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Abstract Thelocationandmorphologyofthe
ultimobranchial1glandinmedakaOTyZlaSlatipes

wereexamined.Theultimobranchialglandwas
foundinthetissueofthethintransverseseptum
whichseparatesthepericardialcavltyfrom the
abdominalcavlty,thusincloseassociationwith
thecardio-vascularsystem.Intheanteriorpartof
thebody,theultimobranchialtissuebeginsfrom
wherethehepaticveinJOlnSthesinusvenosus.
Afterthat,theultimobranchialglandiselongated
upwardsandattachedtotheleftandrightCuvie-
rianducts,inasheeトlikeway.Theultimobran-
chialglandlooksY-shaped･Intheposteriorpartof
thebody,theultimobranchialglandendsatthe
samelevelastheheadkidney.

lntroduction
Calcitoninisahomonewhichlowersblood

Ca2+levels.Thishormoneissecretedfrom the

thyroidglandinmammals,whileissecretedfrom
theultimobranchialglandinnon一mammalian
vertebrates.In13speciesofvertebrates,theprト
marystructureofcalcitoninhasbeendetemined
(sevenspeciesofmammals,onespeciesofbird,
fourspeciesofbonyfishes,andonespeciesof
cartilaginousfish).Inbonyfishes,theaminoacid
sequenceofcalcitoninisknownforthesalmon,
eel,goldfishandsardine.Calcitoninsofthetwo
latterspecieswereclarifiedbyus(Sasayamaet
al.,1993;Suzukietal.,1994).Thosefourfishes

aresituatedatprlmitivepositionsinthe
phylogenetictreeofbonyfish,andareclosely
relatedtooneanother(Nelson,1994).Onthe

otherhand,medaka(OTyZiaslatipes)belongsto
thefamilyAdrianichtyidaeoftheorderBeloni-
fomes,andistaxonomicallydistantfrom those
fourfishes(Nelson,1994).Furthermore,medaka
hasoftenbeenusedasamodeloffishesinthe

fieldofexperimentalbiology,asthisspecieshas
varioususefulcharacteristicsinitsphysiology
(Naruseetal.,1994).Therefore,basedonthe

aboveconsiderations,wedecidedtopurify
medakacalcitoninfromtheultimobranchialgland.

Inmedaka,however,thelocationoftheultimo-

branchialglandisnotyetknown.Inthepast,we
foundbyraトbioassaythattherewasthecalcitonin
actlVltyinextractsfrom pharyngealtissueof
medaka(Sasayamaetal.,1991a).Thisfinding
suggestedthatinmedakatheultimobranchial
glandislocatedinthatposition.Nevertheless,the
ultimobranchialglandcouldnotbeidentified
whentissuepreparationsweremadebyordinary
stainingmethods(Sasayama,unpublished).

Thepurposeofthisstudyistodeteminethe
exactpositionoftheultimobranchialglandandto
examineitsmorphology,uslnglmmunOhistochem-
istrywithananti-salmoncalcitoninantiserum.

MaterialsandMethods
Commonmedakaofbothsexesofbothalbino

andwildtypeswerepurchasedfromcommercial
source.Someweresexuallymature,somewere
not･Theirbodylengthsrangedfrom2.6to3.5cm,
andbodyweightsrangedfrom0.2to0.5g.After
anesthetizingwith1/3,000tricainemethanesuト
fonate(Sigma),theportioncenteredaroundthe
pharynx,fromthehearttotheanteriorpartofthe
liver,wasdissectedoutandfixedinBouin's
solutionwithoutaceticacidforabout12h.These

samplesweredehydratedandembeddedinparaf-
fin,accordingtoaroutinemethod,andsectioned
at6FLSerially.Thesewerestainedwiththelabeled
streptavidinbiotinmethod(LSAB)usingananti-
salmonantiserum.Whentheantiserum was

absorbedwithsyntheticsalmoncalcitonin,the
ultimobranchialglandofmedakawasnotstained.
Delafield'Shematoxylinwasappliedascounter-
stain.Detailsofthisimmunohistochemicalmethod

havebeendescried(Sasayamaetal.,1991b).

ResultsandDiscussion

lnseveralspeciesofbonyfish,thelocationand
morphologyoftheultimobranchialglandhave
beenreported.Inthegoldfish,theultimobranchial
glandisfoundintheventralsurfaceofthecentral
partofthepharynx(SasayamaandOguro,1987).
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Itisunpaired,anditsshapeisamorphous.Itis

pinkishwhiteincolor.Inthefullymatured

female,itispossibletoseetheultimobranchial

glandwiththenakedeyes,becauseitishighly

vascularized(Sasayama,unpublished).Inthe

chumsalmon,theultimobranchialglandislocated

abdominally,wherethetransverseseptum JOlnS

theesophagus (Sasayamaetal.,1989).Itispaired.
Intheadults,itispossibletoseeitwithnaked

eyes,astheglandlookspalewhite(Sasayama,

unpublished).Inotherspecies,theultimobranchial

glandisalsopresentinthetransverseseptum

formingasheet-liketissue(Pang,1971).

Inmedaka,evenunderthedissectlngmicro-

scope,thepresenceoftheultimobranchialgland

couldnotbeconfirmed.Byanimmunohistochem-
icalmethod,however,weconfinedthatthe

ultimobranchialglandofmedakaisalsopresentin

thetransverseseptum.Theglandisverythinand

composedofonlyafewlayersofcells(Fig.1).

Theseptum islinedbyblackperitoneum onthe
abdominalside.Whencrosssectionsofmedaka

weremadefromtheanteriorpartofthebody,they

showedthattheultimobranchialglandbegins

wherethehepaticveinJOlnSthesinusvenosus

(Fig.2).Theultimobranchialglandisanelongated

andsheet-liketissuestretchingfrom thesinus

venoustotheleftandrightCuvierianducts.It
looksaY-shapedtissue(Fig.2).TYleultimo-

branchialtissueendedatthebeginnlngOfthehead

kidney.Itisrarefortheultimobranchialglandto

spreadtotheventralp∬toftheesophagus.Thus,
inmedaka,theultimobranchialglandisinclose

associationwithcardiacvessels(Fig.3a,b).Inthe

frog,Calcitoninissecretedintobloodcapillaries

Fig.I.SchematicdrawingOfasaglttalsectionofthethroatarea
ofmedaka.TheultimobranchialglandisshowninXl.x2is
explainedinFig.6.Thesquareareawitharrowisexplainedin
Fig.2.A,atrium;HK,headkidney;HV,hepaticvein;L,liver;
LCD:leftCuvierianduct;PN,pentoneum',PRX,pharynx;SV,
sinusvenosus;TS,transverseseptum;V,ventricle.

Fig.2.SchematicdrawlngtOShowthespreadoftheultimo-
branchialglanda岳aY-shapedsheet,asviewedthesquared
portionofFig.1inthearrowdirection.Theshadedareaisthe
ultimobranchialgland.RCD:rightCuvierianduct.Other
abbreviationsarethesameasinFig.I.

whichenveloptheultimobranchialparenchyma

(Robertson,1988).Takingintoconsiderationthe

caseoffemalegoldfishmentionedearlier,the

morphology oftheultimobranchialglandin

medakamaybeadvantageousformonitorlngthe
Ca2+ levelsinthebloodstream andcalcitonin

secretion.Theseobservationssuggestthat,in

medaka,theultimobranchialglandplaysan

importantphysiologlCalrole･Itisinterestlngthat

thefemaleultimobranchialglandofthegoldfish

duringthereproductiveseasonislargerthanthat

ofmalegoldfish(Oguri,1973).

Intheeel(Lopezetal.,1968),goldfish
(Sasayamaetal.,1984)and chum salmon

(Sasayamaetal･,1989),theultimobranchialgland
iscomposedofsmallfollicles.Inasmall-sized

fish,killifish,theultimobranchialglandisfound

inthetransverseseptum asasheet-liketissue

(Pang,1971).Theultimobranchialglandisalso

sheeトlikeinmedaka,althoughcellclumpsor
stratificationwereobservedinsomeareas.Wh ere

theultimobranchialglandbegins,peritoneum is

diminished,sincethehepaticveinpenetratesthe

transverseseptumandjolnSthesinusvenosus.At

thisposition,inalmostallcases,theultimo-

branchialglandtakesaformofasmallclumpof

cells(Fig.4).IntheCuvierianducts,theultimo-

branchialglandisasheet-liketissue(Fig.5).No

differencewasrecognizedbetweenthesexesand

statesofmaturlty.However,thismaybebecause
theultimobranchialtissueobservedinonetissue

preparationisverylimited,duetoitssheet-like
structure.Inmedaka,itisalsosometimeshardto

distinguishtheparenchymalcellsoftheultimo-
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branchialglandfrom cellsofthetransverse

septum andepithelium ofbloodvessels,since
ultimobranchialcellsrespondedsointenselytothe

antiserum,andthecellsoftheseptum wereco-

stained(Fig.5).Inmedaka,whenthefunctionof

theultimobranchialglandisdiscussedmo叩hO-

loglCally,observationbytheelectronmicroscope

maybenecessary.Thus,thereasonwhythe

ultimobranchialglandcouldnotbefoundin

medakainthepastmayresideinthefactthatthe

ultimobranchialglandishardtodistinguishfrom

othertissuesonaccountofitsmorphology.
Furthemore,inoneindividual,asmallnumber

ofultimobranchialcellswerefoundbeneaththe

pharynx(Fig.6),asseeninthegoldfish･Itis

knownthatinamphibians,theultimobranchial
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Fig.3.(a)Apharyngealportionincluding
Cuvierianductsattachedtotheultimo-

branchialglandwhichisstainedbrown

(∬rowheads)byLSABmethod.Theblack

membraneistheperitoneum.Thebaris200

〟m.(b)Theultimobranchialglandinahigh

magnification.Bar,40pm.

glandisfomedbeneaththepharynx,byinvaglna-

tionofthepharyngealepithelium(Maurer,1888;

Sasayamaetal.,1976).Althoughearlydevelop-

mentoftheultimobranchialglandhasnotbeen

studiedinmedaka,theultimobranchialglandmay

formatfirstbeneaththepharynxasinamphibians.

Afterthat,withdevelopmentofthesinusvenosus,

mostofultimobranchialcellsmaybetransferred
ontotheCuvierianducts.Morestudiesare

necessarytoexaminewhetherthisistrue.
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Fig.4.A clumporultimobranchialtissue(∬Ⅰ･ow)atthe
beginnlngOfthegland.BaLr,20FLm.

Fig.5.Thesheet-liketissueoftheultimobranchialgland
attachedtothesinusvenosus(打row).Bar,20〃m.

Fig.6.UItimobranchialtissuefoundbeneaththepharynx
(arrowheads)･ThelocationofthisareaisshowninFig.Iasx2.
Bar,20〃m.

References

Lopez,E.,J.DevilleandE.Bagot(1968)C.R.
Acad.Sci.Paris,267D:1531-1534.

Maurer,F.(1888)Morph.Jahrbuch.,13:296-
382.

Naruse,K.,M.SakaizumiandA.Shima(1994)

FishBiol.J.MEDAKA,6:47-52.

Nelson,J･S.(1994)In:FishesoftheWorld,John

Wiley&Sons,In°.,NewYork,pp.264-279.

Oguri,M･(1973)Bull.Jap.Soc.Sci.Fish.,39:
85.1-858.

Pang,P･K.T.(1971)J.Exp.Zool.,178:89199.
Robertson,D.R.(1988)Gen.Comp.Endocr.,71:

349-358.

Sasayama,Y.,H.NodaandC.Oguro(1976)Dev.
GrowthDLPer.,18:467-471.

Sasayama,Y.,C.Oguro,R.Yuiand A.

Kambegawa(1984)Zool.Sci.,1:755-758.

Sasayama,Y･andC.Oguro(1987)In:Atlasof
EndocrineOrgans(A.MatsumotoandS.Ishii,

eds･),Springer-Verlag,Tokyo,pp.83-92.

Sasayama,Y･,K･Matsuda,C･Oguroand A.

Kambegawa(1989)Zool.Sci.,6:6071610.

Sasayama,Y.,T.Koizumi,C.Oguro,A.

Kambegawa,H･YoshizawaandW.Magtoon

(1991a)NipponSuisanGakkaishi,57:851-
855.

Sasayama,Y･,A･Katoh,C･Oguro,A･

KambegawaandH.Yoshizawa(1991b)G朗.
Comp.Endocr.,83:406-114.

Sasayama,Y･,K･Ukawa,H･Kai-ya,C･Oguro,Y･

Takei,T.X.Watanabe,K.Nak亘iimaandS.

Sakakibara(1993)Gen.Camp.Endocr.,89:
189-194.

Suzuki,N"Y･Nose,Y･Kase,Y･Sasayama,Y･

Takei,H.Nagawasa,T.X.Watanabe,K.

NakajimaandS.Sakakibara(1994)ZooISci.,
9:785-789.


