
Buil，Fac．Fish．，Mie Univ．  

No．14：33m40  

Sepもember30．1987  

Phagocytic Response of Peritonea暮Exudate CelLs  

Of theJapanese Ee暮  

ag8inst 折か【わr〟血／斤c〟β  

Teruo MIYAZAKIand KeikichiKu】蒐ATA  

Faculty or FisheriQS，Mie University   

WesもudiedhistopathologlCalreaturesorもheJapaneseeelAr乙g比ggJαノαpO′lgCα  

that were experirnentally jnrected by theintraperitoneallnjeCもion wi沈atte－  

nuated and vまrulen七V～わrgo〃比～花げZc混ざ（3．2×107c】ざU／100g body weighり，and  

also sもudied the vitro phagocyもic activity of peritoneaiexudaもe cells（PEC）  

of eels，unVaCCinated and vaccinaもed withもhe sonicated bacterir），againsもthe  

viable bacもeria．Eelsもhat wereinrected with virulenもbacteria were moribund  

within24hrs，and showed the systemicinrecもion rollowed by necrosis and  

hemorrhageinvisceralo柑anS・EelsもhaもWereinrectedwま抽attenuatedbacteria  

survived for 7days and showed bacterialphagocytosis ofもhe periもOnealexu－  

date cells．and slight necrosis and hemorrhag：e Wiもh bacもerialinvasionsin  

もheintesもineonもheもhird day．  

PEC that wereinduced byintraperitoneallnjeCtion with proもease peptone  

soユution，COntained macrophages and neutrophils－ PEC of unvaccinated fish  

showed slightphag・OCyもOSis agairlStattenuaもed bacteriabutheavy phagocytosis  

andinもracyもOplasrnicmultiplicationofvirulenもbacもeria．PECofvaccinaもedfish  

displayedsignificantlyincreasedphagocyticactivltyag・alnSもattenuatedbactcria  

on the7th and14th days．でhey showed signiricantlyincreased phagocytic  

activity ag・aユnStVirulenもbacteriaonもhe14th day，and thepreventive activlty Of  

bacteria〕intracyもOPlasmic mul如1ication on7th day andit was s将niricanも1y  

increased on14もhday 
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Ⅵあ「わu昆g花げ£c昆ぶCauSeSVibriosisoftheJapaneseeelA堀昆g泡ノ叩OJl£cα（MulヰOGAe£αg・  

1976，M【YAZAiくIe£αJ．1977）．Histopathologicalfeatures of both naもuraland experim8ntal  

casesoぎthisvibrjosiswerecharacもerized byextensivebacteriaiinvasionsandmuユtiplication，  

edema，hemorrhage，tissue nocrosis and very poor rosponse ofinflammatory ce】1sin the  

lesions（MIYAZA】くIet al．1977，MiYAZAK11980）．On the other hand，eels that had been   
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VaCCinated by the sonicate of V．uulnげicus could resist the viable bacterialinjection and  

exhibited bacteria－phagocytosisofinflammatory ceiis（MIl′AZAKIand Ku13（〕′l、A1981），This  

resultindicated tllat phag・OCytic response ofiilflammatory cells was animporもant defence  

mechanismofcels・ThisstudyexaminedhistopathoioglCalfeaturesofeelsthatwerelnjected  

With atもenuated and v汗ulent strain of V．u昆g花げgcαぶ，and phagocytic response of peritoneal  

exudate ce11s of fish，unVaCCinated and vaccinated，against the attenuated and virulent  

bacteria．  

Materials and Methods   

Bacreriummmm 

Examined bacterium was Vibrio uulTLげicus ET－7617which was obtainedもhrough the  

COurteSy Of Professor K．MuROGA（11iroshima Uiliv．）．rrhe primary strain（attenuated  

strain）wassolessvirulencythatintraperiton組1iniectionwjththeviablebacteriaattherate  

Of35mgperlOO gbody weight of eelcould killthe fish within24hrs．The bacteria were  

passedsixtimesineelsand acquired thevirulenceasstrongastheintrap¢ritonealinjecもion  

attherateofO．5mgperlOO gbody weight of eelcouldl（illthefish within24hrs（viruient  

Strain）．Thebacteriawercgrownfor24hrsat2OOCinBHIagarplatesandbroth（Nissui）  

COntainir将1，5％NaCl．  

Fish   

JapaneseeelsweighinglOO－200gwereusedand heldin60laquariaat a water tempera－  

tureof23－25℃durjngtheexperiment．   

Bacterialinjection and vaccination  

Virulence of attenuated and virulent bacteria against eelwas evaluated as follows．  

Cultures of both attenuated and virulent bacteria were suspendod in sterilizcd saline and 

intraperitoneallyinjectedatもherateofO．5mg（3．2×107CFU／ml）p¢rlOO g bodyweightof  

eel・These experimentalfish were heldin aquaria and observed for7days at thelongest．  

To make tho sonicated bacterirl，the culture of viruient bacter・ia was washed three times  

Withsalinebycentrifuga七ionat3600rpm，and thepacked cQllsweighing300昭WerereSuS－  

PendedinlOmlsalineandthensonicated（Ultrasonicdisruptor，Tomy－Seiko）with30W／hr  

for20min．The sonicated bacterin was diluted with sterilized saline andintramuscularly  

injectedattherateof15曙／0．5mlaneel，  

CoHection of peritonealexudateceLIs   

2mloぎ10％proteasepeptonewasintraperiton組11yinjectedinto rishand after20hrs，  

theporitonealcavity waslVaShed carofu】1y with2mloぎcold sterilized saline ten times and  

peritonealexudatecells（PEC）werecollected bycentrifugationat1800f・pm aも4℃，for5  

mln．   
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Tablel．Methods to coilect peritonealexudaもe cells（PEC）  

Vaccination：IntramuscularinjectionwiもhsonicatedVibrioaもtherateof15mg／0・5  

mlarish（100－200g）  

J  

HoldingroI・1，3，7and14daysat23－250Cinaquaria  

↓   

Induction or PEC：Intraperitonealinjection wiもhlO％protease p叩tOne SOlution  

aもthe raもe or 2mla rish  

l  

Hoはing・rOr20hrsat23－250cinaquaria  

↓   

CollectionofPEC：InもraperiもOnealinjeCtionwiもh 2mlofsterilized cold saline and  

withdraⅥ′alor沈ecelトsuspendingsalinelOtimes  

↓  

WashingPECwithc01dsもerilizedsaiinandcenもrifugaもion（1800rpm，5minr）  
3times  

↓   

PhagocyもOSis：PECsuspensioninl・5mlofHank，ssoluもionandadditionofO・005mg  

ofviable Vibrio  

↓  

Incubation for3and24hrs at21℃  

J・  

CollectionandwashingofPECwithl．5mlofsもerilizedcoldsalineandcentrifugか  

tion（1800rpm，5min．）3tまmes，andcellsuspensioninsterilまzedcoldsaline  

J  

Smear．Fixationwithmethanol．StaまriingwithGiemsa．Observation．   

Col‡ection of peritonealexuぬte c甜＄   

2mloflO％proteasepeptonewasintraperitoneallyinjecもedinto fishandafter20hrs．  

th¢pOritonealcavitywaswash¢dcarefulユywiもh2mlofcoldsねrilized salineten timesa－1d  

periton¢alexudatecells（PEC）w即eCO11ectedbycentrifu卵tionat1800rpmat40c，for5min－  

When PEC contained erythrocytes，PEC were separated with HisもOPaque（1LO77density，  

Sまgma）andcentrifugation．PECwereresuspendedincoldsterilizedsalineandwashedwith  

centrifugationthreetimes・PECofonefishweresuspendedinl・5mlofcoldLIank’ssolution  

（pH7．2，Nissui）intwoがasstubes．   

Phagocytic那tivity of PEC   

PhagocyticactivityofPECwasevaluated asfoユlows．Viablebacteria（0・005mg，3・2×  
105CFU／ml）woreinoculatedintol，5mlofP】∃C susp8nSion．Aぎterincubationat20℃for  

3and24hrs，PEC were washed three times with sterilized cold saiino and centrifugation－  

PEC were resuspendedirltO COld saline，Smeared on siide glasses and after fixation with  
methanol，StainedwithGiemsaandPAS．Unfixcdspecimenweretreatedwith theperoxidase   
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reaction（Sato－Sekiyamethod）．Bacteria－1aderlCellswerecounted per500celjs of totaicell  

COunt undermicroscope．  

Histopathologicalexamination   

Eelsinjected with attenuated bacteria were killed on theもhird day and visceralorgans  

WerefixedwithlO％formalinsolution．Eelsinjectedwithviruientbacteriabecamemoribund  

between18and24hrsand themoribund fish weretaken up and visceralo柑anS Were fixed  

withlO％formalin solution．These specimens were thin－SeCtioned and stained with日食ma－  

toxylin－eOSin（H－E）andGiemsa．  

Res山ts  

Experimentalinfection  

EelslnjeCtedwithattenuatedbacteria showed slight hemorrhagein theinjected sites on  

theseconddayandsurvivedforatleast7days・Someofthem weretaken on thethird day  

andshowedpartialhemorrhagein thestomach，intestineand peritoneum．The stomach and  

intestine histopathologlCaily showed bacterialinvasions，hemorrhage and necrosisin the  

musclelayers and submucosa．The periもOnCum displayedinfiltration of bacteria－1adenin－  

flammatorycells（plateト1）．Theliver，Spleen，kidney，heartandgillshistopathologically  

Showednoevidenceofbacteriaiinvasionsandpathologicalchange．  

E¢1slnjected with virulent bactoriabecamemoribund between18and24ilrS displayi咽  

theswollen abdomen with hemorrhagein the surface，the prolapsed anus，eXtenSive hemor－  

rhageinthedigestivetractsandperitoneum，bloodyasciticfluid，aCOngeStedliver，aSWO11en  

SPleenandkidney・Theintestineextensively displayed bacterialinvasionsand multiplication  

in the musclelayers and submucosa，in which hemorrhage and necrosis were observed to  

involvethemusclelayer，Submucosaandvilli（Plateト2）．でhestomachextensivelyshowed  

bacterialinvasions，hemorrhage and necrosisin the musclelayers and submucosa，and  

Separationofthemucous叩ithelium－ThospleⅢWaSCOmpletely necrotized and hemorrh昭1C  

Withbacterialinvasions・Thelivershowedcongestionandatrophiedhepaticcells．Thekidney  

Showed necrosisinvolving glomeruli，renaltubules and hematopoietic tissue with bacterial  

invasions・Infiltratonofinflammatoryceliscouldnotbeobservedintheperitoneum．   

Phagocytosis of PEC   

PECcontainedneurtophilsandmacrophages．Bothcellsexhibited bacterialphagocytosis  

and the subsequent degeneration and destruction due tointracytoplasmic multiplicaもion of  

the bactoria when they wereinoculated with viable bacteria．Theevaluation of phagocytic  

activity of PECincluded the da七a of these two types of cells because these cells of the  

phagocyticconditionwereindisti咽uishable．  

When PEC of two unvaccinated controlfish wereinoculated with aもtenuated bacteria，  

5．8－7．2％of PEC phagocytized bactoria，in whichlto 4 bacterialcells were contained   
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after3hrsincubation（Plateト3）．The otherl．0－1．6′％ofPECshowed thedestructまon  

andintracytoplasmicmultiplicationofbacteria．After24hrsincubation，8・4－9・6％ofPEC  

displayedbacterialphagocytosisandtheother2．2p2．4％ofPECshowedthedestructionwith  

intracytoplasmicbact¢rialmultiplication（Table2），Pb昭OCyticactivityofPECoぞvaccinaレ  

edfishagalnStattenuatedbacteriawereshowninTable2・MostphagocyticPECincluded  

lto4bacterialcellsandevenafter24hrsincubation，destroyedPECwereinsmallnurnbeTS・  

Theirphagocyticactivitymarkedlyincreasedto16．4％onthe7th day and to24・2－25・4％  

onもhe14thday，andtherates ord聯nerated PEC tended to slightly decrはSQ On the14th  

daypostvaccination．  

T8blQ 2．Phagocyもicresponseorperitonealexudaもecells喝ainstviableVか£ou㍑g花漬c混ざ  

virulent strain  

3  

Strains  attenuated strain  

Incubaもion（hrs）  3  24  24  

恥2   翫．1  No．2  

100  

恥．2   No．1  No．2   No▲1  

5．8   8．4   9．6  18．2  

1．0   2．2   2．4  37．6  

Un＼・aCCinated fish  No．1   

Phag・OCytOSis  7．2†   

Destrucもion  l．6－  

馳2   No．1  No．2  

100  

No．1 ！ぬ2   No．1  

11．6  19．6  

3．6  35．0  

Vaccinaもed，1sもday  翫．1   

phagocytosまs  8．8   

Desもrucもic〉n  2．8  

随2  

No．2   No．1  No，2  

100  

甑2   随1  No．2   随1  

9．8  17．4  

2．0  22．2  

Vaccinated，3rd day No．1   

PhagocyもOSis  8．6   

Destruction  2．4  

随2   紬1  No．2  No，2   No．1  随2   軋1  Vaccinated，7th day No．1   

Ph昭OCytOSis  16．4   

Destructin  2．4  

17．0  24．4  20．8  

3．0  22．6  18．2  100  100  

No．2  No．1  No－2  No．1  恥．2  No．1  紬．2  

24．2  21．2  22．7  24．8  40．2  

0．4  2，2   1．4  15，2  16，4  100  100  

Vaccinated，14th day No．1   

Phagocytosis  25．4   

Desもruction  2．2  

＊：PerCentage Of cells．Cellcount：500cells  

＊＊：destruction or bacteriか1aden cells due to bacterialmulもiplicationin cells   
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When PECofan unvaccinatedcontrolfish wereinocuユatedwith virulentbacteria，thcy  

phagocytized many bacterialcells and were subsequently destroyed byintracytoplasmic  

multiplieation ofbactQria（plateト4）．18．2％0ぎPEC exhibited bacterialph昭OCytOSis  

andtheother7．6％ofPECweredestroyedafter3hrsincubationandallPECweredestroyed  

after24hrsincubation（で乱ble2）．Hank’s solution as m¢dium of PECchanged colorfrom  

pinktoyollowindicatingbacterialmultiplicationinthesolutionandacもuallymanybacteria  

WereObservedinthesrnearedspecimensafter3and24hrsincubation▲ Phagocyticactivityof  

PECofvaccinatedfishagainstvirulentbacteriawasshowninTahle2．工nthiscombination，  

thephagocyticac七ivitymostlyt¢nd¢dtobeconstantfromthelstto14thdaypostvaccination．  

However，theratesofdestroyedcellsdecr飽Sedto18．2％onth¢7thdayand15．2－16．4％on  

the14thdaypostvaccination（pl乱teト5）．  

Discussion  

In resulもS On eXperimentalinfection，eelslnjeCted with virulent bacteria became  

moribund between18and24hrs and showed systemicinfection followed by necrosis and  

hemorrhagein visc¢ralorgans．0n the other hand，eels thaもWereinjected with attenuated  

bacteriasurvived for atleast 7days and showed bacteria－phagocytosis of peritonealexu－  

datecellsintheperitoneumonthethirdday．Thisfindingindicatedthatperitonealexudate  

cells（PEC）phagocytized attenuated bacteria and prevented the systemic bacterialdis－  

Semination－ ResultsonphagocyticactivityofPECag・alnSt attenuated bacteria also showed  

Smallnumbers of bacteria－1aden PEC beingdestroyed by thebacterialmultiplication．These  

resultsindicatedthatattenuatedbacteriacouldnotmultiplyin PEC and failedin establish－  

1ngtheinfection・On theotherhand，although virulent bacteria might be phagocytized by  

PEC，thebacteriacouldmultiplyinsidethem，destroythemandestablishtheinfection．  

PECofvaccinatedfishshowedincreascdphagocyticactivityagainstattenuatedbacteria  

On the7th and14th days post vaccination．The rates of PEC phagocyti2ing virulent  

bacteriaweremostlyconstantaftervaccinationbuttheratioofdestroyedcellsslgnificantly  

decreased on the7th and14七h days post vaccination．These resultsindica七ed that PEC of  

VaCCinatedfishincreasedthephagocyticactivityandpreventiveactivity ofintracytoplasmic  

bacterialmultiplication on the7th to14th days．Phagocytic activity of bloodleukocytes  

and Pl‡C of vaccinated fishes wero examined between Edu）aTdsiella taTda andJapanese eel  

（SoNG and Kou1981），betweonノAeromo花αぶぶαgmOJl∠cよ血and rainbow trout（SAKAi1984），  

and between Vか£0α噂昆g～gαr㍑mand rainbow trouも（HoNI〕A eとαg．1985）．Sノ11くA】（1984）  

reportedthatPECofvaccinatedrainbowtroutdidnotshowanyevidenceofincreasedphagocy－  

ticactivityatleastafter 2weeks．HoNl〕Ae£αg．（1985）㌻叩Ortedthatmacroph喝OS（がass  

adherentce11s）which were provided from PEC and periphcralblood of vaccinated rainbow  

troutshowed theslgnificantlylnCreaSed activity ofphagocytosisaslongas 5wecks after．  

Theyalsodescribed thatinvaccinatedfish，SOmeprOteCtive reaction exceptingantibody and  

macrophagephagocytosis，COuld work toinhibit Vibrioinfection as fast asin one week．In   
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theまrstudy，neutrOphilswerQnOteXamined・Ontheoもh群hand，inourstudy，PECincluded  

both macrophages and neutrophils and th叩 Showed si卯ificantlyincr¢aSed preventive  

activiもy ofintracytoplasmic bacterialmultiplication on tbe7th day post vaccina七ion－  

M】YAZAK王etal，（1981）observedneutrophilsofvaccinatedeels acquiring Vibrio－Phagocytic  

activi七yintbetissues．Althou如itmightbedifficulttocompareresultsoneelandrainbow  

trout，thereisthepossibiliもythatneutrophilswillacttoinhibiもVibriosisbyth扇rphagocytosist  

The authors thank Prof¢SSOr K．MuROGA，Hiroshima University，for providing strain  

Of V．u昆～花げ加∂．  
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Expl8n白tion of PはteI  

Fig，1．PeritonealexudatecellsphagocytlZlngbacterialcellsinthepeTitoniumthaもat加uated  
bacteria werelnjected，Giemsa，Ⅹ800．  

Fig・2rInもestineinfectedby theintraperitor｝ealinjeCもion with virulenもbacteria・Theinもestine  

exhibまtedhemorrhageinthemusclelayer，andnecrosisinthemusclelayer，Submucos  
andvillま．払且Ⅹ80．  

Fig．3．Per玩on陀1exudaもe cells，isolated from unvaccinated fまsh，Phagocyti衰ng aもtenuated  
bacterialcells．Macrophage（bigcell）and neutriphils（smallercells）included oneto  
∫ourbacterialcells．Giemsa，Ⅹ800．  

Fig．4．Peritonealexudatecells，1SOlatedfromunvaccinatedfish，Phagocytizing・Virulentbacte－  
rialcells．Theyshoweddestructionwithまntracytoplasmicbacもerialmultiplication・The  
typeoreachcellwasindistinguishable．Giema，Ⅹ800．  

Fig．5．PeriもOnealexudatecells，isolatedfromvaccinaもedrishonthe14血daypostvaccination，  
phagocytizlng・Ⅴまrulenもbacも肝ialcells．Alもhou如bac七eriamultipliedinneuもmphils，the  

cellswerestable．Giemsa，Ⅹ800．   
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