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INTRODUCTION

TherecentdevelopmentofaGomoritypemethodforthecytochemicaldemon-

strationofornithinecarbamoyltransferase(OCT)activityhasestablishedthatthe

specificactivityislocatedonlyinthemitochondriaofhepatocytesintheratand

mouse(Mizutani,3,4).Inanearlierpaperitscytochemicalnatureandspecificity

weredescribed,anditwasemphasizedthattissue丘Ⅹationwasacriticalfactor(4)･

OCTactivitysurvivedbrieffiⅩationincoldacetoneorformo1-Calcium butnotin

glutaraldehyde.Althoughmorethan10% ofthetotalactivitywaspreservedwith

acetonefiⅩationandpara氏nembedding,mostofthecellularfinestructureswere

damaged.HSufficientbutnotexcessive"fixationwithformal-Casolutionwasfound

tobebest.Usuallysmallliverslicescutasthinlyaspossiblewere丘Ⅹedfor4-6hr

at4oCin10%bufferedformalin,butthecentralportionofthesliceswasnotalways

fixed"sufhciently".

Thepresentinvestigationwasundertakentostudytheapplicabilityof丘Ⅹative-

perfusionwhichwasexpectedtofiⅩthetissueevenlyandtoavoidthedifBculties

inthelocalizationofOCTactivity.

MATERIALAND二METHODS

Preparationoftissue:MaleWistarratsweighing100-250gwereused.Theabdomen

wasopenedunderlightetheranesthsiaandtheliverwasperfusedwiththecold

(4oC)丘Ⅹativesolutionthroughtheportalvein.Theperfusionpressurewasabout

80cmHzO.Immediatelyafterperfusionstarted,thecavalveinwascutopenatits
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entryintothethoraciccavityinordertosecureafree凸owofthefiⅩativethrough

theliverasadvocatedbyEricsson(1).Thefollowingsolutionswereemployedas

fixatives;1)4% formaldehydesolutionobtainedfromdepolymerizationofparaform-

aldehyde(8)containing1% CaC12andadjustedtopH7.2with0.05M cacodylate

buffer;2)3% glutaraldehydeadjustedtopH7.2with0.05M cacodylatebuffer(10);

3)amixtureof4% formaldehydeand3% glutaraldehydepreparedaccordingtothe

methodofGrahamandCarnovsky(2)Withreducedconcentrationofglutaraldehyde.

Fixationtimeswere;withformaldehyde,10,20,30,45and60min,andwith

glutaraldehydeoramixtureofformaldehydeandglutaraldehyde,2,5,10and20

min.Following丘Ⅹation,2-3mm thickliversliceswerewashedovernightat4oC

in0.05M Tris-maleateorCollidinebuffer(pH7.2)containing15% sucrose.Frozen

sections,10ILthick,Wereusedforlightmicroscopicstudiesand30pfrozensections

wereemployedforelectronmicroscopicobservations.

Ineu.bationandobservation:Theincubating medium consistedof:0.05M Tris

-maleatebuffer(pH7.2),4ml;1%leadnitrate,Iml;distilledwater,5ml;L-ornithine

HCl,5mg;carbamoylphosphateLisalt,3mg;andsucrose0.7g.Theleadnitrate

solutionwasaddedatlastindropswithcontinuousstirring,andtheslightlyturbid

mixturewas別teredandusedimmediately.Thinfrozensectionswereincubated

for10-15minat18oC,washedindistilledwaterbriefly,immersedindiluteyellow

ammonium sul丘de,washedagainindistilledwaterandmountedinglycerinjelly.

Afterincubation,thickfrozensectionsforelectronmicroscoplCStudieswere

postfixedinl% osmium tetroxideinVeronalbuffer,pH74 for1hratdoc,dehyd-

ratedingradedethanolandpropyleneoxide,andembeddedinEpon.Conversion

tosulfidewaseitherperformedoromittedbeforepostfixation.Theformerwas

usedtoexaminethereactivesitesattrimmingoftheembeddedtissues.Ultrathin

sectionsweremadewithaJUM-5A ultramicrotomeandexaminedwithaJEM-7A

electron microscope.Mostgridswerestainedwithuranylacetateandleadby-

droxide.

Inordertocomparetheresultswiththoseofroutinely丘Ⅹedtissues,thinfresh

sliceswere丘Ⅹedfor4hrin4% formaldehydesolutionasdescribedearlier(4),

followedbythesametreatmentastheperfusion-fixedsections.

Controlexperiments:1)Lornithinewasomittedfrom theincubatingmedium or

itwasreplacedby D-ornithine. 2)Sectionswerepretreatedfor15min with

p-chloromercuribenzoate(PCMB)(5mM,pH7.2,containing7% sucrose).3)Sections

wereplacedinanovenat90oC for30min,andwereincubatedinthestandard

medium.

RESULTS

LightmicroscopicfindiTLgS:Withroutinelyfixed5slices,severalsectionsoutof

about50wereincompletely丘ⅩedandnoadequatelocalizationoftheOCTactivity

wasobtained.Inothersufhciently丘Ⅹedsectionsthespecificreactionproductwas
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evenlydistributedinthehepatocytessuggestingmitochondriallocalization,par-

ticularlyattheperiportalareas.

Insectionsoftissuesperfusion一点Ⅹedwithformaldehydefor30min,therewas

amarkedmitochondrialreactionandgoodpreservationofthecellularstructure,

althoughthesinusoidsandotherbloodvesselsweredilated(Figs.ト3).Themito-

Chondrialreactionwastendedtobemoreintenseattheperiportalthanatthe

centrolobularareas(Fig.1).Inthelessreactivecellsbrownreactionproductsin

smallovoidstructuresweremoreprominent,distributedmostlyintheperibiliary

areassuggestinglysosomalreactions(Fig.3).Thislysosomalstainingwasalso

observedinthecontrolsectionsincubatedinthemedium from whichL-ornithine

wasomittedorinwhichitwasreplacedbyD-ornithine(Fig.4).These丘ndings

coincidedwellwiththoseofourearlierstudieswithroutineformol一缶Ⅹation(4).In

general,theoverallactivitywiththeperfusion-fixedtissuesfor20-30minwasmore

intensethanwiththeroutinely丘Ⅹedslicesfor4hr.

Withtheformaldehyde-perfusiontimeof60min,themitochondrialactivitywas

markedlysuppressedbutthelysosomalreactionremained;ontheotherhand,per-

fusiontimeoflOminresultedinpoor丘Ⅹationandcelldamage.

Intissuesperfusedwithglutaraldehydefor2min,specificOCTactivityinthe

mitochondriawasabolishedthroughoutthehepatocytes,althoughthecellularstruc-

tureswerewellpreserved.Thelysosomalreaction,however,wasretained.Ⅰn

addition,moderatebrownreactionproductsweredistributedatthenuclearmem-

branesandperinuclearareasdiffuselyorinfinefi1amentousstructures(Figs.5and

6),particulalyattheperiportalareas.Thisreactiontendedtobeinhibitedby

longerglutaraldehyde-perfusion(for10min).Thecontrolexperimentswithomission

ofLornithineorwithD-ornithineI･eplacingtheL-isomerintheincubatingmedium

gaveidenticalresults(Fig.7).Pretreatmentofthesectionswith5mM PCMBdid

notalterthepatternofstaining;ontheotherhand,0.01M Napintheincubating

medium suppresseditasitdidthelysosomalreaction.

Perfusionwithamixtureofformaldehydeandglutaraldehydefor2min or

longersuppressedboththespeci五cmitochondrialactivity,asdemonstratedwith

formaldehyde丘Ⅹation,andtheperinuclearreaction,asobservedwithglutaraldehyde

perfusion,andonlylysosomalstainingoccurred.

Electronmicroscopicfindings:Intissuesperfusedwithformaldehydefor30min,the

丘nalproductofOCTactivity,leadphosphate,wasdistributedinthemitochondrial

matrixofthehepatocytes.Intheintenselyreactivecells,themitochondrialmatrix

was負lledwithelectron-opaque丘neproducts,andunstainedcristaeremainedin

theseprodu.cts(Fig.8).Sometimesnonspeci丘cstainingoccurredintheendoplasmic
reticulum andnuclearmembrane.Inthemoderatelyreactivecells,thelocalization

wasdiscreteandspottyinthematrixandtheproductsometimesaggregatedon

thesurfaceofpartsofthecristaeasindicatedintheearlierpaper(4)(Figs.9and

10).NoreactionwasnotedinthemitochondriaofKupffercells,epithelium ofbile

ductsorendothelium ofbloodvessels.A nonspeci丘cprecipitateofleadphosphate



- 4- Bull.ChestDis.Res.Inst.,KyotoUniv.

wasobservedinthelysosomesinvariousdegreesofintensity.Aperfusiontime

oflessthan20minwithformaldehydeisnotrecommended,sincecellularfinestruc-

tureswereverypoorlypreserved.

Intissuesperfusedwithglutaraldehydefor215min,cellularfinestructures

werepreservedbetterthanwithformaldehyde-perfusionfor30min.However,no

orminimum OCTactivitywasdemonstratedinthemitochondria,anddepositsof

leadphosphatewerepresentintheendoplasmicreticulum andnuclearenvelopes

(Fig.ll).SomesmallvesiclesclosedtotheGolgiapparatusalsocontainedthe

activity(Fig.12).Thisstainingwasalsoobservedinthecontrolsectionsinthe

Lornithineomittedmedium (Fig.12),andabolishedby0.01M NaFpresentinthe

incubatingmedium orbyheattreatment.

Withtheperfusionwithamixtureofformaldehydeandglutaraldehyde,only

thelysosomalreactionwasnoted.

DISCUSSION

Theusefulnessandmeritsofvascularperfusionofaldehyde丘Ⅹativeasaway

ofpreservingtissue丘nestructuresforelectronmicroscopyhavebeendescribedin

detailbyPease(8).Ericssondemonstratedglucose-6-phosphataseactivity,anun-

stableenzyme,intheliverafterbriefperfusionofglutaraldehydethroughtheportal

vein(1).Ornithinecarbamoyltransferaseisalsorelativelysensitiveto丘Ⅹatives

exceptforacetone,and,inaddition,theliverisoneofthetissuesintowhich丘Ⅹa･

tivescanhardlypenetrate.Thelackofuniformityofhistochemicalresultsfor

OCT activityseemstobeduemostlytoincompleteorexcessive丘Ⅹationwith

formaldehyde.Theresultsofthepresentstudiessuggestthatformaldehyde-per-

fusionthroughtheportalveincanovercomethedisadvantages.Adequateperfusion

timewas30minfollowedbywashingovernightinbuffersolution.

Thespeci丘CityoftheuniquelylocalizingmitochondrialreactionforOCT ac-

tivityhasbeendiscussedinearlierstudies(4),andthepresentstudyconfirmedits

intramitochondriallocalization,i.e.matrix.

Perfusionwitheitherglutaraldehydeoramixtureofformaldehydeandglutar-

aldehydewasnoteffectiveforthedemonstrationofOCT activity.Itwasan

unexpected丘ndingthatmoderatestainingoccurredintheendoplasmicreticulum

andnuclearenvelopebutnoneoronlyveryslightstaininginthemitochondriawith

briefglutaraldehyde-perfusion.ThisextramitochondrialreactionwasnotbyOCT

activiysinceitwasalsoobtainedintheabsenceofL-ornithineintheincubating

medium.Therearethreepossibleexplanationsforthisreaction;1)nonenzymatic

stainingcausedbyspontaneousdecompositionofcarbamoylphosphate;2)nonspeci丘c

enzymatichydrolysisofcarbamoylphosphate,probablybyacidphosphataseinthe

lysosomesandotherorganelles;3)speci丘cenzymatichydrolysissuchasbyglucose

-6-phosphataseoracetylphosphatase.Theproblem oflead-CatalyzedhydrolysIS

ofcarbamoylphosphateandadenosinetriphosphatehasalreadybeendiscussed(4,
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5,6,7and9).Inthepresentcase,thefirstpossibilitycanbeexcludedsincethe

stainingreactionwassuppressedbylongerfiXationwithglutaraldehydeorbybrief

fixation with a mixture offormaldehyde and glutaraldehyde,bythe addition of

0.01M NaF to the incubating medium,and by heattreatmentofthe sections.

These Bndingssuggest,rather,anenzymaticreaction,andfurther investigations

areunderwaytoexplainthisreaction.

SUMMARY

Rat liver was perfused with formaldehyde,glutaraldehyde or amixtureof

formaldehyde and glutaraldehydeforavarious periodsoftimefrom 2to60min;

thesectionswerestainedforol･nithinecarbamoyltransferaseactivityandexamined

bylightandelectronmicroscopy. Intheformaldehyde-perfusedsectionsfor30min

thespeci丘cenzyme activity wasdemonstrated in the matrix ofthehepatocytes,

and these sectionsgavemore reliableresultsthanthoseofroutinelyfixed slices.

Afterbriefperfusionwithglutaraldehyde,the specific mitochondrialreaction was

almostabolished,buttheendoplasmicreticulum andnuclearenvelopewerestained.

Furtherstudiesareunderwaytoinvestigatethelatterstaining. Themixtureof2

aldehydesresultedindemonstrationofthelysosomalreactiononly.
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LEGENDS

Figs.ト7.Lightmicrographs.

Fig.1 Formaldehyde-perfused ratliverfor30min. Thesectionwasincubated for
15minat180CforOCT activity. Markedactivityisshownparticularlyatthe
periportalarea.(G)indicatestheGlisson'scapsule. ×100

Fig.2 Highermagni丘cation ofFigure1isshown･ Finegranularandrod shaped
reactionproductdistributesevenlythroughoutprotoplasm ofthehepatocytes,
suggestingmitochondrialstaining. ×1,000

Fig.3 Relatively lessintensereactionareshown･ Moderatemitochondrialreaction
andmoreintenselysosomalstainingareobserved. ×1,000

Fig.4 A controlexperiment. ThesectionobtainedfromformaldehydelPerfusedtissue
for30minwasincubatedfor15mininthemediumfromwhichL-ornithinewas

omitted. Thereactionisobservedinthelysosomesbutnotinthemitochon-
drialareas.(K)showsareactionoftheKupffercell. ×1,000

Fig.5 Glutaraldehyde-perfused ratliverfor2min. Thesection wasincubated for
15minat180CforOCT activity. Moderatelysosomalreactionandslightor
moderate perinuclearstaining arenoted,butno mitochondrialstaining is
shown. ×100

Fig.6 Highermagnification ofFigure5isshown. Diffuseorfilamentousstaining,
particularly attheperinuclearareas,isdemonstratedandthenuclearmem-
branesarealsostained. ×1.000

Fig.7 Glutaraldehyde-perfusedsectionwasincubatedfor15mininthecontrolmedium
asFigure4. ThepatternsofstainingdidnotalterascomparedwithFigure6.
×1,000

Figs.8-12.Electronmicrographs.

Fig.8 Formaldehyde-perfused tissuefor30min. The30IL,frozensection wasincu-
batedfor15minat180CfortheOCT activity. Themitochondrialmatrixof
a hepatocyte is別led with thereaction productandunstained cristae are
observed. Lysosomes(L)arealsomarkedlystained. ×50,000

Fig.9 Identicaltreatmentwith Figure8. Less intense mitochondrialreaction is
shown. Finegranulardepositsdistributedevenlyinthematrix. ×37,500

Fig.10 SameasFigure9. Noactivityisnotedintheendoplasmicreticulum (E)and
bilecanalcules(B). ×25,000

Fig.ll Glutaraldehyde-perfusedtissuesfor2min. The30〟.sectionwasincubatedfor
15mininthestandardmedium forOCT. Noorveryslightactivityisshown
inthemitochondria. Thereactionoccurredinmostoftheendoplasmic reti-
culum andnuclearenvelope. ×12,500

Fig.12 Glutaradehydeperfusedsectionwasincubatedfor15mininthecontrolmedium

asFigure4. Noreaction productisobserved inthemitochondria,butthe
endoplasmic reticulum and smallvesiclesclosedtotheGolgiapparatus(G)
containtheproducts. ×37,500


