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I Weighed 10 g ground feed sample accu-
rately and placed in a 100-ml volumetric
flask

| Added internal standard cimetidine 5 mli
(40 mg/ml)---- Sulfa drugs

| Added internal standard, caffeine 2 ml
(1.76 mg/ml)---- Tetracyclines

| Added 20 ml methanol, diluted with 0.15
N HCl to a volume of 100 mi

| Stirred | h

| Centnifuged 15 mun, 3000 rpm

Supernatant
| Passed through 0.2 ym Millipore
| HPLC analysis

Figure 1. Extraction of sulfa drugs and tetracyclines
from feeds and premixes

Weighed 25¢ ground liver or meat sample

accurately and placed 1n a flark

| Added internal standard, caffeine 2 ml
(1.76 mg/ml)

| Added 50 ml methanol for extraction by a
separatory funnel

l |
Solution Residue
l Added 50 ml methanol
(Extraction)
Solutii{m Residue discarded

. EBEvaporated to dryness

| Dissolved in 10 ml 1 N HCI solution
Passed through Sep-pak Cis cartridge

L Washed with 20 ml distilled H.O

. Eluted with 5 ml methanol

| HPLC analysis

Figure 2. Analytical procedure for sulfa drugs and
tetracychnes i animal hiver and meat

0.1M DEAZ /KB HEH DABRRR 32 i 8 £ pH 7.3,
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Figure 3. The amphoteric nature of sulfa drugs.
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Figure 4. Dependence of k7 of six sulta drugs on
pH.
lr-1o
Lo

K (t« : retention time of sulfa drug;

(. : retenton time of column volume)

Column : LiChrosorb RP-Cis (5 jam ; 15em » 3.0
mm D)

Mobile phase @ 5% acetonitrile in 0.1 M phosphate
bufter

Detector - UV 254 nm at 0.04 AUFS

Recorder speed : 0.5 cmm/min Flow rate : 0.5 mi/min
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Figure 6. Dependence of k’of six sulfa drugs on pH.

Column : Beckman Ultrasphere ODS (5 ym ; 15cm
X 4.6mm ID)

Mobile phase : 15% acetonitrile in 0.1 M phosphate
bufter

Detector : UV 254 nm at 0.04 AUFS

Recorder speed : 0.25 cm/min Flow rate : 1.0 ml/
min
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Figure 7. HPLC chromatogram of six sulta drugs.
Column : Beckman Ultrasphere ODS (5 pum ; 25¢m
X 4.6mm ID)

Mobile phase : 15% CH:;CN in 0.1 M phosphate
butter (pH 6.8)

Detector : UV 254 nm at 0.04 AUFS

Recorder speed : 0.5 cm/mun Flow rate : 1.0 ml/min
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Figure 8. HPLC chromatogram of six sulfa drugs
(STA, SMT), tetracyclines (OTC, TC, CTC) and
carbadox.
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mm D)
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Recorder speed : 0.25 cm/min Flow rate : 0.5 ml/

min
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Figure 9. HPLC
(STA, SMT).
carbadox.

chromatogram of six sulfa drugs
tetracyclines (OTC, TC, CTC) and
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Table 1. HPLC conditions for separation of sulfa drugs, tetracyclines and carbadox

Drug
Condition  Stationary phase Mobile phase Detection Separation
(nm)
l LiChrosorb RP-Cs 0.1 M phosphate buffer in water- 254 SDA ,SMM.STA,
3mm ID X 1Scem (15 gm)  acetomitrile (95:5,v/v), pH 7.4, SDM., SMT. SQO
flow rate 0.5 ml/min
2 Beckman & Altex 0.1 M phosphate buffer in water- 254 SDASMM.STA,
Ultrasphere ODS (5;um) acetonttrile (85:15, v/v), pH 6.8, SMT.SQO,SDM
46 mmID X 25¢m flow rate 1.0 ml/min
3 LiChrosorb RP-Chs 0.001 M Na:EDTA. 0.1 M diethanolamine, 254 STA.SMT.TC,
3mm ID X 15cem (15 m)  1n water-isopropanol (93:7, v/v) OTC.CTC,
adjusted to pH 7.3 with Hs;POx, Carbadox
flow rate 0.5 ml/min
4 Alltech RP-Cix (5 um) 0.001 M Na:EDTA, 0.05 M citric 280 STA.SMT,
4.6 mm ID X 25 cm acid, 0.013 M sodium citrate, OTC.CTC
0.1 M KNO; 1in water-N,N- Carbadox
dimethylformamide (72:28. v/v), pH 3.0
flow rate .0 ml/mn
Table 2. Recovery of sulfa drugs and tetracychnes in spiked feed samples
Range of Number of Recovery (%)
Drug Concentration C.V. (%)
(ppb) Replicate (Mean=S8.D.)
SDA 1.0-10 4 06.6+2.1 2.2
SMM 2.0-20 4 96.8+2.2 2.3
STA 2.5-25 4 95.3+34 16
SMT 4.0-40 4 98.5+0.9 0.9
SQO 2.5-25 4 91.3126 2.8
SDM 4.5-45 4 054+ 3.1 33
OoT1C 1.0-10 4 93.2+37 4.0
TC 1.0-10 4 90.3+3.7 4.1
CTC 4.0-40 4 854+39 4.6
YR RITELZ 534 G 7 -
Hofg I R SRR Cy FICh, B MATTD P S [ (ERE A R HAED R 7 AT
< FE R ETEL, BR ChAb 2 B Bl B o #riks R 3k HE R Bt B 1 /NG R (1) A BE A (2) 2 DR
f, R M HE 2 fE 3 B R ZSMM R B I R R A RS A Bl R A . 7 BT A R UK
HISDM: fiD#lE Hh— [l KR TEEEHZ N, EPDREEATEHE R S A BERHZSMTE I3
SMMAHISDM4}, 25 (H e BYISQO & B K & % ppm: MFREEPE —Emk a3 A EHISTAEI
54 ppm, HERMEEELZ 2HE N, ERTVREE ppm,ﬂa? TAT O R E . PR B R VU IR 32 81 Z U T
MZBNINE, R ol €< N, BLAI5E R R HH o A BRI Sk KR KR
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H O B B SN — R SRS RR ok i T E Y & iR A& AT o il ke i
ATl AL A el PUER BB AR R IR R H S AT EES | ppm, HUILIEE fLEFRE
(3VREA . B2 57 4h HER S HAEAR R R T —,
REA . BERT 2 Y AL R A b — 1Bl s R BE A 1 PLECEREGE S e - — A .
B, LU HPLCIE M4l , ok Rl R N B R B P B R S e R EE
+, H b PU{E R P A AR R H R < R R R DU R
FRAF B e R a2 EEN, LE = =6
TR RS R B AT B0,
[EFEA L BER A DL AR @ AT ik [Bl R 47 A Bk B 1A S R e
A AT SRR, H o drs Bk AP e PUTR 2 B A BIFRYESE M (r* > 0.99) K IR
N HP R -BEEAREAEREZHEOTC 0.13 M, AR ZE TR B AR S A R A o Bl RS - —
ppm, B E 0.1 ppmik EFEH B 2 HE ,, HERR T LiChrosorb RP-C 77 BEE , LL5% &\ fb7k{éﬂ§)‘][
Table 3. Recovery of sulfa drugs and tetracyclines in spiked pork
Range of Number of Recovery (%)
Drug Concentration C.V. (%)
(ppb) Replicate (Mean*S.D.)
SMM 3.2-32 4 79.8+ 7.3 _9‘2
SMT 6.4-64 4 791103 13.0
SQO 1.6-16 4 689+ 58 8.4
SDM 1.6-16 4 Rl.14+2 9 11.0
OTC 6.0-48 4 732+ 6.2 8.5
TC 12-96 4 738+ 7.8 10.6
CTC ¥.0-64 4 756 6.3 8.3
Table 4. Drug contents in chicken feeds by HPLC analysis
Drug C H Fo T Fu
(ppm}j* ¥ 2 1 2 l 2 ! 2 2
SDA - — - - - - - -
SMM F18:+0.1 - - - — *2830.] - -
STA *3.7+0.2 - - - = — *3.740.1 - -
SMT - = = - — - 8801
SQO - 105034 725%15 301+£12 — - - 22.10.7 26.6%1.5
SDM 103402 — — — - 63201 83101  183%0.1 36.2E1.6
OTC - D3IF09 26206 — — — 28 81(0.6 -
< - *33240.5 *20.6F0.8 *399+04 - — —
cre — 1349+1.2 100614 402108 344107 K33+09 1428*14 —
. Feed for chick.
2 Feed for chicken.
Mean ' S.DD.

* Prohibited drugs found n feeds.

— Not detected
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Table 5. Drug contents in pig feeds by HPLC analysis.

Drug M D Cy* Ch
(ppm)” i 2 1 2 l 2

SDA — - — o _
SMM *4.9+0.1 = — *3 7401 - - _
STA 3.7x0.1 - — — — — 14.020.1
SMT 65.4+1.4 58.67+2.1 — 15.120.1 — 0.1 3.7+0.1
5SQO - - - *53.6+0.4 - - -
SDM *14.340.1 *Q.340.1 — *12.37+0.1 — — —
OTC - — - — — . _
TC — — — — R
CTC - - — 423104 113.8%1.7 212.314.3 147515

“ Two feed samples were taken for analysis.
> Mean=*S.D.

* Prohibited drugs found in feeds.

—Not detected.

Table 6. Drug contents in duck feeds by HPLC analysis.

Drug D F

(ppm)‘ 1 2 ! 2

SDA — — _ _
SMM — .
STA - - = *8.740.2
SMT — *12.6+0.4 — -
5Q0O 41.4+0.2 19.8+0.2 — -
SDM 46.1+2.3 8.3+0.2 — —

OTC - . - -
TC - . -
CTC - _ _ ~

“ Feed for duckling.

" Feed for duck.

¢ Mean==S.1D.

* Prohibited drugs found in feeds.
—Not detected.

| MBEEEAEEE (pH 7.4 BB EFE, AUV 254nm SMM, STA., SMT, SQO S SDM. —. FHLiChroso-
&n # 2 a] [&] BF 43 4T SDA, SMM, STA, SDM. rb RP-C 57 B, PA7% N EE KB #E A 30.001
SMTHISQO, —-. A Ultrasphere ODS 47 B %7, DL M Na.EDTARIO. M 2 BERE AR @i (pH 7.3)F5
15% &SRB N0, 1 MBRBEFEENI(pH 6.8)5 B EFE, UV 254nm K ] 22 o] [&] BF 93 8T STA.
FZEIF , P UV 254nm K H] & 0] [=] B 93 47T SDA., SMT, FES, TC, OTCHCTC. Y. HAlltech RP
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Table 7. HPLC analysis of drug residue in chicken meat and liver.

Drug Meat Liver

b
-
o
v
t.J
e

frozen l 4 5

(ppm)* 1

SMM - - - - - -
SMT = 0.020.00 - - = =

SQO - — = = = -
SDM - - - - = =

Total 0 0.02 0 0 0 0 0O 0 0 0 O

OT1C — 0.33x0.04 = "* - -

SQO - — B = - —
SQO 0.01+0.00 0.01+0.00 - 0.01 £0.00 — -

9 Mean=S.D.
—Not detected.

Table 8. HPLC analysis of drug residue in pork and pork liver

Drug Pork Liver

t
d
>
Lh
hJ
-
NN
LN

(ppm)* i

SMM - - - - = - - - = =
SMT - - - = - 0.03+£0.00 0.04=000 105022 1.02£0.03 0.02+0.00
SQO - = - = - 0.03%0.00 - — — —

or¢ - 013002 — - — — - - — _
~ - — - = 0.160.04 - - 0.20%0.04 -
CTC - - - = = — — - - —

* Exceed the maximum tolerance restdual hmat.

~—Not detected.

SCuor B A28 Y, BB KB I N 0.001M I A 8, DUEAR & FLE R E B i BRI . M IR
Na:EDTA,0.0.5 MBI R, 0.013 M A5 5 B 8- AU TR A F 2 ERRE ARG, & E e
0.1M KNOFEEH (pH 3.0)B8EHH, UV 280nm B2, — AR S, T E SR e AR R 2 Y
WH 2 a5 9 #7STA, SMT. OTC. FEBER K F%%zaiﬁu“”%‘émx%&lﬁ o T P A PR
CTC. ch S B R REES T, U — . AR AR A

FE Rl fPE AR A T — R A 5L . N bR T FERIE R BT P R H Y
o AL o AT R EE AR IR AT B 2 T R ES I, LRI IR a0, Rk AT (AT A P sl e
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Figure 10. HPLC chromatogram of a pig feed sample which contains STA and SMT. Analyzed by Method 9.(1)
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Figure 11. HPLC chromatogram of the pork extract. Analyzed by Methoc 9.(1)
(A) Standards [SMM, IS (caffeine), SMT, SQO, SDM] concentration : 0.2 ppm- 0.8 ppm (B Blank sample

(©) Sample spiked with standards (0.2 ppm- 0.8 ppm)
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Simultaneous Determination of Sulfa Drugs and Tetracyclines in

Feeds and Animal Tissues by High-Performance Liquid Chromatography

AN-BANG WU, YU-MINN CHEN, KONG-KO LEE AND CHAU-YANG CHEN

Graduate institute of Pharmaceutical Sciences,
Taipei Medical College, Taipei, Taiwan 110, R.O.C.

ABSTRACT

This study aimed to develop a high-perfor-
mance liquid chromatographic method for
simultaneous determination of six sulfa drugs,
three tetracycline antibiotics and carbadox in
feeds and animal tissues. Four successful condi-
tions were established : 1. On LiChrosorb RP-C
12 column with water : acetonitrile (95:5, v/v) as
mobile phase and UV detector at 254nm to sep-
arate SDA, SMM, STA, SDM, SMT and SQO.
2. On Ultrasphere ODS Column with water :
acetonitrile (85:15, v/v) as mobile phase and de-
tected at UV 254nm to separate SDA, SMM.,
STA, SMT, SQO and SDM. 3. On LiChrosorb
RP-Cs columr with water: 1sopropanol (93:7, v/
v) as mobile phase and detected at UV 254nm

Key Words : Sulta drugs, Tetracyclines, Feeds, HPLC.
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to separate STA, SMT, Carbadox, TC, OTC
and CTC. 4. On Alltech RP-Cis column with
water: dimethylformamide (72:28, v/v) as mobile
phase and detected at UV 280nm to separate
STA, SMT, OTC, Carbadox and CTC. The re-
coveries of the drugs in feeds were between 85-
99%: 1n animal tissues, 69-80%. Eleven out of
20 teed samples were found with prohibited sul-
fa drugs or tetracychnes added. One pork sa-
mple with OTC residue and two pig liver sa-
mples with total sulfa drugs residue exceeding
the maximum tolerance limits wee detected from
the 21 meat samples analyzed. The lowest detec-
tion limits of residual drugs were between 1.0-5.
0 ppb 1n feeds: 2.0-12 ppb in animal tissues.



