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Abstract∫0’stributional　changes輌n　lタsosomes’n∫1am－

sterθggs　and　embりノos　dl」ヅng～力e「b”iCU∬09θnes’s　aηd

θa〃ydev●’opment　were　observed　using　the　acrid’nθ

orヨng●（AO）stain’ng　m●thod．　A　O－stained｛ysosomθs

were　densely　observed　a∫’over　the　cytoplasm　o’θ995

’ηs●condatγ∫to〃rc’es　and　of　eggs　in　antra’to’∫∫c’●s・unti∫

73hrs　befon∋o　vuta　tion，　b（」f　were　Sj口arsely　obsen1θd’η

the　cytoρlasm　oiθ99S’nρ戸moκ「「a’tollic’es．　The　lyso－

somes　were　distributed　thrOt」9hOt」t　the　CiYtoρ’asm拍

about　a　rla∫f　of　eggs’n　antra’わ’〃cles　at　V2　and　fO　hrs

be「「ort∋OVt／lation，　wh’le　they　gathered　around　nuctei’n廿1e

remaining　halt　of　th●eg95．丁’h●〃50somes　were　d焼め一

uted・a’l　over　the　cytoρlasmic　reg’on　of　a〃θggs庁αη8fO

3hrs」betore　ovulation　and　of　untert〃∫zed　eggs　2　hrs

after　ovu’af’on．　Suc力ad匡str「but’ona∬ρattern　rema’ned

unc力anged　unt”己」ηcomρaCfed　8－ce”embリノ05．　’n　com－

pacted　8－ce〃eπ由fyos　and　btastocysts，　the　lysosomes

wθre　deηse’y　observed　a’∫o∨er　the　c）ttoplasm　in　rαノnd

b∫asfoπ「θres　or　inner－Cθ〃－ma55　cellS，　wher（∋as〃Tey　wel「白

Sρarsety　observed　in　fta　ttened　bla旧tomeres　or　trophobtast

ce〃s，π1a’nly　around　nuc’ei．　From・the・resu’ts・on・8－cθ∬’

θm力りノロsand　b’astocysts，∫f　was　suggested　that　there　is

f「1e　c∫ose　re∫ation　between　distribut’ona∫changes　of｛y－

sosomes　and　diiierentiat’on　oi　blastomeres．

Key　wo「ds：Hamster，　Egg「，ε打由リノ0，　Lysosome、　Acridin●

orange・

　　lt　iS　generally　considered　that　the　lysosome　iS　a　cy－

toplasmic　organelie　surrounded　by　the　limited　membrane、

and　involves　intracellular　digestion　of　foreign　bodies　of

intra－and　extra・－cellular　origins．　Lysosomes　can　be　con－

ventienally　observed　under　electron　microscopy．
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however，　fluorescent　microscopic　observation　of　them

has　been　performed　using　acridine　orange（AO）as　a

vital　staining　agent［1－8］since　lysosOmeS　were　found　to

apPear　as　orange－yellow刊uorescent　particles　in　the　cy－

toplasm　ot　viable　cells　stained　with　AO　in　1963［1］．

Since　the　AO　staining　method　allows　a　rapid　and　accu－

rate　visualization　o「lysosome　distribution　in　the

cytoplasm，　this　method　is　considered　to　have　many　ad－

vantages　over　the　electron　microscopic　method［1，61

　　1n　mammalian　eggs　and　embryos，　the　distributien　of

lysosomes　has　been　investigated　using　the　AO’ 唐狽≠奄獅奄獅

method　in　rats［5－7］and　mice　I8］．　lt　has　been　deteト

mined’n　vitro　that　lysosomes　are　distributed　all　over　the

cytoplasm　in　rat　eggs　with　germlnal　vesicles（GVs），　but

they　temporarily　move　to　the　perinuclear　region　prior　to

the　breakdown　of　GVs，　and　then　rapidly　spread　again

over　the　entire　cytoplasmic　reglon　after　the　GV　break－

down［5－7】．　lt　has　also　been　reported　that　lysosomes

are　distributed　throughout　the　cytoplasm　of　blastomeres

in　mouse　embryos　from　the　2－cell　to　the　uncompacted

8－cell　stages，　however，　they　are　not　oniy　distributed　in

the　peripherai　cytoplasm　in　compacted　8－cell　embryos

and　morulae，　but　also　distributed　all　over　the　cytoplasm

in　inner－cel1－mass　cells　of　blastocysts　and　Iocalized　in

trophoblast　ceils，　mainly　around　nuclei［8L

　　　However，　distributional　changes　of　lysosomes　in　eggs

or　embryos　during　the　meiotic　maturation　and　early　de－

velopment　have　been　studied　in　rats　and　mice，　but　not

in　other　species．　ln　the　present　study，　we　observed

distributional　changes　of｛ysosomes　in　hamster　eggs

from　primordial　follicles　to　antraけollicles，　and　also　from

unfertilized　eggs　to　blastocysts，　according　to　the

folliculogenesis，　resumption　of　meiotic　maturation　and

early　de∨elopment
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Materials　and　Methods

　　　Adult　lemale　hamsters（Mθsocricetus　auratus）were

used．　They　were　kept　and　fed　normally　in　a　room　at　24

σCand　iit　14　hrs　a　day、4a．m．　through　6　p．m．丁heir

estrous　cycles　were　checked　by　examination　of　the　post－

estrous　discharge｛9］，　and　only　animals　which　became

estrous　at　about　6　P．m．　were　used．　Ovaries　were　re－

rnoved　from　22　females，　and　eggs　were　obtained　from

the　follicles　ot　different　sizeS　aS　follOws：smal｝primor－

dial　tollicles　ot　30　to　40μm　in　diameter，　large　primordjal

follicles　of　50　to　90μm，　small　secondary　folljcles　of　100

to　240μm　and　large　secondary　tollicles　of　250　to　600

μm．As　it　is　kllown　that　ovulation　occurs　8　hrs　after　the

onset　of　est「us　jn　hamsters［10］，　the　recovery　hours　of

eggs　and　embryos　were　shown　as　the　hours　estimated

frOm　OvUlation　time．　FOr　the　recOvery　of　eggS　frOm

ant「al　follicles，　ovaries　were　removed　from　46　animals

at　88，64，40，16，14，13，12，10，8，6and　3　hrs　before

ovulation，　and　the　eggs　were　recovered　by　tearing　the

follicles．　Twenty－three　females　mated　with　fertile　males

were　killed　6　hrs　after　ovulation　for　eggs　just　penetrated

with　sperm，　i2　hrs　br　pronucJear　eggs，32　hrs　for　2－cell

embryos，52　hrs　for　4－cell　embryos，65　hrs　tor　8－cell

embryos、78　hrs　for　blastocysts，　and　the　eggs　and　em－

bryos　were　recovered　by　flushing　the　oviducts　or　uterl

with　Earle’s　balanced　salt　solution｛EBSS、　pH　7．3）［11］．

Unfertilized　eggs　were　also　collected　from　unmated　4

females　at　2　hrs　after　ovulation．

　　Collected　eggs　and　embryos　were　washed　in　EBSS，

and　cumulus　cells　surrounding　eggs　were　dispersed

beforehand　by　lmmersing　in　EBSS　containing　O．1％hy－

aluronidase（Sigma　Chemical　Co．，　St上ouis，　U．SA）．　The

eggs　and　embryos　were　washed　3　times　in　EBSS　con－

taining　25　mM　HEPES（Wako　Pure　Chemieal　lndustries、

Ltd．，　Osaka，　Japan）and　O．3％bovine　serum　albumin

（Sigma　Chemical　Co．）（mEBSS｝，　and　the川mmersed　in

astaining　solution　composed　of　500μg　AO（Sigma

Chemical　Co．）and　100　ml　mEBSS　for　5　min　at　room

temperature．　After　staining，　eggs　and　embryos　were

immersed　in　mEBSS　containing　O．2％pronase（Sigma

Chemical　Co．｝to　dissolve　the　zona　pellucida，　and　then

they　were　washed　3　times　in　mEBSS　and　placed　on

glass　slides　to　be　photographed　under　a　reflected－light

fluorescing　microscope（Nikon　Corporation，　Tokyo，　Ja－

pan｝．　The　same　procedures　for　the　demonstration　of

Iysosomes　were　applied　3　times　to　20　to　30　eggs　or

embryos　from　each　developmental　stage．

Results　and　Discussien

　　The　distributlon　of　Iyso＄omes　has　been　investigated

in　rat　eggs［5－7］and　early　mouse　embryos【8】．　How－

ever，　there　have　been　no　reports　on　distributional

changes　of　lySoSOmes　during　the　entire　COurse　Of

tolliculogenesis，　or　in　eggs　or　early　embryos　of　mam－

mals　except　rats　and　mice．

　　ln　the　present　experiments、　we　observed　distribu－

tional　changes　of　lysosomes　in　hamster　eggs　derived

trom　a　series　of　primordial　to　antral　follicles　immedjately

before　ovulation．　As　shown　in　Figs．1and　2，　AO－stained

Iysosomes　were　sparsely　distributed　throughout　the　cy－

toplasm　of　eggs　derived　from　sma｝l　and　large　primordial

follicles．　The　Iysosomes　irlcreased　in　eggs　of　small

secondary　follicles，　spreading　uniformly　all　over　the　cy－

toplasm（Fig．1－a）．　This　distributional　pattern　remained

unchanged　in　eggs　of　antral　follicles　until　13hrs　before

Ovulation．　ln　eggs　of　antral　fO‖iCleS　at　12　and　10hrS

befOre　Ov山atiOn，　the　lysosomeS　were　uniformly　distrib－

uted　a‖over　the　cytoplasm　in　about　hali　of　those，　while

they　gathered　around　nuclei　of　the　remaining　half　of　the

eggs｛Fig．1－b）．　ln　addition，　all　of　eggs　during　these

stages　had　GVs．　The　lysosomes　were　uniformly　ob－

served　all　over　the　cytoplasm　in　eggs　from　8　to　3　hrs

before　ovulation，　and　the　GV　breakdown　occurred　in　ali

eggS・

　　Lysosomes　were　observed　around　nuclei　of　eggs　at

12and　10hrs　before　ovulat泊n　in　the　present　experi－

ment．　Since　the　gathering　of　lysosomes　around　nuclei

prior　to　the　breakdown　of　GVs　has　also　been　noted　in

rat　eggS［5－7］，　thiS　Change　iS　thOUght　tO　OCCur　in　asso－

ciatiorl　with　the　resumption　of　meiotic　maturation　of

rodent　eggs．　The　appearance　of　such　eggs　corre－

sponded　with　the　time　of　starting　LH　surge　in　hamsters

［12］，theretore　stimulation　with　LH　was　thought　to　be

involved　in　the　movement　of　lysosomes　to　the　perinuclear

region　prbr　to　the　GV　breakdown．　The　in∨olvement　of

LH　in　the　movement　of　lysosomes　to　the　perinuclear

region　prior　to　the　breakdown　of　GVs　has　also　been

determined　in　rat　eggs［5］．　When　rat　eggs　at　the　GV

stage　were　incubated　in　a　medium　containing　LH，　move－

ment　of　lysosomes　to　the　perinuclear　region　was

facilitated，　and　the　GV　breakdown　was　also　enhanced，

whereas　such　enhancemerlt　of　the　lysosome　movement

or　the　GV　breakdown　was　not　observed　in　incubation　in

amedium　containing　FSH　or　proiactin．

　　Adiagram　o「the　distributional　changes　of　fluores－

cent　lysosomes　in　hamster　eggs　and　embryos　during

the　early　development　is　shown　irl　Fig．3．　ln　unfertilized
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Fig・1・ Whole　mount　preparatiens　of　hamster　eggs（a　and　b）and　embryos（c　and　d）with　a　magnifi⊂a－

tion　of×450　under　an　epifluorescence　microscope，　AU　eggs　and　embryos　we爬photographed

after　staining　with　acridine　orange・

a．An　egg　collected　from　a　small　se⊂ondary　folli⊂le．　Fluovescent　lysosomes　are　densely　dis－

　　trユbuted　throughout　the⊂ytoplasm．

b，An　egg　colle⊂ted　from　an　antral　folhcle　12　hrs　before　ovulation，　Fluorescent　lysosomes

　　（arrows）are　mainly　distributed　in　the　perinuclear⊂ytoplasm・

c．A4・cell　embryo．　Fluorescent　lysesomes　are　densely　distributed　throughout　the　cytoplasm

　　of　each　blastomere．

d．Acompacted　8－cen　embryo，　Fluorescent　lysosomes　are　densely　distributed　throughout　the

　　cytoplasm　of　round　blastomeres　while　they　are　sparsely　and　mainly　distributed　in　the

　　perinudear　cytoplasm　of　flattened　blastorneres・

eggs，　a　larger　number　of　the　lysosomes　were　uniformly

observed　throughout　the　cytoplasm．　Such　a　distribu－

tional　pattern　remained　unchanged　until　the　uncompacted

8－ce口stage（Fig．1－c｝．　ln　compacted　8－ce［l　embryos

and　b｜astocysts，　the　Iysosomes　were　only　sparsely　ob－

served　in　flattened　blastomeres　or　trophoblast　cells，

main）y　around　nuclei，　bUt　they　were　dense［y　observed

irl　round　blastomeres　or　inner－cell－mass　cells，　spread一

ing　all　over　the　cytop｜asm（Fig．1－d）・

　　Although　the　distributional　changes　of　lysosomes　in

hamster　embryos　in　the　present　experiments　were　con－

sistent　with　those　of　mouse　embryos　observed　by　Batten

et　a∫．［8］until　uncompacted　8－ceil　embryos　and　in　blas－

tocysts，　the　distribution　of　lysosomes　in　compacted　8－cell

embryos　considerably　differed　between　mouse　and　ham－

ster　embryos．　This　discrepancy　in　the　distribution　of
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lysosomes　in　compacted　embryos　may　have　been
caused　by　the　fact　that　the　authors　used　hamsters　while

Batten　et　a1．　f8｝used　mice．　On　the　other　hand，　lshida

｛13］noted　that　the畠ctjvity　of　acid　phosphatase（Acp），

known　as　a　marker　enzyme　of　lysosomes，　did　not　differ

among　blastomeres　in　uncompacted　8－cell　hamster　em－

bryOS，　eqUally　at　a　low　level，　whereas　the　activity　waS

remarkably　higher　in　round　blastomeres　than　in　flat－

tened　blastomeres　in　compacted　8－cell　embryos．

Because　the　results　of　Acp　activity　examined　by　lshida

［13］agreed　with　distrjbutional　changes　of　lysosomes　in

the　present　experiments，　the　distribution　of　lysosomes

in　compacted　hamster　embryos　observed　in　the　present

experiments　is　thought　to　be　plausible・

　　Batten　et　a∫．［8】assumed　that　a　distributional　change

of　lysosomes　cannot　be　used　as　an　accurate　marker　for

Fig・　2・ Adiagram　of　the　distributional　patterns　of　acri－

dine　orange－stained　lysosomes　in　hamster　eggs

during　the　folliculogenesis．　GV：Germinar　vesicle．

・Hours　befere　oΨulation，

the　transtormation　ot　tlattened　blastomeres　to　tropho－

blast　cells　because　the　distribution　ef　lysosomes　in

flattened　and　iound　blastomeres　in　compacted　embryos

differed　from　that　in　trophobiast　cells　and　inner－cell－mass

cells　in　blastocysts．　In　the　present　experiments，　it　was，

however，　determined　that　localization　of　lysosomes　in

trophoblast　cells　and　inner－celLmass　ce‖s　in　blastocysts

was　comparable　to　that　seen　in　flattened　and　round

blastomeres　in　compacted　8－cell　embryos，　indicating　the

clese　relation　between　distributional　changes　of　lyso－

somes　and　differentiatien　of　biastomeres．
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