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2 o 7imsty ERolm WA ARHAHe WHel 34 &9 4G WA 1]2fEEM (3-phase HE-LPME) 2 HPLC-
UV/VisE o|g3lo] 4W Fof ZA 5= = EZALo| 237 YA 35 (tetracycline, oxytetracycline, chlortetracycline)2 5A] o]l
BB W STk 24 292 G ARA5030mm, 3um)E A83te] 7187] SUMoR BelEgon e A

ST e vehyglnh AR AXES 915 H2e] AP BYsiedit], FE GRS heptanal, FEAZS 602,
7 4] pHE 9.0, B ARS] pHE 10, ALR9] THHGEL 700 pm, F5 AZRS 6050]9lon] 514 56-2230] ek,
A&t YRAL 22 0.08-0.8 pgmLet 04~1.6 pgmLo] 900, 0.1~32 pg/mL 9] AYTAL 22 YR
>0.995)7 AW (1.3~9.1 RSD %) 2 A3+ (84~118%)= Lrebwi ).

FH0f: e Etato] Z 1 FAA, A& A A @], HF-LPME, HPLC/UV-Vis

ABSTRACT. A simple and efficient preconcentration method was developed using three-phase liquid phase microextraction
prior to HPLC-UV for simultaneous extraction and determination of tetracycline antibiotics (tetracycline, oxytetracycline, and
chlortetracycline). The tetracycline antibiotics were separated simultaneously on a column (Cs, 3.0x150 mm, 3 pm) with high
selectivity and sensitivity using gradient elution. Under optimized conditions (extraction solvent, heptanal; pH of donor, 9.0; pH of
acceptor, 1.0; stirring speed, 700 rpm; NaCl salt, 0%; and extraction time, 60 min), enrichment factors (EF) were between 5.6
and 22.3. The limit of detection (LOD) and limit of quantitation (LOQ) in the spiked urine matrix were in the concentration
range of 0.08~0.8 ng/mL and 0.4~1.6 pg/mL, respectively. The calibration curves were linear within the range of 0.1~32 ug/mL with
the square of the correlation coefficient being more than 0.995. The precision (as a relative standard deviation, RSD) and
accuracy (as a relative recovery) within working range were 1.3~9.1% and 84~118%, respectively.
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Table 1. Chemical structures of tetracycline antibiotics

Structure Chemical data

Tetracycline

Formula : C22H24N»Og
Molecular mass : 444.435 g/mol
pKa:3.32/7.78/9.58

Oxytetracycline

Formula : C32H24N>Op
Molecular mass : 460.434 g/mol
pKa:3.22/7.46/8.94

Chlortetracycline

Formula : C22H23C1N203
Molecular mass : 478.88 g/mol
pKa:3.33/7.55/9.33
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Figure 1. HF-LPME system.
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Table 2. HPLC/UV-Vis conditions for analysis of tetracycline anti-
biotics

Conditions
Cs, 1503 mm, 3 pm

A :0.1% Formic acid
B : Acetonitrile

Time (min) 0 15 20 30
B (%) 15 40 40 15
0.25 mL/min
Injection volume 5uL
Wavelength 270 nm

Parameters

Column

Mobile phase

Gradient

Flow rate
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Figure 2. Effect of immersion time.
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Table 3. LOD and LOQ for determination of tetracyclines from urine Table 5. Accuracy and precision for analysis of tetracyclines from
Compounds LOD (ngmL)  LOQ (ng/mL) urine
Oxytetracycline 0.8 1.4 Compounds Concentration Accu_racy* R.S.]3 (%)
Tetracycline 0.08 0.4 (ng/mL) (n=3) (0=3)
Chlortetracycline 0.7 1.6 ! 114 4.6
2 105 6.1
Oxytetracycline 4 95 39
8 97 6.8
Oxytetracycline 16 98 23
450 - 32 100 9.1
::z 1 V= 1264x- 21,275 01 36 15
300 0.2 118 4.0
g izg Tetracycline 05 84 68
150 1 116 7.0
100 2 92 33
50 -
0 : : T . . . , 4 89 1.3
0 S 10 15 20 25 30 35 0.7 115 3.1
Concentration(pg/mL) 1.5 93 32
. 22 107 4.1
Chlortetracycline 44 97 28
Tetracycline 8.9 93 1.8
70 - 17.8 101 2.4

y=7.5073x+34721
R*=0.995

60 1 * Accuracy: (measured value / calculated value) x 100

50 4
e 40 4
3 '
AT HEWgE BARAE] HatA o] uhet
chE A 2 E g, vh 2ol A 5 1 917}0.1-32 pgfmL
e

20 1
10 4

Concentration(zg /mL) 6—]'93\—9—&‘: )2)]—‘?’_]-7;“'/;‘(}22)% 0.995 O]’b}-‘ﬂ Ooki_c:’j— ‘X—}/ﬂ/\é%
e QUTh(Fig. 10, Table 4).
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Figure 10. Calibration curves for the determination of tetracy- AW AR Fof grE SAHEAl S|, HEA;
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Table 4. Working range, linear equation and correlation coeffient for tetracyclines from urine

Compounds Working range (p1g/mL) Linear equation R?
Oxytetracycline 1~32 y=12.64x-21.275 0.997

Tetracycline 0.1~4 y=7.5073x + 3.4721 0.995
Chlortetracycline 0.7~17.8 y=4.2868x — 0.6385 0.997
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