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Tulathromycin is a macrolide antimicrobial agent proposed for therapeutic use

in treatment of porcine and bovine respiratory disease. In this study, the

absolute bioavailability of tulathromycin solution was investigated in pigs.

Eight pigs, with body weight of 20.5 ± 1.6 kg, were given a single dose

of tulathromycin at 2.5 mg ⁄ kg oral (p.o.) and intravenous (i.v.) in a crossover

design. The plasma concentrations of tulathromycin and its metabolite

were determined by LC–MS ⁄ MS method, and the pharmacokinetic parameters

of tulathromycin were calculated by noncompartmental analysis.

After p.o. administration, the maximum plasma concentration (Cmax) was

0.20 ± 0.05 lg ⁄ mL at 3.75 ± 0.71 h. The terminal half-life (t1 ⁄ 2kz) in plasma

was 78.7 ± 6.75 h, and plasma clearance (Cl ⁄ F) was 1.14 ± 0.28 L ⁄ h ⁄ kg.

After i.v. injection, plasma clearance (Cl) was 0.580 ± 0.170 L ⁄ h ⁄ kg, the

volume of distribution (Vz) was 64.3 ± 21.2 L ⁄ kg, and the t1 ⁄ 2kz was

76.5 ± 13.4 h. In conclusion, an analytical method for the quantification of

tulathromycin and its metabolite in plasma in swine was developed

and validated. Following p.o. administration to pigs at 2.5 mg ⁄ kg b.w.,

tulathromycin was rapidly absorbed and the systemic bioavailability was

51.1 ± 10.2.

(Paper received 24 January 2011; accepted for publication 10 June 2011)
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INTRODUCTION

Tulathromycin (C41H79N3O12; M: 806.1 g ⁄ mol) is a novel semi-

synthetic macrolide antibiotic of the triamilide group. It is

approved for the treatment of bacterial respiratory diseases in

swine and cattle in Europe and the USA in 2004 (Benchaoui

et al., 2004). The injectable solution of tulathromycin is

indicated for the treatment of bovine respiratory disease (BRD)

and swine respiratory disease (SRD), such as Pasteurella multo-

cida, Actinobacillus pleuropneumoniae, and Bordetella bronchiseptica.

As major contagious respiratory diseases in pigs, porcine

pleuropneumonia and porcine pneumonia are distributed world-

wide and cause high morbidity with severe economic losses to

the swine industry (Sidibe et al., 1993; Pijoan, 1999; Dziva et al.,

2008). Recently, tulathromycin was also used in the treatment

of abscessing pneumonia of foals caused by Rhodococcus equi

(Scheuch et al., 2007).

Other macrolide antibacterial agents, such as tilmicosin,

erythromycin, spiramycin, and tylosin, are in the form of

drinking water or feed premixes for control, prevention or

treatment of bacterial respiratory disease in pigs (Benchaoui

et al., 2004). To achieve therapeutic or preventative success,

these drugs are required to be administrated repeatedly over

several days. Injectable tulathromycin has been identified to be

effective when used only once in clinical practice. After

intramuscular (i.m.) injections, tulathromycin is nearly com-

pletely absorbed from the injection site to reach maximal serum

concentrations within half an hour (Benchaoui et al., 2004).

The systemic bioavailability following i.m. administration is

>87%, and tulathromycin is widely distributed and accumu-

lates in lung tissue of swine (Benchaoui et al., 2004; Galer

et al., 2004). Commonly, it was preferable for veterinarians to

use injectable antibiotics for the treatment of porcine and

bovine pneumonia and pleuropneumonia. Using injections, the

J. vet. Pharmacol. Therap. doi: 10.1111/j.1365-2885.2011.01322.x
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veterinarian has better control over the medication regimen,

and the animals can receive the appropriate dosage. However,

individual handling and treatment of the animals will cause

additional stress to the animals in certain epidemiological

situations. Oral treatment will be easier and less laborious in

the case of a herd outbreak. Tulathromycin solution may be in

the form of drinking water and offers an alternative choice of

administration route for the animal treatment. It is particularly

convenient for the treatment of a big group of animals.

Therefore, it is meaningful to perform pharmacokinetic

studies in the target species to obtain information about the

behaviors of different tulathromycin formulations, such as oral

formulation.

Tulathromycin is consisted of a regioisomeric, equilibrated

mixture of 13-member ring azalide (isomer B, 10%) and

15-member ring azalide (isomer A, 90%), both with three basic

amine groups (Galer et al., 2004; Fig. 1). In previous studies, the

validation of quantitative assays was focused on isomer

A because equilibrium in aqueous solutions was reached within

48 h (Benchaoui et al., 2004; Galer et al., 2004; Nowakowski

et al., 2004). Therefore, isomer A was quantitatively analyzed in

this study. Metabolic elimination via N-oxidation and N-deme-

thylation is only of minor significance (Scheuch et al., 2007).

Tulathromycin may be hydrolyzed to CP- (2R,3S,4R,5R,

8R,10R,11R,12S,13S,14R) -2-ethyl-3,4,10,13-tetrahydroxy-

3,5,8,10,12,14-hexamethyl-11-[[3,4,6-trideoxy-3-(dimethyla-

mino)-b-D-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentade

can-15-one (Tu-M) (European Medicines Agency Veterinary

Medicines and Inspections, EMEA, 2002; Fig. 1). The detec-

tion of the Tu-M in plasma may contribute to understand the

disposition kinetics of Tu-M in pigs.

Liquid chromatography–tandem mass spectrometry (LC–

MS ⁄ MS) method was used to determine tulathromycin in plasma

(Benchaoui et al., 2004; Galer et al., 2004; Nowakowski et al.,

2004; Scheuch et al., 2007), lung (Benchaoui et al., 2004; Galer

et al., 2004; Nowakowski et al., 2004), and muscle (Martos

et al., 2008). None of the above-mentioned methods can be used

to analyze tulathromycin and its metabolite simultaneously. In

this study, we firstly built a LC–MS ⁄ MS method for quantification

of tulathromycin and its metabolite in pig plasma. Our LC–

MS ⁄ MS method was based on the internal standard method and

did not use radiolabeled reference compounds.

To study the bioavailability of tulathromycin solution and

disposition kinetics of its metabolite, we established a selective

LC–MS ⁄ MS method to determine the concentration of tulathro-

mycin and its metabolite in pig plasma. We then investigated the

pharmacokinetics of tulathromycin and its metabolite in pigs

following single oral and intravenous administrations. Further-

more, we discuss the comparative pharmacokinetics of tulathro-

mycin with other species and different administration routes.

MATERIALS AND METHODS

Drugs and reagents

Tulathromycin (C41H79N3O12, 806.1 g ⁄ mol, CAS: 217500-96-4,

>95% purity), metabolite of tulathromycin (Tu-M, C29H56N2O9,

577 g ⁄ mol, CAS: 111247-94-0, >95% purity) and 100 mg ⁄ mL

tulathromycin solution were purchased from Qingdao Liuhe

Pharmaceutical Co., Ltd. (Qingdao, China). Roxithromycin

(C41H76N2O15, 837.05 g ⁄ mol, CAS: 80214-83-1, >94% purity)

Fig. 1. The chemical structures of tulathromycin A, tulathromycin B, metabolite of tulathromycin and roxithromycin.
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was purchased from National Institute for the Control of

Pharmaceutical and Biological Products (Peking, China). The

chemical structures of tulathromycin, its metabolite, and roxi-

thromycin are shown in Fig. 1. HPLC-grade formic acid was

purchased from Tedia Company Inc (Fairfield, OH, USA). Meth-

anol and methyl cyanides were purchased from Sinopharm

Chemical Reagent Co., Ltd (Shanghai, China), and they were all

of HPLC grade. Purified water was generated by a Millpore Q

reagent water system (Billerica, MA, USA). All other reagents were

also of analytical grade.

Animals

Eight healthy 2-month-old Duroc · landrace · Youkshire cross-

bred castrate piglets, weighing 20.5 ± 1.6 kg at the start of the

experiments, were used in the study. Pigs enrolled in the studies

had no history of macrolide administration. Pigs were purchased

from Huazhong Agricultural Pig Farm (Wuhan, China). The

study was approved by the Ethical Committee of the Faculty of

Veterinary Medicine (Huazhong Agricultural University).

Animals were housed separately per pen, with a minimum

floor area of 3 m2 per animal. The animal house was

maintained at 20–28 �C and 40–65% relative humidity with

a 12:12 h light ⁄ dark cycle. The pigs were supplied with a drug-

free commercial diet. Each pig was identified by numbered ear

tag and acclimatized for at least 7 days prior to administration.

Pigs were observed daily for general health, and clinical

observations were made before and after injection. All diets

were manufactured by Wuhan Tianyou Feed Co. Ltd (Wuhan,

China) and were formulated to meet or exceed the require-

ments described by the NRC (1998). No antimicrobial was

supplemented in the experimental diets. Food and water were

supplied ad libitum. Use of animals in this study was in

accordance with Good Laboratory Practice standards and

national welfare regulations.

Administration to animals

A 100 mg ⁄ mL tulathromycin solution was diluted to 25 mg ⁄ mL

(for intravenous injection) and 2.5 mg ⁄ mL (for oral administra-

tion) with the double-distilled water containing a 50% propylene

glycol vehicle and monothioglycerol (5 mg ⁄ mL). The 1 mL of

solution contains 25 or 2.5 mg tulathromycin with pH value of

7.0, which was adjusted with citric and hydrochloric under

sterile conditions prior to drug administration. The pigs were

randomly divided into two groups. Pigs of group I (4 pigs) were

administered by a single i.v. bolus injection in the ear vein at a

dose of 2.5 mg ⁄ kg b.w. Pigs of group II (4 pigs) were

administered with the same dose tulathromycin orally directly

into the stomach using a thin plastic tube attached to a syringe.

Except water, pigs were not fed for 12 h before treatments until

4 h after drug administration. After a 20-day washout interval,

pigs of group I were administered with 2.5 mg ⁄ kg b.w.

tulathromycin orally and pigs of group II were administered by

a single i.v. bolus injection in the ear vein at a dose of 2.5 mg ⁄ kg

b.w. tulathromycin.

Collection of plasma samples

Blood samples (each of 2.0 mL) were taken from the precaval

vein at the times 0.0, 0.08, 0.17, 0.33, 0.5, 1, 2, 4, 8, 12, 24,

48, 72, 96, 120, 144, 168, 192, and 216 h after drug

administration. Blood samples were immediately transferred into

heparinized tubes and separated by centrifugation (Sigma 3K15,

Osterode am Harz, Germany) at 1000 g for 10 min. The plasma

was harvested and stored frozen ()70 �C) until assayed. The

concentrations of tulathromycin and Tu-M were determined by

LC–MS ⁄ MS.

Sample preparations for LC–MS ⁄ MS analysis

About 500 lL plasma was measured into a 10-mL polypropyl-

ene centrifuge tube. Then, 200 lL roxithromycin (0.20 lg ⁄ mL)

was added as internal standard. The mixture was vortexed for

1 min. After vigorous shaking, followed by centrifugation at

5000 g for 10 min at 4 �C, the supernatant was applied to a

cation-exchange cartridge (Waters Oasis MCX, 3cc; Waters

Corporation, Milford, MA, USA). The SPE cartridge had been

previously washed with 2 mL acetonitrile and 2 mL phosphate

buffer (pH 6.8). The phosphate buffer comprised 0.354% sodium

dihydrogen phosphate and 0.277% disodium hydrogen phos-

phate. After being washed with 1.0 mL phosphate buffer, the

sample was washed with 2 mL acetonitrile and then washed

twice with 2 mL acetonitrile ⁄ ammonia (95:5, v ⁄ v). The eluates

were evaporated to dryness at 50 �C using N2 with water bath.

The residue was reconstituted in 200 lL solution [50% meth-

anol A–50% mobile phase B (0.1% formic acid–0.032%

ammonium formate aqueous solution), v ⁄ v] followed by centri-

fugation at 15 000 g for 20 min at 4 �C and transferred 120 lL

supernatant to autosampler vials for LC–MS ⁄ MS analysis. When

samples had concentrations of tulathromycin >800 ng ⁄ mL for

plasma, aliquots of the samples were diluted with control swine

plasma before analysis, and the data were corrected for the

dilution factor.

LC–MS ⁄ MS conditions

Finnigan HPLC equipped with a quaternary gradient surveyor

LC pump and a surveyor as autosampler MS ⁄ MS analyses

(Thermo Fisher. Scientific, Waltham, MA, USA) was performed

on a TSQ Quantum Access triple quadrupole mass spectrometer

(Thermo Finnigan, San Jose, CA, USA). The system was

controlled by Xcalibur software (Thermo Finnigan).

A Hypersil Gold C-18 column (5 lm, 2.1 · 150 mm; Thermo

Finnigan) was used for the separation of tulathromycin, its

metabolite and roxithromycin from plasma extracts. The mobile

phase consisted of A (methanol) and B (0.1% formic acid–

0.032% ammonium formate aqueous solution) with gradient

elution (Table 1). The flow rate was 0.25 mL ⁄ min. The column

was maintained at 46 �C, and the injection volume was 10 lL.

Electrospray ionization (ESI) source was applied and operated in

the positive ion mode. The spray voltage was set at 4500 V.

Sheath gas pressure and Aux gas pressure were set at 10 and

Pharmacokinetics of tulathromycin and its metabolite in swine 3
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5 arb, respectively. The capillary temperature was 300 �C. High-

purity argon gas was used as collision gas at a pressure of

0.2–0.3 MPa for collision-induced dissociation (CID). Selected

reaction monitoring (SRM) mode was used to quantify drugs at

m ⁄ z 577.14 fi 115.81 and 577.14 fi 420.09 for Tu-M, m ⁄ z

806.60 fi 576.72 and 806.60 fi 158.30 for tulathromycin,

and m ⁄ z 837.58 fi 158.18 and 837.58 fi 679.33 for roxi-

thromycin, respectively. The optimized collision energies of 35

and 21 eV were used for tulathromycin, 28 and 22 eV were

used for Tu-M, and 30 and 16 eV were used for roxithromycin.

Preparation of calibration standards and quality control samples

Standard stock solutions of tulathromycin, Tu-M, and roxithro-

mycin were prepared individually in methanol at the concen-

trations of 1000 lg ⁄ mL for analyte. Standard stock solution was

further diluted with mobile phase to achieve standard working

solutions at concentrations of 0.005, 0.025, 0.05, 0.125, 0.4,

0.8, and 1.6 lg ⁄ mL. Quality control samples were also prepared

in the same way, using a separately weighed stock solution. All

the working solutions were prepared before use and kept at 4 �C.

Plasma samples from pigs for calibration curve were prepared

by spiking different 500 lL blank plasmas with the appropriate

volumes of the mixed working solutions of tulathromycin and

Tu-M, to produce the calibration standards at concentrations of

0.005, 0.025, 0.125, 0.4, and 0.8 lg ⁄ mL. Quality control (QC)

samples were prepared at three different concentration levels:

low level (0.005 lg ⁄ mL), middle level (0.125 lg ⁄ mL) and high

level (0.8 lg ⁄ mL). The plasma internal standard concentration

was 0.2 lg ⁄ mL.

The chromatograms were evaluated with the internal stan-

dard method using peak-area ratios for calculation. The

definition of LOD (S ⁄ N = 3) of each analyte was adopted when

the ion giving the worst S ⁄ N was considered in each case.

Pharmacokinetic analysis

Pharmacokinetic parameters were determined using Winnonlin,

version 5.0.1 (Pharsight, Mountain View, CA, USA). WinNon-

lin� model 200 for p.o. administration and model 201 for i.v.

administration were used for the noncompartmental analysis of

the time and concentration data. The linear trapezoidal approx-

imation was used to calculate the AUClast, which was under the

plasma concentration–time curve from time 0 to the last time

point tlast with a measurable concentration (Clast). The Cest ⁄ kz

was estimated from tlast to infinity and summed with AUClast to

give an estimate of total AUCinf, where Cest represented the

estimated concentration at the last time point, and kz was the

first-order rate constant associated with the terminal (log linear)

elimination phase. During the terminal log-linear elimination

phase, kz was calculated using least squares regression analysis

of the concentration–time data obtained. The terminal half-life

(t1 ⁄ 2kz) was calculated as ln 2 ⁄ kz using harmonic mean values.

The maximum plasma concentration (Cmax) was represented

directly from the data with tmax defined as the time of the first

occurrence of Cmax. The mean residence time (MRT), the total

body clearance (Cl), and volume of distribution at steady state

(Vss) were also determined. The bioavailability (F) was calculated

as follows:

Fð%Þ ¼ Least squares mean AUClastðp.o. routeÞ
Least squares mean AUClastði.v. routeÞ � 100: ð1Þ

In this study, the absolute bioavailability (F) of tulathromycin

was calculated.

RESULTS

LC–MS ⁄ MS analysis of tulathromycin, Tu-M, and roxithromycin

By injecting standard solutions into a mass spectrometer using

an electrospray ionization source, the precursor ions for

tulathromycin, Tu-M, and roxithromycin were identified from

spectra obtained. The parameters for fragmentor energies and

collision energies were optimized to obtain the richest relative

abundance of precursor ions and product ions, and the SRM

transition was chosen at m ⁄ z 806.60 fi 576.72 and

806.60 fi 158.30 for tulathromycin, m ⁄ z 577.14 fi 115.81

and 577.14 fi 420.09 for Tu-M, and m ⁄ z 837.58 fi 158.18

and 837.58 fi 679.33 for roxithromycin. The corresponding

product ion scan spectra are shown in Fig. 2.

Validation of the LC–MS ⁄ MS method to determine tulathromycin,

Tu-M, and roxithromycin in plasma samples

The representative chromatograms of tulathromycin, Tu-M, and

roxithromycin in plasma are shown in Fig. 3, respectively. The

retention times of tulathromycin, Tu-M, and roxithromycin were

9.06, 8.56, and 11.18 min, respectively. There was good

baseline separation of them from each other and from the

chromatographic background noise. No endogenous or extrane-

ous peaks were observed interfering with the assay. The method

exhibited a good linear response for the concentration range of

0.005–1.6 lg ⁄ mL. The typical linear equation was y =

0.0008x + 0.0086 (r = 0.9995) and y = 0.0003x + 0.0049

(r = 0.9988) for the standard solution of tulathromycin and Tu-

M, respectively. The calibration graphs of spiked plasma samples

were plotted in the concentration range 0.005–0.8 lg ⁄ mL. The

typical linear equations were y = 0.0009x ) 0.0055

(r = 0.9998) and y = 0.0004x ) 0.0044 (r = 0.9952) for

tulathromycin and Tu-M, respectively. LOQ of the method was

found to be 0.005 lg ⁄ mL for both tulathromycin and Tu-M

Table 1. Mobile phase gradient elution program

Time (min) Mobile phase A Mobile phase B

0.00 15.00 85.00

1.00 15.00 85.00

5.00 90.00 10.00

10.00 90.00 10.00

10.10 15.00 85.00

20.00 15.00 85.00
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(Fig. 3), which was sufficient for pharmacokinetics and clinical

studies of them. The LOD was 0.002 and 0.001 lg ⁄ mL for

tulathromycin and Tu-M, respectively. Within-day accuracy and

within-day and between-day precision for plasma samples were

determined by assaying plasma spiked with various concentra-

tions of tulathromycin and Tu-M. Five replicates were assayed at

each of three levels, and these results are shown in Table 2.

Recoveries averaged were within the range of 86% to 103% at

concentration levels of 0.005, 0.125, and 0.8 lg ⁄ mL with a

coefficient of variation range between 0.2% and 10%.

Clinical observations and pharmacokinetics of tulathromycin

All pigs were clinically healthy throughout the experimental

period. No adverse cardiovascular effects associated with i.v.

administration of some other macrolide compounds, e.g. tilmic-

osin (Ziv et al., 1995; Modric et al., 1998), were observed

following p.o. and i.v. administrations of tulathromycin in pigs.

Therefore, the bioavailability of tulathromycin solution admin-

istered orally could be determined in this study. Because the

concentrations of Tu-M (5–8 ng ⁄ mL) were very low in this

study, the pharmacokinetic analysis was focused on tulathro-

mycin. The pharmacokinetic parameters of tulathromycin

(mean ± SD) based on noncompartmental pharmacokinetic

analysis are shown in Table 3. After a single i.v. of tulathro-

mycin (2.5 mg ⁄ kg), the plasma tulathromycin concen-

tration reached maximum serum concentrations (Cmax) of

5.43 ± 2.71 lg ⁄ mL at 0.08 h. The mean volumes of distribu-

tion (Vz) were 64.3 ± 21.2 L ⁄ kg, and the mean terminal half-

lives (t1 ⁄ 2kz) were 76.5 ± 13.4 h. After a single oral adminis-

tration of tulathromycin (2.5 mg ⁄ kg), tulathromycin reached

Cmax of 0.200 ± 0.0500 lg ⁄ mL within about 2–4 h. The mean

Fig. 2. Positive ion electrospray mass spectra of (a) tulathromycin, (b) metabolite of tulathromycin, and (c) roxithromycin. The product ions were

monitored at m ⁄ z 577.14 fi 115.81 and 577.14 fi 420.09 for metabolite of tulathromycin (d), m ⁄ z 806.60 fi 576.72 and 806.60 fi 158.30 for

tulathromycin (e), and m ⁄ z 837.58 fi 158.18 and 837.58 fi 679.33 for roxithromycin (f).
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volumes of distribution were 130 ± 32.3 L ⁄ kg, and the mean

terminal half-lives were 78.7 ± 6.75 h. The systemic bioavail-

ability of tulathromycin was 51.1 ± 10.2%. The plasma phar-

macokinetic parameters after a single intravenous injection and

an oral administration are shown in Table 3, and a semi-

logarithmic plot of the concentration–time curve for plasma is

shown in Fig. 4.

DISCUSSION

Tulathromycin is commonly used in swine for respiratory

diseases caused by Actinobacillus pleuropneumoniae, Haemophilus

parasuis, Pasturella multocida, and Mycoplasma hyopneumoniae

and in cattle for bovine respiratory disease caused by Pasturella

multocida and Mannheimia haemolytica (Nutsch et al., 2005). To

Pasteurella multocida, it was previously reported that MIC90 for

tulathromycin was 2 lg ⁄ mL in 2004–2005 and 1 lg ⁄ mL in

2005–2006 (Kaspar et al., 2007). To Actinobacillus pleuropneu-

moniae, the MIC90 for tulathromycin was 16 lg ⁄ mL (Benchaoui

et al., 2004). Compared with the high MIC90, the plasma of

tulathromycin after i.v. or i.m. appeared to be low (Benchaoui

et al., 2004). Because lung is an important organ harmed in the

progresses of SRD and BRD, higher concentration of drug in lung

may result in good antibacterial effect. High distribution into

lung was found for macrolide drugs, such as azithromycin,

clarithromycin, and tulathromycin (Rodvold et al., 1997; Zhanel

et al., 2001; Benchaoui et al., 2004; Galer et al., 2004).

Tulathromycin concentrations in the lung were 24.9–181 times

higher than those measured in plasma (Benchaoui et al., 2004;

Galer et al., 2004), which was interpreted as one important

reason for good clinical efficacy (Benchaoui et al., 2004).

Therefore, we presumed that the tulathromycin concentrations

in the lung were much higher than those measured in plasma

after oral administration. And the presumption should be

identified by the later test. As for the higher concentration of

tulathromycin in lung than in plasma, factors such as bulk flow

because of pressure gradient, active transport, and permeation

through nonporous membranes were thought to play important

roles (Chiu & Amsden, 2002; Benchaoui et al., 2004). However,

it is difficult to predict the tulathromycin antibacterial efficacy

in vivo just through the plasma pharmacokinetics or lung drug

exposure of tulathromycin. In our previous studies, good clinical

efficacy of tulathromycin in the treatment of pneumonitis caused

by Pasteurella multocida and in the treatment of pleuropneumonia

caused by Actinobacillus pleuropneumoniae in pigs was observed

(unpublished data). This clearly indicates an underestimation of

in vivo antibiosis. As for the reason, it was interpreted that

supplementation of the growth medium with serum, the pH of

the culture media, and the presence of CO2 might be the reasons

for the underestimation in vitro antibiosises (Ednie et al., 1998;

Benchaoui et al., 2004; Reese et al., 2004; Godinho, 2008). The

similar differences between in vivo and in vitro antibiosises were

also noted in other macrolides such as erythromycin and

azithromycin (Barry & Fuchs, 1991).

After oral administration, tulathromycin was detected

quickly in the plasma, and it reached a maximum in about

three to four hours and declined slowly. The Tmax of tulathro-

mycin after p.o. administration was 3.75 ± 0.710 h, which

indicated that tulathromycin had been absorbed slowly. The

value of geometric mean Cmax was also lower than those

obtained after i.m. administration in pigs (Benchaoui et al.,

2004) and cattle (Nowakowski et al., 2004) and subcutaneous

Fig. 3. Selective reaction monitoring chromatograms of pig plasma

sample spiked with (a) metabolite of tulathromycin, (b) tulathromycin,

and (c) roxithromycin. The product ions were monitored at m ⁄ z

577.14 fi 115.81 and 577.14 fi 420.09 for metabolite of tulathromy-

cin, m ⁄ z 806.60 fi 576.72 and 806.60 fi 158.30 for tulathromycin,

m ⁄ z 837.58 fi 158.18 and 837.58 fi 679.33 for roxithromycin.

Table 2. Inter- and intraday accuracy and precision for determination of tulathromycin and its metabolite in pig plasma (n = 15)

Drug Concentration (lgÆL)1)

Interday Intraday

Found (lgÆL)1) SD CV% Found (lgÆL)1) SD CV%

Tulathromycin 5.00 4.34 0.215 4.95 4.33 0.294 6.79

125 119 4.83 4.06 118 11.5 9.75

800 732 24.9 3.40 724 58.2 8.04

Tu-M 5.00 4.86 0.220 4.49 5.18 0.398 7.69

125 122 3.57 2.93 128 7.35 5.74

800 816 10.4 1.27 856 42.2 4.93

Tu-M, Marker residue of tulathromycin.
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administration in goats (Young et al., 2011). Comparing the

results, the t1 ⁄ 2kz (78.7 ± 6.75 h) of tulathromycin after oral

administration in pigs was similar to values reported after i.m.

administration in pigs (75.6 ± 13.7 h) (Benchaoui et al.,

2004). It seemed that administration routes had little effects

on the t1 ⁄ 2kz in pigs. However, large differences in t1 ⁄ 2kz were

noted in animal species. The t1 ⁄ 2kz after i.m. administration in

cattle (100–110 h) was much longer than that obtained in pigs

(Galer et al., 2004).

In this study, low concentration of Tu-M was detected in

plasma, which indicated that small amount of tulathromycin

was hydrolyzed in swine. This phenomenon was in agreement

with the previous research of tulathromycin using radiolabeled

reference compounds (European Medicines Agency Veterinary

Medicines and Inspections, EMEA, 2002). Because other meta-

bolites of tulathromycin were not available, this analytical

method did not detect other metabolites of tulathromycin in the

plasma.

Usually, the drugs were administered after fasting to avoid

the effect of food. Because most absorption occurs in the small

intestine, gastric emptying is often the rate-limiting step. Food

usually slows gastric emptying and decreases the rate of drug

absorption. However, the effects of food on the pharmacokinetic

parameters, such as bioavailability and peak concentration,

were different in different drugs. Mean bioavailability of

itraconazole (ITR) and its major metabolite hydroxyitraconazole

(OH-ITR) were 43% and 38% higher, respectively, when ITR

solution was taken as a single dose under fasted conditions

(Barone et al., 1998). Under the fed condition, following a

single oral administration of clarithromycin and clarithromycin

citrate salt in eight beagle dogs, delayed Tmax and decreased

Cmax were noted, indicating that the consumption of this meal

substantially reduced the drug’s bioavailability (Zhang et al.,

2008). Lakritz et al. (2000) had found that the plasma

concentrations, area under the plasma concentration–time

curve, maximum plasma concentration, and estimated bio-

availability of erythromycin A were higher in foals when food

was withheld than when foals were fed (Lakritz et al., 2000).

Absorption was enhanced when erythromycin ethylsuccinate

was given in milk (McCracken et al., 1978). However, after a

single oral dose of telithromycin 800 mg in healthy male

subjects, the bioavailability, rate and extent of absorption of

telithromycin were unaffected by food (Bhargava et al., 2002).

It was difficult to presume the pharmacokinetic changes after

feeding based on the pharmacokinetic parameters when food

was withheld. Therefore, pigs should be given tulathromycin

solution before they were fed.

In conclusion, we firstly build a selective LC–MS ⁄ MS method

for the quantification of tulathromycin and its metabolite in

plasma in the pigs and demonstrate that the tulathromycin

orally administrated to pigs is widely distributed and slowly

eliminated. The absolute bioavailability of tulathromycin solu-

tion is 51.1 ± 10.2%. Furthermore, from this study, it is evident

that small quantity of tulathromycin is quickly metabolized to its

metabolite.

Table 3. Pharmacokinetic parameters after a single intravenous

injection and an oral administration of tulathromycin of 2.5 mg ⁄ kg in

pigs (mean ± SD)

Parameter Intravenous injection Oral administration

Tmax (h) 0.0800 3.75 ± 0.710

Cmax (lgÆmL)1) 5.43 ± 2.71 0.200 ± 0.0500

AUCinf (lgÆhÆmL)1) 4.67 ± 1.58 2.30 ± 0.540

AUClast (lgÆhÆmL)1) 4.19 ± 1.43 1.93 ± 0.500

AUMClast (hÆhÆlgÆmL)1) 195 ± 78.7 114 ± 29.6

AUMCinf (hÆhÆlgÆmL)1) 351 ± 145 235 ± 39.0

MRT (h) 78.8 ± 16.7 104 ± 8.61

Vz (L ⁄ kg) 64.3 ± 21.2 NA

Vz_F (L ⁄ kg) NA 130 ± 32.3

Cl (L ⁄ h ⁄ kg) 0.580 ± 0.170 NA

Cl_F (L ⁄ h ⁄ kg) NA 1.14 ± 0.280

t1 ⁄ 2kz (h) 76.5 ± 13.4 78.7 ± 6.75

kz (1 ⁄ h) 0.00930 ± 0.00170 0.00890 ± 0.000800

Vss (L ⁄ kg) 44.6 ± 18.3 NA

F (%) NA 51.1 ± 10.2

Data presented as mean ± standard deviation of 8 animals per treatment

group. NA, not applicable; AUClast, the area under the plasma concen-

tration–time curve from time 0 to the last quantifiable time point (tlast);

AUCinf, the area under the plasma concentration–time curve from time 0

to infinity; AUMCinf, the area under the first moment of the concentra-

tion–time curve extrapolated to infinity; AUMClast, the area under the

first-moment curve of the plasma drug concentration–time curve from

zero to the last quantifiable time point (tlast); Cmax, maximum plasma

concentration; Cl, the total body clearance; Tmax, time of occurrence of

Cmax; t1 ⁄ 2kz, the terminal half-life; kz, first-order rate constant associated

with the terminal (log linear) elimination phase; MRT, mean residence

time; F, bioavailability; Vz, the volume of distribution; Vss, the volume of

distribution at steady state.

(a)

(b)

Fig. 4. Semi-log plot of concentration–time profiles of tulathromycin ( )

and metabolite of tulathromycin (r) after an intravenous injection (a)

and a single oral administration (b) to 8 pigs at a dose of 2.5 mg ⁄ kg,

respectively.
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Kaspar, H., Schröer, U. & Wallmann, J. (2007) Quantitative resistance

level (MIC) of Pasteurella multocida isolated from pigs between 2004

and 2006: National resistance monitoring by the BVL. Berliner und

Münchener tierärztliche Wochenschrift, 120, 442–451.

Lakritz, J., Wilson, W.D., Marsh, A.E. & Mihalyi, J.E. (2000) Effects of

prior feeding on pharmacokinetics and estimated bioavailability after

oral administration of a single dose of microencapsulated erythro-

mycin base in healthy foals. American Journal of Veterinary Research,

61, 1011–1015.

Martos, P.A., Lehotay, S.J. & Shurmer, B. (2008) Ultratrace analysis of nine

macrolides, including tulathromycin A (Draxxin), in edible animal tis-

sues with minicolumn liquid chromatography tandem mass spectrom-

etry. Journal of Agricultural and Food chemistry, 56, 8844–8850.

McCracken, G.H.. Jr, Ginsburg, C.M., Clahsen, J.C. & Thomas, M.L.

(1978) Pharmacologic evaluation of orally administered antibiotics in

infants and children: effect of feeding on bioavailability. Pediatrics, 62,

738–743.

Modric, S., Webb, A.I. & Derendorf, H. (1998) Pharmacokinetics and

pharmacodynamics of tilmicosin in sheep and cattle. Journal of Veter-

inary Pharmacology and Therapeutics, 21, 444–452.

Nowakowski, M.A., Inskeep, P.B., Risk, J.E., Skogerboe, T.L., Benchaoui,

H.A., Meinert, T.R., Sherington, J. & Sunderland, S.J. (2004) Phar-

macokinetics and lung tissue concentrations of tulathromycin, a new

triamilide antibiotic, in cattle. Veterinary Therapeutics: Research in

Applied Veterinary Medicine, 5, 60–74.

NRC. (1998) Nutrient Requirements for Swine, 10th edn. Natl. Acad.

Press, Washington, DC.

Nutsch, R.G., Hart, F.J., Rooney, K.A., Weigel, D.J., Kilgore, W.R. &

Skogerboe, T.L. (2005) Efficacy of tulathromycin injectable solution for

the treatment of naturally occurring Swine respiratory disease. Vet-

erinary Therapeutics: Research in Applied Veterinary Medicine, 6, 214–

224.

Pijoan. (1999) Pneumonic pasteurellosis. In Diseases of Swine, 8th edn,

Eds Straw, B.E., D’Allaire, S., Mengeling, W.L. & Taylor, D.J., pp. 511–

520. Iowa State University Press, Ames, Iowa.

Reese, C.P., Norcia, L.J. & Skogerboe, T.L. (2004) Time killing kinetics

and impact of culture conditions (pH, CO2 and serum) on MIC values of

tulathromycin against Haemophilus somnus. In: Proceedings of 23rd

World Buiatrics Congress, pp. 70–71.

Rodvold, K.A., Gotfried, M.H., Danziger, L.H. & Servi, R.J. (1997) Intra-

pulmonary steady-state concentrations of clarithromycin and azi-

thromycin in healthy adult volunteers. Antimicrobial Agents and

Chemotherapy, 41, 1399–1402.

Scheuch, E., Spieker, J., Venner, M. & Siegmund, W. (2007) Quantitative

determination of the macrolide antibiotic tulathromycin in plasma and

broncho-alveolar cells of foals using tandem mass spectrometry. Jour-

nal of Chromatography, B, Analytical Technologies in the Biomedical and

Life Sciences, 850, 464–470.

Sidibe, M., Messier, S., Larivie¢re, S., Gottschalk, M. & Mittal, K.R. (1993)

Detection of Actinobacillus pleuropneumoniae in the porcine upper

respiratory tract as a complement to serological tests. Canadian Journal

of Veterinary Research, 57, 204–208.

Young, G., Smith, G.W., Leavens, T.L., Wetzlich, S.E., Baynes, R.E.,

Mason, S.E., Riviere, J.E. & Tell, L.A. (2011) Pharmacokinetics of

tulathromycin following subcutaneous administration in meat goats.

Research in Veterinary Science, 90, 477–479.

Zhanel, G.G., Dueck, M., Hoban, D.J., Vercaigne, L.M., Embil, J.M., Gin,

A.S. & Karlowski, J.A. (2001) Review of macrolides and ketolides –

focus on respiratory tract infections. Drugs, 61, 443–498.

Zhang, X.R., Zhang, Y.F., Wang, J., Zhou, H.B., Li, S.M. & Zhong, D.F.

(2011) Pharmacokinetics of clarithromycin citrate salt after

oral administration to beagle dogs and food effects on its absorp-

tion. PDA Journal of Pharmaceutical Science and Technology, 62, 445–

453.

Ziv, G., Shem-Tov, M., Glickman, A., Winkler, M. & Saran, A.

(1995) Tilmicosin antibacterial activity and pharmacokinetics in

cows. Journal of Veterinary Pharmacology and Therapeutics, 18, 340–345.

8 X. Wang et al.

� 2011 Blackwell Publishing Ltd


