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OAHrIEZ NPOX ZYITPA®EIZ

To meptodikd ANHP, ékdoon g EMnvikrig Avdohoyikrg Etalpeiag €xet
0TOX0 TN Ouvex!| EMUSPPWOT TwV A0XOAOUUEVWY OTO XWPO NG
Avdpohoyiag Kat TV Tpoaywyr ToU YVWoTIKOU QVTIKEUEVOU TNG OTOV
eMnvikd xwpo. Ma mv npayudtwon autol Tou okoroU dnuoaotelovtal
OTO TEPLODIKO:

1. ApBpa ZUvragng. Z0vTopeS QvaoKomMoelg € emiKalpa Kal AU@INe-
yopeva 0€uara, mou ypdgovtal e TPOTPOTH TNG OUVTAKTIKAG €l
Tpommq. Otav ekppdlouv ouMoyka T ZUvtagn Tou neplodikou, ivat
avurndypaga. ZTiq ANeQ MePIMTWOELG elval evundypagpa.

2. Tevika 6épara. ZxeTléleva pe v Avdpohoyia

3. Avaokormmoeig. OAokANpwpEveS avahloeLg LaTPIKWV BepdTay, OTiq
ornoieq umoypapuiCovral ot auyxpoveq andyelg. Mvovtar dextéq ava-
OKOTNOELG EXOL DUO OUYYPAPEWV.

4. EpeuvnTikég epyaaieq. KAVIKEG SOKIUEG 1] ) TELPQATIKES EPEUVEQ
TPOOTTTIKOU 1} avadpolikolU XapakTriea, mou mpayuatoromenkav e
Bdon epeuvnTikd MPWTOKOAAO, TO Omoio va meplypd@eTal avaluTikd
ot pebodoAoyia. Meptéxouv MPWTOdNUOCIEUHEVA AMOTENETHIATAL.

5. Ev3iapépouaeq mepimTwoelg. [vovtal dektd dpbpa epboov
agopoUv véa kat oAU omdvia voorjuara iy voorpara eupavifovra oi-
aTepdTNTES W TPOG TNV KAWIKY) TOUG ekdrAwaT 1 TV SlepeuvNTIKN
TOUG tpooTtéhaom 1 Exel akohouBnbel véa Bepameutik) ueBddeuon e
eleyévo To anotéheopa. Eniong ota dpbpa autd umopolv va napou-
0laofoUv MPWTOTUTES MEPITTWOELG TIPOG TUTNON e TOUG avayve-
OTEG TOU TePLOdIKOU.

6. Emikaipa 8épara. ZUvTopn meptypadr] Twv TEAeUTaiwY andyewv oe
OUYKEKPIUEVa BEPa.

7. MpakTikd and oepivapia kai oTpoyyuhd Tpamédia i keipeva and
SIaAEEeIg.

8. Mepiknyn dpBpwv Tng dicbvolg PiBAIoypaiag ouvodcudpevn
and alvropo oxoAio. Anuoatedovtal evundypaa.

9. Mpappara mpog ™ Zdvtagn. Mepiéxouv kploelg yia dnpoateupéva
Gpbpa, TPEdPoa ANOTEAETATA EPYATLWY, TIAPATNPEACELS VIO QVETL-
Buunteq evépyeleg, Kpioelg yia To meplodikd KA. Anpoatelovtal
evunoypdeug.

MponyoUpevn Tautéypovn dnpoaicuon. Ta dpbpa mou unoBdaovral
oto Teplodikd ANHP dev uropel va €xouv urtoBAnBel Tautdxpova yia
dnuoaieuon og dAha ENnvikd neptodikd. To yeyovdg mpérel va Bepat-
ovetal and emoToAr] - dAwon TOU MPWTOU CUYYPAPEQ TIPOG TOV
Aeubuvtr) Z0vtang. Ouwg erutpénetal 1 UmoBoAr epyactav épog
Twv ornolwv éxel dnuoateubel 1| napouctacBel e poper mepiinyng oe
EMnVIKG 1) AieBvég Zuvédplo.

O\a ta xelpdypagpa ouvodelovtal and emioToAr oy unoypdpeTat arnd
Tov umelbuvo yia v aAAnAoypagia ouyypagéa. H ouvodeuTikn enl-
OToA| Tipémel va nepthapiBdvel SrAman 6Tt Ta Xelpdypapa €Xouv eyKpl-
Bel kat and 6houg Toug undhotnoug ouyypageig ol omnolol Kat
OUVUIOYPAQOUV TNV EMIOTOAN.

MpocToipacia Tou Xeipdypagou. H YAWOOIKY) OMOLOUOPPId TwV
GpBpwv elval anapaimtn. Ta dpbpa mou uroBdovtal yia dnpooieu-
on npéneL va eival ypapuéva atn SnUOTIKN Kal Le TO OVOTOVIKG auoTn-
pa.

To meptodikd ANHP éxel anodexbel To oUotnua Vancouver Kal epap-
HGZeL TO ENANVIKG TIPETUTO YPaPHiG BLOIATPIKWV KEWEVV.

Ta dpbpa npénel va eival daktuhoypagnuéva e dimho dildotnpa oe
Aeukd XapTti, aroé T pia Meupd Twv oeNidwy, e TeplBwpLa TOUNAXL-
orov 2,5 cm. Ta e€ig kepdhata apxiCouv oe Wialtepn oehida: n oeAida
ue Tov Ttho, N epAnPn kat ot AEEeIg eupeTtnpiou, To Keljuevo, ot euxa-

plotieg, n ayy\kn mepinyn, ot BIBMOYPAPIKES MAPATIOUMES, Ol Tiiva-
Keg, Ol elkdveq kat ol AeZavteg Twv elkdvwv. OAeg ot oeideq aptbuol-
vral, apxifovrag amnd ) oehida TiThou.

Zehida TiThou. Mepthappdvet (a) Tov Titho Tou dpbpou, o onoiog mpénel
va givat auvtopog (U€xpt 12 AéEelg), (B) To dvopia KaL Tov TiTho TOU GUY-
ypapéa (-wv), (y) To (dpupa | To pyacTrplo, and To omoio TPOEPXETAL
1 epyaoia kat n mpoéAeuomn Tou ouyypapéa, (3) To Gvoud, ™ dleuBuv-
on Kat To TNAEGWVO ToU ouyypapéa yia alnhoypagia kal avdruna,
(e) mnyéq mou evdexopévwg evioxuoav kal BorBnoav otnv mpay-
patortoinon g epyaciag, (0T) av undpxouv dlagwvoUlvTeq e TV
epyaoia.

Mepiknwn kai AéEeig eupetnpiou. H mepilnyn dev mpénel va uneppai-
Vel TIG 200 - 300 AéEelg, eva ya Ta emikaipa BEuaTa Kal TIC MePLYPAPES
nepimtwoewv aoevav Tiq 150 - 200 ASEelg. Ma TIg avaokomoelg mpé-
TeL va epapuéloval oL MePLYPaQIkeS mepAfPelg (descriptive), mou
avageépouv ouvomTika Oha Ta kepdhaia mou TiepIExel To Apbpo Kat
oNUavTIKa ouprepdopata. Ot epMAPELS TWV EQEUVNTIKAV EQYACLWV
npénel va Ywpllovral oe TéooepIg Mapaypdpous, ol omoieq pEpouv
katd oelpd v akdoudn emkepahida. 2komdg, YAk MEBodog,
AnoteAéopata, Zupnepdopata. Metd v mepiAngn napariBevrat 3 -
10 AéEelq KAedLd. Ot AgEelg auTéq TPEMeL va avTioToLXouv 0Toug dle-
Bvelg dpoug rou xpnoiuormotel To Index Medicus.

Keipevo. Ot epeuvnTikég epyaoieg anoteholvral ouviBwg amd mv
Eloaywyn, YAk kal péyedog, AnoteAéopata kal Zulritnon. H eloayw-
¥ mepapBdvet Tiq anapaitnteg BBAOYPAPIKEG MAPATIOUMES KAl ava-
QEpeL To AGY0 yla Tov omoio paypatornownke n epyaoia.

21 HeBodoloyia neptypdpetal To MPwWTéKoAo, e Bdom To oroio e&e-
NixBnke n épeuva. Avapépovtal AeTToUep®s 0 TPOMoG emAoyrg aode-
Vv 1§ ortotoudnirote UAKoU, KaBwe kat 1 uéBodog mou epapuoodnke,
worte 1 da épeuva va unopel va avarapaybel ané JeAovTikoug epeu-
VITEG. TNV MEPTTWOT) EPEUVAV TIOU apopolv avbpwroug, TPEmeL va
Tovietat 8tL n épeuva mpayuatomomenke pe Baon ™V Ymoupyikr
andeaon ApiB. A6/10983/1 {OEK 886/B 20-12-84} yia ™ “Atefaywyn
KAvikav AOKIL@V pappdkwy kat Ty mpooTacia Tou avBpwrou” kat n
onoia naparnéunet o Aakripuén Tou EAcivkt (1975). Ot pappakeuTt-
KEQ OUsieg TIOU XPnaoloTorBnKav otn WEAETN TPEMEL VA avaEPOVTAaL
e TNV Kowdxpnotn ovouacia toug. Meptypdpetal To UAIKG Tou
a&lohoyriBnke kard tn didpkela TG HENETNG Kal TO KEQAAALO OAOKAN-
PWVETAL {IE TA OTATIOTIKA KOLTHPLA TTOU XPNOLIOTIONBNKav.

Ta anoteAéopara napouotdlovral oAokAnpwpéva kat olvtopa. Ooa
avapépovtal oe Tivakeg, Oev enavalapuBAavovTal OTo KEUEVO.

2T oulritnon meptypdpovTal ol TIPOOTTTIKES ToU Jlavoiyovrat e Ta
anoteAéopata TG HENETNG, KaBwe Kal Ta TeNKd oupnepdouata. Aev
enavahappdvovral doa €xouv avagepBel ata anoreAéopara. Emiong,
urtopet va yivel oUykplon pe ta aroteéopara GAwV OpOoEdwY epya-
Olv. ZUVOEOVTAL TA AMOTENEHATA e TOUG OTOXOUG TNG HEAETNG,
anogetyovral 6uwg aubaipeta oupnepdopata, mou dev MPOKUTTOUV
and Ta anoteAéopara g epyaciag.

Euxapioieg. Aneublvovtal [évo mpog Ta Gropa, Tou Exouv Bonbrioet
ouolaoTKA.

>1a unéhoina idn dpBpwv, To Kellevo dlapopewvetal avdhoya e Tiq
anatrioelg Kat Toug oTéXoug TOU OUYYPAPEd. XTI evOLApEPOUTES
TEPITTWOELS QoBeVWY TPOoNye(Tal n eloaywyn kat akohouBouv 1 ept-
YPQQr| TG MEPUTINOEWS Kat 1) ouZriTnom.

BiBhioypagikég mapamopnég. ApiBuouvtal 0To Keijlevo pe augovia
apBud, avdloya pe n oelpd mou eppavifovtal. Xe mepimtwon
Quagpopdag oe OVOUATA TUYYPAPEWY OTO Kelluevo, epoaov elval Egvol,
ETA TO EMWVULO TOU TIPWTOU OUYYPAPEa akohouBel 1) ouvtopoypagia
et al, evw) oToug EMnveg ouyypagelg “kat ouv.”. Epdoov ot ouyypa-
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Qelg elval dUo, peta&l Twv enwvipwy Tomobeteltal n AEEn “kat”.

OAeg ot BIBMOYPAPIKEG MAPAMOUNES TOU KEWWEVOU - KAl [OVOV QUTES -
npénel va undpyouv oto BIBMOYPAPIKG KATAAOYO.

0 aplBuég Twv BIBMOYPAPLKWY TAPAMOUTWY TIPEMEL va TeplopileTal
otov teheiwq anapaitnTo. XTiq avackomioelg, ot BLRAOYPAPIKES
naparnournég dev mpénel va eival neploodtepeg and 100. Xta dpbpa
enmkapotnTag (emkawpa Bépara, dpdpa Zivragng) Ba mpénel va ave-
QEpovTal Ovo 5-6 ApBpa 1| ovoYPaPIES, Yia TA Onoia 0 JUYYPAPEQS
noTevel Ot elval anapaitnta yia Ty oAokAnpwpévn mMAnpo@dpnon
TOU QvayvwaoTn oTo Bépa.

H olvtagn tou PiBAoypagikoU katahdyou yivetal aplOUnTIKNG, He
Bdon Tov aufovta aplBud Kat T oelpd Twv BIBALOYPAPIKWY
TIOPAMOUMWY OTO Kelpevo. AVapEPOVTal T EMWVULA Kal TA APXIKA TwV
ovoudtwv OAwv Twv ouyypapéwv uéxpt &L (dtav elval meploodtepol
akohouBel 1 évdelln et al), o Tithog ™Q epyaciag, n ouvtopoypagia
TOU TiThou Tou TiePLodIKOU, TO €T0G, O TOHOG, 1 TIPWTN Kal 1 TeAeuTaia
oehida g dnpoatedoewg T.x. You CH, Lee KY, Chey WY, Menguy R.
Electrogastrographic study of patients with unexplained nausea.
Gastroenterology 1980, 79:311 - 314.

¢ eplrTwon mou dev avaEPETaL GVopa OUYYPAPEWG, ONUELOVETAL 1
NEEN Avdvupog (yia eAAnvikn dnuoaieuon) 1 Anonymous T.x.
Anonymous. Coffe drinking and cancer of the pancreas (Editorial). Br
Med J 1981, 283:628.

Mapanounég mou avapépovial oe epyaoieg mou dnuoatelovtal oe
OupmAnpdpata (supplements) exddaewy, mpénel va auvodelovtal pe
TOV 0pIBUG TOU CUPMANPWHATOG, TIOU ONMELWVETAL O TIapEvbean, HeTd
Tov Tépo. M.x. Blood, 54 (Suppl 1):26.01 ouvToEg TV TITAWY Twv
neplodikwv mpénel va yivovral ue paon to Index Medicus. Aev
TonoBeToUVTAL TEAE(EQ OTA AKPWVUNA TWV CUYYPAPEWY KAl OTIG
OUVTPAOELS TwV TiepLodikwy. XN BiBAoypagia Twv enikapwv Bepdtwy,
napaeimovTal ol TiTAoL Twv PYACLAV. Ma TV Kataxwenon ouyypaud-
TV 1) LOVOYPAPLAV 0TO BIBMOYPAPIKO KATAAOYO, avapépovTal ot
0elpd T EMWVUHA KAl TA APXIKA TWV GUYYPAPEWY, O TITAOG, 0 aplBude
€KOO0EWG, 0 eKDATNG, 1 TOAN ekOOOENG, TO £TOG Kal oL OeAideC ™G
avagopdg. H avapopd oe kepdhaio BiBAiou mpérel va yivetal pe Tov
akdhouBo tpdro: ManaBaatheiou 10. Mpwtdlwa. ZTo: Maboydvot pukn-
Teq kat napdotra. BHTA, ABrjva, 1983:67 - 113.

Av 11 BIBNOYPAQIK TIapamOpr| aroTehel KEPAAAIO OUYYPAUATOG TTOU
éxel ypagtel and dMov ouyypaéa, n avagopd yiveral wg
e€nq:Weinstein L, Swartz MN. Pathogenic properties of invading
microorganisms. In: (£10): Sodeman WA ed (;h eds ;h Zuvt.) Pathologic
Physiology. Saunders, Philadelphia, 1987: 457-472.

Mn Snuoateupéves epyaoieq Kabwg Kal “IPOCWIKES EMKOWWVIES” dev
xpnotuorotouvtal wg BBNoypagikég napamnounég. Apbpa, mou €xouv
yivel dektd yia dnuoateuan, pnopolv va mieptineBoulv ot PiBAoypa-
oila. Ztnv teheutaia nepintwon, uetd ™ ouviopoypapia Tou
TEPLOBIKOU ONpelveTal 1) EvOelEn “uné dnuocieuon”.

AyyNikn miepinn. MepapBavel Ta oVOUaTa TWV CUYYPAPEWY KAl TV
©B1émTa Toug, Tov Titho ™G epyaciag kat To dpupua 1 T epyacTriplo
and To onolo mpoépxetal n epyacia. H mepiinyn dev mpénel va urnep-
Baivet Tiq 200 - 300 AEelg, evad yia Ta emikaipa BEUaTa KaL TG MEPLyPa-
PEQ MepUTToEWV aoBevav Tig 150 - 200 AEEeig. Ma I avaoKkommoelg
nPéMeL va eQappolovTal ol meplypaikég mepl\rjyelg (descriptive), mou
avapépouv ouvorTikd dAa ta kepdhala Tou mepLéxel To dpBpo kat
onuavtikd oupnepdopara. Ot mepIVUEL] TWV EPEUVNTIKV EPYACLOV
npénel va xwpiCovral oe Téooeplq mapaypdpoug, oL Omoieq GEpouv
Katd oelpd v akdloubn emikepahida. Aim, Material, Methods,
Results, Coclusions. Metd v nepilnyn napartiBevrat 3-10 Aé€elg, ana-
paftnreq yla ™ ouvtagn Twv eupetnplwv Tou meptodikol (Key words).

H moldtnTa twv ayyAkwv nepi\jyewy npémnel va eivat apketd
IKQVOTTOINTIKY|, EMELON amoTelel onuavTikd KpLtipelo anodoxng Tou
neplodikou aToug Slebvelg katahdyoug BlolaTpikwv meplodikwv (Index
Medicus).

ApiBpnon kepahaiwv o avackomioelg, emikaipa 6épara. Oha ta
kepalaia apiBuouval e apaBikolq aptbpode: 1,2,3 kKA. Ta unokepd-
Aawa pépouv Tov aptBud Tou apxikou kepahaiou, TeAela kal akoAouBel
0 aplBuég Tou umokepahaiou: 1.1, 1.21 1.1.1,, 1.2.1. K.0.k.

Nivakeg. AakTuloypapolvral e dimd dSldotnua, o€ XwpLoT oeAida.
AptBuouvtal e T oelpd Tou eupavifovral ato Kelevo, e apapikoug
apiBpoug. Mpémel va pEPOUV TIEPLEKTIKI KAl oUVTON enegrynom, dote
yla v karavénon Toug va Unv eival anapaitnto va katagUyet o ava-
YVWOTn 010 Keljuevo. KaBe oTriAn QEpel eMeENYNLUATIKY Kal oUVTOpN EMt-
keQaABa. OL eneEnynoelq TWV OUVTOMOYPAPIOV KABWG Kal oL AOUTEQ
dleukpivioelg yivovtal oTo TENOG Tou Tivaka.

Eikdveg. Ta oxuata, oxedlaopéva e OWIKr HeAdvn, Kal oL puwToypa-
Qleg mpénel va oTEAVOVTAL OTO MEWTETUMO, WOTE Va elval KATAMNAQ
yla GUeon QWTOYPAPIKY avamapaywyr Kat eKTUnwan. ZTo niow Pépog
ToUg va ypdpovtal e HoAUBL o aptBdg Tng elkdvag, éva BENoG rou va
delyvel T0 Avw péPOG Kal oL ouyypageic. TomobeTolvial oe pdkelo,
avdpeoa oe U0 okAnpd XapTévLa, yia va pnv TOOKLOTOOV 0T
HeTa®opd. Ot TTAOL TV elkEVV TIOETEL VOl QVayPAPOVTAL e TOV apLb-
ud mou avtigTolyel atnv elkova oe Xwplotd xapti. EneEnynoelg oxetl-
KEQ ME TIG elkdveq pmopoUv va avagepBolv atov Titho. Ma To uéyebog
TV elkévwv oupBouleubeite o oxrua Tou meplodikou. Epdoov xpn-
OUOTIOLOUVTAL PWTOYPAPiEq aoBevav, To Mpdowrno dev TPEMeL va Pai-
vetal Ztnv avtiBetn mepimtwon ermpaMeTal €yypagn ouykardbeon
Tou aoBevoug yia ™ dnuooieuon TG pwroypagiag. ONeg ol elkOveg
avapépovTal oTo Kellevo kat apiBolvral pe apapikols apiBolg.
Ovopatoloyia. Ot ouyypage(q mpEmeL va XpnoLOMoLoUV Touq
nayKoouiwg napadektolq Tithoug. Ma v emioyn Twv Opwv Kat Twv
OVOMATWV (OUCLWV, OVTOTATWY, OPYAVIOHV, VOOIUATWY KAL), Kpive-
TAl OKOTIHO Ol ouyypageic va oupBouletovtal To AeEIAdylo
Blowatpikrig Opohoyiag, MeSH-EAAAL. Ekdoon IATPOTEK, A6rva,
1991.

MeTprioeig. Metprioelq pnkoug, Uyoug, BApoug Kal Gykou mpénel va
avapépovtal o€ LETPIKEG Hovadeg (UETpo, XIA., ATpo) 1} oTiq unodial-
péoelg Toug. Ot Beppiokpaoteg mpénel va divovtal oe Badpoug Kehaiou.
Ot apmplakég méoelg mpénel va divovtal oe XIAlootd otAng udpap-
YUpou.

Ai6pBwon Tumoypaikwv dokipiwv. Mpayparonoteiral pia gopd arné
TOUG OUYYPaQelQ. Extetapéveq peTaBohég dev yivovTal SekTEg.
Avdaruma. ArayopeUeTal 1 WTOTUTIKY avanapaywyr Twv SnUooteups-
VoV epyaotav. H mpoprBela and toug ouyypaei avatunwy yivetat
anokAeloTika and v etaipeia MEDLINE. O ouyypaogeig empa-
pUvovtal pe To kdoTog Toug. Ta avdtuna mapayyENovTal katd ™
d1épBwan Twv SoKLwY.

Xelpdypagpa epyaciav mou dnuoaietovtal, dev EMOTPEPOVTAL OTOUG

OUYYPAQE(S.

YrioBoAn xeipoypdpou:Ta xelpdypapa anootéNovral otn SleuBuvan:

AA. AAAMOINOYAOZ

NEPIOAIKO ANHP

ENAOKPINOAQTIKO TMHMA-MIN MAIEYTHPIO “EAENA BENIZEAOY”

[A. E. BENIZEAOY 2 -115 21 AGHNA

H epyaoia taxudpopeital oe pakelo and xovtpd xapti, ecwkAelovtag
TIG PWTOYPAP(EG KaL Tn DIOKETTA (€9’ ooV UNAPXEL) Léoa oe okAnpPd
XapTovi. Edv n anootohy yivetal péow twv ENnvikav Taxudpopeiwv
va nv akolouBeftal cuatnuévn Sladikaoia.
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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 | 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 | 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 important 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 important deleterious effects 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

ZHMEIQMA THXZ ZYNTA=HX

louviog, 2005

To mapdv teuyoq Tou “ANHP” napouotdlet éva 6éua eupUteons
onuaoiag apou &enepvd ta atevd dpia uids ouviBoug atptkig ava-
okériong. Modyuatt aoyoAeitat (e TS EMTTWOELS TOU EUPUTENOU TTEQL-
BdAAovtog oty avanapaywyikn uyela 1600 Twv KATWIEPWY 0pyavt-
ouwv oo kat Tou avBpwrtou, ue dlaiteon éupaon oto dopev.

Ano dekaeties, apkeTol mpwTondpot 0Ty avanapaywyn Kat To&iko-
Aoyia dnuooteuoav Tiq empUAGEELS TouS yia Ta BAarttikd anoteAéouara
dlapopwy XNUKWY ouoLwv aTnv avanapaywytkn Aettoupyia. Me my
ndpodo Tou Xpdvou napouatdodnkav kdmoia eni mAov oTotxeia Kat
aKoAoUBnoav mEOTACELG QVTILETWTONG, TTOU apXIkd, Eyvav OeKTéS e
OKEMTIKIONO Kat eupuAagn uéxoig 6tou nepattéow otoxeia doytoav va
abpoilovral and kKAvIkEG mapatprioelg e ouvénela 1 uetaBoAr} Twv
emQUAGEewv. Ekelvn TV EMOXN, U OUAdA SIaKEKUIEVWY EMOTNUOVWY
and éhoug Toug kKAddoug g Bodoyiag, Boxnueiag kat atpikrg diaty-
nwoav Tiq amouxieq Toug oto kKAaokd, rua, pavipéoto “Blueprint for
survival”. Téte 16pUbnke kat 1o Kévtpo Avbpwrvng Owoloyiag ato
EdwBoupyo kat mpoowrtikd o idtog eiya mv eukatpia va napakoAoudr-
0w TNV MPOETOATTA YA oNUAaVTIKIG MPoapopds and To dAoKaAo Kat
uévropd pou, agiuvnato John Loraine, tou BiBAiou “The death of
tomorrow”. To BiBAio udhiata eixe ektevi mpdAoyo and Tov AoUka Tou
EdwBoupyou, Mplyknma dikimro.

Tiq TeAeutaies dekaetieq o xwoa uag xet kataypagel uia emdek-
Vwon twv ouvenkwv oto tomikd nepiBdMov, mapdAMnAa e onuavtikég
aMayég ot ouvbiikeg Lwri, epyaoiag kat datpo@nc. Ztnv dia nepio-
3o éxouv napatnonBel ONUAVTIKES EMIMTWOELS OTNY AVANapaywyKn
uyela twv EMrjvwv. Ot uvénetes autés xouv napouatacBel 0to diebvi
EMmOoTnUoVIKG TUno Kat nepthauBdvouy mTwTikeS TAoELS 0TV MoadTnTa
ToU omépuarog, auénuévn eninTwon mPWIUNG EUUNVOTAUONG OTIC
EMnvides, eAdttwon tou oxeTikoU aptBuol yevwrioewy ayopluv Kat
dMeg emmTwoelg (ot evdlapepduevol umopolv va avalntioouy tnv
avaokérinon mou Ha napouotacdel ouvroua and touq Adamopoulos
and Koukkou).

270 nedio autd, Eveg ouoles mou emeuBaivouv otn QuatoAoyikn
EVOOKOIVIKY QVTANOKPLON, YVwOTEG oav “evioKpwikol dlatapdtes”,
EXouv OUVOEDEL [UE QPVITIKES EMIMTWOELS OTNV QVamapaywytki uyela
Twv avlpwnwv. To mapdv TelY0q Exel 1OLAITENO EVOIAPEOV YIa TOUS
EMnveg apou o mAnBuauds e xwpeas napouatdlet atabepn kaBodikn
nopela pe eAdrwon Tou etriatou pubuoU yewnaewv o€ enineda KkATw
and 1o 6pto avamAfpowaong. Ma mv avdden tou Béuarog {ntioaue
Boribeta and uia e&€youaa epeuvitola, dlakexpyiévn Mavermamuiakn,
kavétaT opyavwtola Kat mpoowrikGTnTa 0To XWPo, Ty Kabnyrtola
MoAu&évn NikoAomoUhou-2Taudtn, oav mpookekAnuévn ekdétowa. H k.
NikohorouAou-2taudtn éxet dnuooteloet éva eydAo aptbud epeuvnti-
KWV epyaotwv kat xel ekd00El OXETIKES povoypagpies kat BiBAla oto
OUYKEKOIUEVO BEua.

KaArj avdyvwon
AA. Adaudmoudog

YmevBuvog Zovradng
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FORWARD OF THE INVITED EDITOR:
SPECIAL ISSUE OF ANDROLOGY ON ENDOCRINE

DISRUPTERS

POLYXENI NICOLOPOULOU STAMATI MD. PHD.

ASSOCIATE PROFESSOR OF PATHOLOGY, MEDICAL SCHOOL UNIVERSITY OF ATHENS

e-mail: aspis@ath.forthnet.gr
www.arehna.di.uoa.gr

MpdAoyog TnG mpookekAnuévng ekdOTpPIAC

H kavdtnta ¢ avanapaywyng eivat ouotaotikr Oxt
UAvo yia tov avBpwrto aAAd kat yia 6Aa ta mAdouara g
Quong. H mapouadia avBpwnoyevwy Xnulkwy ouoLwyv Ta
tedeutaia 50 xpdvia, mou eupavifouv tnv 1dtétnTa va
napeuBarrovral ot oploVIKES AstToupyies, dlaitepa
™m¢ avanapaywyng kat ovoudlovrat Evookptvikol
Aatapdkreg, napouotdlet ueydo atpikd evalapépov.

Eivat onuavtiko eniong 1o yeyovog dTt oL ouoieg autés
dlanepvouv Tov MAakouvta Kat mpokaiouv dueoa kat
éuueoa anoteAéouara.

Aarapayég me yowuodtntag, dueoes Kat EUUEDES ErtL-
dpdoelg oto EUBPUO KAl KAPKIVOYEVEDN OUVdEOoVTAL UE
T0UG EVO0KpLVIKOUG AQTAPAKTES,.

To teuxog auto tou nieptodikou ANHP eivat aplepwue-
Vo otV napouciacn Twv dlapopwV EMOTHUOVIKWY TTTU-
XWV TOU MoAUNAOKoOU tatpikoU mpofAnuartog, mou ava-
yvwpiCetat ot anaitel enava&loAdynon twv epEUVITIKWY
MPOTEPALOTATWY KAl TNV MPOCEKTIKY) KALVIKT] TTOOOEYYLON
T0U, dedouEvou OTL N enidpacn Tou mepLBairovrog otnv
Yyeia eivat adlaupiopntnta pa kavolpyla [atpikn KaTeu-
Buvon.

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 abnormalities 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 chemicals 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 public health but also of the
ecosystem.
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ENDOCRINE DISRUPTERS, WHAT ARE THEY

P. NICOLOPOULOU - STAMATI', C.V. HOWARD?, E. PATSOURIS®

""DEPARTMENT OF PATHOLOGY MEDICAL SCHOOL UNIVERSITY OF ATHENS
* DEPARTMENT OF HUMAN ANATOMY AND CELL BIOLOGY MEDICAL SCHOOL UNIVERSITY OF LIVERPOOL

Evéokpivikoi Aiatapdkres. Tr akpifwg ivai

Ot Evdokptvikoi AlatapdKTeG eival XnUIKEG ouoieg rmou
Snutoupynbnkav arné avBpwrtoyevels 5paotnelotnTes Kat
MTOU eKTELOELEVOS 0 AvOPwWITOG 0e GAEC TIG PAOEIS NG
{wni¢ Tou akdua Kat evdountpiwg, aAAd kat oAa ta rAd-
ouara e euong ugliotavrat v enidpacr) Toug rou
elvat n napeuBoAr TG 0PUOVIKEG AEITOUPYIES.

Ot yécg pumavong, n Tuxn Toug UETd TNV EKKAUOT
T0UG 0TO TtepIBdMov, n avBpwrvn ékBean, n enidpaor
TOUG OV uyela kat dlaitepa otV avanapaywyr ava-
AUovtat ektevws. ErmAéov oklaypageltal o mpofAnuart-

oGS S daxeipnorg Toug.

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 neurobehavioral disorders, retarded 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.
Alternatively, 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. Ultimately, 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 of hormones while these body systems are
developing and growing, it 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 others are known to affect the
reproductive systems of wildlife populations.

SOURCES OF HORMONE-DISRUPTING
CHEMICALS

Many pesticides (including herbicides, fungicides or
insecticides) 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 chemicals, 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 chemicals, 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 PVC. 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 additives, 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 identified in the
laboratory, either by using cell culture techniques, or by
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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. 7995).

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 chemicals 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. 7993).

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 time 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 (Pimentel
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 pesticides 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 limit 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 7999). 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 like 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 pesticides 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 7995).

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. 2007)

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:

Firstly, =~ 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:

® 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.

® 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 7995).

® Sperm count does vary geographically and it is not yet
clear if it has decreased worldwide.

® The incidence of testicular maldescent appears to be
increased in many countries.

® The incidence of boy’s born with genital abnormalities
appears to have increased in many countries (Toppari 2003).

® Prostate cancer is on the increase in a number of
countries, particularly northern Europe and North America.



Endocrine Disrupters, What are they

65

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 rising 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 with
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 1Q 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 1Q 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 1Q 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 rats 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. 7994). 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 71995). 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 mechanism, 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 quantities 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 (Adliercreutz 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 regulation 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 monitoring
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
appropriate evidence that the products pose no
developmental health hazard.

The Precautionary Principle

The problems of regulating chemicals using 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 line with the precautionary principle, 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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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 (7).
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 (7).
In some cases, current lev-els of these chemicals present in
women of the general population may be in sufficient
quantity to result in subtle effects 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 (7,3).

The effects of exogenous hormones on the development
of human cancers have been identified. The relationship
between EDs and breast cancer has been described (4-27).
Their contribution 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 correlation 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 (7).

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
A3).

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, although
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 (29) are attributed to prenatal
exposure to EDs (30). 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,
particularly 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 with 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 (7,3).

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 (37).

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 (50,57).

THE IMPACT OF ENDOCRINE DISRUPTERS ON
THE FEMALE AND MALE REPRODUCTIVE SYSTEM

The development and the function of the female
reproductive tract depends upon hormone concentrations

and balance. Many ab-normalities may result 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 (7,3).

Lindane (y-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 (7,3).

The organochlorine compounds entering the embryonic
circula-tion through the placenta could affect the pregnancy
outcome resulting 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 of 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).

[t 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 (34,35,36,37,38,39,40,41,42).
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 significant
decrease in sperm counts from 89x10%/ml to 60x10%/ml. In
contrast, using a similar method, mean sperm counts of
83.12x10°/ml were observed in 302 men from a clinic in
Toulouse, and there were no significant alterations from
1977-1992 (43). The variability in sperm counts and quality
was subsequently reported in several studies and part of this
variability 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 63x10°/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 (45) used standardized
measurement techniques 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 72.7x10%ml,

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
(21,22,34,35,36,37,38,39,40,41,42,43,44,45). 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 unlikely 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 (7,3). 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. (32) 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 (42) reported
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 (32), 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 (48).
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" (48). 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 (50). 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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INTRA UTERUS IMPACT OF ENDOCRINE DISRUPTERS
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H Enmidpaon Twv EvEoKpIvIKwV AlaTapakTwv oTnv
Evéounrpia {wn

H avtiAnyn dtt o mAakouvtag anoteAel ppayud yia Tig
TOEIKEG OUOILES, TTOU KUKAOQPOPOUV 0TI UNTEPQ TOU KUOPO-
pouvtog guBpuou, mpoaomniCovrag v kawvoupyta Lwr,
&xel eruotnuovikd avatparnei.

H entidpaon and erepoyeveic aAAd Kat lATPOYEVE(S
ouaieg, 6nwe n druxn nepintwon e A-atbulootiABe-
0Tp0ANG (DES), aAAd kat tou Auoyevetikou Opxikou
2uvdpduou (TDS) eivat onuavtika atpikd mpoArjuata
rou avaAvovrat.

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 (7-5). 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 (6,9,70). 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

Diethylstilbestrol (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 miillerian
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 (75). 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 (717,18). DES-exposed men had a
higher incidence of undescended testes and epididymal cysts
than comparable unexposed men (77,78). Extended studies
showed in addition a higher incidence of hypoplastic testes
and abnormal sperm (79,20) 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 Miillerian origin and
retention of Miillerian 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 (22). 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 (24).
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 (26). 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
experimental studies support the epidemiological
conclusions, as most male reproductive problems in humans
related to environmental hazards can be experimentally
produced in animals by prenatal exposure to endocrine
disrupters (6). However, there is still no direct evidence to
confirm that the different endpoints of the TDS are caused by
human exposure to specific 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 addition 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 - 17a-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
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pregnancy often continues into the first trimester, even
extending into the 4th month of gestation, encompassing a
critical period for developmental disruption (29). 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, 317, 32). This
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) constitute 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 (33). 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 (33). 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 (35). Phenobarbital-like PCBs were
suspected to cause congenital malformations like cleft-lip and
palate, simulating the documented teratogenic effect of
phenobarbital itself (Allen 7980). 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-
39). 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 (47).
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 (42).
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 (44,45), 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 multicausality of
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 (57).

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 epigenetic
transgenerational actions (52). 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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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 1Q 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, 7993). 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 tissues, and that sensitivity is also
dependent on the developmental stage considered (Zoeller,
2000).

Research has focused on wildlife, for some of the
observed results, 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,
2002). Even though effects were evidenced, mechanisms
were not identified, although some progress is made (Yen,
2001). 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, 19917). 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 effects is not easily
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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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,
7999).

For the gonadal axis, effects are a bit 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 fields 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 (Carson,
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 illustration 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
chemicals with animals can occur, correlated with
reproduction problems (Fry, 7995), 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 level 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 homeostasis is well studied 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 (Hayes
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
(Boudreau 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,
2004), 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 signs of weakness linked to dietary
deficiencies, with as yet unknown consequences, but could
possibly by linked to EDs (Dunbar 71999). 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 animals, 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 captivity 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 lifestyles 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). The
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 role we play in it. The rise 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
identified, 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 identification 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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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,

ANAKOINQZZH

Xra mAaioia Twv exmaibeuTikdv dpaotnpiotitwy G, n EAnvikij Avépodoyikiy Etaupeia opyavdver oguivépio pe Oéua:
“Alaropay€g TG ZTuTiIKiG Agitoupyiag”.

To ogpvépio Ba die§aybei arrd 3-6 Defpovapiov 2006, oto Zevodoyeio “AAEEANAPOL” (IMateia MaPin).

AGyw NG pUoEWS TOU OepIvapion, Ba UTTAPEE TEPIOPIOUEVOG APIBLCS eyypapwv e BAon TV TPOTEPAICTNTA ETMIKOIVWVIOG
Kol TNV TaUTGYpOVN KatafoAr Tou Tédoug eyypapric (e1bixkevpévor: 80 Evpa, e1dikevopevor: 50 Evpd).

To mpdypoppua Ba amoTedeital oo opiAies edikdv o6 Tv EAAGSA kai To e§WTEPIKG, TAPOVOTIOGT EKTTAIGEVTIKOU VAIKOU KOl
ouvvebpidoeig aAAndoavradayrig (inter-active).

To TIPOKOTOPKTIKG TPOYPOUNA TOU OeuIvapiou, ouvoAikis Sidpkeiag 12 SISakTIKWY wpdv, mopouvoiddeTtal kKaTwTépw. Or
ouppeTEXoVTEG Bar AdBouv TIOTOTTOINTIKG TTAPAKOAOUBNONG.

H Opyavwriki) Emtporrr

IMAnpogopies: 210 6402273 (k. M. M6 (10:30-13:30), k. X. NikotrovAov, k. E. Bevdkn

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
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PRELIMINARY PROGRAM

FRIDAY 15:30 - 20:00

1. Physiology, Chair: ).Papadimas — A. Karanikas 5 min
e Phylogenesis - dimorphism R. Angelopoulou 20 + 5 min
¢ Endocrine regulation of erection C. Foresta 20 + 5 min
® Vascular role S. Francavilla 20 + 5 min
® Composite mechanism D. Hatzichristou 20 + 5 min

Coffee Break - 15 min

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

® Vascular causes S. Francavilla 20 + 5 min
® Neuro-urological aetiology G. Barbalias 20 + 5 min
¢ Endocrine aetiology A. Lenzi 20 + 5 min
® 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
® Enviromental — Drug induced E. Koukkou 15 + 5 min
® Age-related-A European Perspective G. Forti 20 + 5 min
® Special diagnostic tools N. Liassis 20 + 5 min
¢ Diagnostic approach M. Maggi 20 + 5 min
5. Interactive (b) aging: andropenia, Video - Discussion,
Chair: G.Forti - Ch. Asvestis 40 min
Coffee Break - 15 min
6. Treatment - |, Chair: D. Panidis — D. Hatzichristou 5 min
o Sildenafil D. Hatzichristou 15 +5 min
® Vardenafil A. Bissas 15 +5 min
¢ Tadalafil A. Ledda 15 +5 min
7. Interactive (c): drug induced, Video - Discussion,
Chair: C. Foresta - F. Sofras 40 min

Coffee Break - 15 min

8. Treatment - I, Chair: N. Sofikitis - M. Bourounis 5 min
® Local treatment E. Constadinides 15 +5 min
® Surgery D. Katzavelos 15 +5 min
® 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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