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Abstract Limit of quantitation in chicken muscle showed 0.02
mg/kg, and average recoveries ranged from 72.9 to 88.1 %

BACKGROUND: Nitroxoline is an antibiotic agent. It is in chicken muscle. The repeatability of measurements

used for the treatment of the second bacterial infection by expressed as coefficient of variation (CV %) was less than

the colibacillosis, salmonellosis and viral disease of the 12 % in 0.02 and 0.04 mg/kg.

poultry. When the nitroxoline is indiscreetly used, the CONCLUSION(S): Newly developed method for

problem about the abuse of the antibiotics can occur. nitroxoline in chicken muscle was applicable to food

Therefore, this study presented the residue analytical inspection with the acceptable level of sensitivity,

method of nitroxoline in food for the safety management of repeatability and reproducibility.

animal farming products.

METHODS AND RESULTS: A simple, sensitive and

specific method for nitroxoline in chicken muscle by high

performance liquid chromatograph with PDA was

Key Words: Analytical method, Chicken, HPLC-PDA,
Nitroxoline, Residue

developed. Sample extraction with acetonitrile, purification M 2
with SPE cartridge (MCX) were applied, then quantitation
by HPLC with C18 column under the gradient condition Nitroxoline(5-nitro-8-hydroxyquinoline)-> %J#] 2

with 0.1 % tetrabutylammonium hydroxide-phosphoric g 34, g 9 P avE P vepdc
acid and methanol was performed. Standard calibration (Karpi ska et al, 2010; Pelletier et al, 1995). °s}4°.
curve presented linearity with the correlation coefficient 2 Q29T ARl o=, eRAHTS 4o
(1%)>0.999, analysed from 0.02 to 0.5 mg/L concentration. T O% 9 Sl distel 24s vEhe, 59
Candida albicans ol & &7%5 YEPATHGhoneim et
al, 2011). &3t FEAl= T2 7R didys, 2
*W A A Z{Corresponding author), =l wlolel A Aol F]olsk 23 Al 7Helme AT
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2] ?(KFDA) 2010).
Y = - AR T80k L 5\t AR oF
13,0009 L& Hlw4 W oko] AR °1E](Shin et
al, 2011). Athe] = - FARIolA YA AR E71H] st
L ARG AL FAHER S o] W ﬂvi OMZ] H, 2]
= 2 T FAE e = len, H EAA Hal 9l
© 5 FAE U s=8 AL e A 5o 72
GO% Qe W7 2 P& A, AU HE - A
A719] 715 Aol wk A5l =4 wke W Yol whayal
22 el g UERd It R E YR Ve A
3= 93 718 AG4KFDA), 2010). 44 5 skl
nitroxoline®] 7%, =Fujolx o] AREaFo] 2009el= 260
kg, 201039 129 kg =2 the Aol Hlsl 2 &
o]A|KShin et al, 2012) OlAlof] 1w x| o] HAYA
By vk glom, Sl B AL 7 9 Ao
A7E oI UA o “EHO HAF-sE&2 ks 7+ AxXs)
= 93t 7]18 AGHKFDA), 2010). wEhA dgAe) Fi
g ARES o] A1 glow, T vorh A @ -
&9 A7 vebd 2 Qith
A7HA] B soll e P2 Fd(Karpiska et al,
2010; Szab6 ef al, 1995; Wang et al, 2001; Ghoneim et
al, 2011; Stefane et al, 2012; Kang et al, 2003)< %]
shalE AFE T AN 2 “’Fsﬁ A= A B Hf ¢l
< Rk ope}, 53] Zhairel ek ARA e st
&solnt. H %fﬂL}E}OML ARgo] 371 FEgo)okE
z‘rﬁ W= Al me B4 9 %
AmEo] & HL Yol A 7kl AHEsh7] S8t &

=
T
=% nitroxoline?] HA#FEE ot JAFEAHo] HQ 3l

He 2

W} nitroxoline?] &&%0|1 Al&st #4018 g5lstax}
SRStk
Mz o d
AE
AlFolA e85l ole 7HR(E)E T8kl 4
S 74 mtroxohneO] X&%ﬂx] U2 A RS UPFoR g

=8 NS L) g AR 258
wA3S 20 g SRR RS &
Cyell BkataA] AMgslgiT,

Y72 wpfste]
A7HA] B54(-20

o

|0|= ajl IHE

Nitroxoline(8-Hydroxy-5-nitroquinoline, 96.0 %) %53
£ Sigma-Aldrich(St. Louis, MO, USA)ZHE 7-5iate] ARE-
silct EEE9e HEhe(Merck, Darmstadt, Germany)<
AHEste] ZAIBE 0 H, nitroxolined] &3} A2
Table 1] HERASITE

A A ZrRE ] o5 Bl A E]E Aok R ofAE
HEH 9 Hgkgo] <9 HPLCH Al°KMerck, Darmstadt,
Germany)< AHE8ISITE 8, AR E, Zfuak 9 <l
2k 555 A|2{Wako, Osaka, Japan)< T3] A1,
TBAOH(tetrabutylammonium hydroxide solutlon(assay
55-60 % in water))= Sigma-Aldrich(St. Louis, MO,
USA)ellA 431o] AREBISITE 2ol ARg-EE 5= 71E
Z#|(SPE)+= MCX 7HE]#|(mixed-mode cation exchange
(500 mg, 6 mL), Waters, Bellefonte, PA, USA)E ©| &3}
of g3t S 717§ ARSI

Table 1. Physicochemical properties and structure of nitroxoline

IUPAC name 5-Nitroquinolin-8-ol
CAS No. 4008-48-4
Melting point 177~182 C

Molecular weight 190.16 (CoHeN20O3

Boiling point

418995 C at 760 mmHg

OH
N
N
=
N+
0o

6.419 x 10° mmHg at 25 C, 8537 X 107 mPa at 25 C

Density 1.497 g/ml

Log Pow” 2.004

Vapor pressure (25 C, mPa)

pKa -

Solubility Soluble in Water

Toxicity ORL-RAT : LD5y > 104 mg/kg

Y Octanol / water partition coefficient.
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HEZMUO| A

Nitroxoline XF%=4 °F 10 mgs JU3| Go} wekZo
=0l 100 pg/mL EFPNoR A oH, BFgde
Fedds A Aol gz 4sto] ARgeiith 5

o} EEGAL BT o] Pob 20 T PEAo)

ajol Abgaioir

Al2 Mxe]

A3 Bar] 48 AR 5 g2 50 mL 94%ed
3kl 20 mL SHIEHEZS 718t & Wgsto] 5 74
ARTE ©]Z 9,000 G, 4 Colld 1027 gARgsets o
AR NG FEHZEAT FHENh o

mLE 7Fekal 919 dawe] HgS A wESE
SAE ) A} geted, 40 C olske] & A
HF 5538100tk w500 8 dojxl ARES ves
L Agaiated, v vk 2 mL 9 & 2 mLE 243}
AIZI MCX ZFEZ Ao F2AZ F2E FRE Ao 5 %
Aotk gl 2 mL W 5 % FARIEE S des 2
mLE AHe 5, 5 % AR S Wehs 2 mLE &
Z3I3ith 85N 40 T olste] 78 AelA] A w5313l

o
o2

)
ox &

B oo
Fu =Y
o2 2m X e 2

I AFELS HEE 2 mLE AL Ee] 0.20 um #E#HQ]

AEZ oj3s}, o3 AFgICR AESIKFg. 1).

7171 2M =A

Nitroxoline?] 474> PDA #%7](photodiode-array
detector)7} 4215l M| =20k 72> (Shiseido JP/Nanospace
SI-2, Tokyo, Japan)E AH&-aFltE w418 ZAH XBridge
Ci3(4.6 mm X 250 mm, 5 pm: Waters, Dublin, Ireland),
A9 540 C, o5z 41 A: 0.1 % TBAOH-
kel o B: wlghES o]gste] fu7]e7] o #
Aatlon, §4-2 1 mL/min, T9%2 20 uL& 3t 360
nmeA S48 tHTable 2).

Nitroxoline?] 21 Alge- WA AeHtA7] 208 g5
AG S Esh4] ok AA

ab7] SJeiA EEgols Agsle] HAHEE B 3
&y AgHtA7](tandem mass spectrometry)Z =381

&

Blgl Agt4]7]E 53l nitroxoline®] precursor ions
Aelskar #2 o] FE oUX|(collision energy)E Ag)gh o}
+ product iong B35t EFEH el tfsh fragmentation

patterns &I}t Table 3).

>

‘ 5 g sample + 20 mL acetonitrile

Centrifugation at 4 C, 9,000
G for 10 min-O

Purification
(MCX cartridge, 500 mg, 6 cc)

‘ Take supernatant-D ‘

I T TR

‘ Evaporate at 40 C ‘

Reconstitution with 2 mL
methanol

Concentration

‘ Conditioning with 2 mL MeOH, 2 mL Water ‘

‘ Sample loading ‘

‘Washing with 2 mL 5 % formic acid(in water)‘

Elution with 2 mL 5 % NH;OH in methanol

Evaporate at 40 C

‘ Reconstitution with 2 mL methanol ‘

HPLC-PDA analysis |

Fig. 1. Analytical procedure for nitroxoline residues in chicken sample.
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Table 2. HPLC-PDA parameter for the analysis of nitroxoline

Parameter Conditions
HPLC Shideido JP/Nanospace SI-2
Column Cis (4.6 mm X 250 mm, 5 pm)
Flow rate 1.0 mL/min
Injection volume 20 uL
Column temperature 40 C

A : 0.1 % TBAOH(tetrabutylammonium hydroxide)-phosphoric acid

B : Methanol
min A (%) B (%)
0 90 10
Mobile phase 90 10
8 10 90
13 10 90
14 90 10
18 90 10
Wavelength 360 nm
Table 3. LC-MS/MS parameter for the analysis of nitroxoline
Parameter Conditions
LC Thermo Accela High Speed LC
Column Cis (2.1 mm X 150 mm, 3 pm)
Flow rate 0.2 mL/min
Injection volume 10 pL
Column temperature 40 C

Mobile phase

A : 0.1 % trifluoroacetic acid in water
B : 0.1 % trifluoroacetic acid in methanol

min A (%) B (%)
0 85 15
85 15
100
100
13 85 15
15 85 15

Mass Spectrometry

Thermo TSQ Vantage

Ionization mode
Spray voltage
Capillary temperature

Collision gas

Collision energy

Positive ion electrospray

5,000 V
350 C
Ar

Precursor Ion (m/2)

Collision energy (eV)

191.0-89.1 46
191.0-127.0 39
191.0-145.0 21
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=M HE

HEAOR HF ARE o]gste] /I nitroxoline
o] FAHLE CAC Guide line(Codex Alimentarius
Commission guidelines for the establishment of a
regulatory programme for control of veterinary drug
residues in foods; CAC/GL 16, 1993)°l] 3fo] 214144
(Linearity), 3158, 4% $HA(LOQ), A1&*(Reproducibility)
ToE fFa4 HASE ANtk

S Al S E27E] nitroxoline 0.2-0.5 mg/kg?] §%°]
U 27ke] 92 WA ol gstel PR A,
AzEA o] A A9 (coefficient of correlation, r')E 78151
o A% e EAENE A s A HAE
Omishzd], = g9l 7oA s KBS S/N 6~10 HSlE &
ot Qlom, el AAR 7S FA Vs ekl
S tHLee, 2012). wehA] o5 AR 319 matrix blank?]]
A7Fst nitroxolined] IAZPIEIHoA AT o] FSH]
(S/N ratio)7} 10 o]do] H& w5 S ol&d vy 2
& ARl oS AREAE AEsESiTh

N

o]

aXxXb

Limit of quantitation (mg/kg) =

a: nitroxoline®] #E%(mg/L)
b: #HF 3AFI(L)
w: HAH (kg)

ool thgh A ] FEMs ket flste] Huldbg
&-87]=(MRL)°] A4 I3UA] -2 nitroxoline 1 4 2
1 LOQ(0.02 % 0.04 mg/kg) TEZ 3|5&S SH3ISI
A ARnfETH O R RE A2 939 WAS A o
A5ty AlZe th8t nitroxoline?] &5&& T8, 6HHE

ded AEAS WrkeRsich g
HPLC/PDA % LC-MS/MSE HA3 54 A8 1302
Argstel sdet AAE] B B4 0% 53] R A
& Foto] EAHE A (verification)aFl

o ]
dds E8l

o s
zo Y oy

AN 2N A =

Nitroxolines w41517] $18t 717127122 0.1 % TBAOH-
IMKA) S HiERE(B) 7 7HA EullE fuir]e] s A
gato] wFa AR RS ERIs Ay, w2 AEs) A
3 RS A e B4 sbge uv AFEY &
Q1 A3, 217 nmolA] 7Y 52 FHEE Holou 7|l
(baseline)o] =¢gsh Wk ofe} EFEA2] ¥ (peak)
TSt Hoii ddo] yeRt 4ol ofggo] 9lo] thelE
=& SRS Kol 360 nmE AEEY] 99 EAEES
Astict Aol AR A B 0 R AREE A
79l Cig(4.6 mm X 250 mm, 5 pm)=> Aglsled o,
452 1.0 mL/+, T 20 uLs 4833k 2

o oo &

@
i
O

° é\“o*
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Fig. 2. Chromatogram and spectrum of nitroxoline
standard (2 ng).

S014 H AN

A A el gk 5ol (specificity) & %55t
7] 9l8ll, blank testE st A¥}, Fig. 304 B vke}l o]
nitroxoline®] W75 Al7tlel] o] gt Wall=d i matrix
7} AEHA b AdE dEhglo] # EA ] =L Eels
I S THS ERIskGIth

Nitroxoline %7894°] A4 (linearity) A3 A,
nitroxoline®]l th&t AA=(?)7} 0.9999] A& HER
210 M (Table 4), o]+ CACeIA A= *>0.9590 23]
of ¢ wEEmket o) AaE gRlegith

Name

A

®w
5| @&0

o

B

(Nitroxoline)
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Name

Fig. 3. Chromatograms of nitroxoline standard at 2 ng
(A), blank chicken sample (B), and fortified chicken

sample at 2 ng (C).

Table 4. Standard calibration curve range, linearity and 7
of nitroxoline

Standard curve 2

Compound Sample range (mg/L) Linearity r

Chicken

Nitroxoline 0.02-0.5 y=21176x-460.5 0.999
muscle

Ul A FE

Nitroxolined] A#dHA= AZutE 12 Aox] A3 T
Z-21](S/N ratio)E 10 ooz 3tk #4H e HEA
< B7ksl7] flste]l ©a7] Als 5 gell nitroxolines 2}
LOQ ¥ 2 X LOQ(0.02 ¥ 0.04 mg/kg) E57t HE% 3%
A7vetal AEg9) 24 e AA g AF
Jetoity. A AZmtEgHoR Y e 939 w
7FS B wEkal(Fig. 3), ¥ o] tigh Wae e H,
3 ALY F nitroxolined] $H-S 9180 24 3
S T, enHE AFE Bl e AUds Bt

a3tk & Al A, Har] AlRelA ] 85&3) wE

4 e oo o #y
S g
e

i

Relative Abundance
T

9991

EREED)
7893
\Hu\\‘ |
s

579 || 9099 |10125  114m3

0t

TE 729~88.1 %, 2.5~11.7 %(Table 5)% LUERY}, CACe]
A PRk g B RETel TS5k das veho]
s Ee oo Ao RA AFshs FRIsIgith

Table 5. Recovery, CV and LOQ of nitroxoline in chicken
muscle

Nitroxoline
Sample  Fortified Conc. Recoveryl) Ccv LOQ
(mg/kg) (%) (%) (mg/kg)
Chicken 0.02 88.1+10.3 11.7
muscle 0.04 729+19 25 002

YMean values of six replicate with standard deviations.

Tt

QIAI
Nitroxoline?] HPLC-PDAE & w4 2102 A4
QAL A B4l gk A gl 25 LC-MS/
£ &% 4 24 A4S 218 nitroxolinedl] thgh &<1 o]
<(confirmation ion)< 733tk Full scan mode®lA]
precursor iong ¥ AHAEHS Faf FRlIg vk F=el
UA(collision energy)E “27d3to] product ions A4
T =2 AR st AFERS HolE o]S MY sto]
# 4 ¢] MRM(multiple reaction monitoring) =715 2%
Sy

Nitroxoline<- ESl(electro-spray ionization) ©|<%}
WO positive modeolA H& FHEE HAloH, HiEAl
m/z191.0° F& I9AE 27 46, 39 9l 21 eVE 7}8}]
21012 m/z 89.1, 127.0 Z12]1 145.05 L] nitroxoline
of st gl AFS FHsIithFig. 4 4 5).

IM+HT*

173.98

14392 2 15896
11765 13212 214712 1s502 | | p62085  |[17897 188.98| 19201 20484 20802 21655 22684 2371924440

0 90 100 110 120 130 140 150

170 180 190 200 210 220 230 240 250

Fig. 4. Precursor ion spectrum and product ion spectrum of nitroxoline standard solution in

MeOH.
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m/z 191.0 — 89.1

m/z 191.0 — 127.0

m/z 191.0 — 145.0

Titns (smin

8
)

Fig. 5. LC-MS/MS Chromatograms of nitroxoline standard at 20 ng.

Al

AISIAL 7}

= 1—

/W nitroxoline®] =¥l st AHA7F A
HPLC-PDA ¥ LC-MS/MSZ H3 574 A3 1
MAsto] FUe e g 2 A 2ow 53] v
S st olg T3l FAe AEge Alask
S(verification)s 33tk AEA FAH A
e BN 3582 81.4~86.4 %, WEAFI) 3.7
4.7 %% A5 YEhSItKTable 6).

ng
M

1 7o
e B = R = |

ol

oY q> o o

m
&

!

Table 6. Comparison of analytical methods for nitroxoline
in inter-laboratory

Nitroxoline
Sample Soiked C v
(Laboratory) ~Spiked Conc. ean recovery por o,
(mg/kg) (%) (%)
Chicken 0.02 86.4 37
muscle (A) 0.04 81.4 47

wb 7ol AFEE AL Q1= nitroxolined] FHF £
W H A o] A g

gk ot w2 o] YA, A4 9 Al S JElE
. b4 £ nitroxoline?]
| 71998 Aoz wete.

rE
rlo
e
(A
1>
sl
10,

¢

)
)
o
°

y

U= 200795 E AEFAE gk &

i
©
&

Frsl 871 A AdstetdA - Alade Auedel
sAske] Fgatar Qv HEol HelelMe =AlA w49
3|} FHARY] A A} Folol we} 2T 24
of tst MRL A% & W2 559 AFAE 7= A4S
B w2 A Sol 2hs] JEa vk webd 2 AT
= 7T ARSIETIES ofd AAE] A ko, 4
A A Y AT S SlsiMe e e o] e

3t nitroxoline®] BV &% 5 AFAEHS JNEstA
sholch EAel AR AAlE Hgar)e] 55 ol &Stk
Al oPERUER S 7l8le] &3 &, o]F St 55
sto] HEkeR ol oy MCX ZIEAR gAd &
HPLC-PDACI 33tk 717142 C18 HHS AHES
%L, 0.1 % TBAOH-IMHE-9 3 wghES 7127 20%
3o} 360 nmold S L3k dx g znlE T4
FA71E B3l ERINES FsEslon, e A5 CAC
7ho]=2Rl(CAC/GL 16, 1993; CAC/GL 71, 2009) 74
o] wat AXEITE 1 A3, nitroxoline? LOQX 0.02
mg/kg w0193, 352 72.9~88.1 %= YERITE =
3 WEATE 25~11.7 %= CAC 7to|=8lRI(CAC/GL
16, 1993; CAC/GL 71, 2009) T4l W= =0 3ith
wpebA ke 2AHE a0 ok 4 9lo] B
o} A&skan AAIARL A 9 BUEP] A8 7hsE Ao

= 7lveth
aAe| =
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