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ABSTRACT-Thebloodcellsofthemedaka

(Oryziaslatipes)wereexaminedbylightand
electronmicroscopy. Fourmaintypesof
leucocytes,thrombocyte,lymphocyte,neutro-

phil,andmonocyte,Wereidentifiedbythe
methodofMay-Grtinwald-Giemsa. These

identificationswereconfirmedbyelectron
microscopy.ThemajormOrphologlCalchar-
acteristicsofthemweredescribed.

INTRODUCTION

InspiteofmanylightmicroscoplCStudies
onteleostbloodcells(seethereviewbyEllis,
1977),fewstudieshavebeencarriedouton
theirultrastructureandfunction(Weinreb,

1963;Ferguson,1976;Cannonetal.,1980;
Savage,1983).Medaka(Oryziaslatipes)has
beenusedasaresearchanimalinvarious

disciplines,including physiology,develop-
mentalbiology,genetics,immunology,and
radiationbiology.Butthereislittleinforma-
tiononthemorphologyofitsbloodcells.
Thepurposeofthisstudywastoobtaina
basicknowledgeofthehematologyofthis
species. Inthispaper,themorphologlCal
featuresoftheleucocytesofmedakawillbe
describedaccordingtoobservationsmadeby
lightandelectronmicroscopy.

MATERIALSANI)METIIODS

Animals
Adultmalesandfemalesofthed-rRstrain

ofOryziaslatipeswereused.Theywerekept
inaplasticaquarium(17×28×18cm),main-
tainedat22±3℃andfedTetra･mindaily.

Lightmicrosco勿J
Thefishwerebledbytransectionofthe
caudalpeduncle(withouttheuseofanesthet-

ics)andthefreshbloodwassmeareddirectly
from thecutendofthefishbody.After
cuttingopentheabdomenofthefish,perito-
nealfluidwasalsosmeareddirectlyfrom
theopenlng.
Forgeneralidentificationthesmearswere
fixedinabsolutemethanolandstainedwith

May-Grunwald-Giemsa.
Inordertoidentifythephagocyticcells,
May-Grunwald-Giemsastainwasalsoused
afterintraperitonealinjectionof0.025mlofa
lO% suspensionofsheepredbloodcells
(SRBC;CappelLaboratories)anda1%dilu-
tionofIndiaink(carbonparticles).
Forthecytochemicalobservationsonthe
peroxidasecontentoftheleucocytes,theo -
tolidine(3,3′-dimethylbenzidine)peroxidase
reactionwascarriedoutbyaslightmodifi-
cationofQuaglino-Flemans'method(Quag-
1inoandFlemans,1958).

Electronmicrosco勿/
Peripheralbloodcellswerestudiedinthe
tissuesectionsoftheheartandkidney.Peri-
tonealleucocyteswerestudiedinthesections
ofthecellaggregates(-SRBCclot),which
werefoundintheperitonealcavityofthe
fish2to3daysafterintraperitonealinjection
ofSRBC.Smallblocksoftheheart,kidney,
andSRBCclotwerefixedin2.5%glutaral-
dehydeand2% paraformaldehydein0.1M
phosphatebuffer,pH7.2for2.5hatOoCand
postfixedin1%OsO4inthesamebufferfor

2hat4℃.Theyweredehydratedingraded
ethanolsandembeddedinQueto1651(Kushi-
da,1974,1975).Ultrathinsectoinswerecut

onaPorter-Blum MT-2B ultramicrotome,
Stainedwithuranylacetateandleadcitrate
(Reynolds,1963)andexaminedwithaJEOL
JEM-100Btransmissionelectronmicroscope
operatedat80KV.
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Fig.1Lightmicrographsofperipheralbloodleucocytes(arrowheads)anderythrocytes.May-Grunwald-
Giemsastaining.×2000.a)Lymphocyte,b)Thrombocyte,C)Neutrophil,d)Monocyte.

Thenomenclatureoftheleucocytesis
basedonthemorphologlCalcriteriadescribed
inseveralpreviouspapers(Weinreb,1963;
Ferguson,1976;Ellis,1976,1977;Cannonei
al"1980;Savage,1983).

OBSERVATIONS

Bylightandelectronmicroscopy,four
typesofleucocytes,多.e.,thrombocyte,lymph-
ocyte,neutrophil,andmonocyte,Weredistin-
guished(Fig.1).Certainobservationsmade
bylightmicroscopyaresummarizedinTable
1.Electronmicroscopicobservationsareas
follows.

Thrombocyte(Fl-g.2)
Thethrombocytewasasmallspindle-
shapedcellwithalargenucleuswhichoccu-

piedmostofthecell.Thenucleuscontained
densechromatinandwasoftenindented,

Indentationsoftheplasmamembranewere
oftenobserved.Largevacuoleswerecom･

mom,becausetheindentationsoftheplasma

membrane sometimes app.eared as such･
CYtoplasrnicorganelles,endoplasmicreticu-
1um,Golgiapparatus,mitochondria,andfree
ribosomes,werescarce.Bundlesofmicro･
tubulesweresometimesobserved in the

peripheralregionOfthecytoplasm.
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Fig.2 Anelectronmicrographofathrombocytecharacterizedbyitsbundlesofmicro一

山bules(MT)andindentationsoftheplasmamembrane(arrowheads). Ⅴ,Vacuole;EN,
Endothelialcelloftheheart.Barindicates1〃m.

Table1Lightmicroscopiccharacteristicsofthemedakaleucocytes.

May-Grtinwald-Giemsastaining

Cell
size Cell Nucleus

(〟m) shape Cytoplasm shape Nucleus

Peroxidase Phagocytosis
(0-Tolidine)(SRBC,carbon

particles)

Thrombocyte 7-10 spindle- almost ovoid condensed
shape, chromophobic, chromatin
ovoid lightgrey

Lymphocyte 6-9 round blue round smooth-
condensed
chromatin

Neutrophi1 7-20 0void pinkish- round, rough- + +
grey ovoid, Chromatin

irregular network

Monocyte 8-23 round, blue, round, rough- ++
ovoid vacuolated irregular, Chromatin

oftendeformed network

byvacuoles



Fig.3Anelectronmicrographofalymphocytewhichcontainsalargedensenucleusand
abundantfreeribosomes(R).M,Mitochondria;P,Pseudopodia;RER,Roughendoplasmic
reticulum;Ⅴ,Vacuole;EN,Endothelialcelloftheheart.Barindicates1〃m.

LymPhocyte(Fig.3)
Thelymphocytewasasmallroundcell
andsometimespossessedpseudopodiaonits
surface.Theroundtoslightlyirregularnucle-

uscontainedheavilyclumpedchromatinand
wassurroundedbyasmallareaofcytoplasm.
Themostprominentfeaturesofthecytoplasm
weretheabundantfreeribosomesandthe

strandsoftheroughendoplasmicreticulum.
Mitochondriaandsomevacuoleswerealso

present.

NeutroPhil(Fig.4)
Theneutrophilwaslargeandsometimes
irregularinoutline.Thenucleuswasovoid
tohorseshoe-Shapedandoftenmorevaried
inshapethanthatofthemonocyte.Chr0-
matinwasmoderatelycondensedonthe
nuclearmembraneandclumpedinsidethe
nucleus.Golgiapparatuswasoccasionally
visible. Roughendoplasmicreticulum was

lessprominent.Freeribosomeswerescat-
teredthroughoutthecytoplasm.Numerous
vacuoleswhichappearedtobesmoothendo-

plasmicreticulum andthespecificEra.mules
werecharacteristicoftheneutrophil.These
granulesvariedinshapefromroundtoelon一
gatedandoftencontainedfibrillarmaterials.
Monocyte(Fig.5)
Themonocytewasalargecellwithcyto-
plasmicpseudopodiavaryinglnnumberand
size.Thenucleuswasovoidorkidney-shaped
andoftenpositionedoff-centerduetothe
abundantcytoplasmicorganelles.Condensed
chromatinwaslessprominent.Roughendo-
plasmicreticulum andfreeribosomeswere
moreabundantthanthoseoftheneutrophil.
Themostprominentfeaturesofthecyto-

plasmweretheelectron-1ucentvacuolesand
thephagosomescontaining heterogeneous
materials.IntraperitoneallyInjectedcarbon
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Fig.4Anelectronmicrographofaneutrophilcharacterizedbyitsspecificgranules(SG)
andaeccentricnucleus.G,Golgiapparatus;M,Mitochondria;R,Ribosome;SER,Smooth
endoplasmicreticulum;SRBC,Sheepredbloodcell.Barindicates1〃m.

particleswereoftenobservedinthesephago-
somes.Lysosomeswerealsovisible.

DISCIJSSION

-1nthebloodcellsofthemedaka,fourtypes
ofleucocytes,thrombocyte,lymphocyte,neu-
trophil,andmonocyte,weredistinguished.
Thethrombocyteisovoidtospindle-Shaped
andoftengroupstogetherinthesmearprepa-
ration.Likethrombocyteofotherteleosts
reportedbymanyworkers(seeEllis,1977),
themedakathrombocytehasnogranules
stainedwithMay-Grunwald-Giemsa. The
mostprominentfeatureoftheultrastructure
ofthiscellistheindentationsoftheplasma
membrane.Thisfeatureissimilartothatof

plaice,PleuronectesPlatessa(Ferguson,1976)
andchannelcatfish,Lctaluruspunctatw(Can-
nonetal.,1980).Ferguson(1976)hasreported

thephagocytosisbytheplaicethrombocyte,
butweobservednophagocyticabilityinthe
medakathrombocyteinthisstudy.
Thelymphocytecanbeeasilyrecognized

becauseofitsmorphologlCalsimilaritytothe
mammalsandotherteleosts(Watsonetal.,
1963;Weinreb,1963;Ferguson,1976;Ellis,
1976,1977;Cannonetal.,1980;Savage,1983).
Inthisstudy,noattempthasbeenmadeto
dividelymphocytesintopopulationsof"small"
andttlarge"cells.Aspreviouslyreported,the
medakalymphocytehasnophagocyticabiト
ity.
Theneutrophilistheonlytypeofgran-
ulocyteobservedinmedaka. Byelectron
microscopy,round to elongated granules
havebeenobservedinthecytoplasm ofthe
neutrophil. Thesegranulesoftencontain
fibrillarmaterialresembling thatofthe
neutrophilgranuleofplaice(Ferguson,1976).
Ellis(1976)hasreportedthattheneutrophil



Fig.5 Anelectronmicrographofamonocytewhichcontainslargephagosomes(PS)and
manyvacuoles(V).G,Golgiapparatus;L,Lysosome;A/I,Mitochondria;P.Pseudopodia;
RER,RoughendoplasmiCreticulum;EN,Endothelialcelloftheheart.Barindicates1pm.

ofplaicehadnophagocyticabiHty.Inour
observation,themedakaneutrophilrarely
showeduptakeofintraperitoneallyinjected
carbonparticlesbutdidactivephagocytosis
ofSRBC.

Noattempthasbeenmadetodividethe
basophiiic phagocytes into categories of
"monocyte"andくtmacrophage",andsothese
celHypesarecoliectivelytermedttrnonocyte"
inthispaper,
Themonocyteisthemostactivephagocyte
intheleucocytesofmedaka.Carbonparticles
andSRBCinjectedintraperitoneallyareoften
observedinthecytoplasm ofthemonocyte.
Byelectronmicroscopy,largephagosomes
andalargenumberofvacuolesarethemost
prominentfeaturesofitscytoplasm. The
ultrastructureofthemedakamonocyteis
similartothatofplaice(Ferguson,1976)and
channelcatfish(Cannonetai.,1980).
GranulocytesequlValenttothemammalian

eosinophilandbasophilhavenotbeenob-
servedintheperipheralbloodandtheperito一
mealfluidofmedaka.Butsomeindistinguish-
ablebloodcellswereobservedbyelectron

microscopy.Furtherinvestigationofthese
ceHsisrequired.
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