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Residue Depletion of Tilmicosin in Chicken Tissues
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A high-performance liquid chromatography (HPLC) method with detection at 290 nhm was modified
and validated for the determination of tilmicosin residues in broiler chicken tissues. The limits of
detection (LOD) of the method were 0.01 ug/g for muscle and 0.025 ug/g for liver and kidney. Average
recoveries ranged from 80.4 to 88.3%. Relative standard deviation values ranged from 5.2 to 12.1%.
Residue depletion of tilmicosin in broiler chickens was examined after dosing over a 5-day period by
incorporation of the drug into drinking water at 37.5 and 75.0 mg/L. Tilmicosin concentrations in liver
and kidney were highest on day 3 of medication and on day 5 in muscle, in both low- and high-dose
groups. The residue levels in both groups were significantly higher in liver than in kidney or muscle.
A minimum withdrawal time of 9 days was indicated for residue levels in muscle, liver, and kidney
tissues below the maximum residue level (MRL).
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INTRODUCTION

Tilmicosin is a semisynthetic macrolide antibiotic with a wide
range of veterinary uses for the treatment of bacterial and
mycoplasma infections. Tilmicosin is composed a$- and
transpyrimidinyl isomers in a ratio of about 85:15. The structure
of tilmicosin is shown inFigure 1. Tilmicosin has a spectrum
of antimicrobial activity that includeRasteurellaspp.,Myco-
plasmaspp., and a variety of Gram-positive organisns. (
Tilmicosin has a stronger antimicrobial activity than tylosin
againstPasteurella haemolyticusasteurella multocida, and  Figure 1. Molecular structure of tilmicosin.
Mycoplasmg2—4). Tilmicosin has been approved in China to
treatPasteurelladiseases in swine and bovine avgicoplasma MATERIALS AND METHODS

infections in chickens.
. . . . . Solvents and ReagentsThe solvents used were of LC grade,
Adr_’nlnlstgrlng veterlnqry drugs to anlmgls ‘_N'thOUI_ an aF_" available from commercial sources. Water for HPLC analysis was
propriate withdrawal period may lead to violative residues in wjlii-Q filtered. Tetrahydrofuran, methanol, and acetonitrile were from
tissues. Tilmicosin residues in animal tissues have been Sigma Chemical Co. (St. Louis, MO). Dibutylamine, ammonium
determined by liquid chromatographic (LC) methods-9), acetate, and phosphoric acid (85%) were purchased from Beijing
liguid chromatography—mass spectrometry (LC-M8), and Chemical Reagent Co. (Beijing, China). Dibutylammonium phosphate
liquid chromatographyatmospheric pressure chemical ioniza- (DBAP) solution was prepared by the addition of 168 mL of
tion mass spectrometry (LC-APCIM31). dibutylamine to 700 mL of phosphoric ac_ld. The solutlc_m was allowed
. . . .. . tocool and was adjusted to pH 2.5 using phosphoric acid, and the
We des_cnbe.a mod!fled LC method for determlnmg t||m|093|n volume was made up to 1 L with water. Monobasic potassium
reSIdueS n Ch|Cken tissues SUCh as mUSC|e, ||Ver, and k|dney.phosphate buffer was prepared by dissohling 13.61 g of monobasic
The method was applied in a residue depletion study of potassium phosphate in 800 mL of water, adjusting to pH 2.5 with
tilmicosin in broiler chickens. phosphoric acid, and making up the volume to 1 L with water. A 0.1
mol/L ammonium acetate/methanol/acetonitrile solution was prepared
by dissolving 7.71 g of ammonium acetate in 200 mL of methanol and
* Author to whom correspondence should be addressed (telephone 8610-

6289-2803; fax 8610-6289-1032; e-mail siz@cau.edu.cn). 790 mL of acetonitrile and making up the volume to 1 L with
t Beijing Veterinary Diagnostic Institute. acetonitrile. The tilmicosin solution (25%) was produced by Jining
* China Agriculture University. Medicine Corp. (Shandong, China). Tilmicosin reference standard was
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a gift from Lilly Co. Stock solution of 2 mg/mL was prepared by
dissolving 200 mg of tilmicosin standard in 100 mL of acetonitrile.
The working standard solution ofidg/mL was prepared in acetonitrile.

Apparatus. LC equipment included a Waters 2695 separations

J. Agric. Food Chem., Vol. 52, No. 9, 2004 2603

RESULTS AND DISCUSSION

Analytical Performance. A key point of drug residue
analysis is the sample extraction and cleanup step required to

module and a Waters 2996 photodiode array detector with an autosam-SeParate the compound of interest from biological matrix
pler. The chromatographic column was a reversed-phase columncomponents. This HPLC method is a modification in sample

(Extend-Gg, Zorbax column, 4.6 mm i.dx 250 mm, 5um, Agilent
Co.). Solid-phase extraction (SPE) cartridges (Bond Elgt%D0 mg/6
mL) were used to cleann up tissue samples.

Animal Treatment. To obtain the data about the residue of

treatment of a previously reported methds.(In the sample
extraction and cleanup procedure, Carolyn et @).gxtracted
samples twice with methanol and monobasic potassium phos-
phate buffer, and Wayne et al. (5) extracted twice with

tilmicosin depletion in broiler chickens, a residue depletion study was acetonitrile and monobasic potassium phosphate buffer. We
conducted. One hundred and forty broiler chickens, aged 3 weeks andfound that extraction with methanol may result in matrix
weighing 400—500 g, were used in this study. _During acclimatization interferences, whereas extraction efficiency was increased by
for 3 weeks, and the subsequent treatment periods, they were fed drugy, e 4qgjtion of potassium phosphate buffer. In our method, we
free balanced rations ad libitum with free access to water. The animals extracted first with acetonitrile followed by potassium phosphate

were randomly divided into two groups of 70 animals each and uti d obtained hiah tilmicosi ) ith tri
administered tilmicosin in drinking water at concentrations of 37.5 or solution and obtained high timicosin recoveries with no matrix

75.0 mg/L for 5 days. Six chickens of each group, three males and interferences. o '
three females, were slaughtered on days 3 and 5 after dosing and 0.25, Use of the SPE columns eliminated the need for chlorinated

0.5, 1, 2, 3, 5, 9, and 14 days into withdrawal, respectively. Samples solvents in sample cleanup, and with our choice of eluting

of muscle, liver, and kidney were collected from each animal and stored solvent no interfering substances were detected.

at—20°C until they were processed. Typical LC chromatograms for tilmicosin standards and
Fortification. To test the stability of the HPLC system and the extracts of control and fortified tissues are presentegiguire

the recoveries were carried out on muscle, liver, and kidney at 0.05, _ 0.05—25.Qug/mL) was 0.9999. The limits of detection were

0.5 and 5.Qug/g fortification levels. To obtain the within-day and day- 0.01ug/g for tiimicosin in muscle and 0.02&g/g in liver and

to-day precisions, five replicates of fortified samples were extracted k'.d t asi It . tio of 3:1 R . f tilmicosi

and analyzed at each of the three fortification levels under reproduc- Idney at a signal to noise ralio of 5.1. Recoveries ol timicosin

are shown inTable 1. The within-day recoveries of tilmicosin

ibility conditions. on o i 1
Sample Preparation. Chicken tissues (muscle, liver, and kidney) were 85.1-88.3% in muscle, 82.6—86.4% in liver, and 80.4—

were minced and homogenized in a homogenizer for 2 min. Five grams 84-5% in kidney. The within-day coefficients of variation (CVs)

of homogenate was accurately weighed into a polypropylene centrifuge fanged _from 5.2 to 11.8% for all samples._ The between-day
tube. Ten milliliters of acetonitrile was added and shaken for 20 min. recoveries for all samples were 86.27.5%, with CVs of 7.6-

Centrifugation was performed for 10 min at 3500 rpm. The supernatant 12.1%. The results indicate that the proposed method is suitable

was remove_d into a 1_00-mL polypropylene centrifuge tube, and 5_mL for monitoring residues of tilmicosin in animal tissues.

of monobasic potassium phosphate buffer and 8.0 mL of acetonitrile  Resjdue Depletion StudyDuring and after treatment, residue

were added to the tissue pellet. The mixture was shaken for 20 min levels were highest in liver and lowest in musckigure 3)

and centrifuged as before. Supernatants were combined, and 40.0 mly wio o ggests that liver should be the target tissue for tilmicosin

of water was added. The mixture solution was centrifuged at 3500 rpm id in broil hick Th diff betw

for 10 min. The supernatant was subjected to SPE cleanup. resi .ue.s |n. rorer ¢ .'C ens. Ffre were nq ierences between
the tilmicosin levels in muscle, liver, and kidney of each group

The SPE cartridge placed into the vacuum manifold system was
conditioned with 10 mL of methanol followed by 10 mL of water prior on days 3 and 5K > 0.05). Those results further revealed

to addition of the extracted supernatant. After the extract was drained filmicosin was absorbed and distributed rapidly in the animal’s
through the cartridge by applying vacuum, the cartridge was washed Pody. The depletion curve shown iRigure 3 indicated
with 10.0 mL of water and 10.0 mL of acetonitrile. The SPE cartridge tilmicosin residue was eliminated from muscle very quickly,
was dried for at least 3min. Tilmicosin was eluted from the cartridge but from liver very slowly.
with 2.5 mL of the 0.1 mol/L ammonium acetate/methanol/acetonitrile  Tilmicosin pharmacokinetics had been reported in cattbe(
s_olutlon. The coIIected_eIuate was evaporated to drynt_ass ur_lder a14), goats 15), sheep 13, 16), and pigs 17—18). The major
nitrogen stream at 3C in a water bath and then reconstituted in 1 ynarmacokinetic characteristics for tilmicosin are rapid absorp-
mL of mobile phase. The processed sample solution was filtered with i\ agter oral or subcutaneous injection, long elimination half-
a 0.2-um syringe filter and injected into the HPLC system. . . . . . .
. ) . time in serum, rapid and extensive penetration from blood into
_LC Analysis. The analysis of standards, fortified samples, and iy high concentration in milk and lung, and slow elimination
incurred samples was performed at room temperature. The mobile phasef ilk for at least 1 dav. In addition. th t distributi
was prepared by adding 135 mL of acetonitrile, 55 mL of tetrahydro- rom milk for atleas ay. In addition, the apparent distribution
furan, and 25 mL of 1 M DBAP to 700 mL of water and diluting with ~ VOlume is very largeX2.0 L/kg). Tilmicosin is available for
water to the volume scale of 1000 mL; the flow rate was 1.0 mL/min, the treatment of bacterial diseases afytoplasmanfections
the injection volume was 100L, and the wavelength was 290 nm.  in chickens 19—21) by medicating the animals’ drinking water
Calculations. The concentration of tiimicosin in tissue sample can fOr several days. The only reported stu@) that determined
be calculated with the equation lung tissue and airsac concentrations of tilmicosin during
administration over 3 days in drinking water indicated that
tilmicosin was detected in lung and airsac tissues with of
its being offered in drinking water, and after 24 h, the
concentration in the airsac exceeded that in the lung. After the
drug had been administered at a level of 75.0 mg/L in drinking
water for three consecutive days, the concentrations in lung and
the slope of the standard curwd, is the weight of tissue sampl¥,is airsac (1.53 and 2.38g/g) were higher than that in muscle
the final volume of sample extract, aifdis the dilution factor. (1.44u9/g) and significantly lower than those in liver and kidney
Statistical Analysis. Student’st test was used to test parameters (15.75 and 6.3Lg/g) in our study P < 0.05). After 2 days of
for significant difference between the two dose groups after dosing. withdrawal, the concentration in lung (0.8ig/g) was higher

concn (ug/gy= %

where S is the combined area of thas- andtrans-tiimicosin peaks
from the chromatogran® is the intercept of the standard curtejs
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Figure 2. Chromatograms of tilmicosin standard (1.0 xg/mL); control chicken muscle, liver, and kidney; and fortified chicken muscle, liver, and kidney
(1.0 uglg). Peaks: A, trans-tilmicosin; B, cis-tilmicosin.

Table 1. Recoveries and Precisions of Tilmicosin in Fortified Tissue
Samples (n = 5)

added within-day day-to-day 10
sample  («glg) avrecovery (%) CV2(%) avrecovery (%) CV (%) %
=
muscle  0.05 88.3 11.8 87.2 12.1 g
05 86.2 77 84.6 9.6 § 1
5.0 85.1 8.3 87.5 8.8 g
liver 0.05 86.4 9.8 83.1 8.0 §
0.5 82.6 5.9 814 105 ° o1
5.0 84.7 7.6 82.6 76
kidney 0.05 80.4 105 80.2 9.7
05 84.5 5.2 83.6 112 0.01
5.0 84.2 7.4 83.8 9.9 :
3d 5d 6h 12h  24h 48h 72h 5d 9d 14d
3 CV, coefficient of variation. Time
. 100 B —&—muscle
than that in muscle (0.26g/g) (P > 0.05) but lower than those . liver
in liver (1.23 ug/g) (P > 0.05) and kidney (6.5%g/g) (P < l

0.05), and the concentration in airsac (2/8§g) was higher
than those in muscle and kidney ¢P0.05) but lower than that

in liver (P < 0.05). These results showed the airsac is another
target tissue for tilmicosin residues in broiler chickens besides
the liver. However, there was no other relative report about
tilmicosin pharmacokinetics and metabolism in poultry. Our
study indicated the distribution and elimination characteristics 0.1 r
of tilmicosin in the chicken’s body, which may provide a
scientific basis for administering tilmicosin in practice and
recommending a rational withdrawal period and safety assurance
for food consumption.

According to the veterinary drug residue regulations of the
ﬁmfnsfmhﬂg‘;%%?é\g?sng\ljlgul_r; ?)?Slrt:ii oi:ilr?npgfg;l ;r(l:lrc])ir;i(;ie Figure 3. Depletion curves of tilmicosin from tissues: (A) chickens dosed
muscle, liver, and kidney are 0.075, 1.0, and 02§g, at a concentration of 37.5 mg/L in drinking water; (B) chickens dosed at
respectively (2324). The recommended withdrawal time is 10 @ concentration of 75.0 mg/L in drinking water; (V) time at which tilmicosin
days. In this study, in the high-dose group, tilmicosin residue was removed from drinking water.

concentration(ug/g)

0.01 1 1 1 1 1 1 1 1 1
3d 5d o6h 12h 24h 48h 72h 54 9d 14d

Time




Residue Depletion of Tilmicosin in Chicken Tissue

in muscle decreased to the approved level after 2 days of
withdrawal, in liver after 9 days, and in kidney after 5 days.
These results were in accord with the regulated requirement
above.

LITERATURE CITED

(1) Ose, E. E. In vitro antibacterial properties EL-870, a new semi-
synthetic macrolide antibioticl. Antibiot.1987,40, 190—194.
Inamoto, T.; Kikuchik, 1. J. H. Antibacterial activity of tilmi-
cosion againsPasteurella multocidandActionobacillus pleu-
ronumoniaeisolated from pneumonic lesions in swink.Vet.
Med. Sci.1994,56, 917—921.

Blackall, P. J.; Asakawa, T.; Graydon, R. J. In vitro-antibacterial

properties of tilmicosion against Australian isolate®atteurella

multocidaandActinobacillus pleuropneumonid®m pigs.Aust.

Vet. J.1995,72, 135—136.

Stephens, C. P.; Blackall, P. J.; Wadem, L. K. In vitro-

antibacterial properties of tilmicosion against Australian isolates

of Pasteurella multocidandActinobacillus pleuropneumoniae

from cattle.Aust. Vet. J1993,70, 10391—-10392.

Wayne, C.; Geoff, C. G.; Craig, D. C. S. Determination of tylosin

and tilmicosin residues in animal tissues by reversed-phase liquid

chromatographyJ. AOAC Int.1994,77, 331—333.

Carolyn, M. S.; Jen, P. C.; David, T. E.; John, W. M.; James,

M. T.; Robin, S. A. Determination of tilmicosin residues in

chickens, cattle, swine, and sheep tissues by liquid chromatog-

raphy.J. AOAC Int.2000,83, 837—846.

Mal, R.; Ngoh, A. Determination of tilmicosin in bovine milk

by liquid chromatography with ultraviolet detectioh. AOAC

Int. 1996,79, 652—655.

(8) Johy, W. M.; James, M. T.; Mark, R. C. Determination of
tilmicosin in bovine and porcine sera by liquid chromatography.
J. AOAC Int.1997,80, 1183—1189.

(9) Richard, M. P.; Raj, K. P. P. Determination of tilmicosin in ovine
milk using high-performance liquid chromatograplly AOAC
Int. 1994,119, 2577—2579.

(10) Delepine, B.; Hurtaud, P. D.; Sanders, P. Multi-residue method
for confirmation of macrolide antibiotics in bovine muscle by
liquid chromatography/mass spectrometty AOAC Int.1996,

79, 2397—2401.

(11) Kiehl, D. E.; Kennington, A. S. Analysis of tilmicosin in swine
liver extracts by liquid chromatography/atmospheric pressure
chemical ionization mass spectrometRapid Commun. Mass
Spectrom1995,9, 1297—-1301.

(12) Ziv, G.; Shem, T. M.; Glickman, A.; Winkler, M.; Saran, A.
Tilmicosin antibacterial activity and pharmacokinetics in cows.
J. Vet. Pharmacol. Ther1995,18, 340—345.

@)

@3

~

(4)

®)

(6)

@)

J. Agric. Food Chem., Vol. 52, No. 9, 2004 2605

(13) Modric, S.; Webb, A. |.; Derendorf, H. Pharmacokinetics and
pharmacodynamics of tilmicosin in sheep and catileVet.
Pharmacol. Ther1998,21, 444—452.

(14) Thomson, T. D.; Lawrence, K. Micotil: pharmacokinetics of
tilmicosin, a semi-synthetic macrolide antibiotic in cattle. In
European Association for Veterinary Pharmacology and Toxi-
cology, Proceedings of the 6th International Congresdin-
burgh, U.K.: Blackwell Scientific Publications: Oxford, U.K.,
1994; pp 31, 55.

(15) Ramadan, A. Pharmacokinetics of tilmicosin in serum and milk
of goats.Res. Vet. Scil997,62, 48-50.

(16) Atef, M.; Abo el-Sooud, K.; Nahed, E.; Tawfik, M. Elimination
of tilmicosin in lactating ewesDtsch. Tierarztl. Wochenschr.
1999,106, 291—-294.

(17) Moredo, F.; Diez, M.; Perfumo, C.; Landoni, M. F. Pharmaco-
kinetics and cardiotoxicity of tilmicosin after intravenous
administration in pigs]. Caribbean Vet. Med. Ass@001, 18—

23.

(18) Thompson, T. D.; Darby, J. M.; Moran, J. W.; Tonkinson, L.
V.; Blais, J.; Chamberlain, S. Tilmicosin pharmacokinetics in
healthy swine. InEuropean Association for Veterinary Phar-
macology and Therapeutics, Proceedings of the 6th International
Congress, Edinburgh, U.K.; Blackwell Scientific Publications:
Oxford, U.K., 1994; pp 52—53.

(19) Kempf, I.; Reeve, J. L.; Gesbert, F.; Guittet, M. Efficacy of
tilmicosin in the control of experimentdlycoplasma gallisep-
ticum infection in chickensAvian Dis. 1997,41, 802—807.

(20) Charleston, B.; Gate, J. J.; Aitken, I. A.; Reeve, J. L. Assessment
of the efficacy of tilmicosin as a treatment fddlycoplasma
gallisepticuminfections in chickensAvian Pathol.1998, 27,
190—195.

(21) Reeve, J. L.; Kempf, I.; Gesbert, F.; Guittet, M. Efficacy of
tilmicosin in the control of experimentdllycoplasma gallisep-
ticuminfection in chickensJ. Vet. Pharmacol. Thed997,20,
148—149.

(22) Warren, M. J.; Peters, A. R.; Brett, T. R.; Stoker, J. Lung and
airsac concentrations of tilmicosin following oral administration
of chickens.J. Vet. Pharmacol. The1997,20, 195—196.

(23) Agricultural Department of P. R. China, 235th bulletin, 2002.

(24) European Agency for the Evaluation of Medicinal Products.
Veterinary Medicines Evaluation Unit: Tilmicosin, Summary
Report [DB/OL]; 1996.

Received for review December 26, 2003. Revised manuscript received
February 23, 2004. Accepted February 24, 2004. This research is
provided by NSFC (30325032).

JF035515Z2



