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ÌåèïôñåîÜôç, Ýíáò áíôéìåôáâïëßôçò ôïõ öõëëéêïý 
ïîÝïò, 65 ÷ñüíéá ìåôÜ…

Ðáíáãéþôçò ÊïõöïðáíôåëÞò, ÅéñÞíç ÐáíôåñÞ
ÔïìÝáò ÖáñìáêåõôéêÞò ×çìåßáò, ÔìÞìá ÖáñìáêåõôéêÞò, 

ÐáíåðéóôÞìéï Áèçíþí, Ðáíåðéóôçìéïýðïëç ÆùãñÜöïõ 157 71 ÁèÞíá, 

ÓõããñáöÝáò áëëçëïãñáößáò: ÅéñÞíç ÐáíôåñÞ, email: ipanderi@pharm.uoa.gr

Ðåñßëçøç

Ç éóôïñßá ôçò ìåèïôñåîÜôçò îåêéíÜ áðü ôï 1948 üôáí 

ï Farber êáé ïé óõíåñãÜôåò ôïõ ÷ñçóéìïðïßçóáí ôçí 

áìéíïðôåñßíç óôç èåñáðåßá ôçò ðáéäéêÞò ëåõ÷áéìßáò. 

Ç ìåèïôñåîÜôç áíÞêåé óôçí êáôçãïñßá ôùí ÷çìåéïèå-

ñáðåõôéêþí öáñìÜêùí ðïõ åßíáé ãíùóôÜ ùò áíôéìåôá-

âïëßôåò.  ÐáñáìÝíåé ìÝ÷ñé óÞìåñá ï ðëÝïí åõñÝùò 

÷ñçóéìïðïéïýìåíïò áíôáãùíéóôÞò ôïõ öõëëéêïý 

ïîÝïò ìå äåäïìÝíç äñáóôéêüôçôá óå Ýíá åõñý öÜóìá 

íåïðëáóéþí üðùò óôï ÷ïñéïêáñêßíùìá, óôç 

ëåõ÷áéìßá, óôï ïóôåïóÜñêùìá, ôïí êáñêßíï ôïõ ìá-

óôïý êáé ôïõ ðíåýìïíá, ôï ëÝìöùìá ìç-Hodgkin, êáé 

óôïí êáñêßíï ôïõ ôñá÷Þëïõ ôçò ìÞôñáò. ×ñçóéìï-

ðïéåßôáé åðßóçò ãéá ôç èåñáðåßá êáé Üëëùí êáñêßíùí 

áëëÜ êáé óå ìç-êáñêéíéêÝò êáôáóôÜóåéò üðùò åßíáé ç 

ñåõìáôïåéäÞ áñèñßôéäá êáé Üëëá áõôïÜíïóá íïóÞ-

ìáôá.

Óôçí ðáñïýóá áíáóêüðçóç ãßíåôáé ìéá óýíôïìç 

éóôïñéêÞ áíáäñïìÞ óôç ìåèïôñåîÜôç êáé ôïõò áíôé-

ìåôáâïëßôåò, ðáñïõóéÜæïíôáé ôï öõëëéêü êáé ôï öõë-

ëéíéêü ïîý, êáé áíáðôýóóïíôáé ç öáñìáêïëïãéêÞ äñÜ-

óç, ï ìåôáâïëéóìüò, ïé ìç÷áíéóìïß äñÜóçò êáé ôá êõ-

ñéüôåñá èåñáðåõôéêÜ ó÷Þìáôá ôçò ìåèïôñåîÜôçò

.

1. ÉóôïñéêÞ áíáäñïìÞ

Ôï 1948 ìéá ïìÜäá åñåõíçôþí êáèïäçãïýìåíç áðü 

ôïí Sydney Farber áíáêÜëõøå üôé Ýíá ÷çìéêü áíÜëï-

ãï ôïõ öõëëéêïý ïîÝïò, ç áìéíïðôåñßíç,  âåëôßùíå ôçí 

êáôÜóôáóç áóèåíþí ìå Ïîåßá ËåìöïâëáóôéêÞ Ëåõ-

÷áéìßá (ÏËË). Ôçí åðï÷Þ åêåßíç äåí Þôáí áêüìç 

ãíùóôüò ï ìç÷áíéóìüò äñÜóçò ôùí áíáëüãùí ôïõ 

öõëëéêïý ïîÝïò. Ùóôüóï ç óýíèåóç áíáëüãùí ôïõ 

öõëëéêïý ïîÝïò ðõñïäïôÞèçêå áðü ôï ãåãïíüò üôé ç 

÷ïñÞãçóç öõëëéêïý ïîÝïò ÷åéñïôÝñåõå ôá óõìðôþ-

ìáôá áóèåíþí ìå ëåõ÷áéìßá, åíþ äßáéôá ðôù÷Þ óå 

öõëëéêü ïîý âåëôßùíå ôá óõìðôþìáôá ôçò áóèÝíåéáò. 

Ç óýíèåóç áíáëüãùí ôïõ öõëëéêïý ïîÝïò ïäÞãçóå 

óôç ìåèïôñåîÜôç ç ïðïßá ôï 1950 Üñ÷éóå íá ÷ïñçãåß-

ôáé ãéá ôç èåñáðåßá ôçò ëåõ÷áéìßáò.  Ôï 1956 äçìïóé-

åýèçêáí ïé ðñþôåò êëéíéêÝò ìåëÝôåò ãéá ôç ìåèï-

ôñåîÜôç óå æþá ïé ïðïßåò Ýäåéîáí üôé ï èåñáðåõôéêüò 

äåßêôçò ôçò ìåèïôñåîÜôçò Þôáí êáëýôåñïò áðü áõôüí 

ôçò áìéíïðôåñßíçò. Ôçí ßäéá ÷ñïíéÜ äéáðéóôþèçêå üôé 

ç ìåèïôñåîÜôç ìðïñïýóå íá ÷ñçóéìïðïéçèåß ãéá ôç 

èåñáðåßá óôåñåþí üãêùí (ð.÷. ÷ïñéïêáñêßíùìá). 

Áêïëïýèçóáí ìåëÝôåò ãéá ôç äéåñåýíçóç ôçò äñÜóçò 

ôïõ öáñìÜêïõ óå Üëëåò ðåñéðôþóåéò êáñêßíùí, åíþ 

ôç äåêáåôßá ôïõ '70 ìåëåôÞèçêå ç ÷ïñÞãçóç ôçò ìåèï-

ôñåîÜôçò óå ìç-êáñêéíéêÝò áóèÝíåéåò ìå áðïôÝëåóìá 

ôï 1988 íá äïèåß Ýãêñéóç áðü ôïí FDA ãéá ôç ÷ïñÞ-

ãçóç ôçò ìåèïôñåîÜôçò óå áóèåíåßò ìå ñåõìáôïåéäÞ 
1-2áñèñßôéäá .

2. Áíôéìåôáâïëßôåò 

Ïé áíôéìåôáâïëßôåò åßíáé öáñìáêåõôéêÝò åíþóåéò ìå 

äïìÞ üìïéá ìå öõóéêÝò ïõóßåò, ïé ïðïßåò áðáéôïýíôáé 

ãéá ôçí ïìáëÞ ëåéôïõñãßá ôïõ êõôôÜñïõ. Ëüãù ôçò 

äïìéêÞò áõôÞò ïìïéüôçôáò ðïëëïß áðü ôïõò áíôé-

ìåôáâïëßôåò ÷ñçóéìåýïõí ùò õðüóôñùìá óçìáíôéêþí 

êõôôáñéêþí åíæýìùí. ÌåôÜ áðü ìåôáôñïðÞ ôïõò óå 

ôïîéêüôåñåò ïõóßåò ìÝóù ìéáò óåéñÜò åíæõìéêþí 

áíôéäñÜóåùí, ðïëëïß áíôéìåôáâïëßôåò áíáóôÝëëïõí 

ôçí êõôôáñéêÞ äéáßñåóç. ÊÜèå Ýíæõìï, ðïõ åìðëÝ-
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 ð-áìéíïâåíæïúêü ïîý (PABA) L-ãëïõôáìéêü ïîý 

 
Ó÷Þìá 1. ÄéáêñéôÜ ôìÞìáôá ôïõ öõëëéêïý ïîÝïò

êåôáé óå áõôÞ ôçí äéáäéêáóßá áðïôåëåß äõíçôéêü óôü-

÷ï åíüò áíôéìåôáâïëßôç, áëëÜ ðáñÜëëçëá êáé äõíç-

ôéêÞ èÝóç áíÜðôõîçò êõôôáñéêÞò áíôßóôáóçò óôïí 

áíôßóôïé÷ï áíôéìåôáâïëßôç.

¼ëïé ïé áíôéìåôáâïëßôåò áíáóôÝëëïõí ôçí áíôéãñáöÞ 

Þ ôçí åðéäéüñèùóç ôïõ DNA. Ç äéáäéêáóßá áõôÞ åðé-

ôõã÷Üíåôáé åßôå ìå áð' åõèåßáò áíáóôïëÞ ôùí åíæýìùí 

ðïõ åìðëÝêïíôáé óôçí áíôéãñáöÞ Þ ôçí åðéäéüñèùóç 

ôïõ DNA Þ ìå åíóùìÜôùóç ôïõ áíôéìåôáâïëßôç Þ 

ðñïúüíôïò ôïõ óôï DNA.  Ç éêáíüôçôá ôùí áíôéìåôá-

âïëéôþí íá åìðïäßæïõí ôçí óýíèåóç ôïõ DNA, áöïñÜ 

óôç öÜóç S ôïõ êõôôáñéêïý ðïëëáðëáóéáóìïý. Ç 

äñÜóç åíüò áíôéìåôáâïëßôç åßíáé áíÜëïãç ôçò Ýêèå-

óçò ôùí êõôôÜñùí óå áõôüí, åîáñôþìåíç êáôÜ óõíÝ-

ðåéá áðü ôçí äéÜñêåéá Ýã÷õóçò.

¼ãêïé ìå õøçëü ðïóïóôü êõôôÜñùí óå öÜóç S, êáèþò 

êáé öõóéïëïãéêÜ êýôôáñá ìå õøçëü ñõèìü ðïëëá-

ðëáóéáóìïý, üðùò ôá êýôôáñá ôïõ ðåðôéêïý óùëÞíá 

êáé ôïõ ìõåëïý ôùí ïóôþí, ðáñïõóéÜæïõí ìåãáëýôåñç 

åõáéóèçóßá óôçí äñÜóç ôùí áíôéìåôáâïëéôþí. Óôá 

öõóéïëïãéêÜ êýôôáñá ïé áíôéìåôáâïëßôåò áóêïýí ôï-

îéêÞ äñÜóç. Ïé áíôéìåôáâïëßôåò èåùñïýíôáé ãåíéêÜ 

ìç ìéôïãüíá öÜñìáêá êáé ðïëëïß åî áõôþí ÷ñçóéìï-

ðïéïýíôáé ìå ó÷åôéêÞ áóöÜëåéá êáôÜ ôçí äéÜñêåéá ôçò 

åãêõìïóýíçò. ÁíÜëïãá ìå ôïí ôñüðï äñÜóçò ôïõò 

ôáîéíïìïýíôáé óå áíôáãùíéóôÝò ôïõ. ÏíïìÜóôçêå 

õøçëü ðïóïóôü áíáéìßáò óå ó÷Ýóç ìå Üëëåò ãõíáßêåò 

óôçí ßäéá êáôÜóôáóç êáé ôï ßäéï ßó÷õå ãéá ôá íåï-

ãÝííçôá. Äéáðßóôùóå üôé ç äéáöïñÜ áõôÞ ïöåéëüôáí 

óå äéáöïñåôéêÝò äéáôñïöéêÝò óõíÞèåéåò. Áíáéìßá äåí 

ðáñïõóéáæüôáí óôéò ðåñéðôþóåéò üðïõ ç äéáôñïöÞ 

ðåñéåëÜìâáíå ëá÷áíéêÜ. Áêüìç äéáðéóôþèçêå üôé ç 

áíáéìßá êáôÜ ôçí åãêõìïóýíç, üðùò êáé ç óõ÷íüôçôá 

áíùìáëéþí ôïõ êåíôñéêïý íåõñéêïý óõóôÞìáôïò ôùí 

íåïãíþí, õðï÷ùñïýóáí ìå ÷ïñÞãçóç õäáôéêþí åê÷õ-

ëéóìÜôùí ëá÷áíéêþí (éäéáßôåñá áðü óðáíÜêé êáé öá-

óüëéá, ôá ïðïßá åßíáé ðëïýóéá êáé óå óßäçñï). Ç ðáñá-

ôÞñçóç áõôÞ ïäÞãçóå óôïí åíôïðéóìü ôçò 

õðåýèõíçò ïõóßáò, ç ïðïßá Þôáí ôï öõëëéêü Þ öïëéêü 
5ïîý . Ç ÷çìéêÞ óýíèåóç ôçò âéôáìßíçò áõôÞò ðñáãìá-

ôïðïéÞèçêå ôï 1945.

ÄïìÞ Öõëëéêïý ÏîÝïò

Ôï öõëëéêü ïîý åßíáé Ýíùóç áðïôåëïýìåíç áðü ôñßá 

äéáêñéôÜ ôìÞìáôá: Ýíá õäñïîõ-áìéíï-ðáñÜãùãï ôçò 

ðôåñéäßíçò, ð-áìéíïâåíæïúêü ïîý êáé L-ãëïõôáìéêü 

ïîý, üðùò öáßíåôáé óôï ó÷Þìá 1. Ç ÷çìéêÞ ïíïìáóßá 

ôïõ öõëëéêïý ïîÝïò åßíáé Í-[4-[(2-áìéíï-4-õäñïîõ-6-

ðôåñéäéíõëï)ìåèõëáìéíï]âåíæïûëï]-L(+)-ãëïõ-

ôáìéêü ïîý. Ìéá Üëëç ïíïìáóßá ôïõ åßíáé ðôåñïûëï-

ãëïõôáìéêü ïîý (PGA). Ôï ðôåñïúêü ïîý åßíáé ôï ôìÞ-

ìá ôïõ ìïñßïõ ðïõ ðåñéëáìâÜíåé ôï ðôåñéäéíéêü 

Ýôóé áðü ôïí Mitchell, ï ïðïßïò ôï áðïìüíùóå ôï 1941 

áðü ôá öýëëá ôïõ óðáíáêéïý. Ìéá ðáñáôÞñçóç ôïõ 

Wills ôï 1931 ïäÞãçóå óôçí áíáãíþñéóç ôïõ öõëëé-

êïý ïîÝïò (ùò ðáñÜãïíôá æýìçò) óáí ìéá èñåðôéêÞ 

ïõóßá, ç ïðïßá áðïôñÝðåé ôçí áíáéìßá êáôÜ ôç äéÜ-
4ñêåéá ôçò åãêõìïóýíçò . ÓõãêåêñéììÝíá, ï Wills 

ðáñáôÞñçóå üôé ïñéóìÝíåò Ýãêõåò ãõíáßêåò åß÷áí 

ðáñÜãùãï êáé ôï ð-áìéíïâåíæïúêü ïîý. Ôá ðáñÜãùãá 

áõôÜ óõíôßèåíôáé áðü äéÜöïñá áíþôåñá öõôÜ, üðùò 
6êáé áðü ìéêñïïñãáíéóìïýò . Ôï öõëëéêü ïîý, áðáíôÜ 

óðÜíéá óôá ôñüöéìá. ×ñçóéìïðïéåßôáé ùóôüóï óôá 

óõìðëçñþìáôá äéáôñïöÞò êáé óôá åíéó÷õìÝíá 

ôñüöéìá êáé åßíáé.

Ôá ðåñéóóüôåñá öõóéêÜ öõëëéêÜ åßíáé ôá ðôåñïûëï-
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ãëïõôáìéíéêÜ ôá ïðïßá ðåñéÝ÷ïõí Ýíá Ýùò Ýîé ìüñéá L-

ãëïõôáìéêïý ïîÝïò åíùìÝíá ìå ðåðôéäéêü äåóìü ìå 

ôçí ã- êáñâïîõëïìÜäá ôïõ ãëïõôáìéíéêïý. Óôï ó÷Þìá 

2 ôï ôìÞìá ôçò ðôåñéäßíçò ðáñïõóéÜæåôáé óôçí êåôï 

ìïñöÞ, ùóôüóï óõ÷íÜ óôç âéâëéïãñáößá ðáñïõóéÜ-

æåôáé êáé óôçí ôáõôïìåñÞ åíïëéêÞ ìïñöÞ.

Ëåéôïõñãßåò öõëëéêïý ïîÝïò 

¼ðùò êáé ïé Üëëåò âéôáìßíåò ôïõ óõìðëÝãìáôïò Â, ôï 

öõëëéêü ïîý äñá ùò óõíÝíæõìï óå ìåãÜëï áñéèìü 

âéï÷çìéêþí áíôéäñÜóåùí. Åßíáé ìÝñïò äýï óõí-åíæý-

ìùí, ôá ïðïßá åßíáé áðáñáßôçôá óôç óýíèåóç íÝùí 

êõôôÜñùí. ÌåôÜ ôçí áðïññüöçóÞ ôïõ, áëëÜæåé ìï-

ñöÞ ìå ìéá óåéñÜ áðü áíáãùãéêÝò áíôéäñÜóåéò üðïõ 

ôåëéêÜ ó÷çìáôßæïíôáé ôïõëÜ÷éóôïí ðÝíôå ìïñöÝò óõí-

åíæýìùí, ðïõ ç âáóéêÞ ôïõò Ýíùóç åßíáé ôï ôåôñáû-

äñïöõëëéêü ïîý. Ç ðñùôáñ÷éêÞ äñÜóç ôùí óõí-

åíæýìùí áõôþí åßíáé ç ìåôáöïñÜ ìïíÜäùí ìå Ýíá 
7Üôïìï Üíèñáêá áðü ôç ìßá Ýíùóç óôçí Üëëç . Ôï 

öõëëéêü ïîý åßíáé óõíÝíæõìï ãéá ôç ìåôáôñïðÞ ôçò 

ïìïêõóôåÀíçò óå ìåèåéïíßíç, ôç ìåôáôñïðÞ ôçò óåñß-

íçò óå ãëõêßíç, ôç óýíèåóç ôïõ èõìéäõëéêïý ïîÝïò 

(ñõèìéóôéêü óôÜäéï ôçò óýíèåóçò DNA), ôï ìåôáâï-
8ëéóìü ôçò éóôéäßíçò êáé ôç óýíèåóç ôùí ðïõñéíþí .

Ôá óõíÝíæõìá áõôÜ åßíáé õðåýèõíá ãéá ôéò áêüëïõèåò 

óçìáíôéêÝò ëåéôïõñãßåò -áíôéäñÜóåéò: Ôï ó÷çìáôéóìü 

ôùí ðïõñéíþí êáé ôùí ðõñéìéäéíþí ïé ïðïßåò, ìå ôç 

óåéñÜ ôïõò, áðáéôïýíôáé ãéá ôç óýíèåóç ôùí íïõêëåú-

êþí ïîÝùí DNA êáé RNA, ôá ïðïßá åßíáé æùôéêÜ ãéá 

ôïõò ðõñÞíåò üëùí ôùí êõôôÜñùí ôïõ æþíôïò ïñãá-

íéóìïý. ÁõôÞ ç äñÜóç ôïõ öõëëéêïý ïîÝïò åîçãåß ôï 

óçìáíôéêü ñüëï ôïõ óôç äéáßñåóç ôïõ êõôôÜñïõ êáé 
9óôçí áíáðáñáãùãÞ . Ôï ó÷çìáôéóìü ôçò áßìçò, äç-

ëáäÞ ôçò ðñùôåÀíçò, ç ïðïßá ðåñéÝ÷åé óßäçñï óôï 
10ìüñéï ôçò áéìïóöáéñßíçò . Ôçí áëëçëïìåôáôñïðÞ ôïõ 

áìéíïîÝïò óåñßíç, ç ïðïßá ðåñéÝ÷åé ôñßá Üôïìá Üíèñá-

êá, óå ãëõêßíç, äçëáäÞ áìéíïîÝïò ðïõ ðåñéÝ÷åé äýï 
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Ó÷Þìá 2. ×çìéêÞ äïìÞ Öõëëéêïý ÏîÝïò

Üôïìá Üíèñáêá Þ ôï áíôßèåôï.

Ôï ó÷çìáôéóìü ôïõ áìéíïîÝïò ôõñïóßíç áðü ôç öáéíõ-

ëáëáíßíç, êáèþò êáé ôïõ ãëïõôáìéêïý ïîÝïò áðü ôçí 

éóôéäßíç. Ôï ó÷çìáôéóìü ôïõ áìéíïîÝïò ìåèåéïíßíç 

áðü ôçí ïìïêõóôåÀíç. Ôç óýíèåóç ôçò ÷ïëßíçò áðü ôç 

ìåèáíïëáìßíç. Ôç ìåôáôñïðÞ ôïõ íéêïôéíáìéäßïõ óå 

Í-ìåèõëïíéêïôéíáìßäéï, ôï ïðïßï åßíáé Ýíáò áðü ôïõò 

ìåôáâïëßôåò ôçò íéáóßíçò êáé ï ïðïßïò áðåêêñßíåôáé 

ìå ôá ïýñá.

Ìåôáâïëéóìüò Öõëëéêïý ïîÝïò

Ôï ôåôñáûäñïöõëëéêü ïîý (FH ), ìåôáâïëßôçò ôïõ 4

öõëëéêïý ïîÝïò, áðïôåëåß õðüóôñùìá óå ïñéóìÝíåò 

áíôéäñÜóåéò ìåôáöïñÜò ÷çìéêþí ïìÜäùí ðïõ ðåñéÝ-
11-15÷ïõí Ýíá Üôïìï Üíèñáêá . Ïé ðéï óçìáíôéêÝò áðü 

áõôÝò ôéò áíôéäñÜóåéò åßíáé ç óýíèåóç ôïõ äáêôõëßïõ 

ôùí ðïõñéíþí (áäåíßíç, ãïõáíßíç) êáé ç ìåôáôñïðÞ 

ôçò ìïíïöùóöïñéêÞò äåïîõïõñéäßíçò (dUMP) óå 

ìïíïöùóöïñéêÞ äåïîõèõìéäßíç (dTMP). Ç ôåëåõôáßá 

áíôßäñáóç åßíáé áðáñáßôçôç ãéá ôï ó÷ç-ìáôéóìü ôçò 

èõìßíçò, Üñá êáé ôïõ ó÷çìáôéóìïý ôïõ DNA. 

Ôï öõëëéêü ïîý, ãéá ôçí áðüêôçóç ôçò åíæõìéêÞò ôïõ 

äñÜóçò, ìåôÜ ôçí áðïññüöçóÞ ôïõ áðü ôï Ýíôåñï 

áíÜãåôáé ìÝóá óôá êýôôáñá óå ôåôñáûäñïöõëëéêü ïîý 

(FH4) óå äýï óôÜäéá. ÁíÜãåôáé áñ÷éêÜ óå 

äéõäñïöõëëéêü ïîý (FH ), ìå ôï Ýíæõìï äéõäñïöõë-2

ëéêÞ áíáãùãÜóç, êáé óôç óõíÝ÷åéá óå ôåôñáûäñï-

öõëëéêü ïîý (FH ), ìå ôï ßäéï Ýíæõìï (DHFR). Ç âéôá-4

ìßíç Â , ìå ôç ìïñöÞ ôïõ áíá÷èÝíôïò öùóöïñéêïý 3

íéêïôéíáìéäï-áäåíïóéíï-äéíïõêëåïôéäßïõ (NADPH) 

åßíáé áðáñáßôçôïò óõìðáñÜãïíôáò êáé ãéá ôá äýï 

âÞìáôá ôçò óýíèåóçò. Óôç óõíÝ÷åéá, ôï ôåôñáûäñï-

öõëëéêü ïîý ìåôáôñÝðåôáé óå ìåèõëåíï-FH  ìå ôçí 4

ðñïóèÞêç ôçò ïìÜäáò ìåèõëåíßïõ áðü Ýíáí áðü ôïõò 

ôñåéò ÷ïñçãïýò ôïõ Üíèñáêá: öïñìáëäåàäç, óåñßíç, Þ 

ãëõêßíç. ÔÝëïò, ôï ìåèõëåíï-FH  ìåôáôñÝðåôáé óå 4

ìåèõëï–FH  ìå áíáãùãÞ ôçò ïìÜäáò ìåèõëåíßïõ ìå 4

NADPH. Áîßæåé íá óçìåéùèåß üôé ç âéôáìßíç B  åßíáé 12

ï ìüíïò áðï-äÝêôçò ôïõ ìåèõëï-FH . ÕðÜñ÷åé åðßóçò 4

ìüíï Ýíáò áðïäÝêôçò ôçò ìåèõëï-Â , ðïõ åßíáé ç 12

ïìïêõóôåÀíç ìå ìéá áíôßäñáóç ðïõ êáôáëýåôáé áðü ôï 

Ýíæõìï ìåèõëïôñáíóöåñÜóç ôçò ïìïêõóôåÀíçò. Áõôü 

åßíáé óçìáíôéêü äéüôé Ýëëåéøç ìåèõëïôñáíóöåñÜóçò 

ôçò ïìïêõóôåÀíçò, Þ áíåðÜñêåéá óå Â  ìðïñåß íá 12

ïäçãÞóåé óå áäõíáìßá ìåèõëßùóçò ôïõ FH  êáé ôçí 4
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åðáêüëïõèç áíåðÜñêåéÜ ôïõ öõëëéêïý ïîÝïò. ¸ôóé, 

áíåðÜñêåéá óå Â  ìðïñåß íá äçìéïõñãÞóåé ìéá ìåãÜëç 12

óõóþñåõóç ìåèõëï- FH  ðïõ áöïý äåí èá ìðïñåß íá 4

óõíå÷ßóåé ôïí êýêëï ôïõ öõëëéêïý ïîÝïò , èá ïìïéÜæåé 

ìå áíåðÜñêåéá öõëëéêïý ïîÝïò.

Ìéá Üëëç ìïñöÞ ôïõ FH , ôï öïñìõëï- FH  Þ öõëëé-4 4

íéêü ïîý åßíáé áðïôåëÝóìá ôçò ïîåßäùóçò ôïõ ìåèõ-

ëåíï- FH  Þ ôçò ðñïóèÞêçò ìéáò öïñìõëïìÜäáò óôï 4

FH . ÔÝëïò, ç éóôéäßíç ìðïñåß íá äùñßóåé Ýíáí Üíèñá-4

êá óôï FH  þóôå íá ìåôáôñáðåß óå ìåèåíõëï- Fh4 4 .

Âéïëïãéêüò ñüëïò öõëëéêïý ïîÝïò

¸÷åé äéáðéóôùèåß üôé ôï öõëëéêü ïîý åßíáé áðáñáßôçôï 

ãéá ôçí áíÜðôõîç ôïõ íåõñéêïý óõóôÞìáôïò ìå áðï-

ôÝëåóìá ç áíåðáñêÞò ðñüóëçøÞ ôïõ êáôÜ ôç äéÜñêåéá 

ôçò óýëëçøçò êáé óôá áñ÷éêÜ óôÜäéá ôçò åãêõ-

ìïóýíçò íá ïäçãåß óõ÷íÜ óå áíùìáëßåò ôïõ íåõñéêïý 
16-18óõóôÞìáôïò. Ç ïìïêõóôåÀíç , ç ïðïßá åßíáé õðåý-

èõíç ãéá ôï öõëëéêü ïîý, ìðïñåß íá åðçñåáóèåß áðü 

ôéò ãåíåôéêÝò ìåôáâïëÝò óôï ìåôáâïëéóìü ôïõ öõë-

ëéêïý ïîÝïò. Ç ìÝôñéá õðåñïìïêõóôåúíáéìßá óôéò 

Ýãêõåò ãõíáßêåò Ý÷åé óõíäåèåß ìå áõîçìÝíï êßíäõíï 

ãåíåôéêþí áíùìáëéþí (áíùìáëßåò ôïõ íåõñéêïý óù-

ëÞíá, NTDs). Ï íåõñéêüò óùëÞíáò, ï ïðïßïò åìöá-

íßæåôáé êáôÜ ìÞêïò ôçò ñÜ÷çò ôïõ åìâñýïõ ðåñßðïõ 

ôçí ôñßôç åâäïìÜäá ôçò êýçóçò (17-30 çìÝñåò ìåôÜ ôç 

óýëëçøç), åîåëßóóåôáé áñãüôåñá óôïí åãêÝöáëï, ôï 

íùôéáßï ìõåëü êáé ôéò ðñïóôáôåõôéêÝò ìåìâñÜíåò êáé 

ôùí äýï. ÅÜí ï óùëÞíáò áõôüò äåí ìðïñåß íá áíá-

ðôõ÷èåß ðëÞñùò, åíäÝ÷åôáé íá åðÝëèïõí âëÜâåò óôïí 

åãêÝöáëï êáé ôï íùôéáßï ìõåëü. Ç ëÞøç óõìðëç-

ñùìÜôùí ðïëõâéôáìéíþí ðïõ ðåñéÝ÷ïõí öõëëéêü ïîý, 

ðñéí ôç óýëëçøç ìðïñåß íá ïìáëïðïéÞóåé ôï ìåôá-

âïëéóìü ôçò ïìïêõóôåÀíçò êáé íá ìåéþóåé ôïí êßíäõíï 
19áíùìáëéþí . Óôçí åíÞëéêç æùÞ ç áíåðÜñêåéá ôïõ 

öõëëéêïý ïîÝïò ðáñåìðïäßæåé ôçí êõôôáñéêÞ äéáß-

ñåóç, ç ðáñáãùãÞ ôùí åñõèñþí áéìïóöáéñßùí (åñõ-

èñïðïßçóç) ðåñéïñßæåôáé êáé áõôü ïäçãåß óå ìåãáëï-

âëáóôéêÞ áíáéìßá, ç ïðïßá ÷áñáêôçñßæåôáé áðü ìåãÜ-

ëá áíþñéìá åñõèñÜ áéìïóöáßñéá. ÓõãêåêñéììÝíá 

ðñáãìáôïðïéïýíôáé ìÜôáéåò áðüðåéñåò êáíïíéêÞò 

áíôéãñáöÞò êáé åðéäéüñèùóçò ôïõ DNA, êáèþò êáé 

êõôôáñéêÞò äéáßñåóçò ìå áðïôÝëåóìá ôçí ðáñáãùãÞ 

õðåñâïëéêÜ ìåãÜëùí åñõèñþí êõôôÜñùí ðïõ ïíï-

ìÜæïíôáé ìåãáëïâëÜóôåò (êáé ïõäåôåñüöéëùí ìå êá-

ôáôìçìÝíïõò ðõñÞíåò), ïé ïðïßïé äéáèÝôïõí Üöèïíï 

êõôôáñüðëáóìá éêáíü íá óõíèÝóåé RNA êáé ðñù-

ôåÀíåò, áëëÜ ìå óõóóùñåõìÝíç êáé èñáõóìáôïðïéç-

ìÝíç ðõñçíéêÞ ÷ñùìáôßíç. ÏñéóìÝíá áðü áõôÜ ôá 

ìåãÜëá êýôôáñá, áí êáé áíþñéìá (äéêôõïåñõèñïêýô-

ôáñá), áðåëåõèåñþíïíôáé óôçí êõêëïöïñßá áðü ôï 

ìõåëü ôùí ïóôþí, íùñßôåñá, óå ìéá ðñïóðÜèåéá áíôé-

óôÜèìéóçò ôçò áíáéìßáò. Êáé ïé åíÞëéêåò êáé ôá ðáéäéÜ 

ëïéðüí, ÷ñåéÜæïíôáé öõëëéêü ïîý ãéá íá ðáñÜãïõí 

öõóéïëïãéêÜ åñõèñÜ êáé ëåõêÜ áéìïóöáßñéá ãéá ôçí 

ðñüëçøç ôçò ìåãáëïâëáóôéêÞò áíáéìßáò. Ç áíåðÜ-

ñêåéá ôïõ öõëëéêïý ïîÝïò äåí ðñïêáëåß áíáéìßá üôáí 

óõíõðÜñ÷åé ìå õøçëÜ åðßðåäá ïìïêõóôåÀíçò. Óïâá-

ñÞò ìïñöÞò áíåðÜñêåéá ôïõ öõëëéêïý ïîÝïò ìðïñåß 

íá ðñïêýøåé ëüãù åëëéðïýò äéáôñïöéêÞò ðñüóëçøçò 

Þ ìåéùìÝíçò áðïññüöçóÞò ôïõ Þ ëüãù ãåíåôéêþí ìå-

ôáëëÜîåùí. Ôá õøçëÜ åðßðåäá ïìïêõóôåÀíçò Ý÷ïõí 

óõíäåèåß ìå áõîçìÝíï êßíäõíï êáñäéáããåéáêþí ðáèÞ-
20óåùí, Üíïéáò êáé íüóï Alzheimer . Ç áíåðÜ-ñêåéá ôçò 

âéôáìßíçò B  ðñïêáëåß åðßóçò Ýíá ôýðï áíáéìßáò ßäéï 12

ìå áõôüí ôçò áíåðÜñêåéáò ôïõ öõëëéêïý ïîÝïò ðïõ 

ðñïêáëåß áìåôÜêëçôç âëÜâç óôï êåíôñéêü êáé óôï 

ðåñéöåñéêü íåõñéêü óýóôçìá. ÅðïìÝíùò ãéá ôçí 

ðñüëçøç ôçò ìåãáëïâëáóôéêÞò áíáéìßáò åßíáé 

áðáñáßôçôç ç åðÜñêåéá ôüóï óå âéôáìßíç Â  üóï êáé 12

óå öõëëéêü ïîý. Ãéá áõôüí ôï ëüãï ôá óõìðëçñþìáôá 

öõëëéêïý ïîÝïò ðñÝðåé íá ðåñéëáìâÜíïõí êáé âéôá-
21ìßíç B .12

Öõëëéíéêü ïîý

Ç ÷çìéêÞ ïíïìáóßá ôïõ öõëëéíéêïý ïîÝïò åßíáé Í-[4-

[[(2-Áìéíï-5-öïñìõëï-1,4,5,6,7,8 -åîáûäñï- 4- ïîï- 

ðôåñéäéíõëï) ìåèõëï] áìéíï] âåíæïûëï ]- L- ãëïõôá-
22-25ìéêü ïîý . ÐåñéÝ÷åé ôïí õäñïãïíùìÝíï äáêôýëéï 

ôïõ ôåôñáûäñïöõëëéêïý ïîÝïò êáé öÝñåé óôï 5 Üæùôï 

ìéá öïñìõëïìÜäá ðïõ äåí åìöáíßæåé üìùò õøçëü 

äõíáìéêü ìåôáöïñÜò ïìÜäáò.  Óôï ó÷Þìá 3 öáßíåôáé ç 

÷çìéêÞ äïìÞ ôïõ öõëëéíéêïý ïîÝïò. Ôï öõëëéíéêü ïîý 

(Þ öoëéíéêü ïîý Þ ëåõêïâïñßíç) åßíáé Ýíá 5-öïñìõëï 

ðáñÜãùãï ôïõ ôåôñáûäñïöõëëéêïý ïîÝïò.  

ÌåôáôñÝðåôáé åýêïëá óå Üëëá ðáñÜãùãá ôïõ 

öõëëéêïý ïîÝïò (ð.÷. FH  ), êáé óõíåðþò Ý÷åé âé-4

ôáìéíéêÞ äñáóôçñéüôçôá ðïõ éóïäõíáìåß ìå áõôÞ ôïõ 

öõëëéêïý ïîÝïò. Ùóôüóï, äåí áðáéôåß ôç äñÜóç ôïõ 

åíæýìïõ ôçò äéûäñïöõëëéêÞò áíáãùãÜóçò ãéá ôç 

ìåôáôñïðÞ ôïõ êáé ç ëåéôïõñãßá ôïõ ùò âéôáìßíç åßíáé 

áíåðçñÝáóôç áðü ôçí áíáóôïëÞ ôïõ åíæýìïõ áõôïý. 
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Ôï öõëëéíéêü ïîý, ùò åê ôïýôïõ, åðéôñÝðåé êÜðïéï ðï-

óïóôü óýíèåóçò ðïõñßíçò / ðõñéìéäßíçò íá ëÜâåé ÷þ-

ñá ÷ùñßò ôçí ðáñïõóßá ôïõ åíæýìïõ äéûäñïöõëëéêÞò 

áíáãùãÜóçò, Ýôóé þóôå ç êáíïíéêÞ áíôéãñáöÞ ôïõ 

DNA êáé ôïõ RNA êáèþò êáé ïé äéáäéêáóßåò ìåôáãñá-

öÞò íá ìðïñïýí íá ðñï÷ùñÞóïõí. 

4. ÌåèïôñåîÜôç

×çìéêÞ äïìÞ - ìåôáâïëéóìüò

Ç ìåèïôñåîÜôç , Í- 4- [(2,4- äéáìéíï -6-ðôåñéäéíõëï) 

ìåèõëï] ìåèõëáìéíï] âåíæïûëï]- L- ãëïõôáìéêü ïîý, 

åßíáé ðáñÜãùãï ôïõ öõëëéêïý ïîÝïò êáé áíÞêåé óôçí 

ïìÜäá ôùí áíôéìåôáâïëéôþí ïé ïðïßïé áíáóôÝëëïõí 

ôçí êõôôáñéêÞ äéáßñåóç. Ôï ìüñéï ôçò ìåèïôñåîÜôçò 

áðïôåëåßôáé áðü Ýíá åôåñïêõêëéêü ìüñéï (2,4-äéá-

ìéíï-õðïêáôåóôçìÝíï ðôåñéäéíéêü äáêôýëéï) óõíäå-

äåìÝíï ìå ìéá ð-áìéíïâåíæïûëï- ïìÜäá, ç ïðïßá ìå ôç 

óåéñÜ ôçò óõíäÝåôáé áìéäéêþò ìå ãëïõôáìéêü ïîý. Ç 

÷çìéêÞ ôçò äïìÞ êáèþò êáé ç áíáëïãßá ôçò óå ó÷Ýóç 

ìå ôï öõëëéêü ïîý öáßíïíôáé óôï ó÷Þìá 4 ðïõ áêï-

ëïõèåß. 

¼ðùò ðñïêýðôåé, ïé êýñéåò äïìéêÝò äéáöïñÝò ôçò 

ìåèïôñåîÜôçò áðü ôï öõëëéêü ïîý åßíáé üôé ç ðñþôç 

öÝñåé óôïí C-2 áìéíïìÜäá áíôß ôïõ õäñïîõëßïõ êáé 
10ìåèýëéï óôï Í . Ëüãù ôçò õøçëÞò ðïëéêüôçôÜò ôçò, ç 

ìåèïôñåîÜôç óôï ïõäÝôåñï pH ôùí âéïëïãéêþí õãñþí 

åìöáíßæåôáé êõñßùò óôçí áíéïíéêÞ ôçò ìïñöÞ). 

ÖáñìáêïëïãéêÞ äñÜóç

Ç öáñìáêïëïãéêÞ ôçò ÷ñÞóç Ýãêåéôáé óôç èåñáðåßá 

ôçò ðáéäéêÞò ïîåßáò ëåìöïâëáóôéêÞò ëåõ÷áéìßáò 

(ÏËË) (ó÷Þìá 5) , êáèþò åðßóçò êáé óå Ýíáí áñéèìü 

áðü Üëëåò êáêïÞèåéò êáé êáëïÞèåéò íüóïõò. Óçìá-

íôéêÜ ìåéïíåêôÞìáôá ôçò èåñáðåßáò ìå ìåèïôñåîÜôç 

áðïôåëïýí ç ìåãÜëç ìåôáâëçôüôçôá ôçò êëéíéêÞò åé-

êüíáò áðü áóèåíÞ óå áóèåíÞ êáé ç áðñüâëåðôç 

Ó÷Þìá 3. ×çìéêÞ äïìÞ öõëëéíéêïý ïîÝïò
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Ó÷Þìá 4. ×çìéêÞ äïìÞ Öõëëéêïý ïîÝïò êáé ÌåèïôñåîÜôçò

åìöÜíéóç åíüò ìåãÜëïõ öÜóìáôïò ðáñåíåñãåéþí. Óõ-

ìðëçñþìáôá öõëëéêþí ìå ôç ìïñöÞ ôïõ öõëëéêïý Þ 

öõëëéíéêïý ïîÝïò, áíáêïõößæïõí áðü ôç ãáóôñå-

íôåñéêÞ êáé çðáôéêÞ ôïîéêüôçôá åðéôñÝðïíôáò óå 

áóèåíåßò ìå ñåõìáôïåéäÞ áñèñßôéäá íá óõíå÷ßæïõí ôçí 

áðü ôïõ óôüìáôïò èåñáðåßá ìå ìåèïôñåîÜôç óå ÷á-

ìçëÝò äüóåéò, áí êáé ðñüóöáôç ìåëÝôç óõíéóôÜ ðñï-

óï÷Þ êáé êáôáëÞãåé ðùò óõìðëçñþìáôá öõëëéêïý 

ïîÝïò ìðïñåß íá ìåéþóïõí ôçí áðïôåëåóìáôéêüôçôá 

ôçò ìåèïôñåîÜôçò. Ãéá ôç èåñáðåßá äéáöüñùí ôýðùí 

ëåõ÷áéìßáò, ÷ïñçãåßôáé åíäïöëÝâéá õøçëÞ äüóç ìåèï-

ôñåîÜôçò áêïëïõèïýìåíç áðü èåñáðåßá ìå öõëëéíéêü 

ïîý (ëåõêïâïñßíç). Ôá åðßðåäá ôïõ ïñïý ôçò ìåèï-

ôñåîÜôçò ðñÝðåé íá ðáñáêïëïõèïýíôáé óõ÷íÜ ôüóï 

êáôÜ ôç äéÜñêåéá üóï êáé ìåôÜ ôç ÷ïñÞãçóç ôïõ 

öõëëéíéêïý ïîÝïò êáé ïé äüóåéò êáé ôùí äýï öáñìÜêùí 

ðñÝðåé íá ðñïóáñìüæïíôáé áôïìéêÜ êáèþò ìðïñåß ìåí 

ç ìåèïôñåîÜôç íá åßíáé âÝëôéóôçò äïóïëïãßáò óå ðïë-

ëïýò áóèåíåßò, ç õðåñâïëéêÞ üìùò äüóç ôïõ öõëëé-

íéêïý ïîÝïò ìðïñåß íá èÝóåé óå êßíäõíï ôï áðïôÝ-

ëåóìá ôçò äñÜóçò ôçò ìåèïôñåîÜôçò êáé íá áõîÞóåé 

ôïí êßíäõíï õðïôñïðÞò. 

Ìç÷áíéóìüò ÄñÜóçò

Ç êõôôáñïóôáôéêÞ äñÜóç ôçò ìåèïôñåîÜôçò ïöåßëåôáé 

óôçí áíáóôïëÞ ôçò äéõäñïöõëëéêÞò áíáãùãÜóçò 

(DHFR), ðïõ åßíáé õðåýèõíç ãéá ôï ìåôáó÷çìáôéóìü 

ôïõ äéõäñïöõëëéêïý ïîÝïò (FH2), óå ôåôñáûäñïöõë-
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Ðåñéöåñéêü áßìá ðáéäéïý ìå Ïîåßá Ëå-
ìöïâëáóôéêÞ Ëåõ÷áéìßá (ÏËË), êç-
ëßäá Pappenheim (ìåãÝèõíóç x100)

Åðß÷ñéóìá ìõåëïý ôùí ïóôþí (ìåãÜëç 
ìåãÝèõíóç) áðü Ýíáí áóèåíÞ ìå ïîåßá 
ëåìöïâëáóôéêÞ ëåõ÷áéìßá

Åðß÷ñéóìá ìõåëïý ôùí ïóôþí áðü 
Ýíáí áóèåíÞ ìå ïîåßá ëåìöïâëáóôéêÞ 
ëåõ÷áéìßá

Ó÷Þìá 5. ÌéêñïóêïðéêÝò öùôïãñáößåò ðåñéóôáôéêþí ïîåßáò ëåìöïâëáóôéêÞò ëåõ÷áéìßáò

26-28ëéêü ïîý (FH4) . Ï ìç÷áíéóìüò äñÜóçò ôçò ìåèï-

ôñåîÜôçò áðåéêïíßæåôáé óôï ó÷Þìá 6. 

Ç áíáóôïëÞ ôçò äñÜóçò ôçò DHFR Ý÷åé ùò áðïôÝëå-

óìá ôçí áíåðÜñêåéá ôçò èõìéäõëÜôçò êáé ôùí ðïõ-

ñéíþí êáé åðïìÝíùò ìåßùóç ôçò óýíèåóçò êáé ôçò 

åðéäéüñèùóçò ôïõ DNA, êáèþò êáé ìåßùóç ôçò êõôôá-

ñéêÞò äéáßñåóçò. Ç óõããÝíåéá ôçò DHFR ìå ôçí ìå-

èïôñåîÜôç åßíáé êáôÜ ðïëý ìåãáëýôåñç (>1000) áðü 

ôç óõããÝíåéÜ ôçò ìå ôï öõëëéêü ïîý. ÅðïìÝíùò áêüìç 

êáé ôáõôü÷ñïíç ÷ïñÞãçóç öõëëéêïý ïîÝïò äåí èá 

åðçñåÜóåé ôçí äñÜóç ôçò ìåèïôñåîÜôçò. 

Ï ìç÷áíéóìüò äñÜóçò ôçò ìåèïôñåîÜôçò, äéáöïñï-

ðïéåßôáé áðü áõôüí ôïõ êáèáñÜ êõôôáñïóôáôéêïý, 

üôáí ç ìåèïôñåîÜôç ÷ñçóéìïðïéåßôáé óå ÷áìçëÝò äü-

óåéò (low dose methotrexate) ãéá ôç èåñáðåßá áóèå-

íåéþí üðùò ôçò ñåõìáôïåéäïýò áñèñßôéäáò, ôçò íüóïõ 

ôïõ Crohn êáé ôçò øùñßáóçò. Óå áõôÝò ôéò ðåñéðôþ-

Ó÷Þìá 6. Ìç÷áíéóìüò äñÜóçò ôçò ìåèïôñåîÜôçò

óåéò, ç áíáóôïëÞ ôçò äéûäñïöõëëéêÞò áíáãùãÜóçò 

(DHFR) äåí èåùñåßôáé üôé åßíáé ï êýñéïò ìç÷áíéóìüò 

äñÜóçò ôçò, áëëÜ ìÜëëïí ç áíáóôïëÞ ôùí åíæýìùí 

ðïõ åìðëÝêïíôáé óôï ìåôáâïëéóìü ôçò ðïõñßíçò 

äéáäéêáóßá ðïõ ïäçãåß óôçí óõóóþñåõóç ôçò áäåíï-

óßíçò, êáé ôçí áíáóôïëÞ ôçò åíåñãïðïßçóçò ôùí Ô 
29ëåìöïêõôôÜñùí . ¸ôóé,  óôçí ðåñßðôùóç ôùí äéáôá-

ñá÷þí ôïõ áíïóïðïéçôéêïý, ï êëéíéêüò óôü÷ïò ôïõ 

ó÷Þìáôïò ÷áìçëÞò äüóçò ìåèïôñåîÜôçò åßíáé íá áíá-

óôÝëëåé ôçí ôñáíóöïñìõëÜóç (AICAR), ç ïðïßá 

ïäçãåß óå áõîçìÝíç ñéâüæç AICA (ôñáíóöïñìõëÜóç 

AICAR ôïõ õðïóôñþìáôïò). Ç ñéâüæç AICA áíáóôÝ-

ëëåé ôçí áðáìéíÜóç ôçò áäåíïóßíçò, ìå áðïôÝëåóìá 

ôç óõóóþñåõóç åîùêõôôáñéêÞò áäåíïóßíçò. Ç åîù-

êõôôáñéêÞ áäåíïóßíç áíáóôÝëëåé ôçí Ýêöñáóç ôùí 

IL-2 õðïäï÷Ýùí óôá êõêëïöïñïýíôá Ô-ëåìöïêýô-

ôáñá, ðñïêáëþíôáò êáôáóôïëÞ ôïõ áíïóïðïéçôéêïý 

óõóôÞìáôïò, êáé êáôáóôÝëïõí ôéò åðéðôþóåéò ôçò áíï-

óïëïãéêÞò äéáôáñá÷Þò. 

Óôï óçìåßï áõôü êñßíåôáé óêüðéìï íá áíáöÝñïõìå üôé 
 ôá ôåëåõôáßá ÷ñüíéá óå áõôïÜíïóåò íüóïõò ìáæß(Þ êáé 

ìüíá ôïõò) ìå ôç ìåèïôñåîÜôç ÷ïñçãïýíôáé ïé âéï-

ëïãéêïß ðáñÜãïíôåò infliximab, etanercept êáé ôï 
30-34 ádalimumab, ðïõ åßíáé áíáóôïëåßò ôïõ ðáñÜãïíôá 

íÝêñùóçò ôùí üãêùí-á (TNF-á) êáé ôï anakinra, ðïõ 

åßíáé áíáóôïëÝáò ôïõ õðïäï÷Ýá ôçò éíôåñëåõêßíçò-1. 

Ôï Infliximab åßíáé Ýíá ìïíïêëùíéêü IgG  áíôßóùìá 1

Ýíáíôé ôïõ TNF-á, ðïõ äåóìåýåôáé óôïí TNF-á ðñï-
35-ëáìâÜíïíôáò ôç äÝóìåõóÞ ôïõ ìå ôïí õðïäï÷Ýá ôïõ

40. Ôï etanercept åßíáé áíáóõíäõáóìÝíç ðñùôåÀíç ðïõ 

áíáóôÝëëåé ôç äñáóôéêüôçôá ôïõ TNF-á äñþíôáò ùò 

õðïäï÷Ýáò ôïõ TNF-á. Ôï ádalimumab åßíáé Ýíá ìï-

íïêëùíéêü áíôßóùìá åéäéêü ãéá ôïí TNF êáé äåóìåý-

åôáé åéäéêÜ óôïí êõêëïöïñïýíôá êáé ôïí åõñéóêüìåíï 
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óôçí êõôôáñéêÞ åðéöÜíåéá TNF-á åìðï-äßæïíôáò ôçí 

áëëçëåðßäñáóÞ ôïõ ìå ôïõò p55 êáé p75 õðïäï÷åßò 
41-45ôïõ TNF . 

Áðïññüöçóç - Ìåôáâïëéóìüò

Ç áðïññüöçóç ôçò ìåèïôñåîÜôçò áðü ôï óôüìá 

åîáñôÜôáé áðü ôç äüóç. Áðü ôï óôüìá áðïññïöÜôáé ôï 
260% óå äüóåéò ìåãáëýôåñåò áðü 30 mg/m . Ç áðïññü-

öçóç åßíáé óçìáíôéêÜ ìéêñüôåñç ìå õøçëüôåñåò äü-
2óåéò (>80 mg/m ). Ç ìÝãéóôç óõãêÝíôñùóç óôï 

ðëÜóìá ðáñáôçñåßôáé ìåôÜ áðü 1-2 þñåò. Ôï öÜñìáêï 

äéáðåñíÜ ôçí êõôôáñéêÞ ìåìâñÜíç óå óõãêåíôñþóåéò 

óôïí ïñü <0,1 ìmol/ml, êáé ìåôáöÝñåôáé óôá êýôôáñá 

áðü Ýíá åéäéêü, õøçëÞò óõããÝíåéáò óýóôçìá ìåôá-

öïñÜò . Óôï åóùôåñéêü ôïõ êõôôÜñïõ, ç ÌÔ× áêï-

ëïõèåß ôïõò ßäéïõò âéï÷çìéêïýò ìç÷áíéóìïýò üðùò ôï 

öõëëéêü ïîý, äçëáäÞ ó÷çìáôéóìüò ãïõôáìéíéêþí ðá-

ñáãþãùí áðü åéäéêÜ Ýíæõìá (ã-ãëïõôáìõëï-ôñáí-

óöåñÜóåò ôïõ öõëëéêïý ïîÝïò), ïé ïðïßåò ðñïóèÝôïõí 

óå óåéñÜ Ýíá Ýùò ôÝóóåñá (Þ áêüìç ðåñéóóüôåñá) ìü-

ñéá ãëïõôáìéíéêïý ïîÝïò, ôá ïðïßá óõíäÝïíôáé ìå Ýíáí 

ðåðôéäéêü äåóìü óôï ã-êáñâïîýëéï. Óå ìåãáëýôåñåò 

óõãêåíôñþóåéò êáôáíÝìåôáé óôïõò íåöñïýò, ôç ÷ïëç-

äü÷ï êýóôç, ôï óðëÞíá, ôï Þðáñ êáé ôï äÝñìá. Åðßóçò 

äéáíÝìåôáé óôá õãñÜ ôïõ ôñßôïõ ÷þñïõ. ÌéêñÝò óõã-

êåíôñþóåéò ðáñáôçñïýíôáé óôï êåíôñéêü íåõñéêü 

óýóôçìá. Ìåãáëýôåñåò óõãêåíôñþóåéò ðáñáôçñïý-

íôáé óå áóèåíåßò ìå ðñïçãçèåßóá áêôéíïâïëßá åãêå-

öÜëïõ êáé áóèåíåßò ìå ëÝìöùìá êåíôñéêïý íåõñéêïý 

óõóôÞìáôïò, üðïõ õðÜñ÷åé äéáêïðÞ ôïõ áéìáôïåãêå-

öáëéêïý öñáãìïý. Ç ìåèïôñåîÜôç äåóìåýåôáé áðü ôéò 

ðñùôåÀíåò ôïõ ðëÜóìáôïò óå ðïóïóôü 50%. Ìåôáâï-

ëßæåôáé óå ðïóïóôü <10% óôï Þðáñ êáé åíäïêõôôá-

ñéêÜ. Áðåêêñßíåôáé áðü ôïõò íåöñïýò ìÝóù óðåé-

ñáìáôéêÞò äéÞèçóçò êáé óùëçíáñéáêÞò Ýêêñéóçò. 

ÁðïâÜëëåôáé áðü ôá ïýñá óôï 80-90% êáé êáôÜ 10% 

áðü ôá êüðñáíá. Ï ôåëéêüò ÷ñüíïò çìßóåéáò æùÞò åßíáé 
23-10 þñåò ãéá äüóåéò <30 mg/m  êáé 8-15 þñåò ãéá 

46õøçëüôåñåò äüóåéò . Ç ìåèïôñåîÜôç åîÝñ÷åôáé áñãÜ 

áðü ôá äéáìåñßóìáôá ôïõ ôñßôïõ ÷þñïõ ìå áðïôÝëåóìá 

ôçí ðáñÜôáóç ôïõ ÷ñüíïõ çìéóåßáò æùÞò êáé áðñü-

âëåðôç ôïîéêüôçôá. Ïé çëéêéùìÝíïé áóèåíåßò Ý÷ïõí 

áõîçìÝíï êßíäõíï ôïîéêüôçôáò ëüãù ôçò Ýêðôùóçò ôçò 

çðáôéêÞò êáé íåöñéêÞò ëåéôïõñãßáò, êáèþò êáé ôùí 

åëáôôùìÝíùí áðïèåìÜôùí öõëëéêïý. Ç äüóç ðñÝðåé 

íá ìåéþíåôáé êáé íá ðáñáêïëïõèïýíôáé ãéá ðñþéìç 
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åìöÜíéóç ôïîéêüôçôáò .

Ìåñéêïß áðü ôïõò ìåôáâïëßôåò ôçò ìåèïôñåîÜôçò 

üðùò ç 7- õäñïîõ-MTX, ôï 4-áìéíï-4-äåïîõ-Í10-

ìåèõëïðôåñïúêü ïîý (DAMPA) êáé ôï ÌÔ×G2 

öáßíïíôáé óôï ó÷Þìá 7. 

5. ÈåñáðåõôéêÜ ó÷Þìáôá

Èåñáðåõôéêü ó÷Þìá ÌåèïôñåîÜôçò - Öõëëéíéêïý 

ÏîÝïò 

Ïé åíäåßîåéò ãéá áõôü ôï èåñáðåõôéêü ó÷Þìá åßíáé, 

êáñêßíïé ïõñïäü÷ïõ êýóôåùò, ìáóôïý, óôïìÜ÷ïõ, êå-

öáëÞò êáé ôñá÷Þëïõ, ÷ïñéïêáñêßíùìá, ëåðôïìçíéã-

ãéêÝò åíôïðßóåéò, ïîåßá ëåõ÷áéìßá, ëåìöþìáôá, óðïã-

ãïåéäÞò ìõêçôßáóç, íåïðëÜóìáôá áãíþóôïõ ðñùôï-

ðáèïýò åóôßáò, óÜñêùìá, êáñêßíïò ïéóïöÜãïõ, êá-

ñêßíïò ðíåýìïíá, êáñêßíïò üñ÷åïò. Ôï èåñáðåõôéêü 

áõôü ó÷Þìá óôï÷åýåé óôá åîÞò: Ôåñìáôéóìü ôçò áíá-

ðáñáãùãÞò êáñêéíéêþí êõôôÜñùí ìÝóù áíáóôïëÞò 
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Ó÷Þìá 7. Ìåôáâïëßôåò ôçò ìåèïôñåîÜôçò

ôçò óýíèåóçò ôïõ DNA, âáóéóìÝíç óôçí áíôé-

ìåôáâïëéêÞ äñÜóç ôçò ìåèïôñåîÜôçò. Èåñáðåßá äéÜ-

óùóçò ôïõ ìõåëïý ôùí ïóôþí êáé ôùí êõôôÜñùí ôïõ 

ãáóôñåíôåñéêïý âëåííïãüíïõ, âáóéóìÝíç óôçí éêá-

íüôçôá ôïõ öõëëéíéêïý ïîÝïò íá âéïóõíèÝôåé ðïóïóôü 

ðïõñéíþí/ðõñéìéäéíþí ¸ôóé, óýìöùíá ìå ôá áíù-

ôÝñù, ç ìåèïôñåîÜôç ðïõ «ìïéÜæåé» ÷çìéêÜ ìå ôï 

äéûäñïöõëëéêü ïîý, áíáóôÝëëåé ôï Ýíæõìï áêüìá êáé 
-8 -9  óå óõãêåíôñþóåéò 10  Ýùò 10 Ì. ÅðåéäÞ ôï FH êáé 4 

ôá ðáñÜãùãá ôïõ áðáéôïýíôáé ãéá ôç óýíèåóç ðïõñé-

íþí êáé èõìßíçò, ôá êáñêéíéêÜ êýôôáñá, ôá ïðïßá 

ðïëëáðëáóéÜæïíôáé ãñÞãïñá Ý÷ïõí ìåãÜëåò áíÜãêåò 

ãéá ôï Ýíæõìï áõôü. ÂÝâáéá üëá ôá êýôôáñá áðáéôïýí 
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äéûäñïöõëëéêÞ áíáãùãÜóç, ãéá áõôü ïé áíôéöõëëéêÝò 

åíþóåéò åßíáé óå ôåëéêÞ áíÜëõóç ôïîéêÝò êáé äåí 

ìðïñïýí íá ÷ñçóéìïðïéçèïýí ãéá ðáñáôåôáìÝíç èå-

ñáðåßá. Ç ëåõêïâïñßíç, ðáñÜãùãï ôïõ ôåôñáûäñï-

öõëëéêïý ïîÝïò, áí êáé åíäÝ÷åôáé íá åìðïäßóåé ôï áðï-

ôÝëåóìá ôïõ öáñìÜêïõ áí ÷ïñçãçèåß óýíôïìá ìåôÜ ôç 

÷ïñÞãçóç ôçò ìåèïôñåîÜôçò, äåäïìÝíïõ üôé äåí ÷ñåéÜ-

æåôáé ôçí DHFR ãéá ôçí åíåñãïðïßçóç ôçò, ìÝôñéåò 
2 2(>100mg/m ) Þ õøçëÝò äüóåéò (>1.000mg/m ) ìåèï-

ôñåîÜôçò ÷ïñçãïýìåíåò ìå ëåõêïâïñßíç ùò èåñáðåßá 

äéÜóùóçò, ÷ñçóéìïðïéïýíôáé óå äéÜöïñåò íåïðëá-

óßåò, (áí êáé äåí áðïôåëåß áíôßäïôï ãéá ôç ìåèïôñå-

îÜôç, ôï öõëëéíéêü ïîý ìðïñåß åðßóçò íá ÷ñçóéìåýóåé 

óôçí áíôéìåôþðéóç ôçò õðåñäïóïëïãßáò ìå ìåèïôñå-

îÜôç). 

Ç äéÜóùóç ìå ëåõêïâïñßíç åßíáé áðáñáßôçôç óå 
2äüóåéò >500 mg/m , ìðïñåß üìùò íá ãßíåé êáé óå 

2 48-53 2äüóåéò 100-500 mg/m . ×ïñçãïýíôáé 10-25 mg/m  

ëåõêïâïñßíçò po/iv/im áíÜ 6ùñï ãéá ðåñßðïõ 8-10 

äüóåéò, áñ÷ßæïíôáò ôçí ÷ïñÞãçóç ìåôÜ ôçí Ýíáñîç ôçò 

Ýã÷õóçò ôçò ìåèïôñåîÜôçò. Ïé ìåôáôñïðÝò ôùí äü-

óåùí ôçò ëåõêïâïñßíçò áñ÷ßæïõí ôçí ôñßôç çìÝñá êáé 

âáóßæïíôáé óôá ðñùéíÜ åðßðåäá ôçò ìåèïôñåîÜôçò. Ç 

ìÝôñçóç ôùí åðéðÝäùí åðáíáëáìâÜíåôáé êÜèå ðñùß 

êáé ïé äüóåéò ôçò ëåõêïâïñßíçò êáèïñßæïíôáé áíÜëïãá 

ìå ôéò ìåôñÞóåéò. Ç ÷ïñÞãçóç ôçò ëåõêïâïñßíçò óõíå-

÷ßæåôáé ìÝ÷ñé ôá åðßðåäá ôçò ìåèïôñåîÜôçò öèÜóïõí 

ôá 0,05ìmol/lt. Äüóåéò ëåõêïâïñßíçò >25 mg ÷ïñç-

ãïýíôáé iv.

Ç ìåèïôñåîÜôç ìðïñåß íá ðñïêáëÝóåé áõôüìáôç áðï-

âïëÞ åãêõìïóýíçò, åéäéêÜ üôáí ÷ïñçãåßôáé êáôÜ ôï 
54ðñþôï ôñßìçíï ôçò êýçóçò . Ìðïñåß åðßóçò íá ðñï-

êáëÝóåé ìåßùóç ôçò ãïíéìüôçôáò, ïëéãïóðåñìßá êáé 

äéáôáñá÷Ýò åììÞíïõ ñýóåùò ãéá Ýíá ó÷åôéêÜ ìéêñü 

äéÜóôçìá ìåôÜ ôçí äéáêïðÞ ôçò èåñáðåßáò. Ç ôåêíï-

ðïßçóç ðñÝðåé íá áðïöåýãåôáé ãéá ìåí ôïõò Üíäñåò 

êáôÜ ôçí äéÜñêåéá êáé ãéá 3 ôïõëÜ÷éóôïí ìÞíåò ìåôÜ 

ôçí èåñáðåßá êáé ãéá ôéò ãõíáßêåò êáôÜ ôçí äéÜñêåéá 

êáé ãéá ôïõëÜ÷éóôïí Ýíá êýêëï ìå ùïññçîßá ìåôÜ ôçí 

èåñáðåßá.

Ìðïñåß íá ÷ïñçãçèåß õðïäüñéá Þ åíäïìõúêÜ. Ìå áð' 

åõèåßáò åíäïöëÝâéá ÷ïñÞãçóç <10 mg óå 1 ëåðôü. Ìå 

åíäïöëÝâéá Ýã÷õóç äéáëõìÝíï óå êáôÜëëçëï äéáëýôç 

óå 20 ëåðôÜ ôçò þñáò ôï 24ùñï. Ìå óõíå÷Þ åíäïöëÝ-

âéá Ýã÷õóç óå 24-42 þñåò. Åíäïñá÷éáßá ÷ïñçãåßôáé óå 

ìéêñü üãêï (5-10 ml).

Èåñáðåõôéêü ó÷Þìá ÌåèïôñåîÜôçò 

Öõëëéêïý ïîÝïò

¼ðùò áíáöÝñèçêå ç ìåèïôñåîÜôç óå ó÷Þìáôá «Low 

Dose» äñá ìå äéáöïñåôéêü ìç÷áíéóìü. Èåñáðåßåò ìå 

÷áìçëÞò äüóçò MTX äßíïíôáé óå äéÜöïñåò áõôï-

Üíïóåò áóèÝíåéåò üðùò ç ìõáóèÝíåéá Gravis, ç ðïëõ-

ìõïóßôéäá, ç äåñìáôïìõïóßôéäá, ç ìõïóßôéäá áðü 

Ýãêëåéóôá, ç áãêõëïðïéçôéêÞ óðïíäõëßôéäá, ç íüóïò 

ôïõ Crohn, ç øùñßáóç, ç öëõêôáéíþäçò øùñßáóç, ç 

øùñéáóéêÞ áñèñßôéäá, ç ñåõìáôïåéäÞò áñèñßôéäá, ç 

êïêêéùìÜôùóç Wegener, ï óõóôçìáôéêüò åñõèçìá-

ôþäçò ëýêïò, ôï Üóèìá, ç óáñêïåßäùóç, ç ðñùôïðá-

èÞò ÷ïëéêÞ êßññùóç êáé ç óêëçñïäåñìßá êáé óõíÞèùò 

óå óõíäõáóìü ìå infliximab, etanercept êáé ôï áda-
55limumab . 

Ïé ÷áìçëÝò äüóåéò ìåèïôñåîÜôçò ìðïñåß íá ìåéþóïõí 

ôá áðïèÝìáôá öõëëéêïý ïîÝïò êáé íá ðñïêáëÝóïõí 

áíåðéèýìçôåò åíÝñãåéåò ðïõ åßíáé ðáñüìïéåò ìå åêåß-

íåò ðïõ åìöáíßæïíôáé áðü ôçí áíåðÜñêåéá öõëëéêïý 

ïîÝïò. Åäþ óõìðëçñþìáôá öõëëéêïý ïîÝïò ðñïôé-

ìþíôáé êáé ìðïñåß íá óõìâÜëïõí óôç ìåßùóç ôùí 

ôïîéêþí ðáñåíåñãåéþí ôçò ìåèïôñåîÜôçò, ÷ùñßò íá 

ìåéþíåôáé ç áðïôåëåóìáôéêüôçôÜ ôçò, åöüóïí ç êýñéá 

äñÜóç ôçò ìåèïôñåîÜôçò äåí åßíáé ç áíáóôïëÞ ôçò 

DHFR. ÐáñÜäåéãìá áðïôåëåß ç èåñáðåßá ôçò íüóïõ 

ÁäáìáíôéÜäç-Behçet üðïõ ëáìâÜíåôáé ìåèïôñåîÜôç 
56åâäïìáäéáßùò, êáé öõëëéêü ïîý çìåñçóßùò .
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Summary

The history of methotrexate dates back to 

1948 with the initial report by S. Farber and 

the successful use of aminopterin, an anti-

folate in the treatment of childhood 

leukemia. Methotrexate is part of a general 

group of chemotherapy drugs known as 

anti-metabolites and it is used to treat 
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Summary

The purpose of this mini review is to address the role of 

the scientific excellence of innovative medicines 

through Nanotechnology and Bionanotechnology in 

Greece. More specifically, this mini review paper 

deals with the new technologies and the research 

activities of the scientists operating in Greece with an 

emphasis on nanotechnology, biotechnology and 

Systems Pharmacology through –omics. The devel-

opment of new and innovative drugs in order to impro-

ve the health care and to rational design the frame by 

which the health expenditures meet social needs, is an 

issue which needs to merge innovations in pharmaceu-

tical nanotechnology. Furthermore this article deals 

with the Greek scientific efforts which are focused on 

the innovation in science and in advanced Pharma-

ceutical technology and Bio- Nano- technology.

Keywords

Innovative medicines, Nanotechnology, Biotechno-

logy, Greece. 

Introduction

This article is to address the role of the scientific 

excellence of innovative medicines as the key element 

in the development process in Greece The advances in 

Pharmaceutical nanotechnology and nanomedicine 

promote the personalized medicine and can fill the gap 
1,2between technology and biosciences (Figure 1).  

Nanotechnology is the manipulation of matter on an 

atomic and molecular scale. The earliest, widespread 

description of nanotechnology referred to the parti-

cular technological goal of precisely manipulating 

atoms and molecules for fabrication of macroscale 

products, also now referred to as molecular nano-

technology. A more generalized description of nano-

technology was subsequently established by the 

National Nanotechnology Initiative, which defines 

nanotechnology as the manipulation of matter with at 

least one dimension sized from 1 to 100 nanometers. 

ionanotechnology, nanobiotechnology, and nanobio-

logy are terms that refer to the intersection of 

nanotechnology and biology. Given that the subject is 

one that has only emerged very recently, bionano-

technology and nanobiotechnology serve as blanket 

terms for various related technologies. This discipline 

helps to indicate the merger of biological research with 

various fields of nanotechnology. Concepts that are 

enhanced through nanobiology include: nanodevices, 

nanoparticles, and nanoscale phenomena that occurs 

within the discipline of nanotechnology. This techni-

cal approach to biology allows scientists to imagine 

and create systems that can be used for biological 

research. Biologically inspired nanotechnology uses 

biological systems as the inspirations for technologies 

not yet created.  

The rearrangement of the current concept of the 

conventional classification of deceases to the new 

concept on 'decease classes', can provide new insights 
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for a better therapeutic approach through improveme-

nts in diagnosis. Consequently the misclassification of 

the data from the clinical or laboratory approaches 

could be avoided by the translations of data coming 

from the genotype profile of each patient. The disco-

very of new biological targets creates a new frame to 

explore new genome expressions which could be the 

platform for innovative drug development. It is of 

interest to point out that developing of theragnostics 

(which is a key part of personalized medicine and 

could be defined as the proposed process of diagnostic 

therapy for individual patients - to test them for possi-

ble reaction to taking a new medication and to tailor a 

treatment for them based on the test results) in terms of 

the technological evolution and ability to produce 'two 

in one' diagnostic and therapeutic pharmaceutical 

products at nanoscale level is a challenge in the re-
3search and developing process.   Pharmaceutical na-

notechnology is a multidisciplinary scientific plat-

form that can provide advancements in therapeutics 

with accuracy, effectiveness and safety in clinical 

practice. The bio-inspired Pharmaceutical nanotech-

nology especially in the area of drug delivery 

nanosystems such as targeted drug carriers inspired by 

the new biological targets can produce innovative deli-

very nanosystems that are characterized as bio-in-

spired drug delivery nano systems (bio-inspired D-

DnSs). These systems have directions that contri-bute 

to create the systems technology that incorporate the 

art for producing nano-devices for diagnosis such as 

quantum dots and cantilevers as well as for producing 
4accurate, effective and safe bio-inspired DDnSs.  Ac-

cording to the data base of scientific publi-cations 

(National Science Indicators), we highlighted some of 

the scientific and technological efforts coming from 

the Greek scientific community, despite the huge 
5-8crisis.

2. In brief, the recent scientific excellence in 

Greece in the field of Nanotechnology and 

Biotechnology

The concept to promote the integration between 

–omics and nanotechnology is presented in a review 

article by  Viziriankis and  Fatouros (2012) who noted 

that personalized nanomedicine improves the clinical 

outcome by crossing the borderlines of genomics with 
9,10nanotechnology.  In this respect, recent techno-

logies, such as nanotechnology, provide new opportu-

nities for next generation scintillation devices and 

instruments. In medical imaging, detector technology 

has found widespread use, offering improved signal 
11capabilities.  Novel aerosol therapeutic modalities 

have been investigated by Zarogouldis and his collo-

gues for lung cancer because inhaled gene therapy has 

presented safety and effectiveness previously in cystic 
12,13fibrosis.  Tanner et al., reported a controllable strain 

gauge factor obtained using a two dimensional nano-
14particles layer formed from platinum nanoparticles.  

Radiopharmaceuticals are a key tool of molecular 

imaging in the field of neuclear medicine because 

molecular imaging of cancer using nanosized mate-

rials comprises an important part in systems diagno-
15,16stics.  Magnetically and charged targeted drug 

delivery may be an ideal method of pharmaceutical 

treatment during the resuscitation efforts and post- 

resuscitation period, as well as in the detection of post-
17,18cardiac arrest brain injury.  Femtosecond laser assi-

sted nanosurgery of microscopic biological specimens 

is a relatively new technique which allows the sele-

ctive disruption of sub-cellular structures without cau-

sing any undesirable damage to the surrounding re-
19gions.  Open-ended, multi-wall carbon nanotubes 

(CNTs) with magnetic nanoparticles encapsulated 

within their graphitic walls were fabricated by a com-

bined action of template growth and a ferrofluid cata-
20-22lyst/carbon precursor, and tested as drug hosts.  In 

their study, Karagkiozaki et al., (2010) presented an 

example of how nanomedicine can offer solutions for 

improving stent coating manufacturing, by producing 

nanomaterials with tailored and controllable pro-
23-25perties.  Recently, the Modulatory Controlled Re-

lease nano Systems (MCRnS) used as drug delivery 

nano carrier,  based on liposomal technology, has been 

proposed to classify in hybrid and chimeric systems 

based on the nature of bioelements used for producing 

the Drug Delivery nano System (DDnS) with 
26-29modulatory properties.   Dinca et al. proposed a new 
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method for the precise, three-dimensional patterning 
30of amyloid fibrils.  Oral transmucosal fentanyl citrate 

31was proposed, too.  Polymeric self-assembled nano-

particles have been studied for their application of 

combined diagnosis (biosensors), and therapy through 

nanotechnology applications is attracting increasing 
32-37attention worldwide.  It was also reported an easy 

and highly reproducible preparation route, using self-

emulsifying technology, for an orally administered 

high quality magnetically responsive drug delivery 
38system.  Stamopoulos and his collogues presented an 

in vitro investigation on the biocompatibility of bare 
39,40ferromagnetic nanoparticle-targeted.  It was 

investigated the influence of antigen entrapment in 

polymeric nanoparticles on the immune responses 
41obtained after transcutaneous immunization.  The 

core-shell microgels comprise novel two-compa-

rtment nanostructures synthesized by Christodoulakis 

and Vamvakaki that exhibit contraphilic properties in 

the core and the shell of the particles in response to a 
42single external stimulus.  In their recent publication, 

Kremmydas et al. noted the characterization of bio-

control activity of Pseudomonas fluorescens strain X 
43that reveals novel genes regulated by glucose.  A 

custom-made electroeluter that combines low-cost, 

high-recovery yields, short times of electroelution, 

and convenience in the manipulation of sensitive 
44samples was described by Fadologlou.  Toliopoulos 

et al. designed a study in order to evaluate the effects of 

five homoeopathic complex preparations on 

functional activity natural killer cells in advanced 
45cancer patients.  A causative relationship between 

mitochondrial biogenesis and dynamics in 

neurodegeneration was recently analyzed by 
46Nikoletopoulou and Tavernarakis.   Makridakis et al. 

reported in their recent review article the main 

findings from the investigation of stem cell secretome 

by the use of contemporary proteomics methods and 
47discuss the current status of research in the field.  

Abatzoglou et al. noted the establishment and valida-

tion of a method for multi-dose irradiation of cells in 

96-well microplates because microplates are useful 

tools in chemistry, biotechnology and molecular 
48biology.  The purpose of Tsolis' et al. work was to 

construct a consensus prediction algorithm of aggre-

gation-prone peptides in globular proteins, combining 
49existing tools.  Arampazti et al. proposed a novel 

chromatin anti-condensation role for this element in 

mitotic bookmarking and timing of post-mitotic trans-
50criptional reactivation.  Tsakogiannis et al. identified 

of novel sequence variants of human papillomavirus 
5116.  The study of Papadodima et al. aimed to exploit 

bioinformatic tools in order to analyze microarray data 
52of atherosclerotic aortic lesions.  Bitsika et al. in their 

review summarized various approaches where the 

tumor-homing capacities of fetal mesenchymal stem 

cells that can be utilized as delivery vehicles for cancer 
53therapeutics.  Chondrogianni et al. investigated the 

protein damage, repair and proteolysis and highlighted 

that different drugs as well as natural compounds that 

interfere with proteolysis have been identified and/or 

developed resulting in homeostatic maintenance 
54and/or the delay of disease progression.  Kourtis et al. 

have published their work concerning on small heat-

shock proteins that protect from heat-strock-asso-
55ciated neurodegeneration.  The latest findings on bio-

markers potentially beneficial in disease stratification 

based on aggressiveness and prognosis were reported 
56,57by Frantzi et al.  According to Nikolouli and 

Mossialos, bioactive compounds synthesized by non-

ribosomal peptide synthetases and type-I polyketide 

synthases discovered through genome-mining and 

metagenomics, allowing the exploitation of so far 

untapped microbial resources in biotechnology and 
58medicine.  Stefanou et al. developed and validated a 

simple, sensitive and rapid method for the quantitation 
59of alkylating drug-induced DNA damage.  The 

findings of Pintzas et al. investigation provided 

mechanistic basis for a pharmacogenomic approach, 

which could be exploited further therapeutically, in 

order to reach novel personalized therapies for cancer 
60patients.   Margoni et al. reviewed the roles of trans-

forming growth factor-beta/bone morphogenetic pro-
61tein signaling pathway in adipocyte differentiation.  

Koryllou et al. investigated the cell death of human 

origin and implication of RNA binding protein 
62alterations.  Zoidakis et al. study involved the 

application of a fractionation method of urinary pro-
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Ç óõììá÷ßá Íáíïôå÷íïëïãßáò, 
Âéïåðéóôçìþí êáé  Ñõèìéóôéêþí 
Ïñãáíéóìþí ìå óôü÷ï ôá 
êáéíïôüìá öÜñìáêá. Ç óõìâïëÞ 
ôçò ÅëëÜäáò

Êþóôáò ÄåìÝôæïò, ÍáôÜóóá Ðßððá
ÔïìÝáò ÖáñìáêåõôéêÞò Ôå÷íïëïãßáò, ÔìÞìá 

ÖáñìáêåõôéêÞò, ÐáíåðéóôÞìéï Áèçíþí, 
Ðáíåðéóôçìéïýðïëç ÆùãñÜöïõ, 15784, ÁèÞíá

63teins.  Vasilopoulos' et al. study was the first in the 

field of psoriasis demonstrating a strong association 

between genetic markers and positive response to drug 
64 treatment. Mourtas et al.  described describe here the 

preparation and characterization of new nanoparticles 

to be exploited as vectors for the targeted delivery of 

new diagnostic and therapeutic molecules for Alzhei-
65mer disease.  Recently,  the fractal approach is inclu-

66-74ded in many fields of Pharmaceutics.  The Pharma-

covigilance is one of the most crucial topic in these 
75 research orientations.

3. Conclusions 

The scope of this mini review article is to address the 

role and to promote the alliance between advanced 

nanotechnology in Pharmaceutics, biosciences and 

regulatory authorities as the major initiators for health 

care, in Greece. The collected statistical data on 

research of innovative medicines pointed out that the 

Greek scientists could take advantage of the “Horizon 

2020” on the continuity of their investigation, whilst 

how the accumulation of knowledge at Greek 

universities and research foundations could be 

translated into industrial health products with added 

value, safe and effective for the European consumers.

Figure 1. The system approach in Pharmaceutical Sciences

Ðåñßëçøç

Ï óêïðüò áõôïý ôïõ Üñèñïõ åßíáé íá åîåôá-

óôåß ï ñüëïò ôçò åðéóôçìïíéêÞò áñéóôåßáò 

óôïí ôïìÝá ôùí êáéíïôüìùí öáñìÜêùí ìÝ-

óù ôçò Íáíïôå÷íïëïãßáò êáé ôçò Âéïíáíï-

ôå÷íïëïãßáò óôçí ÅëëÜäá. Ðéï óõãêåêñé-

ìÝíá, áõôü ç áíáóêüðçóç áó÷ïëåßôáé ìå ôéò 

íÝåò ôå÷íïëïãßåò êáé ôéò åñåõíçôéêÝò äñá-

óôçñéüôçôåò ôùí åðéóôçìüíùí ðïõ äñáóôç-

ñéïðïéïýíôáé óôçí ÅëëÜäá, ìå Ýìöáóç óôïí 

ôïìÝá ôçò Íáíïôå÷íïëïãßáò, ôçò Âéïôå÷íï-

ëïãßáò êáé ôçò ÓõóôçìéêÞò Öáñìáêïëïãßáò 

ìÝóù ôçò ðñïóÝããéóçò ôùí -omics. Ç áíÜ-

ðôõîç ôùí êáéíïôüìùí öáñìÜêùí, ðñïêåé-

ìÝíïõ íá âåëôéùèåß ç äçìüóéá õãåßá êáé ôçí 

ïñèïëïãéêÞ ó÷åäßáóç ôïõ ðëáéóßïõ ìå ôï 

ïðïßï ïé äáðÜíåò õãåßáò óõãêëßíïõí ìå ôéò 

êïéíùíéêÝò áíÜãêåò, åßíáé Ýíá æÞôçìá ðïõ 

ðñÝðåé íá èéïèåôÞóåé ôéò êáéíïôïìßåò óôïí 

ôïìÝá ôçò ÖáñìáêåõôéêÞò Íáíïôå÷íïëï-

ãßáò. ÅðéðëÝïí, áõôü ôï Üñèñï áó÷ïëåßôáé 

ìå ôéò åëëçíéêÝò åðéóôçìïíéêÝò åñãáóßåò, ïé 

ïðïßåò åðéêåíôñþíïíôáé óôçí êáéíïôïìßá 

ôçò åðéóôÞìçò êáé ôçò ðñïçãìÝíçò öáñìá-

êåõôéêÞò ôå÷íïëïãßáò êáé ôçò Âéïíáíïôå-

÷íïëïãßáò.

ÓõããñáöÝáò áëëçëïãñáößá:  
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®separation of the analytes was performed on a X'Terra  

C  MS analytical column, using 0.05% formic acid-8

acetonitrile as mobile phase, under gradient condi-

tions. After extraction of the analytes with Bond Elut 

certify SPE cartridges, samples were simultaneously 

off-line injected in the HPLC and LC/MS systems. 

The method was applied in a clinical sample of toxi-

cological interest and is proposed when inadequate 

mass fragmentation in a single quadruple LC/MS does 

not provide appropriate information to meet confir-

mation criteria but also for TDM and pharmacokinetic 

studies.

Keywords

risperidone; 9-hydroxyrisperidone; HPLC; LC/MS.

1. Introduction

Risperidone (Rs) is used in the treatment of schizo-

phrenia and other psychotic syndromes. It is reported 

that it is effective in the treatment of both positive and 

negative symptoms of schizophrenia, and that, as 

other atypical antipsychotics, it is less likely to produ-

ce extrapyramidal side effects when compared with 

classical antipsychotics. The advantages of the thera-

Abstract

Risperidone has been widely used in the treatment of 

schizophrenia. From toxicological point of view, 

risperidone appears to be involved in a number of 

clinical cases related to abnormal use or overdosage. 

Although a number of articles report the determination 

of this drug in biological fluids, until today no study 

has been conducted to address the problem of limited 

fragmentation of a single quadruple mass spectro-

meter (HPLC–MS/ESI) when assaying risperidone 

and its active metabolite (9-OH risperidone). In this 

case confirmation of the analytes is insufficient. In this 

study, we propose an off-line combined HPLC and 

LC/MS method in order to collect the appropriate 

identification points and meet the confirmation 

criteria as they are set by the EU guidelines. A simple 

HPLC method has been validated for the 

determination of Rs and 9-OH Rs in human plasma, 
®using an ODS X'Terra  analytical column. The 

chromatographic run time is less than 13 min using a 

mobile phase of 40:60 (v/v) acetonitrile–triethylamine 

0.02%, at 1 mL/min flow rate and UV/Vis detection at 

280 nm. The method is linear in the concentration 

range of 3–100 ng/mL for each analyte. The LC/MS 
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peutic profile of this drug have led to increasing use of 
1, 2them in treatment of schizophrenic patients . Howe-

ver, high doses of this atypical antipsychotic are 

suspected to pose an increased risk for extrapyramidal 
3, 4side effects or other side effects .

Several analytical methods, for the determination of 

Rs and its active metabolite (9-OH risperidone; 9-OH 

Rs) in human plasma have been introduced using 
5-12HPLC-UV/Vis , LC with tandem mass spectro-

13-23metry  or single quadruple MS 24, or HPLC-EC de-
25-28tection . While UV/Vis and electrochemical dete-

ction are known for their selectivity limitations in 

order to meet the confirmation criteria as they are set in 
29EU guidelines , tandem mass spectrometer appears to 

be a highly sensitive but high cost solution for a 

number of laboratories. In this case, LC single-

quadruple MS provides an alterarnative solution for 

the determination of Rs and 9-OH Rs in biological 

fluids. However, the only reported method using LC 

single quadruple MS does not describe how to over-

come the inadequate LC–MS fragmentation of both 

analytes in human plasma, since in cases of toxico-

logical interest the confirmation of the presence of 

analytes is a prerequisite. 

This paper describes an off-line combined HPLC 

UV/Vis and LC/MS method for the determination of 

Rs and 9-OH Rs (Fig. 1A, Rs; 1B, 9-OH Rs) in human 

plasma by collecting the appropriate identification 

points (IP; n=4). Initially, the use of gas chromatogra-

phy mass spectrometry (GC–MS) was investigated for 

the assay of these analytes, without success. GC–MS 

appears to be problematic for the detection of Rs and 

9-OH Rs since both compounds undergo thermal de-

gradation in the gas chromatograph and are not de-
30tected in the routine screen . The next step was to 

investigate the mass fragmentation procedure of both 

compounds in a liquid chromatography single qua-

druple mass spectrometer. The result was a poor 

number of fragments (1 quantifier ion and 1 qualifier 

ion for each analyte) and thus we decided to develop a 

supplementary HPLC UV/Vis method for the 

determination of these compounds and use it in combi-

nation with LC–MS. Using this combined method, the 

presence of Rs and 9-OH Rs is confirmed by gathering 

3.5 IPs (quantifier ion: 1 IP; product ion: 1.5 IPs; 

retention time: 1 IP) for each analyte from LC/MS (m/z 

411191, Rs; 427207, 9-OH Rs) [17, 31] and 1 IP 

(retention time) from HPLC-UV/Vis. The developed 

HPLC method covers both therapeutic and toxic levels 

and can be used also for the therapeutic drug 

monitoring (TDM) and pharmacokinetic studies of Rs. 

2. Material and methods

2.1. Chemicals and reagents

Reference standards of risperidone, 9-OH risperidone, 

midazolam (internal standard for HPLC; IS ) and 1

imipramine (internal standard for LC/MS; IS ) were 2

obtained from LGC Promochem (Molsheim, France). 

Acetonitrile and MeOH were of HPLC grade and 

purchased from Merck (Darmstadt, Germany). Water 

was deionized and further purified by means of a 

Direct-Q water purification system from Millipore SA 

(Molsheim, France). Formic acid, triethylamine 

(TEA), NaH PO , Na HPO and acetic acid were of 2 4 2 4 

analytical grade and were obtained also from Merck. 

Drug free human plasma was obtained from plasma 

units of the blood bank of Aglaia Kyriakou Pediatric 
® ®Hospital (Athens, Greece). X'Terra  C  and X'Terra  18

C  MS analytical columns were purchased from 8

Waters (Milford, MA, USA).

2.2. HPLC-UV/Vis conditions

Chromatography was performed with a HPLC system 

consisting of a Jasco Model 880 PU pump fitted with a 

model 880-2 Ternary Gradient Unit and a Model 875 

UV variable wavelength UV/Vis from Japan Spectro-

scopic Co. Ltd. (Tokyo, Japan). The pump was used 

under isocratic conditions on manual mode and dete-

ctor was operated at 280 nm. The system fitted with a 

Model 7125 manual injector Rheodyne (Cotati, CA, 

USA) and a 50 ìL sample loop. Samples were chroma-
®tographed on a X'Terra  C  reversed-phase column 18

(250 ?  4.6 mm, 5 ìm). Mobile phase was consisted of 

ACN:H2O (40:60, v/v) with the addition of 0.02% 

TEA. Flow rate was adjusted at 1.0 mL/min. A Hewlett 

Packard HP 3394A integrator from Hewlett Packard 

Company (Avondale, PA, USA) was used to record 
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chromatograms, at peak area mode (chart speed 0.2 

cm/min). A Millipore filtration system from Millipore 

SA (Molsheim, France) with type HV Millipore filters 

(pore size 0.45 mm) was used, for degassing the 

mobile phase under vacuum. Vortex was supplied by 

Heidolph Instruments GMBH & Co KG (Schwabach, 

Germany). A Fisher isotemp dry bath Model 145 from 

Thermo Fisher Scientific Inc. (Waltham, MA, USA) 

was used for the evaporation of the extraction 

solvents.

2.3. LC/MS conditions

A Shimadzu LC system (Shimadzu, Kyoto, Japan) 

consisting of a LC 20AB pump equipped with a DGU 

20A  degasser and a SIL 20AC autosampler, was used 5

for the LC/MS chromatographic separation. 

Chromatographic separations were achieved on a 
®X´Terra  MS C  analytical column (250 x 2.1 mm i.d., 8

5ìm). The mobile phase was consisted of 0.05% 

formic acid (solvent A), acetonitrile (solvent B) and 

eluted under the following linear gradient conditions: 

(Á:Â; v/v) from 1:99 to 25:75 in 15 min, fast gradient 

to 1:99 in 15.01 min and then isocratic elution until 

40.0 min for re-equilibration. The flow rate was 

constant (0.25 mL/min) for the first 5 min, increased to 

0.4 mL/min from 5.01 min to 25 min and return to 0.25 

mL/min for re-equilibration. The analysis run time 

was 40 min and the injection volume was 10 ìL. 

The mass spectrometer was a single quadruple mass 

spectrometer (Shimadzu, LCMS 2010EV, Kyoto, 

Japan) with an electrospray ionization (ESI) source 

operating in positive mode. Nitrogen was used as 

drying and nebulizer gas and the instrument 
+parameters were optimized by tuning the [M+H]  and 

product ions of the analytes, by direct infusion of their 

standard solutions. The Nebulizer gas flow was set to 

1.5 L/min. CDL and Heat Block temperatures were 

optimized and kept at 230C. The appropriate CDL, Q-

array DC and Q-array RF voltages were adjusted to 3, 

5, 5, and 140V, respectively. Rs and 9-OH Rs were 
+detected using their pseudo-molecular ions [M+H]  as 

quantifier ions (m/z 411 for Rs; m/z 427 for 9-OH Rs) 

and their single product ions as qualifier ions (m/z 191 

for Rs; m/z 207 for 9-OH Rs). Imipramine was 

+detected using its [M+H]  (m/z 281). Internal standard 

in LC/MS was switched to imipramine since 

midazolam appeared to be chromatographically not 

accepted. The mean retention times of Rs, 9-OH Rs 

and imipramine were 15.2 for Rs and 9-OH Rs and 

16.9 min for imipramine. The data were acquired and 

processed using the LCMSsolution software (version 

3, Shimadzu). 

2.4. Stock and working standard solutions

A mixed working standard solution of Rs and 9-OH Rs 

at 10 ìg/mL was prepared from their appropriate 

separate stock solutions of 1 mg/mL. Working solu-

tions at a calibration range of 30-1000 ng/mL were 

prepared by appropriate dilutions of the 10 ìg/mL 

mixed standard solution with ultrapure water. 

Working solutions were prepared also for quality 

control (QC) samples by appropriate dilutions of diffe-

rent batches of stock solutions to obtain final con-

centrations of 90, 300, and 800 ng/mL. Working stan-

dard solution of midazolam (IS) was prepared at 1 

ìg/mL by dilution of 10 ìg/mL standard solution with 

ultrapure water.

2.5. Calibrator and quality control samples

Plasma standards for calibration curves and QC were 

prepared by spiking 0.9 mL aliquots of drug free 

human plasma with 100 ìL of the appropriate mixed 

standard solution of Rs and 9-OH Rs, providing a 

calibration range between 3-100 ng/mL and QC levels 

at 9, 30, and 80 ng/mL. 

2.6. Sample extraction

50 ìL of midazolam (1 ìg/mL) was added to 1 mL of 

human plasma and the sample was centrifuged at 2000 

rpm for 10 min. The supernatant was extracted in Bond 

Elut Certify SPE cartridges.  The columns were 

conditioned with 1mL MeOH, 1mL water and 1 mL 

acetic acid 1M. After loading of sample, the cartridges 

were washed with 4mL acetic acid and 1mL of butyl-

acetate before drying them for 10min. Analytes were 

eluted with 3mL of MeOH/NH  (97/3, v/v). The eluent 3

was then transferred into a 10 mL conical glass tube 

and evaporated to dryness at room temperature under a 
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gentle stream of nitrogen. The residue was 

reconstituted in 150 ìL of ACN:H O 50:50, v/v. An 2

aliquot of 50 ìL was injected into the HPLC system 

and another aliquot of 10 ìL was injected into the 

LC/MS system.

2.7. Validation procedure

Calibration graphs of the recovered standards were 

prepared for each of the three days of analysis to 

establish linearity and reproducibility of the HPLC 

system. Graphs were constructed of the analytes 

versus the IS peak area against drug concentration 
29according to European Union criteria . Spiked human 

plasma calibrator at seven concentration levels, were 

prepared and analyzed in three different analytical 
2runs. Weight (1/x ) least square linear regression was 

used to obtain the equations of the calibration curves. 

QC samples were processed in three replicates at each 

concentration for three different analytical runs in 

order to evaluate the intra- and inter-assay precision 

and accuracy. Specificity was tested by analyzing 

human plasma spiked with drugs that could be co-

administered with Rs (codeine, phenobarbital, cloza-

pine, olanzapine, carbamazepine, venlafaxine, paro-

xetine, citalopram, clomipramine, mirtazapine, ami-

triptyline, biperiden, and haloperidol). Concentrations 

in these mixtures were 1 ìg/mL. In addition, six dif-

ferent blank human plasma were analyzed in order to 

evaluate the absence of interfering peaks in the 

chromatographs of the analytes and the IS. Carry over 

was examined each working day by analyzing blank 

sample after a calibration spiked standard with 

concentration 100 ng/mL. The recovery was inve-

stigated at three levels for Rs and 9-OH Rs (9, 30, and 

80 ng/mL) and was calculated by the comparison of 

six extracted spiked samples to unextracted aqueous 

standard solutions of the same concentration.

2.8. Matrix effects

For the investigation of the signal suppression caused 

by co-eluting matrix substances in LC/MS, six 

different blank plasma samples spiked with the 

analytes at two concentration levels (9, 80 ng/mL) 

were analyzed. The absolute and relative responses of 

Rs and 9-OH Rs in the spiked plasma samples were 

compared with the results obtained from aqueous 

standard samples spiked at the same concentration 

levels.

2.9. Application in real samples

A human plasma obtained from clinical case was 

further assayed according to the proposed HPLC and 

LC/MS method, in order to investigate its applicability 

for confirmation purposes. 

3. Results and Discussion

3.1. HPLC chromatographic conditions 

optimization 

During the preliminary experiments, several combi-

nations of mobile phase composition (ACN:NaH PO , 2 4

ACN:Na HPO , ACN:TEA MeOH:NaH PO  2 4 ,  2 4 ,

MeOH:Na HPO , MeOH:TEA) and pH (3, 6, 10.5) 2 4

were investigated, in order to obtain the optimum 

separation of Rs and 9-OH Rs. It was observed that pH 

affected the retention times of the analytes and their 

separation. Decreasing the pH value resulted in an 

overlapping between the analyte peaks, which con-

sequently led to a separation failure. At higher pH 

values (>10) 9-OH Rs was sufficiently separated due 

to the de-protonation of the hydroxy group that led to 

increased polarity. Therefore, pH 10.5 with the 

addition of 0.02% TEA was chosen as the optimum 

value. In addition, as the percentage of acetonitrile 

decreased, the retention times for the drugs were lon-

ger while the separation of the analytes were sufficient 

until 40% of ACN. At higher values, retention time of 

the analytes was too short and metabolite's peak 

overlapped with endogenous compounds. Conse-

quently, the best separation of Rs, 9-OH Rs and 
®midazolam (IS) on the X'Terra  C  column was achie-18

ved using a mobile phase of 40:60 (v/v) acetoni-

trile:water with the addition of 0.02% TEA to obtain 

retention times of 9.8, 7.2 and 12.1 min, respectively.

3.2. Sample extraction optimization

Liquid-liquid extraction is known to yield increased 

ion suppression in LC/MS due to the limited removal 
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of endogenous components from the plasma matrix. 

Thus, solid-phase extraction (SPE) was selected in 

order to achieve the appropriate sensitivity with 

minimum ion suppression effect. SPE was tested using 

different columns (C , Oasis HLB, ABS Elut Nexus 18

LRC, ISOLUTE® HCX and Bond Elut LRC Certify). 

C  columns which favor non-polar interactions, 18

provided increased interferences that prevented the

 proper quantitation of the compounds. The same 

results were obtained even when wash step was 

modified. OASIS HLB and ABS Elut Nexus 

cartridges provided low extraction efficiency (<20%) 

and were rejected. Both columns are characterized by 

a combination of hydrophilic and lipophilic 

interactions. Oasis HLB is a hydrophilic-lipophilic 

balanced, water-wettable made from two monomers; 

the hydrophilic N-vinylpyrrolidine and the lipophilic 

divinylbenzene. Bond Elut NEXUS is an ultra-clean 

polymeric sorbent which has bi-modal porosity and a 

high surface area. NEXUS offers a non-polar retention 

mechanism. The optimum recovery was achieved with 

ISOLUTE® HCX and Bond Elut LRC Certify 

columns. Both cartridges possess mixed-mode 

sorbent combining non-polar (C ) and strong cation8

- exchange retention (SO ) mechanisms to isolate basic 3

analytes. Bond Elut LRC Certify columns were finally 

selected since they require less solvent volume. When 

using Bond Elut LRC Certify cartridges, the 

chromatogram was free of interferences and recovery 

was found to be 86.95% êáé 97.52% for Rs and 9-OH 

Rs, respectively. 

3.3. Selectivity - Specificity

No endogenous plasma components were eluted at the 

retention time of the analytes, while none of the spiked 

drugs interfered with the analyte peaks.

3.4. Linearity

The calibration curves were linear in the 

corresponding dynamic ranges with square correlation 
2coefficient (r )  0.994 and 0.986 for Rs and 9-OH Rs, 

respectively (Table 1), while the % RSD of the slopes 

was  6.73. Figure 2A represents a typical chromato-

gram of blank plasma sample with the addition of IS 

while Figure 2B represents a typical chromatogram of 

spiked plasma sample.

3.5. Limits of detection and quantification

LOD and LOQ levels were found to be 1 ng/mL 

(S/N>3) and 3 ng/mL (S/N>10), respectively, for both 

analytes (Table 1).

3.6.  Precision and accuracy 

The %RSD of intra- and interday precision were found

to be less than 8.3 and less than 11.7, respectively, for

 both analytes. The % of intra- and interday accuracy 

were found to be less than 6.4 and less than -9.0, 

respectively, for both analytes (Table 2).

Regression  
a                                   equation 2b                                       r c                                              s.d d                                LOD eLOQ

Slope   Intercept

Rs = 
-2

4.7×10  × C  Rs + 
-2           

1.4×10 0.994     
-2     

1.3x10
-2                                  

1.1x10
                

1.0 3.0

9-OH R  s = 
-2 4.2?10 × C  9-OH Rs+ 

-2  0.7?10 0.986  
-21.5x10   1.2   

-2x10   1.0    3.0

a
 Ratio of the peak area amplitude of the analyte to that of the internal standard, (risperidone, Rs 9-OH risperidone, 9-OH Rs)  ; 

vs. the corresponding concentration; C  is the concentration of risperidone; C9-OH Rs is the concentration of 9-OH risperidoneRs.  

b
 Square correlation coefficient

c  Standard deviation of slope and intercept
d 
Limit of detection

e
 Limit of quantitation

Table 1. Analytical parameters of the calibration equations for the determination of Rs and 9-OH Rs in human plasma

Mean of three calibration curves; calibration range: 3-100 ng/mL 
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3.7. Matrix effect

An important issue in method development of a

qualitative or quantitative analysis in biological 

matrix using LC/MS, is the potential occurrence of 

matrix effects, defined as the effect of co-eluting 

residual matrix components on the ionization of the 

target analyte. Although the interferences may remain 

undetected because of the selectivity of the MS 

detection, they do affect the reproducibility and 
32, 33accuracy of the developed procedure .

Conc.Added 

(ng/mL) 

Conc. Found 

(ng/mL) 

% R.S.D. % Er Conc. found  

(ng/mL) 

%R.S.D. % Er 

 Rs   9-OH Rs   

Intraday       

9 9.2 ± 0.7 7.7 2.2 9.4 ± 0.86 9.1  4.4 

30 28.6 ± 2.4 8.3 -4.7 27.3 ± 3.2 11.7 -9.0 

80 83.7 ± 4.6 5.5 4.6 84.7 ± 6.1 7.2  5.9 

Interday       

9 9.4 ± 0.7 7.9 4.4 9.7 ± 0.91 9.4  7.8 

30 29.3 ± 2.4 8.2 -2.3 27.8 ± 3.1 11.1 -7.3 

80 85.1 ± 5.6 6.6 6.4 83.8 ± 6.5 7.8  4.8 
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Table 2. Intraday and interday accuracy and precision data for risperidone (Rs) and 9-OH risperidone (9-OH Rs) in spiked plasma 

samples (n = 9)

Figure 1. Chemical structure of A: risperidone, Rs and B: 9

-OH risperidone, 9-OH Rs

Figure 2. Representative HPLC chromatogram obtained from 

the analysis of A) blank plasma sample; midazolam (IS) 

(t =12.2  R

(Rs; t =9.8 min), 9-OH risperidone (9-OH Rs; t =7.2 min)R R

 and midazolam (IS; t =12.2 min) R

min), and B) spiked plasma sample with risperidone 



In this study, the responses of Rs and 9-OH Rs were 

affected by the matrix no more than 20% while plasma 

components did not appear to affect the column effi-

cacy. In this case the use of an internal standard is 

equally affected by fluctuations in detector response 

and ionization efficiency as the analytes and the IS and

the analytes possess similar physicochemical chara-

cteristics. 

3.8. Clinical case

In voluntary drug intoxications, the ingested dose and 

the beginning of intoxication are often unknown. Ne-

vertheless, the expected concentrations are generally a-

bove the therapeutic concentration. The therapeutic 

concentrations of Rs and 9-OH Rs range between 4-30 
3 4ng/mL  and  12-60  ng /mL,  respec t ive ly .

By using the proposed method we were able to

confirm the presence of Rs and 9-OH Rs in a clinical 

sample and manage a case of Rs poisoning by a child. A 

typical patient LC/MS chromatogram is shown in Fig3.

Conclusions

In general unknown screening where any prior use of 

medications is not known, HPLC-UV/Vis cannot be 

used alone since other drugs may interfere with Rs and 

9-OH Rs. In addition, the fact that the identification of 

Rs and 9-OH Rs in plasma using GC–MS is 

problematic has led the toxicologists to the application 

Figure 3. LC/MS chromatogram obtained from the analysis of a clinical plasma sample (Risperidone, Rs, t  = 12.5 min, m/z  R

411191; 9-OH Risperidone, 9-OH Rs, t  = 12.5 min, m/z 427207; Imipramine, IS, t  = 16.9 min, m/z 281)R R

of LC–MS or LC–MS/MS instrumentation for this 

assay. Today, most toxicological laboratories analyze 

Rs and 9-OH Rs in human plasma using high cost 

instrumentation such as LC tandem MS systems. LC 

interfaced with single quadruple MS usually provides 

insufficient fragmentation to analytes which does not 

allow the proper meet of the confirmation criteria. In 

such a case the use of an additional technique is 

commonly used in order to collect the required 

identification points. In this, study, we report for first 

time a simplified combined HPLC with LC/MS 

method which allows the simultaneous off-line 

detection and confirmation of the presence of Rs and 

9-OH Rs in human plasma. The proposed method can 

be used for the toxicological investigation of Rs 

intoxication cases. For TDM or/and pharmacokinetic 

studies where any prior use of medication can be 

controlled, the calibration range of the HPLC-UV/Vis 

assay allows additionally the determination of Rs and 

9-OH Rs levels without interfering of any other 

undesirable drugs.
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HPLC-UV/Vis ãéá ôïí ðñïóäéïñéóìü ôçò 
Rs êáé ôçò 9-OH Rs óå ðëÜóìá, ìå ÷ñÞóç 

®ôçò áíáëõôéêÞò óôÞëçò X-Terra  ODS. Ï 
÷ñùìáôïãñáöéêüò ÷ñüíïò áíÜëõóçò åßíáé 
ìéêñüôåñïò áðü 13 ëåðôÜ ÷ñçóéìïðïéþíôáò 
ùò êéíçôÞ öÜóç 40:60 (v/v) áêåôïíéôñß-
ëéï–ôñéáéèõëáìßíç 0.02%, ìå ñõèìü ñïÞò 1 
mL/ëåðôü. Ï áíé÷íåõôÞò UV/Vis ñõèìß-
óôçêå óôá 280 nm. Ç ìÝèïäïò åßíáé ãñáì-
ìéêÞ óå åýñïò 3-100 ng/mL ãéá êÜèå áíá-
ëýôç. Ï äéá÷ùñéóìüò ôùí áíáëýôùí óôï 
óýóôçìá LC/MS ðñáãìáôïðïéÞèçêå óå 

®áíáëõôéêÞ óôÞëç X-Terra  C  MS, ÷ñçóé-8

ìïðïéþíôáò ùò êéíçôÞ öÜóç 0,05% ìõñ-
ìçêéêü ïîý-áêåôïíéôñßëéï êáé âáèìéäùôÞ 
Ýêëïõóç. Ïé áíáëýôåò åê÷õëßóôçêáí ìå 
÷ñÞóç óôçëþí Bond Elut certify êáé óôç 
óõíÝ÷åéá åã÷ýèçêáí ôáõôü÷ñïíá óôá óõ-
óôÞìáôá HPLC êáé LC/MS. Ç ìÝèïäïò 
åöáñìüóôçêå óå êëéíéêü äåßãìá ìå ôïîéêï-
ëïãéêü åíäéáöÝñïí êáé ðñïôåßíåôáé üôáí ç 
ðåñéïñéóìÝíç èñáõóìáôïðïßçóç óå áðëü 
ôåôñÜðïëï LC/MS äåí åðéôñÝðåé ôçí ðëÞñç 
ôáõôïðïßçóç ôùí áíáëýôùí, ãéá ôçí ðáñá-
êïëïýèçóç èåñáðåõôéêþí åðéðÝäùí ôïõ 
öáñìÜêïõ êáé öáñìáêïêéíçôéêÝò ìåëÝôåò.

ÓõããñáöÝáò áëëçëïãñáößá:  
Êùíóôáíôßíïò Ðßóôïò (cpistos@med.uoa.gr)  
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Ðåñßëçøç
Ç Ñéóðåñéäüíç (Rs) ÷ñçóéìïðïéåßôáé åõ-
ñÝùò ãéá ôç èåñáðåßá ôçò ó÷éæïöñÝíåéáò. Ç 
åìðëïêÞ ôçò óå ìåãÜëï áñéèìü êëéíéêþí 
ðåñéóôáôéêþí ó÷åôßæåôáé ìå ìç öõóéïëïãé-
êÞ ÷ñÞóç Þ õðåñäïóïëïãßá ìå áðïôÝëåóìá 
ï ðñïóäéïñéóìüò ôçò óôá âéïëïãéêÜ õãñÜ íá 
áðïêôÜ éäéáßôåñï ôïîéêïëïãéêü åíäéáöÝñïí. 
ÐáñÜ ôï ãåãïíüò üôé ìéá óåéñÜ áðü åðé-
óôçìïíéêÝò äçìïóéåýóåéò áíáöÝñïõí ôïí 
ðñïóäéïñéóìü ôçò ñéóðåñéäüíçò êáé ôïõ 
åíåñãïý ìåôáâïëßôç ôçò (9-ÏÇ ñéóðåñéäü-
íç, 9-OH Rs), ìÝ÷ñé óÞìåñá äåí Ý÷åé 
äéåîá÷èåß ìåëÝôç ãéá ôçí áíôéìåôþðéóç ôïõ 
ðñïâëÞìáôïò ôçò ðåñéïñéóìÝíçò èñáõ-
óìáôïðïßçóçò ôïõò üôáí áõôÞ åìöáíßæåôáé 
óå öáóìáôïöùôüìåôñï ìáæþí áðëïý ôå-
ôñáðüëïõ (HPLC-MS/ESI). Óå áõôÞ ôçí 
åñãáóßá, ðñïôåßíïõìå ìéá óõíäõáóôéêÞ ìÝ-
èïäï õãñï-÷ñùìáôïãñáößáò õðåñéþäïõò-
ïñáôïý (HPLC-UV/Vis) êáé õãñï÷ñùìá-
ôïãñáößáò öáóìáôïìåôñßáò ìáæþí 
(LC/MS), ðñïêåéìÝíïõ íá óõëëå÷èåß ï 
êáôÜëëçëïò áñéèìüò óçìåßùí ôáõôïðïßç-
óçò ãéá ôçí êÜëõøç ôùí êñéôçñßùí ôáõ-
ôïðïßçóçò üðùò áõôÜ êáèïñßæïíôáé áðü ôéò 
êáôåõèõíôÞñéåò ïäçãßåò ôçò ÅõñùðáúêÞò 
¸íùóçò. Åðéêõñþèçêå ìßá áðëÞ ìÝèïäïò 

Overcoming insufficient 
fragmentation in single quadruple 
MS by combining HPLC-UV/Vis 
with LC/MS: The case of 
risperidone in terms of the 
identification point system

1,2 1,2×ñ. ËáìðñéíÝáò , Å. ÂáñâåñÜêçò , Ê. 
1* 2 2Ðßóôïò , É. Íôüôóéêáò , Å. Ãêßêáò , É. 
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17th International Pharmaceutical Technology 

Symposium - IPTS2014 - Pharmaceutical 

Nanotechnology: Innovations, Therapeutic 

Possibilites and Technological Challenges. 

Info: www.ipts-hacettepe.org
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September 8-10, 2014, 
Antalya, Turkey.

Summer School in Pharmaceutical Analysis (SSPA) 

Info: www.users2.unimi.it/SSPA/

September 23-25, 2014 
Rimini, Italy.

 
University of Lisbon, Faculty of Pharmacy, Portugal
Info: www.efmc-ymcs.org

EFMC-YMCS 1st Young Medicinal Chemist Symposium

September 12, 2014, 
Lisbon

Info: www.pharmacy.upatras.gr

October 9-11, 2014 
Patra, Greece.

2nd Pharmaceutical Sciences Conference: 
of Research In Society

IX Joint Meeting on Medicinal Chemistry 

Info: www.jmmc2015.gr

June 7-11, 2015
Athens, Greece.

Introduction to Quantitative Pharmacology 

and PK/PD.

Info: www.lakemedelsakademin.se/munich2014

September 10-11, 2014, 
Munich, Germany
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Öáñìáêïðïéþí Öáñìáêåßùí áðü ôçí ÅëëçíéêÞ ÖáñìáêåõôéêÞ Åôáéñåßá

åëëçíéêç 
öáñìáêåõôéêç
åôáéñåéá

Êùíóôáíôßíïò ÄåìÝôæïò
Ðñüåäñïò ÅÖÅ
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Ïëïêëçñþèçêå ï Á êýêëïò ôùí Çìåñßäùí Åðéìüñöùóçò êáé 
Åêðáßäåõóçò Öáñìáêïðïéþí Öáñìáêåßïõ' ðïõ äéïñãÜíùóå ç 
ÅëëçíéêÞ ÖáñìáêåõôéêÞ Åôáéñåßá (Å.Ö.Å)  óå óõíåñãáóßá ìå 
ôïõò ôïðéêïýò Öáñìáêåõôéêïýò Óõëëüãïõò. Ç ðñùôïâïõëßá 
áõôÞ ôçò Å.Ö.Å. åíôÜóóåôáé óôá ðëáßóéá ôùí óôü÷ùí ôçò ãéá ôçí 
ðñïþèçóç ôçò äéá âßïõ åêðáßäåõóçò ôùí öáñìáêïðïéþí óå 
ìéá åðï÷Þ äñáìáôéêþí åîåëßîåùí óôçí ÅðéóôÞìç êáé Ôå÷íïëïãßá 
áëëÜ êáé óôéò êïéíùíéêÝò áðáéôÞóåéò ôçò ðñùôïâÜèìéáò 
ðåñßèáëøçò .Ïé åîåëßîåéò áõôÝò åðéâÜëëïõí üóï ðïôÝ ôçí 
áíÜäåéîç ôïõ åðéóôçìïíéêïý ñüëïõ ôïõ öáñìáêïðïéïý ðñïò 
üöåëïò ôçò áðïôåëåóìáôéêüôåñçò êáé áóöáëïýò èåñáðåßáò 
ôùí áóèåíþí, áëëÜ êáé ôçò äçìüóéáò õãåßáò ãåíéêüôåñá. 
ÓõíïëéêÜ ðñáãìáôïðïéÞèçêáí 9 çìåñßäåò áðü ôï ÌÜñôéï ìÝ÷ñé 
ôï ÌÜéï 2014  ìåôÜ áðü áßôçìá ôùí ôïðéêþí öáñìáêåõôéêþí 
Óõëëüãùí êáé ôç óõìâïëÞ ôçò åôáéñåßáò Zita-Congress üóïí 
áöïñÜ óôï ïñãáíùôéêü óêÝëïò  .  ÁíáëõôéêÞ áíáöïñÜ óôéò ôñåéò 
ðñþôåò çìåñßäåò ðïõ Ýëáâáí ÷þñá óå Ôñßðïëç,  ÊïìïôçíÞ êáé 
Íáýðëéï óå óõíåñãáóßá ìå ôïõò Öáñìáêåõôéêïýò Óõëëüãïõò 
Áñêáäßáò, ¸âñïõ êáé Áñãïëßäáò áíôßóôïé÷á,  öéëïîåíåßôáé óôç 
'ÖáñìáêåõôéêÞ'  25, É, 2014.

Áêïëïýèçóáí ïé åîÞò åêäçëþóåéò ìå ìåãÜëç óõììåôï÷Þ öáñìáêïðïéþí : 

ÊõñéáêÞ 30 Ìáñôßïõ, Âñá÷Üôé , óå óõíåñãáóßá ìå ôïí Ö.Ó. Êïñéíèßáò. Éäéáßôåñá óçìáíôéêÞ ç 
õðïóôÞñéîç ôçò ÐñïÝäñïõ ôïõ Óõëëüãïõ ê. ÌðÜñôæç, áëëÜ êáé ôùí ê. Äçìçôñßïõ, Êå÷áãéÜ êáé 
Êëïêþíç.

Áíáðôý÷èçêáí ôá åîÞò èÝìáôá: 
· Ç óõìâïëÞ ôùí åêäü÷ùí óôç èåñáðåõôéêÞ áðïôåëåóìáôéêüôçôá ôùí öáñìÜêùí, áðü 

ôïí ÊáèçãçôÞ ê. ÄåìÝôæï Êùí/íï.

ÍÝá áðü ôçí  ÅËËÇÍÉÊÇ ÖÁÑÌÁÊÅÕÔÉÊÇ ÅÔÁÉÑÅÉÁ

ÍÅÁ ÅÎÅËÉÎÅÉÓ NEWS & DEVELOPMENTS
ÖÁÑÌÁÊÅÕÔÉÊÇ 26, IÉ, 2014 PHARMAKEFTIKI 26, IÉ, 2014
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Ç öáñìáêïåðáãñýðíçóç êáé ç èÝóç ôçò ìÝóá óôï êïéíïôéêü 
öáñìáêåßï, áðü ôïí öáñìáêïðïéü ê. Ðáðáäüðïõëï ÉùÜííç.

Öáñìáêåõôéêü ÖñïíôéóôÞñéï: Óôáèåñüôçôá Öáñìáêïôå÷íéêþí 
Ðñïúüíôùí & ÉäéïóêåõáóìÜôùí, áðü ôçí Åðéê. ÊáèçãÞôñéá ê. 
×áôæçáíôùíßïõ Óïößá.

       Ïìéëßá AstraZeneca: ¢óèìá: ÂáóéêÝò áñ÷Ýò óôç äéÜãíùóç êáé  
èåñáðåßá, áðü ôçí êá ×ñéóôÜñá Áèáíáóßá. 

ÊõñéáêÞ 6 Áðñéëßïõ, ÊáóôïñéÜ, óå óõíåñãáóßá ìå ôï Ö.Ó. ÊáóôïñéÜò, êáé ôçí éäéáßôåñá 
óçìáíôéêÞ õðïóôÞñéîç  ôïõ ÐñïÝäñïõ ê. ÐáðáëÜìðñïõ êáé ôïõ ê. ÌðáúñáêôÜñç. 

Ç èåìáôïëïãßá Þôáí ç áêüëïõèç:
Ôá öõóéêÜ ðñïúüíôá óôï öáñìáêåßï êáé ç áóöáëÞò ÷ñÞóç ôïõò. 
ÍÝá ðñïïðôéêÞ áíÜðôõîçò êáé áíÜäåéîçò ôïõ ñüëïõ ôïõ 
öáñìáêïðïéïý, áðü ôçí ÊáèçãÞôñéá êá ×Þíïõ ÉùÜííá.
Ç öáñìáêïåðáãñýðíçóç êáé ç èÝóç ôçò ìÝóá óôï êïéíïôéêü 
öáñìáêåßï, áðü ôïí Öáñìáêïðïéü ê. Ðáðáäüðïõëï ÉùÜííç. 
Ïìéëßá Pfizer: ÓåîïõáëéêÞ Äõóëåéôïõñãßá óôçí ÐñùôïâÜèìéá 
Öñïíôßäá Õãåßáò - Ï ñüëïò ôïõ öáñìáêïðïéïý, áðü ôïí  Êáèç-
ãçôÞ ê. Êïýâåëá ÄçìÞôñç.

ÊõñéáêÞ 27 Áðñéëßïõ, ÌõôéëÞíç, óå óõíåñãáóßá ìå ôï Ö.Ó. ËÝóâïõ êáé ôçí ðïëýôéìç âïÞèåéá 
ôïõ ÐñïÝäñïõ ê. ÂáëôÜ Áðïóôüëïõ êáèþò êáé ôçò ôçí êáò ÐéðåñÜêç.

Áíáðôý÷èçêáí ôá åîÞò èÝìáôá:
Ç óõìâïëÞ ôùí åêäü÷ùí óôçí èåñáðåõôéêÞ áðïôåëåóìáôéêüôç-
ôá ôùí öáñìÜêùí, áðü ôïí ÊáèçãçôÞ ê. ÄåìÝôæï Êùíóôáíôßíï.
Ôá öõôéêÞò ðñïÝëåõóçò óêåõÜóìáôá óôï öáñìáêåßï. 
Ñõèìéóôéêü ðëáßóéï êáé áóöÜ-ëåéá ÷ñÞóçò, áðü ôçí ÊáèçãÞôñéá 
êá ×Þíïõ ÉùÜííá.
Öáñìåêåõôéêü ÖñïíôéóôÞñéï: Óôáèåñüôçôá öáñìáêåõôéêþí 
ðñïúüíôùí, áðü ôïí ÊáèçãçôÞ ê. ÄåìÝôæï Êùíóôáíôßíï.
Ïìéëßá AstraZeneca: ¢óèìá: ÂáóéêÝò áñ÷Ýò óôç äéÜãíùóç êáé 
èåñáðåßá, áðü ôïí ê. Èåïäïóßïõ Ðáíáãéþôç.

ÊõñéáêÞ 11 ÌáÀïõ, Áëåîáíäñïýðïëç,  óå óõíåñãáóßá ìå ôï Ö.Ó. ¸âñïõ êáé ôï ÐñïÝäñïõ ê. 
ÔåñæÞ êáé ôï ÁíôéðñïÝäñïõ ê. ÐáðáíäñÝïõ.

Áíáëýèçêáí ôá åîÞò èÝìáôá:
      Ðáñáêïëïýèçóç ôùí èåñáðåõôéêþí óõãêåíôñþóåùí ôùí öáñìÜêùí. ÐñáêôéêÝò áñ÷Ýò 

Ö.Ó. Êïñéíèßáò, 30/03/2014 

Ö.Ó. ÊáóôïñéÜò, 06/04/2014

Ö.Ó. ËÝóâïõ, 27/04/2014



Ö.Ó. ÔñéêÜëùí, 17/05/2014
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Ö.Ó. ¸âñïõ, 11/05/2014

ãéá ôçí åöáñìïãÞ ôçò óôçí êëéíéêÞ ðñÜîç, áðü ôçí Áíáðë. 
ÊáèçãÞôñéá êá ÁôôÜ-Ðïëßôïõ Ôæïýëéá.
Êáéíïôüìá ÖÜñìáêá, áðü ôïí Öáñìáêïðïéü ê. Ìðïóêüðïõëï 
ÐÜñç-Ãñçãüñç.
Öáñìáêåõôéêü ÖñïíôéóôÞñéï:  Ç óçìáóßá ôçò ðñùôåúíéêÞò óýí-
äåóçò óôç èåñáðåõôéêÞ ðáñáêïëïýèçóç ôçò óôÜèìçò ôùí 
öáñìÜêùí, áðü ôçí Áíáðë. ÊáèçãÞôñéá êá ÁôôÜ-Ðïëßôïõ 
Ôæïýëéá.
ÏìéëßáAstraZeneca: ¢óèìá: ÂáóéêÝò áñ÷Ýò óôçí äéÜãíùóç êáé 
èåñáðåßá, áðü ôïí Åðéê. ÊáèçãçôÞ ê. Óôåéñüðïõëï Ðáó÷Üëç.

ÓÜââáôï 17 ÌáÀïõ, Ôñßêáëá,  óå óõíåñãáóßá ìå ôï Ö.Ó. ÔñéêÜëùí  êáé ôç èåñìÞ õðïóôÞñéîç  
ôïõ ÐñïÝäñïõ ê. ÌÜíïõ.

Áíáðôý÷èçêáí ôá áêüëïõèá èÝìáôá:
ÖáñìáêåõôéêÞ Öñïíôßäá – ÏñèÞ ÖáñìáêåõôéêÞ ÐñáêôéêÞ, áðü 
ôçí ÊáèçãÞôñéá êá Ôóáíôßëç-Êáêïõëßäïõ ¢ííá.
ÄéáêïðÞ Êáðíßóìáôïò: ÍÝåò åîåëßîåéò. Ï ñüëïò ôïõ öáñìáêï-
ðïéïý, áðü ôïí ê. Ðáðá÷ñÞóôï Áðüóôïëï. 
Öáñìáêåõôéêü ÖñïíôéóôÞñéï:  Êáéíïôüìá ÖÜñìáêá, áðü ôïí ê. 
Ìðïóêüðïõëï ÐÜñç-Ãñçãüñç.
Ïìéëßá AstraZeneca: ¢óèìá: ÂáóéêÝò áñ÷Ýò óôçí äéÜãíùóç êáé 
èåñáðåßá, áðü ôçí Áíáðë. ÊáèçãÞôñéá êá ÄáíéÞë ÆùÞ. 
Ïìéëßá Blesstia Pharmaceutical: Óýã÷ñïíåò ÏìïéïðáèçôéêÝò 
ÅöáñìïãÝò, áðü ôç Öáñìáêïðïéü êá Óôåñãßïõ Åëåõèåñßá

ÓÜââáôï 24 ÌáÀïõ, Âüëïò,  óå óõíåñãáóßá ìå ôï Ö.Ó. Ìáãíçóßáò êáé Áëìõñïý êáé ôç èåñìÞ 
õðïóôÞñéîç ôïõ  Ðñüåäñï ê. Ìáôóéüëç. 

Áíáëýèçêáí ôá åîÞò èÝìáôá:
Öáñìáêïåðáãñýðíçóç. ÇëåêôñïíéêÞ Õãåßá, áðü ôïí ÊáèçãçôÞ ê. ÄåìÝôæï 
Êùíóôáíôßíï.
ÅéóáãùãÞ óôá Êáéíïôüìá ÖÜñìáêá, áðü ôï Öáñìáêïðïéü  ê. Ìðóïóêüðïõëï ÐÜñç-
Ãñçãüñç.
Öáñìáêåõôéêü ÖñïíôéóôÞñéï: Ï ñüëïò ôùí åêäü÷ùí, áðü ôïí ÊáèçãçôÞ ê. ÄåìÝôæï 
Êùíóôáíôßíï.
Ïìéëßá Pfizer: ÓåîïõáëéêÞ Äõóëåéôïõñãßá óôçí ÐñùôïâÜèìéá Öñïíôßäá Õãåßáò- Ï 
ñüëïò ôïõ öáñìáêïðïéïý, áðü ôïí ÊáèçãçôÞ ê. Êïýâåëá ÄçìÞôñç.
Ïìéëßá AstraZeneca: ¢óèìá: ÂáóéêÝò áñ÷Ýò óôçí äéÜãíùóç êáé èåñáðåßá, áðü ôçí 
ëÝêôïñá êá Êåñåíßäç Íüñá.
Ïìéëßá KaboNatura: Êáéíïôüìá Éáôñïôå÷íïëïãéêÜ Ðñïúüíôá áðü ôçí Aboca. Ìéá 



Äéïñãáíþôñéá åôáéñåßá

ZITA MEDICAL MANAGEMENT
1ï ÷ëì. Ëåùö. Ðáéáíßáò Ìáñêïðïýëïõ, Ðáéáíßá, ô.ê.19002

T: 211 1001777 - F: 210 6642116 
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áóöáëÞò & áðïôåëåóìáôéêÞ ðñïóÝããéóç óå áðëÝò êáèçìåñéíÝò áíÜãêåò, áðü ôïí ê. 
ËïõêÜ ÂáããÝëç .
Ïìéëßá abcKinitron: Hyaluron (Âéïóõíèåôéêü Õáëïõñïíéêü ïîý ðïëý õøçëïý ìïñéáêïý 
âÜñïõò) «ÅëéîÞñéï ÆùÞò», Þ Ýíá áêüìá ðñïúüí ìüäáò; , áðü ôïí Ìïñéáêü Âéïëüãï ê. 
Ãéáííüðïõëï Ãåþñãéï.
Ïìéëßá BLESSTIA: Óýã÷ñïíåò ÏìïéïðáèçôéêÝò ÅöáñìïãÝò, áðü ôïí Öáñìáêïðïéü ê. 
Ôóéïýôóéá Âáóßëåéï. 

ÌåôÜ ôçí åðéôõ÷ßá ôïõ Á' êýêëïõ ôùí Çìåñßäùí Åðéìüñöùóçò êáé Åêðáßäåõóçò Öáñìá-
êïðïéþí Öáñìáêåßïõ' ç ÅÖÅ ðñï÷ùñåß óôç äéïñãÜíùóç ôïõ Â' êýêëïõ ï ïðïßïò îåêéíÜ ôï 
ÓåðôÝìâñéï ôïõ 2014.  

Ôï ðñüãñáììá Ý÷åé äéáìïñöùèåß ùò åîÞò:

ÊõñéáêÞ 21/9/2014, ×áíéÜ , óå óõíåñãáóßá  ìå ôï Ö.Ó. ×áíßùí êáé ôïí Ö.Ó. Ñåèýìíïõ.

ÊõñéáêÞ 5/10/2014, ÉùÜííéíá,  óå óõíåñãáóßá  ìå ôïí Ö.Ó. Éùáííßíùí.

ÊõñéáêÞ 12/10/2014, ÐÜôñá, óå óõíåñãáóßá  ìå ôï Ö.Ó. Ðáôñþí.

ÊõñéáêÞ 19/10/2014, ËÜñéóá , óå óõíåñãáóßá  ìå ôï Ö.Ó. ËÜñéóáò.

ÓÜââáôï 1/11/2014, Ìåóïëüããé,  óå óõíåñãáóßá  ìå ôï Ö.Ó. Áéôùëïáêáñíáíßáò.

ÓÜââáôï 8/11/2014, ÓÝññåò,  óå óõíåñãáóßá  ìå ôï Ö.Ó. Óåññþí.

ÊõñéáêÞ 23/11/2014, ÊÝñêõñá óå óõíåñãáóßá  ìå ôï Ö.Ó. ÊÝñêõñáò.

ÓÜââáôï 29/11/2014, Èåóóáëïíßêç,  óå óõíåñãáóßá  ìå ôï Ö.Ó. Èåóóáëïíßêçò.

Ãéá ðåñéóóüôåñåò ðëçñïöïñßåò ó÷åôéêÜ ìå ôéò Çìåñßäåò êáé ôç óõììåôï÷Þ óå áõôÝò åðéóêå-öôåßôå 
ôçí éóôïóåëßäá ôçò ÅÖÅ www.efe.org.gr Þ åðéêïéíùíÞóåôå ìå ôçí ê. Öïßâç ÊáñáïõëÜíç óôï ôçë. 
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