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2. LR RFEKFTE S AR, L 201306)

RE: REEHZ2AGWED WA ERAGRE T ETERZ N, b o R R E AR EE
MM AN G RAN R E, R LR, REINREG. 10, 15°C)Ffn
(8 16v 24 cm/s), KifH ESHEHKKRENERZRAE, REFERESNEN
W, BRBRMAEEEZHPLORMAR T EELELSE. FREAIA, £5. 10, 15°C
B, i3 T Bl 2 8.67. 478, 239h; Tipe4 #2086, 0.80. 0.77h; Tpehr 5 249.18. 4581,
38.35h; AUC# %) 214049, 130.40. 112.78 ug/(L-h), LB E T, RN K EBEEFHE 2 M
Wy B fn Ay, BB EFR A, KGR 4E. £8. 16, 24 m/s 3L R
T T, MH Tl Bl Z8.57. 6.03. 4.04h; Typ,sr Bl 2547, 2,16 027 h; Tk Bl 2
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W ACHE M A AR R TT, JKOR By S et
TR SR N A W R Y, AR
— B IG5 A R B S KR E
o, KB m, A AR, Bjorklund 55!
MBTSE R, KRR THE 10 °C, R ry (G A
T B 3K 42 R 10%

K Uit e 8 2 AR TR PR vh i — S A AR
T, REE B SE R BRaE AR L AR A
(76 3l 07 2R S B AL A s gl . K AT
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PERT, DA ON SEBR 3R 5 rp A [ 37 5 25 1 R A9
BRI S ok =

1 MES L
1.1 SLIg&

WL (50+5) g, W TFILTARE; LHAEEN
IKIGGT AT, S50 0 R IR R, K AR
ARFETE6.00 mg/LLL b SEEG f7E [ SR P /K I
(0.6 mx0.6 mx1.8 m)H & 3%, /K L 32 56 1 [a] £
SRS 2 T o L S N R G TR 7/ B
Briakl, 25 2 HifE 124 h
12 FEXLWHRMENEH

B v B (i =99.0%) MK N A
(ciprofloxacin)fp i it (41 =94.0%), W4T 1& [
Dr.EhrenstorferA ml , RBlig b & 5K (4 =
98.5%), T WiiLEF 5\ A RN A, #HLU-
300075 R AR (35 {1 (32 [ Thermo Fisher/A H]),
O35 . TM-C o#F (4.6 mmx250 mm); 484G )
Pt 279 nm; JE#: 1.0 mL/min; FER40 °C,
UEFERE: 20 pLo A IS4,

13 LW

B Rt BRI B AR AR B, oA Y
% of Bl ATL 2 £ 32 . /N AH B 9 T 68300
FE, BEMLA R34, KUK EJCFR) 1 °C
Wk B SCEIRES . 10, 15°C, RS IR
JE B FR Y47 ffi HGE N S PR BT, S 6 [E] K
TRARFETE(5£0.5), (10+ 0.5)F1(15+0.5) °C, 435k
ATSCEG . PERCE R, LA30.0 mg/kglh i
R, K BT U B IRV A S 5 0 Y T
W, Tl E AR, 53T A 24/50.25,
0.5. 075, 1. 1.5, 2, 4. 6, 8, 12, 24, 36,
48, 72 hiff A7 RAE, RELE MMM . FFIE.
B, BEAHE] SR A6

Ak xt Bog ) B ALK B, A
# A Bif B P 2 ft e B 9 S 4R 1030002, K
6J, T a2 A 5 A B R R — BOK TR B 2R
KB N, FECE T 8 32 90463 affi HdE By
SCHG IR BT, LU Y fR) K IR AR R TE (10£0.5) °C,
Y5 2 KORAE R I RE 5236 1 1k
14 #HEmAFTLE

o R H 1N —-20 °CHUH B T ok B A

SRR, RSB H 1 mL I AR 5 8 T A5 mL
CNER20 mLE .0 Y, NI AIS min)g , A
BLOALER LB 10 000 r/min 3 B0 5 min, W
BOH B, EERRK, A0 LBRTHE
20 mLE LA F L 45 CCRMRIR T )5 [4F PUIA
2 mLyi S AHVA T, W IR 5 4% = MR %5 6 minFL &
5 B W) 5C AV o W2 mLIE e A B L
W, R R4 min,  FE40TR 215 10 000 t/min
FE D10 min, 3 REECK, WEIKEIRE
WAK250.45 pm A HLAH — R M5 3k i 08 4% 2o 08
J&, BEAFTFHERENR 4 CCORAFREI

20 47 PRI g2 F 50 mLE L&
e, W HS mL G A B 048 IS A B AL
A13% 1 min,  Fo A Ak B[R] i Ak B 5k

15 fREZE S & 5 YR E

B 1 v B 43 518 0,05, 0.1, 0.2, 0.5, 1,
2. 5. 10 pg/mLIy BIEV R . RN EARMER,
110.45 pm ) L FLUE &8 FHEAE , #EATHPLCH
TE o LIRS I U T R R AR B, 2 W v B SR R A
el 2, SR R [0 )A 07 R FIAH OC R 4R

H20.5 mL A& 5 B 1Y B VD 2 L FRIN TP R AR
WEVR A8 FH W (0.05, 0.10, 0.5, 1 pg/mL), 4%
A B ZS 0.3 mLIfL2K . 0.15 gL F10.5 gt
e, #EATHPLCIN & , 25 Yk 3B,
TR BT B B AR R
1.6 HIEALIE

4 K HISPSS 11.5 #E47 V- Y B Fbr o 25 19
TEEE, b ol 4 Bbm v il 2 109 3 B Hh o A0
A TG R I A, 2 —BT 2R 5 2 B 2 A
R4 K 2 80015 35 i DAS 3.02Y4 324 03 B i
AbHE

2 HEH

2.1 tREREILE

PLY R BV R AR Y B, X R
W RNV IR IE, 7£0.05~10 pg/mLifk &5
Bl A, 2tk Inl 9 5 #2435 28 Y=1.58X+0.1232
Y=1.4649X+0.1144, AHIC R %51 5°00.999 99F1
0.999 98([Fl 1, [E2), LAG|E3fTHL M S MY
W Ry B AT A DU B, A% 7 325 1 e AU ARG T B L
U0 F70.008 ug/mL, FRAVPAH0.0076 pg/mL.
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Fig.1 Standard curve of enrofloxacin determination
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Fig. 2 Standard curve of ciprofloxacin determination
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PR TD A4 85 B 18] oM 6.583 min ([%13). 4L S
SO 2T B R ENE R 7/ ) 5 S P S
U oy B B A, AR (A T AS I (11 4)
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Fig. 3 Enrofloxacin and ciprofloxacin standard

chromatogram

A TAER)E, #HIFSHE ~0.05. 0.10, 0.50,
1.00 pg/mL, #H4ATHPLCHNAE (£ 1),

24 REMBRIEVCEEEEARNRK. 2%
B %2 M)

TR R LT Bk iy 2 S AR M 69 R A
M3, 3ANTRLEE T 25 ) vk 5 il e ] ) 28 k3
FEA—F, ENRBYZ YR BE A 45 2 J il 1
Ft, 5°CHI7E8 h2 Wik FE A F KA, 10 Fl115 °C
B #E4. 0.75 hikfe RIE, 3 MIREME T
Y B AR 38 Foe KR 2 J 159 DA s P ) 3ok e e
TR, 5. 10°CH, 259k EEAE12. 8 hIT R %18
Wof AT 32 7 R o 0 A X 85 1 7K 5 15 °CAc
T, ENRIREFE2 hik 80, SR )5 Pkl TRt
FE4 WIF IR DIARAR 0 R 18 BEAL . IRE T &
B T ENREYWH A, HENR AR 8 B2 A
T(FES), B AR a3 g i 24 P e vk B
TR N 2R E

FERFRE . WL, 3ANTRLEE T 245 vk B Bl
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Fig. 4 Chromatograms of the plasma of O. myKkiss after oral administration of enrofloxacin
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Tab.1 Recovery of enrofloxacin and ciprofloxacin in plasma and tissues of O. myKkiss

FEXTEICR /% relative recovery

2NN s . RN . .

,’JWﬁDDJKE/Fug/mL) BikEVP 2 enrofloxacin IRHYL A ciprofloxacin
concentration

Mm% plasma HFHE  liver WLA muscle M3 plasma HFAE  liver LA muscle

0.05 88.01 88.91 88.68 87.21 89.89 85.90
0.10 87.89 87.79 91.62 89.09 88.12 88.89
0.50 91.37 91.40 91.50 91.87 93.87 92.96
1.00 94.45 96.25 95.21 93.65 94.87 95.43
SR % 90.43+3.12 91.08+3.75 91.7542.67 90.45+2.86 91.68+3.21 90.79+4.23

average recovery

4

W (pg/mL)
concentration
—_ ) w

—e—5°C

A A
L ) A

=
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I [A)/min  time
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Fig. 5 Enrofloxacin concentration-time curves in plasma of O. mykiss at three temperature

3 0 {5 v 3 B ) i) TR T FRAEG , ENRIV U 7 JHF
JIE P B g R LA, X S R 25
R EZER AR . AHEES. 100 15 °CEER
e, AL AL RTRF A P ENR A R 503 23R B G i e

BB B B A AR R ARG R
K2 B2 AEDAS 3.0%F BT 45 24 i 508 98 47 24
NESHOT R MBALA . 450K, 3R
T, ENRTEMTSG M . LR AR A 8 A3 i 72
BRFA W0 — R = TR, 5. 101
15 °CHFENRTE 4T il 1fi 5% b 251X 3h J1 24 AR 2
C=2.50¢""""+1.96¢ """ 4.46¢ ", C=2.01¢ *5%+
2.75¢ %74 76", C=10.41e%°"+1.05¢ %%~
11.46¢ "%

FEAT S, 5. 10F115 °CKIRS&1E T,
ENRIY 5310 3 W T 0,53 51 290.86 . 0.80F10.77 h;
TH BRI T 0500 0] 5 49.18 . 45.81H138.35 h;
W SR 2 T 0 Ty g 20 1 R 1,78 1.35H111.04 b 24
IR RARAUCSY 51 49140.49 . 130.40F1112.78 pg/
(L-h); 3BUEER] T, 40 54 8.67 . 4.78F12.39 h;
g % B C o 23 1) }93.34 . 2.91H11.78 pg/L (£2),

B IR J3E B 55 (15 °C) 25 1 A8 I v A I Wi R
2 1y VA G SRR 5 KR R R 2 ) 114 e (]
i, JHBREEARGER . JIFAE . WL ENRE AR ZY
RFESEINL 2R

25 REMBIEVEEIHEAERNRY. 2%/
ZopA

ik 3T B 2 A kSR N 2 R R 0
0 3T AR 1 0 24 1 vk R e T AR A
PR —F, W TE K PR T4 2 A R
#ET, IR RIES. 6M4 hElAIE(H2.90 .
2.83F12.61 pg/mL, 12 h)5, B TFHUERCEENRYK
R G R AIG , S 2 AE 72 ik A3 AR 2 ik
1.47. 1.28F11.07 pg/mL. EARLIEZ/F T, ENR
ek LN SBR[V R R DN
M 45 .11 6)

FE3AN AT, JFRE S LA ENRZY B
ik 5 i 2% o B 25 it i A LA R 25 . P
T, FE8HIL6 cm/sif Ui i F5 4 T 2 if i R B AR —
H, ENRVWKE7F8 hF|iKIE{EH26.19F124.14 pe/g, i
T K124 e/ I 4 hitsf T 3 5 A 1 (H20.15 pe/g;
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Tab.2 Pharmacokinetics parameters of enrofloxacin in O. mykiss at three temperatures

2% B fir % plasma JEAE  liver WL muscle
prameters unit 5°C 10°C 15°C 5°C 10°C 15°C 5°C 10°C 15°C
A ug/L 2.50 2.01 10.41 427 233 2.10 1.10 4.53 0.15
o 1/h 0.01 8.55 2.06 16.78 1.33 7.84 0.20 0.04 27.04
B ug/L 1.96 2.75 1.05 1.74 8.84 4.07 2.97 3.25 26.37
B 1/h 0.90 0.02 0.03 0.58 0.04 0.03 0.01 0.05 0.05
ka 1/h 0.52 0.39 0.89 29.25 13.71 8.03 0.13 0.07 0.13
T h 0.86 0. 80 0.77 25.16 17.74 127 23.54 16.09 13.36
Ting h 49.18 45.81 38.35 172.70 42.60 50.68 98.09 84.14 20.41
T\ oka h 1.78 1.35 1.04 1.84 1.48 0.29 9.47 7.71 6.93
Ko 1/h 0.01 0.02 0.04 0.01 0.11 1.88 0.02 0.04 0.05
K, 1/h 0.03 0.58 1.83 0.02 1.42 8.07 0.05 0.00 0.15
K> 1/h 8.21 7.97 0.19 0.01 0.48 0.17 0.15 0.21 0.08
AUC ug/(L-h) 140.49 130.40 112.78 202.60 98.83 75.49 121.22 87.08 78.80
Tnax h 8.67 478 2.39 8.78 4.62 426 8.07 6.17 4.13
Cinax ug/L 3.34 2.91 1.78 2333 14.96 13.69 8.86 7.46 6.73

TEe A AR o SATERFEEG BB ERNBEE; . HBREREAG ko GYRSCERFEG Ty, AR Ty M

FRAH T T g WHOHIEREH]: Ky 24P A A = B e R ) —

JUE R AUC. 2 2 T RER:  Crax WEIREE: Ty IBIERTR]; RATTRRIE
Notes: 4. zero-time intercept of a distribution phase; . distribution rate constant; B. zero-time intercept of a elimination phase; /. elimination rate
constant; ka. drug absorption rate constant; T, distribution half-life; T} ,4. elimination half-life; 7' ,. absorption half-life; K. a rate constant of drug
from peripheral compartment to central compartment transporter; Ki,. a rate constant of drug from central compartment to the peripheral compartment

PRIBEE; Ky WE PREZ L ER —

PR HE; K. AP

transporter; Kio. a rate constant of drug elimination from the central compartment; A4UC. the area under concentration-time curve; Cp,. the peak

concentration; Ty, time to peak. The same below the notes of Tab.4
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Fig. 6 Enrofloxacin concentration-time curves in plasma of O. mykiss at three water velocity

A B0 T A 29k (23) 0

72 hitt, 34N AT B 245 W Ak B 4y i N
439, 4.63f12.22 pg/g. WMLAH, 3P LM T
ENRE B 3|3k W A iR 48 8 h, E{E A
20.48. 18.48F113.93 ng/g; H H AL H A8 cm/s,
72 hitf ENRTE LA H A 208 B 5.90 pg/g, 16 T
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Tab.3 Enrofloxacin concentration in tissue of O. mykiss at three water velocity

BV B /[ug/(mL-g)]  enrofloxacin concentration

fiF A /h

ime M3 plasma FFAE liver AL muscle
8 cm/s 16 cm/s 24 cm/s 8 cm/s 16 cm/s 24 cm/s 8 cm/s 16 cm/s 24 cm/s

0.25 0.20 0.43 0.33 1.80 6.07 2.50 0.17 0.50 0.50
0.5 0.45 0.68 0.55 6.28 9.56 3.26 0.58 0.61 0.32
0.75 0.84 1.04 0.86 4.95 13.28 4.36 0.23 0.63 0.66
1 1.34 1.74 1.17 7.51 13.15 12.25 0.99 0.72 1.09
1.5 1.21 1.46 1.87 7.92 13.57 15.99 0.71 5.85 1.89
2 1.97 2.01 2.11 10.91 13.11 16.23 0.83 3.64 3.44
4 1.76 2.48 2.61 15.04 14.39 20.15 3.80 5.92 8.36
6 2.61 2.83 2.51 17.67 17.26 13.16 6.25 9.41 10.13
8 2.90 2.56 2.45 26.19 24.14 14.50 20.48 18.48 13.93
12 2.31 2.02 2.34 10.13 14.80 10.77 11.92 12.35 9.47
24 1.93 2.33 2.23 11.33 15.89 12.14 10.94 9.73 9.33
36 1.86 2.29 1.82 6.22 8.48 11.57 9.70 591 2.47
48 1.67 2.13 1.86 5.63 6.22 8.48 8.98 2.47 1.89
72 1.47 1.28 1.07 439 4.63 222 5.90 1.89 0.83

N C=2.69¢"""+0.83¢ =352 0% | C=6.75¢ """+
0.55¢ *7"-7.3¢ 2% C=0.93¢ "+5.44¢ " 6.37¢ ",
TEMT 8 3% o, 8. 16H124 cm/s Wi 510 F
ENRW /3 A0 2 A T, 0,53 908 5.47 . 2.16F10.27 h;
THBR ARSI T, o057 01 926.54 . 6.93F12.13 hy W
WCHH 2 AT o, 570 4 7.68 . 5.00 F12.01 h; 24
if 2k T I RLAUC i }119.18 . 139.86F11142.45 pg/
(L-h); KWERFE] 7,00 9 4 8.57 . 6.03F14.04 h;
WEE VR JBE C a3 5911 2,91, 2.83F12.61 pg/L (£4).
2 W A S8 P 2 A I 2 P A R A A T R
K, Wk BEBAR, 25 molics B/l (HIR
TR B PR 2 4 P S W A ()RR, T B R

26 MACEEMBEANNKREZTLFE
TEARSZE B, 1130.0 mg/kglA it & A% 5] & %

T 68 PAL Y T VR ENRVE IRV, A O Hp o ) 1)

RNV 2, M2 . LA AR A 2 3R 78 v

BAE.

3 Wie

BB BoN, HMEENRG, Mizy. LA FAT

2 JEE —IF [) B0 14 P — G i — 2 T TR B
WRBGE AR AL DL B (R A S B (R AH 22 A
A, G DER TR AE R A — B

3.1 mEXEED E AL R A IR R A

i

T P Ty 0% 2B 225 390 6 AR WS 53 A 8
(IEELE PR, 5. 10, 15 °CSZ K 40 ENRYE T % {4
B T T T 0o 250 B R JE ) T R T A /0N, 2R B K
T35 e ISP ENR Y W i 43 A 3 S8 80P . Bj6rklund
PR R, EEOKIRET R C, KR
PR R B 10% 4547 . itk AR SR P iF o %
B, B /KEMTHE 7, 23, F129°0), | e
Y& (Eviocheir sinensis)fFIEFENRBEI T, 5,
(1.81, 0.97F10.14 h)4i %, HKREAML, X
AT RESE HH T A5 X R AN Rl il . 18128 °CaK
W B B B OWE Mk (pharmacokinetic) 7E ¥
(Ctenopharyngodon idella){ N ) T 5351 24 3.4 11
1.14 h, Ty, 00 51°03.09811.93 h, 6 RS
R E A R RN, Xl 5 A S 45
HH—3 . Rigos VB ARIKIE T, 22 °CHf +
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Tab.4 Pharmacokinetics parameters of enrofloxacin in rainbow trout at three water velocity
2% B fir % plasma JEAE  liver WL muscle
prameters unit 8 cm/s 16 cm/s 24 cm/s 8 cm/s 16 cm/s 24 cm/s 8 cm/s 16 cm/s 24 cm/s

A pg/L 2.69 6.75 0.93 1.29 9.27 13.09 6.29 2.27 9.22

o 1/h 0.01 0.06 0.32 0.08 0.81 0.11 0.20 0.73 0.07

B png/L 0.83 0.55 5.44 1.15 4.73 0.66 34.95 1.98 0.12

g 1/h 0.84 0.79 0.03 0.00 0.04 0.98 0.06 0.05 0.28
ka 1/h 2.05 2.65 1.59 0.58 6.78 13.85 0.09 0.44 0.13
T4 h 5.47 2.16 0.27 7.47 6.15 0.65 11.44 10.48 5.14
Tipp h 26.54 6.93 2.13 45.56 28.84 22.36 78.25 16.77 7.75

T 2ka h 7.68 5.00 2.01 6.16 3.28 2.89 12.89 9.21 1.60
Ko 1/h 0.00 0.02 0.03 0.03 0.10 0.00 0.06 0.10 0.01
K 1/h 10.01 0.11 0.04 0.02 0.45 0.09 0.05 0.32 0.08
K 1/h 0.03 0.01 0.28 1.04 0.30 0.00 0.98 0.37 0.01
AUC pg/(L-h) 119.18 139.86 142.45 161.58 171.16 207.71 23.43 33.60 62.81
Tinax h 8.57 6.03 4.04 8.08 4.18 7.18 8.35 8.42 8.35
Chax ng/L 291 2.83 2.61 20.19 20.14 20.18 20.48 19.48 19.93

5 R AL Vi 85 (Dicentrarchus labrax)iA& N W 7 A
R KT AE13.5 °CHt . BjérklundZ: " 1 BIF 5% 36
B, O[] KR T 0 S A P 4 5 3R 0T e TR 3K )
WA BT ) B[] 55 00 B 2 A OG . AR SR Y, +-
HBR. OEERMBEED RN ZE R RER T
25 W P 28 T AR AT 3 ) AS [ 3 Y o E K TR
16125 CCHXof v A G4 % B LI EENR, HCT,0,0)
5 70.85810.58 h, Fifi % i BE 19 FH =, ENRAE 4
5 v N TR ST S E = T Vi P e W N
f) ) Tl R ENR Y 23 A1 34 2% 52 3l R OS2 e TE
14F124 °CHF AR T X BE 5 R il (Ictalurus
punctatus)FrE KR, ZIHANKIE T 2591
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R R NN R VR 1 31 B2 i O NI T S
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Effects of temperature and water velocity on
pharmacokinetics and the expression CYP3A-27 of enrofloxacin in
rainbow trout(Oncorhychus myKkiss)

PAN Hao ', WANGDi', LU Tongyan"

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The pharmacokinetics of drug in animal was influenced by different environmental factors. In order to
explore the effect of temperature and water velocity on pharmacokinetics of drug in rainbow trout, three temperature
(5 °C, 10 °C, 15 °C) and three water velocity (8 cm/s, 16 cm/s 24 cm/s) were studied. The temperature and water
velocity were controlled by the control system, samples were determined by high-performance liquid
chromatography (HPLC). Results showed that at temperatures of 5 °C, 10 °C and 15 °C, T,,,, was 8.67 h, 4.78 h
and 2.39 h; T 5, was 0.86 h, 0.80 h and 0.77 h; T, was 49.18 h, 45.81 h and 38.35 h; AUC was 140.49 pg/(L-h),
130.4 pg/(L-h) and 112.78 pg/(L-h), respectively. Metabolism of enrofloxacin in rainbow trout showed: in a
certain temperature range, the rate of drug absorption and distribution at higher temperature is greater than that at
lower temperature; the time to peak was shorter at higher temperature. At water velocity of 8 cm/s, 16 ci/s and 24
cm/s, T, Was 8.57 h, 6.03 h and 4.04 h; T, was 5.47 h, 2.16 h and 0.27 h; T}, was 26.54 h, 6.93 h and 2.13 h;
T/5a Was 7.68 h, 5.00 h and 2.01 h. The rate of drug absorption and distribution at higher water velocity is greater
than that at lower water velocity; the time to peak was shorter at higher water velocity. In conclusion, the results
from the present study indicated that in a certain range, the increase of temperature and water velocity improved
the rate of drug absorption and distribution of enrofloxacin in rainbow trout.
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