avamapaywyikn Agrovpyia r0L-avépa
(BLPEOEISIKEG OPHOVEG, ETTIVEPPISIAKOG
afovag, OPUOVES YATTPEVTEPIKOD) 1



OYPEOEIAIKEX OPMONELX
KAl ANAPIKH

ANANAPAIQIH



FENIKA

Mpiv Tn Sekaceria Tov '90 : testis, a thyroid hormone
metabolicaly unresponsive organ (Barker &
Klitgaard, 1952 Oppenheimer et al,1974)

» Thyroid Hormone and Male Gonadal Function

Jannini et al,(Endocrine Reviews 1995) : «H
KAQOOIKN LITOOEO OTI O EVNAIKOG OPXIS Sev
ATravra oTiG OLPELOEISIKEG OPHOVEG, Sev
vmmooTnpeiferal ma. To oTTEPUATIKO £mMORAIO TOL
TPoEPNPIKOL OPXI UTTOPEI va BewpnOti évag
KAIVOLPIOG OTOXOG TGV THY.

AvTo emipePpaiwveral amo

Mapovoia mupnvikwyv bIrodoxewy TV TH (apxika)
ota Kutrapa Sertoli (wika povreéAa)

In vitro kai in vivo §paceig 1iIg T3 o€ TOAAQ emiTTedSa
TNS A&ITOLEYIAG TOL OPXI



YNOAOXEIY ©OYPEOEIAIKQN OPMONQN XITON
OPXI ({wika povreAQ)

» TH : BioAoyikn §paon HEO® OLVEEONG HE TOV EISIKO TTLPNVIKO
vmmodoxéa TR (ligand-dependent transcription factors)

5 1copoppég TRal,TRa2,TRa3 kai TRB1,TRB2 (TENOMIKH APAXH)
» Eupuika kai evihika kotrapa Sertoli :

HEyioTn ékppaon TRal Tehika oradia euppvikng JwNng Kai
VEOYVIKN TTEPIOS0 : avTa gival Ta Kbpla KOTTapa otoxog Tng 13
otov opxi (Jannini et al 2000)

» Evepyég TR 1ocopoppég (TRal,TRP1) : ora kutTapa Leydig, ota
MEPICWANVAPIAKA KOTTAPA Kal OTA YEVVNTIKA KOTTapa TO0O
OTOV VEOYVIKO 000 Kal oToV €vAIKO opX! (Rao et al,2003) =
IKavoTnTa obvdeong/Spaong T3 oTtov eviAiko opxi (Canale et
al,2001)

» EmOnAiaka KOTTapa amo TRV emdusdipida movrTikioL ekppalovv
opHoVIKoLG vrrodoxeic TRalkal TRP1

» ITnv KLTTapikn o&pda PZ HPV-10 mou mpoépxeTal amo
TMPOCTATIKO 1010 ekPppaderal TRP1



MH TENOMIKH APAXH OYPEOEIAIKQN
OPMONQN XITON OPXI ({wika povTtéla)

> IOvéeon pe TAAOUATIKN HEPBPAvVN, KbTOTTAQo A,
KOTTAPOOKEAETO, opyaviAia (HiTaxovépia)

» Tpnyopn épdon, xwpis SiapecoAapnon
HETAYPAPIKDV/AVACTAATIKQV TTAPAYOVTROV

> Imepparolwapia : avénon ocvveeong cAMP,
ameAeLOEpWOoNG Catt=m EMNPEAlel KIVNTIKOTATA

> T3 kai T4 : LTEPTTOA®ON KLTTAPIKNG HEPPPAVNG
KLOTTapwV Sertoli péow SiavAwyv K*

avénon mpooAnwng apivoéewyv (Menegaz et al,2006)
In vitro mpooOnkn T3 o€ OpPXI TTOVTIKIOL TTIPOKAAECE

PWOOPOPLAIDON BIHEVTIVNG (KLTTAPOOKEAETIKN
mpwTeivn-yoppoAoyia) (Zamoner et al,2005)

avénon GLUTT mRNA (kaAAiEpyEleg awpwv
KUTTCIpG)V Sertoli ) — mpoo@opa lactate ota
YevvNTIKA KOTTAapa (empicoon)



META®OPEIX OYPEOEIAIKQ2N OPMONCQN
1TON OPXI

> Aladedopévn amown oTl o1 OLPEOEISIKEG OPHOVES
SiEpXovTal TNV KLTTAPIKN YEUPPavn pe TadnTikn
Siaxvon (MTTOPIAEG)

> AvayvepioTnKAV OIKOYEVEIES SIAUEUPPAVIKV
HETAPOPERDV : monocarboxylate fransporter (MCT)8
kai 10, organic anion-fransporting polypeptides
(OATPs) HE LYNAN OLYYEVEIA YIA OLPEOEISIKEG
opHoveg (Visser et al,2008)

» OpXIKA KOTTAPA avOpwIToL Kal TTOVTIKIOL : gonadal-
spesific transporters (GST-1 ka1 GST- 2) péAn Tng
oikoyeveiag OATPs (Suzuki et al,2003)

Ekppalovral ota Kuttapa Leydig, kutrapa Sertoli kai
YEVVNTIKA KOTTAPA

» EmmAéov

Kotrapa Sertoli kal yevvntika kotrapa (kai
gykepaAiika korrapa): OATP3A1-V1 OATP3A1-V2
(Huber et al,2007)

KOotrapa Leydig : OATP-F (uetagpépel T4 kal reverse T3)
(Pizzagalli et al,2002)



EKDPAIH AMNOIQAINAIOQON ITON OPXI
(Cwdika povreAQ)

» H 6paor| TV arromo&vaooov oTA OPYAvad OTOXOLG
gival Kpioiun yiari Kaeop|§£| TN S1a0eoIuoTNTA
(Tomkd) TnNG evepyoL OPHOVNG

» ITOV OpPXI eKppaldovral Kal ol TPEIS amoiwdivaoces : D1
D2 ka1 D3 amo Tn vnmakn nAiKia Jexel Kai Tnv
gvnAiko Zon

» Avamroéiakn mepiodog : mpoe€apxel D3
» MMpoepnPikn mePiodog (KPioiun yia TRV avanTtuén Tov
opxl) : mpoe€apxel D2
OLUTTITITEI HE TV LYNAN EKPpaon TV TR (Jannini
et al,2000)

> EvnNKog OPXIG TTOVTIKIOU : bWNAN ékppaon D2 oTIg
EMIPNKEIS OTTEPHATIOES (Wagner et al 2007) aAAa oxi
TA LITOAOITTA CTIEPUATIKA KOTTAPA N TA Kunapa
Sertoli (6paon T3 &8ika oTnV oMEPHIOYOVIKN paon?)



OYPEOEIAIKEL OPMONEL KAI OZEIAQTIKO

STRESS

» O1 BvpeoeISIKEC OPHUOVES oxan(ovral HE TNV £TAY®YN
o§£|6coﬂ|(ou stress o¢ |oToug OTTG ayl(scpa)\og,
Kapdiq, aiga, HLIKOG I0TOG, NITApP Kal OPXEIS

» ROS : Reactive Oxygen Species

» O&adwT1IKO stress : otav n mapaywyn ROS vrrepPaivel
TNV avTio§aSWTIKN IKAVOTNTA TV KLTTAPWV

» O OopXIC LITEPOLPELOEISIKOL TTOVTIKIOL eKPppalel
avénuévoug (evLHUIKOLGS Kal pNn) avTio§eISWTIKOLGS
mapayovreg : glutathione peroxidase (GPx),
glutathione reductase (GR), glutathione-S-
transferase (GST) and catalase (CAT) — vmmodeikvoel
avénuevn mapaywyn ROS

» YToOLPEeOLISIOUOG : HEIVEI EMITTESA AVTIOELISWTIKDV
TTAPAYOVT®V



APAIH ©OYPEOEIAIKQ2N OPMONCQN 1ITA

KYTTAPA SERTOLI (1) (Zedika povriAa)

» Ta korrapa Sertoli mapéxovv vrooTAEIEN OTA
vevvnrika Kotrapa (Sertoli/germ cells:1/11)

» O 1eAIKOG apIBuog TV KutTrapayv Sertoli sival
KPIoIMOG Yia TO PEyeBoG ToL OPXI, TNV NUEPNTIa
TapaAywyn omePUATog Kai Tn (MEAAOVTIKN)
yovigornta

» 2 paoceg avantuéng KurTapwv Sertoli
|. ®aon moAAamAaoiacpou (mavel oTnv epnpeia) :

EK<ppq§ovm| ol &¢ikteg AMH, apwpuaraon, nevtral
cell adhesion molecule (NCAM~ aAAnAemidépaon
ME YEVVNTIKA KOTTAPA OTIC OMEPHUATIKES XOPSEC)

T3 karaoTéAAEl TOV TOAAATTAQOIAOUO TGV
kutrapwy Serfoli (ev pepel avaoTéAAovrag Tov
KOTTAPIKO KUKAQ) =y KATAOTEAAEI TNV EKPPACH
TV SEIKTOV



APAIH ©OYPEOEIAIKQ2N OPMONCQN 1ITA

KYTTAPA SERTOLI (2) (Zedika povriAa)

ii. Paon wpipavong :

Xapakrnpileral amo HOPPOAOYIKEG AANAYES OTOV
TTLUPNAVA, ATTWAEIA IKAVOTNTAS TTOAAATTAACIACHOV,
OXNHUATIOHO SIAKLTTAPIKGDV CLVAYEDV

Ekppalovral p27-Kip1 kai p21-Cip1 (avaocTtoAsig
KOTTAPIKOL KOKAOVL), Connexin 43 (n mo siadsdSopévn
MEWTEIVN TV ouvayewmv), AR

» T3 mpoaysl wpigavon T@V KLTTapwy Sertoli —— avfavel
TOLG SEIKTEC WPINAVONG O& KLUTTAPOKAAAIEPYEIES

» T3 odnyei oe remodeling TG Pacikng pepPpavng TV
OTEPHATIKOV owAnvapiav ( avénon ékppaong
laminin/entactin, peicoon ékppaong type IV collagen) o¢
KOTTAPOKAAAIEPYEIES



APAXIH ©OYPEOEIAIKQ2N OPMONCQN XTH
LMNEPMATOIENEXH

FSH Ta

Cell membrane
Nucleus v L

Germ cell membrane nucleus

(fast) (slow)
T3 %%b T3 > L < . . 5
—% SPEFMatogenesis
\' SERTOLI */
Cytoplasm

CELL
LoD

LACTATE =— IGF-

Sertoli cell

T3 %%. Rad /B /2 ======3 Proliferation

— Differentiation

= Adhesion to gonocytes

Fic. 5. Sertoli-germ cell interactions. The Sertoli cell is stimutated by
FSH and T, to take up glucose and to produce lactate through a
fast-membrane and a slow-nuclear signaling, respectively. The first
does not require de novo protein and mRNA synthesis, while the
second does. The lactate produced is essential for germ cell survival.
Both hormones stimulate IGF-] synthesis by Sertoli cell, which can
act as an autocrine factor to increase lactate production, and in a
paracrine way to stimulate the replication of mitotic germ cells, Data

La \/ignerg et al,2017/ were compiled from Refs. 130-134, 141, 159, and 160.

Jannini et al, 1995




APAIH OYPEOEIAIKQ2N OPMONCQN 1ITA

KYTTAPA LEYDIG(1) ({diké povTéAaQ)

» 2 Siakpitoi mMAnOuvopoi KLTTapwWYV Leydig
Eupuika kOT1TaPAa Leydig

EviAika kotTapa Leydig (Siagpoporroiovvral HeTa
TN YEVVNON QIO HECEYXLHATIKA TTEPICWANVApPIAKa
mpoSpoua KOTTapa)

» T3 Sieyeipel TNV évapén TS Siapoporoinong TV
HECEYXLHUATIKDV KUTTAPWV TTPOS
oTepoiSomapaywyo KuTtapo Leydig, otov
MPOLPNPIKO KAl OTOV EVAIKO OPXI TTOVTIKIOD
(8paon ave€aptntn amo tnv LH)



APAIH OYPEOEIAIKQ2N OPMONCQN 1ITA

KYTTAPA LEYDIG(2) ({cdiké povTéAaQ)

H BupeoelSikn oppovn emnpeadel Tn oTEPOISOYEVED
» Xopnynon oééwg T3 (8h) o¢

Cholesterol

KaAAIEpyelg KuTTapwV Leydig

TTOVTIKIOV, 08NYNOE O¢ et

avénon Tov evCLOHoL STAR Hexeieee

> Napareragévn xopnynon
(30h) :

l. MpokAAeoe peidON OTNV EKPPACT a5

ToL StAR aAAa kai Tov 3p HSD

Il. Meicdooe TNV Mpoodeon TNG

P450c17

17 OH-Pregnenolone 17 OH Progesterone A4

P450c17 J PA50c]]

hCG péce §pAcNS GTNV TEPIOXNA Dehydroepiandrosterone Androstenedione

17BHSD l 17pH3D
3BHSDII

Androstenediol —— Testosterone

LH-R gene promoter



OYPEOEIAIKEZX OPMONEL ITON QPIMO OPXI

(Cwdika povreAQ)

» O XpOVIOG LITOOLPEOEISICHOG ATTO TN YEVVNON HEXPE!
™mv evnAiKioon oxerideTal pe Kaeuorapnuavn
wpipavon, silarapaxn omEPUATOYEVEONG, ATTOTITAON
YEVVNTIK®V KLTTAP®YV, EKPLAIOT CTTEPUATIKOL
emOnAiov, PEidOON SIAPETPOL CTTEPUATIKDV
owAnvapiov (UEPIKMGS AVTIOTPENTA HE OeparTreia pe
T4)

» O1 Bvpeocidikeég oppoveg Siadpapartifovv onNUAVTIKO
POAO OXI HOVO OTnV avamTuén ToL 0PXI AAAG Kal OTN
S1atnpnon puLOIOAOYIKNG OPXIKNG A&ITOLPYIAG

Kamoieg amo 1iIC aAAayEG OTOV OpPXI MTTOPEI Va
oxeTiCovTal HE TIG CLVLITAPXOVLOEC OPHOVIKES
Siatapaxeg : peiwon ornv ékkpion GnRH, LH, FSH,GH
Kail Testo




O©YPEOEIAIKEX OPMONEL ~ANATNAPATIQrikKH
OAOL- ENMIKOYPIKOI AAENEX

» Em&ISLHISa : voBupeoaiSionds ota movrikia

odnysi o€ peIUEVO BAPOG , HeEiwon TPOooiag
TPOWONTIKNG KIVNONG OTa cnspparogwapla oTnv
oLPQA, PEION EKKPITEWY (O1aNIKO 08V,
YALKEPOPWDTPXDTLOAOXOAIVN, KApPVITivN)

erappCITlKog MOPOG : n BupeoeISikn opuovn oTa
TTOVTIKIa £MAYEl TN CLOTAATIKOTNTA WG ATTAVTNON
oTnv mpoortayAavsdivn E2

ITTEPUATOSOXOI KOOTEIG Kal rrpoommg

ClG&:VCIQ LTTOOLPEOEISICHOG OTA TTOVTIKIA O8NYEi O¢
HEIUEVO BAPOG Kal S1aPOPOTTOIEl TOV HETABOAICHO
TGV YALKOTIPWTEIVGYV, HE SIAPOPETIKO TPOTIO, OTOLG
AoBolG TOL TTPOCTATN

YmroOupeo&ibikoi avépeg : HEIUEVOG Kivouvos Ca
MPOOCTATN VS ELOLPEOEI IKOI

Acv £xel PpeOcei cvoxeTion vrePOLpPEoEISIoUoL/ Ca
mPOCTATN




YNEPOYPEOEIAIZMOL XTOYX ANAPEL-
OPMONIKEL AAAATEL

» Av&non SHBG mov oénysei oe av€nuéveg Tipég T-TeoTto

» f-Testo mapapével oe puoioloyika emimeda alAa n Piodiadioiun T

vV v v Vv

gival JEIMEVN
H oioTpadioAn Bpiokeral av€nuévn

avénuévn apwparormoinon testo oe oiloTpadioAn oTnv
mepipépeia (LITEPSLVAMIKN KATAoTAoN, ALENON TPOTPOPAg)

Testo/E2:peicdpévog

yuvaikopaoTia (ocuxvo ebpnua)
AbEnon oTtn obvOeon prog Kai oTn perarpotmn Prog to testo
Meawpéveg Tigeg T-Chol kai LDL-C
YrrepPoAikn arravinon tng LH kar FSH otn xopnynon GnRH
AupAvpévn amavinon otn xopnynon h-Chorionic Gonadotropin



YNEPOYPEOEIAIZIMOZL XTOYX ANAPEL-
LMEPMATOIENEXIH KAI TONIMOTHTA

» MeploplopEvOG apIOUOG HEAETV
» Koplo ebpnua ol Siatapaxég oTnv KivnTiKOoTnTA
» OAlyooTtepHia Kal SIaTapaxeéS HOPPOAOYIAS o€ KATTOIEG ATTO ALTEG

TABLE 2. Characteristics on quality of sermen

No. of
patients
First author (Ref.) vestigated Results
In thyrotoxic men
Clyde @5) Two had severe and one had borderline oligospermia; all had decreased
sper
Fidd (46 All had sperm counts less than 40 % 10% per ml.
Hudson @7) Sperm dersities were low, but not different from cn:untrn:uls.'as

significantly lawwer in hyperthyroid patients.
Abalavich (6) Mine patients had decreased sperm counts; 18 patients had decreased
sper
Krassas (43} Mean sperm densities were low but did not differ from cortrals. Sperm
@s significantly lower in hyperthyroid patisnts.
T oty o T

Griboff (92} Maormnal sperm count. Semen exposure to room air produced loss of
spermmotility in two patients.

De la Balze (93) Histalogical abnormalities found in all in testicular biopsies.

Wortsrnan (94 Seven of eight patients showed varying degrees of testicular atrophy.

Corrales Hernandez (95) Mo abnorrmalities found.

Jaya Kurnar (96) Five of eight patients had sperm analyss done. Mo ariginal data.

Krassas (97) Marphology was the only sperm parameter significantly affected. Matility Krassas et al,
was also affected, but differences were not statistically significant. 2010




YNEPOYPEOEIAIZIMOZL XTOYX ANAPEL-
LEEOYAAIKH AEITOYPTIA

» O Urrspeupaoal&opbg gnupépu HPT Axis HPG Axis
5|0qu0Xég oTn C£§000A|K|'1 & Hypothalamus «< Hypothalamus +=+

Asitovpyia (TTapd Ta puoIoAoyIKa é: @:@
emimeda f-Testo) :

Pituitary e===d;

- ITOTIKN SvoAsiTovpyia (g 70%

Megative Feadback

TV TTACXOVT®WV)

w Thyr0|d Gland

- Meiwpévn libido
- Mpoiyn ekomepuanon
- KaBvoTepnuévn ekomrePUATIONn

» AVTIOTPEMTEG YE TNV EMITELEN .
£VOLPEOEISICUOL (HEYAALTEPN ey C
avTamokpion TNV TPGIUN Ty O
ekomepparnon : amo 50% oe 15% ~ ; —
TTOCOOTO AVTIOTOIXO TOL YEVIKOUL I ycld Dieaso on sexua

'IT)\I’]GDO'”O(J) Gabirielson, A et al. Sex Med Rev, 2019



YNOOYPEOEIAIZMOL XTOYL ANAPEL -
OPMONIKEL AAAATEL

O LITOBLPEOEISICUOG Eival AIYOTEPO CLXVOG OTOLG av5pag (ooprmKa ME
TIC YUVAIKEG) Kal N EMSPACT) TOL OTNV AVATIAPAYWYIKN A&ITOLEYIA gival
AlyOoTEPO opaTn

Mceiooon otnv SHBG, T-TeoTo, f-Testo 010 60% TGV TTACTXOVTWV

'Hma avénuévn prolactin, ekT0G £€av 0 LTTOOLPEOEISICUOG cival coPapog Kal
TMAPATETAPEVOG

DLOIOAOYIKA EMITIESA YOVASOTPOPIVAV, AAAA MEIOUEVN ATTAVTNON OTN
xopnynon GnRH

YmrepPoAikn amavinon Tov Kurtapov Leydig otn xopnynon h-Chorionic
Gonadotropin

TLUTTEQACUATIKA, TO AITIO TOL LITOYOVASIOHOL TTOL OXETICETAI PE TOV
MTPWTOTTAONn LITOBLPEOEISICUO, PaiveTal va eSpaleral oe LITOOAAAUIKO N
/KAl LITOPLOIAKO ETTITTESO

NpwTtomadng (mapareTapévog) LITOBLPEOEISICUOS OTNV TTAISIKNA
(TrpoepnPikn) nAIKia :

EmpPBpadovon avanrtuéng, yetaPoAég otnv ékkpion GH, vmmoékkpion ACTH
( av kai kKopTITOAN TTapaApEVEl PLOIOAOYIKR)

odnyei oe mPp®IYN N KaBvoTepnUeévn ABN




YNOOYPEOEIAIZMOL XTOYL ANAPEL -
LMEPMATOIENEXIH KAI TONIMOTHTA

>  YmoBOupeo&ISIoUOG : SLOHEVN EMMTWON OTN OTIEPUATOYEVEDT HE KLPIA
TTAPAUETPO TNV HopPoAoyia TV omepuaTtolwapinV

» Edv eykaraota®si vepis otn ¢, Kal Eival coBapog Kal TTapaTeTapivog,
odnyti o¢ 10TOTTAOOAOYIKES SlaTapaxES (OGS pavnKe amo Pioyieg

OPXEWQ)

>  YmoOuvpeo&ISIoUOG HIKPNG SIAPKEIAG, HETA TNV pnPeia, Sev TTPOKAAE
Siarapaxég oTo orrappa E IKAVES VA TIPOKAAECOLY LTTOYOVIUOTNTA)

> Kamoieg peAéteg oLOXETICOLY TNV TTAPOLOIa BLPEOEISIKEV
avtoavricwuatwyv ( TPO-ab) pe acBevolwoomeppia (cuvomapsén
OTEPHATIK®V ALTOAVTICWHATDV? )

TABLE 2. Characteristics on quality of sermen

No. of
patients
First author (Ref.) investigated

In hypathyraid men
Gariboff (923 ) Marmal 5 |:wrrr1 IHIJrlt 5 ermen ex poEUre to roam air |:|rm:|u| ed |oss of
wid patients.

De la Balze (93) :
'.' lortsrnan (94 ': 8 Seven of eight patients showed '-a'ar_.,.'ing degrees of
Mo abnormalities found.

Five of & atients had sperm analyss done. No ariginal data.
e e U ST S T S Krassas et al,
2 the only sperm parameter significantly atfect ed. Motility 2010

was also affected, but differences were not statistically significart.




YNOOYPEOEIAILMOL XTOYL ANAPEL-
LEEOYAAIKH AEITOYPTIA

> Y;roeupsoal&ouog OXETICETAI HPT As HPG Ais
H {L,F:% ypnthﬂamus - Hypothalamus ==
Alatapayég libido,oToTIKN ey |
SuvoAsiTovpyia, TTHH R S Y
KabuoTepnuEvn -
ekotrepuaron (g 64% tov A
TACXOVT®V) 't”"'”"” -

Neoiun akcmpuaﬂ
(xapnAa mooooTa 77'5

» BapuTepn Siatapaxn : n
OTOTIKN 8uc)\£noupqu

Megative Feedback

'y

- ___-____-__-.J.____

w Thyroid Gland

CIVGO'TpillJll.lr] ME TV CIYG)YI'] ------1
UITOKCITGO'TGO'I]Q
. g Deicinsg e— .1
» Oa pymopovoe va amodobdsl ]
Itn peiwpévn f-Testo?
Fatigue
Maod Disordery =g Ditcreased Libide
ZTnV ITITlG Weeizht ain Erectile Dyshunction
Uﬂapﬂpo)\d KTIVCIIpICI7 Delayed Ejaculation

oTtnv avénon E2/Testo?
Xe aAAeg Spaoeigc oto K.N.X.?

The Impact of Thyroid Disease on Sexual
Dysfunction in Men and Women.
Gabrielson, A et al. Sex Med Rev, 2019



Synopsis of hormonal changes in male and
female thyrotoxicosis and hypothyroidism

T hy rotox oS s

Hwypot by roidism

Nlale=s

Females

MNial== Females

SHEG
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Exstrone

Froduction rate of
estrogers

FMMetabolic clearance rate of
estrogers or androgens

Free E,

Testosterone
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Free testosterones
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e=trons
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T . lncrema==; | .decreass, —,. nochangs, M, normal; — . not available.

Krassas et al,2010
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MNurmiber EEE Fre-treatrment
of subjects 1 Post-treatrment
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Hypoactive Delayed Praemature Erectile
Seaexual Ejaculaticomn Ejaculaticon Dy sfumnctiomn
Desire

20

NMumiber BN FPre-treatrment

of subjects C—— Fostwestment LITOOLPEOEISIOUOG

185 —

Hypoactive ) Delayed Premature Erectile
%eé:;n;:raél Ejaculaticomn Ejaculaticomn Dy s fumncticon

A, Hyperthyroidism before and after treatment. B, Hypothyroidism before and after treatment. The graphs
show the prevalence of four features related to sexual dysfunction during hyperthyroidism and hypothyroidism
(black columns, before treatment) and after restoration of euthyroidism (white columns , after treatment).
[Reproduced from C. Carani et
al., Multicenter study on the prevalence of sexual symptoms in male hypo- and hyperthyroid patients.
J Clin Endocrinol Metab 90:6472-6479, 2005 (49), with permission. © 2005, The Endocrine Society.]

Krassas et al,2010




Effects of thyroid dysfunction on seminal
characteristics in rodents and in humans

Hyperthyroidism

Hypothyroidism

Delayed spermatogenesis
Testis

Delayed sperm transit through epydidimis

Reduced sperm vitality

Sertoli cells
Germ cells J- sperm number
—k sperm motility soor

N—

AvVaoTpEYIES
pE emiTeLEN
£LVOLPEOLISI-
oHoL

|- normal sperm morphology

Wozoosperw

Accessory glands
Altered secretory Reduced semen volume
activity
Reduced weight

Reduced semen volume
J- sialic acid, fructose, fucose

La Vignera et al,2017







Stress evepyomrolei « fight or flight » ATAVINGN c—

mpoTepaIoTNTA OTNV empicdon evavt un (Gueca) avaykaicov
HeTaPoAIKQV Siepyaoiav (avamapaywyn)
ALTO TTOL Aueoa gival wPEeNIPo (Siaxeipion evépyeiag) ...
HOKPOTIPOOEeCc A HTTOPEI VA 08NYNOEl € Avamapayw®yikn SuoAsiTovpyia

Ta yAvkokopTikoeldn (GCs), og cLVSIAOHO PE TTAPAYOVTEG ATTO TO CLUTTAONTIKO NI
emdpovv oTov hypothalamic-pituitary-gonadal (HPG) aSova, ot 0Aa Ta emimeda

YmoOdAapog : avaoTEAOLV TNV ATTEAE ; l:crn GnRH
YmégpLon : avaoTiEAOLV T OOVOEST) YOVASOTPOTIVEV
fovasdeg : avaoTEAOLV T OLVOECT TECTOOTEPOVNG

Ernpealouv omepuaroyéveon Kail oe§OLAAIKN CLMTIEPIPOPA

lox0Oel Kal To avTioTPOogpO

« AAAaQyYiG oTa YOVASIKA OTEQOEISNH
Silapoppavouy TnV amavrnon oro stress (e
S51a¢poPETIKO TPOTTO OTA SLVO PLAA)

« Ta avépoyova Exovv avaoTaATikn §paon
oTtov HPA dgovq Handa et al,2013




[ENIKA (2)

» MpoTa oToixeia yia mapeUPoAn YALKOKOPTIKOEIS®V OTN
o e§O0LAAIKN WEINAVON KAl YOVIHOTNTA, TIPOEKLYAV ATTO KAIVIKEG
HeAETeG o€ aoOeveic ye Addison's disease kai Cushing's
syndrome

Avsrrc':lpl(s!a GCs kal brrepkopTiloAalpia : emnpeaderal n EAevon
™G epnpeiag

» (Zwika povréla) evéountpia Kai mpoepnPikn ékOeon oe GCs :
ernpealovyv kaBopioTiKA TN (HEAAOVTIKR) avammapayw®yikn
AgiTovpyia

'Eykva mmovrikia ekTédnkav oe stress, ouvOetikn ACTH, ouvOeTika
GCs === amoyovol : KaBuoTepnuévn évapén epnpeiag

MeplyevvnTIKN EKOEOT) OE TTOVTIKIC mum) Kaeuorapncn nPengS ora
OnA&a Kal SiatapaxEg oTn YoviHOTNTA o€ OnA&a Kal appeva

» H kaBvoTtépnon evnpwong ouuBalvsl avegapmm amo GnRH
and LH = GCs : §pouv o€ OTOXOULG EKTOG
vrroOaAapo/vITopuLoN

A Role for Glucocorticoids in Stress-Impaired
Reproduction: Beyond the Hypothalamus
and Pituitary

Endocrinology. 2013 Dec; 154(12): 4450-4468



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3836069/

» Stress mpokaléei evepyormoinon HPA a§ova s KatappdaKTng OPHOVIK®V
onuar®v CRH-ACTH-C[;C) KOPTIKOGTEPOVN-TPWKTIKA)

IKOOTEPOEISN
‘Eppeon (upstream)

*GnRH vevpaveg ekppalovv CRH Kisspepftin (KISST) evepyommointig
vmmodoxeic (CRH-R1, R2) kai GnRH :

LITOSOXEIGC YAUKOKOPTIKOEIS OV KaraotéAAeTal amo

(GRs) * CRH ka1 CORT

=CRH ka1 CORT avacTtéAAovyv - Evéorofiveg, vrroyAvkaipia

mapayeyn GnRH — emépa otnv stress KIVTOTTOINONG, KOIVEVIKIN
aixun g LH amouoveon
" CLVEMEIEG YIa TNV . GnlH (Gn-inhibitory hormone) :

avamapay®yn?(HIKpNG Siapkeiag VNI CTIe | N ele] 4]
stress vs maparerapevo stress)

AvaoTteéAlovTtal ol GnRH
TTAApoI




APAIH TAYKOKOPTIKOEIAQN ITHN
YNO®YZH (1)

Ta yovadotpoma KOTTapa ToL moVvTIKIoL ekppalovv GRs

KaraoTtéAAovv obvOeon Kal EKKPICT YOVASOTPOTIVMYV aTro TNV
LITOPLON... ...HEYaAn perapAnrotnrta oTig emdpaoccig (e€apraral
amo €i60¢g Kal SIAPKEIa OTPETOOYOVOL TTapAayovTa)

Ernppealouyv Tnv evaicdnoia Tng bITOoPLONG TNV TTAaAAivépoun
PLOUIoON Ao Ta oIoTPOoYOVA = HEIUEVN amavTnTikotnTa oto GnRH
(Baldwin,1979). Napeupaivovy oTtn petaypadn 1ov GnRH-R

LH ka1 FSH etepodipepeic YAvKkoTpwT1Eiveg Koivn alpha-subunit (aGSU)
kai 181k B-subunit (LHP kai FSHP)

Breen et.al. Xpovio Stress kivnromoinong kai CORT peicovouy ta emimeda
LH- mRNA kai geicovouv TRV éKKpion LH amo tnv vmoguon in vivo

H arravrinon 1ng FSH oTo stress moIkKiAAEl.

Kamoieg peAéteg Seixvouv peicdoon ora emimeda tov FSH mRNA g
amavinon otnv CORT

O1 mepIoooTEPES Sev Seixvouv oLOXETION €16IKA OTO OEL stress



» Acev Exovpe EeKAOAPES ATTAVTNOEIG
» 'Exouv mepIypadEl AVAOTAATIKES Kal SIEYEPTIKES SpATEIS

To o0&V stress pvOuiIlel Tov HPG H xopnynon o§éwg GCs
afova avfavovrag LH, prolactin | yaidvel Tnv aixpn TG LH ota

kal FSH oTto mAaocua OnAsa

Xpovio siress Kivnromoinong
pelve emimeda LH kair prolactin xopig
peraPoAn otnv FSH. 'Ouwg Ta emimeda
LH ka1 FSH otnv bmogpuon avénénkav

' TovOeon 'EKKpIon

Xpovio siress kivnromoinong
peidve emimeda LH oe appeva kai
OnAca

> IXESIQOUOG HEAETGV HE HEYAAN eTEpOYEVEIa (SiagopeTIKA
€idn, PLAA, oTpEoOoOYOVa £pEBICTHATA, XPOVIKN SiapKela
stress)



APAIH TAYKOKOPTIKOEIAQN ITON OPXI

» Ymodoxéag YAvKoKopTIKoeldaV (GR- Tupnvikog) :
, KbTTapa Sertoli, mpwToyevn
OTIEPHATOKLTTAPA, EMSLSINISa

» OE&L kal xpovio stress : avénuéva GCs avaoTéAAovv
mapaywyn Testo, omepparoyéveon kai libido (ave€aprtnreg
amo vmo8aAapo/vmoguon)

Apdaon o1n onpo’f&oyéyaon ApAon OTN OTTEPUATOYEVEDT

Meiooon otnv ekkpion Testo « GCs emayouv amomnT®on TV
- Down regulation otov LH vrrodoxéa| | yevvnTiIK®V KLOTTAP WV
(Heiwon amavinTIKOoTNTAg Yovadag) | | « Xpovio stress peicovel TV apiOuod t1ov

« AvaoTtoAn eviOp®V OTIEPHATIOV/TTPOKAAEI OAIYOOTTTEPHIA
oTepoidoyiveong « EmiSpaon oTnv wpipavon

« Emayouv amont®on 1oV OTIEPUATOKLTTAP WYV OTNV

KLOTTApwV Leydig eméiISvida

, : : EAat®vel puOPO TOAAQTTAQCIACHOL

EkOeon Appevog o€ evSOUNRTPIO |—> RO TIEy dig

N TTEPIYEVVNTIKO siress N oTnv ' ' '

évapé€n Tng epnPeiag L) PuBuidel Tnv amavinTikotnTa ToL (EVAAIKOL)
HHA afova ot xaunAotepng évraong £pédioua




MHXANIZMOI TPHFOPHL APAXIHL
KOTPTIKOXTEPOEIAQN XTO KYTTAPO Leydig

11BHSD-1
ASpqvonoinon orti _p 11DehydroCort

CO RT NADP* NADPH
oTo KOTTapo Leydig

AvaocTaATtikn §paon : otav
[COTR] > §paocTikoTnTa
ofeiISoavaywyikov
oLOTNHATWV

Fig. 4 11HHSD-1 as a Leydig cell redox generator

» Mn yevopikeg Spaoeig (mMlava Heow peEUPEAVIKOL
vrmodoxea? Mmopei va eutmAékeral kal o GR pe
EVAAAOAKTIKO HNXAVIOHO?)

» Apeoec (30’ amo Tnv xopnynon CORT)

(Hu et al,2008)



Summary schematic of glucocorticoid and HPA axis
interaction with the HPG axis and reproductive function
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Fig. 2 Serum corticosterone, LH and testosterone concentrations
during immobilization stress. Stressed rats were immobilized for
periods of 0.5-6 h. Tail tip bleeds were preformed on both control
and stressed rats. Control rats did not undergo immobilization for
longer then 5 min, and were bled at the same time points as the

w={J=Control
“@-5tressed

@~ Stressed
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stressed rats. Sample sizes for 0.5, 1, 3 and 6-h were, respectively:
13, 13, 15, and 15 in the control group; and 14, 11, 15, and 14 in the
stressed group. a Corticosterone; b LH; ¢ testosterone. The asterisks
denote a significant difference from control at P<0.03

Hardy et al,2005
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ig. 3 Levdig cells were incubated with or withoutr CORT
(1.44 M) for 0, 15, 30 and 60 min firstly and cells were then
stimulated with LLH (100 ng/ml) for 20 min. a Total cAMP content
of Levdig cells from CORT-treated and non-CORT-treated groups.
b Testosterone production by Levdig cells after treatment with
CORT in wvitro. Data are expressed as meanst=SEMs of three ex-
periments. *Saignificant difference between the two groups (~A=0.05).
Reprinted from Dong et al. (2004), with the permission of the
publisher

Table 1 Serum hormone values
and apoptotic frequency in
Levdig cells (annexin-v label- (1 day)
ng) during immobilization .
stress, Values are meanstSEM LH {Ilg,fml} 0.37+0.04 0.43+0.05 0.51+0.06 0.45+0.03
(n=6). The asterisks designate a  CORT (ng/ml) 127.8£13.6 305.9£24.0% 139.0+14.1 329.5£30.7*
significant difference compared  Tegtosterone (no/m| 3324040 127:003*  351:028  10830)]5*

t0 controls &t P<0.03 Annexin-v labeling (%) 1.14:0.15  2408£2.74% 1928031  30.51:3.41%

Control Acute stress Control Chronic stress
(3 h, 1 day) (7 days) (3 h, 7 days)

Hardy et al,2005



Fo. 1. Electron micrograph of apoptatic ALC treated with CORT (100 nn) in vitro for 24 h (B) or 2.5 mg'100 g BW in vivo (D). Aggregation
of nuclear chromatin within apoptotic Leydig cells was apparent (asterisks). Purified control Leydig cells (A) and Leydig cells i situ n control
animalg (C) had typical ultrastructural characteristics associated with this cell fype, meluding abundant smooth endoplazmic reficulum and
prominent rim of heterochromatin beneath the nuclear membrane (arrows). A menocyte is adjacent to the Leydig cell in the lower left side of

A Magnification: A and B, *6000; C and D, %3000,

Glucocorticoid Induces Apoptosis in Rat Leydig Cells

HUL-BAO GAO, MING-HAN TONG, YAN-QTANG HIT. QING-SIT G110, RENSHAN GE. s
MATTHEW P. HARDY Endocrinology 2002, 143015130138




Reduction of Serum Testosterone Levels During Chronic Glucocorticoid

The

rapy

MICHAEL R. MacADAMS, M.D.; RICHARD H. WHITE, M.D.; and BRADLEY E. CHIPPS, M.D.;

Sacramento, California

Annals of Internal Medicine. 1986;104:648.651

MeAeTAONKE N emidpaon TNG Bgpareiag He YALKOKOPTIKOEISN, oTtov YYT
aova, o€ AvEPES HE XPOVIA ATTOPPAKTIKN TTVELHOVIKN VOO O

Ouada
MEAETNG

* 16 avépeg
* HAIkia 67 4 1IB 81 % 11 kg
* MpedviloAovn N HEBLA-

mpedviloAovn >1 ynva,

* ITaBepn SoocoAoyia>1epSouada

(>50%)

Ouada
eEAEYXOL

TuumTEpaocHaTa

|. @¢parreia pe YALKOKOPTIKOEISN oLXVA TTPOKAAEI HeYAANn peicdon ota emimeda testo

11 avépeg

matched wg mpog:

*nAikia 64+ 5 1B 73 * 13 kg

* BapuTnTa TNG Vooou

(Forced Expiratory Volume c10 1’
« Aoiri @.A.

< H 8pdaon avtn ekdnAwveral Kal o€ OXETIKA XAUNAES Sooeig TPedSviICoAOVNG
N yeOLA-TrpedviloAovng ~15 mg/d

Il. O1 puoiloloyikég TINES FSH and LH bmodeikvbouy KataoToAn TNG EKKPIONHS TOLG

ATro TNV LITOPLON, XWEIS VA ATTOKAEIETAI KATAOTOAN TNG OTEPOISOYEVEONG OTOV OpPXI

< AouTtn n Spaon gaiveral va oxerti¢eral pe karactoAn Tov GnRH otov vIToBAAauo

< H ¢uololoyikn amavrnon otn xopnynon ouvvOerikob GnRH vmodeaikvidel aképaia

vITopLON




ys-95X +414
r=-0,78

Figure 1. Total testosterone levels in control patients (closed cir-
cles) and patients receiving glucocorticoid therapy daily (open cir-
cles) or on alternating days (triangles). In Figure 1A, the horizontal
lines indicate mean £ SD. Figure 18 shows the correlation between
the testosterone level and average glucocorticoid dose.

TOTAL TESTOSTERONE, ng/dl
TOTAL TESTOSTERONE, ng/dl

1
0 20 30 40 50
AVERAGE GLUCOCORTICOID DOSE, mg/D

CONTROL  GLUCOCORTICOID B
TREATED

Figure 2. Serum luteinizing hor-
mone (LH) and follicle-stimulating
hormone (FSH) concentrations be-
fore and after administration of
gonadotrophin-releasing hormone

el (GnRH) in six control patients (so/-
i | id circles) and six glucocorticoid-

LH miU/m
FSH miU/ml

| treated patients (open circles). The

f arrows represent the intravenous
1 injection of 100 ug of GnRH. Data
= are means I SD.

TIME (min) TIME (min)

Mac Adams, 1986




Production Rates of Testosterone in Patients With Cushing’s Syndrome

H. Vierhapper, P. Nowatny, and W. Waldhéus!
Metabolism, Vol 49, No 2 (February], 2000: pp 229-231

NpoodlopioTnKe 0 PLOPOG TAPAYWYNG TEOTOOTEPOVNG OE
16 aoOeveic ye Cushing's s. : 12 yovaikeg kail 4 avdpeg

12 vyieig avépeg 22-34 e1dv

Ouabda eASGER Kai 5 vyIgig yovaikeg19-32 eToov

IKEAOG TNG MEAETNG TTOL APOPA TOLS AVEPES

MelpPEVOS PLOUOG TTAPAYWYNG TECTOOTEPOVNG OTNV OHASA HEAETNG OTA KATAOTEPA
(PLOIOAOYIKA 1 KAl KAT ATTO TO (PLOIOAOYIKO OPIO
(mean: 106 £ 70 ug/h vs 210 = 70 pug/h (healthy men ) (P <.05)

oToLG avdpeg pe Cushing's s.

. N av§nuévn CLYKEVTPWON TNS KOPTICOANG OTO TTAAQOHA
Lopmepaocia odnyei o€ LITOYOVASOTPOPIKO LITOYOVASIOHO

(ave€apTnTa amo XweoKaTakTNTIKES BAARES otV LITOPLON)







>  Avamapaywyikn AEITOLEYIA OTEVA OCLVSESEPEVN HE TNV EVEPYEIAKN OMOIOCTACT.

> OPHOVEG YOOTPEVIEPIKOD Kal OPHOVEG AITT@SOLG IGTOL AAANAETISPOLYV UE TOV
AvVATTapayw®yiko a§ova Kai HETa&v Toug

» Leptin kai Insulin : SieyepTikn 6pacn otnv ékkpion GnRH

A\ 4

Ghrelin : avaoTtaAtikn 6§pdcn otov bIToOalauo
» Epeuvaral o pOAOG TOLG KAl 0€ AAAES BECEIC TOL AvaTTaPAYWYIKOL afova

Ghrelin
Obestatin

Insulin

Adiponectin
OpuoOVvES
YOO TPEVTEPIKODL Glucagon-like NITT800L6 1I0TOD m

peptide-1

Glucose-dependent __Omentin

insulinotropic peptide

Oxyntomodulin Chemerin

Cholecystokinin

OppovES Peptide YY




!HORMONES

Leptin

l ? Orrvent iy l

Adiponectin

/

Ovary

Cectradal

Figure 1

Schematic showing relationship between gut hormones (in green) and adipose hormones (in yellow) with the
reproductive axis. Solid arrows represent positive effects and broken arrows represent negative effects.

The thickness of arrow represents an estimate of potency of this effect from the

reviewed literature. Effects (if any) of omentin, oxyntomodulin (OXM) and cholecystokinin (CCK)

on the reproductive axis are unclear. (GIP, glucose-

dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; PYY, peptide YY3-36.)




Table | Gut hormones: metabolic and reproductive Summmary.

effects

4 GnRH 1 LH from animal | Leydig eeh

HEC® explarte proiiferation,

kisspeptin 1 Prolactin testostercne Iovéeopog
seoretion Mteal HETABOAIopOD-
function ..'rl d avamapayoyng
progestercne
4 Human hateal cell
functicn

1 GnRH releaze in
fasted but | GrRH
in fed adultrat

1 LHin maleratsin, /| LH-independent  Linclear
wive testosterone pulse

L-kOTTOpPa L
emptying, -—:-LH'n% ﬁ@ihheahhr

lleum and colon




Table | Gut hormeones: metabolic and repreductive summary.

Gut Metabolism
homone g dominant
site of secretion

GIP K-cells ofsrnall
. .

A Ertero-endorine
L-cells of distal
ileurn and colon

CCE Entero-endorine
L-celks of upper
grmallintestine

for
ser retion

Fat /protein

dafects

Inzuilin releaze

Reproduction
Metabolic Hypothalamic Pituitary Gonadal effects Overall effect
effects effects on
reprod uctive
axis
— t LHand F5H — Unclear
secretion in vitro
1 FSH{butnot LH)
in vive (rat)
May act through modulation of other gut and adipose hormones  Unclear
Unclear

Hypothalamic effects include studies where proven GnRH-dependent gonadotrophin changes were
observed (otherwise listed as pitvitary effect). The overall effect on the reproductive

axis determined by review of currently available data. The ‘—* symbol signifies no data available. (CCK,
cholecystokinin; GIP, glucose-dependent insulinotropic polypeptide; GLP-1,

glucagon-like peptide-1; OXM, oxyntomodulin; PYY, peptide YY3-36.

Comninos et al,2013




FEEDING FASTING Ghrelin

Hypottalamgs

Increased appatte

upregulation of apoptotic
and prodforative pathways
In germ cells

Fig. (1).Effect of feeding and fasting on

hrelin, leptin and GLP-1. During and after Fig. (2).Reported effects of leptin and ghrelin in male reproductive axis.
eeding, there is a decrease in ghrelin High levels of leptin exert an inhibitory effect in the secretion of testoster-
g&q‘]"‘g:ggSéiﬂg?:g;h"hgo"J;‘i’:ti":'grlgas ed one by Leydig cells. In male rats, administration of ghrelin reduces GnRH
and the serum levels of lepfin rise. These pulse frequency. Longer duration and pulsatile studies have shown that
changes are detected by the brain and these hormones also affect LH and FSH signaling in men. Notably, secre-
result in decreased appetite and a feeling tion of testosterone is dose-dependently inhibited by ghrelin. Ghrelin is

gféiiegbgféis'lgesf?ﬁgnrgei gggi?sggt?od able to inhibit Leydig cell proliferation. Recently was also suggested that
from the gut while stimulating the secretion ghrelin may regulate spermatogenesis by an upregulation of apoptotic

of ghrelin by the stomach. Serum levels of and proliferaive pathways in germ cells.
leptin also decrease during fasting. These

changes are detected by the brain
Ieadir?g fo the Increasa f appetite. Marco G. Alves et al, 2016




Increased insulin resistance in men with unexplained
infertility

Ragaa Mansour **, Yahia El-Faissal **, Ahmed Kamel **, Omnia Kamal 3,
Gamal Aboulserour ?, Mohamed Aboulghar **, Ibrahim Fahmy *°

REPRODUCTIVE BIOMEDICINE OMLIME 35 [2017)] 6571-678

Case-control mpoomnTiKn HEAETN

IKOTIOG : va SigpevvnOsi N TapoLoia AvTioTaong oTNV IVOOLAIVN O AvSPEC HE
ave€nyntn (161omadn) vroyovipornTa

Oupada peAeTng Opada eAéyxou
160 avépeg pe ave€nyntn oAlyooTrepHia 79 avépeg
(sperm count <10x104/ml) Ammodedeiyuévn yovigornra
(PLOIOAOYIKO OPHOVIKO TTPOPIA TO TIPONYOLUEVO £TOG

B cHoL  LHL FSH LH

insuline

[oooéiopioTNKAV :

IR IR HDL TPIAYKE PROLA T-
QUICKI HOMA PIAIA CTIN Testo







LYMIEPALMATA

MeAeTnONKav avépeg Je 1810TTadn vIToyovigoTNTAQ,
IR Kal peTaBOAIKA XAPAKTNPICTIKA avTioToiXxa pe Tov PCOs

Mehéteg édafavon | > IR L ,

matépeg, aseApoi => «Avénuéves Paoikig TipES FSH, LH (8ev ovoxeriCovral
i1 g ME XapnAn Tiun Testo)

Kdl YIOl YOVAIK®DV

VELPO-EVSOKPIVIKN Slatapaxn oTnV EKKPIOT YOVASOTPOTTIVAV?

HE PCC?S =2 «Av€nuévn amavinon otn xoprnynon avaléyov GnRH
gugavicouy : > *Emnpeacpivo Aimbdaipiko mpogil (o1 adeAgoi)

l. Ba eixe evliapépov va PeAeTNOE av ol avdpeS TNG opadag HEAETNG Exovy Tov

BaBuob ovyyevn e PCOs

Il. ZTNV mapovoa HEAETN N LITOYOVIPOTNTA &gV PTTOPEI va ocLOXETIOTE Pe BMI (iSi1o oTig
500 ouadeg) N pe yovadotpormiveg (£.¢p.0. Kal oTIG SVO ouadeg), mapa povo pe Tnv IR

*HIE TTOIO MNXAVIGHO N IR PTTOPEl VA EMNPEACEl TN OTIEPHATOYEVEDN?

| lll. ZTnV mapovoa peAETN N TIPR TNG Testo PPEONKE XAUNAOTEPN OTNV OUASA UEANETNG |

- Calderén et al, 2016 : sgémoav TN OX£EON LITOYOVASICHOL HE TRV TTAXLOAPKIA

kai Tnv IR (apvnrikn cvoxénion peradp f-Testo, T-Testo kai IR)
« Qa mpémel va SigpevvnOei TTEPAITEP N CLOXETION bIToyovasdiouov/ IR
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2AX EYXAPIXTCQ TIA
THN NMPOXOXH XAX

« Tutota MOo®W pHov, OAA EIVAL WIPOOTA LOV OTIWC
gival TavTa oTo SPOUo »
Tc¢ax Kepovax (1922 — 1969)



