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REBIE—RIRKFEEMRE RN E
EhEERFANGYRIEEINE

FHM, BEME
CLHREEASE, KRR R 5 R O I 9% %, BilE 201306)

WE: IHETRLEFTAT, BBV EEFTEEZCARAN LR AV FNE, Lh
HBM20R P h, FHI0R, ML H24, 2 v MEAfFEHERY 0K
4, %% EHH10mgke, N BAREE— B BT S % 0 € B 4E, Kinetic 448 ¢ 1 3 5
FHAPNAHKE. FHEERINTMAE D EE L3 ¥ 5 BN Cuan 749 pg/mLy Ty 12 1,
T2 4 99.85 hy AUC, % 531.67 ng/(mL-h); ALE% 25+ Z 2 5 % % K A Cpay 5-85 pg/mL.
Tax 40y Ty, 430420y AUC.,, /1 193.6 pg/(mL-h)e 280 F [ %2 25 4 T, AL BEiED 2
hEHERFORERZZRELARE, RANEBR BV EEFLECERARKE
Be; BHABRFOMAANCofAUCH B TMEL Y, XxHEHETRANOREEDE
R FEaRARKERS, PHES 2, RREEF. BBV EATRLEGRNERE
g, @ EEMMRTK, BEHERINIMLIMRTEZ K TN ESLY, AhARERY
HEK, RREFA. AEELH, FREXITHRE, BUNEBEDE;, FHEELH
HefRERAEFH, BNEHYRFAOMEENE, BEDELAEHE R O M
HENT, EYREAKALGRESR. REWEK. WA ER, TEHELFL
B ANMRRFIEIT S % K.

REER: P B g, BEDE;, AMRMSLF; FEEHEE, RHEE—RERAE

FESLES:R969.1; S 948

R Th B (enrofloxacin) i 25 34X M 345 i 25 2
Y, X T2 B PETR . B AN R AR ES 2
AARGF IR ROR , BAT IR s AR
BIVEH/N, A REFMHES S AmME, JF H S HAtb
PrA 2 Z 8 JC A8 XAt 250k, B8 S s &
2y, WRAKFFI T E HAY, Rl i T 2015
ERATIY 22925 05, IR SET AR | HiEY
BOEFEY R . R B AR RO 2 £ AR
i S A% A i 0 50 AZE T2, F120164F12 1
3SIHEE I TR MY, Fik, Bk A
FR I PR & B 2 WA 0 EE 2

H 48 ¥ 8, (Chinemys reevesii) &= F% E # LA A
Tk, MMUATLIAZY . M, &l fERKEW

FS BHA: 2016-12-30 &R BH: 2017-03-12

BENIE : K77 S A% E Rl b i T b IR 6T 0 T8 H (ZF1206)
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XRkARERRD: A

B, SRR E R AR (Trionyx sinensis)IM ) L —K
LTk RS Rl . A S50 3k v AR R L B A A
RS, BT R RV R AR h AR
CERUNSEENEE Y/ B SN =S i DUN G SN LN
TR I PR G 3 2 4 A 4R

1 MRS T

1.1 SCIe#t Rt

N Faik & 21 B 1 B i 1 (Thermo
Scientific LTQ-XL), = & AH 435 4% (Utimate
3000), #li/K{L (Molelement 1820a), [ 4 2% Hit
% E (Supelcol2fii), AMAL(QGC-24T), wHiHi%
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7585 U HL(Eppendorf 5424R), iR 1R & #5 (IKA
Vortex-3)

KA EH&E BRI EIRES (ZERE>99.8%,
EDR)W A b [ R AR Y N FE A A
S%BIETY B A8 EFFH; R (@S, F
Cbt (i al), ZK(GrPral), EDTA-K, (4 it
gy, WA EZ0; LK ik, 55
H K — %K F51E; BOSHI HLB [E AH %8 B /N F:
(60mg, 3mL), W H EiEg A AEYRHA R,

F st AR 20, AT
Byt R IEK IR, YR & (800+50) g,
RFERE . DU 4 . IR . IRASIEER . i
T . B2 )G, 428, SRifl,

1.2 SR HZE

wh AARRE 20 H gt B rh AR (1
Htkfa), BEMLA K241, AylARS . ST R
7%, PRI Q25£3) °C, AR 8:005E Hif £ M 14
i 1% SR, B2, SR TR
W BIE IR N s iEm ", DL R
TR A BRI T Dy e b o SEBRiBy 7 i iy FH R
PEAE 10 mg/kgf AR BT AR M 45 25, AR R
) L BOR A A R O IR BT R,
BF0, 0.5, 4, 8, 12, 24, 48, 96, 120, 144,
1721196 hJ5 75 FL ST DK 52 A0 R il o R YR 1M &
ImL, B T &EDTAK,2mLE LEH, 1RBE), 4°C
& 8~12 hj5, 10000 r/minE5.[>10 min, 43 & il
¥, W EWEEET2mLELE Y, 45, —40 °C
TRAEREI

A S AT AL P2 B b BT AL B 1S 2N
SOk AR A IR AL B iR AR B, BUA
TRORAF LI A SR AR, 43 W %2 0.1 mLF
2mLEOE T, ALY mLE 4 KF R, WeiRik
2]1 min, HCHLBE A # BU/ME (60 mg, 3 mL),
MK IN3 mLIP B, 6 mL/AKIGAL, SR K RE &
WA, FERAES T ASRHEL, I 4 A
Fh1~20 . HEfaESE)E ., A3 mLAK#kYE, ik
T o B AT VRN, VR E FH 4 mLEIK—
H IR A VW (R EL 7 17=30 = 70)73 23K B,
WAL, T 40 °CRAMR T, A1 mLH
AR, WEIRIR AT ming ER N8I K HoAth
ZR R, INA2 mLIEC k¢, WEMRIR~AI1 min,
10 000 r/ming5.0>10 min, HUF Z W AKT0.22 pmi
L, AL SE 540 CCLAAERFI .

13 WEFH

&, 1% A {4 3%+ "~ Thermo Scientific
Hypersil GOLD Cyg (2.1 mmx150 mm, 5 pm); #1i&
30 °C; HFFEHE10 pL; J B FHAR0.1%H iR 7K i
W, BRONG, BEEEVENLAE)F H0~1 min, 40%
A; 1~8 min, 40%~5%A; 10~13 min, 40%A, Jf
452 min, W#H H0.2 mL/min,

RN SRARREHEBIZ &I (ESD,
Wi%s HLE3 kV, B 1EH B E 325 °C, hlf
FESCONRS, 520 mTorr; #5SFiH 11 Limin; %
B0 20 Liming SR FH 3648 5 I W A =X (SRM),
B B E TR TN360 m/z, ERE 1316 m/z,
i e~ 20 eV, 8137 #£)=791 900x-2126.1,
R*=0.999 9,

1.4 #HRAEMZ

FREUB VD AR E R 4510 mg, % T H Iz,
BE i 52 100 pg/mL Bt v B AR E M B, 4 °C
AFEH .

AR W R 6 H & #4100 pg/mLAY B
U B FRfE S B AR IR BE L. 0.5, 0.1, 0.05.,
0.005 pg/mLEYFRAE TAEWR , 130.22 pmIEE, 4
910 Ao RS AT o A i) LA e i RN 24 )
il Ve BEAVE Ay Rl EE ST ARAR SR, JFEA 2 A
PS¢

B OMCE . A E W H0.1 mLZs {4 Ifil
K, MAL9 mLEBAiUKE, RIE4nHE0. 1.
0.1 pg/mLARE S AW 0.1 mL, ¥ “FE 5T ab 3 )y
DALHRRE S, TR E , RREKFER
3K, RN, T RAR X R (%)=
fite SV B /R S TR < 100% 0 B L IR S
A3 BITEL AR [R]B [R) o FE B2 SRR3R, R
3dibAT e, AL b B v 2 B Y
AR S ZBOM H AR S R, DA s A I vk A
B, R RB(CV, %)=S/Xx100%(SH 1
2%, XHVPHE).

1.5 HEDH

S0 K N T Excel 4 PRI, SPSS 16.0%k
534381, Kinetic 4.4251%30 J1 2 B4k 4 5
T2, hlZginithd . P<0.05hES B2,

2 4R

21 BiEERETERLZ
O FH AR €80 33 — o R S5 31 3 0 o A A
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Fig.1 Chromatogram of enrofloxacin

DL A5 ) L i v B 0 T AR AR S AR R (v
pg/mL), HF R AR UE T AR R BE B A bR (x), %3
Wb TAEM S, PrisdnifE TAEMZ& T =
791 900x-2126.1, R=0.9999, AJI{E0.005~1 pg/mL
TWHINEA RIFLEXR,

22 EIKNERSEEE

TEZS L3R H 43 B 10,005, 0.1, 1.0 pg/mL
W BE (AR I L T A5 E G S 25 1SR R 85.9 %+
1.1%, HNZESZBON1.54%+0.14%, H A4 5F
ZH0H2.40%+0.19%.,

23 BFIENEMERERSIOKREEDE
ERNHRHNF

A B S JULVE A F A A SR A IR 10 mg/kg
fo i BRI 76 13 2R I A5 X
AEREAHEAT A — R SLR ML, 38 3 VRORE S B BT
TR WU I 2R B, 48 Excel 7R {4 b #15 5)
S8 245 B B (3% D LA B 24 R (151 2)

F i Kinetic 4.425 X3 Jy 7 4 xd B b &2
2Bl F R AT AR By E R AT, R
3N 172 S8 (R2).

rr A R B S L R A A AR R
W ERIG, AT 445 12 hik B 8 25 PR B Cha
45.8557.49 png/mL, I 254 B 4T H AR AUC
391N 193.65531.67 pg/(h-mL), #2557 % (P<
0.05), H A s H RIS, HEHCraS
AUCHE & m T L, BEHA W 46 88 o il IR A 1
L WO 52 4, 1 A PO B 1) 2 0 e B
I HE1RR A 7 B8 5 1B (MRT) & 28 v TLEE , T
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g, M2y EgERen . 4R Won, fep
e R I B BTG B A B ] IR B
B LRI T ROR

3 TR

30 BiEbEEPEERKANGYMR ST
NFHFIE
YU BITPRS SN R R N LR

1 BFEEMEFORAARPEERER
BiE L EAYIRE (1=10)

Tab. 1 Residue level of enrofloxacin in C. reevesii
following a single dose of intramascular injection
and forced oral adminsteation pg/mL
SR A5 /h JUWE R TR
time intramascular injection forced oral adminsteation

0.5 3.64+0.87 5.71+1.00
4 5.85+1.61 6.00+0.63
8 4.74+0.78 6.83+1.12
12 4.38+0.59 7.49+0.86
24 2.56+0.03 4.80+1.68
48 1.30+0.36 2.93+0.71
72 0.53+0.18 1.76+£0.48
96 0.20+0.04 1.36+0.35
120 0.23+0.12 1.00+0.13
144 0.13+0.26 0.91+£0.07
172 0.14+0.19 0.87+0.17
196 0.06+0.03 0.69+0.20
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3 | —o— [ 10 mg/kg
| intramascular injection
38 6« —o— 34 TR 10 me/kg
g’g 5 I forced oral administration
2
=th
¥38 2|
N
ol
0 25

50 75 100 125 150 175 200 225
SIS TE] /b

time of blood collection

2 BHRIEAUEMEIIORBIELEE
rhAEE B KR 20T R 2 B
Fig. 2 Concentration time curve of enrofloxacin in
C. reevesii following a single dose of

intramascular injection and forced oral administration

*2 BFEIFMEFORKLGREFEEREFR
B EARHNNESH(@0=10)
Tab.2 Pharmacokinetic parameters of enrofloxacin in
C. reevesii following a single dose of intramascular injection

and forced oral administration

e N VE Fr ]

parijﬁers Tn% int.ra}.irillzgzcular fgo%;tejd o}jzl
injection adminsteation

RAP 0.94+0.05* 0.93+0.06"
Az 1/h 0.023+0.001° 0.007+0.002°
Tz h 30.42+0.06" 99.85+4.25°
Tonax h 4.00+0.12° 12.00+0.27°
Cinax pg/mL 5.85+0.31° 7.49+0.76"
AUC ., pg/(mL-h)  193.6+8.23° 531.67+23.13°
Vz/F mL/kg 2266.98+64.13° 2 721.02+87.89"
CL/F mL/(h'kg)  51.65+1.58" 18.89+0.67°
AUMC o, pg/(mL-h)  7160.13£470.84" 58 499.62+1 293.56"
MRT h 34.19£1.27° 56.75+3.09°

i RAP.RPMIKERE: Az WHERARRLR: T )0, 15 BRAH 2 22 1
Tnax JEVERF ] Cray JEVEIRSE s AUC,,. 0-00 [N i 2% i £ s
Vz/F RS AR CLFIERRE; AUMC,.,. 0-0N 5 —JH LT
WA MRT.FEE I E],  FATH0E A R 9 B 22 7 B35 (P<0.05)

Notes: RAP. correlation coefficient; Az. terminal phase rate constant;

Ty2,- terminal half-life; T,,,. time of peak; C,,,. peak blood
concentration; AUC,_,. area under the blood concentration-time curve
extrapolated from zero to infinity; Vz/F. volume of distribution; CL/F.
clearance; AUMC_,.. area under the first moment curve from zero to
infinity; MRT. mean resident time. Value with the different letters in the
row mean significant difference (£<0.05)

W5k, TR . Rty IS Hor e |
e A R A 4 ARl 22 SRR A B R 4
H 2% 2 B R R BR &, 25925 2575 0

SR LGUCHRC . WU R A DL K I 5 T v A R T RE S
M UL G A A, BT — 2 AN P AR SR
FHAE B 2 B0 270 25 25 07 XK Bk v B e rh AR
B FE R N ) 24 I BOHE R AT TS 0 . R B
RIAZ 2 W s s BRI IR, AR 25 R
Ui ASRAR RO R, B R A RhZ T A, A
BORBYEUPER S, TS TR 2 EE Y,

I 25 7% FE W AEL (Cona) « IS WIS [B] (T 11 255 B
i 2R T B (AUC) 2 i 34 24 W 15 30 W 4 P4 1) IRz i
AR N HE 4S5 P IE R (Macr-
obrachium rosenbergiin)/Jl{F 10 mg/kg i v 2, W
Wit i# , 0.083 hil 3| Cpay 6.293 pg/mL, AUCH
291.898 ug/(mL-h), 5L LHIT", KIEH]
(Scophthalmus maximus)JL1E20 mg/kg A&V &,
0.5h Cpaydb21.717 pg/mL, AUCH390.452 pg/
(mL-h)"', ¥ B P4 fh,(Trachemys scripta scripta)
L 10 mg/kg Bk A, 2.6 h o M 10.36 pg/mL,
AUC4308.769 pg/(mL-h), 437 32", ARS8,
WL B B AR AR R AR N T (A K, CordS
AUCH) B Z KT LRk sh¥y . Wita(Caretta car-
etta)JLIF 10 mg/kg B IF P A, 20 h Cpa 4.1 pg/mL,
AUCH261 pg/(mL-h), WIS RE, Copa Wik,
AUCH! 35 15 TA LI 25 R0 X T G J2 1 75
i F R AR R AR, 5 W] f6 % H (Chelonia), {HH/E
g ZRR, THEREZ AN, FEH
WA LA ] .

HAmE G ORGSR, Bk RETE
H AR R AR R DN Y IR O AR g, 12 hA ik E
e 2 BE , H I WOSUR B4R &, Cop
AUCH B & TS 255 X —45 R 5 H Al K
PR IAFE R K22 5 0 5 mg/kgl it V0 2L 4y ikt
ELP LI B /(T scripta elegans) LIEF D IRE 2,
Coax 23 1 0 6.28F13.44 pg/mL, AUCHH 5] 475.01
F159.91 pug/(mL-h)®; $17CH & (Scylla paramam-
osain)s3 M LEE AT AR 10 mg/kg BIETE B, Cpudd
M A31.864112.90 pg/mL, AUC%H I 4830.8F0
255.7 pg/(mL-h)!'", WUES T O IRE 2 .

AL, R — 245 W TE AN TR] 8 7K 7 3l A P W
WO AR 22 S I e, SR AT R SE A E 25 5, K
AR R B, R TR S, g
JE A BRAS A A0 S A 0 ) PR S HAl 2k . Bk
SUFAEA G RIS AR, R,
h BE ST T K 7 Bl A 9 24 W AR A AR R
SO s ERE B E SRR R, UG AR B Y O [
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XtF2j 82 S 80 A — e BRI Mg, 259
RN RE 4, ARG — R R 5N
= E=%

T 20, FIMRT 2 4 3 25 W) 76 30 W) 1R P9 TH B #RL
M FESH, ALlrh, sl Bk
b B I I R 5 B G K T8 (2.364 b)Y HR
BEHLA 1 fa(Sciaenops ocellatus)(4.989 h)!'"' | LY
L H A (17.64 h)Y, it (37.8 h i, hAREL
o B A R R BV B S T R
99.85 h, 11 K TR (10.6 h)Y ., B H
(2645 0", VG HAE 3234 )Y, HRZEE
(99.137 W'Y K PG (Salmo salar)(105.1 h)®UAH
o ATUL, R VD B TR AR B R o AR
i A8 T A B 0T BRI, il 24 v B LR AR
M), L A A ) TR 4 2 0 o e e ) W
M2 FHLE, 5 James M T 45 R — 3,

ASLE T, BT BAE h AR R R Y B A
Eomdl T RGAMRTE E K FHUESZY, 196 h
SRR B, HE— 2 U0 R Y R AR rp AR R
RN e . AT, 5 e R
A AR, PR R R, S
JE24 WS N ik Bl P22, MG HRSE,
LB 5 26 R AT R A v A s A phy S D 3] B v B
808 f0 LA T B VD B, 168 WS AT g A I
60 2 B v BT,

H UL 0L, 2587 K™ sl W ik oy AR 5 0
PRALEE 035 44, EF TR E 259 JT B AR AN TR
FR NP IR N CEh SERAEE B A
I R ¥ 97 v L AN ) b, il AN ) 45 24 6
FEBE , AW Sl S M8 2, Wi 2
WITE SN IR AN W R BT 51 & i 2 IR PR

32 BEXRAFMRELERMIE

LA SR HOR A 5 3 90 4% 73 25 9 X3l 3 ) 2
FEREER L HAT, EN 2305
I, AR BT A 2R R LAY
W7 Sk — USRI S R L, 2 AN TR A
PR REEASRIM, FFRWE TR —Ak, EL
R M7 IS o AR SR AT A B A T 22 5
IR, ELEE R WA 25 B R, B SE g 4 R AR
%o AU S [H SRR O ST K LR
JRCH DK 2 R 1 5 1k, S rh AR B A A PR
P, BEHCT SRS E SR Mk . AU T
SRS IR, HE A T A MR 2 S A X A R
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AIRZIR DRI T 80 Y TR 1

A, atiEgeRIL13%, HRkER
KA1 mL, BRA50H BE R AR B4 b,
RBEIIETAR, ST H U X v A2 B Y
Al — AR 25 WA 3h Jr 2 e, AN OD TR
2, PR CHERE, ORI RAE R
AR 25, LR Al 25 W) 7 £0 8 R N 1Y) 25 )
FHTERA T %

3.3 RERE—SRKEUEENRAIFN

B vb BAE R oK 7 & BOE 3 B IA B
258, X7 HAE S AR 0 25 W AR B ) A ot
KOHMWZ, & NHE W E 78 & S0 AH
g5 Bl A OAH €3 - £ I BT 3 12k 1 S T
&, AR T IR L vk A DL SOk B . AR
Seg e, Bk b B 5 R s AR B A RS E
7£0.86 min, ‘i 3 T WAH (23574 6.86 min”", W
PRAE o o S Il 5 B oA A T LA Bl g i B
B, R Z . RHWBAH GG ENE gL,
5 DR o O ST o ff AR B R A S e
BT, APy R R EOR PR, MERRMETE R,
o 0 PR A L € 3 v BAR, I Y R Y AT
D, VR € i — R IR o i vk R T Y 2 AR
BBl 2 ik
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Pharmacokinetics of enrofloxacin in Chinemys reevesii by HPLC-MS/MS

MAO Lingyan, PAN Liande

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The pharmacokinetics of enrofloxacin in Chinemys reevesii was studied following intramascular
injection and oral administration by HPLC-MS/MS. Enrofloxacin is the third generation of quinolones and the first
animal-specific drug. Now, it is also the commonly used drug for reptiles. C. reevesii is a common native turtles in
China, it is not only used as medicine or food, but also for ornament. It is another economic turtle species in
addition to Trionyx sinensis. As the scale of farming has expanded each year, disease problem have gradually
highlighted, but the technical problems encountered in clinical medicine has become the bottleneck of industrial
development. At present, enrofloxacin is often used in the treatment of diseases of C. reevesii, such as respiratory
diseases and urinary system diseases. However, there are few reports about pharmacokinetic of enrofloxacin in C.
reevesii, and this experiment filled the gap.In this experiment, 20 healthy Chinese pond turtles were selected from
a farm in Wuxi, Jiangsu Province. All turtles were female. After holding for two weeks, they were selected and
followed by a single dose of enrofloxacin (10 mg/kg) by intramascular injection and forced oral administration
(gastric intubation) respectively. Blood samples were collected continuously for the same subject 13 times from the
jugular sinus. Samples were obtained and assayed by HPLC-MS/MS, and the corresponding pharmacokinetic
parameters were calculated with non-compartmental models by Kinetic 4.4. The main pharmacokinetic parameters
of forced oral administration were C,,,: 7.49 ug/mL, T, ,: 12 h, T}/,: 99.85 h and AUC,_,: 531.67 pg/(mL-h);
The main pharmacokinetic parameters of intramuscular injection were C,,,,:5.85 pg/mL, T, .: 4 h, T}, 30.42 h
and AUC_,: 193.6 pg/(mL-h). The results showed that enrofloxacin was absorbed faster by intramuscular
injection, but was absorbed better and comprehensivly by forced oral administration in Chinemys reevesii. And the
retention time of forced oral administration was longer. So in the control of Chinese turtle disease, enrofloxacin is
more suitable for oral administration. When we need to quickly achieve the effect, intramuscular injection of
enrofloxacin will be better. When we need to continue to administer and the turtle metabolic state is normal, it is
recommended to use forced oral administration of enrofloxacin by gastric intubation.
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