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Abstract

A direct, accurate and sensitive chromatographic analytical method for quantitative
determination of four fluoroquinolones (norfloxacin, cirprofloxacin, danofloxacin and
enrofloxacin) in chicken, pork and beef edible muscle is proposed in the present
study. The developed method was successfully applied to the determination of
enrofloxacin, as the main component of commercially available veterinary drugs. The
samples were homogenized and the antimicrobials were added, then they were
extracted twice with dichloromethane. Fluoroquinolone antibiotics® were separated on
an agilent 250 X 4 mm, Cys, 5 gm, analytical column, at 25C. The mobile phase consisted
of a mixture of DW ! acetonitrile : triethylamine(80:19:1%, v/, pH 3.0) leading to
retention times less than 14 min. at a flow rate 0.5 mé/min. These fluoroquinolones
were detected by liquid chromatography with fluorescence at 290 nm excitation and
465 nm emission. The limits of quantification in each edible muscle (chicken, pork, and
beef) were 0.32—6.54 ng/g. Using 0.5 g of each sample, average recovery rates at forti—
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fication levels of 0.05, 0.1 and 0.2 pg/m¢ ranged 70.14—-71.71% for NFX, 71.87-73.89
% for CFX, 82.16—92.35% for DFX, and 90.13—98.12 for EFX.
This is a simple and economic method to quantify the presence of NFX, CFX, EFX

and DFX in edible muscle of animal origin.
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Fluoroquinolones, NFX, CFX, EFX and DFX, HPLC

A kg FEo7 ZFAM  Campylo—
bacter spp8 Aol FIHE o opr|d A
o7 FAHEY. ojgt Z2 AE F FAAY
AR QA3 YA e Ao dz7), 7]
Ete] FE5HEAE g ob7] Fo] JeERE
u] =2l FDA, 7iutl, FAO/WHO, 9¥ %o
HNE A7 ZeEa Yok,

F# oA+ enrofloxacin (EFX) # cirpro—

floxacin (CFX) ol W&t 7 LsA7 2
3 254 30ppbE HAH o,
28 2o oxolonic acid®} EFXel| tfgt
A7 LA 7, A D AFoA 10
ppbZ AAH] QIrH?. ole] L@utetelA
T AFEFFA H37], HA1Y], g7 9
ol diste] EFX, danofloxacin (DFX)°l o
sl AF{FHELINFAE A AAE 8t
9\)\5}13)
FAesEA SHZ9 AFEAHOEE vAE
st upy] W9EtE w'Y wEgguieg
A2, AR AR T, A g 20}
g AFEAI'Y Zo| ArgE T it
ol F HdAIAZNEINIE ol &3 HAA
ggor ARFEYHYont nAYFE
W] w3 H3 9tk Barker Y2 A
AgAzt @ {718 A8 F E0)7] st
o AFE TAGEAPAEH (matrix  solid
phase dispersion, MSPD)& X1 3s}9lo
o, @z o] ‘”‘ﬁol vl AETA 9
FAHE 7HE71E 9 FAA ] dAE W e
itz wAlEe G857 Y,

2 dTeMe dar), A7), gariel
e #xg wezw ddgw) dichloro—
methanes ©] &3] FHAEEAILEL 44E
(norfloxacin (NFX), CFX, DFX, EFX)&
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A&ESAAT Ao B ¢ e AF S T ARt
ZZup 3l BEAARS Ade 7B xA BEE2Y 9 HMIIZ =
< Fste] A At s AS T &
FEAEAA N ALt F &Y A 77te] B2o2AEEA EFE o 10m
ash Ay ALAel L&A AANRD o Aol 100m T § BepaA] Y
ot methanold]l &3] 51 o 100 g/l %
2 NE5o] HFYY (stock solution) &F 3}
Az o g At HELAE Y Gl o)} SR
A5k 10 pe/mE AFF EFLS
717 (working solution) &% AF&3Ft}E. H7HA]

2 (spiked sample)= 417], #A7] 2
H37] 05g8 AlEHE FHk 4F ETE

AAeel clgd siEs A g (10 ug/m) 0.01, 0.005, 0.0025 mA

(Bakerman, USA), &%7| (Turbovac, USA),

S AUkl 0.2, 0.1, 0.05 pg/gl® A5k
Vacuum manifold (Sulfelco) S A& £4] o3 D}U
Aol tolesolgel #E7] 2 W Az 7
717 A& A AR okE 7129 (Hewlett—
EEIM AN

Packard 1100 series, USA), ¥4 Z®&
agilent Cig (250 X 4.6 m id, 5mE °|& _ 3
HATh. ZF0E2AEEA 459 THEEEI (10
pg/ml) S 100m EFZEA=0] 0.1, 0.05,
a1 Ao} 0.025izg/m€2§ Q@.ﬁ}‘}iﬂr.‘ 374 %Ei- 3)
Mg TFELAE 50 A 33 HHE F])8h
= g2 g7w oAl Zt7te] EF=FAEE
ZF02 A58 ETFL norfloxacin (NFX, A kol L]Et?f-‘g;_]‘*; %;;@%T?é}j ?(—;'zr
Dr Ehrenstorfer), cirprofloxacin (CFX, Dr S xT yE2S WAoR do] TEIML 2
Ehrenstorfer), danofloxacin (DFX, Dr Ehren— ey
storfer), enrofloxacin (EFX, Dr Ehren—
storfer) & AFEER 1, F4] ©]&¥E n-
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el

7
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HAMRZ

hexan, dichloromethane, methanol, aceto— =M=

nitrile 2 triethylamine HPLC grade® _ o i
I.T. Baker (USA) 258 T3te] A}g-3H5 4%9 Fre=EeAd A%4d P9I
t}. 783 buffer phosphate solution A% o] 3 &l 3AF T/ acetonitrile

(0.1M, pH 7.2), oxalic acid & Al A} triethylamine (80:19:1)¢] H|&2 EFst
98 AJoke EZ w7 o]AY] £EL ALE o], phosphoric acid® pH 3.00% 51

=H = TE=

&kl 0.45m nylon membrane filte® o335}
T 2 Ado] AbLE wAmy] @ Hu ABEA2E ARSI dEeds Aw

e ERRAN =& 2AE of 500gdE  JI71EA AL Table 13 2ok

ko] AL, BI/E A EHE
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Table 1. HPLC condition for determination of fluoroquinolones

Items

Conditions

Mobile phase

DW : acetonitrile : triethylamine (800:190:10), pH 3

Detector FLD Wavelength Excitation 290 nm, Emission 465 nm
PMT gain 9
Response time 6
Flow rate 0.5 m¢/min
Column temp 25 C
Column 250 mm x 4.6 mm, Cig, 5 0
Injection volume 50 4
AR MXE| S OE w5870d gx, 24 o4
dichloromethane 6 M= F&3 ¥ 20
AR 2 Aae ZHFIE FAsel FTE AY 2sto %ﬂﬁi% Adgwst 3
0.5g& 15m9 ¥4 #el| #H3FL phosphate skt Robdl el 30 TelA Aarks
buffer 2 69} dichloromethane 8 m& 7}3} 2 FE F oolsd ‘g‘UH 500 4 & 7ek H
o] 2% E< vortex® 83 £E g, 1 2w AAZCA 102 &3] gzl
B Eok 2898 ¥ 208 $¢ 4,000rpm 7 FTAE 0.45m FHE A3t 50
oz dAEYs . ASAL HE T &) £ HPLCell Fste] A&kl

0.2—-0.5g sample

I 0.1M phosphate buffer (pH7.2) 2 m¢

Homogenized

U Dichioromethane 8 mf

Vortexed for 1—2 min, ultrasonication for 1 min

N/

Centrifuge at 4,000 rpm for 20 min
I @ transfer organic phase layer to other tube
Tissue sediment in tube

Il Dichloromethane 6 mf

Centrifuge at 4,000 rpm for 20min after Vortexed for 1 min

J

Combine upper aqueous layer (organic phase) to @ tube

Evaporated at 30 C under nitrogen stream

Dissolve by mobil phase sol.

J
500

Fig 1. The sample preparation scheme of fluoroquinolone in edible muscle
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Z% (heteroaromatic), ©]% % (bicyclic)& 7}
A3 Qe SFER B 7 Ao o
dto] et @S ZHAIY 214 Aol o
A= vhi wekst 48 vheRdTh 284
F71 Aol dis 4o F7tE MRS
EFZ2FEEA FEFo] JEHARL Y
2L 22

EFeE2AEEAE o
etz &A87) R1, R6, R7 ¥ X
Radicalel we} oF=2°] HH-& Zestn 9l
ow 7 #ZgU)o| wet oekdt adiE e
ya ok (Fig 2).

1990d % /it

R1
R7 x_ N
R& COOH
0

Fig 2. Chemical structure and charac—
teristic of fluoroquinolones

T T EOSUEREFEEA) SA TEE EMY KM A

AR AEFFA TAE EFL2HAEEA
it A= DFX9 EFX 2% o2 HPLCY ¥
BHAENE o]gslo] RAEE Ho| gup'?.
FAAE71Y FFL 7 278 m, 3
33 455 mE2 7 S F4A DFX7F o

=2
E AEo vleto] =7} 20-25M AE ¥
7] W&o GRS TA 2SS wW A
oz & s B3] Y3 azwt
Eago] E4EE o]F1 Ut} o]d FAE

: =
Restr] flslte DFXS A% U AvR
ok 2-108) Zolx AdFoz oE AF9
ZAEE 2-10W A= A7 e &
o} &slstglth (Table 2).

ZF2HEEA 459 EFLEYS A9
X7A%7] (DAD: diod array detector)E ©]
g3lo] #A47bs ofRE AES A7, zo)A
Ao 275 molA 7 AEUF Egton T
Al BAA L AEL 8% e B8 YE
Waek (Fig 4). 18y A& JAAe F A
X

Table 2. A comparison of each wavelength and detectors

Detector

Wavelength

Fluororescene detector (FLD)"
Fluororescene detector (FLD)
PDAD

Excitation 278 nm ,Emission 455 mm
Excitation 290 nm, Emission 465 mm
UV 275 mm

* 1 Official announcement

O|lSate| HAE

HPLC #41& 3t ols/d&ule AEFFA
TAE DW : acetonitrile : methanol : Triehtyl—
amine2 800:170:30:49 v]&E |23

AEEA E4x6 w2t EA46Ield A3 £

AN 7S 15-258 29591, o]FAEu o)
290 30AE 28| H U} (Table 3).

Htde] o] FEmiE AjEo] A Es DW:
acetonitrile : TriehtylamineS 800:190:
108 vl&2 Axse £4390d A3 &
Az 10-15% 223905, o54 &
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HEY, 2R, TYs, NG, Zddzf, 2holiE), 23], W

o] A9 8m Y= 4 HUH (Table =
3). olg} o] 7|E & 243 Hlwskle SHFE
g & FE 4FFNM 3FRE, 224K

Agow, o

A

S

= A
ok} 5 %]\311;]_

Table 3. A comparison of investigate of mobile phase

. . Flow rate Analysis Waste sol
Chemical regents & solvent Ration (md / min) time / Sample
D.W  acetonitrile : triethylamine 800:190: 10 05 10-15min 8 mé

D.W : acetonitrile : Methanol : triethylaminel) 800:170:30:4 1.2 15-25 min 30 mé
Y Official announcement

ARSI 2 o719 290 m, F53F 455 mol A

=439e ul NFX, CFX, DFX, EFXE %o

5% E¥AFEAE  0.05-0.20 pg/me el A ABAS 0.999 o)Akl AMARS el
FEHelA HPLCOl #dtel #¥@&y A+ Fig 3.

500 r
400
- E F X
g 300 F ——DFX
s | —=—C FX
3 200 —e_NFX
& 100 -
0
0 0.05 0.1 0.2
Concentration {u /m)

Fig 3. The standard calibration curves of fluoroquinolones (r>0.999)

5+ FLD1, Ex=290, Em=465

L
175
NFX CFX DFX EFX
15 4 ~ < o 0
-« 0 x
N @ © <
125 © o ~ o
10 +
754
54
254 )
\
]
0 3 a M g o min

Fig 4. Typical HPLC chromatogram of mixed fluoroquinolones standards with 0.1 pg/mé

of norfloxacin (NFX), 0.1 pg/m¢ cirprofloxain (CFX), 0.01 pg/m¢ danofloxacin (DFX),
0.1 wg/ml enrofloxacin (EFX)
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HPLC chromatogram
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8

CFX
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A

DFX

175%

EFX
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I

FLD 3 A, Ex=200, Em=a85
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-3 B
s
s 3
a
s
P
=
~ =
a3 = =
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a
T x 3 4 v
> 2 a 5 e 10 min
TLOH A. E>-200. Em=3656
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a
3 ]
P
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o
4 T v T
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)
a
2 ]
z ]
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Fig 5. Chromatograms of A) mixed standard fluoroquinolones, B) chicken muscle extract,

C) pork muscle extract, and D) beef muscle extract

117 -



Mtz 9 HUT TAb AT
38 dA At
) 5}

= :
e Bla) Jeke] duAEG 9
EfEEA el ARHA av AL
" 7 ANEE AEs 0.05-0.2 ueg/g9
2 Ak & deas A% 49 =X
17)e|A NFX 68.87-75.67% (71.71), CFX
68.33-74.33% (71.87), DFX 79.89-84.46

(82.16),

EFX 87.43-95.04 (90.10)°]% 1

(Table 4), 17X+ NFX 69.63-70.77

(70.14),
82.65—85.27 (84.06),

CFX 71.60-75.37 (73.49),
EFX 86.07-92.93

DFX

(90.13)2 eton (Table 5), i7lolA
+ NFX 69.73—-73.43 (71.24), CFX 68.62—

79.60 (73.84),

DFX 89.41-93.98 (92.35),

EFX 96.80-99.89 (98.12)2 =.9t} (Table

6).

Table 4. Accuracy and repeatability of fluoroquinolones in spiked pork muscle (n=5)

Recovery rate (%)

Compounds 0.05 (1/g) 0.1 (ue/g) 0. 2(ue/g) Mean
NEFX 68.87 + 5.33 70.60 £ 4.50 75.67 + 2.08 71.71 £ 397
Cv 7.74 6.38 2.75 562
CFX 7293 £597 68.33 £ 451 74.33 £4.73 71.87 £5.07
Cv 8.19 6.60 6.36 7.05
DFX 84.46 = 3.73 79.89 + 2.35 82.14 = 3.50 82.16 + 3.19
Cv 441 294 4.26 3.87
EFX 95.04 + 3.26 8743 £ 0.51 89.03 + 2.78 90.50 £ 2.18
Ccv 3.43 0.59 3.12 2.38
* Mean = STD
Table 5. Accuracy and repeatability of fluoroquinolones in spiked beef muscle(n=5)
Compounds Recovery rate (%) Mesn
0.05 (ug/g) 0.1 (ue/g) 0.2 (ug/g)
NFX 70.03 + 6.53" 70.77 £4.97 69.63 = 5.60 70.14 £5.70
CvV 7.31 7.02 8.04 8.13
CFX 7350 £ 8.85 71.60 +6.40 75.37+5.12 7349 +6.79
CvV 8.01 7.49 6.79 7.25
DFX 85.27 £3.33 84.27 £5.43 82.65 + 4.38 84.06 £ 4.38
cv 391 6.44 5.30 5.21
EFX 91.40 £5.05 86.07 = 2.66 9293 £5.72 90.13 £4.48
Ccv 5.52 3.09 6.16 4.92
* Mean = STD
NFX, CFX¢ H e = %2 Tl Z vxd A#E HSli, DFXs

A 17],

Hu7

B rEs
gl el A

70.14—-73.84
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Fue 22 438 B
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At} (Table 4,5, 6).

%z JEMG of 7] 92.35-98.12 7y A 45 oigk B "olAlg (CV)
VA s A¢gs Btk oleE ¥ 0.18-8.19%% St d ATEy
Codex® #AAZFE HA7F 10-100ppb & A SolA 2ES Al ok WHojAl
AL 3148 70-110%, 100 ppb o4 5.0-10.0%% FAFSE A3E HAT} (Table
A$ 80-110%%0 A& s o #AAF 4,5,6).

Table 6. Accuracy and repeatability of fluoroquinolones in spiked chicken muscle (n=5)

Recovery rate(%)

Compounds 0.05 (g/g) 0.1 (ug/g) 0.2 (u8/g) Mean
NFX 69.73 * 5.50 7057 + 2.48 7343 561 71.24 % 453

cv 7.88 351 7.64 6.34
CFX 68.62 * 5.95 73.30 £ 453 79.60 * 2.26 7384 + 4.5

cv 867 6.18 285 5.90
DFX 80.41 = 6.44 93.98 + 6.69 93.67 + 7.60 92.35 + 6.91

cv 721 7.12 8.12 7.48
EFX 96.80 +2.10 97.66 + 1.80 99.89 + 0.18 9812 + 1.36

CV 2.17 1.85 0.18 1.40

* Mean = STD

Table 7. Limite of detection (LOD) and limit of Quantification (LOQ) of fluoroquinolones
in porks, beefs, and chicken muscles

Compounds LOD (ppb) LOQ (ppb)
Norfloxacin 298 - 3.31 469 -6.54
Cirprofloxacin 2.35-2.75 3.12-353
Danofloxacin 0.23-0.28 0.32-0.41
Enrofloxacin 3.24 - 3.60 492 -6.52

B dAFeM CFX, NFX9 #Hy 382 HESHH I HakstAR|

Zr AR fAKSE 495 By, =3 AY
HoA] A RS AFels vkl o
DFX, EFXS] H 34&L 82.16-98.12%
AL AN 62-78%KHT w2 AHE
E?j\r/}%).
Posyniak $%Y&
FoRHAEEA IE

o F5-go] 36-85%= Hi 3iSledl ol9
2 589 Aole AR AAY, ANEFF

1 24 43l Aole] nje Ase ALRHAT

NE}

Fluoroquinolones#A|&] 4% djst H=3h
A QCOQE A=ZvtETHIS  signal to
noise? H|7} 3 ol ASE, AHsA=
10 o]4+e] H9$E CDER (center for drug
evaluation and research, FDA)2] 7}o|=
219l Aibiwel wat AT, go
7], SR D HarlM EFEAEE
A 4F o3 HEAS F¢ NFX 2.98-
3.31 ppb, CFX 2.35—-2.75 ppb, DFX 0.23-
0.28 ppb, EFX 3.24-3.60ppb FF°]3l 2
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T, AR, Tak), gzt H23
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m, A=sAl= NFX 4.69-6.54 ppb, CFX
3.12-3.53 ppb, DFX 0.32-0.41 ppb, EFX
4.92-6.52pph FFo0F oF W& FT}
A Aol 7hs3kdtk (Table 7).
FluoroquinolonesA| 2] HA&AE Seo &

EFX 5 4%F& ®¥43 23 AdoA
85—-1.0ng/g? K13 v} glon &P
, A$ 5 oFs AlgelA CFX, EFX
P A Z8A AESAE 5
ng/g® R 3, FoHsHgd 20024
ATHTA M= ABNA EFX 5 73S
BA3 A3 0.2-21.9 ppbE Bt o]
= 2 dFdME fARS A3E BT

5)

R

tlo ¥l © o
N

2

ofi

fL

P

2 =
1. NFX, CFX, DFX U EFX? 4%F° Z%
LEA=EA oFEo] it HPLCE ol &

3 HAEN 20E AENAE | ol
£1jE= DW : Acetonitrile : triethylamine
(80:19:1), ZrH2 agilent 250mm x
4.6m (C'* 5um), AE7e FFUE7
o 715k 290 nm, &85 465 nmellA|
A HEE o 25 AFAST 0.999 o
o AR e e

2. A7), H37] 2 garled dE 4F
o] ZFEFAEEA SEo d A
A el+= dichloromethane 23| 3
o EAMEE W ojulgr W A
AT A%l

3. #Aa), H3r] 4 garlel 2E8d
0.05-0.2 ppmo.2 Hrjstel Agxst A
Aes SHst Ay H7s|+E&S NFX
70.14-71.71%, CFX 71.87-73.89 %,
DFX 82.16-92.35%, EFX 90.13-98.12
%= UEISom, 7+ A¥d B wHolAlF
= 0.18-8.85%% H At}

4. 7} ANzl O 459 EF=A=EA
kg9 FAEA o] A=TAE 0.23-
0.28 ppbolgler, A=eA= 0.32-6.54
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ol
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=
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