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Abstraeも   

1nordertoin＼・CStigatethesさ・mptOmSandhist、OPathoIogicalehangesor＼－italllillEdeficiencyill  

al11agOSalnlOn．Oncorh）・17ChELSrhodzLn‘S，tⅥ・Opurifieddiets＼＼▼ithor＼＼，ithoutsupplementoト100mg  

v如minE（α・たOCOpheroユ）perkgofdま朗1Verea血血ist8r¢dtofishror22weebinrlowまnぎーWaもer  

Elqual・ia．＾1・ecO＼reryeXpel・iment≠・aSthenl）erfol1111ed．feedingthederieientfish、、▼ith a colnPIcle  

dietrol・い1erO1loⅥ・ing‘l＼Veeks．Derieicnしrish sho＼Vedlo＼＼・CraPPetitc，reduced gro＼＼・Lh ratc and  

mildan【lemin．1io≠・e＼・el・．thesul・＼永Ellratc＼＼・11SnOtSigniricantl〉・dirferent from that o（controIs．  

Theli＼・CrOfl110St fish displayed focalntrophic hcpELtOCytCS、、▼itlldilated sinusoids．multifocnl  

necrosis，PCril，flSeulitis8ndilユsopericholangitis．l】lrish、、，ith these hepntielcsions．T）el・iarteritis  

＼＼raS OCCaSionau），Observedin the submucosEtlaycr orintcstinc、Thesc changcs ≠▼ere CleElrly  

re＼・erSedalLhecndofrcco＼・Cr〉′Period．NosignorlllyOPathynndceroidosisw王ISrOund．  

Keywards：Amagosalmon，VitamirlEderici紺Cy，Hisもopathology  

1ntroduction  

VitaminE．alipophilical－tioxidant．runctionstogetherwithseleniumandascorbicaeidintheenzyrne  

glutathioncperoxidascol・SuPerOXidedismustasetoinhibitthechainreactionsofpolyunsaturatedratty  

acidperoxidation．1t＼＼・EISrOundthatvitaminElocalizedinbiologicalmembranesinhibitsperoxidation  

ormembrane－boun（11ipidsIL：、．Thus，Eldielary requil，ement for＼，itamin E has been demonstratedin  

chinoolくSalmon．OncoT・hユL・TIC／…StSChaLU）・tSChc［ユ）．earp．C）：PT・iTZuSCOrPtOIL＝．ehannelcatfish，IctcLl！LruS  

p㍑托ご£α£㍑ざ…），Atlantic salmon，蝕ヱmoぷα～αrg），rainbow trout OJもCOrゐッ花C加∂mツゐ£さβ1仇Ⅲ 損apla， I  

Oreoc）zromisl最oLicl［SL：、and blue tilapia．0．nLLrCtLSユタ＼The rcpol・ted requirements orヾitamin E rol・  

maximumgrowthandprc＼・entionofgrossdeficienc），Signsvar）†from20－300mg／kgofdietdepending  

largelyonthefishspecies．Thisrequil・ementincreased“！henfishwere［ed with dietscontaininghigher  

l郡els of polyunsaもぴated fatty acids…】j・15） and peroxidizedlipids6・…〉・Pathologlealchanges  
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assoeiatedwi払vitaminEdeficiencyofanimalsweremainlycharacteriz母dbymyopatby（ニmuscular  

dystrophy）ofstriatedmuscle，yellowfaい封seaseanderythroc錘fragility…19〉．pathologicalchan酢S  

usually d帥elopedinもh¢eaSeS Orfeeding on diets added with peroxidi2edlipids resul血gin血e  

OCeurreneeOrS即ere myOpatby，CerOidosis and haemoiysIS18・2¢‾22）・Howev倶㍉there are also r叩OrtS  

ShowlngSeVeremyOpathyinfishfedwithvitaminEdeficientdietscontainlngnOn・OXidizedlipidsatlow  

watertemperatures）（・：即   

Amagosalmonisoneoftheimportanteulturlngfishspreadwidelyinthewes如nr曙10nSOfJapan，  

andthestudyonvitamin王；defici¢neyinthisspecieshasneverbeenreportedalthou紳othersalmonids  

rishwere雨udied・hthisstudy，grOWれhaematology・andclinicalandhistopathologlCalsignswere  

examin¢dinvitaminEdeぎici純七色magOSalmon・Thetakendatashouldもeu＄efulror払¢d研elopmentor  

Culturalmanagement．  

Materials and Methods  

l・ダ£β九，diめ，grO∽∠九ゐαemαねわgyα花d九ig£叩αと加わgッ   

でheamagosalmonus6dinthissもudy椚ご¢hatchedinalaboratoryortheNaもionalResearchIn8机ute  

OfAquaeultur8（でamakトcho，Mie）undereontrolledconditions．Aもfirstreedingthefishwerefedwiもh  

aeommercialdiet・でhen the rish（m組n body weig損2．9g）were dividedintoもwo dietary groups  

（conけOianddericient）withtwo replieates，¢aCh or45rまshin aquaria（0．2×0．5×0．38m）with a  

rlow－throughsyst¢m（16・5－17，0℃）．でheconけ01groupswerefedanuもrまtionallycompleもeeaseindi如  

（でablel）containing400mgvitaminE（α・ぬcopherol）kg鵬【0…ietwhま1ethede翫ienもgroups椚refed  

thesamedietwithoutsuppl◎mentOfviもamin軋Thedi雨aryoils，uSedinthissもudywerelinolenicacid  

methylesterandlinolicacidmethylester・andthebothwerefreeofperoxidesand a－tOCOpheroi．Fish  

WerefedtosaもねもionもWiceaday・Externalsignsandもhenumberofd飽dfishweremoniも∝8ddaily  

throughtheexperimentalperiod・Toevaluategrowth，ailfi＄hfromvitaminEdeficientgroupsand  

COntrOlgl・OupS Were CO11ected at two weekin一  

触vals・aneSth飢izedinaO・01％aqueoussolu－ TablelCompositionor伽complete（control）  

tionortrieaineandindividuallyweighed．Afもer  

22weei；S，thefeeding t臨t WaS COnCluded and  

fivefishfrornonecontr01groupandfrom each  

r叩1まeationofderieienもgroups耶rerandomly  

Selected for haematological test and  

histopathologicalstudy．lnaddition．oneofthe  

defieient gでOupS WaS glVenも玩nuもriもionally  

eompleもe diet（でablel）払r the followi咽4  

WeelくS tOinvestigate reco＼・ery as＼Ve11as the  

COntrOl・Atthe end ofreco＼・ery test，five fish  

鉦om each reeovery and controlgroup wer¢  

Sampl¢d agaln for bistopa払0logicalstudy・  

The methodology for haematological and 

histologicalstudyusedin thisexperiment was  

もesもdietforamago5almon  

Ingredient  PellCentage Ordict  

Vitamin－free casein  

Cellulose flour  

Dexもrin  

Palmitic acid methylesteI・  6．00  

Linolic acid rneth）・1ester1  0．50  

Linolenic acid methyl esterl O．50  

Amino acid mixture：  5．28  

Carboxymet恒rlce11ulose  5．00  

Vitamin mixture2  4．50  

Min¢ralmixture2  4．00  

lFr¢¢Or Vitamin E  

2 composition8Sdeseribed by Taveekijakarn eとα～．封）   
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thesameasdeseribedbyTavee輌akarne£αg．2j〉．  

2．励α£gぶ如α£proee血reβ   

Toevaluatestaもisticaldifrerences（P＜0．05）amongtr組tm¢ntmeanSforgrowれ feed conversion  

ratio，andha¢maも01咽1Calda払Student’s藍・teStWaSuSed・  

Results   

l．Gro山／＝md川0抽班わ   

A鉦er4weeks，thefishredonviはminE鉦eedま¢tb曙antOlos¢払扇rappetまもeresultinglnaS唱nirieanも  

decrea8einav紺ageもodyw扇ghtattheendor血即叩erまmentalperiod（Fig・1）・でheseav訂age耶re  

22．2and26．5ginthed班eま¢ntgrOupSand弧2一部・7gまnthecontrolgroups・Th¢d¢rie通ntgroupshadno  

s唱最鮎anもdi触enceincumula由¢mOrね1ityeomparedも0血eo油01s・Deriごi¢nCySymptOmSSuehas  

eonvulsion即muSeularatrophywerenotobserved－ Duri喝軌e recov¢ry perまod，rish displayed an  

increaseinappetiteandnomortalities・  

2．月bemαねヱogッ   

The mean haematologicalvalues for each blood  

parame紬r are showninでable2．Arもer22w¢eks，  

haemo官lobinand baematocriもeontent were slgnirま・  

cantlylowerinthedeficientgroups・Theseresultsare  

concurrentwiththedecreaseinRBCvaluealthoughno  

statisticaldifferenceヽ＼▼aSnOted．This mayindicate a  

tendency to anaemiair deficiency period was pro－  

longed．  

3，ガ王g£opα£九0ね幻′   

Histologicalchanges、VereOnlyfoundinliverofthe  

fishfed＼＼▼ithaYitaminEfreediet．The changes most  

frequen七1y observed were rocalもO di翫se necrotic  

lesionsofh叩aぬCyt¢S（yig．2a），distributedamong  

atrophicornormalhepatまcparenchyma．肌thまnもhe  

necroticfoclもberewerebepatoeyもes wiもh vaeuolized  

cytoplasmorkaryopyknosis，まnfi抽aもedmaerophages，  

n◎Wlyrormedeollagen鎧bersandfibrinousexudat臥  

Thesenecroticlesionswereal＼VaySSCatteredthrough－  

outtbeparenchymaandmorewid¢lydistribtlもedin  

liverwiぬsignsofp◎rまarteritis，perivaeulitisandper  

leholan官itis，Whieb畠bo椚d disorient乱tまon of sur・  

roundまngconnectiveもissu¢andin仙ratedbyinflam・  

matory cells（yig．2b）．However，early necrotic  
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Feedingperiod（Weeks）  

アig．1Growtheurvesforamagosalmonf¢d  

aviぬminEdefieienもdiet（openand  

closed circles）．Controlgroups of  

fish were fed the same diet supple－  
ment¢dwi払400mgvitaminEkg‾10f  

diet（openandelosed8quared）and  

the reeovery group（elosed eirele）  

＼VaS also fed thesame complete diet  
fromweek22toweek26．   



20  PaveenaTAVBEKJJAKARN，でeruoMヱYAZAK‡，MasakiMAT＄UMO－rOandShi卵ruARAl  

Table2 HaematologicalparalnenterS（mean±SE）oramago  

salmon fed a eomplete test diet（CTD）01・a＼・itamin  

E dericient diet（EDD）arteI・22weeks  

Feeding exarnination 誉aematolog・1eal  

parameters  CTD  EDD－1  EDD－2  

RBC（10ヰmm‾り  

Hb（g d「り  

Ht（％）  

MCH（開）  

MCV（〃m3）  

MCモiC（％）  

110．0土7．4   

9，1：ヒ0．2●  

33．7±2．2●  

84．3±6．3  

310．2±11．3  

27．4土1．6  

116．0±5．2  

10，3土0．4  

40．5士1．2  

89．4士2．7  

352．1±11．6  

25．5土1．1  

106．6±5．8   

8．4±0．3■  

33．3±2．5●  

79．8±4．5  

312．4±14．4  

25．7±1．9  

Mean that aresignificantiy different（p＜0．05）from those of controiareindicated by asterisk．  

lesionswereseennearoradjacenttofocalperivascularnecrosis．AtTOPhichepatocytes withcompact  

cytoplasm were also observed．Sinusoid between atrophied hepEltOCyteS Were dilated and partly  

infilもraも¢dbylooseぎibでOuSもissue（ぎig．2e）．でh蔦S◎S飢¢reebar噌eSW昏refo11ndinfまveoぎten鮎hwhilethe  

Otherfishonユyshowedsmallfocalperi、・aSCularinflammationaccompaniedbyslightfocalnecroticand  

atrophichepatocytes．   

Additionally，infishsho＼Vingseverechangesinliver．theconnectivetissuesurroundingbloodvessels  

inthesubmucosal且yerLOfintestineorp）1loriccaeca＼VaSalwaysdamagedandinfiltratedb〉・inflamma－  

わrycellさ（Fig・．餌），Whereas，muCO5alepitheliumwasstillnormal．Onlyslightn¢erOSisofredmuseie  

fibcrsⅥrithinfiltratedmacrophageswasfoundinsomefish＼Vhilenomyopathychangewasobservedin  

thewhite musculature．Moreover．neither haemosiderin norcel、Oid deposition＼＼rere nOticedinli、・er．  

SPleen orkidney as、、′ellas no pathologicalsignindicating yellow fatin the adipose tissues of all  

deficientsamples．   

Abo＼，eChanges＼VereObviouslyreversedafter4＼VeelくSOffeedinganutritionallycoェnpletedietexcepting  

thelivel・thatsho＼Vedonlymi1datrophiehepatoc）▼teSaSSOCiated、Vithsmallgmnulomatouslesionsinthe  

parenchymaand＼＼▼ithintheconnectivetissuesurroundingintl、ahepaticbileduct．arteriesandveins．  

Discussion   

Inthisstudy on amagosalmon．there、＼・aS nO、・isualdorsalatrophy associating with myopathy  

（＝muSeular dysもmphy）ehanges of white musculature al払ougb the red museulaもWe had slight  

necrosis．ThisfindingwasdifferentfrornAtlanticsalmon，rainbowtrout－COmmOnCarp．Channelcat－  

fish．andmammalsfedYitaminE－freediets．Amongthemtheoccurrenceofmyopathy＼VaSanindication  

ofviぬminEdegieieneyj・8・＝凰払出〉 ．co耶ye£α～．1る）andMeLougbline£αヱ．弱）reportedseveremyopathyin  

rainbo＼＼・trOutfedwithYitaminEdeficientdietscontainingrreshoilat＼Vater teInPeratureS from6to12  

℃．Tbeyconeludedtbatlowwatertemperaもur◎mightbeanimpor七色n七飯etorまnproducing払eviぬmin  

Eresponsivemyopa払y．アurもbermore．s叩pOrtedworkbyHaze128〉showedthatpolylユnSaturatedfatty   
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Fig．2Ilistologiealehangesof＼TitaminE deficient fish Elfter22weeks．a：Liversho＼Ved  

focalnecrosisconもainingneerotまch叩aもOCyteSWithvaeuolesineyもOplasm（Ⅴ）or  
pyknotic nuelQま（arro耶）（AZ，bar＝20 〟m），b：Hepaもicもriad display¢d  
disorientation of surrounding conneeti＼・elissue＼＼▼hich＼＼一Creinfilt・rated by  

まnflammato叩Cells（S）（AZ，barニ40〝m）▲ B＝もileduct；A＝artery；ⅤごpOrtal  

vein．c：In arrectedliver，at柑phicllepatOCyteS（arrows）accompanied with  
dilated sintlSOid（S）ヽ＼・erC uSunlly found and partlyillfiltarte（lb），loose fibrous  

tissue（ノ＼Z．bar＝：101Lm）．d：Thefishwithse＼・erelesionsinli＼，er，thealltery（A）  

Withinsubmucosnユfl）TPZIOfintesti11eSho＼Vedperial・teritis＼Vhichwerei】1filtl・atedby  

macrophages（arrows）（H＆軋barニ20甘m），MニニmuCOSalayer．  
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acidcon七enもofthecellmembranesofraまnbowもmutsユgnirican栂1nCre魚島edat5℃eomparQdtoaも20℃．  

AninellCaSCdeontentorpolさ▼unSElturatP〔1fattyacidsintllCぐOllmenlbrancswEISlilくelさ，1、O be flSSOCiate〔1  

＼＼1ith Elnincrcasedlでquiremcntfor＼・ittlmin E to Tnaintnil－theintegr恒・Of tlleIllembrancs．1n othcl・  

reports，rainbowtmutfryheldat150candr¢dwi汰vitami】1Efreedi如addedwithorwithoutoxidized  

Oildidnotdevelopmyopathiclesionsalthough抽eyshowedanincreas¢まnerythrocyt¢rragilityanda  

decr8aSeinha¢maもOCr主も1川27）．SoitmightbeeonsideredpossまblethatilO即idenceof＄即eremyOpathyin  

amagosalmonwasdueぬで飽ringlnahig・hwaも¢rtemperaもure．   

Ontheoth¢rhand，amag・OSaimonfedもileVitamin苫イre¢dietdisplayedilepatOCyもicchangessuch as  

fttrOPh）・．nCerOSis．DndperivEICHliLisinli＼・er．ThesamellCPntOC）▼tiencezICSis＼＼▼ereOnlylくnO＼＼丁】1inpig・＼＼・ith  

＼・itaminEnndscleIliumdcrieieneさ・’S、，howe＼・el㌧thisisthcfirstfindi11g・ofelevate〔＝川l〕Elticnecrosisinfish  

fedadiel、Vithoutsupplemcntofoxidized oilalld、・itELmin E．Moreover，dama8でd cellmembranes of  

hepatoc）rteS、、・el・ealsoroundilltigerpufferTcrFEいLgZ川Lt）1、∫pes．fe〔lonmoistpe】1etscontfLininghighle、，CIs  

oぎperoxidizedlip主dsandlowl糾elorviもamin丑望8）．でheseractswouldsug・geSもthatbepatocyteswere  

Sig・nificanも1ydama酢dbyautか0Ⅹida琉onoflipidseontaまnedinthemembraneandcyもOplasmunderthe  

conditio】10rVitnmi11Edificicney．Addjtio】1ally．there fu・e repOrt・S Sho＼＼▼ing occul・l・eTICC Orhepatocytic  

CerOidosisinrainbowtroutandbluetilapia，Whichwerefedwithdietscontaininghig・hleveloflipidor  

raneidbrownmeal13・28血生曹〉 ．Th¢rainbowもroutwhichtookinrancidlipidsshowed eeroidosis or払e  

Vi紀eralorg・anSincluding・Cardiacmuscle，Sple紺，gillanddig・eSもiv¢traCもSaSWellasbepaもOCyteS．As  

menもionedabov¢，Visceraleeroidosiswouldnotbecaus¢dbysimplevまtaminEdeficiency，buもhighlevel  

oぎdま扇風rylipidperoxidesshouldeontribuもetotheoceurrenceofもhまslesionasmen払onedbyMまya笠aki20）1n  

thestudi¢SOnNutrまtionalMyopaもhySynかomeassociaもedwi払Ⅴま紘minEdericiencyandまntakeorrancid  

oilsineulturedfish．  
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アマゴのどタミンE欠乏症に関する研究  

Paveena TAVEEKIJAKARN■，宮崎照雄■  
松本正樹＝，新井 茂…   

●三蔑大学生物資好学弘 ＝太陽化学株式会社基礎研究所   

＝国立益砥研究所（現住所：日本海区水産研究所）   

アマゴのどタミンE欠乏症の病徴および病理組織像を解明するために，ビタミンE欠乏症カゼイン飼料を作成し，  

アマゴ稚魚の飼育試験を行った。対膿区には完全カゼイン飼料を投与した。22週間の飼育の結果，欠乏区の魚は食  

欲軌鼠 成長不良 軽度な笈血を起こしたが敢著な鍵死はなかった。病理組織学的にほ肝臓に肝細胞の萎縮と巣状懐  

死，血管周囲炎と胆管周囲炎が観察され，これら肝臓に終審を持つ魚では腸管粘髄下織にも血管周囲炎が見られた。  

23週以降4週間完全カゼイン飼料の投与で回復試験を行なった結果，以上の欠乏魚の異常は消失していた。   




