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SCN ; Suprachiasmatic nucleus (f83& X E#)

GnRH ; Gonadotropin releasing hormone (7 F FBE URHAKRILEY)
ART ; Assisted reproductive technology (Z5E4#BhRiT)

ET ; Embryo transfer (Zi5IIFE4E)

PMAP ; Piezo micromanipulator-assisted puncture (ETY Y49 OY=_FEa
L—% —%fiE)

LAP ; Laser-assisted puncture (L—H—2¥Li%)

BSE ; Breeding soundness evaluation (Z5Ef<143T4h)

IV ; Index of vascularization (M1ERRKIEEN)

RI ; Resistance index (E#ifR%0)

PI ; Pulsatility index ($HENZRZ0

PSF ; Peak systolic frequency shift (UU#EEAR KBRS 7 )

MF ; Minimum frequency shift (JisRKREIFKE T )

TAMF ; Time-averaged maximum frequency shift (FfEFHRKXE KL 7
~)

FGR ; Fetal growth restriction (JBFREAFE)



FEO ; Fetal eye orbit (JBFERERE)

CTUP ; Combined thickness of the uterus and placenta (F=EBIEE)
FGL ; Fetal gonad length (B&FTERIREE)

FKL ; Fetal kidney length (B&FBH&E)

FHR ; Fetal heart rate (F&-Fi10:8)

P, ; Progesterone (7O4XTOYV)

E2 ; Estradiol (TR b5 D% —)L)

EIA ; Enzyme Immunoassay (ZoH A LA L/ T vtA)
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1.1 L EMERICONT

ERBLIIEXREBOEZEKTIRAETHY . EMEMICTIX TERE] L(FH
LB EHHHBICWDERE LN, ZRITH LT M9 KiEl L EINALISELAFE
NEEZTIDEEKRT B[], LEESNATWS,

dmEfER. KK, HEE. dMNE. HFHE. FASE. BEaBEELUE
REEIIERIZFET S SEDERETHD, tiEENEEL 15 tHiEHh SALiE
BANERLIZCEAHONT WD, BAEXREDOT THEEHNRL S, X
HIAE. BEEBORFEER2HOTUOEILEENREETH ., IEMBCER
DEFEAICKY FAEBERIIFELFRLT SERNRLSA TS, AFHEZEAB
AEEHE UTEFHE L L TKIF OMETICEK YIBTI 50 £ (1975 F) it
BEMEREOHAEENIE 1337ETHY. %®&$m6&zu%4¢>km i3
2928 BEEE TIEM L TLM=A. ZORFABERIIPDO—FE-E>TL S,
3 £ (2021 F) DRABERIIELHENH S 46 FRITHRIL DG IVIS4EELEL U
1994 FEDT—REERE L ZE 3 KD 2 FTHEAD LI12],

BEEREOT—RIC&D L diEEMEER(gl-)DARSIEL#E T 120~130cm,
B TIX 123~1830cm THY . EEHIEHRETIE, LBENEFEOERLL
TUUBEIAEDOLNTWNS, £z, BRICVWBEREDZ  FAxSZE L TL
cELvbind, LEENERFARSOEGFEERLTE Y. £ OEIXAIXS
NafReL 55 (8], TNODEHICMA TIEBENEEEIYSIL Y FREDH
EFELLER . BELLWVMERZEL. ALEDOZI 22— 30 LOTLMENT:
RHEH. BRIZCEVLWTIE—MRTRVOEAVEDHFDERFL LTHIE
FEAMERIN TSI,

R—REFE— (FREREEEE BNEELR TELDOSNHL. BREOIT
BIZLYBARN BHNEEZRET 2N EEED 1 DTHS(figl-2),1950
F,.R—RESE—EEBICRAY,. AF—A M) 7 AL RTLELERLTEY.
CDEENBEELAVEDOHIZEHLNA TV, D 20 FMT, m—XE3
E—IDBEREZEST LS ICHESINEML], BEEARIZBVWTHR—RESE—
LENAEED 1 DELTEAZEBZAUTLS, SETOHRETIE., F—
AESE—FFEISELFHBIEFTHEITHY .. FNEKE-8] P2 RMERE
EFE[9IC & B/ T U R MREEG. ETERMBEUEE[10]7%4 £ O SHERIEH L
HEUHNEE(11]. BEE[12,13] 2 EORBEBREICHERDEEDHENED 5
nThd,

BIIALVAEBLHIRELL. FHEBRVOBYTHY . RREEZEFOAEELH
[CREICRVBET I ELETELYZCDBEE. BELZHBHIENTED, F-. F
BEZ952¢IC&>T.ELOEBNIZKY . BOFRRAVED/NS VX #EEEEE
TEH5IENTES[14], STIIR—REFTE—DFEIEIMDTHEWVWIEREIZT
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FoTLVS,

NODI|RZBFASH &, ABEMERIL, FEENES 0 BELALLVMERE
L. FEACBLIEBLTWSEANSEZRD L. BAEREER—RXESE—IC
BLTWAERETHD, FALBEMBRELUNOBREERTEICEBEHRN,
VI IEFERREIRRBIZEY D0H 5. BOZKREZR DO, LBEMER
DEBHMREZFN L. [FRMDODBAEXREADEANRDOONS, ED=0. K
— X ESE—PHEHOREDFEZH/ T AIC. LEBEEMEEZETAAREXRE
DEEMRALS K URAREROENEIVERAREEZOND,

1.2 RORERFHIZDOLT

EIRBEBEEMTHD, LFETIE. EEEOXBEHIE 4 AN S 11 A, £
AR=——EO%E#IL 5 AN 5 10 BTHS[15], FHEHALIS O HAR (L IERTEHA
LEHLND (figl-3), COEARMTIEE LT 80%ULDOEDREELXEHFL T
BY. RECHEMNTONG LGS, LEBTHTE. EOMEFFEH 1H,5 3
DEHINEIIRER = HET D, COHBOIBIEIRE. F#FIEERITERYIRT
[16],

AS LU, EEITRTOEYICHRARBRCSHEREZGETIEELER
BEFHEORILELTHD, AT L= DREIL. BHMREEHD, £, &
PHEHNRCAGEDIE AT P VERENALRTAHMILERT 517, A5 =
DO EREHTEIANRXLE LT, RETHEIED SCN ML GEH>TLVS
(18], XDEHMIIFEDE & L THRIEHZHMBICEESA., RERKTHEE
WBOT SCN [TELN., ZOERMBRIZEREL, AT 2O MEIHT S,
T, AT 2V, FERBETOHIEOE 1 BOEBEY A 7 IILOFRAEIC
BEELGRIZRELTVWS, A5 VDR MENEDLT HE. GnRH D5
ENEML. REMICRERZRHLENTES, LENST, BIZBLWTX
EEFEIFHOAS FZ oD MBEVDIZHRMICINGI TSI &%, EENEHE
NEBEDHDIETHD.

JtFEHA (photoperiod) MY FO—ILIZE FELUVEYD A S = %A
TEHEELAHETH D, Ginther 5T TIL[19], dLF¥KT 12 A 12 BN S
15L/9D (1 B 15 BEfELEFKLAOE, 9 FFEELE) ORBALE (lightning
program) JAY 5L (figl-)ZMRT 5 L. HEODLXFTEEXFHZ KIBIZEMR
THENTER, T, RELEOOX FE2R/MET B1=0IZ, i RBLE
LRSIz, T ABRFERTREINEESIC. 11 A1 BMGEWE12A 1
AN RENEBERIEL T, ZER CEXBEHERDIENE Oz, ZL T,
RNEXRIFREEHEIT I20REBHEOICE. 24 ED 6 BRIOEBREN
WEBEEEZ LN, 15L/9D ORBAE TS VL4, BIE/LR (fixed pulse, B
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REBR+FRT4 LS 1 BFREIO/ILRALE) AKIE, 151/9D TS5V ER LS
RThHoT-o COFEMIL., HEDNERRAZRET H-OIZIF. 12 A1 HH
HMERIC 1 FEIOBEENX/ IR EZRBEFTELHENLZDOERFHREZERET SR
NHEZPTHRHIRX MBI OGN LAEEEDOENVAETH D EMNFIBAL =,

—AWEEQOHEPMERDHD-ODMEELE LT, TIL—54 <R Y (figl-
5) ZAW=Z4 b bO—LICEAT SHABEMNELERINATILVD, AFPE
BEDEBYMOMETIE., BAXIEARALCEHBAELRAKONELHDIEEINT
W5, BDIFZE. AT b= DR bEiFT 53EIE. £ b &R, KRERH 430
~560nm DBEALNFELENESINTLVS, Walsh 5[20]|DBFETIE. A5 k
ZOMHEIBRIZOVT. AEORE. FELAMBDIIL—F4 b TATRI %
FAWTHERET Lz, BRAXLESILI R, 10T R, 50 )L AEKXLV 100 /LY
ADTIN—F4 bEBAUVEEEEE. FEEEBEOIIL—54 FMLEZ L1
HEDASFZVUBEFLE LIz, TOHR. 50/LUVRXE 100 LT RADTIL—
FAMIRLEIITAS P2 VEREFHIT IEENNHSZEMFIBAL, F
fz. FEEABDIIL—F4 FLEBEORBICAS FZVEREDEELGEFRS
NEMN21=, COFENS .50 LT RDBEERITIL—F4 FIXRTIZKBAEEH.
MEDAS F=—UFIICHZRLELTWEAETHD ERRD (1=,

KEIZ K HARBLELSNE Guerin bOMETIE. XDREF L UVUEERE
[TEVEHINZEDHIEELRFERE L TEZ TS, Guerin 5DIHE TIXERH
TEIFEBEYNRESKEN ICLERETHE. FHLTHEHIIEZH 9 BEDH S
CENFIBALz[21), . BOXREBLELVEHINOBMEICEEEZEZSEE
ATW3,

1.3 B O KB BT (ART)

ZHEINRBAE (ET) (393K, SHBECHEEQBEVEICLCERENS[22], &
F.FORERER. EGFORELEOARICLERSATINS[23,24], KT 1
F 1 EOFEICEEDNEMENENTHS, T BICE>TAFBINLED
FERIFIFEL CBUL=0[25], ZFBIMBIBEICL DRRDOFIRIE. AK1FIZ18R
LAEFNGEVVEFTLGEN, IIRFMBIEICL Y 1 FICHEREEES 5 ENH
RRELDHIETHD, BOZRINBIEIL 1972 F(ICHHTHE S n[26], BR
[TEWNTH, 1992 FIZ 15 HOEZBMBEARM SN, BF 65H(40% DEA
AESHh, HERUOZEMBEICLSIEERE LTRRINE[27], I 5D,
BRICEVWTRHENBELIELEEANDCANFTLER ST, 2019 £
Hannan 5[28][3#&H THATIBEMESICEVTATRERDOZEINBIE
[CRYFEAEEN-HUFZHRE L. TDOHREFICELD L RBERBEZANT
FF—~FEARBALRIE 7 BROZBMEURE (67%) & & UHEZHEN
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ELVEIY PABHEZRDOITRE (100%) FHIZTEWNMEREZRLTLS,
FEZHEINOBBEOR RIFETAIREGEHELS FF—DO NS HIBICRESINT
LESSETHD, TDO. THRINEURZOFEERFIL FF—OHiZfEE % 2
RIBAEELTHEIATWS, EOZBENIERBICHBALEDOTHS, 2R
REEFERETHEIC. 1 2EBBRLEGTAELE S G VMEFER 300pm LLED
ZRNODERZRFLEIOBRHTH S, THENORREOR. KOOI L 5 HiaREE
EDOBMBIEEZTOROZRBNTIREZ TIFS2ERTH 5(29,30], £ T.
BREEOERERERIKBREZBEEETTEAHNIEDILEVWSHENHD, +5
[BEWVEETIE. SN DBRRITFHEENSCHBY . KERKT S ELGCELET
B5(COTAVRIIATRILEFEIENTIND), 1985 F, YO RIZHWNTZFE
DA S RERFFMO THRE S N[31], —A. ETIE. EF 300pm UL TDF
FEINIEBREE R L A< TH B TE S HIEE (50~65%) R TS H[32].
300um LA LD ZAEMNIEBRZEZZFR LAWY ., BHERIIIED TEWEIRET
Hot=. £ZT. Reza 5(33][& PMAP & U LAP % ZMAL\T 300um LA E®D
REWZBIND A T I EMERBICNERIT. ZEEREFEL. REL-ZHENZE
LYETVMIBEL, LYEIY FOBIREFFNT, EHR. PMAP 5&U
LAP EILERE 300~700um DZFENOFERECERATHS L EHALT,
700pm UL EDZFEINOFEREEICELTEISOLIBRFANDELEZ 5N D,
BHOMETIE[34]. BRICEVWTEDZHIND EEEEX KRR E-RE
LHot-. EOZRNBEEMOERICEY . FHRUICEDEEMEDR LDOED
REIZCEY—BERTETHIELNIFTE S,

14 BEREMICOWNT
14.1 #EFAPPOBEREE

E, BERDHEIEORBIZEKFERASINATNWSED BSEDEERY
—J)LD 1 DTHA([35], BEEREIIRLLGAETIEAIN TS (figl-6), &
EEICHE VW TCTHBHEOMNERS L UFENFMEIRLEZELRICATHD. BD
FRIEREAITTEY 21 BT, &7 1 BARDOIREE 2 BAROEERBIZH TN
%, BRI OWT, TFENBEOREFZOFTMIIBENFRI=DOLEA S, £-FEK
HICEWTHEEREBGZHERIC & 2 H AT ML 5EIE B O KhEEE 1T
DIEED 1 DTHBH[36], EEXIE, 1RO EHBFICFRARE P ERibT 5
N WIRTH 5D, BIRLEWNES. BEARGETL. MEXFRIEIE (DIEER) (1
R, BERIEEAME GRILEVEESME : X, DEEAMER) . AEHER. BX
ELE=HREFHES LU IR 77— LAMBRM BB ([37], EERDRERIZD
WTIEFEEBALAICSNTULELD, BARMIEHINaTONBEEAMES LU
KIENBHENSK S5 H -12[38]. EOERIEF/ 2FLIFV LS5 AR LE
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Whhd, FEKRIMERNIZHD=H. MEZTEHIIENRETHDS. TD=OH.
BERCHEIEERZHRREITOIERELAELEZAONS, NEERITEERD—
BORHETHS, WEERNSHFERAICTEN-MFRIFEDOEEMEREER L TLY
%, Ferreira 5[39]DHFE T, ZAEINEHEIFD Ky T —HETOHRALER
fEeme PREICHEBEAR 5z, £ Panzani 5 [40]|DWHE TIE, EHEINET
BIDFEDOHIN 14 BE TOMERAER IV=-EANREE/ EANEERR) M 5.
me PyREM 1 ng/mL L EDFIEIEEE L TIRIBL 1=,

FERNEXIE. BEXEOFRTENRLEELGRED 1 DTHD[41], FER
BOETE. FERNEOFEDI L— FEEDBEITFERNRXZEORILD 1
DTHD, F-RIEDHETIE, Fy TS—HBERBRENLCFERNEXFETIL.
FEERMFEEDEME LU Fy TS5 —&F#H (RI. PI) OTEARE ST
[42],

1.4.2 iIFRP OB ERRE

EDOIIRHBIEIHN 11 v BERVEMITH D, EONIRILIEREMEREEFRLC
TEED1DOTHH=-043]. REIET 1 E 1 EOHYEL S, RUVITIREIB O
b, HMEZORERTHIEREEZRCIARENH S, BIETFOEOEETEREILE
HIRIBRFIMZADERAGHELEEZEAOND, L2 AHH, BRHIEDPEFTKREEE
EERINTHL,

1996 £ Reef 5[44](T ¥ TIEIRBREAA FIRREMREEZZMI LIz, CNET,
RS R DB FIREIZOVWTIE, ELOMEDERELH S[45-48], EDEF
BREZISITIRFHICK > THIEOZHMEERNEL DI LD LGS, ITIRATE (R
§5 35~200d) [(IBREBRENELREY—ILTHD, BRFEHS L UVEE Gk
#5 200d~918) [TEICREERRELTNICREBREICKYBRFRESZITS. F
EHREBE. BFOE. BFRER. BFXBIRE. BTFERES & UHBRFHERZRE
RUBFREREZHICERINEBETH 1=,

R FREEEUN. FIRPOIFREFESROLFIEZELHRFE=2 I T
DEERIEEELTEZAONS[49], RI BX U Pl IEH b FEHA SN S MiREEE
BThd(figl-7, 2 DOFREIEZENETN PSF. MF, TAMF [C&UEHEIND
(RI=(PSF-MF)/PSF. PI=(PSF-MF)/TAMF) [50], PI ®_t[RIF% L A, RID
#EIX 0~1 THD, MEERFHEAS TLESVFLOEERAS <. MFHE
ENENI LZRLTWDS, IHIRTOBEL L FERHTORFAD MK
FHEFREDBETEELERTHD . FTHRLOERBIZRNICHEFRE
2 (FGRIZEMNB Z LIz 5[51], 2D, BiRFOFEBIRMLEERD
BEFBRFREE=2VIDEEL—BTHD, T-. FIRPOMEERLE
BEIEED 1 DTHA[52], £ +TIIITRPITFFESHIRILELAYIER (diastolic
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notch) (X FMATEDNBHIERE L TEA SN 553,541,

Z0ft, 2D H& U 3D BEFRBREZ AV =EIIRP I FHERHIME L EET
BESNTWS, IHROFIH. PHE S VRO TN ENDIEFIERHIBTEARE
Eht=, 2D B KXV 3D IEIRATHAD Is F A JERR ZRAC HI ML [55,66], IEIRPEADAG
FoM LR DR E56,57] 6 & CIRIRZ HAD R FIERRFIBT A 58] D& (S IT RS
HEERRFREANHEZRESE., HAHIMOBEZEICA LS,

1.5 R/ MpRILEICTDONT

EOIIRIE 11 v BIZELRL. FH-BHLTAETH D, EOFIROHEFICIE
BRRBRILEUNEEL THET IDENHD, TOSBRATHA FRILEY
TEDOHIRICH LTRIVEELRILEVEBDODNS[59], 9 ERL & S I21FIR
BHOFIREDEAN ST S Py (FITRMIFICEELRILELTHS[60],
FIRE POEEISHIINER(ICHEIOE—Y 02, ZO®ITIR6 BENSE 2 E—
IZEEST S, TOHRENR 26 BEEFTHRAIZTR T H[46], £f-. TX A4S
VIFTIRMEFDO=ODEBELRARILELTHA[59], HiRHRE., EOTX ~OY
VIFIEIRATHA CIXIELMEZ R > TWLS A, EIRPEAICIISEIC LR T 5, TDE.
PIERICRRICTET %, EOIRIRMEZF ORI, ITIRATH CIXITIRE FHIAHK
D Py, FIRFHS FUVERHATIEIBRFELIVBRBICESIIR AT UNELSTL
b5, BIRFDRILEVREIIBRFORBBEREE=2 VI L UREBLIZE
BELBbHN S,

1.6 BIREM

EEMERICSODTEIBEICEALIMRIIVELDLGL, HITEBENESIC
WU FEREZHALIELEILIIN TGN, Z07H. KHETIEK, BEK
PHEELRICOMHPRILEVRAEEZEEZRALNT, UTORBEZHEOBEHE L
T=o

1. dUEEFMERICHS T 51T RO FIEIED IEE S HE 0 fiZ 87

2. dBEMESRICSTHHIESHBEESANLS P4 LUV B2 REDBIE

3. 3DHBERZRAV-ITIREDHBFIERFIBOAEDHEIL

4. BEREGZWBRIFREZSIUBEOLDRILE VEIEZRAVFIR
EEORIRR



Fig1-2 Horse-Assisted Therapy in Obihiro University of Agriculture and
Veterinary Medicine

https://www.obihiro.ac.jp/facility/fcasa/contribute
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JEFETEH TR JEFEhE
EFXNE MERIE
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Fig1-3 The reproductive season of horses during the year

Light phase Dark phase

—1
=

Figl-4 15L/9D lightning program: L represents light phase, D represents
dark phase.

Figl-5 Single eye lightning blue mask used on Hokkaido Native Pony
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Spectral Doppler

Y

—)

3D-mode

Fig1-6 The use of multifunctional ultrasonic diagnostic devices in equine

reproduction.

—-100

Rizarh,

_IE_IoonIume

| Trace )
Vp BEEcmis  ET
0.57 Pl

VTI
sV Limin mL FVm

CSA 70 bpm
MC319821 T:13-4MHz 50MHz  2kI5.0MHz 18kI5.0MHz 0°

Figl-7 Measurement of uterine artery blood flow velocity in pregnant

mares using pulse mode.
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2.1 B8

ENOREIEELXEDKELBHD 1 DOTHD, BEEBRFREIITRD DR
ERIEORIFKREREEL T 5, 1996 F Reef 5[44](T# & TITIRZBR AR FREE
BEEEHILT-, £ FEZORTFRESZHEZELL. BFD0E. XBIRE.
RFFHLANIL, FTERBE. FERBEMEIBFRERKEED 6 DO/NTHA
— 3 EHEORIREEDHIBEEL LTHERLE, NFA—F2T&LIZ 0~2 mAD
FTond, h—2ILEBNELSBDEIIENTEDIRINAEWNIEEZRELT
W5, ZD#%. 2019 £ Vincze 5[48]1E Reef 5 D FREERE X E HIZHIRILE
LBBFOE.KBRBES L ZFERBED 3 DD/NT A —F ([T 5Nz, Vincze
5H. Reef DDBREBZLHLVVREZZLHBELEZER. ThTh 82.95%<&
86.82%DEWEEZFT LT,

Reef 5 DBFRERBERE SITIREBHICKONIA., REXTIROEDEBETEH
FETHAEENH S, Bucca 5[45]1F Reef 5 DR FREREEZDANRZ R
L., AXZEIT o1z Reef 5 DWREZELUNLIBFER., BBFRE. BFEE.
B. BFHER. BFEBONRSA—20ERAMERET LIz, RERFH L ITIREH
M oiERPEI S K UEREAICHIX L 1=,

2014 F. HIRSHBEY S T L v FIZE TSR FREZEIE Murase 54710
METITHhNz, COMEILND THIRESEAMITE SR FD/NT A —42 Z5H
LEARTH o=, BRFHEEIITRAB T OBRETREGEREAMNA LML 5
T=o

BERRFERREEZLERIC. MREOLGRILEVEEATLHERGRE
B RDAETH %, Shikichi 5[61]DHZE TIL., ik 200 M 5 320 B DE.
IFIREERFOIIRENS PAENEEICEL. TR MADI VEEFIHEIZET
THRERNRE LN, BIZBITARILEVEEREDAY b JEEZRHBZ
ElE. BFREZHOREFHICEEICEETHD.

BFREEREES S OCIEREMARILE VBIERIBFREZHICE TS
BRGY—IWLEEZND, EZAM, BIXIZTHEBNA LK. R—REFE
—(SELTWSILBENEELEDBREXREDRF/NT A —F PEIRERIL
EVICETAIMREFELRESA TR, HEENEEZSOHAERXRED
SEMRLEBIUVEORFEDO. AAETIXILLEBEENEES L UZOXRHME
ZRAVWTHIREE DR FIHIRSHARBREEIEZANDS ; iITIRSHAMEIRE M $
PaBEUEEREZIEL. HIEPEELGRILECELRZARD,
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2.2 M EAE

2.2.1 EEREM

2018 A5 2020 FIh T, FELBEAXZ THESN-ILEENEES LV
TOXRMESELXMHE L L1, 558t 3 E(FLEEFESE. 2 E(TdtEEFIE
BENT)UOA—DOXRMETH>1-, ABREABPHEE 5 BIIONR 7 @ERL
2o TRTOFIRIIANIRBES LUV TOROZHEINBEICIYZHR LIz, #RAE
DFEHFREE 8+2 (£SD) M TH oz INTORIRIFEE A% L. FHTIR
AR 341 £ 8 B (FE : 332~359 H)TH o 7=,

TARTCOBRRAEIIFIRPHLBEREZD/ AR Y ATHESIN(fig2- 1), &
FEHIZKERLIENTES, —HHP 10kg ZES LU 500 g BEfH
(Stamm 30; Hallway Feeds, Lexington, KY, USA)& 10g 7L 7 7L 7 7%
—JE5Z2ontz, BIRFHEAEORT —a20 T4 3 IE 5~6 TRLTL
B,

2.2.2 BERRE

BFREIBEGSLIUEBEE 2 DOY—ILEHY. ThEn 7.5-MHz ') =
7 # @ 7'0— J (Noblus, Hitachi Aloka Medical, Tokyo, Japan)& 5-MHz 3 >
N9 ZE T O0—T(Noblus, Hitachi Aloka Medical, Tokyo, Japan)Z{&EfH L 1=
(fig2-2), BEBHBRFREOFIEL LT, #IHIC)=2F7RIO—TJTZEBREE
ZoLVFRAICAN, Ta—P ) —ZF2TO—TJRAICKSICERL, TA—T
EFRBOEREF TR, TDR. MBOEFICEGREE=_—ILFRZHFE
THE. O—2 3 o0RT A —V—TZFRIIKAICEY TORFEZHEOER
RIZAND, ANz, BEIBRAO 7V EHEKRSEZITNICHT, 70T _XTHL
o) Z7RIO—JTZEBANICAN. BEZHRD S, BEERFREOFIEL
LT, MIDICHHIREDIRSMZEXNY T5LELAH S, BRE LT, HIREDIIR
NoMEDIMEE CLEEDENMY ZHEST 5, ENMY & BIREREIBOBREER
BICZII—ILRTL—%hIF, 2Ry RTJO—JDLICTa—Px)—
85, BFREIIIIEREZIBRN SFIREOMBEF TORBKRIZA>TITO—
JE8NT. TORBRICHRFERF v T 5(fig2-3),

BFEEEREIZHEIIBEOBN - 2HRE 1 BFETE 1 BTz, BET
B, BIIREOHIZRELz. EORXRNLRZRHET D=HIZ. BEFEDH]
ICEEZEV:-, REFIIREDOEHIITHEN - -, REFEBIIBRERRE
15 LA BREERE 156 S LN E- b—2)LEE 30 LR E LTEREL =,
BFRET HRICKRE 2 AOMEIDBEIZLED, 1 ANIBERREHFIZEE
H. 15 1 ANIBEEETH- -, BER. BRISTDLH, BEPIZELT
BERT—2IET_XRTUSBEHRAL., NAVaVIZBLT
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2.2.3 lBFHERE

2.2.3.1 FEO
BEBREICIYRAERRETH 1z, BEIT IRICEBREICIYRFDE
FHEEL. R =7RIO—JT#HRFOBELICRET 5, V=7 I0—T%
BFEHRRADHENOHETAF L, BFOEEFAMETIO—BELLT
HHENh, BERKREARE, To—BTEEZELYEI/NSVHEBOY VST
Hd, REORZRLERIIKBAZMIHFICATET 5. BFOREY A XFTRRE
LEROFHEIZL B (fig2-4 A),

2.2.3.2 CTUP

BEBREICKYVBIERIRETH> =, BETHIRIC) 7R IO-T 1K
EEMEFEOMICEE. T0®RITO—JT2BBL. FEEERBESHZIET.
RBFORICEZEDLGZVWERLEICTEET=ZAESDAEZT 5, BROTHEIX
CTUP & & 9 %(fig2-4 B),

2.2.3.3 FGL

BEBRS L UREEREICK Y BIEATRE, BET SEICIE. DDICHFORE
EHAEL. TORBFUEES Y FY—2 & LTHIEE#ET 5. RICBFOT
E2EICBRHL. EROEBEII—BELTHEREINIBEEEDS VFY—H &
Ltz BFBELCESOMICHRAHY .. To—BFEH—LGHEAROHRITI—E
THO I BFHRORRFLERZAE L. T OFEIXRFHIREE Lf=(fig2-
40,

2.2.3.4 FKL

REEREICLYRETEE, REY SRICHFERER CFIRT, BRFHERE
YIEFOERICEEYT 5, T2—GREEETI—¢LEIO—ZEALEATH
2 BRFERORELEEZAE L. TOEHEIREFEREE L(fig2-4D).

2.2.3.56 FHR

RERS I UVEEEREICLYAERNR, ECRFLESSVRBFEFRMS
BIEHRD, BIERBFOLESTOEIC Ky T5—h T, MiREH#RT 5,
ZTRHRNT—FyT5—HEZRANT, REBKORBFLAZRIEYT 5(ig2-4 E).
REAICIEDMAZAEL. ZE0HDELEVKIEZBFOHEE L TEHEL=
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2.2.4 A FHEFREE

AMETIE., IBIREHEICEY FRFEEORERRLRHEZEEL-. BE
ATRE (LM EE 50% U E & L TEE L1,

2.2.5 MAEHRE

MBI LT, BIRATOEN o2 %HED 1 BEFTE 1 BEELMET> 1=,
RIMOFRIZ 10mL A/ DAY EEHFME 7 AV CTEEFRIRD © MERER L 1=,
EREIN-MAEIIEREICEFHTSHET 0~4CTRELE, ERETMARE
1500 g X 15 min il LT=, @&, EFZMY. -30COABEICHES 5F
TRE LT,

RILEVAIER, AELENEY TV EBREEL., fBE% EIAKIZEKY
(ATA360, Tosoh Bioscience, Tokyo, Japan)Ifl#E & Es (ST AIA-PACK iE2; Tosoh
Bioscience, Inc., San Francisco, CA, USA) & U P4 (ST ATIA-PACK PROG
III; Tosoh Bioscience, Inc.)i&E % I%E L f=(fig2-5),

2.2.6 T2

TRTOFERE, FHELFHEOEERE (SEM) TRLTUWV =, T—42fF
Wi, —TEREIMHAMIHEDTEZELEDT=HD Tukey's HSD T X . 1HEE
ST Pearson MDIEHRMRE, BIFRSTZFAL. BIRMRZMFER L=, HTHE
frl&. RStudio ver. 1.4.1103.Zf#EA L 1=, HEMIE P<0.05 & LTHE L=,

2.3 fER

2.3.1 faFREIER

FEO (1R 10 AN S0 GEECRIERETH >, REHMG, V=TFHT
A—JICKYRBREBREODHATERTMETH o1=(fig2-6 A, FEO (XiFk 10 B®D
2.7mm M5 EEID 36.1+1.8mm FTE L=, FEO (XiTix A #&5 & 5% L \FERS
(r=0.96, P<0.001)%r L1, &% FEO IZ@E L F-EIIRAFEKIE y= —0.0185 x2 +
1.8479 x —12.2512, (r2=0.98) THo1=,

CTUP [F8F8 13 BH 5 i FE TRIERIEET H o 1=(fig2-6 B), CTUP [FiEiR
13580M 2.7mm M5O MEEID 8.6£0.2mm FTHRE L=, 1FiE 15 @H 5 32 B
DfE. BELREREFIRESALEN >z, CTUP (XTI H 5 & 58 L #H B (r=0.96,
P<0.001) %R L1=, #HEEIFRK y=0.1428 x + 0.2129, (r2=0.92) [F&Ft CTUP
DEIEIZ—F L 1=,

FGL (31F& 14 BhA 508 FE TRAEREETH o 1=(fig2-6 O, EiR 14 BN S
FGL X iREE L £ICER L1z, R 3215 37TBAETE—VIZRE., TN’
FIRB&SE HICTRE L, BIREHOBREEFEIETISMERNR NI, Hik
35 BFETIIRERREICK VAIERET LA, ik 35 B o RFEERERE
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DHEEREETH o 1=,

FKL [$33E 30 B S REEREDABIE TE(fig2-6 D), NMEETRIER
BETH oA, BREE HICHREEATHEL TS, FKL 1R A% & 550 \ERS
(r=0.85, P<0.001) % RL 7Tz, 1EIR 42 EA SR BEETIIHEELELLIIR AL
LYo FKL (X3E8E 30 D 33.8mm H 5 73 EETD 70.7mm F THEML =,

FHR (3338R 35 BM 5 i E THRIERIBET H - f=(fig2-6 E), 14k 35 AN 5
FROBFTER L., FHE 179.746.4bpm T TEFR L=, iR 11 BN S, BB
B & TR LIz, 2BaTRFORIEEY 70.8£2.9bpm TH o 1=,

FIREHEDO R BFIEZEOREEIIUTIZE &L HT=(fig2-7).

2.3.2 BIRBmMPRILEY

FIREHARE., HIRB IS Pu(fig2-8) B & U E2 BE (fig2-9)ELIEZ T S TDRL
FzBY THoTz, P EEIXEIR 5 BFE TELY 11£0.9 ng/ml DEETHR->TL
fzo FiIRG6BABMNS PaEEMNER LTz, TDR., Bk 108H1 5 14 BFEFTE—
JIZEBELT=, 3R 15 @AM S PagEATE Lz, TR 23 @M 5 30 B D EAR
P EEIL 10 ng/ml LT TH-T=, BIZ, 1R 318N 5 45 BDHAM P iRE (X
5ng/ml L FTHROTULV =, iFiR 46 BHh S P eEFIRBLELEENR o=,
WRNEE 2 E—VICEEL. 2BERICIE 1 ng/ml UTFTETTELT,

EizE XTI 20 B E TIEIELVEE (<50 pg/ml) TER-LTULV=, ZD#E. Eo
BEEIER 39BFEFTLERL., E—9 D 246.6+24.7 pg/ml BEICEIEL=, %
D&, FIR 44 BN S, BE2ieEOTHEARGNT-, HIR49BIC—RKFLENRS
. ZTD%. PMERTIC 104.6£11.9 pg/ml FTTFEEL ., BIZH 1% 53.2+6.9 pg/ml
FTCTFBELIz, £z, EBE L BFHRZFIC3EUVER(r=0.72, P<0.00D)A R 5
nt-,

2.4 BE

AKHFETIE. R=—FE DRSO FEEE : FHR. FEO. FGL. FKL
H XU CTUP, FH-FRELHEMET PaH &V B2 BEDOEEELIZDLTH
BT Lz BADFARDBRY . KARIFMOTOR=_—BIZH T S iTiREHRMICH
EAEDHMFRERESLIUVEIREMPRILEVEEOHETH -, SEOD
MENSFEONIZNTA—F T2 I{ERR—EDOIRIREEZEHICERLGE
BMUERIZGLIEHBFLTWDS, FLAHRITIEOEEMER LICHKRIZIIDI L
EHEIELTLS,

FGL HMIRRFICERT S5 LISERFOERGRETHD[62], BFHERE
FIRP—FRIICEAL, ZTORES(IFREDMNELIYRKEL LS, ZORAL
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IR OB FHEROMEMBORXRIES K VERBIEIZEDEDEHRESINT:
[62], BB FHERRIBRD E— 9 AR ——E TILIEIR 220-250 HOHEL H - 1=[63],
AMETIE, BFHEROE—7 (XFIR 32 55 37O 57mm Tho1f=. TDFE
REIALBEMEREDOLSGR=—BIRITHARL —HL. BFHEROBXEAR
NHhot-. BFHRIIBBEOIR OV T VARICESET 52 EAMESNT,
Pashen 5[64]0OMETIL. BFHREEFHEToFIREELG E RED
BB TEAR LGNz, Allen 5DH STy FELXURZ—BEXHETIE
[65], TR FOSVREEIIHIREDKRBOMBRDETIEL L. BFHEROY A X
LHEAHDERE LIz, AMETEH. BFHEREITIRBE IS B BEIZIETRL
HEMNR STz, BIZ, BFMHRITIEIR 32BICE—2ICEZEL., 37 @A 5 TE
Lfze E-EIREMS BB EISEIR 3O BICE—VCREL., 44BN S TREL
fzo COFERINOCHBFHREIFIRENDS B2 REZLITLIYE LZ 6 EBDA 4
—NILDBBO N, DAV Z—NILIESETOMETIIHRESNATHN -
fzo TDA VA —/NLIZIRFHEIRD S ORIEBME A RBEMTESEL. TR+
O T VEERTHEOIRELREEEZ OGNS,
ELTHREBXIIERTFHSLICEHOEREOKRELRERAD 1 DTHD
[66-68], FELEDREEABRONHIZTDENIE EITHRBRDEZEIEE S LTLEL
FERINTLSEH69]. TN oDEKRNFER I NT-EF. REIIBRICHIEELEA
TW3, TORATIEREICAEZEL-E LTHLRFHREHILEORNELE
{E2TWS, ZD=86H. MEHRILEVRES KU CTUP ORIEIE TR
ROBHERBS L UREBLOBR LGS, BHBOHERIZHLT, 1R 240 Hh 5
300 HOM®D CTUP LUV T LI FUVREDRIEIE. EITHHRBERXOREAZE
IIEL LD EMNEASINTINS[70-73], ABIEIZKYILBENEEDEEE
ZRAET S LT, FREERERICITIREZOHHOERLESE(ICH S,
Ginther 5[74] & Murase 5[47/I2& Y., E FDBREBL K S IZEDRBFT
DR 3 #AEFTHOFHRD LR, BLUZORDOTHEREENHRESIN-, Th
(FRRFOREMBAREA LRI, TR 3 » ARFA CRIXBEABRORBAIE S
Bl EICkDEBREINT, KARTIE. R=—EBTHRILBEELR SN &
HF FHR (FRRFOEEZICLY LR TS, TDI=&6H. FHR ZRIET HRICIE.
BRFOBENLEVET, REFMEY VTV I L, FOFORHLEIMEE RS
ET, FYELWKBFOAERZIZENHES, FIEE, FHR XBFRENE
BEREED 1 DTHD. IFHHRMTHRFOMEIR. BRIk, H&CDODFEIRE. BFR
EFEEIBFRA N RO—EHGFIRFTHS, AMETIE. FHR DEE(E
Rohighotz,
Turner 5[75] & Renaudin 5 [76] DM TIX, FEO (LR BES & 58 LVEEAA
Roht-, AL TEHR=Z—ED FEO LFIRAEDBWLVERBRMNRE Sht-, Th
16



LDHERMNMNHED FEO FRFHRHIRAKZEET SIEEL/NNTA—FD 1 DT
Hotz. BIRAENTHALGEICIIBFREERZAT TSI LT, FIRBEBHZHTE
HXE S, AARTIE. FEO OELDEIFHRIEZREHEEFEEEL TS
Em s, FEO [IREHOBREREFREAKL YEWNS EAFIBAL -, 2D FEO
D EMER L. Turner 5OMBETHESINTH Y. Renaudin BMRRLIZET
WIZIFBEWBEDTH o=, Turner 5l& FEO Mo EFHEZDAKEHEIZEH
5 EERET LA, FEO LIBTFHERDAEDEERHEIHER SN TGN
fzo AKX TH. FEO LBFHEZDAEDHBEGC=0.1008R o hiEh -1,

FKL [FEIREHICEVTHREZHEE I SIEELGNTA—SFD 1 D&ELT
Murase 5 & Ferrer 5[77](E3RE L1z, &2 AN, KR TIEL, FiR 42 M5
PEETHEELGERENARONGL o=, TORAFIBFEREBILATERTHY .. &
BOAEICE>TRENERT B EICKBEEZOND, FIEFIKR=Z—ET
(FiER 42 AN SBFERBIBIICETEEZRETLTWS ELEZDbND, F1BF
B KEECHEFURFEREDHMTOIEELG/NTA—FTH5,

25 F&o

APRTIE. MHTIABEMERTLS LV ZOXRMEZANT, IHIREHFOIT
IREEDRFRERES KUOBAINPRILEDERE Lz, FARRTE. 9
OTHRFEREBAMP B REDOREZRERE LTz, ThoDERITFERMICA
BEMERSSUVHAEXREOKEICRIDEEZ DN D,
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2.6 E*&

% ke ) ek

Fig2-1 The Hokkaido Native Pony were bred in Obihiro University of
Agriculture and Veterinary Medicine. During the winter, all the horses were
kept in a paddock. During summer, the horses were grazed during the day

and gathered at night.

Fig2-2 Multi-functional ultrasonic diagnostic device used in the study.

18



Fig2-4 Measurement of ultrasonographic indices of a pregnant mare. (A) Transrectal
image of the fetal eye orbit (FEQO). Eye length measurements (+) are shown. Eye length
was measured from the maximum length of the inner margin of the vitreous body. (B)
Transrectal images of the ventral part of the uterine body, near the cervix. Headers show
the combined thickness of the uterus and placenta (CTUP). (C) Transrectal image of the
fetal gonad. Fetal gonad length (FGL) measurements (+) are shown. (D) Transabdominal
image of the fetal abdomen at the level of the kidney. Fetal kidney length (FKL)
measurements (+) are shown. (E) Transrectal image of the fetal heart rate (FHR). Fetal
heart rate measurement at the umbilical cord is shown.
19



Fig2-5 Automatic EIA device to measure equine blood hormone

concentrations in this study.
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Fig2-6 Changes in FEO (A), CTUP (B), FGL (C), FKL (D), and FHR (E)
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measured in pregnant mares throughout gestation. The x-axis represents the
gestation week. Asterisks show significant differences in CTUP (B) when
week 49 was compared with 16—32 weeks, in FGL (C) when week 14 and week
50 were compared with 32—37 weeks, in FKL (D) when week 30 was compared
with 41-49 weeks, and in FHR (E) when 19-50 weeks were compared with

5—13 weeks. The error bars represent standard error of the mean (SEM).

FEO

CTUP

FGL

FKL

FHR

0 10 20 30 40 50

Fig2-7 Detectable periods for each index in pregnant mares. Bars show the
detection rates are over 50%. The x-axis represents the gestation week.
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Fig2-8 Maternal circulating progesterone concentrations. Asterisk indicates
the concentrations at
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10—14 weeks were significantly different from those at 23—39 weeks and
the concentrations at
-10—4 weeks and -1 week were significantly different from those at 23—39
weeks and -10—4 weeks.
P is the day after the parturition. The error bars represent SEM.
/I separates the figure into two parts. The left part is the progesterone
concentration starting from week 0 of gestation. The right part is the

progesterone concentration setting the parturition as week 0.
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Fig2-9 Maternal circulating estradiol concentrations ( m ) and fetal gonad
length ( ® ). The x-axis represents the gestation week. The error bars
represent SEM.
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3.1 H=

FIREAE R O E OB FHAFIIIERGREZL -0 THMTITHS. BFD
ERIAHEA L TWAIFREIXEL 55 MAZETIRGEES NS, £f-. BFOHER %
MBI EICKY, BELRBEEZMRICEITIIENTES, 512, BFOHER
ZERICHS Z EMNEHENE., EELEOREFELHALERICHE S,
FRFHRHIER A EIBIHEZS L UVEBZOHES EHIC, REEIURRLD
D5, Ginther 5[55]DIFIRFIHA 35 N5 97 BEID BB FHER I & HEHEE
EOEVOMETIE., HiERHT . BERFOERBRERL (FILEREFEE) (X
IR 40 M5 54 BIZAHTHEBREOBICHY ., T1—LEF L EIT2—NDZFHE
ETHD, FERNEDICONT, HOEBREZEIIEFEICHBITIT S, T,
EEIEWNAICHBITT 5, BFERERELE LK. BHRSLUVEROMERRIE
EIRATEAD R FHERIHIBTDBMICE S, ZDFEDFEEX Ginther 5 DHAET
(3R 69 M5 97 BREIZhAITEWVWEEZRL TS, £z Efrat 5[78]DO#HE
THITIR 12 BTIE 98.7%. 1ERE 13 B TIX 100%NDENFEEZRL TS,
ZD®E. RPN SHBFIEBLAREL . BEBKICLK 2BRETIIBFOBE
EEMNGE WO BEERIC K B FHANREENEZ 51,1999 & Catherine
5IEiER 100 B LB FETOHMIZEB LI79]. BEREFTKREICL DM
FHEBROBREERAT LIz, HIXEZEOCTE., HITIIRCINEFHIBOEME L
f=o TOMEMNSHEYR 100 M5 220 BIZEFHERDREDRE A FFHA & $IB8
L= ZD#. BuccalSO0lZZFDAHEZEIZFEHEL K F& T, Velde 5[81]1F 45 %
BOHIWEZETL., 98%DEWEENF LN, BIZ, BFHIROMLT F Y T
S—DEWVEBRFHERNFIEEDND 1 DELTRB L.

3D MERIIREBEZRHF(IFMI S5Y—ILD1DTHSH, £E FEFET
(X, 3D BERZEILEIRF DOMIEDIELE O EROEES & WREMZENIZFEF
ashtTuwb(s2l, BRDN[83]. Ahils4]. (L& R[85]. EFH[S6]. BfE[87]H &
VEBR[SILEEIFTRTHEDORRICHE DT IVS, £ S 7 X([89], K[90].
¥ X[91]. DY TO 3D BEEREDICAITHRESNA TS, BIZHIT5 3D R
FHEEREKREL Kotoyori b [56]MDMEUMNTELRBEINTLEL, Tz,
Kotoyori 5 DWAE TIX IEIR63 M S 76 BIZH TR FDAEIEZREENEZRTE.
HiR 90 M5 150 B TIXBFONEROBRENTRELE D|RETH o=, £ A
M. 3D BERBFHEAMNHEBOERMEEELHBEINATE ST, £L-EHIKRAEHT
EOBREEROBFHREIOEREIZDODVTIHCAETRIEIATI AN 1=,
FD1=8., AAETEH, OR=—EZRAL T, 3D BERBFHERHIMOTEEE
595 ; @R 50 M5 100 BETO 3D & & U 2D BERDIEF 1A 1 ¥
DIEFHRRHEEZRRS ; @O3D BHEKICK HBTFOMRFIMICE L%
Bitd 5,
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3.2 MELAE
321 BIEREH JUREERE

2020 £ b 2023 F, BRI BEFLZEKRFE T, LBEMES 5 58 (9.9£3.7
&) FORIEIFIIR LTIz, TRTORBRBEIIALIRBR. SRINBEICK > THE
iR LTz, MEIRE ISIEIRSIMEPIZ/ ARy IV AICEABESIN, —H 10kg HEHF LU
500g BEffEE5Z o, BRHUKODAEEE Lz, RT4—a> T4 3 VR
O71%5-5.5 THF SNz B 1 BEIREREIIx L THRERE &K VEERIEFIR
BEx#1To1=. Ff=. TR 50 N5 100 HOHARMIC 5 BRET 1 [0 REF 1R 3
#1To1=,

3.2.2 FAF DA $I b FIE

FBFHERNBREDOR. #16HIZ 7.5-MHz V) —7 & @ 70— 7 (Noblus, Hitachi
Aloka Medical, Tokyo, Japan) CRERKICEYBRFERFT v 95, RWPIIKBEF
DEEERE L. BTDEZER LR BFLRBCHEEREDS VY FT—0 &
LTHRFOMEREZHELI-. KITT.BFOBEZERENS Y FY— L LTHF
DIEEEEE Lz, COFIEIZL>T,. REMICHFOERBEHRAL-, BEK
CHBFONBOAEMICIZHEDLSICTO—TORELZETHL . BFONKET
FEBRLICHET 5(figd 1 A, RERIZ. BFORBICERZHTT, MHRlHIE
175, 2D MRIFIETZE 10 h 5 15 R ETITL. TD#R.. BREEHKRTH. TD
#% 2D JOo—2J%4 L. 5-MHz 3D a>_Rw4o X T 00— T (Noblus, Hitachi
Aloka Medical, Tokyo, Japan)[Z{} T # Z (fig3-2). R CREBKICE YBFOEE
B%2D E—FCTHEL.BFOLEFIEBEUTORLEZEEmO R RIZIEE
T5, RIZ3D E—FICYIYEZ D, BFH & UIRIRE % RIFICKFRRFIC 3D 7R
)a—LHY o TIERFv 2T B(igd1 B, 1 ED 3D RF v &5 BIFEHM
Mo, TOBRICHLNGRFOIRIREDOBEZELBERAFY > LEY, b—
RN TYOTHEMIE S PLUATH 1=, REERED 3D AR a—L%E 3EHR
FrUBILI-R. ESNT-3D T—2 [IBERZEEENICEHER SN, RE
#%. ERECETRCHMEENBOEROY I bz 7#RAVTERMNEST
27z,

3.2.3 Rt I by &
fEFIEANBRE EHIRERE CHME TITo . 2D BEKBFHEINHBORIL,
Curran 5 [65]DAEIZHEL. BRFDERERERELEMERDS 1 VOMEMKRZE
FITIRMLE L=, EERBENRRKR S A v EBEFTORBMAGOMELTL, £JE
BRENEK T A Y EEBORBALG M E LTHET 5, LJEHREENTE
25



REBMLSA VDBEEIHERMATRAE NS, 3D BE KB FERFINIL 2D BE
REBMULAETHRNHIBZIT O BBFIERNIETT AT 2D OFERZMRAME L THIMR
3%, 2D & 3D DHIARL DH5EIFE 2D DRERZERS,

3.3 f£8

AMETIE, £TI1EIR 50 M5 100 BETHORBRF 3D BF KEBROBHETAN
THEETH >z, BBFDEER. AR, &k, B8 E &K UIRKIIBEFLFRRFICIE -
T LBBEEKD(fig3-3), MFEMWBFERLL 3D E— FCTHRBAIGETH -1
(fig3-4), IR 50 hhi> 70 BET—E L1=2D & U 3D BERITIERERGETH S
ZENKMETIEIBHS M o= (figd-5, 3-6), BFDH A XFFIRE FHIZKE
KigY ., @F iRk 80 HUBIILEBERAXT v T 52N LD, F21ER 70
AL, BBFOBZ(EBALHICHEEICHY ., REFD 3D BRITHEEE LI
3%,

AL TIEON 9 BEFHERHIEEITLN, 2D & 3D DREBHFRIITRT—H
LTWb, F-ZDOREENT- 9 BEFHOHERNIE T R TERIBFHERNZEE—
BLt=. EIR50 D 100 BETH 2D & U 3D BE KB FHERBRHERIIRIC
~LTWLWA(fig3-7), 2D & U 3D BERZMICE YBFHANNHIBAIREE 55
WFREAR (L 50 B 5 80 ETTH o1, 2D BE IR T, RHED S UFHILIE
Ik 70 B (66.7%) TdHo1=o —F. 3D BERTIX. BRHEFOEVEHILITIR
60 B (55.6%) THo1z., EERMIZIEIR 60 BA L 70 BETEFVREERZR
LTW3, FR 50 HE KU 80 BIZZEN TN 1 BIOAEFHREHEE S TL
%

3.4 EXR
COMEIFMHTIYT 3D BERBFHEANHIHOEREZTE L -HET
# %, Kotoyori & [56]DEFZE TIXEEIZ 3D BEKIC & Y ITIRATEADRE F BRI
EBLUVNEBOBRERNTIEETHD EEHBELE, LHAL, IERAGICE S
SD BERDKREEFE-IIEARIEELFBATH o - . AHREILITIR 50 H 5 100
BETO 2D & U 3D BFHERHIBIOREEE TN ENEERL. CORET—
A%, 3D BERBFHEMNHEED S SR IRBD-HDERT—2I2HLLE
Z bbb, Kotoyori 5 DA EFERIC. AR THLHR=Z—ED 3D ERIIITIR
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3.6 BIFE

Fig3-1 3D convex transducer using for 3D fetal gender determination

Fig3-2 The 2D (A) and 3D (B) ultrasound fetal gender examination using linear and

3D convex transducer. The black line presents the ultrasound beam.
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Fig3-3 The 3D volume of fetal body in gestation day of 65 in front (A) and side view
(B). The red arrows point the head (H), forelimbs (F), right hindlimbs (H1(r)), left
hindlimbs (H1(1)), and tail (T) of fetus.
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Fig3-4 the 3D volume of fetal lower body in gestation day of 80 in front (A), side (B)
and tail view (C). The red arrows point the right hindlimbs (HI(r)), left hindlimbs
(H1(1)), tail (T), and genital tubercle (G) of fetus.
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Fig3-5 The 2D ultrasound images at gestation day of 50 (A), 60(B), 70 (C). The blue

arrows point the fetal genital tubercle.

Fig3-6 The 3D ultrasound images at gestation day of 50 (A), 60 (B), 70 (C). The blue

arrows point the fetal genital tubercle.
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Fig3-7 The fetal gender detected rate from gestation day 50 to 100 using 2D and 3D

ultrasound. The red arrows show the highest detection rate in 2D and 3D respectively.
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Fig 4-1 Ultrasonographic examination of fetal bladder size progression during

gestation:
(A) At 215 days of gestation, the hypoechoic area in the fetal abdomen was first
observed. Measurements of long and short axes are indicated as the red dashed line.
(B) At 229 days of gestation, the hypoechoic area was determined to be the fetal
bladder (BL) based on the location of the fetal stomach (S) and gonads (G).
(C) At 243 days of gestation, the bladder was abnormally dilated, and the shape had
changed. A fetal kidney (K) was observed beside the bladder.
(D) At 257 days of gestation, the bladder was clearly divided into two interconnected
parts. The bladder was indicated by the dotted line.
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(E) At 285 days of gestation, ultrasonography showed that the bladder was divided into

two parts by the hyperechoic line (arrow).

(F) At 327 days of gestation, the short axis of the bladder was measured as 244.8 mm,

and the long axis was over 250 mm.
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Fig 4-2 Progression of fetal bladder (long and short axes) size from 31-42 weeks of

gestation.
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variations in the enlarged bladder pregnancy in this case versus normal pregnancies.
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Fig 4-4 (A) Maternal plasma estradiol concentration variation in a pregnancy with fetal
enlarged bladder versus the reference ranges over the gestational period. Estradiol levels
were higher than reference ranges start from 27 to 47 weeks of gestation.

(B) Maternal plasma progesterone concentration variation in fetal enlarged bladder
versus the reference ranges range for the duration of the gestational period.
Progesterone levels were higher than reference ranges start from 33 to 39 weeks of

gestation, in additional, 41 and 45 weeks of gestation (arrow).
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Fig 4-5 At 363 days of gestation, the foal was born by parturition induction. The foal

was unable to urinate and stand on its own after birth.

43



Fig 4-6 Autopsy findings of the fetal bladder and kidneys: the primary (arrow A, 125
mm in the long axis and 100 mm in the short axis) and secondary bladder (arrow B, 300
mm in the long axis and 225 mm in the short axis) were divided; fetal kidney (arrow C)
and ureter without morphological abnormalities. No urachal structures were observed

around the fetal umbilical cord (arrow D).
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The Hokkaido Native Pony is one of the eight native Japanese Native horse
breeds that live in Japan. The Hokkaido Native Pony is 120-130 cm in height
and has a mild temperament, making it suitable for horse-assisted therapy.
However, the number of Hokkaido Native Pony is decreasing year by year. In
addition, little research has been conducted on the breeding of Hokkaido
Native Pony.

Ultrasound imaging is an important tool in the examination of equine
reproduction. In order to improve the breeding efficiency of Hokkaido Native
Pony, this study was conducted to investigate fertility in Hokkaido Native
Pony wusing multifunctional ultrasound technology by conducting

Experiments 1-3.

Experiment 1 measured fetal well-being parameters in normal Hokkaido
Native Pony for the whole gestation period.

Embryo transplants were performed on 5 Hokkaido Native Pony and
crossbreds from 2018-2020, totaling 7 gestational periods. Examinations were
performed every week using an ultrasound imaging system to measure utero-
placental thickness (CTUP); fetal eye orbital length (FEO); gonadal length
(GL); and fetal heart rate (FHR) through the rectal or abdominal wall using
linear and convex probes.

FHR reached a peak of 180 + 6.3 beats/min from 9-13 weeks of gestation
and then decreased until full-term; FEO could be measured from 10 weeks
gestation and increased until full-term, reaching 35 + 2.5 mm before delivery;
CTUP could be measured from 13 weeks of gestation and increased until full-
term, reaching 8.6 + 0.6 mm before delivery; and GL was measured from 9
weeks of gestation and increased until full-term. GL was measurable from 16
weeks of gestation to full term and was peaked at 27-37 weeks of gestation,
then decreased until full term.

FHR has the ability to detect fetal abnormalities such as fetal acid
deficiency and cardiovascular system stunting, CTUP was used for ascending
placentitis, and FEO was reported to be useful as a simple indicator of fetal
development. In addition, GL was found to be consistent with estradiol
secretion dynamics, which is important for the maintenance of pregnancy.
This experiment will enable early detection of pregnancy abnormalities in

Hokkaido Native Pony and is expected to improve equine productivity.
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Experiment 2 used 3D ultrasound to determine the fetal gender of pony in
early pregnancy.

A total of 9 pregnancies of 5 Hokkaido Native Pony were performed from
2020 to 2023. Fetal gender determination was performed once every 5 days
between 50 and 100 days of gestation. At the time of examination, the fetal
was first determined by transrectal examination with a linear type probe.
Then, the probe was replaced with a 3D probe of the convex type, and the
subabdominal region of the fetal was moved to the center of the screen. The
fetal 3D volume was scanned three times when mares were at rest and then
analyzed posteriorly.

Results showed that all 2D and 3D examination results were consistent
with postpartum fetal sex. The gestational age at which fetal gender could be
determined by 2D and 3D ultrasound ranged from 50 to 80 days of gestation.
For 2D ultrasound, the highest detection rate was at 70 days gestation
(66.7%). For 3D ultrasound, the highest detection rate was 60 days (55.6%).

Fetal gender determination in pregnant horses is a technique of enormous
benefit. This experiment was the first study to evaluate the utility of 3D
ultrasound fetal gender determination in pony. In this experiment, all fetal
3D ultrasound images from gestation 50 to 100 days were feasible. The
advantage of 3D ultrasound is that it can scan the fetus without changing the
angle of the probe during the examination, which is considered to be more
accurate than 2D ultrasound.

Experiment 3 was a case report of early detection of fetal enlarge bladder
by transabdominal ultrasound prenatal diagnosis.

The pregnant mare in this case was an 8-year-old Hokkaido Native Pony
whose embryo was transferred from a Kiso-pony in Nagano on June 10, 2021,
and arrived at Obihiro University of Agriculture and Veterinary Medicine on
the same day. At 215 days of gestation, a low-intensity ultrasound image of a
fetal abdominal abnormality was observed for the first time during
transabdominal ultrasound examination. Subsequently, at 229 days of
gestation, it was determined that the abnormal image was the bladder, based
on its position in relation to the other organs. Thereafter, the abnormal
bladder was visible until delivery, and its volume increased as the pregnancy
progressed.

Since the fetus did not appear to give birth until 30 days past the due date,
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delivery was induced at 363 days of gestation, and a live foal was born. The
foal was euthanized without treatment due to congenital defects other than a
enlarge bladder.

This was the first case in which a giant bladder in a fetal was observed
during prenatal diagnosis, and the fetal was subsequently born alive. In this
case, the fetal enlarge bladder was found to have no effect on other health
parameters. Surprisingly, the fetal was born alive without bladder rupture.
Thus, the enlarge bladder in equine fetal can be detected by ultrasonography
even at the gestational stage. Compared to the fatal that not be examined
prenatally, the treatment can be performed more quickly and precisely. On
the other hand, in the clinical enlarge bladder can also be associated with
hydronephrosis. In the present case, the kidneys were not abnormal until
delivery. Further studies are required to clarify the mechanism of enlarge
bladder complications. Finally, although there are still many unclear issues
regarding equine congenital diseases, widespread prenatal examination of
equine fetal can be expected to increase the survival rate of equine fetal by
identifying the condition of the fetal at the gestational stage and preparing
for treatment of fetal abnormalities before delivery.

The data collected in this study is expected to be fundamental research that

can contribute to improving the productivity of Hokkaido Native Pony in the

future.
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