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Avo nepurooeig freemartin oe
apvadeg @uing Lacaune

I. Meveydrog), E. Evdotpn', A. Ayloutavin’,
O. Xapnataxov’, E. ITapaockevdkou’,
E. Baivag

IEPIAHWH. Xxwv epyaoia auth neprypdpetal n pakpookorm-
ki avatopiki toU yevvnukoyd cuctipatog, n 1otodoyiki e§étaon
v yovadwy, n puleuki cupnepipopd kai o kapudtunog §vo a-
pvdSwv @udiig Lacaune pe otvSpopo freemartin. Or apvddeg efyav
eSwtepiki ep@dvion Kp1oy, evad ta e§wtepikd yevvnukd dpyava ii-
tav 0ddeog ka1 n khertopiba drav uneppeyéOng. O1 yovddeg Atav
épyxers. Ly nepimwon tng apvadag Nol, o1 pyeig Avav unomia-
ouxoi, §iokola pnlagpntoi otn Poufwvid ydpa, evd otnv apvd-
6a No2 ritav oxeSév atpoepixoi. Ynpyav oneppaukoi népot, o1 o-
nofo1 otnv nepimwon g apvidag No2 evarvoveav. H apvdba Nol
efye kuoteoerSeig kat forBoupndpaioug adéves, evid otn No2 o1 ku-
oteoe1deig abéveg amovoialav. H apvdba Nol eiye yevvnukd ou-
pepipopd dppevog, eved n No2 oubétepn. H 1otodoyixs e§étaon
wv yovdSwv g apvddag Nol é5ei§e dpBovn avamuén ayyeto-
ouvdeukoy 10104 evidg Tou onofou napatnpiOnkav Ayeg vnoibeg
oneppaukadv swinvapiov. O avdég v oneppaUKOY cwAnva-
plwv, oe kdnoieg Béoeic, enevbubrav and Svo oepéc adpwv omep-
poyoviwv Kuttdpwy, eved oe Ghdeg Oéoeig ta oneppatkd cwAnva-
p1a eiyav nayd Baoikri pepPpdvn kat o avddg toug enevdudrav a-
16 kitapa Sertoli. O1 yovdSeg tng apvadag No2 napoucialav pe-
yain ivoon. H kapuotumiki épeuva é5e1§e du kat o1 560 npoPativeg
eppdviCav yipaipiopo (54,XX/XY) wwv @uleukdv oug ypwpato-
owpdwwv. H ouppetoyt wov XY xuttdpwv otg apvadeg Nol ka1
No2 fivav 63% ka1 61%, avtiotoga, eved v Kuttdpwv XX oug a-
pvédeg Nol ka1 No2 fitav to unéommo 37% ka1 39%, avtictorya.

Aé&erg eupempiaong: freemartin, mp6Pato, Lacaune

Evoiapépovoa [epimoon
Interesting Case Report

Two cases of freemartinism in
Lacaune ewes

Menegatos J.', Xylouri E.', Ayoutanti A,
Sabatakou O.%, Paraskevakou E.*, Vainas E.’

ABSTRACT. In this study the anatomy of the genital system, the
histology of gonads, the reproductive behavior and the chromosome
examinations of two freemartin Lacaune ewes were described. The
appearance of these ewes resembled that of a ram, but their external
genitalia were female with an enlarged clitoris. The gonads were
small testicles located subcutaneously in the prepubic region. In the
case of the ewel the testicles were palpated with difficulty, while in
ewe 2 they were almost atrophic. In both cases there were
epididymides, but in ewe 2 the ends of vasa differentia were joined.
In ewel there were vesicular and bulbo-urethral glands. In ewe 2 the
vesicular glands were absent. The ewel had male sexual behavior,
but the ewe 2 had a neutral one. The histological examination of the
gonads of ewe 1 showed excessive development of the vasso-
connective tissue, where a small number of seminiferous tubules and
Sertoli cells were also visible. The gonads of ewe 2 showed excessive
fibrosis. The results of chromosome examination showed
chimaerism (54,XX/XY) in both cases. The XY cells were 63% and
61% for the ewes 1 and 2, respectively. The rest cells 37% and 39%
were respectively XX ones.

Key words: freemartin, ewe, Lacaune
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EIXAT'QI'H

H epgdvion tov ovvdpduov freemartin eivor woht ov-
%vij 0ToL foogldr] xat Yo To AGyo auto €xel pehetnOel ap-
%etd (Marcum 1974, Kastli and Hall 1978, McEntee 1990,
Vainas et al., 1992). Zto dAha €00 Tov xotowridwv On-
hootrdv epgaviCeton omavime.

An6 toug Kastli and Hall (1978) avagépeton 6t ova-
Touréc peléteg oe Lada freemartin elyov Eentvijoel astd to
1692.

O Wilkes et al. (1978) avapégouvv 6t to 1928 o Fraser
Roberts zow 0 Greenwood glyav weouyQdyet TeQLoTaTind
UETOPUAOU auvov, Ue GEYELS OTH PovPoviny XDEO %o
eEwteowd yevvurd Goyava nlurod.

Zta medPata To ouvpouo eppavitetor og TOAD Yo
UNAS 000014, 08 PUAES 1e VymAr tohvdupla (Bruere and
Macnab 1968, Dain 1971, Wilkes et al. 1978, Long 1980,
Bindon et al. 1985, Matejka et al. 1987, Spedding and
Dobson 1989, Cribiu et al. 1990, Hanrahan 1990, Gill and
Davies 1991, Szatkowska 1995, Smith et al. 2000,
Papachristoforou et al. 2003). Enedr}, Sume, oL tohidupot
ToxeTol elvan ovyvol ota medpata, elval mbavéy o apld-
uéc tmv auvddwy freemartin ot YA oG va elvar pe-
ydhog. H natdotaon vt duommotdvetor ouvniog petd
™MV AToTUY o TOV OUvVAdmV QUTAVY Va, avastoayBovy.

2y taovoa gQyaoia avalioviol d¥0 TEQUTTMOELS
auvadwv freemartin, ou omoieg pehetiOnray pe avatout-
%EC, LOTOMOYLREG, PUOLONOYLRES KOl YEVETIRES TEYVIREG.

IHEPIT'PA®H TQN ITEPIETATIKQN

KMvixn eE€raon

Ou &0 apvddeg frav nhriog 10-12 unvav, @uiig
Lacaune, elyav ewooyBel amd ) Tahhio zow Stafrovoay o
uovada 600 poPativov oy Atuxi]. H xhviri] eE€taon
AL T) LELETN TNG YEVVITLXIIS OUUTTEQLPOQAS TmV LV EYL-
VE ®OTA TNV OLOTEWXY] TOVE TTeQ(0d0, M 0mTolaL Yiet T Ov-
yre®QUEVN QUM ayiCer ™) 2n mepimov ePdoudda Tov
Avyotortou xat ohoxhnpdvetor v 4n tepimov edoudda
tov Lavovapiov (Menegatos et al., 2003). Kaw ov 860 auvd-
dec eEmtepwnd Euotalov pe ®oLovg, xmoelc xépata, Gmmg
elval ®avovird GAOL OL ®QLOT TG QUAY|S.

O auvddec awTtéc, oL omoleg eEetdomray ®Mvind, dev
eupAviCa oloteovg, eva elyav vitepueYEDeLs ®hettopldes.
Evrtomiomray yevvnuxol adévec vdtm amd 1o 0€pua g
BovPavirng xweas, mtiow axopag amd g Inhéc Tmv un
avaryuévov paotdv. H ynidenon tov yovadmv froav
et Le SUOROALL.

Siugvo. e v #hvirt] eEEtao, oL 000 auvdades eu-
paviCovtav mg TeQLOTATRA “UeCcoPUAETIRTNTAS” NEOD-
PUAO OVOUALETOL TO ATOUO EXEIVO, OTO OTTOTO EppaviteTan
dvorohio otov raBooLopd Tov @ilov tove. Oa €mperme,
howtdv, va yiver duapogirt] dudyvewon Uetags tou ouv-
dpbuov freemartin xat 1OV AEOEVIROT PEVOOEQUAPEOOL-
TLOPOYU TOV THITOU OVOLOTEOWPYS TOU PUAOV, eTteLdN oL H0
QUTEC RATAOTAOELS HOLATOUY.

INTRODUCTION

The incidence of freemartinism is very high in cattle, so
it has been extensively studied in this species (Marcum 1974,
Kastli and Hall 1978, McEntee 1990, Vainas et al. 1992). In
other species this congenital malformation is rare.

It was referred by Kastli and Hall (1978) that the first
case of freemartin heifers was observed in 1692.

It was referred by Wilkes et al. (1978) that in 1928,
Fraser Roberts and Greenwood had described a case of
intersex lamb with testicles in bubonic region and female
external genitalia.

In sheep the incidence of freemartinism in mixed sex
multiple births is much lower than those in cattle and it has
rarely been observed in high prolific breeds (Bruere and
Macnab 1968, Dain 1971, Wilkes et al. 1978, Long 1980,
Bindon et al. 1985, Matejka et al. 1987, Spedding and
Dobson 1989, Cribiu et al. 1990, Hanrahan 1990, Gill and
Davies 1991, Szatkowska 1995, Smith et al. 2000,
Papachristoforou et al. 2003).

However, due to multiple lambings, a large number of
undiagnosed freemartin ewes is possible to exist among the
national sheep population. This condition is usually found
out after the failing of ewes to reproduce.

In this study the anatomy of the genital system, the
histology of gonads, the reproductive behavior and the
chromosome examination of two freemartin ewes are
described.

CASES DESCRIPTION

Clinical examination

The ewes aged 10-12 months. They belonged to Lacaune
breed and had been imported from France. They were raised
in the region of Attika in a flock of 600 ewes. The external
appearance of these ewes resembled to that of a male one.
They were polled, like the rams of this breed.

The ewes were clinically examined, because they never
exhibited estrous behavior.

The gonads were located subcutaneously in the
prepubic region, behind the teats of underdeveloped
mammary glands. The gonads were palpated with
difficultly. The clitoris was enlarged in both ewes.

After clinical examination both ewes were classified
as intersexual. Therefore, differential diagnosis should be
made between freemartinism and male pseudoher-
maphroditism of type sex-reverse, because these two forms
of intersexuality have the same clinical manifestation.

The sexual behavior of intersexes was observed during
a ten-day period from clinical examination to slaughter.
The observations were done in the breeding season. The
onset of the breeding season begins in the 2nd week of
August and ends in the 4th week of January (Menegatos
et al., 2003).

Blood samples were collected for cytogenetic
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Ewova 1. Ta eEwtepind yevvuind doyava xat 0 x0Amwog tne
auvadag Nol (1: xAeiropida, 2: x6Amog)

Figure 1. The external genital organs and the vagina of ewe 1
(1: clitoris, 2:vagina)

H yevvnuy] cupteupood tmv apvddwv pehetionxre
v dSrdomua d6o efdouddmyv, petd v apywr] toug eEE-
Taom xow u€yoL mv agomoinoy tove. Katd m ogayr] tovg
Eywve awpwoAmypia yuo T perétn tov ropuétumov. Metd
TOV EXOTTAAYVIOUGS, TTOQAUOREVAOBNLE AVATOUHRMS TO YEV-
xS Toug ovouUa, VA oL yevvntrol adéveg eEetd-
OTHXAY LOTOAOYLXRA.

ANATOMIKA EYPHMATA
Apvade No 1

H auvada elye eEwtepund yevvnurd doyava tnlurod.
H »hetrtopida riroy vitepuey€ng nou mpoegelye (Ewmdva 1).
Aomotdtnre Gt to adoio ko 0 ®OATog eppdvitoy vito-
AT, ®ow VITNEYE ATTAOOTOL TEATAOU %Al WTeaC.

To eocmTeQLA YEVYNTLRA GQYOVA NTAV ALQOEVIROU (pU-
hov. Ou yevvnirnol adéveg ftav SoyeLs vau Epeoay emdL-
duuideg. OL nEEUAOTHEES PUES TV GEYEMV Htav LOLaiTe-
Q0L AVOITTTUYUEVOL. ZTNV ELROVAL 2 (POIVETOL O VITEQUEYEONS

Ewova 2. To yevvnrins ovorqua tys auvddags Nol

(1: 0 ééw xpeuaotijoas uvs tov de&lov doym, 2: omeguatixol
oo, 3: xvoteoeldeic adéves, 4: oveoddyos xvoTn)

Figure 2. The genital system of ewe 1 (1: external cremaster
muscle of right testicle, 2: vasa differentia, 3: vesicular glands, 4:
urinary bladder).

examination before slaughter. After slaughter the genital
system was macroscopically examined and the gonads were
sent to laboratory for histological examination.

ANATOMY
Ewe 1

This ewe had female external genital organs. The
clitoris was enlarged being protruded between the vulva
labia (Figure 1). The vulva and the vagina were under-
developed. The cervix was absent.

The internal genital organs were masculine. The gonads
were testicles. There were epididymides. The external
cremaster muscles of the testicles were enlarged. In figure 2
the external cremaster muscle of the right testicle is shown.
There was no scrotum. The testicles were small and had
spherical shape (Figure 3). The size of the epididymis’ tail
was the same with that of the testicle (Table 1).

The vasa differentia were extended from the
epidydimis to the ampulla. The ampullae were joined with
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Ilivoxag 1.

Apvada No 1 Apvdda No 2
AgLotepig AgELog Aguotepdg AgErog
Bagog doyewg 3.3gr 3.8gr 1.5gr 2.6gr
Mhjrog 6gyeng 21mm 22mm 18mm 19mm
Bdgog emidrdovnidog 6.2gr 6.4gr 1.0gr 1.8gr
Bagog ovodg emidrd. 3.3gr 3.4gr
Mnjxog ovpdg €mdLd. 26mm 28mm
LeQUATIROG TOQOG 272mm 262mm 310 mm*
Xreguotizt Mjxvbog 115mm 115mm
Mij%og ®V0oTEOELD0VS 0dEVQ 53mm 55mm
Bdgog ®voteoeldovg adéva 2.6gr 2.7gr
Bdgog BoABovenbgaiov adéva 1.4gr 1.4gr 1.0gr 1.0gr
Mijxzog adoiov 35mm 65mm
Bdgog #Aerropidag 1.5gr 1.9gr
Mnijxzog ®Aertogidag 15mm 17mm
Mhjxzog ®6Am0V 50mm 75mm
Evgog ®6Amov 25mm
*(amtd tov Evav 6N otov dhho Goxn)
Table 1.
Ewe 1 Ewe 2
Left Right Left Right
Weight of testis 3.3gr 3.8gr 1.5gr 2.6gr
Length of testis 21mm 22mm 18mm 19mm
Weight of epididymis 6.2gr 6.4gr 1.0gr 1.8gr
Weight of epididymis’ tail 3.3gr 3.4gr
Length of epididymis’ tail 26mm 28mm
Length of vas deferent 272mm 262mm 310 mm*
Length of ampulla 115mm 115mm
Length of vesicular gland 53mm 55mm
Weight of vesicular gland 2.6gr 2.7gr
Weight of bulbo-urethral gland 1.4gr 1.4gr 1.0gr 1.0gr
Length of vulva 35mm 65mm
Weight of clitoris gland 1.5gr 1.9gr
Length of clitoris gland 15mm 17mm
Length of vagina 50mm 75mm
Width of vagina 25mm

*From one testicle to the other

€Em npepaotioag wog tov deELov Spym. Aev voye
00yeindc BUAarac, evad oL V0 opoELROU OYXHUOATOS Ut
noouey€feis Gpyels (ewmova 3) elyav 1o idLo mepimov ué-
veBog pe v ovpd g emmddunidog.

O exomeuoToTLrol TGEOL RATEMYYAY TUQAD OToL TTAG-
YLOL TOV VITOVATTTURTOV OTTEQUOTLr0b Aogdiov, To ortolo mta-
povotale vy wirove 18mm xaw evpovg 15mm. Yjoyov
®UoTe0ELdeis nou PorPovondoaior adéves (ivaxrag 1).

A76 10 eEmteQrd otdIo e ovprBpag élewte o
vrovENBoaio ®GATtmua.

Apvdda No 2
H auvdda eiye eEwteound yevvnurd deyavae Bniurod

the ducts of the vesicular vesicles to form the ejaculatory
ducts that were ended blindly to each side of the
underdeveloped urethral orifice, in a fold of 18 mm length
and 15 mm width. There were vesicular and bulbo-urethral
glands.

The external urethral orifice opened to the floor of
the vagina. The suburethral diverticulum was absent.

Ewe 2
This ewe had female external genital organs. The
clitoris was enlarged. The clitoris gland was embedded to

its fossa and was fully observed only after pressure (Fig. 4).
The cephalic end of the vagina was blind.
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Ewova 3. O évag and tovg dvo yevvntixois adéves tne auvd-
dag Nol (1: oved emididvuidag, 2: atoogixds 6oxns)

Figure 3. The gonad of ewe 1 (1: tail of epididymis, 2: hypoplastic
testicle)

Cadov. H xhertopida frav vrmeoueyébng, n fahavds g
Mrav eyrhopronévn oto PGB0 g nhertopidag vou eEe-
yotav dioroha. Zto TEEabo TUua Tov ®GATOU VITHOYE
wlo otévmnon (ewrdva 4), €101 HOTE 0 ROMTOS VAL (PAIVETOL
TVPAGG TEOGOTWG.

Ta ecotepund yevvnnd 6Qyava ftav OpoL e oQ-
oevirot Loov. Ou 6eyeLs vitay urgouey€0elg (mtivanog 1)
%o ou emmdLdvuides vromhaotnés. Yooy pohovon-
Bpaiol adévee, evd oL xvoteoedelg amovoiatay ®at oL
OTEQUOTLROL TGQOL EVAVOVTaY (ewmdva 5).

IXTOAOI'TKA EYPHMATA

Katd mv wotohoywri eE€taon tmv yovadmy g auvd-
dag Nol Bognxe dgpbovog ayyelofoLdng ouvdetrds 1otog
ue AMya omeQuoTird owinvaoLa.

e puepuréc B€oeLs 0 AUAGS TV OTTEQUATIXGY CWANVa-
olowv emevivdtav amd 000 OelRég AmEMV OTEQUATOYO-
viwv, To. 0TTola ElOV TROTELVOYQWMUOVS TTVQTVES LE OO

Ewdva 4. O xdAnos tis auvddag No2 (1: otévawon oto modobio
TVPAS TUIfILa TOV XOATTOV, 2: VITOTVIDOES TEAYNMXS dtdpoayiia,)
Figure 4. The vagina of ewe 2 (1: the cephalic blind end of
vagina, 2: fold of the atrophic cervix ring)

The internal genital organs were masculine. There were
bulbo-urethral glands. The testicles were very small (Table
1). The epididymides were atrophic. The vesicular glands
were absent and the vasa differentia were joined (Fig 5).

HISTOLOGICAL FINDINGS

Histological examination of the ewe 1 gonads revealed
excessive development of the vascularconnective tissue,
where a small number of seminiferous tubules were also
visible.

The lumen of the seminiferous tubules was in some
parts with a double row of the immature spermatogenic
cells with deeply stained nuclei and smooth periphery.

In other parts of the lumen, a thickening of the basal
lamina and closely associated Sertoli cells were visible.

Signs of inflammation were visible in the interstitial
tissue, as manifested by the presence of several
lymphocytes and mast cells.
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M meoupépera. Ze dhheg B€oeLg TdM Ta OTTEQUATIRG O~
Mvdoua glyov mad Paowriy pepPodvr, eva o avhdg Toug
TeQLelyEe eppavels Tuprveg ®uTtdmy Tou Sertoli.

270 d1dueco CVVIETIHG LOTS VITHEYOV OTOLYEDL (PAEY-
HOVIIG, TTOU ATTOTEAOUVTOV até Alyo AEporUTTAQO ROl
QLEXRETA OLTEVTLRA RUTTAQO.

Katd v wotohoyw] eE€taom twv yovadwv g auvd-
dag No2 ot 6gyelg mtapovoiatav dgpdovo ouvdeTns LoTd.
Topotnendnxay, exiong, ToAMA omeouaTind cwAnvaoLe
¥ WQIG oTOLYElO OTEQUATOYEVEDTC.

EAETXOX TOY KAPYOTYIIOY

T Tov €heyyo ToU 1AELSTUITOV XENOLUOTOWONXE 1
uéBodog twv Basrur and Gilman (1964) uetd omé Ttoomo-
moujoelg (Vainas et al., 1992).

H nopuotumny] épevva amédeilEe Gt vow oL dvo mo-
Bativee epgpdvilav yponproud (54,XX/XY) towv puhett-
AV TOUS YOWUATOCWUATOV, YEYOVOS TTOU Y OLQAXRTNOILEL TO
freemartin. H ovppetoyr] tov XY ®uttdoov ot apuvadeg
Nol xar No2 fitav 63% naw 61%, aviiotouya, evd Tmv
ruttdomv XX vjtav 37% now 39%, avtiotouya.

I'ENNHTIKH XYMIIEPI®OPA

Apvdda No 1

H apvdda magovoiale avipmon tov dvom yethovg, Ad-
®wule e ta TEAooLa drQa ®OL CUMTTEQLPEQGTAV TTROS TS
TEOPATIVES TOV TTOLUVIOV G ROLOC.
Apvdda No 2

H auvdda eiye ovdétepn yevvnunt cuumeupod, on-
hadn) Oev €deryve evdLapEpov 0UTE OGS TAL AROEVIRA 0V-
TE 7EOG T Bnhund dropa.

YYZHTHXH

To otvdpouo freemartin xaL 0 aEOEVIRSS YPevdoe-
HOLpEOALTLOUGE, TOU TOITOV AvVaoTEOMC PUAOV, Eupovi-
Couv TaQSUOL HOEPOLOYLHA X AEAXRTNOLOTIHA 0T EEWTE-
owd yevvnurd Spyava. Tovto €yxel wg amotéheoua va
meoxraheitar duorohio ot dtapoirti dudyvmon.

A6 ™V rnapuotumiky ®ou ™V taBoloyoavatourt
eE€Taon oL TEQUTTOOELS TV dVO QUTAV UECTOPUAETIRADV
AUvAdmV UIToEOVY va xoeartoLoToty wg freemartin xow
O MG AQOEVIXGE YEVDOEQUAPQOITIOUOS, TOV TUTTOU OVaL-
OTEOPNS PUAOU.

Z10V AQOEVIXG YEVDOEQUAPEOITIOUS 0 RAQVSTUITOS
AOL TA EOWTEQLRA YEVWN TR GOYOVOL (EXTOS TV YOVAOWV)
etvaw Onhurot timov (54,XX) ue dudpogov faduot da-
nootieg didmhaong (.. amhaoia ToayAov %ot QuuUd-
Tv). 210 dropo freemartin o ®oEUSTLITOS Elvan XLULOLQL-
%0V Timov (54,XX/XY), eved To. e0wTEQLRA YEVVNTLRA GQ-
yava givor apoevinot timov. Kot otig dvo megurtdoeis to
eEmteprd yevvnurd Soyova elivar Onhuroy Tomov, eva oL
yovddeg elvan GoyeLs.

O apvdadeg freemartin eivon aQywd Onhurov yeveti-

Ewova 5. To yevvnuind ovornua s auvddas No2

(1: omepuatixol wooot, 2: ) CVVEVWON TV OTEQUATIRBY TOQWY,
3: 00006y05 »ioTn)

Figure 5. The genital system of ewe 2

(1: vasa differentia, 2: joined vasa differentia, 3: urinary bladder)

Histological examination of the ewe 2 genitalia
revealed fibrosis of the testis displayed connective tissue
with numerous immature seminiferous tubules.

CYTOGENETIC ANALYSIS

The chromosome examination was based on the
method of Basrur and Gilman (1964) after modifications
(Vainas et al., 1992).

The results of chromosome examination showed that
the ewes were haemopoetic sex chromosome chimaeras
(54,XX/XY) and were diagnosed as freemartins.

The proportion of XY cells were 63% and 61% for
the ewe 1 and 2 with the respective remaining 37% and
39% being XX cells.

BEHAVIOURAL STUDIES

Ewe 1

This ewe showed flehment and foreplay in the form of
foot striking. Its sexual behaviour towards the other ewes
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%00 @UAOV, OTIE OTTOlES, SUME, 1 AVATTTUEY TWV AVATOUL-
ROV TOUG LOQPWUATWYV, TTOU TQOEQYOVTAL ATTS TOV TGO
tov Miiller, €yeL Tijome avaotadel, eEartiag g dpdong
™G OVTLUUAAEQLAVIS 0QUEVNGE, 1) OTto T TTOEAYETOL OTTd TO
®OTrapa tov Sertoli Tov vTOTAQOTIROU GOYN. AvTOETme,
T AVATOMMXA LOQPAUATOL TTOV TTQOEQYOVTUL OTTO TOV TTO-
00 tov Wolff éyouvv avamtuybei. Zug apvddec freemartin
oL yovadeg €xovv eEelybel o VITOTAAOTLROUE CQYELS,
eva) ToL eEWTEQLXA YEVVITTLRA GQYOVAL EXOUV TTOQAUEIVEL O
exnelva Tov Onhuxrot timov(Jost et al., 1972). O SgyeLs Twv
auvddmv freemartin wapdyouvy avdQOyova, Ue ATOTELE-
oL TO EVHMROL VO EPPOVITOUY YEVVITLXY] CUUTEQLPOQA
dpoevog (Wilkes et al., 1978).

H ovyvomta twv mepuotativwy freemartin ota weod-
Bota etvow oG ueyoliteen amd exelivn TV TEQLOTATLRGV
TOU apoeVL®OU Pevdoepuapodttionot. Avubétwe, otg
alyes 0 aQOEVIXGS YEVIOEQUAPEOITLOUSS TOU TUITOU avaL-
OTEOPNGS PUAOU ElvaL 1) OUYVOTEQT HOQPY UETOPUAETIRG-
T™NTOE ®o ERPAVICETAL UGVO 0TS OROTUYWTES, GO0V Qpod
oto axéato yapaxrmoeotrd (Menegatos et al, 1984), evd
N gUpAvLIoN TS ratdotaong freemartin eivol aveEdomTn
™mg oovalog 1 un xepdtwv (Padeh et al., 1965).

O Smith et al. (2000) eE€racav 23 meplotatind ueod-
QUAMV TTROPativarv, oV Ta EEMWTEQLHA YEVVNTIRA GQYAVAL
elyav vreppeyEtn xhertoptda. Ta 0vo (8,7%) Nrav meQL-
oTaTRA AEOEVIXOU PEVOOEQUAPEOINTIOUOT, EVHD TO, VITG-
howrta 21 (91,3%) fitav freemartin.

H wotohoyinn etxéva tov dU0 TeQLOTATIRGY OUUPOVED
ne exeivn mov mepLydpetar amd dAOVS oUYYQOPElS
(Wilkes et al., 1978).

H ovyvomra eppdvions tov opvddwv freemartin ei-
vou TOAD YoaunAoteen amd exeivn Tmv Hooyidmy ®oL ®u-
naivetor ot 1.2% éwg 7%, oto 0vvolo tmv mohiduuwv
TOXETAV, AV %ot To. OluywTrd didvua elvar Tohd TeQLo-
o6tepa oto TEdPata ax’ ot ota fooetdy] (Dain 1971,
Long 1980, Bindon et al. 1985, Hanrahan 1990, Gill and
Davies 1991, Szatkowska 1995, Smith et al. 2000). Avté
opetheTan agevog 0To 3Tl UGvo To 8% TV dLluymTLrdy di-
dipwv ota TESata eppaviCouy aVAOTOUMOELS TOV oYy-
yelwv Tov mharotvia, og aviiBeon pe ta fooedn émov To
71000076 eivon 80-90% (Alexander and Williams, 1964) xou
QPETEQOV GTL OTO, TTEOPATA OL CVOOTOUDOELS APOQOVY KU~
olwg oe wrdtepa ayyeio (0.8 mm), v AVOOTOUDOELS
ueyavtepmv ayyeiov eivar ondvieg (Mellor, 1969).

H onavidmta twv meplotatney freemartin oe oo-
Boata, og oyéon pe o fooeld, opeileTal 0TO OYNUATIONS
Covav 1] QoPaV, OL 0TTOTES dLOYEOVTAL OTA TTEOOHOMNUE-
VO XOOL0L RO ATORAELOVY TO OYNUATLOUG HEYTAMV aryyeL-
XDV OVAOTOUDOEMV RO ®oTd CUVETEL TN duoveyio
atopwv freemartin. Tétolor oynuatopol eivar omavior
otug molidvpeg ®ujoets twv Pooedav (Mellor, 1969).

H yevvnuur ovpmeoupopd tawv auvddov freemartin
tov dVo meprotatndv (auvdda Nol cvumregupood apos-
viroU raw auvada No2 ovdétepn) ovugpmvel pe TeQuyoa-
éc dAAmv ggevvnTdv (Smith et al., 2000), ov omoiol ava-

of the flock was that of a ram.
Ewe 2

This ewe showed neutral sexual behavior to the other
ewes and rams of the flock.

DISCUSSION

The results of the chromosome examinations and the
anatomic findings showed that the two ewes were
freemartins and not male pseudohermaphrodites of the
type sex reverse.

These two types of intersexuallity show the same
external genitalia, making difficult the differentiation of
each case on the basis of clinical examination.

In the male pseudohermaphrodite the caryotype is that
of female (54,XX), whereas the ewes have female external
and internal genital organs with various malformations (e.g.
absent of the cervix and caruncles), but male gonads. In the
freemartins the caryotype is of chimaeric cells (54,XX/XY),
whereas the ewes have male internal genital organs and
gonads, but female external organs. The male pseudoher-
maphrodite of type sex-reverse is common in polled goats
(homozygotes in polled trait) (Menegatos et al., 1984).

The ewe freemartins are female in which Mullerian
derivatives have been entirely inhibited, while Wolffian
duct systems have developed. The gonads have become
entirely male, yet the external genitalia remain basically
female (Jost et al., 1972).

After the twins’ parturition, the freemartin ewe’s testes
are producing androgens (Wilkes et al, 1978) resulting in
male sexual behavior.

Smith et al (2000) examined 23 cases of intersexual
ewes with female external genitalia and enlarged clitoris.
Two cases were male pseudohermaphrodites and the rest
21 were freemartins.

The anatomical and histological findings of the cases
we examined are in agreement with those of other
researchers (Wilkes et al., 1978).

The frequency of freemartinism in sheep is much lower
than that of heifers. The frequency varies from 1.2% to 7%
of multiple births, although in sheep the dizygotic twins are
more frequent than in cattle (Dain 1971, Long 1980,
Bindon et al. 1985, Hanrahan 1990, Gill and Davies 1991,
Szatkowska 1995, Smith et al. 2000). This is due to the fact
that only the 8% of dizygotic twins in sheep showed
placenta vessels anastomosis in contrast to the cattle’s,
where the percentage is 80-90% (Alexander and Williams,
1964). Also in sheep placenta anastomoses are mainly
developed in small vessels (0.8mm) whereas those in larger
vessels are rare (Mellor, 1969).

The rarity of freemartin cases in sheep in comparison
with that in cattle is due to the formation of fibrous bands
or sutures, when the adjacent chorions fuse, excluding
major anastomoses and hence freemartinism as well in
the majority of the cases (Mellor, 1969). Such suture
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PEQOUV OTL 1 YEVVINTLRY OUUTTEQL(POQA T®V TRoPativiv
freemartin ;wowxihher amtd ovdETEQN MG EXEIVIC CROEVIXOU
Cadov. H ovdétepn ovumepupopd mg auvddog No2 mbo-
VOV va 0@elheTaL OTOVS IWRQOUEYEDELS COYELS.

Emonupaivetor 6t oL apuvdadeg e apoevirs Pevdoep-
HOPEOOLTIOUS €XOUV AQOEVIXY] YEVVITLRY CUUTTEQLPOQU.
AEoonueiwto givar Gt ov apvddeg freemartin ovdémote
delyvouv ovuTeQUPOEA BNAVXROT EVaVTL TOV ROLDV, EVH OL
nooydeg freemartin epgpaviCovv ovdETEEN CLUTEQLPOQA
%naL TOTE ovuITeQLpoEd tavpov (Dabrovski et al., 2000;
Smith et al., 2000). Emxiong, a&iCeL vo onueiwbel Gt oL wpo-
Batives freemartin €yovv xépata og PUAES, Grtov uGvo ot
%ot elvar vepaopdpol (Wilkes et al., 1978, Dabrowski et
al., 2000). Avté eEnyeltol omd 1o yeyovog GTL M AQEEVO-
oo twv apvddwv freemartin elival o §vrovn and exel-
v Tov pooydwv freemartin (Wilkes et al., 1978, Smith et
al., 2000). IIavtwg o fadudg g aEEEVoTOMoNS 0Ta TEO-
Boto freemartin (Smith et al., 2000), xaBmg xow ota foo-
ewdn freemartin (Marcum et al., 1974) dev eEaptdron amé
70 Myo v XX/XY yuonuuav ®uttdomy.

O Tandler zouw Keller (1911) elvan oL wpatoL swov mte-
QLEYQOAPAY TIC AVOLOTOUMOELS UETAED TV aryYelmv TmV el
Bovirdv vuévav eteEdEUAMY POCKAQLDV, dldVUNG #imN-
ong. To 1916, ou Keller »aw Tandler omv Avotgio ®oL o
Lillie omv Apeowi] viroomotEav v opuoviry Bemoia
Y0 TO oYNUOTLopRS Tov freemartin. Zugova pe ™ Oewolo
QUTI), OQUOVES ATTO TO AROEVLRG UETOPEQOVTUL UETW TWV
AVOOTOUMOEMY TMV AYYEIMY TV EUPOVIRMV VUEVDV OTO
OnAund, to omolo xow 0EevoToLovy. ‘Ouwg 1 Jost et al.
(1963), Stav X0 YooV TEGTOOTEQGVY O EYRVEC QYEND-
deg, yevviiOnrav pecogpuietind dtoua, te eEmteurd yev-
vNTrd GQYOVO dQOEVIXOY %Ol e0wTEQWA OnAuxrot, rat
Oy nooydola freemartin. Eniong, n yoonynon teotoote-
6vng oe éynveg mpoPativeg 25-40 nuedv mEoxdieoe
oto. Inhund Eufova avdmTvuEn emdLdVUIdmY, ®VOTEOEL-
ddv adévav, mpootd, forfovendoaimv adévmy, ooyE-
OV %0l TTEOUS, EVA OL MOONKES, OL MAYMYOL, 1] UTOO KAl TO
TEG00L0 TWUO TOU XOATOV TAQEUELVAY RAVOVIRA
(Alifakiotis et al., 1976). Ou mtelpapuationol avtol amodeL-
®vOouv 6L 1 dnuoveyia atdpwy freemartin dev ogeihe-
TAL OTLS OTEQOELIEIS OQUAVES TOV QPUAOV.

Agydtepa, N avordivypn and tov Kanagawa et al.
(1965) tov X nan Y (0mUoomudtav o€ ®UTToQ0 TOU (WUE-
MU Twv ootdv 0dfynoe tovg Herschler xau Fechheimer
(1967) va. Bewpnoovv 6 1 rardotaon freemartin opel-
AeTat 0TV TTOROVGT TOV Y YQMUATOCHUATOS (RUTTAQURY
Bempia). ‘Opng, 10 YeYOVAS GTL 0TOV AVOQMITO RO OTOV Ti-
Oxo eppaviCetor aLUOTOTOMTRAS YUUALQLOUOS OF ETE-
6gpuha dtdvua droua (Muller et al., 1974), xwoig to On-
MG ATopo Vo eUpavitel CUNTTOUATO HETOPUAETIRGTY-
TOG, ROTOQEITTEL TV TTapatdve Bemplo (Gengozian et
al., 1964, 1969, Gengozian 1971).

ABoonueimto elval Gt ota TTVA, oL oy YELARES aval-
OTOUDOELS ElvaL OUYVES UETAED eUPOVMV 0€ dInEORKA Cv-
vd, ue amotéheona ™ Onheomoinon Tov yevvnTrot ou-

formation is seldom seen in bovine multiple pregnancies.

The sexual behavior of freemartin ewes in our cases
(ewel male and ewe 2 neutral) is in agreement with the
findings of other researchers (Smith et al., 2000), who
reported that the sexual behavior varies from neutral to the
male one. The neutral sexual behavior of the ewe 2 may be
due to the very small testes of this animal.

The male pseudohermaphrodite ewes showed male
sexual behavior. Noticeable is the fact that freemartin ewes
never showed female behavior to rams, whereas freemartin
heifers never showed male sexual behavior (Dabrovski et
al., 2000; Smith et al., 2000).

It is remarkable that freemartin ewes have horns in
breeds in which only rams are horned (Wilkes et al., 1978,
Dabrowski et al., 2000).

In goats the most frequent type of intersexuallity is
male pseudohermaphroditism and appears only in
homozygote to polledness, whereas freemartinism in goats
doesn’t depend on the horn presence (Padeh et al., 1965).

The masculinization of freemartin ewes is more
pronounced than that of freemartin heifers (Wilkes et al.,
1978; Smith et al., 2000).

The degree of masculinization in freemartin sheep
(Smith et al., 2000) and in freemartin cattle (Marcum et al.,
1974) doesn’t depend on the ratio of XX/XY chimaeric cells.

Tandler and Keller (1911) were the first who described
the anastomoses of the blood vessels between the placentas
of the male and female twin calves.

In 1916, Keller and Tandler in Austria and Lillie in
America supported the hormonal theory for freemar-
tinism. According to this theory, hormones of the male
gonads are transferred through the vessel anastomoses of
the fetal membranes to the female which they masculinize.

However, when Jost et al. (1963) administered
testosterone in pregnant cows, intersexes calves were born
with male external and female internal genitalia, but not
freemartin in any case.

Testosterone administration in 25-40 days pregnant
ewes induced development of epididymides, vesicular
glands, prostate, bulbo-urethral glands, scrotum and penis,
while the ovaries, the uterine tubes, the uterus and the
cephalic portion of the vagina remained normal
(Alifakiotis et al., 1976).

Later, the discovery of X and Y cells in bone marrow by
Kanagawa et al. (1965) made Herscher and Fechcheimer
(1967) support the cell theory considering that freemartinism
is due to the presence of Y chromosome.

However, this theory is rejected by the fact that blood
chimaerism appears in human heterosexual twins (Muller
et al., 1974) and marmoset monkeys (Gengozian et al.,
1964, 1969, Gengozian, 1971) without the female individual
showing any symptoms of intersexuallity.

In birds vascular anastomoses are common in doubled-
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OTNUATOC TWV 0QOEVIRAV euPoimv, o aviiBeon ue ot
ovppaiver ota Onhaotrd. Avtd elvol eréuevo, oo oTo
VA, T0 0EOEVIRA £Vl OUOTVYWTA (G TTEOG TOL PUAETLRA
yowpooduato (Nicholas, 1987 ).

Zjuepa Bempeitar GtL vatevhuvo yia ™ dnuoveyio
TV atépwy freemartin elvan Eva avirydvo mpoeQyoUevo
a6 o XY »otrapa (Ohno et al., 1976). To H-Y aviyé-
VO, TTOV TTOEAYETAL OTO GMUM TOV 0ROEVIXOD dLOVUOU, 1e-
TOPEQETOL UETM TMV OVOOTOUDOEMV TmV oLy yElmv oto On-
Mré diduuo, to omoio ko appevomoteitow (Wachtel et
al., 1980). Agydtepa Pognxre 6t 1o H-Y avuydvo, mov
TEOEEYETAL ATt TO AEOEVIRG dIOVUO ATOUO KO UETOPE-
QETOL UECM TV AVAOTOUDOEWY TV aryyeiwv 0to Bnlurd
dtdvpo, mpooxrorhdtar otovg VITodoyelc Twv epPouindv
YOVAd®V TV BNAVROT ®oL TEORAAET TESWEY 0O XY 0Q-
yavoyéveon otig XX adiagogomointeg yovadeg tov
(Wachtel and Koo, 1981).

AEoonueiwto givar to yeyovig Gt oe etepdquia didv-
uo aototrdv fovpdlwv dev €xovv eupavioTel dTopa
freemartin (Keller and Tandler, 1916). Entiong, apretég go-
0GOEC, TOV TEOEQRYOVTAL A0 ETEQSPUAT drdupiat, UE XLuoiL-
QLOUS PUAETIRAIY YOMUATOCHUATOV, elvar yoviues (Bouters
and Vandeplassche, 1972, Podliachouk et al., 1974).

Eivau, eniong, evouagépov 6t xouv avagepdel dvo
meQLoTaTIRG PO IOV, amtd eTeOQUAN dduuia, pe yi-
UOLQLOUS (UAETIXAV XOWUATOTMUATOYV, TOV NTOV YOVL-
neg (Eldridge and Blazak, 1977, Smith et al., 1977). Zvo. -
QLOTATIRA OVTA PAIVETOL GTL OL AVAOTOUDOELS TWV ALY YE(-
v €ywvav YeTd TV 0AorA QMO TS 0QYOVOYEVEOHS TOU
YEVVITLHOU OUOTHUATOC.

Av %anm ouyveTta egpdviong v atéumy freemartin
ot TESPOTA EIVOL OYETLRA (UKQT], EVIOUTOLS TO ETUOTNUO-
VIS EVOLOPEQOV TV PHOQPOLELTOVQYIRMV DLEQYAOUDV, TTOV
oyetilCovron pe ™ dMnuoveyia Tov gilov, elvan ueydho.

yolked embryo eggs, resulting in the feminization of the
male reproductive tract, in direct contrast to what happens
in mammals. This fits in neatly with the fact that the sex
determination mechanism in birds is the reverse of that in
mammals (Nicholas, 1987).

Nowadays it is considered that the cause of
freemartinism is the H-Y antigen derived from the XY
cells (Ohno et al., 1976). This antigen is transferred from
male twin through the placenta vessel anastomoses to the
female twin that is masculinized (Wachtel, et al. 1980).
Later it was found that this antigen bounds to the receptors
of undifferentiated XX female fetal gonads resulting in
testis organogenesis (Wachtel and Koo, 1981).

It is noticeable that freemartinism has never appeared
in water buffalo heifers (Keller and Tandler, 1916). Also
some chimaeric mares, which were twins to a male, were
fertile (Bouters and Vandeplassche, 1972, Podliachouk et
al., 1974). It is remarkable that two cases of chimaeric
heifers co-twins to a male were fertile as it is referred by
Eldridge and Blazak, 1977 and Smith et al., 1977.

Although the frequency of freemartinism in sheep is
relatively low, the scientific interest in sex differentiation
is great. 1

BIBAIOI'PA®IA - REFERENCES

Alexander, G. and Williams D. (1964). Ovine freemartins. Nature
201: 1296-1298

Alifakiotis, T.A., J.W. Call and W.C. Foote (1976). Androgen
induction of intersexuality in sheep. Theriogenology 6: 21-28.

Basrur, P.K. and Gilman, J.P.W. (1964). A blood culture method for
the study of bovine chromosomes. Nature 204: 1335-1337.

Bernischke, K. (1981). Hermaphrodites, freemartins, mosaics and
chimaeras in animals. In "Mechanisms of Sex Differentiation in
Animals and Man". Chapt. 11 pp. 421-464 edited by C.R. Austin
and R.G. Edwards. Academic press

Bindon, B.M., Piper, L.R., and Nethery, R.D. (1985). Freemartins in
Booroola Merino populations. Proceedings of the Australian
Society of Reproduction Biology 17: 108.

Bouters, R and Vandeplassche, M. (1972). Twin gestation in the
mare: The incidence of placental vascular anastomoses and their
influence on the reproductive of heterosexual equine twins.
Referred by Marcum,1974

Bruere, A.N. and Macnab, J. (1968). A cytogenetical investigation of six

intersex sheep, shown to be freemartins. Res. Vet. Sci. 9: 170-180

Cribiu, E.P., Durand, V. and Chaffeaux, S. (1990). Frequency of
freemartinism in Booroola Ales Merino ewes lambs. Recueil de
Medecine Veterinaire 161: 61-68.

Dabrovski, T., Sysa, P., Jaszczak, K., Keszka, J. (2000). Freemartinism
in sheep. A histological analysis of the reproductive system. Animal
Science Papers and Reports. Polish Academy of Sciences. Institute
of Genetics and Animal Breeding Jastrzebick. 18(1): 43-63.

Dain, A. (1971). The incidence of freemartinism in sheep. Journal of
Reproduction and Fertility 24: 91-97.

Eldridge, F. E. and Blazak, W.F. (1977). Chromosomal analysis of
fertile heterosexual twins in cattle. Journal of Dairy Science 60:
458-463.

Fraser Roberts and Greenwood (1928). Journal of anatomy 63: 87
(referred by Wilkes et al. 1978).

Gengozian, N. (1971). Second Conference on experimental Medicine

and Surgery of Primates in New York, Karger, Bacl (referred by.
Kastli, F. and Hall, J.G. 1978).

TEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAX 2004, 55(4)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2004, 55(4)



308 I. MENETATOS, E. EYAOYPH, A. ATIOYTANTH, O. SAMITATAKOY, E. [TAPAXKEYAKOY, E. BAINAX

Gengozian, N., Batson, J. S., Eide, P. (1964). Cytogenetics. 3: 384
(referred by. Kastli, F. and Hall, J.G. 1978).

Gengozian, N., Batson, J. S., Greene, C.T.J., Gosslee, D.G. (1969).
Transplantation. 8: 633 (referred by Kastli, F. and Hall, J.G. 1978).

Gill, J.J.B. and Davies, D.A.R. (1991). XX/XY chimerism in infertile
sheep of the Cambridge breed. Genetique Selection et Evolution
23 (Suppl. 1) 126-130.

Hanrahan, J.P. (1990). Evidence of single gene ettects on ovulation
rate in Cambridge and Belclare breeds. Second International
Booroola Workshop, Toulouse.

Herschler, M.S. and Fechheimer, N.S. (1967). The role of sex
chromosome chimerism in altering sexual development of
mammals. Cytogenetics 6: 204-212.

Jost, A., Chodkiewiez, M. and Maulcon, P. (1963). Intersexualite du
foetus de veau produite par des androgens. Comparison entre
I’hormone foetale responsible du freemartinisme et I’lhormone
testiculaire adulte. C.R. Acad. Sci. (Paris) 256: 274-276.

Jost, A., Vigier, B. and Prepin, J. (1972). Freemartins in cattle: the
first steps of sexual organogenesis. Journal of Reproduction and
Fertility 29: 349-379.

Kanagawa, H., Muramoto, J.,Kawata, K. and Ishikawa, T. (1965).
Chromosome studies on heterosexual twins in cattle. I. Sex-
chromosome chimerism (XX/XY). Jap. J. Vet. Res. 13: 33-42.

Kastli, F. and Hall, J.G. (1978). Cattle twins and treemartin diagnosis.
The Veterinary Record 102: 80-83.

Keller, K. and Tandler, J. (1916). Ueber das Verhalten der Eihdute
bei der Zwillingstrachtigkeit des Rindes. Wien. Tierarztl. Mschr.
3:513-527

Lillic, F. R. (1916). The theory of the freemartin. Science 43: 611-613.

Long, S.E. (1980). Some pathological conditions of the reproductive
tract of the ewe. Veterinary Record 106: 175-176.

Marcum, J.B. (1974). The freemartin syndrome. Animal Breeding
Abstracts 42: 227-242.

Matejka, J.B., Cribiu, E.P., Ricordeau, G. and Chaffeaux, X.S.
(1987). Frequency of freemartins in Romanov ewes. Recueil de
Medecine Veterinaire 163: 635-638.

McEntee, K. (1990). Reproductive Pathology of Domestic Animals.
San Diego Academic Press. Pp 14-19.

Mellor, D. J. (1969): Vascular anastomosis and fusion of foetal
membranes in multiple pregnancy in the sheep. Res. Vet. Sci. 10:
361-367.

Menegatos, J., Chadio, S., Dosopoulos, V., Kalogiannis, D., Xylouri,
E. (2003). Ovarian and thyroid activity of the Lacaune ewes
breed during the year in Greece Journal of the Hellenic
veterinary medical society 54(3): 209-220

Menegatos, J., Loukas, M., Pitoulis, S., Xyouri,E., Chadio, S.,
Diamantopoulou, E.,Stoforos, E. (1984). A case of intersex (sex-
reverse) in Zaanen goats. Their heredity, cytogenetics, anatomy
and endocrinology. 3rd Greek Veterinary Congress 23: 70-71

Muller, A., De Grouchy, J., Garreta, M., Andre, J., Roubin, M.,
Moullek, J., (1974). Annales de Genetique 17: 23.

Nicholas, F.W. (1987). "Veterinary Genetics" pp. 143-151. Oxford
Science Publications.

Ohno, S., Christian, L.D., Wachtel S.S. and Koo G.C. (1976).
Hormone-like role of H-Y antigen in bovine freemartin gonad.
Nature 261: 597-599.

Padeh, B., Wysoki, M., Ayalon, N. And Soller, M. (1965). An XX/XY
hermaphrodite in the goat. Israel Journal Medicine Science 2:
1008-1012.

Papachristoforou, C., Mavrogenis, A.P., Toumazos, P., Hatjicostis,
A., and Ferguson-Smith, M.A. (2003). Sex ratio and
freemartinism in Chios sheep. EAAP-54th Annual Meeting,
Rome. Book of Abstracts, pag. 29.

Podliachouk, L., Vandeplassche, M. and Bouters, R. (1974).
Gestation gernellaire, chimerisme et freemartinisme chez le
cheval. Acta Zool. Path. Antwerp. 58: 13-28.

Robinson, T.J. (1957): In "Progress in the Physiology of Domestic
Animals" (J. Hammond, ed.), Butterworths London, Vol 3: 793-
904.

Smith, G.S., Van Camp, S.D. and Basrur, P.K. (1977). A fertile
female co-twin to a male calf. Can Vet. J. 18: 287-289.

Smith, K.C., Parkinson, T.J., Long, S.E. and Barr, F.J. (2000).
Anatomical, cytogenetic and behavioural studies of freemartin
ewes. The Veterinary Record 146(20): 574-578.

Spedding, R.N. and Dobson, H. (1989). Diagnosis of freemartinism
in sheep. The Veterinary Record 123: 18-19.

Szatkowska, 1. (1995). Frequency of lemphocyte XX/XY chimerism
in Leine sheep coming from heterosexual twin multiple births.
Journal of Applied Genetics 36: 373-378.

Tandler, J. and Keller, K. (1911). Ueber das Verhalten des Chorions
bei verschiedengeschlechtlicher Zwillingsgraviditiat des Rindes
and tiber dic Gravidat enstammen. Dtsch. Tierérztl. Wschr. 10:
148-149.

Vainas, E., Boscos, C., Lekkas, S. (1992). Evaluation of fertility of
heterosexual twin heifers by means of cytogenetic analysis.
Bulletin of the Hellenic Veterinary Medical Society 43: 53-58.

Wachtel, S.S. and Koo, G.C. (1981). H-Y antigen in gonadal
differentiation. In "Mechanisms of Sex Differentiation in
Animals and Man". Chapt. 7 pp. 255-299 edited by C.R. Austin
and R.G. Edwards. Academic press

Wachtel, S.S., Hall, J.L., Muller, U., Chaganti, R.S. (1980). Serum-
borne H-Y antigen in the fetal bovine freemartin. Cell 21: 917-929.

Wachtel, S.S., Koo, G.C. and Boyse, E.A. (1977). Evolutionary
conservation of H-Y ("male") antigen. Nature 254: 270-272.

Wilkes, P.R., Munro, I.B., Wijeratne, W.V.S. (1978). Studies on a
sheep freemartin. The Veterinary Record 102: 140-142.

TEPIOAIKO THE EAAHNIKHZE KTHNIATPIKHE ETAIPEIAX 2004, 55(4)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2004, 55(4)


http://www.tcpdf.org

