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BIIANEICBW RO EELRFE TH Y, WEDNSIBEE THOTENEMMH
BED D NOK E LTRSS TE2[23] . BIFAL & BITELRZHAT
TEFEHTHY, BARITITS HALE D 6 AT T, KoK o3l

NEZbilzE S TW5B[34] , HBEERNSIEFYE £ To HARIZI

150 HEHOBAER STV, BATOBOMEMRIT, i, Wk (K%,
WE, WE - REY - EEBM O, EMIRET) , RO 3 o

BTMETH-Te, ZOHITH > TIREIE, BEOR KA LMD —>TH
D, BFEIZBWTHILREO2E Y = 7, BEED 96%, RABO 87% L
JEEIA) 722 s =7 5> T\ [31,32],  BFE &1X, ERATOSBGHE LD ER
T, METIEIZ 7Ly N (BT%R) , 7797 -T70omro7 (T7%) &
SHL, MRATCITRRERME, BN, EBIIFIOEHBEES L LTERINT
WLETHSH[29,38], EAKELIL SO LCIXERE - HE E&ENT
IEERRTIR A (B8 - &5 - es) IR STy, 4 HTIEEEICRA, X
AZWBERE LTRSS, BIXPREME U TEIFICHER SN TW D IEIR
MCTdHD38], ALMEEIZHIBICR > TT AU LR (77 7 RE) 2
BASH, WBEICBTRAEOKRIE, 70 a—2E5[$ 570D
Bt & LT, RETHRWEG NEHFAMATZE~ODHRMTbATE
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BEFD 22 FFIZHEE » T2 ABEE O IX A 2 WS O BlE b B E O KA E %
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g R, VbR, LYY VAT AR TR TH Y, REN 1 R
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SRR, FPREIRE, ERE, fERREO 4 FOENH 5 [38], BUEIXHEH ETIRE
TEOMERAMIN T, BAES, BAE, RAE, RS, EEFRICKSE
MAEERFNRE SN TWS[61],  AARERNOHE R IIZBW T THEFH ]

(52,601, HDHVETEMEE] &SN TWHDOR R TH DN, AIFFEICEBN
TIXAHEET S [Heavy draft horses| O HAGEERO [EH#ME | 1ZH—L
THELT 2 [30],

AbEE EE O NEFE XA ZWEERS ) X 22 47, 24 6 dkiihiE 4
I« 25 R - JERL - #IR) CRRE ST X 72y, HOFBE OFIRD B FRL
19 4 4 A LRI AT BB & 2r o 72 (27, 37, 1IXA X WEHEIX, 47 E
WS AEEE DBE~DRKE oA v T 4 7 & LCAERRE X 2, LiEED

BAbd—oL LT HEHEBEE ] IZbBESNATWD, —HTIE, BA (S
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WAFETRE D 2 f50L EDIED, AT H b AERERA I NENTIEE S %&IC

EFEERER (BlIL) L LTHEBLTWLERNH SH[36] (Fig.0-3.), H

ARTIEEORMACICE Uittt Oull, dbke, sdk) (Fig. 0-4.) 236 %
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NTWo, LaL, BENTFEOSE D LIS, ITEOEBRE OAEEEIT

SR 6 FEDK) 8,097 BEA B — 712, SR 27 EO 1,101 EEE T L, 1AW
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Fig. 0-1. Heavy draft horses running in Ban’ei horse rase.



Fig. 0-2. Japanese heavy draft mares.

The Japanese heavy draft mares is acknowledged as the largest horse
in the world, weighing an average of approximately a ton.
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Fig. 0-3. Import number of beef horses from Canada.

(Cited from Japan Equine Affairs Association.)



Approximately 90% are produced Hokkaido,
and minimum 50% are consumed(slaughterd)

Hokkaido (1.2%
okkaido ) — in Kyushu.

13,474 slaughter horses in 2014

Average 16.503/year
(1989~2015)
(12466~20667 head)

Fig. 0-4. The number of slaughter horses in 2014.
(Cited from Ministry of Agriculture, Forestry and Fisheries.)
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12
- Birth rate (1994) : 69%
10 J-0-1-1-U-1 _
Light breed horses
8 A-BN-N-0 Fertility = 80%
Il o Rate of birth=70%
6 R TR R . -
o i  Birthrate(2015) : 48%
2 i 1T 1 I-_ ‘—_ fl_lf-lf 2300 head
HHHlllmhead
1990 1994 1999 2005 2011 2015

Fig. 0-5. Change in the number of breeding head of heavy draft mares
and the number of birth rate of foals.
(Cited from Japan Equine Affaires Association.)
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1-1. F¢
HEE IR 23 335~341 H L &< [2], RAVEOFHEWMEN TH 572
DAZFRF I RE 4V 5, BEHLEE O FERAFER T & 2 ALIfEE 15 O 22 Bl Ry ]
13 3~6 HIZIRE SN, ZMORGIC XV BEEEOAEMIIREELASND,
BRI 2 EBEAEPEDTZOIZ, —FIF RO, £33 ERN R N TRGIC
LDZMBBPLEE L NE SN TND, ZOREOITIE, 2B O R LA 5 R
Th o0, HEBHMES OREH O FFINEE LU= OREBIREIZ OV TO
W<, BIRALYEINORIBUEIZBI T D HFTE A 13D 720,
—MRAZIEAE TS OPEINEE 1L, & MEEMET T R ey (he) WS
NTWD,  EAE 35mm LA EOFIIEIZ % LT hC61500~60001U $25- L, 48~72 IKf
BN HEI R R T2 m WM FEEDRPAEINL TN D
[10, 14, 22, 43, 45, 64],  hCG L2l T W HEINEE L 200 R 2 7= S, - i -3k
WIS 30~36 K& E<, BEPEINC X 2 BIRIEIRD U 2 7 (54150, BHifkpEE
[Z XD ROGHEDIR F AR S v Cw5d [67,61], % Z°C, GnRHFARUAT 21 L
VoA 7T MEL (Ovuplant™) 12 & 2 8 RA 22 PRIRFHE 233 2 H AL T
%5[9,12,39,41], LinL, A 77 v MEKIOGENIRZ®RO%E, TEREME
B L Fab—a AL DRIERIESC PRSP NG O IE & A ER S 4, HEgp

BB A 7T FUKIZBRET D Z LRI TS [12,39], £/, H
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KTIEA 7T MUANTRAT SN TRV, FIZT, GnRH HEUEAT LY
Y (DB TELVY V) KPR SRS 5 [4,7,25,63] , TELUH
[ 52 51 XD PR RoWmE N H[63] , —HT, 7TELY UHEERS
%, LHO—i@atD ER 27730, LH B — Y OFHRICIIAR 0 Th o L DHlED
i 5[19,43,53,56], ZDizwd, 7LV 40 g% 12 FERIREIRE T 3~4 [E)
BHREICL 5T, HEINE CORFMOERENRD bl [61] L, 721V
v 20 g HEFHR G X D PN ESROMmE [33] RN D, RS & IEE
fiifiE, (it BB R & < B7p 2 HiE OEFER Y TlL, JEMEME: & RREa9BEh 2
52 DX R PRIREI IR TIx e <, H KT D ATREMEIIRV, = 2 TR
B, EERERRAIC XD EREES OREHOINE O) , FEOR
REINZEALZ B DM L, HEIRIRET T3 o0 B2 AR L & 5 1) 72 A Fic i 4 oD FR AT A 717
Tt BEMRPIIORBEZ B E Lz, 7R LY v oEEESIZE D

PEONGE IR &, NWEIREIC SOV TIHET A2 Z L2 HNE LT,
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1-2. FRERA

1-2-1. #AUE

TV UREGROBFNIE, AWRERIATN 3RS THE SN TWDIER

RRIER M AT D, RRENOGRRE (3~17 %) OEBMIEME, ©-X 102 88

W,

NITIWBEIREDBIE &, FEIEH» L PN E TOINE (i) , = oEE

HGRRAS KL DI RBARF I OBIZT, AEERIATN 1 BS TREISNTVD,

E 7RI R 28T D RN D B DR O B EMEE 16 58, DX 22

A% 2, BRI OFEIL 3~17 5%, 1 8.9+4.7(SD) %, FEREIE 0~10

&

PE (RARPE 3HA, #RPE19HH) , W 3.2E2.8SD)ETH -7,

1-2-2. 7v L o &EEOKE

Bfe T D 2 BIHEL — A D 4~6 H, IEF RN EE 264 2 BEEEMES,

D102 SHICHK L TRUE RIS L 2R IE M Z R L, 1~3 H ORI 5 R

BIZTEE 45mm LA EOEFIMRGBO bNFIc7 L) V[ X h~—)L

TE, JIR = JEREE (R, WHAt]40ug (n=31) , HHWME 20ug (n=21) ZZEI

AP G- L, [AERDO S THIER L 72 BEALERE (n=50) & o 48 KFfH LA D 4HEBH

OB 21T 72,
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1-2-3. RABR L
TE LY U EROKREERL YV LY VB EREE 0ue CEREEL, BE

BRI L D GO () , FEoRBIELZHLNIL, W

SWTFHIRFRZ AR E U CGRABAZ B L7z, RS, 7L U 40ugH

[Fl#5e 502 K 2 PEINTA L0 2R 2 Wik L 72

B 5 2

i

BIHY — A DA4~6 A, dtiEs AN 1 ESICHEZE SN, B

TR RE R A2 T D RRREN D BT HPERER O B EMERS 16 §H, DX 2250 %

R U7z, SUERIC L DRGSR LIER 45mm DL B FJ IR A feRd S

Al H ORAFLEIZ AT EREGR OB PBIE SNERIS, 7' LY 40pug

RIS E LR G (=8) &, [FRROSMETORBIRRFIZ, HALE T

PEDR & TBLZE L 7ok HREE (n=14) IZB W TR 21T o 7o, TRREED 1 il 350 it

156 H, ZoOfof] (21 88) 1%, 28 29 A LIEOBIZE L OZ2RE (4 8)

IR DHEGE TR ZIT 1o, RGBT, MG R EH, <

B/ o AL — =TV A N0 ikl a 3 L7z,

BOREIHRG%, PEONHER £ T 6 REfdifbE, PEINERIL 48 ifH] & T 12 KFfHIfH]

fECHiiE (ONE) , FE OREREFMRELZIT o7z, MR, PRINHEET

2 HET 1 AR CRKICINE OIR) , FEOBMEEIT-7 (Fig 1-1.), 5F

fadk L OFEOREIE, REMIC TEEEEZErEEE [SSD-500, 7 v 77, HUHIIC

SMHz U =7 B AR A5 e fih 7 [UST-588-5, 7 vy, Bl ZHike L TR L
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oo SO E LB SR O (REBE+HER) /2 20k LT
Bz (Fig.1-2.),
1-2-4. $RIfM

WEE L HBFHREICEE L, ~S) v MU U AMEZRME  (Venoject 1T
VP-H100K, 7 /V& (R), HA0), I8 KX OERIMEF (21 G x 1 1/2” needle MN-2138MS,
TE (KK, HR) ZAVTHESIRE I Lz, BREL 2§ A0
KA L, 2 BERILLNICEDABEL (12 4%, 1,000Xg), MAEAEE L7,

B U721, AT REREE T— 30°C THEBRTE LT,

1-2-5. Ny ibEhAE D&

KR A LT (LH), PR RLE > (FSH) 13HEFE T RYPFS4E

BRI B DT R RIAEZ W TEREZTT 72, = A MT VA —L
(178 (Ey), Fuvz=xTur (P,) 13HIKGEREREF S EER A R S A

BRI B W T PR EIA EEZ W T ERETITo 72,

IR LVE Y (LH)

M APLHRE OMJIE L Hamada & O 5¥E [24] (ZHE U7 “HUARIAEZ W2, 1R

Hejfe & LT LH (USDA-bLH-B-5) Z V> 7=, 0. 1% BSA-0. 05M PBS (pH7.4) THr

BRFNZERLL, 100 1328 T ABREIT/TEL, 1% BSA-0.05M PBS %50 1
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Mz agEz150pu 1& Uiz, [RARICEER AE50 1 1121% BSA-0. 05M PBS 200 u 1% /N
Z, BEZI0p1E Lz, WIZHEIFUAL LT Hiv FLHY B FliE (WME18) %
AV, Z4u%0. 4% NRS-0. 05M PBS (pH 7.4) T8I L, Kk 1250 19
ONEL, Bres o R EE%, 4°CIC CURFBIIG S, WICT ~LHD 79T
PR RO TR EBL AR = 42E) 2 1% BSA-0, 05M PBST3500cpm|Z#i% L
b DZE50u 1051 E L, Wrke3RFRIFE#EER, 32°C C24RFMS ST, HITH
PR L LTHY Xy -/ 07U Y X450 u 1530057 LT, WrgsEHE#:
BACIZTC2UARRIUL ST, BTV Y Xy -7 v 7 ) P XML R U = F
L7 ) 32— 1-0. 05M PBS (pH 7. 4) T00fHIZAR Lz b O & L7, KIS#%4C
|2 T1700g/ %7 T3047[#iz 0% HIE & 3 T CUE D BUEMEZ v - & o & — Tl

E LTz, WENEEREITL. 9% ThH o7z, F - H/MRIHREIXO0. 11ng/ml T -

7’»
—o

YRR A L E > (FSH)

M A FSHIR L ORI E 1L Hamada & D H{E[24]112HE U 7= ZHUARIAME Z W=, 12
HEYR & LU C w7 2 FSH (USDA-bFSH-1-2) % fHu 7=, 0.1% Geratin—0.05M PBS THy

BWAA] (0.02-10ng/100 2 1) Z/ERL L, 100 u 1 FoH T ARBREIZHEL, Fh
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120. 1% Geratin—0. 05M PBS %200 u 1%, &E4A300u1& L7z, [RIERIZEERMAE
BB L OUMIFL00 1 1121% Geratin—0.05M PBS 200 u 1 &%, &&EZA300u1E L7,
RICHE IR L LTHIE FFSHY Y 1{E (M1, Endocrine Service Limited ,
Bell Court, 69 High Street, Bidoford on Avon, Warwickshire, B504BG UK) #%0. 4%
NRS-0. 05M EDTA-0. 05 PBS (pH 7.4) CLOHfFIZAMN L, FKREREIZ100u 1725
WL, Wredr %, 32°CIZ 4RSI S /72, &KIZ1% BSA-0. 05M PBST
3500cpm|ZF#E S L7 U < FSHO ' *° T AR RO LR AR B AR JE == 1R 400
250 104 L, WrseSHEREI R #R14 32°C T24M I RS S8 7z, FICHE2biik &
LTHUYXy-2ru7 ) v RiMmiEL250u 1-3531E LT, Wikl fi#1%4°CIc
T2AURRIC S, 2B, iu¥Xy-r a7 Y o vXMiFIEsNR Y =F L
77 23— 1-0. 05M PBS (pH 7.4) T00fZICHARLI-bDEMH L7, KiSthaC
(ZT1700G/ 57 C3047 i 0%, Hif 2 #C CIRE O GG %2 v -1 v v % —TH
E LT, MENEEMRENT13. 5% CTho7o, 72, f/IMRHEEEE 0. 01ng/ml Th

7,

TANTOA—N-178 (E,)

mAEHR E, 23272912, miE 1 nlicyFLz—7) 2nl %

A, 60y #R L7z, #H#H%, =R 30 oMEFE LK, —30C
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ODHWEIZBEH LERICHEE ST, 0%, 20O LB D O
Zoml BREICBEL, FKZI 7 MATU 4+ —F—A_"2RNDORGEGIZIR L,
KiZ 30~60CIZ EHSERNRL, V2 F L —7T i ZERITHERE
SH/m, HHIFEEL, E,JHD assay buffer Z 100 ml Mz, X< H#
L7-%, 2 LKL Enzyme immunoassay (EIA) Z W THIE L, =
DOHIEIC XD B, ORI FE X 8% TH »7-, F7-, E, D EIA FEHEh
#ix 2~2000pg/ml D#PH T, ED., 1L 105pg/ml , HIENZEH L L O

HEMEEBIZIFNLFN6.5%BLNT.6%9Th o 7,

Tay AT a (Pé)_

MigH P, 2T 5702, M 200 unl (2P =F L —7 L Inl
A, 1 oS Lz, HEE%k, BiRIC 16 oMEELLE, E,
ERIBED TR THA, HEESEL, HER, ABRELZHAL TH
5 P, ® assay buffer % 200 uml 12, L<HEIL L%, EIAEE
AWTHIE L, ZoMEEICED P, ORIETINTH 72, &
7=, P, EIAKEHE 7 1% 0. 06~50ng/ml @ i T,ED., 1% 2. 4 ng/ml

HMENEEBLONEMEZENIZFN TN 4. 798 LN 6.5%9TH - 7=,
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1-2-6. #ZHC

BRI, HERUS IR S TRESN TOWDHEERIC L > T, B

ML U CRUES OBOSITIE CC, TGS HA OFIWr THRIMERS 12 X 5 B AR T

1T T,

1-2-7. PEIRAERR
BEORRERRIE, EMGMAR L OREMGE SR TITo 72, [ERTOMA T

SN EEINED, EGRRAE T S Y, S BRI A  TH R ) e

SN LIZL-THINE Lz, &EEEE L, HIEPEIN S 48 KR LIS

B PN GRS e HaZ 2000 L LT, 2 4RUFRZ ik L7z,

1-2-8. LLHEZHr
BEUNMERR A Z 0 & LT, HEUPf% 14 B & 21 HICRENGBEZ RIS X 55

NERRI K DIEIRZ W 21T o7z, 2 [l & IR RS S, IRFEBD HER S L

IO Te 2 & THIRE LW L, WRFICR T DR e ik LT,

1-2-9. #EHFROMEAT

i R TP IE CAEAERGE T Lz, BWMINIaRE I 3fkfe L CRHII L, ANOVA O

IBOIHTIZ LD, IR DI OV TR GRE & kIR & O TR EZRIE %

ToTc. REFTOPRINER LIRIRBOINEIT 7 4 3 ¥ — OIEMERRE, SRl
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X7 = VF Ot BE, “HEIERIT DA RBEEIT o7, TR TOMELER
IZiEa v Ba—F—0Y 7 b7 Stat View ZEA L, 5% RO MGHRET

AEEZDY & LT

1-3. g

1-3-1. 7V U EEIZXDHIP%

48 BEILIN OBEIRRIZ 72 L U 40 u g B 5-RET90.3% (28/31) , 7k LV

v 20ug BERHZT1.4% (15/21) , MELALUERETIL 56% (28/50) ToH - 7= (Fig.

1-3.), 7L U 40ug FEE5HED 48 BERILIN OHEIIERAS, MEALEREIZ

THE (P<0.01) IZmhol,

1-3-2. PEONE TOIRfaEE L OIRRDOZEA L

HEONET 5~1 A £ TOXEHIIJaR OB % Fig. 1-4. [TR LT-, SHHEEER IO

BWEREICRBIT D, HEIRT3 H OUPRITENE45. 71, Inm (n=9) 38 L V47.0

+1.6mm(n=7) ToH Y, HEIFET 1 HIZ 50.3 %= 1mm(n=14), I L O 52.1=*

1. 9mm (n=8) &£ Thlkk LPFINCE ~ 72, BGHE & HAF O SR I T PRI 1711 A9

24 WFRIC 3~bmm pife L7228, ONAR3E EICAE O IR mIRER] (S A & 72 221358

D HIIRINo T, 6 RFRIFIRE TBIE 21T - 1R G HED 8 il T, 661 (75%)
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I ZEEIRAET 24~6 K] CIRRIZERIE 0 RE I, FEEE, F72I3ERLR~DHE

IZEAL DGR HAVHEIN L7223, 2 fil (25%) IXEREOE FHINCEDY, HH D

RICREMIZE L Z 235 2 L A SHINCE D61 b AF1E LTz,

1-3-3, HEIlE ToEHEIaE L O O IES T R oHEE

AR 722 — B2 31T 5 FIEII ORI D PRI E TO LRI &, B DOFF

fE OB E B % Fig. 1-5. IZRx L7z, Z OB TIXHEINFET 10 HIZEEK L 35mm

DL HETR S, Ok, FEEBS LU= ARITYE — g 2 2

AR e (A O+ g & U TR S v7z, HRUNAT 4 B TIZEJRIIaI3In

BB 40mm (2Rl L, 5 OVRIERIT R G ABRICZ2 0, JEUNAT2 BIZI3F 5 O

JEAG DIAME R 23588 vz, ZOHIRE, EREIIEIE 1 HIZK 3~bmm ik L,

HEDNAT 12~6 FFE TIEEMFIIIE 60mm LL EIZHR L, BRE TIEZR < P Il

MEx S L, F5EOMEGIZIZIEHER L Tz, PEIFRT 6 REfEI LI TILINaRE

(3 E SIS mEE = = — oD T ERSE D RS S VIR ISHEINCE Y, JRIIERIT T

FEORREDMFAE L 7oL iR & LT —Zem Gl s L TigGE s e, £

7z, BRI 24 BRI O UG TIPS/ S am e o — R B R S 1,

YPIRBE D B AR AL MRS S Tz,
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1-3-4. PEIFE TOREH

RS 0 24 FEMFIRR COPEIIR L Fig. 1-6. (Zn L7o,  HEUNHERE £ T

3B G-EEDS 6~48 B[, 1 29+9 (n=8) Iffl], XFHREEDS 12~120 BRfl, FEB

597 (n=14) ] TH o 7=, FEGHETIT 48 B AN OHEIR=R2Y 100% (8/8) T,

FEBGRED 57.1% (8/14) IZHE @V MEF NGO H 47z (P=0.051), BE5HET

13 6 RFR LA I HER 23 feRR S 7= D23 37. 5% (3/8), F 7~ 42~48 IHE[ 75 62. 5%

(5/8) & 2BEICH DT, RHHBEECIE 48~T2 A ICHEIR L7= D% 156 (7. 1%)

DHTHHA (35.7%) 1% 72 B LL B L 7= ICHRINIC E - 72,

1-3-5, ZRAEdmIEL, 2 HEONSE, SHEsE

—3fEH 72 0 OAZEEEIIREEETIX 1~3 [, ) 1.6+0.2(n=14) [[],

BRETIX1~2[H], Y 1.8%0.2(n=8) A CHMAICHEREITRDO LN - T,

SRR TIE 3 [ D AEEAS 3 Bl d> - 7278, FGHETIT 2 ML EAShL S 2 Bl 7e

Molz, HHEED A8 KFILIN D 2 HEINFRIE 37. 5% (3/8) T, KIFREED 28.6%

A/ 1) I EE_REVMEF N A DTN A B R ZEZITRD b o T2, ZIRRITE

5B, SEREELE HI250% (4/8 B X NT/14) THREICZEIT 2 <, PREIEDL R

HIvienoTz, BRI, EEPEIRE, ZhEE % Table 1-1. 2R L7=,
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1-3-6, W IENRE

BERII T2 LY VBB, RPRRERII R 58 & FIARIC 45mm DL EOIRRY, T
EVHEG OB PE D ONT-BZ 0B & L, FEUNFT3 H2vH 4 HE TOLH, FSH,
TuYxATRy, TARNTUE—N-1T8 OB E Fig 1-7. 1Rz, #
HRZRIT D2 EIIBAA R LR CRsR oM, & L<IFRTMEOFEHZHMWT1 A1
fill & U CREMT L7z,

LH OHERBIIHFRRETIE, 0 HIZ 1.8%0.4(n=13)ng/ml 2>LME L, 3 HIZIX
3.0%0.5(n=11)ng/ml |Z_ L&, 4 HIZ2.6%0.6((1n=9)ng/ml LWPITHZ LT, —
Ji, BERETIZ 0 BETRBHELELULTHRBEL, 7L U U HRERIC 1.6+
0.3(n=8)ng/ml Z/R L7272, &5 1 HIZ3.6%1.5(n=8)ng/ml | —il M B
L, 2 HIZIE 1.7£0. 5(n=8) ng/ml {2 L7z,

FSH OHER 1T REE I, HEFFAT 3 H225 1 H & Tl 2. Ong/ml O THER
L, 2 A BHICER L 4 HIZ5.6E£1.6(n=9)ng/ml (2N L7, —FF, HGHE
120 HiZ2.1£0.5(n=8)ng/ml 7*H 2 HIZ 3.1£0.7(n=8)ng/ml & —i&ME(ZHEIN
L, 4 HIZ 2.3%0.5(n=6)ng/ml 123 L, ®PEEEIC L CTIRMETH 72N HE
TR B o Tz,

P, DHERB I G-HE, KTHRE S SHEIRAT3 B 225 1 HITHTF TO. bng/ml LA F D

HIEECTHREL, 2 B2D 3 BICHAEINCEE LT, ®EHT 4 HIZ 2.2F
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0.5(n=6)ng/ml, *XIHERET 1.1£0.3(n=9)ng/ml \ZHIMN L7z, HEINAS 48 HEHLA
NTH TR EREOPIIEVMER TH - 7228, RHEEE L OMICHERZITRD
SN T,

E, OHERSIE, STHEREITHEORRT 3 A6 L 2 BT 7.2+2. 2(n=14) pg/ml &
E—Z7IZEL, 3 HIZ3.6%0.7(0=12)pg/ml LD L1z, HEMETIZOHIZE.6
+1.4(n=8) , 3 HIZ 2.5%0.8(n=6) pg/ml |ZJW> L=, WikEE b ICHEINMERE AT

BRITIR T DA 23580 b vz,
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1-4. #%52

SOOI TR OFIE & LT, ERINaR L = ORERIT RS EHTH
DL ENTWAILS, 45,565,591,  HBOPEIFRTOIIRAITH 35~50mm & Sh, Z&
HIPH OFBIZ L > TEE N H D [68], AWEIZENT, HRERKEDE L

TSN TS, HAERE (EEHE) OPINRTOIIEAEIL 50mm BL_ET,
60mm LA RIZET 2 ERMIEEFE O b, WE STV DIEOFHR 72 ilatt
£V 10~26mm KA CTH o7z, F7o, AAROEBSEICIIT 2 PINFTOIFfALRIC
B9 2 W5 [35] 1T —H L T /e, BOEMIIIL O EARITHEINREY A 713
LHEROENRBEDO—2>Th b, KBOEFIPRIL, F¥ 7.5 BT TREL
[13] , &R0 REFHIDNT CTHREBGIA~E R T 5, Lo, HRNERTO
T OUIIE DO EAEE 30~60mm & EARZENKE WD L BAHE STV D [8], R
WP RE LSO THET 22 LD TE T, ORI50BEOPEIN 24 FEF LI
O FJEIML O E AL 53. 845, 4mm T,  HEHRES OHEINATO EREIIAL O EARITK 50
~60mm TEEFEE L W KHTH -7z (Table 1-2.), HT77 L v MEBIZBWT
e RIIFL DEREDS 40mm LA T O b O OPEIR=RIE 81.3%, 50mm LA ED DTl
97.4% &, BE L & HICHIIROBMNRTRD HiL 5 [45], HEBUEMEEICHB VT
(T 40mm LLFCHEIRT 2 Z L3 THRCH Y, HE OHEINRE D £ INR O

EAAIL50mm LA ETHDH E VR D,
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R A PEZEE BB C b 2 B IX BRI, R 10 BIE R R E R B
LT EMNHBILTWDA 4 H, 5 H, 6 HTIEHEIFAT 24 FEF LI O F R IPE O
ERICEITRD b ofz (Table 1-2.),

HEIRRT DI IRIT 84% SERIE 2 D 8, T U IREISTIRDO (LR
B3, 16% M ERIE OMRRE THEIMC = o - AR O 28 % 5 [655], 6 WeI[HIFE
TBEZAT o e GHEICBNT, HRUNAT 6 FFMICERIEZ 2 L T el 2 4

(25%) T, 641 (75%) 1%, HEIRET 24~6 FERIZERE 2 DFEME, M#EE, *
T BEBLIR A~ D IR DI AR 2L 25583 7z, HEIN 24 FERE LA O IR fa B T,
T a—REEOHMN BT FITINENED LI L DB LB 2 B, Yk
P O/h 2 =R A G ORERITHEINRT O HILICER T2 bn EEZX bk, =
DX RBGUILT LB PRI L RO BB TId /e <, Hifa3fikfe L T Hif
HEPEYNPFNE (HAF : Hemorrhagic Anovulatory Follicle) &A1 54, Z 0 X 5 7%
DHER SN A, EEWRPEIINGOENZW 2 BET 5 LER DD, II
Rl DT RERIZEALIZHEINRT 7 BHIZHBO LD (3%) [65]1 2 &b, Il HE
FZEAL D Z CHEINRE 2 HEI 2 2 &%, WY TIRRWRALTFEL 9 5,
HHIZB W T8 OFREGIIHEINATR 3 A 12 b BBRIZ 72 0 JEIRRT 1~2 A I
DL, HERER O SR L STV A (8, 20, 26,451, LasL, iy —X

URBITHIOHEI 2 D WRBIZHBE W TS 64%I12 75 OB NED 5
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[65], 7o, FEWERIZEWTEERFEENIHEO bNL[68]Z &b, F

B OVEIEEET RO THINORF 2 HE 5 2 & bEYITIERWY, Zok 57k

b, ERINEOEREBIOIEIR, F5EORIEGORE & &b TS

DEMGRAEAT R (FE o), Sre=n () , SMEoAFGET R (Ghig)

AREGINTHET L, REESIAHET L ZLREE LV EWVWR D, TRV

PG 2 4bmm LA ED EJEIZ A L, FHE OFREGORDRFIHRE LT L

Z A A8 WEILLN OBEIIRIX 100% TdH 1V, 36 FFEILANAS 37. 5% (3/8), 36~48

RERI 2N 62.5% (5/8) & 2 BEIZ o diLT-, 36 FEEI LANICHEIN N HERR S 7= /EI S,

R TIZHINCEI LI NRMEDO RV VEIECTH - 7o Z ERHERIS LD,

PEINAS 36~48 WEEIICER T HHHMPBO NI LiE, 7L Y U EEITX

% LH, FSHO—id P EF NI DO iz b, HEIN 2 EdE L= EHEHI S5,

35mm LA DRI % A9 HEAE ~0 hCC #5123V TH, HEUNAS 36 AT

(TS DM D D L O [64] &REERARMBEIMARO b, BITEEDE

PR m <, FRCH 77 Ly REETIE37. 2%I2 2 FRIFDS R8O B, RHIEEIRD

Wr (BEIR#E 13~16 H) 2BV T 16. 2% I BB IFIE RS Hiu T\ 5 [60], A

FRBR T 2 HEORRDN R GRECTEVY (37.5%) AN H - 7223, WEEOZIRFRIL

FINEI 50% (4/8,7/14) TEIT L, fEth ST MR IEARGIIFED B L)

-7,
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BARIAZBL S H BB L TV 2 S EEIC R W T, AR O AR & A Bl 7 5

PEFERNEROY R 2R T4 59 A TORETH L, ABRMIMT, WL b

MG & HL oYW CREEERS 12 & 2 BRI MTON, KEEEICA TR ETR

DO oTo, LavL, PRBETITI—381F 3 B2l 3 Hild » 727s, EHE

TIE 3 EIARENT A 2T 2EUNTH -7, HEEILELARET 5 2 L I3k

PEFENERDO Y 27 28T L, FEHES ORHERIC X 27 HoOfeE A H

ThodrLEALND,

7L CHEEREIC L DNOWEIREOZE X,  HIEEE S ik LT LH, FSH

(A BTz, HRREEO LHIZHEIR 3 ARTZ VB L, R0 1~2 HERIZE— 212

EL, BEISNTWAERFE O LH /g% — 2 LRl L T2 40, 471, —J5,

BERETITES 6~24 FFfic—f@ato FRHZRLIZ-OBERETHR L-, 7

VU U EIZE Y LH oMt S, PEIRERS R L8 3 WA 23 AR

ZHDD, LHWIIZAD T 4 — RNy 7 3ME#NTWD 2 ERHEER I LT,

S OHEIFRTR I 5 FSH X, *FHRE & [AARICHRINER IC LR/ 2 B3 2o

WEERM SN TWD [11], L L, BEFETIIRE 1~2 BRI —@EtEo L

HZ2RL, PEMRIMERECHER Lz, 7' L) V& 512 K 5 FSH 23 wlilgic

% LH OHeR & REEOIEFR B HEE ST,

Ty AT 0 PRI E THREMETHER L, PEIREE 24~36 KffElIZ AL 5
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~7 BITHRKIZET D & Sh[40,49], mEEE bICRROHEREZ R LT, &5

RECTITPEIN S 2 T B2 A8 P LINICHERR S, REGRAR DT Y = AT 1

AT o T Z LD, TR VY RGO RIS T D NI

ERANARN DR =3y (N

T A NTUA—-1T B ORI, BUMEICES U CTERIRIC R, i S

TWABRIEEDOT A N T A —/L-17 B W32 — 2 LiEEL L= [21, 401,

PEDNRTD hCC | HIZ XL - T, = A T VA —/1-17 B DD &IP3 T O 1k

EDOBEMNMEM SN TWAHI15], =& bT A —/b-17 B I RGN D JEkr &

MOSW S, JIADOFRET & RBICEREICEG L TWD, 1B OFFEGAT R

BRI DL, =2 N T A b-1T B SRR CHEIRIC 1) 0 72 S A

DIEFEL 720 9 %, ABIZEICBWTH X b T VA —/b-17 B 23[R THE

PIASERO HNTZZ e, T A NT A —L-17 B OBEEN T OV E I3

HLTWD Z ERfERII,

AFFETIEI 7B LY VIR ERED 48 BEREILIN OHEIIR N 100% TH VY, HifEE

MERS 2N EAE 45mm LA LD EREINIEZ A L, F 5 OFFEGR N BAMER 2 7R U7

BB AAREE & L, ZORICHEITFA T LY 40 u g HEIHEE S R HEIR

FHHEICAERTH D Z ERH LN o7, 61T, HRIRFERICE Y, EE

Bl 59 2 LITRBLEEME AN DO U 27 AR L, HELE ORI,
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B ENRBEIREREANN O —2 L7 9 5 T EN RSN, S BT, BEHED

A PEBLG A~ DERER ORI 72 B 512 L 5, N LEREROE RITHEO->Z &

DRI ST,
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125, /i

HEREMES OFREMOFEING, T2 OREBHE (LA BT EEGRMRAIZ LY
REFICBIZE L, 7L U OHER G HEIN & NI EI RIS R E T8 % iR
U7z, EEEOPEIN 24 FEFEILAN O TR IR O E AT 53. 85, 4mm T, HEGH
AT EFINROERITRERE L KA TCh o7, £70, 5 OFEBITHEIPA]
(IS U <UTTHERD RS S iz, EHEMEE 22882 7 L U VR GHE(0=8) ,
XPIREE (n=14) [Z L, AIEHIC K 2% IEEEEZ R L, 45mm 2L_E o T IR A
FEL, AIERRAHT R & il U C 15 OIER OWCD 03785 S 7 IR 2 22 FidiiE
HELT, 7L Y 40 g ZHMHNNERE Lo, RRREE SRR B 5
BREICLDINE, TEOBLZLMYF LH, FSH, YuY=A7ny, TA LT
A= -1T B B RE LTz, & Ok R 48 BRI LI OHEIR R 138 53¢ 100% (8/8)
T, XRREE 57, 1% (8/1) 12 E < (P=0.051) , HEUNfERE & TO VR
B 5 299 (SEM) IREf©, kFBREED 597 (SEM) REfH X 0 FERER CTHEINIZ E -
Tz, ZZBEIRIER, CHEONE, SZRRERIIMELCEITRO bNRNoT, TRV
VB 1~2 HITLH,  FSHIZ—@MEIC B5 L, SHRERIZIS 1T D LHISHEINREC
<, FSHITIMM D E IS E W —i@tE o EF 8RS Sz, 45mm LLE o LR
fzA L, 185 OEEGABMER 2R U7 R 2 S e o w8 72 22 Bl i

L, 7BV 40 g MR GIIPINGFEDRZ A L, PRI FHLICA
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ThodZLENHERINT,
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LIDEIES

ovulation
Treated group Uterus edema disappearance
Heat Uterus edema day 2 (48h)
[l 1 1 1 1 1 1l 1 1 1 1 1 ] 1 1
I 1 1 17 17rrrrihri 1 I | I
Reproductive approach buserelin
and take a blood sample
24h interval 6h interval 12h interval
Control group
1 L 1 ] 1 1 1 ]
I ] ] 1 1 1 1 1
day —5 day 0 day 2
Reproductive approach (ovulation)

o

and take a blood sample
24h mterval

Fig.1-1. Outline of experiment.
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Dominant follicle diameter

major axis-+minor axis

2

Fig.1-2. Measure of dominant follicle diameter.
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B <48hr
* >48hr

80 -

70 -
*P<D.U1

60 -

30 -

20 -

10 1

R
3 |
i |
;|

i

40 pg (n=31) 20 pg (n=21)

Control (n=50)

Fig.1-3. Comparison of the ovulation rate of the control mares and
those administered 40 and 20 ug buserelin.

A dose of 40 or 20 pg buserelin was intramuscularly administered when mares
presented signs of estrus to a teaser stallion and dominant follicles reached more than
45 mm in diameter. The ovulation rate within 48 hr in the control group was evaluated
under the same conditions. The ovulation rate within 48hr after administration of 40ug
buserelin was significantly higher than that of the control group, comparison between

the 40pg buserelin group and control group. *p < 0.01 for
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mim

55 4 .
50 -
45 4

w—=a Treated group
40 - e----o Control group
35 -

-5 4 -3 2 -1 0

Fig.1-4. Changes in mean follicle diameter from 5 days before to 1 day
before ovulation.
The mean follicle diameters (major axis + minor axis/2) from 5 days before (—5) to 1

day before (—1) ovulation are shown. Day 0 is the day of ovulation.
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SRR L A, P B BHES1H-Z4F 3

Pre ovulation 12~ 6hr Pre ovulation < 6hr

Fig.1-5. Temporal change in dominant follicle and uterine image

until ovulation. 1 : echogenic follicular wall.
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70 A

[ Treated group
Control group

0-24 24-48 48-72 72-96

Fig.1-6. Interval between treatment and ovulation (hr).
The time of buserelin administration was designated 0 hr for the treated group, and
the time at which the follicle diameter was more than 45 mm and uterine edema was

decreased was designated as 0 hr for the control group.
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& ¥ Treated group
4 4 e—-—-—e

:

LH(ng/m 5 \\I__-

Control group

FSH(ng/m

3 -

2 4

Progesterone (ng/1]
1 4

10 ~

Estradiol-178

o N R )] 0o
L

-3 -2 -1 0 1 2 3 4 d mean®=SEM

Fig.1-7. Plasma concentrations of LH, FSH, progesterone, and
estradiol-17p.
Day 0 for the treated group was the day of buserelin administration, and for the control
group, it was when follicles of more than 45 mm in diameter and a decrease in uterine edema
were confirmed. For the treated group, values measured at the same time as the first day or

averages of values taken around the same time were used as the date each day for analysis.
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p=q11
=>

2-1. ¥
ERERICB T DB ERMRAEO ST Z 0 30 FERTEREL, ZORIOH A
(TEORIIHRE E Cholo b SNd, ZORYIOFIALIE, HFITRERNIC
] EULEkx e B TISHESNAS BIZE > TWD, BOERKRICEED 5% < DR
2SS BWEEE AR L, WESCHETEMRAEILT v 7 ARt s & bICE

HGEZW DTS Lo T D, BITR AMEOTEEIHENY T, SRR R
TSN, 2 HEIRE, MRITRERE L, £z, RHMERORBERREmNZ L
NI TUND[6,42,46,66], DX HRERND, BOEREZE TRIIS
MENTBERRAL, & <IHORGIERZE, His L B OENIZ NI
NeFEEL, TOHEMITFERE, L LT TS, £, BIERAEOFHE
THEN) TRBCHIM AN RE S, ZBOMRMGIZ IV AEERIIRESELESND Z
b, REIOEIRTZET & IRIADOREE X T — VIZHA W TR R I ARTZ W 23 2L
RSN, L, HTHELEEEZEEINIBEE CHENEA TN D

, REPEEFRL OR) 2 fET R R RO & LTRSS LTV 5 HAM R
i, EHRE OMIRZWT, IR SRR O FHEUZ BT 2 i IR, RHE O TR
W, IR E AT — VI XD RS E 4R L7 L CoOMRREIRZKIE, Bk
&G DERIZWr-oF = NIRSE (T2 1) & OEERNIRZENC bR 23 L, &

WS D EFEN =R ) LA X D T2 DIZERERNIC & > THRHOHEINTH 5,
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552 L, EEREGMRAIC XD EBE O EZLOREEH LI

L, MARZW OO DIFHER &, 2 T T HIINEE 2R R 2> B O G -7 o> "]

REMEZ MRS L, FHIIRIERR-C R 2R T T & B3 9 2 B2 W O AR & B

MElZT 22 &z ARME LT,
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2-2, FERA

-1, S
AL E IR TP B2 S TS IEH R FEE A 29 2 RIBPED b BEREL

DI HIRPERS, 3~ 1T O EREMES, B~ 129 SHA BRI L7,

2-2-2, #ABRTE
PGB X DA RIEEENEEI N T 5 1 B 1A, fk L CEGRER

FOBEREBRBRAIZ LV P E CEFINMOOMGEE 2B 2oz, REREND

DOIREFEEIZ K- T, Bl BICHERR S 2 BRI il S 8, BE sl

THILARHER SN2 b THIRE 2l Lic, PR R Z 0 R & LT

T HEY, REESFEOBERBEEREIC LY FE AR DO EARE O

G2 L D2 (IOMERR) Z1T-7-, FEFHEETHRRER T,

EEEHEOHW T 1B EHICOZ 1~3 it

2-2-3, HEHEBRE
BAONCIAENHER SN 9 BT, RIZL~>T 40 HET, WO

M B TERERY I Bkl 2 8 5 22 W i [SSD-500, 7 & 7, B ]2 5MHz V) =7 7

E GRS M1 [UST-588-5, 7 1 7, B AL] 245k L CHIZR L=, Mok

BEOEFEORELHEEEZHEL, TOVHEzREEs L TREOEFERHEE

B L (Fig 2-1.),
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2-3, AR
Mha kb B BEEINTZDFZ9H (5mm) HDHWNE 10 H (5.5mm) TH Y,

M (ERIR) oEra—Mo (RIE T Sn7z) fEike LT, 75/ ORI
mOHNIHERE N, MiaoZ<ix 12 B (12.420. 7Tmm) LAKEIZ, ERIEO
e o —MEO M (BRR) OfEm & L CElg sz, 12~16 H (26. 123, 4mm)
%, AE GRIR) o a—Hoh et L THLMMNIEATHERT S Z &
NTE, ZoOHMIEME ERK) THERE L, WioZ < ol & ERo5E
ST, BEE ORI R Td 2 IEKS (specular reflections) 73 i —
a—g e L TBlEsn (Fig.2-2.), F£7o, ZOHMITEEEMREZIT> T
WERIOBEMWENE <, $FIZ 12~14 AT TFENEZRZICBEITS 2 L 238
LxNTe, 17~18 HOMAIIZL < OB —E TH L3 (ERIR) Tidk
<, DENTIPHFEEZEL 19 H (32£2. 5mm) IBEITREICZAFEERL,
BHIZRIR CHERS L=, 12~19 B ORIIE —E0EI& TR o K (12. 4

+0.7~3242. 5nm) AR SN (Fig.2-3.), £/, 17 HLUBIIFENT
OBEWETBE SN o T2, 22~25 BIZIRIEOIEM] 3 530D 1 OFEIRIZ IS T
(5~10mm) ZHEFRT H I &N TEIN, ZALSOFEB T I3HER S 7
modz (Fig.2-4.), ) 18~28 H DML = AR HAI 2R THER L 72
23, WRIEARIE 35mm Hif: TR E RZuiBlEi sz o7, 19 k25 28

HEEE TORIIIARA TRHERPIR THRBE T 25 F 28RS h, Thll#
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THO—EOHIG TIRREOHKABIEZ S, 38 HLURE T A7

TR 60mm LA FIZHE L7z (Fig. 2-5.). 25 HHEI% O IZIROIERIE I

NET D, REBIZ 28~30 H TIIROF e~ BEi+ 25 = & NEERINT-,

F72, 28 HURETIRT-O—# T LHAHER TE, 30 HERETIZH O NIRRT

DREWRT L2 ENTE,
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-4, E%5%

IR E OREEZHET 5 5 2T, BEEREOFRAMEImO Tal, £
< OBBITE5~10Mz DV =787 0 —T7%IGHT 5 Z LR ST\ 5 5],
AIFFEIZIBNTY Mz DY =77 v —7 % HOCRIZREBR LG5 2
EMHRETH 5T, REGH D Ol & BE B BRA CHEZHERT5 Z
ECHEIN E B L7=As, PRI 24 REEILAINICEE® b MR, filkizo i
TIEHEIFRT O YIRS & il b O RARAIEF (L Tnve (48], LaeL, @F
HHEGERE TIE—HERTH Y, 2oL TOPIIZE 21T 2 HAITMLOE
BLEENSMNETHD ZENALNE T, R LERTIE, PRIt 6 B
A2 SRR N IR 2 & - NIEICRBAT T 2%, Mogha4, HEIRTZ 9 HANCHE
FEEGRAE TN T 2 2 S IXREE sh s [3,16,17, ], ARAFFEIZBW
TH 7 HLORBEREBRAELZIT o7, MiX 7H, 8 HICHERINDHZ &
R72<, 9 B (5mm) PARRICHIE (BRIR) OExa—PaEEE LT, FEADOH
Wit O HER SN, R0 <X 12 B (12.420. Tmm) PARRICHE (BR
W) oM a—pEEgkE LTS, 12 BURTCIRIRRABIZE S e
BAELHY, BNABPHER SN TOARWEAL, REREMSTD 12 A LI
HIRZM 21T ) 2 & BB T HMERDHDH, 12~16 H (26. 1£3.4mm) 1, P15
MR Z R T2 2 N TE, WhaDZ% < o[ & ERIOER T, BEKO
WIPRE R S T & A IERET (specular reflections) 73 EfEEE — 1 — 14 & L CHI%R

50



(Fig.2-2.) SNz b, ZOHMETOTENKOFENR (A ) L O
JESERIZZ W T, 1IE S (specular reflections) DA EEDHEFRIZIAEH TH D,
Thbb, FENBEOSENR (2 A N) ORI AR CIERS (specular reflections)
MBI Z LI Thd, Fio, ZoOHMITBEMENRE L, FRZ 12~14
HCIEFENEZES ICBEIT 523, 17~18 H UK CIIBEIME S HEE S Rd -
Teo MABODORER &5 OBIRIE, FEHNEZRBEIT DRI 85 O & L &
T TEAIEMICEAET D06E 16 HE The< & & [16,17] , MAaRiLHd
KECHER LI EHEICB O CHIZIERBEOBIR MBI SN, BERTO
WL, FENLDOTaRAE 7TV ORHERET -0, FENEE
BRI LR OBE L, Z OBEMEIIE OEIRGEFR ORI & S5 HEIN
NH 14 BICEREZE2 53N TS [1,16,17], ZhAbLDZ LG, &
LIS OIEARZ I O MIEl O EREE, BEMWEZ A LI O #EE TE D
PR 14~16 A NHEAR E W2 D, 2 ORI CHIUDVREIR S HER S -
BETH, BAHIZHE LIEWERZ FEA0kmIcBE LT 7y 7%
ZENFRETH D, 22~25 HIZHEILOIEM] 353D 1 OFEEIZIF (5~10mm)
DHER SN, TN OFEE CIRFIIMER S N> 7 (Fig.2-3.), 25
A LB DRI B W TIRF 23R S 72 WSS, 3 CTICSER D, PRI T

2 FENEER (VA R) 2BEBTLHIRETHD, 18~28 HOMIKIZI=A
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TESo AR e IR CHERS L7223, IRAaERIE 35mm At TR & B idBlE s h
inole, R=—BHEEIZHENT, WO I#HRIT 9~16 A ORIz
EARATH Y, 18~26 H CIIMAIE—EDORKE I THR L, 28 HLKRIZH
O EBNERO L 72D STRI—T 28§ 2 @B Sh T s 18], 13
F—EDH A XA THEFF SN D 18~26 H OIRFaLE, 25~30mm THEE L, K=
— X VBB O NREVEAN D 7205, o BECIERERETR N E &
NTW5I18], HEHMEBICB W THREERS, STRD—7 28§l disi o s
A, 18~26 H ORAALIE, 30~40mm THE S TV 5 R = —Rl i X
D REVHMABIE Sz (Fig.2-5.), ZOX I RETBOMEAICKL L+
IROKE SICRRKT 2 Z L BHER SR D, IO E R3S —E & 72 5 1
(TIRHFE DM/ M LT, RIEZEDRIRT D 2 LI ko TRl O 2RI 21
DI2WKEHITH Y, R OZECITHEICE D 75 OET) & ENERRIC
EobDEEZBND, 28 HUUBRIIIRBEEORIZ L T, FHOEMRL LR
FHIME T Z ENBZ b, 25 HRTE O IXIL O EEIALE T 5 23,
WFIT 28~30 HTIEIADOHRA~LBENT D Z ENBIESN, 2D L3N
HEOM/NIMEOIBRTHL B2 biLic, £z, 28 HLAE TIRF-O—ETils
WNHER T, 30 HURBETIZH LN FOL AR T Z N TE R, =

DZENG, ZORMIIIET OOLHPHER TE RWEEIIIMIERE ZET 5~
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T THD,

S OBAR IR Z W ORF ] & LT, IBIEOREFREIZIG CTHEEMITT S 2

EDBRBITH D, T 5, IEIRZWNIIHIE D BEIEIR D %56 O JRIR AL E D

FREME D BRI O 7= N E S S Z 517 14~15 H, 2 [ H 2 24~27 H, 3 [FH

1233~35 H, TLTHMDO4AEIEETHZENEE LNEINTWASIB8], L

2L, REFTHIELE S & BEELE O BGEIL T3R0S N T & 5 Bk

ME, EIRZENIERENT 5 Z LN TIEH 5725, 1 EIOHFET LR

O & U TIIRIEIRER MK T L [68], B LN DBIZENTE 5 30 HAll

PBRICET D2 ENEE LU 44], Fig 2-6. [ICHEIPREREIL 10~30 H £ CTEH

HNCBIZE LT, [A—ERE ORlaoBElmg 2 EE g L LOR L,

HEEE O EHORITRZE 21T 5124720, RO ERIBIZAE S Rk

(Fig.2-6.) Zfife L7 LCHIRZKiZz T 52 L NEETH L, HERSE DM

HIZR ARSI OREH] & B & LT, FIENGRMR IR OS5, R ALE A 7T RE 2

15 A, 2 BB IEMSEREMET LI O HERTE 5, 30 Al O 2 [

ITH 2NN THD, £77, 2OZLICE>TEFRRRBEORE L TEN

fRFEf (& b)) & OFERR, PUREIRSC R EIMIEIR D2 W & BRI T 5 2

EINTE, RO AZBRLHIFN DRI HIMEZR AL S FTREIC 72 0, EHEREE D%

FENR D FICFEONS L = E NHEER X L7,
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2-5, /NE

HEE DIEIRZW ORSEE 2 =T 572012, MRaOFE O R A B 5 7

2L, MIRFEEOFEEGZERT 52 L2 AME LTI EIT o 7o, EHEME

5, ORI29FAICHOWTHRIIMERR R 2 0 H & L, 9~40 H £ TR OMERE ) b IR

fADTEREHIFE B AL B 2 WS E IS TR LTz, MIBOEFEORE, EE

ZREL, TOVHZREEE LTBIE L, ZTOMRE, WX 9 BT 5

O (BRIR) DEEx 2 —FE O & L TR S, 12~17 BIZHE (BRK)

MHIPMHE, 18 (35.3%=4. Tmm) ~28 H (33.8=%4. 6mm) [IMAEERIC K & 72281k

722 < AHRZRERE CHER L7z, 29~40 H (66mm) (ZAHLAIRIZRECTHE, I

e OBEMNBER S 7=, 22~25 H TWFOrEZR, 30 HRI% CTIHFO.LH0

WeR T X /-, RIS ORI IE 18~28 H F Tl 25mm §if% THER T 5 & O#HiE

L, EEE O (8 35mm) THERE L7, —J7, MIEEDOHKFIC

20 BAe, STIRV—T7 DR li#R, BT ORREREIITHRE STV Ot

DI LARRTH -7, HE ORI R IEIRIE € O & BI% e LT, #lElid

BIRIHIR DS, WORALE N I RE7R 16 H AT, 2 [l B IXMIERERIME T LT

DHPHERTE S, 30 HATED 2181795 Z L AHBHTH L LB b,
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LIDEIES

The diameter of an embryonic vesicle was measured as the mean
of arbitrary long and short diameters.

major axis + minor axis

2

Embryonic vesicle diameter =

Fig. 2-1. Measure of embryonic vesicle diameter.
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Days 9 and 10 ; 5-6 mm echo free region
Days12 to 16 ; spherical
Days12 to 16 ; Specular reflections (| )

Day 9 (5mm)

i i e ——

Day 12 Day 14
(12.420.7mm) (172x4.1mm)  (18.943.0nmun) (23.1%3.7mm) (26.1%3.4mm)

Fig.2-2.  Growth of embryonic vesicle days 9 to 16.
It was first confirmed as a 5-6-mm spherical echo-free region on days 9
and 10 and remained spherical on days 12—-16; specular reflectionss
(arrows) were confirmed.
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111

Day 10 14 18 24 28 32 35 40

Fig.2-3. Expansion profile from cross sections of embryonic vesicle.
The rate of expansion appeared to increase gradually over day 9 to 10,

and then expansion increased linearly to day 18, day 18 to 28 were

S-shaped, with distinct plateau during approximately days 18 to 28.

Values are presented as mean == SEM.
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(35.0%£0.2mm) (33.0x4.1mm) (32.0%£4.9mm)

(3242.5mm) (35.9%2.6mm)

® Days 19~ ; Embryonic vesicles grew in spherical to irregular shapes

e Day 22~25; Embryo proper was confirmed
® Dayl8~28 ; The diameter of embryonic vesicles remains
unchanged around 35 mm

Fig.2-4. Growth of embryonic vesicle days 9 to 16.
After days 19 embryonic vesicles grew in spherical to irregular shapes,
around days 22 to 25 embryo proper was confirmed, then the diameter of
embryonic vesicles remains unchanged around 35 mm over days 18-28.
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mimn

Ginther (1996)

Fig.2-5. Days 18 to 28 with distinct plateau, embryonic vesicle diameter
were 30 to 40 mm in heavy draft horses, that were bigger than other
horses (Ginther,1996). Schematic illustrations of the embryonic vesicle
on 19, 25 and 30 days after maiting are depicted on the top.

Values are presented as mean == SEM.
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“30mm ?g

days 20 22 24 26 27 30
Fig.2-6. Standard image of growth of embryonic vesicles in the same
heavy draft mare.
Morphological changes of embryonic vesicles from day 10, at which
embryonic vesicles could be confirmed, to day 30 after confirmation of
ovulation in the same heavy draft mare.
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AR KRROLE & LTSN TV L EBRE (HAMARE) oFHIE, 1FA

ZWHES, WHE, xS L TCo=mEnd v, EOAEEITERNPERADO

FAEEFE¥(TH D, LML, HEEOERAEERITK 50%59 & BFE I H A~

) 20%IE<HERE L T D, TOHERE LT, HEEEORFRQREFAATENA &

MZENTELT, BREFLHZRSISRPF2IGE L DN TV RVERNBZET 6

Do TIT, HEBMHOBEIHRMEZAGNIL, 1F 1 EZE B LI2AER R %

MERF 32 72 80 DR 2 fiis L7z,

F 1 BETITEBRE OLREH OFIEZ LM 5 7201, BEREg MR

(CEDREEHOINE L) B L UFEORA L2 RRERICBIZ L, JEINAT

BOTIMINE, FEORRBRIRREZBIE L, £, HBEMESEOJEIN RS

bz AR E L7z GnRH BBRAT & L U EEFRGICHOWT, £ OHRIEER

&N WENEA~ DB 2 A LT,

e 5 28I — XD 4a~6 H, LR ERATICEZE STV D, ERZR

ZAEE A2 AT 5 EBEME, O~ 1025805 L CERISEO D072 1LY

CEBEERGEORFRR T o7, RAIEHICL R EEEL TR, 1~3 HH

DREENGE T BRI TEAL 45mm LA EOTFINER R0 S ZRis, 7k

U 40pug (n=31) DWW 20 g (n=21) ZHHAINEES L, MEALE CRGOEE]

BEAT - ToXEE (n=50) & HbE T, 48 FEHILINOPEIRFE 2GR L, 2hEm

62



7L VHEERGEEZRE L, TOME, TR 1LY 40 g WERED 48

RERICAN OHEINERIT 90. 3% (28/31) TH Y, *HEED 56% (28/50) ([Tl L TH

B (P<0.01) IZEmmoT-e ZOFRRXY, 7L U BREEEZ40ug ERE

L LI DORBR 21T o 7o, PEONRTR O WENRE 2] 5223 572012, IEH 7R

G E A AT 5 BEBEMES, o~ 22 S L TT7 LY UiERBRZ1T-

Too AIEBIC KL DR EEAMR L, B 45mm Ll EO EFINEI MR S

T EREGEOBONBEINTERC, LYy 0ug ZHANKEGET A

G (n=8) &, [RIEROBLER] ) D HEALE THEYN S Ttk 2 BL22 3 2 < e

ll

(=1 Xy Lz, &EREIHEIN X T 6 RFEHIbE, HRONMERRRIE 48 FFf £ T

12 RfEIIRR T,  xFRRBE I T PRI MERE 1% 48 IRFfH] & C 24 IRF[H] [ R CRRIE R HE SR i

FIZLY, I O BLOFEORRELE2BIE L., IO L)

5 (RE+HER) /2 Zifs LTEHIILE,  F, WfF & bBa iy

(BRI ZAT WAV CRPEICBE L, HEIRATR OBl iE 2 A L7,

RS OHEINAETH OBLZIC B T DI E L, HEE, REHFThTh

50. 3= 1mm (n=14) ,52.1%1.9mm (n=8) T&H YV, IfELITHEINCAITT1 H

B2V 3~bmm FIEAKE L, IMEFET IS O INEIERIC M ET e <, Wil

STV B OHEIIRTO PR 2 I EEAE L D R TH 7z,

TRV Y40 p g TGIZEDPEIR L7 8 Bl T, HEIR 6 BERIATICERIE &
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ELTWeDlX 26 (25%) T, 6% (75%) 1%, HEINFET 24~6 KER]IZERIE D>

SHHEE, FTERMRA~DOERBRINEID B O biviz, IO TEREZE TN 7

HANCHRRBO LN D Z b, UIDIEREZE LD A THRINRE 2 HERI 25 2 &

LY T3 eneEE X b,

TE OTFIEBITPEINAT 4~3 HIZR bAIC/2 Y, PEN 1~2 B T A

ZRLiz, 7ev Dy H5% 48 RFRLINOPEINERIE, #GHET 100% (8/8)

THV, STHREEST. 19% (8/14) IZEE~_E\W (P=0. 05 1) A1 2338 Hvi-, #E)

SHEINE TORERIIE, 6 FRRILAN DS 37.5% (3/8), 36~48 EfAS 62. 5% (5/8)

T2REZ D, R 7 L U 8 54% 36~ 48 ISR T 9~ SR 23380 &

iz,

FHRAE CIZ LH I3 PEIRRA I @ <, FSHITHRIREZIC ER-S580 bz DITkt L,

BHETIT, 7L Y BE 6~12 B4, LH, FSH |Z—@MEic E5- L7223,

FDH% ERITBA SN o7, BEEETIX LH, FSH O —i@tE EREN ALz 2

b, TRV ARG L0 VERRER NV E i iaas BUEEIR B IC & 5

7>, LH, FSH WM BED 7 4 — KX 7 MBI TWA Z &R HERI S 7=, LH,

FSH O —1@ M D BRI DO E Fob, BEIR 2R L7 L HEER S B,

BRI, 2 PEONER, ZMRRIIMFERICENRO bRroTe, 7LV &~

P GRED A8 BT AN OHEINRS 100% T v, HESMES 23 E A 45mm LA Lo
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TIMEz AL, = OFEGNBAMENZ 2 Lckz ZREE L, 7L

Y > 40 4 g HIEHE G- OHESIRBHE DA FIYERE 787 572, & B ICHEINF

BICED, BRI Z RS 2 & 3R FH S ENIERD U 27 Z2 KR L,

HEE O, BERNREIEIEAN & 20 O 5 T MRS,

BT R OB AR G, B OIEIRZK & MO E AT — I

U7 ZRIEIRZ W N EOR S 5 73, BHS DIEIRA T — VIR 1T D IRl E

DICRRIVFHE DS 1L, £ 2T, H2FETIE, EHBREIZE T 20 741

TEARZZ I OFEIR A HENL T 27212, MIaFEE OIERERIRFHE 2 A L 7=,

ALHETE R AT M2 ST 2 ERUSHES, O~ 129 BHARBRIZHE L7z, R

THBIC X D RIEE Iz~ L R, ERIaOJIIMEERZ0R & LT, 9

~40 HE CHFRZHEEEZHW T, WlROMEERBER®EIZMH S Wiao

AL A2BR L, MoRELERZNEL, TOVHZIE L L TRk

L7,

RS ORI, PEIITE 9~10 H T 5~5. 5mm O I (BRIR) O = —fekk

L LT, FEAOEMmOPLIIHR SN, LL, 12 HURET TR

BRI 0gGE b2 <, JINHDRE SN TWRWEEIE, REMEMT 6

12 AUBMOIEEZE AL LW E2 b, W% <i: 12 A (12.4+

0. 7mm) ~16 H (26.1=%3.4mm) 1%, FHE (EKR) ofExa—fEHkoh 7L L
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LTHHNIBIE SN2, Z O, 50 & BERI OB CTITIERYSS (specular
reflectionss) 23— 2 —hil LB Sz, ZOHHE, WX rER%E
BEIL, i 12~14 A TIXZOBEMEIIER TH o7z, 17~18 H OMEIEH
TOAOIIMEZZL, 19 B (32£2.5mm) PABRIIREIC A L AR
IRCHER L, 22~25 BICHERAOEM 3 530 1 OFEBICIR T (5~10mm) 23S
Ehiz, 19 BUKRE, RO FENTOBBITEER SN R»oT, Pt 18
~28 HOMKaRITK 35mm TH Y, ZOHM P, KEREITBE IR0 -
Tco BEEHEOMMOMEMAL, STRI—TZ R LT, WIEHEINME T
T 5 2E% 18 H~28 BIZHIT DO K& S 13 30~40mm T, fhoBME L » K
TVMEPBSBIZE S, T OETEOREEIC LD FEROMEICERT S Z &
DHER STz, RS O E IR ARSI 21T 5124720, IO E R
D B AR L7 ECHERZW 25 Z L AEE TH 5, HEE OB 2
YEUREZ M O RE & B0, RIENIARAENR O IR L& 23 FTRE 72 15 A A%, 2 [
EIIMAEIREE DMK T LR AR CE 5 30 HRTfE D 2RI B2 b, F

72, ZTOZLICE-oTEFRMIEOREE L FERNEZER (A R L OFEERE

Al RIS FIIRSEIL D2 Z2 HIREICAT 5 Z &N TE, RSN 7 AZBLIH]
(CHIREZRAZBAAN FTREIC 22 0, BRSO BRI LICH - 2 LR S

7"4
—o
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EILT

KRHFFED T2 b ICAGR L DEIZH TV, KIAHZRE RS ZTHREB LU
THERE, £ U CHKBIZIE Y £ LIRS ERTYEIR MRS L0005
AW LET,

Fo, KL EEEFEAL TWEEE E L, WIAEERTFEIR I
£, EFRTEIR ERERNL, ROURTRTER M AL, R
ik AEEEE LICRERO#HEERLET,

AP OHER S LOEICHTZY, BERTIHEEIMSE2HY L, ot
BREY AR — b —e 2 pl=#kilt, =E8EYR—F =it
B PER TR PMEEE L, FBRELEES  AEREL, B

FUMEICE KRR D TN EE LERR LR PR EER A — &

o

WINEERFER BEAPRMEL, 2 LT ARICRPTZLOTER

WHFEDS 2 TR L T2 SV £ L, xR, Ik—K, =3

t

T, B IZEEREBR OV R — M T W72 7 s R 2 R A o Bk

M

IO BRI, ZOBEMED TR EHH L B ST,
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Abstract

Studies on Establishment of Objective Diagnostic Criteria for Ovaries and Uterus

Using Ultrasonographic Examinations of Heavy Draft Mares

Horses are a seasonally polyestrous species with a limited breeding season, the
estrus duration is 6.8 + 2.3 days, which is longer than that of other livestock animals,
and accurate prediction of the mating season and early and reliable pregnancy
detection are required. Heavy draft horses, which are also meat breeds, are used for
purposes different from those of light breed horses, and economical and efficient
reproductive management technologies are required for these horses. However, their
production efficiency has been lower than that of light breed horses. Although
reproductive physiology in light breed horses has been extensively studied, no reports
can be found on the reproductive physiology of heavy draft horses, which are actively
bred in Tokachi and the eastern regions of Hokkaido. This study aimed to clarify the
diagnostic criteria for optimal time of the mating, clinical indices for ovulation
synchronization, and early and accurate pregnancy detection. Present dissertation
shows clinical veterinary findings concerning the reproductive characteristics of heavy
draft horses.

In Chapter 1, to determine the index of the optimal mating period in heavy draft

horses, morphological changes of the dominant follicle and uterus in the estrus period
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were observed using ultrasonography. The diagnostic criteria for ovulation were

determined, and economic ovulation synchronization and endocrinological dynamics

were investigated. In thoroughbred species, even dominant follicles with a diameter of

40 mm below ovulate at a high rate of 81.3%. In contrast, the diameter of follicles

observed within 24 h before ovulation from total 150 horses was 53.8 £ 5.4 mm

without significant differences in size depending on the month of ovulation, and the

diameter of pre-ovulation follicles in heavy draft horses was estimated to be

approximately more than 50 mm. Follicles underwent a morphological change from

spherical to conical or pear-shaped in 24—6 h before ovulation, and the double-layered

structure of the follicular wall was observed within 6 h before ovulation. The edema

image of the uterus peaked 4-3 days before ovulation, and then decreased or

disappeared, and ovulation was confirmed. The optimal mating period of heavy draft

horses was estimated to be a period in which the follicle diameter is approximately

more than 45 mm and the uterus edema image is unclear, rather than a period with a

clear uterus edema image. Generally, human chorionic gonadotropin (hCG) is used to

induce ovulation in horses. Although hCG is economical and has potent ovulation

effect, it has a long half-life in blood and has been reported to have a risk for bigeminal

pregnancy owing to multiple ovulation and decreased reactivity caused by antibody
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production. Therefore, the ovulation effect and endocrinological dynamics were

examined in horses that received a single dose of the GnRH analogue buserelin,

instead of hCG, in the optimal mating period in heavy draft horses. When buserelin

was administered at the optimal dose of 40 pg in the identified optimal mating period,

transient increases of LH and FSH were induced and ovulation was confirmed within

48 h after the treatment. Single administration of 40 pg buserelin was considered to be

useful for ovulation synchronization, it makes it possible to reduce the risk for

copulating-induced endometritis, and can be an efficient and sanitary breeding

management technique for heavy draft horses.

In Chapter 2, to clarify morphological characteristics of embryonic vesicle growth in

heavy draft horses in the gestational stage and to establish an index for accurate and

early pregnancy detection, the change in the shape embryonic vesicles was investigated.

Embryonic vesicles were monitored by ultrasonography from day 9 to day 40 (day 0

being the day of confirmation of ovulation). Changes in the shape and diameter

(measured as the mean of two different diameters) of embryonic vesicles over the

developmental process were measured. Embryonic vesicles were confirmed as a 5—

5.5-mm spherical echo-free region at the center of a cross-sectional surface of the

uterine horn observed 9—-10 days after ovulation. The majority of embryonic vesicles
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were observed as capsules in the spherical echo-free region from day 12 (12.4 + 0.7

mm) to day 16 (26.1 = 3.4 mm). During this period, specular reflectionss were

observed as a hyperechoic region on the dorsal boundary. Embryonic vesicles migrated

within the uterus during this period; their motility was particularly remarkable on days

12—-14. The shape was slightly oval on days 17-18, then gradually changed from

triangle to an irregular shape, and finally an embryo (5-10 mm) could be confirmed in

the bottom third of the embryonic vesicle on days 22-25. Embryonic vesicles on

post-ovulation days 18—28 remained in an irregular shape of approximately 35 mm size,

and no changes in the embryonic vesicle diameter were observed during this period.

The growth of heavy draft horse embryonic vesicles was represented by an S-shaped

curve with a plateauing diameter of 30—40 mm, which is larger than that observed in

any other breed of horses. This difference was attributable to the uterine shape

differences depending on the breed of horses. To conduct regular pregnancy evaluation

of heavy draft horses, it is important to understand the characteristics of embryonic

vesicles over the developmental process. Pregnancy evaluation of a heavy draft horse

should ideally be performed twice, first evaluation around day 15, at which selective

reduction of bigeminal pregnancy is possible, and the second around day 30, at which

the embryonal mortality is decreased and embryonic heart beats can be detected.
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These results suggest that the optimal mating season of heavy draft horses is when

there is a dominant follicle of approximately more than 45 mm in size and the uterus

edema image is unclear, and a single administration of buserelin 40 pg in this period is

useful for induction of ovulation without individual difference. In addition,

discrimination between normal embryonic vesicle growth and an endometrial cyst and

accurate diagnosis of bigeminal pregnancy and early embryonic death through accurate

pregnancy evaluation on the basis of morphological characteristics of embryonic

vesicles over the developmental course facilitate efficient conception in a limited

mating period and result in improved productivity of heavy draft horses, which are also

used as meat horses.
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