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(60.13+15.23) g, AL LBk T 7K 7= Jm 4t 15
G = AR AT . RS REHIELICC, =
WK BELTE (18+2) C e A7, I8 #4197k I, mT 4%
K ELTE(28+2)°C, SREGTEX 2 B N kAT . S
AT, BE A R EE = AR (1 mx2 mx1.5 m)N #97
— &, A MFEHESOE, L3N MF . 561,
TR B8R A6 A A kL, id SR K .
gt NS IECKE RS K (g, 3%
ECNWAR]), VYT IR (o rat, B 2557k
LRGA RA R, KB EREN(rFral, E25EH),
BRIV AR S (415 >99.0%, Dr. Ehrenstorfer
GmbH), ¥ Vb B bR it (46 £>95.0%, Dr. Ehren-
storfer GmbH), 7K 7= F #h 2 B v0 BN (41 /£99.8%,
P 120418-8, 1 FH WL E F 25 A TR A ).
e 15 ROBRH €63 (Waters 51572, 717 H 81
HEFERR, 24752 1@ IE D EAE I ZS, BLEmpowerth il
TAE¥k, 3% E Waters A 7] ), METTLE-TOLEDO %
HL 7 R P (AB-240, M4 #1-FE R 2 A 7)), H3hmE
AR ODHL0PR-520, H AHITACHA /), Jig k7%
KAL(Hei-VAP, f# [F Heidolph 2 &), 2L WAL (KD200,
UM B AR A PR A 7)), ImiE TR A 23 (HQ-60, db 77

A 1E).
1.2 SCIEIt
PRI 5 2 B Vb B JE R 400 mg, 1 5% UK B R

WIS, Ik 10 g, B4 2100 mL, LA EFS &N
4 mg/mL, 14 FH20 mg/(kg-d) 7 & 42 7d,
K EAE L9 MMy, B G e I M TIE 24 1 R,
FERIR, FCFKIE. TEHETRIEZA SR G, SR
KA, BERE S EAESBORFES, FoE Mk jG —IREH
BLo1. 3. 5. 7. 9. 11, 13, 15, 20, 30. 45,
65d---- JEKFE, BAESE1. B83. 35, %7, 9.
11, 9130 515, 520, 5530, 545, HESK-----
HIRE il o R VS BB A SRR M5 A RSP ATAE, BIL
BBt S SR . UL B BERE AT I,
F Y8 FMLECEY I BRI SIRE i, S ik 28 SR =8 4k
FRAKGI . SZEGEF[A]20134E7 H—20134E10 H .
1.3 7%

¥ aa 4L 38 11 Hff B X BT B BT B S 1) UL
WHEAS5.00 g(FFIE. B E. KK #1.00 g, 3K
1.00 mL), KNS g o /KR ER A (HFE . B AT
ek, I &1 g)M10 mLERAL Z I (P . B I
ek IR %5 mL), HimEMGR 5, # A
10—15minJ&, 6000 r/min& L>5min, 2= FETER.
AT P RSN 10 mLER1L S G (FFRE. Bk, K&
ik MK %S mL), EEEAE, &I LEHR, T
55CHRMA LR ET. 2.0 mLiFEIAH 78 0

filt, eI B0 R, 340.22 pm L e I R S
Bt R RGBT 5

ol R R B HI Fn AR R 2 RO B = TERFAR
120.020 gAY BN B, H CIEWRE, H e
4100 mL, B %200 mg/LAIFRAERS &7 BC
I A R A (25 B0, IR 8 e 66 17, A ROW N6
H o ¥ B yb B IR v B AR v A 5% 00 I sh A
R A R, L) B 0 BRI T VD R IR B NS
10, 20. 501100 ng/mL AR & b vk il 28 ; 1ic
BE v B ARV B EZ 8100, 200, 500,
1000F12000 ng/mL ¥ =ik FEARHE M2 . SR = 4%
WA B o ek A% o Akl . DURGEVD L B
VD B B RS AL bR X, DAL TR A N AR Y, 22
HibRAE 26, HH S EE TR A G R AL

B ERFEMR  BORE RIE BRI
V0B 2 BE s SR A 2R (LR fRTRR A AR D N
AN—ERNBEWE .. R ERERR, TE S
/b30min, BEAMFE S FIBS 7N FPAT o« P& REAE L TR
A FR T VEBEAT A R S HERE, 3t A B YD
ERMAHRY RS E. 2 AR BRI R ER
FESP RN 1. 4. 20f1100 pg/kg. LAGIHE3 {3 4L
Nt 55 110 245 62 1) 5 e R PEE Ay S ARSI R

BRI AR CI8KE(250 mmx
4.6 mm, 5 pm); MENH 2 DU T 3R L EE=10:
90(v/v); JitiE 1.0 mL/min; ¥4 3 K280 nm, K 5
£:450 nm; FEiE: 30°C; HEAEE: 10 pl.

BIEQIE AR, WER T RE R AR 2T
B X HMicrosoft Excel 201053E 4T 4L ¥R AN 221, 18 &
AR B R FEOrigin7 SHEAT T M2 . 34 %
R C=Cye ', CRTFHMIREE, Co ik B
X 5 il 26 AR (ug/kg Bling/mL), k3R 7~ T BR g R 5

2 £R

2.1 RS HEXER. AR AR B ER

7£5—100 ng/mLA1100—2000 ng/mL N &% b
MR R R, HLM AN Y=18101X—
754315, Y=20404X-2x10"; 13- &% kT
0.9980. TEARIE KA T, AL BEVD B ARk
MFR1.0 pg/L, M0 B S ARK IR 292.0 pg/L.
B AL K (AN S I =M 0 8 #7391 1 v e 0] 5 87 3
W BRI B EICREAET70.35%—90.63%, 75
UIWARIS >
2.2 JKIEAI8CH, BigERHENKBHMAEN X
EEm{A AR5 BB 1B R

M 1] DR B R A B, 7EKIR V18 CHY, 3
RSO S Fh 4 2R EF W) 46 5% B R FE K T CF Y
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Tab. 1 Residues of enrofloxacin and its metabolites in tissues of channel catfish under the temperature of 18°C
I i JZSkin (ug/kg) IfiBlood (ug/kg) FFLiver (ug/kg) ' Kidney (ug/kg) MMuscle (ug/kg)
Time(d)  CF EF CF EF CF EF CF EF CF EF
0 41777+ 3121.52+ 2420+ 20331.87+ 5232.17+ 209864.87+ 700.30+ 46811.85+ 558.61+ 1985.23+
12.57 89.21 0.87 97.12 159.36 9891.68 9.22 745.67 23.25 164.87
| 649.87+ 2157.09+ 115.99+  3238.17+ 8364.75+ 138521.89+ 971.88+ 16431.59+ 457.22+ 152391+
9.75 185.1 11.58 314.86 648.19 7458.39 9.88 1496.21 22.69 87.25
3 188.60+  865.89+  71.53+ 427.84+ 1775.58+ 641931+ 304.62+  4532.92+ 240.58+ 964.23+
7.63 91.57 5.39 86.39 531.66 547.21 6.17 256.37 10.81 74.61
5 142.07+ 1134.67+ 15.13+ 157.90+ 1227.63+ 8346.98+ 91.08+  2436.00+ 365.33+ 1357.64+
5.12 56.28 2.17 54.62 357.24 681.29 6.42 611.74 31.15 89.14
7 126.84+  696.52+ 4.05+ 97.61+ 270.80+ 1685.09+ 40.57+  1434.68+ 296.10+ 1048.69+
6.97 49.62 0.76 16.59 81.63 312.87 3.46 235.69 10.77 86.42
9 100.79+  643.54+ 3 109.63+ 270.44+ 2570.28+ 36.12+ 814.22+ 15546+  821.03+
7.64 56.27 22.74 52.71 349.76 2.67 85.11 11.07 54.62
1 95.53+  718.17+ 3 85.11+ 299.65+ 1205.29+ 19.27+ 691.25+ 86.28+  651.66%
2.33 47.61 14.96 33.49 203.11 1.25 63.14 6.31 41.27
13 83.85+  502.10+ 3 56.32+ 191.40+ 1296.97+ 10.59+ 689.12+ 66.35+  496.14+
8.74 26.33 7.69 25.67 209.36 1.66 45.37 2.05 34.19
15 86.62+  473.01+ _ 22.48+ 153.95+ 699.04+ 12.11+ 522.40+ 48.25+ 511.47+
5.69 49.73 2.37 13.76 56.47 1.78 51.98 429 25.71
20 78.65+  367.98+ _ 9.44+ 112.65+ 520.11+ 5.63+ 471.43+ 32.68+  412.96+
2.34 59.14 8.27 21.47 63.41 1.12 33.74 2.78 36.74
30 51.76=  307.36+ B 1.23+ 86.14+ 401.86+ 0.00 256.49+ 12.54+  340.02+
4.76 23.18 0.55 7.83 39.64 ’ 41.09 1.33 22.67
45 2391+  230.11% B 3 79.21+ 269.74+ B 96.28+ 28.14+ 211.56+
1.28 42.95 4.68 23.54 8.30 1.51 14.68
65 8.65+  143.77+ B 3 4522+ 231.88+ B 55.40+ 14.89+  169.23+
0.68 17.35 3.19 18.46 4.38 1.04 10.88
50.12+ 96.21+ 831+ 76.25+
%0 B 8.31 B Bl 8.65 B 0.87 0.00 5.37
120 _ 10.04+ B 3 12.58+ B B 12.11+
2.87 2.49 1.67
150 - - - - 1.34+0.52 - - - -

T R AR

Note: — indicates no detection

BRERWREE, 1 H AR A2, EF AR K L CF
o FOKR, FFNE-FEFMK B i s, iz KT HAh4H 21
PRI B, VR B R O, R R AR IL P R
o BEJEATAE . B HEAN I A A EF ik BE 94 5 7 45
1B )5 555 R (VAT fRIAREESR), W BEE T [ 2
WIEIR RIS Y% /i da, PEARE AR . R, &
JoR AL R T EF ik B3 R B [ R 1 0 346 B 1 1/2 BA
o WIUGCFHR B MR BEAE T P i v, OO B AN
VLA AR, R SR I B /b o B S T [RD, IfL Y AR CF
WA BN, FETES ORI R B MR LT . Bk
(R CF 3% B VR B A 553 Kt 1 = 2297188 pg/kg, 3T
FE30RIBRTE o R BZ K I CFAE 553 R 38 22 8
Ja, B AR, JEI T 90 K A B 2 s I FR LA
o WA CFKEMNFEOKRNIS58.61 ng/kgik L%
K, FTREE R EIKEEL2LLT, H120 K 56 20 K .
23 KiRA28CHY, BigiEREREMER S
EEmIA R BT BB R R A

M 215 H, 7E/KIR 28 CIY, B0RIE i X2
fifi) S 25 2R R EF (19 47] 46 5% BE R FE 42 KT CF ) 5%
BV EE, EFfRIHE K LLCFIR . SB0RATE. BZfkAn

AR FR EF R P A v, LA RN IR AR RS A . 5 O R AT
JIE FREFHK BE B i, 151 110861.49 pg/kg, 553K iHH
F%221979.68 ng/kg, b 5 £ 202 AR AL FE H, Ik
FERAE G, Z590K 5E bk, Bk, BRERALA
BRI B 2 555 KB Z AT L I10% LR . I
TR EFHK B M B K] 1883 1.38 ng/kgiZ B BRAK, 25
30K FEARTE . MHILRIRE £ 553K, Ik 1 CFE% ¥
WY BRRS50% L I, 2B 7 RIHERE. B HE+ CFik
FE R A4S RKIHBRTE, HIEF CFIRE 25665 K 1H b
5E. T BR AL H CFAR BE ¥ B 5890 K 4 58 4 7H
738
2.4 JKiR18°CFn28°CHY, g E R EA BB
B X R AR R BB

MATGRIR KT fE2F0 KR T, BRIP4 IR &
BARAWCFIRE . KIEAN28C, FMPLAH
EF A UAVR FE EL /K IR 9 18°C o, IV . PR AN
WIUE VA FE W AE 18 “C B 43¢ ey, 3% i3 BA 7E w8 /KR IR
TEI NP, 15 2593 N Ah S Nk, 18°C
BF IR P IR B A 1) 25 R K . BR UL IR Hp
CFRIWIUEAR FERS AR AT, HoRaFhH 2, /K R28°C
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CEHIUE Mk i e /K I 9 18 C I i, 33 156 B 7K ks kv
EFFE4k N CF I E Rl .

MBS R KR N18°C, SFAH L
EF 280K 15 B f i v FE, b iV T8 B 8 )5 P 42128
BEAE; B 7 WLAI R A CF A SR 0d A e i B D B AR 2
b, AR AR LR (I CFIRk FE#R 2 S T i, Ja BRI
RS, W PR LR T« KiRN28°C,
B3 P JE o EF IR 94K B8 LR 55 3 R M A 18 o, e v L 4
CFFIEF D2 25 0 R V4R 1A B Bt =y R JE S5 T 4R BEAIK,
E A — AR B SRR A, TR B S 9 R R
EFAICF 5% B B o T, FERRAR, LR R
W FE

MPBE AR KT K N28 CHY, A 2 CFik
s EF B i 8 R B B L KRN 18 C I . /KIRTE
28°C, R EFKFE 250K 6915372 pg/kg, H3 R
SR P 226882.77 ng/kg, MR 90.0%,; 1M FIAEE
W, B HEPEAR R N91.3%. 27K 28 CIt, B ik rh
CFIR B IS5 021 26 3 K B fif 26 N87.5%, "B Nk P fig 22
HN61.5%. KiEN18C, FIKFEFIREEMEOFZE
IRBEARZN30.9%, ZEA % 2 /Kl 28 C I [ fif %
(11173 ; [EIFENE DL I P AR 22 ON64.9%, JLF 22 7K
928 °C I} PR 21213

M BB ] SR CF ¥ BR8] L EF I B B
(%2 28°C /KU ™ 29 B BRI R EL 18 °C /KR T
25 BRI R4 . KGR 18 °C R i I EFIK B 2 5
150 RATYH% BE 1.34 pg/kg, M28°C/KIE T, 590K ik
CaRMHT .

25 KRk, BTBE. BREEFALAFEFREMRSH

K HIMicrosoft Excel {b ¥ 15 FI| 245 Wi B2 (C)-1H
BRINF ) (1) RN TTFE . AHE RGP B
P (T ) (K 3). FE/KIRE 18 CHY, EFFE JZ ik
JHERE B AL R 22 3 40 701 2831.79d . 45.29d.,
16.15d#135.54d; 7E/KiR A28 CHE, BFFE Rk JiF
kS B REAULP 5 B4 0 18.33d L 6.26d
12.44dA110.34d.

3 Tig
3.1 BEiECEMREER

J P B g 4 SR s BV SR AR K B
YA 9 S S CA R T o =, AR = s i 2] /> =
AR A, BBV B AR AWk A it 2,58 s bi e
FRIRTR VD B, SR 5 i3k — 5 I &08 Ji A BROVR MR 34 T 34
et B g T BT B ARG
I bk B A AR = S L, R I3 A AR =4,

®2 AKEACHEMNT, BRRXEHFANEEDEREXGIIREE

Tab.2 Residues of enrofloxacin and its metabolites in tissues of channel catfish under the temperature of 28 °C

I i JZSkin (ug/kg) I Blood (ug/kg) JLiver (ug/kg) ' Kidney (ug/kg) RIMuscle (ug/kg)
Time(d)  CF EF CF EF CF EF CF EF CF EF

0 1846.19+ 69153.72+ 203.77+ 8831.38+ 7103.73+ 110861.49+ 1547.57+ 44927.45+ 491.99+ 37631.85+

236.74 3145.12 15.11 641.77 523.49 8742.14 349.24 6218.37 52.14 941.03

1 231.25+ 6882.77+ 15.22+ 17143+ 2738.25+ 20057.74+ 736.36+ 3912.89+  313.79+  2962.86+
62.78 582.71 0.74 25.49 713.82 3186.24 61.23 761.94 12.63 541.03

3 274.25+ 6995.10+ 74.67+  550.06+ 441.05+ 1979.68+ 43743+ 4560.04+ 202.50+ 2612.13+
78.36 631.79 2.63 41.76 87.22 579.31 54.04 674.21 9.64 479.37

5 195.57+ 4093.39+ 70.44+  529.54+ 267.65+ 1462.19+ 620.06+ 3409.80+ 79.25+ 884.51+
47.13 471.34 3.10 36.42 18.36 417.65 60.58 410.25 1.34 84.16

7 247.69+ 3947.82+ B 71.34+ 146.82+ 323.96+ 60.13+ 706.12+ 19.35¢ 188.45+
49.61 841.36 9.36 21.76 74.62 2.71 85.06 0.17 23.95

9 806.00+ 25024.80+ B 450.55+ 214.36+ 1284.51+ 253.68+ 335191+ 26.16+ 569.68+
104.76 7463.01 88.36 31.58 218.27 17.38 361.20 0.55 42.91

1 226.57+ 543441+ B 552.11+ 356.40+ 1100.26+ 295.79+ 3109.72+ 56.71+ 531.97+
69.37 649.73 74.26 61.73 130.95 26.42 503.14 0.64 88.64

15 158.37+ 4512.88+ B 496.12+ 315.21+ 682.36+ 212.35+ 1969.14+ 49.63+ 762.82+
36.17 631.26 62.34 58.02 36.41 17.46 205.73 1.23 23.71

20 216.87+ 5936.78+ B 56.32+ 168.64+ 886.12+ 59.64+ 986.16+ 40.26+ 489.23+
22.69 723.09 6.32 31.14 59.17 2.97 71.55 0.74 30.16

30 45.26+ 2512.73+ B _ 99.25+ 591.76+ 7.23+ 459.68+ 56.47+ 556.31+
9.12 421.98 7.63 46.12 0.33 16.34 3.69 28.72

45 33.94+ 1163.58+ B _ 5.96+ 111.47+ _ 120.34+ 19.28+ 199.45+
1.02 236.15 1.01 23.01 7.61 2.07 17.09

¢ 1081 25624+ B - B 12.30+ B 6257+ 273+ 5324+
0.64 67.25 1.47 2.07 0.11 2.66

% - 1236+ B B B i - B - 1.23+

1.04 0.23

120 - - - - - - - - - -

VE: SRR AR

Note: — indicates no detection
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Tab. 3 The equation of elimination curve and correlation index in
skin, liver, kidney and muscle of channel catfish

YL Tisue 75 #EEquation
- 18°C 28°C
FZ JBSkin C=1022.1¢ "™ C=8805.5¢ "™
i Liver C=2601.3¢ "™ C=3154¢ "™
I JEKidney C=2903.6¢ **™ C=4145.1¢ *"
JULPI Muscle C=1186.5¢ ** C=1302.1¢ ***
Mo A2 % MElAE -2
g Correlation Elimination
2 Tisue coefficient half-life (/d)
18°C 28°C 18°C 28°C
JJSkin - 0.8136 0.692 31.79 18.33
JFELiver  0.6654 0.768 45.29 6.26
B Kidney  0.7789 0.8692 16.15 12.44
MPIMuscle  0.8412 0.6682 35.54 10.34

SNV B, BRI R IE YD B UL AR B
B, XRY, By BEAF SN RS A7 1E
BOR BRI E 22 57, FERR ] RE 2 25 R0
B LR AN AT A AHT 4 R, SR B
Vo RV B A5 SRR, B i S AT [ A
R IEY BRIV A, X R R BTN
WA E, B2 REK. L LG,
B ZE0K (G 45 R, 18 CHEF H209864.87 pg/
kg, CF 4523217 pg/kg, fa & 2RI 12.5%; 28°C I
EF110861.49 pg/kg, CFN7103.73 png/kgre il & 1
6.4%.
3.2 REXZA5R EIEMR A

LA 2 B, 56 IR X 24420 PR R AT AR 3 A
FE A BRI . EllisZ AN, 7E— 2 K iR i
W, 2597 o A R AR 2 5 KGR B IE B, TR R
THEC, RS I In10%. rerEs
BF 50 3R B KRR Ab XS K A= Bl 4 24 P AR 2 e R
K, — kUt £ — € 6 Fl N, 29908 S5 7K IR
BRIELG . ARSI &t FR B /KR = A R T BFTE Bk
AL Gk 53 A, A AT EFIRGE #46 N CF I
THBR o A F0 I I rh %% 2 L €5 2R AR A8 T
fig 1 T2 ARE, 7R, SRR AR XK. A
WFFUAE S, X PP R EFAR S A CF, T L2 Bx 5 5
JEH BUK, 28°C AJ e AL H mod IR A, R
VI R, T 18 IS T Bl ) foeod T B2, I PRI, P
LLZG WSR2 K
33 KEEARHE

ASCHFE TAEANFKIR T, B B R AR
WITE B p S M 35 2HL 3 o 0k B RS B A, A

il 2 BB VD B AR KPR R AR 2 R A T R 2K
o il T8 PR 2 AN B2 18 v ik B PR B, 3B B 1%
% FEIKIREE KA BRI . R A SZaG 45 1, 7E18°C
KR, BE s X R fill R Y EF A CF 58 4 7 Bk 7 22
150d LA L ; 7E28°C/KHR T, B 55 X il 3 op (FI EF Al
CFZE 4 R 75 E120d, AL UK IR N18°CF128°C
IF, PRZ5 50 51 43240°C - H A14200°C - H
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STUDIES ON ELIMINATION DYNAMICS OF ENROFLOXACIN RESIDUES AND
ITS METABOLITES IN CHANNEL CATFISH AT TWO DIFFERENT WATER
TEMPERATURES

YANG Qiu-Hong', Al Xiao-Hui', LIU Yong-Tao', XU Ning' and ZHAO Feng’

(1. Freshwater Fish Germplasm Quality Supervision and Testing Center, Ministry of Agriculture, Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Science, Wuhan 430223, China; 2. Fisheries Research Institute of Guizhou Province,
Guiyang 550025, China)

Abstract: At water temperature of 18°C and 28°C, channel catfish was administered orally with enrofloxacin (EF) in
dose of 20 mg/kg for 7 days, the time courses of concentrations of enrofloxacin and ciprofloxacin in fish tissues
(plasma, muscle, skin, liver and kidney) were measured with high-performance liquid chromatography and a fluores-
cence detector. The results indicated that elimination of enrofloxacin was different in skin, liver, kidney and muscle at
18°C and 28°C: the equations of elimination curve of enrofloxacin in skin, liver, kidney and muscle were
C=1022.1¢ """, C=2601.3¢ """, C=2903.6¢ “"™ and C=1186.5¢ """, the elimination half-lives were 31.79d, 45.29d,
16.15d and 35.54d at 18°C, respectively; the equations of elimination curve of enrofloxacin were C=8805.5¢ ",
C=3154¢ "™, C=4145.1¢ """ and C=1302.1¢ """, the elimination half-lives were 18.33d, 6.26d, 12.44d and 10.34d at
28°C, respectively. Enrofloxacin was changed into ciprofloxacin, the metabolism and elimination of enrofloxacin in
channel catfish was relatively slower; enrofloxacin and ciprofloxacin in the channel catfish tissues could not be found
after 150 days at 18°C, and 120 days at 28°C. The predicted withdrawal time was 3240°C -d and 4200°C -d respectively.

Key words: Channel catfish (letalurus punetaus); Enrofloxacin; Ciprofloxacin; Elimination; Residues



