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bstract

The long-acting antibiotic tulathromycin is on the marked for treatment of pulmonary infection of cattle, swine and horses. To measure disposition
nd distribution of tulathromycin in foals, a high throughput method was developed for horse plasma (calibration range: 0.006–0.8 �g/mL) and
roncho-alveolar cells (calibration range: 0.1–4.0 �g/109 cells) using tandem mass spectrometry. Tulathromycin was extracted from plasma and
roncho-alveolar fluid using cation exchange cartridges with acetonitrile/ammonia (95:5, v/v). The chromatography was performed isocratically
ith a mobile phase consisting of 5 mM ammonium formiate buffer/acetonitrile (30:70, v/v). The mass spectrometer operated in selected ion mode

+
ith atmospheric pressure chemical ionization to monitor the respective MH ions m/z 577.3 for tulathromycin and m/z 679.3 for the internal
tandard roxithromycin. All quality parameters fulfilled the international criteria for bioanalytical method validation and were successfully applied
o the determination of tulathromycin in plasma of foals and broncho-alveolar cells. In foals, tulathromycin after intramuscular administration was
apidly absorbed, widely distributed and slowly eliminated. It cumulated manifold in broncho-alveolar cells.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Tulathromycin (Fig. 1; C41H79N3O12; M: 806.1 g/mol), a
ovel long-acting macrolide antibiotic of the triamilide group
as been launched on the marked for treatment of bacte-
ial respiratory infections of cattle and swine in 2004 [1,2].
ecently, the drug was also successfully used in combination
ith rifampicin in treatment of abscessing pneumonia of fouls

aused by Rhodococcus equi [3].

Tulathromycin after intramuscular administration is rapidly

nd nearly completely absorbed from the injection site to reach
aximal serum concentrations within 1 h. It is widely distributed
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nd accumulates in lung tissue. As shown by in vitro studies,
ulathromycin cumulates also in leukocytes and macrophages to
oncentrations several times above the serum levels. Its elim-
nation is extremely slow with half-lives of 4–6 days [1,4,5].

etabolic elimination via N-oxidation and N-demethylation is
nly of minor significance.

Tulathromycin exists in aqueous solutions at equilibrium as a
ixture of two isoforms; 90% in form of a 15-limb lactone ring

isomer A), 10% as a 13-limb lactone (isomer B) [4]. Because
quilibrium in aqueous solutions is reached within 48 h, val-
dation of quantitative assays is focused on isomer A [1,4,5].
o far, a LC–MS/MS for the determination of tulathromycin

n plasma and lung homogenates after solid-phase extraction
as been published [4]. In this paper, we present the valida-

ion of a tandem mass spectrometric assay for quantification of
ulathromycin in horse plasma and broncho-alveolar cells based
n the internal standard method without usage of radio labeled
eference compounds.

mailto:scheuch@uni-greifswald.de
dx.doi.org/10.1016/j.jchromb.2006.12.034
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ig. 1. Chemical structure of tulathromycin (A) and the internal standard rox-
thromycin (B) with the respective fragment ions.

. Methods

.1. Assay of tulathromycin in plasma and
roncho-alveolar cells

.1.1. Materials
Tulathromycin and roxithromycin were provided as white

rystalline powders by Pfizer, (Karlsruhe/Main, Germany) and
y Sigma–Aldrich (Steinheim, Germany), respectively. Ammo-
ium formiate and formic acid were purchased from Merck
Darmstadt, Germany). Acetonitrile and methanol (LC–MS
hromasolv®) were obtained from Riedel-de Haën (Seelze,
ermany). Deionized water was prepared by the SG 2800
einstwassersystem RF 40 EZ (Hamburg-Barsbüttel, Ger-
any).
.1.2. Sample preparation
0.5 mL of the respective plasma sample (sample from the

tudy, calibrator or quality control sample) was spiked with

p
C
F
s
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.5 mL de-ionized water (pH 6.0), 25 �L internal standard
5 �g/mL roxithromycin) and 50 �L saturated sodium carbonate
olution. The analytical compounds were extracted from plasma
sing the Gilson Aspec XL system equipped with the 735 sam-
ler software V 3.10 (Abimed, Langenfeld, Germany) and cation
xchange cartridges Oasis MCX 1 cm3 (Waters, Milford, USA).
he cartridges were preconditioned in two steps with 1 mL ace-

onitrile and with 1 mL 5 mM potassium bishydrogen phosphate
olution (pH 6.2) before loading with 0.5 mL of the sample. After
ashing with 1.0 mL potassium bishydrogen posphate solution

nd with 1.0 mL deionized water, elution was performed twice
ith 0.5 mL acetonitrile/ammonia (95:5, v/v). Finally, the car-

ridges were washed with 1.0 mL water (pH 6.0) and dried using
ressured air. The eluates were evaporated to dryness under a
entle air stream (50 ◦C), redissolved in 100 �L mobile phase
f which 20 �L were injected for tandem mass spectrometric
nalysis.

To 0.5 mL broncho-alveolar cell suspension (109 cells/mL),
.05 mL saturated sodium carbonate solution, 0.025 mL inter-
al standard solution (5 �g/mL roxithromycin) and 1.0 mL
e-ionized water (pH 6.0) were added. Then, the sample
as homogenized for 10 min using an ultrasonic homogenizer

Qalilab, Merck Eurolab, Bruchsal, Germany) and centrifuged at
0,000 × g for 10 min to separate 0.5 mL of the supernatant. To
he residue, 0.5 mL acetonitrile was added, mixed for 1.0 min
nd centrifuged at 10,000 × g for 10 min to separate 0.75 mL
upernatant. The supernatants were combined and subjected to
olid phase extraction as described for plasma.

.1.3. Chromatography and mass spectrometry
The liquid chromatography–tandem mass spectrometry

LC–MS/MS) system consisted of a binary pump series
100 (Hewlett Packard, Waldbronn, Germany), an autosam-
ler series 200 equipped with a cooling Peltier track which
as set to 15 ◦C (Perkin-Elmer, Applied Biosystems, Darm-

tadt, Germany), the column thermostat L-5025 (Merck-Hitachi,
armstadt, Germany) temporized at 30 ◦C and the PE Sciex
PI 2000 mass spectrometer with atmospheric pressure chem-

cal ionization (APCI) interface (Heated Nebulizer, Applied
iosystems). Chromatography was performed without analyt-

cal column using formiate buffer (pH 3.0)/acetonitrile (30:70,
/v) for 2 min (flow rate 0.25 mL/min). The interface and
ass spectrometer were protected against micro-particles using

hree 0.5 �m Frit Micro Filter (PEEK, Supelco, Bellefonte,
SA).
The mass spectrometer was used in the multiple reaction

onitoring (MRM) mode in the positive ion mode. The m/z tran-
ition was monitored for tulathromycin at 806.4–577.3 and for
oxithromycin at 837.3–679.3. The optimized APCI and MS/MS
arameters are given in Table 1.

The chromatograms were evaluated with the internal standard
ethod using peak-area ratios for calculation. The device-

pecific software Analyst 1.2 (Applied Biosystems) and the

rogram package Microsoft Office Excel 2003 (Microsoft
ooperation, Redmond, USA) and SPSS (Apache Software
oundation, Chicago, USA), were used for data acquisition and
tatistical evaluation.
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Table 1
APCI and MS/MS parameters for determination of tulathromycin in plasma and
bronchial cells

APCI parameters MS/MS parameters

Nebulizer current: 2 �A Declustering potential: 30 V
Nebulizer gas: 70 psi Focusing potential: 290 V
Auxiliary gas: 35 psi Entrance potential: 10 V
Temperature: 350 ◦C Collision-activated dissociation gas: 3 psi
Curtain gas: 15 psi Collision energy: 30 V
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and was immediately shock-frozen in liquid nitrogen to be stored
itrogen was used as nebulizer, auxiliary and curtain gas (1 psi = 6894.8 Pa).

.1.4. Validation procedures
Validation of the quantitative assay was performed accord-

ng to international recommendations [6–8]. Because isotope
abeled tulathromycin was not available, we used roxithromycin
s an internal standard. Roxithromycin is very similar in chem-
cal structure and physicochemical properties to tulathromycin
Fig. 1).

Selectivity was verified by comparing chromatograms of five
ooled blank plasma samples with five plasma samples which
ere spiked with 0.1 �g/mL tulathromycin and the internal

tandard roxithromycin. LC–MS/MS detection at m/z transition
06.4–577.3 and 837.3–679.3 was specific for tulathromycin
nd roxithromycin, respectively.

The quantitative assay for tulathromycin was validated
etween 0.006 and 0.8 �g/mL for plasma samples and 0.1 and
.0 �g/mL for broncho-alveolar cell suspensions. One calibra-
ion set for validation consisted of seven calibrator samples,
ne double-blank sample without tulathromycin and internal
tandard, one blank sample spiked with the internal standard
nd three quality control samples with low, medium and high
oncentrations of tulathromycin.

Recovery of tulathromycin was assessed by comparing the
eak area of the tulathromycin signal after extraction from
lasma and broncho-alveolar fluid, respectively, with the peak
rea of tulathromycin which has been dissolved in acetonitrile.
ix independently prepared samples sets with 0.16, 0.3 and
.7 �g/mL tulathromycin in plasma and 0.2, 1.0 and 3.6 �g/mL
ulathromycin in broncho-alveolar fluid were measured.

Stock solution and working solution stability of
ulathromycin and the internal standard were verified by
aily measurement of three aliquots of the stock and working
olutions for 2 weeks before and during the validation proce-
ure. The working solutions were prepared weekly and stored
t room temperature; stock solutions with tulathromycin and
he internal standard were stored in darkness at 4–6 ◦C.

Post-preparative stability in open sample vials was assessed
n the autosampler at 15 ◦C by repeated tracing of the respective

S signals of freshly extracted plasma samples (0.016, 0.3 and
.7 �g/mL, five times) and broncho-alveolar fluid (0.2, 1.0 and
.6 �g/mL) in mobile phase over a period of 8 h.

Short-term stability in serum and broncho-alveolar fluid was
ssessed by thawing three aliquots of each quality control sam-

les (low, middle and height concentration) and keeping them at
oom temperature for 6 h. After that, the samples were worked
ff and measured as described above.

a

l
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Long-term stability in serum and broncho-alveolar fluid was
ssessed also with quality control samples of the respective con-
entrations by comparing the MS signals from samples after 1
ay and 4 week of thawing in comparison with deeply frozen
−20 ◦C) samples.

.1.5. Freeze–thaw stability was not evaluated
Accuracy and precision in plasma were assessed with five

ets of calibrants containing 0.006, 0.02, 0.1, 0.2, 0.4, 0.6 and
.8 �g/mL tulathromycin and five sets of quality control sam-
les spiked with 0.016, 0.3 and 0.7 �g/mL tulathromycin. For
roncho-alveolar fluid, the calibrants were set to 0.1, 0.5, 1.0,
.0, 3.0 and 4.0 �g/mL tulathromycin and the quality controls
o 0.2, 1.0 and 3.6 �g/mL.

All samples were prepared using pooled horse plasma and
roncho-alveolar fluid, respectively, and stored at −20 ◦C until
se on test days. Accuracy was assessed by comparison of the
oncentrations in quality control- and calibration samples with
he respective nominal concentrations and expressed as relative
rror. Precision was evaluated by measuring of six separately
repared calibration- and quality control samples, respectively,
nd expressed as relative standard deviation of the mean con-
entrations.

To avoid matrix effects, all calibrator and quality control
amples were prepared in pooled blank horse plasma and
roncho-alveolar fluid, respectively. A formiate buffer contain-
ng mixture was used for elution and an internal standard for
uantification.

.2. Pharmacokinetics of tulathromycin in foals

Subjects: six healthy foals (three females, three males, age
0–70 days, body weight 120–140 kg) of German warm-blooded
orses were included in the study after physical examination
ncluding sonography of the lung, routine clinical–chemical and
ematological screenings. The foals were kept in barns at natural
ight rhythm and free access to standard pellets, hey, oats and
ap water. They did not receive any other medication except for

onthly de-worming. All clinical examinations were done in
ndividual stables coved with straw. The study has been approved
y the State Authority of Mecklenburg/Vorpommern.

Study design: a single dose of 2.5 mg/kg tulathromycin
Draxxin®, Pfizer, Karlsruhe, Germany) was injected into the
emimembranosus or semitendinosus muscle (injection volume:
.025 mL/kg). Blood samples from a jugular vein were collected
n lithium heparin containing vials (Monovette® LH, Sarst-
dt, Nuernberg, Germany) before and 0.33, 0.66, 1, 2, 4, 6,
, 12, 24, 48 72, 96, 120, 144, 168 and 192 h after injection
sing an indwelling venous catheter (Vygonuele® T, Vygon,
achen, Germany) or cannulas for repeated punctures of the
ein (Terumo®, Nueolus, BSN Medical, Hamburg, Germany).
lasma was separated by centrifugation at 2000 × g for 10 min
Hettich Zentrifuge Universal 32, Hettich, Tuttlingen, Germany)
t least at −20 ◦C until quantitative analysis.
Broncho-alveolar cells were obtained by broncho-alveolar

avage (BAL) 24 h and 8 days after administration using a
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exible fiberscope (60512 VG Storz, Karl Storz, Tuttlingen, Ger-
any) which was advanced in anesthetized subjects through the
ose, trachea and a second-generation bronchus until it became
edged. The lavage was performed two times with 100 mL
hosphate buffered saline (pH 7.4, temperature about 30 ◦C).

a
i
4

Fig. 2. Mass spectra of tulathromycin (A) and the internal standard roxithromy
r. B 850 (2007) 464–470 467

he broncho-alveolar cell number was counted using a cham-
er according to Neubauer (Karl Hecht, Sondheim, Germany)

nd the microscope Laboval 4 (Zeiss, Jena, Germany). Cell sed-
ments were prepared by centrifugation of the lavage fluid at
48 × g for 10 min and stored frozen using liquid nitrogen.

cin (B) as obtained by positive atmospheric pressure chemical ionization.
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ig. 3. Typical mass chromatograms of extracts from a plasma blank sample w
ample spiked with 0.1 �g/mL tulathromycin (B) and 0.05 �g/mL roxithromyc

.2.1. Pharmacokinetic and statistical evaluation
Maximum plasma concentrations (Cmax) and the time of

max (tmax) were taken from the plasma concentration–time
urves. The area under the serum concentration–time curve
AUC0–∞) was assessed up to the last sampling time above
he limit of quantification (AUC0–t) and was extrapolated to
nfinity (AUCt–∞). Elimination half-life (t1/2) was estimated by
og–linear regression analysis. The apparent distribution vol-
me Vss was calculated based on a three-compartment open
odel. Arithmetic means ± standard deviations are given. Cal-

bration curves were evaluated using linear regression analysis
eighted by 1/x (x = concentrations). The F-test was used to

valuate variance homogeneity [9].

. Results

.1. Quantitative analysis of tulathromycin

Tulathromycin and roxithromycin showed under the condi-
ions of APCI mass spectra with main peaks of the protonated

olecules at m/z 806.4 and 837.3, respectively. Under optimized
onditions, m/z transition was monitored from 806.4 to 577.3 for
ulathromycin and for the internal standard from 837.3 to 679.3
Fig. 2). We have tested three different commercially available

S-RP-18 columns of two manufacturers to optimize the chro-
atographic conditions. However, pattern and reproducibility

f the tulathromycin and roxithromycin peaks were best without
eparation column. The mass spectrometer was therefore pro-
ected using a triple polyterafluorethylene filter system. Under
hese conditions, the mean retention time of tulathromycin and
he internal standard was 0.17 min after isocratic elution with
mmonium formiate buffer/acetonitrile (30:70, v/v; pH 3.0).
herefore, one analytical run required two minutes, i.e., the
ethod enables a daily throughput of about 700 samples.
.1.1. Selectivity, recovery and stability
Selectivity was verified by absence of a tulathromycin-

pecific signal by measurement of blank plasma and
roncho-alveolar fluid samples from five foals (Fig. 3).

r
w
t
b

tulathromycin and the internal standard roxithromycin (A) and from a plasma
.

With samples of the low, middle and height segment of
he appropriate calibration range and biological matrix short
erm- long term- and post-preparative stability was inves-
igated. In all three cases only small (maximal deviation
2.3%) but no significant (five-fold measuring) lowering of
he MS-signal in comparison with the initial values could be
bserved.

The recovery varies between 64.4 and 72.1% for plasma
nd between 71.4 and 80% for broncho-alveolar fluid
Table 2).

.1.2. Linearity, accuracy and precision
Linearity of the calibration curve for plasma was shown

etween 0.006 and 0.8 �g/mL. The linear regression anal-
sis (weighted by 1/concentration) showed a homoscedastic
istribution of the individual residuals. The coefficients of corre-
ation ranged between 0.9959 and 0.9996. The calibration curve
or lavage fluid was linear between 0.1 and 4.0 �g/mL. The
ndividual residues showed a homoscedastic distribution with
oefficients of correlation between 0.9979 and 0.9998. For both
alibration functions, the F-test revealed no significant differ-
nce between the variances.

Within-day accuracy and within-day and between-day pre-
ision for plasma samples and broncho-alveolar fluid were
ithin the accepted limits [6–8]. The relative errors and rela-

ive standard deviations, respectively, were lower than 15% or
ower than 20% for values near to the limit of quantification
Table 2).

.2. Pharmacokinetics of tulathromycin

Tulathromycin was rapidly absorbed after intramuscular
dministration and reached maximum serum concentrations
etween 0.24 and 0.76 ng/mL within about 1 h. The drug was
idely distributed with volumes of distribution at equilibrium
anging between 12.7 and 18.2 L/kg and slowly eliminated
ith half-lives between 101 and 158 h (Fig. 4; Table 3). On

he assumption that the cytoplasmatic volume of 109 packed
roncho-alveolar cells is about one millilitre, the intracellu-
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Table 2
Recovery, accuracy and precision of calibration curves and quality control of the LC–MS/MS assay for tulathromycin in horse plasma (A and B) and broncho-alveolar
cells (C and D)

Concentration (�g/mL)

0.006 0.02 0.1 0.2 0.4 0.6 0.8

(A) Calibration curve (plasma; n = 5)
Between-day accuracy (%) 13.4 −10.6 0.6 3.1 2.5 −0.3 −1.4
Between-day precision (%) 8.1 5.9 5.1 10.5 4.8 6.5 2.4

Concentration (�g/mL)

0.016 0.3 0.7

(B) Quality controls (plasma; n = 5)
Between-day accuracy (%) −1.7 3.7 −0.5
Within-day accuracy (%) 12.8 −0.8 −2.2
Between-day precision (%) 3.5 8.2 7.3
Within-day precision (%) 14.6 3.8 9.3
Recovery (%) 64.4 63.7 72.1

Concentration (�g/mL)

0.1 0.5 1.0 2.0 3.0 4.0

(C) Calibration (broncho-alveolar fluid; n = 5)
Between-day accuracy (%) 7.6 −2.1 −7.5 −2.1 0.5 2.5
Between-day precision (%) 4.9 7.2 6.7 3.9 2.5 2.0

Concentration (�g/mL)

0.3 1.6 3.6

(D) Quality controls (broncho-alveolar fluid; n = 5)
Between-day accuracy (%) 2.8 −2.4 −2.4
Within-day accuracy (%) 6.1 −4.0 −6.6
Between-day precision (%) 8.8 4.9 3.7

7.2 3.3
78.5 80.0

A ion as standard deviation in percent of the respective concentration mean.

l
2
t
t
p

F
t
s

Table 3
Pharmacokinetic parameters and concentration of tulathromycin in broncho-
Within-day precision (%) 13.7
Recovery (%) 71.4

ccuracy is given in percent of the respective nominal concentration and precis

ar concentrations of tulathromycin in broncho-alveolar cells

4 and 192 h after single dose intramuscular administration of
he drug were 1.24 ± 0.41 times and 18.8 ± 8.15 times, respec-
ively, above the respective plasma concentration at that time
oints.

ig. 4. Mean (geometric means) plasma concentrations–time curve of
ulathromycin after a single intramuscular dose of 2.5 mg/kg tulathromycin in
ix healthy foals.

alveolar cells 24 and 192 h after intramuscular administration of 2.5 mg/kg in
six healthy foals

AUC0–∞ (�g × h/mL) 21.9 ± 3.37
Cmax (ng/mL) 410 ± 192
C24h (ng/mL) 192 ± 39.7
C192h (ng/mL) 32.3 ± 7.07
tmax (h) 3.89 ± 3.85
t1/2 (h) 117 ± 20.6
Vss (L/kg) 15.2 ± 2.5

BAZ (24 h) (ng/109 cells) 247 ± 74
Cell/plasma ratio (24 h) 1.24 ± 0.41
BAZ (192 h) (ng/109 cells) 605 ± 336
Cell/plasma ratio (192 h) 18.7 ± 8.15

AUC: area under the concentration–time curve; Cmax: maximum plasma con-
centration; C24h: plasma concentration 24 h after administration; C192h: plasma
c
c
b

4

v

oncentration 192 h after administration; tmax: time at the maximum plasma
oncentration; t1/2: half-life; Vss: volume of distribution at equilibrium; BAZ:
roncho-alveolar cells. Arithmetic means and standard deviations are given.
. Conclusions

The paper presents the result of a successful development and
alidation of a high-sensitive, selective LC–MS/MS method for



4 matog

t
a
a
r
b
o
p
m
q

r
c

C

A

(
m
a

R

[

[
[
[

[

[

[

Viswanathan, A. Yacobi, Pharm. Res. 17 (2000) 1551.
[8] Center for Drug Evaluation and Research, 2001, http://www.fda.gov/

cder/guidance/4252fnl.htm.
[9] A.M. Almeida, M.M. Castel-Branco, A.C. Falcao, J. Chromatogr. B Analyt.
70 E. Scheuch et al. / J. Chro

he quantitative determination of tulathromycin in horse plasma
nd broncho-alveolar cells without chromatographic separation
nd use of radio-labeled reference compounds. The validated
ange was 0.006–0.8 �g/mL for plasma and 0.1–4.0 �g/109

roncho-alveolar cells with linear correlation between peak area
f the m/z signal and tulathromycin concentration. All quality
arameters fulfilled the international criteria for bioanalytical
ethod validation in pharmacokinetic, bioavailability and bioe-

uivalence studies.
In foals, tulathromycin after intramuscular administration is

apidly absorbed, widely distributed and slowly eliminated. It
umulates manifold in broncho-alveolar cells.

onflict of interest

All authors have no conflict of interest.

cknowledgements
Our study was supported by an institutional grant from Pfizer
Karlsruhe, Germany). The authors are grateful to Gitta Schu-
acher and Sabine Bade for diligent and competent technical

ssistance.
r. B 850 (2007) 464–470

eferences

1] H.A. Benchaoui, M. Nowakowski, J. Sherington, T.G. Rowan, S.J. Sunder-
land, J. Vet. Pharmacol. Ther. 27 (2004) 203.

2] W. Traeder, M. Grothues, Tierarztliche Umschau 59 (2004) 102.
3] R. Kehrt, (Dissertation) Tierärztliche Hochschule Hannover., 2005.
4] D. Galer, S. Hessong, B. Beato, J. Risk, P. Inskeep, C. Weerasinghe, R.P.

Schneider, C. Langer, J. LaPerle, D. Renouf, A. Bessire, E. Espanol, R.
Rafka, C. Ragan, W. Boettner, T. Murphy, D. Keller, H. Benchaoui, M.A.
Nowakowski, J. Agric. Food Chem. 52 (2004) 2179.

5] M.A. Nowakowski, P.B. Inskeep, J.E. Risk, T.L. Skogerboe, H.A. Ben-
chaoui, T.R. Meinert, J. Sherington, S.J. Sunderland, Vet. Ther. 5 (2004)
60.

6] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, J.P. Skelly, A. Yacobi, T.
Layloff, C.T. Viswanathan, C.E. Cook, R.D. McDowall, K.A. Pittman, S.
Spector, Int. J. Pharm. 82 (1992) 1.

7] V.P. Shah, K.K. Midha, J.W.A. Findlay, H.M. Hill, J.D. Hulse, I.J.
McGilveray, K.J. Miller, R.N. Patnaik, M.L. Powell, A. Tonelli, C.T.
Technol. Biomed. Life Sci. 774 (2002) 215.

http://www.fda.gov/cder/guidance/4252fnl.htm
http://www.fda.gov/cder/guidance/4252fnl.htm

	Quantitative determination of the macrolide antibiotic tulathromycin in plasma and broncho-alveolar cells of foals using tandem mass spectrometry
	Introduction
	Methods
	Assay of tulathromycin in plasma and broncho-alveolar cells
	Materials
	Sample preparation
	Chromatography and mass spectrometry
	Validation procedures
	Freeze-thaw stability was not evaluated

	Pharmacokinetics of tulathromycin in foals
	Pharmacokinetic and statistical evaluation


	Results
	Quantitative analysis of tulathromycin
	Selectivity, recovery and stability
	Linearity, accuracy and precision

	Pharmacokinetics of tulathromycin

	Conclusions
	Conflict of interest
	Acknowledgements
	References


