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Abstract: To study the effects of ibaraki virus on preimplantation mouse embryos collected
from prepubertal ICR and BALB/cByJ mice (30~40days old) by superovulation, zona pellucida-
intact(ZPI) or free(ZPF) embryos(n=774) of 4- to &-cell and morulae were exposed to 10°%
TCIDso of the virus up to 96 hours. The embryos were examined morphologically by observing
the degeneration and hatching rates, and virologicaily and immunologically by determining
the presence of infection with the virus, in addition, the effect of washing the embryos to
remove virus possibly attached to was also investigated.

The ZPI 4~ to 8-cell embryos and morulae exposed to the virus showed considerably higher
degeneration rate than those not exposed, for 96, and for 72 to 96 hours, respectively(p<{0.01).

The ZPF 4- to 8-cell embryos and morulae exposed to the virus showed considerably higher
degeneration rates than those not exposed, throughout the whole culture hours iz vitro (p<C
0.01).

The ZPI 4- to 8-cell embryos and morulae not exposed to the virus showed considerably
higher rates of hatched blastocyst than those exposed (p<{0.01).

The virus infection rates of the ZPF 4- to 8-cell embryos and morulae were significantly
higher than those of the ZPI embryos according to cell culture system.

The viral antigen was detected exclusively on the zona pellucida of ZPI embryos, while
the antigen was evenly distributed in the blastomeres of ZPF embryos by the immunoflu-
orescent assay.

In the ZPI embryos exposed to ibaraki virus, the virus was detected in the two times-
washing groups, but not in the ten times-washing groups.

The results indicated that zona pellucida of murine embryos would provide an effective
protection and that ten times-washing of the ZPI embryos previously exposed to the virus
was effective to remove virus from the embryos.
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3 ME 2 E& A% FHIRY ERE &d4
Trichomonas fetusSr Campylobacter fetus, =] oA
Leptospira canicolad] 7}Qde) @ctzm dtghx, npo)
Blxo] g Fgeo2AEe @A A african swine
fever virus(ASFV), wto] A} equine rhinopneumonitis
virus(ERV)ell o3 SHIe] W FHEo) Lo dc
3 5+,

ZHIPBHEMNS KXEY 5T REBES @9 ¥
Eg F Jdve AdA 24 H¥E 2 d& RS
EEfiolsl & 4 Jov, KFHRFY A9 984
o] WA A=A X3z grt.

FHIEBHEE B3 HRAREC] Ae AP er
Parez’= <04 bovine viral diarrhea (BVD)$}t
infectious bovine rhinotracheitis(JBR)-¢ X 4 3} c}.
Singh} Hare’: S8 32 8te] 4o A bovine
viral diarrhea virus(BVDV),
(BTV),
(IBRV), bovine leukemia virus(BLV), foot and
mouth disease virus(FMDV), akabane virus(AV)%
283 s Ao A ASFV, porcine parvovirus(PPV),
pseudorabies virus(PrV), swine vesicular disease
virus(SVDV)¢] BRmiigl: BB f3tod Xad w1}
gLet.
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2712 gistd 2 Helst F3stm YEHo] Fet
Bol& RIS H|Este st
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intact, ZPI)3} #EHHHE KBFEI F(zona pellucida-
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HIOI2 A pRER o] FEol #HARA ulolyiav XK
B e ®B3dsHo & ibaraki virus(No. 2
strain) €& Mardin-Darby bovine kidney(MDBK) cell
lineo] 3~43 A3t FA4 A7 stock virusz 2 Jj
H 107° TCIDsy/mlo] ¢l v}, MDBKA| £ 2 ulo)e]x
#rggo] AbE3 B4HE minimum essential medium
(MEM, Gibco)el 0.75% NaHCO;, 0.025% lactalb-
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RN BRI +20ul stock virus o, BRI AS-
20pl SFREON FFRES20d wlelEla AL Mmoo
ZA 53,
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light paraffin oil2 = 23ld 5% CO, sl 7)ol ¥4
2 37°Col A 2~3A 7 F<t COHY & A7l =z A £
RIS droplet] &AM do 37°Cx 249 5% CO,
w7 ol A 9641 Zk7h A HEFI A . RS BT Z
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A AAsg .

ZEOD M RIS 964 A BRI E FF
244 7kete GEEIRIS R RIS AlrBARUE Sl A
100+, 20000 2. SEpsl sz, SZRIORS] FEBRES B
EmLE Mol WERIFR MRS vasldd.

SHORS FReM b Hafezo) SHIDPHEALRES &
|3 ZHIE 2A EFESHINT BEkstRiie s
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FAphaEk o M{LESMRE  FEHES de B &
RO #WAERS vlolelx BB 2 MBS B®
EiAE g $MUEiEE Bo WRMMY BELS
w259 o

HIO| 2 A MERIRE | WAAEIRD vlolel & RYEE
F A8 347, 2443, 48A Y ulolElA HHA
HE CZROINE gl A AV ZREIR EERA Mg
W o2 washing3d) & o},

washing3l & FEWH7E AE SWIEL ulolsx
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Table 1. Experimental design

Embryo stage

Experimental group

ZPI +V=Zona pellucida-intact embryos exposed to virus

ZPI —V=Zona pellucida-intact embryos not-exposed to virus

4~8 cell

ZPF+V=Zona pellucida-free embryos exposed to virus

ZPF—V=Zona pellucida-free embryos not-exposed to virus

ZPI +V=Zona pellucida-intact embryos exposed to virus

Morula

ZPI —V=Zona pellucida-intact embryos not-exposed to virus

ZPF+V=Zona pellucida-free embryos exposed to virus

ZPF—V=Zona pellucida-free embryos not-exposed to virus
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washing® s} 103) washing®fo s FH3g9z, FEH
Ht AA=R FHIPL 103 washingd ¥ o).

FZHIEE washing® = 2 3w} 4 2§ pasteur
pipetted ArLd 5o, 2 349 washing A&
0.5mle] A=A < 50009 3HAHwge] HA
et

o] Agol Fuld Mt ZHIB L & A+ ¥
Bi washing9g o] glvt. A 8¥E ZRHIFE washingd
utol Bl RYPHFEE A FA4 REHUL.

MO o3 = A Ibaraki virus® FFHEE
ZA8l7] 98l MDBK cell line-g o] £3l4tt. =,
microplate 7+ well®d 2~5x10° cell/0.1mle] MDBK
cell& W & ¥ o7 o 10402 4T AR
E well? 100p/4 duplicate2 A EG ¥ CO.¥| %7
ol A 48~724 7h-& HEESIH T

vlo) 2] & 7o = jbaraki viruse] 2§ HEI
FMERRY #7E 2Asd AFE B

MR S =M MEALTERES
Johnstones} Thorpete] W& F=3lgich. HES
SIS wlollx BB A8 2 RESe phosphate
buffered saline(PBS, pH7.2)ol 2~33] washing%l ¥
&elol = o] BN o, o]o] acetoneo E 10¥7t
EEstdct. BEEd WIS PBSZ 73 washingdt
¥ 1090 2 3] 43 bovine anti-ibaraki viruse] 457t
WA 7 ¥ PBSZ t}A washingslz, FITC conju-
gated anti-bovine IgGel 45%-7F dFSAZ k. wgo]
Z 4etele PBSZ 73] washing®t ¥ PBS-
glycerol2 mountingste PFv|A oz FALINR

o.
BRAN 1 o] KRN B W, ERBE
¥ WLEERES FA4 25 TAA g3t 54
=EEF N

® R

ZMONe| PME | 4~8A 23 |ERREE 964 17+
A EAEERE 4 4 KR ol mENS
WERH Mg w29 A,

4~SHRRIP2l MWW [ B 244 71, 4847, 72A %
ol q9] Mg, ZPF+VEFel #7 52.3+12.7%,
65.2:£18.6%, 92.9+12.1% %24 & RE Fd H3
o A T WEELE ¥ (p<0.01), GE F
el A fel el AAEHA skt

He3€ 964 el A &, ZPI+VFo] #iaL  86.9+7.
5%, ZPF+VZL 100.0+£0.0%24 A =7ke] 494
L AFHA Gkm, ZPI-VF @ ZPF-VEd3: 2}
7 A/ B Mg e 9 (p<0.01). 3,
ZPF--V¥& ZPI-VZ it | 430: Mgz =}
o] 7} <14 £ QAo+ (p<0.05).

REED W IR 2447, 484 o] A9 Wb

32 ZPF+Vio] 27 39.2+46.0%, 58.5+9.3%=
A g BE Tol e A S WHEL ng
21H(p<0.01), & FhAAE K94e] QA=A
ke,

3 72A qel A&, ZPI+VES} ZPF+VEL 7zt
68.2:£10.6%, 92.6+8.2%2A A Z7tE | Ao
A4 A9 52(p<0.05), ZPI-VZF ¥ ZPF—VEa: 2t

Table 2. Effect of ibaraki virus on degeneration rate of mouse embryos

Embryo Experimental No. of in vitro culture hours

stage group embryos 24 48 72 96
ZPI+V 77 10.4+4.9* 11.8+2.8 15.8:£8.2 8.6.917.5°

4~8 cell ZPI-V 52 9.7+2.5 11.443.7 13.5+2.6 21.845.4
ZPF+V 78 52.31+12.7* 65.2+18.6* 92.9+12.1° 100.0+0.0?
ZPF—-V 55 12.413.2 17.6+6.3 22.74+8.8 39.4+10.7°
ZPI+V 137 2.7+1.3 6.2+4.5 68.2:+10. 6 90.7+18.4*

Morula ZPI-V 101 2.1+1.8 6.81+5.4 14.84+5.7 27.5X8.9
ZPF+V 168 39.246.0% 58.5+9.3* 92,6:18.22 100.00.0*
ZPF—-V 106 8.7+6.4 9.6+6.2 22.917.6 40.3%11.1°

* : Mean+SD(%)
a: p<0.01
b : p<0.05

ZPI +V=2Zona pellucida-intact embryos exposed to virus
ZPI —V=2Zona pellucida-intact embryos not-exposed to virus
ZPF+V=Zona pellucida-free embryos exposed to vrus

ZPF—V =2Zona pellucida-free embryos not-exposed to virus
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7 dAE 2 WiEE vEh R (p<0.01).

R 064NN ZPI+VFO ka2 90,7118,
4%, ZPF+V T4 #iEHL 100.010.0%24 A =7
o %4 49444 go=, ZPI-VF 9 ZPF~V
T3E 474 A & #MEFEE e A2 (p<0.
01). @, ZPF-VZL ZPI-VFir $JA49+E #
Hegel 2olsl 1A H A= (p<0.05).

ML U= 2N BELE BB JE
4~8HIREERSL BN A ulol Bl REFS} JEREY
Bitol A 9 MR wesd &L I3H
7k,

FEARREEE | 4~BHAMROR 3 FERE A uwlolslx
IWERS SEREHEMA  fo4el AAHA gsie
v, BERE 4~SHRINE T & BERES ey
%ot

WLERAEE | 4~ BB, R
72A 7kl A ZPI+VEst ZPI-VZ 7o fe o] AA
HA gokot, 5 96/ 7ML 247 20.246.8%,
64.2+5.9% 2 7134 2 MEERES JeEuge
=, ZPI-VEo] ZPI+VEF R &A% & B
fzg e 9o (p<0.01).

FREILS BHELARZE L., K% 48A B A ZPI+V
T3 ZPI-VEZ}e] feAol QAR fgtort,
& 2AQANAE 22 20.3+12.4%, 73.1+18.1%,
Bk 964 DA AE 42 21.84+13.2%, 76.8+19.1%
B A7l AAR =gk L BEFEE Y=,
H 7247 E 964 7 EFol A ZPI-V Fo] ZPI+V
Tag @43 & BUmEREe ey gl g(p<o.
01).

SN0l cHEl ibaraki virus®l MRRAR : HHME A
ST RIS FEEEE BRED SN ibaraki
virusg R{pslxz ZHIPS washingd F SRR

upol Bl A g F& MiEERkeor AAT Az
49 g},

BWHL Qe FAA, 28 washingdt 4~84 22+
4 BREE 347 24407 2 48479 wbolea A
AAZANN RE FHIPoTRE ulolgl a2t HaH
Ak,

103 washing®t 4~8fHHIIR-S 7 ulolels A7 A
A RE ZWIle2RE wlolziarst ZEsHA
A%, BEEES 347 2 4847 BRBEA ulo] g
27t AESHA dgte, 2447 @A FEEIR
TAF 1A A wke]el 2zt Hels gl

Table 4. Detection of ibaraki virus in mouse
embryos washed after exposure to virus

Exposure Embryo stage

Embryos  —
(hours)  4~8 cell Morula

Zcona pellucida-intact

(ZPI+V)
2 times 3 8/8 8/8%*
Washed 24 8/8 6/6
48 9/9 8/8
10 times 3 0/7 0/9
24 0/8 1/7
48 0/8 0/9
Zona pellucida-free
(ZPF+V)
3 3/7 3/7
Washed 10 times 24 3/6 3/5
48 4/7 6/7

* [ Virus detection was performed by cell culture
system.

*% . No. of virus positive embryos/Total no. of
embryos examined.

Table 3. Rate of blastocyst and hatched blastocyst in zona pellucida intact groups

Embryo No. of rate of in vitro culture hours
Group
stage embryos blastocyst 24 48 79 96
4~8 cell  ZPI+V 77 62/77(80.5)* 0 0 7.716.8%* 20.21+6.8
ZP1-V 52 43/52(82.6) 0 0 12.5+5.9 64.2+5,9*
Morula ZPI+V 137 122/137(89.1) 0 7.9+£7.5 20.3%12.4 21.8:£13.2
ZP1-V 101 93/101(92.1) 0 12.7+11.6 73.1+18.12 76.8:+19.12

* : Blastocyst/total No. of embryos(%),

*+ | Mean4-SD(%),

a : p<0.01

ZPI+V=zona pellucida intact embryos with virus.
ZPI—V=zona pellucida intact embryos without virus.
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upol B 27 REFR] ¥ 4~3HHRN ¥ FXET
ZPI—-V @ ZPF—VI9Y RE FHIfcZYE ubo]g
27t AEHA F3tet.

9, ibaraki virus2 RRfEd FHIIY FERE LK
g wholala mE A7 wel 22t FEEY ¥ ORME
BN oo AAG A, FEEHF de v
olBla MEBL EUMY HEFIo E5 I
Yy (AHA 5), upelEl A RERS FEHE FH AAd
AR uwkolE A HiFe] FARAJU (A 6).

FHEWE i ulola 2 JEMBBLS THINMIRA
2] ulolg] 2 Hiffel FFHA Fko (AR 7), uhol
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2 RS AT & Y92, o FHIPEZ N vhol
Ha BFE BTEM#Eoz FYiddxz dgden
Stringfellow % & Brucella abortuso] =8z Kan-
eene®™s I Thomson®52 Haemophilus somnusol
& WIS A7 =3z W BER SEHIRAA
Wio) dol ity § ARG FAY Aoz 44dH.
o] AP e|A EUHIT QL ZHEIRo] ibaraki virusel
239 o BEiAE vlolelas 9 g WU 4%
W Aats mo} Fpfkasiie MRS FWAISL 9HA
Aol A ZiEORMIRSL ubol 2ol MYpsle] ddelnd
A#2 ™.
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KRR 4~8MIRIN 3 FHE ZF 58 474
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o WAL e, ol g2 & A Gwatkin
2,3 o] FHME ET FHKIW =2 ZHNE MEV
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RO SIS 2o Mol U=, 4MKEEE
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0] RIS FUHE BREINAY BRI I
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TRl e RaEL o] WA 4A3 fAH
Aoz ARG,

o] ol A ibaraki virusst ZHE7 Mg o

— 348 —



27 437+ ibaraki virus®k A ulolgl Az o9
A BTV fifuith e o= ulojs|l &2 ¢ A ¢
AL & 9 owpex FHENNC] dd MBS dozide
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BRMES ARARNE 4% s 20 H2e £
Hiopel BEA ¢ Fastvz 3z, Eyestonedt
First®?7} 43280000 A Sl BREEBAZ 7L A
g dTFASY vas & A, REE GAdA 8
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B, o] Wikl A FBHHIL JT 4~8fllIN 2 F
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Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.

Fig 6.

Fig 7.

Fig 8.

Legends for 'ﬂgures

Hatched mouse embryo after 72 hour-culture without ibaraki virus: zona pellucida can be seen
beside the developing hatched blastocyst. Inverted light microscope. X 200.

Two zona pellucida-intact embryos after 72 hour-exposure to ibaraki virus: both developed to
hatching blastocysts, but they are degenerated and unhatched. Inverted light microscope. x200.
Zona pellucida-free 4 cell embryo after 24 hour-exposure to ibaraki virus: no development can
be seen and all the embryonic cells are degenerated. Inverted light microscope. x200.

Two zona pellucida-free morulae after 48 hour-exposure to ibaraki Virus: development has been
arrested and embryos are degenerating. Inverted light microscope. x200.

Zona pellucida-intact 4 cell embryo cultured in normal medium for 3 hours, and then reacted
with fluorescent antibody for ibaraki virus. Note absence of viral antigen. Indirect immunofluor-
escence. X 200.

Zona pellucida-intact 4 cell embryo exposed to ibaraki virus for 3 hours, and then tested by
fluorescent antibody: viral antigens are distributed entirely on the surface of the zona pellucida.
Indirect immunofluorescence. %200,

Zona pellucida-free blastocyst cultured in normal medium for 24 hours, and then reacted with
fluorescent antibody for ibaraki virus. Note abscence of viral antigens in the blastomeres of the
embryo. Indirect immunofluorescence. x200.

Zona pellucida-free late morula exposed to ibaraki virus for 24 hours, and then tested by
fluorescent antibody: viral antigens are distributed in the whole blastomeres of the embryo.

Indirect immunofluorescence. x200.
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