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Pharmacokinetics of tilmicosin after oral application of Pulmotil G 200 – premix in pigs 
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Abstract. The purpose of the present study was to determine the main pharmacokinetic parameters of tilmicosin after oral application of Pulmotil G 200-premix 
(Elanco). Eight clinically healthy Danube White pigs 4 from both genders, at the age of 9-10 weeks, weighing from 9 tо 14.55 kg were used. Pulmotil G 200-
premix was applied once at a dose of 16 mg/kg body weight tilmicosin. Plasma antibiotic concentrations were assayed by HPLC and the main pharmacokinetic 
parameters of tilmicosin were calculated. The pharmacokinetic parameters of tilmicosin after application of Pulmotil G 200-premix were as followed: 
elimination half-life (t )  14.92 0.87 h, maximum plasma concentrations (C )  1.031 0.035 g/ml, time to reach maximum plasma concentrations (T )  1/2 max max

2.096±0.095  h, area under the concentration-time curve (AUC )  9.68±0.91  µg.h/ml. Plasma tilmicosin concentrations higher than 0.112±0.011 µg/ml → LOQ

were detected for 24 hours while lower than 0.092 g/ml – until the end of the 72-h experimental period. The pharmacokinetic characteristics of tilmicosin after 
oral application to pigs corresponded to those specific for macrolide antibiotics and at the same time, was distinguished plasma concentrations maintained 
over a long period of time. 

± ± µβ’

Keywords: pharmacokinetics, tilmicosin, Pulmotil G 200 – premix, pigs

Abbreviations: HPLC – highly effective liquid chromatograph, LOQ – limit of quantitation,  AIC – Akaike's information criterion, t  – elimination half-life, MRT 1/2β´

– mean residence time,  AUC  – area under the serum concentration curve from time 0 to the limit of quantitation 24 h, AUC  – area under the serum → → ∞0 LOQ 0

concentration curve from time 0 to infinity, t  – pharmacokinetic lag time, t  – absorption half-life, C  – maximum serum concentration, T  – time to reach lag 1/2abs. max max

maximum serum concentration 
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experiment was carried out with 8 clinically healthy Danube White Introduction
pigs, 4 of each gender. They originated from the Experimental Farm 
to the Trakia University, Stara Zagora. Pigs were sexually intact, Tilmicosin is a semi-synthetic macrolide antibiotic, synthesized 
weighing 9 tо 14.45 kg, at the age of 9-10 weeks. Throughout the from tylosin, used in veterinary medical practice (Ose and 
experiment pigs were reared in metal boxes with metal slatted floor, Tonkinson, 1998; Prescott, 2000). Its antimicrobial spectrum is 
equipped with automated nipple watering systems and individual mainly against Gram-positive and some Gram-negative 
troughs ensuring an appropriate feeding width to each pig. Once microorganisms (streptococci, staphylococci, pasteurellae, 
daily, all pigs received feed free from chemoprophylaxis and treponemae, mycoplasmae etc.) (Ziv et al., 1995; Crosier et al., 
chemotherapeutic drugs. Water was provided ad libitum. Pigs were 1996). It penetrates intracellularly in alveolar macrophages 

thdeprived from food, but not water, since the 12  pre-treatment hour (Jackman et al., 1997; Scorneaux and Shryock, 1999).
thto the 6  post treatment hour. The individual dose of the drug was In pigs, tilmicosin is used for treatment and prevention of 

calculated after weighing of pigs 24 h prior to the treatment respiratory diseases caused by Pasteurella multocida, Actino-
(precision 0.5 kg). The tested premix was administered as a single bacillus spp., Mycoplasma hyopneumoniae and other sensitive 
dose of aqueous suspension by means of elastic silicone gastric microbial agents (Walters et al., 1994). The recommended dose of 
probe at a dose of 16 mg/kg body weight tilmicosin. the 20 % tilmicosin premix for pigs is 2 kg/t feed, equivalent to 400 

Blood samples of 3 ml were obtained from sinus ophthalmicus mg tilmicosin per 1 kg feed, applied for 15 days.
in heparinized tubes before treatment (hour 0) and at post treatment The purpose of the present study was to determined plasma 
hours 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24 and 48 h. Blood was centri-concentrations and some main pharmacokinetic parameters of 
fuged at 3500 rpm for 15 min. Blood plasma was separated and tilmicosin after single oral administration of 20 % Pulmotil G200-
divided in two aliquots in Eppendorf tubes and frozen at –25 ºС until premix in pigs.
analyzed. The plasma tilmicosin concentrations in pigs were 
assayed by HPLC (Chan et al., 1994; Delepine et al., 1996; Morgan 
et al., 1997; Hows et al., 2000). The method is based upon selective 

Мaterial and methods extraction of tilmicosin from plasma by SPE, chromatographic 
separation on a column containing octadecylsilyl silica gel as 

Pulmotil G200-premix, Elanco, containing tilmicosin adsorbent and detection at 287 nm. The analytical method was 
phosphate, equivalent to 200  mg tilmicosin per 1 g was used. The validated with regard to specificity, accuracy, precision, and limit of 

* e-mail: dj.dimitrova.56@gmail.com
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quantitation. The validation of the procedure was done on a HPLC ± standard error of the mean (SEM).
system Waters.

The specificity of the method was determined by comparing the 
results from analysis of plasma samples from untreated animals 

Results(blank), with test results of plasma from untreated animals with 
previously added amount of tilmicosin (spike), as well as with test 

Individual and mean plasma tilmicosin concentrations after results from plasmas from treated pigs. Comparing the retention 
single oral application of Pulmotil G 200-premix are presented in times, no overlapping has occurred between peaks obtained from 
Table 1, Figure 1and 2. In pre-treatment blood samples (hour 0) no blank plasmas, and peaks from plasmas of treated pigs.
antimicrobial activity was determined. Plasma tilmicosin The linearity of the HPLC method was determined by evaluating 
concentrations over the limit of detection (0.05 μg/ml) were present the relationship between tilmicosin concentration and peak areas of 

thin all treated pigs until the 24  hour. AT later intervals, detectable 7 concentrations, each with 3 standard solutions. The linearity was 
thplasma levels were found out by the 48  hour in 63 % of pigs treated validated in the range from 0.1 tо 10.0 µg/mL.

with Pulmotil G 200-premix. Fifteen minutes after the application of The accuracy of the HPLC method was tested by analysis of 
the premix, plasma tilmicosin attained 0.102±0.010 μg/ml. samples prepared by adding a specified amount of tilmicosin to 

thMaximum concentrations (C ) were measured in 6 pigs by the 90  maxplasmas obtained from untreated animals. Six independent 
ndminute and in 2 male pigs – by the 2  hour post treatment (Table 1). measurements of five different concentrations were performed 

thBy the 24  post treatment hour, detectable   mean plasma according to the entire analytical procedure.
concentrations varied from 0.067 tо 0.163 µg/ml. The area under the The precision of the method was determined by testing plasma 
plasma concentration curve (AUC ) (Figure 2) had marked peaks samples with specified amount of tilmicosin added. Six independent L→OQ

samples were used for each concentration. The limit of quantitation near to C  and corresponded to shorter absorption and distribution max

(LOQ) was determined to be 0.05 µg/mL. phases compared to elimination phase. Individual plasma tilmicosin 
The pharmacokinetic analysis of tilmicosin included in the levels (Figure. 1) were very close and also, similar to mean 

composition of Pulmotil G200-premix was done on the basis of concentrations measured. Semi logarithmic plasma tilmicosin-time 
plasma levels. Main pharmacokinetic parameters were determined plots corresponded to the two-compartment pharmacokinetic model 
by means of the TopFit v.2.0 software (Henzel et al., 1993). The of absorption (Figure 2).
pharmacokinetic modeling was based on Akaike's information Pharmacokinetic parameters of tilmicosin did not differ 
criterion (AIC) and the Schwartz test (Sc) (Yamaoka et al., 1978). considerably between male and female pigs. Mean pharmacokinetic 
The AUC and AUC were determined according to the lag time (t ) after oral application of Pulmotil G 200-premix was → → ∞0 LOQ  0  lag

trapezoid rule (Gibaldi and Perrier, 2007). The following 0.236±0.001 h, of absorption half-life (t ) 1.34±0.09 h and of the 1/2abs.

pharmacokinetic parameters were calculated: elimination (β’), time to reach maximum plasma concentrations (T )  2.100.10 h max

elimination half-life (t ), mean residence time (MRT), area under the 1/2 (Tаble 2). Parameters of absorption of the tested macrolide 
plasma concentration curve from time 0 to the limit of quantitation antibiotic were 9.68±0.91 g.h/ml for the area under the plasma 
(AUC ), pharmacokinetic lag time (t ), absorption half-life (t ), → concentration time curve (AUC ); and 1.031±0.035 μg/ml for 0 LOQ lag 1/2abs. L→OQ

maximum plasma concentration (C ) and the time to reach maximum plasma concentration (C ). The parameters reflecting max max

maximum plasma concentration (Т ). The pharmacokinetic the time tilmicosin was present in the organism  elimination rate max

analysis on the basis of individual plasma tilmicosin concentrations constant (β’), elimination half-life (t ) and mean residence time 1/2β’
-1at each time interval was performed according to the compartmental (МRT) were 0.0464±0.003 h ,14.92±0.87h and 17.27±1.28h, 

method. All pharmacokinetic parameters were individually respectively.
calculated with the Statistica 6.0 software and presented as means 

Тable 1. Plasma tilmicosin concentrations (g/ml) in pigs after single oral administration of Pulmotil G 200-premix, at a dose 
of tilmicosin 16 mg/kg body weight

Time Pig  №     Mean

4 5 6(h)

0.25

0.50

1

1.5

2

4

6

8

12

24

48

1

0.097

0.245

0.612

0.843

1.355

0.721

0.547

0.365

0.298

0.125

0.065

2

0.074

0.208

0.557

0.763

1.181

0.638

0.447

0.298

0.221

0.106

0.052

3

0.086

0.223

0.584

0.806

1.300

0.684

0.516

0.324

0.256

0.118

0.058

0.112

0.302

0.687

0.914

1.455

0.780

0.612

0.422

0.345

0.163

0.080

0.104

0.273

0.641

0.880

1.396

0.743

0.585

0.387

0.311

0.137

0.071

0.065

0.181

0.503

0.711

1.132

0.591

0.400

0.272

0.188

0.094

< 0.05

7

0.150

0.352

0.819

1.100

1.044

0.535

0.353

0.237

0.164

0.082

< 0.05

8

0.131

0.334

0.767

1.034

0.987

0.462

0.315

0.204

0.148

0.067

< 0.05

0.102

0.265

0.646

0.881

1.231

0.644

0.472

0.314

0.241

0.112

0.065

SEM

0.010

0.022

0.038

0.047

0.060

0.039

0.038

0.027

0.026

0.011

0.005
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Figure 1. Kinetics of individual plasma tilmicosin concentrations after single oral treatment of pigs 
with Pulmotil G200-premix at a dose of tilmicosin 16 mg/kg body weight
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Figure 2. Plasma tilmicosin concentrations (log-linear relationship) in pigs after single oral administration
of Pulmotil G 200-premix, at a dose of tilmicosin 16 mg/kg body weight (mean ± SEM).
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Тable  2. Pharmacokinetic parameters of tilmicosin in pigs after single oral application of Pulmotil G200-premix at a dose of 
16 mg/kg body weight tilmicosin

Parameters Units Pulmotil G 200-premix  (n = 8)

Mean

0.0464

14.92

17.27

9.68

0.236 

1.34

2.10

1.031

SEM

0.003

0.87

1.28

0.91

0.001

0.09

0.10

0.03

β’

t1/2 ’

MRT

AUC0→LOQ

tlag

t1/2abs.

Tmax

Cmax

β

-1h

h

h

µg.h/ml

h

h

h

µg/ml

β’ -rate constant for the elimination phase t  – elimination ; 1/2β´

half-life; MRT – mean residence time;  AUC  – area 0→LOQ

under 
the plasma concentration curve from time 0 to the limit of 
quantitation; t  – pharmacokinetic lag time; t – lag 1/2abs.

absorption 
half-life; T  – time to reach maximum plasma max

concentration; C  – maximum plasma concentration;  max
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concentrations occurring later. The persistence of tilmicosin in pigs Discussion
after oral application was relatively prolonged, but shorter when 
compared to s.c. application in calves and sheep.The lack of changes in the general condition and toxic signs 

In general, the pharmacokinetic parameters of tilmicosin could after single oral application of the product at a dose of tilmicosin 16 
be evaluated as specific for macrolide antibiotics, both after s.c. mg/kg body weight should be interpreted at the background of 
application to calves and after oral administration. They are reported considerable alterations and death rate after intravenous 
distinguished with relatively low blood concentrations. This could be bolus administration as a 45 mg/kg body weight. Our data confirmed 
attributed to the higher persistence of macrolides (tilmicosin) in the high safety index of tilmicosin (>10), reported by Thomson et al. 
some organs and tissues – mainly in lungs (Thоmpson and (1994) after oral treatment of pigs through the feed.
Lawrence, 1994; Plumb, 2001). In pigs, tilmicosin was known to Literature data about the pharmacokinetics of tilmicosin in pigs 
concentrate and accumulate in alveolar macrophages (Thomson et are mainly with respect to its repeated intake with feed. Data about 
al., 1994; Jackman et al., 1997; Scorneaux and Shryock, 1999), the classical pharmacokinetic parameters originated from a single 
explaining its therapeutic effect in pneumoniae caused by experiment with orally applied tilmicosin base (Shen et al., 2005). 
mycoplasmae, pasterurellae and Actinobacillus spp. (Walters et al., This limits the background for comparison of present results with 
1994).data obtained in the same animal species. The results from studied 

premix with respect to the pharmacokinetic lag time (t = 0.237 h) lag 

and the time to reach maximum plasma concentrations (Т = max 

2.10±0.10 h) indicated a moderate absorption from the alimentary Conclusion
tract. This was also supported by absorption half-life values (t = 1/2abs. 

The oral application of Pulmotil G200-premix to pigs at a dose of 1.34±0.09 h). The values of T  and t differed from those max 1/2abs. 

16 mg/kg body weight active substance resulted in long-term reported by Shen et al. (2005) in pigs treated orally with 20 mg/kg 
persistence of detectable plasma tilmicosin concentrations from the tilmicosin  3.12±0.50 h and 1.49±0.23 h, respectively, and tended to 

th th15  min to the 24  hour as well as under the limit of detection (0,05 exhibit a faster absorption of tilmicosin in the tested premix. The 
thμg/ml) – until the end of the test period  48  hour. Maximum plasma comparison with data from the subcutaneous application of 10 

concentration in pigs treated with the premix was attained after mg/kg tilmicosin phosphate in other animal species showed that our 
2.20±0.10 h. T  values were higher that those in calves (0.50±0.67 h), but lower max

as compared to sheep (3.90±2.41 h) (Modric et al., 1998).
Plasma tilmicosin concentrations after oral intake of Pulmotil G 

200-premix by hours 2 and 24 (1.231±0.060 μg/ml and 0.112±0.011 References
μg/ml respectively) were similar to those obtained after oral 
administration of tilmicosin base (20 mg/kg)  1.34±0.48 μg/ml and 

Chan W, Gerhard G and Salisbury D, 1994. Determination of 0.130.05 g/mL, respectively (Shen et al., 2005). This was also true 
tylosin and tilmicosin residues in animal tissues by reversed - phase for C 0.982±0.03 μg/ml and 1.044±0.032 μg/ml for tilmicosin max  

liquid chromatography. Journal of AOAC International, 77, 331-333.phosphate and 1.190.30 g/ml for tilmicosin base (Shen et al., 2005). 
nd Crosier RK, Riviere J and Craigmill AL, 1996. Tilmicosin Compared to blood levels by the 2  hour in steers and heifers treated 

phosphate, In: The Food Animal Residue Avoidance Data bank. A s. c. with tilmicosin phosphate at 10 mg/kg, our values were about 
th comprehensive Compendium of Food Animal Drugs, 10-th edn. twice higher by that time, although 3.6 times lower by the 24  hour 

Publications and Distribution Center, University of Florida, (0.112±0.011 g/ml). Maximum plasma concentrations (C = max 

Gainnesville, FL, p. 386.1.031±0.035 g/ml) were relatively higher than those in cows after 
Delepine B, Hurtaud-Pеssel D and Sanders P, 1996. Multiresidue s.c. application of 10 mg/kg  0.873±0.420 g/ml (Modric et al., 1998).
method for confirmation of macrolide antibiotics in bovine muscle by The elimination half-life (t ) and mean residence time (MRT) of 1/2β’
liquid chromatography/mass spectrometry. Journal of AOAC tilmicosin in the presence study with Pulmotil G 200-premix were 
International, 79, 397-404.lower and similar, respectively, to those reported for pigs treated 
Gibaldi M and Perrier D, 2007.  Non-compartment analysis based orally with 20 mg/kg tilmicosin base  25.26±8.25 h and 17.81±1.16 h 

ndon Statistical Moment Theory. In: Pharmacokinetics, 2  edn. respectively (Shen et al., 2005). The values of these parameters 
Revised and expanded, Informa Healthcare Inc., New York, USA.were lower when compared to those in calves treated 
Henzel G, Woloszczak R and Thomann P, 1993. Topfit. Version subcutaneously with 10 mg/kg (29.4±6.00 and 36.5±6.1 h  Мodric et 
2.0., Pharmacokinetic and Pharmacodynamic Data Analysis al., 1998). The comparisons made showed that pharmacokinetic 
System for PC. Gustav Ficher, Stuttgart, Jena, New York.parameters of tilmicosin determined after oral application of Pulmotil 
Hows MEP, Coldham NG and Saner MS, 2000. Multi-residue G 200-premix were largely different from those reported. This is 
analysis of macrolide antibiotics in bovine kidney tissue by LC-MS. anticipated having in mind that the substance applied, the age of 
In: Proceedings of Euroresidues IV, eds. LA van Ginkel and A Ruiter, animals, the dose and route of application, the medication form and 
Veldhoven, Netherlands, 581-586.other details related to the experimental design, were different. At 
Jackman R, Spencer YI, Silverlight JJ, Marsh SA and Bellerby the same time, our results and those reported allow to emphasize 
PJ, 1997. Development of antibodies to tilmicosin and their use in several traits related to both the specific experimental design, and to 
the immunolocalization of the antibiotic in porcine lung tissue. tilmicosin properties. It could be therefore summarized that after oral 
Journal of Veterinary Pharmacology and Therapeutics, 20, Suppl. 1, application to pigs, tilmicosin was relatively rapidly absorbed and 
131-132.that plasma concentrations attained in the first post treatment hours 
Martinez MN and Bersan MR, 1998. Bioavailability assessment. In: were comparable tot hose obtained after subcutaneous application 

ndDevelopment and Formulation of Veterinary Dosage Forms, 2  edn, (although in a different animal species), but with peak 
eds. SE Hardee and JD Baggot, Marcel Dekker, Inc., New York, 
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Basel, Hong Kong, 1998, 429-468. macrolide antibiotic, in acutely pneumonic cattle and primary bovine 
Modric S, Webb AI and Derendorf H, 1998. Pharmacokinetics and alveolar macrophages. In: Proceedings of the 6-th International 
pharmacodynamics of tilmicosin in sheep and cattle. Journal of EAVPT Congress, Edinburg, 7-11 August, 1994, Backwell Scientific 
Veterinary Pharmacology and Therapeutics, 21, 444-452. Publications, Oxford, London, Edinburg, Paris, Berlin, Vienna, 
Morgan JW, Turner JM and Coleman MR, 1997. Determination of Melbourne, Boston, 31-32.
tilmicosin in bovine and porcine sera by liquid chromatography. Thompson TD and Lawrence K, 1994. Micotil: Pharmacokinetics 
Journal of AOAC International, 80, 1183. of tilmicosin, a semi-synthetic macrolide antibiotic, in cattle. In: 
Ose EE and Tankinson LV, 1988. Single-dose treatment of Proceedings of the 6-th International EAVPT Congress, Edinburg, 7-
neonatal calf pneumonia with the new macrolide antibiotic tilmicosin. 11 August, 1994, Backwell Scientific Publications, Oxford, London, 
Veterinary Record, 123, 367. Edinburg, Paris, Berlin, Vienna, Melbourne, Boston, 55-56.

th Thomson TD, Darby JM, Jordan WH and Tonkinson LV, 1994. Plumb DC, 2001. Veterinary Drug Handbook, 4  ed., Iowa State 
Safety of tilmikosin incorporated into swine grower ration. In: Press/Ames, 837-838.
Proceedings of the 6-th International EAVPT Congress, Edinburg, 7-Prescott JF, 2000. Lincosamides, macrolides, and pleuromulins. In: 

rd 11 August, 1994, Backwell Scientific Publications, Oxford, London, Antimicrobial Therapy in Veterinary Medicine, 3  ed., eds. JF 
Edinburg, Paris, Berlin, Vienna, Melbourne, Boston, 134-135.Prescott, JD Baggot and RD Walker, Iowa State, USA. 
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(tilmicosin in premix form) against naturally-occuring pneumonia in Schwartz G, 1978. Estimating the dimention of a model. Annals of 
growing-fattening pigs. In: Proceedings of the 6-th International Statistics, 6, 461-464.
EAVPT Congress, Edinburg, 7-11 August, 1994, Backwell Scientific Scorneaux B and Shryock TR, 1999. The determination of the 
Publications, Oxford, London, Edinburg, Paris, Berlin, Vienna, cellular volume of avian, porcine and bovine phagocytes and bovine 
Melbourne, Boston, 202-203.mammary epithelial cells and its relationship to uptake of tilmicosin. 
Yamaoka K, Nakagava T and Uno T, 1978. Application of Akaikes Journal of Veterinary Pharmacology and Therapeutics, 22, 6-12.
Information Criterion (AIC) in the evaluation of linear Shen J, Li C, Jiang H, Zhang S, Guo P, Ding S and Li X, 2005. 
pharmacokinetic equation. Journal of Pharmacokinetics and Pharmacokinetics of tilmikosin after oral administration in swine. 
Biopharmaceutics, 6, 166-175.American Journal of Veterinary Research, 66, 1071-1074.
Ziv G, Shem-Tov M, Glickman A, Winkler M and Saran A, 1995. Steinijans, V, Hauchke D and Jenkman G, 1992. Controversies in 
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