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A simple liquid chromatographic (LC) method was developed for the determination of tetracyclines (oxy-
tetracycline, tetracycline and chlortetracycline) in animal tissues. Isolation of tetracyclines from biological
matrices was performed with oxalic buffer followed by dechelation and deproteinization with oxalic acid —
acetonitrile solution. For clean-up solid phase extraction with a SDBI (styrene-divinylbenzene) cartridge
was used. LC analysis was performed on a polymeric analytical column (PLRP-Su, 150x 4.6 mm) and
using an oxalic acid mobile phase (0.01 M oxalic acid — acetonitrile 75:25, v/v). The whole procedure was
validated for intra- and inter-assay reproducibility determination by assaying muscle, liver and kidney
samples supplemented with tetracyclines at the level of 50, 100 and 200 ng/g, respectively. The statistical
evaluation demonstrates high absolute recovery> 80%) and low coefficient of variation (< 10%) for all
analysed samples. The detection limits for tetracyclines were 10-15 ng/g in muscle, and 20-25 ng/g in liver
and kidney samples, depending on the analyteC) 1998 John Wiley & Sons, Ltd.

Ikai et al., 1987; Bjorklund, 1988; Rogstaet al., 1988;

INTRODUCTION Reimer and Young, 1990; Wals#t al., 1992; Whiteet
al., 1993; Horii, 1994; Morettet al., 1994).
Like other antibiotics, tetracyclines have been used The purpose of this study was to develop a practical,
extensively to cure and prevent animal infections for accurate and precise method for rapid extraction and
many years. The most important members of the class arequantitation of tetracycline residues in food-producing
oxytetracycline (OTC), tetracycline (TC) and chlor- animal tissues. A simplified sample extraction and
tetracycline (CTC). Pharmacokinetic and metabolic data purification of sample extracts employing a styrene-
indicate that the tetracyclines are concentrated in the liverdivinylbenzene spe column was used for the simulta-
and are excreted primarily through the kidney. Residuesneous analysis of tetracycline residues by liquid chro-
may therefore occur in food products of animal origin. matography.
The target organ for analysis is kidney; however, residues
may also be determined in liver and muscles.

Liquid chromatography is most often employed for the
purposes of determining residues of tetracyclines in food EXPERIMENTAL
products. The tetracyclines have been analysed using
separation on reversed-phase derivatized silica or poly-Materials. Oxytetracycline, tetracycline and chlortetracycline
mer solid supports. The isolation of tetracyclines from were obtained from Sigma Chemical Co. (St Louis, MO, USA).
various tissues have followed the homogenization of Acetonitrile (J. T. Baker, Phillipsburg, NJ, USA) was HPLC
sample with extracting solvent. The tetracyclines are a grade. Water was freshly distilled, filtered through a 0.45 mm
class of antibiotics that form chelated complexes with membrane and degassed under vacuum. Oxalic acid and
metal ions and the method must consider the inclusion of sodium oxalate were from Merck (Darmstadt, Germany).
a competing chelating agent to enhance the extractionBakerbond SPE SDB1 3 mL column was from J. T. Baker.
efficiency. Additionally, another difficulty is associated
with the propensity of the tetracyclines to bind with the Preparation of tetracycline standard solutions. Stock
sample matrix proteins. Consideration must also be givensolutions of 1 mg/mL were prepared in methanol — water
to providing the appropriate conditions to minimize (1:1, v/v). The working solutions for LC were mixtures,
protein binding by using a denaturing solvent. Sample prepared by dilution of 1 mL of each stock-solution to serial 10-
clean-up is typically performed by solid-phase extraction fold dilutions in mobile phases of 100, 10 andid/mL. All
(spe) (Okaet al., 1984; Ashworth, 1985; Moats, 1986; solutions were stored in the dark Gt
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performedon PLRP-S5 um, 150 x 4.6 mm column (Polymer
Laboratory) with a mobile phase: 0.01m oxalic acid —
acetonitrile (75:25, v/v). Separationswvere performedusing
anisocraticmodeat the flow rate of 0.9mL/min. Aliquots of
20uL were injected onto the column. LC control, data
acquisition and peak integration were performed using
Hewlett-PackardHPLC ChemStatiorSoftware(DOS series).

Sample preparation. To 59 of groundmuscletissuesample
and?2 g of mincedliver or kidney,1 mL of 1 M oxalic acidand
5 mL of acetonitrilewereadded The samplesverestirredwith

aglassrod andthenhomogenizedvith 25 mL of oxalic buffer

(0.01m oxalic acid— 0.01m sodiumoxalate,50:50,v/v). After

homogenizatiorihe samplesvere centrifugedat 3500rpm for

10min (temperature4°C). The supernatanivas filtered and
diluted with 70mL of oxalic buffer.

Clean-up. The solid phaseextraction was performedon a
Baker-12G vacuum manifold with SDB1 column (styrene-
divinylbenzene Bakerbond,3 mL, 200mg). The columnwas
conditionedwith 3 mL of methanol3 mL of waterand3 mL of

oxalic buffer — acetonitrile (95:5, v/v). The whole diluted
extract was applied onto the spe SDB-1 column. After

application of analysedsolution, the cartridge was washed
with 10mL of oxalic buffer,10 mL of wateranddriedfor 3 min

under vacuum. Then, n-hexane(5mL) was addedand the
cartridgewasdried for 5 min. The elution wasperformedwith

3 mL of mobilephase0.01m oxalic acid— acetonitrile(75:25,
vlv), andthe extractwasconcentratedo slightly lessthenl mL

under nitrogen in 40°C. The residue was diluted with

acetonitrileto 1 mL for LC analyse.

Quantitation of tetracyclines. Samplesf bovineandporcine
muscles,liver and kidney were spiked with tetracyclinesat
level 50, 100 and 200ng/g, respectively.All spiked samples
were processedaccordingto the proceduredescribedabove.
The external standardmethod (single-point calibration) was
used for quantitation. The recovery of tetracyclines was
evaluatedby comparingthe concentrationgound in samples
spikedwith known amountsof the analytesto the concentra-
tionsin the standardsolution. The precisionof the assaywas
measuredisingthe samesamples.

RESULTS

Chromatography

Typical chromatogramsof extracts obtained from
standardsolution,blanktissuesandtetracyclines-fortified
bovine tissue samplesare shown in Figs 1-5. The
chromatographic peaks of tetracyclines were well
resolved, and the retention times for OTC, TC, and
CTC were 3.3, 3.9 and 6.8 min, respectively Figures2
and 3 show representativechromatogramsof process
blanks(liver andkidney). The chromatogramsf spiked
samples(Figs 4 and 5) indicate that no endogenous
compoundsexist at the retention times of the three
tetracyclines.The sameresultswere found for porcine
samples,the tetracycline peaks were separatedfrom
endogenougpeaks.

© 1998JohnWiley & Sons,Ltd.
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Figure 1. Separation of a standard mixture of tetracyclines
(peaks: 1, oxytetracycline; 2, tetracycline; 3, chlortetracy-
cline).
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Figure 2. Separation of tissue extract from control bovine
liver.
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Figure 3. Separation of tissue extract from control bovine
kidney.
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Figure 4. Separation of tissue extract from bovine liver spiked
with tetracyclines (peaks: 1, oxytetracycline; 2, tetracycline; 3,
chlortetracycline).
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VWD1 A, Wavelength=350 nm, TT of TETRA\TO000068.D

Figure 5. Separation of tissue extract from bovine kidney
spiked with tetracyclines (peaks: 1, oxytetracycline; 2, tetra-
cycline; 3, chlortetracycline).

Validation

Linearity of response.The calibration curvesfor the tetra-
cycline standardsindextractedsamplesvereconstructedThe
ratio of peakareato analyteconcentrationwas plotted using
data derived from duplicate sampleinjections. The linearity
wasobservedor tetracyclinespiking tissuesin the range20—
1000ng/g. Correlationcoefficients(r = 0.9993)were obtained
for all calibrationcurvesby usingstandardsolutions.Standard
curvesfor tetracycline-spikedissueshad correlation coeffi-
cientsrangingfrom 0.9982to 0.9991.

Limits of detection and quantitation. Detectionlimits were
estimatedastheamountof analyteproducingaresponseatfive
timesthenoiselevel. Thedetectiorlimits in bovineandporcine
muscleswere 10ng/gfor OTC andTC, and 15ng/gfor CTC.
The detectionlimits in liver andkidneywere20ng/gfor OTC

and TC, and 25ng/g for CTC. The practical limit of quan-
titation was estimatedas the concentratiorequalto twice the
detectionlimit of the method.

Interference. For muscle, liver and kidney tissue assayno
interferencewas observedwith veterinary drugs including
fluoroquinolonespitrofuranes,sulfonanidesand chloramphe-
nicol.

Recoveryand Precision

The recoveriesof tetracyclineswere investigated from
porcine and bovine muscle, liver and kidney spiked at the
levels of 50, 100 and 200ng/g. AverageOTC, TC andCTC
recoveries(+ SD) for tetracyclines-fortifiedtissue samples,
weregenerallyabove80% (Tablesl and2).

Inter- and intra-assayreproducibility was determinedby
simultaneously assaying replicates of muscle and tissue
samplesspikedwith tetracyclinesIntra-assayprecisionof the
methodwas determinedby replicateanalysegn = 6) of blank
tissuesamplesfortified with tetracyclines.n addition, tissue
sampledortified with tetracyclinesat the sameconcentrations
wereanalysedon four consecutivadaysto determinethe day-
to-dayvariation(inter-assayrecision)of the method.Tablesl
and 2, respectively,show the intra-assayprecision for LC
determinationof OTC, TC and CTC in bovine and porcine
tissues.Averageintra-assayvariabilities (below 10%) for all
typesof samplesandanalyteswere calculated.

Resultsof the experimentsonductedo determinethe day-
to-day(interassayyariationof the methodareshownin Tables
3and4. Averageinter-assayariabilitieswerecalculatedatless
than10%.

Table 1. Recovery of tetracyclines from bovine tissue
sample and intra-assay and accuracy of the
method (n = 6)

Drug added Mean + SD Recovery Ccv
Tissue Drug (ng/g) (ng/g) (%) (%)
Muscle oTC 50 43.3+2.3 86 5.76
100 84.2 1+ 3.6 84 4.74
200 163.8+7.8 82 4.76
Liver 50 428+ 2.6 84 6.25
100 85.4+4.5 85 5.31
200 167.7 £ 8.4 84 5.04
Kidney 50 41.8+23 84 5.50
100 83.8+ 3.9 83 4.69
200 168.8 + 6.7 84 4.00
Muscle TC 50 42.2+1.8 84 4.26
100 81.1+ 3.1 81 3.78
200 164.7 £ 5.8 82 3.52
Liver 50 40.2+1.9 80 476
100 84.3 + 3.1 84 3.67
200 162.8 £ 5.7 81 3.51
Kidney 50 41.2+24 82 5.86
100 83.9+ 3.1 84 3.72
200 164.6 £ 6.9 82 4.12
Muscle  CTC 50 40.8+ 1.8 81 453
100 83.41+2.8 83 3.35
200 162.8 £ 5.1 81 3.16
Liver 50 408+ 2.4 80 5.91
100 81.6 +2.9 82 3.64
200 160.7 £5.5 80 3.45
Kidney 50 41.3+1.8 81 4.43
100 83.2 1+ 3.2 83 3.92

200 163.1 £ 6.3 82 3.86

Table 2. Recovery of tetracyclines from porcine tissue
sample and intra-assay and accuracy of the
method (n = 6)

Drug added Mean + SD Recovery Ccv
Tissue Drug (ng/g) (ng/g) (%) (%)
Muscle  OTC 50 41.1+23 82 5.67
100 82.7+4.3 82 5.17
200 1689 +7.4 84 4.37
Liver 50 426 +23 84 5.45
100 80.1+45 80 5.63
200 164.7 £ 6.8 82 4.18
Kidney 50 422+20 84 4.80
100 83.6 £ 3.7 83 4.41
200 168.9 + 6.7 84 3.98
Muscle TC 50 42.2+1.8 84 4.39
100 83.44+2.7 83 3.45
200 163.4 £ 6.0 82 3.69
Liver 50 41.7+2.0 83 4.69
100 80.2 + 3.2 80 4.03
200 163.7 £ 5.9 82 3.63
Kidney 50 41.8+19 82 4.58
100 82.6 +3.0 83 3.62
200 169.4 £5.1 85 3.01
Muscle CTC 50 40.8+2.8 81 6.88
100 83.6 4.9 84 5.87
200 166.4 + 6.4 83 3.84
Liver 50 41.8+28 82 5.93
100 81.9 +4.1 81 5.06
200 163.2+7.4 81 4.59
Kidney 50 40.6 +2.3 81 5.63
100 83.0+2.8 83 3.34

200 160.7 £ 5.8 81 3.58
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Table 3. Estimation of the interassayfor tetracyclines determination in bovine tissues

Tetracyclines found (ng/g tissue)

Drug Added Drug found Ccv
Tissue Drug (ng/g) Day 1 Day 2 Day 3 Day 4 (Mean + SD) (%)
Muscle oTC 50 43.8 40.8 39.8 46.2 42.2 +2.44 5.92
100 85.3 79.9 87.7 88.2 85.21+4.18 4.90
200 171.2 159.7 163.2 162.4 164.1 £ 7.58 4.62
Liver 50 47.7 42.2 41.7 43.1 43.5 + 2.56 5.90
100 87.4 87.7 82.2 81.4 83.2 £ 3.31 3.98
200 161.2 159.3 165.4 170.2 164.1 +7.49 4.57
Kidney 50 411 39.4 41.7 45.3 41.8+1.89 4.54
100 80.8 79.4 82.3 89.4 82.9 + 3.68 4.45
200 159.3 173.1 159.8 168.2 164.7 £ 6.27 3.81
Muscle TC 50 44.6 41.3 42.3 39.6 41.95 + 1.87 4.48
100 84.4 83.6 81.7 80.3 82.5+3.26 3.96
200 164.0 159.3 160.4 161.8 168.8 +5.94 3.52
Liver 50 43.6 40.2 39.3 37.2 40.7 £ 2.40 5.91
100 85.2 81.6 80.3 78.6 81.4 +2.45 3.01
200 159.6 162.2 164.0 155.7 160.4 +6.34 3.95
Kidney 50 42.0 39.2 42.2 44.6 44.0 +2.04 4.65
100 79.8 77.8 82.3 83.6 80.8 +2.48 3.80
200 161.7 160.3 164.2 157.4 161.6 +5.68 3.52
Muscle CTC 50 39.7 39.9 38.3 43.8 40.4 +2.09 5.18
100 84.4 83.3 80.3 77.3 81.3+2.79 3.44
200 161.3 159.3 153.7 163.3 159.4 £5.35 3.36
Liver 50 40.2 45.6 44.2 37.3 41.8+2.10 5.03
100 83.7 80.3 79.6 80.3 82.4 4+ 3.40 4.13
200 161.2 159.6 161.2 167.8 162.4 + 6.41 3.95
Kidney 50 41.2 37.2 39.7 45.2 40.8 +1.74 4.28
100 85.4 80.6 80.5 79.4 81.4+3.14 3.86
200 161.2 165.3 159.2 160.9 161.6 + 5.49 3.40

Table 4. Estimation of the interassayfor tetracyclines determination in porcine tissues

Tetracycline found (ng/g tissue)

Drug Added Drug found Cv/
Tissue Drug (ng/g) Day 1 Day 2 Day 3 Day 4 Mean + SD (%)
Muscle oTC 50 43.3 45.8 39.7 41.3 42.5+2.33 5.49
100 85.2 84.7 89.2 83.6 84.4 + 3.80 4.57
200 171.4 161.2 163.8 163.6 164.9 +7.09 4.30
Liver 50 39.4 47.4 45.7 43.1 53.9+3.23 6.01
100 85.2 84.6 85.0 79.2 83.5+4.19 5.02
200 161.2 167.8 165.2 163.8 164.5+7.33 4.46
Kidney 50 49.8 45.6 42.8 40.7 45.2 + 3.07 6.81
100 89.6 85.4 81.6 83.8 85.1+3.78 4.45
200 167.3 163.6 164.4 169.6 166.0 +7.33 4.42
Muscle TC 50 38.2 42.6 43.0 45.2 422 +1.75 4.15
100 83.6 79.3 77.8 84.9 81.4 +2.96 3.64
200 162.8 169.0 159.9 155.6 163.3 £ 5.21 3.26
Liver 50 42.3 43.0 37.7 39.2 415+ 2.27 5.49
100 83.8 79.8 84.0 85.6 82.4 +3.37 4.94
200 166.0 154.8 157.9 161.3 162.2 +7.60 4.69
Kidney 50 35.8 43.6 42.3 40.6 41.2 +£2.23 5.42
100 87.9 83.6 84.3 81.3 83.7 +3.86 4.62
200 162.2 167.2 158.4 160.3 162.3 + 6.58 4.06
Muscle CTC 50 41.8 45.3 39.6 38.2 41.22 +2.74 6.66
100 84.6 81.7 80.2 77.3 80.95 + 4.28 5.29
200 163.8 159.2 154.6 164.4 160.5 +7.14 4.47
Liver 50 42.0 37.2 36.7 44.6 40.42 + 3.42 8.47
100 85.5 80.3 81.8 82.3 82.45 +2.69 3.27
200 169.0 159.7 157.3 162.0 162.0 £ 6.01 3.71
Kidney 50 41.3 43.8 41.0 39.5 41.4 +2.36 5.71
100 82.4 81.7 77.3 82.6 81.25 +3.20 3.95
200 162.3 159.2 156.8 163.7 160.0 + 5.88 3.68
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Sample, muscle 5 g
liver and kidney 2 ¢

oxalic acid 1 M, 1 mL-
acetonitrile, 5 mi

oxalic buffer 0.01 M, 25 mL
homogenization, centrifugation

separation of supernatant
filtration and dilution with 70 mlof oxalic buffer

l spe SDBI column J

preconditioning of cartridge:
1. 3 mLof methanol
2. 3 mLof water
3. 3 mlof oxalic buffer

|

l load cartridge with diluted supernatant I
|
wash cartridge:
1. 10 mLof oxalic buffer
2. 10 ml.of water
3. 5 mLof n-hexane

elution:
3 ml of acetonitrile: oxalic acid 0.01M (25:75, v/v)

evaporation at 40°C
dilution with acetonitrile to 1 mL

LC analyze:
1. analytical columnn PLRP-S 5um, 150 x 4.6 mm
2. mobile phase: acetonitrile: oxalic acid 0.01 M (25:75, v/v)
3. UV detector: A = 360I nm
Confirmatory LC analyze:
1. analytical column PLRP-S 5 pm, 150 x 4.6 mm
2. mobile phase: acetonitrile: oxalic acid 0.01 M (25:75, v/v)
3. DAD detector: 360 nm (20 nm bandwidth)
reference spectrum of 450 nm

Figure 6. Flow diagram of the analytical procedure.

DISCUSSION

A critical aspectof drug residueanalysisis the sample
extraction step, which requires the isolation of the
residuesfrom a biological matrix. Traditionally, the
isolation of tetracycline residuesfrom tissue requires
homogenizationof the sample and liquid extraction
solvents.The difficulty in isolating tetracyclinesfrom
tissue is associatedwith the propensity of those
compoundsto bind with sample protein and to form
chelatecomplexeswith metalions. Usually, EDTA has
beenusedin tetracyclineisolationsto facilitate their
decomplexationfrom biological matrices (Oka et al.,
1984; Ashworth,1985; Ikai et al., 1987; Rogstadet al.,

1988; Reimer and Young, 1990; Walsh et al., 1992;
Moretti etal., 1994;Horii, 1994).

In our method (Fig. 6) tetracyclineswere extracted
from tissuesafter dechelationand deproteinizatiorwith
an oxalic acid—acetonitrilemixture. We decided that
oxalic acid andacetonitrilecould be usefulin removing
most proteinsandin dechelatingthe tetracycline—metal
complex.Theintroductionof anadditionalhomogeniza-
tion stepwith an oxalic buffer led to a higherandmore
reproduciblerecovery.Theuseof oxalic acidto facilitate
decomplexationand extraction before spe clean-up
representshe first known useof this compoundfor this
purpose.

Severaltypes of C,5 reversed-phaseartridgesfrom
supplies were investigated for use in the clean-up
proceduresThey gave variable recoveries(Oka et al.,
1984; Moats, 1986; Ikai et al., 1987; Bjorklund, 1988;
Rogstacetal., 1988;ReimerandYoung,1990;Walshet
al., 1992; Moretti et al., 1994;Horii, 1994;).We found,
however, that using a SDB1 (styrene-divinylbenzene
catridgeresultedin a higher recoveryof tetracyclines.
Using this cartridgewe omitted interactionwith tetra-
cycline-silanol groups. Additionally, we found that
tetracyclinesmay be applied onto the SDB1 cartridge
with solution containinga small volume of acetonitrile
(<7.5%).

Using the polymeric analytical column we avoided
problemsof theinteractionof thetetracyclineswith silica
support.The bestresultswere obtainedusinga pH 2.0
with oxalate buffer. LC mobile phase(0.01m oxalic
acid—acetonitrile75:25,v/v) provedto besuitablefor the
separatiorof OTC, TC andCTConPLRP-Scolumn.The
oxalic acidappeardo effectively strip or maskany metal
ions that may affect tetracycline analyses.This was
evidencedby OTC, TC and CTC peakswhich were
consistentlysymmetricaland well resolvedfrom each
other. Furthermore at /. = 360nm no interferencewere
observed with endogenoussubstancesof the blank
tissues.Hence the wavelengthof 360nm was chosen
for quantitationof the tetracyclinesThis finding, in our
opinion, makes the method potentially useful for
simultaneousidentification and quantificationof tetra-
cyclinein edibletissues.

In conclusiontheresultsof thepresenstudyshowthat
the proposedLC methodis an efficient and reliable
meansof quantitatingOTC, TC and CTC residuein
animal edible tissues.Although it involves a multistep
extractionschemepneanalystfamiliar with the method
caneasilyprocessightsamplesn about3 h. Therefore,
themethodshouldbeusefulfor routineidentificationand
confirmation of residues presumptively identified as
tetracyclinedby othertests.
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