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Time-Lapse Videomicrographic Observations 

of Parthenogenetic Mouse Embryos 
during Early Development
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　A］bstract：　丁heρroce550f　earty　deve∫0ρmθηf’ηdip∬0’d

ρarthenogθnetic　mouse　eπ由σ〆05　from　the　2－cθ’∫to　the

　btastocyst　stages　was　O力5en〆ed　by　timθ一∬aρ5θ

　vf〔teomicrograρhy，　aηd　was　comρared　wjfわthat∫n　ferti1－

ized　e打力fγ05．　Parthenogenetic　2－ce〃embrγos　ctea　ved

and　d●γθ’0ρθd　fo　8－cθ〃emわ月／05　after　23．O　hrs　of　cu’－

　ture．　Tr臼η5fbm7af∫0η　of　b’asfomerθ5　0ccurred　a「the

8－cθit　5「ag巳nameり〆，　outer　blastomeres　were　fiattenθd．

The　embtyos　compacted　at　the　morula　stag●．　and　then

d●vθloρed　to　b∬astocysts　a滑θr　54、　O　hrs　ofα」’拍’●．ノ45〃t

in　thθZOηaρθ〃UC’da　was　f（）rmed　42．アhrs　after　b∬asfo－

cyst∫format／on，　and　troρhθctederm　ce∬IS　prc）truded　out　of

〃†●zonaρe仇tcida　through　the　5血「，　Protrusion　of　troρhec－

todθrmロθ”5　from　the　zoηaρe∫’ucida　cOωd　a戸5e”oπ］

θither　sid●，　polar　trophectoderm　or　mural　troρhθctoderm．

A　iter　7．　O　hrtヨ，　th●blastocysts　comp’etelyθscaρθd　from

the・zonヨρ●〃ucida・in●ither　state，　exρans’on・or・contra■

tion．　Fert’∫’zθd　2・ce〃embryos　showed　morphoiogica∫

changes　simiiar　to　those　ofρarthenogenet’c　embりりs　aηd

de　veioρed　to　bt已5tocysts　after　51．9　hrs　of　culture．　Fer－

tilized　b∫astロq｝tS　ts　took　a　significa　n　tt）〆shorter　time，3f，プ

hrs，　to　start　hatch’η9，　but　required　a　5’9η’ficantty∫0ηger

tirr旧，23．8　hrs，　to　comρ’θtθhatct】ing，　comρared　with　par－

thenogenet’c　btastocysts．　Ha　tching　patterns　of　f6rf1’口θd

bJ白51bqレtsts　wert∋consis　tent　with　those　ofρart向eηogθη●tic

biastocysts，　exceρt　that　hatch’ηg　beganレvithρrotrusion

O「troρhectode〃ηce’is　from　sma”holes∫ηZOηaθρθ∫’U－

c∫d已●of励〃輌zed　b∬astocysts．　From’these　results，　it　was

contirmed　that　the　de　vθioρmen　tat　ab’”ty　of　ea’リノdip∬o’d

ρarthθnogenetic　embり／OS　prepared　by　the　treatment　Wl’情

ethano’and　cytochalasin．’5　COηTparat）「e「o　that’ηfer－

titized　embtyos．

Key　words：Parthenogenetic　m即sθθm加γ0，　Ear｛y　de－

vθ∫Oρment、丁了me・’aρse　v輌deomicriつgraphy．

　　　Parthenogenesis　is　the　phenomenon　in　which　an　oo－

cyte　begins　to　develop　by　activation　without　sperm

pe爬tration．　Artiticial　induction　of　this　phenomenon　is

thought　to　be　useful　in　clarifying　the　mechanisms　of

oocyte　activation　and　to　investigate　the　role　of　sperm　in

embryo　development［1］．　Although　parthenogenetic　em－

bryos　are　prepared　in　many　mammals　by　various

methods，　all　attempts　to　obtain　newborns　from　such

embryos　have　fa‖ed［1，2］．

　　　lt　has　also　been　reported　that　parthenogenetic　em－

bryos　have　a　low　potential　of　development　in　vitro【t，

3－5］．Namely，　parthenogenetic　embryos　are　known　to

cleave　at　a　slower　rate，　compared　with　fe　rtilized　em－

bryos，　regardless　of　the　methods　employed　to　prepare

them．　Therefore，　it　is　inferred　that　the　process　of　early

development　differs　between　parthenogenetにembryos

and　fertilized　embryos．　Recently，　ethanol　treatment　has

been　widely　used　to　prepare　parthenogenetic　embryos

［6－11］，but　there　have　beerl　no　reports　with　regard　to

the　process　of　early　dev白lopment　in　those　embryos．

　　ln　the　present　study，　therefore，　developmental

changes　in　morphobgy　and　size　and　time　required　for

development　from　the　2－cell　stage　to　the　blastocyst

stage　were　observed　in　parthenogenetic　mouse　em－

bryos　by　time－lapse　videomicrography，　arld　the　results

were　compared　with　those　obtained　from　fertilized　em－

bryos．
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Materials　and　Methods

Animals

　　Ninety－five　mature　female　m「ce　of　the　ICR　strain　used

in　the　present　study　were　kept　in　a　room　at　24°C　and

fed　ad　lib’tum．　They　were　superovulated　with　5　i．u，

PMSG（Serotropin，　Teikoku　Hormone　Manufacturing　Co．

Ltd．，　Japan），　and　with　5　i．u．　hCG（Gonatropin，　Teikoku

Horm前e　Manufacturing　Co．　Ltd．｝injected　48　hrs　later．



About　one　third　of　the　superevulated　female　mice　were

mated　with　lCR　males。f　proven　fertility、

Prep日rat’0ηof　2－celi　erηbり！os

　　To　induce　parthenogenesis，　unfertilized　oocytes　re－

covered　from　superovulated　female　mice　at　14hrs　after

the　hCG　inject｝on　were　immersed　in　M2　med畑m［t2］

containing　100μM　EDTA－2Na（EDTA－M2　medlum）and

7％ethanol　for　7　min　at　room　temperature，　and　then

they　were　transferred　into　EDTA－M2　medium　containing

cytochaiasin　B（Sigma　Chemical　Co，，　USA）at　5μg／ml

for　6　hrs　at　37°C．　The　treated　oocytes　were　immersed

in　EDTA－M2　me面um　containingα1％hya畑ronidase
（Sigma　Chemical　Co．）to　remove　the　cumulus　cells，　and

therl　they　were　cultured　in　EDTA－M2　medium　for　22　hrs

in　a　CO2　incubator（5％CO2　in　air）at　37°C．

　　As　contro］s，　sperm－penetrated　oocytes　were　collected

from　superovulated　and　mated　female　mice　at　14　hrs

after　the　hCG　injection，　and　cultured　in　EDTA－M2　Me－

dium　for　28　hrs．

Observa　tion　of　ea　rly　dθve∬opn］ent

　　The　process　of　early　development　was　observed　in

both　parthenogenet｜c　2－cell　embryos　and　fertilized　ones

cultu　red　in　M16medium［13］using　a　CO2　culture　cham・

ber（SK－1，Sankei，　Japan；CO25％in　air）equipped　with

an　inverted　microscope（DIAPHOT，　Nikon　Corporati白n，

Japan），　The　changes　in　morphoiogy　and　diameter　ot

cultured　embryos　and　the　time　intervals　of　their　deveL

opmental　events　were　examined　on　the　images　which

were　taken　by　a　CCD　color　camera｛Hitachi　Electronic

Co．，　Japan）connected　to　an　inverted　microscope　and　a

time－lapse　video　cassette　recorder（Victor　Co．，　Japan）．

The　analyses　were　done　during　the　period　from　the　2・

cell　stage　to　completion　of　blastocyst　hatching．

Sta　tis　tical　ana　iysis

　　Statistical　analysis　of　the　time　intervals　of　develop－

mental　event＄and　diameters　of　embryos　was　perlormed

using　one・way　analysis　of　variance．　The　number　of

blastocysts　with　different　hatching　patterns　was　statisti－

cal　ly　analyzed　by　Chi－square　test．

Results

Process　of　eariy　de　vetoρment　and　time　requ’red　for

devetopment’ηparthenogenet’c　aηd　fert’iized　embりノos

　　ln　the　developmental　process　of　17parthenogenetic

embryos　which　completed　hatching，　the　embryos　at　the

2－cell　stage（Fig，1－a｝developed　into　the　3『celi　stage

（Fig，1－b）after　l　i．O　hrs　of　culture，　the　4－cell　stage（Fig．
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1－c）after　11．8　hrs，　the　5－cell　stage（Fig、1・d｝a「ter　21．O

hrs，　the　6－cell　stage｛Fig，1－e）a廿er　217hrs，　the　7－c引l

stage　after　22・3　hrs，　and　into　the　8・ce胴stage（Fig．1噛つ

after　23．O　hrs．　These　8－cell　embryos　were　composed　of

only　round　blastomeres．　The　transformation　of　blas・

tomeres，　tlattening　of　outer　blastomereS，　occurred　at　the

8－cell　stage（Fig．1・g）．　The　embryos　compacted　at　the

moruia　stage（Fig．1・h），　and　then　formed　a　cavity　and

developed　into　the　blastocyst　stage（Fig，1－i）a費er　54．O

hrs　of　culture（Table　1）．　The　blastoeysts　repeated　con－

tractゆn　and　expansbn（Fig．2－a）durhg　the　expanded

blastocyst　stage　from　7．O　hrs　after　blastocoel　fomation．

Arelatively　iarge－sized　slit　was　formed　ln　the　zona　pellu－

cida　by　expansion　of　embryos　427　hrs　after　blastocoel

formation．　Trophectoderm　cells　of　the　blastocysts　pro－

truded　out　of　the　zona　pellucida　through　the　slit｛Rg．2－b，

Table　1），　and　the　blastocysts　started　hatching．　Protru．

sion　of　trophectoderm　cells　from　the　zona　pellucida　could

arise　from　either　mural　trophectoderm　or　polar　trophecto－

dem，　but　more　often　from　the　mural　trophectoderm（77％，

Fig．2－b）．　ln　blastocysts　starting　hatching，　trophectoderm

continuously　escaped　from　the　zona　pellucida（Fig，2・c），

and　hatching　was　completed　after　7．O　hrs｛Fig，2－d，　Table

1）．Blastocysts　completed　hatchhg　in　either　state，　ex－

pansion　or　contraction（Fig．2－d），　but　more　often　in

expansion｛53％｝，・None　of　parthenogenetic　blastocysts，

in　which　protrusion　had　occurred　from　the　polar　trophec－

toderm，　completed　hatching　in　the　state　of　contraction．

　　　ln　the　developmental　process　of　10fertiiized　embryos

which　completed　hatching，　the　embryes　at　the　2－c引I　stage

developed　into　the　blastocyst　stage　through　a　process

similar　to　that　of　the　parthenogenetic　embryes．　Namely，

2－cell　embryos　developed　to　8－ceil　embryos　composed　of

only　round　blastomeres　after　28．9　hrs　of　culture，　and　the

outer　blastomeres　of　the　embryos　became　flattened　at

the　8－cell　stage．　The　embryos　compacted　at　the　morula

stage，　and　developed　to　blastocysts　after　51・9　hrs　of

culture（Table　1）．　The　time　needed　to　reach　each　stage

from　the　3－cell　stage　until　the　morula　stage　did　not　differ

between　parthenogenetic　and　fertilized　embryos．　The

blastocysts　derived　from　fertilized　oocytes　repeated　con－

traction　and　expansion　during　the　expanded　blastocyst

stage　from　62　hrs　after　blastocoei　formation．　Differing

fr白m　par［henogenetic　blastocysts，　a　small　hole　formed　in

the　zona　pe‖ucida，　and　the　blastocysts　began　to　hatch

by　protruding　a　portion　of　trophectoderm　cells　through

the　hole（Fig，2－e｝．　The　time　until　the　onset　of　hatching

after　blaStocoel　formation　waS　Significantly　shorter　in　fer－

t‖ized　blastocysts（31．1　hrs｝than　in　parthenogenetic

blastocysts｛42．7　hrs，　Tabie　1）．　Protrusion　of　trophecto－

derm　cells　from　the　hole　in　the　zona　pellucida　occurred　in
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Fig．1・ Tinle－［apse　videomiαograplls　showing　the　early　developrnent　of　a　parthenogenetic　mouse

embt・yo（arrows）fronl　the　2・cell　stage　to　the　blastocyst　stage．×200．（a）2－Ce】l　embryo．（b）

3－CeU　embryo．．（c）4｛qll　embryo，（d）5－Cel．l　embryo、（e）6－Cell　embryO，（f）8－Cell　embryo

⊂omposed　of　only　round　blasヒomeres．（g）Transformed　8－cell　embryo．　Quter　blastomeres

were　flattened．（h）Compa⊂ted　mor11｜a．（i）Early　blastocyst　with　a　smal．i　c．lvitY．

Table　1．　Time　intervals　pf　devetopniental　events　jn　mouse　embryos

Enibryos

No．　of

embryos

examined

　　NQ．　of

observations

　repeated

From　the　2－cell

stclge　to　b］astocyst

　　fo頂fttion

From由e　b］it　stocyst

　　fomvaHon　to

blastocystha忙hing

FrOin　the　onset　to

　c・mpletion　of

b］asto⊂yst　hatching

Total〔From　the　2Tcell

stage　to出e　completion

efblastecysthatch．in9〕

partlienoge’nO】le

Ferヒilized

ユ7

ユ0

11

4
54．0±2．O　hrs泉i

5ユ．9±1．3hrsn

42，7±2．5h」’sn

31，1±4．6hrsb

　7．0±1．6hrsb

23．8±5．2hrsn

103，8±2．．5hrsa

106，8±2．4hl’sn

＋Mean±S．E， The　nLrmbers　with　different　sul）erscripts　within　the　same　column　are　significanヒty　different（P＜0．05）．

either　po「ar．trophectoderm　or　mura［trophectoderm，　but

．more　often　in　the　mural　trophectoderrh（80％、　Fig．2－e）．

Trophectoderm　continuously　escaped　from　the　zona　pe1－

lucida　and　the　blastocyst　completed　hatching．　Hatching

was　completed．in　the．state．of　expansion　in　g　blastocysts

（90％，Fig．2－f）and　in　the　state　of　contraction’in　l　blasto－

cyst．． i10％）．　None．　of：the　b］astocysts，　in　which　protrusion

had　occurred　from　the　polar　trophectoderm，　completed



Niimura，　et　a’．－127

繋雛灘鍵菱
　∪：．．」’．ll刈づ．’9．’

き竪蕊｛

　）．tt’y？2

鱗鍵
　．．「tt’．

綴．．

“．

　　ヒ．寂8’．．

　　　　．灘麟

Fig・2・ T㎞e・lapse　videomicregvaphs　show．ing　the　process　of　hat⊂hing．Of　parthenogepetic　and　f酊田ized　mouse

blastocysヒs（arrows）．×200．．（a）An　expanded　parthenogenetic　blastotyst．（b）Aparthenogenetiごb】astocyst

atヒhe．onset　of　hatching．　A　sliヒ（arrowhead）was　fornled　ill　dle．zona　pellucida　fadng　the　n、．ural　trophect〔｝－

derm．（c）Ap4rthenogemetic．blastocyst　during　haヒching．　Mural　trophectoderm　cel］s　protruded　out　of　the

zona　pellucida　Uhrough．　the　slit・（d）Apartheno9匂netic　blastocyst　at　the　completion　of　hatclling・The　embryo

compleヒed　hatching　in　a．state　of⊂011ぬcdon．（e）A　fe．rtilized　blastocyst・at　the　onset　ef　hatchii、g．　A　sma旧iole

（arrowhead）waS　formed　inヒhe　zona　pellucida　facing　the　muralヒrophe⊂toderm．（D　A　fertilized　blastocyst　at

the　completion　of　hatching．　The　embryp　completed　hatching　in　a　state　of　expansion．

Table　2， Chahges　in　dianieterS　of　mouse　embryos　during　’early　deve】opment

Deve］opmental　stages

Emb1’yos No．　of　embryos

　　examined

Blastocyst

2－Ce］1 4｛el正 8・CeU Moru．la Atヒhe　ti　nl　L，

of　formation

Aヒ　 ヒ1、e　 tilne

of　hatching

Parthen。genone
Fertilized

17

10

92．4±1．2μm斗ハ93，5±1．0μm“93．5±1．Oμmn　93．2±1，eμm“95．0±1．Oμmit　130．9±2．5μm“

90、7±0．8μm・g1．5±1．1↓・・…90．8±1．11m・・90、6±0・9μm“91・0±ユ4μnb　108ユ±3・3μmL’

’Mean±S．E．　The．numbers　with　different　superscriptS、within　the　same　column．are　significantly　different（P＜0．05）．

hatching　in　a　state　of　contraCtion．　The　time　needed　to

complete　hatch「ng　was　significantly　longer（23．8　hrs，　Tab［e

1）than　that　of　parthenogenetic　blastOcysts・　The　ratio　of

blastocysts　hatching　from　the　po）ar　trophectodem〕　to．those

from　the．　mural　trophectoderm　and　the　ratio　of　blasto－

cysts　completlng　hatching　in　expansion　to　those　in

contraction　dd　not　significantiy　d［ffer　between　partheno－

genetic　and　fertilized　b｜as．tocysts．

Size・of・diameters．／n　Parthen。9enet’C．a’nd　fertitized

emb乃〆08

　　Developmental　Changes　in　the　diameters　of　parthe－

nogenetic　and　fertilized　embryosl　including　the　zona

pellucida，　are＄howh　in　Table　2．　Although　the　diam－

eters　did　not　differ　b．etween　parthβnoge’netic　and　fertilized

embryos　until　the　moru【a　stage，　parthenogenetic　blasto’

cysts　were　significantly　larger　than　fertilized　blastocystS、
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Discussion

　　　The　process　of　early　development　was　observed旧

parthenogenetic　embryos　prepared　by　treatment　with

ethanol　and　cytochalasin　B，　using　time－lapse

videomlcrography　in　the　present　study．　lt　was　confirmed

for　the　first　time　that　merphological　changes　from　2－cell

embryos　until　blastocoel　formation　and　the　time　needed

for　such　development　did　not　differ　between　partheno－

genetic　and　fertilized　embryos．　ln　the　fertilized　embryos

of　the　present　study，　it　was　also　confirmed　that　morphぴ

logical　changes　until　blastocoel　formation　and　the

diameters　of　the　blastocyst　stage　are　consistent　with

those　of　previous　reports　with　fertilized　mouse　embryos

【14－171．

　　　lt　is　generally　accepted　that　blastocyst　hatching　be－

gins　with　regional　dissolution　of　the　zona　pellucida　by　a

trypsin・like　enzyme　synthesized　in　trophectoderm　cells

l2，18］and　protrusion　of　trophectoderm　cells　out　of　the

zona　pellucida　through　the　dissolved　hole【19－21］・And

then　a　slit　is　formed　ln　the　zorla　pellucida　from　the　hole

by　enlargement　of　the　protruding　trophectoderm　or　by

blastocyst　expan島ion｛19－21］．　After　that，　the　blastocyst

repeats　active　centractions，　Ieading　to　the　enl且rgement

of　the　slit，　and　then　escapes　from　the　zona　pellucida

［f9－21］．　The　hatching　mode　of　fertilized　blastocysts　in

the　present　study　did　not　differ　from　that　of　fertilized

blastocysts　in　previous　reports［19－21］・　On　the　other

hand，　the　mode　of　initiation　of　hatching　in　parthenoge－

netic　blastocysts　observed　irl　the　present　study　differed

from　that　of　fertilized　blastocysts；namely，　lt　was　clari－

fi4∋d　that　a　slit　appeared　in　the　zona　peliucida，　and

trophectoderm　cells　protruded　from　the　slit　to　start　hatch－

ing．　Ethanol　treatment　used　to　induce　parthenogenesis

has　beerl　confirmed　in　mice　to　reduce　the　solubility　of

the　zona　pellucida　toα一chymotrypsin［221．　Therefore，
　　　　　　　　　　　’
the　zona　pellucjda　of　parthenogenetic　embryos　observed

in　the　present　study　wou目also　be　hardened．　This

seems　to　explain　the　longer　time　until　the　ons白t　of　hatch－

ing　and　different　initial　mode　of　hatching　in

parthenogenetic　blastocysts，　compared　with　fertilized

blastocysts，　The　longer　time　until　the　st副寸of　hatching

was　thought　to　be　a　cause　of　the　larger　diameters　in

parthenogenetic　blastocysts．　The　time　taken　to　complete

hatching　was　significantly　shorter　in　parthenogenetic

blastocysts　than　in　fertilized　blastocysts　in　the　present

study．　The　shorter　time　observed　in　parthenogenetlc

blastocysts　was　thought　to　be　due　to　the　direct　forma－

tion　of　a　reIatively　Iarge－sized　slit　in　the　zona　pelll」clda

without　hole　formation．

　　lt　was　also　confirmed　in　parthenogenetic　blastocysts

that　protrusion　ef　trophectoderm　cells　irom　the　zona

pellucida、　which　represents　the　onset　of　hatching，　can

occur　f「om　e［ther　polar　or　mural　trophectoderm，　and

hatching　can　be　completed　in　either　a　state　of　contrac－

tion　or　expansion．　The　incidence　of　parthenogenetic

blastecysts　showlng　each　one　of　the　above　hatching

patterns　in　each　hatching　stage　was　also　confirmed　to

be　comparabie　to　that　of　fertilized　blastocysts．

　　ln　the　present　study，　the　diameter　of　parthenoge．

netic　blastocysts　at　the　time　of　blastocoel　formation　was

found　to　be　larger　than　th　at　of　fertilized　blastocysts．

This　seemed　to　be　related　to　the　jonger　time　needed　by

parthenogenetic　embryos　te　develop　to　blastocysts，　al・－

though　no　significant　difference　was　detected　between

parthenogenetic　and　fertilized　embryos．
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