ ŜŀŎƘ ŎƻƴŎŜƴǘǊŀǝƻƴ 

όǘƘǊŜŜ ǇƭŀǘŜǎ π р ǿŜƭƭǎκǇƭŀǘŜύΦ ¢ƘŜ ƳŜŀƴ ŀōǎƻǊōŀƴŎŜ ŀƴŘ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ǿŜǊŜ 

ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘǊŜŀǘŜŘ ŎŜƭƭǎ ŀƴŘ ŎƻƴǘǊƻƭǎΦ 

 

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǊŜƭŀǝǾŜ ǘƻ ŎƻƴǘǊƻƭ όǳƴǘǊŜŀǘŜŘ ŎŜƭƭǎύ ŀǎ 

ŦƻƭƭƻǿǎΥ 

/Ŝƭƭǎ Ǿƛŀōƛƭƛǘȅ ҈Ґ όŀōǎƻǊōŀƴŎŜ ƻŦ ǘǊŜŀǘŜŘ ŎŜƭƭǎκ ŀōǎƻǊōŀƴŎŜ ƻŦ ǳƴǘǊŜŀǘŜŘ ŎŜƭƭǎύ Ȅ млл 

 

2.8.5. Luciferase Reporter Gene Assay 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǳǝƭƛǎŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘǎΣ ŦǊŀŎǝƻƴǎ ƻǊ ǇǳǊŜ 

ŎƻƳǇƻǳƴŘǎ ǘƻ ƛƴŘǳŎŜ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ !ƴǝƻȄƛŘŀƴǘ wŜǎǇƻƴǎŜ 9ƭŜƳŜƴǘ ό!w9ύ ƎŜƴŜǎ 

ŀŎǝǾŀǘŜŘ ōȅ ǘƘŜ ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊ bǊŦн ό²ŀƴƎΣ IŀȅŜǎ ŀƴŘ ²ƻƭŦΣ нллсύΦ 

¢Ƙƛǎ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƛƴǎǘǊǳŎǝƻƴǎ ƻŦ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ƪƛǘ ǇǊƻǾƛŘŜǊ 

όtǊƻƳŜƎŀΣ нлноύ ƻǾŜǊ ŦƻǳǊ Řŀȅǎ όCƛƎǳǊŜ нΦфύΦ 
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мΦ tƭŀǘŜǎ ǇǊŜǇŀǊŀǝƻƴ όŘŀȅ мύ 

¢ƘŜ !w9Ŏон ŎŜƭƭǎ ǿŜǊŜ ǎŜŜŘŜŘ ƛƴ ŎƭŜŀǊ όǘǊŀƴǎǇŀǊŜƴǘύ фсπǿŜƭƭ ǇƭŀǘŜǎ ŀǘ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ мΦн Ȅ 

млп ŎŜƭƭǎκǿŜƭƭ ƛƴ ŀ Ŭƴŀƭ ŎƻƳǇŀǝōƭŜ ƳŜŘƛǳƳ ǾƻƭǳƳŜ ƻŦ млл ҡ[κǿŜƭƭΦ ¢ƘŜ ǇƭŀǘŜǎ ǿŜǊŜ ǘƘŜƴ 

ƛƴŎǳōŀǘŜŘ ŦƻǊ нп ƘƻǳǊǎ ǘƻ ŀƭƭƻǿ ǘƘŜ ŎŜƭƭǎ ǘƻ ŀŘƘŜǊŜ ǘƻ ǘƘŜ ǇƭŀǘŜ  

нΦ ¢ǊŜŀǘƳŜƴǘ ŀǇǇƭƛŎŀǝƻƴ όŘŀȅ нύ 

 /Ŝƭƭǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ŦƻǊ нпƘ ǿƛǘƘ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘΣ ŦǊŀŎǝƻƴ ƻǊ ǇǳǊŜ 

ŎƻƳǇƻǳƴŘ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ǇǊŜǾƛƻǳǎƭȅ ōȅ ǘƘŜ a¢¢ ŀǎǎŀȅΦ ! ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ ƻŦ нр ҡa ǘ.Iv 

ǿŀǎ ǳǎŜŘΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƴŜƎŀǝǾŜ ŎƻƴǘǊƻƭ ƻŦ лΦмπм҈ 5a{h ƛƴ ǘƘŜ ƳŜŘƛǳƳΦ 

оΦ /Ŝƭƭ ƭȅǎƛǎ όŘŀȅ оύ 

!ƊŜǊ нп ƘƻǳǊǎΣ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ŀǎǇƛǊŀǘŜŘ ŀƴŘ н Ȅ млл ҡ[ ƻŦ t.{ ǿŀǎ ǳǎŜŘ ǘƻ ǿŀǎƘ ǘƘŜ 

ǿŜƭƭǎ ǘǿƛŎŜΣ ǘƘŜƴ нл ҡ[ ƻŦ м Ȅ tŀǎǎƛǾŜ wŜǇƻǊǘŜǊ [ȅǎƛǎ .ǳũŜǊ όw[.ύ όtǊƻƳŜƎŀΣ ¦{!ύ ǿŀǎ ŀŘŘŜŘ 

ǘƻ ŀƭƭ ǿŜƭƭǎΦ /Ŝƭƭǎ ǿŜǊŜ ŦǊƻȊŜƴ ŀǘ όπнл ɕ/ύ ŦƻǊ нпƘ ǘƻ ŎƻƳǇƭŜǘŜ ŀ ǎƛƴƎƭŜ ŦǊŜŜȊŜπǘƘŀǿ ŎȅŎƭŜ 

ōŜŦƻǊŜ ǘƘŀǿƛƴƎ ŀƴŘ ŎŀǊǊȅƛƴƎ ƻǳǘ ǘƘŜ ōƛƻƭǳƳƛƴŜǎŎŜƴŎŜ ǊŜŀŘƛƴƎΦ 

пΦ [ǳŎƛŦŜǊŀǎŜ ƳŜŀǎǳǊŜƳŜƴǘ όŘŀȅ пύ 

¢ƘŜ ŘŜŦǊƻǎǘŜŘ ƭȅǎŀǘŜ ǿŀǎ ǘǊŀƴǎŦŜǊǊŜŘ ŦǊƻƳ ǘƘŜ ǘǊŀƴǎǇŀǊŜƴǘ фсπǿŜƭƭ ǇƭŀǘŜ ŀƴŘ ŘƛǎǇŜƴǎŜŘ ƛƴǘƻ 

ŀ ǿƘƛǘŜ ƻǇŀǉǳŜ фсπǿŜƭƭ ǇƭŀǘŜ όDǊŜƛƴŜǊΣ DŜǊƳŀƴȅύ ŀƴŘ ƳƛȄŜŘ ǿƛǘƘ млл ҡ[ ƻŦ ŦǊŜǎƘƭȅ 

ǇǊŜǇŀǊŜŘ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǊŜŀƎŜƴǘ ό[!wύ όtǊƻƳŜƎŀΣ ¦{!ύΦ ¢ƘŜ ƭǳƳƛƴŜǎŎŜƴŎŜ ǿŀǎ 

ƛƳƳŜŘƛŀǘŜƭȅ ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ ŀ ¢9/!b ƳƛŎǊƻǇƭŀǘŜ ǊŜŀŘŜǊ ό¢ŜŎŀƴΣ {ǿƛǘȊŜǊƭŀƴŘύΣ ǘƘŜ ǎŀƳǇƭŜ 

ǎŜǧƭŜ ǝƳŜ ǿŀǎ ǎŜǘ ŀǘ мллл Ƴǎ ŀƴŘ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ǝƳŜ ŀǘ млллл ƳǎΦ ¢Ƙƛǎ ŎȅŎƭŜ ǿŀǎ 

ǇŜǊŦƻǊƳŜŘ ŦƻǊ ŜǾŜǊȅ р ǿŜƭƭǎ ƻŦ ǘƘŜ ǎŀƳŜ ǎŀƳǇƭŜ ŀǘ ŀ ǝƳŜ ŀƴŘ ǿŀǎ ǊŜǇŜŀǘŜŘ ŦƻǊ ǘƘŜ 

ǊŜƳŀƛƴƛƴƎ ǿŜƭƭǎΦ 

рΦ 5ŀǘŀ ƛƴǘŜǊǇǊŜǘŀǝƻƴ  

!ƭƭ ƭǳŎƛŦŜǊŀǎŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ƛƴŘŜǇŜƴŘŜƴǘ ǘǊƛǇƭƛŎŀǘŜǎ όо ǇƭŀǘŜǎ ς р 

ǊŜǇƭƛŎŀǘŜǎκǇƭŀǘŜύΦ ¢ƘŜ ƳŜŀƴ ƭŜǾŜƭ ƻŦ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ǿŀǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ŦƻƭŘǎ ƛƴŘǳŎǝƻƴ 

ǊŜƭŀǝǾŜ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƛƴ ŎƻƴǘǊƻƭ όǳƴǘǊŜŀǘŜŘ ŎŜƭƭǎύΦ  

CƛƎǳǊŜ нΦф ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎŜƭƭ ƭȅǎƛǎ ŀƴŘ ƭǳŎƛŦŜǊŀǎŜ ƳŜŀǎǳǊŜƳŜƴǘ ǎǘŜǇǎ ƻƴ Řŀȅǎ о ŀƴŘ п ƻŦ 

ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ŀǎ ƛƴǎǘǊǳŎǘŜŘ ōȅ όtǊƻƳŜƎŀΣ нлноύΦ 
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3.1. Summary 

¢ƘŜ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ ǘƘǊŜŜ {ȅǊƛŀƴ ƳŜŘƛŎƛƴŀƭ ǇƭŀƴǘǎΤ 5ŀǳŎǳǎ ŎŀǊƻǘŀ ǎǳōǎǇΦ 

ƳŀȄƛƳǳǎ ό5ŜǎŦΦύ .ŀƭƭ ό5/ύΣ CƻŜƴƛŎǳƭǳƳ ǾǳƭƎŀǊŜ aƛƭƭ όC±ύΣ ŀƴŘ wǳǘŀ ŎƘŀƭŜǇŜƴǎƛǎ [Φ όw/ύ ǿŜǊŜ 

ƛƴǾŜǎǝƎŀǘŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ ¢ƘǊŜŜ ŜȄǘǊŀŎǘǎ ƻŦ ŜŀŎƘ Ǉƭŀƴǘ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ǿƛǘƘ ƴπIŜȄŀƴŜΣ 

5/a ŀƴŘ aŜhIΣ ŀƴŘ ŀǎǎŜǎǎŜŘ ŦƻǊ ǇƻǘŜƴǝŀƭ ŀŎǝǾƛǘȅΦ ¢ƘŜ aŜhI ŜȄǘǊŀŎǘ ƻŦ ŜŀŎƘ Ǉƭŀƴǘ ǿŀǎ 

ŦǊŀŎǝƻƴŀǘŜŘ ƛƴǘƻ ŦƻǳǊ ŦǊŀŎǝƻƴǎ ŀƴŘ ǿŀǎ ǘŜǎǘŜŘ ŦƻǊ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅΦ ¢ƘŜ 

ōƛƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ǊŜǾŜŀƭŜŘ ǘƘŀǘ 5Φ ŎŀǊƻǘŀ ŦǊŀŎǝƻƴǎ н ŀƴŘ оΣ CΦ ǾǳƭƎŀǊŜ ŦǊŀŎǝƻƴǎ м ŀƴŘ 

н ŀƴŘ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŦǊŀŎǝƻƴ о ǿŜǊŜ ǘƘŜ ƘƛƎƘŜǎǘ ŦƻƭŘǎ ƻŦ ƭǳŎƛŦŜǊŀǎŜ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ 

ǊŀƴƎƛƴƎ ŦǊƻƳ пΦоπŦƻƭŘǎ ǘƻ моΦтπŦƻƭŘύΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜǎŜ ŦǊŀŎǝƻƴǎ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǇǊƻŎŜŘǳǊŜǎ ǘƻ ƛǎƻƭŀǘŜ ǘƘŜƛǊ Ƴŀƛƴ ŎƻƳǇƻǳƴŘǎΦ ! ǎƛƳƛƭŀǊ ŀǇǇǊƻŀŎƘ ǿŀǎ 

ŀǇǇƭƛŜŘ ŦƻǊ ǘƘŜ ŀŎǝǾŜ 5/a ŜȄǘǊŀŎǘ ƻŦ C±Φ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ 

ŀƴŘ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ǎƘƻǿŜŘ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ǘƻȄƛŎƛǘȅ ŀƎŀƛƴǎǘ !w9Ŏон ŎŜƭƭǎ ŀƴŘ ǿŜǊŜ 

ŎƻƴǎŜǉǳŜƴǝŀƭƭȅ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǎǘǳŘȅΦ ! ǘƻǘŀƭ ƻŦ нт ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŀƴŘ ǘƘŜƛǊ 

ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ŎƻƴŬǊƳŜŘ ōȅ ǎǇŜŎǘǊƻǎŎƻǇƛŎ ƳŜŀƴǎ όǎŜǾŜƴ ŦǊƻƳ 5Φ ŎŀǊƻǘŀΣ ǎŜǾŜƴ ŦǊƻƳ CΦ 

ǾǳƭƎŀǊŜ ŀƴŘ ǘƘƛǊǘŜŜƴ ŦǊƻƳ wΦ ŎƘŀƭŜǇŜƴǎƛǎύΦ bƛƴŜǘŜŜƴ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ŦƻǊ ǘƘŜƛǊ 

ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅΣ ŜƛƎƘǘ ƻŦ ǘƘŜƳ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ ŎƻƳƳŜǊŎƛŀƭ ǎǳǇǇƭƛŜǊǎ ŀƴŘ 

ŜƭŜǾŜƴ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƛƴ ŀŘŜǉǳŀǘŜ ŀƳƻǳƴǘǎ ŀƴŘ ƘƛƎƘπǇǳǊƛǘȅ 

όҗ фр҈ύ ǘƘŀǘ ƳŀŘŜ ǘƘŜƳ ŦŜŀǎƛōƭŜ ŦƻǊ ōƛƻŀǎǎŀȅǎ ƛƴǾŜǎǝƎŀǝƻƴΦ  
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3.2. Yield of extraction 

¢ƘŜ ŘǊƛŜŘ ŀŜǊƛŀƭ ǇŀǊǘǎ ƻŦ Daucus carota subsp. maximus (Desf.) Ball ό5/ύΣ Foeniculum 

vulgare Mill όC±ύ ŀƴŘ Ruta chalepensis L. (RC) ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ ǳǎƛƴƎ ǘƘŜ {ƻȄƘƭŜǘ ŀǇǇŀǊŀǘǳǎΣ 

ōȅ ŀǇǇƭȅƛƴƎΣ ǎǳŎŎŜǎǎƛǾŜƭȅΣ ǘƘǊŜŜ ǎƻƭǾŜƴǘǎ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜŘ ǇƻƭŀǊƛǘȅΣ ƛΦŜΦΣ ƴπƘŜȄŀƴŜΣ 5/a 

ŀƴŘ aŜhIΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ƴƛƴŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ƻōǘŀƛƴŜŘΣ ŜǾŀǇƻǊŀǘŜŘ ŀƴŘ ǿŜƛƎƘŜŘΦ 

{ƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀǝƻƴǎ ƛƴ ŜȄǘǊŀŎǝƻƴ ȅƛŜƭŘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ Lƴ ŀƭƭ ǇƭŀƴǘǎΣ ǘƘŜ ȅƛŜƭŘ ƻŦ aŜhI 

ŜȄǘǊŀŎǘǎ ǿŀǎ ǘƘŜ ƘƛƎƘŜǎǘΣ ŦƻƭƭƻǿŜŘ ōȅ ƴπƘŜȄŀƴŜΣ ǿƘƛƭŜ 5/a ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ ƎŀǾŜ ǘƘŜ ƭƻǿŜǎǘ 

ȅƛŜƭŘΦ ¢ŀōƭŜ оΦм ƭƛǎǘǎ ǘƘŜ Ǌŀǿ Ǉƭŀƴǘ ǇƻǿŘŜǊ ǿŜƛƎƘǘ ŀƴŘ ǘƘŜ ȅƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŜŀŎƘ ǇƭŀƴǘΦ 

¢ŀōƭŜ оΦмΦ ²ŜƛƎƘǘǎ ƻŦ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŜȄǘǊŀŎǝƻƴ ȅƛŜƭŘǎΦ 

tƭŀƴǘ ŜȄǘǊŀŎǘ 5Ǌȅ ǇƻǿŘŜǊ ǿŜƛƎƘǘ όƎύ ¸ƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜ ό҈ύ 

5/πIŜȄ 

урл 

оΦоуо 

5/π5/a лΦтсп 

5/πaŜ рΦмпн 

C±πIŜȄ 

ммлл 

мΦлум 

C±π5/a лΦпнр 

C±πaŜ рΦстс 

w/πIŜȄ 

плл 

нΦлмр 

w/π5/a мΦлмр 

w/πaŜ сΦлро 
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3.3. Preliminary biological activity screening of the crude extracts 

3.3.1. Cytotoxicity of crude extracts by the MTT assay 

¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŎǊǳŘŜ ŜȄǘǊŀŎǘǎ ƴπƘŜȄŀƴŜΣ 5/a ŀƴŘ aŜhI ǇǊŜǇŀǊŜŘ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ 

ǎǘǳŘƛŜŘ Ǉƭŀƴǘǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ǿŀǎ ŬǊǎǘ ŀǎǎŜǎǎŜŘ ōȅ ǘƘŜ a¢¢ ŀǎǎŀȅ όaƻǎƳŀƴƴΣ 

мфуоύΦ ¢ƘŜ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀǎǎŜǎǎƳŜƴǘ ǿŀǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜŀǎǘ ǘƻȄƛŎ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ό[/млύ ǘƘŀǘ Ƴŀƛƴǘŀƛƴǎ ŀ ǎǳǊǾƛǾŀƭ ǊŀǘŜ ŀōƻǾŜ фл҈ ǘƻ ōŜ ǎŜƭŜŎǘŜŘ ŀǎ ŀ ǎǳƛǘŀōƭŜ 

ŘƻǎŜ ŦƻǊ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ŜǾŀƭǳŀǝƻƴ ōȅ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ό²ŀƴƎΣ 

нллсύΦ ¢ƘŜ ŎŜƭƭǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŜȄǘǊŀŎǘǎΣ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ όҖм҈ 

5a{hκƳŜŘƛǳƳύ ŀƴŘ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ όнл҈ 5a{hκƳŜŘƛǳƳύ ŀƴŘ ǘƘŜƛǊ Ǿƛŀōƛƭƛǘȅ ǿŀǎ 

ƳŜŀǎǳǊŜŘ ŀƊŜǊ нпƘΦ 

 

3.3.3.1. Cytotoxicity of D. carota crude extracts  

9ƛƎƘǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǊŀƴƎƛƴƎ ŦǊƻƳ лΦлмнр ǘƻ м ƳƎκƳ[ ƻŦ ŜŀŎƘ ŜȄǘǊŀŎǘ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ 

5Φ ŎŀǊƻǘŀ ǎǳōǎǇΦ ƳŀȄƛƳǳǎΤ ƴπƘŜȄŀƴŜΣ 5/a ŀƴŘ aŜhI ǿŜǊŜ ǇǊŜǇŀǊŜŘΦ CƛǊǎǘΣ ōȅ ŘƛǎǎƻƭǾƛƴƎ 

ŀ ǇƻǊǝƻƴ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘ ƛƴ 5a{h ǘƻ ŀǇǇǊƻŀŎƘ ŀ ǎǘƻŎƪ ǎƻƭǳǝƻƴ ƻŦ м ƳƎκƳ[ ƛƴ ǘƘŜ ƳŜŘƛǳƳΣ 

ǿƛǘƘ ƴƻ ƳƻǊŜ ǘƘŀƴ лΦм҈ ƻŦ 5a{h ƛƴ ŀƴȅ ǇǊŜǇŀǊŜŘ ǎŀƳǇƭŜ ƻŦ ǘƘŜ 5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎΦ 

IƻǿŜǾŜǊΣ ǇǊŜǇŀǊƛƴƎ ǘƘŜ ǎǘƻŎƪ ǎƻƭǳǝƻƴ ƻŦ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ǊŜǉǳƛǊŜŘ ŀ ƘƛƎƘŜǊ ǾƻƭǳƳŜ 

ƻŦ м҈ ƻŦ 5a{hΦ !ŎŎƻǊŘƛƴƎƭȅΣ ǘǿƻ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ǎŀƳǇƭŜǎ ƻŦ лΦм҈ ŀƴŘ м҈ 5a{h ƛƴ ǘƘŜ 

ƳŜŘƛǳƳ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ нл҈ 5a{h ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭΦ 

!ƊŜǊ ƛƴŎǳōŀǝƴƎ ǘƘŜ ŎŜƭƭǎ ǿƛǘƘ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǎŀƳǇƭŜǎ ŦƻǊ нп ƘƻǳǊǎΣ ǘƘŜ ǊŜǎǳƭǘǎ 

όCƛƎǳǊŜ оΦмύ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ 5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎ ǿŀǎ 

лΦлр ƳƎκƳ[ ǿƘƛƭŜ ŦƻǊ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ǿŀǎ лΦлнр ƳƎκƳ[Σ ǘƘŜǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ 

ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƛƴǾŜǎǝƎŀǝƻƴΦ 
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3.3.1.2. Cytotoxicity of F. vulgare crude extracts 

! ǎŜǊƛŜǎ ƻŦ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ лΦлмнр ǘƻ м ƳƎκƳ[ ǿŀǎ ǇǊŜǇŀǊŜŘ ƻŦ ƴπƘŜȄŀƴŜ 

ŀƴŘ 5/a ŜȄǘǊŀŎǘǎ ƻŦ CΦ ǾǳƭƎŀǊŜΦ ¢ƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ ŎȅǘƻǘƻȄƛŎ 

ŜȄǘǊŀŎǘ όCƛƎǳǊŜ оΦнύ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ нр҈ ŎŜƭƭ ŘŜŀǘƘ ǊŀǘŜ ŀǘ ǘƘŜ ƭƻǿŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ǳǎŜŘ 

ŀǘ лΦлмнр ƳƎκƳ[Φ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ 

ǎǘǳŘȅΦ ¢ƘŜ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ŎȅǘƻǘƻȄƛŎƛǘȅ ƻŦ ƴƻƴπǇƻƭŀǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ 

ǊŜǇƻǊǘŜŘ ōȅ ƻǘƘŜǊ ǊŜǎŜŀǊŎƘŜǊǎΤ ǘƘŜ ŎƘƭƻǊƻŦƻǊƳ ŦǊŀŎǝƻƴ ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ŀ 

ƎƻƻŘ ƛƴƘƛōƛǘƻǊ ƻŦ ǘƘŜ ƎǊƻǿǘƘ ƻŦ a/Cπт ŀƴŘ a5!πa.πнот ŎŜƭƭǎ ǿƛǘƘ ŀ ŎŜƭƭ ŎȅŎƭŜ ŀǊǊŜǎǘ ŀƴŘ 

ŀǇƻǇǘƻǎƛǎ ƛƴŘǳŎǝƻƴ ōŜƛƴƎ ŦƻǳƴŘ ǘƻ ōŜ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ό{ȅŜŘ Ŝǘ ŀƭΦΣ нлмуύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ 

ŜǎǎŜƴǝŀƭ ƻƛƭ ƻŦ CΦ ǾǳƭƎŀǊŜ ǎƘƻǿŜŘ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀƎŀƛƴǎǘ ǘƘŜ a/Cπт ŎŜƭƭ ƭƛƴŜ όL/рл Ґ он ƳƎκƳƭύ 

ǿƘƛŎƘ ǿŀǎ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ƭƛǇƻǇƘƛƭƛŎ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ŜǎǎŜƴǝŀƭ ƻƛƭ ό{ƘŀǊƻǇƻǾ Ŝǘ ŀƭΦΣ нлмтύΦ 
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Extracts concentrations mg/mL

MTT assay of D. carota extracts
DC-Me

DC-DCM

DC-Hex

CƛƎǳǊŜ оΦмΦ 9ũŜŎǘ ƻŦ 5Φ ŎŀǊƻǘŀ ŜȄǘǊŀŎǘǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ǇŜǊŎŜƴǘŀƎŜ ǘƻ ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπм ƳƎκƳ[ύ 
ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ ҕ {9a ƻŦ о 
ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 
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¢ƘŜ 5/a ŜȄǘǊŀŎǘ ǎƘƻǿŜŘ ŀ ƭŜǎǎ ǘƻȄƛŎ ǘǊŜƴŘ ƛƴ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴπŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊΣ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ лΦлр ƳƎκƳ[ ǿŀǎ ǘƘŜ ƘƛƎƘŜǎǘΣ ǿƘŜǊŜ ǘƘŜ ŜȄǘǊŀŎǘ ŎŀǳǎŜŘ ƭŜǎǎ ǘƘŀƴ мл҈ ŎŜƭƭ 

ŘŜŀǘƘ ŀƴŘ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ǎŜƭŜŎǘŜŘ ǘƻ ōŜ ǘŜǎǘŜŘ ŦƻǊ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅΦ 

¢ƘŜ ƳŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ǇǊŜǇŀǊŜŘ ƛƴ ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ όлΦллнр π лΦм 

ƳƎκƳ[ύΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ лΦлн ƳƎκƳ[ ǿŀǎ ǘƘŜ ŘƻǎŀƎŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ŀǎ 

ƛǘ ǇǊŜǎŜǊǾŜŘ ƳƻǊŜ ǘƘŀƴ фл ҈ ŎŜƭƭ ǾƛŀōƛƭƛǘȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŎȅǘƻǘƻȄƛŎ ŜũŜŎǘ ƻŦ aŜhI 

ŜȄǘǊŀŎǘ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǊŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ оΦоΦ 
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Extracts concentrations (mg/mL)

MTT assay of F. vulgare n-hexaneextract
FV-DCM

FV-Hex

CƛƎǳǊŜ оΦнΦ 9ũŜŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ ƴπƘŜȄŀƴŜ ŀƴŘ 5/a ŜȄǘǊŀŎǘǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ 
ǇŜǊŎŜƴǘŀƎŜ ǘƻ ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπм ƳƎκƳ[ύ 
ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ ҕ {9a ƻŦ о 
ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

¢ƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ǊŜǉǳƛǊŜŘ ŀ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 5a{h ǘƻ ōŜ ŘƛǎǎƻƭǾŜŘ ŎƻƳǇŀǊŜŘ ǘƻ 
ǘƘŜ 5/a ŜȄǘǊŀŎǘΣ ǘƘǳǎΣ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ όҖм҈ ǾκǾΣ 5a{hκƳŜŘƛǳƳύ ǳǎŜŘ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ 
ǿŀǎ ƻŦ ŘƛũŜǊŜƴǘ ǊŀǝƻΣ лΦм҈ 5a{h ŦƻǊ 5/a ŜȄǘǊŀŎǘ ŀƴŘ м҈ ŦƻǊ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘΦ  
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3.3.1.3. Cytotoxic effect of R. chalepensis crude extracts  

¢ƘŜ ƴƻƴπŎȅǘƻǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ǘƘǊŜŜ ŜȄǘǊŀŎǘǎ ƴπƘŜȄŀƴŜΣ 5/a ŀƴŘ aŜhI ƻōǘŀƛƴŜŘ 

ōȅ ŜȄǘǊŀŎǝƴƎ ǘƘŜ ŀŜǊƛŀƭ ǇŀǊǘǎ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ a¢¢ ŎȅǘƻǘƻȄƛŎƛǘȅ 

ŀǎǎŀȅΦ 9ŀŎƘ ŜȄǘǊŀŎǘ ǿŀǎ ǇǊŜǇŀǊŜŘ ƛƴ ŜƛƎƘǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǊŀƴƎƛƴƎ ŦǊƻƳ όлΦлмнр ς м ƳƎκƳ[ύ 

ƛƴ ƳŜŘƛǳƳ ǿƛǘƘ ƴƻ ƳƻǊŜ ǘƘŀƴ лΦм҈ ƻŦ 5a{h ƛƴ ŀƴȅ ǎŀƳǇƭŜ ƻŦ 5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎ 

ŀƴŘ м҈ ƛƴ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ 

{ƛƳƛƭŀǊ ǘƻ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ C±Σ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ w/ ǿŀǎ ǘƘŜ Ƴƻǎǘ ŎȅǘƻǘƻȄƛŎ 

ŜȄǘǊŀŎǘ όCƛƎǳǊŜ оΦоύ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ нл҈ ŎŜƭƭ ŘŜŀǘƘ ǊŀǘŜ ŀǘ ǘƘŜ ƭƻǿŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ǘŜǎǘŜŘ 

ŀǘ лΦлмнр ƳƎκƳ[Φ !ŎŎƻǊŘƛƴƎƭȅΣ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ǿŀǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ 

ǘƘŜ ŎƘŜƳƻǇǊŜǾŜƴǝƻƴ ǎǘǳŘȅΦ 
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Extracts concentrations (mg/mL)

MTT assay of F. vulgare MeOHextracts

FV-Me

CƛƎǳǊŜ оΦоΦ 9ũŜŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ aŜhI ŜȄǘǊŀŎǘ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ǇŜǊŎŜƴǘŀƎŜ ǘƻ 
ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦллнрπлΦм 

ƳƎκƳ[ύ ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ 

ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 
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CƻǊ ǘƘŜ 5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎ ƻŦ w/Σ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǘƘŀǘ ŀũŜŎǘŜŘ ǘƘŜ ŎŜƭƭ 

Ǿƛŀōƛƭƛǘȅ ǿƛǘƘ ƭŜǎǎ ǘƘŀƴ мл҈ ǿŜǊŜ лΦлмнр ŀƴŘ лΦлр ƳƎκƳ[Σ ǊŜǎǇŜŎǝǾŜƭȅ όCƛƎǳǊŜ оΦпύΦ 

CƛƎǳǊŜ оΦпΦ 9ũŜŎǘ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŜȄǘǊŀŎǘ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ǘƻ 

ŎƻƴǘǊƻƭΦ 

a¢¢ ŀǎǎŀȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπ

м ƳƎκƳ[ύ ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ 

ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

3.3.2. Chemopreventive activity of the crude extracts 

¢ƘŜ aŜhI ŀƴŘ 5/a ŜȄǘǊŀŎǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǎǘǳŘƛŜŘ Ǉƭŀƴǘǎ ŀƴŘ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘǎ 

ƻŦ 5Φ ŎŀǊƻǘŀ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ŦƻǊ ǘƘŜƛǊ ǇƻǘŜƴǝŀƭ ŎŀƴŎŜǊ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ǇǊƻǇŜǊǝŜǎΦ ¢ƘŜ 

ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀƎŀƛƴǎǘ ǘƘŜ !w9Ŏон ŎŜƭƭ ƭƛƴŜΣ ŀǎ ŀ ŎŜƭƭ ƳƻŘŜƭ ǘƻ ƛƴǾŜǎǝƎŀǘŜ 

ǘƘŜ ƛƴŘǳŎǝƻƴ ƻŦ ǘƘŜ bǊŦн ǎƛƎƴŀƭƭƛƴƎ ǇŀǘƘǿŀȅ ό²ŀƴƎΣ нллсύΦ 

¢ƘŜ Ƴƻǎǘ ŀŎǝǾŜ ŜȄǘǊŀŎǘ ŦƻǊ ŀƭƭ ǘƘǊŜŜ Ǉƭŀƴǘǎ ǎǘǳŘƛŜŘ ǿŀǎ ǘƘŜ 5/a ŜȄǘǊŀŎǘΦ !ƳƻƴƎ ǘƘŜƳΣ ǘƘŜ 

5/π5/a ǎƘƻǿŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭ ƻŦ ŀŎǝǾƛǘȅ ǿƛǘƘ ŀ сΦпπŦƻƭŘ ƛƴŘǳŎǝƻƴ ŦƻƭƭƻǿŜŘ ōȅ C±π5/a 

ŜȄǘǊŀŎǘ ǿƛǘƘ ŀ рΦфπŦƻƭŘ ƛƴŘǳŎǝƻƴ ŀƴŘ w/π5/a ǿƛǘƘ ŀ оΦтπŦƻƭŘΦ 5Φ ŎŀǊƻǘŀ ŀƴŘ wΦ ŎƘŀƭŜǇŜƴǎƛǎ 

ƳŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘǎ ǎƘƻǿŜŘ ŀƭƳƻǎǘ ǎƛƳƛƭŀǊ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ǿƛǘƘ ŀǊƻǳƴŘ оπŦƻƭŘ ŜŀŎƘΣ 
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ǿƘƛƭŜ C±πaŜhI ŘƛŘ ƴƻǘ ŀũŜŎǘ ǘƘŜ ƻǾŜǊŀƭƭ ƛƴŘǳŎǝƻƴ ŀǎ ǘƘŜ ǊŜǎǳƭǘ ǎƘƻǿŜŘ Ϥ мπŦƻƭŘ ƛƴŘǳŎǝƻƴΦ 

¢ƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ 5/ ŎŀƳŜ ƭŀǎǘ ƛƴ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ǿƛǘƘ ƭŜǎǎ ǘƘŀƴ мπŦƻƭŘΦ  

¢ƘŜ ŦŀŎǘ ǘƘŀǘ aŜhI ŀƴŘ 5/a ŜȄǘǊŀŎǘǎ ǿŜǊŜ ƭŜǎǎ ǘƻȄƛŎ ǘƘŀƴ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘǎ ŀƴŘ 

ƛƴŘǳŎŜŘ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƳƛƎƘǘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜƛǊ ǇƻƭŀǊ ŎƻƴǎǝǘǳŜƴǘǎΣ 

Ƴŀƛƴƭȅ ǇƘŜƴƻƭƛŎ ŎƻƳǇƻǳƴŘǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦрΦ 

ǘ.Iv нл a˃ ǿŀǎ ǳǎŜŘ ŀǎ ŀ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ŀǎǎŀȅ ŎƻƴŘƛǝƻƴǎΦ 

CƛƎǳǊŜ оΦрΦ [ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ƻŦ Ǉƭŀƴǘ ŜȄǘǊŀŎǘǎ ƻƴ !w9Ŏон ŎŜƭƭǎΦ 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŜȄǘǊŀŎǘǎ ŀƴŘ 

ǘ.Iv όǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭύ ŦƻǊ нп ƘΣ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ό5a{hκƳŜŘƛǳƳύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ  

wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ŦƻƭŘ ǘƻ ŎƻƴǘǊƻƭ ƳŜŀƴǎ ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр 

ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

!ƭƭ ǘƘǊŜŜ aŜhI ŜȄǘǊŀŎǘǎ ŀƴŘ ǘƘŜ ǘǿƻ 5/a ŜȄǘǊŀŎǘǎ ǘƘŀǘ ŘƛǎǇƭŀȅŜŘ ǇƻǘŜƴǘ ŀŎǝǾƛǘȅ ό5/π5/a 

ŀƴŘ C±π5/aύ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ǎŜǾŜǊŀƭ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǇǊƻŎŜŘǳǊŜǎ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ōƛƻπ

ŀǎǎŀȅπƎǳƛŘŜŘ ǇǊƻǘƻŎƻƭ ǘƻ ƛǎƻƭŀǘŜ ƳŀƧƻǊ ŎƻƳǇƻǳƴŘǎΦ 
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3.4. Yield of fractionation by SPE 

aŜǘƘŀƴƻƭƛŎ ŜȄǘǊŀŎǘǎ ƻŦ ǘƘŜ ǘƘǊŜŜ Ǉƭŀƴǘǎ ŀƴŘ ǘƘŜ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ƻŦ 5Φ ŎŀǊƻǘŀ ǿŜǊŜ 

ǎǳōƧŜŎǘŜŘ ǘƻ {t9 ŦǊŀŎǝƻƴŀǝƻƴΦ CƻǳǊ ŦǊŀŎǝƻƴǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŜŀŎƘ ŜȄǘǊŀŎǘΤ ǘƘŜ ŜƭǳǝƴƎ 

ƳƛȄǘǳǊŜǎ ǳǎŜŘ ǘƻ ƻōǘŀƛƴ ŦǊŀŎǝƻƴǎ ŦǊƻƳ ƳŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘǎ ǿŜǊŜ нл҈Σ пл҈Σ ул҈ aŜhI ƛƴ 

ǿŀǘŜǊ ŀƴŘ млл҈ aŜhIΦ ²ƘƛƭŜ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ƻŦ 5Φ ŎŀǊƻǘŀ ǿŀǎ ŦǊŀŎǝƻƴŀǘŜŘ ǳǎƛƴƎ 

пл҈Σ сл҈ ул҈ aŜhI ƛƴ ǿŀǘŜǊ ŀƴŘ млл҈ aŜhIΦ ¢ŀōƭŜ оΦн ƭƛǎǘǎ ǘƘŜ ƛƴƛǝŀƭ ŎǊǳŘŜ ŜȄǘǊŀŎǘ 

ǿŜƛƎƘǘ ŀƴŘ ǘƘŜ ȅƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŜŀŎƘ ŦǊŀŎǝƻƴ ƻōǘŀƛƴŜŘΦ 

¢ŀōƭŜ оΦнΦ aŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘ ǿŜƛƎƘǘ ǳǎŜŘ ŦƻǊ {t9 ŀƴŘ ŦǊŀŎǝƻƴǎϥ ȅƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜΦ 

tƭŀƴǘ ŜȄǘǊŀŎǘ 9ȄǘǊŀŎǘ ǿŜƛƎƘǘ όƎύ ¸ƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜ ό҈ύ 

5/πaŜπCǊм 

нп 

стΦу 

5/πaŜπCǊн мн 

5/πaŜπCǊо рΦс 

5/πaŜπCǊп нΦм 

C±πaŜπCǊм 

ор 

рфΦо 

C±πaŜπCǊн уΦтр 

C±πaŜπCǊо нн 

C±πaŜπCǊп нΦо 

w/πaŜπCǊм 

нн 

суΦн 

w/πaŜπCǊн мпΦо 

w/πaŜπCǊо тΦу 

w/πaŜπCǊп пΦф 

5/π5/a ǿŀǎƘŜŘπCǊм 

оΦур 

мнΦт 

5/π5/a ǿŀǎƘŜŘπCǊн нлΦо 

5/π5/a ǿŀǎƘŜŘπCǊо нпΦс 

5/π5/a ǿŀǎƘŜŘπCǊп нуΦо 
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¢ƘŜ ȅƛŜƭŘ ǊŜǘǊƛŜǾŜŘ ŀƊŜǊ ǘƘŜ ŎƭŜŀƴƛƴƎπǳǇ ǇǊƻŎŜŘǳǊŜ ƻŦ 5/a ŜȄǘǊŀŎǘǎ ƛǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ 

¢ŀōƭŜ оΦоΦ 

¢ŀōƭŜ оΦоΦ 5/a ŜȄǘǊŀŎǘǎ ǿŜƛƎƘǘ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ {t9 ŎƭŜŀƴπǳǇΦ 

tƭŀƴǘ ŜȄǘǊŀŎǘ Lƴƛǝŀƭ ǿŜƛƎƘǘ όƎύ ǊŜǘǊƛŜǾŜŘ ǿŜƛƎƘǘ όƎύ ¸ƛŜƭŘ ǇŜǊŎŜƴǘŀƎŜ ό҈ύ 

5/π5/a рΦр оΦур тт 

C±π5/a о нΦм тл 

 

3.5. Bioassay-guided compound isolation: Daucus carota subsp. 

maximus (Desf.) Ball 

¢ƘŜ ŎƘŜƳƻǇǊŜǾŜƴǝƻƴ ǇƻǘŜƴŎȅ ƻŦ 5Φ ŎŀǊƻǘŀ ŜȄǘǊŀŎǘǎ Ƙŀǎ ōŜŜƴ ǇǊŜǎŜƴǘŜŘ ƛƴ ǎŜŎǝƻƴ όоΦоΦнύΦ 

²ƘƛƭŜ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ŘƛǎǇƭŀȅŜŘ ŀƭƳƻǎǘ ŀƴ ŀŎǝǾƛǘȅ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŎƻƴǘǊƻƭ όϤмπŦƻƭŘύΣ ǘƘŜ 

5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎ ǎƘƻǿŜŘ ŀ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅΦ ¢ƘŜ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǇǊƻŎŜŘǳǊŜǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ ǘƻ ŀǇǇǊƻŀŎƘ ŎƻƳǇƻǳƴŘ 

ƛǎƻƭŀǝƻƴ ǊŜǎǳƭǘǎ ŀǊŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΦ 

3.5.1. Preliminary analytical HPLC of D. carota subsp. maximus (Desf.) Ball 

!ƴŀƭȅǝŎŀƭ It[/ ǿŀǎ ǳǝƭƛǎŜŘ ǘƻ ǎŎǊŜŜƴ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ ƻŦ 5/Φ ¢ƘŜ ǎǘŀƴŘŀǊŘ ƎǊŀŘƛŜƴǘ 

ƳŜǘƘƻŘ ό!ύ ƭƛǎǘŜŘ ƛƴ ό¢ŀōƭŜ нΦнύ ǿŀǎ ŀǇǇƭƛŜŘΦ .ŜƎƛƴƴƛƴƎ ǿƛǘƘ ол҈ aŜhI ƛƴ ǿŀǘŜǊ ŀǘ ǘƘŜ 

ƻƴǎŜǘ όƳƛƴǳǘŜ лύΣ ƛƴŎǊŜŀǎƛƴƎ ƎǊŀŘǳŀƭƭȅ ǘƻ ŀǇǇǊƻŀŎƘ млл҈ aŜhI ƻǾŜǊ ол ƳƛƴǳǘŜǎΦ ! 

ǎǳōǎŜǉǳŜƴǘ ǿŀǎƘƛƴƎ ǇƘŀǎŜ ƻŦ р ƳƛƴǳǘŜǎ ǳǎƛƴƎ млл҈ aŜhI ǿŀǎ ǎŜǘ ōŜŦƻǊŜ ǘƘŜ ŜƭǳŜƴǘ 

ǊŜǘǳǊƴŜŘ ǘƻ ол҈ aŜhIκǿŀǘŜǊ ŦƻǊ ǘƘŜ Ŭƴŀƭ р ƳƛƴǳǘŜǎ ǎŜǊǾƛƴƎ ŀǎ ŀ ŎƻƭǳƳƴ ŜǉǳƛƭƛōǊŀǝƻƴ 

ǎǘŀƎŜ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊǳƴǎΦ ¢ƘŜ ǎŀƳŜ ŜƭǳǝƴƎ ǎȅǎǘŜƳ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ǎŎǊŜŜƴ ǘƘŜ ŦƻǳǊ 

ŦǊŀŎǝƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {t9 ŦǊŀŎǝƻƴŀǝƻƴ ǇǊƻŎŜŘǳǊŜΦ ¢ƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ ǘƘŜ 

ƳŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦƻǳǊ ŦǊŀŎǝƻƴǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦсΣ ŀƭƭ ƻŦ ǘƘŜǎŜ 

Ǌǳƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ 5ƛƻƴŜȄ ƛƴǎǘǊǳƳŜƴǘΦ  
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CƛƎǳǊŜ оΦсΦ !ƴŀƭȅǝŎŀƭ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ 5/πaŜ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǝƻƴǎΣ ǳǎƛƴƎ 

ǎǘŀƴŘŀǊŘ ŀƴŀƭȅǝŎŀƭ ƳŜǘƘƻŘ !Φ 

 

3.5.2. Cytotoxic effect of D. carota subsp. maximus fractions 

¢ƘŜ a¢¢ ŎȅǘƻǘƻȄƛŎ ŀǎǎŀȅ ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƻǇǝƳŀƭ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ƻŦ ǘƘŜ aŜhI ŦǊŀŎǝƻƴǎ ƻŦ 5/Φ CǊŀŎǝƻƴǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀǘ ŀ ǎŜǊƛŜǎ ƻŦ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ 

ŜƴǎǳǊƛƴƎ ƴƻƴŜ ǿƻǳƭŘ ŜȄŎŜŜŘ лΦм҈ 5a{hΦ ¢ƘŜ !w9Ŏон ŎŜƭƭǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ǿƛǘƘ ǘǊŜŀǘƳŜƴǘ 

ŀƴŘ ŎƻƴǘǊƻƭ ǎŀƳǇƭŜǎ ŦƻǊ нп ƘƻǳǊǎΣ ŀƊŜǊ ǿƘƛŎƘ ǘƘŜ ŀōǎƻǊōŀƴŎŜ ŀǘ ртл ƴƳ ǿŀǎ ƳŜŀǎǳǊŜŘΦ 

¢ƘŜ Ǿƛŀōƛƭƛǘȅ ǊŀǘŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǊŜƭŀǝǾŜ ǘƻ ǘƘŜ ŎƻƴǘǊƻƭ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ 

ǘƘŜ ōŀǊ ŎƘŀǊǘ όCƛƎǳǊŜ оΦтύΦ CƻǊ ǘƘŜ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƛƴǾŜǎǝƎŀǝƻƴΣ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǎŜƭŜŎǘŜŘ ǿŜǊŜ мΣ лΦуΣ лΦлр ŀƴŘ лΦлр ƳƎκƳ[ ŦƻǊ ŦǊŀŎǝƻƴǎ мΣ нΣ о ŀƴŘ пΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ 
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CƛƎǳǊŜ оΦтΦ 9ũŜŎǘǎ ƻŦ 5Φ ŎŀǊƻǘŀ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ 

ǘƻ ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπм 

ƳƎκƳ[ύ ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ 

ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

3.5.3. Chemopreventive activity of D. carota subsp. maximus SPE fractions 

/ƘŜƳƻǇǊŜǾŜƴǝƻƴ ǇƻǘŜƴŎȅ ŘŜǾŜƭƻǇƛƴƎ ŦǊƻƳ ǘƘŜ ƛƴŘǳŎǝƻƴ ƻŦ ǘƘŜ bǊŦн ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊ 

ǿŀǎ ŀǎǎŜǎǎŜŘ ǳǝƭƛȊƛƴƎ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅΦ [ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ 

ǘƘŜ ƳŜǘƘƻŘǎ ǎŜŎǝƻƴ όнΦфΦрύ ǳǎƛƴƎ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ aŜhI ŦǊŀŎǝƻƴǎ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ 5Φ ŎŀǊƻǘŀΦ 

¢ƘŜ ǊŜǎǳƭǘǎ όCƛƎǳǊŜ оΦуύ ǊŜǾŜŀƭŜŘ ǘƘŀǘ 5/πaŜπŦǊŀŎǝƻƴ о ŜȄƘƛōƛǘŜŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳŎǝƻƴ ƻŦ 

ƳƻǊŜ ǘƘŀƴ тπŦƻƭŘπƛƴŘǳŎǝƻƴ ǊŜƭŀǝǾŜ ǘƻ ŎƻƴǘǊƻƭΦ CǊŀŎǝƻƴ н ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ŦƻƭƭƻǿŜŘ ǿƛǘƘ 

ŀƭƳƻǎǘ пΦоπŦƻƭŘ ƛƴŘǳŎǝƻƴΦ ²ƘƛƭŜ ŦǊŀŎǝƻƴǎ м ŀƴŘ п ǎƘƻǿŜŘ ǘƘŜ ƭƻǿŜǎǘ ŀŎǝǾƛǝŜǎ ǿƛǘƘ н ŀƴŘ 

мπŦƻƭŘπƛƴŘǳŎǝƻƴΦ tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƘŀǾŜ ŀŘŘǊŜǎǎŜŘ ǘƘŜ ǊƻƭŜ ƻŦ ŎŀǊǊƻǘ ƧǳƛŎŜ ŀƴŘ ƛǎƻƭŀǘŜŘ 

ŎƻƳǇƻǳƴŘǎ όǇƻƭȅŀŎŜǘȅƭŜƴŜ ƻȄȅƭƛǇƛƴǎύ ƛƴ ŀŎǝǾŀǝƴƎ ǘƘŜ YŜŀǇмπbǊŦнπǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅ 

όYƻōŀŜƪπ[ŀǊǎŜƴ Ŝǘ ŀƭΦΣ нлноύΦ /ƻƴǎŜǉǳŜƴǝŀƭƭȅΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ǇǊƻǘƻŎƻƭ 
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ŦƻƭƭƻǿŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ aŜhI ŦǊŀŎǝƻƴǎ о ŀƴŘ н ƻŦ 5Φ ŎŀǊƻǘŀ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǇǊƻŎŜŘǳǊŜǎ ǘƻ ƛǎƻƭŀǘŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŎƻƳǇƻǳƴŘǎΦ 

CƛƎǳǊŜ оΦуΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ 5Φ ŎŀǊƻǘŀ aŜhI ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭǎΦ 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŦǊŀŎǝƻƴǎ ŀƴŘ 

ǘ.Iv όǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭύ ŦƻǊ нп ƘΣ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ό5a{hκƳŜŘƛǳƳύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ 

wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ŦƻƭŘ ǘƻ ŎƻƴǘǊƻƭ ƳŜŀƴǎ ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр 

ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

3.5.4. Compounds isolation of D. carota subsp. maximus 

CƻƭƭƻǿƛƴƎ ǘƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ Ƴŀƛƴ ŦƻŎǳǎ ǿŀǎ 

ƎƛǾŜƴ ƻƴ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŜ ŜȄǘǊŀŎǘǎ ǿƘƛŎƘ ŜȄƘƛōƛǘ ǘƘŜ Ƴƻǎǘ ǇƻǘŜƴǘ ŎŀƴŎŜǊ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ 

ŀŎǝǾƛǘȅΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ōƛƻŀŎǝǾŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ǘƘƻǊƻǳƎƘ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ 

ǇǊƻŎŜŘǳǊŜǎΣ ƛƴŎƭǳŘƛƴƎ ǇǊŜǇŀǊŀǝǾŜΣ ǎŜƳƛπǇǊŜǇŀǊŀǝǾŜΣ ŀƴŘ ŀƴŀƭȅǝŎŀƭ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ 

ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όIt[/ύΦ ¢ƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǝǾŜ ǿŀǎ ǘƻ ƛǎƻƭŀǘŜ ŎƻƳǇƻǳƴŘǎ ǿƛǘƘ 

ǇǊƻƳƛǎƛƴƎ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ǇƻǘŜƴǝŀƭΦ 

!ƳƻƴƎ ǘƘŜ ǘŜǎǘŜŘ ŜȄǘǊŀŎǘǎΣ 5/πIŜȄ ŘƛǎǇƭŀȅŜŘ ƭŜǎǎ ŀŎǝǾƛǘȅ ǘƘŀƴ ǘƘŜ ŎƻƴǘǊƻƭ όмπŦƻƭŘ 

ƛƴŘǳŎǝƻƴύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ 5/a ŜȄǘǊŀŎǘ ŀƴŘ aŜhI ŦǊŀŎǝƻƴǎ н ŀƴŘ о ŜȄƘƛōƛǘŜŘ ƳƻǊŜ 

ǎƛƎƴƛŬŎŀƴǘ ƛƴŘǳŎǝƻƴΦ ¢ƘŜ ǎǳōǎŜǉǳŜƴǘ ǎŜŎǝƻƴǎ ŘŜǎŎǊƛōŜ ǘƘŜ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ǇǊƻŎŜǎǎ 

ŦǊƻƳ ǘƘŜ ōƛƻŀŎǝǾŜ ŦǊŀŎǝƻƴǎΦ 
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3.5.4.1. D. carota subsp. maximus methanol fraction 2 

/ƻƳǇƻǳƴŘǎ ǘƻ ōŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ŦǊŀŎǝƻƴ н ǇƻǎŜŘ ŀ ŎŜǊǘŀƛƴ ŎƘŀƭƭŜƴƎŜ ŘǳŜ ǘƻ ǇŜŀƪǎ 

ƻǾŜǊƭŀǇǇƛƴƎΣ ŘŜǎǇƛǘŜ ǾŀǊƛƻǳǎ ŀǧŜƳǇǘǎ ǘƻ ƳƻŘƛŦȅ ǘƘŜ Ŝƭǳǝƻƴ ƳŜǘƘƻŘ ŀƴŘ ǎƻƭǾŜƴǘǎ ǳǎŜŘ ƛƴ 

ǇǊŜǇŀǊŀǝǾŜ It[/Φ 9ǾŜƴǘǳŀƭƭȅΣ ǘƘŜ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘ ό5/π.ύ ό¢ŀōƭŜ нΦнύ ǿŀǎ ŜƳǇƭƻȅŜŘΦ 

{ǘŀǊǝƴƎ ǿƛǘƘ нр҈ aŜhI ƛƴ ǿŀǘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƎǊŀŘǳŀƭƭȅ ǘƻ ŀǇǇǊƻŀŎƘ рр҈ aŜhI ƻǾŜǊ ол 

ƳƛƴǳǘŜǎΦ ¢ƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ƳŀƛƴǘŀƛƴŜŘ ŀǘ мл Ƴ[κƳƛƴΣ ǿƛǘƘ ŀƴ ƛƴƛǝŀƭ ǎŀƳǇƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ǇǊŜǇŀǊŜŘ ŀǘ млл ƳƎκƳ[Φ ¢Ƙƛǎ ƳŜǘƘƻŘ ȅƛŜƭŘŜŘ ǘǿƻ ƛǎƻƭŀǘŜŘ ǇŜŀƪǎΣ ƭŀōŜƭƭŜŘ ŀǎ 5/нπм 

ŎƻƴǘŀƛƴƛƴƎ ŎƻƳǇƻǳƴŘ όмнлύ ŀƴŘ 5/нπнΦ {ƻƳŜ ƻŦ ǘƘŜ ƻǘƘŜǊ ǇŜŀƪǎ ǎƘƻǿƴ ƛƴ ǘƘŜ 

ŎƘǊƻƳŀǘƻƎǊŀƳ όCƛƎǳǊŜ оΦфύ ǿŜǊŜ ŀƭǎƻ ƛǎƻƭŀǘŜŘΦ IƻǿŜǾŜǊΣ ǘƘŜȅ ǿŜǊŜ ŜƛǘƘŜǊ ƛƳǇǳǊŜ ƻǊ 

ƛƴǎǳŶŎƛŜƴǘ ƛƴ ȅƛŜƭŘ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ǇǳǊƛŬŎŀǝƻƴΦ  

CƛƎǳǊŜ оΦфΦ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ 5/πaŜπCǊнΣ ǳǎƛƴƎ ƳŜǘƘƻŘ 5/π.Φ 

 

tǳǊƛŬŎŀǝƻƴ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇŜŀƪ 5/нπнΥ 

CƻƭƭƻǿƛƴƎ ǊŜƎǳƭŀǊ ǇǊƻŎŜŘǳǊŜǎ ŀƊŜǊ ǇŜŀƪ ƛǎƻƭŀǝƻƴΣ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇŜŀƪ 5/нπн ǿŀǎ ǎǳōƧŜŎǘŜŘ 

ǘƻ ŀƴŀƭȅǝŎŀƭ It[/ ǿƘŜǊŜ ǘƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ ǊŜǾŜŀƭŜŘ ŀ ǎƛƴƎƭŜ ǇŜŀƪΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇǊƻǘƻƴ 

baw ǎǇŜŎǘǊǳƳ ƻŦ ǘƘƛǎ ƛǎƻƭŀǘŜŘ ǇŜŀƪ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ƛǘ Ŏƻƴǘŀƛƴǎ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ŎƻƳǇƻǳƴŘΦ 

{ŜǾŜǊŀƭ ŀǧŜƳǇǘǎ ǿŜǊŜ ƳŀŘŜ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘƛǎ ǇŜŀƪ ǳǎƛƴƎ ǎŜƳƛπ

ǇǊŜǇŀǊŀǝǾŜ It[/Φ ¢ƘŜ ōŜǎǘ ǎŜǇŀǊŀǝƻƴ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ ŜƳǇƭƻȅƛƴƎ ŀƴ ƛǎƻŎǊŀǝŎ Ŝƭǳǝƻƴ 

ƳŜǘƘƻŘ ό5/π/Σ ¢ŀōƭŜ нΦнύ ǿƛǘƘ пт҈ aŜhI ƛƴ ǿŀǘŜǊ ƻǾŜǊ пл ƳƛƴǳǘŜǎΣ CwҐн Ƴ[κƳƛƴ όCƛƎǳǊŜ 

оΦмлύΦ 5ŜǎǇƛǘŜ Ƴŀƴȅ ƳŜǘƘƻŘ ŀŘƧǳǎǘƳŜƴǘǎΣ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ǊŜƳŀƛƴŜŘ ƛƴǎŜǇŀǊŀōƭŜΦ 
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/ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ baw ǎǇŜŎǘǊŀ ƻŦ ǘƘƛǎ ǇŜŀƪ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ŀǎ ŀ ƳƛȄǘǳǊŜΣ ŀƴŘ ǘƘŜ 

ǎǘǊǳŎǘǳǊŜǎ ƻŦ ǘƘŜ ǘǿƻ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŜƭǳŎƛŘŀǘŜŘ ǎǳŎŎŜǎǎŦǳƭƭȅ ƛƴ ǎŜŎǝƻƴ όоΦуΦсύΦ 

CƛƎǳǊŜ оΦмлΦ {ŜƳƛπǇǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ǇŜŀƪ 5/нπн ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπCǊнΣ ǳǎƛƴƎ 

ƳŜǘƘƻŘ 5/π/Φ 

 

3.5.4.2. D. carota subsp. maximus methanol fraction 3 

CǊŀŎǝƻƴ о ŘŜǊƛǾŀǝǾŜ ŦǊƻƳ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ ƻŦ 5Φ ŎŀǊƻǘŀ ŜȄƘƛōƛǘŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ŎŀƴŎŜǊ 

ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ǇƻǘŜƴǝŀƭ ŀƳƻƴƎ ƻǘƘŜǊ ŦǊŀŎǝƻƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǊŜǎǳƭǘǎ 

όǎŜŎǝƻƴ оΦрΦоύΦ 

¢ƘŜ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ǇǊƻŎŜǎǎ ƻŦ ǘƘƛǎ ŦǊŀŎǝƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀƴ !ƎƛƭŜƴǘ ǇǊŜǇŀǊŀǝǾŜ 

It[/ ƛƴǎǘǊǳƳŜƴǘ ǳǎƛƴƎ ǘƘŜ 5/π5 ƳŜǘƘƻŘ ό¢ŀōƭŜ нΦнύΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǳǝƭƛȊŜŘ !/b ŀǎ ǘƘŜ 

ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘΣ ǎǘŀǊǝƴƎ ŀǘ ол҈ ƛƴ ǿŀǘŜǊ ŀƴŘ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƻ пр҈ ƻǾŜǊ ŀ срπƳƛƴǳǘŜ 

ǇŜǊƛƻŘΦ  

¢ƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ ǎƘƻǿƴ ƛƴ όCƛƎǳǊŜ оΦммύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ Ƴŀƛƴ ǇŜŀƪǎ ƻŦ ŦǊŀŎǝƻƴ о ŀƴŘ ǘƘŜ 

ǘƘǊŜŜ ŎƻƭƭŜŎǝƻƴǎ ŀǎ ŦƻƭƭƻǿǎΤ 5/оπм ŀ ǎƛƴƎƭŜ ǇŜŀƪ ŜƭǳǝƴƎ ŀǘ ǘwҐмрΦп ƳƛƴǳǘŜǎ Ƙŀǎ ŎƻƳǇƻǳƴŘ 

όмнмύΣ 5/оπн ŀ ƳƛȄǘǳǊŜ ƻŦ ǘǿƻ ǇŜŀƪǎ ǎƘƻǿƴ ōŜǘǿŜŜƴ ǘw ώноΦу ŀƴŘ нт ƳƛƴǳǘŜǎϐΣ ŀƴŘ 5/оπо 

ŀƴƻǘƘŜǊ ǎƛƴƎƭŜ ǇŜŀƪ ǊŜǇǊŜǎŜƴǝƴƎ ŀ ŎƻƳǇƻǳƴŘ όмннύ ŜƭǳǝƴƎ ŀǘ ǘwҐоуΦф ƳƛƴǳǘŜǎΦ 
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CƛƎǳǊŜ оΦммΦ tǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ 5/πaŜπCǊоΣ ǳǎƛƴƎ ƳŜǘƘƻŘ 5/π5Φ 

 

tǳǊƛŬŎŀǝƻƴ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇŜŀƪ 5/оπнΥ 

{ŜǇŀǊŀǝƴƎ ǘƘŜ ǘǿƻ ǇŜŀƪǎ ŜƭǳǘŜŘ ŎƭƻǎŜ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ōŜǘǿŜŜƴ ǘwҐноΦу ŀƴŘ нт ƳƛƴǳǘŜǎ ƛƴ 

ŦǊŀŎǝƻƴ о ŎƘǊƻƳŀǘƻƎǊŀƳ όCƛƎǳǊŜ оΦммύ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ ŀƴŀƭȅǝŎŀƭ 5ƛƻƴŜȄ It[/ 

ƛƴǎǘǊǳƳŜƴǘΣ м Ƴ[κƳƛƴΦ ¢ƘŜ 5/π9 ƳŜǘƘƻŘ ǿŀǎ ŀǇǇƭƛŜŘΣ ǳǝƭƛȊƛƴƎ ŀƴ ƛǎƻŎǊŀǝŎ Ŝƭǳǝƻƴ ƻŦ нт҈ 

!/b ƛƴ ǿŀǘŜǊ ŦƻǊ ол ƳƛƴǳǘŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ŘŜǎƛǊŜŘ ǎŜǇŀǊŀǝƻƴ ǿŀǎ ŀǇǇǊƻŀŎƘŜŘ 

ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǎ ǎƘƻǿƴ ƛƴ όCƛƎǳǊŜ оΦмнύ ǊŜǎǳƭǝƴƎ ƛƴ ǘƘŜ ǇǳǊƛŬŎŀǝƻƴ ƻŦ ǘǿƻ ŘƛǎǝƴŎǘ ǇŜŀƪǎ 

ό5/оπн!ύ ŜƭǳǝƴƎ ŀǘ ǘwҐмфΦф ƳƛƴǳǘŜǎ ǊŜǇǊŜǎŜƴǘŜŘ ŎƻƳǇƻǳƴŘ όмноύ ŀƴŘ ǇŜŀƪ ό5/оπн.ύ 

ŜƭǳǝƴƎ ŀǘ ǘwҐ нмΦт ƳƛƴǳǘŜǎ ǊŜǇǊŜǎŜƴǘŜŘ ŎƻƳǇƻǳƴŘǎ όмнпύΦ 

 

CƛƎǳǊŜ оΦмнΦ !ƴŀƭȅǝŎŀƭπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ ǇŜŀƪ ό5/оπнύ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπCǊоΣ 

ǳǎƛƴƎ ƳŜǘƘƻŘ 5/π9Φ 
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3.6. Bioassay-guided compound isolation: Foeniculum vulgare Mill . 

¢ƘŜ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎƛǎΣ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴΣ ǎǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ 

ŀŎǝǾƛǝŜǎ ƻŦ CΦ ǾǳƭƎŀǊŜ ŦǊŀŎǝƻƴǎ ŀƴŘ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ǎǳōǎŜŎǝƻƴǎΦ  

3.6.1. Preliminary analytical TLC screening of F. vulgare DCM extract 

¢ƘŜ ŎǊǳŘŜ 5/a ŜȄǘǊŀŎǘ ƻōǘŀƛƴŜŘ ŦǊƻƳ CΦ ǾǳƭƎŀǊŜ όC±π5/aύ ǿŀǎ ŀƴŀƭȅǎŜŘ ōȅ ¢[/Φ ¢Ƙƛǎ 

ŜȄǘǊŀŎǘ ǿŀǎ ǎǳōƧŜŎǘŜŘ ǘƻ ŀ ŎƭŜŀƴπǳǇ ǇǊƻŎŜŘǳǊŜ ōȅ ƳŜǘƘŀƴƻƭ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ {t9 ό/муύ 

ŎŀǊǘǊƛŘƎŜΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ǿŀǎ ŀƭǎƻ ŀƴŀƭȅǎŜŘ ōȅ ¢[/Φ .ƻǘƘ ǎŀƳǇƭŜǎ 

ǿŜǊŜ ǇǊŜǇŀǊŜŘ ƛƴ 5/a ŀƴŘ ƭƻŀŘŜŘ Ƴŀƴǳŀƭƭȅ ƻƴ ǘƘŜ ¢[/ ǇƭŀǘŜǎΦ ¢ƘŜ ƳƻōƛƭŜ ǇƘŀǎŜ ǳǎŜŘ ǿŀǎ 

нл҈ 9ǘh!ŎκƴπƘŜȄŀƴŜΣ ŀƴŘ ŀƴ ŀƴƛǎŀƭŘŜƘȅŘŜ ǊŜŀƎŜƴǘ ǿŀǎ ǎǇǊŀȅŜŘ ƻƴ ǘƘŜ ǇƭŀǘŜǎ ǘƻ ǾƛǎǳŀƭƛǎŜ 

ǎǇŜŎƛŬŎ ƎǊƻǳǇǎ ƻŦ ŎƻƳǇƻǳƴŘǎΦ !ƭǎƻΣ ŀ ¦± ǾƛŜǿƛƴƎ ƭŀƳǇ ǿŀǎ ǳǎŜŘ ǘƻ ǾƛǎǳŀƭƛǎŜ ǘƘŜ ōŀƴŘǎΩ 

ǎŜǇŀǊŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘǎ ŀǘ нпр ŀƴŘ осс ƴƳΦ ¢Ƙƛǎ ǎƛƳǇƭŜ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜ 

ǇǊƻǾƛŘŜŘ ǘƘŜ ŎƘŜƳƛŎŀƭ ŬƴƎŜǊǇǊƛƴǘǎ ƻŦ ǘǿƻ ŜȄǘǊŀŎǘǎ 5/a ŜȄǘǊŀŎǘǎΣ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ōŜƛƴƎ 

ǿŀǎƘŜŘ ōȅ aŜhIΦ CƛƎǳǊŜ оΦмо ŘƛǎǇƭŀȅǎ ǘƘŜ ¢[/ ǇƭŀǘŜǎ ƻŦ C±π5/a όǊƛƎƘǘπƘŀƴŘ ǎƛŘŜύ ŀƴŘ 

ǿŀǎƘŜŘ C±π5/a όƭŜƊπƘŀƴŘ ǎƛŘŜύ ŜȄǘǊŀŎǘǎΣ ōƻǘƘ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ǾƛǎǳŀƭƛǎŜŘ ŀƊŜǊ ŀƴƛǎŀƭŘŜƘȅŘŜ 

ǊŜƎŜƴǘ ǎǇǊŀȅŜŘ ό!ύ ŀƴŘ ǳƴŘŜǊ ǎƘƻǊǘ ό.ύ ŀƴŘ ƭƻƴƎ ό/ύ ¦± ƭŀƳǇΦ 

¢ƘŜ ¢[/ ǊŜǎǳƭǘǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ŀ ōŜǧŜǊ ŎƻƳǇƻǳƴŘ ǎŜǇŀǊŀǝƻƴ ŎƻǳƭŘ ōŜ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ 

ǿŀǎƘŜŘ C±π5/a ŜȄǘǊŀŎǘΣ ǿƘƛŎƘ ǿŀǎ ŀ ƘŜƭǇŦǳƭ ǎǘŜǇ ōŜŦƻǊŜ ǊǳƴƴƛƴƎ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ 

ǇǊƻŎŜŘǳǊŜǎ ǳǎƛƴƎ It[/Φ Lǘ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŎƘƭƻǊƻǇƘȅƭƭ όǊŜŘ ōŀƴŘ ǳƴŘŜǊ ƭƻƴƎ 

ǿŀǾŜƭŜƴƎǘƘ ŀǘ wŦҐ лΦруύ ŀƴŘ ƻǘƘŜǊ ŎƻƳǇƻǳƴŘǎ ƻŦ ƭƻǿŜǊ ǇƻƭŀǊƛǘȅ wŦ җ лΦс ǿŜǊŜ ǘǊŀǇǇŜŘ ƛƴ 

ǘƘŜ {t9 ό/муύ ŎŀǊǘǊƛŘƎŜ ŀƴŘ ǿŜǊŜ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ǎƘƻǿƴ ƛƴ ǘƘŜ ¢[/ ǇǊƻŬƭŜ ƻŦ ǘƘŜ ǿŀǎƘŜŘ C±π

5/aΦ ¢ƘŜǎŜ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƴƻǘ ƻŦ ƛƴǘŜǊŜǎǘ ŀǎ ǘƘŜȅ ǿŜǊŜ Ƴŀƛƴƭȅ ƴƻƴǇƻƭŀǊ ŎƻƳǇƻǳƴŘǎ 

ǘƘŀǘ ǿŜǊŜ ŀƭǎƻ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ƴπƘŜȄŀƴŜ ŀƴŘ ŎƻǳƭŘ ōŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƘƛƎƘ ƭŜǾŜƭ ƻŦ 

ŎȅǘƻǘƻȄƛŎƛǘȅ ƻŦ ǘƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘΦ 
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CƛƎǳǊŜ оΦмоΦ ¢ƘŜ ¢[/ ǇƭŀǘŜǎ ƻŦ CΦ ǾǳƭƎŀǊŜ 5/a ŀƴŘ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘǎΦ 

!Υ ¢[/ ǇƭŀǘŜǎ ǎǇǊŀȅŜŘ ǿƛǘƘ ŀƴƛǎŀƭŘŜƘȅŘŜΦ .Υ tƭŀǘŜǎ ǳƴŘŜǊ ¦± нпр ƴƳΦ 

/Υ tƭŀǘŜǎ ǳƴŘŜǊ ¦± нпр ƴƳΦ 

 

3.6.2. Preliminary analytical HPLC of F. vulgare 

¢ƘŜ aŜhI ŜȄǘǊŀŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ όC±πaŜύ ŀƴŘ ǘƘŜ ŦǊŀŎǝƻƴǎ CǊмπCǊп ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {t9 

ό/муύ ŦǊŀŎǝƻƴŀǝƻƴ ǿŜǊŜ ǎŎǊŜŜƴŜŘ ƻƴ ŀƴŀƭȅǝŎŀƭ It[/Φ ¢ƘŜ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘ ! ό¢ŀōƭŜ нΦоύ 

ǿŀǎ ŀǇǇƭƛŜŘΣ ǎǘŀǊǝƴƎ ǿƛǘƘ aŜhI ол҈ ƛƴ ǿŀǘŜǊ ŀǘ ƳƛƴǳǘŜ лΣ ǊƛǎƛƴƎ ƎǊŀŘǳŀƭƭȅ ǘƻ ŀǇǇǊƻŀŎƘ 

aŜhI млл҈ ƻǾŜǊ ол ƳƛƴǳǘŜǎΣ ǿŀǎƘƛƴƎ ǇŜǊƛƻŘ ƻŦ р ƳƛƴǳǘŜǎ ŀǘ млл҈ aŜhI ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ 

ōŜŦƻǊŜ ǘƘŜ ŜƭǳŜƴǘ ŎŀƳŜ ōŀŎƪ ǘƻ ол҈ aŜhI ƛƴ ǿŀǘŜǊ ǿƘŜƴ ƛǘ Ǌŀƴ ŦƻǊ ǘƘŜ Ŭƴŀƭ р ƳƛƴǳǘŜǎ 

ŀƛƳƛƴƎ ǘƻ ŜǉǳƛƭƛōǊŀǘŜ ǘƘŜ ŎƻƭǳƳƴ ōŜŦƻǊŜ ǎǘŀǊǝƴƎ ŀƴƻǘƘŜǊ ǊǳƴΦ ¢ƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ǎŜǘ ŀǘ м 

Ƴ[κƳƛƴΣ ŀƴŘ ǘƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ рл ҡ[ ƻŦ ǘƘŜ C±πaŜ όмл ƳƎκƳ[ύ ŀƴŘ нл [˃ ƻŦ ŜŀŎƘ 

ŦǊŀŎǝƻƴ όмл ƳƎκƳ[ύΦ ¢ƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ Ǌǳƴǎ ƻŦ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ 

όǇŜǊŦƻǊƳŜŘ ƻƴ !ƎƛƭŜƴǘ It[/ύ ŀƴŘ ǘƘŜ ŦƻǳǊ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǝƻƴǎ όǇŜǊŦƻǊƳŜŘ ƻƴ 5ƛƻƴŜȄ 

¦It[/ύ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦмпΦ 
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CƛƎǳǊŜ оΦмпΦ !ƴŀƭȅǝŎŀƭ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ C±πaŜ ŜȄǘǊŀŎǘ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǝƻƴǎΣ 

ǳǎƛƴƎ ǘƘŜ ŀƴŀƭȅǝŎŀƭ ǎǘŀƴŘŀǊŘ ƳŜǘƘƻŘ !Φ 

¢ƘŜ ǿŀǎƘŜŘ C±π5/a ŜȄǘǊŀŎǘ ǿŀǎ ŀƭǎƻ ŀƴŀƭȅǎŜŘ ƻƴ ŀƴŀƭȅǝŎŀƭ It[/ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƳŜǘƘƻŘ 

C±πD ό¢ŀōƭŜ нΦнύΦ ¢ƘŜ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘ ƻŦ мл҈ !/b ƛƴ ǿŀǘŜǊ ŀǘ Ƴƛƴ л ǿŀǎ Ǌǳƴ ǘƘǊƻǳƎƘ ǘƘŜ 

ŎƻƭǳƳƴ ǊƛǎƛƴƎ ǘƻ млл҈ !/b ŀǘ Ƴƛƴ олΣ ŀƴŘ ŎƻƭǳƳƴ ǿŀǎƘƛƴƎ ŀƴŘ ŜǉǳƛƭƛōǊŀǝƻƴ ǇŜǊƛƻŘ ǿŜǊŜ 

ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ǎŜǘ ŀǘ м Ƴ[κƳƛƴΣ ǘƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ нл ҡ[ ƻŦ ǘƘŜ ǎǘƻŎƪ 

ǎƻƭǳǝƻƴ όмл ƳƎκƳ[ύΦ ¢ƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ όCƛƎǳǊŜ оΦмрύ ƻŦ ǿŀǎƘŜŘ C±π5/a ŜȄǘǊŀŎǘ 

ŎƻƴŬǊƳŜŘ ǘƘŜ ƎƻƻŘ ǎŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘǎ ǎƘƻǿƴ ŜŀǊƭƛŜǊ ƻƴ ¢[/ ǇƭŀǘŜǎ όCƛƎǳǊŜ 

оΦмоύΦ 

CƛƎǳǊŜ оΦмрΦ Analytical HPLC chromatogram of washed FV-DCM extract, using method FV-G. 

C±πaŜπCǊм C±πaŜπCǊн 

C±πaŜπCǊо 
C±πaŜπCǊп 

C±πaŜ 
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3.6.3. Cytotoxicity of F. vulgare SPE fractions 

¢ƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ !w9Ŏон ŎŜƭƭǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ŦƻǳǊ ŦǊŀŎǝƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ CΦ 

ǾǳƭƎŀǊŜ aŜhI ŜȄǘǊŀŎǘ ǿŀǎ ŀǎǎŜǎǎŜŘ ōȅ ǘƘŜ a¢¢ ŀǎǎŀȅΦ ¢Ƙƛǎ ŀǎǎŜǎǎƳŜƴǘ ŀƛƳǎ ǘƻ ŘŜǘŜǊƳƛƴŜ 

ǘƘŜ ƘƛƎƘŜǎǘ ŘƻǎŜ ǘƘŀǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƴƻƴǘƻȄƛŎ ǘƻ ǘƘŜ ŎŜƭƭǎ όƭŜǎǎ ǘƘŀƴ мл ҈ ǘƻȄƛŎƛǘȅύ ǘƻ ōŜ 

ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅΦ 9ƛƎƘǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŦǊƻƳ ŜŀŎƘ ŦǊŀŎǝƻƴ 

όлΦлмнр ƳƎκƳ[ ǘƻ м ƳƎκƳ[ύΦ aƻǊŜƻǾŜǊΣ ǘǿƻ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ όмΦр ŀƴŘ н ƳƎκƳ[ύ ǿŜǊŜ 

ǇǊŜǇŀǊŜŘ ŦƻǊ ǘƘŜ ŦǊŀŎǝƻƴ мΦ ¢ƘŜ ŎŜƭƭǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘƻǎŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǊ нп Ƙ ŀƴŘ ǘƘŜ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ǿŀǎ ƳŜŀǎǳǊŜŘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǾŜƘƛŎƭŜ 

ŎƻƴǘǊƻƭ όлΦм҈ 5a{hύΣ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦмсΦ  

CǊŀŎǝƻƴǎ о ŀƴŘ п ǿŜǊŜ ŦƻǳƴŘ ǘƻ ǇƻǎǎŜǎǎ ƘƛƎƘ ǘƻȄƛŎƛǘȅ ŎŀǳǎƛƴƎ ƳƻǊŜ ǘƘŀƴ сл҈ ƻŦ ŎŜƭƭ ŘŜŀǘƘ 

ŀǘ лΦп ƳƎκƳ[Φ hƴ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ŦǊŀŎǝƻƴ м ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǘƘŜ ƭŜŀǎǘ ǘƻȄƛŎ ǿƛǘƘ ƻƴƭȅ мр҈ 

ŘŜŀǘƘ ŀǘ н ƳƎκƳ[Φ ¢ƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŎŀǳǎƛƴƎ ƴƻ ƳƻǊŜ ǘƘŀƴ мл҈ ŎŜƭƭ ŘŜŀǘƘ ό[/млύ ǿŜǊŜ 

ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ мΦрΣ лΦуΣ лΦлр ŀƴŘ лΦлмнр ƳƎκƳ[ ŦƻǊ ŦǊŀŎǝƻƴǎ мΣ нΣ о ŀƴŘ 

пΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

CƛƎǳǊŜ оΦмсΦ 9ũŜŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ 

ǘƻ ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπм 

ƳƎκƳ[ύ ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ 

ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 
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3.6.4. Chemopreventive activity of F. vulgare SPE fractions 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǎŜŎǝƻƴ όǎŜŎǝƻƴ нΦфΦрύ 

ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ aŜhI ŦǊŀŎǝƻƴǎ ǘƻ ƛƴŘǳŎŜ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ŀƴŘ ƘŜƴŎŜ bǊŦн 

ŀŎǝǾƛǘȅΦ ¢ƘŜ ƭŜǾŜƭ ƻŦ ƛƴŘǳŎǝƻƴ ƻŦ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ōȅ ŜŀŎƘ ŦǊŀŎǝƻƴ ǘŜǎǘŜŘ ƛǎ 

ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΦмтΦ  

CǊŀŎǝƻƴǎ н ǊŜŎƻǊŘŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ŦƻƭƭƻǿŜŘ ōȅ ŦǊŀŎǝƻƴǎ м ŀƴŘ о ƛƴ ǘƘŜ 

ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿƛǘƘ моΦтΣ тΦу ŀƴŘ рΦсπŦƻƭŘπƛƴŘǳŎǝƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ōƛƻŀǎǎŀȅπƎǳƛŘŜŘ ƛƴǾŜǎǝƎŀǝƻƴΣ ŦǊŀŎǝƻƴǎ н ŀƴŘ о ǇƻǎǎŜǎǎƛƴƎ ǘƘŜ 

ƘƛƎƘŜǎǘ ƛƴŘǳŎǝƻƴ ŀŎǝǾƛǘȅ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴΦ  

 

CƛƎǳǊŜ оΦмтΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ CΦ ǾǳƭƎŀǊŜ aŜhI ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭǎΦ 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŦǊŀŎǝƻƴǎ ŀƴŘ 

ǘ.Iv όǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭύ ŦƻǊ нп ƘΣ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ό5a{hκƳŜŘƛǳƳύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ 

wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ŦƻƭŘ ǘƻ ŎƻƴǘǊƻƭ ƳŜŀƴǎ ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр 

ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

 

19.717

7.754

13.602

5.656

0

5

10

15

20

25

tBHQ 20ɛM F.v-Fr1 1.5mg/mL F.v-Fr2 0.8mg/mL F.v-Fr3
0.05mg/mL

F.v-Fr4
0.0125mg/mL

L
u

ci
fe

ra
se

 a
ct

iv
it
y

(f
o

ld
s 

to
 c

o
n
tr

o
l)

Concentrations of FV methanol fractions

Luciferase assay of F. vulgare fractions



  

фс 
 

3.6.5. Compound isolation from F. vulgare 

¢ƘŜ ŜȄǘǊŀŎǘǎκŦǊŀŎǝƻƴǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŀŎǝǾƛǘȅ ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ 

ǇǊƻŎŜŘǳǊŜǎ ŜƳǇƭƻȅƛƴƎ ǇǊŜǇŀǊŀǝǾŜΣ ǎŜƳƛπǇǊŜǇŀǊŀǝǾŜ ŀƴŘ ŀƴŀƭȅǝŎŀƭ It[/ ǘŜŎƘƴƛǉǳŜǎΦ 

aŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴǎ н ŀƴŘ м ŀƴŘ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ǿŜǊŜ Ǌǳƴ ǳǎƛƴƎ It[/ ǘƻ ƻǇǝƳƛǎŜ ǘƘŜ 

ōŜǎǘ ƳŜǘƘƻŘ ŘŜƳƻƴǎǘǊŀǝƴƎ ƎƻƻŘ ǎŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ ǎƛƎƴƛŬŎŀƴǘ ǇŜŀƪǎ ŀƴŘ ŀƛƳƛƴƎ ǘƻ ƛǎƻƭŀǘŜ 

ǘƘŜƳΦ 

3.6.5.1. F. vulgare methanol fraction 1 

¢ƘŜ ŀŎǝǾŜ ŦǊŀŎǝƻƴ м ǿŀǎ ǎǳōƧŜŎǘŜŘ ǘƻ ǇǊŜǇπIt[/ ŜƳǇƭƻȅƛƴƎ ƳŜǘƘƻŘ C±π. ό¢ŀōƭŜ нΦоύΣ 

ǎǘŀǊǝƴƎ ǿƛǘƘ р҈ !/b ƛƴ ǿŀǘŜǊ ŀǘ ƳƛƴǳǘŜ лΣ ǊƛǎƛƴƎ ƎǊŀŘǳŀƭƭȅ ǘƻ ŀǇǇǊƻŀŎƘ нр҈ !/b ƛƴ ǿŀǘŜǊ 

ƻǾŜǊ пл ƳƛƴǳǘŜǎΣ ŀ Ŭƴŀƭ ǇƘŀǎŜ όмр Ƴƛƴύ ŦƻǊ ŎƻƭǳƳƴ ǿŀǎƘƛƴƎ ŀƴŘ ŜǉǳƛƭƛōǊŀǝƻƴ ǿŀǎ 

ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ǎŜǘ ŀǘ мл Ƴ[κƳƛƴ ǿƘŜƴ ǳǎƛƴƎ ǇǊŜǇπIt[/Σ ǘƘŜ ŦǊŀŎǝƻƴ ǎŀƳǇƭŜ 

ǿŀǎ ǇǊŜǇŀǊŜŘ ƛƴ ŀ ƳƛȄǘǳǊŜ ƻŦ aŜhI ŀƴŘ ǿŀǘŜǊ ŀǘ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ млл ƳƎκƳ[Σ ŀƴŘ ǘƘŜ 

ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ олл ҡ[Φ CƛƎǳǊŜ оΦму ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±πaŜπCǊмΦ 

¢ƘŜ ŎƻƭƭŜŎǘŜŘ ǇŜŀƪǎ C±мΦм όмп ƳƎύ ŜƭǳǘŜŘ ŀǘ ǘwҐонΦус Ƴƛƴ όŎƻƳǇƻǳƴŘ руύ ŀƴŘ C±мΦн όнр 

ƳƎύ ŜƭǳǘŜŘ ŀǘ ǘwҐотΦуо Ƴƛƴ όŎƻƳǇƻǳƴŘ мнрύ ǿŜǊŜ ŀƴŀƭȅǎŜŘ ƻƴ ŀƴŀƭȅǝŎŀƭ It[/ ǳǎƛƴƎ ǘƘŜ 

ǎŀƳŜ ƳŜǘƘƻŘ ƻŦ ƛǎƻƭŀǝƻƴ C±π. ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ǎƘƻǿŜŘ ǎƛƴƎƭŜ ǇŜŀƪ 

ǊŜǾŜŀƭƛƴƎ ƎƻƻŘ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇƻǳƴŘǎΦ  

 

 

 

 

CƛƎǳǊŜ оΦмуΦ tǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ŀƴŘ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ C±πaŜπCǊмΣ ǳǎƛƴƎ 

ƳŜǘƘƻŘ C±π.Φ 

 

3.6.5.2. F. vulgare methanol fraction 2 

¢ǿƻ ŘƛũŜǊŜƴǘ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘǎ ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ƻǊƎŀƴƛŎ ǎƻƭǾŜƴǘǎ ǿŜǊŜ ŀǇǇƭƛŜŘ ŦƻǊ ǘƘŜ 

ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ǇǊƻŎŜŘǳǊŜ ƻŦ ǘƘŜ ōƛƻŀŎǝǾŜ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴ н ƻŦ CΦ ǾǳƭƎŀǊŜΦ  
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LƴƛǝŀƭƭȅΣ ŀ ƳƛȄǘǳǊŜ ƻŦ aŜhI ŀƴŘ ǿŀǘŜǊ ǿŀǎ ǳǎŜŘ ŀǎ ŀƴ ŜƭǳŜƴǘ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ƳŜǘƘƻŘ C±π/ 

ό¢ŀōƭŜ нΦоύΣ ŜƳǇƭƻȅƛƴƎ ǘƘŜ WŀǎŎƻ tǊŜǇπIt[/ ƛƴǎǘǊǳƳŜƴǘΦ  

The method FV-C commenced with 35% MeOH in water, and the MeOH percentage 

gradually increased to reach 60% MeOH in water over 40 minutes. The fǊŀŎǝƻƴ н ǿŀǎ 

ǇǊŜǇŀǊŜŘ ƛƴ aŜhI όмлл ƳƎκƳ[ύ ŀƴŘ ǘƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ плл ҡ[Φ 9ŀŎƘ ǇŜŀƪ ǘƘŀǘ 

ŀǇǇŜŀǊŜŘ ƛƴ ǘƘŜ ŎƘǊƻƳŀǘƻƎǊŀƳ ƛƴ CƛƎǳǊŜ оΦмф ǿŀǎ ŎƻƭƭŜŎǘŜŘ ƛƴŘƛǾƛŘǳŀƭƭȅ όмр ǇŜŀƪǎύΦ 

IƻǿŜǾŜǊΣ ǘƘŜ ŀƴŀƭȅǝŎŀƭ Ǌǳƴǎ ƻƴ It[/ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƴƻƴŜ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇŜŀƪǎ ǿŀǎ ǇǳǊŜ 

ŀǎ ǎŜǾŜǊŀƭ ŀŘƧŀŎŜƴǘ ǇŜŀƪǎ ŀƴŘ ƛƳǇǳǊƛǝŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ ¢ƘŜǊŜŦƻǊŜΣ ŀƴƻǘƘŜǊ ǘǊƛŀƭ ƻŦ 

ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ōȅ ŎƻƭƭŜŎǝƴƎ ŀ ƎǊƻǳǇ ƻŦ ǇŜŀƪǎ ǘƻƎŜǘƘŜǊ ŀǎ ǎƳŀƭƭŜǊ ŦƻǳǊ 

ǎǳōπŦǊŀŎǝƻƴǎΣ C±нπ! ŦǊƻƳ ǘwҐ сΦр ς му ƳƛƴΣ C±нπ. ŦǊƻƳ ǘwҐ му ς нпΦр ƳƛƴΣ C±нπ/ ŦǊƻƳ ǘwҐ 

нр ς ол ƳƛƴΣ ŀƴŘ C±нπ5 ŦǊƻƳ ǘwҐ ом ς от ƳƛƴΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ όCƛƎǳǊŜ оΦмфύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ 

ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±πaŜπCǊн ǳǎƛƴƎ ƳŜǘƘƻŘ C±π/ ƻƴ ǘƘŜ WŀǎŎƻ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ŦƻǳǊ ǎǳōπ

ŦǊŀŎǝƻƴǎ ŎƻƭƭŜŎǘŜŘ C±нπ!Σ .Σ /Σ ŀƴŘ 5Φ 

CƛƎǳǊŜ оΦмфΦ tǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±πaŜπCǊнΣ ǳǎƛƴƎ ƳŜǘƘƻŘ C±π/Φ 

 

tǳǊƛŬŎŀǝƻƴ ƻŦ ǎǳōπŦǊŀŎǝƻƴ C±нπ. ƻƴ ǎŜƳƛπǇǊŜǇπIt[/ 

¢ƘŜ ǎǳōπŦǊŀŎǝƻƴ C±нπ. όтл ƳƎύ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŦǊŀŎǝƻƴ н ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ǎǳōƧŜŎǘŜŘ ǘƻ ŀ 

ǇǳǊƛŬŎŀǝƻƴ ǇǊƻŎŜŘǳǊŜ ǳǝƭƛǎƛƴƎ ŀ ǎŜƳƛπǇǊŜǇŀǊŀǝǾŜ It[/ ǘŜŎƘƴƛǉǳŜ ƻƴ ǘƘŜ !ƎƛƭŜƴǘ It[/ 

ǎȅǎǘŜƳΦ ¢ƘŜ ƳŜǘƘƻŘ ŀǇǇƭƛŜŘ ǿŀǎ C±π5 ό¢ŀōƭŜ нΦоύ ǿƘƛŎƘ ǳǎŜŘ ŀƴ ƛǎƻŎǊŀǝŎ ŜƭǳŜƴǘ ǿƛǘƘ нл҈ 

!/b ƛƴ ǿŀǘŜǊ ŦƻǊ пл ƳƛƴǳǘŜǎ ŀǘ ŀ ƅƻǿ ǊŀǘŜ ƻŦ н Ƴ[κƳƛƴΦ ¢ƘŜ {ŀƳǇƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ 

ǇǊŜǇŀǊŜŘ ŀǘ ор ƳƎκƳ[ ŀƴŘ ǘƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ сл ҡ[Φ CƛƎǳǊŜ оΦнлΦ ǎƘƻǿǎ ǘƘŜ 

ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǇǳǊƛŬŎŀǝƻƴ ƳŜǘƘƻŘ ƻŦ ǘƘŜ ƳƛȄǘǳǊŜ C±нπ. ŀƴŘ ǘƘŜ 

ƛǎƻƭŀǘŜŘ ǇŜŀƪ C±нπ.м ŜƭǳǘŜŘ ŀǘ ǘwҐооΦт Ƴƛƴ ǊŜǇǊŜǎŜƴǝƴƎ ǘƘŜ ŎƻƳǇƻǳƴŘ όмнсύΦ 

C±нΦ! 

C±нΦ. 

C±нΦ5 

C±нΦ/ 
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CƛƎǳǊŜ оΦ нлΦ {ŜƳƛπǇǊŜǇŀǊŀǝǾŜ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±нπ.Σ ǳǎƛƴƎ ƳŜǘƘƻŘ C±π5Φ 

 

{ƛƴŎŜ ǘƘŜ ƛǎƻƭŀǝƻƴ ƳŜǘƘƻŘ ƛƴƛǝŀƭƭȅ ǳǎŜŘ C±π/ ŀƴŘ ǘƘŜ ǇǳǊƛŬŎŀǝƻƴ ƳŜǘƘƻŘ C±π5 ƻũŜǊŜŘ ƻƴƭȅ 

ƻƴŜ ǇǳǊŜ ŎƻƳǇƻǳƴŘ όмнсύΦ !ƴƻǘƘŜǊ ƛǎƻƭŀǝƻƴ ƳŜǘƘƻŘ όC±π9Σ ¢ŀōƭŜ нΦоύ ǳǎƛƴƎ !/b ƛƴǎǘŜŀŘ ƻŦ 

aŜhI ǿŀǎ ŀǇǇƭƛŜŘΤ ŀƛƳƛƴƎ ǘƻ ƛǎƻƭŀǘŜ ƳƻǊŜ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ C±πaŜπCǊнΦ 

¢ƘŜ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ŦƻƭƭƻǿƛƴƎ ƳŜǘƘƻŘ C±π9 ǿŀǎ ǘƘŜƴ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ 5ƛƻƴŜȄ 

ǇǊŜǇŀǊŀǝǾŜ It[/ ǎȅǎǘŜƳΦ ¢ƘŜ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘ ƛƴŎƭǳŘŜŘ ǳǎƛƴƎ мр҈ !/b ƛƴ ǿŀǘŜǊ ŀǘ ǘƘŜ 

ǎǘŀǊǝƴƎ Ǉƻƛƴǘ ǿƘƛŎƘ ǊƛǎŜǎ ƎǊŀŘǳŀƭƭȅ ǘƻ ол҈ ƻǾŜǊ рл ƳƛƴǳǘŜǎΦ ¢ƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ мрл 

ҡ[Φ ¢ǿƻ ǇŜŀƪǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘΤ C±нπ.н ŜƭǳǘŜŘ ŀǘ ǘwҐмфΦр Ƴƛƴ όŎƻƳǇƻǳƴŘ рфύ ŀƴŘ C±нπ.о 

όŎƻƳǇƻǳƴŘ мнтύ ŜƭǳǘŜŘ ŀǘ ǘwҐнуΦо Ƴƛƴ ǿƘƛŎƘ ǿŀǎ ƴƻǘ ŀ ǎƛƴƎƭŜ ŎƻƳǇƻǳƴŘΦ CƛƎǳǊŜ оΦнм 

ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ǇǊŜǇŀǊŀǝǾŜ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±πaŜπCǊн ŦƻƭƭƻǿƛƴƎ ƳŜǘƘƻŘ C±π9Φ 

CƛƎǳǊŜ оΦнмΦ tǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ C±πaŜπCǊнΣ ǳǎƛƴƎ ƳŜǘƘƻŘ C±π9Φ 

 

tǳǊƛŬŎŀǝƻƴ ƻŦ ǇŜŀƪ C±нπ.о 

¢ƘŜ ƛǎƻƭŀǘŜŘ ǇŜŀƪ C±нπ.о όф ƳƎύ ǿŀǎ ƴƻǘ ŀ ǎƛƴƎƭŜ ǇǳǊŜ ŎƻƳǇƻǳƴŘ ŀƴŘ ƘŀŘ ŀƴ ŀŘƧŀŎŜƴǘ ǇŜŀƪΦ 

! ǇǳǊƛŬŎŀǝƻƴ ǇǊƻŎŜǎǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ ŀƴŀƭȅǝŎŀƭ It[/ ǎȅǎǘŜƳΦ !ƴ ƛǎƻŎǊŀǝŎ ƳŜǘƘƻŘ 

C±нπ.м 

όмнсύ 

C±нπ.о 

όмнтύ 

C±нπ.н 

όрфύ 
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C±πC ό¢ŀōƭŜ нΦоύ ǳǎƛƴƎ нл҈ !/b ƛƴ ǿŀǘŜǊ ŦƻǊ нр ƳƛƴǳǘŜǎ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ǎŜǇŀǊŀǘŜ ŀƴŘ ǊŜƳƻǾŜ 

ǘƘŜ ŀŘƧŀŎŜƴǘ ǎƳŀƭƭ ǇŜŀƪΣ CƛƎǳǊŜ оΦннΦ 

CƛƎǳǊŜ оΦннΦ !ƴŀƭȅǝŎŀƭ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ ǇŜŀƪ C±нπ.оΣ ŀǇǇƭȅƛƴƎ ǘƘŜ ǇǳǊƛŬŎŀǝƻƴ 

ƳŜǘƘƻŘ C±πCΦ 

 

3.6.5.3. F. vulgare washed DCM extract 

¢ƘŜ ōƛƻŀŎǝǾŜ 5/a ŜȄǘǊŀŎǘ ƻŦ CΦ ǾǳƭƎŀǊŜ ǿŀǎ ŎƭŜŀƴŜŘ ǳǇ ōȅ ǇŀǎǎƛƴƎ ǘƘŜ ŜȄǘǊŀŎǘ ǘƘǊƻǳƎƘ ǘƘŜ 

{t9 ό/муύ ŎŀǊǘǊƛŘƎŜ ǳǎƛƴƎ aŜhI ƅƻǿΦ ¢Ƙƛǎ ǿŀǎƘπǳǇ ǇǊƻŎŜǎǎ ǘǊŀǇǎ ǘƘŜ ƭŜǎǎπǇƻƭŀǊ 

ŎƻƳǇƻǳƴŘǎ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ ƛƴƧŜŎǘŜŘ ƛƴǘƻ ǘƘŜ It[/ ǎȅǎǘŜƳΦ 

¢ƘŜ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴ ǇǊƻŎŜŘǳǊŜ ƻŦ ǘƘŜ ǿŀǎƘŜŘ 5/a ŜȄǘǊŀŎǘ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǝƭƛȊƛƴƎ 

ǘƘŜ ǇǊŜǇπIt[/ 5ƛƻƴŜȄ ǎȅǎǘŜƳ ŀƴŘ ŀǇǇƭȅƛƴƎ ƳŜǘƘƻŘ C±πI ό¢ŀōƭŜ нΦоύΦ ¢ƘŜ ƳƻōƛƭŜ ǇƘŀǎŜ ƻŦ 

ǘƘƛǎ ƳŜǘƘƻŘ ǎǘŀǊǘŜŘ ǿƛǘƘ р҈ !/b ƛƴ ǿŀǘŜǊ ŀǎŎŜƴŘƛƴƎ ǘƻ ор҈ ƻǾŜǊ сл ƳƛƴǳǘŜǎΦ ¢ƘǊŜŜ ǇŜŀƪǎ 

ŎƻƴǘŀƛƴŜŘ ǇǳǊŜ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘΣ ŀǎ ŘƛǎǇƭŀȅŜŘ ƛƴ CƛƎǳǊŜ оΦноΣ C±π5/aπм ŜƭǳǘŜŘ ŀǘ 

ǘwҐ омΦу Ƴƛƴ όŎƻƳǇƻǳƴŘ мнуΣ о ƳƎύΣ C±π5/aπн ŀǘ ǘwҐ плΦм Ƴƛƴ όŎƻƳǇƻǳƴŘ мнфΣ н ƳƎύΣ ŀƴŘ 

C±π5/aπо ŀǘ ǘwҐ пфΦс Ƴƛƴ όŎƻƳǇƻǳƴŘ молΣ н ƳƎύΦ 

C±нπ.о 

όмнтύ 



  

млл 
 

 

CƛƎǳǊŜ оΦноΦ tǊŜǇπIt[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ ǘƘŜ ǿŀǎƘŜŘ C±π5/aΣ ǳǎƛƴƎ ƳŜǘƘƻŘ C±πIΦ 

 

3.7. Bioassay-guided compound isolation: Ruta chalepensis L. 

¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎƛǎΣ ŎƻƳǇƻǳƴŘ ƛǎƻƭŀǝƻƴΣ ǎǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ŀƴŘ 

ōƛƻƭƻƎƛŎŀƭ ŀŎǝǾƛǝŜǎ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ŜȄǘǊŀŎǘǎΣ ŀŎǝǾŜ ŦǊŀŎǝƻƴ ŀƴŘ ƛǎƻƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ǿƛƭƭ 

ōŜ ǎǘŀǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΦ  

3.7.1. Preliminary analytical HPLC of R. chalepensis 

¢ƘŜ ŎǊǳŘŜ ƳŜǘƘŀƴƻƭ ŜȄǘǊŀŎǘǎ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ όw/πaŜύ ŀƴŘ ǘƘŜ ŦǊŀŎǝƻƴǎ CǊмπCǊп ƻōǘŀƛƴŜŘ 

ŦǊƻƳ {t9 ŦǊŀŎǝƻƴŀǝƻƴ ǿŜǊŜ ǎŎǊŜŜƴŜŘ ƻƴ ŀƴŀƭȅǝŎŀƭ It[/Φ ¢ƘŜ ǎǘŀƴŘŀǊŘ ƎǊŀŘƛŜƴǘ ƳŜǘƘƻŘ 

! ό¢ŀōƭŜ нΦпύ ǿŀǎ ŀǇǇƭƛŜŘΣ ǎǘŀǊǝƴƎ ǿƛǘƘ aŜhI ол҈ ƛƴ ǿŀǘŜǊ ŀǘ ƳƛƴǳǘŜ лΣ ǊƛǎƛƴƎ ƎǊŀŘǳŀƭƭȅ 

ǘƻ ŀǇǇǊƻŀŎƘ aŜhI млл҈ ƻǾŜǊ ол ƳƛƴǳǘŜǎΣ ǿŀǎƘƛƴƎ ǇŜǊƛƻŘ ƻŦ р ƳƛƴǳǘŜǎ ŀǘ млл҈ aŜhI 

ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ōŜŦƻǊŜ ǘƘŜ ŜƭǳŜƴǘ ŎŀƳŜ ōŀŎƪ ǘƻ ол҈ aŜhI ƛƴ ǿŀǘŜǊ ǿƘŜƴ ƛǘ Ǌŀƴ ŦƻǊ ǘƘŜ 

Ŭƴŀƭ р ƳƛƴǳǘŜǎ ŀƛƳƛƴƎ ǘƻ ŜǉǳƛƭƛōǊŀǘŜ ǘƘŜ ŎƻƭǳƳƴ ōŜŦƻǊŜ ǎǘŀǊǝƴƎ ŀƴƻǘƘŜǊ ǊǳƴΦ hƴ ŀƴŀƭȅǝŎŀƭ 

It[/ ǘƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ǎŜǘ ŀǘ м Ƴ[κƳƛƴΣ ǘƘŜ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ ǿŀǎ рл ҡ[ ƻŦ ǘƘŜ w/πaŜ όмлл 

ƳƎκƳ[ύ ŀƴŘ нл [˃ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜ ŦƻǳǊ ŦǊŀŎǝƻƴǎ όмл ƳƎκƳ[ύΦ ¢ƘŜ ŀƴŀƭȅǝŎŀƭ It[/ 

ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ όǇŜǊŦƻǊƳŜŘ ƻƴ !ƎƛƭŜƴǘύ ŀƴŘ ǘƘŜ ŦƻǳǊ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 

ŦǊŀŎǝƻƴǎ όǇŜǊŦƻǊƳŜŘ ƻƴ 5ƛƻƴŜȄύ ŀǊŜ ǎƘƻǿƴ ƛƴ όCƛƎǳǊŜ оΦнпύΦ  

C±π5/aπм 
(128) 

C±π5/aπн 
όмнфύ 

C±π5/aπо 

όмолύ 
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CƛƎǳǊŜ оΦ нпΦ !ƴŀƭȅǝŎŀƭ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳǎ ƻŦ w/πaŜ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǝƻƴǎΣ ǳǎƛƴƎ 

ǘƘŜ ǎǘŀƴŘŀǊŘ ƳŜǘƘƻŘ !Φ 

 

3.7.2. Cytotoxicity of R. chalepensis SPE fractions 

CƻƭƭƻǿƛƴƎ ǘƘŜ ƻǳǘŎƻƳŜ ƻŦ ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ǎƘƻǿŜŘ ōȅ ǘƘŜ aŜhI ŜȄǘǊŀŎǘ 

ƻŦ w/ ǿƛǘƘ нΦуπŦƻƭŘπƛƴŘǳŎǝƻƴ όǎŜŎǝƻƴ оΦоΦнύΣ ǘƘƛǎ ŜȄǘǊŀŎǘ ǿŀǎ ŦǳǊǘƘŜǊ ŦǊŀŎǝƻƴŀǘŜŘ ōȅ {t9 

ό/муύ ǇǊƻŎŜŘǳǊŜ ƛƴ ŎƻƳǇŀǝōƛƭƛǘȅ ǿƛǘƘ ǘƘŜ ōƛƻπŀǎǎŀȅ ƎǳƛŘŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ 

όǎŜŎǝƻƴ нΦрΦмΦύΦ 

¢ƘŜ ŦƻǳǊ aŜhI ŦǊŀŎǝƻƴǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ǳǎƛƴƎ ǘƘŜ a¢¢ ŀǎǎŀȅ ǘƻ ǎŜƭŜŎǘ ǘƘŜƛǊ ƴƻƴπǘƻȄƛŎ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƎŀƛƴǎǘ !w9Ŏон ŎŜƭƭǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ a¢¢ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀǎǎŀȅ ŘŜǘŜǊƳƛƴŜŘ 

w/πaŜπCǊм 

w/πaŜπCǊп 

w/πaŜπCǊн 

w/πaŜπCǊо 

w/πaŜ 



  

млн 
 

ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ лΦпΣ лΦмΣ лΦлр ŀƴŘ лΦлнр ƳƎκƳ[ ŦƻǊ ŦǊŀŎǝƻƴǎ мΣ нΣ оΣ ŀƴŘ пΣ 

ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƻ ōŜ ƴƻƴπǘƻȄƛŎ ŀƴŘ ƘŜƴŎŜ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ƭǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ 

ŜƛƎƘǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ w/πaŜ ŦǊŀŎǝƻƴǎ ƛƴ ǘƘŜ a¢¢ ŀǎǎŀȅ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦнрΦ 

CƛƎǳǊŜ оΦнрΦ 9ũŜŎǘ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ŀǎ ŀ 

ǇŜǊŎŜƴǘŀƎŜ ǘƻ ŎƻƴǘǊƻƭΦ 

όa¢¢ ŀǎǎŀȅ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ǾŀǊƛƻǳǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ όлΦлмнрπм 

ƳƎκƳ[ύ ŦƻǊ нп ƘΣ 5a{h ǾκǾ҈ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭΦ wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ƳŜŀƴǎ 

ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

3.7.3. Chemopreventive activity of R. chalepensis SPE fractions 

The chemopreventive potential developing from inducing the Nrf2 transcription factor was 

assessed by the luciferase assay for the non-toxic concentrations of the four methanol 

fractions of RC. 

Fraction 3 induction activity was significantly high with almost 9-fold-induction in 

comparison to control. While the other fractions 1, 2 and 4 exhibited low activity with less 
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than 2-fold. Accordingly, fraction 3 was chosen to accomplish the bio-assay-guided 

protocol of compound isolation. 

The bar chart representing the results of the luciferase assay of the four MeOH fractions 

of RC and the positive control tBHQ in the concentration of 10 µM is displayed in Figure 

3.26.  

CƛƎǳǊŜ оΦнсΦ [ǳŎƛŦŜǊŀǎŜ ŀŎǝǾƛǘȅ ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ aŜhI ŦǊŀŎǝƻƴǎ ƻƴ !w9Ŏон ŎŜƭƭǎΦ 

[ǳŎƛŦŜǊŀǎŜ ŀǎǎŀȅ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ƴƻƴπǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŦǊŀŎǝƻƴǎ ŀƴŘ 

ǘ.Iv όǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭύ ŦƻǊ нп ƘΣ ǾŜƘƛŎƭŜ ŎƻƴǘǊƻƭ ό5a{hκƳŜŘƛǳƳύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ 

wŜǎǳƭǘǎ ŀǊŜ ǇƭƻǧŜŘ ŀǎ ŦƻƭŘ ǘƻ ŎƻƴǘǊƻƭ ƳŜŀƴǎ ҕ {9a ƻŦ о ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ όр 

ǊŜǇƭƛŎŀǘŜǎκŜȄǇŜǊƛƳŜƴǘύΦ 

 

3.7.4. Compounds isolation of R. chalepensis 

¢ƘŜ ƴπƘŜȄŀƴŜ ŜȄǘǊŀŎǘ ƻŦ w/ ǎƘƻǿŜŘ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ǘƻȄƛŎƛǘȅ ŀƎŀƛƴǎǘ ǘƘŜ ŎŜƭƭǎ ǘŜǎǘŜŘΦ !ƭǘƘƻǳƎƘ 

ǘƘƛǎ ƳƛƎƘǘ ōŜ ŀƴ ƛƴǘŜǊŜǎǝƴƎ ŬƴŘƛƴƎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŎȅǘƻǘƻȄƛŎƛǘȅ ŀǇǇǊƻŀŎƘΣ ƴƻ ŦǳǊǘƘŜǊ 

ǇǊƻŎŜŘǳǊŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘƛǎ ŜȄǘǊŀŎǘΦ ¢ƘŜ 5/a ŀƴŘ aŜhI ŜȄǘǊŀŎǘǎ ŜȄƘƛōƛǘŜŘ 

ǇƻǘŜƴǝŀƭ ŎƘŜƳƻǇǊŜǾŜƴǝǾŜ ŀŎǝǾƛǘȅ ƻŦ ƳƻǊŜ ǘƘŀƴ нπŦƻƭŘπƛƴŘǳŎǝƻƴΦ 

¢ƘŜ ƳŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴ о ƻŦ wΦ ŎƘŀƭŜǇŜƴǎƛǎ όw/πaŜπCǊоύ ǊŜǾŜŀƭŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ǇƻǘŜƴǝŀƭ 

ŀŎǝǾƛǘȅ ŀƳƻƴƎ ǘƘŜ ŦƻǳǊ ƳŜǘƘŀƴƻƭƛŎ ŦǊŀŎǝƻƴǎ ŀƴŘ ǿŀǎ ǎǳōƧŜŎǘŜŘ ǘƻ ǇǊŜǇŀǊŀǝǾŜ It[/ ǘƻ 

ƛǎƻƭŀǘŜ ǘƘŜ ǎƛƎƴƛŬŎŀƴǘ ǇŜŀƪǎΦ 
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3.7.4.1. R. chalepensis methanol fraction 3 

aŜǘƘŀƴƻƭ ŦǊŀŎǝƻƴ о ǿŀǎ ǎŎǊŜŜƴŜŘ ǳǎƛƴƎ ǇǊŜǇπIt[/ ǘƻ ƻǇǝƳƛǎŜ ǘƘŜ ōŜǎǘ Ŝƭǳǝƻƴ ƳŜǘƘƻŘ 

ǘƘŀǘ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ǘƘŜ ōŜǎǘ ǎŜǇŀǊŀǝƻƴ ƻŦ ǘƘŜ ǎƛƎƴƛŬŎŀƴǘ ǇŜŀƪǎΦ ¢ƘŜ ƎǊŀŘƛŜƴǘ ŜƭǳǝƴƎ 

ƳŜǘƘƻŘ w/π. ǿŀǎ ŦƻƭƭƻǿŜŘ ό¢ŀōƭŜ нΦнтύΦ ! ƳƛȄǘǳǊŜ ƻŦ !/b ƛƴ ǿŀǘŜǊ ǿŀǎ ǳǎŜŘΣ ƛƴƛǝŀƭƭȅ ǿƛǘƘ 

нл҈ ǊƛǎƛƴƎ ǘƻ тл҈ ƻǾŜǊ сл ƳƛƴǳǘŜǎΦ ¢ƘŜ ƅƻǿ ǊŀǘŜ ǿŀǎ ǎŜǘ ŀǘ мл Ƴ[κƳƛƴΣ ƛƴƧŜŎǝƻƴ ǾƻƭǳƳŜ 

ǿŀǎ ǎŜǘ ŀǘ плл ҡ[ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǇǊŜǇŀǊŜŘ ŀǘ ŀƴ ƛƴƛǝŀƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ млл ƳƎκƳ[Φ ! ǘƻǘŀƭ 

ƻŦ мм ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǘƘƛǎ ŦǊŀŎǝƻƴΦ CƛƎǳǊŜ оΦнт ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇǊŜǇŀǊŀǝǾŜ 

It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ ƻŦ w/ ŦǊŀŎǝƻƴ о ŀƴŘ ǘƘŜ ŎƻƳǇƻǳƴŘǎ ƛǎƻƭŀǘŜŘΦ  

CƛƎǳǊŜ оΦнтΦ tǊŜǇŀǊŀǝǾŜ It[/ ŎƘǊƻƳŀǘƻƎǊŀƳ w/πaŜπCǊоΣ ǳǎƛƴƎ ƳŜǘƘƻŘ w/π.Φ 
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3.8. Structure elucidation of isolated compounds: 

Characterisation and structure elucidation of isolated compounds 

from D. carota subsp. maximus 

! ǘƻǘŀƭ ƻŦ ǎŜǾŜƴ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŀƴŘ ǇǳǊƛŬŜŘ ǳǎƛƴƎ ǎŜǾŜǊŀƭ It[/ ǇǊƻŎŜŘǳǊŜǎΦ 

¢ƘǊŜŜ ƅŀǾƻƴƻƛŘǎ ŦǊƻƳ ǘƘŜ aŜhI ŦŀŎǝƻƴ н ŀƴŘ ŦƻǳǊ ŎƻƳǇƻǳƴŘǎ ŦǊƻƳ aŜhI ŦǊŀŎǝƻƴ нΦ 

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ǘƘŜ baw ŜȄǇŜǊƛƳŜƴǘǎ ƛǎ ŜȄǇƭŀƛƴŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ǎǳōǎŜŎǝƻƴǎΦ 

3.8.1. Structure elucidation of compound (121) as luteolin 

/ƻƳǇƻǳƴŘ όмнлύ ǿŀǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπCǊо ŀǎ ŀƴ ƻǊŀƴƎŜ ŀƳƻǊǇƘƻǳǎ ǇƻǿŘŜǊΦ ¢ƘŜ ¦±π

±ƛǎ ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦнуύ ƻŦ ŎƻƳǇƻǳƴŘ όмнмύ ŜȄƘƛōƛǘŜŘ ŀōǎƻǊǇǝƻƴ ƳŀȄƛƳŀ ŀǘ Ƴ˂ŀȄ Ґ нлрΣ 

нрп ŀƴŘ опу ƴƳΣ ǿƘƛŎƘ ƛǎ ǘȅǇƛŎŀƭ ƻŦ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ƅŀǾƻƴŜ ǎƪŜƭŜǘƻƴ όaŀōǊȅΣ aŀǊƪƘŀƳ 

ŀƴŘ ¢ƘƻƳŀǎΣ мфтлύΦ 

¢ƘŜ мI baw όслл aIȊΣ /5оh5ύ όCƛƎǳǊŜ оΦнфΣ ¢ŀōƭŜǎ оΦпύ ŘƛǎǇƭŀȅŜŘ ǘƘǊŜŜ ŀǊƻƳŀǝŎ ǎƛƎƴŀƭǎ 

ǊŜǎƻƴŀǝƴƎ ŀǘ Hɻ 6.89 (1H, d, 8.1) and 7.38 (2H, d, 8.1) which could be assigned to H-рΩ ŀƴŘ 

overlapped H-сΩ ŀƴŘ I-нΩΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ƻŦ оΣп-dihydroxylated B ring of a flavone skeleton. 

Additionally, there were signals for two meta-ŎƻǳǇƭŜŘ ŀǊƻƳŀǘƛŎ ǇǊƻǘƻƴǎ ŀǘ ʵH 6.20 (1H, d, 

1.4) and 6.43 (1H, bs) which could be assigned to H-8 and H-6 of the aromatic A ring of 

flavone structure (Mabry et al., 1970). Another singlet was observed at 6.54 (1H, s) 

attributable to the H-3 proton of the luteolin C ring. 

CƛƎǳǊŜ оΦнуΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύ 



  

млс 
 

The 13C DEPTQ NMR spectrum (Figure 3.30, Table 3.4) showed signals for 15 carbons 

ƛƴŎƭǳŘƛƴƎ ŀ ŎŀǊōƻƴȅƭ ŎŀǊōƻƴ ŀǘ ʵC 182.5 (C-4), five aromatic oxygenated quaternary carbon 

Cɻ 164.9, 161.8, 158.0, 149.6 and 145.6 (C-7, C-5, C-9, C-пΩ ŀƴŘ /-оΩύΣ ǘǿƻ ƻǘƘŜǊ ŀǊƻƳŀǘƛŎ 

ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴǎ ʵC 103.9, 122.3 (C-мл ŀƴŘ /мΩύΣ ƻƴŜ ƻƭŜŦƛƴƛŎ ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴ ʵC 164.6 

(C-нύΣ ŦƛǾŜ ŀǊƻƳŀǘƛŎ ƳŜǘƘƛƴŜǎ ʵC 93.6, 98.7, 112.8, 115.4 and 118.9 (C-8, C-6, C-нΩΣ /-рΩ ŀƴŘ 

C-сΩύΣ ŀƴŘ ƻƴŜ ƻƭŜŦƛƴƛŎ ƳŜǘƘƛƴŜ ŀǘ ʵC 102.5 (C-3). 

 

CƛƎǳǊŜ оΦ нфΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύ 
 

CƛƎǳǊŜ оΦ олΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύ 



  

млт 
 

¢ƘŜ мIπ13C HSQC spectrum confirmed all expected direct 1H-13C correlations. Lƴ ǘƘŜ мIπ13C 

HMBC spectrum (Figure 3.31), the оW ŎƻǊǊŜƭŀǝƻƴǎ Iπсκ/πуΣ Iπсκ/πмлΣ Iπоκ/πмΩΣ IπрΩκ/πмΩ 

ǿŜǊŜ ƻōǎŜǊǾŜŘΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ нW ŎƻǊǊŜƭŀǝƻƴǎ Iπоκ/πпΣ IπнΩκ/πмΩ ŀƴŘ ǘƘŜ ƭƻƴƎπǊŀƴƎŜ 

ŎƻǊǊŜƭŀǝƻƴ Iπуκ/πпΦ /ƻƴǎƛŘŜǊƛƴƎ ŀƭƭ ǘƘŜ Řŀǘŀ ǘƻƎŜǘƘŜǊΣ ǘƘƛǎ ŎƻƳǇƻǳƴŘ ǿŀǎ ǳƴŜǉǳƛǾƻŎŀƭƭȅ 

ƛŘŜƴǝŬŜŘ ŀǎ ƭǳǘŜƻƭƛƴ όмнмύΦ 

 

¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƛƴ ƴŜƎŀǝǾŜ ƛƻƴ ƳƻŘŜ όCƛƎǳǊŜ оΦонύ ŎƻƴŬǊƳŜŘ ǘƘŜ ƛŘŜƴǝǘȅ ƻŦ ƭǳǘŜƻƭƛƴ 

ōȅ ŘƛǎǇƭŀȅƛƴƎ ǘƘŜ ώaπIϐπ ƛƻƴ ǇŜŀƪ ŀǘ ƳκȊ нурΦмррт όŎŀƭŎǳƭŀǘŜŘ нурΦлоффύ ǊŜǾŜŀƭƛƴƎ ǘƘŜ 

ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ /мрIмлhсΦ ¢ƘŜ ǎǇŜŎǘǊŀƭ Řŀǘŀ ǿŜǊŜ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘƻǎŜ ǊŜǇƻǊǘŜŘ ƛƴ 

ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ό½ƘŜƴƎ Ŝǘ ŀƭΦΣ нллуΤ Lǉōŀƭ Ŝǘ ŀƭΦΣ нлмтύΦ 

¢Ƙƛǎ ƅŀǾƻƴƻƛŘ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǎŜǾŜǊŀƭ ǎǳōπǎǇŜŎƛŜǎ ƻŦ 5Φ ŎŀǊƻǘŀΣ ōǳǘ ƴƻ ǎǇŜŎƛŬŎ 

ǊŜǇƻǊǘ ŎƻǳƭŘ ōŜ ŦƻǳƴŘ ŀōƻǳǘ ƛǘǎ ƛǎƻƭŀǝƻƴ ŦǊƻƳ ǘƘŜ ǎǎǇΦ ƳŀȄƛƳǳǎ όLǎƳŀƛƭ Ŝǘ ŀƭΦΣ нлнпύΦ 

 

 

 

CƛƎǳǊŜ оΦомΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύ 
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aŀƴȅ ƻŦ ƭǳǘŜƻƭƛƴϥǎ ōƛƻŀŎǝǾƛǝŜǎ ǿŜǊŜ ŀǧǊƛōǳǘŜŘ ǘƻ ƛǘǎ ŀƴǝƻȄƛŘŀƴǘ ǇǊƻǇŜǊǝŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛǘǎ 

ŎŀǊŘƛƻǇǊƻǘŜŎǝǾŜ ŜũŜŎǘǎΦ [ǳǘŜƻƭƛƴ όмнмύ ǊŜŘǳŎŜǎ ƻȄƛŘŀǝǾŜ ǎǘǊŜǎǎ ōȅ ƛƴƘƛōƛǝƴƎ b!5tI 

ƻȄƛŘŀǎŜ ŀŎǝǾƛǘȅ ǿƘƛŎƘ ƛǎ ŦƻǊ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ wh{ ƛƴ ǘƘŜ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ǎȅǎǘŜƳΦ Lǘ Ŏŀƴ ŀƭǎƻ 

ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅ ŀƎŜƴǘ ŀǎ ƛǘ ƛƴƘƛōƛǘǎ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǇǊƻπƛƴƅŀƳƳŀǘƻǊȅ 

ŎȅǘƻƪƛƴŜǎ ƭƛƪŜ L[πсΣ L[πм̡ Σ ŀƴŘ ¢bCπh Σ ŀƴŘ ǊŜŘǳŎŜǎ ǘƘŜ ŀŎǝǾƛǝŜǎ ƻŦ bCπˁ.Φ [ǳǘŜƻƭƛƴ ŀƭǎƻ 

ƛƳǇǊƻǾŜǎ ƛƴǎǳƭƛƴ ǎŜƴǎƛǝǾƛǘȅ ƛƴ ŘƛŀōŜǘŜǎ ό!ōǳπ9ƭǎŀŀŘ ŀƴŘ 9ƭπYŀǊŜŦΣ нлмуΤ {ŀƴƎŜŜǘƘŀΣ нлмфΤ 

wŀǳŦ Ŝǘ ŀƭΦΣ нлнпύ 

 

3.8.2. Structure elucidation of compound (124) as chrysoeriol 

/ƻƳǇƻǳƴŘ όмнпύ was isolated from DC-Me-Fr3 as a yellow amorphous powder. The UV-Vis 

ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦооύ ƻŦ ǘƘƛǎ ŎƻƳǇƻǳƴŘ ǎƘƻǿŜŘ ŀōǎƻǊǇǘƛƻƴ ƳŀȄƛƳŀ ŀǘ ˂max = 208, 252 and 

346 nm, which indicated the presence of a flavone skeleton (Mabry, Markham and Thomas, 

1970). 

CƛƎǳǊŜ оΦооΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпύ 

CƛƎǳǊŜ оΦонΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύ 
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²ƛǘƘ ŎƻƴǎƛŘŜǊŀǝƻƴ ƻŦ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ŘŜǳǘŜǊŀǘŜŘ ǎƻƭǾŜƴǘ ǳǎŜŘΣ ǎǝƭƭΣ ǘƘŜ мI baw όслл 

aIȊΣ 5a{hπŘсύ όCƛƎǳǊŜ оΦопΣ ¢ŀōƭŜǎ оΦпύ ƻŦ ŎƻƳǇƻǳƴŘǎ όмнпύ ŀƴŘ όƭǳǘŜƻƭƛƴύ όмнмύ ǿŜǊŜ 

ǾŜǊȅ ǎƛƳƛƭŀǊΦ ¢ƘŜ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŘƛǎǳōǎǝǘǳǘŜŘ . ǊƛƴƎ ƻŦ ǘƘŜ ƅŀǾƻƴŜ ǎƪŜƭŜǘƻƴ ŎƻǳƭŘ ōŜ 

ƻōǎŜǊǾŜŘ ŀǎ ŦƻƭƭƻǿǎΤ ƻǊǘƘƻπƳŜǘŀπŘƻǳōƭŜǘ ƻŦ ŀ ŘƻǳōƭŜǘ ŀǘ Hɻ тΦрп όмIΣ ŘŘΣ нΦнΣ уΦрύΣ ōǊƻŀŘ 

ǎƛƴƎƭŜǘ ŀǘ Hɻ тΦро όмIΣ ōǎύ ǎƘƻǳƭŘ ƘŀǾŜ ǎƘƻǿƴ ŀǎ ƳŜǘŀπŘƻǳōƭŜǘΣ ŀƴŘ ƻǊǘƘƻπŘƻǳōƭŜǘ ŀǘ Hɻ 

сΦфн όмIΣ ŘΣ уΦрύΦ {ƛƳƛƭŀǊƭȅ ǘƻ ŎƻƳǇƻǳƴŘ όмнмύ όƭǳǘŜƻƭƛƴύΣ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ǎƛƎƴŀƭǎ ƻŦ ǘƘŜ 

ƳŜǘŀπŎƻǳǇƭŜŘ ǇǊƻǘƻƴǎ ǊŜǇǊŜǎŜƴǝƴƎ Iπс ŀƴŘ Iπу ǿŜǊŜ ŘƛǎǇƭŀȅŜŘ ŀǘ Hɻ сΦмт όмIΣ ŘΣ нΦлύ ŀƴŘ 

сΦрм όмIΣ нΦлύΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ǎƛƴƎƭŜǘ ǎƛƎƴŀƭ ǊŜǇǊŜǎŜƴǝƴƎ Iπо ǿŀǎ ǎƘƻǿƴ ŀǘ Hɻ сΦуу όмIΣ 

ǎύΦ IƻǿŜǾŜǊΣ ǘƘŜ ƻƴƭȅ ŘƛũŜǊŜƴŎŜ ǿŀǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ ŀŘŘƛǝƻƴŀƭ оI ǎƛƴƎƭŜǘ ǎƛƎƴŀƭ ŀǘ Hɻ 

оΦут ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ŀ ƳŜǘƘƻȄȅ ŦǳƴŎǝƻƴŀƭƛǘȅΦ ¢ƘŜ ŘƛǊŜŎǘ ŎǊƻǎǎπǇŜŀƪ 

ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘƛǎ ǎƛƎƴŀƭ ŀƴŘ ǘƘŜ ŎŀǊōƻƴ ǎƛƎƴŀƭ ǊŜǎƻƴŀǝƴƎ ŀǘ Cɻ рсΦп ǿŀǎ ƻōǎŜǊǾŜŘ 

ƛƴ ǘƘŜ I{v/ ǎǇŜŎǘǊǳƳΦ !ǇŀǊǘ ŦǊƻƳ ǘƘƛǎ ŀŘŘƛǝƻƴŀƭ ƳŜǘƘƻȄȅƭ ǎƛƎƴŀƭΣ ŀƭƭ ƻǘƘŜǊ ŎŀǊōƻƴ ǎƛƎƴŀƭǎ 

ǿŜǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ƻŦ ŎƻƳǇƻǳƴŘ όмнмύ όƭǳǘŜƻƭƛƴύ ƛƴ ǘƘŜ 13C DEPTQ spectrum (Figure 3.35, 

Table 3.4). 

 

The 1H-13C HMBC spectrum (Figure 3.36) confirmed the position of the methoxy group to C-оΩ 

ŀǘ ʵC 148.5 through a 3J correlation from the methoxy signal to C-оΩ ŎŀǊōƻƴΦ !ƭƭ ƻǘƘŜǊ 1H-13C2J 

and 3J correlations were proved. Collectively, these 1D and 2D NMR data led to the obvious 

identification of this compound as luteolin 3'-methyl ether, also known as chrysoeriol όмнпύΦ 

CƛƎǳǊŜ оΦопΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ 5a{hπŘсύ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпύ 



  

ммл 
 

 

¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƻƳǇƻǳƴŘ όмнпύ ƛƴ ǘƘŜ ƴŜƎŀǝǾŜ ƛƻƴ ƳƻŘŜ όCƛƎǳǊŜ оΦотύ ŜȄƘƛōƛǘŜŘ 

ǘƘŜ ǇǎŜǳŘƻπƳƻƭŜŎǳƭŀǊ ƛƻƴ ώaπIϐπ ŀǘ ƳκȊ нффΦмтлр όŎŀƭŎǳƭŀǘŜŘ нффΦлррсύ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ 

ǘƘŜ ŎƘǊȅǎƻŜǊƛƻƭ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ /мсIмнhсΦ 

¢ƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ǿŜǊŜ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǇǳōƭƛǎƘŜŘ baw Řŀǘŀ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ 

όtŀǊƪ Ŝǘ ŀƭΦΣ нллтύΦ 

CƛƎǳǊŜ оΦосΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпύ 

CƛƎǳǊŜ оΦорΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпύ 



  

ммм 
 

{ƻƳŜ ŎƘǊȅǎƻŜǊƛƻƭ ƎƭȅŎƻǎƛŘŜǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ό/ƘŜƴƎ Ŝǘ ŀƭΦΣ нлмфΤ IǿŀƴƎ Ŝǘ 

ŀƭΦΣ нлноύΦ IƻǿŜǾŜǊΣ ǘƘŜ ƅŀǾƻƴŜ ŀƎƭȅŎƻƴ Ƙŀǎ ƴƻǘΣ ǘƻ ǘƘŜ ōŜǎǘ ƻŦ Ƴȅ ƪƴƻǿƭŜŘƎŜΣ ōŜŜƴ 

ŘƻŎǳƳŜƴǘŜŘ ǘƻ ōŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5Φ ŎŀǊƻǘŀ ƻǊ 5Φ ŎŀǊƻǘŀ ǎǎǇΦ ƳŀȄƛƳǳǎΦ 

/ƘǊȅǎƻŜǊƛƻƭ όмнпύ ŜȄƘƛōƛǘŜŘ ǎŜǾŜǊŀƭ ōƛƻŀŎǝǾƛǝŜǎ ƛƴŎƭǳŘƛƴƎ ōŜƛƴƎ ŜũŜŎǝǾŜ ƛƴ ǊŜŘǳŎƛƴƎ ǘƘŜ 

ƭŜǾŜƭǎ ƻŦ ƛƴƅŀƳƳŀǘƻǊȅ ƳŜŘƛŀǘƻǊǎ ǎǳŎƘ ŀǎ ǇǊƻǎǘŀƎƭŀƴŘƛƴǎ όtD9нύ ŀƴŘ ŎȅǘƻƪƛƴŜǎ όL[πм̡ Σ L[πсΣ 

ŀƴŘ ¢bCπh ύ ƛƴ ǘƘŜ ƳƻǳǎŜ ƳƻŘŜƭ ό²ǳ Ŝǘ ŀƭΦΣ нлнлύΦ ! ƅŀǾƻƴŜ ƳƛȄǘǳǊŜ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпΣ 

фс҈ ύ ŀƴŘ ŀǇƛƎŜƴƛƴ όмноΣ п҈ύ ŘƛǎǇƭŀȅŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǇŀƴŎǊŜŀǝŎ ƭƛǇŀǎŜ 

ƛƴƘƛōƛǝƻƴ όур҈ύ ŀǘ лΦнр ƳƎκƳ[ όwŀƳƛǊŜȊ Ŝǘ ŀƭΦΣ нлмсύ 

 

 

оΦуΦоΦ {ǘǊǳŎǘǳǊŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ ŎƻƳǇƻǳƴŘ όмноύ ŀǎ ŀǇƛƎŜƴƛƴ 

¢Ƙƛǎ ŎƻƳǇƻǳƴŘ ǿŀǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπCǊо ŀǎ ŀ ŘŀǊƪ ōǊƻǿƴ ǇƻǿŘŜǊΦ ¢ƘŜ ¦±π±ƛǎ 

ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦоуύ ŘƛǎǇƭŀȅŜŘ ƳŀȄƛƳǳƳ ŀōǎƻǊōŀƴŎŜ ŀǘ Ƴ˂ŀȄ Ґ нлрΣ нрп ŀƴŘ опу ƴƳΣ 

ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘƛǎ ŎƻƳǇƻǳƴŘ ƳƛƎƘǘ ōŜ ŀ ƅŀǾƻƴŜ όaŀōǊȅΣ aŀǊƪƘŀƳ ŀƴŘ ¢ƘƻƳŀǎΣ мфтлύΦ 

 

 

CƛƎǳǊŜ оΦотΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƘǊȅǎƻŜǊƛƻƭ όмнпύ 



  

ммн 
 

The 1H NMR spectrum όслл aIȊΣ /5оh5ύ όCƛƎǳǊŜ оΦофΣ ¢ŀōƭŜǎ оΦпύ ƻŦ ŎƻƳǇƻǳƴŘ όмноύ ǿŀǎ 

ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŜ мI baw ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ όмнмύΦ IƻǿŜǾŜǊΣ ƛƴǎǘŜŀŘ ƻŦ мI baw ǎƛƎƴŀƭǎ 

ŦƻǊ ǘƘǊŜŜ ǇǊƻǘƻƴǎ ƻŦ ǘƘŜ . ǊƛƴƎ ƻŦ ǘƘŜ ƅŀǾƻƴŜ ǎƪŜƭŜǘƻƴΣ ǘƘŜǊŜ ǿŜǊŜ ǎƛƎƴŀƭǎ ŦƻǊ ŦƻǳǊ ǇǊƻǘƻƴǎ 

ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘǿƻ ƻǊǘƘƻπŎƻǳǇƭŜŘ ŘƻǳōƭŜǘǎ ŀǘ Hɻ тΦус όWҐнΦуΣ пΦуύ ŀƴŘ сΦфо όWҐнΦуΣ пΦуύ ŜŀŎƘ 

ƻŦ ǘƘŜƳ ƛƴǘŜƎǊŀǘŜŘ ŦƻǊ нIΣ ǊŜǎǇŜŎǝǾŜƭȅ ŀǧǊƛōǳǘŀōƭŜ ǘƻ IπнΩΣ сΩ ŀƴŘ IπоΩΣ рΩΣ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ 

. ǊƛƴƎ Ƙŀǎ ŀ ǇπŘƛπǎǳōǎǝǘǳǝƻƴ ƻƴƭȅΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǎƛƎƴŀƭǎ ǊŜǇǊŜǎŜƴǝƴƎ IπсΣ Iπу ŀƴŘ Iπо 

ǿŜǊŜ ƻōǎŜǊǾŜŘ ǊŜǎƻƴŀǝƴƎ ŀǘ Hɻ сΦнм όмIΣ ŘΣ нΦмύΣ сΦпс όмIΣ ŘΣ нΦмύ ŀƴŘ сΦсл όмIΣ ǎύΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ Řŀǘŀ ƻŦ ǘƘŜ 1H NMR and 13C DEPTQ spectra (Figure 3.40, 

Table 3.4) led to the unequivocal identification of this flavonoid as apigenin όмноύ. The 1H 

NMR chemical shifts were identical to the previously published data on apigenin (Ersöz et 

al., 2002; Karaoglan et al., 2020). 

CƛƎǳǊŜ оΦофΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ CD3ODύ ƻŦ ŀǇƛƎŜƴƛƴ όмноύ 

CƛƎǳǊŜ оΦоуΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ όмноύ 



  

ммо 
 

 

¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƛƴ ƴŜƎŀǝǾŜ ƛƻƴ ƳƻŘŜ όCƛƎǳǊŜ оΦпмύ ŘƛǎǇƭŀȅŜŘ ǘƘŜ ώaπIϐπ ƛƻƴ ǇŜŀƪ ŀǘ 

ƳκȊ нсфΦмлрл όŎŀƭŎǳƭŀǘŜŘ нсфΦлпрлύ ŎƻƴŬǊƳƛƴƎ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ ƻŦ ŀǇƛƎŜƴƛƴ όмноύ  

/мрIмлhрΦ 

Apigenin όмноύ is one of the most abundant flavonoids in plants and was addressed in 

literature as one of the flavonoids previously isolated from D. carota (Ismail et al., 2024). 

Apigenin has received extensive focus in research due to its low intrinsic toxicity. The 

majority of published reviews on apigenin focus on its effects on various cancers, it was 

also reported as an effective anti-inflammatory agent in comparison to other flavonoids 

όaŀŘǳƴƛŏ Ŝǘ ŀƭΦΣ нлмуΤ ²ŀƴƎ Ŝǘ ŀƭΦΣ нлмфύ. 

 

CƛƎǳǊŜ оΦплΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ όмноύ 

CƛƎǳǊŜ оΦпмΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŀǇƛƎŜƴƛƴ όмноύ 



  

ммп 
 

Table 3.4. 1H NMR (600 MHz) and 13C (DEPTQ) NMR data of the flavonoids (121, 123, and 

124) 

tƻǎƛǝƻƴ 
мI baw όŎƘŜƳƛŎŀƭ ǎƘƛƊǎ Iɻ ƛƴ ǇǇƳΣ ŎƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘǎ W ƛƴ IȊ ƛƴ 

ǇŀǊŜƴǘƘŜǎŜǎύΣ мо/ baw όŎƘŜƳƛŎŀƭ ǎƘƛƊǎ /ɻ ƛƴ ǇǇƳύ 

 
ƭǳǘŜƻƭƛƴϝ 
όмнмύ 

ŀǇƛƎŜƴƛƴϝ 
όмноύ 

ŎƘǊȅǎƻŜǊƛƻƭϝϝ 
όмнпύ 

н π мспΦс π мспΦс π мспΦн 

о сΦрп όмIΣ ǎύ млнΦр сΦсл όмIΣ ǎύ млоΦо 6.88 (1H, s) млоΦт 

п π мунΦр π мунΦн π мунΦо 

р π мсмΦу π мсмΦт π мсмΦф 

с 
сΦнл όмIΣ ŘΣ 
мΦппύ 

фуΦт 
сΦнн όмIΣ ŘΣ 
нΦмύ 

ффΦо 6.17 (1H, d, 2.0) ффΦо 

т π мспΦф π мсмΦф π мспΦс 

у сΦпп όмIΣ ǎύ фоΦс 
сΦпс όмIΣ ŘΣ 
нΦмύ 

фпΦр 6.51 (1H, 2.0) фпΦр 

ф π мруΦл π мсмΦт π мртΦу 

мл π млоΦф π млоΦо π млпΦн 

мΩ π мннΦо π мнмΦс π мнмΦф 

нΩ 
тΦоу όмIΣ ŘΣ 
уΦмύ 

ммнΦу тΦус όнIΣ Ƴύ мнуΦф 
7.54 (1H, dd, 

2.16, 8.5) 
ммлΦт 

оΩ π мпрΦс сΦфо όнIΣ Ƴύ ммсΦп π мпуΦр 

пΩ π мпфΦс π мррΦс π мрмΦн 

рΩ 
сΦфл όмIΣ ŘΣ 
уΦмύ 

ммрΦп сΦфо όнIΣ Ƴύ ммсΦт 6.92 (1H, d, 8.5) ммсΦн 

сΩ 
тΦоу όмIΣ ŘΣ 
тΦфύ 

ммуΦф тΦус όнIΣ Ƴύ 
мнфΦм 

 
7.53 (1H, bs) мнлΦу 

оΩπhaŜ π π π π 3.87 (3H, s) рсΦп 

ϝ Dissolved and run in CD3OD ** Dissolved and run DMSO-d6  



  

ммр 
 

3.8.4. Structure elucidation of compound (122) as eugenin  

¢Ƙƛǎ ŎƻƳǇƻǳƴŘ ǿŀǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπ CǊо ŀǎ ŀ ōǊƻǿƴ ŀƳƻǊǇƘƻǳǎ ǇƻǿŘŜǊΦ ¢ƘŜ 

ƳŀȄƛƳǳƳ ŀōǎƻǊōŀƴŎŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ¦±π±ƛǎ ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦпнύ ŀǘ Ƴ˂ŀȄ Ґ нлпΣ ннфΣ 

нрл ŀƴŘ нфн ƴƳΣ ǘƘƛǎ ŀōǎƻǊǇǝƻƴ ǿŀǾŜƭŜƴƎǘƘ ŎƻǊǊŜǎǇƻƴŘŜŘ ǿŜƭƭ ǿƛǘƘ ǘƘŜ Řŀǘŀ ǊŜǇǊŜǎŜƴǝƴƎ 

ǘƘŜ ǎǇŜŎǘǊǳƳ ƻŦ ƻƴŜ ƻŦ ǘƘŜ ŎƘǊƻƳƻƴŜ ŘŜǊƛǾŀǝǾŜǎ όнπƳŜǘƘȅƭŎƘǊƻƳƻƴŜύ ǇǳōƭƛǎƘŜŘ ƛƴ мфтн 

ōȅ όDǊƛŶǘƘǎ ŀƴŘ 9ƭƭƛǎΣ мфтнύΦ 

¢ƘŜ мI baw όслл aIȊΣ /5оh5ύ όCƛƎǳǊŜ оΦпоΣ ¢ŀōƭŜǎ оΦрύ ƻŦ ŎƻƳǇƻǳƴŘ όмннύ ǎƘƻǿŜŘ ǘƘǊŜŜ 

ǎƛƎƴŀƭǎ ƛƴ ǘƘŜ ŀǊƻƳŀǝŎ ǊŜƎƛƻƴ ŀǎ ŦƻƭƭƻǿǎΤ ǎƛƴƎƭŜǘ ŀǘ Hɻ сΦлф όмIΣ ǎύΣ ǘǿƻ ƳŜǘŀπŎƻǳǇƭŜŘ 

ōǊƻŀŘπǎƛƴƎƭŜǘǎ ǎƘƻǳƭŘ ƘŀǾŜ ǎƘƻǿƴ ŀǎ ŘƻǳōƭŜǘǎ ŀǘ Hɻ сΦом ŀƴŘ сΦпф ƛƴǘŜƎǊŀǘŜŘ ŦƻǊ мI ŜŀŎƘΦ 

!ŘŘƛǝƻƴŀƭƭȅΣ ŀ ƳŜǘƘƻȄȅ ǎƛƴƎƭŜǘ ŀǘ Hɻ оΦус ƛƴǘŜƎǊŀǘŜŘ ŦƻǊ оI ŀƴŘ ƳŜǘƘȅƭ ǎƛƴƎƭŜǘ ǊŜǎƻƴŀǝƴƎ 

ǳǇŬŜƭŘ ŀǘ Hɻ нΦот όоIΣ ǎύΦ 

CƛƎǳǊŜ оΦпнΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ όмннύ 

CƛƎǳǊŜ оΦпоΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ /5оh5ύ ƻŦ ŜǳƎŜƴƛƴ όмннύ 



  

ммс 
 

Lƴ ǘƘŜ 13C NMR spectrum (Figure 3.44, Table 3.5) 11 signals were spotted, including a 

ketone carbonyl at ŎŀǊōƻƴ ŀǘ /ɻ мунΦтΣ ŬǾŜ ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴǎΤ ǘƘǊŜŜ ƻŦ ǿƘƛŎƘ ŀǊŜ 

ŀǊƻƳŀǝŎ ƻȄȅƎŜƴŀǘŜŘ ŎŀǊōƻƴǎ ŀǘ /ɻ мсрΦфΣ мсмΦт ŀƴŘ мруΦпΣ ƻƴŜ ǉǳŀǘŜǊƴŀǊȅ ƻƭŜŬƴƛŎ ŎŀǊōƻƴ 

ŀǘ /ɻ мсуΦо ŀƴŘ ƻƴŜ ŀǊƻƳŀǝŎ ǉǳŀǘŜǊƴŀǊȅ ŀǘ /ɻ млпΦрΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘǊŜŜ ƳŜǘƘƛƴŜǎ /ɻ фнΦлΣ 

фтΦт ŀƴŘ млтΦу ŀƴŘ ǘǿƻ ƳŜǘƘȅƭ ŀƴŘ ŀǊƻƳŀǝŎ ƳŜǘƘƻȄȅ ǎƛƎƴŀƭǎ ŀǘ /ɻ муΦф ŀƴŘ ррΦпΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ 

Lƴ ǘƘŜ мIπмо/ I{v/ ǎǇŜŎǘǊǳƳΣ ǘƘŜ ŘƛǊŜŎǘ ŎƻǊǊŜƭŀǝƻƴ мW ŦǊƻƳ ǘƘŜ ǇǊƻǘƻƴ ǎƛƎƴŀƭǎ ŀǘ Iɻ сΦпфΣ 

сΦом ŀƴŘ сΦлф ǘƻ ǘƘŜ ƳŜǘƘƛƴŜ ǎƛƎƴŀƭǎ ŀǘ /ɻ фнΦлΣ фтΦт ŀƴŘ млтΦуΣ ǊŜǎǇŜŎǝǾŜƭȅΦ !ƭǎƻ ŦǊƻƳ ǘƘŜ 

ƳŜǘƘȅƭ ǎƛƴƎƭŜǘ ŀǘ Iɻ нΦот ǘƻ ǘƘŜ ŎŀǊōƻƴ ǎƛƎƴŀƭ ŀǘ /ɻ муΦфΣ ŀƴŘ ŦǊƻƳ ǘƘŜ ƳŜǘƘƻȄȅƭ 

ŦǳƴŎǝƻƴŀƭƛǘȅ ǘƻ ǘƘŜ ǎƛƎƴŀƭ ŀǘ /ɻ ррΦл ǿŜǊŜ ƻōǎŜǊǾŜŘΦ 

¢ƘŜ мIπмо/ Ia./ ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦпрύ ǎƘƻǿŜŘ ŀ оW ŎƻǊǊŜƭŀǝƻƴ ŦǊƻƳ ǘƘŜ ƳŜǘƘȅƭ ǎƛƎƴŀƭ ŀǘ 

Iɻ нΦот ǘƻ ǘƘŜ ƻƭŜŬƴƛŎ ƳŜǘƘƛƴŜ ǎƛƎƴŀƭ ŀǘ /ɻ млтΦу ŀƴŘ ŀ нW ŎƻǊǊŜƭŀǝƻƴ ǘƻ ǘƘŜ ǉǳŀǘŜǊƴŀǊȅ 

ƻƭŜŬƴƛŎ ŎŀǊōƻƴ ŀǘ /ɻ мсуΦоΦ ¢ƘŜ ƳŜǘƘƻȄȅƭ ƎǊƻǳǇ ǎƘƻǿŜŘ ƻƴƭȅ ŀ нW ŎƻǊǊŜƭŀǝƻƴ ǘƻ ǘƘŜ 

ŀǊƻƳŀǝŎ ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴ ŀǘ /ɻ мсрΦфΣ ŎƻƴŬǊƳƛƴƎ ƛǘǎ ŀǧŀŎƘƳŜƴǘ ǘƻ ǘƘŜ ŀǊƻƳŀǝŎ ǊƛƴƎΦ 

¢ƘŜ ǘƘǊŜŜ ǇǊƻǘƻƴ ǎƛƎƴŀƭǎ ŀǘ Iɻ сΦпфΣ сΦом ŀƴŘ сΦлф ŘƛǎǇƭŀȅŜŘ ŎƻǊǊŜƭŀǝƻƴǎ ǘƻ ǘƘŜ ŎŀǊōƻƴȅƭ 

ŎŀǊōƻƴ ŀǘ мунΦтΦ 

CƛƎǳǊŜ оΦппΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ όмннύ 



  

ммт 
 

¢ƘŜ ƻƭŜŬƴƛŎ ǇǊƻǘƻƴ ǎƛƎƴŀƭ ŀǘ Iɻ сΦлф ǎƘƻǿŜŘ нW ŀƴŘ оW ŎƻǊǊŜƭŀǝƻƴ ǘƻ ǘƘŜ ŀǊƻƳŀǝŎ 

ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴǎ ŀǘ /ɻ млпΦр ŀƴŘ мсмΦтΦ ¢ŀƪƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƛƴǘƻ 

ŎƻƴǎƛŘŜǊŀǝƻƴΣ ǘƘƛǎ ŎƻƳǇƻǳƴŘ ǿŀǎ ǳƴŜǉǳƛǾƻŎŀƭƭȅ ƛŘŜƴǝŬŜŘ ŀǎ ŜǳƎŜƴƛƴ όмннύΣ ŀ 

ŘƛǎǳōǎǝǘǳǘŜŘ ŎƘǊƻƳƻƴŜ ŘŜǊƛǾŀǝǾŜΦ 

 

¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŎƻƳǇƻǳƴŘ όмннύ ƛƴ ǘƘŜ ǇƻǎƛǝǾŜ ƛƻƴ ƳƻŘŜ όCƛƎǳǊŜ оΦпсύ ŘƛǎǇƭŀȅŜŘ 

ǘƘŜ ǇǎŜǳŘƻπƳƻƭŜŎǳƭŀǊ ƛƻƴ ώaҌIϐҌ ŀǘ ƳκȊ нлтΦмутр όŎŀƭŎǳƭŀǘŜŘ нлтΦлсртύ ŎƻƴŬǊƳƛƴƎ ǘƘŜ 

ŜǳƎŜƴƛƴ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ /ммIмлhпΦ 

Eugenin όмннύ was isolated from several plants and two fungal species. According to the 

collective literature mini-review recently published by (Nahar et al., 2024), the Apiaceae 

CƛƎǳǊŜ оΦпрΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ŜǳƎŜƴƛƴ όмннύ 

CƛƎǳǊŜ оΦпсΦ ¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƻŦ ŜǳƎŜƴƛƴ όмннύ 



  

мму 
 

family, is the main source of eugenin όмннύ and it was previously reported to be found in 

Daucus carota by (Sarkar and Phan, 1979). However, no published report mentioned the 

isolation of this compound from sub-species maximus in particular. 

Eugenin όмннύ has been reported in the literature for antimalarial, antimicrobial, antiviral, 

and immunosuppressive activities (Nahar et al., 2024). However, the most potent 

bioactivity studied for this compound όмннύ was the antiplatelet aggregation activity. 

Eugenin was reported to have the ability to reduce the platelet aggregation induced by 

thrombin, arachidonic acid, collagen, and platelet-activating factor to 76.4, 0, 18.2 and 

65.4 %, respectively (Chen et al., 1996). 

 

Table 3.5. 1H NMR (600 MHz) and 13C (DEPTQ) NMR data of the eugenin όмннύΦ 

 

  
tƻǎƛǝƻƴ 

мI baw όŎƘŜƳƛŎŀƭ ǎƘƛƊǎ Iɻ ƛƴ ǇǇƳΣ 
ŎƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘǎ W ƛƴ IȊ ƛƴύ 

ǇŀǊŜƴǘƘŜǎŜǎύ 

мо/ baw όŎƘŜƳƛŎŀƭ 
ǎƘƛƊǎ /ɻ ƛƴ ǇǇƳύ 

н π мсуΦо 

о сΦон όмIΣ ǎύ млтΦу 

п π мунΦт 

р π мсмΦт 

с сΦом όмIΣ ōǎύ фтΦт 

т π мсрΦф 

у сΦпф όмIΣ ōǎύ 

 

фнΦл 

ф π мруΦп 

мл π млпΦр 

нπaŜ 

 

нΦот όоIΣ ǎύ муΦф 

тΩπhaŜ оΦус όоIΣ ǎύ ррΦл 



  

ммф 
 

3.8.5. Structure elucidation of compound (120) as luteolin 7-O-glucoside 

(cynaroside) 

/ƻƳǇƻǳƴŘ όмнлύ ǿŀǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 5/πaŜπCǊн ŀǎ ŀ ȅŜƭƭƻǿ ŀƳƻǊǇƘƻǳǎ ǇƻǿŘŜǊΦ ¢ƘŜ ¦±π±ƛǎ 

ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦптύ ƻŦ ŎƻƳǇƻǳƴŘ όмнлύ ŜȄƘƛōƛǘŜŘ ŀōǎƻǊǇǝƻƴ ƳŀȄƛƳŀ ŀǘ Ƴ˂ŀȄ Ґ нмрΣ нрпΦ 

нст ŀƴŘ опу ƴƳΣ ǘȅǇƛŎŀƭ ƻŦ ǘƘŜ ƅŀǾƻƴŜ ǎƪŜƭŜǘƻƴ όaŀōǊȅΣ aŀǊƪƘŀƳ ŀƴŘ ¢ƘƻƳŀǎΣ мфтлύΦ 

The 1H NMR spectrum of compound όмнлύ όслл aIȊΣ 5a{hπŘсύ όCƛƎǳǊŜ оΦпуΣ ¢ŀōƭŜǎ оΦсύ 

ǎƘƻǿŜŘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ŦŜŀǘǳǊŜǎ ƻŦ ƅŀǾƻƴŜ ǎƪŜƭŜǘƻƴ ƛƴ 5a{hπŘсΣ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅΣ ǘƘŜ 

ŘƻǿƴŬŜƭŘ ōǊƻŀŘ ǎƛƎƴŀƭ ǊŜǎƻƴŀǝƴƎ ŀǘ Hɻ мнΦфп όмIΣ ǎύ ŀǧǊƛōǳǘŀōƭŜ ǘƻ ǘƘŜ ƘȅŘǊƻȄȅƭ ƎǊƻǳǇ ŀǘ 

Ǉƻǎƛǝƻƴ рΣ ŀƴŘ ǘǿƻ ǎƳŀƭƭ ǎƛƎƴŀƭǎ ŀǘ Hɻ фΦру ŀƴŘ млΦлф ǊŜǇǊŜǎŜƴǝƴƎ оΩπhI ŀƴŘ пΩπhI ƻŦ 

ŘƛƘȅŘǊƻȄȅƭŀǘŜŘ . ǊƛƴƎΦ !ŎŎƻǊŘƛƴƎƭȅΣ ǘƘǊŜŜ ŀǊƻƳŀǝŎ ǇǊƻǘƻƴǎ ŎƻǳƭŘ ōŜ ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ŀǊƻƳŀǝŎ 

ǊƛƴƎ . ǿŜǊŜ ǎǇƻǧŜŘ ŀǘ Hɻ тΦпо όнIΣ ǘΣ сΦфΣ ноΦсύ ǘƘƛǎ ǎƛƎƴŀƭ ƛǎ ƴƻǘ ǿŜƭƭπǊŜǎƻƭǾŜŘ ŀƴŘ ǎƘƻǳƭŘ ƘŀǾŜ 

ǎƘƻǿƴ ŀǎ ǘǿƻ ǎŜǇŀǊŀǘŜ ǎƛƎƴŀƭǎ όƳŜǘŀπŘƻǳōƭŜǘ ŀƴŘ ƻǊǘƘƻπƳŜǘŀπŘƻǳōƭŜǘ ƻŦ ŀ ŘƻǳōƭŜǘύ 

ŀǧǊƛōǳǘŀōƭŜ ǘƻ όIπнΩΣ IπсΩύ ŀƴŘ ƻǊǘƘƻπŘƻǳōƭŜǘ ŀǘ ɻ H сΦфн όмIΣ ŘΣ тΦрύ ŀǎǎƛƎƴŜŘ ŦƻǊ IπрΩΦ 

!ŘŘƛǝƻƴŀƭƭȅ ƛƴ ǘƘŜ мI baw ǎǇŜŎǘǊǳƳΣ ǘǿƻ ǎƛƎƴŀƭǎ ŀǎǎƛƎƴŀōƭŜ ǘƻ Iπс ŀƴŘ Iπу ƻŦ ǊƛƴƎ ! ǿŜǊŜ 

ŀƭǎƻ ŘƛǎǇƭŀȅŜŘ ŀǎ ǘǿƻ ōǊƻŀŘ ǎƛƴƎƭŜǘǎ ŀǘ Hɻ сΦпр ŀƴŘ сΦулΣ ǊŜǎǇŜŎǝǾŜƭȅΣ όǘƘŜǎŜ ǘǿƻ ǎƛƎƴŀƭǎ 

ǎƘƻǳƭŘ ƘŀǾŜ ǎƘƻǿƴ ŀǎ ǘǿƻ ƳŜǘŀπŎƻǳǇƭŜŘ ŘƻǳōƭŜǘǎ ǿƛǘƘ WҐ мπнύΦ ! ǎƛƴƎƭŜǘ ǎƛƎƴŀƭ ǊŜǇǊŜǎŜƴǝƴƎ 

ǘƘŜ ƻƭŜŬƴƛŎ ǇǊƻǘƻƴ ŀǘ Iπо ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ Hɻ сΦтп όмIΣ ǎύΦ aƻǊŜƻǾŜǊΣ ŀ ŘƻǳōƭŜǘ ǎƛƎƴŀƭ ŀǘ Hɻ 

рΦлр όмIΣ рΦпύ ǘȅǇƛŎŀƭ ŦƻǊ ǘƘŜ ŀƴƻƳŜǊƛŎ ǇǊƻǘƻƴ ƻŦ ŀŘƧŀŎŜƴǘ ǎǳƎŀǊ ǿŀǎ ǎƘƻǿƴΦ ¢ƘŜ ŎƘŜƳƛŎŀƭ ǎƘƛƊ 

ŘƛǎǇƭŀȅŜŘ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘŜ ŎƻƳǇƻǳƴŘ όмнлύ ƛǎ ŀ ƭǳǘŜƻƭƛƴ ƎƭȅŎƻǎƛŘŜΦ 

 

CƛƎǳǊŜ оΦ птΦ ¢ƘŜ ¦± ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ 



  

мнл 
 

The 13C NMR spectrum (Figure 3.49, Table 3.6) displayed 21 carbons signals, including one ketone 

ŎŀǊōƻƴȅƭ ŎŀǊōƻƴ ŀǘ ʵC 182.4 (C-пύΣ ǘǿƻ ƻƭŜŦƛƴƛŎ ŎŀǊōƻƴǎ ŀǘ ʵC 164.9 and 103.5 for (C-2 and C-3), 

ŦƻǳǊ ŀǊƻƳŀǘƛŎ ǉǳŀǘŜǊƴŀǊȅ ƻȄȅƎŜƴŀǘŜŘ ŎŀǊōƻƴǎ ŀǘ ʵC 163.4, 161.5, 150.4 and 146.2 (C-7, C-5, C-пΩ 

and C-оΩύΣ ŦƛǾŜ ŀǊƻƳŀǘƛŎ ƳŜǘƘƛƴŜǎ ŀǘ ʵC 95.2, 100.2, 113.9, 116.5 and 119.7 for (C-8, C-6, C-нΩΣ /-рΩ 

and C-сΩύΣ ŀƴŘ ǘǿƻ ŀǊƻƳŀǘƛŎ ǉǳŀǘŜǊƴŀǊȅ ŎŀǊōƻƴǎ ŀǘ ʵC 105.8 and 121.8 for (C-10 and C-мΩύΦ 

!ŘŘƛǘƛƻƴŀƭƭȅΣ ŀ ǎŜǊƛŜǎ ƻŦ ƻȄȅƳŜǘƘƛƴŜ ŎŀǊōƻƴǎ ǎƛƎƴŀƭǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ōŜǘǿŜŜƴ ʵC 70 to 80 ppm which 

could be assigned to a sugar molecule.  Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŀƴƻǘƘŜǊ ƻȄȅƳŜǘƘƛƴŜ ǎƛƎƴŀƭ ŀǘ ʵC 100.4 which 

is typical for the anomeric carbon of a sugar unit. Finally, a characteristic oxymethylene signal was 

ƻōǎŜǊǾŜŘ ŀǘ ʵC 61.1. Considering all the chemical shifts of the oxymethines and the latter 

methylene signal, this indicated that this sugar moiety could ōŜ ŀ ƎƭǳŎƻǎŜ ǳƴƛǘΦ  

Lƴ ǘƘŜ мIπмо/ Ia./ ǎǇŜŎǘǊǳƳ όCƛƎǳǊŜ оΦрлύΣ ǘƘŜ оW ŎƻǊǊŜƭŀǝƻƴ ŦǊƻƳ ǘƘŜ ǎǳƎŀǊ ŀƴƻƳŜǊƛŎ ǇǊƻǘƻƴ 

όIɻ рΦлрύ ǘƻ ǘƘŜ ŎŀǊōƻƴ ŀǘ /ɻ мсоΦп ό/πтύ ǿŀǎ ƻōǎŜǊǾŜŘΣ ǎǳƎƎŜǎǝƴƎ ǘƘŜ ŀǧŀŎƘƳŜƴǘ ƻŦ ǘƘŜ 

ƎƭǳŎƻǎŜ ǳƴƛǘ ǘƻ /πт ƻŦ ǘƘŜ ƭǳǘŜƻƭƛƴ ƴǳŎƭŜǳǎΦ !ƭǎƻΣ ǘƘŜ мIπмо/ Ia./ ǎǇŜŎǘǊǳƳ ŘƛǎǇƭŀȅŜŘ ŀƭƭ 

ǇƻǘŜƴǝŀƭ мIπмо/ нW ŀƴŘ оW ŎƻǳǇƭƛƴƎǎΦ ¢ŀƪƛƴƎ ŀƭƭ ǘƘŜǎŜ ƛƴǘƻ ŀŎŎƻǳƴǘΣ ǘƘƛǎ ŎƻƳǇƻǳƴŘ όмнлύ ǿŀǎ 

ǳƴŜǉǳƛǾƻŎŀƭƭȅ ƛŘŜƴǝŬŜŘ ŀǎ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όŎȅƴŀǊƻǎƛŘŜύΦ ¢ƘŜ ǎǇŜŎǘǊŀƭ Řŀǘŀ ǿŜǊŜ 

ǇŜǊŦŜŎǘƭȅ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŜ ǇǳōƭƛǎƘŜŘ Řŀǘŀ ŦƻǊ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ ό/ƘƛǊǳǾŜƭƭŀ Ŝǘ ŀƭΦΣ 

нллтΤ ·ǳ Ŝǘ ŀƭΦΣ нлннΤ IǿŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ 

CƛƎǳǊŜ оΦ пуΦ мI baw ǎǇŜŎǘǊǳƳ όслл aIȊΣ 5a{hπŘсύ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ 



  

мнм 
 

¢ƘŜ 9{La{ ǎǇŜŎǘǊǳƳ ƛƴ ƴŜƎŀǝǾŜ ƛƻƴ ƳƻŘŜ όCƛƎǳǊŜ оΦрмύ Ƙŀǎ ŦǳǊǘƘŜǊ ŎƻƴŬǊƳŜŘ ǘƘŜ ƛŘŜƴǝǘȅ ƻŦ 

ŎƻƳǇƻǳƴŘ όмнлύ ŀǎ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ ōȅ ǎƘƻǿƛƴƎ ǘƘŜ ώaπIϐπ ƛƻƴ ǇŜŀƪ ŀǘ ƳκȊ пптΦпмпм 

όŎŀƭŎǳƭŀǘŜŘ пптΦлфнтύ ǊŜǾŜŀƭƛƴƎ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ /нмIнлhммΦ ¢Ƙƛǎ ƅŀǾƻƴŜ ƎƭȅŎƻǎƛŘŜ 

ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ Ƴŀƛƴ ƅŀǾƻƴŜ ŦǊƻƳ ŎŀǊǊƻǘǎ ŀǎ ŘŜǎŎǊƛōŜŘ ōȅ 

όIǿŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ 

 

CƛƎǳǊŜ оΦ пфΦ ¢ƘŜ мо/ 59t¢v ǎǇŜŎǘǊǳƳ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ 

CƛƎǳǊŜ оΦ рлΦ ¢ƘŜ мIπмо/ Ia./ ŎƻǊǊŜƭŀǝƻƴǎ ƻŦ ƭǳǘŜƻƭƛƴ тπhπƎƭǳŎƻǎƛŘŜ όмнлύ 


































































































































































































