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Effect of Temperature and Bacterial Infection on the
Absorption and Elimination of Oxolinic Acid
in Nile tilapia (Oreochromis niloticus)
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The distribution and elimination of oxolinic acid (OA) following oral (80 mg/kg body weight) and bath (20
mg/£) treatment were examined in the organs and plasma of Nile tilapia (Oreochromis niloticus) on different
temperatures and physiological conditions using a bioassay method. On the analysis of temperature effect, both
absorption and elimination of OA after oral administration were delayed in the group at 15C, but significant
difference of the peak concentrations in the tissues of the groups at 15C and 25C was not revealed. However,
the changes of maximam concentration, absorption and elimination rates in the tissues of fish following bath
treatment depending on different temperatures were more significantly different from the results of the studies with
oral administration. The pharmacokinetics of OA in the tissues of diseased fish, the main target of drug treatment,
also appeared to be distinguishable from those of healthy fish.
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A E HI U € 7oA OAS 447 79 BHeR
Fojste] Rojuiel] ot oA ] 2XE ZABHLH,
Oxolinic acid (QA)E 218 &4AT 5 EH7F 31 Ag428 B3:AY 2dd ety F4ojd vs) W3

g2 B3¥E quinolone AYY FFOZ (Austin et al,
1983; Bower et al, 1991), @A $-a zgte] S48 7 4
A oxytetracycline (OTC)# &7 714 RHAo 2 dg
AHEEI Qe #AHE FFA FY dtolth OAE X
FE FFAE 2 FF, FARN, AF 5o GHA o
9 A F4, WA, FXd Aol HgE 9T
A#7t U (O'Grady et al, 1988; Bjorklund et al,
1990; Sohiberg et al., 1994; Choo, 1995). 22} 37 A
o off WAl F Wd 59 UAIIFE A/
A e AREEI AY 729G oFo gt & Zolvt
ALol= B3k 71E9] FFe 2 54 e R
7b 53] Y% (Bjorklund et al, 1990; Uno, 1996)& A
ostae Al dAezH A7 Ad g gl
of 2Y 74 oF9 Ny FgHAY FHF=Y Fo
g T 1Y dAARE WS AT J2rEFH
AFT v|2E O X3 A9 0AY A$ #Y T
oA o FAM e A& A3t Mg}, 2RI AEA
A, macrocytic anemia 24 59 ¥&4& 24 (Miyazaki
et al, 1984) & AA AF FHEo B A =&

g A7 deHd e olfe 0AY F59 HddA
HRFENA ALSE 73olg vlaadte] of® Zo7t 9l
EAE A7l W vx% &4 2 Ml 2 FHoR
Ha AES .

R

1. 48 x=z

20~60g 2719 4 2et 3o} (Oreochromis niloticus)
of QA (o}Fo} &47, Fxute]d, 1kg F oxolinic
acid 200g H)E FAggen], EF oxolinic acide
Sigma Chemical Co. 2% E T3t AL&-3t e},

2. dgofe] WAz

(D) F&o] Fepid BE OAY §F+, £X, 4
o nAes 9

AFLox Aol 0A 5o Mg 2ABH] 9
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s



678 A - MES - HUE - U

o AT ¢ FE& 152 1C2 fAsY.
(2) 99798 BN 73 2 d92d }
A¥elg 979 A7 98 AH4E Edwardsiella
tarda H4< Y 9dztyoje] dist w4345 (LDs)
7F 12X10'CFU/fishol ™ (3} 1995) OA9) W& MIC 32
0125 pg/méolct, o] FFE Phosphate Buffered Saline
(PBS, pH 72)2 3{43to] Agofo] 5X107cells/fishe] ¥
EE 7 FAS T 29 F 3UARA Aolde Ay

ol¥ E tarda 29012 AoJsidth

3. 0AZ] ofF Y Fof

(D Z7% F o4 W9 oA FF 2% ¥
LK

AP E 100mg/? tricained] F5H7 nl3Al7) & OAE
02% Agar (Junsei Chemical Co., Ltd) solution®l
Y $T2 5 gel 89 FFAE 99 FF 0.1
¥ 13 ZA Fddon, 0AY FIE%FL 80 mg
/kg body weight (b.w.)7} HEE &g},

(2) o4& F oA W OA 5, £X 2 ¥4

408 5ol OAE 20 mg/le) FEZ Xo|1 42 E
THE AdPolE & AFow, dFAY 47} A
G MHE AAE 98 24300 2e Fx9 0A7L
FHE Fr2 By A5gY Ty AFTFE 22
A F& AFEA & AYTE 9643 T FE
FFE Aoz BARAen, b 4Y7E 244
T ELOAN & N F A2 §A FEo WAL
ZAHe AT

4, 2L B7| Y OA Sk H3 24
(1) OAE H¥ojol FoAY F9 7] 87

BTFAE Z9e FF F 1,3,6, 12, 24, 48, 96, 192,
84X TH, A& S AU Fee FE AF 3,06 12,
24, 48, 96 A, e GES wjAdE 287 99
Me 24N F& F 0,2, 4,6, 12, 24, 48, 96, 192, 384
AR 3~5utel & A9 FE8d Y A% 7 2
& #£93tgd.

(2) Biocassy e & 437 948 AR 3 24,
83 disc A%

AL 8,000 rpmell A 1083 13 94 237 3 %
A& #23td paper discoll Boje=d & 204 12
A AZRAA FA BEASAY —20CHd Basgdc.
A%, T, 5L pH 72, B PBS9 £%3H4 Tissue
tearor (model 985-370, Biospec products, Inc.) & 90%
ok ¥ 10,000 rpmol A 2087 13 94 Bae

H5Ae 2estel YA} FUY WHOE discE A
A9y,

5. T {9l OA HES ¥t bioassay |

(1) Bioassay & 4% #3F

¥4 ¥8 €5 E tarda K-19 0A°l g MIC

2 0024 pg/ml, HEFAE 0.09 pg/ufol A},

(2) ¥®F disc AR

OAS 125 pg/ml % 2 foldS 0.09 pg/nb7tA) 84 5
of 374 8 mmY paper discoll Bol=d £ A2 24
A AEAFZ —20Co) RBAIFAG

(3) Disc diffusion 3

E. tarda K-1€ 84383 F 595mmel N F3EE
ZA43e OD. 0.1257} HA AT F Agsgd.
Tryptic Soy Agar (TSA)ol 2@ W8 o2 2AH 7
de T =T AR R EFE discE Yo 25
CTAlA 18~2042 Mg ¥ 4D AANE 2438
At

6. OA 5T XXt 37| Alo|2] 2 =M

OA7} & A8 WY v# 3 Agde Y& &9
37 A3t A%, 2, 25, A2 250~0.19 pg/mf OA
A E TS discE AF3IL bioassay B E
THE ¥ 0A FZ-AAY Z7) Aolg BAE 73
OAE ¥ 549 59 AFF disc2 78 XFF
A3 wz ok A%, 1 2%, 84 Yo Ho} gl
OAE FHF =} sle 0Ad D& g71g B4 3
e o AFL 86.5%, T 89.0%, 2% 93.4%, @
FL950%E Yooz 2 A7) dE EEIFHL
T3 g WY OA ¥EE &H3g.
7. UEEE 24

OAE ATF9T F 23 ) OA FE-ANY T8 L
T3 two - compartment model& &3] Ay
(Gibaldi et al, 1982) 2.2 %583 BEAS g4} F

He
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=
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C=Ne “+Le “+Me™#

olm (ka: €58, o, f WIXE, L, M, N: AF), 7
71€ w=In2/ka, o, B2 TIHAT F& F w7 A
v 9A 23 W 0A TE-A17Y FAUL T3 one -
compartment model& 2 §-3t¢ W] AW A& te=In2

/k (k: WA E)2 T3
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1. B75F0E 0A9 &, HiM & B2

o] 25CY A A4 27Y oY ¢AY AF
@ Ud geksold] OAE 80 mg/ky bwd BEZ AT
FAG F AR, 2, 2%, 8F $F 439 AAzRH
# 8 R bicassay WoZ A7 U9 OA ¥EE ¥4
% (Figl). 4%, 2, 2%, 83 Y9 34€ 0A 32
Fxe 42 2123(£291), 1838 (£ 182), 1268 (¢
1.90), 1251 ( £ 196)ug/g or mE AZF ZHo| A 24
FEG %2 359 0A7} FEEdt BAger T
T AR, T 2%, 839 F5HR] (wa) S 076, 079,
0.89, 08712}, dlAMZEY] ()& 7935, 7970, 6727,
A4BNN0 2 et o2 RE Wde] ggrid
HE mzA AFLE ¥ F UM Fo9 F 384 A2
A ol A7NME OAE AEHA FUTh

2. =2YOoR E0igE 0A9 &%, M 3 Bz

A7 ¢ APAE 25T A OA 20 mg/le] TR 964)
BE¢ AL FEATE B 0A F, PEE ¥
3D, Tl 24413 4E F 0A7F gle Agdl 489
g $7 0Ad MAS FABAS. FET F & 37
Wel 0A T2 & AF F 12~14ATH FHAd el
EE3ST. 9641t & Fof A7 1, 25, R WY
OA FXE 3757 (2 1478), 2671 (£803), 2056 (
0.51), 2265 ( £ 378 ug/g or M2 A& Zho A 243}
480 22 519 0A7) AEH U (Fig2). 2422
FEAIZ o FY & A4 OA AR ETIE AR
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g. 1. Concentrations of oxolinic acid in kidney (@-
@), liver (v-¥), muscle (l-M) and plasma
(A-A) of healthy Nile tilapia following a
single oral administration of 80 mg/kg body
weight at 25C,
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Fig. 2. Absorption of oxolinic acid in kidney (@-@),
liver (¥-¥), muscie (Mi-M) and plasma (A-
A) of healthy Nile tilapia at 25C, The dru§
was given by a bath treatment in 20 mg/
through out the experimental period.
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Fig. 3. Elimination of oxolinic acid in kidney (@-@®),
liver (¥-¥), muscle (l-HW) and plasma (A-
A) of healthy Nile tilapia following a bath
treatment in 20 mg/¢ for 24 hours at 25C.

4585A12F, 2k 4565413, 25 389343, HF 47042
22 e (Figd).

3. 20| ZTEF0E OAY EF, &3 Y viso)
DixlE Yg

U datmjolrt A & 5 e AR 15T A
<ANE H¥old 0AE 0 mgkg bwd $E2 ATE
oA3te] OA F5% Aol AFFEAAY B iy
o ojujdt WIE VehlleA 2ARYT (Figd). 2
Z3 Wy 249 JAnFEEs A7, 7, 2], Y94
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Fig. 4. Concentrations of oxolinic acid in kidney (@-
@), liver (v-¥), muscle (M-B) and plasma
(A-A) of Nile tilapia following a single oral
zllgoministraﬁon of 80mg/kg body weight at

C.

27} 18.87 (£ 1.68), 18.66 ( +3.02), 12.08 ( £ 240), 12.
99 (£ 16N pg/g or BL2E AT} Thell M T4} BAu
%< F29 oA%t AEHUY FFHE] () e AR
37TAZ, B 3TIARE, 25 338413, B3 410430,
HARLI] (e AR 100404132 T 9691412, &4
15526212, 8% 7758X 0.2 25C AT vnsd
g F, WAL AG=HA

4. FR20| A=2¢oz RoiE 0AY &, BE 2
tidol oAl gg

2 150 A48 Aol 0AZ &4 whde
2 F39s o veds F59 e A4
25ColM S 27 v)iEste] ojuE HolE YehieA
ZAE A OA 20mg/lel 52 15CHA F&& A
g T ATARA Aole] o FrME 0A7}
AE A gen 53 asd4E 48 AF 347
ATA OA7 AEHA goith 15T F348 ¢
ol & AF F 96A17HA] 0AY FETF BE F7)9)
M A&H 02 FItete of & Al 96 M E 2637 (£
3.82) (A7), 2298 (£330) (B), 1834 (£053) pglg
%), 228(1342) pgmt (BA)o] BEHe) 71, 2
%, 83949 0A FE¥ 25C 4¥TA veg 3
709 g3 44 24 FAEA HAY (Figs). ¢
A 3 4ol AHE S o 430y Y43 E oAt
e BFE &7 0AY WM AL 29S|, U
Azt ok & A F9 2 A7 WY OA FE7 693 (£079)
(X)), 546 (£2:66) (7)), 3.75(£096) uy/g (2%),
386 ( £0.75) py/mé (BR) o2 25C YT 23R

U5~1/62 o0 vebsteh s Adwg) (e 6539 (4
A, 64.18 (D), 6539 (%), 60274 (B o8 25T
APTY 8~45AT Bk Fdolx &9 W vy
getvjole] OA FEHH SA4d & 9FE wPL ¥
A3 (Figs).

5. oIfiZdE G SajujofolM HTFFE 0AY
ST, 2% Y aiM
Falete] gx Holzr¥ R E tarda H4E
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Fig. 5. Absorption of oxolinic acid in kidney (@-@),
liver (¥-¥ ), muscle (l-B8) and plasma (A-
A) of Nile tilapia at 15C. The drug was
given by a bath treatment in 20mg/?
through out the experimental period.
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Fig. 6. Elimination of oxolinic acid in kidney (@-@),
liver (¥-V), muscle (l8-W) and plasma (A-
A) of Nile tilapia following a bath treatment
in 20 mg/2 for 24 hours at 15C.
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Ud detgol 87 o] FAE ¥ 0AE 80 mg/kg b.
w.e FEZ FA3YY. 4973 F =27 80% 7}
AL o5, OAE F43 4¥+E 39 %49 #4
AN % 75%, 2P AYAX F F 10%7) A
. ATES F 2499 F AV HuvEe 44,
25, 283 8% RFAA A7l fAE oY,
F7) (twa) = 1.68 (A1), 1.85 (3D, 1.74 (2%),
LI0N () o 27F 4879 076~089A7
B} gujeld Aoz on, ul A7) (tue) S 140.3 (A
), 1673 (), 2154 (2 %), 124580 (B ez v}
el (Fig7), OAE BT FAqA AFd Zdd Uy 9
gujote A AZolnd AQE F49 wAde AFe
LAS R A=

6. oIz & 4 EatmofolA Ld=2Hoz Fof
& 0A9 &7, B% ¥ HiM

E. tarda H4Z A2 FA ZgolTE 49T F
A7 Yo OA 20mg/l FENA 96417 Bt o
3 AS W 48413 Aol AN =23 96X LA
o 23 U 0A vEv A% 2071 (£ 141 pglg T
12.66 ( +0.62) pg/g, =5 9.04 (£0.83) pg/g, B3 1345
(£228) pg/ml2 BE A7]olH 0AS HLF =7 A
ol B} gl At (Figs). 24412t 59 OAd 4&-& A7)
FRE £49 ggdA ujdutzty] (k) 7} B 3198
Aoz Yert (Fig9) A7olel 126042t ¥ 8}d]
AQE HH&EEE B FYot

20 [
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Fig. 7. Concentrations of oxolinic acid in kidney (@-
@®), liver (¥-¥), muscle (W-H) and plasma
(A-A) of Nile tilapia infected experimentally
with Edwardsiella tarda. Oxolinic acid was
orally administrated at 80 mg/kg body weight
at 25C,
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Fig. 8. Absorption of oxolinic acid in kidney (@-@),

liver (¥-¥), muscle (M-W) and plasma (A-
A) of Nile tilapia infected experimentally
with Edwardsiella tarda. The drug was given
by a bath treatment in 20mg/¢ at 25C
through out the experimental period.
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Fig. 9. Elimination of oxolinic acid in kidney (@-@),
liver (V-V), muscle (M-M) and plasma (A-
A) of Nile tilapia infected experimentally
with Edwardsiella tarda. Oxolinic acid was
administrated by bath treatment in 20 mg/¢
for 24 hours at 25C,
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HESHA7} 009 pg/nlZ Pearson  (1993)0) A}43
bioassay 8 o9 HZ3A, & Bacillus subtilis ATCC
66339 2.5 pg/ml, Bacillus cereus ATCC 117789 0.3 pg
/né, Escherichia coli ATCC 259229) 0.3 pg/mé$} B &)
E o AE8A ol Agel Agded Hgsida
AR H At

T2 W3e ofFod YoM FEY F¢ X 2
e 9L F= Aoz d2iA 9ok Sohlberg 5
(1994) 2 flumequine (FQ)¥ 5 mg/kg bw.2 FA7 4]
d AT%9 d4e 1 1BCdMde 8% W Hikre
(Cou) 7} 191 pg/ml, ANEE EZANZ (Tro) 2 19.14]
ol 3, 3CHAMNE Coasy, Tonan?t 42 1,07 pg/mé, 545413
o2 It B1usg o Ueno 5 (1988)2 AN
Folo) OAE ATE FASHS o 20 F5EEde
Qg FAT A7l ) H1 sxole JFL FA g=
O sgct. o dFeA 15T ¢X A UY g
Fotd] AT 0AE F4 33 o F5uizslzt
3771~410A 3, Wl AW 17} 77.58~155264 e 8 U
B} AAF2Q 25T AYTFA BAE FHupy)
0.76~0.89213t, Wl A¥77] 4743~7970N 0 vaE
o Foh WAL oAt a8y 4 24U F
AT A, 2 2% 2 BFdA 42 1887, 1866,
12,08, 12.99 pg/g or M2 25C AF T} fAsF R, Ful
XA 43} 74 FEIt 253 Y99 xR
& AR FABIER £29 Zol2 42 Fy A
A ysle HI $rEtde 48 F4 94 £54 ¢
FES vAGE Ueno 5 (1988)9 B9 HALE
Bt (Figl, Figd).
W, o1 F 9 Aolo) mpEtA) okE - AHFo) W
st3le Aol el A Ut Samuelsen ¥ (1997a)L WA
FdA FQE 25mg/kg bw.d] FEE ZFTFEYG &
5o Wi o2 13 B39 e | AEFHe F
F 4N, 845 AN 84 W J1 FEd
Tddte 238 Bo FR Malvisi 5 (19978 ZE
o FQE 12mg/kg bw.9 TEEZ 53 A75o & 4%
o&, 3 BYA HFTFA T 14 1 FxUt
ZA359d. T3 Samuelsen T (1997b)L& 4% Fe
sulphonamide® WA G Xl F&o WP T}
Qe B FHFH ] £k Aol 2ot ASE B
a3t iAo Fiel vtz G55 A Ao
7 dge & F AL

Eo} uil g e dte 15T AYTE 14AT $¢ 0A
o &AL AFY Z 2 W9 FEE 25C AFTF
29 TR 5~6 ¥ o2 e} O'Grady

o §2
it ogt rio

A2

5 (1988)0] F&Ho FHA FAA) A5 o
29 471 2 HA gevde 219 {418 232 B
Aot 28y, 15T A87E F8 27 F5E AY 9
FojAA ge WA A TAA A&HY F547} o] F
o}z ZAUY 0A TEV} 25C AP FAMY FRAH
F=Y FARHA e wEl AFLqNE F49
Ads A e Adddn € ¢ Ao (Fig2, Fig.
$). B o8 F widoME wjHAWRZ7} 60~65813F
L2 25C 48T (38~4547H BT 2 £%71 »gAm
Z (Fig3, Fig6), ¥2°] ol%9 OA Fr&xE B8
A&z 9% F01 ¥ § . o]d ol
olf7t W2EEolY] HiEd AF2dMe MELY &
4 Aa e datede i oo g9 F4
o wi o] AAHAY]) WEolet AT & YA o]
Hatode Boh FAFHA 77} o) Fojxjol & Aot}

E tardadl 9 7447 d8old 80mgkg bw.d
OAE A ZA7Fd AL W, FFI7] (o) & 87
ofe] Aol s o 2ujold Ao wiAdubzts]
(e AZJETG AR (Fig?), 149 0A FHx
EEE EEHUXIE £5798 AA WE Fo)7t glAEk
FRolo) v W} ARE Be FYoy g B
OA HAXFEE 25C A7) vis) F TAY FAE
Ao Jeygt A FEHoz g Zgold OAS
FAAE We 4 4719 0A w7 Agoldl HlFy
$& Ae BEIAAS. o9 2 AT RNy E
tarda ol 3t 2 AA} Kol F, FF FS A
w0l (Miyazaki et al, 1985) 2% Hwo] 7+ 44
hHcd 2 A% U 439 AdE F 279
AZtEY 71 7)ol 3R EX Adx
FAE Aoz As€Y 23Y E tardad 39 F T
z39 A4 HApt A dojygz 3 QXY 75
v dojue 2719 A% Adod wRd Selde ®
02 %83 Aol Uege £x U Aol Agad.

EH B AFdA A9 FEold GEWoZ 0AE
Fo3gd e W FE AF 96A A 4 A9 HnF
T AFofol Y ok 46~80% TELE vrolAn (Fig.
8) WAz 2590l AAAEZ (Fig9), Tl
9% 4593 wale Jeflog QA F43HE o
g F A JedtR g 5 Ad, 2y o)y
Ae O'Grady % (1988)°] furunculosisol ZH€ of
AgdoldlA FQ 50ppme E pH 7, 11TAA 1A ¢
L£39S 1o AU FrE MpuynlE B30 35
pg/mest Bl w AolE Ho|x gevhe Bus} 2
o)7} St} ole duA ¥ ZHdY £F, ¥4Iy A=

r
2
e



g degols] oxolinic acid® F48 w4 683

59 Aol g3 AY & goenz A} 4 glo]
Agoy A Ay 5& FEo] ngsdtaor & Ao
. AEIAE F% oY Aeromonas hydrophila®l A
A ZdE Jd getdgote] OAS LYo E EAAE
o 25 W9 OA &7 A7old H& Wolxe F E
tarda ZEol9e 42 I4E X8 By & o]
HY% dAqed °lRE A hydrophila7t o}7tu], A=
#gn) 2 Ax) L4 HAE K2 § (Grizzle et
al, 1993) e 4& oA WA Ag 2ol
710d Reg AZdE,

ART Y 9% Ay waew oig £ F
o] 874 a9l dANE AEH eis} Zo] wWalsi,
2YEE g4 443 JHd e

OAE T3t 489 F4 W4 4 REE 2
ﬁ'—f«] Ao A daAE oJF FHE H¥e -’F%°]
F2 A7 ddAY Fo L 4A 2 &S
?-_} 73 © & AIZHE AA oo} i, Aot B2

= ofFo] RZLo] Qe UY UM FdFEE
":‘E‘°?7ﬂ‘4' 2977t& e Ao $EY X5 AAE
Eole Yol 24 ¢ & U

f

f

1

o oF
I =

Oxolinic acid (OA)E 77 (80 mg/kg body weight) S}
48 20mg/D) S WPez 4 9E A8F 4y 3
£ 44 gat9o} (Oreochromis niloticus) o Fo & %
oAFY & 7] el #X3E 0AY ¥ bioassay
Hoz FMFonN ofFe AA AH7 0A FF,
22X 9 Mo A 9T ZASGYY ALSFY &

£ 15Ce} 25C2 ¥ AYTo OAE ATFE FA% F
e Fot wde viud BHY, 15T AgTaMy
G2 F49 MAdEEE 25C 4FFHET @A 7
270 W sz e 25C 8T /94 e Aolg
Bolx] gttt 23y OAE d&og Rode H$
Fr 2 odEs % 2x3ld A8 HES AojE B
o F9d, FEFGY AAHU 2RI} = Hojd Mg
GERITE BHEY] A%d E tardad AHHFFGE o
Fo OA® 79 249 Yoz BA3AE 94 F
Z3 9 4E ZX 2 5ro #ale Aol gulg)
o FHEE FUH

At At

B ATE (9979 % B dok/ane Bo}p g
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