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Article 
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Simple Summary: Tilmicosin is a macrolide antibiotic widely used in veterinary clinics for its broad-spectrum 
bactericidal action. However, the pharmacokinetics of tilmicosin in donkeys have not been reported. We 
investigated the pharmacokinetics of tilmicosin in donkey plasma, urine and feces after single intragastric 
administration. After single intragastric administration of 10 mg·kg-1 body weight, tilmicosin in donkey plasma 
reached a maximum concentration of 11.23 ± 5.97 mg·L-1 at 0.81 ± 0.11 h, with a mean residence time of 8.05 ± 
2.44 h and a wide volume of distribution of 9.28 ± 4.10 L·kg-1. The percentage of tilmicosin excreted through the 
urine of donkeys is (2.47±0.43)%, and the percentage excreted through the feces is (66.43±8.65)%. Overall, 
following single intragastric administration, tilmicosin is rapidly absorbed, widely distributed, and slowly 
eliminated in donkeys, and is excreted mainly in the feces. 

Abstract: Background: Tilmicosin, a macrolide antibiotic, has the potential to treat bacterial respiratory 
infections in donkeys. However, the pharmacokinetics of tilmicosin in donkeys have not been reported. 
Objectives: The aim of this study was to investigate the pharmacokinetics of tilmicosin in donkey plasma, urine 
and feces after a single intragastric administration to determine the suitability of tilmicosin for donkeys. 
Animals: A total of 4 healthy fattening male donkeys were selected with body weights of 148, 140, 145, and 135 
kg, with an average body weight of 142.00 ± 4.95 kg. Methods: The donkeys were administered intragastrically 
a single dose of 10 mg·kg-1 BW tilmicosin. Blood, urine and fecal samples were collected. The concentrations of 
tilmicosin in plasma, urine, and feces were determined using high-performance liquid chromatography-
tandem masss pectrometry. Results: After a single intragastric administration of 10 mg·kg-1 body weight, 
tilmicosin in donkey plasma reached a maximum concentration of 11.23 ± 5.97 mg·L-1 at 0.81 ± 0.11 h, with a 
mean residence time of 8.05 ± 2.44 h, a Cl/F of 0.48±0.22 L·kg-1·h-1, and a Vd/F of 9.28 ± 4.10 L·kg-1. The percentage 
of tilmicosin excreted through the urine of donkeys is (2.47±0.43)%, and the percentage excreted through the 
feces is (66.43±8.65)%. Conclusions: A single intragastric administration of 10 mg·kg-1 BW of tilmicosin to 
donkeys was rapidly absorbed and was able to achieve plasma concentrations of against pathogenic bacteria. 

Keywords: tilmicosin; pharmacokinetics; intragastric administration; excretion; donkey 
 

1. Introduction 

Tilmicosin is a macrolide antibiotic developed in the 1980s as a broad-spectrum antimicrobial in 
veterinary clinical practice [1,2]. It can irreversibly bind to the 50S subunit of bacterial ribosomes and 
selectively inhibit protein synthesis by blocking transpeptidation and mRNA displacement [3]. In 
North America, tilmicosin products, such as Micotil and Pulmotil, have been licensed for the 
treatment of respiratory diseases in cattle, sheep and pigs. In Europe, tilmicosin has been shown to 
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be used to treat Mycoplasma gallisepticum infections in chickens [4]. Tilmicosin is semi-synthesized 
from a hydrolysis product of tylosin, which inhibits gram-positive bacteria, certain gram-negative 
bacteria, mycoplasma, spirochetes, etc., and possesses stronger antimicrobial activity than tylosin [5]. 
It is often recommended for treating respiratory diseases and pneumonia in swine, cattle, and sheep 
[6–8]. Tilmicosin has high lipophilicity and good tissue penetration and is absorbed quickly after 
administration [9]. Moreover, the large apparent volume of distribution and the high concentration 
in lung tissue allow rapid and complete passage from the bloodstream to the breast and accumulation 
in milk [10,11]. Tilmicosin administered intravenously causes negative cardiac effects, so it’s 
commonly administered orally or subcutaneously [12]. Whereas subcutaneous injections can lead to 
severe reactions at the injection site, oral administration is the most convenient and safest [13]. 
However, the absorption of enteral administration is incomplete due to the poor water solubility of 
tilmicosin, which causes it to be excreted in urine and feces and may lead to antibiotic contamination 
[14]. Therefore, in addition to plasma, our study also focused on urine and feces. 

Donkeys (Equus asinus) have high economic value and are used as toiling draft animals in 
underdeveloped areas while they are used as companion animals in developed areas paradoxically 
[15]. Importantly, donkeys are farmed on a large scale in China and elsewhere for the production of 
donkey-hide gelatin (Colla Corii Asini) and other industrial products [16]. Donkey-hide gelatin is 
considered to have great medicinal value and is sought after by many Chinese people. Although 
donkey meat is rarely consumed in Europe and America, it is a famous delicacy in China or other 
countries. However, most donkeys are not as well cared for as horses, and they are constantly 
exposed to complex environments, which are highly susceptible to respiratory disease [17]. 
Tilmicosin has been evaluated for in vitro activity against bacterial pathogens in horses [18]. 
Therefore, tilmicosin is a very promising drug for the treatment of respiratory disorders in donkeys. 
The pharmacokinetics of tilmicosin have been studied in horse [13], swine [19], cattle [20], sheep [8], 
chicken [21,22], and rabbit [23], and data in donkeys are still vacant. Therefore, the present study was 
carried out around the pharmacokinetics of tilmicosin in plasma, urine, and feces of donkeys in order 
to determine the suitability of tilmicosin for donkeys. 

2. Materials and methods 

2.1. Chemicals and reagents 

The concentration of tilmicosin standard in methanol is over 99.0% which was purchased from 
the Research and Monitoring Institute of Environmental Protection (Ministry of Agriculture, China). 
And tilmicosin used in this study was donated by Zhongmu Nanjing Animal Pharmaceutical Co., 
Ltd (Nanjing, China). Water used to quantify tilmicosin was purified by Arium® Pro ultra pure water 
system (Millipore Corp., Bedford, MA, USA), which complies with grade-II water specified in ISO 
3696: 1987. The 5810R high-speed refrigerated centrifuge (Eppendorf GmbH., Germany) was 
conducted to centrifuge samples. 

Phosphate buffer salt (pH=8.0) was prepared by dissolving 13.8 g of disodium hydrogen 
phosphate in 950 mL of secondary water and adjusting the volume to 1 L with 0.1 mol·L-1 NaOH. 
0.1% formic acid was prepared by adding 1 mL of formic acid to 1000 mL of secondary water. The 
isopropanol, acetonitrile, methanol, formic acid, and ammonium acetate are chromatographically 
pure. The ammonia and trichloroacetic acid are both analytical grades. Oasis HLB column contains 
150 mg anhydrous magnesium sulfate, 50 mg PSA (ethylenediamine-n-propyl silane, particle size 40 
µm), 50 mg C18 (particle size of 40 µm), and 0.22 µm microporous filter membrane. Two milliliters of 
the supernatant were injected into an HLB column (Alta Technology Co., Ltd., Tianjin, China). 

2.2. Animals and Management 

Animal experiments were conducted in accordance with protocols approved by the Institutional 
Animal Care and Use Committee of China Agricultural University (grand No. Aw80803202-1-2). In 
the present study, a total of 4 fattening male donkeys (large breed) were selected with body weights 
of 148, 140, 145, and 135 kg, with an average body weight of 142.00 ± 4.95 kg. The donkeys were 
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obtained from Shandong Dong’e Black Donkey Animal Husbandry Co., Ltd., China. Physical and 
biochemical examinations were performed to ensure that all the donkeys were healthy. All animals 
were acclimatized for at least 7 days before the formal trial. Before 1.0 h of the trial proceeded, each 
donkey was guided into a metabolic cage (2.0 m × 0.8 m × 1.8 m), and each donkey was fed with 2 kg 
of fattening concentrate feed and had free access to drink water and ingest grain straw every day 
during the trial period of 7 days. Samples from plasma, urine, and feces were collected before the 
donkeys were administrated with tilmicosin solution that was used as control samples. 

2.3. Experimental design 

We studied the pharmacokinetics profiles of tilmicosin in donkeys with reference to a previously 
reported dose of 10 mg·kg-1 body weight administered intragastrically to animals [24,25]. To cope 
with the problem of low palatability, intragastric administration was chosen instead of oral 
administration in this study. After administering a single dose of 10 mg·kg-1 BW tilmicosin by a 
disinfected nasogastric tube to the donkeys, we collected approximately 5 mL of blood samples from 
each donkey through the anterior vena cava and placed them in anticoagulation tubes. The blood 
samples were centrifuged at 3000 rpm for 20 min at 4℃ to obtain plasma and were stored at -20℃. 
Urine and fecal samples were collected and weighed every 6 h. Blood sample time collection points 
were set at 0.00, 0.08, 0.25, 0.42, 0.58, 0.75, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00, 6.00, 8.00, 10.00, 12.00, 24.00, 
48.00, and 72.00 h after administration. The basic information of the donkeys during the experiment 
is shown in Table 1. 

Table 1. Basic information about experimental animals. 

Items 
Donkey name 𝑥̅ ± s 

Jacob Joshua Matthew William 
Body weight (kg) 148.00 140.00 145.00 135.00 142.00±4.95 
Single administered dose (mg·kg-1) 10.00 10.00 10.00 10.00 - 
Administered dose (mg) 1480.00 1400.00 1450.00 1350.00 1420.00±49.50 
Concentrated feed intake (kg·d-1) 2.00 2.00 2.00 2.00 - 
Coarse fodder intake (kg·d-1) 2.06 2.39 1.76 2.24 2.11±0.23 
Total feces volume (kg) 41.65 43.55 31.45 34.80 37.86±4.93 
Water intake (L·d-1) 8.21 6.03 6.79 8.21 7.31±0.94 
Total urine volume (L) 6.37 4.87 6.68 4.53 5.61±0.93 

2.4. Determination of tilmicosin 

For the determination of tilmicosin, we refered to previous reports [26]. The concentrations of 
tilmicosin in plasma, urine, and feces were determined using high-performance liquid 
chromatography-tandem masss pectrometry (HPLC-MS/MS). In brief, 1 mL of blood, 1 mL of urine, 
or 1 g of fecal samples were measured into a 50 mL centrifuge tube, and 50 µL of its mixed standard 
working solution at a concentration of 1.0 µg·mL-1 was added to the tube, followed by the addition 
of 20 mL of phosphate-buffered salts (pH = 8.0). Then vortex mixed for 1 min, sonicated for 10 min, 
centrifuged at 8000 rpm for 5 min and transferred the supernatant to each other in a 50 mL centrifuge 
tube. After completing these steps, the extraction was repeated once and then the extraction solutions 
were combined. Then 20 mL of dichloromethane was added for the second extraction, the organic 
layer was removed, and the prepared organic layer solution was blown to near dryness in a nitrogen 
blower. Finally, 2.0 mL of methanol-water (v:v = 3:7) solution was accurately added to fix the volume, 
passed through a microporous filtration membrane, and vortexed and mixed as a sample solution. 
The final sample was provided for HPLC-MS/MS determination. The mobile phase was 5% 
acetonitrile (phase A) and 95% formic acid in water (phase B). The flow rate was kept at 1.0 mL·min-

1. 
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2.5. HPLC method validation 

The method was validated for linearity, sensitivity, and recovery in plasma, urine, and feces. 
The calibration curve was established with tilmicosin concentrations (50, 100, 200, 500, 1000, 2000, 
and 2500 µg·L-1 or µg·kg-1 tilmicosin in plasma, urine, and feces blank matrix). Sensitivity was 
calculated from the limits of detection (LOD) and the limits of quantification (LOQ). The signal-to-
noise ratio (S/N) was ≥ 3 for LOD and ≥ 10 for LOQ. Recoveries were calculated by the ratio of the 
peak areas of different concentrations of tilmicosin obtained from spiked samples of plasma, urine, 
and feces to the peak area of the corresponding tilmicosin standard working solution. 

2.6. Data analysis 

The data analysis was performed by the non-compartmental analysis using a combined linear 
trapezoidal rule approach using Certara Phoenix WinNonlin (Ver 8.1; Pharsight Corp., Raleigh, NC, 
USA). Pharmacokinetic parameters were performed with reference to those described in previous 
studies [27,28]. The λz is a first-order rate constant associated with the terminal (log-linear) segment 
of the curve. It was estimated by the linear regression of the terminal data points. The terminal 
elimination half-life (T1/2λz) was calculated by T1/2λz = 0.693/λz. In the plasma model, peak plasma 
concentrations (Cmax) of the drug and times to reach peak concentration (Tmax) for the study were 
determined from the individual plasma concentration-time curves, and areas under the plasma 
concentration-time curves for AUC0-∞ studies were calculated by the method of trapezoids. The mean 
residence time (MRT), plasma clearance (Cl/F), and volume of distribution (Vd/F) were also 
calculated. In the urinary excretion model, curves of urinary tilmicosin excretion rate, cumulative 
recovered amount vs. the midpoint of the time period in which the samples were collected and listed, 
and the area under rate curve (AURC0-∞) were calculated, referring to previous reports [29]. Data were 
reported as the 𝑥̅ ± s. 

3. Results  

3.1. Validation parameters 

The peak areas of tilmicosin in plasma, urine and feces were linearly correlated with the 
concentration of 50, 100, 200, 500, 1000, 2000, and 2500 µg·L-1 or µg·kg-1, and the R2 of the regression 
equations were obtained to be 0.9995, 0.9975, and 0.9964, respectively. See Figure 1 for more 
information of calibration curve. The results showed that the peak area of tilmicosin was completely 
positively correlated with the concentration, and the concentration of tilmicosin obtained by this 
equation was accurate. The LODs of tilmicosin in donkey blood, urine and feces were 1.2 µg·kg-1, and 
the LOQs were 3.9 µg·kg-1, indicating that the sensitivity of the method meets the requirements for 
the determination of tilmicosin in plasma, urine and feces. The recoveries of the three concentrations 
of tilmicosin in plasma, urine and feces were determined and showed mean values of 86.21%, 88.49% 
and 80.58%, respectively (Table 2). 

Table 2. The recovery of tilmicosin for plasma, urine, and feces. 

Spike level 
(µg·L-1)/(µg·kg-1) 

Average Recovery(%) 
Plasma Urine Feces 

50 87.53±2.04 87.93±2.78 82.60±3.71 
500 84.73±2.37 91.33±3.35 79.00±1.02 
5000 86.38±4.64 86.22±3.29 80.13±3.07 
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Figure 1. The calibration curves for spiked samples (50, 100, 200, 500, 1000, 2000, and 2500 µg·L-1 or or 
µg·kg-1) of tilmicosin in plasma (A), urine (B), and feces (C). 

3.2. Pharmacokinetic parameters of plasma tilmicosin 

As is shown in Table 3, after intragastric administration of tilmicosin via donkey, the blood 
concentration peaked at 0.81 ± 0.11 h with a Cmax of 11.23 ± 5.97 mg·L-1. The tilmicosin was slowly 
eliminated from the plasma, with a terminal half-life of 14.49 ± 7.04 h and an AUC0-∞ of 24.69 ± 9.43 
mg·L-1·h. The Cl/F was 0.48 ± 0.22 L·kg-1·h-1, the MRT was 8.05 ± 2.44 h, and the Vd/F was 9.28 ± 4.10 
L·kg-1. These results indicate that tilmicosin is rapidly absorbed and distributed in donkeys, has a 
long maintenance time and is slowly eliminated. 

Table 3. Pharmacokinetic parameters of tilmicosin in plasma after single intragastric administration 
in donkeys. 

Items 
Donkey name 𝑥̅ ± s 

Jacob Joshua Matthew William 
λz (1·h-1) 0.07 0.05 0.08 0.03 0.06±0.02 
T1/2λz (h) 10.40 12.76 8.41 26.39 14.49±7.04 
Tmax (h) 1.00 0.75 0.75 0.75 0.81±0.11 
Cmax (mg·L-1) 5.69 5.10 18.82 15.34 11.23±5.97 
AUC0-∞ (mg·L-1·h) 20.09 12.05 29.64 36.96 24.69±9.43 
MRT (h) 11.71 8.83 5.84 5.82 8.05±2.44 
Cl/F (L·kg-1·h-1) 0.50 0.83 0.34 0.27 0.48±0.22 
Vd/F (L·kg-1) 7.47 15.27 40.96 10.30 9.28±4.10 
λz, the first order rate constant associated with the terminal portion of the curve; T1/2λz, terminal half-life; AUC0-

∞, area under curve; Tmax, time of maximum observed concentration; Cmax, maximum observed concentration; 
MRT, mean residence time; Cl/F, plasma clearance; Vd/F, volume of distribution. 
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Tilmicosin was first detected in plasma at 0.08 h after administration and rapidly increased to a 
maximum concentration of 11.23 ± 5.97 mg·L-1 over time (Figure 2). After 24 h, tilmicosin was barely 
detectable in plasma. 

 

Figure 2. Plots of mean plasma tilmicosin concentrations vs. time in donkeys after a single intragastric 
administration of 10 mg·kg-1 BW, n=4. 

3.3. Pharmacokinetic parameters of tilmicosin in urine 

Urine data were analyzed using an elimination kinetic model (Table 4). After administration of 
tilmicosin to donkeys, the maximum excretion rate of 2.53 ± 0.57 mg·h-1 was reached at 13.75 ± 7.46 h. 
The terminal half-life of tilmicosin in urine was 12.52 ± 3.29 h. The AURC0-∞ was 38.95 ± 8.71 mg. The 
recovered amount of tilmicosin in urine was 35.05 ± 6.73 mg. The percentage of tilmicosin excreted 
in urine was (2.47 ± 0.43)%. These results indicate that the elimination of temicoxacin in donkeys is 
relatively slow, similar to the results in plasma, and a low percentage of tilmicosin is excreted through 
the urine. 

Table 4. Pharmacokinetic parameters of tilmicosin in urine after single intragastric administration in 
donkeys. 

Items 
Donkey name 𝑥̅ ± s 

Jacob Joshua Matthew William 
λz (1/h) 0.08 0.06 0.06 0.04 0.06±0.01 
T1/2λz (h) 8.99 11.08 12.18 17.82 12.52±3.29 
Time of maximum rate (h) 7.00 7.00 16.00 25.00 13.75±7.46 
Maximum excretion rate (mg·h-1) 3.22 2.34 1.70 2.86 2.53±0.57 
AURC0-∞ (mg) 47.75 40.92 24.50 42.63 38.95±8.71 
Recovered amount (mg) 45.57 35.78 27.62 31.24 35.05±6.73 
Recovered percent (%) 3.09 2.56 1.90 2.31 2.47±0.43 
λz, the first order rate constant associated with the terminal portion of the curve; T1/2λz, terminal half-life; AURC0-

∞, area under rate curve. 

Tilmicosin was detected in the urine at 6 h and was at the highest level (Figure 3A). 
Subsequently, the concentration of tilmicosin in the urine slowly decreased until it was already 
almost undetectable in the urine at 72 h, which corresponds to the plasma results. 
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Figure 3. The excretion of tilmicosin in urine of donkeys after a single intragastric administration of 
10 mg·kg-1 BW, n=4. (A) Plots of mean urine tilmicosin concentrations vs. time in donkeys. (B) Plots of 
recovered rate of tilmicosin in urine vs. midpoint in donkeys. (C) Plots of recovered amount of 
tilmicosin in urine vs. midpoint in donkeys. 

It can be seen in the rate and amount curves that the elimination rate peaks around 12 h (Figure 
3B-C). The rate then decreases rapidly until it nearly goes to zero after 72 h. There was a 
corresponding trend in terms of the amount of recovery, with the incremental increase in cumulative 
recovery amount slowing down from about 12 h and approaching the horizontal trend after 72 h. 
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3.3. Pharmacokinetic parameters of tilmicosin in feces 

The data for feces were modeled using the elimination kinetics as for urine and the results are 
shown in Table 5. In feces, the recovered amount was 939.88 ± 98.46 mg. The percentage of tilmicosin 
excreted in feces was (66.43 ± 8.65)%. 

Table 5. Pharmacokinetic parameters of tilmicosin in feces after single intragastric administration in 
donkeys. 

Items 
Donkey name 𝑥̅ ± s 

Jacob Joshua Matthew William 
Recovered amount (mg) 815.77 875.09 1008.52 1060.14 939.88±98.46 
Recovered percent (%) 55.12 62.51 69.55 78.53 66.43±8.65 

Tilmicosin in feces was first detected at 6 h and then increased to reach maximum levels around 
36 h (Figure 4A). Then the level of tilmicosin in the feces declined to 144 h when tilmicosin was no 
longer detectable. The recovered amount of tilmicosin in feces increased rapidly at first and then 
tended to be flat (Figure 4B). 

 

Figure 4. The excretion of tilmicosin in feces of donkeys after a single intragastric administration of 
10 mg·kg-1 BW, n=4. (A) Plots of mean feces tilmicosin concentrations vs. time in donkeys. (B) Plots of 
recovered amount of tilmicosin in feces vs. midpoint in donkeys. 

4. Discussion  

Tilmicosin is a macrolide that is widely used in animal husbandry and veterinary medicine. 
Acute cardiotoxicity has been reported in animals following intravenous administration of 10 mg·kg-

1 tilmicosin [6]. Therefore, subcutaneous and enteral administration are the common clinical modes 
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of administration for tilmicosin. Subcutaneous administration of tilmicosin in horses has been 
reported to cause severe reactions at the injection site [13,18]. Although the system availability of 
enteral administration is influenced by the gastrointestinal environment, this method is more 
convenient and safe than subcutaneous injection and is commonly used in clinical practice. To cope 
with the problem of low palatability, intragastric administration was chosen instead of oral 
administration in this study. 

In the present study, plasma Tmax after intragastric administration of tilmicosin was 0.81±0.11 h 
and the Cmax was 11.23 ± 5.97 mg·L-1, indicating that tilmicosin is rapidly absorbed in donkeys. The 
terminal half-life was 14.49 ± 7.04 h, the AUC0-∞ was 24.69 ± 9.43 mg·L-1·h and the MRT was 8.05 ± 2.44 
h, which suggests that tilmicosin is eliminated slowly and has a long residual time in donkeys. Also 
for Equus genus, the plasma Tmax for equine injected subcutaneously with tilmicosin was 6.00 ± 9.20 
h, the AUC was 6747 ± 1296 h·ng·mL-1 and the MRT was 19.30 ± 5.00 h [13]. In foals, the Tmax of 
tilmicosin in serum after intramuscular injection was reported to be 5.50 ± 3.43 h, the AUC0-∞ was 5.76 
± 1.87 µg·h·mL-1 and the MRT was 34.50 ± 18.0 h [18]. A serum MRT of 1.9 d and an AUC of 230 ppb·d 
were reported for elk following subcutaneous administration of tilmicosin [30]. All of these reports 
differ from the results of the present trial, possibly due to differences in the mode of administration. 
Enteral administration is more influenced by the gastrointestinal tract, resulting in lower utilization, 
lower peak concentrations and shorter residence times. There are pharmacokinetic studies in other 
animals with enteral administration of tilmicosin. In swine, the pharmacokinetics of orally 
administered tilmicosin were influenced by the dose administered, with a Tmax of 3.12 ± 0.50 h, an 
AUC of 14.01 ± 2.25 µg·h·mL-1 and an MRT of 17.81 ± 1.16 h for 20 mg·kg-1 administered compared to 
a Tmax of 3.48 ± 0.77 h, an AUC of 29.41 ± 3.37 µg·h·mL-1 and an MRT of 16.79 ± 1.18 h for 40 mg·kg-1 
administered [19]. In chickens, oral administration of liquid tilmicosin resulted in a Tmax of 3.99 ± 0.84 
h, an AUC of 21.82 ± 3.14 µg·h·mL-1 and an MRT of 71.20 ± 12.87 h [31]. The above studies, in turn, 
present different results because they are different from the animals studied in the present study. 
However, the above studies including the present study have come to the same conclusion that 
tilmicosin is rapidly absorbed by the animal body and slowly excreted. The Cl/F of tilmicosin in 
donkey in the present study was 0.48 ± 0.22 L·kg-1·h-1. In pigs, the Cl/F of tilmicosin was 1.67 ± 0.28 
L·kg-1·h-1 after a single oral administration of 50 mg·kg-1 BW [32]. This suggests a lower clearance of 
tilmicosin in donkeys compared to pigs, which may also be related to the different doses 
administered. Tilmicosin has a large Vd/F in donkeys (9.28 ± 4.10 L·kg-1), indicating large tissue 
distribution. The results for the large Vd/F are consistent with previous reports in chicken (1.02 ± 0.09 
L·kg-1), and pigs (48.36 ± 9.38 L·kg-1) [20,31,32]. This suggests that tilmicosin is widely distributed in 
donkeys, thus making it easier to exert its antibacterial effects. 

Pharmacokinetics and pharmacodynamics are inextricably linked. In addition to 
pharmacokinetic parameters, parameters such as minimum inhibitory concentration (MIC) are just 
as important for clinical applications. A study of tilmicosin in foals reported the bacteriostatic activity 
of tilmicosin on equine bacterial pathogens. Both the MIC50 and MIC90 of 56 Rhodococcus equi isolates 
were 32 µg·mL-1. Tilmicosin is active against most streptococci, Staphylococcus spp., Actinobacillus spp., 
and Pasteurella spp., but not against Enterococcus spp., Pseudomonas spp., and Enterobacteraceae [18]. 
The MIC90 of tilmicosin against Actinobacillus pleuropneumoniae was 8 µg·mL-1 [33]. The MICs of 
tilmicosin against Pasteurella multocida type D ranged from 4 to 16 mg·L-1 [34]. Despite the paucity of 
studies on MICs of bacterial pathogens of donkey respiratory diseases, the maximum tilmicosin 
plasma concentration (11.23±5.97 mg·L-1) in combination with the results of the present study could 
demonstrate its effectiveness in respiratory diseases, but dealing with Rhodococcus equi doesn't seem 
to be a good option. 

The restrictive nature of enteral administration with low absorption results in the majority of 
administered tilmicosin being excreted in excreta [14]. Livestock manure pollution has been an 
important factor plaguing human life. Improper handling of antibiotics in livestock urine or manure 
could enter human life with the water cycle, leading to serious consequences such as antibiotic 
contamination [35,36]. Administration of tilmicosin and tiamulin to pigs has been reported to result 
in twice as much tilmicosin being excreted through feces as tiamulin, and it takes longer to break 
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down tilmicosin that enters agricultural fields through feces [37]. The present study showed that a 
small portion of tilmicosin (1.90%-3.09%) is excreted in the urine and that the rate changes are similar 
to those in plasma. Similar trends have been reported in studies of lactating ewes [38]. Tilmicosin has 
a large tissue distribution but low plasma levels and accumulates mainly in the lungs and kidneys 
due to the high blood flow in these two areas [13]. As such, urinary excretion is similar to plasma. 
Tilmicosin is poorly water-soluble, so it is poorly absorbed by enteral administration [14]. Oral 
administration of tilmicosin at 4 mg·kg-1 failed to produce detectable plasma or tissue concentrations 
in the equine study [30]. This evidence also indirectly illustrates the fact that intragastric 
administration has a low absorption rate, corroborating the results of the low percentage of urinary 
recovery in this study. However, higher recovered percentages (55.12%-78.53%) were observed in 
feces, suggesting that tilmicosin is more likely to be excreted in feces. Excretion of tilmicosin in the 
feces includes elimination through metabolism in the liver and bile, as well as unabsorbed. Although 
not as accurate, this could be used as a reference indicator of tilmicosin absorption. Similarly, tylosin, 
a synthetic precursor of tilmicosin, is excreted primarily in the feces. In swine, up to 67% of oral 
tylosin is excreted primarily in the feces. In cattle, 40% of oral tylosin is excreted from the large 
intestine [39]. Although the relevant evidence was less in studies of tilmicosin, similar results were 
observed in studies of dirithromycin, also a macrolide antibiotic. Following oral administration of 
radiolabeled dirithromycin, 1.2%-2.9% of the radioactivity appeared in the urine and 81%-97% in the 
feces, suggesting that intragastrically administered dirithromycin is excreted predominantly through 
the feces or liver rather than the kidney [40]. Of concern for donkeys farming is that more effective 
measures should be taken to deal with tilmicosin in feces. 

The use of tilmicosin in donkeys is not regulated. Although donkeys are not slaughtered for 
human consumption in Europe and the USA, it is common in other countries, especially China. 
Maximum residue levels and duration of residues of tilmicosin in donkeys have not been established 
in countries where donkey meat is consumed. If donkey meat is consumed by humans, a longer 
withdrawal period is required. There is not sufficient information from this study at this time to 
determine the withdrawal period and residual time in the tissues, which requires further study. 

5. Conclusion 

The following conclusions were drawn from this study, in the case of a single intragastric 
administration of tilmicosin, it is rapidly absorbed, widely distributed and slowly excreted by 
donkeys. And compared to being excreted through urine, the proportion of excretion in feces was 
much larger. 
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