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Simultaneous Determination of Tetracyclines and Sulfonamides Residues in Pork
and Flatfish Using Matrix Solid Phase Dispersion (MSPD) Extraction and HPLC
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ABSTRACT: This study was conducted to develop more convenient simultaneous determination method by
matrix solid phase dispersion (MSPD) and HPLC for sulfonamides such as sulfamerazine (SMR), sulfame-
thazine (SMT), sulfamonomethoxine (SMM), sulfadimethoxine (SDM), sulfaquinoxaline (SQX), and tetracy-

clines including oxytetracycline (OTC )
limits of detection were 0.047 mg-kg

tetracycline (TC) chlortetracycline (CTC) in prok and flatflsh The
for OTC, TC, SMR, SMT and SMM, and 0.033 mgkg™ for CTC,

SDM, and SQX, respectively. So |t is sufficiently possible to detect the eight tetracycllnes and sulfonamides
under their MRLs (0.1~0.2 mg-kg™). The average percentage recoveries of sulfonamides and tetracyclines
from pig muscle and flatfish spiked standard solution were approximately 80.25~101.25% and 85.77~121.42%
respectively. Therefore this method was efficient for simultaneous analysis of eight tetracyclines and

sulfonamides.

Key Words: tetracyclines, sulfonamides, pig muscle, flatfish, MSPD, HPLC
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ofel FFRAGIAEANAE Adst A4l A ot Egt
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TetracyclineZ|2 2] dAA U sulfonamide 53 H]E3
A EA ArEYS STOP(swab test on premises),
CAST(calf antibiotics and sulfa test), FAST (fast anti—
biotics screen test), BBRT (brilliant black reduction test)
9 vAES o] &% BRI TLB (thin layer
chromatography & bioautography)®, WAMI T Y4E
0]83h= charmIl AW, &4wdsty Wy 55 443t
3 glem oS Agdst 492 flsf HPLC, LC-MS, LC—
MS/MS GC, GC/MSE ol&3 71714 5= AHestaL
otk v =S HAPY ok TLBY™ V2 Bolio] v
Rk ohet AEAEE wor Ao uhla) WA
U A4 AAY (charmI)' e AE7EE 20
o]AJo] wkom nj5o] ykgo] EAE 4 9l ol
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HPLCHY GC, GC/MSE ©]&3t 7|71 0] Wol Bl
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v A Bt EA A wet 74 sites FEAE) o
<dl AR 22%7] wlie] tiF-e] s, <A 0] &
AEA Aol M= HPLCE ARgabar Q.

MSPD (matrix solid phase dispersion) & lipop—
hilic solid phase material(Cis) & Z& W=z FAAA A
59 FWAS e AAETE FEA wE2HES xR
AHE 3 3 frEHE AHEE, BAshs HoE dA
2 Al 2 z2#o] ghdeb, 7187t AA E3L AAE A
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chloramphenicol, organophosphates®l] 744 $-8¥ 11 Q)
o MSPDEF HPLCE ©]4-3 tetracycline 192 3
Al 9 sulfonamide 52 217+9] Al FAHS Wol X
3 glont 7b AP e] AEFA7E MRLY 2 %
(A% % % tetracyclins 0.2 mgkg ™', & sulfonamides
0.1 mgkg oAU 1 o)dol1, Ho] 3)go] yo} 7}
A8 MRLF+7H] #HAEe] 27k F ez £ ¢
W& Tl ARG} 52 5SS e Aol &
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Table 1. Physicochemical properties and MRLs of veterinary medicines used in this experiment

LD MRLs” in
Antibiotics M.W.P M.P.? (C) 0, Solubility pig muscle
(mgkg ) -
(mgkg )
Oxvtet i 460.44 181-182 water 500 gL~} 0.2
Xytetracycime methanol 22 gL ™"
Tetracveline 444.43 170—175 807 water 400 mgL ", 0.2
yel methanol 20 g ™"
Chlortetrcycline 478.85 10300 0.2"
Sulfameragi 264.30 234—238 water 1700 mgL ™! 0.1”
ulfamerazine (37°C. pH7.5).
Sulfamethazi 278.33 197-200 1776 water 1920 mgL ™! 0.1”
ullametnazine (37DC, pH7)
Sulfamonomethoxine 298.32 204—-206 3662 0.1
310.33 201-203 10000 water(mg-100 mL™ : 37C) 0.1”
Sulfadimethoxine 4.6 (pH 4.1), 29.5 (pH 6.7),
58.0 (pH 7.06), 5170 (pH 8.71)
300.33 247-248 water 7.5 mgL™" (pH7), 0.1”
Sulfaquinoxaline methanol 730 mg~L71,

4300mgL !

4“ M.W. : Molecular Weight
%) M.P. : Melting Point
¥ MRLs : Maximum Residue Limits
1) .
A sum of tetracyclins

. oxytetracycline, chlortetracycline, tetracycline

» A sum of sulfonamides : sulfachlorpyridazine, sulfadiazine, sulfadimethoxine, sulfamethoxypyridazine, sulfamerazine,
sulfamethazine, sulfadimidine, sulfamethoxazole, sulfamonomethoxine, sulfathiazole, sulfaquinoxaline, sulfadoxine,
sulfapenazole, sulfisoxazole, sulfaxhlorpyrazine, sulfaclozine

Table 2. Instrument operating conditions of HPLC for tetracyclines and sulfonamides

Instrument Agilent 1100 Series
Column Symmetry RP—Cis (Waters)
Detector UV/DAD
Wavelength 270 nm (sulfonamides), 360 nm (tetracyclines)
Mobile phase Time 0.005M oxalic acid 0.005M oxalic acid Acetonitrile
(min) (pH 4.5) (pH 6.1)
0~15 78.5% 0.0% 21.5%
15~30 0.0% 81.0% 19.0%
Injection volume © 10 ul
Flow rate : 0.78 mL/min
mL2 n—hexanes EHY 8 3dlollA AWS AAS AL Ax 2 pzk
AFUEER £ skl Holls n—hexanes $413]
A} o37]9] dichloromethane 20 mLE £&AA HPLC ¥4z79] A4
w31 0]oJA methanol 20 mLE §&A17 ¥ & &5 AWHAR] sulfonamide®] #H7] A 3L oF 247~272
S 35T o 7553 U2 2 mL methanolZ £a|A17] nmo| ', tetracyclineA142] A= 270~370 nmel A

F 0T olalelld didie] AlA A& 0.45 umBHE
7t 10 uLs HPLCO] FUsigint. i G3A9] 24

2718 Table 29} 2t}

o7 oA JoF”. Park P& UV 220 ~ 360 nm9]
Foz 747t tetracyclinedl $AYA|E scanningdt 23}
TC 9 OTC: 266 nm, CTCE 360nmollA HE45Es
UERIZAL, Jung 517 UV 190 ~ 380 nmellA] 7129
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sulfonamide 5% scanningdt 23} SMR 265 nm, SMT
266 nm, SMM 273 nm, SDM 270 nm, SQX 248 nmel|
A AYEEEE Jepjvka Buskgltt 8k Hah 522
272 nmeA tetracyclineZ] 34&E43} sulfonamide 5
247y 48 3 Havt Loy tetracyclinedl FBED &
o Eukgo] 360 nm¢l CTCE 84+&°] 30.01~37.12%
2 o$ AFsSH Jelhth TERE U3 9
OTC, TC, CTC, SMR, SMT, SMM, SDM ¥ SQX& &
Aol BA8 4= ¢lo] OTC, TC, CTC 3% AFad ¢
AOACe] #AX =] Q= BlEepol20A|YE =4 5A
4 34<1 360 nmelM, SMR, SMT, SMM, SDM, SQX
= AOAC®] A|AEo)9)= sulfonamide FAEA 1<l
270 nmellX] UV/DADE o]&3te] 87F4] Ai-s FAREA
.8]_93\14_320)

TetracyclineAld 3849} sulfonamideS2] 410 9
g AME I QlE o] %A methanol¥} acetonitrile®] 1,
ool o 2= tetracycline 4|99 FAHEAL oxalic acid™,
sulfonamide= oxalic acid””, phosphoric acid*® o] F
2 AREEI L], 718 veh -89 vjEe A
Ak B4 FRe B0 wet A delsta Sk
Jnug 578 HPLCE o]§8 F4FTAS BARA A
SMR, SMT, SMM, SDM, SQX 7} o]54}+2] pHell we} 2+
Ao wEE Aol gEfAlE Ae Bast vf 9l Lust
Jiang®™ &= HPLCZ 0] 4% tetracycline Al 33549 &
AEA Al sulfonamide 53 vRRIA|2 OTC, TC, CTC7}H
o]F4e] pHell whet 7} A3 wF5 Algto] depA= A
S Bysh vl gty HPLCE ©]&3t tetracyclineZl &34
9} sulfonamide 52| FAEA el lolA ol87d<] pH7F 2t
Al HEEe] & 9F%E 71 5 ook

weha B AdoME pHEste| W o5t fulEd
a2 FH 87K A, FAlE] sAIEA Al AA
& vadeE FEs] fste] duAdE AA EE=Tt
H] WA & 0.005 M oxalic acid : acetonitrile(79:21, v/v)
o] o]gs AR vy 24 A 2 Al B8 5
mgl ' 2 ¢ pH Wle] W2 v¥E A7) oS
ZALISIEE Oxalic acid €589l 0.1N NaOHE T+
0.1IN HClIgol& ARg3te] 19140 pHE FHste] pH
gt whE 7} A, FarAle v wEE AIRE
o W3lE doh A} Fig. 1914 B ukel o] pH &
7} Sl TS gt ARES HEE AR
2 ZojZ a1, SDM#} SQXEHe] ¢-g0] pH7F 5 )
TO R MIF Alle] §453] gobxth 18al 871
o] HE oA AFE AAS AL 22 pHellA OTC,
TC, SMR, SMT, SMM, CTC, SDM, SQX9 2% YEe}l
wom TCSF SMR, SDMZ SQXE A9)stals HlwA] &
& e ®olrh TC9 SMR pH 4.58 A 2% BE
pHellA A= EE]7} o] Foix|7] ¢kgkal, SDM ¥} SQX €] 7

ox MUy
T N oal A
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Fig. 1. Variation of retention time of tetracyclines and

sulfonamides according to different pHs of mobile
phase.
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Fig. 2. Typical HPLC/DAD chromatogram of 10ng
tetracyclines and sulfonamides standards on conditions
of Table 2.

1. oxytetracycline (OTC), 2. tetracycline (TC),

3. sulfamerazine (SMR), 4. sulfamethazine (SMT),

5. sulfamonomethoxine (SMM), 6. chlortetracycline (CTC),
7. sulfaquinoxaline (SQX), 8. sulfadimethoxine (SDM)

% pHell whe} AL wiE AlRFA = AlolE B0
w337} go] SoAE RS Hol st EeluA &
ko1t pH 6.1914+= SQX7F SDMET 1A AEE A 7}
S FEE B o] B9 v-E AlRko] 173 QO
2 HEEHSI

olg]gt AutE nig oz TCe SMRo] 22|=E A&7}
2= pH 4.52] 0.005 M oxalic acid $H=gM o7 HAE)
il SDM¥} SQXE #2la] ko] pH 6.19] 0.005 M
oxalic acid $F-EHo T BAS AABINL ¢ AHS
A A7 st o5/t fullel A3 Table 26 YERS
t}, o] Z7ollA 87HA] A, FtAl EFAT N ZHte] wE
EAE OTCE 6.0%, TCE 7.0, SMRL 7.8% SMT+
9.5%, SMM& 11.5%, CTCE 13.8%, SQX& 23.8%
SDM& 25,180 % Fig. 29] A=rFE 73S 95 5 et
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MSPDHE o83 Al5e] A

Reimer$} Suarez*" = ol §o)A MSPDHHS o] &3}
o] sulfonamidest?] A& AAS A3} 3]580] 66~82
P2 Ao Ayjnrt vke Ao w UE=t], Reimer
9} Suarezi= 1ofollA 3Ggo] W dRlo® FHAEHE
W Agkeko] WA %7] wiiEolgkal skgith FEgh Hah
59& MSPDHHHS o] &3 olFf & 257 Aupa|e] B4 A
hexanes &8 frZ37dollA Aol AAEN] wizel 3]
8ol Fopfths RiE d3ich. MSPDHHE Als&o]
0.5 g oJatz Agto] Hrh= W& 7ML QlEd], 1 ol
F Agel EFHIYE Aol E ujFS AXFH . A4
E MSPDRE o]&ste] £Aele W HFH o 2AH
HAA SR A Ado] Holgle Ae g1 4 3
itk 121l o] A& HPLCE o] 43t 4] A ¥79] &
o] 2 dFE = 2S¢ F AT 1822 MSPD

= A A A= AEFY STk sl skl a8
A1 Aol Sa3k a]lojet & = Qi AAIAE Slato]
N2 #4353 A petroleum ether® ©]&3ste] 0°C oA
A ste] =X 9 Fo F AW AL, &%
oA hexanes o]-&ato] ThA] skl A& A|ASAL 7]
7184 Aol 0TCoflA dilalste] A AA T 1
A Ao Ak AAT F glglor o[ 0.5 go
2 AlgkE AEHE 3 go® 5 4 9Sirh 3 Baker$t
Long™ 3} Long 5% 242} $-+9} o15¢l|A tetracycline
Al A} OTC 474 & EDTAS} oxalic acidE %
Aol HArlelds W 3ol FHoRival 1%l
Kang Y& A& 0.5 g9l EDTA$} oxalic acidS 0.05 g
A o] fAS A FEe Ay} HAg 3u) o]} I
o] S7Fe vERt L Baiskglr)el & A3 eAE AlEEo]
0.5 golAl 3 go& S7kst A& 7ielstel EDTAS oxalic
acidg 0.1 g¥ yof wAsist & F=33itt
TetracyclineAd &234)9} sulfonamideS& &2]3}sHa
EAo] M= th27] wie] $ETS% $9] AR tetracy—
cline7 @AA9} sulfonamide 53 A B ZHE 3] 35
g Qe FEEus Ao Adele] FolEY Fost
tH?. Park & sulfonamide®] %% A] 0.5 g© A1
7] Aol ti5lo] n—hexane 8 mLE AJA3}1L ethyl acetate:
dichloromethane (1:3, v/v)°o=2 f&&3ste] X3¢t A3}
SMR2 84.7~94.9%, SMT 87.6~93.6%, SVIVI= 85.1~96.2%,
SDM=- 90.1~94.8%, SQX+= 83.0~92.8% % X 80%°)
o 34&S Buskth Hah 57 sulfonamideSe] 3
= 4] 0.5 g9 dAojrgel thsle] n—hexane 10 mLE A&
8lal dichloromethane 10 mLZ £&3st] #43t 43}
SMR+ 81.46~93.90%, SMT+ 82.13~92.23%, SMM<
81.16~94.16%, SDM= 80.86~96.52%, SQX+= 82.49~95.21%
2 o] A B 80%°l e EaEa Haskgith Tela

Hah 57& HlEZo|Zd A YA 5% A 0.5 g9
Aojrlzof th5te] n—hexane 10 mLZ A|&3}al benzene
10 mL2} methanolic oxalic acid 10 mLZ &&3}o] 4
3t A1} OTCY 3582 65.89~73.40%, TC| 3482
51.43~53.25%, CTCS] 3J5+&2 30.01~37.12%% KIs3)
o Kang 52 tetracycline Al 442 % A] 0.5
g9 #HA17] Alge] isto] n—hexane 8 mL= Al&skaL
methanol 8 mL&} 0.01 M metanolic oxalic acid 8 mL
2 247t §E3A1A 248 A3 methanol® FEAIRS 745
OTCY 3582 93.59~97.78%, TCS] 3|78 75.47~
78.44%, CTCY 3482 72.77~80.95% = XH13}531, 0.01
M metanolic oxalic acidZ &&AIAS 4-F OTCY &5
42 103.73~104.54%, TCO] 352 62.28~66.79%, CTC
o] 35EE 72.02~81.57%F XSl F O Wilsto] Hah
SP0] Hygh AN 28 558S Hol tetracycline Ald
o] gHYA| A2 MY Y 8EA] n—hexane O& AW Al
713 3 methanol % methanolic oxalic acid® &&3}
A8k Zlo] agAolgt stk 1EA AR St
9} 871A] AE-2] EAS 118359 n—hexane 10 mL=Z A%
S AAS & dichloromethane 20 mL<} methanol 20
mLE A& 07 853 A3} sulfonamide ] 3442 80.25~
101.25%, tetracyclineZl HE2] S} 85.77~121.42%

HAH AESHA € 358

AFGAL] FEE AFE] fste]l OTCe TCx
0.05~5.0 mgL™", sulfonamide53} CTCE 0.07~7 mgL™
o BFgAe FAlslo] HEAS A A3} 15k OTC
0.9997, TC 0.9997, CTC 0.9998, SMR 0.9990, SMT
0.9999, SMM 1.0000, SDM 0.9998, SQX 0.99902] 2244
S yehlon, 7 23 A, drAlo] 717180 HaE
22 OTC 0.5, TC 0.5, CTC 0.7, SMR 0.5, SMT 0.5,
SMM 0.5, SDM 0.7, SQX 0.7 ng ©%, 7} whe]| & 7
2317 9 A2FAS Table 3¢ JeERYSITE 8714 A &9
AZSHAE= 0.033~0.047 pgml & 87}4] A% MRLs
(Maximum Residue Levels) 21 0.1~0.2 mgkg ' 52
Ao Agtel Aoz ket

YA} A ke FAlE] AR 3 goll 1 mgke ' 9
5 mgkg 'o] HEE 8% A, Il EIHFFALS F
7hetaL 848 AAE AAEATh HiXa7] 1 mgkg tellA
sulfonamide”} 80.25~90.32%, tetracycline] gJ&2o]
85.77~111.36%% WP 5 mgkg 'oIA sulfonamide S
2 81.86~94.21%, BIEEMo1E2A] UEZ 87.69~120.60%%
UERY 27 80% o139 3l5ES Rtk FolelA ] 3¢
52 1 mgkg 'olA sulfonamide5©] 82.99~97.28% %111,
tetracyclineZ] E4&40] 87.43~119.55% % YEPFL 5
mgkg ‘oA sulfonamide= 83.56~101.28%%]1, tetracy —
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Table 3. Limit of detection of the analytical methods of tetracyclines and sulfonamides

Sulfonamides &

. oTcY TC? cTc? SMR" SMT” SMM?’ SpM”’ SQx®
Tetracyclines
LOQ" (ng) 0.5 0.5 0.7 0.5 0.5 0.5 0.7 0.7
LOD*(mgkg ") 0.033 0.033 0.047 0.033 0.033 0.033 0.047 0.047

*1 LOQ : limit of quantitation ™ LOD : limit of detection

) oxytetracycline (OTC), 2 tetracycline (TC), ¥ chlortetracycline (CTC), ¥ sulfamerazine (SMR),

% sulfamethazine (SMT), © sulfamonomethoxine (SMM), ” sulfadimethoxine (SDM), ® sulfaquinoxaline (SQX)

Table 4. Recoveries of tetracyclines and sulfonamides residues in Pig muscle and flat fish

Recovery (%)

Sulfonamides & Spiked conc.

Tetracyclines (mgkg™) Pig muscle Flat fish
(Ave.£S.D.) (Ave.£S.D.)
) 1.0 111.36%+2.05 119.55+3.12
Oxytetracycline
5.0 120.60+1.67 121.42+2.56
) 1.0 85.7713.26 87.43+4.22
Tetracycline
5.0 87.6913.72 91.35+3.56
) 1.0 90.27+3.95 90.52+3.44
Chlortetrcycline
5.0 92.55+2.55 94.70+2.25
1.0 87.22+2.12 97.28+6.22
Sulfamerazine
5.0 88.34+3.22 101.28+£2.53
) 1.0 90.32+3.55 94.15+1.06
Sulfamethazine
5.0 92.11+2.42 96.15+1.00
. 1.0 80.25%+2.82 95.97+1.89
Sulfamonomethoxine
5.0 94.21+3.24 98.21%+2.05
) ) 1.0 82.44%3.66 85.18+2.65
Sulfadimethoxine
5.0 85.11+3.54 86.24+1.85
) ) 1.0 81.46%3.25 82.99+2.78
Sulfaquinoxaline
5.0 81.86%2.55 83.56+4.12

clined] BYEAL 91.35~121.42% %2 e} 25 80 % ©|
9] 81582 Btk A% E(1 mgkg HET 1EE(5 me
kg Dol 3580] =oka, X7 R} Folr) 3580

ored, ol HA7|7E Fojr Xule] Hlw A wol
A Eleqlow Agdy] fEow gy,

e Rir

a

Q ok
2

718 ge] olgsa olem, Hel /i MSPDWH2
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