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Simultaneous determination of residual 39 kinds of syntetic-antbacterials in bovine muscle
by high performance liquid chromatography with fluorescent and diode array detector

Tomoko NAGATA, Yasuyuki HASEGAWA
Hiroyuki HASHIMOTO, Yuuki MAKABE

Summary

A 39 kinds of antibacterials in bovine muscle were extracted with acetonitrile and the extract was partitioned with

hexane to remove fat. The extract was evaporated to dryness and the residues was dissolved with acetonitrilet+water

(2+8) and applied to high performance liquid chromatograph (HPLC). The drugs were detected with fluorescent and

diod array detectors. HPLC was carried out on a TSK-gel ODS-80 TM column using gradient elution with acetonitrile-

0.05%trifluoroacetic acid. The recoveries of the drugs from bovine muscles spiked at 0. ppm were over 66.0% and the

each quantitation limit was between 0.02 ppm and 0.002 ppm.
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NCZ, DCZ, KLST &% 100ngiEREIZIRD, T AFILRIL L
7IR+7EbZbUIL (1+]) BERICE»NL TI100.0ml &F 5,
FLBZ % 10.0mg EREIZERYD, 7 b= N UILIZEAEH L T500.0ml
LT B, TOMOEMERZT, &4 100ngZ EREIZERD TR
UIb+K (1+1) BEEITEMR L 100.0ml& 3 5, UL k% #EHE
HERE L THBETRET . (FLBZIZ, 200xg/ml. Z0
i, 100.0 1« g/ml)

4 (1 ~IV) REFEFRROIER

IRBHEMEYAIR 1 : SNA, SPD, SIX, SBAM, SNT, SDZ,
SID, SMR, SDD, SMPD, SMMX, SCPD, SMMZ, SDOX
SDMX, SQX, SGD &R MIREEW (1000 g/ml) =& %10
mlabERD, TE R hUI+K (2+48) BIKT200mliEL,
REEEREKR] T2 (8450ng/mD). ZORSIEERK
BEH, TEhZRYIL+K (2+48) BIETHRRL, 001~10ng
/ml DFHFFREREBREERT .

REEEFRKRD : F /028 (DAT7O0FHS > 2K) 12
MR USTZ, TPC &HENEEW (1000 L g/ml) % £ 4 1.0ml &b
BED, 7 hZbhUIL+K (2+8) BET200mIEL, BE
ERERI ET 5 (F450ueg/mD. ZORGEERERZEH,
TERZRUI+HK (2+8) RBETHRL, 001~1.0png/ml oD
HRESEERREIERT 3,

REEUEEIKI : ABZ-M, TBZ-M, LVMZ, IMD, PRZA,
DCZ, TMP, OMP, NCZ, KLST, ZOEK—), o<
EREFERER® (1000 g/mD) %% % 1.0ml RS FLBZ &7
RAERERE (2002g/m)) 5.0mlzEbEEd, 7Eh=ZbUJIL
+7K (24+8) RIET20ml &L, REEEFKIET S (F4
50ug/mb. ZORGEFERKEZEE, T MUIIL+K (2
+8) B THRL, 0.01~10uxg/ml DFRE SRR EIER
T3,

IR EMESIRIV : TBZ, TBZ-M, PYM, ETB, OX7OF4
2> (RMFX), 2 OX P> &REFREZEER®K (1000 £ g/ml)
&2 L0mlabEHRD, 7= bUIN+K (2+8) RET
200ml& L, EEEEFKRIVET S (F450ug/mD. ZORSE
EUREREBEE, T2 b hUL+k (2+8) BETHERL,
0.01~1.0 L g/MIDFTHRIESIBRERR EERT .
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H 5 L - TSKgel ODS-80TM (4.6mm id. x 15cm) B —
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o : 1.0ml/mim
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(EM) 310nm (ABZ-M, TBZ) 10.0min EX 295
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{EIRFEIRE : 50°C
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JICAND, EOERBEDOA-RLEIC, FiicTE MUV
2mlEMmA, 34MAET A XL, 2500rpm T 105358 O 7 B
95, LBEEEXOAFY > - 7+ b= M UILEFEKR25MIO
A2 7100mlDG#EO— ML, SOMEIRE SR, BET .
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KRWT, A& /=)L 7Kk (10:90) 10mlZE#L77-EIASDZ
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K SMITITY, ROWTAY /=)L I0mMITERT S & &L,
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AREREOOI N6, TR MU - AFT R
BIEOHDBPELLHKELT, WINHSPEICLSRMME—»
DI =Ty THRIZFEALEDSNT, SPERIEEITD
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HPLCIZ K 557821, HHRDODSHZH Z L "HHNS
NTnws, BEHICIZY CEEEEHR- 7 FZ FUILRS™,
B 7 > E=UL-7EbZMUILRYY BE-7TERZRUIL
2 JICEE-TERZMILRYISKE—IOTF—Y) 2T
<0, BRI AT RT7RERFEML R O#E
NHd, ARBETIE, BEHEARELTTYTEFZFUILE0.05%
r) S OOFBEREKR (pDH25) RTRELLZ. W5 L0h5R<HE
HI2EEHEN T LIRS RFINDIERRLE, MmiENThE
NRRZEERZES v—TRRE-VELTRIEL, HDERRMT
BEHI 52012, 15ecn®ODSEH T LEMWY, V522 b
BHHiEERH O, BREBTOT7ErZMUIVEBER, AL
BWRFFENDKLST 23 L, M DORBIAKRD OREMEYE
MBEEN I LMSRETHEMTIONIZL .

ABZ-M, TBZ, ETBRUKAEHFOF /O FiZ#AEEFL T
W3IENS, RMIIBREOH 28R TITo> 2, ¥IHS
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10.0miniZ £ W F£NEx295nm, Em44snmiZ¥)D X T2 —F
O EEBREL, X5I215.6minilFNFHEx325nm, Em365
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Figure 1. Chromatogram of standards of I group.

SGD : 2.6lmin, SNA : 2.97min, SDZ : 5.95min, SID : 6.84min,

SPD : 7.09min, SMR : 8.12min, SDD : 10.07min, SMPD : 10.69min,
SMMX : 12.49min, SCPD : 13.03min, SMMZ : 14.1lmin, SDOX : 4.
52min, SIX : 15.07min, SBAM : 16.14min, SDMX : 16.70min, SQX :

16.82min ,
detector.

SNT : 1890min

(each 50ng) ,

UV : diode array
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Figure 2. Chromatograms of standards of Il group.
STZ : 6.67min, TPC : 9.77min, ENX : 11.68min, NFX : 12.25 (12.38) min, OFLX : 12.48 (12.60)
min, CPFX : 1279 (12.92) min, DNFX : 13.50 (13.63) min, ERFX : 1401 (14.14) min, OBFX:
1440 (14.53) min, SRFX : 15.01 (15.13) min, OXA : 16.22 (16.34) min, NA : 18.54 (18.66) min,
FMQ : 18.96 (19.08) min, PMA : 20.47min (each 50ng)
UV : diode array detector.
FL : fruorescent detector. Retention time of each peak is shown in ( ).
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ig Ch4 300nm 3 2
| 8 o % g '
5 S ! i g 0 -»J\~P~V_~JL o ;
3 Sy W I W D G YT T T e
0 10 20 30 ] 0 10 20 30
min pin
Figure 3. Chromatograms of standards of Il group.
cyromazin : 3.11min, clopidol : 6.38min, TBZ-M : 7.78min, ABZ-M : 9.45 (9.70) min, LVMZ:
10.09min, TMP : [1.34min, OMP : 12.60min, IMD : 16.53min, FLBZ : 17.73min, PRZA : 21.24
min, NCZ: 22.45min, DCZ : 23.62min, KLST : 29.18min
UV : diode array detector. (each 50ng)
FL : fruorescent detector. Retention time of ABZ-M (25ng) peak is shown in ( ).
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Figure 1. Chromatograms of standards of IVgroup.

cyromazin : 3.1lmin, TBZ-M : 7.77Tmin, TBZ : 9.62 (9.71) min, ENX : I1.6Imin,
RMFX : 13.52 (13.61) min, PYM : 16.56min, ETB : 1680 (16.92) min (each 50ng)
UV : diode array detector.

FL : fruorescent detector. Retention time of each peak is shown in ( ).
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Figure 5. Chromatograms of sample extracts.

UV : diode array detector.
FL : fruorescent detector.

BN, HI~4ICRTEIRKEEHOE— VI BEL
oo BEEHE -V ORFEBRTZTOEHRK (n=6) A30.1
% LA EDOEZERIE, SDZ 595 min (0.24%), STZ 6.67 min
0.22%), SMR 8.12min, SDD 10.07min, SMPD 10.69min,
SMMX 12.49min, SCPD 13.03min, SMMZ 14.11min, SDOX
14.52min, SIX 15.07min, SBAM 16.14min, SDMX 16.70min,
SQX 16.82min, SNT 18.90min, ABZ-M 9.70min (0.15%),
TBZ 9.74min (0.20 %), TPC 9.77min (0.13%), LVMZ10.09
min (0.24%), OMP 12.60min(0.19%), IMD 16.53min, PYM
16.56min (0.30%), ETB 16.80min, FLBZ 17.73min, NCZ 22.
45min, DCZ 23.62min, KLST 29.18min THH, WIhODE
D E— 7 RRERBICOVWTIIEREO IWERBGES k.

AETIE, RIFLEERROS S5, HIL7 7HOSNA, SPD,
SGD, SMR, %7z, TBZ-M, TMP, PRZA, 10 I > KUY
OE R—)LE, B S O ENOEHIREATE 2 D & RIS
HETHok. WHEMAGEWSNT E 7NV AF > (F/0#)
13, MNOFET, IMD & PYMIZ, 214nmF X270nm O ¥ —

JEEOLTENENHBIAEETH o 7z,

/2, X071 RRRUVB-RZVU CRGPHEERE
(K40F8) ORPIE LITBT 2 HEERF LIER, 22UV
A9.0TminiZEH L, SNTEWIE 7V AF > E&EE-24214n
mKzRP210nmAOE— 7 BEO LLENXOFETHFETH >
7=o PP UOFHTEPRZA, TETUETMP, 7 FF
7 EIMD W PYM, 7 OF49 > & PMY OEHRRNZ
NZENEAL TV 214nm K 270nm O E— Y ERED L TH
ThHHBIFRETH > I,

4. FMEREE

W 5gic, REEMERK 1.00g/mkr05rg/mzEEne
NLOmIEmML, kid O3, HBREAKROFABICHE > THRIEL,
JonizEERER IR Uz, 0.2ppmism L 7z 5 BT O ¥
EULRIT, 67.1%~96.3% (CV : L71%~6.99%), 0.lppmiFimT
1, 66.0~90.2% (CV :137%~957%) ThHolz.

Table 1. Average recoveries of each drug from fortified bovine muscles.
Added (ppm) 0.1 0.2 Added (ppm) 0.1 0.2
Drug Mean* (RSD) Mean* (RSD) Drug Mean* (RSD) Mean* (RSD)
(%) (%) (%) (%)
SDZ 84.3(5.18) 96.1(3.27) ABZ-M 86.3(3.60) 93.7(4.60)
STZ 74.5(8.58) 79.0(6.99) TBZ 89.5(5.24) 95.1(3.73)
SID 77.2(6.51) 80.5(2.83) TPC 85.4(7.39) 92.4(6.23)
SDD 66.3(1.95) 67.1(4.07) LVMZ 71.9(7.69) 97.0(2.02)
SMPD 80.7(2.85) 82.9(2.95) OMP 81.1(4.92) 83.0(1.82)
SMMX 90.2(6.97) 91.0(4.09) IMD 66.0(6.94) 79.9(6.24)
SCPD 73.0(2.38) 76.5(2.82) PYM 76.0(8.57) 89.2(1.71)
SMMZ 88.2(4.27) 89.8(4.35) ETB 81.7(9.57) 84.5(3.45)
SDOX 84.0(5.41) 87.6(2.47) FLBZ 88.8(2.25) 94.8(2.01)
SIX 80.9(4.58) 83.1(2.50) NCZ 87.7(9.53) 96.3(2.20)
SBAM 71.2(3.23) 74.5(3.44) DCZ 86.5(5.44) 83.2(2.54)
SDMX 77.6(2.68) 80.1(3.74) KLST 77.4(7.49) 77.9(4.77)
SQX 76.1(1.37) 82.1(5.21)
SNT 83.4(3.17) 84.7(3.14)

* Average recoveries of 5 individual analyses (n=15).
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5. REKRVERTIRE

BERIL, E-VERMSERSBEEZ Oy bUTERL
ABZ-M KU TBZ 12001 £ g/mi~1.0 £ g/ml, FLBZ%0.025 g/
ml~1.0xzg/ml, STZ, SCPD, SMMZ, SDOX, SIX, SBAM,
SDMX, SQX, SNT, TPC, LVMZ, OMP, DCZ, PYM, ETB
K& T KLST 130.05 « g/ml~25 1 g/ml, SDZ, SID, SDD,
SMPD, SMMX, IMD KUANCZiZ, 0.1 pg/mi~1.0ug/mID&
BETHEAEEZRL -, HEGREIL, NCZAr =09889, TPCAH
7 =0.9956, IMD A%y =0.9965, DCZ A%y =0.9973, ZDfthid v =
0.999/7 5 ¥ =1.000DEITH > 7=,

MBS0 OB TIREI, S/NID3~5FTABZ-M AU
TBZ{30.00lppm, FLBZ{30.002ppm, STZ, SCPD, SMMZ,
SDOX, SIX, SBAM, SDMX, SQX, SNT, TPC, LVMZ,
OMP, DCZ, PYM, ETBKUKLSTIZ0.005 ppm, SDZ, SID,
SDD, SMPD, SMMX, IMD KTUANCZi30.0lppmTdH > /=,

FE THR#EIZ, ABZ-M KU TBZi10.002ppm, FLBZ130.005
ppm, STZ, SCPD, SMMZ, SDOX, SIX, SBAM, SDMX,
SQX, SNT, TPC, LVMZ, OMP, DCZ, PYM, ETB KU
KLST {30.0lppm, SDZ, SID, SDD, SMPD, SMMX, IMD k&
U'NCZ130.02ppmTdH - 7=,

IV &0

HAFDIEEOERYIEAZ7 £ = UL THHL, W
WEANFY BT -7y 7L, HPLC TEET B fH{E
miBiEERE L. 28H S L2 TSK-gel ODS-80 T™ %
WV, BEHEMARIZTE R RUIL-005% Y 7L A OEIBEIAKR E
U, 753z MAHRIETHE#EL, HARPIIF—RT LK
HBTHRIELZ, BmMEREEZ, WIhoERFiER ©0.1ppm
BN NIV T60.0% LA E, & & FRR#EIZ0.002~0.02ppmTdH > 7=.
BETRENS QU EMEOEE TRIERRETH > - BKEDE
#ih® HPLC TBEMAHE2EE TS, HL<EAdRAK O
< bS5 - BRHFE (LC/MS) & 51213 LC/MS/MS THlE
THIEIEDYEVEAOXEZIRL, SelaEL /2D T &M
EioN5,

SEXH

(1) WEHZz, FERET, MES, TEML KEAT, \ILE
— ERERZR:HYAERS FT-5—Tv s, 92105

(2) BMBBERERSR: FRITEERESEENSE, 1773
1873

(3) W LEER (2004) : BREARMHTOBMAIERSFOKRER
HEEDRERUYIE, RaEERRK, Volsd, 17-24

(4) ERABAERBEREN BYAEESL - ARINMWIE EE57

(6)

(7)

(8)

(10)

(1)
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