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O¢H°IE™ ¶PO™ ™Y°°PAºEI™

To ÂÚÈo‰ÈÎfi ANHP, ¤Î‰oÛË ÙË˜ EÏÏËÓÈÎ‹˜ AÓ‰oÏoÁÈÎ‹˜ EÙ·ÈÚÂ›·˜ ¤¯ÂÈ
ÛÙfi¯o ÙË Û˘ÓÂ¯‹ ÂÈÌfiÚÊˆÛË ÙˆÓ ·Û¯oÏo‡ÌÂÓˆÓ ÛÙo ¯ÒÚo ÙË˜
AÓ‰ÚoÏoÁ›·˜ Î·È ÙËÓ Úo·ÁˆÁ‹ Ùo˘ ÁÓˆÛÙÈÎo‡ ·ÓÙÈÎÂÈÌ¤Óo˘ ÙË˜ ÛÙoÓ
ÂÏÏËÓÈÎfi ¯ÒÚo. °È· ÙËÓ Ú·ÁÌ¿ÙˆÛË ·˘Ùo‡ Ùo˘ ÛÎoo‡ ‰ËÌoÛÈÂ‡oÓÙ·È
ÛÙo ÂÚÈo‰ÈÎfi:
1. AÚıÚ· ™‡ÓÙ·ÍË˜. ™‡ÓÙoÌÂ˜ ·Ó·ÛÎo‹ÛÂÈ˜ ÛÂ Â›Î·ÈÚ· Î·È ·ÌÊÈÏÂ-
ÁfiÌÂÓ· ı¤Ì·Ù·, o˘ ÁÚ¿ÊoÓÙ·È ÌÂ ÚoÙÚo‹ ÙË˜ Û˘ÓÙ·ÎÙÈÎ‹˜ ÂÈ-
ÙÚo‹˜. OÙ·Ó ÂÎÊÚ¿˙o˘Ó Û˘ÏÏoÁÈÎ¿ ÙË ™‡ÓÙ·ÍË Ùo˘ ÂÚÈo‰ÈÎo‡, Â›Ó·È
·Ó˘fiÁÚ·Ê·. ™ÙÈ˜ ¿ÏÏÂ˜ ÂÚÈÙÒÛÂÈ˜ Â›Ó·È ÂÓ˘fiÁÚ·Ê·.
2. °ÂÓÈÎ¿ ı¤Ì·Ù·. ™¯ÂÙÈ˙fiÌÂÓ· ÌÂ ÙËÓ AÓ‰ÚoÏoÁ›·
3. AÓ·ÛÎo‹ÛÂÈ˜. OÏoÎÏËÚˆÌ¤ÓÂ˜ ·Ó·Ï‡ÛÂÈ˜ È·ÙÚÈÎÒÓ ıÂÌ¿ÙˆÓ, ÛÙÈ˜
oo›Â˜ ˘oÁÚ·ÌÌ›˙oÓÙ·È oÈ Û‡Á¯ÚoÓÂ˜ ·fi„ÂÈ˜. °›ÓoÓÙ·È ‰ÂÎÙ¤˜ ·Ó·-
ÛÎo‹ÛÂÈ˜ Ì¤¯ÚÈ ‰‡o Û˘ÁÁÚ·Ê¤ˆÓ.
4. EÚÂ˘ÓËÙÈÎ¤˜ ÂÚÁ·Û›Â˜. KÏÈÓÈÎ¤˜ ‰oÎÈÌ¤˜ ‹ ÌË ÂÈÚ·Ì·ÙÈÎ¤˜ ¤ÚÂ˘ÓÂ˜
ÚooÙÈÎo‡ ‹ ·Ó·‰ÚoÌÈÎo‡ ¯·Ú·ÎÙ‹Ú·, o˘ Ú·ÁÌ·ÙooÈ‹ıËÎ·Ó ÌÂ
‚¿ÛË ÂÚÂ˘ÓËÙÈÎfi ÚˆÙfiÎoÏÏo, Ùo oo›o Ó· ÂÚÈÁÚ¿ÊÂÙ·È ·Ó·Ï˘ÙÈÎ¿
ÛÙË ÌÂıo‰oÏoÁ›·. ¶ÂÚÈ¤¯o˘Ó ÚˆÙo‰ËÌoÛÈÂ˘Ì¤Ó· ·oÙÂÏ¤ÛÌ·Ù·.
5. EÓ‰È·Ê¤Úo˘ÛÂ˜ ÂÚÈÙÒÛÂÈ˜. °›ÓoÓÙ·È ‰ÂÎÙ¿ ¿ÚıÚ· ÂÊfiÛoÓ
·ÊoÚo‡Ó Ó¤· Î·È oÏ‡ Û¿ÓÈ·  ÓoÛ‹Ì·Ù· ‹ ÓoÛ‹Ì·Ù· ÂÌÊ·Ó›˙oÓÙ· È‰È-
·ÈÙÂÚfiÙËÙÂ˜ ˆ˜ Úo˜ ÙËÓ ÎÏÈÓÈÎ‹ Ùo˘˜ ÂÎ‰‹ÏˆÛË ‹ ÙËÓ ‰ÈÂÚÂ˘ÓËÙÈÎ‹
Ùo˘˜ ÚoÛ¤Ï·ÛË ‹ ¤¯ÂÈ ·ÎoÏo˘ıËıÂ› Ó¤·  ıÂÚ·Â˘ÙÈÎ‹ ÌÂıfi‰Â˘ÛË ÌÂ
ÂÏÂÁÌ¤Óo Ùo ·oÙ¤ÏÂÛÌ·. E›ÛË˜ ÛÙ· ¿ÚıÚ· ·˘Ù¿ ÌoÚo‡Ó Ó· ·Úo˘-
ÛÈ·Ûıo‡Ó ÚˆÙfiÙ˘Â˜ ÂÚÈÙÒÛÂÈ˜ Úo˜ Û˘˙‹ÙËÛË ÌÂ Ùo˘˜ ·Ó·ÁÓÒ-
ÛÙÂ˜ Ùo˘ ÂÚÈo‰ÈÎo‡.
6. E›Î·ÈÚ· ı¤Ì·Ù·. ™‡ÓÙoÌË ÂÚÈÁÚ·Ê‹ ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ ·fi„ÂˆÓ ÛÂ
Û˘ÁÎÂÎÚÈÌ¤Ó· ı¤Ì·.
7. ¶Ú·ÎÙÈÎ¿ ·fi ÛÂÌÈÓ¿ÚÈ· Î·È ÛÙÚoÁÁ˘Ï¿ ÙÚ·¤˙È· ‹ ÎÂ›ÌÂÓ· ·fi
‰È·Ï¤ÍÂÈ˜.
8. ¶ÂÚ›ÏË„Ë ¿ÚıÚˆÓ ÙË˜ ‰ÈÂıÓo‡˜ ‚È‚ÏÈoÁÚ·Ê›·˜ Û˘Óo‰Â˘fiÌÂÓË
·fi Û‡ÓÙoÌo Û¯fiÏÈo. ¢ËÌoÛÈÂ‡oÓÙ·È ÂÓ˘fiÁÚ·Ê·.
9. °Ú¿ÌÌ·Ù· Úo˜ ÙË ™‡ÓÙ·ÍË. ¶ÂÚÈ¤¯o˘Ó ÎÚ›ÛÂÈ˜ ÁÈ· ‰ËÌoÛÈÂ˘Ì¤Ó·
¿ÚıÚ·, Úfi‰ÚoÌ· ·oÙÂÏ¤ÛÌ·Ù· ÂÚÁ·ÛÈÒÓ, ·Ú·ÙËÚ‹ÛÂÈ˜ ÁÈ· ·ÓÂÈ-
ı‡ÌËÙÂ˜ ÂÓ¤ÚÁÂÈÂ˜, ÎÚ›ÛÂÈ˜ ÁÈ· Ùo ÂÚÈo‰ÈÎfi Î.Ï.. ¢ËÌoÛÈÂ‡oÓÙ·È
ÂÓ˘oÁÚ¿Êˆ˜.
¶ÚoËÁo‡ÌÂÓË Ù·˘Ùfi¯ÚoÓË ‰ËÌoÛ›Â˘ÛË. T· ¿ÚıÚ· o˘ ˘o‚¿ÏÏoÓÙ·È
ÛÙo ÂÚÈo‰ÈÎfi ANHP ‰ÂÓ ÌoÚÂ› Ó· ¤¯o˘Ó ˘o‚ÏËıÂ› Ù·˘Ùfi¯ÚoÓ· ÁÈ·
‰ËÌoÛ›Â˘ÛË ÛÂ ¿ÏÏ· EÏÏËÓÈÎ¿ ÂÚÈo‰ÈÎ¿. To ÁÂÁoÓfi˜ Ú¤ÂÈ Ó· ‚Â‚·È-
ÒÓÂÙ·È ·fi ÂÈÛÙoÏ‹ - ‰‹ÏˆÛË Ùo˘ ÚÒÙo˘ Û˘ÁÁÚ·Ê¤· Úo˜ ÙoÓ
¢ÈÂ˘ı˘ÓÙ‹ ™‡ÓÙ·ÍË˜. OÌˆ˜ ÂÈÙÚ¤ÂÙ·È Ë ˘o‚oÏ‹ ÂÚÁ·ÛÈÒÓ Ì¤Úo˜
ÙˆÓ oo›ˆÓ ¤¯ÂÈ ‰ËÌoÛÈÂ˘ıÂ›  ‹ ·Úo˘ÛÈ·ÛıÂ› ÌÂ ÌoÚÊ‹ ÂÚ›ÏË„Ë˜ ÛÂ
EÏÏËÓÈÎfi ‹ ¢ÈÂıÓ¤˜ ™˘Ó¤‰ÚÈo.
OÏ· Ù· ¯ÂÈÚfiÁÚ·Ê· Û˘Óo‰Â‡oÓÙ·È ·fi ÂÈÛÙoÏ‹ o˘ ˘oÁÚ¿ÊÂÙ·È ·fi
ÙoÓ ˘Â‡ı˘Óo ÁÈ· ÙËÓ ·ÏÏËÏoÁÚ·Ê›· Û˘ÁÁÚ·Ê¤·. H Û˘Óo‰Â˘ÙÈÎ‹ ÂÈ-
ÛÙoÏ‹ Ú¤ÂÈ Ó· ÂÚÈÏ·Ì‚¿ÓÂÈ ‰‹ÏˆÛË fiÙÈ Ù· ¯ÂÈÚfiÁÚ·Ê· ¤¯o˘Ó ÂÁÎÚÈ-
ıÂ›  Î·È ·fi fiÏo˘˜ Ùo˘˜ ˘fiÏoÈo˘˜ Û˘ÁÁÚ·ÊÂ›˜ oÈ oo›oÈ Î·È
Û˘Ó˘oÁÚ¿Êo˘Ó ÙËÓ ÂÈÛÙoÏ‹.
¶ÚoÂÙoÈÌ·Û›· Ùo˘ ¯ÂÈÚfiÁÚ·Êo˘. H ÁÏˆÛÛÈÎ‹ oÌoÈoÌoÚÊ›· ÙˆÓ
¿ÚıÚˆÓ Â›Ó·È ··Ú·›ÙËÙË. T· ¿ÚıÚ· o˘ ˘o‚¿ÏÏoÓÙ·È ÁÈ· ‰ËÌoÛ›Â˘-
ÛË Ú¤ÂÈ Ó· Â›Ó·È ÁÚ·ÌÌ¤Ó· ÛÙË ‰ËÌoÙÈÎ‹ Î·È ÌÂ Ùo ÌoÓoÙoÓÈÎfi Û‡ÛÙË-
Ì·.
To ÂÚÈo‰ÈÎfi ANHP ¤¯ÂÈ ·o‰Â¯ıÂ› Ùo Û‡ÛÙËÌ· Vancouver  Î·È ÂÊ·Ú-
Ìfi˙ÂÈ Ùo ÂÏÏËÓÈÎfi ÚfiÙ˘o ÁÚ·Ê‹˜ ‚ÈoÈ·ÙÚÈÎÒÓ ÎÂÈÌ¤ÓˆÓ.
T· ¿ÚıÚ· Ú¤ÂÈ Ó· Â›Ó·È ‰·ÎÙ˘ÏoÁÚ·ÊËÌ¤Ó· ÌÂ ‰ÈÏfi ‰È¿ÛÙËÌ· ÛÂ
ÏÂ˘Îfi ¯·ÚÙ›, ·fi ÙË ÌÈ· ÏÂ˘Ú¿ ÙˆÓ ÛÂÏ›‰ˆÓ, ÌÂ ÂÚÈıÒÚÈ· Ùo˘Ï¿¯È-
ÛÙoÓ 2,5 cm. T· ÂÍ‹˜ ÎÂÊ¿Ï·È· ·Ú¯›˙o˘Ó ÛÂ È‰È·›ÙÂÚË ÛÂÏ›‰·: Ë  ÛÂÏ›‰·
ÌÂ ÙoÓ Ù›ÙÏo, Ë ÂÚ›ÏË„Ë Î·È oÈ Ï¤ÍÂÈ˜ Â˘ÚÂÙËÚ›o˘, Ùo ÎÂ›ÌÂÓo, oÈ Â˘¯·-

ÚÈÛÙ›Â˜, Ë ·ÁÁÏÈÎ‹ ÂÚ›ÏË„Ë, oÈ ‚È‚ÏÈoÁÚ·ÊÈÎ¤˜ ·Ú·oÌ¤˜, oÈ ›Ó·-
ÎÂ˜, oÈ ÂÈÎfiÓÂ˜ Î·È oÈ ÏÂ˙¿ÓÙÂ˜ ÙˆÓ ÂÈÎfiÓˆÓ. OÏÂ˜ oÈ ÛÂÏ›‰Â˜ ·ÚÈıÌo‡-
ÓÙ·È, ·Ú¯›˙oÓÙ·˜ ·fi ÙË ÛÂÏ›‰· Ù›ÙÏo˘.
™ÂÏ›‰· Ù›ÙÏo˘. ¶ÂÚÈÏ·Ì‚¿ÓÂÈ (·) ÙoÓ Ù›ÙÏo Ùo˘ ¿ÚıÚo˘, o oo›o˜ Ú¤ÂÈ
Ó· Â›Ó·È Û‡ÓÙoÌo˜ (Ì¤¯ÚÈ 12 Ï¤ÍÂÈ˜), (‚) Ùo fiÓoÌ· Î·È ÙoÓ Ù›ÙÏo Ùo˘ Û˘Á-
ÁÚ·Ê¤· (-ˆÓ), (Á) Ùo ›‰Ú˘Ì· ‹ Ùo ÂÚÁ·ÛÙ‹ÚÈo, ·fi Ùo oo›o Úo¤Ú¯ÂÙ·È
Ë ÂÚÁ·Û›· Î·È Ë Úo¤ÏÂ˘ÛË Ùo˘ Û˘ÁÁÚ·Ê¤·, (‰) Ùo fiÓoÌ·, ÙË ‰ÈÂ‡ı˘Ó-
ÛË Î·È Ùo ÙËÏ¤ÊˆÓo Ùo˘ Û˘ÁÁÚ·Ê¤· ÁÈ· ·ÏÏËÏoÁÚ·Ê›· Î·È  ·Ó¿Ù˘·,
(Â) ËÁ¤˜ o˘ ÂÓ‰Â¯oÌ¤Óˆ˜ ÂÓ›Û¯˘Û·Ó Î·È ‚o‹ıËÛ·Ó ÛÙËÓ Ú·Á-
Ì·Ùoo›ËÛË ÙË˜ ÂÚÁ·Û›·˜, (ÛÙ) ·Ó ˘¿Ú¯o˘Ó ‰È·ÊˆÓo‡ÓÙÂ˜ ÌÂ ÙËÓ
ÂÚÁ·Û›·.
¶ÂÚ›ÏË„Ë Î·È Ï¤ÍÂÈ˜ Â˘ÚÂÙËÚ›o˘. H ÂÚ›ÏË„Ë ‰ÂÓ Ú¤ÂÈ  Ó· ˘ÂÚ‚·›-
ÓÂÈ ÙÈ˜ 200 - 300 Ï¤ÍÂÈ˜, ÂÓÒ ÁÈ· Ù· Â›Î·ÈÚ· ı¤Ì·Ù· Î·È ÙÈ˜ ÂÚÈÁÚ·Ê¤˜
ÂÚÈÙÒÛÂˆÓ ·ÛıÂÓÒÓ ÙÈ˜ 150 - 200 Ï¤ÍÂÈ˜. °È· ÙÈ˜ ·Ó·ÛÎo‹ÛÂÈ˜ Ú¤-
ÂÈ Ó· ÂÊ·ÚÌfi˙oÓÙ·È oÈ ÂÚÈÁÚ·ÊÈÎ¤˜ ÂÚÈÏ‹„ÂÈ˜ (descriptive), o˘
·Ó·Ê¤Úo˘Ó Û˘ÓoÙÈÎ¿ fiÏ· Ù· ÎÂÊ¿Ï·È· o˘ ÂÚÈ¤¯ÂÈ Ùo ¿ÚıÚo Î·È
ÛËÌ·ÓÙÈÎ¿ Û˘ÌÂÚ¿ÛÌ·Ù·. OÈ ÂÚÈÏ‹„ÂÈ˜ ÙˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ ÂÚÁ·ÛÈÒÓ
Ú¤ÂÈ Ó· ¯ˆÚ›˙oÓÙ·È ÛÂ Ù¤ÛÛÂÚÈ˜ ·Ú·ÁÚ¿Êo˘˜, oÈ oo›Â˜ Ê¤Úo˘Ó
Î·Ù¿ ÛÂÈÚ¿ ÙËÓ ·ÎfiÏo˘ıË ÂÈÎÂÊ·Ï›‰·. ™Îofi˜, YÏÈÎfi M¤ıo‰o˜,
AoÙÂÏ¤ÛÌ·Ù·, ™˘ÌÂÚ¿ÛÌ·Ù·. MÂÙ¿ ÙËÓ  ÂÚ›ÏË„Ë ·Ú·Ù›ıÂÓÙ·È 3 -
10 Ï¤ÍÂÈ˜ ÎÏÂÈ‰È¿. OÈ Ï¤ÍÂÈ˜ ·˘Ù¤˜ Ú¤ÂÈ Ó· ·ÓÙÈÛÙoÈ¯o‡Ó ÛÙo˘˜ ‰ÈÂ-
ıÓÂ›˜ fiÚo˘˜ o˘ ¯ÚËÛÈÌooÈÂ› Ùo Index  Medicus.
K Â › Ì Â Ó o . OÈ ÂÚÂ˘ÓËÙÈÎ¤˜ ÂÚÁ·Û›Â˜ ·oÙÂÏo‡ÓÙ·È Û˘Ó‹ıˆ˜ ·fi ÙËÓ
EÈÛ·ÁˆÁ‹, YÏÈÎfi Î·È Ì¤ÁÂıo˜, AoÙÂÏ¤ÛÌ·Ù· Î·È ™˘˙‹ÙËÛË. H ÂÈÛ·Áˆ-
Á‹ ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÈ˜ ··Ú·›ÙËÙÂ˜ ‚È‚ÏÈoÁÚ·ÊÈÎ¤˜ ·Ú·oÌ¤˜ Î·È ·Ó·-
Ê¤ÚÂÈ Ùo ÏfiÁo ÁÈ· ÙoÓ oo›o Ú·ÁÌ·ÙooÈ‹ıËÎÂ Ë ÂÚÁ·Û›·.
™ÙË ÌÂıo‰oÏoÁ›· ÂÚÈÁÚ¿ÊÂÙ·È Ùo ÚˆÙfiÎoÏÏo, ÌÂ ‚¿ÛË Ùo oo›o ÂÍÂ-
Ï›¯ıËÎÂ Ë ¤ÚÂ˘Ó·. AÓ·Ê¤ÚoÓÙ·È ÏÂÙoÌÂÚÒ˜ o ÙÚfio˜ ÂÈÏoÁ‹˜ ·ÛıÂ-
ÓÒÓ ‹ ooÈo˘‰‹oÙÂ ˘ÏÈÎo‡, Î·ıÒ˜ Î·È Ë Ì¤ıo‰o˜ o˘ ÂÊ·ÚÌfiÛıËÎÂ,
ÒÛÙÂ Ë ›‰È· ¤ÚÂ˘Ó· Ó· ÌoÚÂ› Ó· ·Ó··Ú·¯ıÂ› ·fi ÌÂÏÏoÓÙÈÎo‡˜ ÂÚÂ˘-
ÓËÙ¤˜. ™ÙËÓ ÂÚ›ÙˆÛË ÂÚÂ˘ÓÒÓ o˘ ·ÊoÚo‡Ó ·ÓıÚÒo˘˜, Ú¤ÂÈ Ó·
ÙoÓ›˙ÂÙ·È fiÙÈ Ë ¤ÚÂ˘Ó· Ú·ÁÌ·ÙooÈ‹ıËÎÂ ÌÂ ‚¿ÛË ÙËÓ  Yo˘ÚÁÈÎ‹
·fiÊ·ÛË AÚÈı. A6/10983/1 {ºEK 886/B 20-12-84} ÁÈ· ÙË “¢ÈÂÍ·ÁˆÁ‹
KÏÈÓÈÎÒÓ ¢oÎÈÌÒÓ Ê·ÚÌ¿ÎˆÓ Î·È ÙËÓ ÚoÛÙ·Û›· Ùo˘ ·ÓıÚÒo˘” Î·È Ë
oo›· ·Ú·¤ÌÂÈ ÛÙË ¢È·Î‹Ú˘ÍË Ùo˘ EÏÛ›ÓÎÈ (1975). OÈ Ê·ÚÌ·ÎÂ˘ÙÈ-
Î¤˜ o˘Û›Â˜ o˘ ¯ÚËÛÈÌooÈ‹ıËÎ·Ó ÛÙË ÌÂÏ¤ÙË Ú¤ÂÈ Ó· ·Ó·Ê¤ÚoÓÙ·È
ÌÂ ÙËÓ ÎoÈÓfi¯ÚËÛÙË oÓoÌ·Û›· Ùo˘˜. ¶ÂÚÈÁÚ¿ÊÂÙ·È Ùo ˘ÏÈÎfi o˘
·ÍÈoÏoÁ‹ıËÎÂ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÌÂÏ¤ÙË˜ Î·È Ùo ÎÂÊ¿Ï·Èo oÏoÎÏË-
ÚÒÓÂÙ·È ÌÂ Ù· ÛÙ·ÙÈÛÙÈÎ¿ ÎÚÈÙ‹ÚÈ· o˘ ¯ÚËÛÈÌooÈ‹ıËÎ·Ó.
T· ·oÙÂÏ¤ÛÌ·Ù· ·Úo˘ÛÈ¿˙oÓÙ·È oÏoÎÏËÚˆÌ¤Ó· Î·È Û‡ÓÙoÌ·. OÛ·
·Ó·Ê¤ÚoÓÙ·È ÛÂ ›Ó·ÎÂ˜, ‰ÂÓ Â·Ó·Ï·Ì‚¿ÓoÓÙ·È ÛÙo ÎÂ›ÌÂÓo.
™ÙË Û˘˙‹ÙËÛË ÂÚÈÁÚ¿ÊoÓÙ·È oÈ ÚooÙÈÎ¤˜ o˘ ‰È·Óo›ÁoÓÙ·È ÌÂ Ù·
·oÙÂÏ¤ÛÌ·Ù· ÙË˜ ÌÂÏ¤ÙË˜, Î·ıÒ˜ Î·È Ù· ÙÂÏÈÎ¿ Û˘ÌÂÚ¿ÛÌ·Ù·. ¢ÂÓ
Â·Ó·Ï·Ì‚¿ÓoÓÙ·È fiÛ· ¤¯o˘Ó ·Ó·ÊÂÚıÂ› ÛÙ· ·oÙÂÏ¤ÛÌ·Ù·. E›ÛË˜,
ÌoÚÂ› Ó· Á›ÓÂÈ Û‡ÁÎÚÈÛË ÌÂ Ù· ·oÙÂÏ¤ÛÌ·Ù· ¿ÏÏˆÓ oÌoÂÈ‰ÒÓ ÂÚÁ·-
ÛÈÒÓ. ™˘Ó‰¤oÓÙ·È Ù· ·oÙÂÏ¤ÛÌ·Ù· ÌÂ Ùo˘˜ ÛÙfi¯o˘˜ ÙË˜ ÌÂÏ¤ÙË˜,
·oÊÂ‡ÁoÓÙ·È fiÌˆ˜ ·˘ı·›ÚÂÙ· Û˘ÌÂÚ¿ÛÌ·Ù·, o˘ ‰ÂÓ ÚoÎ‡Ùo˘Ó
·fi Ù· ·oÙÂÏ¤ÛÌ·Ù· ÙË˜ ÂÚÁ·Û›·˜.
E˘¯·ÚÈÛÙ›Â˜. AÂ˘ı‡ÓoÓÙ·È ÌfiÓo Úo˜ Ù· ¿ÙoÌ·, o˘ ¤¯o˘Ó ‚oËı‹ÛÂÈ
o˘ÛÈ·ÛÙÈÎ¿.
™Ù· ˘fiÏoÈ· Â›‰Ë ¿ÚıÚˆÓ, Ùo ÎÂ›ÌÂÓo ‰È·ÌoÚÊÒÓÂÙ·È ·Ó¿ÏoÁ· ÌÂ ÙÈ˜
··ÈÙ‹ÛÂÈ˜ Î·È Ùo˘˜ ÛÙfi¯o˘˜ Ùo˘ Û˘ÁÁÚ·Ê¤·. ™ÙÈ˜ ÂÓ‰È·Ê¤Úo˘ÛÂ˜
ÂÚÈÙÒÛÂÈ˜ ·ÛıÂÓÒÓ ÚoËÁÂ›Ù·È Ë ÂÈÛ·ÁˆÁ‹ Î·È ·ÎoÏo˘ıo‡Ó Ë ÂÚÈ-
ÁÚ·Ê‹ ÙË˜ ÂÚÈÙÒÛÂˆ˜ Î·È Ë Û˘˙‹ÙËÛË.
BÈ‚ÏÈoÁÚ·ÊÈÎ¤˜ ·Ú·oÌ¤˜. AÚÈıÌo‡ÓÙ·È ÛÙo ÎÂ›ÌÂÓo ÌÂ ·‡ÍoÓÙ·
·ÚÈıÌfi, ·Ó¿ÏoÁ· ÌÂ ÙË ÛÂÈÚ¿ o˘ ÂÌÊ·Ó›˙oÓÙ·È. ™Â ÂÚ›ÙˆÛË
·Ó·ÊoÚ¿˜ ÛÂ oÓfiÌ·Ù· Û˘ÁÁÚ·Ê¤ˆÓ ÛÙo ÎÂ›ÌÂÓo, ÂÊfiÛoÓ Â›Ó·È Í¤ÓoÈ,
ÌÂÙ¿ Ùo ÂÒÓ˘Ìo Ùo˘ ÚÒÙo˘ Û˘ÁÁÚ·Ê¤· ·ÎoÏo˘ıÂ› Ë Û˘ÓÙoÌoÁÚ·Ê›·
et al, ÂÓÒ ÛÙo˘˜ EÏÏËÓÂ˜ Û˘ÁÁÚ·ÊÂ›˜ “Î·È Û˘Ó.”. EÊfiÛoÓ oÈ Û˘ÁÁÚ·-
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ÊÂ›˜ Â›Ó·È ‰‡o, ÌÂÙ·Í‡ ÙˆÓ ÂˆÓ‡ÌˆÓ ÙooıÂÙÂ›Ù·È Ë Ï¤ÍË “Î·È”.
OÏÂ˜ oÈ ‚È‚ÏÈoÁÚ·ÊÈÎ¤˜ ·Ú·oÌ¤˜ Ùo˘ ÎÂÈÌ¤Óo˘ - Î·È ÌfiÓoÓ ·˘Ù¤˜ -
Ú¤ÂÈ Ó· ˘¿Ú¯o˘Ó ÛÙo ‚È‚ÏÈoÁÚ·ÊÈÎfi Î·Ù¿ÏoÁo.
O ·ÚÈıÌfi˜ ÙˆÓ ‚È‚ÏÈoÁÚ·ÊÈÎÒÓ ·Ú·oÌÒÓ Ú¤ÂÈ Ó· ÂÚÈoÚ›˙ÂÙ·È
ÛÙoÓ ÙÂÏÂ›ˆ˜ ··Ú·›ÙËÙo. ™ÙÈ˜ ·Ó·ÛÎo‹ÛÂÈ˜, oÈ ‚È‚ÏÈoÁÚ·ÊÈÎ¤˜
·Ú·oÌ¤˜ ‰ÂÓ Ú¤ÂÈ Ó· Â›Ó·È ÂÚÈÛÛfiÙÂÚÂ˜ ·fi 100. ™Ù· ¿ÚıÚ·
ÂÈÎ·ÈÚfiÙËÙ·˜ (Â›Î·ÈÚ· ı¤Ì·Ù·, ¿ÚıÚ· ™‡ÓÙ·ÍË˜) ı· Ú¤ÂÈ Ó· ·Ó·-
Ê¤ÚoÓÙ·È ÌfiÓo 5-6 ¿ÚıÚ· ‹ ÌoÓoÁÚ·Ê›Â˜, ÁÈ· Ù· oo›· o Û˘ÁÁÚ·Ê¤·˜
ÈÛÙÂ‡ÂÈ fiÙÈ Â›Ó·È ··Ú·›ÙËÙ· ÁÈ· ÙËÓ oÏoÎÏËÚˆÌ¤ÓË ÏËÚoÊfiÚËÛË
Ùo˘ ·Ó·ÁÓÒÛÙË ÛÙo ı¤Ì·.
H Û‡ÓÙ·ÍË Ùo˘ ‚È‚ÏÈoÁÚ·ÊÈÎo‡ Î·Ù·ÏfiÁo˘ Á›ÓÂÙ·È ·ÚÈıÌËÙÈÎÒ˜, ÌÂ
‚¿ÛË ÙoÓ ·‡ÍoÓÙ· ·ÚÈıÌfi Î·È ÙË ÛÂÈÚ¿ ÙˆÓ ‚È‚ÏÈoÁÚ·ÊÈÎÒÓ
·Ú·oÌÒÓ ÛÙo ÎÂ›ÌÂÓo. AÓ·Ê¤ÚoÓÙ·È Ù· ÂÒÓ˘Ì· Î·È Ù· ·Ú¯ÈÎ¿ ÙˆÓ
oÓoÌ¿ÙˆÓ fiÏˆÓ ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ Ì¤¯ÚÈ ¤ÍÈ (fiÙ·Ó Â›Ó·È ÂÚÈÛÛfiÙÂÚoÈ
·ÎoÏo˘ıÂ› Ë ¤Ó‰ÂÈÍË et al), o Ù›ÙÏo˜ ÙË˜ ÂÚÁ·Û›·˜, Ë  Û˘ÓÙoÌoÁÚ·Ê›·
Ùo˘ Ù›ÙÏo˘ Ùo˘ ÂÚÈo‰ÈÎo‡, Ùo ¤Ùo˜, o ÙfiÌo˜, Ë ÚÒÙË Î·È Ë ÙÂÏÂ˘Ù·›·
ÛÂÏ›‰· ÙË˜ ‰ËÌoÛÈÂ‡ÛÂˆ˜ .¯. You CH, Lee KY, Chey WY, Menguy R.
Electrogastrographic study of patients with unexplained nausea.
Gastroenterology  1980, 79:311 - 314.
™Â ÂÚ›ÙˆÛË o˘ ‰ÂÓ ·Ó·Ê¤ÚÂÙ·È fiÓoÌ· Û˘ÁÁÚ·Ê¤ˆ˜, ÛËÌÂÈÒÓÂÙ·È Ë
Ï¤ÍË AÓÒÓ˘Ìo˜ (ÁÈ· ÂÏÏËÓÈÎ‹ ‰ËÌoÛ›Â˘ÛË) ‹ Anonymous ¶.¯.
Anonymous. Coffe drinking and cancer of the pancreas (Editorial). Br
Med J 1981, 283:628.
¶·Ú·oÌ¤˜ o˘ ·Ó·Ê¤ÚoÓÙ·È ÛÂ ÂÚÁ·Û›Â˜ o˘ ‰ËÌoÛÈÂ‡oÓÙ·È ÛÂ
Û˘ÌÏËÚÒÌ·Ù· (supplements) ÂÎ‰fiÛÂˆÓ, Ú¤ÂÈ Ó· Û˘Óo‰Â‡oÓÙ·È ÌÂ
ÙoÓ ·ÚÈıÌfi Ùo˘ Û˘ÌÏËÚÒÌ·Ùo˜, o˘ ÛËÌÂÈÒÓÂÙ·È ÛÂ ·Ú¤ÓıÂÛË, ÌÂÙ¿
ÙoÓ ÙfiÌo. ¶.¯. Blood, 54 (Suppl 1):26.OÈ Û˘ÓÙÌ‹ÛÂÈ˜ ÙˆÓ Ù›ÙÏˆÓ ÙˆÓ
ÂÚÈo‰ÈÎÒÓ Ú¤ÂÈ Ó· Á›ÓoÓÙ·È ÌÂ ‚¿ÛË Ùo Index Medicus. ¢ÂÓ
ÙooıÂÙo‡ÓÙ·È ÙÂÏÂ›Â˜ ÛÙ· ·ÎÚÒÓ˘Ì· ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ Î·È ÛÙÈ˜
Û˘ÓÙÌ‹ÛÂÈ˜ ÙˆÓ ÂÚÈo‰ÈÎÒÓ. ™ÙË ‚È‚ÏÈoÁÚ·Ê›· ÙˆÓ Â›Î·ÈÚˆÓ ıÂÌ¿ÙˆÓ,
·Ú·ÏÂ›oÓÙ·È oÈ Ù›ÙÏoÈ ÙˆÓ ÂÚÁ·ÛÈÒÓ. °È· ÙËÓ Î·Ù·¯ÒÚËÛË Û˘ÁÁÚ·Ì¿-
ÙˆÓ ‹ ÌoÓoÁÚ·ÊÈÒÓ ÛÙo ‚È‚ÏÈoÁÚ·ÊÈÎfi Î·Ù¿ÏoÁo, ·Ó·Ê¤ÚoÓÙ·È ÛÙË
ÛÂÈÚ¿ Ù· ÂÒÓ˘Ì· Î·È Ù· ·Ú¯ÈÎ¿ ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ, o Ù›ÙÏo˜, o ·ÚÈıÌfi˜
ÂÎ‰fiÛÂˆ˜, o ÂÎ‰fiÙË˜, Ë fiÏË ÂÎ‰fiÛÂˆ˜, Ùo ¤Ùo˜ Î·È oÈ ÛÂÏ›‰Â˜ ÙË˜
·Ó·ÊoÚ¿˜. H ·Ó·ÊoÚ¿ ÛÂ ÎÂÊ¿Ï·Èo ‚È‚Ï›o˘ Ú¤ÂÈ Ó· Á›ÓÂÙ·È ÌÂ ÙoÓ
·ÎfiÏo˘ıo ÙÚfio: ¶··‚·ÛÈÏÂ›o˘ I£. ¶ÚˆÙfi˙ˆ·. ™Ùo: ¶·ıoÁfiÓoÈ Ì‡ÎË-
ÙÂ˜ Î·È ·Ú¿ÛÈÙ·. BHTA, Aı‹Ó·, 1983:67 - 113.
AÓ Ë ‚È‚ÏÈoÁÚ·ÊÈÎ‹ ·Ú·oÌ‹ ·oÙÂÏÂ› ÎÂÊ¿Ï·Èo  Û˘ÁÁÚ¿Ì·Ùo˜ o˘
¤¯ÂÈ ÁÚ·ÊÙÂ› ·fi ¿ÏÏoÓ Û˘ÁÁÚ·Ê¤·, Ë ·Ó·ÊoÚ¿ Á›ÓÂÙ·È ˆ˜
ÂÍ‹˜:Weinstein L, Swartz MN. Pathogenic properties of invading
microorganisms. In: (™Ùo): Sodeman WA ed (;h eds ;h ™˘ÓÙ.) Pathologic
Physiology. Saunders, Philadelphia, 1987: 457-472.
MË ‰ËÌoÛÈÂ˘Ì¤ÓÂ˜ ÂÚÁ·Û›Â˜ Î·ıÒ˜ Î·È “ÚoÛˆÈÎ¤˜ ÂÈÎoÈÓˆÓ›Â˜” ‰ÂÓ
¯ÚËÛÈÌooÈo‡ÓÙ·È ˆ˜ ‚È‚ÏÈoÁÚ·ÊÈÎ¤˜ ·Ú·oÌ¤˜. AÚıÚ·, o˘ ¤¯o˘Ó
Á›ÓÂÈ ‰ÂÎÙ¿ ÁÈ· ‰ËÌoÛ›Â˘ÛË, ÌoÚo‡Ó Ó· ÂÚÈÏËÊıo‡Ó ÛÙË ‚È‚ÏÈoÁÚ·-
Ê›·. ™ÙËÓ ÙÂÏÂ˘Ù·›· ÂÚ›ÙˆÛË, ÌÂÙ¿ ÙË Û˘ÓÙoÌoÁÚ·Ê›· Ùo˘
ÂÚÈo‰ÈÎo‡ ÛËÌÂÈÒÓÂÙ·È Ë ¤Ó‰ÂÈÍË “˘fi ‰ËÌoÛ›Â˘ÛË”.
AÁÁÏÈÎ‹ ÂÚ›ÏË„Ë. ¶ÂÚÈÏ·Ì‚¿ÓÂÈ Ù· oÓfiÌ·Ù· ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ Î·È ÙËÓ
È‰ÈfiÙËÙ¿ Ùo˘˜, ÙoÓ Ù›ÙÏo ÙË˜ ÂÚÁ·Û›·˜ Î·È Ùo ›‰Ú˘Ì· ‹ Ùo ÂÚÁ·ÛÙ‹ÚÈo
·fi Ùo oo›o Úo¤Ú¯ÂÙ·È Ë ÂÚÁ·Û›·. H ÂÚ›ÏË„Ë ‰ÂÓ Ú¤ÂÈ Ó· ˘ÂÚ-
‚·›ÓÂÈ ÙÈ˜ 200 - 300 Ï¤ÍÂÈ˜, ÂÓÒ ÁÈ· Ù· Â›Î·ÈÚ· ı¤Ì·Ù· Î·È ÙÈ˜ ÂÚÈÁÚ·-
Ê¤˜ ÂÚÈÙÒÛÂˆÓ ·ÛıÂÓÒÓ ÙÈ˜ 150 - 200 Ï¤ÍÂÈ˜. °È· ÙÈ˜ ·Ó·ÛÎo‹ÛÂÈ˜
Ú¤ÂÈ Ó· ÂÊ·ÚÌfi˙oÓÙ·È oÈ ÂÚÈÁÚ·ÊÈÎ¤˜ ÂÚÈÏ‹„ÂÈ˜ (descriptive), o˘
·Ó·Ê¤Úo˘Ó Û˘ÓoÙÈÎ¿ fiÏ· Ù· ÎÂÊ¿Ï·È· o˘ ÂÚÈ¤¯ÂÈ Ùo ¿ÚıÚo Î·È
ÛËÌ·ÓÙÈÎ¿ Û˘ÌÂÚ¿ÛÌ·Ù·. OÈ ÂÚÈÏ‹„ÂÈ˜ ÙˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ ÂÚÁ·ÛÈÒÓ
Ú¤ÂÈ Ó· ¯ˆÚ›˙oÓÙ·È ÛÂ Ù¤ÛÛÂÚÈ˜ ·Ú·ÁÚ¿Êo˘˜, oÈ oo›Â˜ Ê¤Úo˘Ó
Î·Ù¿ ÛÂÈÚ¿ ÙËÓ ·ÎfiÏo˘ıË ÂÈÎÂÊ·Ï›‰·. Aim, Material , Methods,
Results, Coclusions. MÂÙ¿ ÙËÓ ÂÚ›ÏË„Ë ·Ú·Ù›ıÂÓÙ·È 3-10 Ï¤ÍÂÈ˜, ··-
Ú·›ÙËÙÂ˜ ÁÈ· ÙË Û‡ÓÙ·ÍË ÙˆÓ Â˘ÚÂÙËÚ›ˆÓ Ùo˘ ÂÚÈo‰ÈÎo‡ (Key words).

H oÈfiÙËÙ· ÙˆÓ ·ÁÁÏÈÎÒÓ ÂÚÈÏ‹„ÂˆÓ Ú¤ÂÈ Ó· Â›Ó·È ·ÚÎÂÙ¿
ÈÎ·ÓooÈËÙÈÎ‹, ÂÂÈ‰‹ ·oÙÂÏÂ› ÛËÌ·ÓÙÈÎfi ÎÚÈÙ‹ÚÈo ·o‰o¯‹˜ Ùo˘
ÂÚÈo‰ÈÎo‡ ÛÙo˘˜ ‰ÈÂıÓÂ›˜ Î·Ù·ÏfiÁo˘˜ ‚ÈoÈ·ÙÚÈÎÒÓ ÂÚÈo‰ÈÎÒÓ (Index
Medicus).
AÚ›ıÌËÛË ÎÂÊ·Ï·›ˆÓ ÛÂ ·Ó·ÛÎo‹ÛÂÈ˜, Â›Î·ÈÚ· ı¤Ì·Ù·. OÏ· Ù·
ÎÂÊ¿Ï·È· ·ÚÈıÌo‡ÓÙ·È ÌÂ ·Ú·‚ÈÎo‡˜ ·ÚÈıÌo‡˜: 1,2,3 ÎÏ. T· ˘oÎÂÊ¿-
Ï·È· Ê¤Úo˘Ó ÙoÓ ·ÚÈıÌfi Ùo˘ ·Ú¯ÈÎo‡ ÎÂÊ·Ï·›o˘, ÙÂÏÂ›· Î·È ·ÎoÏo˘ıÂ›
o ·ÚÈıÌfi˜ Ùo˘ ˘oÎÂÊ·Ï·›o˘: 1.1., 1.2 ‹ 1.1.1., 1.2.1. Î.o.Î.
¶›Ó·ÎÂ˜. ¢·ÎÙ˘ÏoÁÚ·Êo‡ÓÙ·È ÌÂ ‰ÈÏfi ‰È¿ÛÙËÌ·, ÛÂ ¯ˆÚÈÛÙ‹ ÛÂÏ›‰·.
AÚÈıÌo‡ÓÙ·È ÌÂ ÙË ÛÂÈÚ¿ o˘ ÂÌÊ·Ó›˙oÓÙ·È ÛÙo ÎÂ›ÌÂÓo, ÌÂ ·Ú·‚ÈÎo‡˜
·ÚÈıÌo‡˜. ¶Ú¤ÂÈ Ó· Ê¤Úo˘Ó ÂÚÈÂÎÙÈÎ‹ Î·È Û‡ÓÙoÌË ÂÂÍ‹ÁËÛË, ÒÛÙÂ
ÁÈ· ÙËÓ Î·Ù·ÓfiËÛ‹ Ùo˘˜ Ó· ÌËÓ Â›Ó·È ··Ú·›ÙËÙo Ó· Î·Ù·Ê‡ÁÂÈ o ·Ó·-
ÁÓÒÛÙË ÛÙo ÎÂ›ÌÂÓo. K¿ıÂ ÛÙ‹ÏË Ê¤ÚÂÈ ÂÂÍËÁËÌ·ÙÈÎ‹ Î·È Û‡ÓÙoÌË ÂÈ-
ÎÂÊ·Ï›‰·. OÈ ÂÂÍËÁ‹ÛÂÈ˜ ÙˆÓ Û˘ÓÙoÌoÁÚ·ÊÈÒÓ  Î·ıÒ˜ Î·È oÈ ÏoÈ¤˜
‰ÈÂ˘ÎÚÈÓ›ÛÂÈ˜ Á›ÓoÓÙ·È ÛÙo Ù¤Ïo˜ Ùo˘ ›Ó·Î·.
EÈÎfiÓÂ˜. T· Û¯‹Ì·Ù·, Û¯Â‰È·ÛÌ¤Ó· ÌÂ ÛÈÓÈÎ‹ ÌÂÏ¿ÓË, Î·È oÈ ÊˆÙoÁÚ·-
Ê›Â˜ Ú¤ÂÈ Ó· ÛÙ¤ÏÓoÓÙ·È ÛÙo ÚˆÙfiÙ˘o, ÒÛÙÂ Ó· Â›Ó·È Î·Ù¿ÏÏËÏ·
ÁÈ· ¿ÌÂÛË ÊˆÙoÁÚ·ÊÈÎ‹ ·Ó··Ú·ÁˆÁ‹ Î·È ÂÎÙ‡ˆÛË. ™Ùo ›Ûˆ Ì¤Úo˜
Ùo˘˜ Ó· ÁÚ¿ÊoÓÙ·È ÌÂ ÌoÏ‡‚È o ·ÚÈıÌfi˜ ÙË˜ ÂÈÎfiÓ·˜, ¤Ó· ‚¤Ïo˜ o˘ Ó·
‰Â›¯ÓÂÈ Ùo ¿Óˆ Ì¤Úo˜ Î·È oÈ Û˘ÁÁÚ·ÊÂ›˜. TooıÂÙo‡ÓÙ·È ÛÂ Ê¿ÎÂÏo,
·Ó¿ÌÂÛ· ÛÂ ‰‡o ÛÎÏËÚ¿ ¯·ÚÙfiÓÈ·, ÁÈ· Ó· ÌËÓ ÙÛ·ÎÈÛÙo‡Ó ÛÙË
ÌÂÙ·ÊoÚ¿. OÈ Ù›ÙÏoÈ ÙˆÓ ÂÈÎfiÓˆÓ Ú¤ÂÈ Ó· ·Ó·ÁÚ¿ÊoÓÙ·È ÌÂ ÙoÓ ·ÚÈı-
Ìfi o˘ ·ÓÙÈÛÙoÈ¯Â› ÛÙËÓ ÂÈÎfiÓ· ÛÂ ¯ˆÚÈÛÙfi ¯·ÚÙ›. EÂÍËÁ‹ÛÂÈ˜ Û¯ÂÙÈ-
Î¤˜ ÌÂ ÙÈ˜ ÂÈÎfiÓÂ˜ ÌoÚo‡Ó Ó· ·Ó·ÊÂÚıo‡Ó ÛÙoÓ Ù›ÙÏo. °È· Ùo Ì¤ÁÂıo˜
ÙˆÓ ÂÈÎfiÓˆÓ Û˘Ì‚o˘ÏÂ˘ıÂ›ÙÂ Ùo Û¯‹Ì· Ùo˘ ÂÚÈo‰ÈÎo‡. EÊfiÛoÓ ¯ÚË-
ÛÈÌooÈo‡ÓÙ·È ÊˆÙoÁÚ·Ê›Â˜ ·ÛıÂÓÒÓ, Ùo ÚfiÛˆo ‰ÂÓ Ú¤ÂÈ Ó· Ê·›-
ÓÂÙ·È. ™ÙËÓ ·ÓÙ›ıÂÙË ÂÚ›ÙˆÛË ÂÈ‚¿ÏÏÂÙ·È ¤ÁÁÚ·ÊË Û˘ÁÎ·Ù¿ıÂÛË
Ùo˘ ·ÛıÂÓo‡˜ ÁÈ· ÙË ‰ËÌoÛ›Â˘ÛË ÙË˜ ÊˆÙoÁÚ·Ê›·˜. OÏÂ˜ oÈ ÂÈÎfiÓÂ˜
·Ó·Ê¤ÚoÓÙ·È ÛÙo ÎÂ›ÌÂÓo Î·È ·ÚÈıÌo‡ÓÙ·È ÌÂ ·Ú·‚ÈÎo‡˜ ·ÚÈıÌo‡˜.
OÓoÌ·ÙoÏoÁ›·.  OÈ Û˘ÁÁÚ·ÊÂ›˜ Ú¤ÂÈ Ó· ¯ÚËÛÈÌooÈo‡Ó Ùo˘˜
·ÁÎoÛÌ›ˆ˜ ·Ú·‰ÂÎÙo‡˜ Ù›ÙÏo˘˜. °È· ÙËÓ ÂÈÏoÁ‹ ÙˆÓ fiÚˆÓ Î·È ÙˆÓ
oÓoÌ¿ÙˆÓ (o˘ÛÈÒÓ, oÓÙoÙ‹ÙˆÓ, oÚÁ·ÓÈÛÌÒÓ, ÓoÛËÌ¿ÙˆÓ Î.Ï..), ÎÚ›ÓÂ-
Ù·È ÛÎfiÈÌo oÈ Û˘ÁÁÚ·ÊÂ›˜ Ó· Û˘Ì‚o˘ÏÂ‡oÓÙ·È Ùo §ÂÍÈÏfiÁ Èo
BÈoÈ·ÙÚÈÎ‹˜ OÚoÏoÁ›·˜,  MeSH-E§§A™. EÎ‰oÛË IATPOTEK, Aı‹Ó·,
1991.
MÂÙÚ‹ÛÂÈ˜. MÂÙÚ‹ÛÂÈ˜ Ì‹Îo˘˜, ‡„o˘˜, ‚¿Úo˘˜ Î·È fiÁÎo˘ Ú¤ÂÈ Ó·
·Ó·Ê¤ÚoÓÙ·È ÛÂ ÌÂÙÚÈÎ¤˜ ÌoÓ¿‰Â˜ (Ì¤ÙÚo, ¯ÈÏ., Ï›ÙÚo) ‹ ÛÙÈ˜ ˘o‰È·È-
Ú¤ÛÂÈ˜ Ùo˘˜. OÈ ıÂÚÌoÎÚ·Û›Â˜ Ú¤ÂÈ Ó· ‰›ÓoÓÙ·È ÛÂ ‚·ıÌo‡˜ KÂÏÛ›o˘.
OÈ ·ÚÙËÚÈ·Î¤˜ È¤ÛÂÈ˜ Ú¤ÂÈ Ó· ‰›ÓoÓÙ·È ÛÂ ¯ÈÏÈoÛÙ¿ ÛÙ‹ÏË˜ ˘‰Ú·Ú-
Á‡Úo˘.
¢ÈfiÚıˆÛË Ù˘oÁÚ·ÊÈÎÒÓ ‰oÎÈÌ›ˆÓ. ¶Ú·ÁÌ·ÙooÈÂ›Ù·È Ì›· ÊoÚ¿ ·fi
Ùo˘˜ Û˘ÁÁÚ·ÊÂ›˜. EÎÙÂÙ·Ì¤ÓÂ˜ ÌÂÙ·‚oÏ¤˜ ‰ÂÓ Á›ÓoÓÙ·È ‰ÂÎÙ¤˜.
AÓ¿Ù˘·. A·ÁoÚÂ‡ÂÙ·È Ë ÊˆÙoÙ˘ÈÎ‹ ·Ó··Ú·ÁˆÁ‹ ÙˆÓ ‰ËÌoÛÈÂ˘Ì¤-
ÓˆÓ ÂÚÁ·ÛÈÒÓ. H ÚoÌ‹ıÂÈ· ·fi Ùo˘˜ Û˘ÁÁÚ·ÊÂ›˜ ·Ó·Ù‡ˆÓ Á›ÓÂÙ·È
·oÎÏÂÈÛÙÈÎ¿ ·fi ÙËÓ ÂÙ·ÈÚÂ›· MEDLINE. OÈ Û˘ÁÁÚ·ÊÂ›˜ ÂÈ‚·-
Ú‡ÓoÓÙ·È ÌÂ Ùo ÎfiÛÙo˜ Ùo˘˜. T· ·Ó¿Ù˘· ·Ú·ÁÁ¤ÏÏoÓÙ·È Î·Ù¿ ÙË
‰ÈfiÚıˆÛË ÙˆÓ ‰oÎÈÌ›ˆÓ.
XÂÈÚfiÁÚ·Ê· ÂÚÁ·ÛÈÒÓ o˘ ‰ËÌoÛÈÂ‡oÓÙ·È, ‰ÂÓ ÂÈÛÙÚ¤ÊoÓÙ·È ÛÙo˘˜
Û˘ÁÁÚ·ÊÂ›˜.

Yo‚oÏ‹ ¯ÂÈÚoÁÚ¿Êo˘:T· ¯ÂÈÚfiÁÚ·Ê· ·oÛÙ¤ÏÏoÓÙ·È ÛÙË ‰ÈÂ‡ı˘ÓÛË:
¢.A. A¢AMO¶OY§O™
¶EPIO¢IKO ANHP
EN¢OKPINO§O°IKO TMHMA-¶°N MAIEYTHPIO “E§ENA BENIZE§OY”
¶Ï. E. BENIZE§OY 2 -115 21 A£HNA
H  ÂÚÁ·Û›· Ù·¯˘‰ÚoÌÂ›Ù·È ÛÂ Ê¿ÎÂÏo ·fi ¯oÓÙÚfi ¯·ÚÙ›, ÂÛˆÎÏÂ›oÓÙ·˜
ÙÈ˜ ÊˆÙoÁÚ·Ê›Â˜ Î·È ÙË ‰ÈÛÎ¤ÙÙ· (ÂÊ’ fiÛoÓ ˘¿Ú¯ÂÈ) Ì¤Û· ÛÂ ÛÎÏËÚfi
¯·ÚÙfiÓÈ. E¿Ó Ë ·oÛÙoÏ‹ Á›ÓÂÙ·È Ì¤Ûˆ ÙˆÓ EÏÏËÓÈÎÒÓ T·¯˘‰ÚoÌÂ›ˆÓ
Ó· ÌËÓ ·ÎoÏo˘ıÂ›Ù·È Û˘ÛÙËÌ¤ÓË ‰È·‰ÈÎ·Û›·.
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IÔ‡ÓÈÔ˜, 2005

∆Ô ·ÚfiÓ ÙÂ‡¯Ô˜ ÙÔ˘ “ANHP” ·ÚÔ˘ÛÈ¿˙ÂÈ ¤Ó· ı¤Ì· Â˘Ú‡ÙÂÚË˜
ÛËÌ·Û›·˜ ·ÊÔ‡ ÍÂÂÚÓ¿ Ù· ÛÙÂÓ¿ fiÚÈ· ÌÈ¿˜ Û˘Ó‹ıÔ˘˜ È·ÙÚÈÎ‹˜ ·Ó·-
ÛÎfiËÛË˜. ¶Ú¿ÁÌ·ÙÈ ·Û¯ÔÏÂ›Ù·È ÌÂ ÙÈ˜ ÂÈÙÒÛÂÈ˜ ÙÔ˘ Â˘Ú‡ÙÂÚÔ˘ ÂÚÈ-
‚¿ÏÏÔÓÙÔ˜ ÛÙËÓ ·Ó··Ú·ÁˆÁÈÎ‹ ˘ÁÂ›· ÙfiÛÔ ÙˆÓ Î·ÙˆÙ¤ÚˆÓ ÔÚÁ·ÓÈ-
ÛÌÒÓ fiÛÔ Î·È ÙÔ˘ ·ÓıÚÒÔ˘, ÌÂ È‰È·›ÙÂÚË ¤ÌÊ·ÛË ÛÙÔ ¿ÚÚÂÓ.

Afi ‰ÂÎ·ÂÙ›Â˜, ·ÚÎÂÙÔ› ÚˆÙÔfiÚÔÈ ÛÙËÓ ·Ó··Ú·ÁˆÁ‹ Î·È ÙÔÍÈÎÔ-
ÏÔÁ›· ‰ËÌÔÛ›Â˘Û·Ó ÙÈ˜ ÂÈÊ˘Ï¿ÍÂÈ˜ ÙÔ˘˜ ÁÈ· Ù· ‚Ï·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù·
‰È·ÊfiÚˆÓ ¯ËÌÈÎÒÓ Ô˘ÛÈÒÓ ÛÙËÓ ·Ó··Ú·ÁˆÁÈÎ‹ ÏÂÈÙÔ˘ÚÁ›·. MÂ ÙËÓ
¿ÚÔ‰Ô ÙÔ˘ ¯ÚfiÓÔ˘ ·ÚÔ˘ÛÈ¿ÛıËÎ·Ó Î¿ÔÈ· Â› Ï¤ÔÓ ÛÙÔÈ¯Â›· Î·È
·ÎÔÏÔ‡ıËÛ·Ó ÚÔÙ¿ÛÂÈ˜ ·ÓÙÈÌÂÙÒÈÛË˜, Ô˘ ·Ú¯ÈÎ¿, ¤ÁÈÓ·Ó ‰ÂÎÙ¤˜ ÌÂ
ÛÎÂÙÈÎÈÛÌfi Î·È ÂÈÊ‡Ï·ÍË Ì¤¯ÚÈ˜ fiÙÔ˘ ÂÚ·ÈÙ¤Úˆ ÛÙÔÈ¯Â›· ¿Ú¯ÈÛ·Ó Ó·
·ıÚÔ›˙ÔÓÙ·È ·fi ÎÏÈÓÈÎ¤˜ ·Ú·ÙËÚ‹ÛÂÈ˜ ÌÂ Û˘Ó¤ÂÈ· ÙË ÌÂÙ·‚ÔÏ‹ ÙˆÓ
ÂÈÊ˘Ï¿ÍÂˆÓ. EÎÂ›ÓË ÙËÓ ÂÔ¯‹, ÌÈ· ÔÌ¿‰· ‰È·ÎÂÎÚÈÌ¤ÓˆÓ ÂÈÛÙËÌfiÓˆÓ
·fi fiÏÔ˘˜ ÙÔ˘˜ ÎÏ¿‰Ô˘˜ ÙË˜ ‚ÈÔÏÔÁ›·˜, ‚ÈÔ¯ËÌÂ›·˜ Î·È È·ÙÚÈÎ‹˜ ‰È·Ù‡-
ˆÛ·Ó ÙÈ˜ ·ÓËÛ˘¯›Â˜ ÙÔ˘˜ ÛÙÔ ÎÏ·ÛÈÎfi, È·, Ì·ÓÈÊ¤ÛÙÔ “Blueprint for
survival”. TfiÙÂ È‰Ú‡ıËÎÂ Î·È ÙÔ K¤ÓÙÚÔ AÓıÚÒÈÓË˜ OÈÎÔÏÔÁ›·˜ ÛÙÔ
E‰ÈÌ‚Ô‡ÚÁÔ Î·È ÚÔÛˆÈÎ¿ Ô ›‰ÈÔ˜ Â›¯· ÙËÓ Â˘Î·ÈÚ›· Ó· ·Ú·ÎÔÏÔ˘ı‹-
Ûˆ ÙËÓ ÚÔÂÙÔÈÌ·Û›· ÌÈ·˜ ÛËÌ·ÓÙÈÎ‹˜ ÚÔÛÊÔÚ¿˜ ·fi ÙÔ ‰¿ÛÎ·ÏÔ Î·È
Ì¤ÓÙÔÚ¿ ÌÔ˘, ·Â›ÌÓËÛÙÔ John Loraine, ÙÔ˘ ‚È‚Ï›Ô˘ “The death of
tomorrow”. TÔ ‚È‚Ï›Ô Ì¿ÏÈÛÙ· Â›¯Â ÂÎÙÂÓ‹ ÚfiÏÔÁÔ ·fi ÙÔÓ ¢Ô‡Î· ÙÔ˘
E‰ÈÌ‚Ô‡ÚÁÔ˘, ¶Ú›ÁÎË· º›ÏÈÔ.

TÈ˜ ÙÂÏÂ˘Ù·›Â˜ ‰ÂÎ·ÂÙ›Â˜ ÛÙË ¯ÒÚ· Ì·˜ ¤¯ÂÈ Î·Ù·ÁÚ·ÊÂ› ÌÈ· ÂÈ‰Â›-
ÓˆÛË ÙˆÓ Û˘ÓıËÎÒÓ ÛÙÔ ÙÔÈÎfi ÂÚÈ‚¿ÏÏÔÓ, ·Ú¿ÏÏËÏ· ÌÂ ÛËÌ·ÓÙÈÎ¤˜
·ÏÏ·Á¤˜ ÛÙÈ˜ Û˘Óı‹ÎÂ˜ ˙ˆ‹˜, ÂÚÁ·Û›·˜ Î·È ‰È·ÙÚÔÊ‹˜. ™ÙËÓ ›‰È· ÂÚ›Ô-
‰Ô ¤¯Ô˘Ó ·Ú·ÙËÚËıÂ› ÛËÌ·ÓÙÈÎ¤˜ ÂÈÙÒÛÂÈ˜ ÛÙËÓ ·Ó··Ú·ÁˆÁÈÎ‹
˘ÁÂ›· ÙˆÓ EÏÏ‹ÓˆÓ. OÈ Û˘Ó¤ÂÈÂ˜ ·˘Ù¤˜ ¤¯Ô˘Ó ·ÚÔ˘ÛÈ·ÛıÂ› ÛÙÔ ‰ÈÂıÓ‹
ÂÈÛÙËÌÔÓÈÎfi Ù‡Ô Î·È ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙˆÙÈÎ¤˜ Ù¿ÛÂÈ˜ ÛÙËÓ ÔÛfiÙËÙ·
ÙÔ˘ Û¤ÚÌ·ÙÔ˜, ·˘ÍËÌ¤ÓË Â›ÙˆÛË ÚÒÈÌË˜ ÂÌÌËÓfi·˘ÛË˜ ÛÙÈ˜
EÏÏËÓ›‰Â˜, ÂÏ¿ÙÙˆÛË ÙÔ˘ Û¯ÂÙÈÎÔ‡ ·ÚÈıÌÔ‡ ÁÂÓÓ‹ÛÂˆÓ ·ÁÔÚÈÒÓ Î·È
¿ÏÏÂ˜ ÂÈÙÒÛÂÈ˜ (ÔÈ ÂÓ‰È·ÊÂÚfiÌÂÓÔÈ ÌÔÚÔ‡Ó Ó· ·Ó·˙ËÙ‹ÛÔ˘Ó ÙËÓ
·Ó·ÛÎfiËÛË Ô˘ ı· ·ÚÔ˘ÛÈ·ÛıÂ› Û‡ÓÙÔÌ· ·fi ÙÔ˘˜ Adamopoulos
and Koukkou).

™ÙÔ Â‰›Ô ·˘Ùfi, Í¤ÓÂ˜ Ô˘Û›Â˜ Ô˘ ÂÂÌ‚·›ÓÔ˘Ó ÛÙË Ê˘ÛÈÔÏÔÁÈÎ‹
ÂÓ‰ÔÎÚÈÓÈÎ‹ ·ÓÙ·fiÎÚÈÛË, ÁÓˆÛÙ¤˜ Û·Ó “ÂÓ‰ÔÎÚÈÓÈÎÔ› ‰È·Ù·Ú¿ÎÙÂ˜”,
¤¯Ô˘Ó Û˘Ó‰ÂıÂ› ÌÂ ·ÚÓËÙÈÎ¤˜ ÂÈÙÒÛÂÈ˜ ÛÙËÓ ·Ó··Ú·ÁˆÁÈÎ‹ ˘ÁÂ›·
ÙˆÓ ·ÓıÚÒˆÓ. TÔ ·ÚfiÓ ÙÂ‡¯Ô˜ ¤¯ÂÈ È‰È·›ÙÂÚÔ ÂÓ‰È·Ê¤ÚÔÓ ÁÈ· ÙÔ˘˜
ŒÏÏËÓÂ˜ ·ÊÔ‡ Ô ÏËı˘ÛÌfi˜ ÙË˜ ¯ÒÚ·˜ ·ÚÔ˘ÛÈ¿˙ÂÈ ÛÙ·ıÂÚ‹ Î·ıÔ‰ÈÎ‹
ÔÚÂ›· ÌÂ ÂÏ¿ÙÙˆÛË ÙÔ˘ ÂÙ‹ÛÈÔ˘ Ú˘ıÌÔ‡ ÁÂÓÓ‹ÛÂˆÓ ÛÂ Â›Â‰· Î¿Ùˆ
·fi ÙÔ fiÚÈÔ ·Ó·Ï‹ÚˆÛË˜. °È· ÙËÓ ·Ó¿‰ÂÈÍË ÙÔ˘ ı¤Ì·ÙÔ˜ ˙ËÙ‹Û·ÌÂ
‚Ô‹ıÂÈ· ·fi ÌÈ· ÂÍ¤¯Ô˘Û· ÂÚÂ˘Ó‹ÙÚÈ·, ‰È·ÎÂÎÚÈÌ¤ÓË ¶·ÓÂÈÛÙËÌÈ·Î‹,
ÈÎ·ÓfiÙ·ÙË ÔÚÁ·ÓÒÙÚÈ· Î·È ÚÔÛˆÈÎfiÙËÙ· ÛÙÔ ¯ÒÚÔ, ÙËÓ K·ıËÁ‹ÙÚÈ·
¶ÔÏ˘Í¤ÓË NÈÎÔÏÔÔ‡ÏÔ˘-™Ù·Ì¿ÙË, Û·Ó ÚÔÛÎÂÎÏËÌ¤ÓË ÂÎ‰fiÙÚÈ·. H Î.
NÈÎÔÏÔÔ‡ÏÔ˘-™Ù·Ì¿ÙË ¤¯ÂÈ ‰ËÌÔÛÈÂ‡ÛÂÈ ¤Ó· ÌÂÁ¿ÏÔ ·ÚÈıÌfi ÂÚÂ˘ÓËÙÈ-
ÎÒÓ ÂÚÁ·ÛÈÒÓ Î·È ¤¯ÂÈ ÂÎ‰fiÛÂÈ Û¯ÂÙÈÎ¤˜ ÌÔÓÔÁÚ·Ê›Â˜ Î·È ‚È‚Ï›· ÛÙÔ
Û˘ÁÎÂÎÚÈÌ¤ÓÔ ı¤Ì·.

K·Ï‹ ·Ó¿ÁÓˆÛË

¢.A. A‰·Ìfio˘Ïo˜
ÀÂ‡ı˘Óo˜ ™‡ÓÙ·ÍË˜
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EDITORIAL NOTE

June, 2005

The present issue of “ANIR” deals with a topic of universal

importance, which exceeds the usually defined and well-limited scopes

of a medical review. In fact, it touches upon an issue related to the

impact of the environment on the repoductive health of animal species

and the human, with particular emphasis placed on its effect on the male.

For a number of decates, some pioneers in the field of reproduction

and toxicology have voiced their concerns about the deleterious effects

of some chemicals in the environment on human health at large and

reproduction in particular. With time passing some alarming messages

were aired and proposals for remedies were put forward. Most of these

concerns were faced with sceptisism or even disbelief at the beginning

until evidence from clinical observations started accumulating and the

attitudes of the scientific community has completely changed. It was also

in those days that a number of distinguished workers from all walks of

biological, biochemical and medical research voiced their concerns in

the classic, now, manifesto “A blueprint for survival”. It was in those days

that the first “Centre for Human Ecology” was established in Edimburgh

and I had the luck, as a young trainee, to witness the writing of an

important contribution by my teacher and mentor, the late John Loraine,

entitled “The death of tomorrow”. This book was granted the blessing of

the Duke of the Edinburgh, Prince Philip, with an extensive introduction

and I had the charce to be the delivery boy from London to Edinbourgh!

Over the years, in our part of the world, a definite deterioration of the

local environment and marked changes in living conditions, life-style and

dietary habbits have been recorded. These changes occurred in parallel

with impor tant effects  observed in a number of parameters in

reproductive health in this country. These effects have been properly

documented and presented in peer-reviewed international journals and

included changes in sperm quantity, increased incidence of premature

menopause cases, a drop of the relative number of newborn male babies

and teterioration in other aspects of reproductive health (for those

interested a review article by Adamopoulos and Koukkou will be soon

available in a book edited by our invited editor). 

In this field, substances interfering with the normal endocrine

response for which the fern “endocrine disrupters” was coined, have

been associated with impor tant de leter ious e ffects on human

reproductive health. The present issue has a particular interest for this

country since its population is declining with an annual growth rate well

below the replacement level. To address the topic we have engaged a

distinguished research worker, an able organizer and a well-known

persona in the field, Prof. Polyxeni Nicolopoulou-Stamati, as a guest

editor. In additional to her original work she has produced a number of

excellent reviews and books on this and related topics.

Enjoy the issue.

D.A. Adamopoulos
Editor - in - Chief



¶ÚfiÏÔÁÔ˜ ÙË˜ ÚÔÛÎÂÎÏËÌ¤ÓË˜ ÂÎ‰fiÙÚÈ·˜

H ÈÎ·ÓfiÙËÙ· ÙË˜ ·Ó··Ú·ÁˆÁ‹˜ Â›Ó·È Ô˘ÛÈ·ÛÙÈÎ‹ fi¯È
ÌfiÓÔ ÁÈ· ÙÔÓ ¿ÓıÚˆÔ ·ÏÏ¿ Î·È ÁÈ· fiÏ· Ù· Ï¿ÛÌ·Ù· ÙË˜
Ê‡ÛË˜. H ·ÚÔ˘Û›· ·ÓıÚˆÔÁÂÓÒÓ ¯ËÌÈÎÒÓ Ô˘ÛÈÒÓ Ù·
ÙÂÏÂ˘Ù·›· 50 ¯ÚfiÓÈ·, Ô˘ ÂÌÊ·Ó›˙Ô˘Ó ÙËÓ È‰ÈfiÙËÙ· Ó·
·ÚÂÌ‚¿ÏÏÔÓÙ·È ÛÙÈ˜ ÔÚÌÔÓÈÎ¤˜ ÏÂÈÙÔ˘ÚÁ›Â˜, È‰È·›ÙÂÚ·
ÙË˜ ·Ó··Ú·ÁˆÁ‹˜ Î·È ÔÓÔÌ¿˙ÔÓÙ·È EÓ‰ÔÎÚÈÓÈÎÔ›
¢È·Ù·Ú¿ÎÙÂ˜, ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÂÁ¿ÏÔ È·ÙÚÈÎfi ÂÓ‰È·Ê¤ÚÔÓ.

E›Ó·È ÛËÌ·ÓÙÈÎfi Â›ÛË˜ ÙÔ ÁÂÁÔÓfi˜ fiÙÈ ÔÈ Ô˘Û›Â˜ ·˘Ù¤˜
‰È·ÂÚÓÔ‡Ó ÙÔÓ Ï·ÎÔ‡ÓÙ· Î·È ÚÔÎ·ÏÔ‡Ó ¿ÌÂÛ· Î·È
¤ÌÌÂÛ· ·ÔÙÂÏ¤ÛÌ·Ù·.

¢È·Ù·Ú·¯¤˜ ÙË˜ ÁÔÓÈÌfiÙËÙ·˜, ¿ÌÂÛÂ˜ Î·È ¤ÌÌÂÛÂ˜ ÂÈ-
‰Ú¿ÛÂÈ˜ ÛÙÔ ¤Ì‚Ú˘Ô Î·È Î·ÚÎÈÓÔÁ¤ÓÂÛË Û˘Ó‰¤ÔÓÙ·È ÌÂ
ÙÔ˘˜ EÓ‰ÔÎÚÈÓÈÎÔ‡˜ ¢·Ù·Ú¿ÎÙÂ˜.

TÔ ÙÂ‡¯Ô˜ ·˘Ùfi ÙÔ˘ ÂÚÈÔ‰ÈÎÔ‡ ANHP Â›Ó·È ·ÊÈÂÚˆÌ¤-
ÓÔ ÛÙËÓ ·ÚÔ˘Û›·ÛË ÙˆÓ ‰È·ÊfiÚˆÓ ÂÈÛÙËÌÔÓÈÎÒÓ Ù˘-
¯ÒÓ ÙÔ˘ ÔÏ‡ÏÔÎÔ˘ È·ÙÚÈÎÔ‡ ÚÔ‚Ï‹Ì·ÙÔ˜, Ô˘ ·Ó·-
ÁÓˆÚ›˙ÂÙ·È ÔÙÈ ··ÈÙÂ› Â·Ó·ÍÈÔÏfiÁËÛË ÙˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ
ÚÔÙÂÚ·ÈÔÙ‹ÙˆÓ Î·È ÙËÓ ÚÔÛÂÎÙÈÎ‹ ÎÏÈÓÈÎ‹ ÚÔÛ¤ÁÁÈÛ‹
ÙÔ˘, ‰Â‰ÔÌ¤ÓÔ˘ fiÙÈ Ë Â›‰Ú·ÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ ÛÙËÓ
YÁÂ›· Â›Ó·È ·‰È·ÌÊÈÛ‚‹ÙËÙ· ÌÈ· Î·ÈÓÔ‡ÚÁÈ· È·ÙÚÈÎ‹ Î·ÙÂ‡-
ı˘ÓÛË.

The ability of any animal to reproduce and successfully

nurture its young is essential for the survival of a species.

There are however a number of things which may adversely

influence the development of young. In both humans and

mammals alike, toxic substances which are present in the

mother's body may affect the developing foetus in the womb.

For instance, it is common knowledge that smoking cigarettes

during pregnancy is detrimental to the unborn child. Not only

does it retard foetal growth, but once the child is born, it may

also increase the chance of the young child getting respiratory

diseases. This demonstrates a very important point, namely

that the placenta does not protect the developing foetus from

toxic substances which are circulating inside the mothers’

body. In fact, numerous chemicals and many pharmaceutical

drugs can pass directly across the placenta to the developing

foetus. Similarly, if these substances are present in the body,

they may also contaminate a mother's breastmilk and pass to

her nursing infant.

There is now a growing concern that certain man-made

toxic pollutants which are widespread in the environment,

may be affecting development of the young in humans and in

wildlife. Initial warnings of this came, following observations

that some wildlife populations were declining because of

problems with development of their young. These problems

were occurring in many different species which inhabited

heavily polluted areas, such as the Great Lakes, but were also

evident in species in numerous other regions of the world.

The effects on wildlife which were seen included decreased

hatching success in fish, birds and turtles, reproductive

problems and decreased fertility in fish, birds, reptiles and

mammals, behavioural abnormali ties  in birds and
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compromised immune systems in mammals. In 1991, a small

group of scientists concluded that the damaging effects to the

health of these wildlife species, was due to certain man-made

chemicals which are able to upset the balance of the body's

hormones. These so called hormone-disrupting chemicals,

can alter the delicate balance of hormones which control

many bodily functions, including the regulation of the

development of tissues and organs in the early stages of life.

Since the hormones which regulate processes of

development in animals are essentially the same as those in

humans, it is possible that hormone-disrupting chemicals

may be affecting human development as well.

Chemicals which are known to disrupt the body's

hormone systems have a diverse range of uses including

pesticides, industrial chemicals, plastics, detergents, paints

and cosmetics. As a result of man's use of vast quantities of

such chemicals over the past 50 years, many have become

ubiquitous throughout the world, from the deep ocean bed to

the high stratosphere and from the Arctic to the Antarctic.

Consequently, humans and wildlife are continually exposed

to hormone-disrupting chemicals. Many of them are resistant

to being degraded by natural processes and persist in the

environment for years. They also accumulate in the fatty

tissues of animals, reaching the highest levels in predatory

animals at the top of food chains, including humans.

Presently, humans have no choice in whether they are

exposed to these chemicals, because some of the highest

levels are present in the food we eat. Some hormone-

disrupting  chemicals  are now present in the general

population at levels (parts per trillion or parts per million)

which could affect the bodies hormone systems. The greatest

worry is the effects they may cause on the health of the

foetus and infant since they can cross the placenta and are

present in breastmilk. It is possible that the effects hormone-

disrupting chemica ls have on  development, may be

compromising human fertility and intelligence.

It is likely that most diseases and disorders result from

alterations in signals crucial to all stages of life: molecular,

cellular, extracellular and ecosystem signals. Many human

diseases including cancer have been associated with genetic

alterations that occur spontaneously or are expressed once

triggered by environmental factors. While the etiology of

disease is a critical area for investigation perhaps only a small

percentage of human diseases have a purely genetic base,

while the larger part is due to man related activities in the

environment.

This issue of Andrology is devoted to bring the state of the

art on Endocrine Disrupters aiming at providing the scientific

information needed for the understanding of this major

problem that has occurred and is becoming a research

priority in the actual Environmental – Health context,

demanding efficient monitoring and careful surveillance for

the benefit not only of  pub lic health but also of  the

ecosystem.

56 P. Nicolopoulou-Stamati



EÓ‰ÔÎÚÈÓÈÎÔ› ¢È·Ù·Ú¿ÎÙÂ˜. TÈ ·ÎÚÈ‚Ò˜ Â›Ó·È

OÈ EÓ‰ÔÎÚÈÓÈÎÔ› ¢È·Ù·Ú¿ÎÙÂ˜ Â›Ó·È ¯ËÌÈÎ¤˜ Ô˘Û›Â˜ Ô˘
‰ËÌÈÔ˘ÚÁ‹ıËÎ·Ó ·fi ·ÓıÚˆÔÁÂÓÂ›˜ ‰Ú·ÛÙËÚÈfiÙËÙÂ˜ Î·È
Ô˘ ÂÎÙÂÈı¤ÌÂÓÔ˜ Ô ¿ÓıÚˆÔ˜ ÛÂ fiÏÂ˜ ÙÈ˜ Ê¿ÛÂÈ˜ ÙË˜
˙ˆ‹˜ ÙÔ˘ ·ÎfiÌ· Î·È ÂÓ‰ÔÌËÙÚ›ˆ˜, ·ÏÏ¿ Î·È fiÏ· Ù· Ï¿-
ÛÌ·Ù· ÙË˜ Ê‡ÛË˜ ˘Ê›ÛÙ·ÓÙ·È ÙËÓ Â›‰Ú·Û‹ ÙÔ˘˜ Ô˘
Â›Ó·È Ë ·ÚÂÌ‚ÔÏ‹ ÛÙÈ˜ ÔÚÌÔÓÈÎ¤˜ ÏÂÈÙÔ˘ÚÁ›Â˜.

OÈ ËÁ¤˜ Ú‡·ÓÛË˜, Ë Ù‡¯Ë ÙÔ˘˜ ÌÂÙ¿ ÙËÓ ¤ÎÎÏ˘Û‹
ÙÔ˘˜ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ, Ë ·ÓıÚÒÈÓË ¤ÎıÂÛË, Ë Â›‰Ú·Û‹
ÙÔ˘˜ ÛÙËÓ ˘ÁÂ›· Î·È È‰È·›ÙÂÚ· ÛÙËÓ ·Ó··Ú·ÁˆÁ‹ ·Ó·-
Ï‡ÔÓÙ·È ÂÎÙÂÓÒ˜. EÈÏ¤ÔÓ ÛÎÈ·ÁÚ·ÊÂ›Ù·È Ô ÚÔ‚ÏËÌ·ÙÈ-

ÛÌfi˜ ÙË˜ ‰È·¯Â›ÚËÛ‹˜ ÙÔ˘˜.

Introduction

It is well known that human beings and not only need a

well balanced hormonal activity to experience living. This

story has been going for thousands, perhaps million of years.

The regulation mechanisms have evolved reaching specific

complex levels of interaction. This evolutionary process was

during the years free from fraud interventions.

The interaction of hormones and target organs was a

"clean story", meaning that a specific hormone targeted at a

specific receptor with a specific result, able through again a

specific loop-feedback to restore the starting point of the

process. This was the situation until man made substances

mimicking hormones were introduced in our every day life,

mainly chemicals that are acting as hormones and are called

Endocrine Disrupters (ED’s).

Scientific evidence suggesting that ED’s are implicated in

declining sperm count, congenital malformations, cancer,

retarded neurobehaviora l disorders, re tarded sexual

development pose major concern and need to be carefully

attended. In view of the Hippocratic Oath statement "do no

harm" it is essential for the medical doctor to be aware of the

ED’s threat from every aspect.   

HORMONE SYSTEMS IN THE BODY

The role of hormones is to act as messengers, providing

means of communication between different parts of the body.

They travel from one part of the body to another in the

bloodstream, sending essential signals and instructions which

regulate the body's cells, tissues and organs.

Different types of hormones are produced by different

organs in the body, the endocrine glands. These include the

testicles, the ovaries, the pancreas, the adrenal glands, the

thyroid and the pituitary gland in the brain. 

A specific type of hormone will have specific roles to play

in the body. For example, the female sex hormone estrogen

has a number functions, including the development and

maintenance of the female reproductive system.

For messages which hormones carry to be interpreted,

the hormones must bind to molecules in cells, the receptors.

The hormone and receptor have a precise fit, like a lock and

key. Once the bond has been formed, it will  trigger a

particular biological effect in the cell. Thus by binding to

receptors, hormones cause biological effects which can lead

to changes in the functioning of cells, tissues and organs.

Specific types of hormone are only able bind with specific

types of receptors, so for example, estrogen can only bind to

estrogen receptors to convey its messages.

Estrogen belongs to a particular group of hormones, the

steroid hormones. Other hormones in this group include the

male sex hormone testosterone, another female  sex

hormone, the progesterone, and some hormones produced

by the adrenal glands. Steroid hormones, as well as other
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hormones such as thyroid hormones, are found in all

backboned animals, including fish, amphibians, reptiles, birds

and mammals. The structure of the hormones is almost

identical in all of these animals, and they serve similar

functions. It therefore seems that throughout evolution these

hormones have remained a successful way of regulating

processes in the bodies of animals and humans alike.

Why Hormone-Disrupting Chemicals are Toxic

A wide range of man-made chemicals have been found

which can disrupt the delicate balance of the body's hormone

systems. These hormone-disrupting chemicals have been

found to especially affect steroid hormones and thyroid

hormones.

There is variety of ways in which these chemicals can

disrupt hormone systems, such as:

They may mimic a hormone by binding to its receptor,

and producing the same response in the body that the

hormone would. Conversely, they may bind to a receptor and

block it , so that the real hormone cannot bind  to it .

Alternative ly, they may alter the production or the

metabolism of a hormone. While some chemicals may only

act in one of these ways, others may be able to act in several

ways.

About 30 man-made chemicals are now known which can

mimic the female sex hormone estrogen. These are called

estrogenic chemicals. Chemicals have been found also that

block the male sex hormone (androgen) receptor.

Hormones regulate many different bodily functions. Any

upset in the balance of a hormone would affect the body

functions it  regulates. Ultimate ly, this could lead to

undesirable effects on health. Since hormone-disrupting

chemicals can upset the balance of hormones in the body,

they could lead to adverse health effects.

This is true in the case of adults, but is especially

worrisome in the case of the developing foetus in the womb

and the young infant. In these early stages of life, the

development of many tissues and organs is controlled by

steroid hormones as well as thyroid hormones. For example,

these hormones play a critical role in the development of the

brain and nervous system, the reproductive system and the

immune system. If hormone-disrupting chemicals upset the

balance o f hormones while these body systems are

deve loping and growing, i t can result in permanent

detrimental health effects on the foetus or infant. While some

effects on health could be apparent in the infant, others may

not be evident until later on in life. Observations of wildlife

populations, in laboratory animals, and in some cases

humans, have shown that if  the developing young are

exposed to hormone-disrupting chemicals, then a wide range

of adverse health effects do occur.

In addition to disrupting hormone systems,   man-made

chemicals that are toxic to the development of the foetus and

infant may also cause effects in other ways, such as by

altering the levels of enzymes, or the levels of natural

chemicals which control the transmission of nerve impulses.

One class of chemicals, the dioxins, is very toxic to the

developing young. These chemicals do not interfere with

hormone receptors, but with a different sort of receptor,

called the Ah receptor. In so doing, they elicit a broad range

of biochemical effects, including disrupting steroid hormones

(Safe and Krishnan 1995).

IDENTIFICATION OF HORMONE DISRUPTING

CHEMICALS

About 30 man-made chemicals have been tested in the

laboratory and identified as being estrogenic chemicals. In

addition to these, another 20 or so chemicals have been listed

as hormone-disrupting chemicals. Some of these have been

shown to interfere with hormone systems in laboratory

experiments, whilst o thers are known to a ffect the

reproductive systems of wildlife populations. 

SOURCES OF HORMONE-DISRUPTING

CHEMICALS

Many pesticides (including herbicides, fungicides or

insectic ides) have been identified as being hormone-

disrupters. Pesticides  represent  the highest volume

chemicals deliberately released into the environment, not

only by farmers but by homeowners and professionals alike.

A number of industrial chemicals have also been identified as

being hormone-disrupters. These chemicals have a diverse

range of uses, including those used in the manufacture of

plastics eg. phthalates, surfactants eg. alykylphenols, and

solvents, as well as some heavy metals, eg. mercury, lead and

cadmium.

Organochlorine Chemicals

Organochlorine chemicals are produced by industry by

reacting chlorine gas with organic matter. Most chlorine gas

is combined with petrochemicals to produce pesticides,

solvents, plastics and other chemicals. About a third is used

to make the plastic polyvinyl chloride (PVC). Two well known

classes of Organochlorine chemicals are the polychlorinated

biphenyls (PCBs) and dioxins. Many   pesticides,   for

instance   DDT,   toxaphene,   atrazine, methoxychlor and

endosulphan are also organochlorines.
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Polychlorinated Biphenyls

The PCBs are a group of 209 compounds, which were

marketed commercially in a variety of different mixtures.

These industrial chemicals were used in numerous products

including dielectric fluids for transformers and capacitors,

cutting oils, flame retardants, heat transfer fluids, sealants,

adhesives and plasticisers. They have been used since 1929,

and world production since then has been estimated to be

between 1 to 2 million tons. Peak production came at the end

of the 1960's, but a voluntary production ban was emplaced

by US and UK manufacturers in 1977. Production continued

until at least 1987 in France and Spain and may still be

continuing in some areas.

The use of PCBs led to their release into the environment,

in particular from careless disposal practices, accidents, and

leakages from industrial facilities and waste disposal sites. It

has been estimated that around 35% of the total PCBs

produced worldwide have entered the environment. A further

65% remains in waste dumps and capacitor applications.

Many of these applications will come to the end of their

useful lives over the next 10-15 years. Hence, future losses of

PCBs into the environment could theoretically be double the

releases to date.

Despite widespread bans on production, regulatory

measures have not caused significant reductions of levels

PCBs in the environment. Although there have been falls in

the levels of PCBs in some areas, in general, levels have now

stabilised. This is not surprising given the persistent nature of

PCBs and the fact that PCB inputs to the environment have

not halted due to leakages from waste dumps and careless

disposal practices. Moreover, there is still no large scale

comprehensive plan for adequate disposal of stocks or the

clean up of waste sites.

Dioxins

Dioxins are a group of chemicals comprising of 75

different polychlorinated dibenzo-p-dioxins (PCDD) and 135

polychlorinated dibenzofurans (PCDF). These chlorinated

chemicals have never been produced intentionally for any

industrial use. Instead, they are produced as unintentional by-

products in many processes in which chlorine and chlorine

derived chemicals are produced, used and disposed of.

Combustion and thermal processes such as waste

incineration account for a major source of dioxins and a

second source is chemical industrial processes. Extremely

small amounts of dioxins may be formed during natural fires,

but the major sources come from industrial practices which

began around the 1920's.

Today, the main source of dioxins is from incinerators, in

particular municipal waste incinerators. Hazardous waste and

medical waste incinerators and cement kilns also emit dioxins

into the atmosphere. Another important source in which

dioxins are released into air are from several processes in the

metal industry, such as smelting. Other sources include

industrial and domestic burning of coal and wood, and petrol

combustion by vehicles. Less significant sources on a global

scale appear to accidental fires involving the burning of

plastics or PCBs and forest fires.

Dioxins can also be formed in the manufacture and use of

organochlorine chemicals. A major source used to be the

production and spraying of chlorinated phenol-based

pesticides such as pentachlorophenol, although their use has

become restricted since the 1980's. The manufacture of PVC

has been reported to produce dioxins. Besides the production

of chlorinated chemica ls, dioxins are  released into

watercourses by the pulp and paper industry as a result of

chlorine bleaching.

With improving technologies for municipal waste

incinerators, stricter regulations being enforced on dioxin

emissions at national levels, and decreased production of

chlorinated phenol chemicals, the industrial input of dioxins

into the environment and levels in the environment may be

declining. However, considerable deposits of dioxins remain

in sediments and soils and these may recirculate in the

environment. In addition, dioxins present in sewage Sludge,

re-enter the environment when the sludge is applied onto

agricultural land. Given this and the persistent nature of

dioxins, despite efforts to reduce them it is likely that a

sizable fall in human exposure to dioxins will take many

years. 

Pesticides

Pesticides are still widely used throughout the world,

such as atrazine, endosulfan and 2,4-D. Several others have

restricted use or are banned in some countries, but are still

used in others, notably developing countries. For example,

DDT which has been used since the 1940's, was banned or

severely restricted from use in many countries in the 1970s.

However, it is still produced and sprayed in some developing

countries such as India and Mexico, mainly for killing

mosquitoes in an attempt to combat malaria. Currently, the

annual global usage of DDT is estimated to be 550,000 tones.

Some countries which have banned or restricted the use

of a pesticide may still produce and export to countries where

the use is permitted. For example, the US has discontinued

the use of chlordane, heptachlor and mirex, but exports them

to other countries.

It is difficult to estimate the global usage of pesticides

because some countries do not appear to hold records on

pesticides, whereas in others information on production and
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distribution is kept secret for marketing purposes. Overall,

though it appears that the use of pesticides is increasing on a

global basis. Without international co-operation, changes in

regulations and improved record keeping by governments, it

will not be possible to restrict pesticide usage or improve

estimates of global usage.

Alkylphenol Compounds

In the 1940's, chemicals called alkylphenol ethoxylates

(APE) were introduced for a number of industrial uses. Recent

studies have shown that these chemicals are broken down in

the environment to form other chemica ls, such as

alkylphenols (AP), which are estrogenic and are also more

persistent and bioaccumulative than the original chemicals.

APEs, which are surfactants, have widespread industrial

uses, for example, industrial cleaning, paint, agrochemicals,

emulsion polymers, textiles, metal finishing, certain plastics,

and lubricating oils. A recent survey in the UK estimated that

83% of the APEs used in 1992 entered the environment. In

some cases, levels have been found in sewage effluent and

UK rivers that are high enough to cause estrogenic effects in

fish. Alternatives for current industrial uses of APEs are

available and efforts to phase out their use are being

implemented.

Phthalates

Phthalates are used as plasticisers to make plastics more

flexible and improve their workability. Some phthalates, butyl

benzyl phthalate (BBP), di-n-butyl phthalate (DBP), and to a

lesser extent di-ethylhexyl phthalate (DEHP) have been found

to be estrogenic. In Western Europe about 90% of all

plasticisers and especially DEHP, are used in the manufacture

of ƒVC. There are numerous uses of PVC including flooring,

water pipes, cables, tubing, furniture and upholstery,

children's toys, pharmaceutical packaging including blood

bags, and different types of food packaging. In addition to

PVC, the above mentioned phthalates are used to produce

other plastics such as polyvinyl acetate and polyurethane and

have non-plastic uses such as in paints, pesticides, inks,

hairspray and insect repellents.

In 1985 it was estimated that the global production of

phthalates was 2.7 million tones per year, of which DEHP

accounted for 50%. Phthalates may enter the environment

directly into water or landfill sites from industrial discharges

or waste, or into air from burning plastics. Phthalates leach

out of plasticised products into the surrounding air or into

other substances which are in contact such as food, soil or

water.

Metals

Lead, cadmium and mercury are naturally occurring

substances. Although metals have been used by humans

since ancient times, the use of these three metals for

industrial purposes increased dramatically during the last

century. The main use of lead is the manufacture of batteries,

but it is also used in the production of chemicals including

paint, petrol addit ives,  various metal products and

ammunition. It has been estimated that 4 to 5 million tones of

lead have been discharged into the environment since the

1920's in the US alone. The amount of lead in many products

has been reduced in recent years because of its toxicity, but

the world demand for lead continues to rise. Some lead is

recycled for reuse, but much is dumped in landfill. The

phasing out of lead additives in petrol has resulted in a

marked reduction in  the amount present in air  and

consequently in  humans. However, the  declines in

environmental levels are relatively small and with the

continuing use of lead, further reductions will be increasingly

difficult to achieve. Lead in human tissue is mainly stored in

bone, and present levels in human bones are 500-fold greater

than in prehistoric times.

In its metal  form, cadmium is  used mainly in the

production of batteries and metal plating but also for

pigments, plastics and synthetics. Smelting and industrial

combustion leads to atmospheric releases of cadmium.

Although recent regulations have led to a reduction in certain

uses of cadmium, its industrial use is increasing globally,

largely due to the manufacture of batteries. Cadmium is

disposed of principally in landfills, but it can be recycled.

Over the last 10 years or so levels in the environment appear

to have decreased. Plants, including tobacco plants take up

cadmium in a mineral form from the soil. Consequently

cadmium is present in cigarette smoke, and people who

smoke have significantly more cadmium in their bodies.

Mercury is used in industry in the production of chlorine

gas, electrical equipment, batteries, thermometers, dental

fillings, and as a by-product of gold mining. Municipal waste

incineration and other combustion processes can lead to

atmospheric emissions of mercury. Because of its toxicity,

several uses have declined in the last two decades, such as in

medicinal products, in mercury containing fungicides which

are now banned, and a reduction in by-products of the

chemical industry. Recovery and recycling of mercury from

industry has recently become more commonplace. Mercury

can combine with carbon containing products to form organic

mercury. Although all forms of mercury are poisonous, one

organic form known as methylmercury is of particular

concern because it can bioaccumulate in animals, especially

fish.

Estrogenic chemicals have been identif ied in the

laboratory, either by using cell culture techniques, or by

60 P. Nicolopoulou-Stamati,  C.V. Howard, E. Patsouris



monitoring the effects they have in animals. Cell culture tests

are now available which can identify whether a chemical is

estrogenic in different kinds of animals. For example, a test

which uses fish cells has been developed to test whether

chemicals are estrogenic to fish in the aquatic environment

(Sumpter and Jobling 1993). A test using human cells, has

also been developed, and may be used to predict whether a

chemical would be estrogenic in humans (Soto et al. 1995).

Where chemicals have been found to be estrogenic in fish

or in fish cells, they have also been found to be estrogenic in

mammals or in human cells (Sumpter and Jobling 1995). This

suggests that the estrogenic chemicals would be capable of

having estrogenic effects in all backboned animals. This is not

surprising because the structure of the estrogen hormone and

its receptor are virtually identical in these animals.

No systematic screening of chemicals for estrogenic or

other specific hormone-disrupting effects has ever been used

to test chemicals which are released onto the market for

commercial use. In fact, it was discovered by accident rather

than intent that some chemicals were estrogenic. It is

therefore very likely that there are other estrogenic or

hormone-disrupting chemicals which are currently produced

and used, but remain unidentified. Even where chemicals are

known to be estrogenic, this has currently not resulted in

their withdrawal from use.

FATE OF HORMONE-DISRUPTING CHEMICALS

IN THE ENVIRONMENT

A number of industrial chemicals which have a wide

range of uses, and many pesticides have been identified as

hormone-disrupting chemicals. Through these uses, most

have become widespread environmental contaminants. The

sources of these chemica ls  and their  levels in the

environment pose a major concern.

Transport of Chemicals in the Environment

Chemicals do not necessarily remain where they are

released into the environment but may be transported in

water or on air currents. Many chemicals become airborne,

either by direct emission, for example from combustion

processes, or by volatising from the ground, from the leaves

of sprayed crops, or from water. Once airborne, they can be

transported for long distances around the planet before falling

again to the surface. In this way, many hormone-disrupting

chemicals have become ubiquitous contaminants throughout

the global environment. These include many pesticides,

PCBs,   dioxins, phthalates, lead, mercury and cadmium

(Loganthan and Kannan 1994).

A further problem is that a number of these chemicals are

resistant to being degraded and broken down by natural

processes. Some take years to degrade, others tens of years

or even centuries. These chemicals are called persistent

pollutants because they remain in the environment for so

long.

It has been found that persistent chlorine-derived

chemicals (organochlorines), such as PCBs, dioxins, DDT,

toxaphene and other pesticides, are preferentially transported

on air currents to colder regions such as polar and sub-polar

regions. This "global distillation" process has resulted in

particularly high organochlorine levels in air, seawater and

wildlife in arctic regions (Iwata et al. 1993).

The Food Web

Many of the hormone-disrupting chemicals which are

persistent, are also soluble in fats. As a result they build up

(bioaccumulate) in the fatty tissues of animals. Even very low

environmental levels of these chemicals can lead to high

levels in the body tissues of animals. The levels increase more

as one animal eats another, such that the highest levels are

found in animals at the top of food chains. An example, of

how this occurs is illustrated by what could happen to PCBs

in the environment:

Small aquatic organisms like algae, accumulate PCBs at

concentrations hundreds of times higher than levels in the

surrounding water; small fish eat the algae and concentrate

the PCBs in their tissues to even higher levels; still higher

levels are accumulated by bigger fish which eat the small

ones; finally near the top of the food web, predatory birds

which eat the big fish, such as herring gulls, accumulate the

PCBs to higher levels. The concentrations in their eggs can be

25 million times greater than the original level in the water.

HUMAN EXPOSURE TO HORMONE-
DISRUPTING CHEMICALS

Human exposure to hormone-disrupting chemicals can

occur in a variety of ways, including by ingestion of food and

water, inhalation of air and by skin absorption. For the

majority of these chemicals however, the major source of

exposure is via food.

Everyday when we eat food, we will also be taking in

hormone-disrupting chemicals which are present in the food.

Being exposed to such chemicals is therefore completely

unavoidable. Because many of these chemicals are found

everywhere in the world and they build up through food

chains, all food sources are contaminated by some of them.

For those chemicals which are persistent and

bioaccumulative, by far the highest levels are found in meat,

fish and dairy products.
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Apart from the unavoidable hormone-disrupting

chemicals in our everyday food, there are also other reasons

why food contains certain hormone-disrupting chemicals. For

example, pesticide residues may remain on the vegetables

and fruit we consume, and other chemicals may leach from

food packaging into the food.

Pesticide residues in food and water

Spraying pesticides on crops, means that a proportion of

them may remain  on the crops by the t ime they are

harvested. According to  the US food and drugs

administration, about 40% of foods purchased have

detectable pesticide residues. The contamination rate with

pesticides is highest in vegetables, and especially fruit.

Testing foods for pesticide residues in the U.S. showed that 1

to 3% of foods have residue levels which are above the legal

level. However, the instances where residue levels are above

legal limits may be higher because only about one third of

pesticides which are used on crops are tested for ( P i m e n t e l

1992).

Drinking water may also be contaminated with very low

levels of some pesticides. Contamination of drinking water by

pesticides occurs as a result of their application to crops,

from where certain pestic ides eventually end up in

groundwater and surface waters. The most common

pesticides found to be present in the US drinking water were

atrazine, alachlor and aldicarb all of which are hormone-

disrupting chemicals (Pimentel et al. 1992). In northern

Europe atrazine was also the most common pesticide found.

Drinking water standards do permit very small quantities of

pesticides (usually in ug/l quantities) and metals to be

present. If breaches in regulation limits occur for drinking

water, pesticides are the most common culprit. In fact, two

government bodies in the UK recently concluded that the

best way to control pesticides leaching into potential water

supplies was to reduce their application on crops. This was

also found to be cheaper than removing them during water

treatment.

Food Packaging and Processing

A few estrogenic chemicals are known to be commonly

used to make food packaging materials. These are chemicals

called phthalates and a chemical called bisphenol-A. These

chemicals have been found to leach out of the packaging into

foods that they are in contact with.

Bisphenol-A has been found in the lacquer coating on the

inside of food cans. The liquid surrounding vegetables in

some food cans was found to contain this chemical (Brotons

et al. 1995). The levels of bisphenol-A which had migrated

into the liquid (highest level 80ug/kg) were well within EC

limits (3mg/kg), but this  l imit was set before  it  was

discovered that bisphenol-A was an estrogenic chemical.

Bisphenol-A is also present in polycarbonate plastic which is

widely used for the packaging of food and beverages.

Whether it leaches from this plastic into foodstuffs is yet to

be tested (Feldman and Krishnan 1995).

The phthalates (DBP, BBP and DEHP) are present in

different types of food packaging, such as cellophane and

aluminium paper-foil laminate, and they are also in inks used

to print on plastic and paper board food wrappings. These

chemicals have been found to leach from food wrappings and

inks into a  variety of foods including butter, cheese,

sandwiches, meat pies, chocolate, crisps and cakes. The

highest levels (ppm quantities, or ten's of mg/kg) have been

found in fatty foods. It is highly possible that a person could

exceed the EC safety limits (called tolerable daily intakes) set

for the intake of phthalates by eating a lot of packaged foods.

Phthalates have also been reported to contaminate food

during food processing. For example, DEHP was reported to

leach into milk from PVC tubing used in milking equipment

(Castle et al. 1990). Formula baby milk in the UK was also

found to contain DEHP and other phthalates (at levels 1.2-

10.2mg/kg). For a baby's average intake of milk, such levels

of phthalates would result in exceeding the EC precautionary

limit by about double.

FATE OF HORMONE-DISRUPTING CHEMICALS

IN THE BODY

Persistent hormone-disrupting chemicals are not easily

broken down or detoxified by the body and they become

stored in fatty tissues. They are only released and excreted

from the body very slowly (Hall 1999). The only times that

the levels of these chemicals in the body are significantly

reduced is during starvation when fat stores are broken

down, or during lactation in women, when the chemicals are

passed via breastmilk to the infant.

Some hormone-disrupting chemicals, such as phthalates,

are more easily broken down and excreted from the body, so

they do not accumulate in body tissues to a great extent.

However, because phthalates are so ubiquitous in the

environment, people are continually exposed to them.

The levels of hormone-disrupting chemicals in people's

bodies do vary in different countries and different areas. For

example, people living in industrialised regions have higher

body burdens of industrialised chemicals such as PCBs and

dioxins. Some populations are particularly highly exposed to

certain chemicals because they consume a diet which is rich

in fish. For example, Arctic indigenous people rely on a diet

consisting of fish and sea mammals which contains very high

levels of PCBs, dioxins, methylmercury and chlorinated
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pesticides l ike DDT and toxaphene (Kuhnlein  1995).

Consequently, the levels of these chemicals in their bodies

are high, and in the women's breastmilk, levels are 3 to 7

times higher than average (Dewailly et al. 1994). 

Exposure of the Foetus

Chemicals in the mother's body can be transferred to the

foetus via the placenta. Many hormone-disrupting chemicals

are likely to be passed to the foetus in this way. Those which

have been identified in placental tissue or in blood from the

umbilical cord, include DDT, DDE, hexachlorobenzene, PCBs

and dioxins. Cadmium, lead and methylmercury are also

known to cross the placenta (Ando et al. 1986, Kanja et al.

1992, Koopman-Esseboom et al. 1994).

Exposure of the Nursing Infant

Any chemical in a mother's body which circulates in her

blood may contaminate her breast milk and pass to her

nursing infant. Breast-feeding is highly recommended for the

health of the child, but there is now concern about the

amount of chemicals which are present in human breast milk.

Hormone-disrupting chemicals which are commonly found in

breast milk (in ppt or ppm levels) include PCBs,   dioxins,

and   the pestic ides   DDT,   DDE,   dieldrin,

hexachlorobenzene, hexachlorohexane, heptachlor, and

chlordane.

During breast-feeding, the levels of persistent chemicals

in the mother's body which have accumulated during her

lifetime are reduced, because they pass into the breastmilk.

For example, in the case of dioxins, it has been estimated that

the baby will receive 4-12% of the dioxins it will accumulate

during its whole life, if it is breast fed for one year. However,

recent estimates suggest that the amount of  dioxins

transferred in the breastmilk could be much higher. An

approximation using data from 3 women, showed that if a

mother breast feeds for just 6 months, she will reduce the

level of dioxins in her own body by about 50%. Nearly all of

these dioxins will be passed to her baby in the breastmilk.

This means that after 6 months of breast feeding, the infant

may have about the same body level of dioxins as its mother.

There are regulations which concern the amount of

chemicals present in commercial foods, but of course, breast

milk which is fed to babies cannot be regulated. Banning and

restricting the production of some persistent organochlorines,

such as dioxins has led to reduced levels in breast milk in

some countries. However, in the case of DDE and PCBs,

levels decreased initially following bans but have now

stopped declining to any extent (Huisman 1995).

HEALTH EFFECTS OF HORMONE-DISRUPTING

CHEMICALS 

To prove scientifically that a specific chemical causes a

particular health effect in humans, direct evidence from

studies on humans is required. However, there are many

difficulties in conducting human studies. For instance, it is

difficult to assess whether chemicals cause effects on human

development, because of the comparatively low levels of

chemicals in the environment, the complexities of estimating

exposure to such chemicals, and numerous other factors

which may be involved in causing developmental effects. On

the other hand, it is far easier to conduct studies using

laboratory animals without such factors being a problem- and

to prove whether a chemical causes a particular effect.

Consequently, animal studies have played a major role in

predicting whether chemicals may represent a health hazard

to humans. Other information on effects of chemicals may

come from observing effects in wildlife populations and using

other laboratory techniques such as cell culture.

The idea that a number of chemical pollutants in the

environment may be acting as hormone-disrupters, initially

came from observations of harmful reproductive and

developmental effects which had occurred in many wildlife

populations. Putting together this information with other

studies on humans and laboratory animals, led to the

hypothesis that hormone-disrupting chemicals, which were

widespread in the environment, may cause adverse effects on

reproduction and development in humans.

Since hormones play an essential role in regulating

development of the foetus and infant in humans, the

presence of hormone-disrupting  chemicals during

development could cause adverse effects on health. Evidence

from human studies on a few pollutants, namely PCBs,

dioxins, lead and methylmercury, strongly suggests that this

is indeed the case. Other evidence for some hormone-

disrupting chemicals is available from animal studies. Most

evidence from animal studies comes from specific scientific

studies, rather than from routine tests on animals which are

carried out on commercial chemicals to find out whether they

are harmful to human health. This is because routine testing

of developmental health effects has focused mainly on birth

defects which are visible to the naked eye. However,

hormone-disrupting chemicals cause other effects such as

toxicity to the nervous and immune systems which would not

be detected in such routine tests. Consequently, for some

chemicals which are known to be hormone-disrupters, there

are presently few studies on the developmental effects they

cause in animals.

Evidence on effects caused by hormone-disrupting

chemicals in laboratory animals is very relevant to effects
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which could occur in humans. This is because hormone-

disrupting chemicals typically affect steroid hormones, and

these hormones are extremely similar in animals and humans.

The processes they regulate in the body are also similar. For

example, the basic mechanisms of sexual development are

common to all mammals, and they are regulated by the same

hormones such as estrogen and testosterone. Therefore, the

effects that hormone-disrupting chemicals have on estrogen

and testosterone in animals, and the resulting effects on

sexual development, would be expected to be similar in

humans (Nicolopoulou et al. 2000, Nicolopoulou et al. 2001)

Ability of Hormone-Disrupting Chemicals to
Cause Effects on Health

Estrogenic or other hormone-disrupting chemicals are

known to cause a wide range of effects on development in

laboratory animals, wildlife and in some cases humans,

including effects on reproductive system, the immune

system, the nervous system and brain. However, it has been

shown using cell culture techniques that estrogenic chemicals

are 1000 to 100,000 times less efficient at binding to the

estrogen receptor than the body's own natural estrogen. They

are therefore classed as being only very weak estrogens. This

makes it difficult to see how estrogenic chemicals could

possibly have effects on  the body which are  of any

consequence. Yet when they are tested in animals, they bind

to estrogen receptors much more efficiently and do cause

effects on health. There are several reasons which explain

why this may occur:

First ly ,  many hormone-disrupting chemicals

bioaccumulate in the fatty tissue of animals, reaching levels

which can be much higher than levels in the environment.

Some of these chemicals have now reached levels in people's

bodies which are millions of times higher than the levels of

natural hormones in the body. Consequently, they have an

increased chance of binding to estrogen receptors and

causing biological effects.

Secondly, over 90% of natural estrogen in the body

becomes bound to special proteins in the blood, so that it is

no longer free to bind to estrogen receptors. However,

estrogenic chemicals do not become bound to these proteins,

and remain free to bind to estrogen receptors in the body.

Thirdly, in the real world, humans and animals are

exposed to mixtures of numerous chemicals. It has been

found when some estrogenic chemicals are mixed together

they produce additive effects or even synergistic effects. For

example, when the estrogenic pesticides endosulphan and

toxaphene were mixed together, they were 1000 times more

potently estrogenic  than used alone at the  same

concentration. Furthermore, when the pesticide chlordane,

which is not estrogenic, was mixed with an estrogenic

pesticide, the mixture became more potently estrogenic.

Since people are exposed to a wide range of estrogenic and

other chemicals, it is thus very likely that their effects on the

body could be cumulative.

Developmental Health Effects

It is thought that every pregnant woman in the world has

hormone-disrupting chemicals in her body that can be

transferred to the foetus or via breastmilk to the young infant.

These early life stages are exquisitely sensitive to toxic effects

of chemicals, and often chemicals which cause little problem

to the mother, cause harmful effects to the foetus. This is

because mechanisms which provide some protection against

toxic chemicals in the adult are not fully developed in the

foetus. The early stages of life are also particularly vulnerable,

because it is the time when the body organs and tissues are

developing. Exposure to hormone-disrupting chemicals at

critical periods when an organ or body system is developing

can result in permanent effects on health. A broad range of

health effects have now been associated with exposure to

hormone-disrupting chemicals during the development. Some

of the evidence for these effects is discussed in following

sections.

MALE REPRODUCTION

Over the last 50 years or so, there has been a dramatic

increase in several male reproductive disorders:

ñ There has been a worldwide increase in cancer of the

testicles, with the incidence rising by as much as 4-fbld in

some countries. The disease is most prevalent in men aged

between 20 and 45, and in some countries it is now the most

common cancer in men.

ñ Sperm count has decreased in men from several

European countries (Adamopoulos 1996, Irvine 1996). Studies

show that it has declined over the past 20 years at a rate of

about 2% per year. The studies found that the year of a man's

birth influenced sperm count, for example, a 20 year old

man's sperm count today is lower than a 20 year old's sperm

count would have been ten years ago (Auger 1995).

ñ Sperm count does vary geographically and it is not yet

clear if it has decreased worldwide. 

ñ The incidence of testicular maldescent appears to be

increased in many countries.

ñ The incidence of boy's born with genital abnormalities

appears to have increased in many countries (Toppari 2003).

ñ Prostate cancer is on the increase in a number of

countries, particularly northern Europe and North America.
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The male reproductive disorders listed above have

increased in many countries over a relatively short time

period. It thus seems likely that they have been caused by

some common environmental factor. To answer the question

"what could this factor be?", scientists have looked at what

causes the disorders. They believe that all of these male

reproductive disorders have their beginnings during foetal

and early life. Too much estrogen at a critical time when the

male reproductive system is developing in the womb seems

to cause these disorders. Following this line of thought,

scientists have hypothesised that if too much estrogen has

these consequences, exposure to estrogenic chemicals in the

womb may cause the same problems (Sharpe 2003).

Evidence is mounting from laboratory and wildlife studies

which shows that this could be the case, and that estrogenic

chemicals in the environment may be partly or wholly to

blame for r is ing male  reproductive problems. Other

hormone-disrupting chemicals which affect the male sex

hormone testosterone, during development may also share

some of the blame.

A critical piece of evidence in reaching the conclusion that

estrogenic chemicals may be causing male reproductive

disorders, came from an unfortunate medical mistake.

Between 1945 and 1971, about 5 million women were given

a synthetic estrogen drug called diethylstilbestrol (DBS),

during their pregnancies, because it was thought to reduce

the risk of miscarriage and pregnancy complications.

Unfortunately, it did not have this effect. Instead it was found

that among boys who were born to these women, there was

an increased incidence of urethral abnormalities, testicular

maldescent, and when they reached adulthood their sperm

count was reduced. The results of this experience clearly

showed that exposure to extra estrogen in the womb can

result in increasing male reproductive disorders. The same

effects have also been found to occur in laboratory animals

which are exposed to DES during development. 

Evidence which is available from studies of wildlife and

laboratory animals is supportive of the concept that hormone-

disrupting chemicals can increase male reproductive

disorders:

Wildlife Studies

Lake Apopka in Florida, USA was heavily polluted in 1980

by a chemical spill of the estrogenic pesticides dicofol and

DDT. Since that time, the population of alligators which

inhabit the lake have continually declined. High levels of the

chemicals have accumulated in the animals, and particularly

high amounts of DDE, the breakdown product of DDT, are

found in their eggs. Scientists think that the most likely

reason for the decline in population is that the chemicals alter

the sexual development of the alligators whilst inside the egg,

causing reproductive problems in the adult alligators. For

example, male alligators have small phalli and abnormalities

in their testes. The hormone-disrupting effects of dicofol and

DDE are thought to be responsible (Guillette et al. 1994).

Laboratory Studies

Unfortunately, routine testing of chemicals before they

are marketed is only done using relatively high doses of a

chemical which are not representative of environmental

levels. Furthermore, testing for effects on male reproduction

has often only been carried out on adult animals. Where

testing of chemicals has been done on developing animals,

such as those chemicals registered for use by the EC since

the 1980's, there are still inadequacies. This is because the

tests use insensitive endpoints, such as fertility, rather than

using more sensitive endpoints such as sperm count which

should be used to monitor effects on male reproduction. As a

consequence of such inadequate chemical testing, there

could be a multitude of chemicals on the market which may

cause effects on male reproduction which have not been

identified.

Experiments using rats or mice, have provided evidence

that exposing animals to relatively high levels of hormone-

disrupting chemicals in the womb or in very early life can

cause undesirable effects on the male reproductive system.

For example, chemicals which produced effects such as

decreased sperm count or reduced testes   weight include

DDT, DDE, methoxychlor, chlordecone, hexachlorohexane,

vinclozolin and PCBs.

The only hormone-disrupting chemicals which have been

tested using appropriate sensitive endpoints, and at levels

close to those found in the environment are dioxin, an

alkylphenol compound called octylphenol and the phthalate

BBP. These chemicals all caused marked decreases in sperm

count and other male reproductive effects. For BBP, the level

of exposure which caused effects approached levels to which

humans are exposed in everyday life (Gray et al. 1995).

Human Studies

There is little direct evidence in humans that hormone-

disrupting chemicals causes male reproductive problems.

There is some evidence from an accident which occurred in

Taiwan in 1979 in which many people consumed rice which

was contaminated with PCBs and dioxins. Women who were

pregnant at the time of the incident, gave birth to boys who

had slightly shorter penises at ages 11-14 (Guo et al. 1995).

Recently, a report was published about the pesticide

chlorpyrifos which is used to treat homes for pest control.

Two women whose homes had been treated wi th

chlorpyrifos during their early pregnancy, and one woman
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who was exposed to the chemical at work, gave birth to four

children who had multiple birth defects. The two boys had

testicular maldescent and one had a tiny penis. Scientists

suggested that these effects were caused by hormone-

disrupting effects of chlorpyrifos in the womb.

Finally, there are things in adult life which can reduce

sperm count, such as drinking alcohol to excess, sexually

transmitted diseases, and a number of commonly prescribed

drugs. However, it is unlikely that these things can account

for the extent to which sperm count seems to have decreased

in some countries. More importantly, they cannot account for

the rise in testicular cancer, urethral abnormalities and

testicular maldescent over the past 50 years. Considering the

available evidence, it is highly possible that exposure to

hormone-disrupting chemicals during the developmental

stages of life may be responsible for increasing reproductive

disorders in men.

Further to the reproductive problems imposed by ED’s

another major medical field that is involved is the one of

cancer. Hormonal related cancers as breast, prostate and

testicular cancer, are increasing, calling for an urgent need for

considering in research protocols the ED’s. Cancer can be

also seen as an environmental disease (Nicolopoulou et al.

2004) 

FEMALE REPRODUCTION

It is not clear whether exposure to current environmental

levels of hormone-disrupting chemicals during the early

stages of life, is having an impact on the reproductive system

of women. Data from animal experiments certainly shows

that exposure to some estrogenic chemicals causes adverse

effects on the reproductive system, but there is very little

evidence in humans.

The age when puberty  is  reached in humans and

mammals is predetermined during the developmental stages

of life. Women in industrialised countries now reach puberty

at a younger age. It has been suggested that the declining age

of puberty in women maybe due to exposure to estrogenic

chemicals in the womb. The evidence for this idea comes

from studying human records on the subject, and from

animal experiments which show that exposure to increased

levels of estrogens in the womb causes an earlier onset of

puberty.

Studies on female rodents have investigated what

happens to the reproductive system if they are exposed to

estrogenic chemicals whilst in the womb. It has been found

that exposure to the synthetic estrogen DES, and to high

levels of estrogenic chemicals such as DDT, methoxychlor,

and chlordecone, caused   reduced fertility in the females and

structural abnormalities of their reproductive systems. Similar

effects were seen when female rats were exposed to very low

levels of dioxins in the womb.

It is not known what the effects of such hormone-

disrupting chemicals would be on humans, but there is some

evidence which suggests that effects would be similar. This

comes from an unfortunate experience in the 1950's and

60's, when women were inappropriately given the synthetic

estrogen drug, DES, during their pregnancies. Many of the

girls born to these women suffered from vaginal cancer in

their teens. They also suffered from reduced fertility and a

high incidence of structural abnormalities of the reproductive

system.

Studies with laboratory rats showed that exposure to DES

in the womb caused the same reproductive effects as in

women. This indicates that evidence from animal experiments

on the female reproductive system is very relevant to

humans. However, the animal studies have generally only

tested high doses of chemicals which do not represent

present levels in the environment, so it is not possible to

estimate whether current environmental levels are affecting

the reproductive system of women (Nicolopoulou and Pitsos

2001).

INTELLIGENCE AND BEHAVIOUR

There is much evidence from human and laboratory

animal studies on lead, methylmercury and to a lesser extent

on PCBs and dioxins, which shows they are toxic to the

developing nervous system. In some cases, current levels of

these chemicals present in women of the general population

may be sufficient to result in subtle effects on behaviour and

intelligence in their children. However, information for other

chemicals which may have similar effects, such as toxaphene

and hexachlorobenzene, is not available.

Lead

In the last 15 years it has become clear that exposure to

lead, either in the womb or during childhood, at levels which

are presently typical of humans in industrialised countries,

results in decreases in intelligence quotient (IQ) and other

behavioural problems. The evidence for this has been

provided by many human studies with consistent results, and

has been backed up by a large body of data from animal

studies.

Human studies have generally looked at the effects of

lead levels in middle class children from industrialised

countries. Several studies have shown that children with

higher blood levels score lower values on IQ tests and are

prone to other behavioural problems such as poor attention

or hyperactivity. Further studies investigated whether

exposure to lead in the womb causes effects on behaviour.
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These studies measured lead levels in the mother's umbilical

cord and followed up the children from birth to several years

of age. The studies provide convincing evidence that

exposure to higher lead levels during development in the

womb results in lower IQ scores in the children. Moreover,

there seems to be no safe level of lead which does not affect

the mental ability of children.

All of the studies described above were carried out on

children from the general population. It therefore seems that

levels of lead in humans are already in the range where

deficits in IQ and behaviour are probable. Although the

effects are subtle, with for example changes of 5-7 points in

IQ, such changes may have an impact on a child's ability in

school. Furthermore, at a population level, a drop in IQ by 5

points could have consequences for human society. The

generation of women exposed to the most lead since ancient

times are currently at reproductive age, so this represents an

important problem for years to come despite the fact that

environmental levels of lead are declining.

Methylmercury

In the late 1950's in Minamata Bay, Japan, many people

were poisoned by methylmercury after a factory dumped it

into the nearby sea. The methylmercury became accumulated

to high levels in fish in the bay, which were caught and eaten

by local residents leading to the poisoning incident. A further

poisoning outbreak occurred in Iraq in 1971-2 when grain

treated with a mercury fungicide was made into bread.

Women who were pregnant at the time of these incidents

gave birth to children who had cerebral palsy, mental

retardation or delayed walking and speech. Sight and hearing

were also damaged. The degree to which children were

affected depended on the amount of exposure in the womb,

with lower levels resulting in less severe effects. For example,

relatively low levels of methylmercury in the mother have

been associated with producing small deficits in intelligence

and behaviour in their children.

Today, the largest source of methylmercury comes from

fish. Communities who consume high levels of sea mammals

or fish in their diet such as the Inuit of North America, or the

people of the Faroe Islands, have the highest body levels of

methylmercury. People who eat fish from the Great Lakes

also consume high amounts of methylmercury. For women, it

has been estimated such high consumption of fish represents

a potential hazard to the mental health of her offspring.

PCBs and Dioxins

The development of the nervous system and brain in

mammals and humans is partly under the control of thyroid

hormones and reproductive hormones. It is thought that

PCBs and dioxins may cause damage to the developing brain

and nervous system by disturbing the balance of these

hormones. PCBs may also be toxic to the developing nervous

system because they alter the level of a chemical in the brain

called dopamine which is essential for transmission of nerve

signals (Jacobson 1997).

Recently, studies in the Netherlands have investigated

whether levels of dioxins and PCBs which are present in

pregnant women from the general population are affecting

development of their babies. It was found that higher levels of

PCBs and dioxins in the mother were linked with altered

thyroid hormone levels in their babies. Therefore, present

PCB and dioxin levels in some women may already be

sufficient to affect the thyroid hormone system in their

offspring (Koppe et al. 2001).

It is certain that exposure to high doses of PCBs and

dioxins in the womb can result in reduced intelligence and

behavioural problems. Evidence for this  comes from

accidents which occurred in the late 1970's in Japan and

Taiwan when people consumed rice which was heavily

contaminated with PCBs and dioxins. The children of women

who were pregnant at the time of the incidents have slightly

lower intelligence and behavioural problems which have

persisted as they grow up. Other studies have suggested that

exposure to lower levels of PCBs in the womb may produce

similar problems. For example, a study was made on women

who had eaten moderate amounts offish from Lake Michigan

before getting pregnant. Results suggested that subtle

behavioural and intelligence problems found in their children

up to age 4, were associated with eating the fish, and

especially with PCBs found in the fish.

Finally, studies in the Netherlands on healthy women and

their babies mentioned above, found that infants who were

exposed to higher PCB and dioxin levels in the womb had

slightly lower scores in neurological tests which assessed

grasping, sitting, crawling, standing and walking (Huisman et

al. 1995). They also had a slightly lower quality of muscle

tone, which means the ability to use their muscles was

reduced.

It is not yet clear whether exposure in the womb to

current levels of PCBs and dioxins is causing subtle effects on

the intelligence of children. However, studies on monkeys

suggest that this could indeed be the case. For example, 10%

of the population of industrialised countries have body levels

of dioxins and PCBs which are the same as the levels that

cause small intelligence problems in the offspring of monkeys

experimentally exposed to these chemicals.

Sexual Behaviour

In mammals and humans, there are some differences in
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the structure and function of the brain between males and

females. This partly accounts for differences in sexual

behaviour between the sexes. The development of these

sexually different areas of the brain in the foetus and infant

are partly controlled by reproductive hormones.

Studies in ra ts and mice have shown that slight

disturbances in the levels of these hormones can result in

changes in sexual behaviour. For example, exposure of female

rat embryos to a synthetic estrogen (DES), or to estrogenic

pesticides such as DDT and chlordecone, causes them to

behave more like males when they grow up. Conversely, if

male rat embryos are exposed to low levels of dioxins, they

behave more like females when they become mature.

In humans, there is only very limited evidence on possible

changes in sexual behaviour, from women who were exposed

to the synthetic estrogen DES in the womb. These women

were found to have less well established sexual partners and

a lower sexual desire. It is therefore not certain whether

current levels of hormone-disrupting chemicals in the

environment affect sexual behaviour in humans.

THE IMMUNE SYSTEM

The immune system consists of a variety of specialised

cells which circulate in the body and function to prevent

infection and disease. Toxic chemicals may alter the levels of

these cells which can cause in an increase in disease such as

infectious diseases and cancer. Presently, there is only limited

data available on the effects of hormone-disrupting chemicals

on the immune system. However, studies on dioxins and

PCBs do suggest that some women of the general population

have body levels of these chemicals which may affect the

immune system of their babies.

Studies on mice have shown that exposure during

pregnancy to the synthetic estrogen DES, or to the estrogenic

pesticide DDT, caused detrimental effects to the immune

system of their offspring. In humans, women who were

exposed in the womb to the synthetic estrogen DES had an

increased incidence of certain diseases throughout their lives.

Other studies have found that high levels of PCBs and

dioxins in women as a result of a diet rich in fish, are related

to increased incidence of infectious diseases in their babies.

For example,  high  levels of PCBs and dioxins in the

breastmilk of Inuit women have been linked to more episodes

of ear infections in their infants (Dewailly et al. 1994). Another

study showed that high levels of PCBs in women who

consumed large amounts of fish from the Great Lakes, were

related to a higher incidence of bacterial infections in their

babies (Bemier et al. 1995). In both cases, the increase in

infections in the infants could be due to deficiencies in the

immune system as a result of exposure to dioxins and PCBs.

In the 1970's at Times Beach in Missouri, USA, residents

were accidentally exposed to high levels of dioxins after

contaminated waste oil was sprayed on roads for dust

control. Children born to women who lived in the area during

the incident were found to have significant changes in the

number of several types of cells in their immune systems.

Recently, a study was made of healthy women and their

babies from the general population in the Netherlands. Some

of the women had higher levels of PCBs in their bodies and

breastmilk than others. Those infants who were exposed to

higher levels of dioxins and PCBs from their mothers, both in

the womb and via breast feeding, were found to have altered

numbers of certain cells of the immune system. It is not know

what effect this could have on their health (Nicolopoulou et

al. 2000).

GROWTH RETARDATION

Many things may affect the growth rate of a foetus in the

womb, including some chemicals. If growth is slowed, the

baby will have a lower birthweight as a consequence. Studies

on growth retarded babies have found they have significantly

less cells in several organs such as the brain, kidneys and

lungs. It has also been discovered that babies which are

growth retarded are more likely to die from cot death than

other babies, and are more likely to die from heart disease in

adult life.

Studies on laboratory animals have shown that exposure

to PCBs during pregnancy, causes a lower birthweight in the

offspring. This is in agreement with data from human studies

which suggests that slight reductions in birthweight may be

caused by the current body levels of PCBs in some members

of the general population.

An accident in 1979 occurred in Taiwan, in which people

consumed rice which was contaminated with high levels of

PCBs and dioxins. Women who were pregnant at the time of

the incident, or who became pregnant shortly afterwards,

gave birth to growth retarded babies. The babies had a lower

birthweight (by 0.5kg), and as they grew up they remained

slightly shorter the other children (3cm).

Other studies in the U.S. have been conducted on women

from the general population who had eaten moderate

amounts of fish from Lake Michigan. These women had

relatively high tissue levels of PCBs as a consequence of

eating the fish. The PCB levels in the women were found to

be related to slightly reduced birthweights (0.16-0.19kg) of

their babies. Finally, a recent study in Sweden looked at the

effect of consuming fish from the Baltic sea, because it is

known to contain high levels of PCBs and other persistent

pollutants. It was found that women who ate high amounts of

fish from the Baltic Sea, gave birth to babies with lower
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birthweights than babies born to women who did not eat this

fish (Hagmar et al. 1996, Brower 1998).

NATURALLY OCCURRING SUBSTANCES IN
PLANTS WHICH AFFECT HORMONE SYSTEMS

About 300 different plants are known to produce and

contain a number of natural  substances called

phytoestrogens. These are thought to serve a variety of

functions such as acting as fungicides, regulating plant

hormones, detering herbivores from eating them, and a

protection against ultraviolet radiation from the sun. Plants

which contain phytoestrogens include many in our diet such

as whole cereal grains, seeds, soya, cabbage, beet, broccoli

and peas (Barrett 1996).

When eaten by humans, phytoestrogens are broken down

in the gut to form hormone-like compounds, which are able

to bind to estrogen receptors.  These compounds may be

immediately excreted from the body, or they may be

absorbed from the gut into the bloodstream. They may then

affect hormone systems. Their actions can result in lowering

the activity of sex hormones in the body. They also have

antioxidant properties (Adiercreutz 1995). All of this begs the

question, are these phytoestrogens good or bad for our

health?

To investigate the impact of eating phytoestrogens,

scientists have studied populations who consume high,

medium or low amounts of phytoestrogens in their diet. It

appears from these studies that eating a diet rich in grains

and vegetables with high quantities of phytoestrogens, has a

protective effect against many diseases including estrogen-

related cancers, such as breast cancer and prostate cancer,

some other cancers, osteoporosis and cardiovascular

diseases. Thus, people who consume high amounts of

phytoestrogens have a lower incidence of these diseases.

Such preventative effects of phytoestrogens on disease have

also been demonstrated in laboratory animals and using cell

culture techniques.

Harmful effects of phytoestrogens have also been found.

For example, in Australia, female sheep which were grazed

for prolonged periods on a species of clover, which contained

phytoestrogens, suffered sharp declines in fertility. A possible

explanation might be that phytoestrogens may act as a

defense mechan ism, to  deter herbivores from heavy

predation of a plant species.

If phytoestrogens can affect the fertility of sheep, they

may be also be able to affect human fertility. This is indeed

the case for a few plants which have been known to herbal

medicine for centuries and used as contraceptives. However,

eating a variety of plants in a normal diet does not seem to

affect human fertility. For example, Asians consume very high

levels of phytoestrogens without affecting their fertility. One

explanation might be that humans and animals have evolved

alongside plants and any harmful effects on fertility that their

normal diet may cause could have been selectively bred out

of the populations long ago (Barrett 1996). Some questions

still remain however, such as would there be beneficial or

harmful effects to a developing infant fed on soya-based milks

which are  known to contain large quantit ies of

phytoestrogens.

There are major differences between phytoestrogens and

man-made endocrine-disrupting chemicals. Phytoestrogens

are easily broken down and readily excreted from the body.

Consequently they spend very little time inside the body.

The situation with man-made chemicals is different. Humans

and animals have not evolved alongside vast quantities of

man-made endocrine-disrupting chemicals in the

environment. Many are persistent and cannot be broken

down or detoxified, and they bioaccumulate in body fat.

Therefore, unlike phytoestrogens, persistent chemicals

remain in our bodies for long periods of time, with their

levels gradually building up in body tissues throughout out

lives. They are also known to have a wide spectrum of

adverse health effects (Adiercreutz 1995).

REGULATION OF CHEMICALS

At present, governments employ two basic strategies for

protecting people's health from the harmful effects of man-

made chemicals. These are prevention and regulation.

Prevention

Prevention from harmful effects of man-made chemicals

involves taking measures to ban the production and use of

chemicals in a country. For instance, several persistent

organochlorine pesticides, (eg. DDT, toxaphene, HCB), have

been banned from use in many developed countries.

Banning harmful chemicals like these, has successfully

stopped their release into the environment in countries where

governments have enforced a ban. However, there is one

major problem with the present system of banning chemicals

- the bans are not implemented on a worldwide scale. So,

while some countries have banned chemicals such as DDT

and toxaphene, other countries have not and continue to use

them. Another problem arising from this is that chemical

companies in countries which have banned specific chemical,

can still export the chemical to countries where it is not

banned. Alternatively, they may export the technology to

make the chemical to a country where it is not banned. Some

developing countries may lack the resources or technology to

properly monitor and control exposure levels to such

imported chemicals.
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Regulation

To regulate the production and use of chemicals,

governments or regulatory authorities set limits which define

allowable rates of release of chemicals into the environment.

In order to calculate the allowable rates of release for a

chemical, a process called risk assessment is used.

Risk assessment is a method which attempts to provide a

numerical measure of human health impacts caused by a

specific pollutant. It is a complex process which involves a

whole series of calculations which estimate human exposure

from the release of a chemical into the environment, and the

health impact that such exposure would cause.

In risk assessment, the health effects that a chemical

could cause in humans, are estimated by testing the chemical

in laboratory animals. From these animal experiments, a "safe"

level of the chemical is calculated, which humans could be

exposed to without damaging their health. This "safe" level is

determined, by finding the level of the chemical at which

there are no harmful health effects in animals. Because this

level is determined from animal experiments, an extra safety

factor is then added to the level, to account for differences

there may be between humans and animals. This gives the

final result of the "safe" level of the chemical which should not

harm human health.

However, there are major problems and limitations with

the risk assessment process. Some of these problems occur

in the animal tests described above, which are used to set

"safe" levels of chemicals. These problems can be illustrated

by considering how risk assessment is performed in the USA:

To estimate a safe level for human health effects which

could be caused by a chemical, the animal experiments are

based entirely on one endpoint - the risk of developing

cancer. However, many chemicals cause other toxic effects

on health such as on development, reproduction, or on the

nervous system, at much lower levels than they cause cancer.

In fact, some chemicals may not cause cancer at all, but still

produce other adverse health effects. None of these other

effects  are taken into  consideration. Therefore , as a

consequence of using development of cancer as the sole

endpoint in animal experiments, risk assessment may greatly

under-estimate the true impacts of a chemical on human

health.

In European countries the methods of risk assessment are

somewhat different to the US system. For chemicals that will

come into contact with food such as pesticides, or for

chemicals which will be used in large quantities, more

extensive animal testing is carried out. This testing includes
examining the effects caused by a chemical  on the

development of an animal. For example, to investigate the

effects a chemical could have on reproduction, pregnant

animals are exposed to the chemical, and their offspring are

then monitored to find out if they fertile, by checking whether

they are able to reproduce. The problem with this is that

other effects on male reproduction could occur, such as a

substantial decrease in sperm count, which would probably

not be detected by just monitoring fertility. The problems are

thus similar to the process used by the US for risk assessment

- health effects can occur but may be undetected.

The problems with the animal experiments used for risk

assessment purposes could be summed up by saying that

inappropriate endpoints are used, which may not be sensitive

enough to detect the harmful health effects that chemicals

may cause. In simple terms this means that risk assessment

asks the wrong questions about health effects - and so it gets

the wrong answer. Even though information about hormone-

disrupting chemicals and the effects they can cause is

growing, no risk assessment process used to date has

attempted to screen chemicals for these properties.

A further example of the "wrong question - wrong answer

problem" in the animal testing procedures is that only a single

chemical is tested at a time. However, in real life people are

exposed to mixtures of thousands of chemicals in the

environment. It is known that when some chemicals are

mixed together the harmful effects they produce are additive

or even synergistic (bigger than additive). Risk assessment

does not take mixtures of chemicals into consideration. In

fact, it would be impossible to test the multitude of different

chemicals that people are exposed to in everyday life.

There are many chemicals which came onto the market

years ago which underwent little or no testing for toxic

effects. Such chemicals which still remain on the market are

essentially regulated as though they are safe.

Finally, although risk assessment is a scientific process, in

practice it depends upon highly uncertain and subjective

assumptions at every stage of the process where numerical

estimations are made. It is inevitably subject to the personal

and political predelictions of the people who interpret the

data. A former director of the US Environmental Protection

Agency warned of the subjective nature of the process when

describing risk assessment: "We should remember that risk

assessment data can be like a captured spy: if you torture it

long enough, it will tell you anything you want to know".

Regulation of chemicals using the risk assessment process

has doubtlessly stopped the use and release of numerous

harmful chemicals into the environment. However, as

described above, the process is fraught with uncertainties and

limitations and is highly subjective and open to manipulation.

Consequently, many chemicals which could be detrimental to

human health and to wildlife, such as hormone-disrupting

chemicals, have been widely used and are now widespread in
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the environment. It can be said therefore that current

regulatory strategies, which set legally acceptable releases of

chemicals into the environment based the assumption that

such releases are harmless, are not protective of human

health.

Problems concerning the regu lation  of hormone-

disrupting chemicals were documented at a meeting of

scientific experts on these chemicals at Erice, Sicily in

November 1995: Our judgment is that: A trivial amount of

governmental  resources is devoted to moni toring

environmental chemicals and health effects. The public is

unaware of this and believes that they are adequately

protected. The message that endocrine-disrupters are present

in the environment and have the potential to affect many

people over a life span has not effectively reached the general

public, the scientific community, regulators, or policy makers.

Although this message is difficult to reduce to simple

statements without over- or under stating the problem, the

potential risks to human health are so widespread and far-

reaching that any policy based on continued ignorance of the

facts would be unconscionable" (Erice Sicily 1995).

Further faults with current regulation were also pointed

out at the meeting. This involved present trade secret laws

which afford companies confidentiality so that they do not

have to reveal the names of chemicals they use in commercial

products, either to consumers, or to regulatory authorities.

The following was proposed:

Our judgment is that: "Those responsible for producing

man-made chemicals must assure product safety beyond a

reasonable doubt. Manufacturers should be required to release

the names of all chemicals used in their products with the

appropria te ev idence that the products pose no

developmental health hazard.

The Precautionary Principle

The problems of  regulating chemicals  us ing risk

assessment can be avoided by adopting an alternative

approach - the precautionary principle. The precautionary

principle requires that chemicals are not discharged into the

environment until they are proven to be harmless. This is in

contrast to risk assessment, which assumes that chemicals

are harmless until proven harmful. The precautionary

approach avoids problems that may arise from limitations of

our understanding of the toxic effects of chemicals on health,

by removing the assumption that a safe level of a particular

compound can be estimated. The precautionary principle is

now gaining   acceptance internationally, as a foundation for
strategies to protect the environment and human health

(Wingspread Conference 1998).

In l ine with the precautionary princip le, some

international political fora have agreed to phase out releases

of persistent and bioaccumulative chemicals, particularly

organochlorine chemicals, by several years time. No specific

action has yet been taken on hormone-disrupting chemicals.

Since these chemicals, and other persistent bioaccumulative

chemicals are a global problem, the only way to successfully

implement a phase out would be a legally- binding global

phase out.

Phasing out chemicals requires careful planning to take

into account the many factors involved. For instance, the

International Joint Commission on the Great Lakes has

recommended to the governments of Canada and the US,

that organochlorine chemicals should be phased out because

of the harm they could be causing to the environment and

human health. They have proposed steps that could be taken

to cope with the phasing out, such as: "Consult with industry

and other interests to develop timetables to sunset the use of

chlorine and chlorine containing compounds as industrial

feedstocks, and examine the means of reducing and

eliminating   other uses, recognising that   socioeconomic

considerations must be taken into account in developing the

strategies and timetables" (International Joint Commission on

the Great Lakes 1978).

Phasing out hormone-disrupting or other toxic chemicals

is only an initial step. It is important that other chemicals are

not simply used to replace chemicals which are phased out of

use. Instead, it  has been suggested  that alternative

technologies are used where they are available and others

should be developed, which use far less chemicals so those

that are used can be controlled. In addition technologies

should be able to re-use their waste products. Such

technologies are not unattainable and some are already in

existence. Similarly, other measures such as drastically

reducing the use of pesticides in agriculture and adopting

more traditional or organic methods, have been proposed. It

is unlikely that the manufacture of man-made chemicals will

ever stop completely, but at least a goal can be set to keep

human and environmental exposure to an absolute minimum.

The task ahead is clearly one of redesign - of industrial and

agricultural institutions, which were spawned by the chemical

age over the last 50 years (Communication from the

Commission 2000).
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EÛÙÈ¿˙ÔÓÙ·˜ ÛÙÈ˜ EÈ‰Ú¿ÛÂÈ˜ ÙˆÓ EÓ‰ÔÎÚÈÓÈÎÒÓ
¢È·Ù·Ú·ÎÙÒÓ ÛÙËÓ AÓıÚÒÈÓË YÁÂ›·

O Û˘Û¯ÂÙÈÛÌfi˜ ÙˆÓ EÓ‰ÔÎÚÈÓÈÎÒÓ ¢È·Ù·Ú·ÎÙÒÓ ÌÂ ÙËÓ
·‡ÍËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜ ÙÔ˘ Î·ÚÎ›ÓÔ˘ ÙÔ˘ Ì·ÛÙÔ‡, ÙÔ˘
ÚÔÛÙ¿ÙË Î·È ÙˆÓ fiÚ¯ÂˆÓ, ·ÏÏ¿ Î·È ÌÂ ÙËÓ Â›‰Ú·ÛË ÛÙË
ÁÔÓÈÌfiÙËÙ· ·Ó·Ï‡ÔÓÙ·È ÌÂ ÛÙÔÈ¯Â›· ÙÂÎÌËÚÈˆÌ¤ÓË˜ ‰ÈÂ-

ıÓÔ‡˜ ‚È‚ÏÈÔÁÚ·Ê›·˜.

INTRODUCTION

Endocrine disrupters (EDs) as exogenous environmental

molecules, are considered to potentially affect synthesis,

secretion, transport,  metabolism, binding, action and

catabolism of natural hormones of the body. EDs are likely to

interact with the endocrine system of animals and humans

and can exert their effects even when they are present in very

small amounts.

Direct evidence from human studies is required in order

to show that a specific chemical causes a particular health

effect. Since hormones play an essential role in regulating the

development of human fetus and infant, the presence of

hormone-disrupting chemicals during development

potentially has an adverse effect on health. So far, several

pollutants [e.g. polychlorinated biphenyls (PCBs), dioxins,

lead and methylmercury] have been investigated ( 1 ) .

Hormone-disrupting chemicals typically affect steroid

hormones which regulate various processes including sexual

development (2).

Many hormone-disrupting chemicals bioaccumulate in

the adipose tissue of animals, where they can reach a higher

level than that observed in the environment. Over 90% of

natural estrogen in the body binds to special proteins in the

blood, consequently only a small quantity becomes bound to

estrogen receptors. Nevertheless, estrogenic chemicals do

not bind to these proteins and remain unbound to estrogen

receptors in the body. Moreover, it has been found that when

some estrogenic chemicals are mixed together they produce

additive effects or even synergistic effects. Since people are

exposed to a wide range of estrogenic and other chemicals, it

is very likely that these chemicals can cause a cumulative

effect on the body.

It is widely accepted that hormone-disrupting chemicals

can be transferred from a pregnant woman either to the fetus

or,  via breast-milk, to the infant. These hormone disrupting

chemicals can be harmful to the fetus, as mechanisms which

are responsible for providing protection against toxic

chemicals in the adult, are not fully developed in the fetus.

Exposure to hormone-disrupting chemicals at critical periods

when an organ or body system is developing, can result in

permanent effects on health.

As far as the male reproductive system is concerned, an

in-crease in male reproductive disorders has been reported

( 3 ). An excess of estrogen at a critical time when the male

reproductive system is developing in the uterus seems to

have a causative relation to these disorders. Other hormone

disrupting chemicals which affect testosterone (the male sex

hormone) during development may be also involved. It is

known that after accidental consumption of rice, which was

contaminated with PCBs and dioxins, by women who were

pregnant at the time of the incident, they gave birth to boys

who had slightly shorter penises at ages 11-14.

As evidenced by human and laboratory animal studies on

lead, methylmercury and to a lesser extent on PCBs and

dioxins, these are toxic to the developing nervous system (1).

In some cases, current lev-els of these chemicals present in

women of the general population may be in sufficient

quantity  to resu lt in subtle ef fects on behavior and

intelligence of their children. Several studies have shown that
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children with higher lead blood levels score lower values on

IQ tests and are prone to other behavioral problems such as

poor attention or hyperactivity; there seems to be no safe

level of lead which does not affect the mental ability of

children. Women who were pregnant at the time of poisoning

by methylmercury gave birth to children who had cerebral

palsy, mental retardation or delayed walking and speech;

sight and hearing were also damaged. Today, the largest

source of methylmercury comes from fish. The development

of the nervous system and brain in mammals and humans is

partly under control of thyroid hormones and reproductive

hormones. It is thought that PCBs and dioxins may cause

damage to the developing brain and nervous system by

disturbing the balance of these hormones. PCBs may also be

toxic to the developing nervous system because they alter the

level of a chemical in the brain, called dopamine, which is

essential for transmission of nerve signals.

The immune system consists of a variety of specialized

cells which circulate in the body and function so as to prevent

infection and disease. Toxic chemicals may alter the levels of

these cells and thus cause an increase in infectious diseases

and cancer. High levels of PCBs and dioxins in women as a

result of a diet rich in fish, are related to increased incidence

of infectious diseases in their babies.

ENDOCRINE DISRUPTERS AND CANCER

For approximately the last 10 years it has been widely

suspected that exogenous hormonally-active agents (HAAs), or

endocrine disrupters (EDs), may influence the development

of cancer. A wide variety of chemicals act as EDs and they do

so through a variety of different pathways. The effects that a

particular HAA has on an individual is not readily predicted by

its chemical structure, as timing, dosage of exposure and

underlying mechanisms of action are crucial to the outcome.

Links between hormone disruption and cancer raise major

scientific problems.

The incidence of breast, testicular and prostate cancer is

being investigated in regard to exposure to EDs (1,3).

The effects of exogenous hormones on the development

of human cancers have been identified. The relationship

between EDs and breast cancer has been described ( 4 - 2 7 ).

Thei r contr ibution focuses on the in vivo action of

xenoestrogens; a large proportion of the natural hormones

bind to carrier proteins and become biologically inactive, in

contrast to xenoestrogens which remain unbound and active.

This latter group are suspected of eliciting biological effects at

low concentrations of weak xenoestrogens. Low-dose effects

may be inverted at high doses. Xenoestrogens can also alter

the metabolic pathways, producing more carcinogenic

metabolites, while their non threshold-influence in the

receptor mediated mechanism of carcinogenesis is usually

ignored. Xenoestrogens are also known to alter gap-junctional

intercellular communication  and DNA methylation;

conformational changes in the receptor imposed by the shape

of the xenoestrogen lead to functional changes: the oestrogen

receptor in the plasma membrane leading to the production

of prolactin, the induction of growth factor genes as well as

the genes for protein kinase C and other second messengers.

Based on these complex action mechanisms of

xenoestrogens, the hypothesis on how they could increase

the risk for breast cancer is developed. A dramatic increase in

the incidence of breast cancer, especially among post-

menopausal women, exists world-wide. Epidemiological

studies have shown a positive corre lation between

organochlorine concentra-tions in adipose tissue and the

development of breast cancer (3).

As far as  the various hormonal compounds are

concerned, they are classified in the following groups. In

group 1 (carcinogenic to hu-mans), one finds

diethylstilbestrol (DES), postmenopausal estrogen therapy,

nonsteroidal estrogens, steroidal estrogens, combined oral

contraceptives, sequential oral contraceptives and tamoxifen.

In group 2A (probably carcinogenic to humans), one finds

androgenic anabolic steroids. In group 2B (possibly

carcinogenic to humans) we have me-droxyprogesterone

acetate, progestins, postmenopausal estrogen-progestogen

therapy, progestin-only oral contraceptives. Finally, in group 3

(not classifiable as to carcinogenicity to humans), one finds

clomiphene citrate, estradiol mustard, toremifene and

droloxifene (1).

Some data implicate a polymorphism in catechol-o-

methyl transferase (COMT) in breast cancer risk. Methylation

by COMT is an important pathway for inactivation of catechol

estrogens. The allele en-coding low-activity COMT may be a

contributor in particular to post-menopausal breast cancer

(3).

Among xenoestrogens, the example of diethylstilboestrol

(DES) is very well known. This xenoestrogen was prescribed

during pregnancy in order to prevent complications.

However, after years of prescription, the increased risk of

cervicovaginal clear cell adenocarcinoma, a rare tumour, was

reported, and the use of DES was banned. Even after years of

studies the mechanism of carcinogenesis remains unknown.

DES is  not mutagenic in the  Ames test, a lthough

chromosomal aberrations have been observed in

experimental animals. Many more anomalies have been

observed in DES-mothers and offspring. DES-mothers

exhibited increased risk of developing breast cancer. DES is

also suspected of having many more adverse effects including

testicular cancer in DES-sons (28).

Increase in the incidence of testicular cancer, especially in

Nor-dic and Baltic countries ( 2 9 ) are attributed to prenatal

exposure to EDs ( 3 0 ) . Markers of exposure should be
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measured at the appropriate pe-riod of vulnerability.

The great majority of testicular cancer, particularly before

the age of 60 years, are germ cell tumours. The origin of

these cancers is likely to be the population of primordial germ

cells and testicular cancers express markers that are similar to

fetal germ cells. Testicular cancer is initiated in fetal life

before the normal differentiation of the primordial germ cells

into spermatogonia, which coincides with the differentiation

of the  male sexual phenotype. A role of hormones,

particular ly maternal endogenous oestrogens and

environmental exposure to substances with oestrogen-like

action has been postulated. More recently, the interest has

been expanded to include also substances wi th  anti-

androgenic potential. This line of causation of testicular

cancer may account for the established association between

testicular cancer and cryptorchidism and the possible

association with hypospadias, both of which may represent

imperfect differentiation of the male sexual phenotype (1,3).

The cohort pattern of testicular cancer incidence strongly

sug-gests a role of exposures in everyday life that act through

exposure of the developing male embryo, and which may

change quite rapidly. A role of dietary habits particularly of

pregnant women is being investi-gated (31).

Next to testicular cancer, there is a definite role of

androgens in the development and progression of prostate

cancer. Data from the Danish Cancer Registry show that the

age adjusted incidence of pros-tate cancer increased over

time at around 1.6 per cent per year. Any causative role for

xenoestrogenic chemicals in the development of prostate

cancer has not been established. There is a definite role of

androgens in the progression of prostate cancer, which may

be treated (but not cured) by administration of anti-androgens

(1,3).

In view of the vast array of possible carcinogens that

humans are exposed to it is important to increase research on

effects, mechanisms and risk assessments of real life multiple

exposures. Existing assessments are based on models that are

too simple to reflect reality. Also timing and dosage of

exposure are most critical in determining individual response

and are not always considered. Although it is recognized that

more research is needed, this should not prohibit the

invocation of the Precautionary Principle, which ensures the

fundamental human right – the right to implement

prevention, where ever there is suggestive evidence of harm

to health (50,51).

THE IMPACT OF ENDOCRINE DISRUPTERS ON

THE FEMALE AND MALE REPRODUCTIVE SYSTEM

The development and the function o f the  female

reproductive tract depends upon hormone concentrations

and balance. Many ab-normal ities may resul t from

modulation of the concentrations of oestro-gens, thecal

androgens and thyroid hormones. As EDs have the ability to

modulate these hormones, it is vital to establish whether they

can affect female genital function.

Endocrine disrupting chemicals may affect the function of

oestrogen and progesterone and/or the hypothalamic-

hypophysial axes and may alter the natural menstrual cycle,

ovulation and fertility. An epidemiological study of women

who consumed fish from Lake Ontario showed a link

between fish consumption, PCB exposure and a reduction in

menstrual cycle length, indicating the possible impact of

PCBs through food on menstrual cycle (1,3).

Lindane (Á-hexachlorocyclohexane) is a widely distributed

organochlorine pesticide. This pesticide intercalates into the

sperm mem-brane and alters the molecular dynamics of the

lipid bilayer. Lindane in doses as high as that found in female

genital tract secretions may inhibit sperm responsiveness to

progesterone in vitro, which induces the acrosome reaction at

the site of fertilization. This could be a cause of infertility in

women exposed to lindane. 

The effect of pentachlorophenol in women with endocrine

dysfunction may be at the hypothalamic or suprathalamic

level, causing mild ovarian or adrenal insufficiency (1,3).

The organochlorine compounds entering the embryonic

circula-tion through the placenta could affect the pregnancy

outcome result ing in many congenital  disorders, in

spontaneous abortion but also in in-trauterus growth

retardation.

Endometriosis is an oestrogen related disease and some

EDs in the human body mimic oestrogen; so the link between

endometriosis and EDs should be considered. In Belgium, a

country heavily polluted with dioxin the incidence of

endometriosis is high. Chronic exposure to dioxin is directly

correlated with a significant increase in the incidence of the

development o f endometriosis.  It is known that

endometriosis is a major factor in female infertility and that

18% of women with endometriosis have measurable

concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin TCDD

in their blood, while only 3% of women with tubal infertility

have measurable concentrations of TCDD (1,3).

It has been suggested today that testicular germ cell

cancer, se-men quality, cryptorchidism and hypospadias are

linked together bio-logically as a testicular dysgenesis

syndrome (TDS) and prenatal fac-tors appear to be important

in their common aetiology although post-natal factors may

also influence their progression (32).

A definite trend of decreasing semen quality has been

detected in USA and Europe. The original paper by Carlsen et

al (33) analysing 61 publications on sperm count indicated a
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declining sperm count from 1938 to 1990, with an overall

linear regression slope of -0.93 (p<0.01). If studies are

excluded when results are from studies that include infertile

publications, there are 54 remaining papers from 1938 to

1990, which give a slope of -0.95 (p<0.001). Since Carlsen's

meta-analysis suggested a >40% decline in sperm counts

worldwide, public and regulatory concern with regard to the

possible adverse impacts of EDs has been created. Sharpe

and Skakkebaek (30) expanded the concern regarding sperm

counts to dysfunction of multiple organ/tissues in the male

reproductive tract and the before mentioned TDS includes

testicular cancer, decreased sperm counts, increased

incidence of hypospadias and cryptorchidism (32). It is also

postulated that these defects may reflect "the existence of a

common underlying cause" and "can be a result of disruption

of embryonal programming and gonadal development during

fetal life" (32). It was concluded that "the rise in the incidence

of the various symptoms of TDs occurred rapidly over few

generations, the aetiological impact of adverse environmental

factors such as hormone disrupters, probably acting upon a

susceptible genetic background, must be considered" (32).

Sperm counts have been examined from various

laboratories and locations ( 3 4 , 3 5 , 3 6 , 3 7 , 3 8 , 3 9 , 4 0 , 4 1 , 4 2 ) .

Several of these sperm specimens were derived from clinical

material in sperm banks, fertility or vasectomy clinics, and

according to the results there were both temporal increases

and decreases in sperm counts. For instance, Auger et al (36)

examined 1351 sperm bank donors from a clinic in Paris and

showed that from 1973-1992, there was a signi ficant

decrease in sperm counts from 89x106/ml to 60x106/ml. In

contrast, using a similar method, mean sperm counts of

8 3 . 1 2 x 1 06/ml were observed in 302 men from a clinic in

Toulouse, and there were no significant alterations from

1 9 7 7 - 1 9 9 2 ( 4 3 ). The variability in sperm counts and quality

was subsequently reported in several studies and part of this

variabi l ity may be due to several factors, including

measurement techniques, seasonal variability and differences

between men providing samples in clinics versus random

sampling. Handelsman (44) reported the results of several

studies in Sydney, Australia, which recruited five different

groups of volunteers for sperm donation. Sperm counts (date

of collection) in studies #1 (1987-1989), #2 (1989), #3

(1990-1993), #4 (1993) and #5 (1994) were 103, 142, 84,

67 and 63x106/ml. It was concluded that "this highlights the

invalidity of extrapolating such findings on sperm output of

self-selected volunteers to the general male community from

which the vol-unteers originated" (44).

A study by Fisch et al ( 4 5 ) used standardized

measurement techn iques in the same laboratory  to

investigate temporal changes in sperm counts of men from

vasectomy clinics in New York, Minnesota and California.

Mean sperm counts were 131.5, 100.8 and 72.7x106/ m l ,

respectively, and these were unchanged from 1970-1994

demonstrating that sperm counts were not decreasing but

varied with location. This observation has now been observed

in multiple studies demonstrating highly variable sperm

counts within the same country and between countries

( 2 1 , 2 2 , 3 4 , 3 5 , 3 6 , 3 7 , 3 8 , 3 9 , 4 0 , 4 1 , 4 2 , 4 3 , 4 4 , 4 5 ). It is evident

that sperm counts are highly variable within regions and

countries. The differences in sperms counts within and

between studies clearly show the importance of demography

in this particular measure of male fertility. The reason for

these differences are unknown, regional variability in

organochlorine  compounds such as PCBs, DDE and

pesticides are  minimal and therefore , are  un likely to

contribute to decreased sperm counts of TDs. This was

highlighted when it  was shown that DDE levels in

Scandinavian breast milk samples from Norway, Sweden,

Denmark and Finland were comparable and reduced by

>90% from the late 1960s ( 1 , 3 ). The DDE levels in breast

milk and their temporal decline did not correlate with the

greater than four-fold difference in testicular cancer rates in

the Scandinavian countries and the temporal increase in the

incidence of this tumor. These data further highlight

differences in TDS between countries which do not correlate

with exposures to a group of compounds which have been

implicated in endocrine disruption in wildlife.

Skakkebaek et al. ( 3 2 ) suggest that TDS is a coordinate

and "in-creasingly common development disorder with

environmental aspects". However, correlation with so-called

"environmental aspects" has not been reported. Sperm counts

and testicular cancer are two male reproductive tract

problems that are hypothesized to the part of TDS. The

variation in sperm counts and rates of testicular cancer

between different countries/regions has been reported;

however, evidence for coordinate country-dependent changes

in both parameters is unclear. Jorgensen et al ( 4 2 ) r e p o r t e d

that the east-west gradient in semen quality in the Nordic-

Baltic area (Denmark<Norway<Estoria~Finland) is "in

parallel with the incidence of testicular cancer". However,

East Germany, which is further west of Estonia, has a

relatively high incidence of testicular cancer and similar to

that observed in Denmark .

In their discussion of TDS ( 3 2 ), the authors stated the

following: "Growing evidence from clinical observations of

individual patients and from larger epidemiological studies

indicates a synchronized increase in the incidence of male

reproductive problems such as testicular cancer, genital

abnormalities, reduced semen quality, and subfertility".

Although testicular cancer incidence is increasing, the

evidence that sperm counts are decreasing is lacking and

confounded by large demographic effects and minimal data

on normal (not self-selected) populations. One such report

(41) in Sapporo, Japan, did not observe a decrease in sperm
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counts in volunteers sampled between 1975-1998.

International trends for hypospadias are cryptorchidism show

high variability between regions/countries. It was concluded

that increases in hypospadias "leveled off in many systems

after 1985", whereas for cryptorchidism "since 1985, rates

declined in most systems". Moreover fertility studies in

Sweden and Britain (46) do not show temporal declines, and

the latter study concluded that "if a decline in male fertility

has occurred, it has been more than compensated for by a

counter-vailing increase in couple fertility" (46).

The endocrine disruptor hypothesis regarding decreased

male reproductive capacity suggest that inappropriate in utero

exposure to estrogens plays a role in the TDS (32,47) tested

this hypothesis by in-vestigating the rates of testicular cancer

dizygotic and monozygotic twins since studies have shown

that free estrogen levels are higher in the former group. Their

results showed that there was a 50% increase in the risk for

testicular cancer in dizygotic compared to monozygotic twins.

A recent twin study from Denmark directly tested the role of

in utero exposure to estrogens on sperm counts sperm

counts/quality of singletons mono- and dizygotic twin ( 4 8 ).

Their results showed no significant differences in sperm

quality in any of the three groups of men and concluded that

"higher prenatal concentrations of oestrogen are not related

to reduced sperm counts in adulthood" ( 4 8 ). Offspring of

women who were prescribed high pharmacologic doses of

DES or estrogens during pregnancy are among the highest in

utero exposed individuals to hormones. Studies in the United

States and Finland showed that fertility in these high exposure

groups was not different from a control population (49).

There is indirect evidence that high oestrogen levels

during the first trimester of gestation have an influence on the

incidence of testicular cryptorchidism. The human fetus is

bathed in oestrogens starting very early in gestation, which is

mainly of fetal origin; the oestrogen is synthesized by

aromatase in the human placenta from fetal adrenal androgen

precursors. The exposure of male rats to the oestrogenic

chemical nonylphenol during only a certain period of

neonatal life resulted in reduction of the size of testes,

epididymis, seminal vesicle, ventral prostate and increase in

the incidence of cryptorchidism (Lee 1998). This experiment

demonstrates that there is a vulnerable period during male

genital tract development, during which malformations may

occur after exposure to oestrogenic chemicals.

Hypospadias has also been related to prenatal oestrogen

expo-sure in animal models. The prevalence of hypospadias is

increasing, according to World Health Organization (WHO).

In Norway, paternal exposure to pesticides was associated

with both hypospadias and crypytorchidism. Phytoestrogens

may have adverse effects on the fetus because maternal

vegetarian diet during pregnancy was associated with

hypospadias ( 5 0 ). Phenobarbital itself is known to cause

hypospadias.

The hypothesis that the increase in the incidence of

testicular cancer, hypospadias and cryptoorchidism and the

decrease in sperm count is due to EDs needs to be tested

(31). Markers of exposure and of effect should be measured

and linked to health outcome. Exposure should be measured

at the appropriate period of vulnerability.
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H E›‰Ú·ÛË ÙˆÓ EÓ‰ÔÎÚÈÓÈÎÒÓ ¢È·Ù·Ú·ÎÙÒÓ ÛÙËÓ
EÓ‰ÔÌ‹ÙÚÈ· ˙ˆ‹

H ·ÓÙ›ÏË„Ë fiÙÈ Ô Ï·ÎÔ‡ÓÙ·˜ ·ÔÙÂÏÂ› ÊÚ·ÁÌfi ÁÈ· ÙÈ˜
ÙÔÍÈÎ¤˜ Ô˘Û›Â˜, Ô˘ Î˘ÎÏÔÊÔÚÔ‡Ó ÛÙË ÌËÙ¤Ú· ÙÔ˘ Î˘ÔÊÔ-
ÚÔ‡ÓÙÔ˜ ÂÌ‚Ú‡Ô˘, ÚÔ·Û›˙ÔÓÙ·˜ ÙËÓ Î·ÈÓÔ‡ÚÁÈ· ˙ˆ‹,
¤¯ÂÈ ÂÈÛÙËÌÔÓÈÎ¿ ·Ó·ÙÚ·Â›.

H Â›‰Ú·ÛË ·fi ÂÙÂÚÔÁÂÓÂ›˜ ·ÏÏ¿ Î·È È·ÙÚÔÁÂÓÂ›˜
Ô˘Û›Â˜, fiˆ˜ Ë ¿Ù˘¯Ë ÂÚ›ÙˆÛË ÙË˜ ¢È-·Èı˘ÏÔÛÙÈÏ‚Â-
ÛÙÚfiÏË˜ (DES), ·ÏÏ¿ Î·È ÙÔ˘ ¢˘ÛÁÂÓÂÙÈÎÔ‡ OÚ¯ÈÎÔ‡
™˘Ó‰ÚfiÌÔ˘ (TDS) Â›Ó·È ÛËÌ·ÓÙÈÎ¿ È·ÙÚÈÎ¿ ÚÔ‚Ï‹Ì·Ù·
Ô˘ ·Ó·Ï‡ÔÓÙ·È.

INTRODUCTION

Environmental and dietary chemicals with estrogenic

activity have been a matter of increasing concern, in view of

their potential adverse reproductive health consequences by

affecting normal developmental processes ( 1 - 5 ). Initial

attention focused only on chemicals with estrogenic activity,

but now concern has broadened to include numerous

chemicals that mimic or interfere with the normal actions of

all endocrine hormones. These substances, collectively

referred to as endocrine disrupting chemicals (EDCs), are

likely to affect the developing human organism during the

critical period of organogenesis and cause a wide range of

adverse outcomes following prenatal exposure. It is suggested

that a large fraction of human male reproductive disorders is

of antenatal origin ( 6 ). This applies not only for congenital

disorders, such as hypospadias and cryptorchidism, which

were reported to show a trend of increasing incidence during

recent decades (7,8), but also for testicular cancer (6,9,10). In

addition, there are claims that the underlying cause of male

infertility is often of fetal origin (6).

This article aims to review the published evidence for the

potential impact of EDCs on the developing fetus following

intrauterine exposure.

THE DES SYNDROME 

Diethylsti lbestrol (DES) is a chemical  with potent

estrogenic properties and constitutes a unique example of

documented developmental disruption in the human fetus.

DES was prescribed for numerous indications in the 60 years

that followed its synthesis. Owing to the widespread belief

that it prevented spontaneous abortion, millions of pregnant

women were treated with DES in Europe and the U.S.A.

(11,12).

In a seminal paper of 1971 by Arthur Herbst et al. (13),

DES administration during pregnancy was linked to the

development of vaginal cancer in the female offspring, 15 to

30 years after the exposure in utero. This was the first

example of transplacental carcinogenesis, showing that a

chemical is transferred from the maternal to the fetal

circulation across the placenta and affects the developing

vaginal cell, resulting in a long term carcinogenic effect with

the development of clear cell cervical or vaginal cancer years

after birth. Clear-cell carcinoma was a rare complication

(about 1 case/1200 exposures), but clear cell adenosis was a

common, almost constant complication of intrauterine DES

exposure before the 18th week of gestation. The lesion could

be detected in fetuses from 29 to 36 weeks’ gestational age

and in the perinatal period, either asymptomatic or causing

vaginal leukorrhea (14). The basis of DES action is believed to

be related to the estrogen-binding protein (demonstrable in

mice and rats), which effectively sequesters natural estrogens

in the fetal and neonatal circulations. Synthetic estrogens

such as DES are much less effectively bound, and their
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estrogen effects are unfettered. The result, according to this

widely held hypothesis, is the partial retention of müllerian

epithelium in the fetal vagina. Stromal anomalies such as

vaginal ridges and septa have been linked to the influence of

mesenchyme on epithelial differentiation. This led to an

alternative hypothesis that the primary DES-induced effect is

the failure of segregation of the mesenchymal layers, which

determine the ratio of mucinous to tuboendometrial

epithelium in various parts of the genital tract ( 1 5 ). The

possibility of gene imprinting by estrogenic compounds has

also been sustained to explain the phenotype associated with

developmental estrogenization in both females and males

(16).

Genital defects were observed in men whose mothers had

taken DES during pregnancy (17,18). DES-exposed men had a

higher incidence of undescended testes and epididymal cysts

than comparable unexposed men ( 1 7 , 1 8 ). Extended studies

showed in addition a higher incidence of hypoplastic testes

and abnormal sperm (19,20) or even a "predisposition" to

testicular cancer. This possibility was raised, as there were a

few case reports of seminoma development in men prenatally

exposed to DES (20,21).

In mice exposed prenatally to DES or other estrogens, the

male offspring exhibit structural malformations including

cryptorhidism, epididymal cysts of Müllerian origin and

retention of Müllerian ducts. The latter condition reflects

cases of male pseudohermaphroditism with the presence of

functioning testes and both male and female internal genitalia

(16).

Apart from genital malformations, an increased rate of

autoimmune disorders has also been associated with prenatal

DES exposure ( 2 2 ). The literature concerning a possible

neuroteratogenic or psychopathological impact on DES-

children is surrounded by controversy and prevents from

drawing any firm conclusions (23).

TESTICULAR DYSGENESIS SYNDROME (TDS)

Observations over many years have resulted in a build-up

of evidence that there is an association amongst testicular

carcinoma in situ, cryptorchidism, hypospadias and testicular

dysgenesis. Further evidence is still being accrued suggesting

identical or overlapping causal factors. A new concept that

has recently emerged proposes that poor semen quality,

testicular cancer, cryptorchidism and hypospadias are

different endpoints of one underlying entity, the testicular

dysgenesis syndrome (TDS), which may be increasingly

common due to adverse environmental influences (6). It has

also been suggested that TDS is a result of disruption of

embryonal programming and gonadal development during

fetal life ( 6 ). According to this hypothesis, the adults who

were prenatally exposed to EDCs are prone to testicular

cancer and subfertility and their offspring sex ratio tends to

have a female bias. Cryptorchidism, hypospadias and low

birth weight are symptoms of the  same syndrome,

manifested in the perinatal period. This hypothesis has been

based on suggestive evidence provided by animal studies and

wildlife and derived from human experience, all reviewed in

reference (6).

The possible implication of EDCs in the etiology of TDS

started in the 1970s, when a role of endogenous maternal

estrogens was proposed by Henderson et al ( 2 4 ) .

Subsequently, Sharpe and Skakkebaek (25) formulated the so-

called estrogen hypothesis, implicating environmental

estrogen-like agents. This hypothesis has been expanded to

include also environmental anti-androgens as endocrine

disrupters, with potential adverse effect on male reproductive

health ( 2 6 ). Epidemiological studies have reported an

increased risk of genital malformations in children of workers

occupationally exposed to pesticides (27) and the clustering

of cryptorchidism in areas of intense agriculture (28). Further

epidemiological data (reviewed in ref. 6) suggest that all the

different endpoints in the testicular dysgenesis syndrome can

be caused by hormones and EDCs. Indirect evidence from

experimenta l studies support the epidemiologica l

conclusions, as most male reproductive problems in humans

related to environmental hazards can be experimentally

produced in animals by prenatal exposure to endocrine

d i s r u p t e r s ( 6 ). However, there is still no direct evidence to

confirm that the different endpoints of the TDS are caused by

human exposure to specif ic environmental hormones.

Research is needed to delineate the role of endocrine

disrupters in humans and illustrate any possible causal

relation between their intrauterine action and the various

endpoints of the testicular dysgenesis syndrome, thus

validating the formulated hypothesis.

ENVIRONMENTAL ESTROGENS AND ANTI-

ANDROGENS

In addit ion to substances with estrogenic activity,

chemicals that act as androgen receptor agonists and

antagonists or inhibit fetal steroidogenesis may disrupt

development in human and laboratory animals by intervening

with normal sexual differentiation. Enviromental chemicals

with estrogenic or anti-androgenic potency, shown to

produce developmental disruptions, include the following:

Oral contraceptives - 17·-ethinyl estradiol (EE)

It is estimated that a percentage as high as 2 to 5% of

women who take oral contraceptives continue their use

during subclinical pregnancy, thus resulting in unintended in

utero exposure of the offspring to reproductive steroidal

hormones. The use of oral contraceptives during subclinical

80 A.E. Konstantinidou, E. Patsouris, P. Nicolopoulou-Stamati 



pregnancy often continues into the first trimester, even

extending into the 4th month of gestation, encompassing a

critical period for developmental disruption ( 2 9 ). EE is a

synthetic estrogen with an estrogenic potency very similar to

that of diethylstilbestrol, the latter being a known human

reproductive teratogen.

Prenatal exposure to oral contraceptives containing EE has

generally not been associated with an increased incidence of

externally observable malformations at birth. Experimental

studies in male mice exposed prenatally to very low doses of

EE have shown an increase in prostate weight of the exposed

offspring. The same doses of EE caused a transient reduction

of sperm production during adolescence (30, 31, 32). T h i s

series of studies raises the possibility that prenatal exposure

of exogenous sex hormones may cause adverse effects other

than externally observed gross malformations.

Dioxin and related compounds

Polychlorinated dioxins, furans and polychlorinated

benzene (PCB) consti tute a family of toxic  persistent

environmental pollutants. PCBs are a mixture of mainly

phenobarbital-like and low percentage dioxin-like congeners.

Some PCBs have an estrogenic effect, while dioxins have an

anti-estrogenic effect ( 3 3 ). Intrauterine exposure to these

compounds appears to result in fetal loss and developmental

disruption in experimental animals. More specifically, high

doses of dioxin exposure have been associated to fetal loss in

multiple animal species including Rhesus monkeys ( 3 3 ). In

rats, a single low dose of TCDD, the most toxic compound of

the dioxin family, consisting in 50-100 ng TCDD/kg, alters the

differentiation of androgen-dependent fetal tissues. The

mechanism of action is likely to involve interaction with a

nuclear transcription factor, the hormone-like receptor Ah-R,

rather than the androgen receptor. Thymic atrophy and

dysfunction is one of the earliest signs of immunotoxicity

mediated by the Ah-receptor (34).

In humans, acute dioxin poisoning is known to produce

centrofacial chloracne, hematological effects and abnormal

lipid spectrum in adults. In the perinatal period, PCBs and

dioxins appear to be immunotoxicants with a persistent and

dose-dependent effect ( 3 5 ). Phenobarbital-like PCBs were

suspected to cause congenital malformations like cleft-lip and

palate, simulating the documented teratogenic effect of

phenobarbital itself (Allen 1980). Concern on a possible

intrauterine embryotoxicity of dioxins followed the accident

in Seveso in 1976, with large numbers of the population

exposed to high doses of dioxin. Studies on the offspring of

exposed mothers have been controversial (33) and, to date,

no clear evidence has been provided to justify concern. The

majority of older and recent studies have shown that fetal

losses and birth defects remained within the expected rates,

newborn growth and development proceeded normally, while

chromosomal examinations did not reveal abnormalities in

number and patterns, beyond the normally expected rate (36-

3 9 ). Infant studies have shown that prenatal PCB exposure

might be related to adverse effects on the neurodevelopment

and behaviour of children (33), however, data are limited and

any clear impact of dioxin and PCB prenatal exposure remain

elusive.

Phtalate esters 

They constitute a large group of chemical agents used

predominantly as plasticizers and solvents. Most information

relating to dose-response relationships has been obtained for

di-n-butyl-phtalate (DBP) by experimental studies on male

rats. Intrauterine exposure to DBP was shown to elicit

marked effects on the developing male reproductive tract,

including malformations of the epididymis and vas deferens

and hypospadias and cryptorchidism. Retention of thoracic

nipples and reductions in anogenital distance were also

noted. The testes of fetal rats showed markedly reduced

testosterone levels and increased Leydig cell numbers, while

Leydig cell adenomas developed later in some of the male

offsprings (40).

Pesticides

They constitute an important group of chemical

pollutants, their relevance being due to their widespread use.

Most organochlorine (OC) agropesticides behave as

xenoestrogens, having long lasting effects in the biosphere.

Several OC pesticides, including vinclozolin, procymidone,

linuron and DDT are androgen receptor-antagonists ( 4 1 ).

They have been shown to produce dose-dependent effects on

male rat fetuses after in utero exposure, causing reproductive

abnormalities such as reduction in male anogenital distance,

hypospadias, agenesis of the sex accessory tissues, retained

nipples, cryptorchidism and epididymal agenesis ( 4 2 ).

Organophosphorous (OP) pesticides have largely replaced

the OC pesticides, but have also been shown to be potentially

mutagenic, embryotoxic and teratogenic in experimental

animals (43).

Additional evidence for the hazardous effects of pesticides

is provided from wildlife, with documented exposure in many

aquatic and terrestrial species ( 4 4 , 4 5 ), raising awareness

about a possible association with the increased rate of

abortion, impaired reproduction, male genital deformities,

thyroid abnormalities and depressed immune system

function, reported in wildlife by the WWF. The effects seen in

wildlife living in polluted areas may give clues as to possible

effects to look for in humans. In a most recent

epidemiological study though, assessment of PCBs and

chlorinated pesticides in pregnant women from Western

Canada failed to document increased exposure levels (46).
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Bisphenols

Bisphenols are a group of chemical compounds that were

initially designed as synthetic estrogenic hormones and now

form a part of innumerable manufactured plastic polymeres

with very different properties.

Intrauterine exposure to bisphenol-A affects the normal

development of murine male and female genital tract,

resulting in increased weight of prostate gland, reduced

semen production, decreased testicular and epididymal

weight, enlarged anogenital distance and early puberty, at a

dose-dependent manner (reviewed in ref. 47). In human

studies, exposure to bisphenol-A has been recently associated

with recurrent abortion in a small epidemiological sample

(48).

Neuroendocrine disrupters

Examples of directly and indirectly acting neuroendocrine

disrupters include some PCBs, dioxins, pesticides, metals,

synthetic steroids etc. Although there is evidence presented

on the possible developmental neurotoxicity of EDCs

(reviewed in ref. 49), the area is characterized by uncertainty,

mostly due to the complexity and multicausali ty o f

neurodevelopmental disorders.

Exposure Window

Timing of exposure is critical in understanding the

phenotypic variation for all effects of EDCs. There are specific

critical periods of sensitivity to endocrine disruption. These

might be short and specific for different organs and species

(50). The differential sensitivity of the fetus to its hormonal

milieu is illustrated by experimental animal studies (reviewed

in ref. 49). In humans, critical periods of sensitivity have been

disclosed for certain substances, such as PCBs, which appear

to cause adverse effects during the prenatal and early

postnatal period (51).

CONCLUSIONS and PERSPECTIVES

Assessment of exposure to EDCs is a complex issue. The

evaluation of any possible impact on health following intra

uterus exposure to EDCs is further complicated by the

possibility of long-term effects, not readily recognizable in the

perinatal period. The issue of multicausality should always be

raised when dealing with developmental abnormalities.

Genetic factors, environmental disruption or an interaction of

both may account for any developmental alterations. Thus,

widespread exposure to chemical compounds may act

directly on the developing fetus or indirectly, by interfering

with  gene expression, even causing ep igenetic

transgenerational actions ( 5 2 ). Evidence provided by

experimental animal studies leaves little doubt about the

adverse developmental effects of EDCs. Besides, several

disorders observed in wildlife living in polluted areas are also

suggestive of environmental endocrine disruptions. However,

extrapolation to the human population is not obvious and the

possible developmental impact of EDCs is hard to document,

while the relevant epidemiological data remain controversial

and far from being conclusive. However, awareness and

concern are raised by little pieces of evidence and by the

formation of plausible hypotheses connecting endocrine

disrupters with adverse developmental effects, i.e. the

Testicular Dysgenesis Syndrome hypothesis. Being in doubt,

one should opt for the precautionary principle. The diffusion

of EDCs into the environment deserves to be prevented and

precautionary measures are warranted when taking decisions

on human exposure. Finally, preventive actions should be

mandatory when dealing with any potential threat to human

health, with due regard, however, to the psychological

consequences of excessive alarm.
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£˘ÚÂÔÂÈ‰‹˜ Î·È EÓ‰ÔÎÚÈÓÈÎÔ› ¢È·Ù·Ú¿ÎÙÂ˜ MÈ¿
ÂÓ‰È·Ê¤ÚÔ˘Û· ÈÛÙÔÚ›·

H Â›‰Ú·ÛË ÙˆÓ EÓ‰ÔÎÚÈÓÈÎÒÓ ¢È·Ù·Ú·ÎÙÒÓ ÛÙË ÏÂÈ-
ÙÔ˘ÚÁ›· ÙÔ˘ ı˘ÚÂÔÂÈ‰Ô‡˜, ÂÓfi˜ ÙfiÛÔ˘ ÔÏ‡ÏÔÎÔ˘ ÔÚÁ¿-
ÓÔ˘ Ô˘ Û˘Ó‰¤ÂÙ·È Î·È ÌÂ ÙËÓ ·Ó¿Ù˘ÍË ÙÔ˘ KÂÓÙÚÈÎÔ‡
NÂ˘ÚÈÎÔ‡ ™˘ÛÙ‹Ì·ÙÔ˜ ÛÙÔ ¤Ì‚Ú˘Ô ıÂˆÚÂ›Ù·È, fiÙÈ Â›Ó·È
¤Ó· ÔÏ‡ ÛËÌ·ÓÙÈÎfi ı¤Ì· ÙË˜ Û‡Á¯ÚÔÓË˜ ‚È‚ÏÈÔÁÚ·Ê›·˜.

ENDOCRINE DISRUPTION: THE CASE OF THE

THYROID

The Endocrine Disrupters (EDs) Hypothesis is a difficult

but fascinating theory; and nowhere as fascinating as when it

pertains to the thyroid hormone system. A very important

physiological system in its own right, the relevance of

studying its disruption in humans can not be

overemphasized, as it regulates brain development and

maturation (Porterfield et al, 1993). The fact that it is well

conserved in most species is a great benefit, and its molecular

mechanisms are extremely well researched (Brentn, 1994).

On the other hand, direct effects are not easily discernible,

and therefore not easy to measure or quantify, unless if they

are extreme, such as thyroid enlargement or atrophy (Khan et

al, 1999). Such an example is congenital hypothyroidism,

which in humans presents neurological effects, and extremely

difficult to identify. Some signs include cognitive dysfunction,

lowered IQ and even increased vulnerability to Attention

Deficit/Hyperactivity Disorder (ADHD) (Porterfield, 2000).

This is also seen at patients with generalized resistance to the

thyroid hormone (Hauser et al, 1993). There are excellent

reviews describing the normal function of the thyroid

pathway (Zoeller et al, 2002). What needs to be kept in mind

is that the effects of these hormones are quite specific on

different cells and t issues, and that sensitivity is also

dependent on the developmental stage considered ( Z o e l l e r ,

2000).

Research has focused on wildlife, for some of the

observed resu lts, such as enlarged thyroid, could be

reproduced in the labs (Kudo et al, 2004), and even adapted

to form assays for detecting contamination. Exposure of tree

sparrows (Tachycineta bicolor) to extensive pesticide spraying

(mixtures of carbamates) increased their T3 levels

significantly (p=0.02). Exposure of freshwater catfish (Clarias

batrachus) to another carbamate insecticide, carbaryl (12

mg/L) caused a decrease in T4 and an increase in T3 (Colborn,

2 0 0 2 ). Even though effects were evidenced, mechanisms

were not identified, although some progress is made ( Y e n ,

2 0 0 1 ) . Another experiment involved two species of mice:

white laboratory mice (Mus musculus) and deer mice

(Peromyscus maniculatus) from a colony maintained at the

University of Wisconsin. These adults were exposed to three

chemicals in mixtures: aldicarb, atrazine and nitrate, with low

and high doses (maximum: 10 parts per billion (ppb), 10 ppb

and 28 parts per million, respectively). One of the most

notable results was a change in free thyroid index, with a

wide assortment of behavioral changes. This would indicate

that even adults could be affected by relatively low doses, the

highest dose being fractionally above the one observed for

local groundwater (Porter et al, 1999). Applying different

versions (Shimada N. and Yamauchi K. 2004),

Experimental models of hypothyroidism caused aspects of

brain development to be delayed, such as interaction of

cytoskeletal elements (Oh et al, 1991).  Studies of the

development of the rat brain, when combined with equivalent

ones of human fetal brain, allowed the sketching of a timeline

of the brain’s development and the time and role of thyroid
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hormone appearance (Howdeshell, 2002). Also, it has shown

that maternal hormone plays an important role in fetal brain

maturation, and even in children (Rogan & Ragan, 2003).

Combined with the findings of Zoeller et al, 2000, where it

was observed that cortical neurons differentiation and

cerebellar granule cell proliferation has to be done by gene

activation by maternal thyroid hormones (since the fetus only

expresses receptors), a strong implication can be made for

specific timescales, or ‘critical windows’, of possible actions

of thyroid hormones, and not just a thyroid-hormone

sensitivity (Zoeller et al, 2002). This could mean that the fetus

can undergo endocrine disruption by the effects mediated

through the mother’s hormone levels, causing irreversible

effects on brain development (Zhou et al, 2002).

By considering these results with epidemiological studies

followed in humans, such as the Yu-Cheng cohort, a link can

be drawn to contamination and effects that must have

occurred in utero (Chen et al, 1992). A study with women

consuming contaminated fish from the Great Lakes lacked

any overt symptoms, but reported delays in development and

decrease in intelligence of children (Jacobson et al, 1997). In a

more recent extensive metastudy, most of the children

cohorts examined for PCB contamination were reevaluated

for neuropsychological function: a correlation between

increased PCB content in maternal plasma and increased TSH

in the infant emerged (Schantz et al, 2003). Also, all the

cohorts evaluated indicated negative associations between

PCB found prenatally and cognitive functioning of the

children some years later. All of this would indicate that there

is a correlation between thyroid hormone disruption and

cognitive dysfunction, even though right now it is weak:

many mechanisms are still unclear. The evidence available

points to many potential ways for disruption to occur. A

plausible correlation linking neurobehavioral effects during

development and thyroid hormones is to be found in Hauser

et al, 1993, with the observation that people with resistance

to thyroid hormone seem to develop Attention Deficit and

Hyperactivity Disorders (ADHD) syndrome.

CONFOUNDING FACTORS AND UNRESOLVED

DIFFICULTIES

This paper demonstrates the complexity involved in

performing studies lasting many years, and using results to

compare different populations, even there are different

behavioral and statistical tests with different criteria, reducing

the impact of any evidence collected. Criticisms have been

directed against the hypothesis, due to the limitations that it

encounters, some of them including adults not seeming to be

affected by relatively high doses of environmental EDs, and

no effects can be seen from circulating contaminants. Also,

natural hormones are usually much more potent than most

EDs. The metabolites of a parent compound can have

different actions with different strengths and binding

affinities. Also, certain weak compounds can dramatically

enhance the action of other endogenous hormones. Minute

doses on  various stages of CNS maturation can alter

neuroendocrine function drastically, but have no observable

effect when maturation has already been reached (Rice et al,

2003). The placenta in the mother’s womb does not provide

protection against many of these compounds that are present

in the mother’s blood, which get transmitted to the child. 

Some of these difficulties can be ascribed to procedural

reasons, in order to explain the difficulty of assessing ED

effects. Most testing in laboratories for safety evaluation

usually is toxicological: short term exposure to high doses, on

adult animals, when it should be the other way round. More

mechanisms are being identified constantly (Michelle and

Blumberg, 2005), especially by focussing on cellular and

molecular aspects of thyroid circulation (Shimada N. and

Yamauchi K. 2004, Miyazaki et al, 2004).

The reason for this complication is also methodological: it

consists of tending to simplify the phenomenon studied by

focusing on a particular question, presenting it as a unicausal

problem. Usually, the case for a particular disease or

condition can be caused/traced to any number of unrelated

factors and parameters: this is the main reason why more and

more scientists advocate multicausality.

At least these factors have started to be taken into

account in the consideration of new studies (Rice et al, 2003,

Kitamura et al, 2005),  so that in the foreseeable future

experimental handlings should provide better controls or

procedures to minimize these effects. That has been a

problem with many studies encountered, in that they didn’t

adopt the same methodology with each  other, often

generating conflicting results. The wildlife results are also

taken more into account, allowing the planning of better and

more performing studies (Fort et al, 2004).

As a conclusion, it can be affirmed that EDs can have

neurological effects, as evidenced by wildlife studies on

animals, and with human populations. Unfortunately, the link

between human exposure and ef fects is not eas ily

established, due to a lack of causal evidence. It can only be

hoped that with the newer mechanisms and molecular assays

developed on the body of knowledge established will pave

the way to better understanding of endocrine disrupting

effects an dmode of actions.
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EÓ‰ÔÎÚÈÓÈÎÔ› ¢È·Ù·Ú¿ÎÙÂ˜ ÛÙËÓ ÕÁÚÈ· Zˆ‹

H Â›‰Ú·ÛË ÙˆÓ EÓ‰ÔÎÚÈÓÈÎÒÓ ¢È·Ù·Ú·ÎÙÒÓ ÛÙ· ÂÏÂ‡-
ıÂÚ· ¿ÁÚÈ· ˙Ò· ‹Ù·Ó ÙÔ ÚÒÙÔ ÛËÌÂ›Ô ·Ú·Ù‹ÚËÛË˜ Î·È
ÂÓÙfiÈÛË˜ ÙË˜ ‰Ú¿ÛË˜ ÙÔ˘˜, ÁÈ’ ·˘Ùfi Î·È ·ÔÙÂÏÂ› Î·È È‰È-
·›ÙÂÚÔ ÂÓ‰È·Ê¤ÚÔÓ. ¶ÂÚÈÁÚ¿ÊÔÓÙ·È Û˘ÓÔÙÈÎ¿ ÌÂÓ, ·ÏÏ¿
Ô˘ÛÈ·ÛÙÈÎ¿ Ù· ·Ú·‰Â›ÁÌ·Ù·, Ù· ÂÈÚ·Ì·ÙÈÎ¿ ÌÔÓÙ¤Ï· Î·È

Ù· Èı·Ó¿ ÂÚÂ˘ÓËÙÈÎ¿ ÌÔÓÔ¿ÙÈ· ÙÔ˘ Ì¤ÏÏÔÓÙÔ˜.

Introduction:

The effects on endocrine disrupters (EDs) are quite

complex, and not yet fully understood as to the variety of

their effects. This is of particular concern when considering

possible consequences for human health and reproduction.

The rise of certain cancers, deformities of reproductive organs

and congenital conditions would indicate a persistent trend

where one wasn’t identified before. Most of these effects

though have first been observed and documented on wildlife,

for many years. This study aims to have a brief overview of

the literature reporting some of these effects on wildlife with

implication of EDs, in order to give a clear idea of how EDs

can act, the possible effects they can have on humans, and

why animal models can be effective indications of harm

The Problem:

The usual problem of epidemiological studies consists in

being able to pinpoint the deciding cause of a particular

observed trend, isolate it and be able to link it to a causal

chain. Living in a multifactorial world, there are multiple

causes to particular events, none of them necessarily

constituting by itself a deciding factor. A combination of

events, either weakening or enhancing, can contribute to

create a dynamic flowing pattern of action, reaction and

inaction that gives rise to a unique event, or series of events.

All of these can be subtle, or even undistinguishable, from the

mass of phenomena observed, and difficult to determine.

Which is why causal links are difficult to establish, even more

so in human studies and possible causes of disease, on a

large sample or population scale.

This difficulty is especially evident for EDs, substances

that can act like, mimic, antagonize, or modulate, existing

hormones and their related pathways of an organism (Aleva et

al , 1998; Fox, 2004) . Exposure to EDs, such as

polychlorinated biphenyls (PCBs) and dichlorodiphenyl-

trichloroethane (DDT) is more and more acknowledged as

being near to ubiquitous, observed in extremely varied

environments, such as in snow accumulation of mountains or

the deep seas (Blaise et al, 1998; Froescheis et al, 2000). The

reason for that is that they usually consist of very stable

organochlorine compounds, in the form of waste products

from chemical usage, or just resulting from degradation of

plastics and synthetic compounds. They can also assume the

form of organometals, and yet affect hormone receptors, as

observed with metals such as lead or Cr.

Any hormonal axis can potentially be affected, yet the

most vulnerable ones remain the ones that, once affected in

critical exposure times, or ‘critical windows of development’

such as the embryonic stage (Howdeshell, 2002), cannot be

restored to normal. Those would consist of the Hypothalamic

Pituitary Thyroid (HPT) axis and the Hypothalamic Pituitary

Gonadal  (HPG) axis; the former regulating brain

development, the latter sexual organs development and

reproductive ability.

Thyroid deformities are difficult to diagnose, unless if they

are extreme, and manifest themselves in  such overt
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phenomena, such as goiter (for a review, see Leatherland,

1999). 

For the gonadal axis, ef fects are a bi t easier for

recognition, but not necessarily obvious at first glance:

examples would consist of masculinization of females, or vice

versa, with various other effects (Nikolopoulou-Stamati &

Pitsos, 2001). Behavior can also be used to determine impact

caused to the gonadal axis, by any deviation or changes from

established observations, of which a larger literature is

available then of the molecular workings. Yet recent advances

focus more and more on the molecular aspect of the actions

of EDs (Brevini et al, 2005).

In both these systems though, severe disruption can lead

to death: thyroid hormone disruption leading to motor

coordination problems and brain deficiencies, being lethal

(Porterfield & Hendrich, 1993). Disruption in the sexual

organs will mean that the organism in question will not be

able to reproduce efficiently, or have offspring that is viable;

sterility of offspring is another possibility (Baatrup & Junge,

2001). Of course, this leads again to lethal consequences. In

both cases, the disruption can be overlooked or attributed to

other, more obvious causes, interpreting the death of the

organism as a consequence of infections or predators, till a

given population dwindles. By then, more studies might be

conducted, once a discrepancy has been identified; but even

so, it might be too late to intervene (Rice et al, 2003).

Considering these difficulties, this paper focuses on some

of the effects of EDs, as seen through some examples in the

wildlife: some of the recent studies will be cited, as many

reviews have been conducted on the available literature (see

Fry, 1995;) . The careful use of animal cases and systems as

models for study of ED action is discussed, along with the

potential benefits and drawbacks. Finally, the basis for a link

of ED action in humans from wildlife studies is considered,

and whether concern is justified.

Examples of EDs actions: The Wildlife Situation

The first observations occurred in populations of birds,

which seemed to dwindle due to reproductive difficulties,

such as thinning of eggshells. Correlations were drawn to the

recent use of pesticides in the surrounding f ields and

plantations, and particularly DDT, exposure to which was

also discovered in eggshells. Studies in different areas with

similar patterns of exposure yielded similar results, and these

Rachel Carson presented in her book Silent Spring ( C a r s o n ,

1962). Controversial at the time, it has been vindicated many

times since, as seen with studies of eggshell effects of
dichlorodiphenyldichloroethylene (DDE) in peregrine falcons

(Radcliff, 1973).  This i llustration represents a classical

paradigm shift in environmental toxicology. Studies of

exposures on population have yielded some links to the

different manners by which interactions of environmental

chemica ls  with an imals can occur, correlated with

reproduction problems (Fry, 1995), or with thyroid ones

(Mocia et al, 1986). These models gained prominence and can

now provide explanations to the questions that have

remained unanswered for decades (Lundholm et al, 1997).

Most importantly, these new approaches can change the

accepted notions of a whole discipline, and reshape that

discipline (Colborn, 2004). A more detailed review on the

effects of EDs on wildlife has been presented in Tyler et al,

1998: yet a small presentation of the most recent studies, on

each individual class of animal might be necessary.

By considering birds, many deformities have been

observed, particularly evident in certain areas, providing good

material for studies (Gilbertson 1975; Moccia et al, 1986). The

fact that these cases seemed to occur more frequently in the

close proximity of large lakes did not go unnoticed, and

various other incidents with other species led to detailed

examinations of the environment of the habitat In order to

discover any similar agents. Many studies were performed in

the environment of the Great Lakes in North America, due to

the extensive contamination with PCBs and other chemicals

(Giesy et al, 1994). A recent study on the disruption of

gonadal development of the White Perch in that region

indicated still existing severe action of EDs (Kavanagh et al,

2004). Which also leads to the inevitable conclusion that

most of these studies are based on the aftermath of

environmental disasters, and are mostly reactive in nature,

highlighting one of the weaknesses of Wildlife studies: they

occur most often in areas of extreme contamination.

A very famous example of such a situation consists of the

cryptoorchidism cases and sex change encountered in

alligators from Lake Apopka, which became rapidly an area of

interest after an extensive chemical spill. The population

seemed in decline: males had smaller phalluses, and various

abnormalities of the testes were observed, along with blood

levels of estrogens similar to females. The females exhibited

almost double their normal leve l of concentration of

estrogens. These observations, done by Guillete et al in 1994,

were soon followed by the discovery that the main chemical

contaminating the lake was similar to DDT (Kelce et al, 1995).

It was found to exert the same anti-androgenic and feminizing

effects, which constitute prime functions of EDs. This is due

to the fact that expression of male or female genotype

requires a fine balancing of gonadal hormones, which, in

tandem with receptor distribution at critical stages of

development, will determine the phenotype. Perturbing this

balance, especially at times when it is fragile can cause

permanent changes to the phenotype itself. An example

would be the sex reversal observed in Caiman latirsotris,

which were found to have tissue contaminated with high
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doses of bisphenol A (BPA) (Stoker et al, 2003).

Effects on the HPG can also impact, directly or indirectly,

the HP-Adrenal axis (HPA), modulating steroid and stress

hormones, with consequences to the immune system, as

observed by immune suppression in turtles of the lake

Apopka. Reptiles have also been considered to be useful

sentinel species, to gauge endocrine disruption and

concentration of EDs in an area, by observing changes to

their genital organs: testicular atrophy in freshwater turles

(Chrysemus picta) are an example (Rie et al, 2005).

The disruption of homeostas is is well s tudied in

amphibians, upon which many studies have recently focused.

Leopard frogs in specific sites in the United States of America

have exhibited hermaphrodism, along with several other

abnormalities documented, such as gonadal dysgenesis:

these sites contained high concentrations of atrazine ( H a y e s

et al, 2003). This has been proven before, with attempts to

reproduce these conditions (environmental concentrations of

pollutants) on laboratory animals, and have yielded similar

results (Porter et al, 1999). Another recent communication

reported a population decline in cricket frogs, linked with

EDs, the consequence being the presence of intersex (Reeder,

2005).

Fishes are a prime example of animals to study, due to

their exposure to various effluents in rivers, estuaries and

water sources, and maturation cycle. They have been used as

models for many years, with studies on the effect of EDs on

early development (Weiss & Weiss, 1989). The progress of a

particular substance can be traced from its origins to its

effects on wildlife, as seen with androstenedione (Durhan et

al, 2002). Two very recent studies on estuarine species

implicated the action of estrogen agonists (such as 17-

ethynylestradiol) and antagonists on the reproductive capacity

of two species, estuarine killifish and estuarine mummichog

(µoudreau et al, 2004, 2005).

Remaining in the same possible medium of

contamination, Invertebrates also have acquired a great

amount of interest, with many studies focusing on them, from

population level to the individual, indicating a surge of

interest (Oetken et al, 2004). Changes such as population

variations have been observed, that can be related to

fluctuations of chemical contents in the water, which is easy

to monitor at different time intervals. In the case of the shore

crab Carcinus maenas, changes between populations have

been detected, that can correlate to the effects on

reproductive ability by EDs (Brian, 2005). The relative

advantages of invertebrates, relating to their interaction with

their environment, render them ideal for modeling.

Mammals have been intensively studied due to the

similarities shared with human systems, with observations

ranging from species as wide apart as sea lions to Pronghorn

antelope (Dunbar, 1996) or even polar bears (Braathen et al,

2 0 0 4 ) , where high levels of PCBs were discovered and

correlated to hermaphrodism in females. Sea lions have been

detected with extremely high levels of DDT and PCB (In the

case of minks and otters, shorter baculums and testes have

hindered their reproduction. Many studies performed on

bears had similar results, with a particulat one conducted in

Florida showing 11 out of 71 black bears (16%) retaining

testes; clearly cryptoorchidism, a congenital disorder caused

by disruption of hormones (Dunbar, 1996). A different study

on black bears indicated severe  changes in gonadal

hormones, and severe testicular recrudescence (Howell-Skalla

et al, 2000). Pronghorn antelope populations in Oregon were

seen to display s igns of weakness l inked to dietary

deficiencies, with as yet unknown consequences, but could

possibly by linked to EDs (Dunbar 1999). Mule deer also

show to have been through changes, as seen by abnormal

testes and antlers in 27 of 116 adult male Mule deer (Tiller et

al, 1997). A more recent study conducted on 254 white tailed

deer from Montana indicated that 67% showed genital

developmental abnormalities in a period of four years  (1996-

2000), such as mispositioned genitals, cryptoorchidism and

badly formed scrotum (Hoy et al. 2002). This was confirmed

by a similar observation in a black tail deer population in

Aliluik peninsula on Kodiak Island; 61 out of 94 were bilateral

cryptorchid, 43 out of 94 had abnormal antlers, and 2 of the

10 scrotal testes examined contained precursor-cells of

seminoma (Veeramanchaneni et al. 2005).

The Case for Wildlife Models

Laboratory an imals, and even domestic animals

(Magnusson, 2005), are useful for studying the effects of EDs

on various systems, due to the control that can be exerted

over the experimental parameters. Yet in the case of

laboratory testing, thought must be given to the species used,

and how representative they are of the probable multifactorial

nature of the issue investigated. Also, experimental design

must be quite rigorous and able to test several situations that

are realistic, a tenet, which is not always applied with certain

studies, by using the strict toxicological procedures of high

doses over short periods of times. This paradigm is shifting,

but it will take time to be applied consistently over most

studies.

Wildlife studies are, in part, already done, and can be

monitored over large periods of time with a minimum of

exertion of control and tampering required from the human

observer. The variety of species that exhibit disruption, and

can be studied, represents a wealth of possible information.

For instance, one of the parameters that is difficult to study in

mammals is gamete viability: in wild animals it would be very
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difficult  to obtain such samples, and captivi ty would

invalidate the results. In some animals, like fish, having an

external reproductive cycle, it is much easier to sample and

analyze, without invasive manipulations (Kime & Nash, 1999).

Even then, correlating laboratory results with those seen in

wildlife is difficult and challenging, if not contradictory (Mills

& Chichesterb, 2005). This though just indicates that

laboratory techniques and conceptual framework need to

change and have some adopted guidelines.

Also, some of these species l ifestyles are more

representative of the possibilities of human exposure, and

therefore more valuable in order to understand routes of

contamination. The observations of disruptions on the

estuarine mummichog led to the development of a bioassay

of reproductive capacity based on levels of steroid hormone

and vitellogenin (MacLatchy et al, 2004). Long-term exposure

of zebrafishes to certain compounds, such as pharmaceutical

agents like ethynylestradiol, seems to lead to reproductive

failure, an example that is apt for human consumption of

fishes and consequences (Nash et al, 2004). The obvious

drawback of this is that it tries to reproduce environmental

conditions in a laboratory environment, which is difficult, but

at least data from wildlife studies is used in order to

determine environmentally relevant quantities, which is more

relevant than classical toxicological studies. To this effect, a

closer monitoring of genetic factors and developmentally

relevant stages has been advocated for future study designs

(Naciff & Daston, 2004).

The case is being put forward for amphibians as a model

of contamination through both water and air (Kloas, 2002).

Invertebrates, such as crabs or mollusks, can be useful

indicators of levels of certain chemicals, due to their

accumulation in their tissues, and the rate at which they

reproduce, but also their distribution patterns around

particular estuaries and areas of possible variance for

chemical concentrations (Oetken et al, 2004; Brian, 2005).

Even though fish can be considered better and more

representative models for water contamination, it has to be

borne in mind that some invertebrates, even though sharing

the same environment as fish, do not necessarily have the

same mobility, existing in colonies that are spread by

dissemination of gametes. As such, they are easier to monitor

over extensive periods of time, as seen with mussels kept

downstream of an area of interest (Gagne et al, 2004). T h e

fact that they also can leave behind remains, such as shells,

which can be analyzed for EDs concentrations, as performed

with eggshells in birds, is an added benefit, providing

excellent models (deFur, 2004).

Conclusions: Implications for Humans, Future

Avenues of Research

Several population studies done on humans have failed in

giving clear, causal evidence of the involvement of a studied

substance and a particular condition or effects. And that will

probably still be the case, till the detection techniques used

are changed drastically, with a proportionate improvement to

our understanding of the complex paths EDs can take. The

importance of this is seen when considering the state of

knowledge on neurobiological development, and how EDs

affect it. Studies on wildlife can, if not causally imply, at least

point or direct inquiries in specific directions, allowing more

elaborate and powerful modeling and hypothesis-building

(Panzica, 2005). It would be reasonable to assume that if so

many different species are affected all so suddenly, in such a

short period of time, of drastic gonadal and endocrinic

abnormalities, there has to be a link with the environment,

and the ro le we play in it .  The ri se  of certain

neurobehavioural disorders in human populations, such as

ADHD, can be attributed to better diagnosis. The possibilities

that they might be associated with other factors too, such as

embryonic disruption or modulation of the thyroid pathway

through the mother, are not extremely unlikely though, and

deserve better and more insightful studies based on results

from wildlife, where the worst has already happened. 

The important conclusion that is to be made of these are

that the causes, once again, can not be necessarily be

pinpointed to simple factors: but the geographical specificity

of these effects, the rapid temporal interval in which they

occur and they distinctive nature they assume when they are

identif ied, would strongly suggest the action of EDs.

Furthermore, an important aspect of wildlife studies is the

species considered. The lifecycle and natural environment of

each different organism presenting symptoms can provide

valuable clues and information as to how it got exposed to

environmental agents. This, along with the disruption

observed, can lead to identifi cation of  a number of

compounds, allowing better study and understanding of the

disrupted system in conjunction with the xenobiotics, and

possibilities of using the affected organism as a model or a

sentinel. This should be used for designing better studies,

more suited to determine particular pollutants and their

effects.
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A N A K O I N ø ™ H

™Ù· Ï·›ÛÈ· ÙˆÓ ÂÎ·È‰Â˘ÙÈÎÒÓ ‰Ú·ÛÙËÚÈÔÙ‹ÙˆÓ ÙË˜, Ë EÏÏËÓÈÎ‹ AÓ‰ÚÔÏÔÁÈÎ‹ EÙ·ÈÚÂ›· ÔÚÁ·ÓÒÓÂÈ ÛÂÌÈÓ¿ÚÈÔ ÌÂ ı¤Ì·:

“¢È·Ù·Ú·¯¤˜ ÙË˜ ™Ù˘ÙÈÎ‹˜ §ÂÈÙÔ˘ÚÁ›·˜”.

TÔ ÛÂÌÈÓ¿ÚÈÔ ı· ‰ÈÂÍ·¯ıÂ› ·fi 3-6 ºÂ‚ÚÔ˘·Ú›Ô˘ 2006, ÛÙÔ •ÂÓÔ‰Ô¯Â›Ô “A§E•AN¢PO™” (¶Ï·ÙÂ›· M·‚›ÏË).

§fiÁˆ ÙË˜ Ê‡ÛÂˆ˜ ÙÔ˘ ÛÂÌÈÓ·Ú›Ô˘, ı· ˘¿ÚÍÂÈ ÂÚÈÔÚÈÛÌ¤ÓÔ˜ ·ÚÈıÌfi˜ ÂÁÁÚ·ÊÒÓ ÌÂ ‚¿ÛË ÙËÓ ÚÔÙÂÚ·ÈfiÙËÙ· ÂÈÎÔÈÓˆÓ›·˜

Î·È ÙËÓ Ù·˘Ùfi¯ÚÔÓË Î·Ù·‚ÔÏ‹ ÙÔ˘ Ù¤ÏÔ˘˜ ÂÁÁÚ·Ê‹˜ (ÂÈ‰ÈÎÂ˘Ì¤ÓÔÈ: 80 E˘ÚÒ, ÂÈ‰ÈÎÂ˘fiÌÂÓÔÈ: 50 E˘ÚÒ).

TÔ ÚfiÁÚ·ÌÌ· ı· ·ÔÙÂÏÂ›Ù·È ·fi ÔÌÈÏ›Â˜ ÂÈ‰ÈÎÒÓ ·fi ÙËÓ EÏÏ¿‰· Î·È ÙÔ ÂÍˆÙÂÚÈÎfi, ·ÚÔ˘Û›·ÛË ÂÎ·È‰Â˘ÙÈÎÔ‡ ˘ÏÈÎÔ‡ Î·È

Û˘ÓÂ‰ÚÈ¿ÛÂÈ˜ ·ÏÏËÏÔ·ÓÙ·ÏÏ·Á‹˜ (inter-active).

To ÚÔÎ·Ù·ÚÎÙÈÎfi ÚfiÁÚ·ÌÌ· ÙÔ˘ ÛÂÌÈÓ·Ú›Ô˘, Û˘ÓÔÏÈÎ‹˜ ‰È¿ÚÎÂÈ·˜ 12 ‰È‰·ÎÙÈÎÒÓ ˆÚÒÓ, ·ÚÔ˘ÛÈ¿˙ÂÙ·È Î·ÙˆÙ¤Úˆ. OÈ

Û˘ÌÌÂÙ¤¯ÔÓÙÂ˜ ı· Ï¿‚Ô˘Ó ÈÛÙÔÔÈËÙÈÎfi ·Ú·ÎÔÏÔ‡ıËÛË˜.

H OÚÁ·ÓˆÙÈÎ‹ EÈÙÚÔ‹

¶ÏËÚÔÊÔÚ›Â˜: 210 6402273 (Î. M. MfiÙË (10:30-13:30), Î. ™. NÈÎÔÔ‡ÏÔ˘, Î. E. BÂÓ¿ÎË

POSTGRADUATE COURSE ON MALE ERECTILE AND SEXUAL DYSFUNCTION

DATES FRIDAY 03 – SATURDAY 04.02.2006

DURATION Total : 12 teaching hours
- 4 sessions in physiology–aetiology–diagnosis – treatment

- 4 interactive video-sessions of 40 min each. 

Cases: a. adult, DM – hypertension-angiopathy,

b. aging, andropenia, c. drug induced, d. psychogenic

- discussion after each lecture and video session

93ANIR - ANHP, 2005  7(2),  93-94

HELLENIC SOCIETY OF ANDROLOGY
AND

EUROPEAN ACADEMY OF ANDROLOGY 

POSTGRADUATE COURSE ON ERECTILE
DYSFUNCTION

ATHENS, 3 – 4 FEBRUARY 2006

Organizing committee
D.A.Adamopoulos, S.C.Nicopoulou, Ch. Asvestis, N.Sophikitis, A.Lenzi, G.Forti

Local organizing committee
E.Andreou, A.Gekas, D. Goulis, D.Hatzichristou, E.Koukkou, J.Papadimas, E.Venaki,  



P R E L I M I N A R Y  P R O G R A M

FRIDAY 15:30 – 20:00

1.  Physiology,  Chair: J.Papadimas – A. Karanikas 5 min

ñ Phylogenesis - dimorphism R. Angelopoulou 20 + 5 min

ñ Endocrine regulation of erection C. Foresta 20 + 5 min

ñ Vascular role S. Francavilla 20 + 5 min

ñ Composite mechanism D. Hatzichristou 20 + 5 min

C o f f e e  B r e a k  -  1 5  m i n  

2.  Aetiology – Diagnosis - I, Chair: G. Barbalias - L.Kontogeorgos 

ñ Vascular causes S. Francavilla 20 + 5 min

ñ Neuro-urological aetiology G. Barbalias 20 + 5 min

ñ Endocrine aetiology A. Lenzi 20 + 5 min

ñ Psychogenic N. Vaidakis 20 +5 min

3. Interactive (a) adult: DM – hypertension-angiopathy, Video – Discussion
Chair: S. Francavilla – Th. Alexandrides 40 min

SATURDAY  8:30 – 14:00

4. Aetiology–Diagnosis-II, Chair: G. Forti - P. Nicolopoulou-Stamati   5 min

ñ Enviromental – Drug induced E. Koukkou 15 + 5 min

ñ Age-related-A European Perspective G. Forti 20 + 5 min

ñ Special diagnostic tools N. Liassis 20 + 5  min

ñ Diagnostic approach M. Maggi 20 + 5 min

5. Interactive (b) aging: andropenia, � Video – Discussion,
Chair: G.Forti - Ch. Asvestis 40 min

C o f f e e  B r e a k  -  1 5  m i n  

6. Treatment - I, Chair: D. Panidis – D. Hatzichristou     5 min
ñ Sildenafil D. Hatzichristou 15 +5 min

ñ Vardenafil A. Bissas 15 +5 min

ñ Tadalafil A. Ledda 15 +5 min

7. Interactive (c): drug induced, Video – Discussion,
Chair: C. Foresta – F. Sofras 40 min

C o f f e e  B r e a k  -  1 5  m i n  

8. Treatment - II, Chair: N. Sofikitis – M. Bourounis    5 min
ñ Local treatment E. Constadinides 15 +5 min

ñ Surgery D. Katzavelos 15 +5 min

ñ Prospectives M. Maggi 15 +5 min

9. Interactive (d) : psychogenic, Video – Discussion,

Chair: A. Lenzi - N. Vaidakis  40 min

10. Evaluation test for participants 15 min

11. Certificates of attendance - Credits
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