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A Study On the Metabolic Fate of Oxolinic Acid,
a Synthetic Antibacterial Agent, in Cultured Fishes

Noriko Ishida

Abstract: The fish culture industry showed remarkable development in Japan in
the past thirty years. Due to water pollution and an increase in stocking density of
fish being cultured, the frequency and intensity of the infectious diseases in the fish
farms are still on the rise, and many kinds of drugs are used for chemotherapy.
After drug application, a special regulation by the government of Japan is impos-
ed only for the following seven species; yellowtail, red sea bream, coho salmon, rain-
bow trout, Japanese eel, carp, and sweet fish, whose annual production exceeds
10,000 tons. At present, utilization of drugs for the remaining species of fishes is not
under government regulation. Making the matter more complicated, the number and
volume of fish being cultured are increasing as divesification in people’s taste for
foodprogresses further. The present investigation was undertaken to elucidate the phar-
macokinetic characteristics of oxolinic acid (1-ethyl,4-dihydro—6,7-methylenedioxy—4—
oxo-3—quinoline carboxylic acid) after administration to fish in order to establish an -
effective therapeutic drug usage for various species which may show a different
response.

In Chapter II, the fate of orally administrated oxolinic acid to freshwater fishes
(rainbow trout, tilapia, Japanese eel, carp) and saltwater fishes (red sea bream,
Japanese mackerel, yellowtail, Japanese flounder) were examined. In general,
oxolinic acid appears to be retained at a lower concentration and for a shorter period
in the saltwater fishes than freshwater fishes.

In Chapter I, metabolites of oxolinic acid in the bile were analyzed. Unchanged
oxolinic acid and three glucuronides of oxolinic acid, 7-hydroxy derivative (7—
OHOA), and 6-hydroxy derivative (6-OHOA) were detected in the bile of the fre-
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shwater fishes examined. However, no detectable amount of glucuronides of oxolinic
acid was found in the bile of the saltwater fishes examined.

In Chapter IV, the biotransformation of oxolinic acid was studied. Carp treated
with PCB, an inducer of the microsomal monooxygenase (cytochrome P450s), was
used as the experimental animals. Free forms of 7-OHOA and 6-OHOA as well as a
catechole derivative (6,7-diOHOA) and its glucuronide were detected in the bile for
the first time. The formation of these mtabolites was confirmed in an in vitro
experiment usig the microsome and cytosol fractions prepared from the liver of PCB
treated carp.

Bassed on these findings, the metabolic pathway of oxolinic acid in fish was
assumed to be as follows: oxolinic acid taken into the bodies of fish was partly
biotransformed to 6,7-diOHOA by the microsomal monooxygenase, 6,7-diOHOA was
further metabolized to 7-OHOA or 6-OHOA, and these metabolites and the un-
changed drug were conjugated with glucuronic acid. Judging from type of the me-
tabolite and the concentrations in the bodies of fish, it was inferred that the differ-
ence in the retention time of oxolinic acid among the species of fish may be due, to
large extent, to the difference in the activity of the microsomal monooxygnase.

In Chapter V, the metabolic fate of oxolinic acid in the body of coho salmon and
rainbow trout which had been acclimated to saltwater were compared with those of
coho salmon and rainbow trout which were raised in fresh water. Oxolinic acid was
retained at a lower concentration and for a shorter period in the bodies of fishes
which had been acclimated to saltwater than in that of fishes raised in fresh water.
An experiment of intravascular injection of oxolinic acid showed thatA the excretory
rete of oxolinic acid was faster in saltwater fish than in freshwater fish.

These findings indicate that metabolic fate of oxolinic acid taken into bodies of
fish was affected not only by the activity of the microsomal monooxygenase as in the
case of mammal but also by the physiological function of fish such as the osmotic
regulation. These differences must be taken into consideration in drug prescription
for chemotherapy of fish diseases.
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BURMABEBREIERDON TV EOMBEETH 5, FEOHSRIHIBEEEZTIIE H PR
FWTOFEEFROTEHENCHY CE bHEETES 50, AT sERANEICET 3
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=1E adEghoFFv Y VBOERE

fEiEho++ ) VBB UORBMED T Ic~ s EEmHEc LB L, SHEKEs o
2 s —thicko - FREL

1.2 B8 /5 &
fretaey HREAELTCAFVY VB Q-2 FA-1,4-VE FO6,T-2F L vy ItF 4
AF V3% Y vAHNEVER (HIMERARHED) L2oBAR#AHTHS T-EFoF v
Q-2 FA-1,4-YE Fa-T-E Fad 62 rFo4-2FY-3-F/, Y v ANVEVRR;
7-OHOA) B U 6-t Fo* vk (I-xFN-1,4-YVk Fo-6-kt FaoFfv-T-2 bF 42+
v-3-% /) v ALK VE ; 6-OHOA) (WEFhbERIFITEKRRSHE) 2HV I (Fig.
1-1),

o] f'J o
COOH
0 2 CH,0 A, COOH HO A\ COOH
CHy | | |
No 'I‘ HO ?‘ CH,O \r

CaHs CoHs CoHg
Oxolinic acid -
(OA) 7-Hydroxy derivative 6-Hydroxy derivative
(7-OHOA) (6-OHOA)}

Fig. 1-1. Chemical structures of oxolinic acid and its metabolites.

BEROFFV YU VEBORRBEE A+ ) vBRIE Fig. 12 R TREFECE - TEE
oML, SHBREM gk Yoo 2 #»30ml £MA, ®Y Fo ik HRER,
3,000rpm T 10 SHRIECAEE L TEBARE UT, ARB) 287, MRORELHERY
BEL, Boh-EBEET<TEOLE TR T TEREE L, —F4, MEREOMbERAREC
BEERR T F ARV, MEREN0.5g 1< 1,715M U v ERiE&# (pH 6) 10m! LK UKFRR <
F U 25ml WA T 10 53R E 5%, HO5EEL (3,000rpm, 10 53D, EHEEIML 7o
EEOBES SEIITL, BohkAREA T NTALE THRETTBMKEL 2. 2hEho
BEEXIZ0.INEBRBLU~FY v 30ml 2MAMKE 5> L (104D, &EOs5EER (3,000
rom, 10 530D, ~F4 VEERE L/, BOOKBEY /oo x g Y EHOTHEL, £+
D UBRAESEEL oo EREOERIEE 2ERVEL, BohEREEZITADETHETTE
HEEE L7 BEE21%) vBEETE =Y VO—ERICIARL, S@EREIo< TS
74 —fEEE L

EEGRI DT NS T4 —F EEEKEs o= bS5 7 I3EIBIER 666A-12 ZH L, B
USRS 655A I & 572, M1 5 &13, Zorbax CN (4.6X250mm) %f\ 7z, ¥E
MHicid, 1%Y vBEE7E =1+ Y %2k#E 1.0m /min THEHL, 2564nm 2RHERE L
Foo NTFMERKIDO s o< b 75 6% Fig. 1-3 1R LT, REBRIE, %V ) YRRD 0.2,
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0.5, 1.0BLU2.0us M EKEEFAML, o=+ V6B 32— 7 HE» SERL T
m, REBLUHBIcA Y ) YBERIE, 2L RO cBINRIE, ZhEh 91%,
B%BLUN%THD, RHIBRAIL0.054g Ml TH -7,

Serum (0.5 m/) Tissue (2 g)

Add 10 m/ of M/15 phosphate
buffer (pH 6).

Add 25 m/ of ethyl acetate, Add 30 m/ of dichloromethane,

homogenize and cer}trifuge shake for 10 min and centri-
(3,000 rpm) for 5 min. fuge (3,000 rpm) for 5 min.
(RepFat once more the ex- (Repeat 3 times the extrac-
traction) tion)

(

Organic solvent layer

Filtrate with an anhydrous sodium sulfate layer. .
Evaporate to dryness at 37°C.

Residue

Add 30 m/ of 0.1N hydrochloric acid.
Add 30 m/ of n-hexane and shake for 10 min.
Filtrate with a glass filter. L

~ Oxolinic acid

Aqueous layer

Add 50 m/ of dichloromethane, shake for 5 min,
and centrifuge (3,000 rpm) for 5 min.
(Repeat once more the extraction)

Organic solvent layer

Filtrate with an anhydrous sodium sulfate layer. N N . —
Evaporate to dryness at 37°C.
0 5 10 15

Residue
Add 1 m/ of acetonitorile including 1% phosphoric Retention time (min)
acid.

HPLC analysis Fig. 1-3. Typical chromatogram
of serum sample from
Fig. 1-2. Assay procedure for oxolinic acid yellowtail at 3 h after
in the tissues of fish. oral administration of

HPLC . High—performance liquid chromatography. oxolinic acid.

VU VBOKRKEHOERE HEHBIUREI>WTREMEER L 1o HHEK OB
A3 FRmERR & EROH ik THHBIEETT - 72 KA OEE I, IN G T pH 6 IcH%
% 25ROV 7 oo ¥ yCIEMIBL, ERBERERREL ., ThZhoXoFRER
FF VY YBOMBAHELERICZ V- v 7T v TRIER, BEI o= 757 4 =S %ST
W, REMOBEXHAIEL ., BHANOKE, BLURBETT 1L 20 ZicEH L 1 RE-O
KBIZB-7 V27 o=4—+¥ (15,000 Hisr, Pharmacia #8) itk b 72 o v EEiaAEEEH
BIXEAkE YsouiyryTIEMML, SvsovBlESsE (Drrso=F) o7 sy
VEBE, BohkENFho7 7)) a2 50 E8ER EEHELFARICKRE o=y 75
7 4 =&V, REMOBEEZAE L 7.
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E2E RESFMALEIZIREOV/EFTFV Y VEROBAST

BAEOBBEEICEWT, 7Y, 2 ¥4, =V=R, a4, vFF, TABIUEXFV/FroO
TRBABOLEERISEMAOKILEEHTE®, Thoo TABEOKRELXYL TRE
WO OFAEENED ShTWB?, —F, MEOBMEOETH LI, E5 X, FFETE
EoBERRAOERE GREIRARE) OAEMNHY, IhoOAERE 1976 £ 5 1986
EFTO 10 FERICH 8 EIBEIML TW 5B,

L L, HESEARECH L TRAKERERROFEREESED ShTVREV, 20K
D—oiz, BENSAREICN L OKEREEROBERREZT TS, TOMHBHDIL
CEMNTFEEN, HEOSAL OHBELHFBRNICARBRELITO R P -/l LPHB, TOD
o BEHNRARBICAESRAE LB ), 5H 7 AEE MR E LoKERRERR O
AL TV, L L, RENRARETOEHIIGRFEORE, 3032 AmE
12t 2 OBRFREOMROWES o, REEHORFIHNEARE LT 2ANHEICD
WTbHohUDBRH L TBLEND S,

PLEOBED SAETIR, BOBS LEESoRNIAERERTHET L Ebic, £
hoDENBEIC > LW TAREZOHBEERIT L1, BKALIBBIUBKR4BOAITSED
BREAANRE L, 4%V YBREKORS LAROME, BN, FRSLUBERCBT
FV ) VBROBEAREL, OREELEEL OREHTHEL

BIEH =—UvR, FIE7, 9FEELUIASMICHITI2HEBREREOEIL

BRACERS RS L, EELOMBRERLHE L RIS HEREs TS, 7+
Y VEBICO W T b F OMBINEEE(LIE: ¥ a?, 7209, FUew e 520X F=Y
TRV BVTHRLNT VS, LA L, FEoAELHV T, KA LBKAMOREZELD
HEEHAHE LEHRBIZEAERYLSHV, £, AHTRBEEAOTL L, =Y XA,
FSET, aABEUYFFicA+ VY vREBRFRORS L, £okoMmE, HA, FK (=
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L7,

1. B /&

=Y Z (Oncorhynchus mykiss) \$BMPIERIcBVTHEO < 2 HEARE (HAES
FIEHER 2D THE S h i EEEE 176g © 2 EERE MY, 7K 1710.2°COHEK THR
%fT-t0 77 €7 (Tilapia mossambica) ZEWHEFICBOTHEO 7 5 € 7 HEAKE
(AR AITERRAHED THE & h/c FH9KE 50g © 1 FERE AV, KR 2550.2CTHAR
25710 U F ¥ (Anguilla japonica) 3 =FEELEVMRETOBHEE 21T > TV 2 EMEHE
EHSEAL, EHEEISg0bOEHAY, KEB2020.2CTHEBR L /2o 24 (Cyprinus
carpio) FEREIFFHTIC BV THIRO 7 1 AELAtER (HARAREKISHE) THEs
AT 164g D b DEFL, /KB 20£0.2°CTHRBL . WThofEA B 2 BEFIY S
REHERRS & TS EEIEL 7,
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Fig. 2-1. Tissue levels of oxolinic acid Fig. 2-2. Tissue levels of oxolinic acid
in rainbow trout after single in tilapia after single oral
oral administration at a dose administration at a dose of
of 40mg,kg. 40mg,kg.
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Ufco HEalfE MS-222 THRBEL 70%%, AR E kg 70 40mg DA F VY vEEEAT—F N
KEOBEBORS Uiz, =V XBLUFIETTE, BELTHSS, 6, 12, 24, 488X
U2 RREIRIC S B 20 BT, K, FFBE, B X OBARREL 72, [ IR
LD AHFETHRIAL, EHi 3,000rpm T 20 HREEHLERL L CIEEB ., 34 BLT o+ ¥
TREELTHS 12, 24, 48, 72, 144, 288 B & U 432 B o S0 2 8REL L 72, RAARSE
WA E T2 » HRE, —20°CRITF TREL 1o,

HefbpoA+v ) YEROERI, RRXOHE 1 BICRTEEFHEICK > TIT- 120
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Fig. 2-3. Tissue levels of oxolinic acid Fig. 2-4. Tissue levels of oxolinic acid
in Japanese eel after single in carp after single oral
oral administration at a dose administration at a dose of
of 40mg kg. 40mg kg.

BRRSEERL, 3AHORYE (FHEE) dzhehliEc2.2ug/ml, BHAT4.8
ug8/'g, T 5.9ug, g, BT I15.0ug, 8 TH -1, BEEIER>FE>HHE>MEOET
0, BRcBVT 2ug g 2R EEbH- 1,

—%, 777 (Fig. 2-2) TRIMAE BHAB L OFBOESEE I 12 BR%cREEER
L, Eh®h9.lug ml, 4.9ug/ g, 13.0ug/ g Th-1, BE T 8 LIRICBREEE
(11.0pg/'g) %R LT, 72 K% O RARBO LGB, MET 2.4ug/ml, FHRT 2.9ug/
g BT 2.4ug g, BETS.lug g THD, =V <20 T2HHHBOMBEFUL TV, 7
SET7TR=VACENTESBECE 265H (RESEEILENHR) »E<, Lrtaae
EMEVEMIZH - T2,

v+ ¥OER%E Fig. 2-3 1R, v F¥F¥TREBHEFMEG cBLT, 4+ YBRER G
12 B e Sl AR L, & 4 RIAOEHEEIZZ N EFNMET 7.3ug/ml, BRT9.2ug./g,
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Frigc 13.3ug,/ g, BET22.8ug/ g Thotio TNLDEE, =V <XBLUFSETICWL
RT@P -0, 23V vBOBER, BR>HE>THR>MEQOIETHY, =Y<2BL
U757 EEOBRER L. #5 L Th 5 43285/ (18 H) Bic b &8MNIt+ v Y
YEEASEEW S, MIETO.Tug, mi, BT 2.9ug, 78, ITHT4.4ug g, BWT3.1ug g o
BETEELTW,

a4 Tb, Fig. 24 ST T & 510, BB TR 12 BMBIcRSEE AR L, 432 BfE (18 HD
B bRHETAE V) VRROBESEAD SR,

3. =

LI FoiERMS, =U=2, F3E7, 9F7¥BIUOafovThicBLTsEBRTOL+
V) VEBROBESEL, ORASERICERIN ERMEA LN, Ueno 5¥9D=Y <A ET
<, EESLYE LU Ueno PO 7 VI oW TOME L ERENERA 8, ML TRE A+
V) vEBEERIC X CBTL, RYcHEtENB I &0, ABICBVWTH, WALEMEE
ﬁ.Rui#vu7&®I§Umﬁﬁ%©—ﬂﬁﬁééiiénto

AERTIE, =V<2BLU7 5 E7 SEIEE T2HM T2 EREME Licicn, ML
DIREEEIELRORIMICO I 3EAEHERT S ICBES L - A%, Ueno 5%
AHELFE L 0mg kg # =P v 2BLUP 72T BELEES, =Y2xTiE 12 HRE,
TR0 HELAF VY VEBBSEET I EEHELTVWE, HHLSPH 50mg kg %
U2 2ICBE LEEE, LWHBA RV ) VBB T I EHELTLEILh 6, AERO
ZUTA0EAL, vFEBIUaA LA, MHChE-TAF V) VEBUEET S
DEWESNI, T, BASWIR0mEg kg 27 2555 L, THR A F VY VERPEK
B3 AL LTVE, CNODT Eh s, RERCHMHALL=V<R, v+ F, 2
4 Oz, TeTHBVIET 2 EDRKATIE, 40mg, kg ORSEOES, 1ABLI b
foTAE VY vEBHBBRETAILBEL LRI,

BHESOE, FHERTFENL.Oum H5Vid6.4um O+ v Y B 30mg, kg % 7V <5
L7354, R0+ ) Bt 6 BkicZz e h 2.38ug,/mi, 1.39ug,/ml EESERE
WD, ATERRBIC VWS ROBRHEBERLTIC R 2 EHME L TW5, Ueno 573 50mg, kg
75 UcEs, MA@ 0.2 HIBIC 6. 14ug,/ml TH BT L, 2 HEITIZRL
BALITERLZEHELTWS, £, 72 200mg, kg 5 Licia, oMrhEER 98k
I 3.33ug, Ml THBDIH L, 24 BFEI#ICI30.2ug/ ml LELHATEEHELTY
B9, IhoDlEhd, =V, vF¥F, a4 REORKATE, TIERT, £+
vERBEHMIC b - TRENCER TS PRI N,

FEBIIBWT, BKETH B =V 2ABLUF I ETICB 5 M Ok E 8 EHER
1, FhEn 2 BL0 2BTH -1, —H, v I R0IA+ V) VBE% 20, 40 XU 80mg
kg 595 L, RFEXE bICMBEEE R 1 BN RSEL, £/, 20mg kg %
BE U4 IPT2EBBICESICET S I ESRESRTVEY, FERICKD, HESE
B BhET 3R IBOKAE O A ICH N TEVI EDHLICE » o, BEIKOVT
b, AEEBTHRL LKA TIE, 40mg kg ORSREOEESE LEBL Eitblc>TAF Y
) vBHSERT S LHEINSY, FLL 40mg ke FRE Ly 2 TR, MEROL+F v
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) vERIE SRS A L TVW Y, ERESEHRR, ARAEROZL 7 > VA PRV VED
WTbAHLN, RV7 7 VA MFYr?250mg kg FHG Lc=Y 20U &« 5 HBEEE(L
05y FBIUTY M2 250mg, kg 2GS LEERELABT S L, g+ ) VEBROE
SRR, =V A TRESEEIZERBSES, ANERHBSEVWERNEA LGNS, &
NoDHRH S, EKAICBIT ZEYORING 5 WV idBEtEOEE 1L, WHAEBMIch~TIES
DIREBVEHEEIN,

E28) w94, w72, TUVEBLUESALETZHBAREOREIL

BIECBVT, =YY<, 9+¥, IABEORKATIR, TVICHNTAF VY B
BN b7 > TRENICRET 5 C LB lE s n, ABITRT ) Ofic< 54, =7 V8
LUt 5 2 DKAEHRAL, ThoBORE Lot + v ) YIRROMBARE ORI
N, FIECBT IRKATOEREEEL 1o,

1. B F &

<2 ¥4 (Pagrus major) IBMHERICEWTHRD < 51 HEAFY (BAREAHERER
L2348 THEI R FEEE 02D 2EREAY, KE25X0.2CTRE LI, = 7Y
(Trachurus japonicus) B3 ZHEELSEEEETOREEE» O 1EREBAL, 1 » HREA A A
F TR L THE L, EEE IR 121g, /KB 2010.2°CTHEBE L7z, 7Y (Seriola qui-
nqueradiata) FEWHAERICBVTHEOEA 2 b2y b (CZHERERD CHESNLE
A E 148g OYFAEHY, KIE 2020.2°CTHER L 2o & 5 2 (Paralichthys olivaceus) 1%
BMETEFRICBWTA » F TEBE L TRE S N EI9AE 482¢ © L HEREHV, KR 22+
0.2CTHBR L 720

BIFiEEHOHEICLY, ThooftElfuct+ vy vBBEROKREL, 3, 6, 12, 24,
48 B XU 72 B oM, TR, BRI LXUOTHANOLF v ) vBREERL 1,

2.8 B

<414 (Fig. 2-5) T, 4% v YBOSMBRERII 6 HRZICITRSIGEL, I %
W, TRELUBRIcBVWT, #hFN0.6ug/ml, 1.2ug g, 1.8ug g BLV3.2u8/g T
B - 120 48 B IC ABRUA O 3B O 4+ ) YRREBEIRHBRUT L0, B
BISFHBES 0.2ug/g LE, - 12, ZMBOBEIES IEER > FE>HA>METS
D, HIERCBIABESEVI b=V RFoRKALEMNL TV, LL, =Y
ZABLVT I ETEDOBKEBIENT, <51 TRESEEDERMESEL, BELEVWER
BRSNI,

27V (Fig. 2-6) KBLWTbHA+ v Y VRREER< VM LRESENEZRL, BREEER,
3 BRI (0.3ug,/ml), 6 Bl ICHiA (0.5ug. g), 1THE (4.0ug/8) BLUER (2.7
ug/g) THoNt, RUMEO A+ v ) YBELBECH B L, BERKRICBEZALD
FRHC BV TRIBALIT &2 - 7,

7Y (Fig. 2-7) TESEBESHERME, MmiE 0.82g/m) & LUITHK (G.6ug/2) T
IEfIE, WA (1.1pg g) BLXUERM (2.8ug.g) TOWMERTH - oo &1, 48 KfERIC
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Fig. 2-5. Tissue levels of oxolinic acid Fig. 2-6. Tissue levels of oxolinic acid
in red sea bream after single in Japanese mackerel after
oral administration at a dose single oral administration at
of 40mg kg. a dose of 40mg,kg.

BEEALOFERICBOWTREBALDT LG Y, =51 B8LU=7 YOoRDEREBRUL TW
120

—4, b3 (Fig. 2-8) T3 12 B f%ICHA, s KOBRT, 4 RERcRmETE
nENO0.Tug g, 1.5ug/ g 6.3ug /g BLU 1.4ug/ml L BEBEEERL, ©5414, =7V
BLUTYIch~R3E LPPEL, HSBAEIENEEVEHRINAD Shi, T2RHEOE 5
» TIRIMET0.6ug/mi, FHNTO.6ug g, FFHETO.50g g, BRT2.20g gDA+7 )
VEESRIE I N, B1HTORKAD 2O TOWEh KB TH D, K
BUCHB L CEKATROLV N G REBREIERMIEL, REFEHRE EL, RS
BUWERIDED S i,

3. EXR
HEHKAABIEBO T H AT ERAOA + v ) YBEESRE LS, BKR4EOES
LHBELTWV, LhL, BRLETRTOBEKAIZBVTA: V) YRROMBHNEEZIZ
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Fig. 2-7. Tissue levels of oxolinic acid Fig. 2-8. Tissue levels of oxolinic acid
in yellowtail after single oral in Japane§e flounder after
administration at a dose of single oral administration at
40mg,'kg. a dose of 40mg kg.

BoKBROBRE ZHS IR AEASED SN, —F, BHESYR 7)) c#REEERE
7V, EHLPD =Y 2 2BLUT7 2 TOEGREABROBRLLEL, 7V TRAFV I ¥
BOBRFAUSPLPEVERE L, AHROEREFEUT IREEB TS, Lol &S,
BB LEKATIRAFY ) VBROBENRAL L EMHShER -,

BkA LKA OHTRESNZMEOHELREL AHRE, 4+ ) VERIET TR o
LB BVWTHREHONTWS, &AL, BRRAOANMETHE YA FN-F-To RS
FFUPEEGUERIEIABIOAVFIC 1 EHAEET 3 &, I 1 ORI TR 12 iR
YA FA-B-ToEZFF Uy EREBRICET 30, —H0 2V FFBTREEERICEX
WKL, FOMIRTIAIRERTHERCEBEVETSH 3, £, BEHML1TREL, #V7F
THEV, TDEDIE, IABLUEAVF KBTI BI2AFAN-F-Tux7F v OHBRER
TLoMER, BAKALEKALETE2:V ) vROEFHLBLLTVE, Zhonl ek
5 AEVYVBPUAFA-B-TubrFF rEFTEL, HoKERAEERIBOTLE
KRB EHKATHENSRIL D BB N,

B, =V<2350VRF¥F¥r¥rulorrHaEsmkcERsh, TOo4ERRELE
MoBHICH 5, BEHEHI WS YBEHEICLE T ARFORBMREL TV EY, £h
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SIRT BRK BV ERHLS ATV, UL, RERICLDBIKRICBT 24+ Y
VRROBNBIEREKAEBREEIESHO AR T &S, BREEKOT+Y ) ¥
B OBE b BKEER & 3RS0, BHMTERE KRS 5 L IRENMOREOH» S, #
KETEH OIS A F i VBT B BN S B LELONB, 1, RENUTEATSZF+
V) v B B LEOREH S, MoKERKERIC VT SYKA KR THENSRS
D, FrICEEED BLENS L LHEESND, THOOHLVALEED B ORERE
fe LT, SEUE SR BEBKBICET 54+ ) YIROKANEIED 2 (2R H 1< BREE
{, FREOFEIOVTS, SSIAKRFL BT 2BEND D,




BRRGTEH], &+ U YEBORKNEE 17 -

FIE REFMALEIZF+V U VEROKHEY

HILEY T REYORBRESBYBRI TR &5, BYOMBARYE, +45bb&
AATHICEDBEL, TOHBRBICL > TEPOBHPERLRE 2T UFERNTH 5 EHBH5
nB®, EECHET IMALLLITOh TV S, Bill, A8V TS, BETH 5 DDT of%
BB A EFSETETRUESZZEMBPFShITENTVELET, —HicfEIcEIT 523y
ORFBFRICH>VTR, BECHELTORFRBIELAELEA TV,

F2ERBVWT, BKAIEKATIIAF V) YBROMBNEELE(L, 71bbEkNEEN
BB EEPSPILEY, ZOFERO—E LT, REBBOAEEICLIBIENELS
Nz, FETREXORBICE T34+ v ) YBBORBRERICS W THERS L1,

B1EH —U7R0OBEFELIUVRFKBHDORT

AHiTR, BHEAIKBYT A4+ V) YRROMHMERLZHES PIcT 2001, RENIEHER
Thi=V 7 RAEHOTRETOBREET - 12,

BRI BT 2 BYGHTIR R, BEBIUKREOLEMELRINE 3 2 REHE R & 288
~NDOFER B VEIEHL EOBASSIThN, DDT, FANVFY) v, K7 2=y
DEERIE BT Z2RBERR IO THS»icsh TV B®, —F, BREAEOERSEICHL
- LhAERESNENRE L Tirbh o REIFI& D5, Katae bWDF v FaicBiFso i
FEROMRBHICBET 2 HES, BPAE T onE50ATH 3, AT, Katae 5 OERTH:
EARERLT, =VRRBF 234+ ) YBROREHICHDVWTHRE LI, 23V ) VEDPE
oI FREFDF / o v REBIEH OREYIL, WIALEY T lR—BBH B X ORI PEit =
N3 EHST, KRFFECBOTCEHEH S L URDOAHE >V TR L7,

1. B B &

BERAEFRCBVTHET SN FEEFE 26g 0 =Y =2 (24FRA) %, ERicHT 2 2 B
i SEEIED L, KE 15E0.2°CTHEL 72, )
BeEEASRNL, BROoX+ V) YRBRETRO v 2ABREER (V) vy VEERHRRSH
B, ANEEFINUAFIVEALT—RF ) o s (70 —ETERRSHE, GO %R)
BLUEBK G0 2ER) 2BALTHEILL, =V=2 10 B% MS-222 (0.01%) T
BREEL 1288, A4 v ) YRR E BN 80mg, kg I275 5 & S ICHEIE RS U -, 48 Bkl
HEFIL, 10BSE28b8TEBE L, BRE, Btcxsr 57— (HESAT
¥HAHE No. 3) 2FBALL=V<R4RE, O, HEE 72 EBREICb > THEEICERE
L, 4BOREZEbLETHIICH LI, WBLE L THEEED = V2 20 B LURbERI
L 72,

Bt HMOMmE, SR (SEBI/OT T S5T74—) BIEE Fig 3-1 IKRTHETH
= 1zo HHHEEHT Mcllvaine B TpH 6 CHE L 7-1%, 2B/ oot raixH0Tlg
BHERBMERE L (7537 va v A, KBS 7V o vBaSGa W8 (Froo
=F) BEETEZEEZZONADOT, B-/ vy o=4—+ (15,000 #if7, Pharmacia £+
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AMATITCTA2EE/MA v+ 2 ~— b LTHKSE L, 20K, Z7ouafaiH0TK
Bhbrsavsua=rFo7 ) avifiHlih (7532 vav B, K7ous Vs (757 ¥
2 Y ABLUB) IBMETFCEELEL, SEE/ o<t/ 57—l YU AT L
B 12 Kiesel gel 60 Fus (HPTLC 7L — t, Merck #%D 2{H L, BEEIL, =5/
——k—28%7 ve=Tk (16:3:1, v/ v, BEEH 1) 2HV/, BEEXOHEM &7
Sy vay ABLUBICAHEL, HEXEEHICOEL f, BEXE L CEEEX oMLY =
F—7L— t THEEK, S$AEBNTTI/o<r 752200, REMEREL
EthREpOS (HNEBI/OZ M TS5T4—) EX0.5mm OSWHD Y ) A5 VE
@ (Kiesel gel 60 Fu, Merck #18) e 23K 28A L, Lok ERiCRRBIELT
W, B2REMERBEL

it PR ORE (FHFEBI/ 07 b/57 —) HEELREYE, SERORRERE
AWT, Zv—+r LTOBHEELEIEKRTIEBERB I o~ 757 4 —itL->TREL
1o, BEREE LT, @84+ V) YBRORBYWORECHEHENBE®®, n-7¥% /7 — VKR
-k @:1:1, v./v, BBEREL), =4/ —-V—K-28%7v®=TK (12:7:1, v./v,
JRBIAINI) BXUx sy, —n—3Kk (7:8, v./v, BHEEN) o 3@EHW .,
RAEYONBERTE REAKC >0 T HEHRER LEROF LI X - TREVORIE % T
-1, REEIEAMRBYIES & Vs o= FES & ICHER, SESOSREE o<+
574 —REDEFNFRORBHICOVTRI LI, RWT, AEEI/ o< +757 4K
o TREWAHSL, BBsh-REVEERLORHEB/ b5 7 4 —KK-THR -
BYEREL 7,

2. & R

AR TIE, 792va v ADRMEB o< 7357 4 001 1 ERHOREY (AD
M, 757 yBONMEB /o< ST 74— 5 3EHEOREY (Bl, B2, B3) »5E
»ont (Fig. 3-1D, Tho ABHEORBYE NER /o~ 757 4 —lck - THREL,
Ao, EEAFV) VERBEYONECHEHS N IZBEAKEI, I8XCNVEHAWT, Hgf
SNEREMEIERORK /o~ 757 4 —2iT> 1,

Bz o273 7 4 —iBWT, Al BXU Bl IEBBET, ISL0NVeBT 5ERD
FEVY VBORMEE—HLI-CEN OV ) YBREFELS: (Fig. 3-2, Table 3-1),
BEREITOEl o< b /57 4 —BWT, 2+ v ) YBEORSHIZ0.46 TH 72D
ixtl, B2i30.56, B3i30.43 &4+ v Y vBRERREN B RFfEZRL (Fig. 3-2). B2 B
LFUB3 T =/ — AMKBERERETH 2 Pauly AFETREER LI, WHEBYICS
WwWTAEFVY vBOREWE LTH SN TV S T-OHOA % %\ i3 6-OHOA (Fig. 1-1) &#
E&htz, £T, B2BXUB3 %, 50 7-OHOA 5L U 6-OHOA LEHEE 7 o< b 7
57 4—%[Totb A, BZERENARI, HDELTNICBOLTERD 7-OHOA O RffEE
—B L (Table 3-2), EiEic, B3 IZES D 6-OHOA &524ic—H L7: (Table 3-2), Bl
k7u< b /357 4—Tid, B2 & T-OHOA OEAH, BLU B3 & 6-OHOA DEAKIZZN
ZHE—oREERTAB SN (Table 3-2), T 5 OFERS S B2 1 7-OHOA, B3 i
6-OHOA L[EAE L oo




BEHER, 4% ) vBoSERERE

Bile Urine
) ) Adjust to pH 6
Adjust to pH 6 with with 20% acetic
Mcllvaine buffer acid

Extract with chloroform

Chloroforom layer Aqueous layer
(Fraction A)

Incubate with
B-glucuronidase at

37°C
Thin-layer
chromatography Extract with chloroform
Metabolites
[Bile : A1)
{Urine: Al) Chloroform layer ~ Aqueous layer
(Fraction B)
‘ Thin-layer chromatography
Metabolites
{Bile :B1, B2, B3}
{Urine: B1)

Fig. 3-1. Separation procedure for
oxolinic acid metabolites
excreted in the bile and

urine of rainbow trout.

Front

Origin el —— I ——— R~ I —— i ——

Al OA B1 B2 OA B3

Fig. 3-2. Thin-layer chromatogram of oxoli-
nic acid metabolites found in the
bile of rainbow trout.

Solvent system : ethanol-water-28%
ammonia water (12:7:1).

OA : Oxolinic acid.

Al, B1, B2, B3 were isolated from
the bile by the procedure as shown
in Fig, 3-1.
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Table 3-1. R, values and fluorescence of the metabolites found in the bile
after oral administration of oxolinic acid to rainbow trout

: Solvent system*?
Metabolite*! Authentic Fluorescence
sample 1 11 v
Al, B1 OA 0.46 0.55 0.41 Purple
B2 0.56 0.60 0.55 Light blue
B3 0.43 0.41 — Yellow green

*! The metabolites were isolated by the procedure as shown in Fig. 3-1.

*2 The solvent systems were employed as follows: 11, n-butanol-acetic acid-water (4:1:1);
111, ethanol-water-28% ammonia water (12:7:1); IV, ethanol-water (7:3).

OA: Oxolinic acid.

Table 3-2. R, values, fluorescence, and retention time of the metabolites found
in the bile after oral administration of oxolinic acid to rainbow trout

3
Authenti Solvent system* Retenti
Metabolite** v enilf Fluorescence . eten .1011*4
sample II 111 v time (min)
B2 7-OHOA 0.56 0.60 0.55 Light blue 13.5
B3 6-OHOA 0.43 041 — Yellow green ~ 12.3

*! The metabolites were isolated by the procedure as shown in Fig. 3-1.

*2 Chemical structures of compounds are shown in Fig. 1-1.

*3 The solvent systems were employed as follows: 1I, n-butanol-acetic acid-water (4:1:1);
I11, ethanol-water-28 % ammonia water (12:7:1); IV, ethanol-water (7:3).

** High-performance liquid chromatography was performed on a Nucleosil Cis column
(250 mm x 4.6 I.D. mm, Gasukurokogyo Co., Ltd.).  The mobile phase was metha-
nol 0.1 M citric acid-acetonitrile (6:4:1). Flow rate was 0.4 m//min. Wavelength was
258 nm.

Table 3-3. Identification of oxolinic acid metabolites found in the bile
and urine of rainbow trout

Fat-soluble metabolite Glucuronide
Bile 0OA OA-G, 7-OHOA-G, 6-OHOA-G
Urine OA 0A-G,

OA: Oxolinic acid.

OA-G: Oxolinic acid glucuronide.

7-OHOA-G: 7-Hydroxy derivative glucuronide.
6-OHOA-G: 6-Hydroxy derivative glucuronide.
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ZEBO757vavBiE, BEHTO SV 0 vBREAK (SVvsao=F) o7 Yoy
AHBEL-b0THY, RIEBIUERIEAF VY YEH 2 W22 DIEEERIME L TIT-
TW3H, &K, ChoBiHhiBWTIRI VI o= FORRBETHEEL TV, LT
57vavBTRONLEEEEREY (7793 Y) B3IXTI/NVI70=FERILT S, T
Hhb, 2+ ) vYEBERERO= V2 20[EHHR GG, KELDOAFV ) YBROMIZ, £+
V) yB/Vvs7u=F, T-OHOA 7N/ a=FELU60HOA 7/ Vv7 o= FEHELK,

Rbh» ot s h - REoBERIEH hiclb~Thinl, RERDAF VY vEBEE, T+
VY)YV o= FosBRE &R/ (Table 3-3),

3.% =

T-OHOA 34+ ) vBOAF L v OFF VvBA2 9, 6L FIUE, THALIZKBEL
b2 7-EFoF+v6-2 b+ ETHD, 60HOA BZDORMEHETH L6~ Faf-T-24 b
* A TH B, TTOHOA /L7 o= FELUT6-0HOA 77 o= Fiz\W§Fh bl
HRBIITH O, RIHERE LY, 59 b, 93 FBIUARVRBVT, BERBE POBLUS
vy PRRBVWTEDHONTWVAIENLDS, =V B34V YROKRBEREIIHILE
MEBERLTWE T M0 -1,

ERGoducid, SERNTRBSNZ ELVFVREERZEET 005D, 5V
VEBEEILL /7 un vy RABDEARITH 27 ) V7 2ABPEL U Yo I FBEYTR, BEAH
MRLoBORERNEEL TV 3, 7+ V) YB T, Dicarlo 5204+ v I YRIEARO
b M RBOREMC VT O 2 REHE 0T b 75 7 4 — BV THERWE 2 MEEH T
WBZ &L S, T-OHOA B LU 6-OHOA bMEAFEMAEF L TV R &N TFHENS, Thd
DT EhD, BRHASARELTHEBEINLIEAERTELE, BEEROBRF DL TRERSE
EntERoATEL, ThooREPc >V T THERT I LEND 3,

B2l —UvROEABLIURTABMYOTR

TERLEMIC B\ TRV O X - 2 HEHERR GEH LR TH 548, Mok D7D 0HEK
L TREBRHENOBRRREZAVAIENEL, F:V ) YRROBALE MBXUS »
FOETREEREELTVS, LAL, =V R TREBLIGIIEVWTHS I L E S, B
HOEBRE D bREEMHBDIL, RBYORENEETH -1 &p b, REYREHDKD
OFEKELTRRE D GIEHOAFMBEL TV S LRSI NI, FELBLTIIABYORIES
BIROVWTEORFBLIBHT RO, =V 20l BLURDIcBI 24+ Y VBD
REBELERL 1

1. B # ik
BEERALHKBOTHTI L=V QER) 2HV, KB 160.2°CTHARL /-, HHH
AR L=V 2OFEAEIR 621g, IR I=Y < 2OFEEKEIL 5948 TH -7,
45V VBROBEIE2ELFAHOFERICLVITYL, 40mg kg 2BE0OKE L1, 3, 6,
12, 18, 24, 48, 120 & L U 312 BsRitkic 4 RS OMD LiF, EH-ZERINL 720 TRIRIE, FEE
1 i ERED I L D, 4B 5 120 Btk T TEEFICERIL 720
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AT oRBYOBEOERE, F1FIRNTREFIRIZL - TiT - 70

2.8 S
BBHTOREEA Table 3-4 10K L foo BRIERE & bIlittho A + v ) v BRE 2 ORBEY
OBEEIIET D, S ER%KICE, AF V) YBRIZ28.3ug/ml, T-OHOA 7 v7 o =FiZ11.9
pg/mi, 6-OHOA 7' L7 o= Fit4.9ug/mi, &%) v NV2o o= FiE113.6ug/ml D
BEECE L, 120 BRI 3 A+ ) VRRIBREED LT 18.4ug/ ml £1E B, Jusa

Table 3-4. Changes in the concentrations of oxolinic acid and its metabolites
excreted in the bile of rainbow trout after single oral administration*!

Time after OA 7.0HOA-G  6-OHOA-G OA-G
dosing (h)
3 0.6+ 0.2% Tr Tr 0.2+ 0.5
6 0.4+ 0.4 Tr Tr 0.6+ 1.0
12 47+ 1.9 Tr Tr 4.4% 4.2
18 6.6+ 5.5 Tr Tr 31.9+21.8
24 18.1£13.5 1.4%1.3 0.7+0.5 34.0£37.1
48 28.3+12.0 11.9%£2.3 49+1.0 113.6+40.4
120 18.4% 3.4 16.0+8.8 77+4.9 128.0+26.3

*1 Dose was 40 mg/kg.

*2 Values are given as mean * S.D. (ug/m/), n=4, Tr <0.001.
OA: Oxolinic acid.

OA-G: Oxolinic acid glucuronide.

7-OHOA-G: 7-Hydroxy derivative glucuronide.

6-OHOA-G: 6-Hydroxy derivative glucuronide.

Table 3-5. Changes in the concentrations of oxolinic acid and its metabolites
excreted in the urine of rainbow trout after single oral administration*!

Excretion

. OA 7-OHOA-G 6-OHOA-G OA-G
period (day)

0—1 0.05+0.01*2 0.002 +£0.002 Tr 0.04+0.02

1—2 0.39+0.02 0.023+0.013 0.002 +0.003 0.26+0.09

2—3 0.49%0.16 0.024 £0.004 0.008 +0.003 0.36+0.02

3—4 0.45+0.12 0.018+0.001 0.006 £0.001 0.28+0.05

4—5 0.40+0.18 0.016 +0.005 0.007 +0.004 0.22+0.03

*1 Dose was 40 mg/kg.
*2 Values are given as mean + S.D. (ug/m/), n=4, Tr<0.001.
OA: Oxolinic acid.
.OA-G: Oxolinic acid glucuronide.
. 7-OHOA-G: 7-Hydroxy derivative glucuronide.
6-OHOA-G: 6-Hydroxy derivative glucuronide.




BEREHR, A+ U vBOREBNEE 23

= F3RBOBEERIENL, AsMBEoBEoHMERIZENEN, 11%, 5%, 9%BLU 5% LI
o] f:o

RTORE% Table3-5ic/mlL 7z, | HHORPOZRMBEOBE VT KL, 6-0OHOA
Furo=FIRHBBRIUTCh -1, 2 HEICE, A+ v Y YEEIZ0.39ug,/ml, T-OHOA 7
A7 a=Fi20.02ug /ml, 6-OHOA 7L/ o=F{20.002ug/ml, A+ ) vBIVvso=
Fi20.26ug,/ ml OBEIEL, 4MEOBEOMEMILIEZENEN 8%, 3%, 0.3%BLUV
39% ThH -t THODMHIIKSHIOREF TR EALEN LD 5T,

3.5 =

W2EIBVT, =V ROME HR, TSI UBRIcE54+ ) YREBER, &
BELThs S8ERBICENZNEEEIGEL 2805, AEOERIcET 3 hox+Y ) v
BEEcbRRBESERESE SN, —F, V7 o= F 3O 48 MR & 8N d
AN S SN, Kobayashi Hi3*®, 7F 427/ -VBLURVI oI/ —N
CRELIIBE, FIIC 13RO R ORSH R CIH B S 15 8, BRI
FNo0 vy o= FERBIE & ICKBICHEHHEN TS 3 2L 2RELTVWE, XER
KBLTd, = U ACROBEEIAF V) YERBETHRICBATh TERLIZ V70
YA EkR, KEoA XV ) v VB TIHAGCHER SN 2 T A0 o T,

KT, 1THHOAF VY vBBIU /M7 o= FIBOBERWTRLGENVD, 2HE»S
S5HEZ TORBERBRIEI-ELTVWAIELY, RP~OxFv ) rBEKTF I VI =F
Okt 2 HE» SABIICIEE Y, ThoDWEDRPA~D 1 HY) OB IIIZIE—ET
bbLHES NI,

BHH & RIS > W TREMERE £ LB L7254, ReBvTlEREMoBESEL, FHic
6-OHOA 7'/ 7 v = FARHEAICITY 0.002ug,/ml TH » 20Xt LT, BHHORRH
MOBERIBHPTELRD 10052 EThh, £, HASHOAVRELSEETHE &P
5, 2%V ) YRORBYBRHOLZHORK E L TRIBHOANET 5T EMNHOHLLEN
fro £ T, DIBOEBRIBHER %L L TIT» 10

BIH TEEMAOEIPRBEYOLE

AfiTikAF ) vEBRRBOBEEEZFEARBZIELENELT, =V<R, vF¥, F7E
TOHKEIE, BV y4A, =79, 7Y, 3 20EKE4BEHRA L, F1HS
LUFE2HORE,» S, REYoRBICET IEHEEHELT, 4+ ) VROREYEHA
BT8R L,

1. B F &

YRR, UFE, FIET, v, 2TV, TUBLUELT AR, FE2EITBLTHR
LizbDERLbOERY, A+ ) vBEREL, HHEER L, Z0Kk, F1H
O Fig. 8-1 LEBO®BIEIc kD, 752 v a3y ARIEEEREME, 750vavBicsn
Zuo=Fo7s)avEbl, SESOXEE v~ IS5 T itk O RBYESHL
t=o EBAWIEI, =¥/ ——K—28%T7 vE=THK (16:3:1, v./v, EEEEI) 2HL
1o
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2. & 2

=J2RATR, 737 vav Adug, RKELOL+ v U VBRH 12 Klidgkd S 72 B % TR
Haht (Fig. 3-3, Table 3-6), 272, /N7 u=FERTHS757vavBhicid, 12
B o T2 BRI E TA Vv Y YRS LS v = RS, 24 BRSO T2 B Tl Z Ofh
]2 7-OHOA /A7 o= FBLU6O0HOA 7V o= FblEEsSHh, A 3EHEO /7 Vo=
¥ O St (Fig. 3-4, Table 3-7),

9 FETR, RENOZ v ) /BRHS 6 Bid, o 72 ik £ TRITE L (Table 3-6), #
¥V VEBRISILVI o= FEEE®H» S 2EM%EE T, TTOHOA 7 V7 o= FB XU
6-OHOA 7 /L7 u = s 24 Bsfi% 0 & 72 BRfk & T S h/c (Table 3-7),

FSETTHE, vFFEFLL, 2+ Y yBE6IERHE, S 2EMEZ T TREHI O
(Table 3-6), Z/N7 o=FESIc>WTIE, 24EMKBICEA+ YY) B, T-OHOA BLU
6-OHOA OB /vy o= FhRHanihs, 8BLUT2RHHEIIBT-OHOA A7 o= F
BLUG6OHOA Z L7 n=FD2BOAHBRHLN, 3V ) VBB V7 o= FRBREEH
755 - 12 (Table 3-7),

RYA4TIR, AF VY UL 6%, S 24 BI%R E TRIDE b, 48 BRRILIER 3R
ENih -7 (Table 3-6), 7 u=F&LTIE, 128EED S 72 Bfilt% % < 7-OHOA 7
NI o=FELP60HOA V7 o= FD2BDAHED SNt (Table 3-7), =54 Tl

Fraction A Fig. 3-3. Thin-layer chromatografn of fat-
Front } soluble metabolite in the fraction A
of the bile after oral administration
7'02(:‘\: P — of oxolinic acid to rainbow trout
s-oroa (40mg_kg).
Solvent system : ethanol-water-28%
ammonia water (16 :3:1).
Origin | — ;’ 'G:' ‘: :: :; 7-2: ] OA : Oxolinic acid.
el Time ater doting 7-OHOA and 6-OHOA are shown in
Fig. 1-1.
Fraction B
Front Fig. 3-4. Thin-layer chromatogram of glucu-
ronide aglycones in the fraction B
7-0H0A - - - of the bile after oral administration
s_o:;: - ! ! ! of oxolinic acid to rainbow trout
(40mg kg).
Solvent system : ethanol-water-28%
Originf -_ e = e = = == ammonia water (16 :3:1)
Authentic 3 h  12h  24h  4Bh  72h
samples Time atter dosing OA : Oxolinic acid.

7-OHOA and 6-OHOA are shown in
Fig. 1-1.
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Table 3-6. Fat-soluble metabolites found in the biles of various teleosts

after oral administration of oxolinic acid*!

3h 6h

12h

24 h

48 h

72 h

Species

OA,7A,6A OA,7TA,6A OA,7A,6A OA,7TA6A OA,7A,6A OA,7A,6A

Rainbow trout + + + +
Japanese eel + + + + +
Tilapia + + + + +
Red sea bream + + +

Japanese mackerel + + +

Yellowtail + + +

Japanese flounder + + +

*1 Dose was 40 mg/kg.

OA: Oxolinic acid.

7A: 7-Hydroxy derivative (7-OHOA).

6A: 6-Hydroxy derivative (6-OHOA).

+ : Detected by thin-layer chromatography.

Table 3-7. Glucuronides found in the biles of various teleosts after oral

administration of oxolinic acid*!

3h . 6h

12h

24 h

48 h

72h

Species

0G,7G,6G 0G,7G,6G 0G,7G,6G 0G,7G,6G 0G,7G,6G 0G,7G,6G

Rainbow trout + + 4+ + + + + +
Japanese eel + + + + 4+ + + + + + +
Tilapia + + + + o+
Red sea bream + + + o+ + o+ + o+
Japanese mackerel + + + + + +
Yellowtail + + + + + + + + + o+
Japanese flounder + + + o+ 4+ o+ + +

*1 Dose was 40 mg/kg.

OG: Oxolinic acid glucuronide.

7G: 7-Hydroxy derivative glucuronide.
6A: 6-Hydroxy derivative glucuronide.

+ : Detected by thin-layer chromatography.
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TT VTR, A% v ) yEBUIERELORTB SN, 12ER% F THREIM I (Table
36), FNZu=FELTE, 24WR%L S T2HRH%EE T7T-OHOA V7 o= FB LU
6OHOA SV 7 o= FO2EMEDHON, AF V) vyBRIL 7 o= FRBREHIhEL -
(Table 3-7),

7Y TR, w7 VERBC, A%V ) B 3KRI®RD O 12 KRk & TRILS i (Table
3-6), T-OHOA 7 V7 o = FE LU 6-OHOA 7' A7 u = F i3 6 BfElEd 5 T2 BRI% TR
Hahi: (Table -1 THEHDFA 27 = F 2B 7Y Tl 6 FERIBIcBREEH, =V= 2,
VHE, FIET, vT VO UMEHK <51, £330 12MkEk~NS L, TRETTIE
BHE B LA (Table 3-7), '

ESATER, AF V) UVBBXU I LI o= FEBI= 1 EEUERMSE LN (Tables
36 BLV 3T,

PEnkdie, A LI RTOABCBLTRE/LOAF v ) vEEBBRIHE NI, Ty
B=FELTIR, =VYRR, 9FXBIUFIETORKAIBTRAFY ) VBB V=
¥, "OHOA V7 o= FE LU 60HOA V7 o= FOIEIERINZOXLT, <
4, = 7Y, 7VBLUE I 2DBKALETIZIT-OHOA /' V7 o= FELU6-OHOA 7
Nru=FO2EBoAMKRESh, A2V ) VBV o= FidRilashd, REIcEEN
BEwoht, £k, ThoofRBP0>H, A5V ) VBBLUAF V) YBI V7 o= i
KBGO HBeIBIcHBIL, 0%, T-OHOA FA s/ n=FH XU 6-0HOA Vs o=
FAHIBT 2 EHELRED Sht,

3.% -3

AEILBEWTAF VY VBRIV o= FARKASIETERAD SN, HKALIETEED S
W EDL, A+ yYBREBROEMNHE TR R I EBGh -1, 61T, £E
{toA+y ) YEREIBKASETIT2HME T TR0, BKA4ETIRRREBO
HEATMHCRHE N2 04T, 48ERUBEIECREINT, R#HPDO 7-OHOA 717 o
ZFBLKUG60HOA FV7 n= FOABRIHENLIEDS, HKAABETRHRKAIE
HRTA+ v ) VERHBEROTEESIHFIICEO C EXah s, B2EBIIBVLT, KA
TREKAIKENTAF VY YROFABREHMSEVC EEHS T L, TORRRA
BETHOMILE -7k DT, 3V ) VBREBR OGS KA TIRKACHEL THY
TEdbEEERSNI,

L, 2RV ) BV o= FERDONEBKASEICE VTS, =V2RBLUY
F ¥ TRERMB OB Ichk - TAF VY VBV o= FERBEhTWwW A Dok
L, 757 Tid 24 i dickHE nvic (Table 3-7) T &id, BkB3IEOMicd 4+
v BRRHBROERCEND L EEREL TV 5,

HAHY R+ V) VBBRITF: 7oy — A& 3B(LEDONKIE A5 T 7-OHOA B L U
6-OHOA &30, W T /A7 o VBIAASNE L EMBOL-TED®Y, S b, v ¥ ¥, 4
RO bPHEZVRTY AP TRERBEBAR (v 0= F) OT-OHOA B L U
6-OHOA M ENTW 3, —4, RETRHEA L 2AB LBV TlRAE (Fvro=F)
D 7T-OHOA & U 6-OHOA 3 HEZE & #1172 &5 (Table 3-7), # ¥R o 7-OHOA B &L U
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6-OHOA i & hiish -7 (Table 3-6) T EH5, AEIEBLVWTRINATYOBELEN
b, 170y —-s0BtBEEOFEMEN I V7 o v ERABEOEE I~ THMNNICE
<, HRR L7 T-OHOA B LU 6-OHOA FEIEICagEhz b0 EMEEN S,

Proksiff@iofE@El4+ v ) VEBRUAOEESTHEI Y, REREROFEYLE
BBARBICL - TRESBRRBA L HESNS, $HbE, AN~ OREMICIAEMIcE
T AERBBERITEHOZE T DEE L T T AHENS 5 I EBRBE NI,
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BAE 2MACBFEF+V U VBROKHER

BIBRBLWTERA TR BT 4+ ) YEBRORBWELE L, BKATIEIED, B
KEBTR2ED V2 o vEBAEGHE (Vv o=F) SR sh, Pk LBkaTiEREY
KAEEDOHZZENEOIICE o7 £ T, RETRIAICBIZ4F V) vERORFE
BEMIAL, £+ yBREMOAEZOFRIC>WLWTRE L,

E1H In vitro KBIC L 3ERR D OBE

ABEICBVWT LAY EFEREIC, TROBERICL->TAF V) YERPIRBEhB L%
BSicd diedic, 24 OFFER LT, 24 OFxEIF2— b 2HWT, in vitro D
%%%%ﬁ? f:o

1. B # &

413, HEEKERBRES X O AT L EEKE 55g OYFREMA W, T4 % 24 Kbl
BIEALBIHRL, EHCBERE L2, B LAHRBE, BROKELCLy, X
TTUTOBIEEIT- 120 FIBRE% 1.15%EH ) 7 4—0.02M + ) 2-ERE &K (pH
7.4) T#EL, AETEREOASZBREL LK, FFBAMNL, 2HAE0 LEEEEKE LD
iIcPotter IF 70 vk EVFAHF—IIHL, FTVFAL XLk, FEIVX—F%9,000xg T
20 SRISEIR O BEL, T o EFE% 9,000 g ¥ EE#EIS & L TRV, ¥ v/ HOERI
Lowry 5®OHBEIT & - fz, SKHZ 9,000 x g ¥ E/FEESY Iml (5 v BE L TH 10mg) i
BEBELLTA+ VY vB%E 0.3umol, MR E LTS 77/ YA AF A=y (73T
BALHED % 0.6umol X, 2{k% 1.15%E tH ) v 4—0.02M + ) 2-EREREK (pH
7.4) T5miiciB L7, ¥, 7-OHOA B X U 6-OHOA £HE L L TMA ERZEHKD
ZETHB U, X512, A3+ V) YEBO3umol 2B+ L, KB O&HME (NADPH,
NADP, NADH # X0 NAD i 100umol, CoA, 7+F 1 CoA, ATP XU FMN i3 10
umol) ZA EEEERICHEBIL 12,

A% V) YEBOBAREYTH S TOHOA BLU6OHOA I, # ¥V Y vBBOAFL VY
A+ vBOSHRLTTE LA F 3 - VEORBEI, A FAVEBIGLLbDTHEY, —4,
A F VBRIV TOF LVHERABE TREY L SRV, AEHBRORYREBERKICD
WTOBERME HY, & AT, Garretto & Khan™ I, i@tk tBkAaicnE
L, FROBIIBEEEORSMEIZBKAT2°C, BKATIICEDohLLEHELTY
5, %k, T=U Ve Fodxy s - Bk 0 =Y 2 20FHREIZ 25CTHY, Fv
F O 3TCIHARTEVWT EBBESNTVE®, —F, BAMEO 7 H x4 (Dasyatis sabina)
B & U sheepshead (¥ 1 &, Archosargus probatocehalus) O~ v /@ty FaFfy s —
YPEHOEHEEEIZhFN O BLUITCTHE I EAHEINRTVEY, ThoDl &b
5, BIBROEHENBRABOHEKBE B h 2 LHEI N LOT, FERTREKE
DA EHVET EDS, HROBILBERE: O RICEE L T in vitro RBERIL 3TCTIT-
72
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ZRE OB A IFSHNAETIRBVTIICT O HHRES L, F0Kk s oot s%
MATRIGE kb 1o RIGEAYE 7 0 ok s THitiL, TOMUYEEEs o< 757
4 =il L, ERREYABRE L, BREARRTy ) —V—Kk-28%7vE=TK A2 T
1, v/ v, ERAEN) 2R/,

2. ¥ £
Fig. 41 ICRdE51c, A+ ) vRERBEE L, STF/ YA F4= v ERBRE LE
in vitro REERIC X - T, 5 D 7-OHOA B X U 6-OHOA L E2Ic—H 9 5 (RffE=
0.90, 0.68) AEMHBBShiz, £, [EROZMT 7T-OHOA B LU 6-OHOA ZHHL L7
in vitro fBHEE, Bovica: ) vBBERBEELTS-TF/ Y xFA4 = E2RBHHE
FAEBRMUT in vitro RBERBICEVL TR, #hThoRESEIRENFDATH -,

In vitro
Front |~ .
7-0HOA  mmmmm —
on NN ]
s-oHoA NN [
Originf~ 4
Authentic } Horr F
samples +0A +OA +SAM

Fig. 4-1. Thin-layer chromatograms of fat-soluble metabolites in the liver
homogenate after incubation with oxolinic acid.
Solvent system : ethanol-water-28% ammonia water (12 :7:1).
OA : Oxolinic acid.
SAM : S—adenosylmethyonine.
7-OHOA and 6-OHOA are shown in Fig. 1-1.

3.E =

EREICBOVT, £FV Y VEH S T-OHOA BLU 6-OHOA SRR LIc &L, aAfF
Mo 9,000<x g ¥l FAEEAICEETNAMERICE-T, £+ 7Y YBHT-OHOA B LU
6-OHOA K ABIRBMEIN B Z Ebs3D » 720 —F, T-OHOA B LU 6-OHOA i22 W TikfE
BORBEROER, 2hFhoRB0AMEINS NI &5, T-OHOA 51 6-OHOA, %
Wit 6-OHOA 75 T-OHOA 28+ 2 2 L ik, 2hFnHOBERIcE ~TEKRT S &
DAY, 1z, T-OHOA BX U 6-OHOA HE LI FALENBOI EBYEAL I, &5
iz, 7-OHOA # & U 6-OHOA A0 RFMARI T 57201, BEOMERERML LXR
KBWTH, REoAMBERS N EDLD, £+ YEARL &Exd s RIKIEE
DVbW BEMRH I BT B E—HRGEZT T, T-OHOA & XU 6-OHOA LIADYIEICH
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WExhBTERHVEHEINT,
F28 EPKEHBEOZAAEZOKRE

Crew LPBLUBES®ICL > TITb T v b, 4 RBLUL M SOWABYTOL + v
v BRORBER T, RblcERED 7-OHOA 8L U 6-OHOA R HIxh T3,

i, BETRELICENTEMRB S T 2 BILBERROEMESED TEVC & 88
Hoh, EAE, Y 2o-APA0ESRYES v b, v9R, YHFTRERENO0.T2,
0.99, 1.55nmol/mg-microsomal protein THZDiIHL, 34 T0.38, =Y<XT0.22
nmol,”mg-microsomal protein &HFEMIICHAXTEVWZ ESHEXhTWS, /-, i
DTSy —¥iEHYE <Y XTI 6.8umol h,g-liver TH B DL, ¥/ AT
0.33umol /' h,“g-liver, 7 4 = 4 T0.76umol ~h,~g-liver, # < X (barracuda) < 0.76
umol /h,/g-liver E{EWZ EHBHLMICIE - TV B,

—k, BEEOfT- =V~ 2Z0RBICBIAERTR, B2EIRLELEDIIZ, Fvra
VEREA SN TWISWEERED T-OHOA B £ U 6-OHOA BRI & hiih - 7, £/, T-OHOA
BLUGGCOHOA BB 7oV - A OBRICL > TRILENTEL 2 LHEESL TV EY
DT, TOLHCAFICBT ZRILBRROBUESB VW LEERT 5L, F2ETEOIKL
RS, A+ V) YRORBEROTEN bHABMICHANTEW S LSRN, 22T,
FHAIC L - TREORILBEZOERAED ML, AFICB VLT LD 7-0OHOA B U
6-OHOA BRHETX 20 TRE LM EEZ SN,

BIBEZOFERM L LTI, WA TE, Y M7 o—- A P40 RAFBINL 7 2 /3
WNEZ—NBE, b2 u—LPA0 RDBFEEINEAF Va5 L vy BINEE, A
WTid, PCB (£ Vb7 2=0), 3-AFNa5v Ly, GMBIVIRA-F TR 75K
YHEDE O{LFEMBIC & - TRIEBERVERIL®, 2F1035 v L vERIOEE KR
ENTVEH, 72/ 0 ES = ABRIOBHITODVWTRVERIKHSH EL > TV NS, Z
T, AfiTE, MAEMH I VRAEVThHICBW T HS KA F Va5 v+ L/ RIEE
T AFNAS L VE, AFNISI VML YBIBLT T 2/ N E S — A BRIOTEE
%89 PCB =FEH & L THWT, RBBRETHOFELFICH>LW TR L.

1. B8 A ik

a4, BAETOERBES L 0 AT U EHAE 97g 04T AEH D, KB 19E1CT
REBR U7, FEAE LT, PCB (HF{LER PCB48) BXU3AFLaS5v by (7a—#h
RITEBALHED (Fig. 4-2) 2V, FEFOREFH G, FEMEHRMU -k 24668
L o5 4 2HE GREE &, FEAL - vlCBASET, #hiEENcERT
55t (EHE) Itk > TiT-7 (Table 4-1),
KR PCBA7H b ViU, TOBREREHRO = 1 Hi (2 — v v HRESHED
ARy b Ul BELTT £ b Y ZROTREAR 287, PCB 0 1 Mo 5RAAKE lke
1z Imgic (Imgkg), £7-, BEABMN 1% EE A L5181, 14 ORRERE L (B
K)o E7z, MBRiCEHERD 71 Atk RIERE L (AX),
EHE FEACBPCBEBIUS A FALaSs vy L ryERAVk, HBHEAE2— VlICBAS
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Fig. 4-2. Chemical structure of 3-methylcholanthrene (3MC).

Table 4-1. Induction method of drug-metabolizing enzyme in carp

Group A B C D E F
Method Oral Oral*! Inj.** Inj.*? Inj.*? Inj.
Inducer Cont.(diet) PCB(diet) PCB(oil) PCB(oil) 3MC(oil) Cont.(0oil)
Dose(mg/kg) 0 1 7 30 30 0
Times — 14 2 2 2 2
Total dose 0 14 14 60 60 0

*! Carp fed on diet added with inducer.

*2 Carp was injected inducers mixed with corn oil intraperitoneally.
PCB: Polychlorinated biphenyl.

3MC: 3-Methylcholanthrene.

W, kS 1kg B0 0.2ml OEBRABEHERICRS L, PCBO 1 EHOBRGERR Tmg/ kg
CK) B&U30mg kg DX) &L, 3-»xFHasvtrvol E o583 30mg, kg (E
K) & L7, FIERS% 4 OB EEERL, AFT2REBS L, MRXiciEda - vili%E
BEE L FR)

WISE o 4 OFBAREH L, ML gk U, BRIl ERE L1 9 g
D 0.95M v = BirEHE (10mM h ) 2-3EEEEHE, pH7.5) 2MA, Potter 5 7o k% >
FAF—THEIFA XL, BELIAEI % — b % Fig. 43 ORTHEC L OB L oo 3
y o — AESY & RS O 4 T i H 785 HER R OB 55P-7 B (@ — % — [ RP65
) RfHEEL, S@Emh (75,000xg, 2.7 EE) OEEE 0CitfR-7,

BEIHONE Bohf /oy —ABESCOVT, ¥ 2o o—4P-450 SR (Fig. 4-4)
BrUO~vV@ELYEFoxy5—€Y (Fig. 45), p-=ta7=Y—N-0-T*F75—
£" (Fig. 46), p-=tw 7=/ —N-UDP-F V7 0=V} T VAT = 5 —+ (Fig. 4-7) ©
RIEHERIE L, RESD Y 37 &RE Lowry SOHEPTERL 1
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Liver homogenate with 0.25 M sucrose

Centrifuge at 900 x g for 10 min.

Supernatant Precipitate
(Nuclear fraction)
Centrifuge at 5,000 x g for 10 min.

Supernatant Precipitate
(Mitochondrial fraction)
Centrifuge at 10,000 x g for 15 min.

Supernatant Precipitate
(Lysosomal fraction)
Centrifuge at 75,000 x g for 160 min.

Supernatant Precipitate
(Soluble fraction) (Microsomal fraction)

Fig. 4-3. Procedure of cell fractionation.

Microsomal fraction 2 m/

Add 2m/ of 0.1 M phosphate buffer (pH 7.6)
and a few mg of sodium hydrosulfite.

Sample cell (1.8 m)) Reference cell (1.8 m/)
Bubble carbon monoxide (CO) for 20 s.

Scanning from 500 nm to 400 nm

Fig. 4-4. Determination of cytochrome P-450.4
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Microsomal fraction 0.05 m/

Add 0.1 m/ of 0.5 M Tris-HCI buffer (pH 7.6),
each 0.25 m/ of 0.1 M magnesium chloride,
0.1 M glucose-6-phosphate, glucose-6-phosphate
dehydrogenase (20 units/m/), and 0.01 m/ of
14C_penzo(a)pyrene (10xCi/m/ in acetone).
Preincubate for 5 min at 30°C.

Add 0.025 m/ of 10 mM NADPH and 0.03 m/ of
6 mM NADH.
Incubate for 20 min at 30°C.

Add 1 m/ of 0.15 M potassium hydroxide in 85%
DMSO and 3 m!/ of hexane.

Shake for 5 min and centrifuge at 3,000 rpm for
S min.

»

queous layer Hexane layer

Repeat 3 times the extraction.

queous layer

Add 0.005 m/ of 6N hydrochloric acid and 15 m/
of ACS-II aqueous counting scintillator.

Counting by liquid scintillation counter

Fig. 4-5. Assay of benzo (a) pyrene hydroxylase.*”

Microsomal fraction 0.25 m/

Add 0.5 m/ of 1 M p-nitroanisole in 0.2 M Tris-HCI buffer
(pH 7.8), and each 0.05 m/ of 0.01 M magnesium chloride,
0.1 M glucose-6-phosphate, glucose-6-phosphate
dehydrogenase (20 units/m/), and distilled water.

Preincubate for 5 min at 30°C.

Add 0.05 m/ of 10 mM NADPH.
Incubate for 20 min at 30°C.

Add 1 m/ of 0.2N potassium hydroxide in 20% glycerol—1%
Triton X-100.

Measuring at 400 nm

Fig. 4-6. Assay of p-nitroanisole—O—demethylase.‘”




OREER, 4+ V) vBRoAKREE
Microsomal fraction 50 m/

Add 125 m/ of 0.04 M phosphate buffer, 12.5m/of 10 M

212.5 m!/ of distilled water.
Preincubate for 5 min at 30°C.

Add 50 m/ of 10 mM UDPGA.
Incubate for 10 min at 30°C.

Heat for 5 min at 80°C.
Centrifuge at 3,000 rpm for 20 min.

Supernatant 0.5 m/

Ultrafiltrate.

Analysing by HPLC (absorbance, 300 nm: column, ODS-80Ty:
flow rate, 0.8 m//min.: column tempera-
ture, 40°C)

magnesium chloride, 50 m/ of 50 mM g-nitrophenol, and

Fig. 4-7. Assay of p-nitrophenol~UDP glucuronyltransferase.

HPLC : high—performance liquid chromatography.

Table 4-2. Induction of drug-metabolizing enzymes in carp treated with

polychlorinated biphenyl or 3-methylcholanthrene

35

A B C D E F

Method of investigation*! Oral Oral Inj. Inj. Inj. Inj.

Cont. PCB PCB PCB 3IMC Cont.
Body weight (g) 94.2 98.4 96.5 98.0 96.8 91.5
Liver % body weight (g) 1.7 1.8 2.9 2.9 2.9 1.5
Microsomal protein (mg/g) 3.9 6.0 5.7 7.0 6.9 5.1
Cytochrome P-450 content*? 0.07 0.32 0.27 0.21 0.34 0.17
Benzo(a)pyrene hydroxylase*? =0.01 0.19 0.23 0.22 0.25 0.015
o-Nitroanisole-0-demethylase*? 0.22 0.24 0.27 0.19 0.37 0.28
UDP glucuronyltransferase*? 2.0 3.0 1.5 1.5 1.4 0.8

*1 Method of investigation: A, B, C, D, E, and F are shown in Table 4-1.
*2 nmol/mg-microsomal protein.

*3 nmol/min/mg-microsomal protein.

A microsomal fraction contained the liver from five individuals.

Three microsomal samples were prepared for each experimental group. One sample was used for blank

test and the remaining two samples were used for enzyme assay.
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2. & 2

RBEEORMEM %S Table 4-2 1R L1, AKES 2 OFER I, HEEETRE, #FE
MFE L7 BREMBO A XTRERS SN -7, —H, BiETE, FEUELLCK,
DXBLUEXOHBERE, MBX (EX) chNTH2ECERLTEY, Kb -1
BEEL TV,

170y —L0EARE, REETRFINELBXOMEEGEO AXEE~XEL 1.5
FeTH o foo HERIETHFEUED CKIFWBO FXERERZER LD -7, DRBLTVE
K& bic 1455, HEEEEROBINAS ORI,

Y by o—a P-450 ERIGEHBECHANTHREETHEEI NS, BRI 46f5TH -1
FHHETIRC, DBLUE OSMUEXTIRENEN1.66% 1.26, 2.0F0HGTHESD,
FAFNTS LY THEULAZEROAD, PCBTHELALCBIUDXicHRTHEEX
nngJ‘ -2 f:o

RyV@arryeFody s —YEERGEE BICFVEELERL, HREXOBXTIRI19
ZL Fie@dEgsh T\, EHEDC, DBXUERIEZNZN 15315, 4.6 EBLT16.7
BETHD, DEBLIFROIAFLIS Y L YUBXOAH PCBAERICHRTHESN
5,175>'3 f:o

p-=FraT =Y —A-0-F 2 F 7 —Cikid, HBEETIEPCBAEL B EMBXTE
Dot BFHETHPCBAE LA CBLUDRTRFEHS L EL -1, ERD 4 F
nas vy b Ly BB TR LI[GIEHFEEIR TV,

o-=t+B7 2/ —A-UDP-ZAZu=V}5 27 25— EiEHRREETEBXTL.5
EICHBIN TV, FHETIRC, DBLIVEXRTEREN1.9£Z 1.9fBLU1.8651C
REXNh TV,

PLED & S5, e & ORsEE SIcHFERICUEL X (B, C, D, E) kLW TEY
REMFZOFESL LN, HIZ, Y7 o—a P40 3BEIURY /@Y LV YEFOF VS
—EiEHMAEFEHI LTV,

3. % =

Kobayashi 5™, PCB1lmg, kg # 10 HE a4 iR IkLE545L, 1 /ny—sDY b7
0 — 4 P-450 SR IS T 5 EARE L TV 5, AKRICBWVTH, $¥HEO PCB
I (B) KTv b7 o—4P-450 BB 4.6 EFEH SN TEBY, FROEREME SN,
E%EQMBMEBféaCE%;UDBmﬁmf@vran—AP4m§§m%ﬁE@
BRLIZEFEUEBATR LI ¥/, "vV (@) FLveFodvrs-¥iEHLBK, CKE
TUDROBEREUL TV, CThoDT Ehd, BELNERCDVTEIABRHNTHSH, B
X, CX# LU DXORMEK ORYMtEERROE, FHEAAIEIC X > TREFARI
ELEMHESH, EX02 PCB5R BRBLU CX T} 14mg, kg, DX TIE 60mg,”
kg) RINOB(LERROER AR R T 20+ ARBTH - L EHES NI, 51T, dH
ETREEAMERX (C, D, E) THEMIEALTWEI Eh5, REES Y ORMERTHE
DERBESIETAEELZ LN, T, FRBI—viios 285 LXTH 5%, FRO
Yy o— b P-450 SRIIBHEOHBTH S ARLDPPEL LI LD 5, I — Vb
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Yo o— 4 P-450 ROBEOREICETHELEZL D LBHEES N,

3AFN33 by (60mg/kg) FHHRE LA EXTE, PCBAELKLCEBLUDKX
ka7 u— AP0 BEBBLUp- =t T =Y —-0-F A F 5 —EiFEHENOTHIIC
B ot WEEYICEWTPCBRAFLIFI Y ML VERIBLU 7 =/ N E Y — VEIOH
FHULRTIEHAHONTVWAIEA2EET L, BHABVTOHABYEERIC, -4 F
W35 YLy & PCB TRBIBEZOFER <5 — v HBRE B EBHfE NI,

KBTI 2 EHOBEHFEIC > W THERE L2, BEEREFEHECEXTEHETHY,
BERLDETRETHEIEDD, T4 BTE4+ Y ) VEBREERELFEYT I HEL
LT, BROSFESELTHBEEL SN, £/, BROKFETPCBAEL /21 OFEH
MCARER I 12 8RR b SVWEEA#ET 20T, Riificb i 2 ERICbHETE S L
Eiohb,

EIH FHWHNE oo/ TORTPEBEDORL

BOEICBLWTHRELEERAL, BYEEZ LM RO Ik > TEYR(LBERLFHE
L, AR ABIcAS I fict 3V ) YBRERSL, BiHhox+v ) Y BREEYO
S ERA

1.E B F &

PCB ST & » TERYB(LBEEROER A SR, F2HioBXoa14 (PCBA
BHa4) #HV. COPCBAMEI A oA+ ) YH% 80mg, kg &35 &k 9 Ic@EEORK
5L, 72898z oHH AR LUz, BHRBE3ELRROFEKILE-T757va v A
BXUBIAE LK BEro<t 777« —TREMEREL 7o, X E LT, PCB#ERL
HoaflzobLTbEcty ) vBAERSL, ZoEHE25% L1,

2. ¥ g2

PCBMEE 0 4 B L UIRAH o 1 OBHPREMOEE 7 o<+ 757 + — DR % Fig.
481 L PCBILEIATIE, 757V a v ABLUBIRBLTHEARFLWREY X)
B—o@BB LN, XBRAEMNOTHSIEE, Pauly REROZBRIGKBETH - &
Do, 7z —WkBBEEEY 5 6,7-diOHOA (I-=F V-1,4-Yk Fo-6,7-YE Fat ¥
A-FF-3%/7 ) v HAE VR, Fig. 49 LHES QI KR, FIEF 1 HLEROLE
itk -7, X & 6,7-diOHOA (ER{LFTEMALHE) ORHEEs o= 757 ¢+ —%1T
5t T3, X1i36,7-diOHOA &[E U RFEERLIZT &5, 6,7-di-OHOA LHEES N,
M4 & PCBA oA Dy o=t 75 4 (Fig. 4-8) OB S, PCBMED A TR,
W A TRIBShEREY, TH8bba+ ) B, T-OHOA B LU 6-OHOA D&V
o= Foftic, HHEO 7-OHOA 88X U 6-OHOA OEEMSKEA SN, T, FEEHEOD
6,7-diOHOA BLUZ D/ V7 o= FOEASHEES L,

752y avBOsaw 5 ahs, BLEIATRAFY ) VBRIV 0= FHEER
Raimthdh, A Xy POKREIDEHKP S T-OHOA Vv o= FE XU 60HOA 7 vy
o= FREROIBREMTH S EBHEES NI, —H, BRI 7 0=+ 75 L ORFTDER,
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PCBHLE 2 A TldAF VY v/ V2 o= FRERAEREMTH D, -OHOA /' v/ o=
FHEXLU6-0HOA FVv 7 v = FFEREMYTH B LBHEES N,

Fraction A Fraction B
7-OHOA — [ o] - oo e
oA MmN WS S - Tl =
6-OHOA — === mam =D
. di . A .- . - [renanc: R - S —_—- ==
6.7-diGHOA Authentic Control PCB Authentic  Control PCB car
samples carp carp samples carp carp

Fig. 4-8. Thin-layer chromatograms of metabolites of oxolinic acid after single oral
administration to carp treated with polychlorinated biphenyl.
Solvent system : ethanol-water-28% ammonia water (12 :7 : 1).
OA : Oxolinic acid.
7-OHOA and 6-OHOA are shown in Fig. 1-1.
6,7-diOHOA is shown in Fig. 4-9.
PCB carp . Carp treated with polychlorinated biphenyl.

O
HO COOH
HO N

[}

C2H5

Catechol derivative
(6,7-diOHOA)

Fig. 4-9. Chemical structure of a dihydroxy metabolite of oxolinic acid.

3.% =
AHEILBVWT, 2+ V) vBESEO 4 OEHGI, EBEE D 6,7-diOHOA,
7-OHOA, 6-OHOA B2 0 6,7-diOHOA 77 o= FSFcRlahiz & s, afic
B a4+ v ) yERORBHEER L Fig. 410 O X S IcHEE s 1/, &0 6,7-diOHOA 24,
PCBUE CEEZRFET I LIt TEONALIEDL D, AARTEHF VY YRRO—EIZZ
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DAFLYI4FvBEIMEELT6,7T-diOHOA £1553 Z &M -1, &5, T-OHOA B
& U 6-OHOA #s[alked PCB LB TRHI S R 2 &5, 6,7-dIOHOA D THIH LK & 641
BERENA F LS H T T-OHOA B L U 6-OHOA MR L, BRIIC Zh o oflgisth RS
# (6,7-diOHOA, 7-OHOA, 6-OHOA) & kKZEfto++ v ) vBEI7 VI o Y BRIEEGEEN S
LB EN 5, 7, PCBUMEIATIZI 7oy — 2h0oBR{LBEZRPFEEILTL
f2T EMS (B 45 2 fi), Dicalro SPBHELTAH LS, Fig. 410854+ Y »
B 5 6,7-diOHOA ~DORZid 3 7 o v — s OBLBERRMES L TWwWE EEZL 6N 5,

7-OHOA 7-OHOA-G
OA 6, 7-diOHOA
6-OHOA 6-OHOA-G
6,7-diOHOA-G
OA-G

Fig. 4-10. Metabolic pathway of oxolinic acid in carp.
OA : Oxolinic acid.
G : Glucuronic acid.
7-OHOA and 6-OHOA are shown in Fig. 1-1.
6,7-diOHOA is shown in Fig. 4-9.

A THERAMOBMESERRIT- TRV, BB/ o b /57— KBFEEARy
DY A B L UBESOHINT S, BOAUEo MBI AFERBMIAF VY VRRIVY
o= FThy, PCBUE A TIET-OHOA V7 o= FELKU6-0HOA V' Vvy o= FHE
BRBITH >7re A FAMMURIGIKEET23AF 3 —A-0-AF VL5227 25— FIIHH
Y TRBEELEZIRVIEBHONTEL®, FEHICEVT LHAEY L ERRC » F V(LB
FEHEIFEINTVEKET S &, PCBEHVWABHEUEIC X - T, 6,7-diOHOA AkkE
DPRIBICHEAL, ZOEA+V ) YBORBOSE LI BESN L D EHES NI, BIE
KBWT, =V= X, wr¥, FIETORKASETRAF VI VBB Vv o= FHATZER
#HYICTHD, —H, =54, TV, 7Y, I3 x0WKBABETRAF V) VBRSNS D= F
RERHEhe, 7OHOA Y V7 o= FEXLU6-0OHOA V7 u= FRFEEREMTH- -
B, ThOoDHRIAMTHEONLERLIHEYUL TV, Thid, BKALLTEBKROGE
R TH{LBEELOTEH SR D, 6,7-diOHOA OERREEICKEBESE LD LEEI LN
B, THbb, MKATHEI4 2V PCBAEIC X 2B{LBERROBHERICI VBN
1R, FEIETIT» hHKADKERE—FK LT Licky, BELHEKA WD
TREKE G N TRILBRROFERSGSL >/ b0 LHEEN B,

TAW FHAKLBLI-24 TOin vitro £iH

HificBWT, PCBUMUB Lcafica+v ) vBBA2EE5 432 Lick, £
20 7-OHOA B4 ¥ 6-OHOA & & biT, BB O 6,7-diOHOA, LS5 TIEN DRIV
o= FASKOEKRARRT 2 M TE R, AHITRE, aMicBF3chor+v ) YBR
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DR A BRI T B i, a4 OFBAMESE L, in vitro i< B AHEE
%&ﬁ') f:o

1.€ B /A &

H2ficE T 5 BREEKD PCBALEEITY, EYR(LBEROEHEZRARICHERS Y
fza4 RHWE, In vitro RHEBOBIEFIEIR Fig. 411 ISRTEBDTH S, T1bbL,
PCB B o 4 OfFiE A5 L, MESE ATV, 370 v — a8 XUAREES=FHERL 7,
ChSOESICAF VY YEEAETHBEEYS IMM KL BELDICMA, Fra—-26-Y YR, &
k=7 xvon, Fva—2z6-Y vEREKEBRSOHMRZOARML 72, s 51, NADPH &
BZVIRS-TF/ VAR F A= EMATRINERBS €1, KIGREI 30 5503 37C, KX
JEHERE L 20 5 3 W13 60 A & Lico IGOEIE EHK T CRINER Z BT 5 itk »
Tiioteo Z0H, RIGERERLOSHL, EEEBASBL TR IO KE, SEEAKY
ow bS5 T 4 =tk DS L. SBE L TRIELE o FEEH Vi, SRt +Y
y vE, 7-OHOA, 6-OHOA B XU 6,7-diOHOA @7 a= + 7' 5 &3 Fig. 4-12 1IKR$ kD
TH -1

Microsomal fraction 0.5 m/ and soluble fraction 0.6 m/.

Add 0.1 m/ of 0.1 M glucose-6-phosphate, 0.025
m/ of glucose-6-phosphate dehydrogenase (20
units/m/), 0.01 m/ of 0.4 M magnesium chlo-
ride, 0.3 m/ of 1 M Tris-HCI buffer (pH 7.5),
0.065 m!/ of water, and 0.2 m/ of 10 mM
oxolinic acid.

Preincubate for 5 min at 30 or 37°C.

Add 0.1 m/ of 9.5 mM S-adenosyl-L-methyonine
(SAM) and 0.1 m/ of 5 mM NADPH.

Incubate for 20 or 60 min at 30 or 37°C.

Heat for 5 min at 80°C.

Centrifuge at 3,000 rpm for 20 min.

Supernatant 0.5 m/

Ultrafiltrate.

Analysing by HPLC (absorbance, 258 nm: column,
ODS-80Ty: flow rate, 0.7 m//
min: column temperature,
40°C)

Fig. 4-11. Procedure for in vitro aésay of oxolinic acid;
HPLC : High-performance liquid chromatography.
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8.62 (OA)

7.39 (7-OHOA)

591 (6.7-iOHOA)
6.67 (6-OHOA)

T
00 50 100

Retention time (min.)

Fig. 4-12. Chromatograms of oxolinic acid and its metabolites
by high—performance liquid chromatography
OA, T-OHOA, and 6-OHOA are shown in Fig. 1-1.
6,7-diOHOA is shown in Fig. 4-9.

2. & 3
feMipoisd, PCBUE a4 2FHWVT, in vitro REET - R % Fig. 413 1CR L 7,
Fig. 413D LD 70 b 7581, ST 7/ Y vAF4=vERMESI, pHT, 30°CDE
HicBVWTin vitro TRIGS ¥ bDTHY, TOEMAETFT6,7-diOHOA DEFRHBHZES

-SAM®, pH7.0, 30°C, 20min oA
6,7.dI0H OA
100 -
S
S se-
@ -| 3 ¥ T T T '
+SAM®, pH?.0, 30°C, 20min oA
190 6,7-010HOA
= .
S se
@ - T T M T T 1
+5AM®, pHY.S, 37°C, 60min oA
100 -] ~ 6,7-dIOHOA
S 7-0HOA
S se]
B-OHOA
¥
8 - T T T T 1
0.9 2.8 4.9 6.8 8.0 16.90
[TINE] (mi)

Fig. 4-13. Chromatograms of oxolinic acid metabolites by high—performance liquid chroma-
tography in the liver microsome of carp treated with polychlorinated biphenyl after
in vilro assay.

* S-adenosylmethionine
OA, 7-OHOA, and 6-OHQOA are shown in Fig. 1-1. 6,7-diOHOA is shown in Fig. 4-9.
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foo MBEO 7 0= b 75 413, RIBORBTTELICSTF/ YVAFA=VERMLUIEKED
HRTH2, OB b 6,7-dIOHOA DERLHEZ S A3, T-OHOA B £ U¥ 6-OHOA 3R
Ihiedp i, Linl, TE®D pH 7.5, 3TCOLMH T 60 FEIRIEX #7: 41, 6,7-diOHOA
#7213 T { T-OHOA $ X U 6-OHOA d#gilia i,

KHMDOTER In vitro RBKIGHE D 6,7-diOHOA, 7T-OHOA $ & U 6-OHOA ZD R &M D
HBRAEFEREL, BonriEH% Table 4-3 TR Lz, TNSDREIZLT pHT.5 TfF - 2,
BISEMED30CT202BOEAE3, PCBAB A BLUOEHBa A OlRKicBWTS,7-
diOHOA O A b aitz, L L, Z0EMEIRVWENS PCBUEI A OAMNHBI M X
Db 2~IfELEVI EAHSH ENR -1, PCBAI T £ ® NADPH IR iV TIE, 6,7
diOHOA DAREIZ 45. Inmol TH -7, EDIKS-TF/ YN AF A=V ERMLEKT
12 29.6nmol &{EL 1> tz, Thid, 4R L7 6,7-diOHOA & Sz /vy o v BAS
&, %33 7-OHOA, 6-OHOA BLUZhoD /N o vBREAKSCREEhDE

Table 4-3. Determination of oxolinic acid and its metabolites after
in vitro assay of carp

6,7-diOHOA 7-OHOA 6-OHOA

(nmol) (nmol) (nmol)
30°C,20 min PCB*? + NADPH*® 45.1 <0.10 <0.30
— NADPH*® 3.07 <0.10 <0.30
—SAM*
Cont.** +NADPH 4.93. <0.10  <0.30
—-NADPH 4.67 <0.10 <0.30
PCB +NADPH 29.6 <0.10 <0.30
—NADPH 4.95 <0.10 <0.30
+SAM*?
Cont. + NADPH 3.61 0.34 <0.30
—NADPH 1.60 0.19 <0.30
37°C,20 min PCB +NADPH 24.0 <0.10 <0.30
—NADPH 3.01 <0.10 <0.30
+SAM
Cont. +NADPH 4.24 <0.10 <0.30
—NADPH 1.79 <0.10 <0.30
37°C,60 min PCB +NADPH 42.3 1.66 0.35
—NADPH 2.31 0.15 <0.30
+SAM
Cont. + NADPH 6.64 0.34 <0.30
-NADPH 1.78 <0.10 <0.30
*1 S.adenosylmethionine was not added. *4 Control carp.
*2 S_adenosylmethionine was added. *5 NADPH was added.

*3 PCB treated carp. *6 NADPH was not added.
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ZZohb,

37°CT 20 OIS BWT, PCB o A 5L UM I 1 T3, 6,7-diOHOA M &
N iz, T-OHOA 3 X UF 6-OHOA @FRRianisdh - 1z,

37°CT 60 YR OB RIc B W T, PCB ML o 4 @ NADPH ##INX T3, 6,7-diOHOA &L U
7-OHOA Oftiiz 6-OHOA dbHiE iz, W2 1 @ NADPH iRMIK Tid, 7-OHOA #5#H
XNi,

LIEokiz, in vio REFIZBVTH, A%V ) YBOREWE L T6,7-diOHOA,
7-OHOA B X U 6-OHOA ki aht, 7z, PCBUI 7 1 TR}, 6,7-diOHOA DAEFKIG
DILEE B I EBHS T - e,

3.%& =

Ueno Wi 7YV o dicr+ v ) VBBV 7 o= FARBL TWAY, EHIFEIZFS
HiCRIBOEREITY, TOHAE 7Y DEHhicA+Y J YBB7L7 o= FRBRHEI M
> 1e MRS, T ORF L 2 oy — L ORYIRRICEEREUSBHIC X - TEEHL, TOEK
BREBEEOWIECETEIEEZHSHPIILTVS, XEICEWT, FRENHEE LTI A
TRAFV ) VBV o= FXTERBMTH 24, I 7oy -2 0B LBERLHE
SHfaATREASBRES WL -1 EH 5, Ueno 5907 Y BAHEIMHA L2 7Y
LHANTEBEROEEIEL, 6,7-diOHOA AREESEWVEETH - - LRI N 2,

WAISYNE w503, 34%PCB TRMLET A E4+ V) vBROBHPBBEHET A &
k0, BItBRROEHOSESA + v vRBROBREHEICEET I LHELTWS, i,
AEERH» S, PCBUBIZLDAF V) YBH S 6,7-diOHOA D~NDORBENTTHEE B &
BHSDICHE T, THhHDTEND, FL2RIEBVLT, BKAIBLHKA4IETEIAFY
D) VBOBBEBERERE - LORRAE LT, BLBERAESABICLIORE I ENTREN
too PE- T, HEBMEBHESEVEKA4E (751, =7V, 7Y, £54) TR6,7-
diOHOA A kgessEm <, —4, BEHHSEVHKAIE (=Y <&, 9+ ¥, F5E7) T
i 6,7-diOHOA AERKEENSE VL T & MBS hi,

Ploz ths, mEicsira4+ v ) v BRORGERE (Fig. 4-10) 055, £4+v ) B
DOBHII3 6,7-diOHOA ~ORBEEE LU /L7 o v BRAENB(BEE L TVWE EEX 5
h3, -7, BEfICBT24+Y ) vBROBYHIMZHET 284, T0RABEORYRS
BEROTEWLSZ OB L 13 2 0 REMEASRE S h i,
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BH5E RKBLUBEBKPTOUTHARICE TSI+ Y VEOK
RENRED L&

B, HRAKF VUV Frds 0=V 22BKTRET ABHBHEBRAKE>TEL
B, CNSOBHEMAIKBOLTLE 7 ) AHB L OMELEME (BKD) 3 & OEGHERR
MEEL, TASIHT ARBENNEEL TS, LbL, BEDCETA, BREBLEE
YHEHBVRE VT REHT BB ST W W, RKEEROMLAERY 3
TEMZWV,

F2EIBVT, A%V ) YRBROKNEIERERBKELEKATRELSZZEEHSHICLL
D, FUYFrBLUF=Y2ACBVTH, KEFRTEEKABERE G4+ ) YROBE
WSR2 T LHAWES h, EROBFBERGEE L OBREPENL L omb S, HKEEO
BACRFLVAASLETHI EEL LN,

2T, ABTREEEABICH LT, K - wKEERIC B 2ERLREREICET 2 E
BUEIEEEL DI, FUFErBL0=v=2HVT, BKEEEEHKEERCBT 3
F ¥ VBROENEED LB LT - 7.

BIH FUoHErsELU=—Iv20BEKINEE

1. ¥4y

F ¥y IBEREFCE VTR TRES W 2FRERAV R, #EAFX vy r &2 28y
o, — AKX, tihE#EKXE L, BRRKOF v ¥4131,/38K (K #k=2:1),
2,/3#K (K #k=1:2) BXRU5,/6#K (KK #Kk=1:5) kzhZTh1 BT O8I
L, 4 HBH» 53 100%¥#KTHE L, T 0%RE 1 » ARBKE & [F R ERE L THEEE
L, ERicfti L/ (Fig. 5-1),
2. =U27XR

= U2 2 RBEMHERICBOWTHRART SN, BAREOTMEE FF VY v RO 2FH
ARV, =V 2ERKK LK, @BkRo=v< i, 172%8K, 3/4#KE &

Sea water
Ash water Coho salmon
1 1 Rainbow trout
5/6 7/8 F
3/4
2/3
t/2
1/3 [
0 ) — 0 . . o
0 1 2 3 4 5 &6 P S
Acclimatizing time (day) Acciimatizing time (day)

Fig. 5-1. Procedure of acclimatization to sea water from fresh water for coho salmon and

rainbow trout.
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UT/8%kicERhEN2HTOBIEL, THE» 51 100%#K THE L (Fig. 5-1)o £D
B BB AEGRDTH S 8HE T TREII LD - 12, BIBMTIc | Bk b @M,
[Mi& DB % Vapor pressure osmometer (Wescor Inc. #£8)) 2 & -» THIE L 7z, [k
(KEZAL b1, Table 5-1 1RT & 51T, HKX =Y < 2DRELR 34 KR RET
b o775, HKEEARH 7T HERBIRED L, 16 HBIC kA E 3EE URERE % T
WLI-TEHD, 16 ABICiE=Y < 2 ddKICBIZ L 2 &ERE NI, £k, KELREL L
EHEICZAL L (Table 5-1), @+ ¥ B} KB EEUOHEMERLIILDHS, =
V2 ADYEPENTH -2 EERE LI, U EDOX S KBS ncBKK=Y <2
iE, FO%HE6 » HRIEKE & UMERI 2448 LT FRiEE L, HBc#A L,

Table 5-1. Changes in the body weight and osmotic pressure of serum in
rainbow trout during sea water acclimatization.

Sea water/Fresh water 0 1/2 3/4 7/8 1 1

Day after acclimatization** 0 2 4 6 8 16
Body weight (g) 237 232 231 224 221 222
Osmotic pressure (mOsm//) 285 338 348 331 310 293

*1 Acclimatizing method is shown in Fig. 5-1.

E28 #OVSFAFVY VBOBAITOLE

FU¥rBLU=Y R0MKEER KX B a4+ V) YROMBARBERLE
HKRER BAKX) LHETAIEEANE LT, MAEORKX EHEKXt+Y Y VR
ZHEIRORG L, AR RN HIE U 7o

1.€ B # ik
Ay g IBEHAE 1202 DA DRV, KB 17H0.2°CTRE L1, =Y <R3, BKXT
SEHA TR 621g, HEKIX CIHIMATE 472 DDAV, HX & bIT/KER 1610.2CTHRL 72,
WoBLEROB I XD, BAKE X UEKXKORHARICA * v ) YREABFEORS
L, FrEolEics s s, FE BEE3XOBHERN0L+ VY YREEE LIS

2. 2
BOKIX & v o 4 Tid 48 BRI (5.3ug./g) T, T2 BRI (2.4ug/ ml), HiA
(7.0ug,/8) BLUOBM (17.4ug'g) THREEEZE/RL (Fig. 5-2), B2 EFE1HTIT - 18k
KEBO =Y < 2OER (Fig. 2-1) EHEBILTWE, —F, @KXF V47 Tk 12 Bfdic
SEBICBVWTRERESRLEY, Ths0BERBKRIcH~TEL, METO.2ug/
ml, HT1.0ug/ g FFBET2.8ug/ g, BWT6.3ug g Th-l (Fig. 5-3), i, #K
KT 72 BfgiciA+ ) Y BRIRABALI F L4y, H2EF2Hicii~ w54 (Fig
2-5), =7 (Fig. 2-6), 7V (Fig. 2-7), & 5 # (Fig. 2-8) 0o#/KAOHRELEML TV




Oxolinic acid (ug/g or ml)

BEDEAL A+ v ) YBRORKNEE

Fresh-water coho saimon
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Fig. 5-2. Tissue levels of oxolinic aicd in
coho salmon cultured in fresh
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Fo DL, BKEBEENLEY Y TR, %7 YBORBNEIEN O H ik
BEEBRLD, U LAWKREENT 288 ERL 1,

WK =Y <2 (Fig. 5-4) T3 48 Bt o RAARSAIEE 3 SaicEL, M5 T3.5u8/
mi, BT 8.2ug g, FFHET10.0ug, g, BT 12.4ug /g £15 51, Z DK, 120 FEfE& &
THRMEBHRICAF Y ) VREISEETER LTV, COBRIF2EE LTI =Y
2 (BK) DEREFERTHD, BAR=Y<2BL0TRBEREOS FBRVELINI, —
¥, #KkK= <=2 (Fig. 55) TRHFAX =Y = 2R TRESBRE KL, 924 FEgc
WIMIET 1.4ug /ml, BHRTO.6ug/ g, AT 1.8ug g BWT3.1ug s TH-71, &1,
WX =U=2TIRT2EBICRAF YY) vBBREBEALRIEES NS, B2ESE L HIOMEK
w54, 27 VLEOER (Figs. 2-5~8) SEHL TWi, DlEDL S, =Y2RicBL
ThEVFr R, BAEERTERKEERCETHF Y Y YRIBESES, BRERN
A WMERIDS A Stz

3.%& =

A—aEi2gkkeEKkcHELT EEROBHEANECHELAHAMELTE
Evelyn™ ZO#&Ehd 5, Thick b L, FrFr2ikd3VWidEkTHEL, SUEWMED
o THDBIaF LT =3 — VORORG®OMBNEEELE 24 Bk TR~ &K
KEv#7r TCREKREVYFrIichRTr7 o547 2 =3 — VBEEH 24 BRI R TR
(BT EERELTVWS, ARFICEB T BHRKR EBKXE v FrBLUF=Y22TOL+
v YBROEREIIERROERERL 1,

PlED ke, ¥vHErBiv=yexo4syBEucsnT, BKEERETREKETR
LidAE V) VEBOBESRIE -2 EhD, £F V) YROFMEERRRED L OREY
s Eofid S, 45 RAEOBHEMOBE IR KEERE RRBIF L VAL BLETS
LEEZOLNA,

E3E BitdAFvy UBKEYHOLE

HW2EIEBVT, BKABIUEKADKHNDAL ST, DB LbF v rEif=v<
204 TR, FA—-AETOHRKEBKOFEERECEVT, £afhox+y ) ¥
FBEOBEICHENS S LV T EBTD o, FAEICBOLT, BWKARLEKATRA+VY
VEROEEARL Y, ZOERO—-> GEERIcEBIF 54+ ) vERRAMBREROETH S
LML 22 D, KB BT B+ BAREOBKEER SHEKEBRIC F Y
) VRRRBHEENSTILL, FOERLF V) YRROBEBICENSE U aRESHEE S

Z2CC, ABITRIOAEZPLMICT 30, HKEEEO =Y v 20BHHOREME
FRL, BIZTIBIIRKATHOFRELLEL T, WKRKBLUBARKENENILBNT
ORBFEOHBICOV TR LT,

1.2 8 /5 &
KB U= v~ RV, fifiEEROAETA* Y ) YEERFREORS Lk,
EIEF M EROFEIL L - T, Bithor+ vy vERREYEERL /0
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2. ¥ R
BKEE L (BKR) =v<2icB80TH, BKEER KK LEET, B
P& LT, RKE{LD A+ V) YO, -OHOA #' V7 o =F, 6-OHOA /Vv7o=FEX
UAFV Y vV o= PRI SN, BIKK =Y < XOlRHHoREYIRE L Table 5
2R LT, KK =Y =2t 2RRBMWORE I 24 FifIRICRAMEEZRL, £+V Y
VB8 7.9ug,/mi, T-OHOA 7' V7 u = F 2.4ug,/mi, 6-OHOA 7 )V 7 0 = F 1.4ug/ml B X

Table 5-2. Concentrations of oxolinic acid and its metabolites in the bile of
sea-water rainbow trout after single oral administration*’

Time after 0A 7-OHOA-G 6-OHOA-G OA-G
dosing (h)
3 Tr Tr Tr Tr
6 1.1+0.82 Tr Tr 1.1+ 1.2
9 1.5+0.6 Tr Tr 3.5+ 1.8
12 2.6+0.8 0.9+1.0 0.8%0.9 5.1+ 0.8
24 7.9+4.4 2.4%3.7 1.4%2.1 23.0+13.2

*! Dose was 40 mg/kg.

*2 Values are given as mean * S.D. (ug/m/), n=4, Tr <0.001.
OA: Oxolinic acid.

7-OHOA-G: 7-Hydroxy derivative glucuronide.

6-OHOA-G: 6-Hydroxy derivative glucuronide.

OA-G: Oxolinic acid glucuronide.

Table 5-3. Relative proportions of oxolinic acid and its metabolites in the bile of
fresh-water and sea-water rainbow trout after single oral administration*

Time after OA 7.0HOA-G 6OHOA-G  OA-G
dosing (h)
Fresh-water rainbow trout
6 62.0+30.1(%)*? — (%) — (%) 38.0%30.8(%)
12 58.1+36.3 0.9%1.0 0.8120.9 41.9136.3
24 28.8+ 1.2 3.4%3.1 1.8%£1.3 66.2%+ 3.5

Sea-water rainbow trout

6 50.2+ 0.8 — —_ 49.8+12.1
12 28.0% 8.6 9.4%8.1 7.0+8.3 55.6+ 8.2
24 22.4% 6.5 7.3%8.6 4.6x5.5 653+ 7.9

*! Dose was 40 mg/kg.

*2 Values are given as mean * S.D. (%), n=4.
OA: Oxolinic acid.

7-OHOA-G: 7-Hydroxy derivative glucuronide.
6-OHOA-G: 6-Hydroxy derivative glucuronide.
OA-G: Oxolinic acid glucuronide.
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UA+v ) VBB o= F 28ug,/mliciE LT, £, BKX=Yv2R0KHBEIEHEKX
= U= (Table 3-4) IcH~NTEVEEER LT, iz, Tables 3-4 & 5255, HKXE
FUBKR = Ve ic B BH O F Y U YBREYOBEILEIRL, Table 5-3 iR

Ltzo MK & &ICREEZEIRENLOL V) VRO D ZHEHPARE VY, KEEEE L b
WSy o EAAE, BicAx v ) vV o= FOEISHEMU f, 24 KfER O RS
OBEHEFARKTRIEELL, TEREYEA V) YBRIA7 0= FTRT0%%E 59, Ki
KD A F ) VDK 20~30%% ¥, T-OHOA /' v7 o= FE XUV 6-OHOA 7 w7 a
= FIR10%LTFTH -1,

3.% ®

PlLEORRP S, F4 V) vEREESE 24 BIcB T 2KX = Y < 2O PRBRE
BEKR =Y 2 20FN 0 EHLUL TV EN S, BWKXKBLUEKX=YV2RIcB83 54
) vBORBEICEFSTRBAELTVI EBHLPIZE - 72,

—F, B3 BOTHRALLBKAIEEAKALETE, B4+ V) YROBEMC
KRERENAH LN, ZOEKEAF V) VEBEREBEOTEHEICLZ I LEZBIETHLOY
2Lt LbL, =v=2a8kbofkicBLTbE04+ Y ) YERARBEROE IR
LD ote E WSEHER S, k& dkAakics T 5 BRMIEOMHR ITHKE L UKD
REBEEIC L - TETZ60TIREL, BAEMADOLDOTHS I BN -1,

EAF In vitro ICBIF3FF VU VBOEKESEOLE

Wﬁmﬁwr,ﬁ*ﬁﬁbt#&ﬂ%ﬁmkﬁ%t#vu7&®ﬁ%ﬁ{%mﬁﬁﬁ@§@
CREZERRBABMEDOETRE VI LA L, £hik, B2EicBLTRNIKII,
HWABE Ly TR, 25V ) YROKNERZHE S BKE TR & X TE» - 12
B, ZOERIEEHTEEOETRIVWIEEZ S, L-T, AHITR, EWoPic
ARETERO—>Th LMIREAES in vitro THAN, FAR=V 2R EBEKX=Y2 AT
H#L 1,

1.E B /7 &

WEROKAR =V =R, BLUABOHBKX=Y < 2hoMEHFNL, ~2r27 Vv &
ARVTAT R 2y Mi (H) 2BIE L, &= Y~ 2OM#K Iml i3 LT, 100pg,/ ml O
AF VU URRARK A0 AIA, TRPCEAL, FRTOAMKE L, TRk, HEHELD
(3,000rpm, 20538 L, MiEho++v ) v REEEERL 2, RAMED S+ ) Y REE
(Coans 4pg/ml) BXUMETO A+ U Y REE (C) »5, M- MFEIR (Ry) 2L
TFToRic &> TRD?,

R5=Caioos,” Cs
1, KRMEFEFOAF ) YBEE (C) BUToRcE - TR L,
Ce= {CawsC, (1-H)} /H.

2. ¥ 3
[ — MAESER (Re) 13, KX T0.39£0.08, #/KXT0.34£0.02TdHY, TFTAFT
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OEHMBEIC L 3 &, MER IBOBRBIBOVTENSEH LN -1, FRllFRbOF £ v
Y UEREE (C)) AKX TT7.051. 1ug mi, #/KXTT7.620.5ug,/ ml Thb, EEEOHET
MBI BV THEOEICIIENED SN - o

3.5 =
RDEo&ERM L, #BAX =Y < 20MRESRIIBKXDEFREZEFELVWI EBHLHIIC
Y, Ihg54AFv ) YBOFREBEZOFERTREWVWI EARBE N,

EH5H MEAKRSF+VU VEOMPREE(LOLE

FAMICBWT, BARBLUBAX =Y 2 XTI, in vitrolcBiF 54+ v ) YEBOMER
HBERIEESLL, MREER»SRIERKICE TS24+ V) VEEHEEOEIHHECEN
hot, £IT, BT, Thfho=v<XA0ERRMBANICA+F VY Y BE2EAL, %
DEOMEFOA+ v ) VERBEAFEERL, in vivoicBIF 34+ v ) YEROHEM & Bkt
L7,

1. B8 K &
A 404g OBKR =V < 2 8B L, THHAE 483g oKX =Y <2 6 BZ AWV, KA
1520.2°CTHRR L 726
FF V) v BRETELRIDVED INKEELF b Y v amsiciE» L, £EAEKT 10mg
SmlCFERLAL, COB#EE = Y2 20RKRHSMENIK, #58EH 20mg kgictisk5ic
HEAL, FEDKM I & ICEHREIIED S 0.5m! F*>HEFNCERIT U 7o, BREXL 72 M#E % 45 H)

Table 5-4. Concentrations of oxolinic acid in the serum of fish after
a single intravascular injection to the caudal vessel*!

Time after Fresh-water Sea-water
) . i Red sea bream
dosing (h) rainbow trout rainbow trout
0.5 17.00+6.22%3 13.83%£4.10 - 17.76x3.15
3 8.69+2.14 8.03+2.27 8.49+2.63
24 6.31+1.34** 0.92+0.59 1.43%0.61
72 3.41£0.44* 0.62+0.29 0.23£0.18
144 2.29+0.46*° 0.04£0.05 0.02
288 1.01£0.43
n*? 8 6 9

*1 Dose was 20 mg/kg.

*2 Number of samples, except the one sample after 144 h in red sea bream.

Values are given as mean * S.D. (ug/ml).

** Significantly (P < 0.01) different from sea-water rainbow trout by Duncan’s multiple range
test.

*5 Significantly (P <0.001) different from sea-water rainbow trout by Cocharan-cox text.
The mean concentrations of red sea bream were not significantly (P <0.05) different from
those of sea-water rainbow trout.
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B L (3,000rpm, 20 53F), MiEho4++ v ) vEREEARE Lo, HBHRELT, B
KT 1,442g D= ¥4 9BARV TEREZABREKE 1810.2CTIT» 1o

KX ORI Bertlett Hiic & » THBA RN, A% L LI Duncan &7, %L
¢ 15 W3 Cochran-co B CHEEHLIE L TEERET L 1.

2. ¥ 2

+% ) vEBERMENICEA L RoIEHOEEZ{L%E Table 5-4 IR LT, WX & bic
EAEA Y ) YRBIBIMED SRl L, 3% OMIEHKX T 8.69ug,/ml, #KX
= 8.03ug,/ml TH - Feo & DHAFKK T EPICHD LT 72 Bl 3RRHRALITIC
1Dt L, BKXTomDIRECHTHY, T2 HEE% T 3.41ug,/ml, 244 BERIE T b
1.01pg,/mi BB LT Vi, BKXE X UHIKR =V v 2OEMEFRELE TS E, 058
FUSEERERO A+ v ) VB GEE TRENS SN, o, 24 BHLIE TIEX 0@
BAELEND LN, WA=V 2 TREARKICHATAF Y ) YBROPEHEN T & 53
SHITH - T,

—F, = S4B AIMERA Y ) Y RREE ORIELRIIKX = Y v 2AD5G EHUT
BEBRTH -7 ED, KXY RCBFEAEY ) YROBHEE S, WKRTH S
254 LT BT ESTR AN, ERce M LEKR =Y v ABORG LA+ VY
SRR D RUAPNIBE OBRIHAZLE, Figs. 25 B U5 hoMoh LS, ARROKR
(Table 5-4) LREHETH -7

3.% =

PEDLS i, KKV ABRUlIKAT A TRAF Y ) VRIS OERLE L HIC
EEEe Mo s h TV H, BKK =Y <2 T, Mo+ ) vBREEENER
FE DB I 3K & B OB RS SO0, £ OBENSE N 51k > THRHLER M T
BABBE EHMEE L, THBbE, TOLHINAF Y v BOEREZR TOPHEE O
FERE -7, KR EHKRKICBOTEF Y ) YIROBRHMICK I TENET S &2
S o1, BAEICEVT, B2BRBLTEADONL= Vv REORKALEL S A
E=OHKEABTOA+ v ) vEBROKNEENSRT 3 FERE, AEMcsT 2 RMBREGHED
2TH5 o EAHLhIc Lo, AEOREEDS, #k #KOHEREOZEVICLLAFY
y VBB EREDE GBS T A ESFIHF L, ThE0l &b s, KERERROD
@mgﬁmibenfwmwﬁﬁﬁ%ﬂﬁﬁu&ﬁiéﬁému,%hé@ﬁ®£%ﬁ%§i
RS &b, MEEEKOENEE L EE L TOLLEERT 5 48NS BT EHRES N
7o

X o, WMREMC BV TES 3 RROBE I3IR B L UH T4 %45, Kobayashi 5¥
ﬁv#ym$U5&y77un71/—wm%%ﬁ%womfﬁ%tfmé;iu,ﬁﬁfﬁ
ROBHZ I TRCELIBELERRTHY, BRALEKERTRUALPICAF Y ) YROPE
BEHRRE L D0, B XOBE, > OBEROBHEIZ OV TRSRFHIICHIAT ~ERE
THb,
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2 ¥

AP, KERMEERZOBELSERARFOXREICHHTERNREZRB3LE2ENELT
fTot, KERAERDE LTHELERIATVWAAF V) V%A, REIRAREBELESUHE
OEFERICHLZ ORHTHRE L, ThooRENILBT 2BEIC>LWTHICKRETL, ROk
I ISEER 2R,

1. RBEBACEIIROREF+V Y VEROKASH

SEoBEAIA* V) vB% | EERIEORS L, i, HR, s X EBERho4 + v
) RRIRE ORI LA TN T,

ZYRR, FIET, vFFBIU S OHKRAETIE, 48 FERIRICBHBIc B 54+
V) VBOBERIRES LRSS, DROBEORDEEIZIW S, 10 BY LAENICERT 5
TEMHEEE R, — K, ¥4, =TV, TVBLUL S A0HEKAELETE, #HEHEKA
A TEHGORSEESE L, REBEIREFMAEERC, BRI s EVWERSR .

2. BRERHERICEITZFFV Y VBROKEY

BKkAEEEKATAF V) VEBOKAFESELIFREE LT, £+ V) VYBORBEERED
BOBEZONI D, THOBERICBLWTAF V) YEBRORBYZHEL 7,

T, AECBIIREMERANS LI, RENEBREAETHI =Y 22HVT,
HBLURPREVEZREL LA, RKELDOAF v Y VB, T-OHOA 7o v =F,
6-OHOA /A2 u=FBLUA+ VY v/ V27 o= FERIEL 72,

T, RMcBd A2+ vEABMOoBRHAREERET2HNT, =Y X0lHB
JURTORBMEERL 12, TORE, HHEH OB BRARN LA TREMHS DL, K
BYOBENEVWIEMS, 3V YROREMERET 2k, BHENOLENET 3 C
EDG I - 1o,

SWT, THOBMAI A+ ) VBEEREL, BB EaERchBE L, =v=
2, UHF, F3ET7OYRKAIEOHHDICRIKRELDAF Y Y vBOfhic T-OHOA 7' v
su=F, 60HOA Z Vo= FBLUFFV ) vBIV o= FERBERE, —F, =5
4, 7Y, 7Y, £ 2A0HKAABETEIKRENOA+ VY VB, T-OHOA 7 Vv/n=F%
KU 6OHOA N7 o= FERHENIDOAT, 1*/U/$7»70-bﬂ&&$n1
kB EEAATEF V) VBRBESREZ LB 1,

Dl k513, #kaLikBicBiIsr+ v ) YEBRBEOEY, GERETHF V) VB
OENBRESRLIFERTH S EEX 50t

3. AMIEBFBFFY U VBRORBHER
BKREIARICBY B4+ ) YRRBEOBRE L HEMI BT 54+ v ) YROBE
EOBEMAH AT B, 4B YAEEY ) YRORBEREH ML, 55
i, FEAITOE L TEMRIBEROEEEED LBORBIC OV TR LI,
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T4 OFFEREY X - FEFERL, AF V) VBEMA TS vFaX—bTBHIEI24LD,
BRI D 7-OHOA 3 £ ' 6-OHOA M in vitro it BV THEK S h, 7+ VY v EBH»H
7-OHOA $ X UF 6-OHOA %24k 2 BZROFBD I HFET 5 2 &80 - 7

DXL, T4 ORYBRIIBERLFHEIE I HEIKODVLTRETL, PCBE2HFEA L LTH
W, fAE lkg 47 b Img,/ HD PCB 2#&8iIc & » T 14 BRERE T 3 HESELTH 5 T
LW ot

FaRBEE B L > TRILBEROFEREED 118, A+ V) V8 40mg, kg % E@HEE
OS5 L, BHthoREmEsRELEEIA, A5V ) vBOAT I - VERIFEREKTH S
6,7-diOHOA & 20D /A7 u = F, D 7-OHOA H & U 6-OHOA M- ickiis vtz [H
Bz Th S oRBMIITEERNC X 5 in vitro ERICBVL T BRI NI, ThoDT Ly
5, A%V ) vED» 5 6,7-diIOHOA ~DAERBIGN ZHK 3 7 o v — A ORRILEER TR ABE S
T5EHEENT,

F7, a4 KBFLAEVY VBORBERELTR, T, £+ ) vBHHFBI 2o v
— L OBLEBEERIC K - T6,7-diOHOA &7 b, RVT 2 Fu{bdh TT-OHOA B XU
6-OHOA L1523, & 5ic, Th ook (6,7-diOHOA, 7T-OHOA, 6-OHOA) &RE{tD
AEV ) VBBV 0 VIBAEEZT R EHEES N, ChOoDREHBICEIET 570
12, T4 PCBIC & 3B{LBERFROFGUEETT - TU T OB Z L7

PCBMEIL -2 A4 T4+ ) v/ A7 u= Fich~T, TTOHOA Z V7 u=FELY
6-OHOA /W7 o= FigBIcRlsh, v V150l KA4BELENLERSE LN
CEHD, RYAZOEKALETIE= VY RAEORKE 3 BIc L CRILERROTEH SR
{, COTESmBEICBFAAFY ) YEBBORNERENGRE L ERKNTH S LHEES NI,

4. BKBLUBKPTOYTRARICSIIZAF VY VEBOEATEOLLE

AETE, HEMEEICLT, Bk - dkiliRkic 51 2 RERESEMCBT 2 BRI
BBz :A2EMELT, Fry¥yrE=vUe2siL, E—ABLHKEEKTHELT,
%) VROBEEHEKL 1,

BAEBEBLUCEKET LAE VY B8i0=veRict+ v ) Y%L | BEEHEOERS
L, I, A, FESLCEEbOoA+ ) YREECERINICH/ ¥rFrsdv=
U2 2ORKFEX T 48 B it FMBRBE RS LY, DA+ VY YREK I
S VRD LI, —F, ¥vHrBLU=Y<208KAEROBEEE, <54, =TV
LoRKE4BOBEELEEHNLTEY, BAKICERTEEBORSRENEL, REE
BEEENMAE, BRPMAEVVERSA SN, LhLAss, maBRKicsnwTA+ Y
) VBRI E L, REBBREHLEL <AV TH BT EPBnh -1,

Z 2T, BEthEE I EE L, in vitro TIIEREE SR A2 BKEAE R & BKEER CTHE L 7025,
E11H SN - T, RIS, in vivo 1BV THRKETRE & EAETERO A+ v ) YROFH %
KT 57bic, A%V ) yBREAMBENICES L, ZoRoMboA+ v ) v REEEERN
IER LU, 2088, wkifEHcRA+ ) YBBOMENEL, 4% SEE (2.29
g,/ ml) TEELTOVEORXL, BARERTEA+ ) YROBERRIEL, #BKAD<Y
L OEBREIELL TV, Fho0ER ZERD—> & L THEKOE T 3R &R
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PERID A * v U vRROBEINCEEZ FUE T LHEE S NI

PLEES B, AR, ARERIcAF VY VEBROENEESRE S EEPELMIIL, %
DEKBIALE RS 1, £OFEER, WIBYEEkkic, BYRICRERELOREZVERRLO
BRECS T A 2O IC L, 1, AKATRRKAINTA Y ) VROFEHS
W, FRICHEBEAGERESEEL TR EEHShITLT,

| 33

ARXEE EDBICHID, KIEBEL 25, MEREED 0 F Lo UHRERR - /D
MBI RO VBB OBER L E T, ARROFTICERBENE B L OHME% B
D% U JUN A BSREIE S R E ORNEBILIEEE, SMEBKE B L UKIRREREAE
ECEHLE L BT E 3, $7, HEAPIKE & LTH LA O ETE 7 KRRy
BEOL, FAEFRCRBEBLES,

B CPERRIC B % TH Y 7o KEEFE chSUKEERF S R B L IR O ik ek AT R 5 & DVNER
PEEE I RER LT, £/, RXOKMAEBEY Lk EMOSEERIEELEFRERE T
BEHBL 29,

woiw, A%V ) vBRORBMEREZEME CE SV LEAMETERRSHICECS
ALBL EFET,
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AT

X 1

WS EEEYRI P L 2TA | BHERS « SRR OF « KEVM~ORE & € 0o, I
W, B, 1985, p. 28,

JKEEFF | AKEROERESOMAIc>WTH W, EMR24F5H 21 H, 1990,

B ORse HEfE— s AHEY c EAXE 7 FOREIEET AR LY v 7 7 Bl E B
BL#Ho = v+ RMBREEICH>WT, BURHE, 1, 10-14 (1966).

BOR e AT 2B A PRV VRS Y REOERS L OB B OMEEHEEE
BRizowT, BURFFA, 1, 35-40 (1967).

B ORS - - BB L7 - FlE = V2 ARBORES LROMBREEIC ST, HIKE
33, 618-623 (1967).

B REHE#E— 7 -H0F Y v aE =Y 2ROKB5 L BOMBRER IOV
T, H/KE, 33, 624627 (1967).

BORE-HEE— 2T res 2 b3V iU 20B0ORS LcKROMBHOZHIOL
T, R, 3, 9-12 (1969).

EEEE /PNFREA v FaikBd 34+ ) vBOBISH T 2EBKD pH B L UKED
B, Hukik, 53, 551-555 (1987).

WEERE « NEFREA : 7283 54 F v ) vROBIRICHT 385 BES L CNEEROLE,
BAkE, 53, 557-562 (1987).

BESK - NFRIEA - BOBE - WHE - ltick 32+ v ) vBROT ) icBF 5437
~43E) 7 omE, HKE 53, 1711-1716 (1987).

FAF_ B H-FH E-H) £ BE=-V BT LT Y V7 RBRUEOREY DR
HWEEIc->WT, REEE 28, 267-272 (1987).

BHE_ -WREEE -EH E -/ #: F) P2 2BO=Y <R BIF 3BREMR U in vitro I
B ABKEIF 7 oy —afbicowT, A 31, 166-170 (1990),

R. Ueno, Y. HorigucHi, and S. S. Kusora : Levels of oxolinic acid in cultured yellowtail
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