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ÄñáóôéêÝò ìïñöÝò ïîõãüíïõ
êáé áíäñéêÞ õðïãïíéìüôçôá

Ç õðïãïíéìüôçôá ïöåßëåôáé óå ìåãÜëï ðïóïóôü óôïí áíäñéêü ðáñÜãï-
íôá êáé óå 50% ôùí ðåñéðôþóåùí ÷áñáêôçñßæåôáé ùò éäéïðáèÞò. Óôï óðÝñìá
êáêÞò ðïéüôçôáò áíé÷íåýïíôáé äñáóôéêÝò ìïñöÝò ïîõãüíïõ (reactive
oxygen species, ROS), ðïõ ðáñÜãïíôáé áðü ôá óðåñìáôïæùÜñéá êáé ôá
ëåõêïêýôôáñá. Ôá ìéôï÷üíäñéá áðïôåëïýí ôç âáóéêÞ ðçãÞ ROS êáé åìðëÝ-
êïíôáé óôçí åíåñãïðïßçóç ôùí ðñïáðïðôùôéêþí ìïñßùí. Ç ðáñïõóßá ROS
óôï óðÝñìá Ý÷åé åðéðôþóåéò óôçí êéíçôéêüôçôá ôùí óðåñìáôïæùáñßùí
êáé óôç ãïíéìïðïßçóç ôüóï in vitro üóï êáé in vivo. Ôá äéá÷åüìåíá õðåñï-
îåßäéá ðñïêáëïýí ëéðéäéêÞ õðåñïîåßäùóç, ìå áðïôÝëåóìá äéáôáñá÷Þ ôçò
äïìÞò êáé ôçò ëåéôïõñãßáò ôçò êõôôáñéêÞò ìåìâñÜíçò, ôùí ïñãáíéäßùí
ôùí óðåñìáôïæùáñßùí êáé êåñìáôéóìü ôïõ DNA áõôþí. Ç ïîåéäùôéêÞ âëÜ-
âç ôïõ ìéôï÷ïíäñéáêïý DNA ïäçãåß óå åëáôôùìÝíç ðáñáãùãÞ ATP ìå
áíôßêôõðï óôç ãïíéìïðïéçôéêÞ éêáíüôçôá, åíþ ç âëÜâç ôïõ ðõñçíéêïý
DNA ðñïóâÜëëåé ôç äïìÞ êáé ôç ëåéôïõñãßá ôùí óðåñìáôïæùáñßùí. Ïé
ôå÷íéêÝò TUNEL êáé comet, ðïõ áíé÷íåýïõí ôçí áêåñáéüôçôá ôïõ DNA
óôï óðÝñìá õðïãüíéìùí áíäñþí, äåß÷íïõí üôé ç áõîçìÝíç óõ÷íüôçôá
åìöÜíéóçò êåñìáôéóìÝíïõ DNA ó÷åôßæåôáé ìå áëëáãÝò óôçí êéíçôéêüôç-
ôá, ôç ìïñöïëïãßá, ôç óõãêÝíôñùóç óðåñìáôïæùáñßùí óôï óðÝñìá êáé
ôï ðïóïóôü ãïíéìïðïßçóçò, ìåôÜ áðü åíäïùáñéáêÞ Ýã÷õóç óðåñìáôïæùá-
ñßùí (ICSI). Tá áðïôåëÝóìáôá ÷ïñÞãçóçò áíôéïîåéäùôéêþí, in vivo, äåí
åßíáé éêáíïðïéçôéêÜ. In vitro, ôá öõóéïëïãéêÜ åðßðåäá ôùí ROS åõíïïýí
ôçí ùñßìáíóç ôùí óðåñìáôïæùáñßùí êáé ôç ãïíéìïðïßçóç. Ùóôüóï,
÷ñåéÜæïíôáé ðåñéóóüôåñåò ìåëÝôåò ãéá íá åðéâåâáéùèåß üôé ôá áíôéïîåé-
äùôéêÜ åßíáé áâëáâÞ êáé ùöÝëéìá óôç èåñáðåßá ôçò áíäñéêÞò õðïãïíéìü-
ôçôáò êáé ôçí åðéôõ÷ßá ôçò åîùóùìáôéêÞò ãïíéìïðïßçóçò (ÉVF) êáé ôçò
åíäïìçôñéêÞò óðåñìáôÝã÷õóçò (IUI). Óõíåðþò, åðéâÜëëåôáé ç áíÜëõóç
ìå íÝåò ìåèüäïõò ôçò äñÜóçò ôùí áíôéïîåéäùôéêþí ãéá ôç âåëôßùóç ôçò
ðïéüôçôáò ôïõ óðÝñìáôïò, in vivo êáé in vitro, êáèþò êáé ï ó÷åäéáóìüò/
óýíèåóç íÝùí åíþóåùí ìå âÝëôéóôç áíôéïîåéäùôéêÞ äñÜóç. Ìåôáîý áõôþí
ðåñéëáìâÜíïíôáé åíþóåéò, ïé ïðoßåò åìðåñéÝ÷ïõí äïìéêÜ ÷áñáêôçñéóôéêÜ
õðåýèõíá ãéá ôçí áíôéïîåéäùôéêÞ äñÜóç ôçò ôïêïöåñüëçò êáé ôïõ ëéðï-
úêïý Þ ôïõ êáöåúêïý ïîÝïò.

1. ÅÉÓÁÃÙÃÇ

Ç áýîçóç ôçò õðïãåííçôéêüôçôáò, ðïõ ðáñáôçñåßôáé

ôá ôåëåõôáßá ÷ñüíéá óôçí ÅëëÜäá, ïöåßëåôáé, åí ìÝñåé,

óôçí õðïãïíéìüôçôá èçëõêÞò Þ êáé áíäñéêÞò áéôéïëï-

ãßáò. ×áñáêôçñéóôéêÜ áíáöÝñåôáé üôé ï óõíôåëåóôÞò

áíáðáñáãùãÞò åßíáé 1,2, åíþ ãéá ôçí áíáíÝùóç ôïõ

ðëçèõóìïý èá Ýðñåðå íá åßíáé 2,1, êáé ðñïâëÝðåôáé üôé

ìÝ÷ñé ôï 2020 ï ðëçèõóìüò ôçò ÅëëÜäáò èá Ý÷åé ìåéù-

èåß óôá 8,5 åêáôïììýñéá.

¸÷åé äéáðéóôùèåß, ðáãêïóìßùò, üôé ç õðïãïíéìüôçôá

ðëÞôôåé ôï 15% ôùí æåõãáñéþí êáé, óôéò áíáðôõãìÝíåò

÷þñåò, ðïëëÝò ìåëÝôåò ó÷åôéêÝò ìå ôïí áñéèìü ôùí óðåñ-

ìáôïæùáñßùí êáé ôçí ðïéüôçôá ôïõ óðÝñìáôïò êáôáëÞ-

ãïõí óôï óõìðÝñáóìá üôé óå ìåãÜëï ðïóïóôü åõèýíå-

ôáé ï áíäñéêüò ðáñÜãïíôáò.1,2

Óôá áßôéá ôçò áíäñéêÞò õðïãïíéìüôçôáò ðåñéëáìâÜ-

íïíôáé ãïíéäéáêÝò ìåôáëëÜîåéò, áíùìáëßåò ôùí ÷ñùìï-

óùìÜôùí, ëïéìþîåéò, áðüöñáîç ôùí åêóðåñìáôéóôéêþí
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ðüñùí, êéñóïêÞëç, áêôéíïâïëßá, ÷çìåéïèåñáðåßá êáé óôõ-

ôéêÞ äõóëåéôïõñãßá.3–5 Ðåñßðïõ óôï 50% ôùí ðåñéðôþóåùí

ç õðïãïíéìüôçôá ÷áñáêôçñßæåôáé ùò éäéïðáèÞò êáé ç

áíÜëõóç ôïõ óðÝñìáôïò áðïêáëýðôåé ìåéùìÝíç óõãêÝ-

íôñùóç óðåñìáôïæùáñßùí, åëáôôùìÝíç êéíçôéêüôçôá êáé

ìïñöïëïãéêÝò áëëïéþóåéò (åéê. 1). ÏñéóìÝíåò áðü áõôÝò

ôéò äéáôáñá÷Ýò óõíäõÜæïíôáé ìå õøçëÜ åðßðåäá äñáóôé-

êþí ìïñöþí ïîõãüíïõ (reactive oxygen species, ROS)

êáé ìåéùìÝíç áíôéïîåéäùôéêÞ éêáíüôçôá ôïõ óðÝñìáôïò.6

Aõôü áðïäåéêíýåôáé áðü (á) ôçí Üìåóç áíß÷íåõóç ôùí

ó÷çìáôéæüìåíùí ROS áðü ôá óðåñìáôïæùÜñéá êáé ôá

ëåõêïêýôôáñá ôïõ óðÝñìáôïò, (â) ôçí åêôßìçóç ôçò ëéðé-

äéêÞò õðåñïîåßäùóçò (lipid peroxidation, LPO) êáé ôïõ

ñüëïõ áõôÞò ùò áéôéïëïãéêïý ðáñÜãïíôá ôçò áíäñéêÞò

õðïãïíéìüôçôáò, (ã) ôç ìÝôñçóç ôçò ïîåéäùôéêÞò âëÜâçò

ôïõ DNA ôùí óðåñìáôïæùáñßùí êáé ôï óõó÷åôéóìü ôçò

ìå ôç äéáôáñá÷Þ ôçò ëåéôïõñãßáò áõôþí êáé (ä) ôéò ìåôá-

âïëÝò óôï óýóôçìá Üìõíáò ôùí áíôéïîåéäùôéêþí êáé ôç

÷ñçóéìïðïßçóÞ ôïõò ãéá ôç âåëôßùóç ôçò ðïéüôçôáò ôïõ

óðÝñìáôïò.7–9

2. ÄÑÁÓÔÉÊÅÓ ÌÏÑÖÅÓ ÏÎÕÃÏÍÏÕ ÊÁÉ ÁÐÏÐÔÙÓÇ

ÕðÜñ÷ïõí ðïëëÜ äåäïìÝíá ðïõ óõíçãïñïýí õðÝñ ôçò

óõììåôï÷Þò ôùí ROS óôçí áðüðôùóç. Ðñþôïí, ç ðñï-

óèÞêç ROS Þ ç óôÝñçóç ôùí áíôéïîåéäùôéêþí ðñïêáëåß

áðüðôùóç. Äåýôåñïí, ï ðñïãñáììáôéóìÝíïò êõôôáñéêüò

èÜíáôïò áíáóôÝëëåôáé áðü ôá åíäïãåíÞ Þ ôá åîùãåíÞ

áíôéïîåéäùôéêÜ. Ôñßôïí, ç áðüðôùóç, óå ìåñéêÝò ðåñéðôþ-

óåéò, óõíäõÜæåôáé ìå áýîçóç ôùí åíäïêõôôÜñéùí åðéðÝ-

äùí ôùí ROS10 (åéê. 2).

ÐñÜãìáôé, ðïëëÜ áðü ôá ÷çìéêÜ êáé öõóéêÜ åñåèß-

óìáôá ðïõ ðñïêáëïýí áðüðôùóç öáßíåôáé üôé ïöåßëïíôáé

óôï ïîåéäùôéêü stress, ðïõ áõîÜíåé ôç óõãêÝíôñùóç ôùí

äñáóôéêþí ìïñöþí ïîõãüíïõ óôï êýôôáñï. Aõôü ãßíåôáé

Åéêüíá 1. ÐáèïëïãéêÝò ìïñöÝò óðåñìáôïæùáñßùí.
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ìå (á) ôçí êáôáíÜëùóç ôïõ ïîõãüíïõ óôá ìéôï÷üíäñéá,

(â) ôçí ðáñáãùãÞ õðåñïîåéäßïõ ôïõ õäñïãüíïõ óôá

õðåñïîåéóþìáôá, (ã) ôçí «áíáðíåõóôéêÞ Ýêñçîç», ðïõ

ðáñáôçñåßôáé êáôÜ ôçí åíåñãïðïßçóç ôùí öáãïêõôôÜ-

ñùí êáé (ä) ôçí åðáãùãÞ ôùí åíæýìùí ôïõ êõôï÷ñþìá-

ôïò P450.

ÏñéóìÝíïé ðñïáðïðôùôéêïß ðáñÜãïíôåò, áí êáé äåí

åßíáé åëåýèåñåò ñßæåò, ðñïêáëïýí ôçí ðáñáãùãÞ äñá-

óôéêþí ìïñöþí ïîõãüíïõ Þ êáé åëáôôþíïõí ôçí éêáíü-

ôçôá ôïõ êõôôÜñïõ ãéá áíáãùãÞ. Ç ìåßùóç ôùí åíäï-

êõôôÜñéùí áíôéïîåéäùôéêþí, üðùò ôçò ãëïõôáèåéüíçò

(GSH), êáèéóôÜ ôï êýôôáñï åõÜëùôï óôï ïîåéäùôéêü stress

êáé óôçí åðáãüìåíç áðü áõôü áðüðôùóç. ¢ëëùóôå, ôá

áíôéïîåéäùôéêÜ ðïõ åêêáèáñßæïõí ôá õðåñïîåßäéá êáé ôéò

õðüëïéðåò åëåýèåñåò ñßæåò, ð.÷. ôç Í-áêåôõëïêõóôåÀíç

(ÍÁC), ôç èåéïñåíôïîßíç, ôçí áíáãùãÜóç ôçò åíäïêõô-

ôÜñéáò èåéüëçò, ôçí õðåñïîåéäÜóç ôçò ãëïõôáèåéüíçò

êáé ôéò åíäïãåíåßò èåéüëåò, üðùò ôï äéõäñïëéðïúêü ïîý

ê.ëð., ðñïóôáôåýïõí ôá êýôôáñá áðü ôçí áðüðôùóç.

ÐçãÞ ôùí ROS óôï êýôôáñï åßíáé ôá ìéôï÷üíäñéá, ôá

ïðïßá ðáßæïõí âáóéêü ñüëï óôç ñýèìéóç ôçò áðüðôù-

óçò, ìå âÜóç Ýíá ìïíôÝëï ðïõ ðåñéëáìâÜíåé ôñßá óôÜ-

äéá. Ôï ðñþôï áöïñÜ óôçí åíåñãïðïßçóç ôùí ïäþí ìå-

ôáãùãÞò ôïõ óÞìáôïò êáé ñõèìßæåôáé áðü ôá ìÝëç ôçò

ïéêïãÝíåéáò ôùí ðñùôåúíþí BCL-2. Tï äåýôåñï áöïñÜ

óôç äéáôáñá÷Þ ôçò ïìïéüóôáóçò ôùí ìéôï÷ïíäñßùí êáé

ôç äéáöõãÞ óôï êõôôáñüðëáóìá ðñùôåúíþí, ïé ïðïßåò

èá åíåñãïðïéÞóïõí ôéò êáóðÜóåò, åíþ, óõã÷ñüíùò, ìå-

ôáâÜëëåôáé ç ìéôï÷ïíäñéáêÞ ìåôáöïñÜ ôùí çëåêôñïíßùí,

ç ïîåéäùôéêÞ öùóöïñõëßùóç êáé ç ðáñáãùãÞ ÁTP. Tï

ôñßôï óôÜäéï áöïñÜ óôçí åíåñãïðïßçóç ôùí êáóðáóþí

êáé ôùí íïõêëåáóþí, ðïõ ðñïêáëïýí ôïí êåñìáôéóìü

ôïõ DNA11 (åéê. 3).

Ïé áëëáãÝò ðïõ êáôáãñÜöïíôáé óôá ìéôï÷üíäñéá

áöïñïýí óôç äéüãêùóç áõôþí êáé ôçí åëÜôôùóç ôïõ

äõíáìéêïý ôçò ìåìâñÜíçò óå óõíäõáóìü ìå ôç äçìéïõñ-

ãßá ðüñùí. Ïé ðñùôåÀíåò ôçò ïéêïãÝíåéáò BCL-2 ìåôá-

âÜëëïõí ôï äõíáìéêü ôçò åóùôåñéêÞò ìåìâñÜíçò ôùí

ìéôï÷ïíäñßùí, ìå áðïôÝëåóìá ôç äéÜíïéîç ôùí ðüñùí

(mitochondrial permeability transition pores), ïé ïðïßïé

ëåéôïõñãïýí ùò äßáõëïé éüíôùí.12–15 Oé áíôéáðïðôùôéêÝò

ðñùôåÀíåò ôçò ïéêïãÝíåéáò BCL-2 åìðïäßæïõí ôç äéÜ-

Åéêüíá 2. ÅíäïêõôôÜñéá ðáñáãùãÞ äñáóôéêþí ìïñöþí ïîõãüíïõ (ROS). Äéáêñßíïíôáé ôá êýñéá åßäç ROS êáé ï ìåôáâïëéóìüò ôïõò.
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íïéîç ôùí ðüñùí, åíþ ïé ðñïáðïðôùôéêÝò ðñùôåÀíåò ôçò

ßäéáò ïéêïãÝíåéáò åðÜãïõí ôï ó÷çìáôéóìü áõôþí, ßóùò

ëüãù Üìåóçò åðßäñáóçò óå Üëëåò ðñùôåÀíåò ôçò åóù-

ôåñéêÞò ìåìâñÜíçò ôùí ìéôï÷ïíäñßùí, üðùò ï ìåôáöï-

ñÝáò ôïõ íïõêëåïôéäßïõ ôçò áäåíßíçò. ÅîÜëëïõ, ç äéÜ-

íïéîç ôùí ðüñùí óõíôåëåß óôçí åðßôáóç ôïõ ôñßôïõ óôá-

äßïõ ôçò åêôÝëåóçò ôïõ áðïðôùôéêïý ðñïãñÜììáôïò,

åðåéäÞ åðéôñÝðåé ôç äßïäï óôï êõôôáñüðëáóìá ROS êáé

éüíôùí áóâåóôßïõ, åíþ, ðáñÜëëçëá, áíáóôÝëëåé ôç ëåé-

ôïõñãßá ôçò áíáðíåõóôéêÞò áëõóßäáò ôùí ìéôï÷ïíäñßùí,

ãåãïíüò ðïõ ïäçãåß óôç ìåßùóç ôùí åðéðÝäùí ôïõ ATP.16

Óçìåéþíåôáé üôé, ëüãù ôçò äéÜíïéîçò ôùí ðüñùí, ç åóù-

ôåñéêÞ ìåìâñÜíç ôùí ìéôï÷ïíäñßùí ãßíåôáé äéáðåñáôÞ

óå ïõóßåò ìïñéáêïý âÜñïõò <1500 Da êáé äéáêüðôåôáé

ç óýíèåóç ôïõ ATP. Ç ôÜîç ôùí åíåñãïðïéçìÝíùí êá-

óðáóþí åíéó÷ýåé ôçí áðïðôùôéêÞ äéåñãáóßá, ìÝóù ôçò

ðñùôåüëõóçò æùôéêþí óõóôáôéêþí ôïõ êõôôÜñïõ êáé ôçò

åíåñãïðïßçóçò êáé Üëëùí êáôáâïëéêþí åíæýìùí, üðùò

ïé íïõêëåÜóåò (DFF40/CAD), ðïõ ðñïêáëïýí ôïí êåñ-

ìáôéóìü ôïõ DNA.17–20

Ìå ôç ñýèìéóç ôçò ìéôï÷ïíäñéáêÞò ïìïéüóôáóçò áðü

ôéò áíôé- êáé ðñïáðïðôùôéêÝò ðñùôåÀíåò BCL-2, ðïõ

ó÷çìáôßæïõí ôïõò ðüñïõò, åëÝã÷åôáé ç áðåëåõèÝñùóç

ôïõ êõôï÷ñþìáôïò c (êáé Üëëùí ìéôï÷ïíäñéáêþí ðñïá-

ðïðôùôéêþí ðáñáãüíôùí) áðü ôçí åðéöÜíåéá ôçò åóùôå-

ñéêÞò ìéôï÷ïíäñéáêÞò ìåìâñÜíçò óôï êõôôáñüðëáóìá.

Ôï êõôü÷ñùìá c óõíäõÜæåôáé ìå ôïí Apaf-1 (apoptotic

protease-activating factor-1) êáé ôçí ðñïêáóðÜóç 9 êáé

ó÷çìáôßæåôáé Ýíá äñáóôéêü óýìðëåãìá, ôï áðïðôþóùìá

(åéê. 3).19–22 Ç äñáóôéêÞ êáóðÜóç 9 åíåñãïðïéåß Üëëåò

êáóðÜóåò, üðùò ð.÷. ôçí êáóðÜóç 3, êáé äçìéïõñãåßôáé

Ýôóé Ýíáò áõôïåíéó÷õüìåíïò êýêëïò, ðïõ åðéôá÷ýíåé ôçí

áðüðôùóç. ÄçëáäÞ, ç áýîçóç ôçò äéáâáôüôçôáò ôçò ìåì-

âñÜíçò ôùí ìéôï÷ïíäñßùí ïäçãåß óôçí áðåëåõèÝñùóç

ôùí åíåñãïðïéçôþí ôùí êáóðáóþí êáé áõôÝò, ùò äñá-

óôéêÜ ìüñéá, ìðïñïýí íá áõîÞóïõí ôç äéáðåñáôüôçôá

Åéêüíá 3. Ôá óôÜäéá ôçò áðïðôùôéêÞò äéåñãáóßáò. Óôï ðñþôï óôÜäéï åíåñãïðïéïýíôáé ïé ïäïß ìåôáãùãÞò ôïõ óÞìáôïò. Óôï äåýôåñï óôÜäéï äéáôáñÜó-

óåôáé ç ïìïéüóôáóç ôùí ìéôï÷ïíäñßùí êáé äéáöåýãïõí óôï êõôôáñüðëáóìá ðñïáðïðôùôéêÝò ðñùôåÀíåò. Ôï êõôü÷ñùìá c óõíäõÜæåôáé ìå ôïí Apaf-1 êáé

ôçí ðñïêáóðÜóç 9 êáé ó÷çìáôßæåôáé Ýíá äñáóôéêü óýìðëåãìá, ôï áðïðôþóùìá. Óôï ôñßôï óôÜäéï, ç äñáóôéêÞ êáóðÜóç 9 åíåñãïðïéåß Üëëåò êáóðÜóåò,

üðùò ð.÷. ôçí êáóðÜóç 3, êáé äçìéïõñãåßôáé Ýôóé Ýíáò áõôïåíéó÷õüìåíïò êýêëïò, ðïõ ðñïêáëåß ôïí êåñìáôéóìü ôïõ DNA.
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ôçò ìéôï÷ïíäñéáêÞò ìåìâñÜíçò, ìÝóù ôçò ìåôáôñïðÞò

ôùí áíôéáðïðôùôéêþí ðñùôåúíþí óå ðñïáðïðôùôéêÝò êáé

ôçò åíåñãïðïßçóçò ôùí ðñïáðïðôùôéêþí ìïñßùí.20

3. ÄÑÁÓÔÉÊÅÓ ÌÏÑÖÅÓ ÏÎÕÃÏÍÏÕ ÓÔÏ ÓÐÅÑÌÁ

ÓçìáíôéêÞ þèçóç óôç ìåëÝôç ôçò áíäñéêÞò õðïãïíé-

ìüôçôáò Ýäùóå êáôÜ ôçí ôåëåõôáßá äåêáåôßá ç äéáðßóôù-

óç üôé ç áýîçóç ôùí åðéðÝäùí ôùí äñáóôéêþí ìïñöþí

ïîõãüíïõ óôï óðÝñìá ìðïñåß íá õðïíïìåýóåé ôç ëåé-

ôïõñãéêÞ äñáóôçñéüôçôá ôùí óðåñìáôïæùáñßùí. Óå 25–

40% ôùí äåéãìÜôùí, áðü óðÝñìá õðïãüíéìùí áíäñþí

ìå éäéïðáèÞ õðïãïíéìüôçôá, áíé÷íåýïíôáé äñáóôéêÝò ìïñ-

öÝò ïîõãüíïõ. ÅðéðëÝïí, ìå ôéò ôå÷íéêÝò ðñïåôïéìáóßáò

ôïõ óðÝñìáôïò, êáôÜ ôéò ïðïßåò ãßíåôáé öõãïêÝíôñçóç

ãéá ôç ëÞøç ôïõ éæÞìáôïò ôùí óðåñìáôïæùáñßùí, ðïõ

èá ÷ñçóéìïðïéçèïýí óôçí åíäïìçôñéêÞ óðåñìáôÝã÷õóç

(IUI) Þ ôçí åîùóùìáôéêÞ ãïíéìïðïßçóç (IVF), óõ÷íÜ

ðñïêáëåßôáé âëÜâç ôùí óðåñìáôïæùáñßùí êáé, êáôÜ óõíÝ-

ðåéá, éáôñïãåíÞò áðïôõ÷ßá ôçò êýçóçò.23,24 Áõôü ïöåßëå-

ôáé, ìåôáîý Üëëùí, êáé óôçí ðñïêáëïýìåíç áýîçóç ôùí

äñáóôéêþí ìïñöþí ïîõãüíïõ êáôÜ ôç öõãïêÝíôñçóç.

ÁíáöÝñåôáé üôé, óå 5 min, ïé ôéìÝò ôùí ROS áõîÜíïõí

óôï äéðëÜóéï Ýùò ðåíôáðëÜóéï ôçò âáóéêÞò êáé ç âëÜâç

ôïõ DNA ôùí óðåñìáôïæùáñßùí ðïõ ðñïêáëïýí äéðëá-

óéÜæåôáé óå 60 min, åíþ óå 2 þñåò ôåôñáðëáóéÜæåôáé.25

Åêôüò áðü ôç öõãïêÝíôñçóç, ôá äéáëýìáôá êëßóçò

ðõêíüôçôáò (ð.÷. Percoll), ðïõ ÷ñçóéìïðïéïýíôáé êáôÜ

ôçí ðñïåôïéìáóßá ôïõ óðÝñìáôïò óôéò ôå÷íéêÝò õðïâïçèïý-

ìåíçò áíáðáñáãùãÞò, êáé ïé åêðëýóåéò ðñïêáëïýí âëÜâç

óôá óðåñìáôïæùÜñéá, åßôå ìåéþíïíôáò ôçí éêáíüôçôá ðïõ

Ý÷åé ôï óðåñìáôéêü õãñü íá åîïõäåôåñþíåé ôéò ROS,

åßôå åðéôåßíïíôáò ôçí ðáñáãùãÞ ROS áðü ôá óðåñìáôï-

æùÜñéá.26

Ç ðáñïõóßá ëåõêïêõôôÜñùí óôï óðåñìáôéêü õãñü

óõíäõÜæåôáé ìå óïâáñÝò êáôáóôÜóåéò áíäñéêÞò õðïãï-

íéìüôçôáò.27–29 Ðáñüëï ðïõ ç in vitro ãïíéìïðïéçôéêÞ

éêáíüôçôá ôùí óðåñìáôïæùáñßùí äåí ìåéþíåôáé, ïé ëáí-

èáóìÝíïé ÷åéñéóìïß, êáôÜ ôçí ðñïåôïéìáóßá ôïõ äåßãìá-

ôïò, åßíáé äõíáôü íá ôï åðéìïëýíïõí ìå ëåõêïêýôôáñá,

ìå áðïôÝëåóìá ôçí åëáôôùìÝíç ëåéôïõñãéêüôçôá ôùí

óðåñìáôïæùáñßùí ëüãù ôçò áõîçìÝíçò ðáñáãùãÞò

ROS.27

Ç ðáèïëïãéêÞ ëåõêïêõôôÜñùóç, ðïõ ïñßæåôáé áðü ôïí

Ðáãêüóìéï Ïñãáíéóìü Õãåßáò (1987) ùò 1´106 mL-1,

ðáñáôçñåßôáé ìüíï óôï 5% ôùí áóèåíþí ðïõ ðáñïõóéÜ-

æïõí ðñüâëçìá õðïãïíéìüôçôáò.30 H ëåõêïêõôôáñïóðåñ-

ìßá ìå áõîçìÝíá åðßðåäá ROS óõíäõÜæåôáé ìå áýîçóç

ôçò êõôôáñïêßíçò IL-8 êáé ìå ìåéùìÝíç äñáóôéêüôçôá

ôïõ åíæýìïõ SOD (äéóìïõôÜóç ôïõ õðåñïîåéäßïõ) óôï

óðÝñìá.31 Áõôü óçìáßíåé üôé ôï ðñïêáëïýìåíï ïîåéäùôé-

êü stress ïöåßëåôáé óå åëáôôùìáôéêÞ åîïõäåôÝñùóç ôùí

ROS, ðïõ åíåñãïðïéåßôáé áðü ôéò ðñïöëåãìïíþäåéò êõô-

ôáñïêßíåò.32

Ùò ðñïò ôçí ðñïÝëåõóç ôùí ROS, ïé Iwasaki êáé

Gagnon áíáöÝñïõí üôé ôá åëåýèåñá ëåõêïêõôôÜñùí

äåßãìáôá óðÝñìáôïò, ðïõ ðñïÝñ÷ïíôáé áðü õðïãüíéìïõò

Üíäñåò, ðåñéÝ÷ïõí ìåôÜ ôçí åðåîåñãáóßá áíé÷íåýóéìá

åðßðåäá ROS, ãåãïíüò ðïõ åíéó÷ýåé ôçí Üðïøç üôé ðá-

ñÜãïíôáé áðü ôá åëáôôùìáôéêÜ óðåñìáôïæùÜñéá.33 Ïé

åóôÝñåò ôçò öïñâüëçò êáé ïñéóìÝíá ðåðôßäéá öïñìõëßïõ

åíåñãïðïéïýí ôçí ðáñáãùãÞ ROS, ìå åðéðôþóåéò óôçí

êéíçôéêüôçôá ôùí óðåñìáôïæùáñßùí êáé ôç ãïíéìïðïßç-

óç.34

4. ÄÑÁÓÔÉÊÅÓ ÌÏÑÖÅÓ ÏÎÕÃÏÍÏÕ
ÊÁÉ ÓÐÅÑÌÁÔÏÆÙÁÑÉÁ

Ðáñüëï ðïõ ç ðáñáãùãÞ äñáóôéêþí ìïñöþí ïîõãü-

íïõ åßíáé ìéá éäéüôçôá ÷áñáêôçñéóôéêÞ ôùí ëåõêïêõôôÜ-

ñùí, èá ðñÝðåé íá áíáöåñèåß üôé ôï óðåñìáôïæùÜñéï

ôïõ áíèñþðïõ åßíáé ï ðñþôïò êõôôáñéêüò ôýðïò óôïí

ïðïßï ðåñéãñÜöçêå.35 Ïé ROS áðïôåëïýí óçìáíôéêïýò

ìåóïëáâçôÝò ôçò öõóéïëïãéêÞò ëåéôïõñãßáò ôùí óðåñ-

ìáôïæùáñßùí êáé ôçò óýíäåóÞò ôïõò ìå ôï ùïêýôôáñï.9

Ç ðáñïõóßá ôïõò åßíáé áðáñáßôçôç ãéá ôçí áíôßäñáóç

ôïõ áêñïóþìáôïò, ìÝóù ôçò åíåñãïðïßçóçò ôçò öùóöï-

ëéðÜóçò Á2. Åðßóçò, óõììåôÝ÷ïõí óôç äéåßóäõóç ôïõ

óðåñìáôïæùáñßïõ óôï ùïêýôôáñï, ìÝóù ôçò öùóöïñõ-

ëßùóçò ôçò ôõñïóßíçò.28

¼ôáí ôá åðßðåäá ôùí ROS áõîÜíïõí, ôï DNÁ ôùí

óðåñìáôïæùáñßùí õößóôáôáé âëÜâç, ÷ùñßò ùóôüóï íá

åëáôôþíåôáé ç éêáíüôçôá óýíôçîçò ùïêõôôÜñïõ-óðåñìá-

ôïæùáñßïõ. ¼ìùò, ðÝñá áðü Ýíá óçìåßï, ïé ROS ðñïêá-

ëïýí ìç áíôéóôñåðôÞ âëÜâç ôçò êõôôáñéêÞò ìåìâñÜíçò,

Åéêüíá 4. Åêáôïóôéáßá áíáëïãßá ôùí áðïðôùôéêþí óðåñìáôïæùáñßùí

óôï óðÝñìá ãüíéìùí êáé õðïãüíéìùí áíäñþí.
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ëüãù ëéðéäéêÞò õðåñïîåßäùóçò, êáé êåñìáôéóìü ôïõ DNA,

ìå áðïôÝëåóìá ìåéùìÝíç êéíçôéêüôçôá êáé äéáôáñá÷Þ

ôçò ãïíéìïðïéçôéêÞò éêáíüôçôáò ôùí óðåñìáôïæùáñßùí.36

Ùóôüóï, áêüìç êáé üôáí ÷ñçóéìïðïéïýíôáé ãéá ìéêñïãï-

íéìïðïßçóç óðåñìáôïæùÜñéá ìå âëÜâåò ôÝôïéïõ ôýðïõ,

Ý÷åé ðáñáôçñçèåß üôé ìðïñåß íá ó÷çìáôéóôåß áñóåíéêüò

ðñïðõñÞíáò.37,38

Ôá õøçëÜ åðßðåäá ROS, ðïõ áíé÷íåýïíôáé óôï óðÝñ-

ìá ôùí õðïãüíéìùí áíäñþí, óõíäõÜæïíôáé ìå áíùìá-

ëßá ôïõ ìÝóïõ ôìÞìáôïò ôçò ïõñÜò ôùí óðåñìáôïæùáñßùí,

åëáôôùìÝíç êéíçôéêüôçôá, áðþëåéá ôçò éêáíüôçôáò åêôÝ-

ëåóçò ôçò áíôßäñáóçò ôïõ áêñïóþìáôïò, åëáôôùìÝíç

éêáíüôçôá äéåßóäõóçò ôïõ óðåñìáôïæùáñßïõ óôï ùïêýô-

ôáñï, êáèþò êáé åëáôôùìÝíç ãïíéìüôçôá in vitro êáé in

vivo. Áíôßèåôá, óôï óðÝñìá ðïõ Ý÷åé ÷áìçëÞ óõãêÝíôñù-

óç ROS, ï áñéèìüò ôùí êéíçôþí óðåñìáôïæùáñßùí åßíáé

ìåãáëýôåñïò.33

Äýï óõóôÞìáôá èåùñïýíôáé ðçãÝò ôùí ROS ðïõ ðá-

ñÜãïíôáé áðü ôá óðåñìáôïæùÜñéá. Ôï ðñþôï åíôïðßæåôáé

óôçí êõôôáñéêÞ ìåìâñÜíç êáé åßíáé ðáñüìïéï ìå ôï óý-

óôçìá ôçò NADPH ïîåéäÜóçò. Ôï äåýôåñï åßíáé ôï óý-

óôçìá ôçò äéáöïñÜóçò (ìéáò ïîåéäïáíáãùãÜóçò ðïõ

åîáñôÜôáé áðü ôï NADH), ç ïðïßá åíôïðßæåôáé óôï ìÝóï

ôìÞìá ôçò ïõñÜò ôùí óðåñìáôïæùáñßùí êáé óõììåôÝ÷åé

óôï áíáðíåõóôéêü óýóôçìá ôùí ìéôï÷ïíäñßùí. Ëüãù ôçò

õøçëÞò ôïõò ðåñéåêôéêüôçôáò óå ðïëõáêüñåóôá ëéðáñÜ

ïîÝá, ôá áíèñþðéíá óðåñìáôïæùÜñéá åßíáé éäéáßôåñá åõ-

áßóèçôá óôç ëéðéäéêÞ õðåñïîåßäùóç, áëëÜ èá ðñÝðåé íá

óçìåéùèåß üôé êáé ôá õðüëïéðá êõôôáñéêÜ äéáìåñßóìáôá

äåí åßíáé ëéãüôåñï åõÜëùôá.39,40

5. ËÉÐÉÄÉÊÇ ÕÐÅÑÏÎÅÉÄÙÓÇ ÓÔÁ ÓÐÅÑÌÁÔÏÆÙÁÑÉÁ

Ç ëéðéäéêÞ õðåñïîåßäùóç åßíáé ç âëÜâç ôùí óõóôáôé-

êþí ôïõ êõôôÜñïõ ðïõ åðÜãåôáé áðü ôá äéá÷åüìåíá õðå-

ñïîåßäéá. Óå ïîåßäùóç õðüêåéíôáé ôá ðïëõáêüñåóôá ëé-

ðáñÜ ïîÝá, ðïõ ðåñéÝ÷ïõí ðïëëáðëïýò äéðëïýò äåóìïýò

Üíèñáêá. Ç ëéðéäéêÞ õðåñïîåßäùóç áñ÷ßæåé óõíÞèùò ìå

áöáßñåóç áôüìùí õäñïãüíïõ áðü ôéò ñßæåò ÏÇ- êáé ðé-

èáíüí áðü Üëëåò ROS, ü÷é üìùò êáé áðü ôï áäéÜëõôï

Ï2
-. Ðñïêýðôåé Ýíá äéÝíéï, ðïõ áíôéäñÜ ìå ôï Ï2 êáé

ó÷çìáôßæåé ìéá ñßæá õðåñïîåéäßïõ RÏÏ-, ç ïðïßá áöáéñåß

Ç+ áðü Ýíá ëéðáñü ïîý êáé áíáðôýóóåôáé ìéá áõôïêáôá-

ëõüìåíç áëõóéäùôÞ áíôßäñáóç åëåõèÝñùí ñéæþí. Óçìåéþ-

íåôáé üôé åëåýèåñç ñßæá êáëåßôáé êÜèå ìüñéï Þ Üôïìï

ðïõ Ý÷åé Ýíá ìïíÞñåò Þ áóýæåõêôï çëåêôñüíéï óôçí

åîùôåñéêÞ ôïõ óôéâÜäá, óå áíôßèåóç ìå ôéò ìç åëåýèåñåò

ñßæåò, ïé ïðïßåò öÝñïõí æåýãç çëåêôñïíßùí óôéò åîùôå-

ñéêÝò ôïõò óôéâÜäåò. Ï ó÷çìáôéóìüò åëåõèÝñùí ñéæþí

êáé ëéðéäéêþí õðåñïîåéäßùí èåùñåßôáé ïõóéáóôéêü ÷á-

ñáêôçñéóôéêü ôçò êõôôáñéêÞò âëÜâçò êáé áí ç áíôßäñá-

óç äåí ôåñìáôéóôåß, ìå êÜðïéï ôñüðï, ìðïñåß íá ïäçãÞ-

óåé óôçí ïëéêÞ êáôáóôñïöÞ êáé ôï èÜíáôï ôïõ êõôôÜñïõ.

Ôá óðåñìáôïæùÜñéá, óå áíôßèåóç ìå Üëëá êýôôáñá,

ëüãù ôçò éäéáßôåñçò äïìÞò êáé ëåéôïõñãßáò ôïõò åßíáé

åðéññåðÞ óôç ëéðéäéêÞ õðåñïîåßäùóç.40 Ç ðëÝïí óçìá-

íôéêÞ åðßðôùóç ôçò ëéðéäéêÞò õðåñïîåßäùóçò åßíáé ç äéá-

ôáñá÷Þ ôçò äïìÞò êáé ôçò ëåéôïõñãßáò ôçò ìåìâñÜíçò

ôïõ êõôôÜñïõ êáé ôùí ïñãáíéäßùí (äéáêõôôáñéêÞ êáé

åíäïêõôôáñéêÞ ìåôáöïñÜ, ïìïéüóôáóç éüíôùí êáé ìåôá-

âïëéôþí ê.ëð.). Åêôüò áðü ôçí ðñïóâïëÞ ôùí êõôôáñé-

êþí ìåìâñáíþí, ç ëéðéäéêÞ õðåñïîåßäùóç ðñïêáëåß âëÜâç

ôïõ ðõñçíéêïý êáé ìéôï÷ïíäñéáêïý DNA êáé ôùí ðñùôåú-

íþí, åßôå ìÝóù ïîåßäùóçò ôùí âÜóåùí ôïõ DNA (êõ-

ñßùò ôçò ãïõáíßíçò) åßôå ìÝóù ïìïéïðïëéêÞò ðñüóäå-

óçò ôçò ìáëïíäéáëäåàäçò (MDA), ìå áðïôÝëåóìá íá

ðñïêáëåßôáé äéáóôáõñïýìåíç áíôßäñáóç êáé êåñìáôéóìüò

ôïõ DNA.41 Ïé ROS ìðïñïýí åðßóçò íá ðñïêáëÝóïõí

ïîåßäùóç ôùí èåééêþí ïìÜäùí (–SH) óôéò ðñùôåÀíåò

êáé óôï DNA, ìå áðïôÝëåóìá ôçí áëëïßùóç ôçò äïìÞò

êáé ôçò ëåéôïõñãßáò ôùí óðåñìáôïæùáñßùí.42 Ç ïîåéäù-

ôéêÞ âëÜâç ôïõ ìéôï÷ïíäñéáêïý DNA ðáñáôçñåßôáé óå

üëá ôá áåñüâéá êýôôáñá ðïõ åßíáé ðëïýóéá óå ìéôï÷üí-

äñéá, ðåñéëáìâáíïìÝíùí êáé ôùí óðåñìáôïæùáñßùí. Å-

ðéðñüóèåôá, åðçñåÜæåôáé ç öùóöïñõëßùóç êáé ç ðáñá-

ãùãÞ ATP, ìå Üìåóï áíôßêôõðï óôç ãïíéìïðïéçôéêÞ éêá-

íüôçôá.42

6. ÊÅÑÌÁÔÉÓÌÏÓ ÔÏÕ DÍÁ ÔÙÍ ÓÐÅÑÌÁÔÏÆÙÁÑÉÙÍ

Ç ÷ñùìáôßíç ôïõ óðåñìáôïæùáñßïõ åßíáé ìéá óõìðá-

ãÞò, óôáèåñÞ, åîáéñåôéêÜ óõìðõêíùìÝíç äïìÞ êáé ôï

DÍÁ åßíáé óôç öõóéêÞ êáé ÷çìéêÞ êáôÜóôáóç ðïõ áðáé-

ôåßôáé, ü÷é ìüíï ãéá íá ìåôáöåñèåß ç ãåíåôéêÞ ðëçñïöï-

ñßá óôï ùïêýôôáñï, áëëÜ êáé ãéá íá Ý÷åé ðñüóâáóç óå

áõôÞ ôï áíáðôõóóüìåíï Ýìâñõï. Ï Ward Ý÷åé ðñïôåßíåé

ãéá ôï þñéìï óðåñìáôïæùÜñéï Ýíá ìïíôÝëï óõìðýêíù-

óçò ôùí ÷ñùìïóùìÜôùí, ôá ïðïßá áðü ìáêñÝò ôáéíßåò

DÍÁ óõóðåéñþíïíôáé óå ôÝóóåñá åðßðåäá ïñãÜíùóçò:

(á) ôïõ ðõñçíéêïý äáêôõëßïõ-DÍÁ, (â) ôçò ðåñéï÷Þò ôçò

áãêýëçò, (ã) ôçò áðïóõìðýêíùóçò ôçò ðñùôáìßíçò êáé

(ä) ôçò ÷ñùìïóùìéêÞò ïñãÜíùóçò. Áðü ôç ìåëÝôç áõ-

ôïý ôïõ ìïíôÝëïõ óõíÜãåôáé üôé ïé áíùìáëßåò óôï DÍÁ

áíôáíáêëïýí áíùìáëßåò ôçò óõíïëéêÞò ïñãÜíùóçò ôïõ

ðõñÞíá.43

Ãéá ôç ìåëÝôç ôçò áêåñáéüôçôáò ôïõ DÍÁ óôá þñéìá

óðåñìáôïæùÜñéá åöáñìüóôçêå áðü ôçí ïìÜäá ôïõ Sakkas

ç ìÝèïäïò ôçò in situ óÞìáíóçò ìå ìåôáôüðéóç åãêï-
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ðÞò.44 Ôá áðïôåëÝóìáôá Ýäåéîáí üôé ç áýîçóç ôïõ ðï-

óïóôïý ôùí óðåñìáôïæùáñßùí ðïõ ðåñéÝ÷ïõí åíäïãå-

íåßò åãêïðÝò ôïõ DÍÁ ó÷åôßæåôáé ìå ìåéùìÝíç ãïíéìüôç-

ôá.45–47 Ïé íïñìïæùïóðåñìéêïß Üíäñåò Ý÷ïõí ÷áìçëüôå-

ñï ðïóïóôü óðåñìáôïæùáñßùí ìå âëÜâç ôïõ DNA óå

óýãêñéóç ìå ôïõò ïëéãïæùïóðåñìéêïýò êáé ôïõò ôåñáôï-

æùïóðåñìéêïýò.48

×ñçóéìïðïéÞèçêå åðßóçò êáé ç ìÝèïäïò ÔUNEL, ãéá

íá äåé÷èåß ôï ðïóïóôü êåñìáôéóìÝíïõ DÍÁ óôá óðåñ-

ìáôïæùÜñéá êáé åîåôÜóôçêå ç ó÷Ýóç ìåôáîý åëëéðïýò

ðñùôáìßíùóçò êáé ðáñïõóßáò åãêïðþí óôï DÍÁ.49,50 Ïé

Sun et al ÷ñçóéìïðïßçóáí ôç ìÝèïäï TUNEL óå äåßã-

ìáôá áðü 298 áóèåíåßò êáé ìå ôçí êõôôáñïìåôñßá ñïÞò

Ýäåéîáí üôé õðÜñ÷åé áñíçôéêÞ ó÷Ýóç ìåôáîý ôïõ ðïóï-

óôïý êåñìáôéóìÝíïõ DÍÁ êáé ôçò êéíçôéêüôçôáò, ôçò

ìïñöïëïãßáò êáé ôçò óõãêÝíôñùóçò ôùí óðåñìáôïæùá-

ñßùí óôï óðÝñìá.51 Óå 143 äåßãìáôá ãïíéìïðïßçóçò in

vitro (IVF), äéáðéóôþèçêå áñíçôéêÞ ó÷Ýóç ìåôáîý ôïõ

ðïóïóôïý óðåñìáôïæùáñßùí ìå êåñìáôéóìÝíï DÍÁ êáé

ôïõ ðïóïóôïý ãïíéìïðïßçóçò ìåôÜ áðü åíäïùáñéáêÞ

Ýã÷õóç óðåñìáôïæùáñßùí (ICSÉ).

Ðáñüëï ðïõ ïé ôå÷íéêÝò ôçò in situ óÞìáíóçò ìå ìå-

ôáôüðéóç åãêïðÞò êáé TUNEL ìðïñåß íá ÷ñçóéìïðïéç-

èïýí ãéá ôçí ðáñáôÞñçóç ìåìïíùìÝíùí óðåñìáôïæùá-

ñßùí, äåí åßíáé áðïëýôùò åõáßóèçôåò êáé ðéèáíüí íá

ìçí áíé÷íåýïõí üëá ôá óðåñìáôïæùÜñéá ðïõ ðåñéÝ÷ïõí

êåñìáôéóìÝíï DÍÁ. Íåüôåñåò ôå÷íéêÝò, üðùò ð.÷. ç ìÝ-

èïäïò comet (single cell gel electrophoresis, SCGE), Ý÷ïõí

åðßóçò ðñïôáèåß êáé óå ðïëëÝò êõôôáñéêÝò óåéñÝò Ý÷ïõí

áðïäåé÷èåß ðëÝïí åéäéêÝò êáé åõáßóèçôåò.52–54 ÅíäéáöÝ-

ñåé, åðßóçò, áí ç âëÜâç áöïñÜ óå ìïíüêëùíï Þ äßêëù-

íï DÍÁ. Ïé âëÜâåò óôï ìïíüêëùíï DÍÁ åðéäéïñèþíï-

íôáé óõíÞèùò êáôÜ ôç ãïíéìïðïßçóç, áëëÜ üôáí ðñüêåé-

ôáé ãéá åêôåôáìÝíç âëÜâç, ï ìç÷áíéóìüò áðïêáôÜóôá-

óçò åßíáé åëëéðÞò, ìå áðïôÝëåóìá äéáôáñá÷Ýò ôçò ãïíé-

ìïðïßçóçò Þ êáé ôùí áìÝóùò åðüìåíùí óôáäßùí ôçò

áíÜðôõîçò ôïõ åìâñýïõ.

¼ðùò óõìðåñáßíåôáé áðü ôçí åöáñìïãÞ ôùí ôå÷íé-

êþí TUNEL êáé comet, ôá óðåñìáôïæùÜñéá ðïõ óõëëÝ-

ãïíôáé ìåôÜ ôçí åðåîåñãáóßá ðáñïõóéÜæïõí óçìáíôéêÜ

ìåãáëýôåñï ðïóïóôü áêÝñáéïõ DNA, óå óýãêñéóç ìå

áõôÜ ðïõ ëáìâÜíïíôáé áðåõèåßáò áðü ôï óðÝñìá. Óõíå-

ðþò, êáôÜ ôçí åðåîåñãáóßá ôïõ óðÝñìáôïò êáé ìåôÜ ôç

öõãïêÝíôñçóç, åêôüò áðü ôï üôé ëáìâÜíïíôáé óðåñìá-

ôïæùÜñéá êáëÞò êéíçôéêüôçôáò êáé ìïñöïëïãßáò, áðïìï-

íþíïíôáé êáé áõôÜ ðïõ äéáèÝôïõí áêÝñáéï DNA. ÕðÜñ-

÷åé üìùò êáé áíôßèåôç Üðïøç, êáôÜ ôçí ïðïßá ç áêåñáé-

üôçôá ôïõ DNA åðçñåÜæåôáé óçìáíôéêÜ ìåôÜ ôçí åðå-

îåñãáóßá, ãåãïíüò ðïõ åêôéìÜôáé ìå áíÜëõóç óôïí êõôôá-

ñïìåôñçôÞ ñïÞò êáé ìå ôç äïêéìáóßá áêñéäßíçò (acridine

orange test, AO). Ðñïò åðéâåâáßùóç áíáöÝñïíôáé êáé

Üëëåò åñãáóßåò, üðïõ ãßíåôáé ëüãïò ãéá ôçí ðñüêëçóç

ïîåéäùôéêïý stress êáôÜ ôç öõãïêÝíôñçóç.23,48

7. ÁÉÔÉÁ ÔÇÓ ÂËÁÂÇÓ ÓÔÏ DÍÁ
ÔÙÍ ÙÑÉÌÙÍ ÓÐÅÑÌÁÔÏÆÙÁÑÉÙÍ

Ï ðëçèõóìüò ôùí óðåñìáôïæùáñßùí óôï áíèñþðéíï

óðÝñìá ðáñïõóéÜæåé ìåãÜëç åôåñïãÝíåéá êáé áõôü åßíáé

åìöáíÝóôåñï óå Üíäñåò ôùí ïðïßùí ïé ðáñÜìåôñïé ôïõ

óðÝñìáôïò åßíáé ÷áìçëüôåñåò áðü ôéò öõóéïëïãéêÝò ðïõ

Ý÷ïõí èåóðéóôåß áðü ôïí Ðáãêüóìéï Ïñãáíéóìü Õãåßáò.55

Ç èåôéêÞ ó÷Ýóç ðïõ ðáñáôçñåßôáé ìåôáîý ôùí ðáñáìÝ-

ôñùí ôïõ óðÝñìáôïò êáêÞò ðïéüôçôáò êáé ôçò âëÜâçò

ôïõ DÍÁ ôùí óðåñìáôïæùáñßùí õðïäçëþíåé, áñ÷éêÜ,

ðñïâëÞìáôá êáôÜ ôç óðåñìáôïãÝíåóç.56,57

Ùò ðñïò ôç äçìéïõñãßá ôùí åãêïðþí óôï DNA ôùí

óðåñìáôïæùáñßùí, ðñïôåßíïíôáé äýï èåùñßåò.

Ç ðñþôç ðñïêýðôåé áðü ìåëÝôåò óå ðåéñáìáôüæùá êáé

ó÷åôßæåôáé ìå ôïí ôñüðï óõìðýêíùóçò ôçò ÷ñùìáôßíçò.

Åíäïãåíåßò åãêïðÝò óôï DÍÁ ðáñáôçñïýíôáé, öõóéïëï-

ãéêÜ, óå ïñéóìÝíá óôÜäéá ôçò óðåñìéïãÝíåóçò, óôïí

áñïõñáßï êáé óôï ðïíôßêé, êáé ðéóôåýåôáé üôé Ý÷ïõí ëåé-

ôïõñãéêÞ óçìáóßá.58–60 Ãßíïíôáé óôïí üñ÷é, ðåñß ôï ôÝëïò

ôçò óðåñìéïãÝíåóçò êáé ìÜëéóôá óôá óôÜäéá óðåñìáôß-

äáò 12–13, åíþ áðáëåßöïíôáé üôáí ïëïêëçñùèåß ç óõ-

ìðýêíùóç ôçò ÷ñùìáôßíçò. Óõíåðþò, ïé åãêïðÝò äçìéïõñ-

ãïýíôáé êáôÜ ôç ìåôáôñïðÞ ôùí óôñïããýëùí óå åðéìÞ-

êåéò óðåñìáôßäåò ðñéí áðü ôçí ïëïêëÞñùóç ôçò ðñùôáìß-

íùóçò. ̧ ôóé, äéåõêïëýíåôáé ç óõóðåßñùóç êáé åðáíáäéÜ-

ôáîç ôçò ÷ñùìáôßíçò êáôÜ ôç óðåñìéïãÝíåóç. ¼ìùò, üôáí

ïé åíôïìÝò äéáôçñïýíôáé êáé óôá óðåñìáôïæùÜñéá, áõôü

õðïäçëþíåé áôåëÞ ùñßìáíóç Þ õðïðñùôáìßíùóç, ç ïðïßá

äéáðéóôþíåôáé ìå ôç ÷ñþóç ôçò ÷ñùìïìõêßíçò Á3.

Ç äåýôåñç èåùñßá ðñïôåßíåé üôé ç ðáñïõóßá êåñìáôé-

óìÝíïõ DÍÁ óôá áíèñþðéíá óðåñìáôïæùÜñéá ïöåßëåôáé

óå ðñïãñáììáôéóìÝíï êõôôáñéêü èÜíáôï, ðáñüìïéï ìå

áõôüí ðïõ ðáñáôçñåßôáé êáôÜ ôçí áðüðôùóç ôùí óùìá-

ôéêþí êõôôÜñùí.61–63 Áõôü åðéâåâáéþèçêå áðü ðáñáôç-

ñÞóåéò in situ, ìå ôç ìÝèïäï TUNEL50,61,62 êáé óõãêñéôé-

êÝò ìåëÝôåò áíß÷íåõóçò êáé äéÜêñéóçò ôùí íåêñùôéêþí

áðü ôïõò áðïðôùôéêïýò ðõñÞíåò.63 Ôá óðåñìáôïæùÜñéá

ôùí õðïãüíéìùí áíäñþí äéáêñßíïíôáé, óôï çëåêôñïíéêü

ìéêñïóêüðéï, áðü ôç ÷áñáêôçñéóôéêÞ áðïðôùôéêÞ ìïñöï-

ëïãßá. ÔÝôïéïõ ôýðïõ ãáìÝôåò èåùñïýíôáé «íåêñïß» ùò

ðñïò ôç ãïíéìïðïéçôéêÞ ôïõò éêáíüôçôá.

Ç åêáôïóôéáßá áíáëïãßá ôùí áðïðôùôéêþí óðåñìáôï-

æùáñßùí óå ãüíéìïõò Üíäñåò êõìáßíåôáé, áíÜëïãá ìå
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ôç ìÝôñçóç, áðü 0,1–5,2%.63,64 Åßíáé ôçò ôÜîçò ôïõ 1,9%

óôá óðåñìáôïæùÜñéá ðïõ óõëëÝãïíôáé óå äéÜëõìá êëß-

óçò ðõêíüôçôáò, åíþ óôéò ðåñéðôþóåéò öëåãìïíÞò, êéñ-

óïêÞëçò êáé AIDS áíÝñ÷åôáé óôï 10%. Óå áóèåíåßò ìå

êñõøïñ÷ßá, ç óõ÷íüôçôá áðïðôùôéêþí óðåñìáôïæùáñßùí

óôï óðÝñìá êõìáßíåôáé ìåôáîý 15–20%. Ïé ðÜó÷ïíôåò

áðü ôç íüóï ôïõ Hodgkin Ý÷ïõí áðïðôùôéêÜ óðåñìáôï-

æùÜñéá óå ðïóïóôü 16,5% êáé óôçí ðåñßðôùóç ôïõ óåìé-

íþìáôïò ç áíáëïãßá ìðïñåß íá öèÜóåé ìÝ÷ñé êáé 50%

(åéê. 2).64

Ìéá áñíçôéêÞ ó÷Ýóç ðáñáôçñåßôáé ìåôáîý ôçò åêáôï-

óôéáßáò áíáëïãßáò ôïõ êåñìáôéóìÝíïõ DNA êáé ôçò êé-

íçôéêüôçôáò ôùí óðåñìáôïæùáñßùí (58,3% óôïõò ãüíé-

ìïõò Üíäñåò êáé 18,2% óôïõò õðïãüíéìïõò), ôçò ìïñ-

öïëïãßáò (42,2% Üôõðåò ìïñöÝò óôïõò ãüíéìïõò Üí-

äñåò, 76% óôïõò õðïãüíéìïõò) êáé ôçò óõãêÝíôñùóçò

ôùí óðåñìáôïæùáñßùí (100,9´106/mL óôïõò ãüíéìïõò,

15,5´106/mL óôïõò õðïãüíéìïõò).51,52,63,64

8. ÐÏÉÅÓ ÅÉÍÁÉ ÏÉ ÓÕÍÅÐÅÉÅÓ ÔÇÓ ÂËÁÂÇÓ
ÓÔÏ DÍÁ ÔÙÍ ÓÐÅÑÌÁÔÏÆÙÁÑÉÙÍ

ÊáôÜ ôç ÷ñÞóç ôùí ôå÷íéêþí ôçò õðïâïçèïýìåíçò

áíáðáñáãùãÞò êáé éäéáßôåñá ôçò ICSI (åíäïùáñéáêÞ

Ýã÷õóç óðåñìáôïæùáñßùí-ìéêñïãïíéìïðïßçóç) åßíáé

äõíáôü íá ðñïêýøïõí äõóÜñåóôá áðïôåëÝóìáôá, üôáí

ôá ÷ñçóéìïðïéïýìåíá óðåñìáôïæùÜñéá ðáñïõóéÜæïõí

áíùìáëßåò ôïõ DÍÁ. Óå 143 äåßãìáôá IVF äéáðéóôþèç-

êå áñíçôéêÞ ó÷Ýóç ìåôáîý ôïõ ðïóïóôïý ôùí óðåñìáôï-

æùáñßùí ìå êåñìáôéóìÝíï DÍÁ êáé ôïõ ðïóïóôïý ãïíé-

ìïðïßçóçò êáé áõëÜêùóçò ôïõ æõãþôç, ðïõ ðáñáôçñÞ-

èçêå ìåôÜ áðü ICSÉ.51,62

Åðßóçò, Ý÷åé áíáöåñèåß èÜíáôïò ôïõ åìâñýïõ óôá

áñ÷éêÜ óôÜäéá ôçò áíÜðôõîçò êáé áðü ðåéñáìáôéêÝò ìå-

ëÝôåò äéáðéóôþíåôáé áõîçìÝíç óõ÷íüôçôá áðïâïëþí êáé

óõããåíåßò áíùìáëßåò ìåôáâéâÜóéìåò óôéò åðüìåíåò ãå-

íåÝò. Óôïí Üíèñùðï, ôá ãïíéìïðïéçìÝíá ùïêýôôáñá ðïõ

äåí áíáðôýóóïíôáé ðåñáéôÝñù, Ý÷ïõí õðïâëçèåß óå ICSI

ìå óðåñìáôïæùÜñéá ðïõ öÝñïõí âëÜâåò óôï DÍÁ.62 Ôá

óðåñìáôïæùÜñéá áõôÜ äåí áðïóõìðõêíþíïíôáé. Óôïõò

Üíäñåò ìå >25% âëÜâç óôï DÍÁ ðáñáôçñåßôáé ðïóïóôü

åðéôõ÷ïýò ãïíéìïðïßçóçò <20% ìåôÜ ôçí ICSI. ÅðéðëÝïí,

ìéêñüôåñç áíáëïãßá ôùí åìâñýùí áõôþí ó÷çìáôßæåé

âëáóôïêýóôåéò, óå óýãêñéóç ìå åêåßíá ðïõ ðñïÝñ÷ïíôáé

áðü IVF.65,66

9. ÁÍÔÉÏÎÅÉÄÙÔÉÊA

Ôá áíôéïîåéäùôéêÜ áíáóôÝëëïõí Þ êáèõóôåñïýí ôçí

áðüðôùóç, óå ïñéóìÝíá óõóôÞìáôá. ÐïëëÜ áíôéïîåéäù-

ôéêÜ åßíáé åêêáèáñéóôÝò ôùí äñáóôéêþí ìïñöþí ïîõãü-

íïõ êáé Ý÷åé âñåèåß, ãéá ðáñÜäåéãìá, üôé êáôáñãïýí ôçí

êõôôáñïôïîéêüôçôá ôïõ TNF-á óôá êáñêéíéêÜ êýôôáñá,

ôçí åíåñãïðïßçóç ôçò áðüðôùóçò ðïõ åðÜãåôáé áðü ôá

êïñôéêïåéäÞ, ôçí åôïðïóßäç êáé ôçí áêôéíïâïëßá, ôçí

áðüðôùóç ôùí èõìïêõôôÜñùí, áëëÜ êáé ôç ëüãù Ýëëåé-

øçò ãëïõôáèåéüíçò ðñïêáëïýìåíç áðüðôùóç ôùí íåõ-

ñéêþí êõôôÜñùí, ü÷é üìùò êáé ôçí áðüðôùóç ðïõ åðÜ-

ãåôáé áðü ôï Fas Þ ôç óôáõñïóðïñßíç.

ÁñêåôÜ áíôéïîåéäùôéêÜ Ý÷ïõí êáé Üëëåò éäéüôçôåò ìå

åéäéêÞ åðßäñáóç åðß ôùí ìïñßùí ðïõ åìðëÝêïíôáé óôçí

áðüðôùóç. Ãéá ðáñÜäåéãìá, ðïëëÜ áíôéïîåéäùôéêÜ åßíáé

áíáãùãéêïß ðáñÜãïíôåò êáé ìåôáâÜëëïõí ôéò óïõëöõ-

äñõëéêÝò ïìÜäåò ôùí ðñùôåúíþí, áëëÜæïíôáò ôç äñÜóç

ôïõò. ÁíáöÝñåôáé, ãéá ðáñÜäåéãìá, ç ñýèìéóç ìå Ýíá

ìç÷áíéóìü ïîåéäïáíáãùãÞò ôçò äñáóôçñéüôçôáò äÝóìåõ-

óçò óôï DNA ôùí Fos-Jun (AP-1) êáé ç áëëáãÞ ôçò

äñáóôçñéüôçôáò õðïäï÷Ýá ôïõ N-methyl-D-aspartic acid

(NMDA) ìÝóù èåéïëïìÜäùí åðß ôçò ðñùôåÀíçò.10

ÏñéóìÝíá Ýíæõìá êáé Üëëåò ïõóßåò óôï óðåñìáôéêü

õãñü ðáñïõóéÜæïõí áíôéïîåéäùôéêÞ äñÜóç. Ìåôáîý áõ-

ôþí áíáöÝñïíôáé ç õðåñïîåéäÜóç/áíáãùãÜóç ôçò ãëïõ-

ôáèåéüíçò, ç äéóìïõôÜóç ôïõ õðåñïîåéäßïõ, ôï ðõñïóôá-

öõëéêü, ç ôáõñßíç, ç õðïôáõñßíç, ôï ïõñéêü êáé ïé âéôá-

ìßíåò C êáé E.67,68 Ôá éüíôá ôùí ìåôÜëëùí, ð.÷. ôïõ ÷áë-

êïý êáé ôïõ óéäÞñïõ, ìðïñïýí íá ôñïðïðïéÞóïõí ôçí

áíôéïîåéäùôéêÞ éêáíüôçôá ôïõ óðåñìáôéêïý õãñïý, ìåôá-

âÜëëïíôáò ôï ñõèìü ïîåßäùóçò ôïõ áóêïñâéêïý ïîÝïò.

Óå ãåíéêÝò ãñáììÝò, ôá áðïôåëÝóìáôá ÷ïñÞãçóçò

áíôéïîåéäùôéêþí, in vivo, äåí åßíáé éêáíïðïéçôéêÜ êáé óå

êÜèå ðåñßðôùóç ü÷é êáëýôåñá áðü ôá áìöéóâçôïýìåíá

áðïôåëÝóìáôá èåñáðåéþí ðïõ åöáñìüæïíôáé óå ðåñéðôþ-

óåéò áíäñéêÞò õðïãïíéìüôçôáò ëüãù ðñïóôáôßôéäáò Þ

êéñóïêÞëçò.69 Ç áðïôåëåóìáôéêüôçôá ôçò per os èåñá-

ðåßáò ìå âéôáìßíç Å, óôç óõíÞèç äïóïëïãßá, áìöéóâç-

ôåßôáé. Áíôßèåôá, áêüìç êáé ìéêñÝò äüóåéò âéôáìßíçò C

(200 mg) áõîÜíïõí ôá åðßðåäá ôïõ áóêïñâéêïý ïîÝïò

óôïõò êáðíéóôÝò, áðü 5,6 óå 13,1 mg/dL êáé áõôü áíôé-

óôïé÷åß óôá 16,1 mg/dL ðïõ åðéôõã÷Üíïíôáé ìåôÜ áðü

÷ïñÞãçóç 1000 mg âéôáìßíçò C.70 Åßíáé ãíùóôü üôé ôï

êÜðíéóìá åëáôôþíåé ôï áóêïñâéêü ïîý óôï óðÝñìá êáé

üôé ç âéôáìßíç C ðñïóôáôåýåé Ýíáíôé ôçò ïîåéäùôéêÞò

âëÜâçò ôïõ DNA ôùí áíèñþðéíùí óðåñìáôïæùáñßùí.71

Óå Ýíá ôõ÷áßï äåßãìá 152 áíäñþí êáé 86 õðïãüíé-

ìùí ìå ïëéãïáóèåíïôåñáôïóðåñìßá (ÏÁÔ), ç ÷ïñÞãçóç

200 mg âéôáìßíçò C, ùò placebo, äåí åðçñÝáóå ôéò ðá-

ñáìÝôñïõò ôïõ óðÝñìáôïò êáé åß÷å ôá ßäéá áðïôåëÝóìáôá

ùò ðñïò ôçí åðéôõ÷ßá ôçò êýçóçò ìå áõôÜ ðïõ ðáñáôç-

ñïýíôáé ìåôÜ áðü ôç ÷ïñÞãçóç ìåóôñåñïëüíçò êáé êëï-
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ìéöáßíçò.72 ËïãéêÜ, ôá áíôéïîåéäùôéêÜ èá Ýðñåðå íá åßíáé

áðïôåëåóìáôéêÜ ìüíï óôçí ÏÁÔ, ëüãù áõîçìÝíùí åðé-

ðÝäùí ROS. ¼ìùò, ïé õðïãüíéìïé Üíäñåò ìå õøçëü

âáèìü ïîåéäùôéêÞò âëÜâçò ôïõ DNA ôùí óðåñìáôïæùá-

ñßùí, áêüìç êáé ìåôÜ áðü ôç ÷ïñÞãçóç óõíäõáóìïý

âéôáìéíþí C, Å êáé ãëïõôáèåéüíçò, ðáñïõóéÜæïõí åëÜ÷é-

óôç áýîçóç ôçò óõãêÝíôñùóçò ôùí óðåñìáôïæùáñßùí.73

Ôá áíôéïîåéäùôéêÜ èá åß÷áí åíäéáöÝñïí, áí ìðïñïý-

óáí íá ÷ñçóéìïðïéçèïýí áíôß ôçò õðïâïçèïýìåíçò áíá-

ðáñáãùãÞò óôéò ðåñéðôþóåéò óïâáñÞò áíäñéêÞò õðïãï-

íéìüôçôáò Þ áí ìðïñïýóáí íá âåëôéþóïõí ôï ðïóïóôü

ãïíéìïðïßçóçò, üôáí åßíáé áðáñáßôçôç ç IVF. In vitro, ôá

öõóéïëïãéêÜ åðßðåäá ôùí ROS åõíïïýí ôçí åíåñãïðïßç-

óç êáé ôç ãïíéìïðïéçôéêÞ éêáíüôçôá ôùí óðåñìáôïæùá-

ñßùí, êáèþò êáé ôç óýíôçîç ôïõ ùïêõôôÜñïõ ìå ôï óðåñ-

ìáôïæùÜñéï. Ôá áíôéïîåéäùôéêÜ ìðïñåß íá åßíáé ÷ñÞóéìá

óôéò ðåñéðôþóåéò üðïõ ãßíåôáé åðéëïãÞ óðåñìáôïæùá-

ñßùí ãéá åîùóùìáôéêÞ ãïíéìïðïßçóç (IVF) Þ ãéá åíäï-

ìçôñéêÞ óðåñìáôÝã÷õóç (IUI) êáé ôá åðßðåäá ôùí ROS

åßíáé ðïëý õøçëÜ. Ç ðñïóèÞêç áíôéïîåéäùôéêþí (ð.÷.

äéóìïõôÜóçò ôïõ õðåñïîåéäßïõ) êáôÜ ôç öõãïêÝíôñçóç

åìðïäßæåé ôçí åëÜôôùóç ôçò êéíçôéêüôçôáò ôùí óðåñìá-

ôïæùáñßùí êáé âåëôéþíåé ôçí åíåñãïðïßçóç áëëÜ êáé

ôçí áíôßäñáóç ôïõ áêñïóþìáôïò.74 Ðáñïìïßùò, ç ðñï-

óèÞêç ôçò áíáãùãéêÞò ïõóßáò N-áêåôõëï-L-êõóôåÀíçò

óå óðÝñìá áðü õðïãüíéìïõò Üíäñåò ìå áõîçìÝíåò ôéìÝò

ROS âåëôéþíåé ôçí êéíçôéêüôçôá ôùí óðåñìáôïæùáñßùí

êáé åëáôôþíåé ôá åðßðåäá ôùí äñáóôéêþí ìïñöþí ïîõ-

ãüíïõ.75 Ç åðþáóç êáôÜ ôç ñåõóôïðïßçóç êáé ôç öõãï-

êÝíôñçóç ìå äéÜëõìá ðïõ ðåñéÝ÷åé ãëõêüæç êáé ãëïõôá-

èåéüíç (sperm-fit) áõîÜíåé ôçí êéíçôéêüôçôá ôùí óðåñ-

ìáôïæùáñßùí.76 Ùóôüóï, åßíáé áðáñáßôçôï íá ãßíïõí

ðåñéóóüôåñåò ìåëÝôåò, ãéá íá åðéâåâáéùèåß üôé ôá áíôéï-

îåéäùôéêÜ åßíáé áâëáâÞ êáé ùöÝëéìá ãéá ôçí åðéôõ÷ßá

ôçò ãïíéìïðïßçóçò êáôÜ ôçí IVF êáé ôçí IUI.

Ç Üðïøç üôé ôá áõîçìÝíá åðßðåäá ROS ðñïêáëïýí

äéáôáñá÷Ýò óôçí áêåñáéüôçôá êáé ôç ëåéôïõñãßá ôùí

óðåñìáôïæùáñßùí öáßíåôáé íá êåñäßæåé óõíå÷þò Ýäá-

öïò, áëëÜ äåí åßíáé áêüìç åíôåëþò ôåêìçñéùìÝíï üôé

ôá áíôéïîåéäùôéêÜ ðáßæïõí óçìáíôéêü ñüëï óôç èåñáðåßá

ôçò áíäñéêÞò õðïãïíéìüôçôáò.

Óõíåðþò, åðéâÜëëåôáé ç áíÜëõóç ìå íÝåò ìåèüäïõò

ôçò äñÜóçò ôùí áíôéïîåéäùôéêþí ãéá ôç âåëôßùóç ôçò

ðïéüôçôáò ôïõ óðÝñìáôïò, in vivo êáé in vitro, êáèþò êáé

ï ó÷åäéáóìüò/óýíèåóç íÝùí åíþóåùí ìå âÝëôéóôç áíôé-

ïîåéäùôéêÞ äñÜóç. Ìåôáîý áõôþí ðåñéëáìâÜíïíôáé åíþ-

óåéò ðïõ åìðåñéÝ÷ïõí äïìéêÜ ÷áñáêôçñéóôéêÜ õðåýèõíá

ãéá ôçí áíôéïîåéäùôéêÞ äñÜóç ôçò ôïêïöåñüëçò êáé ôïõ

ëéðïúêïý ïîÝïò Þ ôïõ êáöåúêïý ïîÝïò (åéê. 5).

Ç ôïêïöåñüëç (vitamin E) åßíáé ãíùóôü ëéðïäéáëõôü

áíôéïîåéäùôéêü.77,78 In vitro ðåéñÜìáôá Ýäåéîáí üôé ç ôï-

êïöåñüëç ðñïóôáôåýåé ôá óðåñìáôïæùÜñéá áðü ôçí ïîåé-

äùôéêÞ âëÜâç ðñïëáìâÜíïíôáò ôçí áðþëåéá ôçò êéíçôé-

êüôçôÜò ôïõò.79 Ôï óõíèåôéêü õäáôïäéáëõôü ôçò áíÜëï-

ãï trolox åìöáíßæåé éó÷õñÞ åíäïêõôôáñéêÞ äñÜóç êáé

áíáóôïëÞ ôïõ êåñìáôéóìïý ôïõ DNA óå HepG2 êýôôá-

ñá.80 Åðßóçò, åìðïäßæåé ôçí áðüðôùóç ðïõ ðñïêáëåßôáé

áðü ôï ïîåéäùôéêü stress óå èõìïêýôôáñá ðïíôéêïý.81

Ôï ëéðïúêü ïîý âñßóêåôáé óå üëá ôá ðñïêáñõùôéêÜ

êáé åõêáñõùôéêÜ êýôôáñá, óõììåôÝ÷åé óå ðïëõåíæõìéêÜ

óõóôÞìáôá êáé åßíáé óõíäåäåìÝíï ìå ðñùôåÀíåò.82 Ïé

èåñáðåõôéêÝò ôïõ üìùò åöáñìïãÝò Ý÷ïõí ó÷Ýóç ìå ôç

÷ïñÞãçóç åëåýèåñïõ ëéðïúêïý.83 Ôï ëéðïúêü ïîý áíÜãå-

ôáé in vivo óå äéõäñïëéðïúêü ïîý (DHLA).84 Ôá ôåëåõôáßá

10 ÷ñüíéá óçìåéþíåôáé Ýíôïíï åñåõíçôéêü åíäéáöÝñïí

ãéá ôï ëéðïúêü ïîý.85 ÈåñáðåõôéêÜ, ÷ïñçãåßôáé ùò ñáêå-

ìéêü ìßãìá êáé Ý÷åé áîéüëïãç äñÜóç óå ðáèïëïãéêÝò

êáôáóôÜóåéò üðïõ åìðëÝêåôáé ôï ïîåéäùôéêü stress, üðùò

ï äéáâÞôçò,86 ïé ðñïêáëïýìåíåò âëÜâåò êáôÜ ôçí éó÷áé-

ìßá-åðáíáéìÜôùóç,87 ç öëåãìïíÞ,88 ôá íåõñïåêöõëéóôé-

êÜ íïóÞìáôá89 êáé Üëëåò. Óçìáíôéêü ðëåïíÝêôçìá ôïõ

ëéðïúêïý ïîÝïò åßíáé ç ÷áìçëÞ ôïîéêüôçôÜ ôïõ. Ðñüóöá-

ôåò ìåëÝôåò Ýäåéîáí üôé ôï áìéíïáìéäéêü áíÜëïãï ôïõ

ëéðïúêïý ðáñïõóéÜæåé âåëôéùìÝíç äñÜóç. ÓõãêåêñéìÝíá,

óõãêñáôåßôáé óôï åóùôåñéêü ôùí êõôôÜñùí êáé åßíáé á-

íáóôïëÝáò ôçò åíåñãïðïßçóçò ôïõ ÍF-êÂ.90

Ïé åóôÝñåò ôïõ êáöåúêïý ïîÝïò áðïôåëïýí óõóôáôéêÜ

ðïëëþí ôñïößìùí. Ðñüóöáôåò ìåëÝôåò Ý÷ïõí äåßîåé áîéü-

ëïãç äñÜóç ôïõ êáöåúêïý ïîÝïò êáé ôùí ðáñáãþãùí

ôïõ, üðùò ðáñåìðüäéóç ôçò ïîåéäùôéêÞò ìåôáôñïðÞò ôçò

LDL91 êáé ðñïóôáóßá áðü ôç âëÜâç êáôÜ ôçí åðáíáéìÜ-

ôùóç ìåôÜ áðü éó÷áéìßá ôïõ åíôÝñïõ.92 Ôá áìßäéá ôïõ

êáöåúêïý ïîÝïò åßíáé éó÷õñïß áíáóôïëåßò ôçò ëéðéäéêÞò

õðåñïîåßäùóçò.93 Åðßóçò, ôï êáöåúêü ïîý äåóìåýåé ôçí

Åéêüíá 5. ÄïìéêÜ ÷áñáêôçñéóôéêÜ ïõóéþí ìå áíôéïîåéäùôéêÞ äñÜóç.
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éäéáßôåñá ôïîéêÞ ñßæá õäñïîõëßïõ, åíþ öáßíåôáé üôé Ý÷åé

áíôéïîåéäùôéêÞ äñÜóç ìÝóá óôï êýôôáñï. Ç ï-äéõäñïîõ-

ïìÜäá öáßíåôáé íá åßíáé õðåýèõíç ãéá ôç äñÜóç ôïõ

êáôÜ ôïõ êåñìáôéóìïý ôïõ DNA, ðïõ ðñïêáëåßôáé áðü

ôï Ç2Ï2.94 Óýìöùíá ìå ðñüóöáôç ìåëÝôç, ôï êáöåúêü

ïîý ìðïñåß íá åìðëÝêåôáé óôçí áíáóôïëÞ ôçò åíåñãï-

ðïßçóçò ôïõ ÍF-êÂ êáé ôçò áðüðôùóçò óå U937 êýôôá-

ñá.95

Ïé äéáöïñåôéêÝò áíôéïîåéäùôéêÝò éäéüôçôåò ôùí ôñéþí

ðáñáðÜíù åíþóåùí áðïôåëïýí áíôéêåßìåíï åêôåôáìÝ-

íçò åñåõíçôéêÞò äñáóôçñéüôçôáò, ç ïðïßá áðïâëÝðåé óôï

ó÷åäéáóìü íÝùí ìïñßùí ðïõ èá óõíäõÜæïõí ôá äïìéêÜ

÷áñáêôçñéóôéêÜ áõôþí, ìå óêïðü ôç âåëôéóôïðïßçóç ôçò

äñÜóçò ôïõò.

10. ÓÕÌÐÅÑÁÓÌÁÔÁ

Ìéá íÝá åîÝëéîç óôï ÷þñï ôçò ìåëÝôçò ôçò áíäñéêÞò

õðïãïíéìüôçôáò åßíáé ç áíáêÜëõøç üôé ç áõîçìÝíç ðá-

ñáãùãÞ äñáóôéêþí ìïñöþí ïîõãüíïõ (reactive oxygen

species, ROS), óôï óðÝñìá, åðçñåÜæåé ôç ëåéôïõñãéêÞ

éêáíüôçôá ôùí óðåñìáôïæùáñßùí. ROS áíé÷íåýïíôáé óå

ðïóïóôü 25–40% ôùí äåéãìÜôùí óðÝñìáôïò óôïõò õðï-

ãüíéìïõò Üíäñåò ìå éäéïðáèÞ õðïãïíéìüôçôá êáé ðáñÜ-

ãïíôáé áðü ôá óðåñìáôïæùÜñéá êáé ôá ëåõêïêýôôáñá.

ÓõíõðÜñ÷ïõí ìå áíùìáëßá ôïõ ìÝóïõ ôìÞìáôïò ôçò ïõñÜò

ôïõ óðåñìáôïæùáñßïõ, ìå åëáôôùìÝíç êéíçôéêüôçôá êáé

áðþëåéá ôçò éêáíüôçôáò ôùí óðåñìáôïæùáñßùí ãéá ôçí

áíôßäñáóç ôïõ áêñïóþìáôïò, êáèþò êáé ìå åëáôôùìÝíç

éêáíüôçôá óýíôçîçò óðåñìáôïæùáñßïõ-ùïêõôôÜñïõ êáé

ìåéùìÝíç ãïíéìüôçôá in vitro êáé in vivo.

Ôá ìéôï÷üíäñéá áðïôåëïýí ôç âáóéêÞ ðçãÞ ROS êáé

åìðëÝêïíôáé óôçí åíåñãïðïßçóç ôùí ðñïáðïðôùôéêþí

ìïñßùí, ôïí êåñìáôéóìü ôïõ DNA êáé ôçí áðüðôùóç. Ôá

äéá÷åüìåíá õðåñïîåßäéá ðñïêáëïýí ëéðéäéêÞ õðåñïîåß-

äùóç, ìå áðïôÝëåóìá äéáôáñá÷Þ ôçò äïìÞò êáé ôçò ëåé-

ôïõñãßáò ôçò êõôôáñéêÞò ìåìâñÜíçò, ôùí ïñãáíéäßùí

ôùí óðåñìáôïæùáñßùí êáé êåñìáôéóìü ôïõ DNA áõôþí.

Ç ïîåéäùôéêÞ âëÜâç ôïõ ìéôï÷ïíäñéáêïý DNA ïäçãåß

óå åëáôôùìÝíç ðáñáãùãÞ ATP ìå áíôßêôõðï óôç ãïíé-

ìïðïéçôéêÞ éêáíüôçôá, åíþ ç âëÜâç ôïõ ðõñçíéêïý DNA

ðñïóâÜëëåé ôç äïìÞ êáé ôç ëåéôïõñãßá ôùí óðåñìáôïæùá-

ñßùí. Ïé ôå÷íéêÝò TUNEL êáé comet, ðïõ áíé÷íåýïõí

ôçí áêåñáéüôçôá ôïõ DNA óôï óðÝñìá õðïãüíéìùí áí-

äñþí, äåß÷íïõí üôé ç áõîçìÝíç óõ÷íüôçôá åìöÜíéóçò

êåñìáôéóìÝíïõ DNA ó÷åôßæåôáé ìå áëëáãÝò óôçí êéíçôé-

êüôçôá, ôç ìïñöïëïãßá, ôç óõãêÝíôñùóç óðåñìáôïæùá-

ñßùí óôï óðÝñìá êáé ôï ðïóïóôü ãïíéìïðïßçóçò, ìåôÜ

áðü åíäïùáñéáêÞ Ýã÷õóç óðåñìáôïæùáñßùí (ICSI).

Tá áðïôåëÝóìáôá ÷ïñÞãçóçò áíôéïîåéäùôéêþí, in vivo,

äåí åßíáé éêáíïðïéçôéêÜ. In vitro, ôá öõóéïëïãéêÜ åðßðå-

äá ôùí ROS åõíïïýí ôçí ùñßìáíóç ôùí óðåñìáôïæùá-

ñßùí êáé ôç ãïíéìïðïßçóç. Ùóôüóï, ÷ñåéÜæïíôáé ðåñéó-

óüôåñåò ìåëÝôåò ãéá íá åðéâåâáéùèåß üôé ôá áíôéïîåéäù-

ôéêÜ åßíáé áâëáâÞ êáé ùöÝëéìá óôç èåñáðåßá ôçò áíäñé-

êÞò õðïãïíéìüôçôáò êáé ôçí åðéôõ÷ßá ôçò åîùóùìáôéêÞò

ãïíéìïðïßçóçò (IVF) êáé ôçò åíäïìçôñéêÞò óðåñìáôÝã-

÷õóçò (IUI).

Óõíåðþò, åðéâÜëëåôáé ç áíÜëõóç ìå íÝåò ìåèüäïõò

ôçò äñÜóçò ôùí áíôéïîåéäùôéêþí ãéá ôç âåëôßùóç ôçò

ðïéüôçôáò ôïõ óðÝñìáôïò, in vivo êáé in vitro, êáèþò êáé

ï ó÷åäéáóìüò/óýíèåóç íÝùí åíþóåùí ìå âÝëôéóôç áíôé-

ïîåéäùôéêÞ äñÜóç. Ìåôáîý áõôþí ðåñéëáìâÜíïíôáé åíþ-

óåéò ðïõ åìðåñéÝ÷ïõí äïìéêÜ ÷áñáêôçñéóôéêÜ õðåýèõíá

ãéá ôçí áíôéïîåéäùôéêÞ äñÜóç ôçò ôïêïöåñüëçò êáé ôïõ

ëéðïúêïý Þ ôïõ êáöåúêïý ïîÝïò

ABSTRACT
................................................................................................................................................................................

Sperm oxidative damage and the role of reactive oxygen species in male infertility
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Infertility may be due, to a very large extent, to the male factor. Reactive oxygen species (ROS) found in sperm

of poor quality are produced by either the spermatozoa or the leucocytes. Mitochondria are the basic source of

ROS and are involved in the activation of proapoptotic molecules, DNA fragmentation and apoptosis. Excessive

generation of ROS in the ejaculate affects the functional competence of human spermatozoa and has been

associated with decreased motility, loss of the capacity to undergo the acrosome reaction, decreased sperm-

oocyte fusion capability and diminished fertility in vitro and in vivo. The mechanism by which ROS disrupt

sperm function involves the peroxidation of unsaturated fatty acids in the sperm membranes and DNA frag-
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mentation. Oxidative damage of the mitochondrial DNA leads to reduced production of ATP, affecting repro-

ductive capacity, while nuclear DNA damage is detrimental to the structure and function of the sperm.

Techniques such as TUNEL and comet, which are efficient in detecting DNA breakage in ejaculated spermato-

zoa from subfertile men, showed that a high incidence of fragmented DNA correlated with adverse effects on

sperm motility, morphology, sperm count and the percentage of fertilization after intracytoplasmic sperm

injection (ICSI). The results reported to date of in vivo antioxidant treatment are modest. Antioxidants could be

useful in the case of excessive levels of ROS found during sperm selection for in vitro fertilization (IVF) or

intrauterine injection (IUI), but further studies are needed to ascertain their role in the treatment of male

infertility. Analysis, using new techniques, of the action of antioxidants and subsequent design/synthesis of new

compounds with optimal antioxidant action are necessary for the improvement of sperm quality and the

treatment of male infertility.
................................................................................................................................................................................
Key words: DNA fragmentation, Male infertility, ROS, Spermatozoa

Âéâëéïãñáößá

1. CARLSEN E, GIWERCMAN A, KEIDING N, SKAKKEBAEK NE. Evidence
for decreasing quality of semen during past 50 years. Br
Med J 1992, 305:609–613

2. HULL MG, GLAZENER CM, KELLY NJ, CONWAY DI, FOSTER PA,

HINTON RA ET AL. Population study of causes, treatment and
outcome of infertility. Br Med J 1995, 291:1693–1697

3. MAK V, ZIELENSKI J, TSUI LC, DURIE P, ZINI A, MARTIN S ET AL.

Proportion of cystic fibrosis gene mutations not detected
by routine testing in men with obstructive azoospermia.
JAMA 1999, 281:2217–2224

4. HENDIN BN, KOLETTIS PN, SHARMA RK, THOMAS AJ, AGARWAL A.

Varicocele is associated with elevated spermatozoal reac-
tive oxygen species production and diminished seminal plasma
antioxidant capacity. J Urol 1999, 161:1831–1844

5. WANG A, FANNING L, ANDERSON DJ, LOUGHLIN KR. Generation
of reactive oxygen species by leukocytes and sperm fol-
lowing exposure to urogenital tract infection. Arch Androl
1997, 39:11–17

6. GUZMAN EG, OLLERO M, LOPEZ MC, SHARMA RK, ALVAREZ JG,

THOMAS AJ ET AL. Differential production of reactive oxygen
species by subsets of human spermatozoa at different stag-
es of maturation. Hum Reprod 2001, 16:1922–1930

7. SAKKAS D, MARIETHOZ E, MANICARDI G, BIZZARO D, BIANCHI P,

BIANCI U. Origin of DNA damage in ejaculated human sper-
matozoa. Rev Reprod 1999, 4:31–37

8. GRIVEAU JF, LE LANNOU D. Reactive oxygen species and hu-
man spermatozoa: physiology and pathology. Int J Androl
1997, 20:61–69

9. AITKEN RJ. The Amoroso lecture. The human spermatozoon
– a cell in crisis? J Reprod Fertil 1999, 115:1–7

10. JACOBSON MD. Reactive oxygen species and programmed
cell death. TIBS 1996, 21:83–86

11. KROEMER G, ZAMZAMI N, SUSIN SA. Mitochondrial control of
apoptosis. Immunol Today 1997, 18:44–51

12. GREEN DR, REED JC. Mitochondria and apoptosis. Science 1998,
281:1309–1312

13. KROEMER G, REED JC. Mitochondrial control of cell death. Nat
Med 2000, 6:513–519

14. WANG X. The expanding role of mitochondria in apoptosis.
Genes Dev 2001, 15:2922–2933

15. MARZO I, BRENNER C, ZAMZAMI N, SUSIN SA, BEUTNER G, BRID-

ICZKA D ET AL. The permeability transition pore complex: a
target for apoptosis regulation by caspases and bcl-2-relat-
ed proteins. J Exp Med 1998, 187:1261–1271

16. POLLA BS, BANZET N, DALL’AVA J, ARRIGO AB, VIGNOLA AM. Les
mitochondries: carrefour entre vie et mort cellulaire: role
des proteines de stress et consequences sur l’ inflammation.
Med Sci 1998, 14:18–25

17. ÍAGATA S. Apoptotic DNA fragmentation. Exp Cell Res 2000,
256:12–18

18. LIU X, LI P, WIDLAK P, ZOU H, LUO X, GARRARD WT ET AL. The
40-kDa subunit of DNA fragmentation factor induces DNA
fragmentation and chromatin condensation during apopto-
sis. Proc Natl Acad Sci USA 1998, 95:8461–8466

19. LOEFFLER M, KROEMER G. The mitochondrion in cell death
control. Certainties and incognita. Exp Cell Res 2000, 256:19–
26

20. HENGARTNER MO. The biochemistry of apoptosis. Nature
2000, 407:770–776

21. LI P, NIJHAWAN D, BUDHIHARDJO I, SRINIVASULA SM, AHMAD M,

ALNEMRI ES ET AL. Cytochrome c and dATP-dependent for-
mation of Apaf-1/caspase-9 complex initiates an apoptotic
protease cascade. Cell 1997, 91:479–489

22. PAN G, O’ROURKE K, DIXIT VM. Caspase-9, Bcl-XL and Apaf-1
form a ternary complex. J Biol Chem 1998, 273:5841–
5845

23. YOUNGLAI EV, HOLT D, BROWN P, JURISICOVA A, CASPER RF. Sperm
swim-up techniques and DNA fragmentation. Hum Reprod
2001, 16:1950–1953

24. MORTIMER D. Sperm preparation techniques and iatrogenic
failure of in vitro fertilization. Hum Reprod 1991, 6:173–
176

25. LOPES S, JURISICOVA A, SUN JG, CASPER RF. Reactive oxygen
species: potential cause for DNA fragmentation in human
spermatozoa. Hum Reprod 1998, 13:896–900



444 Ñ. ÁÃÃÅËÏÐÏÕËÏÕ êáé Ì. ÊÕÑÉÁÆÏÃËÏÕ

26. DONNELLY ET, O’CONNELL M, McCLURE N, LEWIS SEM. Differ-
ences in nuclear DNA fragmentation and mitochondrial in-
tegrity of semen and prepared human spermatozoa. Hum
Reprod 2000, 15:1552–1561

27. AITKEN RJ. A free radical theory of male infertility. Reprod
Fertil Dev 1994, 6:19–24

28. SHARMA RK, AGARWALL A. Role of reactive oxygen species in
male infertility. Urology 1996, 48:835–850

29. AITKEN RJ, WEST KM, BUCKINGHAM DW. Leucocyte infiltration
into the human ejaculate and its association with semen
quality, oxidative stress, and sperm function. J Androl 1994,
15:343–352

30. AITKEN RJ, WEST KM. Analysis of the relationship between
reactive oxygen species production and leucocyte infiltra-
tion in fractions of human semen separated on Percoll gra-
dients. Int J Androl 1990, 3:433–451

31. RAJASEKARAN M, HELLSTROM WJ, NAZ RK, SIKKA S. Oxidative
stress and interleukins in seminal plasma during leukocyt-
ospermia. Fertil Steril 1995, 64:166–171

32. RAJASEKARAN M, HELLSTROM WJ, SIKKA SC. Quantitative as-
sessment of cytokines (GRO-alpha and IL-10) in human sem-
inal plasma during genitourinary inflammation. Am J Reprod
Immun 1996, 36:90–95

33. IWASAKI A, GAGNON C. Formation of reactive oxygen spe-
cies in spermatozoa of infertile patients. Fertil Steril 1992,
57:409–416

34. KRAUSZ C, MILLS C, ROGERS S, TAN SL, AITKEN RJ. Stimulation of
oxidant generation by human sperm suspensions using phor-
bol esters and formyl peptides: relationships with motility
and fertilization in vitro. Fertil Steril 1994, 62:599–605

35. McLEO D. The role of oxygen in the metabolism and motility
of human spermatozoa. Am J Physiol 1943, 138:512–518

36. AITKEN RJ, GORDON E, HARKIS D, TWIGG JP, MILNE P, JENNING Z

ET AL. Relative impact of oxidative stress on the functional
competence and genomic integrity of human spermatozoa.
Biol Reprod 1998, 59:1037–1046

37. TWIGG JP, FULTON N, GOMEZ E, IRVINE DS, AITKEN RJ. Analysis
of the impact of intracellular reactive oxygen species gen-
eration on the structural and functional integrity of human
spermatozoa: Lipid peroxidation, DNA fragmentation and
effectiveness of antioxidants. Hum Reprod 1998, 13:1429–
1436

38. TWIGG JP, IRVINE DS, AITKEN RJ. Oxidative damage to DNA in
human spermatozoa does not preclude pronucleus forma-
tion at intracytoplasmic sperm injection. Hum Reprod 1998,
13:1864–1871

39. AITKEN RJ, CLARKSON JS. Cellular basis of defective sperm
function and its association with the genesis of reactive
oxygen species by human spermatozoa. J Reprod Fertil 1987,
81:459–469

40. ALVAREZ JG, TOUCHSTONE JC, BLASCO L, STOREY BT. Spontane-
ous lipid peroxidation and production of hydrogen peroxide
and superoxide in human spermatozoa. Superoxide dismutase
as major enzyme protectant against oxygen toxicity. J An-
drol 1987, 8:338–348

41. ERNSTER L. Lipid peroxidation in biological membranes: Mech-
anisms and implications. In: Yagi K (ed) Active oxygen, lipid
peroxides and antioxidants. CRC Press, Boca Raton, 1993:1–
38

42. CUMMINS JM, JEQUIER AM, RAYMOND K. Molecular biology of
human male infertility: Links with aging, mitochondrial ge-
netics and oxidative stress? Mol Reprod Dev 1994, 37:345–
362

43. WARD WS. Chromosome organization in mammalian sperm
nuclei. In: Genetics of human male infertility. Editions EDK,
Paris, 1997:205–221

44. SAMBROOK J, FRITSCH EF, MANIATIS T. Molecular cloning: A
laboratory manual. Cold Spring Harbor Laboratory Press,
New York, 1989:2

45. BIANCHI PG, MANICARDI GC, BIZZARO D, BIANCHI U, SAKKAS D.

Effect of deoxyribonucleic acid protamination on fluoro-
chrome staining and in situ nick-translation of murine and
human mature spermatozoa. Biol Reprod 1993, 49:1083–
1088

46. MANICARDI GC, BIANCHI PG, PANTANO S, AZZONI P, BIZZARO D,

BIANCHI U ET AL. Presence of endogenous nicks in DNA of
ejaculated human spermatozoa and its relationship to chro-
momycin A3 accessibility. Biol Reprod 1995, 52:864–867

47. SAKKAS D, UMER F, BIZZARO D, BIANCHI PG, WAGNER I, JACQUE-

NOUD N. Sperm chromatin anomalies can influence deconden-
sation after intracytoplasmic sperm injection (ICSI). Hum
Reprod 1996, 11:837–843

48. TOMLINSON MJ, MOFFAT O, MANICARDI GC, BIZZARO D, AFNAN

M, SAKKAS D. Interrelationships between seminal parameters
and sperm nuclear DNA damage before and after density
gradient centrifugation: Implications for assisted conception.
Hum Reprod 2001, 16:2160–2165

49. GORCZYCA W, TRAGANOS F, JESIONOWSKA H, DARZYNKEWICZ

Z. Presence of strand breaks and increased sensitivity of
DNA in situ to denaturation in abnormal human sperm cells:
Analogy to apoptosis of somatic cells. Exp Cell Res 1993,
207:202–220

50. MANICARDI GC, TOMBACCO A, BIZZARO D, BIANCHI U, BIANCHI

PG, SAKKAS D. DNA strand breaks in ejaculated human sper-
matozoa: comparison of susceptibility to the nick-transla-
tion and terminal transferase assays. Histochem J 1998,
30:33–39

51. SUN JG, JURISICOVA A, CASPER RF. Detection of deoxyribonu-
cleic acid fragmentation in human sperm: Correlation with
fertilization in vitro. Biol Reprod 1997, 56:602–607

52. HUGHES CM, LEWIS SEM, McKELVEY-MARTIN VJ, THOMSON WB. A
comparison of baseline and induced DNA damage in hu-
man spermatozoa from fertile and infertile men, using a
modified comet assay. Mol Hum Reprod 1996, 2:613–619

53. ARAVINDAN GR, BJORDAHL J, JOST LK, EVENSON DP. Susceptibil-
ity of human sperm to in situ DNA denaturation is strongly
correlated with DNA strand breaks identified by single-cell
electrophoresis. Exp Cell Res 1997, 10:231–237

54. COLLINS AR, DOBSON VL, DUSINSKA M, KENEDY G, STETINA R.

The comet assay: what can it really tell us? Mutat Res 1997,
29:183–193



ÄÑÁÓÔÉÊÅÓ ÌÏÑÖÅÓ ÏÎÕÃÏÍÏÕ ÊÁÉ ÁÍÄÑÉÊÇ ÕÐÏÃÏÍÉÌÏÔÇÔÁ 445

55. WORLD HEALTH ORGANIZATION. WHO laboratory manual for
the examination of human semen and semen-cervical mu-
cus interaction. 4th ed. Press Syndicate for the University of
Cambridge, Cambridge, 1999

56. ANGELOPOULOU R, DADOUNE JP. Apoptose dans la sperma-
togenese normale et pathologique. Contr Fertil Sex 1999,
27:99–106

57. ANGELOPOULOU R. Apoptosis and spermatogenesis. Arch
Hellen Med 2000, 17:12–14

58. McPHERSON SMG, LONGO FJ. Chromatin structure-function
alterations during mammalian spermatogenesis: DNA nick-
ing and repair in elongating spermatids. Eur J Histochem
1993, 37:109–128

59. McPHERSON SMG, LONGO FJ. Nicking of rat spermatid and
spermatozoa DNA: Possible involvement of DNA topoi-
somerase II. Dev Biol 1993, 158:122–130

60. SAKKAS D, MANICARDI GC, BIANCHI PG, BIZZARO D, BIANCHI U.

Relationship between the presence of endogenous nicks
and sperm chromatin packaging in maturing and fertilizing
mouse spermatozoa. Biol Reprod 1995, 52:1149–1155

61. GORCZYCA W, GONG J, DARZYNKEIWICZ Z. Detection of DNA
strand breaks in individual apoptotic cells by the in situ
terminal deoxynucleotidyl transferase and nick translation
assays. Cancer Res 1993, 53:1945–1951

62. LOPES S, SUN JG, JURICOVA A, MERIANO J, CASPER RF. Sperm
deoxyribonucleic acid fragmentation is increased in poor
quality sperm samples and correlates with failed fertilization
in intracytoplasmic sperm injection. Fertil Steril 1998, 69:528–
532

63. BACETTI B, COLLODEL G, PIOMBONI P. Apoptosis in human ejac-
ulated sperm cells (notulae seminologicae 9). J Submicrosc
Cytol Pathol 1996, 28:587–596

64. GANDINI L, LOMBARDO F, PAOLI D, CAPONECCHIA L, FAMILIARI

G, VERLENGIA C ET AL. Study of apoptotic DNA fragmenta-
tion in human spermatozoa. Hum Reprod 2000, 15:830–
839

65. EVENSON DP, DARZYNKIEWICZ Z, MELAMED MR. Relation of
mammalian sperm chromatin heterogeneity to fertility. Sci-
ence 1980, 210:1131–1133

66. SHOUKIR Y, CHARDONNENS D, CAMPANA A, SAKKAS D. Blasto-
cyst development from supernumerary embryos after intra-
cytoplasmic sperm injection: a paternal influence? Hum Re-
prod 1998, 13:1632–1637

67. MARTIN-DU PAN RC, SAKKAS D. Is antioxidant therapy a prom-
ising strategy to improve human reproduction? Hum Re-
prod 1998, 13:2984–2985

68. LEWIS SEM, STERLING ESL, YOUNG IS, THOMSON W. Comparison
of individual antioxidants of sperm and seminal plasma in
fertile and infertile men. Fertil Steril 1997, 67:142–147

69. MARTIN-DU PAN RC, BISHOP P, CAMPANA A, MARABIA A. Rela-
tionship between etiological factors and total motile sperm
count in 350 infertile patients. Arch Androl 1997, 39:197–
210

70. DAWSON EB, HARRIS WA, TETER MC, POWEL LC. Effect of ascor-
bic acid supplementation on the sperm quality of smokers.
Fertil Steril 1992, 58:1034–1039

71. FRAGA CG, MOTCHNIK PA, SHIGENAGA MK, HELBOCK HJ, JACOB

RA, AMES BN. Ascorbic acid protects against endogenous
oxidative DNA damage in human sperm. Proc Natl Acad
Sci USA 1991, 88:11003–11006

72. ABEL BJ, CARSWELL G, ELTON R, HARGREAVE TB, KYLE K, ORR S ET

AL. Randomized trial of chlomiphene citrate treatment and
vitamin C for male infertility. Br J Urol 1982, 54:780–784

73. KODAMA H, YAMAGUCHI R, FUKUDA J, KASAI H, TANAKA T. In-
creased oxidative deoxyribonucleic acid damage in the sper-
matozoa of infertile male patients. Fertil Steril 1997, 68:519–
523

74. GRIVEAU JF, RENARD JF, LE LANNOU D. An in vitro promoting
role for hydrogen peroxide in human sperm capacitation.
Int J Androl 1994, 17:300–307

75. OEDA T, HANKAL R, OHMORI H, SCHILL WB. Scavenging effect
of N-acetyl-L-cysteine against reactive oxygen species in
human semen: a possible therapeutic modality for male fac-
tor infertility? Andrologia 1997, 29:125–131

76. PARINAUD J, LE LANNOU D, VIEIZT G, GRIVEAU JF, MILHET P, RICH-

OILLEY G. Enhancement of motility by treating spermatozoa
with an antioxidant solution (sperm-fit) following ejacula-
tion. Hum Reprod 1997, 12:2434–2436

77. DIPLOCK AT. Fat-soluble vitamins. Heinman, London, 1985
78. TRABER MG. Determinants of plasma vitamin E concentra-

tions. Free Radic Biol Med 1994, 16:229–239
79. AITKEN RJ, CLARKSON JS. Significance of reactive oxygen spe-

cies and antioxidants in defining the efficacy of sperm prep-
aration techniques. J Androl 1988, 9:367–376

80. KARLSSON WJ, DANIELSSON A. Effects of vitamins E, C and
catalase on bromobenzene and hydrogen peroxide induced
intracellular oxidation and DNA single strand breakage in
Hep G2 cells. J Hepatol 1997, 26:669–677

81. FORREST VJ, KANG YH, McCLAIN DE, ROBINSON DH, RAM-

AKRISHNAN N. Oxidative stress-induced apoptosis prevented
by trolox. Free Radic Biol Med 1994, 16:675–684

82. ROY S, SEN CK, TRITSCHLER HJ, PACKER L. Modulation of cellular
reducing equivalent homeostasis by á-lipoic acid. Mecha-
nisms and implications for diabetes and ischemic injury. Bio-
chem Pharmacol 1997, 53:393–399

83. BIEWENGA GP, HAENEN GRMM, BAST A. The pharmacology of
the antioxidant lipoic acid. Gen Pharmacol 1997, 29:315–
331

84. KAGAN VE, SHVEDOVA A, SERBINOVA A, SERBINOVA E, KHAN S,

SWANSON C ET AL. Dihydrolipoic acid – A universal antioxi-
dant both in membrane and in aqueous phase. Biochem
Pharmacol 1992, 44:1637–1649

85. PACKER L, WITT EH, TRITSCHLER HJ. á-Lipoic acid as a biolog-
ical antioxidant. Free Radic Biol Med 1995, 19:227–250

86. BORCEA V, NOUROOZ-ZADEH J, WOLFF SP, KLEVESATH M, HOF-

MANN M, URICH H ET AL. á-Lipoic acid decreases oxidative
stress even in diabetic patients with poor glycemic control
and albuminuria. Free Radic Biol Med 1999, 26:1495–1500

87. COOMBES JS, POWERS SK, DEMIREL J, JESSUP HK, VINCENT KL,

HAMILTON KL ET AL. Effect of combined supplementation with
vitamin E and alpha-lipoic acid on myocardial performance
during in vivo ischaemia-reperfusion. Acta Physiol Scand
2000, 169:261–269



446 Ñ. ÁÃÃÅËÏÐÏÕËÏÕ êáé Ì. ÊÕÑÉÁÆÏÃËÏÕ

88. FUCHS J, MILBRADT R. Antioxidant inhibition of skin inflamma-
tion induced by reactive oxidants: Evaluation of the redox
couple dihydrolipoate/lipoate. Skin Pharmacol Physiol 1994,
7:278–284

89. PANIGRAHI M, SADGUNA Y, SHIVAKUMAR BR, KOLLURI SVR, ROY

S, PACKER L ET AL. á-Lipoic acid protects against reperfusion
injury following cerebral ischemia in rats. Brain Res 1996,
717:184–188

90. SEN CK, TIROSH O, ROY S, KOBAYASHI MS, PACKER L. A positive-
ly charged á-lipoic acid analogue with increased cellular
uptake and more potent immunomodulatory activity. Bio-
chem Biophys Res Commun 1998, 247:223–228

91. NARDINI M, D’AQUINO M, TOMASSI G, GENTILI V, DI FELICE M,

SCACCINI C. Inhibition of human low-density lipoprotein ox-
idation by caffeic acid and other hydrocinnamic acid deriv-
atives. Free Radic Biol Med 1995, 19:541–552

92. KOLTUKSUZ U, OZEN S, UZ E, AYDINC M, KARAMAN A, GULTEK A

ET AL. Caffeic acid phenethyl ester prevents intestinal reper-
fusion injury in rats. J Pediatr Surg 1999, 34:1458–1462

93. RAJAN P, VEDERNIKOVA I, COS P, VANDEN BERGHE D, AUGUSTYNS

K, HAEMERS A. Synthesis and evaluation of caffeic acid amides
as antioxidants. Bioorg Med Chem Lett 2001, 11:215–217

94. IWAHASHI H, ISHII T, SUGATA R, KIDO R. The effects of caffeic
acid and its related catechols on hydroxyl radical formation
3-hydroxyanthranilic acid, ferric chloride and hydrogen per-
oxide. Arch Biochem Biophys 1990, 276:242–247

95. NARDINI M, PISU P, GENTILI V, NATELLA F, DI FELICE M, PICCORELLA

E ET AL. Effect of caffeic acid on tert-butyl hydroperoxide-
induced oxidative stress in U937. Free Radic Biol Med 1998,
25:1098–1105

Corresponding author:

R. Angelopoulou, 54 Anagnostopoulou street, GR-106 72
Athens, Greece
e-mail: rangelop@med.uoa.gr

...............................................................................................................................................................................


