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Table 3 Validation of the HPLC/FL method
Enoxacin Norfloxacin Ofloxacin Ciprofloxacin  Danofloxacin  Lomefloxacin  Enrofloxacin Gatifloxacin
Limit of 20 2 20 2 1 5 2 20
detection
Limit of 200 10 100 10 5 25 10 100
quantification
Resolution 1.38 1.39 1.08 1.49 1.90 1.71 4.97
Correlation 0.998 0.999 0.999 0.999 0.999 0.999 0.999 0.999
coefficient (200~20000) (10~1000) (100~10000) (10~1000) (5~500) (256~2500) (10~1000) (100~ 10000)
(ng g_')
Table 4 Intraday and interday precision of quantifying fluoroquinolones using HPLC/FL
Intraday
Analytical Actual concentration/ Detected concentration/ng g~ ' Precision (R.S.D.),
compound ngg (mean £8.D., n =5) %
Enoxacin 200 205 £ 13.1 6.6
20000 20043 + 1364 6.8
Norfloxacin 10 11.0x1.1 10.9
1000 1053 £ 116 11.6
Ofloxacin 100 88982 8.2
10000 10364 = 714 7.1
Ciprofloxacin 10 104 % 1.1 10.7
1000 1033 = 99.4 9.9
Danofloxacin 10 9712 12.3
1000 1026 = 19.5 2.0
Lomefloxacin 25 23.7+ 1.7 6.8
2500 2558 + 196 7.9
Enrofloxacin 10 9.8*1.2 12.0
100 1007 £ 69.0 6.9
Gatifloxacin 100 82.6 = 8.1 8.1
10000 10574 + 833 8.3
Interday
Analytical Actual concentration/ Detected concentration/ng g’ Precision (R.S.D.),
compound ngg' (mean + S.D., n = 5) %
Enoxacin 200 209+ 1.6 0.8
20000 18931 £ 919 4.6
Norfloxacin 10 11.2+ 1.1 10.9
1000 984 + 61 6.1
Ofloxacin 100 974119 11.9
10000 9636 = 599 6.0
Ciprofloxacin 10 9113 13.0
1000 972 £ 60.9 6.1
Danofloxacin 10 95%1.2 12.2
1000 1019 £ 185 1.3
Lomefloxacin 25 254 % 3.2 129
2500 2367 = 209 8.4
Enrofloxacin 10 123 %12 12.2
100 938 + 68.3 6.8
Gatifloxacin 100 852+ 6.2 6.2
10000 9980 = 953 9.5
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HPLC/FL ORFENIT—2a

RAFED, KA B 2HRIBER, EERARUS
HEEE % K7V, RIBRAE 1~ 20 ng/g, ERRRIL 5~
200 ng/g THH, &% /0 RIHAOME S BAER

Eh/z (Table 3). KGMEOBHARFHEZEEHz KD
7oeZ B, ERBRFAMEIZTNS X LRIECKTHFR
SN7-b0®, 13% LT L BIFL#ERME SN (Table

4).
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Table 5 Concentration of fluoroquinolones in meat samples by ELISA and HPLC/FL

ELISA HPLC/FL
E:;Zi:;:ﬁ:n Enoxacin  Norfloxacin  Ofloxacin  Ciprofloxacin  Danofloxacin  Lomefloxacin  Enrofloxacin ~ Gatifloxacin

Round (<8ngg™" N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Liver-1 (<8ngg™" N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Liver-2 (<8ngg™" N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Breast meat (<8ngg™" N.D. N.D. N.D. N.D. 'N.D. N.D. N.D. N.D.
Sirloin (<8ngg ") N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sasami (<8ngg I) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Breast meat + 44.2 N.D. 53.5 N.D. N.D. N.D. N.D. N.D. N.D.

Norfloxacin (50 ngg ')
Breast meat + 50.2 N.D. N.D. N.D. 59.0 N.D. N.D. N.D. N.D.

Ciprofloxacin (50 ng g™")
Breast meat + 43.4 N.D. N.D. N.D. N.D. 49.5 N.D. N.D. N.D.

Danofloxacin (50 ng g™ ")
Breast meat + 53.6 N.D. N.D. N.D. N.D. N.D. N.D. 58.4 N.D.

Enrofloxacin (50 ng g~ ')

(ng g '), N.D.: Not detection

100 ] @) ELAEIAH, MBEOMIZEE MBI RLONL
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Fig. 5 Chromatograms of (A) fluoroquinolone stan-
dard and (B) meat sample

The mobile phase was 20 mM phosphate buffer (pH =
3.0) /acetonitrile (83:17, v/v) containing 0.2% nona-
fluoropentanoic acid. Flow rate was 0.2 ml/min. -

ROGHICERTRRTHLLEERIOND.

3-6 EHEOREHESR

F/orFRARAEERRUERRO U M50 %
Fig. 5ZR 7. ¥/ 0/ REHEAMBOREYEORE L
FiFAZ LR BIFICEIN. RoHEFYHVT, &
Wrbx o RinEFFNE LS. 20E%, HPLC/FL
BWT, IXTOEA»SIIBHEBRRHETH 7. %
72, A—ORBZ ELISATHEL/-L 2 A, RKICEE
MAME (8ng/g) kil kol BIZ, EWICEEMORE
DX o yRYEFEHEML, HPLC/FL K& U ELISA TH

(Table 5).

4 #

]

ELISA X EAHET, ZRETMETE ML
ELTWwD., L2Leds, XERISEZ EOMERS,
EERENICRT, BARBIRZ Lo/, £2TC, ¥/0
>R B R REH & LT, HPLC/FL & ELISA #% A
WCERBOREMITELRFT L, EXHNLEHLZE
2 A, MEOMBEICHEENED LN,

HPLC/FL 2351} % Bi L B SR M 2 R AER U 120 5D
ST EREAZETL L, ELISAT Y MZ1RAZY
-y SBEELCORABERE TSI LHNTE, 5,
BLIHEEHDO T LENDHLLEBEDNS.
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Fluoroquinolones (FQs) are an important group of synthetic antibacterial, which are widely
used to treat human and veterinary diseases. In recent years, FQs residues were detected in sev-
eral samples. An enzyme-linked immunosorbent assay (ELISA) is useful to determine many
samples simultaneously. However, there is a problem of not having qualification because of
cross-reactivity. In the present study, we developed an analytical method using HPLC/FL for a
comparative study with ELISA. Moreover, an HPLC/FL system was applied to the determina-
tion of FQs residues in meat samples. The LOD and LOQ of HPLC/FL were 2 ng/g and 10
ng/g for enrofloxacin, respectively. The extraction recovery of enrofloxacin spiked concentra-
tion of 50 ng/g was 107.8%. The HPLC method and an enzyme-liked immunosorbent assay for
the analysis of fluoroquinolones in meat samples were compared. FQs were detectable in meat
samples added FQs standard by HPLC/FL and ELISA. Moreover, there was a correlation
between HPLC/FL and ELISA. In conclusion, ELISA may be useful to rapid monitoring of
residues for FQs instead of HPLC/FL, which requires analytical times of 120 min in meat sam-
ples.

Keywords : fluoroquinolones; enzyme-linked immunosorbent assay; HPLC/FL.
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SRAFIOT T ST 1 —/BEPFNEICELS
o7 rO0514 FRREDEDESE

Wl BEE®, EIT F-, g #mz?

EEMksa~ y I 7 /ARGWE (LC/MS) ZRVWEESPOBREOSVATDT s 0T 4 FRHA
WE, BERMICIRTY RO Yy, FLT Y ReA Yy, ¥4y, VapeL iy, 1LY
Y, RAREIRAYY, RESIA Ty, FAIAYV IRV A 0L CORBGHETRE L. HEO
FAEIIEMBIC T E P Y LERAL, AFFVCIAEBIMBICL D 2V - Ty TR fTo 1. BE
itk o~ k75 7PESME, TSKgel Super ODS #7194 (10 mm X 2 mm i.d.), BEHMIZIE 0.2% B
B-7EFbIANRST TV VENERHV:. BESHUESRBED A A+ LT — Fid positive T— F
AELTHED, MEA A ViE (M+2H) " i MH 2 Hviz, REICST 2 BMEIERZ 0.1 pg/g DEM

T 63.8~95.9%, MBI 0.01 pg/g Tho7z.

1

HRF1I6 BROF 7 P REeEREHRLETLEYIOT
A FREEDE MLs) 3, 77 2BMHE, vfa37/5X
<, BSHEELR LIS LTENTHLI L0, SEHY
PR DBRPSEEREE LTRARIA TV A",

L2»L, A CEIhoEEMDODEKED~NOBITRY
BUFESEHELELBRSINTEI?, SAkERAGHOEENH
PHRTL-DICRERHI TR Tn 5,

X, w7 us4 FREEUHEWEORESIZIE—
BB EOREBRENTARENTE . MEYWFIRA
BRI MEEMEOREOEEEF 2 v 0T LA —=
YTEELTRENFETH HA, BREIIRITHHD
Hy, RS- HRARYEEZEET 52 LIZREETH
. SRICRRDBFEE LT, BNBRIL (UV) RS
FHWAEEREAEA o~ M7 57 (HPLC) 2HiAWED
MESTIZABIR TS, RiItEESEI ) — >
Ty TIEBAF rRBEERE -V v VERW
MLs DG EE #E L1277, B4 4 v REiexaE s —
Ry VR BV RERLE S L, TR ORE I E
NZFETHLHY, BRIEFPREBLTVEH 5.

B, ERECERERRAK IO~ V57 /EES
#at (LC/MS) 2S5 MLs DSHHICHW bR THE Y,
EHOLDL LC/MSIZL 2EA/P D MLs DRIBESH %
ELAEY L, BCHEL o E 288 ER

il

'S FBATARTCRT: 338-0824 BEB IWAFHHE L AAR
639-1
P EERKE: 142-8501 WEERGIIEIEE 2-4-41

42

L7354, sildiccy) Ao vy (EM), AEI<
437 (SPM) OTEXERELN, FICEMIEEDIIEAY
MBS, EMiZ MLs OB TR LB B LR 2
EDG, BRHLIZAAENTVAERNTHY, FICAERE
BWEELTOBITAS RSN TS, £, SPM 3
HHENL W MLs THB™., L2 -T, LD EM,
SPM 2 EE X S - EET AT L, AoReMLH
HBtatTcEBEEZONS. £2T, 40, LC/MS %
AW E5 5 0BEOE VILHP O MLs D FERETHTIEE R
B AR
2 EBRF &

21 FEHRUHEF

HERBRFERANTEESINEARTEL T B/

Bl . 2+ A¥I24 Y>> (NSPM) RUFAE I A
¥ (SPM) BHMETLER, FAr3Ia2 >y (TLM) &
HAA—54) )-8, FLF7YFe4 Ty (OM) i,
BA7 7 4% —8, Iuy<sfr (MRM) RU'F 44
<42y (KT) REIAMLEIER, ) Ra~vsr (EM)
RAHARE BAORFREE) &, y/o ¥ (TS)
HEREERTER, Yad<f vy (M) ZZREE
BT AT AME) BEFEHLL.

EEi: EER10mg MU EOL, A5 /-1 10
ml (2R L COEEFRREZARL, @5 40% TEEF=FY
VCHERLTERBRE L. b, EEREIZHT L
TTHREL:.
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Table 1 Operating conditions of LC-MS for analysis of macrolide antibiotics
MS Conditions HPLC Conditions
lonization ESI, Positive Column TSK-gel Super ODS (100 X 2 mm)
Fragmentor Time program Eluent Gradient
Nebulizer N2 (40 psi) Flow rate 0.2 ml/min
Drying gas N2 (10 I/min, 350T) Oven temp. 40C
V-cap 4500V Injection size 5ul
SIM ion m/z (M+H)", (M +2H)"
Time/min Fragmentor voltage/V
5.0 60
11.5 100
155 150
Time/min A% B, %
0 85 15
20 50 50
25 50 50
A = 0.2% Acetic acid, B = Acetonitrile (containing 0.2% Acetic acid)
Table 2 Typical ions detected for macrolide antibiotics using LC/ESI-MS
Compound Mw Base peak ions Main other ions
Neospiramycin (NSPM) 698.8 350.2 (M + 2H)*" 721.5, 699.5, 540.3
Spiramycin (SPM) 843.1 422.3 (M + 2H)*" 843.5, 699.5, 540.3
Tilmicosin (TLM) 869.2 435.3 (M + 2H)*" 869.5, 695.5
Oleandomycin (OM) 688.9 688.4 (M + H)" 670.4, 544.3
Mirosamicin (MRM) 727.9 728.4 (M + H)" 554.3
Erythromycin (EM) 733.9 734.5 (M + H)" 716.4,576.3
Tylosin (TS) 916.1 916.5 (M + H)" 742.3, 582.3
Kitasamycin (KT) 771.9 772.5 (M + H)" 702.5, 558.3
Josamycin (JM) 828.0 828.5 (M + H)' 860.4, 786.4

2:2 ZHERUATESRG

=SBk a2 77 ERGHE: Agilent #1100
)~ X LC/MSD 2R L, Table 1R L2408 TH
EL.

2:3 BREROER

0.025, 0.1, 0.25, 0.5 R U 1.0 ug/ml DRAEHERME
WERBL, TDO5u % LC/MS EEBIZHEALZ. B
13ERA 4 “HRH (selected ion monitotring, SIM) % %
HL, Table 2R =5 —AF kB a<
VI ADLE-SHEEERD, T M) v 7 ARER (B
IR LY BEREER L 7.

2.4 HBBEDHAR

HE 5 g ZML, 7€ b= MYV 30 ml RUEKEEE
FEVTAN0gEMATIHEAEY F4 AL,
3500 rpm T 10 7ELE-LoREL 72, RICEEH 2 BRFB
%, BIERZEL, 40% 7L b=FY N 2ml & nAFH Y
Iml ZMAZTRA L2, FE 3500 rpm T 10 4 &L

TEEL. NI oMHERELZ40% TEF=FIL
HARBBHREL, ZO5u % LC/MSEBEICHL/.

2:5 WAEDFIHEBRE

BEREBIZBOWTAEEE LTRAHZIRTYS [HXK
EEMHPORTIMEYEGSRAEE (8D "W c#RL,
HERW 1213 Bacillus subtilis ATCC 6633 (B. subtilis ATCC
6633), Micrococcus luteus ATCC 9341 (M. luteus ATCC
9341) K U Bacillus mycoides ATCC 11778 ( B. mycoides
ATCC 11778) ZHw7:. REBREBE REHFRE O
HREUHEFEEOME bR CERL, EELN
—R—=F 4 AT EE AW

3 HWRRUEZ

31 HjEEDOKREE

ZHESEMHEICBVTRY 87 - BIE#RE LT
02% A %) VBEA% /-1 (6:4) RBBEZHV L
L, BEREEL)EABFAOEE T, BETOMLE
WO PpHH 3.8, H30m ICBEHETIZ29 &L%o/,
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MSD1 TIC, MS File (MLS\60407_01.D) APLES Positive
©
15000 - © ©
TIC 2 § ]
10000 : -
E j\
s000 ANEEAN
0 T T T T T —T
15 10 12.5 15 175 20 225
MSD1 350, EIC=349.9:350.9 (MLS\60407_01.D) API-ES Positive
15000
10000 Neospiramycin
5000 m/z 350.2
Ve e e
15 10 12.5 15 125 20 225
MSD1 422, EIC=422:423 (MLS\60407_01.D) APIES Positive
15000
10000 Spiramycin
5000 m/z 422.3 A
0 T T T T T T T
1.5 10 12.5 15 115 20 225
MSD1 435, EIC=435:436 (MLS\60407_01.D) API-ES Positive . - . .
cis-Tilmicosin
15000 o . N
trans-Tilmicosin = o~
10000 -
so00 - m/z 435.3 X
o T T T T T T T
75 10 125 15 175 20 225 iy
MSD1 689, EIC=688.1:689.1 (MLS\60407_01.D) API-ES Positive
15000
10000 Oleandomycin
5000 " m/z7 688.4
05— r '+ ‘1 * r * v T '+ v v ‘fv 1 ‘t * T ‘v Yy v 7 ‘v * ] o T v Ty T
15 10 12.5 15 17.5 20 22.5
MSD1 729, EIC=728.1:729.1 (MLS\60407_01.D) API-ES Positive
15000 . L.
10000 . Mirosamicin
5000 m/z 728.4
o T T T T T i T
75 10 125 15 17.5 20 225
MSD1 735, EiC=734.2:735.2 (MLS\60407_01.D) API-ES Positive
g Erythromyci
romycin
10000 ryt y
ool M 7345 /\
0 T T T T T T U T
15 10 125 15 115 20 225 mi
MSD1 917, EIC=916.2:917.2 (MLS\60407_01.D) API-ES Positive
15000
10000 - Tylosin
5000 m/z 916.5 A
0 U L S S A B L A S R AL AL RN A T T T
7.5 10 125 15 12.5 20 225 mil
MSD1 773, EIC=772.2:773.2 (MLS\60407_01.D) API-ES Positive
15000
10000 Kitasamycin
5000 - m/z T72.5 /L
o T T T T T T T
15 10 12.5 1§ 11.5 _20 225
MSD1 829, EIC=828.2:629.2 (MLS\60407_01.D) APFES Positive
15000 Josamycin
10000 3
5000 m/z 828.5
o T T T T T 0 T T
15 10 125 15 175 20 225 i

Fig. 1 Typical LC/ESI-MS-SIM chromatograms of standard mixture (0.1 pug ml")

MLs i3 —HBMICBRICH L TRERE SNTED, HICEM OB/ RON. 22T, By v 3sFELTAZY >
FZpHAM4UTTHDEFBIBRERESIN TS, B A OHI LB ORE & A7,

AR 0.1 ug/g DIRET 9D MLs 2R L 72354, BEEWOTHIIBNWC, X% /)—N, TEF=FYIL
EM 389 95% L ZDIII LA LN, SPMIZHoTHH50% RUELTY/—VER, B V7 PRPBRLTVWL I D
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MSD1 TIC, MS File (MLS\60406_03.D) API-ES Positive
6000 TIC
4000 -]
2000 -
0
T T T T T T T
15 10 125 15 125 20 225
MSD1 350, EIC=349.9:350.9 (MLS\60406_03.D) API-ES Positive
6000 -
4000
2000 ] m/z 3502 {
o B T T T 1 T T T
15 10 12.5 15. 17.5 20 225 i
MSD1 422, EIC=422:423 (MLS\60406_03.D) API-ES Positive
6000
<000 \
2000 m/z7422.3
0
T T T T T T ki
15, 10 125 175 20 225 mi
MSD1 435, EIC=435:436 (ML.S\60406_03.0) API-ES Positive
6000
o |
2000d m/z7435.3
o T T T T T T T
15 10 125 15 1785 20 2.5
MSD1 689, EIC=688.1:689.1 (MLS\60406_03.D) API-ES Positive
6000
g |
2000 m/z 688.4
0
T 1T ¥ T T T LR T T i
15 10 12.5 15 175 20 225
MSD1 729, EIC=728.1:729.1 (ML.S\60406_03.D) API-ES Positive
6000 -
oo {
2000 m/z728.4
0
T T T T T T T
1.5 A0 _125_ 15 1258 20. 225
MSD1 735, EIC=734.2:735.2 (MLS\60406_03.D) API-ES Positive .
6000
4000
20004 M/Z7345
0
T T T T T U T
1.5 10 12.5 15 175 20 225
MSD1 917, EIC=916.2:917.2 (MLS\60406_03.D) APIES Positive
6000
g \
2000 m/7916.5
0
LA A AL AL A AL A S A A A A AL A LA R A AL T
15 10 125 15 175 20 225
MSD1 773, EIC=772.2:773.2 (MLS\60406_03.D) API-ES Positive
6000
o ‘ ¥
2000 m/z 772.5
0
T T T T T T
__125 15, 125 20 225 i
MSD1 829, EIC=828.2:829.2 (MLS\60406_03.D) API-ES Positive
6000
w0 {
20004 m/z828.5
0
T T T T T T T
15 10 125 15 178 20 225

Fig. 2 Typical LC/ESI-MS-SIM chromatograms of milk extract

5, Mt CEARBOBRS v 3sFE L TRABESNT
Wwan, LdLl, 2% /=, T M) VEOFBER
THH LGS, LIBEHIZEEATVWAI NG, T
BOBEDLEL LS., T I niEAFH O
HEDEIZL ) BERENEDTHH, BEOKREIZIZA
Ba3hTws, ZOLH)RBEHEILLTEFZFIMICES

MHEERF L. AT =YL 30ml THIEL:
BEOPHIZ 65 ThHH, BUTTRIFLETHHLEE
bihs EM O AERBERTRETH 2. TP
FU LMV EEREEZBEL, 40% TP MYV 2ml/
AFH Y Iml ICERSETHARETAILEICLD, B
BEHEOBVIRESLRERTEAFH A EILSESINE. &
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Table 3 Recoveries of macrolide antibiotics from milk
Added/ Recovery (mean = RSD, n = 5), %
Sample : i
ugg NSPM SPM TLM oM MRM EM TS KT ™M
Raw milk 002 70959 90652 97.9+82 769*54 74550 76321 84767 784%108 999=*4]
0.1 63.9+69 945%1.6 71932 934+36 959+34 941%78 75.0+43 725%49 81921
Pasteurised mitk  0.02 796%77 94870 105.2+78 994*104 89751 86527 73.4+57 89.1%*48 87.8+42
0.1 63.8+93 95.2%7.7 69.1+75 B898%7.0 924%+36 865%25 744+35 741%9.2 80.0 £2.8
BIZE DB ON-RBBERVESEESROR KN L EEZRE 4BRE), Fr1oBBII oW TRERAELTERL

LC/MSSIM 70X + 75 L% Fig. 1 KU Fig. 2237,
Fig. 213" T L 910, REVWORELZTH L%, 9
HOMLs #5335 ENUETHo 7.

3-2 HINEYREKR

BEMIL 0.025 25 1.0 ng/ml GEXNEE L T0.05~
2ng) DHEATRIFLERE (©=0995) 2Rl &
ARTHZ (130C T2HRE) (98D MLs # 0.02 &
0.1 ug/g DIREIZHRIML, EIREZ KDz, £OHR
% Table 3R T. LC/MS IIBEE»OEREICENT:
FEESWETHEH, A X AFET M) v 7 2AOEBEF
FRdWnWZ gl IhTwsb. #2°C, IbY v 7R
DEBOL L VRBBERORARILEIN TS,

HFUZ 0.1 pg/g ML/ %, OM, MRM, EM, TS,
KT RS M D4 * 2bid, < b)) v 72 A0EENL R,
AR AR & B EEEIE T 75% UL, M EERE
(RSD) & 10% VIR E RIFLfETH -7, LA L, NSPM,
SPM B U TLM 14 # bR H o h, REHT Eopig
I3 150% HiETHo/z. BB LALHII, LC/MSDF
Wik, LELERBRSOZETENRSOA F 1L
oA+ VLIRENRSNBHEVEHSH. £ZT, ¥ Y
v 7 ADOHBERRHIETHHNT, FERMEFERNEEY
B M)y s ARER (BERME) AL TWS,
AKEIZBWTH, HEME (BFIB$ 5 NSPM, SPM KUY
TIM DA F b M) v 7 ADOEBRZITB I Lhb,
TRy ARERBEROCTEHNESERTLI L
7o AFBEICE 2 ZEYOBNLET 0.02 BT 0.1 pg/g @M
B, BBELR70% ULk, RSD B 15% LLIATH D,
RESWEEL LTHATE2EIBORLY. &8, K&
X BBRBBRE, wWThoEWD 0.01pug/g (S/N=3)
Thotz. RIF 47 R MHICBITHAD MLs 2 HEfE
F—BEELEDL L 001~2pg/g” THY, BREMT
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Table 4 Antibacterial activities of macrolide antibiotics

Detection limit/ppm

Compound
B. subutilis ATCC 6633 M. luteus ATCC9341 B. mycoides ATCC 11778
NSPM 2.5 1.0 10.0
SPM 1.0 0.5 10.0
TLM 0.5 0.5 2.5
oM 0.5 0.25 5.0
MRM 2.5 0.5 2.5
EM 0.1 0.1 0.5
TS 0.5 0.5 2.5
KT 0.5 0.25 2.5
™M 1.0 0.25 2.5

Each drug was dissolved in 40% acetonitrile.

2.5 25
N (B) .
',; 2k ',‘_ 2t
g o E
215t His
> )
. 2
8 2
fas] m
05 | y = 1.0029x - 0.0052 05 y =1.0551x - 0.0012
r*=0.9845 r?=0.9854
0 J 1 Jd 0 1 1 J
0 1 2 3 0 1 2 3
LC/MS/pg m!i™ LC/MS/ug ml™

Fig. 5 Correlation between LC/MS and bioassay methods for (A) josamycin (y =1.00x — 0.005;
#=0985;n= 12) and (B) erythromycin (y = 1.05x — 0.001 ; # =0.985; n = 12) in milk
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Determination of Macrolide Antibiotics in Milk by High-Performance
Liquid Chromatography/Mass Spectrometry

Harumi TAKEGAMI', Masakazu HoRIE' and Hiroyuki Nakazawa®

! Gaitama Prefectural Institute of Public Health, 639 - 1, Kamiokubo, Sakura-ku, Saitama-shi, Saitama 338-0824
? Hoshi University, 2-4- 41, Ebara, Shinagawa-ku, Tokyo 142-8501

(Received 25 April 2006, Accepted 30 June 2006)

A simple and reliable method using liquid chromatography-electrospray ionization-mass spec-
trometry (LC/ESI-MS) has been developed as an analytical method of macrolide antibiotics,
such as erythromycin, oleandmycin, kitasamycin, josamycin, mirosamicin, neospiramycin, spi-
ramycin, tilmicosin and tylosin in milk. The drugs were extracted with acetonitrile, and the
extracts were cleaned up by partition with hexane. The extracts were analyzed using LC/MS.
The LC separation was performed on a TSK-gel Super ODS column (100 mm X 2 mm i.d.) with
a gradient system of 0.2% acetic acid-acetonitrile as the mobile phase. MS acquisitions parame-
ters were established in the positive ESI mode, and the related molecular ions were (M + 2H)2+
or (M + H)". The recoveries of the drugs from milk fortified at a level 0.1 ug/g were 63.8~
95.9% with high precision. The limits of detection of the drugs in milk were 0.01 ug/g.

Keywords : macrolide anticbiotics; erythromycin; oleandmycin;; kitasamycin ; josamycin ;
mirosamicin ; neospiramycin ; spiramycin ; tilmicosin ; tylosin ; milk; LC/MS.
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Analysis of Chloramphenicol in Honey and Royal Jelly by LC/MS/MS

Rie Isui*! 1, Masakazu Horie*!, Mitsunori MURAYAMA*? and Tamio MAITANI*2

(*'Saitama Prefectural Institute of Public Health: 639-1, Kamiokubo, Sakura-ku,
Saitama 338-0824, Japan; **National Institute of Health Sciences: 1-18-1,
Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan;

! Corresponding author)

A sensitive and selective method using liquid chromatography coupled with electrospray
ionization tandem mass spectrometry (LC-ESI-MS/MS) was developed for the determination of
chloramphenicol (CAP) in honey and royal jelly. Mass spectral acquisition was performed in the
negative mode by applying multiple reaction monitoring. In LC separation, Mightyl RP-18GP and
10 mmol/L ammonium acetate—acetonitrile were used as the column and mobile phase, respective-
ly. CAP in honey samples was diluted with water, while CAP in royal jelly was extracted with 1%
metaphosphoric acid—-methanol (4 : 6). The solutions were cleaned up with an Oasis HLB cartridge.
The quantification limits of CAP in honey and royal jelly were 0.3 ng/g and 1.5 ng/g, respectively.
The recoveries of CAP from both honey and royal jelly at the quantification limits were over 92%.
Twenty honey products and seven royal jelly products were analyzed by the developed method.
CAP was detected in one honey product at 0.6 ng/g and in six royal jelly products at the level of
1.5-17.8 ng/g. These results show that the developed method has satisfactory sensitivity selectiv-
ity and is useful for the determination of CAP residues in honey and royal jelly.

(Received October 5, 2005)
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Table 1. MS Conditions for CAP and d5-CAP
Ionization ESI, Negative
Desolvation gas flow Nj, 600 L/hr
Cone gas flow Na, 50 L/hr
Source temp. 110°C
Desolvation temp. 350°C
Monitor ion Parent Daughter Cone (V) Collision energy (V)
326 157 30 17*!
323 257 25 12%2
323 152 25 20%*2
321 257 25 12%2
321 152 25 20%3
*1 ds-CAP
*2; Use for confirmation
*3. Use for quantitation
IhE T CAP O3HrEE L CTIE GCECD¥ ¥ GC/ 100 ng/mL EHAEIER L 1o, ThEPMIRERRKRE LTS

MS®, GC/MS/MS?, HPLC-UV®9 % /- HksifE
EhTW3. GCZAV 2 HEIER T FEE(LBENSL
ETHy, HPLC REFETH 515, REBAS+~EET
ng/g L XN ERREm RIS S 5. & 5i, HPLC-UV
HEBE LU GCECDETRERERE LTHBONIDIRR
BiEEoaATH Y, BRESHhIZIESICIBE SICHERT A1E
EBPBLIEISTL D, IO EHLSIETIERELER
ICEHER OB ON B LC/MS & 5\ i3 LC/MS/MS %
AVWLESEREMNBHEIN TV S, ~NF IV ASITHR
ELEEREMMTE S W 2HEE IR TV B,
O—¥ V€Y —EXNRE LIESHERVWEEBESATL
IAQ AN .

Z£IT, 4E, LC/MS/MSZHBWhNFIvBLU
o-YItEY) —hOGREMMTEERITLILOTRES
3. %1, hE, EUKLEICBWTIEICAP DEESHTO
2y Y —=v s LUTELISAESEBShTWS, &
CTHREICLBAEME ELISA £ v MCX BAIEBEE
HEL, HEEIC LW TRET L coTHE THRE T 5.

EBAHE

1. HMELUHE

SERIBEENTHRENATVWENF I Y (YK, B
TEE, 7THYYE VVFFE 7VE IH»VE +F
B) 5LUo-v¥Y— (V-2 &R, #7EN
&I, FRAD 2AV.

BER 70547 x2=3—(CAP) 3FILEETE
BORZE REEYE H)}/7 0547 2=3 -0
(d5-CAP; ring-d,, benzyl-d;) i3 Cambridge Isotope Lab-
oratories, Inc. #BIAFEH L /. 70547 x=3—-
ELISA # » b iZ {3 r-Biopharm &t B{RIDA X 7 ) — ~
[Po5L67==a3-n%y b] ZERLL

EHESHE . CAPEHRER 10 mg 280 &5 L, #%/—
WVICHERLTI00mL & L-bosEFEEE L, BH
HPLC BEIMH CHR L THEERK E L1, dsCAP ¥R
B5mg a0 es5L, A%/ —VICERLT100mL &
LEbDRBERKE L, &5y / —LVTHERL,

52

BEO CAPEBEABICH L 5ng/mL &4 5 & 5 I<E&HEM
L.

By vy HBK: 1%28) vBi-x5 -4
6) % 10~15CIcEI L TRV (HEESARD.

Qasis HLB# — b Y » ¥ Waters #1184, 60 mg # —
FYw YRS LHA Y B L UREIKSE 5mL
T, 200mg Ai— b Yy ViR - BIURERKE
100mLTav5Fsva=vsUik #FRALE

Ay —NBIXUTE M= MY NRGEE IO TS5 T
B%, ZothoFERIHREEERAL .

2. ¥ B

EEkE&E s o b 75 7 Waters 18! Alliance 2695

HBESTERE: Waters #18! Quattro micro

3. AEERH

S A S5 4 BAERALE (B 8 Mightysil RP-18 GP
Aqua (2.1 mm id. X150 mm, ¥WFER5um), 7 7 L&
EE: 40°C, BE#H: 10 mmol/LEFE7T v E=v 4-T %
b=t Y A(73:27), FH&E: 02 mL/min, AAE: 10
uLl

BRAWEBE DM Table 1 TR L.

4. EBRBBRORE

41 NFIUEBRABRORE

HEl 5 g 24 b ds-CAP E# (100 ng/mL) 50 pL #i0
®AEBUk 20 mL 2004, BEEICLOBRBLL. TOHK
% Oasis HLB (60 mg) # — kY » JICER L, 20%* ¥
/—N5mL T##R%E 60% 4%/ —6mL THEREHL
fo. BHERAEBEZEL 2% BEDEBEHIE 1 mL cE
L, A Lk,

42 o—PIE)—-EBEROBEH

HE 1 g 28D ds-CAPBH 50 4L 04, 1% 2% Y
VB-2x 57/ -V (4:6)BEK 60 mLINA T2 R+ E Y
F4 XUtk »B@BFNA 7o -2 ——EVEEEX
2mm iKW RIABBrAVWTAELE. A LEOR
W 1%A 5 VBE-A 5/ — 0 (4:6) B 15 mL 2MA
T, BRILAE RHRICABLE. 2EEEDYE, H2
mL ¥ THREEM L, Oasis HLB (200mg) #— b+ Y » ¥
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AR L. BRKk4amL, 5% 2 %/ — ) 4mL TEE
%, 60% 2 7/ -1 10mL THEHL ., BHEEXRER
B L% BEMAEEHE I mLICARBL, SBAKE L
120

5. % B

BRAERAKE 10 uL % LC/MS/MS IciEA L, Bohtk
CAP & ds-CAP O B — 7 &L E AW e NAZHEE T CAP
ZEEL K.

6. ELISATOTEE

ELISA # v FICIEFERTWS [~F 3 Y OFESIE,
RIEFIE) CREVAR, AIELL. bbb, "FivE
KV o—v €Y —FEGKICARL, B F V25
L7z, k&S, BLo8ER Bl F VEZSIL, 3%
K[URTCHIRL, FREEFRICBHEL, REERE L1

BREPIUEER

1. LC/MS/MS &#niast

1.1 LC &HFotast

MS #Hic Bt 51 & V{LORES L UEELD D, ¥
iR T 2 EREOBICOVTRET L. ¥R, B
B ¥E7re—vis, BT E=TAIC>WVWTHSL
12E A, BT v =Y ARSI o b b
DNFEHEKR L. £, FOBEIC->WVWTI, 25,5, 10,
20, 30 mmol/L DBEE#BIF LI LI A, 5HBVIF 10
mmol/L BETCAP O - 7HEBESRKRLL 12 &
5, EER 10mmol/L & L1, BEEERA 7/, — N
BIUTEF= ) MZOWTRAL 7. BER RS
WREAEZERIRD O b -1, E—2FIR, 54
Ehos7Er=b ) VERALL.

SEEH S A BEIED ODS %4 5 4 (Cadenza CD-C18,
Symmetry C18, Cap cell-Pak C18-AQ, TSK-gel Super
ODS, Mightysil RP-18 GP) it D WU, v — 7Tik%
HEHBET L& T A, Mightysil RP-18 GP iR b BIF T
& -1, )

1.2 MS/MS £{§nigst

CAP B3I EABECECLEMTHE I Eh o, 1~
¥ =7 24 AR BBEEYOM 4 MLic@E LIV b
uX7L—4% v{LES)ZERL, MRMETRIEL
o, A F v be— FREBERCAIETCE R 7 4 7TE—
FTfT-7z. Fig. 1lca2—vEFE 25 VTHIE L - CAP
BLUds-CAPD 7 W R F v v MS ARZ bR L 1.
CAP B FRI 2EOBRFEF2EL T & H SEEHTIR
MS 2 =7 bS5 N 3. CAPTRE 7o b v{b1 2
YT &3 m/z 321 (°Cl, 33Cl, 323 (3Cl, ¥Cl), 325
(7CL37Cl) A%, ds-CAP T i3 m/z 326 (3Cl, 33Cl), 328
(5Cl, 3¥7C1), 330 (CL ¥C)»E St RICCAP D
(5Cl, 35Cl) (M —H]~ ® m/z 321, ds-CAP @ (*3Cl, 35Cl)
IM—H] ®m/z326 %7 Y h—%—AA¢&LTToF
7 b4 & v ERIEL 2 (Fig. 2).

B2 REREEIC &L b CAP i3 m/z 1562 & 257, ds-CAP

(A) ®

3211 (M-HI 326.1 [M-H]"

10D 10p
NO, NO;

D. D

3231 328.1

D

. NH__O
5 I
Ho” o o

Relative Intensity
b
<}
I
: :\I
o °©
Relative Intensity
;i3

3250 3300

e A "l L oy

I\ i " a
160 180200 220 240260 280 300320 340

A
160 180 200 220 240 260 280 300 320 3a0™2

miz

Fig. 1. Full scan mass spectra of chloramphenicol (A)
and ds-chloramphenicol (B)

The chemical structures are also shown.
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Fig. 2. Full scan product ion spectra of m/z 321 [M—
H]™ for CAP (A) and m/z 326 [M—H]™ for
ds-CAP (B)

The structures of the fragments are also
depicted.
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KERTRa-vEE, aVYs v i AF-EKEILE
#E8, Table 1 KW RTRUYPHRETH »1:.
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m/z 321—152 (CAP) & m/z 326—> 157 (ds-CAP) ®
- s EELERVT, REEELTHREREENKL .
0.5~20 ng/mL (0.005~0.2 ng) D& TBITF S EFE
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Fig. 3. MRM chromatograms of standard CAP (5 ng/mL) (A), blank honey sample from buckwheat fortified with the
internal standard (5 ng/mL) (B), blank honey sample from acacia fortified with CAP (0.3 ng/g) (C), and honey from
many sorts of flowers in which 0.6 ng/g of CAP was detected (D)

Arrow indicates the retention time of CAP.

B, dkEHVIEESORHRR R 0.5 ng/mL (S/N=
3), ERMERIZ 1.5ng/mL (S/N=10)T&h - 1-.

3. RIAEEDRE

3.1 NFIYVORMMEEOKRE

NF IO CAP ORI EE & L CI3EFBE T F
wihia Sy pax y -7+ F ViBEKEY, TEF= MY
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Fig. 4. MRM chromatograms of standard CAP (5 ng/mL) (A), blank royal jelly sample fortified with the internal standard
(5 ng/mL) (B), blank royal jelly sample fortified with CAP (4 ng/g) (C), and royal jelly in which 2.6 ng/g of CAP
was detected (D)

Arrow indicates the retention time of CAP.

v (THVYTE) ERRUKICAR LK, ds-CAPEE J =5 ml, IBHEEELT60% % 5/ —H6mLl
B AL . Oasis HLB (60 mg) #—t U » Y it H Thote. BHEPYTRESKE-EAEPL Y YA VA
frl, Kk-x4/ —ViBETHEE L. CAPOBEHES % S AL BREMAET-> TV A, FETRBRESEICMS/
BEtL7c&E T A, 20%% %/ —VEETIRCAP A — b MSZHWTWB I &L RBRHENSFE, Oasis HLB
Dy UhLEHET, 60% 4 7/ —Vig#lTIEiE 100% H—tr Yy Oh T DBERDOATHEDWRIFHL70<
Mad L WEUBERBERIESREREELT20% 2 2 b5 L0385 N (Fig. 3 (B)).
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3.2 o—vitY—ORNEZORS
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B2 U -aK, ATENE, SEHL KUY UIR, BIRRE
SFIFRNABESH LY, BEAZEELTCWEIVOD—F
NEY —100%D 7 ) — sROBDOBT R ORETH
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LkcdTh, -ty UhSLBBETVTEHLEDE
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BT, Bry vy HREERITo /. 1% 289 ) VB
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3,8:2& L7E&EDds-CAP (5 ng/mL &5/l OEINE
12, 785~857%TH Yy, HRLEINEDOEG, >74:6D
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CTA%Y vBEERIRE LA 4+ LMSIEROED - 12
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WIBHKTCAP B—EH LT &b o, BEREEIZ5%
257 —né L1 BEEBR6mMLULETHZECAPOD
—HEHT A EmS54mL &L BHIZ60% 2 5
/=10 mL TCAP 231X 100%AH L. HEick
Do Llica—vY €Y — (7Y —2bK) Oro=t S
&% Fig. 4(B) iR L 1=,

HEE—7ORVEIFR7o0<- 54850k %
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Table 2. Recoveries of CAP from Honey and Royal Jelly

Fortification level

Sample Recovery (%)*!

(ng/g)
Honey 1.5 97.6+4.6
0.3 92.5+8.8
Royal jelly 4.0 100.1£8.5
15 95.1+7.0

*1: Values are the mean®S.D. (n=5)

IZ CAP 27mL, EUEAK®H 7. Table 21TRT & D
i, EBTHRE (~F1v: 03ng/g, o—F¥ALE¥Y—:
1.5 ng/g, S/N=10) TOEUXEKZ 92.5, 95.1% TIZER
Z6D)RB10%LIATH Y, BESEL L THETE
AEmBohi. CAPERMULIENF I vBLUD—¥F
WEY—-DMS 7=t &5 4% Fig. 3(C) LU Fig. 4
(C)iTRL 7.

5 RERE

BEERNTHREIA TV AAF I v 20 B (VVE,
BILE, THYYE VUYE 2VE IAHVE T
B) BXUo—-vut€) - 7TKE (79— s34k $EA,
H7eHF, BHED KoWT, KEEZBAVWTEREEER
BET-k ~NFIVIBIEE I RESL S5 06 ng/g D
CAP stz o—v ¥y — 3N L7 7Rk
6D 5 15,22, 26,45, 11.0, 178 ng/g IBE D CAP
sk a ht:. Fig. 3(D), Fig 4(D)ic CAP 2RHLEE
%, o—vrEY— () —sfR) Dro=rs>50%
R~L7.

6. HEROFEEE

CAP A TREZRFF2HE%2E8E T 5. EEHEFOD
RIGATEAELL3SCL:¥7Cl 1349 75.4:246 TH BT L2 b,
34 F35CI¥Cl m/z 323—257/35CI%5Cl m/z 321257 O
MR H 13 0.33, 3CI¥Cl m/z 323—152/35CI35Cl m/z 321
—152 12 065 £ 75 3. 5ng/mL EEEOEHERK % 5 [BlE
DR LAIFE L7 & 2D m/z 323—>257/m/z 321257 £
& ¥m/z 323—152/m/z 321—152 i3 0.35+25%, 0.64
+£22% EESREIGEMU L TW, F I THRE» S CAP S
Bt s higa, R & EERE D 58 5N AENELD
&R HEE LTENTH 2085 L. CAP KR
BaehiRHBO755 24 b4 4 v OEEKIZ 323~
257/321—257 H48 0.25~0.40 3 & U 323—152/321—
152 43 054~0.79 LEBEESZ OB L L —FH LA
DT LS, KEREREELTOAL LT, FERICER
HEELTHERATHLIEMBHSLEE /.

7. ELISA k& DHE
EURZETIRCAPOR Y ) —= Vv IBREBEBEELT
ELISA &AWL TWS, £ THAETE O NIHIE
fEEHIRE TV S ELISA # v b TORIEM & % LB
gl "FIVIRODOVTRELISA ¥ PHFfFENT
VAEURERIAE Y, BRI EERLL. o-Y ¥
D=3 ELISA ¥ o F TORHR L L > TRV,
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Fig. 5. Relationship between data determined by the
present LC/MS/MS method and data obtained
with commercial ELISA kit

FIVvIRBILIRRABROHABENERTEZ S 0IRETL
f=. 7Y —sfRoo-v€) —CciRMEEEE LTHAL
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R—FICERATEX 260050, RMEIESBIFEER
Thote. #27T, CAPORBRIESNIHIEE (0.6 ng/g)
BRETHREUTORMEE CEREGSRBD NI VED
LtV —vLE)— ERIAT, BRI AT) 028K
FEoEE 4 BIEIC O W THIRELISA + v F W T du-
plicate TEEL, #hFhoOEEAETORIEME %1
B L/ (Fig. 5).
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1. BiLEEEA~AF I Vi 2L TIBRIKICHRE
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ETH ot
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5. SEMEEL /- CAP oathER, BHitonF I v
D7 O35 L7 =3-VoWE (GBRE EEFRE 100
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