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ABSTRACT

A simple and effective method was developed for the simultaneous determination of chlortetracycline (CTC),
oxytetracycline (OTC), tetracycline (TC) and doxycycline (DC) in beehives using liquid chromatography-triple
guadrupole mass spectrometry (LC-MSMS). Analytes were extracted in EDTA-Mcllvaine buffer from beehives by
ultrasonication and shaking, purified using hexane distribution and HLB cartridges, quantified using a
matrix-matched standard calibration curve, and validated according to Commission Decision 2002/657/EC and
SANCO/10684/2009. The responses were linear in the range of 1 to 500 g L™ amount to concentration of 0.2 to
100 g kg™ based on 5 g of sample with correlation coefficients (r%)>0.99. The overall recoveries were in the range
of 73.8t0 106.7% with RSD of 1.19 to 9.8%. The limits of quantification (LOQ) were 1 g kg™ for CTC and DC and
0.2 1g kg for OTC and TC. The decision limits (CCa) ranged from 0.041 to 0.31 g kg?, and the detection
capabilities (CC) ranged from 0.064 to 0.43 1 kg ™. The application of this method revealed low concentrations of
OTC and TC in some real beehive samples. The results showed that the developed method is sensitive and accurate
and can be used to determine the levels of tetracycline antibiotics in beehives.
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INTRODUCTION

Tetracycline antibiotics are widely used in vetarin medicine because of their broad-spectrum &gtagainst
most gram-positive and gram-negative bacteria. ffifwtéein inhibiting properties of these antibiotitceke them
effective in the prevention and treatment of sehiefactious diseases [1]. Chlortetracycline (CT@}ytetracycline
(OTC), tetracycline (TC) and doxycycline (DC) (Fif) are four members of this antibiotic group tlaaé
commonly used in the treatment of American and gean foulbrood disease because of their high &gtwid low
production costs [2].

Beehives, habitats in which honeybees reproducestamd food, contain all of the elements of be¢uca| including
larvae, honey, pollen, propolis and wax [3, 4]. Taas be delivered to hives by the use of antibsaticapiculture
and by the introduction of polluted pollen [5]. Lid chromatography (LC) methods with ultravioletestgion (UV),
diode array detection (DAD), fluorescence detec{ielnD) and tandem mass spectrometric (MS/MS) detedre
universally used for the screening of TC antibmtim food material [6]. Honey can be analyzed with
LC-ESI-MS/MS and LC-APCI-MS/MS methods [7-10], podig with LC-UV and royal jelly with LC-MS/MS [11,
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12].However, as far as we know, no method has beentegpfor beehives.

Antibiotics can accumulate in beehives and mighaten the hives to honey, propolis, royal jelly amex, resulting

in contamination of these bee products. Therefiie objective of this study was to develop a singsld sensitive
method to simultaneously determine the amountsTd&€,COTC, TC, and DC residues in beehives by LC-MS/M
Then, the method was applied to screen beehivelsarigy TCs

N(CHa),

OH CH,

H

OH o] OH o) OH o] OH ¢
Oxytetracycline Doxycyline

Fig. 1. Chemical structures of TC antibiotics
MATERIALS AND METHODS

Chemicals and reagents

Methanol and hexane were of HPLC grade and werehpsed from Fisher Scientific (Fair Lawn, NJ). Faratid
was of HPLC grade and was obtained from Dima Teldyyo(Richmond Hill, USA). Citric acid monohydrate,
disodium hydrogen phosphate dodecahydrate,HR@&,-12H0) and Titriplex 1l (NagEDTA-2H,0) were of
analytical grade and were obtained from Beijing @iwal Plant (Beijing, China). Water was purifieding a
Milli-Q purification apparatus (Millipore S.A.S, Bnce).

CTC, OTC, TC and DC standards were purchased fronEBrenstorfer (Germany). Stock solutions of 2Q@0
mL™ were prepared in methanol. Mixed standard solsti@nconcentrations of 0.1, 1, 10 and 1@0mL™" were
gradually diluted with methanol and 4 individuabat solutions, and the calibration working solutowere
prepared by diluting an appropriate volume of theem standard solutions in water containing 40%haet! (v/v).
All standard solutions were stored in a refrigerab4C. OASIS hydrophobic lipophilic balanced sorbent &
SPE columns (200 mg, 6 mL) were purchased from W&aerporation (Milford, MA, USA).

EDTA-Mcllvaine buffer (0.1 mol [, pH=4.0) was prepared by dissolving 21.01 g afcicid monohydrate, 44.78
g of NgaHPO,-12H0 and 60.5 g of N&DTA-2H,0 in 1.625 L of water. Beehive samples were codlédrom
apiaries in Beijing suburbs.

LC-MS/MS conditions

An API 5000 (Applied Biosystems /MDS Sciex, CA, USAriple quadrupole mass spectrometer with a
TurbolonSpray® source was connected to an Agil@il01IHPLC system (Agilent, CA, USA) equipped with a
G1312B binary gradient pump, a G1322A vacuum degaasd an G1367C auto-sampler. LC-MS/MS system
control, data acquisition and data processing wertormed with Analyst 1.4.2 software.

Methanol (A) and water containing 0.1% formic a¢idv) (B) were selected as the mobile phase. Anlehgi
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XDB-C18 (4.6x50 mm, 1.8m) column was used for separation. A gradient @futvas performed with a flow rate
of 0.3 mL mir: methanol decreased from 60% (0 min) to 5% (1 pie)d for 2 min (1-3 min), returned to 60%
(3.0-3.1 min) and held for 5.9 min (3.1-9 min) wudibrate the column for the next injection. Tingeiction volume
was 10uL. Positive electric spray ionization (ESI+) withet multiple reaction monitoring (MRM) mode was used
for LC-MS/MS analysis.

Sample preparation

Kibbled beehive samples (5 g) were weighed into &0polypropylene centrifuge tubes. Spiked samplese
prepared by fortifying blank samples with the appiate volumes of the mixed standard solutionseAiftcubation
of the samples for 30 min, 20 mL of hexane and 200fMEDTA-Mcllvaine buffer were added to each tulitne
tubes were capped, vortex-mixed for 30 s, and #feken for 20 min after ultrasonic extraction fér rhin at a
frequency of 40 kHz. Samples were divided into ¢Hagyers after being centrifuged at 4000 rfriior 3 min. The
supernatant hexane layer and the buffer layer weparated by a solid phase layer. The bottom litpyidrs were
transferred to 50 mL polypropylene tubes. Subsettyjeanother 10 mL of hexane was added to each anlolethen
removed after the tubes were vortex-mixed for 1.min

OASIS HLB SPE columns preconditioned consecutiveth 5 mL of methanol and 5 mL of water were used f
the clean-up procedure. The above sample soluticere allowed to pass through the columns at a ohte
approximately 3 mL mif. HLB columns were washed with 5 mL of water camitay 5% methanol (v/v). The SPE
cartridges were vacuum-dried for 5 min, and thelydes were eluted with 10 mL of methanol. The euaias
evaporated to dryness with a rotary evaporator,thadesidue was redissolved in 1 mL of water dairtg 40%
methanol (v/v). The reconstituted samples wereréid into auto-sampler vials using 0.2 syringe filters for
LC-MS/MS analysis.

RESULTS AND DISCUSSION

Table 1. MRM ions with working parameters for TCs

Analyte | Precursorion(m/z) Production(mjz) DP(V)P() | CE(eV)| CXP(V)
479.2 154.7 30 12 40 15
CTC 479.2 444.3 40 10 30 10
479.2 462.3 30 5 30 15
461.2 426.2 30 5 25 15
oTC 461.2 444 .4 30 12 20 15
461.2 337.1 40 5 40 15
4453 410.3 50 5 25 15
TC 4453 154.3 35 5 40 15
4453 427.2 35 5 15 15
445.2 428.3 30 12 25 15
DC 445.2 339.2 25 5 40 15
445.2 410.2 35 12 25 15

dindicates MRM transitions for quantification

Optimization of instrumental parameters

As is well known, LC-MS/MS in MRM mode is considdr® be sensitive and selective for simultanecarsetievel
determination. The MS parameters option was peddriny a Q1 scan and a product ion scan in poséne
negative modes for all compounds using a syringappinjection. The ionization of all compounds wasren
efficient in the positive mode. The transition iomish the most intense signals were used for gfieation, and the
remaining two transition ions were used for quéira confirmation of the TCs. The optimized sousrad gas
parameters were as follows: curtain gas (CUR) cb8ision gas (CAD), 7; ion source temperature (TEKB0°C;
ion source gas 1 (GS1), 45; ion source gas 2 (G&R)and ion spray voltage, +5500 V. Compound-ddpeh
parameters including the declustering potential)(Dre collision energy (CE), the entrance potérii®) and the
collision exit potential (CXP) are shown in TableMethanol and water were used as the mobile pleamb0.1%
formic acid (v/v) was added to water to improve pinetonation of the target analytes [13, 14].
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Assessment of matrix effects

The causes of matrix effects were various and deduthe chemical properties of the target companehe

co-eluting species that interfere in the deternmmadf the analyte concentration ratio, the extoacprocedure and
the ionization conditions. Two methods were usedualuate the matrix effects. One was comparingé¢sponse
(peak area) obtained for each analyte in an extfagtblank sample and that in the reconstitutédtiem; the other
was comparing the slopes of the standard calibratioves in solvent and the matrix-matched standalithration

curves. There was no significant matrix effecthé tratios are between 80% and 120%. A lower slopehfe

matrix-matched standard calibration curves indiedibe suppression of the signal, whereas a grelaige indicates
signal enhancement [15-18].

In this study, the comparison of slopes was peréatnThe slope ratios displayed in Table 2 reveetdifferent
types of matrix effects: significant signal enhaneat for TC and OTC, insignificant variation for CTand
significant signal suppression for DC. To overcaime matrix effects, a matrix-matched standard catiibn curve
was chosen for quantification.

Table 2. Method linearity and matrix effects

Calibration curves in solvent Matrix-matched califtwn curves .
- - - - - - Ratio of the
Analyte | Linear regression Correlation Linear regression Correlation slopes (%)
equation coefficients (f) equation coefficients (f) P
CTC y=10400x-635 0.9999 y=11200x-6600 0.9927 107.7
oTC y=46200x-4000 0.9999 y=63600x+29100 0.9960 n37.
TC y=59900x-6790 0.9988 y=101400x+61500 0.9986 369.
DC y=97200x-8160 0.9998 y=42000x-37100 0.9907 43.2

Method validation

Method validation was performed in accordance Witmmission Decision 2002/657/EC and SANCO/10684200
[19, 20]. Parameters including the limit of quaiettion (LOQ), the decision limit (C) and detection capability
(CCP), the trueness, the precision and the selectivitre measured.

Trueness, precision and LOQ

In the present study, three spiked concentratival$eof 1, 10, 10Qug kg, with 6 replicates for each concentration,
were used to evaluate the precision and accurattyedfCs analyses. For OTC and TC, [0g2kg * spiked samples
were additionally prepared because this level stiit the requirements of SANCO/10684/2009. The same
experiment was repeated 3 times on different dlys.recovery was the response ratio of the fodifiample and
standard in the extract of the blank one. A sumnudrthe results of the recovery and precision expents are
shown in Table 3. The average recoveries at thesiigated levels were all in the range of 73 to%Qindicating
good trueness. Both the intra-day and inter-degtired standard deviations (RSDs) were below 9.&%ealing that

the precision and accuracy of the method were aabkp

The LOQ is defined as the lowest spiked level nmgethe method performance acceptability criteri;ggm
recoveries in the range of 70 to 120% with an R2D%) [19]. The LOQs were determined to beglkg® for CTC
and DC and 0.pg kg™ for OTC and TC, with average recoveries of 84.400.6% and RSDs below 9.19%. These
LOQs for TCs were considered reasonable and werd hower than the maximum residue limit (MRL, 56 kg™)

of the total amount of TC antibiotics in honey kgtChina [21].

Selectivity

The selectivity of the developed method was demmatest by analyzing blank matrix samples and sanmgpésed

with the standard solutions. No significant inteefece was found at the corresponding retention, tas@etermined
by comparison of the extracted ion chromatogramthefblank samples and the spiked samples (Fig. Zig&

identifications of the TCs were performed in acemck with the ratio of intensities of the MRM triionis each
(Table 1). Additionally, the identity of the anadgt could be confirmed using the relative retentiores of the TC
standards [22].
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Table 3.Method trueness and precision

. Intra-da Inter-da
Spiked level y Y
Analyte (ug kgY) Recovery| RSD Recovery| RSD
HI g (%, n=6) | (%, n=6)| (%, n=3) | (%, n=3)
1 84.4 1.57 84.8 1.35
CTC 10 73.8 3.29 76.6 4.85
100 76.9 2.65 77.5 2.97
0.2 93.3 4.91 100.5 7.89
oTC 1 102.3 2.60 99.5 3.24
10 103.7 2.49 97.0 9.80
100 91.3 1.74 92.3 4.28
0.2 100.6 6.85 97.3 9.19
TC 1 98.0 3.73 94. 3.87
10 106.7 1.93 97.0 9.70
100 90.6 1.57 93.9 3.18
1 88.7 2.04 88.9 1.19
DC 10 86.9 2.56 85.6 3.54
100 87. 2.33 86.7 2.12
[ XIC of +MRM (12 pairs): 479.2/154.2 amu from Sample 16 (15) of 110613.wiff (Turbo Spray) Max. 340.0 cps.|
4.1e4
- 0,0J T T o L e e i e e LA iy e B o e e T T —= T
05 10 15 2.0 25 30 35 4.0 45 50 55 6.0 65 7.0 75 8.0 85
Time, min
B X(C of +MRM (12 pairs): 479.2/154.2 amu from Sample 16 (15) of 110613.wiff (Turbo Spray) Max. 340.0 cps.|
8.05 8.54
F 6.53
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time, min
B X|C of +MRM (12 pairs): 461.2/426.2 amu from Sample 16 (15) of 110613.wiff (Turbo Spray) Max. 1180.0 cps.|
1000 $-23 :
i 71004 173,187 214 266.279 310 , 0 os2 731 1 701 805811 55gBOT
0 iy, 3.81 5.6 SN
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 ) 85
Time, min
[ XIC of +MRM (12 pairs): 445.3/410.3 amu from Sample 16 (15) of 110613.wiff (Turbo Spray) Max. 1060.0 cps.|
8.31
10004 7.66 8.96.
E 028 OBO072 106 4 gy  oo61068 284 10 ﬁWWMﬁ;W
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182
1000 0.40 085 ¢ 75 1.23 650,652 73 -15 g8.25 .
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Fig. 2: Total product ion and extracted ion chromabgrams of a blank hive sample

Linearity

Calibration curves were generated by plotting th&trumental response (peak area) of each analyssséts
concentration. In plotting the calibration curvligjear” regression and “1/x” weighting were used by the Ifsta
software. The method was demonstrated to have tjpearity for TCs in the interval of 1.0 to 50048 L™ with

correlation coefficients §>0.99. The linear regression equations are gineFable 2.

Decision limit and detection capability
To calculate C@ and C@, a set of samples fortified with TC standard soha to yield concentrations equivalent
to 1, 1.5 and 2 times the minimum required perforceaimits were used. The LOQs were selected asthignum
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required performance limits because of the absehd4RLs in the beehives. Calibration curves weraegated by
plotting the peak area against each spiked coratéanir The C@ equals the corresponding concentration at the
intercept plus 2.33 times the standard deviatiothefintra-laboratory reproducibility of the intept. The C@®
equals the corresponding concentration atonQfus 1.64 times the standard deviation of theaidboratory
reproducibility of the mean measured content atdiasion limit [20]. The values of @Cand C@ for each TC,
summarized in Table 4, were low and sufficientdetection and quantification.

[ XIC of +MRM (12 pairs): 479.2/154.2 amu from Sample 13 (ck+50pph) of 110413.wiff (Turbo Spray), Thresholded Max. 7.5e4 cps.|
4.3e5 J
0.06 T T ~ T T T T T T T T T T T T
05 10 25 30 35 40 45 5.0 55 6.0 6.5 7.0 75 8.0 85
Time, min
| I XIC of +MRM (12 pairs): 479.2/154.2 amu from Sample 13 (ck+50ppb) of 110413.wiff (Turbo Spray) Max. 7.5e4 cps.|

7.5e4
0.0 T T T T T
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[ XIC of +MRM (12 pairs): 461.2/426.2 amu from Sample 13 (ck+50ppb) of 110413.wiff (Turbo Spray) Max. 2.6e5 cps.|
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1

35e5’| /‘L
00 ; ; ; ‘

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time, min
[ XIC of +MRM (12 pairs): 445.2/428.3 amu from Sample 13 (ck+50ppb) of 110413.wiff (Turbo Spray) Max. 4.3e5 cps.|
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Fig. 3: Total product ion and extracted ion chromabgrams of a spiked beehive sample at 1@ kg*

Table 4.Method decision limit and detection capability

Analyte CCa (ug kg?) COB (ug kg*)
CTC 0.25 0.32
oTC 0.041 0.064

TC 0.060 0.11
DC 0.31 0.43

Application

Tﬁz developed method was applied to determine tdmeentration of TCs in beehive samples collectennfr
different apiaries in Beijing suburbs. CTC and D€rgnot detected in the 15 samples, but detectabidues of
OTC and TC were found in 7 samples. OTC and TC Wwetk found in 2 samples, and only OTC was founthé
remaining 5 samples. TC at concentrations of L§&g" and 0.27ug kg and OTC at concentrations of 0.3§
kg'and 2.06ug kg" were respectively detected in two samples. OTébatentrations of 0.66, 0.92, 1.95, 3.26 and
52.2ug kg' were found in the 5 remaining samples. These curations were lower than the MRLs (100 or 300
ug kg?) in honey set by many regulations [23-24], butieigthan the MRL (5Qig kg?) of TC residues in honey set
by China [21].
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CONCLUSION

In this study, a method was developed and valididethe simultaneous identification and quantifica of CTC,
OTC, TC, and DC in beehives. Good linearities far four TCs were obtained in the concentration eanfgl.O to
500.0ug L™ with correlation coefficients {>0.99. The LOQs were fig kg* for CTC and DC and 0.@g kg* for
OTC and TC. The C&€ and C@ values also were determined according to CommmisBiecision 2002/657/EC.
The mean recoveries and RSD fulfilled the requinenué SANCO/10684/2009. Other validation parametds®
met the European Union method performance crit@tia. application of the developed method for deteimg TC
concentrations in real beehive samples showed |tlwagr concentrations of OTC and TC were found imeo
samples.
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