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Ileplodor katd Tig omoieg N mepParrovtikn €kBeon ennpealet v Fy
Kataotoon peBvAiimong evog atopov, ennpealoviag to eoawvotuno Fy
(oymuoa oapdveta 3).

[Ipd glvan n mepiodog Fy (parental) tng avémtuéng tov yevvntikov
KUTTAPOV OTOV YIVETOL ETOVOTPOYPOUUATIGUOC TG KOTAGTUONG
nebvMmong Hetd tn oypa®t TG YOVIOIOKNG OmOTOTMONG GTO
onepuatolmdplo (CVUTOYNG UTAE YPOUUT) Kol TO ®OKVTTOPO
(copmoyng koKKvN YpapLun).

Agutepn eivon  mepiooog F; g euPpuikng avamntving, otav
amoueBVAIOVOVTOL OAN TO VPIGTAUEVA YOVIOLUKT] OITOTOTTMG)
yvoviow. H amopueBuiioon yiveton ypnyopdtepa 6Ty avopikn
YEVVNTIKN GE1pA (S1aKEKOUUEVT] UTTAE YPOUUT) Kot akolovOeiton amd
™ OnAvkn (Srokekoppévn kokkivny ypouun). To pebviiouévo yovidio,
(ovumoync uopP ypauun) datnpovv T, YopoKTNPIoTIKG TOLG Kot £TOL
EMTPEMETAL 1] EKPPACT] TOVS GTOVE COUOTIKOVS 16TOVS TOV EVIAIKOV.
Ta yoviolo Tov dev amoTLTMVOVTOL ATOUEOVALOVOVTAL GTO GTAOIO TG
BAactokdoTNG.
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Diagrammatic illustration of the main environmental/lifestyle factors established t

negatively impact on spermatogenesis and sperm counts in human males, whether vi
he mother during foetal development of the testis or directly on the testis durin
dulthood.

persistent organic pollutants
(DDT, PCBs, PBDEs, dioxins, etc.)

traffic/
diesel exhaust

. smoking
use of cosmetics,

body creams, etc.

smoking

occupational
and environmental
chemical exposures

perinatal events predetermines
capacity to make sperm
(and thus sperm counts)
in adulthood

sedentary position
(heat exposure)

reduced testoste!one

increased oestradiol

accumulation accumulation
in body fat in body fat

obesity obesity
(increased body fat) (increased body fat)

Sharpe R M Phil. Trans. R. Soc. B 2010;365:1697-1712
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Known times at which environmental/lifestyle factors can negatively impact on
spermatogenesis and sperm counts in human males in relation to the major relevant events

in testis development and function.

lifestyle/environmental effect

¥

likely to be irreversible

Sertoli cell proliferation |—

e =

foetal germ cell

proliferation/differentiation

likely to be reversible

Sertoli cell maturatior]

adult germ cell proliferation/
differentiation (spermatogenesis)

>

|
|
: testosterone
|
|
|
|
|
|
|
|
|
. stis differentiation | testicular and reproductive
J | tract ‘quiescence’
[
7 24 37
weeks of gestation
foetal period neonatal infancy/childhood puberty adulthood
period
(zero to six months)
birth

Sharpe R M Phil. Trans. R. Soc. B 2010;365:1697-1712

©2010 by The Royal Society
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R. M. SHARPE
REVIEW, ENVIRONMENT AND SPERMAGENESTS
PHIL., TRANS. R. SOC. B (2010) TO

Emonuodoyikég pedéteg deiyvoov 0t 1 €kBeomn ota Papéa LETaAA

® Emnpedlel opvnTikd T OTEPUATOYEVEST] KOl TI GUYKEVIPWOGOT TOV

onepuatolmapinv 6To oTEPUAL.
® Idwaitepa avapépovtor o poéAvPooc Ph, to kaduio Cd kat o vopapyvpog Hg:
Tas et al.1996; Figa-Talamanca et al. 2001; Bonde & Storgaard 2002 .

® Pomavon tov tAnBvouod amd to LoALPo0, €KTOC 0o TOVG
EAOYPOUATICTEC AOY® TNG £KOEGNC TOVGS GTA YPOUATO, UTOPEL Vo YivEL Ko
oo TNV KOTAVAAMGCT OPICUEVAOV YOPLOV OTTMG TT.Y. TOVOL GTOV 07010 £YEl
avagepBel avénuévn cuykévipwon tov petdArov (Figa-Talamanca et al.
2001).
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O MOAYBAOX KAl TO KAAMIO

® Pb and Cd

etval un e101kol mep1Parirlovtikoi pumot
(nonessential environmental pollutant - dvvnrtikot
pomor) (Agency for Toxic Substances and Disease
Registry (ATSDR).

® O1 pvmot Pb kot Cd cuykoataAi&yovial 6Toug
eVOOKpIVIKOUC olatapdktec. H éxBeon tov atodunov
GE QVTOVG UTOPEL VO TPOKAAEGEL OLVOPIKT
vroyovipudtnta (Burdorf et al., 2006).
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OIPWHIONHO H ALATAIR AN T2

Ot oppovikol dTapakTeg ival yNUKES ovoieg mov Ppiokoviol 6€ TOAAG,
TPoidvTa Kowng ypnomns (kobapiotikd, cuvtnpNTIKE TPOPiL®V, TAACTIKE,
K.G.), mapesufdiiovioar otn Opdcn TtV opuovev (ot ovvbeom, v
EKKploT, TNV oLVOEoN UE Ta. Opyava- oTOYOVLS) Kol €TGL UTOPOVvV VO,
TPOKAAECOVY  EVOOKPIVOAOYIKA voonuata. Iowitepo o©10  yevvnTiko
cLGTNUA EXNPEACOVY TNV Evapén e epnPeiac, Tnv avopikn yovipdtna,
Aertovpyio TOV @OONKOV KoL TOV OpYE®V, TN OpAoN TOV OVOPIKOV Kol
YOVOIKEI®OV OPULOVOV.

[Tapadetyuota:

Biopevoin A mapdymyo Tov TETPEANIOD TOVL TEPLEYETAL GTO TAAGTIKA, OTIC
GUGKEVOGIEC TPOPIL®V, OTIC KOVOEPPES, 0T 1ITPIKE EpYaAEio Ko GAAQL.
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M\ oA T =0T T R
ONYIUS CUG AU SUG WIS

® AwmoPapég veoyvo
® BAaPec ohykieiong vevpikod coAnva

® Meliouévn mopaymyn orepUATOL®opinV
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2TEOLOTOLN 1] TS UVTIONUGTS TOV 0PYLKOD 16TOD ¢TI Opdcn
TOV YAOPLOVYOV KEOEIon

® EAdttooon ™ opytkng pnaloc

® Awatapoyn e opykng 1etoroyiog. IlposPdirovtor OA0L O1
KLTTOPIKO1 TOTOL AAAG 1010iTEPQ TO GTEPUATIKO ETONAL0.
[Teprypaopovtal: oEeio Ao VEKPMONC KO LETOLYEVEGTEPES
EKQLAMOTIKEG AVTIOPAGELC.

® IIpocPariovtal, emiong, To ayyeio LE apopporyia, Kot
010N A TOV OAUEGOV 1GTOD TTOV TOPATNPOVVTOL OO TIG
TpOTEC NUEPES Yopnynone tov CAdCI2. Katd v idta mepiodo
onueio vékpmaonc mapatnpovvtol oto, kottapa Leydig.

® 'Tvoomn 610 01d1esOo 16T TapaTnpEiTOL APYOTEPQL.
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H ANAIENNHAZE TON KYTTAPQN LEYIDIG

® AO OAo TOL TPOVTAPYOVIN KLTTOPIKA GTOLXELN
emPlovouv LOVO GTOLYELDL TOL GLVOETIKOV 1GTOV
TOV VOOOVG YITOVO KOl TOPOATNPELTOL OVayEVVN GO
uoévo v kuttdpov Leydig pécwm pog depyaciog
Tov umopel va mwapatnpeitar akoun kot petd 100
NUEPES OO TN YOPTYNGT TOL YAMPLOVYOL KAOUiov.
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KYTTAPA LEYDIG
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Exkpimikd npoiov ldiarrec/ Aemoupyia

Kirrapa Leyaig
Avbooydva/11B ubpotuhdan £16 p0elfn e vbokpwikn Mapakpwik) Bpdo
[ermridia (POMG) (Pro-opiomelanocortin) (ACTH, B-evbongim) Omoetdry PuBpuoTikd me Aetoupyiog Tov kutrdpay Sertoli kot Leydig
Avaotaktiv EvGokptvikry Tapakpuwkn kat puBuuotua) Bpdm
|GF-I (Insulin-ike Growth Factor) Euvmnan auénane/diapoporoinang
SF 1 (Steroidogenic factor 1) ETepoetboyovoc mapdyoveag
[lepiowAnvaptokd kiTtapa;
PMod5 (Peritubular Modulator of Sertoli cell function] Mn-umovovoc TlapakpvIKOC TPOTOMONC TC AELTOUDYIaC TWV KUTTApGY
sertol
Avaatokéac Tou gvepyomom) Tou mhaopvoyovoy (PA-1)
Ouympovextin
Kakhavavo | FTolyein me ekakuttapto Bepehiae ouoiae
Mpureoyhukdvee
1GFa (Transforming Growth Factorja [Tooayawyn avéname
1GFb (Transforming Growth Factor)b Avaatokn auéname

|GF-I (Insulin-lke Growth Factor) Zuvmnonan avénanc/diapopomatnane
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H INPOXAHYH TOY CD A0 KYTTAPA B131.

Metd 15 min omo
TNV EIGOYOYN TNG
0VGL0C 6TO VAKO
NG KOAAEPYELOG
10 Cd

ATOPPOPATOL

Cd concentration (pg/cell)
N

YPNYOPO KOl X ' \ ,
eOavel otV TIUN 0 15 30 45 60

plateau _ Duration of Cd exposure (min)
uetd 60 min.
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HEAATTQSH TOY BAPOYEZ META TH XOPHI'HIH MIAY
AOZHE KAAMIOY ETON APOYPAIO (AOZO-EEAPTQMENH)

CGUERAT R T Rl  °2°7|  CONTROL o= e
J4 4 4 25 mg Cd /kg O w-—w-O / °
LEGO OpO amd o 50 i g e . //
dedopéva 6 20 100 mg Cd/kg asees » / ° /;
: . 15 - e - .
nEpopatolOdmV. vy S Py /i
** »
Eivot ototiotikd = Vil
ONUOVTIKY OV 280 — P R
/4 4 C * *
oLYKPLOEL pE TIC TIHEG / / ..,.3_’/
4 r e a S o rx
TOV TTPOKVITTOVY OTOV /"\.,f ,.o‘i'/’
)4 4 o 7
yivetan cOyKplon ue 260 §=a &
’ L LV s %
TOVC PVGLOAOYIKOVC . % *’,é:
4 R “
paptopeg (p < 0.05) ., T
oox N7
240 = \\A‘. Y ]
J
)
T 17 1 Y1 1 rri1rruri1ri1 11
-1 O 2 4 6 8 10 12 14
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TA XAPAKTHPIZTIKA AOXH2Z-ATTANTHZHX ZE APZENIKOYX APOYPAIOYXZ
META THN EK@EXH 2E XAMHAEX AOXEIX CD.

Xopnyovuevn 66cn CdCI2 (1.6 to 152 pmol Cd/kg
body weight). 14 nuépeg puetd exktipdror n PAGPN wov
&xel mpokAnOel otV avamopaywyiky Aettovpyio.

EPIDIDYMIDES
WEIGHT

40 - VAS DEFERENS
SPERM
CONCENTRATION

[TpocBaArrovtal Aydtepo o1 akdOAovOeC TapdpeTpot:

- = YUYKEVIP®OT) omeppotolmapimv,

- * Bapoc onepratoddymv KOGTEMV,

[ " Bapoc tmv Opyemv Kot TS ETOOLUIS0G

Kol EATTAOVOVTOL GE ovohoyovosa ddon 6.45, 5.30, 4.19
kot 3.45% /~mol Cd/Kkg, avtictoya.

TESTES WEIGHT

% OF CONTROL

Py SEMINAL
VESICLES
WEIGHT

H n\éov 1oyvpn avtidpoaon mapatnpeitar otnv
Teotootepdvn tov 0pov (netd tn dieyepon pe HCG),
n omoio pewwveron pe pvduo 19-22%/pmolCd/kg, ce

P~ hCG STIMULATED
a b SERUM TESTOSTERONE

CONCENTRATION ox€on He Tov paptoupa (n avtictolyn Tyn o1Eyeponq).

; o = LASKEY JW et al. Toxicol Appl Pharmacol (1984).

ACUTE Cd DOSE
( UMOLES Cd/kg, BODY WEIGHT)
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AAAATH TOY OPMIONIKOY THPOMIA

Tayelo eldttwon TV EMTEO®V NG
TEGTOGTEPOVIG OTNV KLKAOQOpia, (Kot TG
QLOIOAOYIKA VPIOTOUEVIIC OAAD KOL OLTNC
mov  AouPdveton peTA TN O€EYEPON NG
gkkplong amd t yovadotpomiviy -HCG).
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[Hapatnpodvtor ctov AvOpmTO Kot 6Tol Uikpd
OnAactikd Tov epyactnpiov. IIpodkeital yio Kowvo
YOPOKTNPLOTIKO TNG 0pAonS TV 3 PapEmv LETAAA®V

(lead acetate, cadmium chloride, and arsenic trioxide)
(Bench et al, 1999). BAantovv kvupimc to DNA ot
onepuatokvTTOpa I Kol amo Ta vdpyovTa GTotYElN
@atvetol OTL 1 OpAo™ ivor AUEGH TOEIKT).
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IN VIVO TO CDCL, ENATElI TON KEPMATIZMO TOY DNA 2TIZ KYTTAPIKEZ
2EIPEZ TOY OPXI KAl AYTO MAPATHPEITAI ZTO XAPAKTHPIZTIKO
MPOTYTNO METANAZTEYZHZ ZTHN NMHKTH THZ ATAPOZHZ.

XopaKTNPIoTIKO TPOTLTO  KAIHOKOC KOTO TN UETOVACTELOT  TOV
kepuatiopévov DNA (ladering) petd ™ yopriynon CdCl, (0.03 mmol/kg
48 h).

H yopfynon evog ynikov mapdayovia o¢ avtidotov (cadmium chelating
agent) evioc tov tpotov 24 h umopel vo, KOTaoTEIAEL HEPIKEG OO TIC

ATOTTMOTIKEG aALO1DGELS ToL DNA.

‘Evac tpomomomtic ¢ PAaPng eivaw to monoisoamyl meso-2,3-
dimercaptosuccinate (Mi-ADMS). Eumodiler Tic 10T0mOO0A0YIKES
dratapoyEg uovov av yoprnyndet evtoc e 1" mpag petd v £kbeom 610
CdCl, .

Av 1 yopnynon yiver apyoTtEPO TAPATNPEITOL TPOOOEVTIKY] ATOIOUNON
100 DNA 6€ 0AtyovoukAE0TIOIKA KAAGHLOTO.
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BIOXHMIKA XAPAKTHPIZTIKA TH2
ANONTQOzZHZ

ur

C@E iy '
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Ewoveg 010 nAekTpoviko
utkpookomio kuttdpav B131 petd
v €k0eom oo Cd.
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C. Pandya et al. Effect of lead and cadmium co-exposure on
testicular steroid metabolism and antioxidant system of adult
male rats. Andrologia 2011,

15/5/2023




ATIOIKT) VTEPOEEId MO

KuTTaptkn BAAPN, n omoia EmAyeTal amd TO OLOLYEOUEVQL
VTEPOLEIOIN LUE GTOYO TOL TOAVOKOPESTO APl OCENL.
2uvnOmg, apyiCel pe apaipecn aTOUOY VOPOYOVOL OO TIG
piCec OH- ka1 to TpokvITOV 01€EVIO avTiopd pe to O2 Kot
oynuatiCel pia piCa vrepoietoiov ROO-, n omoia agaipet
H+ and ta Atmapd o&€a, ONUIOVPYOLUEVIC ETGL LLOC
VTOKOTOAVOULEVIC avTiopaon G EAEVOEP@V PV, N omoia
oV OEV GTULOTNOEL, UTOPEL VO OO YNOEL GTNV KATOGTPOPT
TOV KLTTAPOV.
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O onuoavtikdtePog PAATTIKOC TaPAYOVTOC

gtvan o1 dpaoTikéc popeeg oEvyovov (ROS).

O1 ROS, wuwitepa otav
vrepPaivouv ta
QLGLOAOYIKA Opla 1 OTOV
OEV AELTOVPYOVV T
GUGTILLOTO VALY WOYNG
TOVC, TPOKAAOVV
0EELOMTIKO GTPEC KOl
ETOALYOLVV TNV QTOTTMON
TOV KLTTOPOL

AOY® TOV KEPUOTIGLOV
t0v DNA 1mov tpokaAovv
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XNuepa ival YvooTOC 0 PLGLOAOYIKOS POAOS Kol Ol
maforoyikég anmokAioelg otic TIwEG Tov ROS ot0 onépua.
Xapaktnpiotikd avoeépetol 6Tt Emtmeod ROS > 0.0185
X 106 ¢oToVIo. 0.va MIN vTodNAdOVOLY

OVOPLKT] VTOYOVIHOTITO.

Agarwal A, Makker K, Sharma R. Clinical relevance of

oxidative stress in male factor infertility: an update. Am J
Reprod Immunol 2008; 59: 2-11.
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H napaymyn ROS and ta oneppoatolmapio, ueEYPL EVOC
OPIGUEVOL EMITEOOV, EIVOL OTTOPAITI TN Y10 TIC PUGLOAOYIKES
AEITOVPYIKEC OPUGTNPLOTNTES OVTAOV, OTTMC :

*TNV aVTIOPAUCT] TOL AKPOGMOLATOG,

*TNV EVEPYOTOINGT,

*TNV KIVNTIKOTNTA,

*TNV OPILOVOT GTNV EMOOV IO,

*T1 PLGLOAOYIKT] GLYKEVTPMGT) KOl

*T1 YOVILLOTIOIN G
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H ocvveyng mapaymyn ROS yiveton ota pitoyovopia, to
onoia wailovv Pacikd poLAo ot pLOULICT] TS OTTOTTMOGNC
GULOMOVO UE VOl LOVTELO OV TTEPLAaUPdveL 3 GTadLa:

Evepyomoinomn t@v 00®mV HETAYMYNC TOV GNUOTOG
(pvOuiletor amd Ta LEAN TNG OIKOYEVELNS TMOV
npoteiviov BCL-2).

Alatopoyn) TS OUOLOGTAGTG TMV UITOYOVOPI®V Ko
OLOPLYT OTO KLTTOPOTAACLO TPOTEIVOV TOL O
EVEPYOTO|COLVV TIC KAGTAGES EVM TOUPAAANAQ
LETAPAAAETAL 1] ULTOYOVOPLUKT] LETAPOPD TOV
NAEKTPOVI®V, 1 0EEIOMTIKT] POGPOPLAMMGT] Kl 1
moapaywyn ATP.

Evepyomoinon tov KaoToomV Kol TOV VOUKAEACHV
mov Ba TpoxaAEécovy Tov Kepuatiopo tov DNA
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Induction

bax
bcl-xS

bak

bad

Nbk

ced-3

ced-4

Ice
ich-2/TX/Icerelll
lcerellll/TY
CPP32
Ich-1/Nedd-2
Mch-2
Mch-3/ICE-LAP3

Inhibition

bcl-2
bcl-xL

mel-1
Al
Ced-9
BHRF-1
LMW5
bcl-w
E1B-19K
CrmA
Ich-LS
P53
Icee

Regulation

P53
c-myc

warf-1/cipl
E2F
c-fos
jun
Fas/Fas ligand
cdc25
ces-2
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Tpo-KuoTioY 9 3
Evepyomowmpévy
Koo mioy 9

AIIOIITRENQMA
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>HMEIO XQPIX EIIIXTPO®H

- Kaondoec SKTSKSGTéi (3,6,7) otov mupnva
- Avbomaon tov ICAD
CAD (Caspase Activated DNase)

\J
Kepuoatiopog too DNA

- KapvoAivon
=
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Ta prtoyovopla dloyKmvovtat, TO dLVOUKO NS LeEUPpdvng
TOUC EAUTTAOVETOL KOl AVOiyouVv TOPO1, 01 OTTO10L AEITOLPYOVV
®G OLOWAOL 1OVTMV.

Awapevyovv 610 KutTapomiacua ROS kol Ca2+ evo
TOVTOYPOVO OVACTEAAETAL 1 AELTOVPYIOL

TNG OVOTTVEVLGTIKTC 0ALGIO0G Kol Ta emimeoa tov ATP
LLELWVOVTOL.

Av10 €yl AUECO AVTIKTUTTO GTI POGPOPVAIMGT) TOV
TPOTEIVOV TOV ACOVIULOTOC KOl OALOIMVEL TNV TOLOTI T TOV
GTEPUOTOC .
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piles =plel Eziofedlnleh):
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(A) PRIMARY SPERMATOCYTE WITHOUT DAMAGE IN ITS DNA,
(B) PRIMARY SPERMATOCYTE WITH DAMAGE IN ITS DNA.

JTMEPUATOKUTTAPA OTO 0TAOIO TNG TAXUTALVIAC ATTOHOVWHEVA ATIO
OpXelg apoupaiou. H BAABN tou DNA (tail length) eAéyxetatl pe Tnv
gpappoyn tng avtidpaong single cell gel/comet.

MeyaAutepn BAABN mapatnpeital yeTd tn Xpovia €kBeon (13
eBOOPADEC) oTa TOEIKA PHETAAAQ.
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[Mpwrtapivwon: H ouummukvwon TG XpwHaTtiving Twv
oTrEPUATOlWAPIWY
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ROS in the aging male: Model diseases with ROS-related pathophysiology

Roxani Angelopoulou*, Giagkos Lavranos, Panagiota Manolakou

Deparement of Histology and Embryalogy, Faculty of Medicine, Nerional and Kapodistrion University of Athens, Mikras Asias 75, Goud! 115 27, Athens, Greece

ARTICLE INFO ABSTRACT

Articie history: The aging process is a complex biological phenomencn that can be attributed to several mechanisms.

damage in a variety of o

Keywords:
ROS

can be traced back to oxid,

ROS (reactive oxygen species) activity is widely considered one of them, as it is associated with extensive
s. Forexample, the gradual decrease in fertility often accompanying aging males
ive stress, since ROS are released throughout life from the mitochondrial
respiratory chain, Cumulative intracellular damage a5 a result of the increased ROS concentration affects

{ rm aerchic metabolism and, owing to blood cir

ulation, anaerobic tigsues as well.
nflammation and lack or incapacity of antioxidant enzymes
distortions that characterize agi ally, the particularly

elevated number of adult men that show, among others, a gradual deterioration in reproductive functions
suggests & central role of ROS generation in senescence in general and male

n particular,
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Reactive oxygen species (ROS), as the name suggests, are chem-
ical structures, stable (less common) or transient [typically), based
an the atom of cxygen, which mediate extensive biclogical inter-
actions when they come in contact with biological tissues. These
structures may be produced within an organism, as a result of
conventional biochemical processes or, alternatively, they may be
attributed to external stimulation by a variety of physical, chemical
or biological factors of the environment. Evidently, the process of
ROS production is based on an endogencous reaction, in which water
or axygen bound to organic complexes are converted to 2 number
of high-energy products, which in turn alter covalent bonds in a
number of organic substrates in the intercellular and intracellular
environment. Therefore, although molecular oxygen and water are
not ROS themselves, their vast presence in virtually every evolved
life form constitutes the basis for the extensive damage caused by
ROS action, when the tissues are exposed to some form of energy
bolus.

From a chemical point of view, any form of oxygen contzining a
non-bound external electron is highly unstable and capable to react
with a variety of organic substrates. These forms of oxygen are free
chemical radicals and, as their chemical behavior suggests, they
are a kind of ROS. However, one should not suppose that all ROS are

free radicals, since such a definition would exclude substances like
hydrogen hyperoxide, the biclogical effects of which are identical
to those of other ROS that include a non-bound electron. such as
hyperoxide anion. As a result, the current ROS definition remains
a functional one, based on their effect on biological tissues, while
free radicals are specifically defined by their chemical structure,
regardless of their activity in organisms.

Although a large number of ROS have been described in vivo and
in vitro, models of tissue damage have been developed based on the
reproduction of the effect caused only by the most commeon medi-
ators. The latter mainly include H; Oz, Oz=, OH=, ONOO= {the mast
toxic product) and HOCI, while any oxidized organic compound is
symbolized as R™.

2. The role of the mitochondria

Although ROS may be produced in a number of ways, both in
the body and in the external environment, the majority of them
are derived from random phenomena that take place in the inter-
nal membrane of the mitochondria, where the enzymes involved
in respiration and ATP-production are located. The process requires
the transfer of electrons across the membrane, until they are bound
to oxygen atoms. In the end of the sequence, the addition of hydro-
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Otav apyilel N owepUATOYEVEDT,
TO YEVVNTIKO KOTTOPO!
GUYKPOATOOVTIOL LETAED
npookeipevov kottdpwv Sertoli.
KéOe xouttapo Sertoli
VTOGTNPICEL TNV AVATTTLEN
GUYKEKPLUEVOL aplOuov
CTEPUOATOYOVIMV KO, GUVETMOGC, O
apOpnoc Tov kuttapwv Sertoli
ava opytL, Kabopilel To UEYIGTO
aplOud TV TOPAYOUEVOV
onepuotolmapiomv.

15/5/2023



15/5/2023



Exkkpimikg mpoiov
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H amdvenomn tov opyikov 16tob oto cadmium chloride
KOLTA T1) O1APKEL TNE avamTTLENC (EUBpLO apovpaiov)

- Alatopayn Tov aplOpol TV YEVVNTIK®OV
KOTTAPWV,

-AVOUOAT LETAVAGTEVGT) OVTOV GTIG
YEVVNTIKEC OKPOAOPIEG

“OVOLOAOG 0plOUOC OPCEVIKDV YOUETOV KOl

-(KOTQ GLUVETELDL ) VTTOYOVIULOTNTA.
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TENNHTIKA KYTTAPA STON EMBPYIKO OPXIT
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[KYTTAPIK@I MAHE@YZMOI ETON EMPYﬁK@}
OPXI
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PRIMORDIAL GERM CELL POPULATION OF THE

UNDIFFERENTIATED GONADAL ANLAGEN
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H ANAPOI'ONO-EEAPTQMENH AIA®OPOIIOIHXH TQN
EXQTEPIKQN KAI EEQTEPIKOQN 'ENNHTIKQN OPTANQN TOY
APPENOX

A Sexually indifferent Male

Gonad

- Epididymis
Mesonephros —&-=

Testis

Mallerian duct

Vas deferens
Wolffian duct

Seminal
vesicle
Urogenital
sinus

Prostate

ANDROGEN-DEPENDENT TISSUE FORMATION
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ANAAOTTA SERTOLI KAT TENNHTIKSN KYTTAPSCN
ATTO TH F'ENNHEH MEXPT THN "HBH
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ANAIITYEH TOY OPXI META TH I'ENNHXH

Kurrapa
Sertoli

AIGPETOC
1I0TOC

- Fevvnnka
KUTTapQ

Mévvnon Mpo-nPIko oradio Opipocg
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H MAPAIFQIrH THZ TEZTOXTEPONHZ AMNO TOYZX EMBPYIKOYZ
OPXEIZ

® Ot guPpuikoi 6pyelg TapAyovy TEGTOGTEPOVN OO TNV 8"
Ewg v 37" gfdoudda g kdmong otov dvlpwmo Kol and
v E15.5 - E21.5 6tov apovpaio.

® Avt n mepiodog ivon e€onpetikd onuoavtikn oot yiveton
N OPPEVOTOINGT] TNG AVOATAPAYMYIKNG 0000 Kol ETOUEVMG
n Owgopomoinon TV  £oOTEPIKOV  (EmMOOLUId,
OTEPUATIKOG TTOPOC, GMEPUATOOOYES KVGTELS, TPOGTATNG)
Kol ToV e£mTeEPIKOV (TEOG, OCYED, TEPIVED) YEVVNTIKOV
0pYAVOV.
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SYTKPIEZH TOQN EIMIIEAQN THY TEXTOXTEPONHYE XTON
ANOPQIIO KAI XTON APOYPAIO

® Zta EuPpva ko o veoyvd Tov avOpmmov (0TmS Kol GTOV
aPOLPOL0) TAPATNPOVVTAL 2 OLYUES OTA EMIMES TNG
TEGTOGTEPOVIG.

® H In oyun perpdror katd o 20 Tpipnvo g KOMens Kot 1 2n
Kotd To 1o €tog ¢ Cong.

testosterone

Testosterone in fetal and neonatal humans

Testosterone in fetal and neonatal rats

testosterone
(ng/g)
o -
ol ;1N

T T T T T

17 21 22 23
dpc-dpp

25

27
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Fetal testicular
concentration (ng per testis)
Increases testosterone

In line with mean fetal body
weight (dotted line) between
el5.5 and e21.5;

Red dotted line represents
mean ovarian testosterone
concentrations from
el7.5 females.

ng testosterone per testis

e15.5

e17.5

e19.5
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H appevomoinon ota
éuppva Tov
apPOVPUELOV YIVETUL
netoév E15.5 and
E19.5.

AGD (n améoctaon
RETASY YEVVITIKOU
POHOTOC KL
TpwkTov-anogenital
distance).

Xpovoroyiko OLGypaUULe TG AVATTVENC TNC YEVVITUKNC
0000 GTOV AVBPOTO Kol TOV CPOVPUio GE CUVOLUTUO UE
TNV TOPAYDYT) TEGTOGTEPOVTC,

(embryonic days) (postnatal days)
15 16 17 18 19 20 21 Birth d20 d30

, HEEEE N
. Early window E Middle window | Late window

Transabdominal Inguinoscrotal
testis descent testis descent

|

Wolffian duct present Wolffian duct morphological differenﬁation>

/
S.V.
/ apparent \
uUGs Prostate
present forration Prostate morphological differentiation >

y | A
Urogential

tubercle Penis differentiation
present

A TL\

Urethral Urethra
folds Uretheal reaches ticular

fike development | " o testosterone

AGD increases in males >

10 12 14 16 18 20 22 35 37
Human (gestational wks)
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® O guPpuikoc opyic mapayer 3

OLIPOPETIKES OPUOVEC: E13.5 embryo

1. TeotooTepovn:

< OLLPOPOTTOINGT TOV TOUPAYDYDV TV
nopwv tov Wolff — sl

< EKQVUAIGT TOV KPEUAGTIPO GVVOEGLLOV ~— Gonad
g wobnkmg (Cranial Suspensor ’ Gubemsculum
Ligament — CSL).

2. Avti-MvAAdépero Opuovn (AMH), 1) Testosterone - CSL
YL TNV EKPVALGT) TOV TOPWV TOL / \leﬂreasmn
Miller. 2) Insl3 - masculinization

gubernaculum

3. Opogon TS tYGOVAIVIIS TAPAYOVTU,
3 (Insulin like factor 3 - INSL3),
Yo T Ao mg OLOKOIALOKN G
KOO0V TV OpYEMV.

.07

— Qvary
® Ko ot 3 opudveg, eundékovion otnv Testis--..
K000 TV OpYE®V GTO OCYED UE —— Gubernaculum- =
EVEPYOTOINGT TOV UETAYPAPIKOV
nopdyovta Liml. Ta avdopoyova eivon E17.5 female E17.5 male
anapaitnTa Yo T fovPovikn edon
¢ KaBooov.
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