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Summary &horbar; Tiamulin pharmacokinetic parameters were determined in 8 2-month-old male im-
proved Swiss Landrace piglets after intake of 2 000 mg/kg feed, 500 mg/kg feed, 12.5 mg/ml aque-
ous solution administered via a stomach tube and 180 mg/kg feed offered ad libitum. In all cases,
the total tiamulin dose received was 10 mg/kg body weight (bw) per day. For the 2 000 mg/kg and
500 mg/kg treatments, animals were restrictively fed a commercial mix in amounts corresponding to
3-fold their maintenance requirement of digestible energy. The piglets first individually received the
amount of medicated feed and immediately thereafter the rest of the daily ration. The highest tiamu-
lin serum concentrations (Cmax), the largest area under the curve (AUC!!), the largest absorption
rate constant (ka), and the shortest time at which the maximum serum concentration occurred (tmax)
were obtained after administration via stomach tube followed in the respective order by the 2 000
mg/kg, 500 mg/kg and 180 mg/kg treatments. Ad libitum feeding of the medicated mix at 180 mg/kg
failed to provide tiamulin serum concentration above minimum inhibitory concentrations (MIC) of
some representative microorganisms. In conclusion, tiamulin concentration in medicated feed

strongly influences its rate and extent of absorption and consequently serum concentrations. Larger
tiamulin concentration in feed enhances its bioavailability. The common practice adopted by national
regulatory agencies for the registration of a new drug is to conduct pharmacokinetic studies after ad-
ministration via a stomach tube. This practice should be reevaluated because this mode of adminis-
tration does not correspond to that in routine use.
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Résumé &horbar; Influence de la concentration de la tiamuline dans l’aliment sur sa biodisponibilité
chez le porcelet. Les paramètres pharmacocinétiques de la tiamuline ont été déterminés chez 8
porcelets mâles de la race Landrace Suisse améliorée, âgés de 2 mois, après ingestion de
2 000 mglkg d aliment, 500 mglkg d’aliment, 12,5 mglml de solution aqueuse, administrés par sonde
oro-gastrique et 180 mglkg d’aliment offert à volonté. Dans tous les cas, la dose totale de tiamuline
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était 10 mglkg de poids cotporel Pour les traitements 2 000 mglkg et 500 mglkg, les animaux ont
reçu un mélange commercial limité en quantité à 3 fois le besoin d’entretien en énergie digestible.
Les porcelets ont d’abord reçu l’aliment additionné de tiamuline individuellement et ensuite le reste
de la ration journalière. Les concentrations plasmiques maximales (Cmad’ les valeurs des aires sous
la courbe des concentrations plasmiques !4UCp_!J et les constantes de vitesse d’absorption (ka)
les plus élevées, ainsi que les temps d’apparition de Cmax ( tmax) les plus courts, ont été obtenus
après 12,5 mglmi, suivis dans l’ordre par les traitements 2 000 mg/kg, 500 mglkg et 180 mglkg. La
préhension à volonté du mélange additionné de 180 mglkg n’a pas produit des concentrations séri-
ques en tiamuline supérieures aux concentrations minimales inhibitrices (CMI) pour plusieurs micro-
organismes représentatifs. En conclusion, la concentration de tiamuline dans l’aliment additionné de
médicament influence fortement sa vitesse d’absorption, et en conséquence les concentrations séri-
ques. Une concentration en tiamuline plus élevée dans l’aliment entraîne une augmentation de sa
biodisponibilité. La pratique du sondage oro-gastrique adoptée par les agences chargées de l’enre-
gistrement de nouveaux médicaments devrait être réexaminée puisque ce mode d’administration ne
correspond pas à l’usage de routine.
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INTRODUCTION

The composition of feed and the feeding
technique both influence the bioavailability
of drugs after ingestion of medicated feed
(Welling, 1989; Wanner, 1992). For exam-
ple, decreased dietary calcium and in-
creased dietary citric acid both enhance

oxytetracycline and chlortetracycline bioa-
vailability in pigs (Wanner et at, 1990,
1991). Also, a higher water content in the
ration increases the bioavailability of vari-
ous antibiotics (Sutter and Wanner, 1990;
Kung and Wanner, 1993). The behaviour
concerning intake of water and feed may
influence drug concentration in the plasma
(Rossi and Scharrer, 1992; Engeli et al,
1993).

Pleuromutilin with activity against Gram-
positive bacteria was first identified from
cultures of 2 basidiomycete strains (Kava-
nagh et al, 1951 The semisynthetic deriv-
ative tiamulin, commercially available as

hydrogen fumarate, exhibits excellent in vi-
tro bacteriostatic activity against Mycoplas-
ma spp (Arigoni, 1962; Drews et al, 1975;
Egger and Reinshagen 1976a,b). The ther-
apeutic efficacy of tiamulin has been dem-

onstrated in the treatment of diseases
caused by Mycoplasma hyopneumoniae
(Goodwin, 1979; Martineau et al, 1980;
Meszaros et al, 1986; Ross and Cox,
1988), Mycoplasma hyosynoviae (Madei-
ros, 1984; Burch and Goodwin, 1984), Ac-
tinobacillus pleuropneumoniae (Schultz et
al, 1983; Anderson and Williams, 1990),
Streptococcus suis type-2 (Changappa et
al, 1990), Leptospira ponoma (Laber and
Walzl, 1979), and Treponema hyodysen-
teriae (Anderson, 1983; Blaha et al, 1987;
Olson, 1986). Under practical conditions of
swine raising, tiamulin may be mixed either
with feed or water (Schuller et al, 1977;
Stipkovits et al, 1978; Hannan et al, 1982;
Kobisch and Sibelle, 1982; Tomi et al,
1984; Burch et al, 1984, 1986; Pott and

Edwards, 1990). Concomitant use of the
ionophore antibiotics salinomycin and mo-
nensin should be avoided (Wanner, 1984;
Miller et al, 1986).

1’he purpose of the present trial was to
investigate the influence of the concentra-
tion of the antibiotic in the feed on the ex-
tent of enteral absorption of tiamulin. Admin-
istration of an aqueous solution of tiamulin
via a stomach tube served as control.



MATERIALS AND METHODS

Animals and experimental design

Eight 45-d-old castrated male improved Swiss
Landrace pigs with body weights of 10.4 ± 1.8
(SD) kg were acclimatized to single cages with a
straw-covered rubber floor. The animals originat-
ed from a specific pathogen-free herd. The tem-
perature of the room was maintained at 24°C
and humidity at 74%. After an adaptation period
of 10 d, an indwelling cannula was inserted in
one jugular vein under general anesthesia with
halothane following im premedication with
20 mg ketamine/kg body weight (bw), aceprom-
azine (2 mg/kg bw) and atropine (0.06 mg/kg
bw) in order to facilitate blood collection. After a
3-d recovery period, the following oral dosing
regimens were applied sequentially to each pig:
2 000 mg tiamulin/kg feed taken over < 5 min (d
14); 500 mg/kg feed taken over a period ranging
from 13 to 22 min (d 16); 12.5 mg per ml of an
aqueous solution administered via a stomach
tube (d 18). For the 2 000 mg/kg and 500 mg/kg
treatments, piglets first individually received the
amount of medicated feed and immediately
thereafter the rest of the daily ration. For the
2 000 mg/kg, 500 mg/kg and 12.5 mg/ml treat-
ments, the animals were fed a pelleted commer-
cial mix for piglets in amounts corresponding to
3-fold their maintenance requirements of digesti-
ble energy. Water was offered ad libitum. Fifty-
five percent of the feed was given in the morn-
ing and 45% in the afternoon. In the last study
phase starting at d 19 with ad libitum feeding,
the same mix containing 180 mg tiamulin/kg
was given on d 23 with free access to water. In
all cases, the total dose of tiamulin received was
10 mg/kg bw per day. The medicated feed and
tiamulin aqueous solution was prepared with a
formulation containing 80% tiamulin hydrogen
fumarate (Sandoz, Basel, Switzerland).

Microbiologic analysis
and pharmacokinetics

Blood samples were collected via an indwelling
cannula at 0, 0.17, 0.33, 0.50, 0.67, 1, 1.33,
1.67, 2, 2.5, 3, 4, 5, 6, 8, 10, and 12 h for the
2 000 mg/kg, 500 mg/kg and 12.5 mg/ml treat-
ments. Two additional samples were collected

14 and 16 h after the 180 mg/kg treatment. Tia-
mulin concentrations in the serum were deter-
mined by the agar diffusion test using Sarcina
lutea ATCC 9341. The quantification limit of the
assay was 0.03 pg/ml and the intra-assay varia-
tion was 2.13% (n= 15).

Pharmacokinetic analyses were conducted
with the extended least-squares non-linear re-
gression Elsefit 1 software (Sheiner and Beal,
1985) installed on a Hewlett-Packard 1000 com-
puter, using an open 1-compartment model. The
following equation was fitted to the data:

where, on the In concentration-time plot, C is
the tiamulin serum concentration, !3 is the slope
of the elimination phase (elimination rate con-

stant), ka is the calculated slope of the absorp-
tion phase (absorption rate constant), C, and C1
are the extrapolated y-intercepts of the elimina-
tion and absorption phase respectively, e is the
base of the natural logarithm, and t is the time

elapsed since administration (Shargel and Yu,
1993). ka was obtained by the Wagner-Nelson
method. Pharmacokinetic parameters were sub-
sequently derived as follows:

The area under the curve (AUC) was calcu-
lated by the trapezoidal rule (Riviere, 1988a,b).
AUC was extrapolated to the x-intercept
(!L/Co_!) using the terminal rate constant. Tia-
mulin availability after the 2 000 mg/kg, 500 mg/
kg, and 180 mg/kg treatments was compared to
that of the 12.5 mg/ml treatment (Shargel and
Yu, 1993):



Statistical analysis

A block design with 4 groups of 2 litter-related
pigs was used. Block effects were evaluated by
the Kruskal-Wallis test using the SAS
NPAR1 WAY procedure (SAS/STAT User’s

Guide, 1989; Powers, 1990). Significance in

paired comparisons of Cl, ka, t1f2 ka, Cz, f3
and t»2p were examined by the 2-tailed Wilcox-
on’s signed rank test using the SAS UNIVARI-
ATE procedure. Multiple comparisons for tmax’
Cmax, tiag, AUC!!!, and [AUCo->=hreatment /

[AUCo->=],2.5 mg/ml were made with the Fried-
man test using the SAS FREQ procedure fol-
lowed by the Wilcoxon-Wilcox test (Lozan,
1992).

RESULTS

Tiamulin was well tolerated after application
via the stomach tube, as evaluated by

physical findings. High concentrations of tia-
mulin in the diet did not affect the palatabil-
ity of the feed. Tiamulin serum concentra-
tions after the different treatments are

presented in table I and figure 1 and phar-
macokinetic parameters are listed in table II.

The statistical analysis did not identify block
effects. For most pigs in the 500 mg/kg and
180 mg/kg treatments, the open 1-

compartment model could not be used to
describe the concentration-time profiles, so
all data have not been summarized in table

I. The highest Cm,,, the largest AUCO-,-
and ka and the shortest tmax were obtained

after the 12.5 mg/ml treatment followed by
the 2 000 mg/kg, 500 mg/kg and 180 mg/kg
treatments. In the case of 180 mg/kg treat-
ment, most medicated feed was consumed

during the day and serum drug concentra-
tions decreased during the night.



DISCUSSION

The following dietary factors influence the
rate of gastric emptying: the composition of
food (liquid, solid, fat, dietary fibers); intra-
gastric volume; concentration of nutrients;
salts and acidity in liquid meals; caloric
content of the meal; caloric load in the in-
testine; and size of the food particles
(Drochner, 1984; Low et al, 1985; Meyer,
1987; Gregory et al, 1990). Although the
time course of solid emptying often ap-
pears to be different from that of liquid
emptying, a slow, nearly linear phase pre-
dominates after both types of meals; the
major differences is an initial rapid empty-
ing phase for liquid meals. While solid food
usually empties after a relatively long peri-



od of no emptying, liquid meals are dis-
charged without or only a short initial lag.
Thus, the shortest tiag and tmax were found
with the 12.5 mg/ml treatment.

In the gastrointestinal tract, weak acids
and weak bases are generally not ab-
sorbed by an active mechanism (Jackson,
1987). In the case of passive diffusion, the
drug concentration gradient between the
lumen of the intestine and blood vessels is

pivotal for the absorptive process. Thus,
the high tiamulin concentration in the aque-
ous solution administered via stomach
tube may account for the large values of
ka! Cmax and AUC!,! observed after the
12.5 mg/mi treatment. However, the phar-
macokinetic behavior (linearity or nonline-
arity) of the tiamulin distribution and elimi-
nation processes has not been studied. It
is thus impossible to rule out the influence
of dose-dependent pharmacokinetics on

the extent and rate of absorption.

According to the pH partition hypothesis,
the weak base tiamulin is retained in an

acidic medium (Ziv et al, 1983). Tiamulin is
thus unlikely to be absorbed from the stom-
ach, whereas the pH of the lumen of the in-
testine is more favorable for its absorption.

Food itself acts as a buffer. However,
binding of tiamulin to dietary fibers, other
macromolecules and the flora in the intesti-
nal lumen may inhibit its absorption. Fur-
thermore, the binding capacity of the intes-
tinal content for water increases with
increased food volume (Vahouny, 1987).
The resulting shift in body water from the
extracellular compartment to the intestinal
lumen may contribute to the impairment of
tiamuli.n absorption.

The MICs of Mycoplasma hyopneumon-
iae, (3-hemolytic streptococci, penicillin-
and tetracycline-resistant Staphylococcus
aureus, and Treponema hyodysenteriae
are 0.04, 0.04, 0.01, and 0.5 pg/ml respec-
tively (I)rews et al, 1975; Hannan et al,
1989; Messier et al, 1990). In vitro, tiamu-

lin is bacteriostatic (Egger et al, 1981). !n

vivo, a deliberately chosen efficacy factor
of 2-4 is applied and the MIC values corre-
spondingly multiplied to give a minimum
therapeutic concentration that should be

maintained throughout treatment (Adam,
1989). For example, in the case of enzoot-
ic pneumonia, tiamulin serum concentra-
tion should be maintained > 0.1 pg/ml al-
though the MIC is 0.04 pg/ml (Drews et al,
1975; Goodwin, 1985; Ross and Cox,
1988). Following tiamulin application via

stomach tube, peak serum concentrations
were much higher than the MIC of these
representative microorganisms. The obser-
vation of these high serum concentrations
is at the origin of the generally recom-
mended dose of 10 mg/kg bw (Laber and
Schutze, 1977). However, under practical
conditions where tiamulin is mixed with

feed at a concentration of 200 mg active

substance/kg food according to the compa-
ny’s guidelines, serum concentrations
above the MIC of many pathogens may
not be reached, especially during the night
hours. These conditions correspond to the
180 mg/kg treatment. According to the reg-
ulations of national agencies for registra-
tion of new drugs for animals, it is common

practice to conduct pharmacokinetic stud-
ies after drug administration via a stomach
tube. Results of the studies are used to
make recommendations for dose and with-

drawal times. Because lower serum con-

centrations are obtained when the drug is

mixed with food, therapeutic failure may
ensue. The situation is further complicated
in field conditions when diseased animals
have a reduced appetite.

In conclusion, larger tiamulin concentra-
tion in feed enhances its bioavailability. For
disease prevention and therapy, antimicro-
bial concentration in feed should be ade-

quate in order to provide serum concentra-
tions above the MIC of targeted
pathogens. A smaller amount of food with
a larger drug concentration followed by the



rest of the ration could be utilized when

praticable, or adequate drug concentra-

tions should be present in feed offered ad
libitum. The choice of an optimal mode of
application depends on the mechanism of
antimicrobial activity (bactericidal/
bacteriostatic) and the mechanism of in-

duction of bacterial resistance. The highest
tiamulin serum concentrations were ob-
tained after administration via a stomach
tube. The common practice adopted by na-
tional regulatory agencies for the registra-
tion of a new drug is to conduct pharma-
cokinetic studies after administration via a
stomach tube. This practice should be ree-
valuated, since this mode of administration
does not correspond to that in routine use.

ACKNOWLEDGMENTS

The technical asistance of B Schneider and U
Thomas was greatly appreciated. Tia.mulin hy-
drogen fumarate was kindly provided by San-
doz, Basel, Switzerland.

REFERENCES

Adam D (1989) Antibakterielle Chemotherapie
mit Antibiotika. In: Klinische Pharmakologie
(KOmmerle HP, Hitzenberger G, Spitzy KH,
eds) Ecomed Verlag Landsberg, Germany,
1-67

Anderson MD (1983) Treatment of swine dysen-
tery with tiamulin soluble antibiotic in con-
trolled field trials. Vet Med Small Anim Clin

78, 98-101

Anderson MD, Williams JA (1990) Effects of tia-
mulin base administered intramusculary to

pigs for treatment of pneumonia associated
with Actinobacillus pleuropneumoniae. In:
Proc 11 th Congr Int Pig Vet Soc Lausanne,
Switzerland 15 5

Arigoni D (1962) Structure of a new type of ter-
pene. Gazz Chim Ital92, 884-901

Blaha T, Erler W, Burch DGS (1987) Swine dys-
entery control in the German Democratic Re-

public and the suitability of injections of tia-
mulin for the programme. Vet Rec 121, 416-
419 9

Burch DGS, Goodwin RFW (1984) Use of tiamu-
lin in a herd of pigs seriously affected with
Mycoplasma hyosynoviae arthritis. Vet Rec

115, 594-595

Burch DGS, Jones GT, Heard TW, Tuck RE
(1986) The synergistic activity of tiamulin and
chlortetracycline: in-feed treatment of bacteri-
ally complicated enzootic pneumonia in fat-

tening pigs. Vet Rec 119, 108-112

Burch DGS, Tomi E, Lensch J (1984) Tiamulin
pro injectionem zur Behandlung von Schwei-
nekrankheiten. Prakt Tierarzt 5, 425-427

Chengappa MM, Pace LW, Williams JA, Herren
CH, Ascher SE (1990) Efficacy of tiamulin
against experimentally induced Streptococ-
cus suis type 2 infection in swine. J Am Vet
Med Assoc 197, 1467-1470

Drews J, Georgopoulos A, Laber G, Schutze E,
Unger J (1975) Antimicrobial activities of
81.723 hfu, a new pleuromutilin derivative.
Antimicrob Agents Chemother7, 507-516 6

Drochner W (1984) Einfluss wechselnder Roh-
faser- und Pektingehalte im Futter auf einige
praecaecale und postileale Verdauungs-
vorgange beim wachsenden Schwein. In:

Fortschritte in der Tierphysiologie und Tier-
emijhrung. Paul Parey, Hamburg, Germany

Egger H, Reinshagen H (1976a) New pleuromu-
tilin derivatives with enhanced antimicrobial

activity. I. Synthesis. J Antibiot 29, 915-922

Egger H, Reinshagen H (1976b) New pleuromu-
tilin derivatives with enhanced antimicrobial

activity. II Structure-activity and correlations.
J Antibiot 29, 923-927

Egger H, Laber G, Schutze E (1981) Tiamulin-
ein neues oral anwendbares Antibiotikum fur
die Veterinarmedizin. Oesterr Apotheker Ztg
35, 934-937

Engeli J, Riond JL, Wanner M (1993) Pharma-
cokinetics of aditoprim in turkeys after intra-
venous and oral administration. Poultry Sci
72, 979-983

Goodwin RFW (1979) Activity of tiamulin against
M suipneumoniae and enzootic pneumonia
of pigs. Vet Rec 104, 194-195

Goodwin RFW (1985) In vitro activity of tiamulin
against porcine mycoplasmas. Res Vet Sci
38, 124-125



Gregory PC, McFayden M, Rayner DV (1990)
Pattern of gastric emptying in the pig: relation
to feeding. Br J Nutr 64, 45-85

Hannan PCT, O’Hanlon PJ, Rogers NH (1989)
In vitro evaluation of various quinolone anti-
bacterial agents against veterinary mycoplas-
mas and porcine respiratory bacterial patho-
gens. Res Vet Sci 46, 202-211 1

Hannan PCT, Bhogal BS, Fish JP (1982) Tylo-
sin tartrate and tiamutilin effects on experi-
mental piglet pneumonia induced with pneu-
monic pig lung homogenate containing
mycoplasmas, bacteria and viruses. Res Vet
Sci 33, 76-88

Jackson MJ (1987) Drug transport across gas-
trointestinal epithelia. In: Physiology of the
Gastrointestinal Tract (Johnson LR, ed) Ra-
ven Press, New York, 1597-1621

Kavanagh G, Hervey A, Robbins WJ (1951)
Antibiotic substances from basidiomycetes.
VIII. Pleurotus mutilus and Pleurotus pas-
seckerianus. Proc Natl Acad Sci USA 37,
570-574

Kobisch M, Sibelle C (1982) Evaluation de
I’efficacite de la tiarnuline chez des porcelets
infect6s exp6rimentalement par Mycoplasma
hyopneumoniae. Rec Med Vét 158, 375-381 1

Kung K, Wanner M (1993) Einfluss zweier ver-
schiedener Futter auf die Pharmacokinetik
von oral appliziertem Baytril&dquo;! (Enrofloxacin)
beim Hund. Kleintierpraxis 38, 95-102

Low AG, Pittman RJ, Elliott RJ (1985) Gastric
emptying of barley-soya-bean diets in the

pig: effects of feeding level, supplementary
maize oil, sucrose or cellulose, and water in-
take. Br J Nutr 54, 437-447

Laber G, Schutze E (1977) Blood level studies
in chickens, turkey poults and swine with tia-
mulin, a new antibiotic. J Antibiotics 30,
1119-1122

Laber G, Walzl H (1979) Orientierende Prufung
der chemotherapeutischen Wirksamkeit von
Tiamufin gegen0ber einer experimentellen
Leptospira pomona-Infektion am Schwein.
Wien Tieraerztl Monatsschr 66, 85-88

Lozan JL (1992) Varianzanalyse. In: Angewand-
te fir Naturwissenschaftler. Paul Parey, Ber-
lin, 109-157

Madeiros CA (1984) Mycoplasma hyosynoviae
treatment in pigs. Vet Rec 115, 446

Martineau G, Martineau-Doize B, Coignoul F,
Dewaele A (1980) Bilan 6conomique apres

traitement de la bronchopneumonie enzoo-
tique par la tiamuline. Ann Med Vet 124, 369-
377

Messier S, Higgins R, Moore C (1990) Minimal
inhibitory concentrations of five antimicrobials
against Treponema hyodysenteriae and Tre-
ponema innocens. J Vet Diagn Invest 2, 330-
333

Meszaros J, Stipkovits L, Antal T, Szabo I, Ves-
zely P (1986) Experiences from eradication
of Mycoplasma hyopneumoniae infection by
tiamulin treatment. Arch Exp Veterinaermed
40, 19-22

Meyer JM (1987) Motility of the stomach and
gastroduodenal junction. In: Physiology of
the Gastrointestinal Tract (Johnson LR, ed)
Raven Press, New York, 613-663

Miller DJS, O’Connor JJ, Roberts NL (1986) Tia-
mulin/salinomycin interactions in pigs. Vet

Rec 118, 73-75

Olson LD (1986) Tiamulin in drinking water for
treatment and development of immunity to
swine dysentery. J Am Vet Med Assoc 188,
1165-1170

Pott JM, Edwards HJ (1990) Beneficial effects of
tiamulin administered in feed at 40 ppm to pigs
with enzootic pneumonia. In: Proc ilth Congr
Int Pig Vet Soc Lausanne, Switzerland 86

Powers J (1990) Statistical analysis of pharma-
cokinetic data. J Vet Pharmacol Ther 13,
113-120

Riviere JE (1988a) Veterinary clinical pharma-
cokinetics. Part I. Fundamental concepts.
Comp Cont Educ Pract Vet 10, 24-31

Riviere JE (1988b) Veterinary clinical pharma-
cokinetics. Part II. Modeling. Comp Cont
Educ Pract Vet 10, 314-328

Ross RF, Cox DF (1988) Evaluation of tiamulin
for treatment of mycoplasmal pneumonia in
swine. J Am Vet Med Assoc 193, 441-446

Rossi R, Scharrer E (1992) Circadian patterns
of drinking and eating in pygmy goats. Physi-
ol Behav 51, 895-897

SAS Institute Inc (1989) SASlSTAT User’s
Guide. Version 6, vol 1, 2, 4th edn, SAS Insti-
tute Inc, Cary, NC, USA

Shargel L, Yu ABC (1993) Pharmacokinetics of
drug absorption. In: Applied Biopharmaceu-
tics and Pharmacokinetics. Prentice-Hall, Int

Inc, London, UK, 3rd edn, 169-192



Sheiner LB, Beal SL (1985) Pharmacokinetic pa-
rameter estimates from several least-squares
procedures: superiority of extended least

squares. J Pharmacokinet Biopharmacol 13,
185-201

Schuller W, Laber G, Walzl A (1977) Chemo-
therapeutische Untersuchungen mit 81723
hfu (Tiamulin), einem neuen Pleuromutilin-
Derivat an der experimentellen Mycoplasma-
Pneumonie des Schweines. Dtsch Tieraerztl

Wochenschr84, 345-349

Schultz RA, Cue T, Anderson MD (1983) Evalua-
tion of tiamulin water medication in treatment
for Haemophilus pleuropneumoniae in swine.
Vet Med Small Anim Clin 78, 1625-1627

Stipkovits L, Laber G, Schutze E (1978) Tiamulin,
ein neues Antibiotikum zur Behandlung der
Enzootischen Pneumonie (EP) beim Schwein.
Dtsch Tieraerztl Wochenschr85, 464-466

Sutter HM, Wanner M (1990) Futterzubereitung
und Pharmakokinetik von Chlortetrazyklin
beim Ferkel. Schweiz Arch Tierheilkd 132,
175-181

Tomi E, Lensch J, Burch DGS (1984) Neue As-
pekte in der Anwendung von Tiamulin-

Hydrogenfumarat-Pulver (Dynamutilin S) bei
Dysenterie und enzootischer Pneumonie der
Schweine. Tieraerztl Umsch 39, 528-533

Vahouny GV (1987) Effects of dietary fiber on di-
gestion and absorption. In: Physiology of the
Gastrointestinal Tract (Johnson LR, ed) Ra-
ven Press, New York, 1623-1648

Wanner M (1984) Unvertraglichkeit von Tiamulin
und Salinomycin beim Schwein. Schweiz
Arch Tierheilkdl26, 521-526

Wanner M (1992) Gedanken zum Gebrauch von
Futterungsantibiotika am Beispiel des Tiamu-
lins. Prakt Tierarzt 73, Coll Vet XXII (1991), ),
9-12

Wanner M, Nietlispach G, Sutter HM (1990) Ein-
fluss von Zitronensaure und Calcium auf die

Bioverfügbarkeit oral verabreichten Oxyte-
tracyclin beim Ferkel. Dtsch Tieraerztl Wo-

chenschr97,515-518 8

Wanner M, Walker W, Sutter HM, Riond JL,
Broz J (1991) Influence of dietary citric acid
and calcium on the bioavailability of orally ad-
ministered chlortetracycline in piglets. J Vet
Med A 38, 755-762

Welling PG (1989) Effects of food on drug ab-
sorption. Pharmacol & Ther43, 425-441

Ziv G, Levisohn SL, Bar-Moshe B, Bor A, So-
back S (1983) Clinical Pharmacology of tia-
mulin in ruminants. J Vet Pharmacol Ther 6,
23-32


