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Ab8藺白ct：　D匡S’ribt」”oηa’cカaη9θs’n　lysesomθ一likeわod－

’θS‘L8Sり’n　mouse，　rat，　rabb血卜and　bovine　embtyOS　duri°ng

the　course　ot　blastoqyst∫b打ηa「拍n　were　stud’ed　with　acri－

d加θo瑠ngθ（A　O，　sta’n∫ng．　ハ0－stain　ed　lL85　were

dis’ributed「hroughout　the　cytoplasm　of　a”roロηd　b’as－

tor打ere⑤in　untrans「「ormθct　8－and　16」cθ〃π1口（JSθembryos，

32－cθ”rabb’tθmb｛yos　and　76－cθ〃jboγ’ηθembryos，

H”ierea5　theγ　wer●ob舶rvecl　trom　the　nucleus　to　thθ　api－

ca’cyfoρ’a5m　of　a〃round力’astome’θ5’η8－ce〃rat

θπ由りのS．1n　mOtulae　o〃hθSθan匡m創S，　LBs」ver■present

加th●θn「’培cy　fロρ’asm　or　jπn●r　rロvnd　blastomer●S，　and

wer●’OC日〃Zθd　a’ロund　the　nUC∫eロS互n　outer〃affθnθd

伽0£JSθ，　and　cuboidal‘tabb「t　and　cO“りb’astomθres　O’

”1θ　aρ’cal　cytoρ’asm　∫n　oりfθr　ftattenθd　rraり

b’asわmeres．　tn　blastocysts，　LBs　Wθrθ　prθS酎7t　in　the　en－

tire　cyfop’asm　O∫innerLCθ”－m日55　C●”s　aηd　around　fわθ

nuclθus　of　tropho白’asf　cθ”s．　SロC力distribut輌on　of　L日s拍

mouse創nbrγos　w　as　a］fsoσb5θnノθd　in飾osθdθvθ拍ρθd

in・vitro．　From伽sθ・resu’ts，’t　was　suggested　that　ther●

’sac’OSθre拍t’0ηS／1」仲bθfw●θn　d匡Sオ”b己」fわna’changes’n

Lθsand「力θtranstormation　and　difie’θn　tia　tien　of］b侮s－

tome「●S’n　mouse，個b」b’t　and　bovineθπ由リノ05．

Key　Mfor由’ルfammalian　embryo，日’astocyst∫tormat’0η，

Lysosome－likθ　bodyオ、A　crit　t’ne　orahge．

　　BaSed　on　el㏄tron　micrOscopic　obServation【1－5】，　fluo－

resc白nt　microscopic　observation　of　acridine　orange

｛AO｝－stainea　specimens［6－9】and　immunohistochemi－

cal　observatjon　with　anti－lysosome－like　body（LB｝

antibody［10，11】，　it　is　confirmed　that　mammalian　em－

bryos　of　many　species　contain　LBs　during　early

development，　but　reports　on　distributional　charlges　in

LBs　during廿1e　course　of　blastocyst　formation　have　been

published　as　rarely　as　those　only　On　the　mOuSe【5，81

and　golden　hamster　l9｝　lt　was　revealed　that　LBs　were

distributed　throughout　the　cytoplasm　of　blastomeres　in

untfansformed　8－　and寸6－cell　mouse　6mb「yos，　and　were

observed　in　the　apica1　cytoplasm　of　flatte　ned　blastomeres

when　blasto而eres　began　to　show　signs　qf　transforma－

tion，　and　around　the　nuclei　ef　trephoblast　cells　in

blastocysts．　From　these　results，　Batten　et　aL［8］con－

sidereCt　that　the　distribution　of　LBs　coし1旧not　be　used　as

an　accurate　marker　tor　the　transformation　of　fla廿ened

blastomeres　to　trophoblast　cells．　On　the　other　hand，

we　postulated　that　distributional　changes　in　LBs　were

closely　involved　in　differentiation　of　blastomeres　because

the　distribution　ot　LBs　irl　tlattened　blastomeres　was　com－

parable　to　that　seen　in　trophoblast　cells［9］．

　　Distributional　changes　in　LBs　in　mammalian　embryos

during　the　course　of　blastocyst　formation　have　been

investigated　only　in　the　mouse　and　golden　hamster　but

not　in　any　other　animals．　ln　the　present　study，　we

observed　distribution　of　LBs　in　mouse，　rat，　rabbit　and

bovine　embryos　during　the　course　of　blastocyst　forma－

tion　to　determine　whether　distributional　changes　ill　LBs

are　involved　in　the　differentiation　of　blastomeres．　ln

addition，　we　also　observed　distributional　changes　in　LBs

in　mouse　embryos　developed　in　vitrロto　compare　them

with　embryos　developed’n　vivo．
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＊To　whom　correspOndence　shoUld　be　addressed．

Mate「ials　and　Methods

、Animals

　　Forty　female　mature　mice　of　the　ICR　strain，24　te・■

male　mature　ratS　Of　the　Wistar　＄train，1tmature　fernale

Japanese　White　rabbits　and　18　mature　Japanese　Black

and　Holstein　cows　were　used．　The　mice，　rats　and　rab－

bits　were　kept　and　fed　nOrmaliy　in　a　room　at　24°C　and

lit　14haday，　from　4　a．m．　to．6　p．m．　Bovine　ovaries

were　obtained　from　a　slaughterhouse、



EmbrγO　CO〃e訂’ons

　　　Motise：Embryos　were　ob抽ined　by　superov山ation：

the　animal＄were　Sliblected　t。抵t卯eal司e由i卵w藷h

5i．u．　of　PMSG｛Ser戯ropin，　Teikoku　Hormone　Manufac一

知’lag　C◎・・JapaR）and　with　s　iぺ」．　e葦hCG｛G◎gatr◎ρ治，

Teikoku　Hormone　Manufaぱuring　CO）48　h　later，　and

then・they・we・e　mated　with　iCR　mal白S　of　pr・糟n　fe汁ility．

Embry◎s　at　the　URtぎaa§f◎rmed　8－aBd　l6－eξ‖目，π］Oぎ9垂la

and釧astoCyst　stages　were　recovered　trOm　oviducts　or

酸eぎiζ＞f2｛］females　67，80　aBd　96　h　a蓑er　hCG　i吋ect沁n．

　　To　obtaine　embryos　devebped輌17　vitro，2－c剖l　em－

bryos　wer白recovered　48　h　after　hCG　lnlect拍n　lrom

ovidgets◎f　s：pefcyulated　aed　mated　2◎mice。　These

embryos　were¢ulturEd　in　M16medium【12］at　37°C　in

aCO2　incubat◎r｛5％CO2，95鮪air），　a∩d　the　embryos

釧the　untranstor凧ed　8－and　16－ce‖，　m◎ぎUla　and　blas－

tocyst　stages　were　obtained　after　20，32　and　52　h　of

cu＃gr巳．

　　　Rat　and　Rabbit　Embryos　were◎btained　by　sp卯ta一

舵◎us◎vU捻tion，　that　iS，　ratS　We『e　mat白d　w油佃1↑ile

males・at・estrOUS，蝿the・next・mer巫g撫輿sen¢e。f

sperm　was　asc麟rtained　in　the　vaginal　smear（Day　1）．

E曲ryo§were汚¢◎》e；ed　ff“ra◎∨ldBcts◎r　u繍at　g

am．　on　Day　4，8p．rn．　on　Day　4　and　5　p．m．　on　Day　5。　so

that　they　were　at　the　untransformed　8－ce目，　rnorula　and

blastecyst　stages．　Rabblt　embry◎§ξぱ廿3e　ugtraR§f◎rmed

32－ce‖，　morula　and　blastocyst　stages　were　r白Covered

fr㈱◎viduct§o埼e錘o糠ated　fer舶1§s　at　55，85　and

95haKer　mating．

　　Cowt　A＄in　our　P酬oUS・repaOrt［13玉，　immature　eggs

we「e　colle＃ted　by§杜dζin臼◎L柱ξオvi§i菱）把fo目icles　a舞d

cultured　for　maturation，　and　cumUlu＄⇒白99　complexe3　af－

ter・matarat栢n　cultu給weぷ㈱m㌔ted　with　sperm。f

the　same　specie＄・Aher　iRsemi喧ti醜c堺幽s－eg9¢em－

plexes　we綿c山tured　at　39℃in　TCM－199　containing

5％FCS（Gibc《｝Lab．，　USA）．　Er施ryos　used　w日re　at栢e

untranstormed†6官cell　stage｛4　days　after　insemina目on｝，
　　　オ
the　rnofula　stage｛5　days｝and　lhe　l）laslocyst　stag翰｛7

由ys｝．

Acrit靹e・etange欝翻励9

　　1n　order　to　d白monStra佃LBs，　embry◎S打創P　r恒Ce，

rats，　rabb舞3　and　cows　were　waShed　3　times　in　Earle，s

balftftced　sa縫§ζ抱建ion｛p糾i　7．3｝［↑4］《｝◎憤airl拍自25　mM

旺PES｛Wako　Pure　Chemical　lndu8tries。　Ltd、，　Japan）

and　O・3％bovine　serum　al加min｛Sigma　Chemicai　Co．，

USA｝（mEBSS｝，　and　ther｝immersed　in　mff8SS　c◎R抱in－

in90・2％pronas白｛Sjgraa　Che卿ical　Co．｝to　dis＄olve　the

z◎na　pellu奪ida．　These　embry◎s　were　immersed　in　a

stalnin自solution　c◎mρ◎sed　of　500μg　AO（Sigma　Chemi－

cal　C◎．）and　100　ml　mEBSS　for　5　min　at　room

N〃mμra，　et　at．　－57

ternpe蜘蹴Atter　staining，㌔舗b㌍§w脅re・wa§hed

3tim鵠in　mEBSS　and　placed　on　glass　sli曲s　to　be

phctcgra声d岨e埼’§f顧ed－§gh衡醐scifi9・micr・－

s¢ope（Nikon　Conl）oration，　J即an）．　The　same　procedures

ior　the　dem◎nstratめn　of　L8s　were　apPlied　3　tim像s　to　15

t《｝25erabry◎s　fr《）m　each　de》剖◎pm3†“3i　s｛age．

Results

Morp施iogy　of　embryos

　　The　blastgmeぎe§ef蹴’an§佃纐白d　8姉tye§・’a藷

animals　were　spheric剖，　but　in　the　mOrula白，　outer　b拾s一

拓m鯛swere　fla枝e賠d　in　th轡mouse　and　rat，加d

釦b。idal　in　the融bit　and　cow．　The　rRorulae◎f　mice

and　rats　had　compaCted，　whi佃those　of　rabbits　and

cews　had　R◎t・B｝a§t◎cy§ts・were・c。mp。§ed◎f誹e随l

imer－cell囎ss　cells　and撤ened｛m・use・and・rat）　or

鋤◎i螂｛rabblt端cow）悔phob｝ast　ce目S．

Oistr　加fron　o旺8s

　　伽纈蛎m砿●m担yo§：LBs　were　dlstributed
throughOunhe　cytop拍sm　of　all　round　blaStomeres　in

raOUSe，　rabb姪and　bOvine　embryOs　befOre　biaSt◎mereS

were　t阻ns拍爬d｛Fig・1a），　w帷eas　LBs　we抱a卯re－

gated　in　the　columnar　form　in　the　apical　cytoplasm　above

the　Rucleus◎はil　r◎冷biast纈締s　in愉肺bry◎s
（Fig．1b）．

　　MOntae：ln　mOTUIae　ef　mOUSe，　rabbit部d　COW，　LBS

were・di＄trib唯d・over・th⇔噺e寧◎plasm◎f　iRneぎro翻

b愉stomeres，　and　were　observ白d　around　the　nucleus，

pa酋i奪ぴa’ly栖t「培regi◎n　betWeen拍e　bas◎later癬mem－

brane加d　nucleus，　in　Outer　flattened（mouse，　Fig．1c）

or　cuboidal（rabbit　and　cow）blastom白「es．　ln苗t　moru－

Iaeユ8s　were　distrib洪ed伽◎攣9hΩu猶e　cyl叩ia鱈of

inner　round　blastomeres　and　were　agg陪gated　in栢e

c◎1㈱品；・fo棉i川he　apical　c声声sm　ab◎鴨the　nuc｝部s

of　outer　tlattened　blastome佗s（Fig．1d）．

　　ln　ali　animals白xamined，　a　very　few　morUlae　Sh。wed

d憎㈹wt　d繍ibuti◎naiρa廿師§of田s　from　t油se　de－

sぴibed　above．　Namely，　LBs　wer60b6erved旧the　entire

or　apical　cyt◎p』sm　o川a廿ened　or　cub◎idai　biastomerBs．

　　日∫日＄tocy＄ts二　ln　blastocysts　of　a‖甘le　afiimalS，　LB§

w研edistributed　arounCt　the　nucl別s　of　trophoblast　c日lIs

and｛｝∨er　tke§r毒酩e　cytoplasm◎f　lnn白rモe難一ma＄s　cells，

showing　no　ditferences　among　anlmal　Spe”ies（Fig．1e－

h｝．

　　Meus●餓力ryos　de》e’θped　in癬o：Oi甜ibut汕ai

changes　in　LBs　were　the　sam白as　those　obServed　in

emb「y◎s　developed　in　vivo，　as　mefiti◎ned　above．
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Fig．1 Fluorescent　microphotographs　of　embryos　after　staining　with　acridine　orange．　Orange－yel－

low　fluorescent　granules　showing　the　presence　of　lysosomε一like　bodies　are　seen　in　the　cyto－

plasm．（a）Untransformed　8・cell　rnouse　embryo．×400．（b＞Untransformed　8・⊂ell　rat　embryo．

×400．（c）Mouse　morula、　x　400．（d）Rat　morula，×400．（e）Mouse　blasセocyst．　x　400．（f）　Rat

blastocyst．　x　400．（g）Rabbitblasto⊂yst．×200．（h）Bovine　blasto⊂yst．　x　200．



Discussion

　　When　LBs　were　demonstrated　in　mouse，　rat，　rabbit

and　bovine　embryos　during　the　course　ot　blastocyst　tor－

mation，　their　distribution　was　found　to　alter　at　the　time

of　transformation　of　blastomeres　in　all　animals　exam－

ined，　but　not　in　the　rat，　suggesting　the　involvement　of

distributional　ch即ges　in　LBs　in　the　transtormation　of

blastomeres．　lt　was　therefore　infer「ed　that　transforma－

tion　of　blasto而eres　occurred　due　to　redistribution　of

cytoplasmic　organelles，　including　LBs，　as　suggested　by

Reeve甘j　arld　Battenθt　aL　I8］．

　　As　confi而ed　by　our　previous　experiments　in　golden

hamster　embryos［9L　it　was　also　ascertained　in　the

present　study　that　distribution　of　LBs　in　transformed

blastomeres　was　comparable　to　that　in　trophoblast　cells

of　blastocysts　in　mice，　rabbits　and　cows．　Thus　it　was

assumed　that　transforrned　blastomeres　of　morula　were

translated　into　trophoblast　cells　of　blastocysts　in　the

golden　hamste「，　mouse，「abbit　and　cow．　lt　was　also

determined　in　mice　that　distributional　changes　in　LBs

oc四rred　in　embryos　devebped　in　v’tro　similar　to　those

developed　in　vivo．　On　the　other　hand，　it　was　revealed

that　distribution　ot　LBs　in　rat白mbryos　showed　no　clear

Charlges　at　the　time　of　transformation　of　blastomeres，

and　distribution　of　LBs　in　transformed　blastomeres　dif－

tered　trom　that　in　trophoblast　cells　of　blastocysts，

disclosing　different　distributional　changes　in　LBs　in　the

rat　from　those　in　other　ani而al　species　examined．　Fur－

ther　studies　are　needed　to　determine　whether　distribution

of　LBs　seen　in　transformed　blastomeres　of　rat　embryos

is　characteriStiC　Ot　the　rat，　Or　rat　embryos　require　a

longer　time　than　embryos　of　other　animals　for　redistri－

bution　ol　LBs　in　association　with　transformation　ot

blastemeres．

　　Fleming　and　Pickering［5】and　Batten　et　a’．［81，　who

observed　distribution　of　LBs　in　mouse　embryos，　stated

that　LBs　were　distrlbuted　over　the　apical　cytoplasm　of

transformed　blastomeres，　differing　from　the　results　ob－

tained　with　mouse　embryos　in　the　present　study．　The

precise　reason　for　this　discrepancy　is　unclear．　On　the

other　hand，　Maro　et　aL【101，　who　immunohistochemically

investigated　distribution　of　LBs　in　transformed　blas－

tome「es　ef　mouse　morulae　by　using　anti－LB　antibody，

reported　similar　distribution　of　LBs　to甘ヨat　obser∨ed　in

the　present　series　of　experiments．

　　lt　is　generally　accepted　that　LBs　are　cytoplasmic　or－

gane‖eS　playirlg　a　role　in　intracellular　digestion　of　toreign

bodies　of　intra－arld　eXtra－cellular　origin．　lt　is　said　that

the　ability　to　uptake　extracellular　proteins　increases　irI

Niimura，　et　ai．　－59

8－cell　rat　embryos【15］and　in　the　stage　from　morub　to

blastocyst　of　rabbit　embryos｛16】，　and　thanhe　actMty　oI

acid　phosphatase、　a　marker　enヱyme　of　LBs，　appears　in

8モell　embryos　o目he　mouse［17－19】and　golden　ham－

ster［20】and　is　enhanced　in　blastocysts．　lt　is　therefore

inferred　that　LBs　present　in　mammalian　embryos　during

the　course　of　blast◎cySt　formati加not　only　shOw　distr卜

bUtional　chang6s，　but　alSo　Play　an　aCtiv6　role　in　digestion

ot　exogθnous　proteins．
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