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Toxicologiealexaminations of oxo】iIlic aci（王（OA）and naiidixic acid（NA）were  

perfoI・med at overdose5Six and twenty times the standard dosein ye1lowtajl，ふ汀ね友  

耶朝W脚Ⅶ抜沌．Examined do＄eS Of OA were60mg and120mg／Kg／day and do5eS  

of NA weI・e120mg and400mg／Kg／day．′rhe dosing period was seven days and the  

recovery period which fol】owed was fourteen days．  

′rhe side・effectsin fish dosed with OÅand NA wereloss of appetite and dark  

body discoloration．The effects of OA and NA on the hematology were appearance  

of macrocytic erythrocytes and oecul・renCe Ofmacroeytic anemia．The effeets of OA  

and NA on the histopathoJogy were fat reduetion of hepatocytes and nephrosis，Which  

were severerin fish dosed with NA than OA．Thc hematolog主c＆ldataindicate that  

both OA and NAin】1ibit DNÅsynthesis of erthrob主asts oF the dosed fish．  

Key worこ‡s：tOXity，OXOlinie ac札nalidixic ac札yellolVtail  

Oxolinic acid（OA）and nalidixic ac主（l（NA）are synthetic antibacterialagents having  

a pyridopyrimidine ring an（lare effective against various Gram・negative bactcria patho・  

gcnic to cultured fishes（EGuSA1981）．Both OA and NA cause antibacterialactions to  

R factol・・Cal・rying bacteria，threrfore they areI・ecommended as second selecting drugs．  

They】1aVe prOpenSities to be 主nvoIvedin problems of overdose because they evokedrug  

resistant mutants soon during or after the medication．   

In this study，the toxicity of OA was cxamined at overdoses six and twenty times  

the standard dosein yellowtail，Seriola auiT！q，ueradiaia because OAis of use against  

infection with Pasleurelh！Piscicidain cultured ye1lowtail．The toxicity of NA was also  

examined at overdoses as a reference dI・U嶋because NAis not permitted to be used for  

treatrnent of any diseasesin yellowtail．The present papel、descridcs the side・effects  

of the drugs and the hematoiogicalabnormalities and histopathology of the dosed fish．  

MateriaIs and Methods   

Drugs and Fish  

▲Nippon Veterinary and ZooteぐhnicalCollege．   
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Examineddrugswereoxolinic acid（OA）  

（Tanabe PharmaceuticalCo．，Ltd）and  

na王idixic acid（NA）（DaiichiPharmaceuticai  

Co．，Ltd）asa reference drug（Fig，1）．In  

Order to examine their toxicity，doses were  

Set at Six and twenty times the standard  

dose．Dose5 0f OA were 60mg（OA…6）  

and120mg（OA鵬20）per Kg ofbodyweight  

per day．Doses ofNAwere120mg（NA仰6）  

and400mg（NA－20）per Kgof body weiめt  

perday．200yeiIowtaiI毎veragebodyweight  

450g）were keptin separate net cages for  

eacl】dose of（lrug an（lfol、COntrOl．The  

drug was mixedin mincedJapanese anchovy  

with O．5％of dinder（MeijiConfectionery  

Co．，Ltd）．Drtlg administrationwasperfor・  
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Fig．1 Chemicalstructure of oxolinic aei（】  

and nalidixic aei（i．  

‡れed daily by free feeding at a feeding  

ratio of15％．The administration period was seven days and thel、eCOVery period of  

fourteen days followed（December6to26，1983）．Sampling was performed on the first  

and fourteenth day after the dosing．Side・effects were daily observed throughout 仏e  

experimentalperiod．Water temperature was gradually decreased from240c to20．5塾C  

during the experimentalperiod．  

HematoIogicaland HistoJogicalExaminations  

EachlO fish were sampled from the dosed 那tOupS and the contI▼01group．On  

hematologicalexaminations，red blood ce＝ count（R，B，C．）（Clay Adams Co．，Ltd，  

Blood CellCounter），hematocrit（Ht），hemoglobin（Hb）（Clay Adams Co．，Ltd，Accu・Stat  

System）and serum protein（T．P．）（Clay Adams Co．，Ltd，Accu・StatSystem）weremeasured．  

Then，the mean corpuscular volume（M．C．V．）and mean corpuscular hemoglobin concenr  

tration（M．C．H．C．）were calculated．On histopathologicalexaminations，theliver，SPleen，  

kidney，digestive tracts，heart，brain，gills andlateralmusculature were observed with  

routine histologicalprocedures．  

Results   

l．Oxolinic acid   

l．Side－effects  

Fish dosed with OA－6and OA－20suffereda slightloss of appetitc，aCCOmpanied  

by dark body discoloration on the seventh day of dosing．These phenomena reeovered  

soonin the early recovery period（Tablel）．Weight gain of fish dosed with OA山6and  

OAw20was comparadle to that of the contro‡（Table2）．   
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2．Hemato10gy  

Control：R．B．C．was constant on both the first and fourteenthdays samples．Thc volume  

of erythrocytes was greater on the fourteenth day than on the first day，and the amount  

of T．P．was si卯ificantlyincreased on the fourteenth day（Tadleれ  

OAM6：On the first day after dosin臥 R．B．C．was quite comparable to the controI  

while erythrocytes became significant壬y macrocytic．T．P．was slightly reduced，COmPared  

with the control．On the fourteentllday of the recovery period，R．B．C，markedly  

decreasedin number and erythrocytes became normocytic and normochromic．T．P．was  

significantlyl・educed，eOmparedlVith the control（Table2）．  

OAM2O：On the first day after dosin凱 R．B．C．was relatively reduced and erythrocytes  

became markedly macrocytic．T．P．was greaterin amount than the control．On the  

fourteenth day of the recovery period，R．B．C．decreased significantlyindicating mac－  

rocytic hyperchromic anemia．T．P．was significantly reduced，COmpared with the control  

（Table2）．   

3．Histopathology  

OA－8：On the first and fourteenth days after dosing，fat reduction with atrophy of  

hepatocytes occurred to a s盲ight degreein theliver of most dosed fish．Hemosiderin  

depositionin macrophages was observedin the spleen of a11dosed fish．The magnitude  

of hemosiderosis was comparable to the control．There was no obvious pathoIc噌ical  

change resulting from the toxic effects of OAin the kidney，dige5tive tracts，heart，bmれ  

gills andlateralnluSCu】ature（Table4）．  

OAM20：On the first and fourteenth days，theliver mostly showed slight fat reduction  

with atrophy of hepatocytes（PlateI…4，IIMl）．The kidneyofa fewdosed fishshowed  

nephl、oSis characterized by hyaline droplet degeneration but the rest did not show any  

obviousindication of OA toxic effect（PlateI‡…2）．The spleen of a11fish showed  

hemosiderosisin comparable degrees to the control（PlateI巨3）．No toxic effect was  

observedin any otllel・OrganS eXamined（′rable4）．  

Il．Nalidixic acid   

l．Side－effects  

Fish dosed with both NA血6and NA仙20lost appetite on the third day of dosing．  

This became more severe day by day to complcteloss on the second day andlasted to  

the sixth dayin the recovery period，after which the appetite recovered．Dark body  

coloration accompanied theloss of appetite（Tablel）．Weght gain of fish dosed with  

bo沈L NA・喩6and NA山20wasless than that of the controlbut weight reductio11did not  

occur（Table3）．Oninternalexamination，theliver of most fish showed pale coloration  

on the first and fourteenth days after dosing．   

2．Hematology  

NA－＄：On the first day after dosing，R．臥C．was si脚if主eantly reduced，indicating  

occurrence of macrocytic normochromic anemia．The amount of T，P．was greater than   
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that of the controま．On the fourteenth day of thc recovery period，R．B．C．became  

COmparable to the controIwhiIe erythrocytes became significantly microcytic．T．P．was  

Significantly reduced，COmPared with the control（Table2）．  

NAp20：On the first day，R．B．C．was significantly reduced，indicating occurrence of  

macrocytic normochromic anemia．The amountof T．P．wa5greaterthan thatofthe control．  

On the fourteenth day，R．B．C．was reduced，indicating normocytic hyperchrornic anemia．  

T．P．wa5markediy decreased（Table3）．   

3．Histopathology  

NA－6：On the first day after dosir唱，theliver of allfish showed slight to severe fat  

reduction with atrophy of hepatocytes（PlateIl仙4）．Allkidneys observedshoIVed rlephrosis  

Characterized by hyaline droplet degeneration from a sIight to moderate degree（Plate  

【Ⅰ卜1）．Alispleens observed showed hemosiderosisindegrees comparable to the contl・Ol．  

Therel和S nO Obvious changeindicating toxic effectsin the any othe王・OrganS eXamined  

（Table5）．On the fourteenth day，fat reduction ofhepatocytes became slightto moderate  

in theliver of al重fish．The kidney of some fish sti11showed slight nephrosis．Allspleens  

observed showed hemosiderosisin degrees comparablc to the control．There was no  

toxic effectin the other organ5eXamined（Table5）．  

NA岬20：On the first day，theliver of a11fish showed slight to severe fat reduction  

with atrophy of hepatocytes（Plate王I卜2）．Mostkidneysshowed slight to rnoderate neph・  

rosis（PlateII卜3）．Allspleens showed hemosideI・OSis from a slight to severe degree  

（Plate［Ⅰ卜4）．On the fourteenth day，the severity of degeneration of hepatocytes and  

nephrosis was reducedin most fish．Au spleens showed hemosiderosisin degrees com・  

parable to the control．There was no toxic effectin the other organs examined（Table  

5）．  

Discussion  

Both oxolinic acid（OA）and nalidixic acid（NA）hav位 a pyl・idopyrimidine ring and  

inhibit multiplication of Gram・negative bacteria．OAismore activeininhibitingbacterial  

multiplication tharlNA．NAis more toxic to animals than OA．Itis recognized that  

both OA and NAinhibit DNA replication of bacteria（舟m．AS eZα～．1969）．8ecause the  

pyridopyrimidine ring of the drug disturbs DNA synthesis，teratOlog≦calexaminatiorlS Of  

NA have been performedin mammals（NIS11tURA elal．1971，SjrrO elal．1980）as wcll  

as studies made on the mutagenic activity（Sと王1RArrO】iIe£αg．1980）．The teratogenes；s  

and muta卵nic activity of NAin mammals were not obvious enqugh to be evaluated．  

As to the toxicologicalstudy of OA and NAin yellowtail，dosing fish with NA400  

mg／Kg／day resultedin macrocytic normochromic anemia after seven・day dosing．Dosing  

fish with NA120mg／Kg／day also showed a similar abnormaIity．Dosing fish with OA  

60and120mg／Kg／day did not exhibit an anemic condition though the erythrocytes  

were markedly macrocytic aftcr seven・day dosing．Fishdosed with OA120mg／Kg under・  

Went maCrOCytic anemia on the fcrurteenth day of the recovery period．Appearance of   
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macrocytic erythrocytes accompanied by anemia is hematologically due to deficiencies 

of vitamin B12and folic acid，and due to drugsinhiditing DNA synthesis（TAKA11ISA1978）．  

It can not beignored thatincreased demand of vitamins to metabolite the drug would  

evoke vitamin deficiencies．But OA and NA were acturally distributed at high concen，  

tionsin the kidney of dosed yellowtail（UENO elal．umpublished data）．Pyrimidinebioche・  

mically associates with DNA synthesis（MART王N elaL1983）．These factsindicate that  

both OA and NA caninhibit DNA synthesisin erythroblasts of fish，Thus，the toxic  

effects of OA and NA would resultin macrocytie anernia．Especiallyin fish dosed with  

OA．hematologicaldisturbances were worse orlthe fourteenth day than on the first day  

after dosing．Thisindicates that the elimination of OAis very slowin ye1lowtail．  

Therefore，disturbances of DNA syntlle5is by OA are assumed to occurin organs with  

active DNA synthesis，the same as hemopoietic tissue．The toxicologiealeffects of OA  

and NA on spermatogenesis and oogenesis willneed to be examinedin a further study．  

On histopathoIogicalexaminations，degeneration of hepatocytes and nephrosis occurred  

more severelyin fish dosed with NA than OA．These pa血0logicalchanges were recognized  

as manifestations of toxic effects of the drug on cells．NAwas found to be more toxic  

to cells than OA，COmParing fish administered with the same dose ofthe drugs．NA and  

OA have a propensity to evoke resistant mutants during therapy（ATLAS et al．1969）．  

This propen5ity would give rise to a problem of overdose during the、medication．8ut  

overdose must be avoided to prevent toxic effects of the drugs．  

This study w・aS SuppOrted by a grant・in・aid from the Agency of Fisheries．  
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Tab‡el．Side・eだects on feeding of dosed fish  

20  

Date   1 2  3  4  5  6  7  8  9 10 11   

Control  
OA － 6   － －   ＋  

OA － 20   － －  十  
NA－ 6   － －  ± 士 ± 十 ＋十  十＋ ＋＋ 十   
NA－ 20   一 －  ± 士 十 十 ＋十  十十＋ ＋＋ ＋   

Recovery period  
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ー：nOrmal．土：Slightly reduced．十：mOderately reduced，＋＋：reduced，＋＋＋：markedly reduced，  
Eighth day and twentyイirst day：nO feeding for sampling，  
OA－6：0Ⅹ0】inie aeid60mg／Kg13．W．／day，  
OA－20：120mg／Kg B．W．／day，  
NA－6：na王idixic acid120mg／Kg B．W．／day．  
NA－20：400mg／Kg B．W．／day．  

T感丸e2．Effect of oxolinie aeid on hematol帽y  

OA－20  

14t】lday  1stday   14t王Iday   1stday 董14thday   

10   10   10  

502   550   527   

307   318   307   

4．1±0．2  4．1±0．3＊  4．4士0．2   1stday           C．  10  10              ユ0   483  528        562   302  310        319   497±32．4  49ユ±30．4  487±3．2  舶9土28，4  475土3．0  427土19．1ホ   53．5士3．3  58．4±3．8  57．4±3．2  53．1士3．5  57．1士3．0  53．0±0．4   12．7±0．8  ユ4．5士1．1  13．0±0．8  13．5±1．6  13．2±0．8  14．0±0．7   107．9±4．6  118．9±1．8  118．2土6．0＊  118．7±5．6  1Zl．8±7．5＊  124，1±6．5   23．8士1．3   24一8士0．6   22．7士0．9  24．5±0．9  23．1±1．5  26．6±1．6   4．2±0．2  4．8±0．1        4．2±0．2＊   
Data：mean±S．Dり ＊：Significantly different from contro】data（pless than O．05）  
0Å－6：60mg／Kg B．Wノday，0Å－20：120mg／Kg B．W．／day，B．W∴body weight（g），  
B．L．：bodylength（mm），R．B，C．：red blood celIcount（Ⅹ10－1／mm3），fMlt：hematocrit（％）．  
Ilb；hemoglobin（g／dl），M．C．Ⅴ∴mean COrPuSCular volume（〟り，  
M．C．1LC．：mean COrpuSCu主ar hemoglot）in concentration（％），  
T．P．：tOtalproteinin serum（g／（11）．  

Tab暮e3．Effect of nalid呈Ⅹ；e acid on hematology  

Data：meall±S．Dり  
＊：Signficantly diHerent fl・On eOntrOldata（p】ess than O．05），  
NA－6：1201mg／Kg8．W．／day，  
NA－20：400mg／Kg B．W．／day．   
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Exp［anation of Platel  

Fig．1Liver of controlfish．H－E，X400．  

Fig．2 Kidney or controlfisll．㌻卜E，Ⅹ320．  

Fig．3 Spleen of contI・0】fish．Berlin bIue，Ⅹ320．  

Fig．3 Livel・Or fislldosed with OÅ－2（j，On first day after dosing．Hepatocytes show fat reduction  

wi血atroph〉r．王i－E，Ⅹ320．  

Explanation of Plate11  

F痩．1LiveI・Of fish dosed with OA【20，On fourteenth day ofl・eCOVerery pel★iod． Hepatocytes sl10W  

fat reduction wit】1atrOPhy．トトE，Ⅹ320．  

Fig．2 Kidney of fish dosed with OÅT20，Om first day払ftel・dosi哺．Nepbronsandhem（〉pOietic t王ssue  

do not show any c主1angeindicating toxie effect of OA．Ⅰ一卜E，Ⅹ320．  

Fig．3 SpIeen of fish do＄ed w汗h OA－20，0IlfiI・St day afとer dosillg．Hemosiderin（【li叩Iayed black〉  

depositionis comparal）le toモーIe COntrO】．Berlin blue，Ⅹ320．  

Fig．4‡。iver or fish dosed witllNA－6，Ollfirst day after（iosing．Atrol）hy of hepatocytesis severe．  

Il－E，Ⅹ320．  

Explanation of PLateIIl  

on first da）事arter doring，‡ヰya】ine dropletこIe那neI、ation（‡1）  

Ⅹ320．  

on fir5t day arとer do♀ing．Hepatocytes sholV faと reduction  

，  

Ⅹ320．  

on first da〉F arteI、dosing．Iiemosiderosisis comparable to  

Fig．1Kidney of fish dosed  

in tubular epitllelial  

Fig．2 1。iver of fis‡lく】osed  

with atrophy．トトE，  

Fig．3 Kidney of fish（losed  

in tubula貰・ePithelia主  

F癌．ヰ Splee】1如f摘1dosed  

w用INA－6，  

ce11s．H－払  

IVith NA－20，   

X320．  

前漉 NA叫20  

ぐl、‖ゝ．l】－1」  

＼＼・itllN．・＼一二三＝．  

the（三OmtrOl（p】zlt（き‡－3），Berlin blue，X32（〕．   
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Plate I   
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PLate11   
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Plate 川   




