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Abstract:Manganase-andcopper-zincsuperoxidedismutases(Mn-andCu/Zn-SODs)arerepresentativeenzymes

forscavengingsuperoxideradicalS,whichareconsideredtocauseagingandcelldamage.Ourrecentstudyhas

demonstratedthelocalizationofMn-andCu/Zn-SODproteinsaswellastheexpressionofMn-andCu/Zn-SOD

mRNAsinalltypesofductcells-andnotinacinarcells-inthesubmandibularglandofadultrats.However,

theexpressionofthesetwoenzymesremainsunclearinratdevelopingsubmandibulargland.Thus.thepresent

studyexaminedtheexpressionofMn-andCu/Zn-SODsinthesubmandibularglandofratsagedfromembryonic

18daystopostnatal8weeksbyan immunohistochemicaltechniqueusingspeci丑cantisera.Thedepara丘nized

sectionswereprocessedfortheavidin-biotincomplexmethod.Ontheprenatal18thday,asmallnumberof

epithelialductcellsandcellsinaciniexhibitedCu/Zn-SOD-immunoreactivity,buttheydidnotshowany

immunoreactionsforMn-SODs.Frompostnatal1dayto1week,Mn-andCu/Zn･SOD-immunoreactivitieswere

foundinboththeductcellsandthecellsinacini.ThisdrasticchangeintheexpressionofMn-andCu/Zn-SOD-

immunoreactivitiesbetweenprenatalandpostnatalperiodswasbelievedtorelatetothecommencementof

pulmonaryrespirationduetooxygenexposure.After2weeks,however,thecellsintheacinilostMn-and

Cu/Zn-SOD-immunoreactions,thoughtheductcellsretainedthem,suggestingthattheductcellsinthemature

submandibularglandexhibitgreaterresistanceagainstoxidativestressthandotheacinarcells.

JNTRODUCTJON

Activeoxygenspeciesandfreeradicalsplaycrucial

rolesinprotectionagainstbacterialinfectionand

scavengingbyantioxidantenzymes.Activeoxygen

speciesandantioxidantenzymesareconsideredtobe

implicatedipavarietyofpathologicprocesses

includingagingl･2-andcelldamage3･6)inspiteoftheir

favorablebalanceinahealthyorganism.Superoxide

disumtase (SOD),also known as superoxide

oxidoreductase,isakeyenzymethatprotectscells

againstoxidativeinjury:itresolvessuperoxideinto

H302and02,andH202issubsequentlybrokendown

bycatalaseandglutathioneperoxidaseintoH20and

O之.Biochemicalanalyseshaverevealedatleastthree

differentSODenzymesinmammaliantissues.They

areclassifiedintotwoformsofintracellularSOD713

andoneextracellularSOD糾.TheintracellularSODs

includemanganeseSOD(Mn-SOD)andcopper-zinc

SOD(Cu/Zn-SOD).TheMn-SODisfわundpredominantly

inthemitochondrialmatrixwhileCu/Zn-SOD is

uniformthroughoutthecytoplasm9).

The血rmationofsalivaryglandisinitiatedbythe

proliferationoforalepithelialcellsandtheirdown-

growthintotheunderlyingmesenchymelB12).During
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development.interactionsoforalepithelialcellswith

mesenchymalcells and extracellular matrix

componentsinducethebranchingoftheepithelial

rudimentthefbrmadonofducts,andcytodiHerentiadorL

Thesalivaryglandsaremostlikelyprotectedbya

specificdefensesystem againstfreeradicalsand

reactiveoxygenspeciesbecausetheaciniare

connectedthroughtheirductstotheoralcavity,

whichisusuallyexposedtovariouskindsoffree

radical-formativesubstances13･15' . Furthermore,

bacteriainducingperiodontitishavebeenshownto

produceかeeradicalsandreactiveoxygenspecies16㌧

Manyimmunohistochemicalandultrastructural

studieshavereportedtheexistenceofSODinvarious

tissuesincludingsubmandibulargland17胡 ). Ourrecent

studiesusingimmunocytochemistryandl'nsl'tu

hybridizationhistochemistryhavedemonstratedthe

localizationofMn-andCu/Zn-SODproteinsandthe

expressionofMn-andCu/Zn-SODmRNAsinthe

submandibularglandofmaturerats,suggestinga

diだerentresistanceagainstoxidativesbetweenacinar

andductceus現26'. However,detailsofthedevelopmental

aspectsofSol)-expressionshaveremainedunclearin

thesubmandibularglandbecauseinformationonthe

expressionofSODsinthesalivaryglandhasbeen

limitedforfetalandneonatalanimalsl7･19j

lnthepresentstudy,therefore,alterationsin

expressionofMn-andCu/Zn-SODswereinvestigated

inthesubmandibularglandsofdevelopingandmature

ratsbyimmunohistochemicaltechniquesusingspeci五c

antisera.

MATERIALSANDMETHODS

A totalof24Wistarratswereusedinthis

immunohistochemicalobservation. Animalsat

embryonic18daysofgestation,postnatal1and3

days(n-3each)weredecapitatedunderdeep

anesthesiabyanintraperitonealinjectionof8%

chloralhydrate(400mg/kg),andthedecapitat声dheads

includingthesubmandibularglandswereimmersedin

4%paraformaldehydeina0.1M phosphatebuffer

(pH7.4).Afterimmersionfixationovernight,the

specimensweredecalcifledwith10%EDTAsolution

at40cforafewdays.Theratsagedpostnatal1,2,

3,4 and 8weeks(n-3each)were deeply

anesthe也Zedinthesamemannerasdescribedabove,

andfixedbyatranscardiacperfusionwith 4%

paraformaldehydeina0.lM phosphatebu触r(pH7.4).

Afterperfusionfixation,thesubmandibularglands

wereremovedenbloc,andimmersedinthesame

flXativefor･anadditional24hoursat4oC.Boththe

decalcifiedheadsandtheexcisedsubmandibular

glandsweredehydratedthroughanascendingseries

ofethanol,andembeddedinparaffin.Theparafh-

embeddedsectionswereseriallycutatathicknessof

5FLmwithamicrotome.

Forimmunohistochemistry,deparaffinizedsections

wereprocessedfortheavidin-biotin-complex(ABC)

methodaccordingtoHsuetal.(1981)271. These

sectionswereimmersedinabsolutemethanol

containing0.3%hydrogenperoxidefわrtheinhibitionof

endogenousperoxidaseactivities.Afterrinsingin

0.OIM phosphatebuffered-saline(PBS),theywere

incubatedwith2.5%normalgoatserum (Vector

Laboratories,Burlingame,CA,U,S.A)for30minto

reducebackgroundstaining.Thesectionswerethen

subsequentlyreactedwithpolyclonalantiseraagainst

eitherMn-orCu/Zn-SOD(StressGenBiotechnologies

Corp.,Victoria,Canada)dilutedto1:1000Overnight

Followingathoroughrinsein0.lM PBS,theywere

reactedwithtwoconsecutiveincubationswitha

biotinylatedanti-rabbitIgG(1:100,VectorLaboratories)

andavidin･biotincomplex(VectorABCkit,Vector,

Laboratories)at60mineach.Chromogenreaction

sitesweremadevisiblebyincubatingsectionswith

0.04% 3,3㌧diaminobenzidinetetrahydrochloride

(S短maChemicalsCo.Ltd.,St.Louis,MO,U.S.A.)inthe

presenceof0.0030/ohydrogenperoxideina0.05MTris-

HClbuffer(pH7.6).Theseimmunohistochemical

incubationswereperformedinamoisterchamberat

roomtemperature.Theimmunostainedsectionswere

counter-stainedwith0.3% methyleneblue,and

examinedwithaNikonFXmicroscope(NikonCo.Ltd.,

Tokyo,Japan).ForhistologiCalobservation,deparaffinized

sectionswerestainedwithhematoxylinandeosin,or

with1%toluidineblue.

Thespeci丘CityoftheprimaryantiseraagainstMn-

andCu/Zn-SODswascheckedbyapreabsorptiontest.

Theprimaryantiserawerepreabsorbedwithexcess

correspondingantigens(StressGenBiotechnologies)at

4oCovemighL Sectionsstainedwiththepreabsorbed

antiseradidnotshowanyspecificimmunoreaction.

Furthermore,immunohistochemicalcontrolswere

performedby:1)replacingtheprimaryantiserawith

non-immuneserumorPBS;and2)omittingtheanti-
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rabbitlgGortheavidin-biotincomplex.Thesecontrol

sectionsalsorevealednoimmunoreaction,leadingus

toconsidertheimmunoreactionstobespecific.

RESULTS

Embryonic18days

Theformationofsubmandibularglandsalreadyhad

begunatthisstage.Thesubmandibularglandswere

composedofaciniandaductsystem andhadrich

interstitialconnectivetissues(Fig.1a),Itwaseasyto

distinguishacinifrom epithelialductcells.Theacini

werecomposedofcolumnarceuswithbasallylocated
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nucleiandarichcytoplasm whichcontainedintense

eosinophicgranules(Fig.1b).Thesalivaryducts,

whichconsistedofcuboidcells,hadascanty

cytoplasm. Althoughthesalivaryductswere

observedtoconnectwiththeacini,noformationof

striatedandgranularductswasrecognizableatthis

stage.

Asmallnumberofductcellsandthecellsinthe

acinishowedCu/Zn-SOD-immunoreactivity(Fig.1c).

Theseimmunoreactionsweredi軌ISelydistributedeither

throughoutthecytoplasm,orrestrictedtotheirnuclei.

However,nospeci五cimmunoreactionforMn-SODwas

foundineitheracinarcellsorepithelialductcells(Fig.1d).
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Fig.1

Histological(a,b)andimmunohistochemical(C,d)findingsoftheratsubmandibularglandsatembryonic18
days.(a)Thesubmandibularglandisobservedtocontaindevelopingaciniandaductsystemamongrich
intestinalconnectivetissue.(b)HighermagnificationoftheboxedareashowninFig.1a.Thecellsintheacini
arefiledwitheosinophilicgranulesintheirrichcytoplasm(arrows).Stainedwithhematoxyinandeosin.(C,d)
ImmunoreactionsforCu/Zn-(C)andMn-(d)SODs.Theepithelia]ductcellsandafewcellsintheaciniare

positiveforimmunoreactions(C),butnoMn-SOD-immunoreactionisfoundonembryonic18thday.
ImmunoreactivitiesforCu/Zn-SODarelocalizedeitherthenucleiorcytoplasm.a;×78,b:×375,C;×250,d;×
62.5.

Postnatal1dayto1week

Theformationoftheaciniandductsystem had

proceededfurtherintheratsubmandibularglands

thanatthepreviousstage:thenumberandvolumeof

aciniappearedtoincreasedaily(Fig.2a,b,d).Almost

allcellsintheacinicontinuedtoexhibitintense

eosirlOphilicgranulesintheircytoplasm(Fig.2C).The

salivary ducts also extended their branches

throughouttheratsubmandibulargland(Fig.2b,d).

However,typicalintercalatedcellsandgranularcells

- 19-
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werenotrecognizable,buttheconnectionofthe

salivaryductswithaciniwasfrequentlyobservedat

thisstage.

ImmunohistochemistryforMn-andCu/Zn-SODs

wasabletodemonstratebothimmunoreactionsinthe

cellsinaciniandtheepithelialductcellswithvariable

immuno-intensities(Fig.3a,b).Theseimmunoreactions

weredi茸uselydistributedthroughoutthecytoplasm(Fig.

.･竜
l､JH■1■

3C),althoughMn-SOD-immunoreactivityhasbeen

reportedasmitochondrialSODinadulttissues9 25)

Theseimmuno-intensitiesintheaciniappeared

unchangedfrom postnatal1and 3days,butthey

showedatendencytodecreasethroughpostnatal3days

to1week(Fig.3d).However,theductcellsretainedthe

sameimmuno-intensityasthatatpostnatal 1dayto1

week.

Fig.2

Histologicalfindingsoftheratsubmandibularglandsatpostnatal1day(a),3days(b,C)and1week(d).
Stainedwithhematoxyinandeosin.(a)Incomparisonwiththepreviousstage,anapparentdevelopmentofthe
ductsystemandtheincreaseofaciniareobservedintheratsubmandibulargland.(b)Theductsystemis

developingandextendingtoconnectwiththeacini.(C)HighermagnificationoftheboxedareashowninFig.2
b.Thecellsintheacinicontinuetohaveeosinophilicgranulesintheircytoplasm(arrows).Theductcells

connectingwiththeacinishowacuboidalappearance,differentfromthetypicalintercalatedcellsseenin
maturesubmandibularglands.(d)Theductsystemsareobservedtoelongatemorethanatthepreviousstages

(arrow),buttheductcellsconnectingwiththeacinistillshowacuboidalappearance.a;×78,b;×94,C;×375,
d;×250.
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Fig.3

1mmunohistochemicalfindingsatpostnatal1day(a-C)and1week(d).ⅠmmunoreactionsforCu/Zn-(a,d)and
Mn-(b,C)SODs.(a,b)Boththecellsintheaciniandepithelialductcellsshowimmunoreactivities.(C)Highly
magnifiedviewofthesubmandibularglandonpostnatalDay1.TheMn-SOD-immunoreactionisrecognizedin
thecytoplasmoftheaciniandductsystem.(d)Inspiteofanintenseimmunoreactionintheductsystem,the
cellsoftheaciniappeartodecreaseinimmuno-intensity.a;×62.5,b;×62.5,C;×250,d;×94.

FromI)OStnata12to8weeks

Thecellsintheaciniwitheosinophilicgranules

decreasedinnumber;instead,thosewithclear

granules(hereaftercalledacinarcells)increasedin

numbertooccupytheacini(Fig.4)一Atpostnatal3

weeks,theoccurrenceofcellsintheaciniwith

basophilicgranuleswasconsiderablyrare,andhad

completelydisappearedbypostnatal4weeks(Fig.4

b).Ontheotherhand,thegranularducts,which

containedeosinophilicgranulesinthesupranuclear

region,haddifferentiatedfromtheepithelialductceus

aroundpostnatal3weeks.Inaddidontostriatedand

granularducts,theformationofintercalatedductshad

begunneartheaciniaroundpostnatal2weeks(Fig.

4a).Theintercalatedductsconsistedofcuboidceus

withapoorcytoplasm.Thus,theaciniwereobserved

toconnectwiththegranularductsthroughthe

intercalatedducts.NospecificmorphologiCalchange

intheratsubmandibularglandswasfoundafter

postnatal4weeks.

ImmunohistochemistryforMn-andCu/Zn-SOD

229

demonstratednumerousimmunoreactivecellsinthe

ductsystem oftheratsubmandibulargland.Many

epithelialductcellsintheexcretory,striated,

developing/maturegranularandintercalatedcells

containedbothimmunoreactivitieswithvarious

immuno-intensities(Fig.5).TheMn-andCu/Zn-SOD-

immuno-positiveand-immuno-negativeductcellsinter一

mingledineachductoftheratsubmandibulargland

(Fig.5b,C).InMn-SOD-immunohistochemistry,the

immunoreactionshowedagranularappearanceinthe

infranuclearregionofthecytoplasm(Fig.5a,C,i).On

theotherhand,Cu/Zn-SOD-immunoreactionswere

usuallylocalizedinthecytoplasmoftheductcells(Fig.

5b,d,e).Insomecases,afewpositiveductcellshad

immunoreactionsbothinthenucleusandcytoplasm

(datanotshown).

Incontrast,allacinalcellswerefoundtobecome

negativeinimmunoreactionsforMn-andCu/Zn-SODs

postnatalafterprenatal2weeks(Fig.5).

ThealterationsintheexpressionofMn-andCu/Zn-

SODs-immunoreactionsaresummarizedinTable1.

-2 1 -
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Fig.4

Histologicalobservationsoftheratsubmandibularglands
atpostnatal2(a),4(b)and8(C)weeks.Stainedwith
hematoxylinandeosin.Theratiosofthecellswithclear
granulesintheaciniappeartoincreasechronologically.By
postnatal8weeks(C),allcellsintheacinihavebeen
replacedbycellswitheosinophilicgranules(thickarrows).
Theintercalatedducts(arrows)consistingofflatcellswith
apoorcytoplasmfirstappearearoundpostnatal2weeks.
Theyconsistofflatcellswithpoorcytoplasm.Inaddition
toastriatedduct(ST)andintercalatedduct(arrows),the
granularducts(GD),whicharecharacteristicofgranulesin
thecytoplasm,arefoundintheratsubmandibularglandat
postnatal8weeks.a-C;×100.

DISCUSSION

Thepresentimmunohistochemicalstudywasableto

demonstratedi#erentexpressionpatternsofMn-and

Cu/Zn-SOD-immunoreactivitiesduringthedevelopment

oftheratsubmandibulargland.Thelocalizationof

immunoreactionsforMn-andCu/Zn-SODsinthe

submandibulargland-exceptforprenatalearly

stages一一wasconsistentwiththepreviousfindingsthat

Mn-andCu/Zn-SODsaremitochondrialandcytosolic

SODs,respectively7 8).SincethesetwoSOD-

immunoreactions(thisstudy)and-mRNAs25･26) were

cO-localizedinthesametypesofsubmandibularcells,

theratsubmandibularcellsapparentlyhavetheability

toproducebothmitochondrialMn-andcytosolicCu/Zn-

SODs.However,thereisnopossibleexplanationfor

unexpected cytosolic localization of Mn-SOD-

immunoreactions.

Amostinterestingfindinginthisstudyisadrastic

changeintheexpressionsofMn-andCu/Zn-SOD-

immunoreactivitiesbetweenprenatalandpostnatal

stages:thecellsintheaciniandtheepithelialduct

cellsofsubmandibularglandswereimmuno-negative

attheprenatalstage,butimmuno-positiveafterbirth.

Identicalexpressionpatternsinthesubmandibular

glandsofthefetalandneonatalratswerereportedby

Munimetal.(1992)19) Thesefindingsreadilyleadus

tosupposetheinvolvementofpulmonaryresplration

inthischange.Previousstudieshavereportedlower

levelsofantioxidantenzymesinvarioustissuesinthe

fetusthaninthefull-term neonateユ9･28･32). Thishas

beenexplainedbyalow demandforcellular

antioxidantcapacitylnthefetusduetothelow

oxygenconcentrationintissuesduringlntrauterine

life33)andbytheincreasedproductionofsuperoxide

radicalsduetoanincreaseinoxygenconcentrationin

dssuesafterbirth 34). Anl'ntdtT10Studyhasdemonstrated

thatexposuretoatmosphericoxygenistoxictoearly-

stageembryos,andfurthershowedthatthistoxIClty

decreasedwiththeadditionofexogenousSODinto

theculturemedium35㌦ Itisreasonabletoconsider

thatMn-andCu/Zn-SOD-expressionsafterbirth

accountforthenecessityoftheratsubmandibular

glandsforprotectionagalnStoxygenexposure.

Thepresentobservationof2-to8-week-oldrats

showedMn-andCu/Zn-SOD-immunoreactivitiesinall

typesofepithelialductcellsincludingexcretory,striated,

granularandintercalatedducts,butneverintheacinar

cells,consistentwithourpreviousfindings25 26)

Accordingtodevelopmentalstudies3640),theimmature

acinicontainthreetypesofsecretorycellssuchas

acinar,proacinarandterminaltubularcellsatthe

differentstagesofdifferentiationand/ormaturation.

However,theterminaltubularandproacinarcells

-22-
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Fig.
5

Mn-(a,
C
,
i)andCu/Zn-SOD(b,
d
,e
)-immunoreactionsatpostnatal2(a),
3(b
,
C)
,
4(d)and8(C.
i)

weeks.
Allthekindsofepithelialductcellsincludingtheintercalated,granu
lar,str
iatedandexcretory
ductcells(ED)retainbothMn-andCu/Zn-SOD-immunoreactivitiesinvariousimmuno-intensities,
althoughtheacinicompletelyloseimmunoreactionsafterpostnatal2weeks.
TheMn-SOD-
immunoreactionisfoundinthecytoplasmwhileCu/Zn-SOD-immunoreactivityshowsagranular
appearanceinthecytoplasm.a;
×180
,
b;×62.
5
,C;
×180
,
d:×180,e;
×125
,
f;×250.

(TypelcellandTypeIIIcellcalledbyCutlerand

Chaudhry36),respectively),disappearbypostnatal4

and 2weeks,respectively37･38).Thus,theaciniat

postnatal8Weekscanberegardedasmatureacini

whicharecomposedofonlyacinarcells.Ontheother

hand,thedifferentiationofepithelialcellsofallducts

hasbeenreportedtoconcludebypostnatal4Weeks

intheratsubmandibulargland41). Takentogether,

thesefindingsshow thattheMn-andCu/Zn-SOD-

immunoreactivitiesindicatethedifferentlevelsof

resistanceagainstreactiveoxygenspeciesand

antioxidantenzymesbetweenductandacinarcells

231

aftercytodifferentiationofthesubmandibulargland.

ItisinterestingthattheacinarcellslosttheirMn-

andCu/Zn-SOD-immunoreactivitiesduringpostnatal

stages.PreviousinvestlgatOrShavepaidattentionto

theexpressionandlocalizationofSOD-proteinsand

mRNAsinmature25･26)aswellasfetalandneonate

rats19),butnodefinitiveinformationonthishasbeen

providedtodate.ⅠnspiteofthelossofMn-and

Cu/Zn-SOD-immunoreactivitiesintheacinarcells,the

epithelialcellsofsalivaryductsretainedboth

immunoreactions.Onepossibleexplanationforthis

findingisthematurationand/ordifferentiationprocess
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Tablel.

ChangesinimmunoreactionsforMn-andCu/Zn-SODsintheratsubmandibulargland.ID:intercalatedduct_GD:granular
duct,ST:striatedduct,ED:excretoryduct.':Mn-SOD,'':Cu/Zn-SOD.

ofaciniintheratsubmandibularglands.Inthis

process,apoptosishasbeenshowntooccurinthe

acini,inparticulartheterminaltubularregion:TUNEL

(terminaldeoxynucleotidyltransferase-mediateddUTP

nickend-labeling)analysisrevealedthatTUNEL

positivecellsreachedamaximumlevel(about14%of

thetotalterminaltubularcells)atpostnatal23days,

afterwhichtheirnumbersdecreasedprogressively42)

(Hayashieta1.,2000).Activeoxygenandantioxidant

en2;ymeShavebeensuggestedtobeinvolvedinthe

occurrenceofapoptosis43J5㌦ Thepostnatalexpression

ofimmunoreactionsforMn-andCu/Zn-SODsmay

serveasaninhibitorforapoptosis.Theacinarcells

loseSOD-enzymesafterterminaldifferentiationwhen

apoptoticcellsareneverseeninthisstudy.Taken

together,itislikelythattheaciniisaweaklinkinthe

defenseagainstapoptosis･Furthermore,diabetee
mellitusintheratinducesthedestructionofacinar

cells,1'.e.xerostomiabyapoptosis4別.Indeed,experimental

studiesincludingradiation賂 櫛 ,ductobstruction47j,and

theadministrationofethanolingetion4郎 placethe

inductionofapoptosisinacinarcells,notinductcells,

ofmatureratsubmandibularglands.
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