£ 4 (EH) T e %

= RO i L +: (B %)
AR EF T B B % 571 &
FRGEA H o o11 £ 3 H 25 H
FRAZ G- OB FAHAE 4 558 1 HEY
W7 B E I RAKRFERFBERAMARBEFEL
()
FhEm LB H Induction of Ovulation and Embryo-

biotechnological production of Hereditary
Hypothyroid Infertile rdw Rat

(EIRH FIRBRR BB IK T REALE rdw 7 v b OPEIRFEE
LR T AREREICET 5H1%)

m XEERR (£ & & & £ ® ¥ W
B E L F %
BB % K %
Bhidx B & oL M



WO WO ¥R

i i

Wistar-lmamichi v b5, rdw S N EMASINERAEERE (225
SR OAAT Y ROBEEENTWEN, TOIa—F > Mt EREASE
FETEORER2REEATS, §FT. ADWEBRZERTIa—F 2 MD/AANE
DEFINEMNEL T, ITARTY NTENTNEEO S ORH SN TN B,
raw v MZBWTH, LT, #Fv FERAWTASWFERRFECHRKEL
HRENRRBREINTER, TO/KRER. raw T v b TIE, FIREBEZROEBENAS
N3 &, M OFEREBRIVE VEMBRITE S, TN, IHREREFIV
ERTOSIFUEBERICENWTE, £, AV ATO—IVE, BilfE
BREOE NORKBEERTELRCEREZRT ZEBHSMIISN. dw S v
MIERIZRRBEERETE TS EERITENTNVS,

rdw 7 v Mt FTEEEANESFRIBBEETECBYET VELT A&
HEM, NOWFEIMRICEL ZETNEZEZENTNS, TDIa—F>2 b
BARETHD, FI ALORETETEEERI 3250, ZOXLSREE
FRESHEBCHDRHNTD S, TITERETIE, RETEFNFEZRAVWTA
T rdw 5y MOREXEEROERGBRFEDHEZBENE L, TORDIT,
ETIERFTOHEGE 1 B SIBICHATINEOBEE 2 E) 27T 3
ZEWREKD dw Ty BT BIFRAEET ORFBERAN, R dw Ty MTBWT
ZHIIBRIEICDVWTRIFLEE I E), rdw v MHFRIIF & F1 BHROET
(B4FE) £l rdw Sy MEROBFF(ELSE) ZHVWTHENAZBE-KBEZT
BOTZERKVEFERBIFEZRTF LE, S5 BROEBREZHEATZ(E
6F) . TORR, rdw 5y FOIIREFTORENHLSMTINZ EEBIT,
PR, A RBERBHEIC L IETEER. BLUROEBEREELETL
THIENTEE,



EA1E KRR rdw Ty MBI IR T O

rdw v b DORERAR ORI WENRBZRHNDZOIT, £#%28 HE 30 H
#6501 AR P BRI R )V O (BRI R )LV 2 ¢« follicle stimulating hormone.,
FSH, #EWREIE > ¢ luteinizing hormone, LH) &I HERIRERIVE > (Y
A 0% > thyroxine, T4)Z2RPIEL, AEBOEE S Y bEEB LA, FSH
L LH QETERETERAN -2, rdw O T4 DEIREROThE 0 BEITE
Nol=(Figl)e ZOEIBHERICHEDTE, FETR, KRB raw Tv S DIF
REETOHREEARND LKLY, ZROIFBEIREET 5&E 2RO, £
28 B rdw v b, £ 21 BAS T4 % 9 BEMLE (T4 FALE) L7k 28
BO rdw v M2, TR ENEABEEZI3ER OLEEERIERIVE >
(pregnant mare serum gonadotropin, PMSGYLEE L, 48 EFRIBRICER L. 5P
RESZAEL. BECER8um OERYA ZIERL. HEREZTTL, BX
DREX DBREBICETIROLHRETANZ. TORER, raw v NOIED

%gzg day30 T%
2 b | B
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Fig.1.Serum total T4 levels in control rdw and normal rats
on postnatal days 28 and 30

*b \Values with different superscripts are significantly different (P<<0.01)
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Fig.2. Effects of PMSG and T4 on ovarian weight in rdw rats. Bars represent
means=*SE of weight of ovarian pairs. Rats were treated with PMSG

alone(P), T4 alone(T4) or a combination of T4 and PMSG(T4+P).
Untreated rdw and normal rats were used as controls(c). Normal rats

treated with PMSG were also examined. a-d,P<0.01 or less.

RKESZL, T4 fILEICKVDERIEML, PMSG AABICXKD S 5iEmL .,

T4+PMSG LEick D, PMSG ABOBE LD S ARCBALTEES Y
M PMSG LB L7255 DIBRDORE S EEN 2L 2o 7=(Fig.2 & 3), MUHE
D rdw Iy b T, T4 REICXDER 101-199 um, 200-400 um DOFE IR
BOABFRIZEBMLUZ, £ PMSGEEIZLD 400 um BLEDKRE X DIFRENZ
BHBELEN, E¥ESy NTRANEZ 550 um LLEOXREX DS 5 — T IR
RERRD RN STz, T4+PMSG AE T, 550 um BL LD T 5 — T IR HE
U.EEETY NOZFNEEBENRLRZ ETITERNEML (Fig.4 & Table 1),

BEIMRKOENMIPREEDORETTORLE KL —F L=, BfTIREEE.

EAE, T4 FTALE, PMSGUEEENEE T Y FOENX D BZWVWEMIIH >/



Fig.3. Ovarian sections of rdw (a,control; b,PMSG alone; ¢, T4 alone and d,T4+PMSG) and
normal (e,control and f,PMSG) rats at 30 days old. H.E. staining. (X20)
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Table 1. Healthy antral follicles in an ovary of immature rdw and normal rats
with different thyroxine and PMSG treatment regimens

No. of healthy antral follicles in diameter (um) of
Total No.  101-199  200-400 401-499 500-550 >550

R(c) 167+ 14a 125+12a 42+10a o 0 0
R(T4) 333+21b 212+19b 113+ 15b 8+2a 0 | 0
R(P) 306+ 24b 147+ 15a 114+ 16b 21£5b 16+5b 8+2a
R(T4+P) 271£18b 138+ 13a 91+10b 11£3ab 7+2a 24+6b
N(c) 169+ 18a 1156+ 16a 41+09a 8+2a 5+1a 0
N(P) 311+26b 172x17ab 88+12b 11x+4ab 7+2a 33+7b
R(c) (1x1)a o] (1x1a 0 0 0
R(T4) (5+2)ab (1£1) (3+1)ab (1£1) 0 0
R(P) (2+1)ab 0 (1£1)a (1£0) 0 0
R(T4+P) (6=£2)b 0 (6=2)b 0 0 0
N(c) (1£1)a 0 (1£1)a 0 0 0
N(P) (2£1)ab (1£1) (1+0)a 0 0 0

R, rdw rats; N, normal rats; ¢, control; P, PMSG treatment; T4, thyroxine
therapy; (), number of follicles with 2 oocytes(P<0.01)

Table 2. Atretic antral follicles in an ovary of immature rdw and normal rats with
different thyroxine and PMSG treatment regimens

No. of atretic antral follicles in diameter (um) of
Total No. 101-199  200-400  401-499 500-550 >550

R() 84+15 23+7a 61+6 0 0 0
R(T4) 96+ 14 34+6a  61%7 0 1£1b 0
RP) 98416 9+2b 6847 12+2a 8+2a 1+1
R(T4+P) 57+5 12+4b 42+5 3+1b

N(c) 66+10 14+4b 43+10 5+2b 2+1b 2+1
N(P) 5811 5+1b 49+5 3+1b 1+0b 0

R, rdw rats; N, normal rats; ¢, control; P, PMSG treatment; T4, thyroxine
treatment(P<<0.01)

A, T4+PMSG LB T X DETIREPNEES Y hOLVRNIVIZETEAIL 7
(Table 2), ¥£7. E¥E Ty MNTIE. PMSG LE#E 52-56 KfEIZ LH 08— I8



HENTD, T4RTAED rdw Ty b TR LH 3 —2 1A 5 Nz o 72(Fig.5).
LAEDHERMN S, T4 LB IO IOETMeESI N, X 512 PMSG LEIZ
K0, FEIRTIREZRRE 7 T — T IR PMSG LB LZER T v b DENEE
DIZWEBICEML ., BTIEEERBEES Y bOZTNERAUEETHEDIT B0
PMSG+T4 LE T, LH Y —0RMT D ZERH o7z, TNEDTEND,
REF rdw Z v MTHIFFIREZ IR 2R ZE S ¥ 212iX, PMSG LELIFTIC T4
OUBNNRERZ &, ORI ZFHET 2 -DITIIAEE LH O 72w Z
ENSHEEOTINFREFIN TS ORENMBETH S T EPHS NI I NI,

—O—rdw

Serum LH levels (ng/ml)

48 50 52 54 56 58 60
h after PMSG injection

Fig.5. Serum LH profiles in PMSG-primed normal and rdw
rats given T4 therapy

*P<0.01, *P<0.05
BE2E KRR rdw I v MIBITAIRRROMERESE

IR DFE L IEAEICBT 2ERTLEOHECHBITITRNERENH D
7z, PMSG ® FSH 2SIl DM EREDORZEZFE T2 T LB 5N TN S,
DX IENSMERBEOEIMCKY, FREZN LU TRERFOREDI
REANDEEIMEEZ I, TORRINLORENRESNZ EEZLGND, ZD
KD2Z L5 T4 LB XL5EFIEKOEMNMEBEOBLICEEEIN
BAEEENEZ 5NEHH, FRBESIVE RO OEBECKIZITRECD



Fig.6. Light microscopy of ovarian corrosion casts from 30-day-old rdw rats without
any treatment(a), with PMSG alone(b), with T4 alone(c), with T4 and PMSG(d) and
normal counterparts without any treatment(e) or with PMSG(f). (X 11.4)






Fig.7.Ovarian microvasculature in immature rdw rats without(a1-a2) or with(b1-b4) PMSG or with
T4 and PMSG (c1-c4) treatment.



WTIRESETHENZV, 22T, dw v O T4 BLURE PMSG LEDIP
FOmMEBECRIITEE I OVWTIASF U Fy A MNEREWTET L.
HEEHET L BBETIE, rdw T MIRZRYBUEMOERORE I,
FUEOEEDD DL /AIN oA, T4 MBI LD ZOAE X387,
rdw 5y N2 PMSG 2B T3 &, ZOAEXEE 5128#8AL, T4+PMSG 4L
BLAZBOTRESICEAL, EXETy M PMSG LB L= b DIZIEET & >
275 72 (Fig.6), EEMETEREC L 2EHTIL, BAE rdw 5 v MR
MEBHRRD 5NN, £< OBMNELRTUREICH >, PMSG 2L
T5E, BREOHEALHENRD LN, NENERCHELTVEZEN
HRINZ, T4+PMSG ABIC X DV IMEF AT S S ITER(E L 72(Fig.7). BALD
ZEMNS, RER rdw v MZBWT, BREBERIVE D PMSG ABEZOME
DEEZHEL, T0OL SR EFENBRER)LE > QI RE RENR &
BWEEOBH B 2 EARBE h,

BI3E RERrdw 5y MIBTSHIROFER

v MZBOWTABRICHIZFHET 25E. REEWIC PMSG BRI
713 PMSG LEBIC b b B M # B HI ¥ )V E > (human chorionic
gonadotropin, hCQ)ZAEYT 5 Z LITLVTRRHONTNS, FEETOERIC
L0 rdw v FOIFREBEFTICERBRIVE DB ETHE Z ENH-T, £
T, AETIE T4 68 & ERFBRIVE S OABRZEASHES I EITLKD, X
R rdw T v MBI STEIIDO NBHIFEEHA Tz, REFAD rdw IZ, PMSG,
PMSG+ hCG, T4+PMSG, 72\ LU T4+PMSG+hCG %4LE L 7=, T4 I3 10ug/100g
FEOBTER 21 BN S5 30 HETHEHERNICEHF L, PMSGiZ28 HOF
Al 10 FF, hCG 13 PMSG 4LE 56 FFMIRIZENZTNIT 10 U TESH L2 PMSG
INEE 72 FRRARICHEIR OB & PN RN, TORKR, dw v M T, T4
BUEDOHA E PMSG BEMNE TIIBIFANEE T, T4+PMSG+hCG AT TIZ



ZELUTHIMFE SN, FIEBRNIC LR LE. 2O E05 T4 FiLEN
BEEIFOFBEICHATDH B T &9V 7=(Table 3).

Table 3. Effect of gonadotrophins and thyroxine on the ovulation in immature
rdw rats and normal littermates

raw normal

Hormones administered No. of rats No. of eggs No. of rats No. of eggs

T4 ‘PMSG hCG ovulated/tested collected/rat ovulated/tested collected/rat

- + - 2/5 3+2° 2/5 21+13
- + +* 5/5 5+22 5/5 45+12
+ + - 1/5 1+12 3/5 26+15
+ + + 5/5 85+5° 5/5 68+12

**Values with different superscripts within each column are significantly
different(P<<0.01)

*The number of eggs collected in rdw rats is significantly lower than in normal

littermates(P <0.05)
BAE rdw Ty NIFOFAZBEBIUVBEBIEC K2 ETOLEE

T4 FTALEIZ K D RERZ rdw v D OBEIRFRICHEIIL =D T, FETIE T4
BHLEIC K> THIR S B2IF &, FIEOBFEEHENAZEIE, RESHE,
VYELY MESY MZBIEL. BEF25E5 I & 2R A, T4+PMSG+hCG 2
E L THEIR S B2 00F LR F1(rdwl+) DR T2 S S8/, R L
FDS55, 98%DIFFTHFNERAL(Table 4), TN 5 DIFFD 99%IZHBWNT
HEYE & M ORISR E Nz, & BITRIBLTBRRIN T 47%74 in vitro T
ICETHEL~(Table5). LI EIY MABERE. 1HIEED 21%& 2 T
D 22%NETICETHREL Z(Table 6), BENIZEFIIDOVWTRER. /MAIE
DRE DA EEDLF T4 LAV BRI Uiz & 25, 62%78 rdw/rdw DREDES
BERLE. REHEEBBOKZL YEL NOFERBELZHE. 45%



NFEACER LD, SRICEIBSab o7, UEDZELD, T4 HAET
KRR rdw 2 S EEIR S N/=BF T3, invitro TR L. REABHEBETIEDS
NdZERBELNT SN,

Table 4. In vitro fertilization (IVF) of superovulated ova derived from immature
rdw rats treated with gonadotrophins and thyroxine

No. of No. of eggs No. of penetrated eggs No. of fragmented
trials examined  Total(%)* with PN(%)' Polyspermy(%)* eggs(%)*
4 91 89(97.8) 88(98.9) 3(3.4) 2(2.2)

* Percentage of the eggs examined
' Percentage of the eggs penetrated

PN: pronuclei

Table 5. In vitro development of IVF-embryos from immature raw rats

No. (%)* of eggs developed

No. of No. of eggs 2-cell =4-cell =Morula Blastocyst
trials cultured (34)° (82) * (106) * (130) *
-4 45 45(100) 35(78) 31(69) 21(47)

* Percentage of the eggs cultured.

' The time of examination(h after insemination).
EE5E raw/idw FEHRROBETFIZ L DEN2HE

rdw v PIZBWTEZBREOH SEBFOEEICEL T, BIZOWTIE T4 5]
WBTEZECEVEROINTF 2BEFENELTE R, LA LARS, BT
FEH2-4BH) © T4MAETIL rdw R EHROSHEEDD SBETEED T
EMTERNS 12, FETR, EHO T4 LEICE S rdw 5 v NEROBET 2
BOTHEASE-BBEICKVETEBDEI 2R . EBS 1 AHO rdw
FRENHE S v BT, T4 Z28R7K(20 ug/100g HE/BNTEMN LT 6 5 A MAAEL 7212,
EERRMES v MCHT BT E, SBENB I TEZHERZRN. 0



Table 6. Pregnancies and offspring derived from IVF-embryos transferred to

pseudopregnant recipients

Stage of No. (%) of  No.(%) of No. of No. of offspring Av.wt.

embryos  preghant/ litters/ embryos (range)ot

transferred  recipients pregnancies transferred Total(%)* o'(rdw)" % (rdw)® dead® newborns(g)

1-cell 7/7(100) 5/7(71) 66 14(21) 7(4) 6(4) 1 6.9(5.9-8.2)
2-cell 5/5(100)  4/5(80) ' 37 8(22) NT NT 8 7.8(6.9-9.4)
M&Bl 10/10(100)  0/10(0) 85 0(0)

* Percentage of the embryos transferred
" Numbers in parentheses indicate the numbers of raw pups

*Died within 2 weeks postbirth

NT: Not Test

M&BI: Morula and Blastocysts transferred
Av.wt. :Average Weight

Table 7. In vivo fertility of mature male rdw, rdw given T4 and normal rats

No.of animals with No.of females with No. of eggs
Animals mating behavior/No. sperm /No. fertilized/No.
tested (%) paired(%) collected(%)
rdw 0/5(0) 0/5(0) 0/34(0)*
normal 5/5(100) 5/5(100) 35/37(95)°
raw+T4 38/38(100) 10/38(26) 56/68 (82)°

** Values with different superscripts within each column are significantly

different.

R, BUEOD rdw Ty NMIETBIERI BN o720 6 » AEO T4 AHEITX
DIEFHICET 2HETBHEEE L. RBENERTENMEERL, TOHEZZE
THIERKVEEMES v bD 82%NZHE L /=(Table 7). RIZ. T4 2 6 1 A
WE U7z rdw Ty b OBEREEETFEZRAWT, T4 5B LZ rdw v M OHEIR
IIFRENZBIE, BHEL, ET2B2 2 L2lHlz. TORR, ZHFE 93%.
ZHE 100%, ETHEER 52% TEFMNESN/(Table 8). HH/= 22D



Table 8. In vitro fertilization with epididymal spermatozoa from rdw, rdw given
T4 and normal rats followed by embryo development in vitro and embryo

transfer
No. of eggs No. of eggs No. of No.of pups/
Animal fertilized/ cleaved/ preghant No.of embryos
inseminated cultured recipients/used  transferred
raw 0/226(0) 0/0(0) 0/0(0) 0/0(0)
normal 126/129(98)a  120/122(98) 5/6(83) 22/50(44)
rdw+T4 362/384(94)a  254/263(97) 10/11(91) -~ 36/107(34)
rdw+T4 339/364(93)b  170/181(94) 4/4(100) 22/44(52)

a, the oocytes of F1/N rats
b, the oocytes of rdwrats

EFRBIZETN rdw OFRETHAZEMMo7, DT EIZXD, rdw @
FERLTOEBTZ2EAZEESE. 2T rdw FEDETF 255 HIENHEILE
N7z,

EO6E raw v MNEOEBERE

EFNEORET 2 EMICHET 3 -0 R OBERENZEENE 0T,
EETH rdw 5v MNEORSREEOBRERS 2. HE. BOH 5 ALEK
L BBERRER. TOVIATY—F—nEORMERNG ZEMEL, &
BRI THEBNIRER I ENDS, YTARTIREODERTERLTNWS, LA,
Sy N TOBREFHRL, BROICERE XN TS, 2o TRHEMELT,
HRICHEREINZZF L7V a—-)V- 72— a—7 00— ABWR(EFS &
W) EEV. TOWREE 2BE(TFL YU a—))20% : EFS20 5 40% :
EFS40)icE A, & 5ICEEHA LA b O— RS RICR TR E B
SELTH I AMERERY, £ EREORMBC BT 5 MM SR EEREICRE
UCRIAET 5 HIE 2 BIR L7z, T4 §1ALE rdw OBHEIIINT & F1 OBT 22
BL. MR REIREDOERKICED, HIAEBREETIZL, M



BRI OBENTEEZ 2HEEZL VEIY MNEICBHEL-EZ 3, ZBR=
100% T, BHEL /K 55 EF 18 H(B3%)DER THENFEFICE TRELE
(Table 9). LEDL DIz, rdw Sy NEDH I ALk &k B BELEEZERL
7=, '

Table 9. The pregnancies and pups born after the transfer of vitrified-warmed
two-cell embryos derived by in vitro fertilization

Treatment No. of embryos No. pregnant/ No. of live
transferred recipients used(%) young(%)?

Fresh 48 4/5(80) 14(29)

Vitrified 55 6/6(100) 18(33)

*Percentage of the embryos transferred

BTE RE

@ rdwRKBET v SOFRREEOEEERHNZE S, T4 fLEICK D IR
fFEENMRES N, PMSG LULEE DT S— TR ZENI® S Z &0 - 2,
LU.rdw 5w M TIE T4 ZaHLE L TH PMSG LB D LH Y —J3izn T
E o 2,

Q@ rawRKBET v MNIROMEBEEEELRR/ZL I A, T4 & PMSG AT K
DI E OFESCHRZRET 2 T LM - 7=,

® rdw oy Mz T4 ZB0EL X512, PMSG & hCG 2AET 3 Z &IT&
D, BELIABHEIFEEZBILL 2,

@ rdw Ty b THEHRIMINZINTFE F1EBT2EAZHEL. T01-21
MEZLIPI NCBELT, EFEE35EERILE,

® REFrdw v NOFEHBIIITFE T4 2RARSL TR dw Sy
NOBFRENZEL, TO2HBEKZLEI NIBEL T, ETERED
HiEZRREL LTz,



® rdw v hOBEHIIFFE A B TFEe2R I THRE2HRREZ
EFS B ZRWTH S AMEBEHRERTRV, BER. SLWHERTETNE
bNBHEERAELL,

DEDZERD, BRETHEHNFRCIVEGRIFREERETERES Y b
DEENTIRE LR STZEEZ S,



m LHEAERMRER

rdw 7 v b3 Wistar-Imamichi 7 v b2 O 5B S N/CRNERE (32—-5 V) THAHD, b
DT HEFEU/NNER FIRBEREE TREOMICHE L 2B ET NV TH b, LELEDS, DI a—4
Y MIMEHEE SAETHY, FIRLORETETEAES D2/, 20X ) Ak iRIdIEE
IR TH B, £ TR, BETZNFELZHTAEdw 7 v M KEICENET S k2
%35 EL B EFDRFEDLOIEOFIERFEL ML Lz ZOMBILROEY ThHb, O rdw*k
B#T v OIEREE OBREE X, T4 ATRBLC X ) IIRREIGE S, PMSG UBHD S5 — 7
YRR A IS5 Z L R T4 ZATLE L T PMSG LEED LH Y — VDA LN NI LRI
L7zo @ rdw RIS T v MIBBEOMERE L F-, T4 & PMSG T & b JRILINE O ik &4
BTLZEXBHOLNIIL, Ordw 7 v MIT4ZEIELL, S 5HICPMSG & hCG ZULHT 2 RKE L
P NBRIPRINARRIEZ Y. L2 @ rdw T v M CHEIIPSNIT LF BT 2 0NZHL, 20
12 MIfRZ LY En sy MCBHEL C, BEFE2 B R L2, @REER rdw 7 v + OFRHEN
BFE T4 2 B G LT zrdw 5 v FOBT 280K L, Fo2#flilEz L Yoy IS
LT, BT2BLHEEHI L. ®rdw 7 v F OFRIIIIIT L FRET 2 ROk & ¢ TE 7z 2 4
HalE % EFS % FV T F 7 AMUBRERE AT, RS, SVHAERTETPRONL FREREL
72

Prloz &k, BETHFMFECLY) rdw 7 v NOEESTREL Zo/zeEx bR, ZOZLIEE
FEF, EREBWMESTFICBVTE M ENS, Lo THL: (B%) O¥NZRITELDLHEL
720



