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Abstract

We established a method for precisely determining residual tetracycline antibiotics (TCs) in foods by atmospheric pressure
chemical ionization liquid chromatography-tandem mass spectrometry (APCI LC–MS–MS) using selected reaction
monitoring with an internal standard. By setting the nebulizer probe temperature to 4758C, we were able to use a mobile
phase containing oxalic acid without clogging problems at the APCI interface, since oxalic acid decomposes to carbon
dioxide and water at high temperature. DMCTC was very effective as an internal standard for determining TCs in various
foods. TCs were cleaned up using a Bond Elut ENV cartridge and analysed by APCI LC–MS–MS. The recovery of TCs
from various foods including animal tissues, honey, milk, eggs, and fish fortified at levels of 0.05, 0.10, and 0.50 ppm
averaged 60.1–88.9%, with an RSD of 1.2–8.7%. The detection limits were 0.001 ppm for OTC and TC, 0.004 ppm for
CTC, and 0.002 ppm for DC. The present method was also successfully used to determine TCs in swine kidney samples that
were previously found by microbiological assay.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction times been found in animal tissues and honey [1,2].
Microbiological assays have been most commonly

Tetracycline antibiotics (TCs, Fig. 1), represented used to detect such residues, but they are compli-
by oxytetracycline (OTC), tetracycline (TC), chlor- cated, time consuming and non-specific. In contrast,
tetracycline (CTC), and doxycycline (DC), are com- mass spectrometric techniques can confirm the pres-
monly used worldwide as veterinary medicines and ence of residual drugs with high sensitivity and
feed additives. In Japan, residual TCs have some- selectivity [3–6]. Therefore, a method that combines

a simple and precise chromatographic separation
with an appropriate mass spectrometric determina-*Corresponding author. Tel.: 181-3-5498-5763; fax: 181-3-
tion may offer a significant advantage for the abso-5498-5763.
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Fig. 1. Structures of tetracycline antibiotics.

To confirm TCs in animal tissues, we previously ration between TCs and co-eluting substances [8].
reported an analytical method using electrospray However, mobile phases containing non-volatile
ionization liquid chromatography tandem mass spec- compounds, when used in liquid chromatography–
trometry (ESI LC–MS–MS) with a mobile phase mass spectrometry (LC–MS), have been noted to
containing trifluoroacetic acid and a well end-capped cause clogging at the interface and a build-up of
C-8 modified silica gel column [7]. However, we deposits in the ion source, so that ESI LC–MS
could not use this technique to determine residual cannot be performed for a prolonged period [9,10].
TCs in animal tissues, because of its lack of sen- We considered that while oxalic acid may cause
sitivity and reproducibility due to the co-elution of clogging at the ESI interface at room temperature, it
substances from samples. To overcome these prob- may not cause this problem at an atmospheric
lems, we needed to improve the separation between pressure chemical ionization (APCI) interface above
TCs and co-eluting substances on a LC column using 4008C, since oxalic acid decomposes to carbon
a mobile phase containing oxalic acid, since a mobile dioxide and water above 2008C.
phase containing oxalic acid provides the best sepa- The ionization efficiency of atmospheric pressure
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ionization (API) including ESI, ion spray ionization, methanol (5 ml) followed by water (15 ml). The
and APCI is greatly affected by co-eluting sub- cartridge was washed with 20 ml of water and
stances from the LC column. Therefore, we consid- air-dried by aspiration for 5 min. TCs were eluted
ered that the use of an internal standard is essential from the column with 20 ml of methanol, and the
for API LC–MS conditions, and decided to use eluate was evaporated to dryness under reduced
APCI LC–MS–MS with a mobile phase containing pressure at 308C. The residue was dissolved in 1 ml
oxalic acid and demeclocycline (DMCTC, Fig. 1) as of water–methanol (50:50, v /v) containing DMCTC
an internal standard to determine TCs in foods. In at a concentration of 5 mg/ml as an internal stan-
the present paper, we report in detail the determi- dard, and a 10 ml aliquot of the sample was injected
nation of residual TCs in foods using selected into the LC–MS–MS system.
reaction monitoring (SRM) with an internal standard
under APCI LC–MS–MS conditions.

2.3. Instrument

The HPLC system consisted of a Waters 600s
2. Experimental

controller, 616 pump, 717plus autosampler, and 996
photodiode array detector. The LC–MS–MS system

2.1. Materials
consisted of an API 300 triple quadrupole tandem
mass spectrometer (PE-Sciex, Thornhill, Canada)

Methanol, acetonitrile, disodium ethylene-
equipped with a heated nebulizer interface. This

diaminetetraacetate (Na EDTA), oxalic acid, citric2 system was coupled to the outlet of the HPLC
acid and disodium hydrogen phosphate were ob-

column using a length of PEEK tubing.
tained from Wako Pure Chemicals Industries.
(Osaka, Japan). The hydrochlorides of OTC, TC,
CTC, DC and DMCTC were supplied by Pfizer

2.4. Chromatographic conditions
Pharmaceuticals. (Tokyo, Japan). Standard solutions
of OTC, TC, CTC, DC, and DMCTC were prepared

Chromatography was performed on a Bakerbond
at a concentration of 1 mg/ml in distilled water and

C8 column (5 mm, 25034.6 mm I.D., J.T. Baker
kept at 2308C. The solutions were diluted to the

Chemical, Phillipsburg) at 308C. The mobile phase
required concentrations with distilled water before

was methanol–acetonitrile–5 mM aqueous oxalic
use.

acid (18:27:55, v /v /v). The flow-rate and monitored
wavelength were 1 ml /min and 350 nm, respective-

2.2. Extraction and clean-up procedures ly.

Extraction and clean-up procedures used in the
present study were described in detail in our previous 2.5. Mass spectrometric conditions
papers [7,8], therefore, a brief statement is given
here. A sample (5 g) was blended with 20 ml of 0.1 The nebulizer probe temperature was set at 4758C,
M Na EDTA-McIlvaine buffer (pH 4.0) using a and the nebulizing gas (nitrogen) pressure and flow-2

Polytron-Aggregate (Kinematica, Luzern, Switzer- rate were set at 345 kPa and 1.4 l /min, respectively.
land) and then centrifuged at 770 g for 15 min. A The flow-rate of heated auxiliary gas (nitrogen) and
further 20 ml and 10 ml of buffer were added to each the curtain gas (nitrogen) flow-rate were set at 0.4
of the tissue residues, and the extractions were and 1.1 l /min, respectively. Positive chemical ioni-
repeated. The supernatants were combined and fil- zation was carried out by a corona discharge needle
tered. The filtrate was applied to a Bond Elut ENV set at 12.5 mA. The orifice voltage was adjusted to
solid-phase extraction cartridge (500 mg, 6 ml, part 10 V. Collision induced dissociation (CID) experi-
number 1225-5011, lot number EN3220, Varian, ments were performed using nitrogen and a collision
Harbor City, USA) that had been pretreated with offset setting of 225 V.



58 H. Nakazawa et al. / J. Chromatogr. B 732 (1999) 55 –64

3. Results and discussion ions are very characteristic for TCs, and enable us to
identify TCs [7]. The loss of NH and H O are3 2

3.1. APCI LC–MS–MS of TCs derived from the carboxyamide group in the A-ring
and hydroxyl group in the C-ring, respectively.

13.1.1. Selection of the nebulizer probe temperature However, DC only gives [M1H–NH ] , due to the3

In the present study, we intended to decompose lack of a hydroxyl group. The presence or absence of
oxalic acid at the APCI interface at a temperature this ion can be used to differentiate TC from DC.
higher than 2008C to avoid clogging problems at the Therefore, these three ions should be observed in the
interface. The combination of an APCI interface and tandem mass spectra of TCs.
a mobile phase containing oxalic acid has been To optimize the MS–MS conditions, we carefully
previously reported [11], however, we could not observed the above three product ions under two
perform APCI LC–MS for a long time without different collision offsets (210 V and 225 V). As
clogging problems under the reported LC–MS con- shown in Table 1, when the collision offset was set

1ditions, since the mobile phase contains Na EDTA, at 210 V, the most abundant ion was [M1H] ,2
1which is a non-volatile salt. We investigated clogging while the intensities of [M1H–NH ] and [M1H–3

1by oxalic acid at the interface by varying the NH –H O] were very weak. It was difficult to3 2

nebulizer probe temperature from 325 to 4758C. identify TCs under this condition. When the collision
Although oxalic acid decomposed at the interface offset was set at 225 V, the most abundant ions

1 1when the temperature ranged from 375 to 4508C, were [M1H–NH ] or [M1H–NH –H O] , and3 3 2
1clogging at the interface still occurred after 2 h of [M1H] was also clearly observed. Therefore, we

operation. However, with a temperature of 4758C, chose to use the most abundant product ion gener-
we were able to operate the APCI interface continu- ated under an offset voltage of 225 V to determine

1ously for 1 week without clogging problems. There- TCs: [M1H–NH –H O] for OTC (m /z 426), TC3 2
1fore, we selected a nebulizer probe temperature of (m /z 410), and CTC (m /z 444) and [M1H–NH ]3

4758C for subsequent work. for DC (m /z 428) and DMCTC (m /z 448).

3.1.2. MS–MS conditions 3.1.3. SRM of TCs
When precursor ions of TCs were set at each Five nanograms each of TC standard solution was

1[M1H] (OTC: m /z 461, TC and DC: m /z 445, injected into the LC–MS–MS system under optimal
CTC: m /z 479, and DMCTC: m /z 465), [M1H– conditions. Fig. 2 shows total ion chromatogram

1 1NH ] and [M1H–NH –H O] were observed as (TIC) and SRM profiles. All of the TC peaks were3 3 2

product ions under APCI MS–MS conditions. These clearly observed at a retention time of 7.7 min for

Table 1
Effect of offset voltage on precursor and product ions of tetracyclines

Precursor ions Product ions (relative abundance)

Offset voltage 210 V Offset voltage 225 V
1OTC [M1H] 461 444 426 461 444 426

461 (100) (21) (14) (2) (18) (100)
1TC [M1H] 445 428 410 445 428 410

445 (100) (27) (17) (2) (16) (100)
1CTC [M1H] 479 462 444 479 462 444

479 (100) (19) (7) (10) (65) (100)
1DC [M1H] 445 428 445 428

445 (100) (30) (3) (100)
1DMCTC [M1H] 465 448 430 465 448 430

465 (100) (26) (4) (7) (100) (68)
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Fig. 2. Total ion chromatogram and SRM profiles of standard tetracyclines under APCI LC–MS–MS conditions.

OTC, 8.8 min for TC, 10.4 min for DMCTC, 13.5 noise ratio of 3:1; these limits were 5 pg/ml for OTC
min for CTC, and 16.2 min for DC, respectively. and TC, 20 pg/ml for CTC, and 10 pg/ml for DC.
Tandem mass spectra of each TC taken at the top of
each peak on the TIC are shown in Fig. 3. All of the 3.2. Recovery of TCs in foods

1 1TCs gave [M1H–NH ] and [M1H–NH –H O]3 3 2

as product ions, except for DC. Six standard solu- After adding TCs to swine muscle at a con-
tions containing TCs between 0.05 and 5 mg/ml centration of 0.1 ppm, the TCs were extracted and
(each solution contains DMCTC at a concentration cleaned up by solid-phase extraction as described in
of 5 mg/ml as an internal standard) were prepared Section 2.2, and the sample solutions were analysed
and 10 ml were injected into the APCI LC–MS–MS by APCI LC–MS–MS under the optimal conditions
system. Calibration curves (six points) were con- described in Section 3.1. TIC and SRM profiles are
structed by peak-area ratios of TCs to DMCTC shown in Fig. 4. Although some interfering peaks
calculated from SRM profiles. Good linearity was from the sample were observed in TIC, each of the
observed (r50.995) for all of the TCs. Limits of TC peaks is clearly observed in SRM profiles,
detection (LODs) were calculated by a signal-to- indicating that we can determine TCs in swine
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Fig. 3. APCI tandem mass spectra of standard tetracyclines under APCI LC–MS–MS conditions.

muscle using these SRM profiles. Furthermore, the an internal standard is essential for determining TCs
tandem mass spectra of each TC are the same as using APCI LC–MS–MS, so we selected DMCTC
standards shown in Fig. 3. Therefore, we can also as an internal standard. To show the effect of
confirm TCs in swine muscle. DMCTC as an internal standard, we list the re-

As described above, we considered that the use of coveries and relative standard deviations (RSD) of
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Fig. 4. Total ion chromatogram and SRM profiles of TCs fortified at 0.1 ppm in swine muscle under APCI LC–MS–MS conditions.

TCs from swine muscle fortified at 0.05, 0.10, and to 183.3% and RSD varied from 6.0 to 39.1%. On
0.50 ppm in Table 2. When DMCTC was not used as the other hand, when DMCTC was used as an
an internal standard, the recoveries ranged from 96.5 internal standard, good recoveries (67.2–81.6%) and

Table 2
aEffect of DMCTC as an internal standard on recoveries of TCs from swine muscle

Added Recovery (RSD)%
(ppm)

OTC TC CTC DC

Without 0.05 183.3(33.1) 179.7(33.8) 161.9(39.1) 166.7(35.5)
I.S. 0.10 134.0(17.7) 131.6(16.4) 120.6(16.3) 116.3(18.0)

0.50 115.4(6.0) 106.2(7.2) 96.5(8.2) 105.3(12.6)

With 0.05 80.0(7.7) 78.8(7.6) 69.5(8.7) 71.5(4.3)
I.S. 0.10 81.6(1.9) 80.0(2.8) 73.6(2.1) 70.8(3.8)

0.50 80.4(3.9) 74.0(6.1) 67.2(1.9) 71.9(4.2)
a n55.
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Table 3
aRecovery of TCs from fortified bovine and swine tissues

Added Sample Recovery (RSD)%
(ppm)

OTC TC CTC DC

0.05 Bovine Liver 60.5(4.3) 71.8(2.9) 64.9(6.0) 60.1(4.3)
Kidney 69.7(5.6) 67.1(3.3) 65.7(2.6) 63.9(5.5)
Muscle 67.3(2.5) 74.3(3.8) 63.2(2.9) 71.8(5.5)

Swine Liver 66.6(3.7) 67.7(2.9) 63.1(7.2) 62.1(4.5)
Kidney 80.3(1.2) 77.1(4.6) 78.3(4.7) 70.5(4.9)
Muscle 80.0(7.7) 78.8(7.6) 69.5(8.7) 71.5(4.3)

0.10 Bovine Liver 69.6(2.7) 74.3(2.9) 72.4(7.5) 62.3(1.6)
Kidney 71.2(2.6) 72.0(2.9) 69.8(3.0) 72.2(4.6)
Muscle 64.3(3.4) 72.7(3.5) 71.5(1.9) 63.2(4.1)

Swine Liver 70.5(4.0) 73.4(3.1) 79.2(3.0) 64.9(2.3)
Kidney 72.2(5.6) 80.5(4.8) 78.9(4.0) 68.1(6.3)
Muscle 81.6(1.9) 80.0(2.8) 73.6(2.1) 70.8(3.8)

0.50 Bovine Liver 66.4(3.1) 77.9(3.3) 71.6(5.2) 63.4(3.9)
Kidney 77.6(4.3) 78.3(3.0) 70.1(2.6) 66.8(3.4)
Muscle 82.6(7.1) 80.6(6.0) 72.6(4.0) 69.0(4.5)

Swine Liver 72.7(5.2) 78.0(1.9) 75.0(3.2) 69.8(5.1)
Kidney 73.6(4.0) 78.3(3.0) 70.1(2.6) 66.8(3.4)
Muscle 80.4(3.9) 74.0(6.1) 67.2(1.9) 71.9(4.2)

a n55.

Table 4
aRecovery of TCs from fortified chicken, fish, egg, milk, and honey

Added Sample Recovery (RSD)%
(ppm)

OTC TC CTC DC

0.05 Chicken Liver 81.6(2.6) 81.3(4.9) 77.8(3.3) 79.8(4.8)
Muscle 71.9(7.7) 77.9(3.4) 71.4(4.8) 81.4(3.0)

Yellowtail 73.4(7.2) 68.6(8.4) 73.7(8.2) 74.3(4.6)
Eel 81.1(3.7) 83.6(2.7) 81.5(5.4) 69.6(3.0)
Egg 76.0(6.7) 69.6(7.6) 61.3(8.0) 67.1(7.6)
Milk 79.8(6.2) 67.7(6.2) 65.6(4.3) 61.9(6.9)
Honey 77.1(3.1) 70.9(4.4) 64.2(5.3) 66.6(6.8)

0.10 Chicken Liver 80.4(2.1) 79.5(4.7) 77.2(4.5) 78.7(6.1)
Muscle 81.1(5.2) 78.5(5.4) 68.5(4.8) 73.7(3.6)

Yellowtail 76.9(5.1) 66.8(3.1) 79.4(2.9) 67.6(3.2)
Eel 79.2(4.1) 78.8(3.6) 77.1(2.2) 77.0(3.8)
Egg 81.1(4.1) 74.2(3.4) 63.7(3.8) 63.6(5.8)
Milk 74.1(3.8) 75.5(4.4) 81.2(3.0) 76.9(4.5)
Honey 80.7(2.5) 70.6(5.5) 66.6(3.1) 70.9(5.4)

0.50 Chicken Liver 74.3(1.6) 76.8(3.6) 81.0(1.6) 79.4(4.2)
Muscle 82.3(4.8) 81.5(3.3) 80.6(4.3) 83.2(4.8)

Yellowtail 75.5(4.3) 78.0(6.2) 71.1(6.7) 68.2(7.4)
Eel 74.6(2.1) 70.3(2.6) 85.1(4.0) 78.0(1.9)
Egg 85.5(7.8) 87.0(2.5) 88.9(1.4) 73.8(5.9)
Milk 81.5(2.9) 75.0(4.1) 66.6(3.6) 69.9(3.6)
Honey 82.1(1.6) 79.2(4.2) 76.1(2.4) 74.0(3.8)

a n55.
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RSD (1.9–8.7%) were obtained. In APCI LC–MS, from LC, because the co-eluting substances change
the efficiency of ionization of the target compounds the reagent ion composition in chemical ionization
is strongly influenced by the co-eluting substances process. Therefore, we consider that these high

Fig. 5. Total ion chromatogram and SRM profiles of residual oxytetracycline (sample [1) and chlortetracycline (sample [2) in swine
kidneys under APCI LC–MS–MS conditions.
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recoveries and RSD are caused by this influence. temperature. DMCTC was very effective as an
Because of the correction of ionization efficiency by internal standard for determining TCs in various
an internal standard, these results suggested that the foods. The recovery of TCs from various foods
present APCI LC–MS–MS method with DMCTC as including animal tissues, honey, milk, eggs, and fish
an internal standard could be applied to various fortified at levels of 0.05, 0.10, and 0.50 ppm was
foods. 60.1–88.9% with an RSD of 1.2–8.7%. The de-

Various food samples including bovine, swine, tection limits were 0.001 ppm for OTC and TC,
chicken, yellowtail, eel, eggs, and milk fortified with 0.004 ppm for CTC, and 0.002 ppm for DC. The
TCs at concentrations of 0.05, 0.1, and 0.5 ppm were present method was successfully used to determine
analysed by the present APCI LC–MS–MS methods. TCs in swine kidney samples that had been previous-
The recoveries and RSD are shown in Tables 3 and ly found by microbiological assay.
4. The overall recoveries for various foods ranged
from 60.1 to 88.9% and RSD ranged from 1.2 to
8.7%. The detection limits were 0.001 ppm for OTC Acknowledgements
and TC, 0.004 ppm for CTC, and 0.002 ppm for DC.
These values mean that the present method, includ- This work was supported by the Ministry of
ing extraction, clean up, and APCI LC–MS–MS, Education, Science, Sports, and Culture of Japan.
provides sufficient recoveries with good repeatability
for determining TCs in foods.
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