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Pharmacokinetics of tiamulin and chlortetracycline after application of Tetramutin-premix in 
pigs
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Abstract. Investigation of the pharmacokinetics of tiamulin hydrogen fumarate and chlortetracycline hydrochloride after single oral application of the 
preparation Tetramutin-premix in pigs. 8 clinically healthy pigs at the age of 10 weeks, from both genders, weighing 20.3 kg on average (15 tо 24.5 kg). Pigs 
were treated once orally with Tetramutin-premix, at a dose of 25 mg/kg tiamulin hydrogen fumarate and 75 mg/kg chlortetracycline hydrochloride. Serum 
concentrations of tiamulin and chlortetracycline were assayed by validated microbiological and HPLC methods, respectively. The main pharmacokinetic 
parameters of both antibiotics were calculated. The pharmacokinetic parameters of tiamulin (mean±SEM) determined by both compartmental and non-
compartmental methods, were as followed: elimination half-life (t )–4.68 0.62 and 5.05 0.31 h; mean residence time (MRT)8.20 0.72 h and 8.20 0.40 h; 1/2´

maximum serum concentrations (C )–1.880.11 and 1.90±0.14 µg.h/ml; time to reach maximum serum concentrations (T ) – 2.46±0.20 h  and 2.11±0.01 h; max max

area under the concentration-time curve (AUC )–17.23±0.72 and 17.65±1.74 µg.h/ml. Serum tiamulin concentrations higher than 0.10 g/ml were detected 0→∞
th thin all treated pigs up to the 12  hour, and in some animals–by the 24  h. The respective Mean + SEM pharmacokinetic parameters of chlortetracycline after 

administration of Tetramutin-premix, determined by both compartmental and non-compartmental methods were: t – 3.92±0.24 h and 4.35±0.10 h; 1/2´ 

C –4.65±0.14 g/ml and 5.12±0.20 µg.h/ml.; T –2.99±0.09 h and 3.00±0.11 h; area under the time-concentration curve – 43.97±0.18 g.h/ml and max max
th44.06±0.12 µg.h/ml. Serum tetracycline levels higher than the minimum detectable ones (10 ng/ml) were detected in all treated animals until the 24  hour.

± ± ± ±

Keywords: pharmacokinetics, tiamulin, chlortetracycline, Tetramutin-premix, pigs

Abbreviations: HPLC – highly effective liquid chromatograph, LOQ – limit of quantitation, LOD – limit of detection, AIC – Akaike's information criterion, 
t  – elimination half-life, MRT – mean residence time, AUC  – area under the serum concentration curve from time 0 to the limit of quantitation 24 h, 1/2β´ 0→LOQ

AUC  – area under the serum concentration curve from time 0 to infinity, t  – pharmacokinetic lag time, t  – absorption half-life, C  – maximum 0→∞ lag 1/2abs. max

serum concentration, T  – time to reach maximum serum concentrationmax
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(Drews et al., 1975; Martineau et al., 1980; Madeiros, 1984; Burch Introduction
and Goodwin, 1984; Friis and Szancer, 1994; Hannan et al., 1997; 
Jordan et al., 1998). Tiamulin has a therapeutic effect in diseases Respiratory and gastrointestinal diseases in pigs are generally 
caused by A. pleuropneumoniae (Schultz et al., 1983), related to more than one etiological agent. The respiratory complex 
Streptococcus suis Type 2 (Chengappa et al., 1990), Leptospira is mainly caused by Mycoplasma hyopneumoniae, often in 
pomona (Laber and Walzl, 1979), Br. hyodysenteriae (Anderson, association with M. hyorhinis, M. floculare, Streptococcus suis, 
1983, Veson, 1986).Staphylococcus spp., Bordetella bronchiseptica, Klebsiella 

Antibiotics from the group of tetracyclines, including pneumoniae, Actinomyces pyogenes. It could be complicated with 
chlortetracycline, possess a broad, usually similar antimicrobial Pasteurella multocida, or Actinobacillus pleuropneumoniae. Swine 
spectrum. They are active against aerobes, Gram-positive and dysentery is usually provoked by Brachyspira hyodysenteriae, 
Gram-negative anaerobes, mycoplasmae, rickettsiae, chlamydiae frequently combined with anaerobes such as Dichelobacter 
and even some protozoa (amoebae) (Anonymous, 1998). Just like nodosus, Fusobacterium necrophorum, Clostridium perfringes, 
other tetracyclines, chlortetracycline exhibits a marked activity Campylobacter coli.
against agents of porcine respiratory infections – P. multocida, Br. Viral diseases, in most instances, are accompanied by different 
bronchiseptica, A. pleuropneumoniae, S. suis Type 2 (Shimizu et al., bacterial infections. The treatment of mixed, especially complicated 
1981, 1982; Gilbride and Rosendal, 1984; Pijpers et al., 1989). A infections require chemotherapy to ensure an antibacterial effect 
synergism between tiamulin and chlortetracycline, proved in agents against the respective microbial agents. Such alternative is provided 
of respiratory infections, is existing (Burch and Stipkovits, 1994). by the combination tiamulin-chlortetracycline (Rogers et al., 1996).
The reviewed data showed the potential of the combined application Tiamulin is a derivative of the diterpene antibiotic pleuromutilin. 
of tiamulin and chlortetracycline. It has a high antimicrobial activity against Gram-positive bacteria, 

The aim of the present investigation was to evaluate the leptospirae, treponemae (brachyspirae), mycoplasmae (Drews et 
pharmacokinetics of tiamulin and chlortetracycline, ingredients of al., 1975; Laber, 1976; Jordan et al., 1998). Its efficacy against 
the medication form Tetramutin-premix, following single oral mycoplasmic infections in swine and birds is clinically relevant 
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administration to male and female weaned pigs. Micrococcus luteus ATCC 9341 as test microorganism with tested 
concentrations between 100 and 800 ng/ml. A statistically significant 
correlation was observed between concentration logarithms and Мaterial and methods
inhibition zones – 0.9914, allowing using the test within this 
concentration range. The precision of the method was tested with The experiment was carried out with 8 clinically healthy Danube 
respect to repeatability. Tiamulin content was calculated as ratio White pigs. Pigs were four of each gender, non-castrated, weighing 
between inhibition zone of samples and standard solution. 15 to 24.5 kg, 10 weeks of age. The animals were reared in two 

The accuracy of the method was determined by preparing boxes with dimensions 4.5 х 1.9 m, surrounded by metal fence, brick 
samples with increased tiamulin hydrogen fumarate content by floor, common feeding and watering throughs for each box. Each 
adding Tetramutin-premix to blood serum placebo. Three gender group (male and female) was placed in separate boxes. The 
independent determinations were done for each concentration light/dark cycle was 15/9 h. Boxes were cleansed manually on a 
following the procedure. The method's accuracy was calculated as daily basis. Twenty-four hours before the introduction of the 
percentage of recovery of theoretical concentration of the substance preparation, the individual body weight of pigs was determined. Drug 
in the sample. Recovery range was 97.2 % and 98.9 % .doses were determined on a body weight basis.

Quantitation of chlortetracycline in porcine blood serum Pigs were treated orally with Tetramutin-premix (Novartis) 
The used assay for chlortetracycline quantitation in biological containing Tiamulin hydrogenfumaras 33.3 g; Chlortetracyclin 

samples was developed on the basis of existing and applied hydrochloridum 100 g; Excipiens (lactosum) ad 1000 g, as 10 % 
analytical methods for quantitative determination of chlortetra-aqueous solution at a dose of 25 mg/kg tiamulin hydrogen fumarate 
cycline as a substance and medication forms. The analytical and 75 mg/kg chlortetracycline hydrochloride, between 7.30 and 
procedure included a maximum extraction of chlortetracycline from 8.30 AM after 12-hour fasting by means of elastic silicone gastric 
blood serum, purification and concentration of extracts, followed by tube.
derivatization at specific conditions (рН 9.0) to the fluorescent Blood samples were obtained from sinus ophthalmicus in tubes 
derivative isochlortetracyline. This contributed to enhanced before treatment and at post treatment hours 0.5, 1, 2, 3, 5, 8, 12 and 
sensitivity and selectivity of the method. Isochlortetracycline was 24 h. They were left for 2 hours at room temperature and then 
quantitated by HPLC after separation on a column with an centrifuged for 15 min at 3500 rpm on a JANETZKI T20 centrifuge. 
appropriate adsorbent and fluorescent detection. The method was Blood serum was separated by an automated Eppendorf pipette, 
applicable within the concentration range of 0.005 µg/ml tо 5.000 divided in two 600-µl aliquots in Eppendorf tubes and frozen at –25 
µg/ml. The validation of the procedure was done on a HPLC system ºС until analyzed.
Waters with gradient pump, diode array detector, fluorescent Quantitation of tiamulin in porcine blood serum
detector 1046A; Vortex mixer; centrifuge and SPE vacuum manifold. The method described below was used for quantitation of 
Chlortetracycline was derivatized for 5 h at room temperature, tiamulin in blood serum of pigs. It is based upon diffusion of the active 
protected from sunlight. After that the solution was filtered through substance in agar medium, inoculated with Micrococcus luteus 
0.45 µm filter. Chlortetracycline content was quantitated by external ATCC 9341 as test microorganisms according to the method of Аrret 
standard method against a simultaneously prepared standard (Arret et al., 1971). The content of active substance in samples was 
solution obtained by diluting the stock standard solution with determined by the diameter of inhibition zones that was proportional 
phosphate buffer (рН 9.0), according to expected chlortetracycline to the logarithm of antibiotic activity. The microbiological method for 
concentrations in analyzed samples. The accuracy of the HPLC quantitation of blood serum tiamulin was validated with regard to 
method was evaluated by analysis of sera from untreated animals specificity, linearity, precision, and accuracy. The specificity of the 
supplemented with a specified amount of chlortetracycline microbiological method was determined with respect to the test 
hydrochloride. Five independent tests of each concentration were microorganism used, solvents and blank blood serum sample. 
performed according to the analytical procedure. The precision of When determining the test microorganism, it was taken into 
the method was evaluated by analysis of sera with standard consideration that Tetramutin-premix contained two active 
amounts of chlortetracycline hydrochloride added. Five samples substances: chlortetracycline hydrochloride and tiamulin hydrogen 
were prepared within one day for each concentration. fumarate in 3:1 ratio. Thus, the microorganism was required to be 

The specificity of the method was assessed by comparing the sensitive to tiamulin and resistant to chlortetracycline. For this 
results from the analysis of a blank serum with those from sera from purpose, several microorganisms were tested: Staphylococcus 
treated animals. The limit of quantitation (LOQ) of chlortetracycline aureus, Escherichia coli, Bacillus mycoides and Micrococcus luteus 
in blood serum was 10.0 ng/ml, whereas the limit of detection (LOD)  ATCC 9341. Only Micrococcus luteus ATCC 9341 responded to 
5.0 ng/ml.requirements provided that several conditions were met – рН 9.00 of 

The pharmacokinetic analysis of tiamulin and chlortetracycline diffusion medium and sample dilution with phosphate buffer with рН 
after application of Tetramutin-premix was done by the 8.00.
compartmental and non-compartmental analyses (Gibaldi and The specificity of the method with regard to the solvents used 
Perrier, 2007), by means of the TopFit v.2.0 software (Henzel et al., was determined by comparing the results of tests of a blank sample 
1993). The pharmacokinetic modeling was based on Akaike's containing solvents with samples containing tiamulin hydrogen 
information criterion (AIC) (Yamaoka et al., 1978). The AUC  0→ LOQ fumarate and chlortetracycline hydrochloride substances. No 
and AUC were determined according to the trapezoid rule inhibition zones of the blank and analyzed sample were observed. 0→ ∞  

The test specificity was also determined by pouring drops of blank (Gibaldi and Perrier, 2007).
blood serum sample and tiamulin hydrogen fumarate and All pharmacokinetic parameters were individually calculated 
chlortetracycline hydrochloride substances on a diffusion medium. with the Statistica 6.0 software and presented as means ± standard 
There were no inhibition zones by either blood serum or error of the mean (SEM). 
chlortetracycline. The linearity of the method was determined by 



Тable 1. Serum tiamulin and chlortetracycline concentrations (g/ml) in pigs after single oral administration of Tetramutin-
premix, at a dose of 25 mg/kg tiamulin hydrogen fumarate and 75 mg/kg chlortetracycline hydrochloride. Data are 
presented as mean ± SEM

Time (h)

0.5

1

2

3

5

8

12

24

Tiamulin

Mean 

0.428

1.123

1.923

1.766

1.487

0.956

0.508

0.107

SEM

0.037

0.100

0.140

0.127

0.075

0.067

0.127

0.004

Chlortetracycline

Mean 

0.834

2.368

4.102

5.116

3.661

2.469

1.423

0.172

SEM

0.040

0.068

0.083

0.135

0.052

0.046

0.042

0.003

Тable 2. Selected pharmacokinetic parameters of tiamulin after single oral administration of Tetramutin-premix, at a dose of
25 mg/kg tiamulin hydrogen fumarate (mean ±SEM)

Parameter Units Compartmental method Non-compartmental method 

t1/2β´

MRT

AUC0 LOQ

AUC →∞0

tlag

t1/2abs.

Cmax

Tmax

→

h

h

µg.h/ml

µg.h/ml

h

h

µg/ml

h

4.68 0.62 ± 

8.20 0.72 ± 

14.87 0.88 ± 

17.23 0.72 ± 

0.35 0.03 ± 

0.76 0.15 ± 

1.88 0.11 ± 

2.46 0.20 ± 

5.05 ± 0.31

8.20 ± 0.40

14.27 ± 0.59

17.65 ± 0.74

1.91 ± 0.14

2.11 ± 0.01

illustrated on Figure 1, 2 and 3. Chlortetracycline concentrations Results 
were higher than minimum detectable ones in all animals over the 
24-hour experimental period. The variations in individual curves Individual and mean serum tiamulin concentrations after oral 
were relatively small (Figure 2). The kinetics of blood serum levels administration of Tetramutin-premix are presented in respective 
allowed the application of both compartmental and non-tables and figures. Individual serum concentration-time curves 
compartmental pharmacological analysis. Maximum serum showed that values over the limit of detection (0.1 µg/ml) were found 

th concentrations (C ) determined by these two methods were maxout in all treated animals up to the 12  hour after preparation intake. 
4.65±0.14 and 5.12±0.20 µg/ml, respectively. In all instances, they Only in some pigs, detectable concentrations were measured by the 

rdth were measured by the 3  post treatment hour. The T  values, 24  hour, 0.111±0.004 µg/ml on the average. A considerable max

calculated by the one-compartment pharmacokinetic model and by similarity in individual serum concentrations of treated male and 
the non-compartmental analysis, were similar (Table 3). The female pigs was observed. Usually, they were close to mean values.   
elimination half-life of chlortetracycline after oral administration of The tiamulin was rapidly adsorbed by the alimentary canal, as 
Tetramutin-premix in pigs was 3.92±0.24 h and 4.34±0.10 h, evidenced by the first-time point of tiamulin appearance in blood (t ) lag

determined by both methods. Mean residence time (MRT) values and by absorption half-life (t ) (Table 2).1/2abs.

were characterized by long duration (Table 2).Serum concentration curves of pigs corresponded to the one 
compartment pharmacokinetic model (Figure 1). The elimination 
half-life (t ) and mean residence time (MRT) were prolonged (Table 1/2

Discussion2). Maximum serum concentrations of tiamulin (C ) determined by max

both approaches did not differ significantly. They were attained by 
nd Serum tiamulin concentrations and its disposition after single the 2  hour after oral administration of the premix (Table 2). The area 

oral administration at a dose of 25 mg/kg established in the present under the serum concentration curve from time 0 to the limit of 
experiment could be compared to data obtained in pigs treated at the quantitation 24 h (AUC ) and from time 0 to infinity (AUC ) of 0→ LOQ 0→∞  

same dose in a similar experimental design by Laber and Schutze tiamulin calculated by both methods were similar (Table 2). 
(1977). Our C  values were close to those reported as to their lag-maxIndividual and mean serum concentrations of tiamulin and 
times. At the same time, comparing our results with those obtained in chlortetracycline after oral administration of Tetramutin-premix are 
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Figure 1. Kinetics of individual serum tiamulin concentrations after single oral treatment of 8 pigs with 750 mg/kg 
Tetramutin- premix (equivalent to 25 mg/kg tiamulin hydrogen fumarate + 75 mg/kg chlortetracycline hydrochloride)
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Figure 2. Kinetics of individual serum chlortetracycline concentrations after single oral treatment of 8 pigs with 750 mg/kg 
Tetramutin-premix (equivalent to 25 mg/kg tiamulin hydrogen fumarate + 75 mg/kg chlortetracycline hydrochloride)
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Figure 3. Serum tiamulin and chlortetracycline concentrations (μg/ml) in pigs after single oral administration of Tetramutin-
premix, at a dose of 25 mg/kg tiamulin hydrogen fumarate and 75 mg/kg tetracycline hydrochloride (mean ± SEM)
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pigs by Riend et al. (1993), after administration of tiamulin at 12.5 Studies for Veterinary Medicinal Products, EMEA/CVMP/016/00-
mg/kg, the respective parameters were 0.69±0.22 µg/ml and corr-Final. The European Agency for the Evaluation of Medicinal 
1.21±0.46 h. The differences should be anticipated, taking into Products – Committee for Veterinary Medicinal Products, 7 
consideration the twice lower applied dose. Westferry Circus, Canary Wharf, London, E14 4HB, UK.

The persistence of detectable serum tiamulin concentrations 12 Arret B, Johnson DP and Krishbaum A, 1971. Outline of details for 
hours after administration of Tetramutin-premix and values by the microbiological assay of antibiotics: Second revision. Journal of 
end of the experimental period were close to those reported by Laber Pharmaceutical Sciences, 60, 1689-1694.
and Schutze (1977) (0.545±0.163 g/ml). Тhis resemblance should Burch DGS and Stipkovits L, 1994. Prevention of experimental 
be assessed in connection to data obtained after application of a Mycoplasma gallisepticum infection with tiamulin and chlortetra-

thtwice lower dose (12.5 mg/kg), indicating that against the cycline alone and in combination. In: Proceedigs of the 6  EAVPT 
background of a slightly shorter persistence (10 h), serum tiamulin Congress, Edinburgh, 202.
levels by the end of the period were considerably lower (0.05±0.07 Burch DGS and Goodwin RFW, 1984. Use of tiamulin in a herd of 
µg/ml) (Riend et al., 1993). pigs seriously affected with Mycoplasma hyosynoviae arthritis. 

The appropriateness of the one-compartment pharmacokinetic Veterinary Record, 115, 594-595.
model, used in these studies to describe the relationship between Chengappa MM, Pace LW, Williams JA, Herren CR and Ascher 
serum tiamulin concentrations and time, corresponded also to the SE, 1990. Efficacy of tiamulin against experimentally induced 
findings of Riend et al. (1993). Literature data about serum Streptococcus suis Type 2 infection in swine. Journal of American 
chlortetracycline concentrations in pigs after oral administration are Veterinary Medical Association, 197, 1467-1470.
reported for doses lower than that applied by us (75 mg/kg) and Drews J, Georgopoulos A, Laber G, Schütze E and Unger J, 
therefore, comparisons could hardly be made. Relatively close 1975. Antimicrobial activities of 81.723 hfu, a new pleuromutilin 
values were established for mean residence time (MRT) – 8.71.6 h derivative. Antimicrobial Agents and Chemotherapy, 6, 507-516.
(Nielsen and Gyrd-Hansen, 1996) and for T  – 3.71.9 h (Nielsen Friis NF and Szancer J, 1994. Sensitivity of certain porcine and max

and Gyrd-Hansen, 1996) after application of 40 mg/kg, as well as for bovine mycoplasmas to antimicrobial agents in a liquid medium test 
T  after a dose of 13 mg/lb – 2.91 h (Rogers et al., 1996). Nearly compared to a disk assay. Acta Veterinaria Scandinavica, 35, 389-max

394.proportional to doses used, and lower than our values are reported 
Gilbride KA and Rosendal S, 1984. Antimicrobial susceptibility of for the area under the serum concentration curve (AUC ) and C  0→∞ max

51 strains of Haemophilus pleuropneumoniae. Canadian Journal of after application of 40 mg/kg – 23.010.4 µg.h/ml and 2.41.1 µg/ml, 
Comparative Medicine, 48, 47-50.respectively (Nielsen and Gyrd-Hansen, 1996) as well as after 
Gibaldi M and Perrier D, 2007.  Non-compartment analysis based application of 13 mg/lb –16.59±4.41 µg.h/ml and 2.23±0.65 µg/ml, 

ndon Statistical Moment Theory. In: Pharmacokinetics, 2  edn. revised respectively (Rogers et al., 1996).
and expanded, Informa Healthcare Inc.,  New York, USA.
Hannan PC, Windsor GD, de Jong A, Schmeer N and 
Stegemann M, 1997. Comparative susceptibilities of various 
animal-pathogenic mycoplasmas to fluoroquinolones. Antimicrobial References
Agents and Chemotherapy, 41, 2037-2040.
Henzel G, Woloszczak R and Thomann P, 1993. Topfit. Version Anderson MD, 1983. Treatment of swine dysentery with tiamulin 
2.0., Pharmacokinetic and Pharmacodynamic Data Analysis soluble antibiotic in controlled field trials. Veterinary Medicine Small 
System for PC. Gustav Ficher, Stuttgart, Jena, New York.Animal Clinics, 78, 98-101.
Jordan FT, Forrester CA, Ripley PH and Burch DG, 1998. In vitro Anonymous, 1998. Tetracyclines. In: The Merck Veterinary 

th and in vivo comparisons of valnemulin, tiamulin, tylosin, Mannual, 8  edn, ed. SE Aiello, Merck & Co., Inc., Whitehause 
enrofloxacin, and lincomycin/spectinomycin against Mycoplasma Station, NJ, USA.
gallisepticum. Avian Disease, 42, 738-745.Anonymous, 2001. Guidelines for the Conduct of Bioequivalence 
Laber G, 1976. Activity of various compounds against a pathogenic 

Тable 3. Some pharmacokinetic parameters of chlortetracycline after single oral administration of Tetramutin-premix, at a 
dose of 75 mg/kg chlortetracycline hydrochloride (mean ± SEM)

Parameter Units Compartmental method Non-compartmental method 

t1/2β´ h 3.92 0.24 ± 4.34 0.10 ± 

MRT h 7.49 0.27 ± 7.58 0.15 ± 

AUC0 LOQ→ µg.h/ml 43.97 0.18 ± 44.06 1.23 ± 

AUC0→∞ µg.h/ml 42.05 0.18 ± 45.32 1.28 ± 

tlag h 0.35 0.01 ± 

t1/2abs h 1.03 0.09 ± 

t1/2max h 2.99 0.09 ± 3.00 0.01 ± 

Cmax µg/ml 4.65 0.14 ± 5.12 0.20 ± 
2r 0.992 0.003 ± 
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und Hygiene, 236, 127-130. Pijpers A, van Klingeren B, Schoevers EJ, Verheijden JHM and 
Laber G and Schütze E, 1977. Blood level studies in chickens, van Miert ASJPAM, 1989. In vitro activity of five tetracyclines and 
turkey, poults and swine with tiamulin, a new antibiotic. The Journal some other antimicrobial agents against four porcine respiratory 
of Antibiotics, 30, 1119-1122. tract pathogens. Journal of Veterinary Pharmacology and 
Laber G and Walzl H, 1979. Orientierende Prüfung der Therapeutics, 19, 267-276.
chemotherapeutischen Wirksamkeit von Tiamulin gegenüber einer Riond JL, Schreiber F and Wanner M, 1993. Influence of tiamulin 
experimentellen Leptospira pomona - Infektion am Schwein. Wiener concentracion in feed on its bioavailability in piglets. Veterinary 
Tierärztliche Monatschrift, 66, 85-88 . Research, 24, 494-502.
Madeiros SA, 1984. Mycoplasma hyosynoviae treatment in pigs. Rogers S, Stroh S, Petty J and Reynolds W, 1996. NADA 140-011 
Veterinary Record, 115, 446. Freedom of Information Summary.
Martineau G, Martineau-Doize B, Coignoul F and Dewaele A, Schulz RA, Cue T and Anderson MD, 1983. Evaluation of tiamulin 
1980. Bilan économique après traitement de la bronchopneumonie water medication in treatment for Haemophilus pleuropneumoniae 
enzootique par la tiamuline. Annales de Médecine Vétérinaire, 124, in swine. Veterinary Medicine Small Animal Clinics, 78, 1625-1627.
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