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Abstract

Tilmicosin was administered intravenously and subcutaneously at a dose rate of 10 mg/kg bwt to
determine its concentration in blood and bronchial secretion as well as its Kinetic behavior in
healthy and Pasteurella haemolytica type Al-infected calves. Sever acute bronchopneumonia was
induced in 10 calves by inoculating them intra-tracheally with P. haemolytica type Al. The calves
were treated with tilmicosin; 5 of these received the drug intravenously and the other 5 were
injected subcutaneously. After a slow intravenous injection, the serum concentration-time curve
indicated a two compartment open model with a mean elimination half-lives (t1/245) of 22.09 and
22.14 hours before and after infection, respectively. The mean residence time (MRT) corrected for
a bolus injection was 2.25 and 2.20 hours and the mean MRT;,s was 25.27 and 25.46 hours in
healthy and P. haemolytica-infected calves, respectively. After subcutaneous injection, the drug
was eliminated more slowly (before and after infection) from serum and bronchial secretions,
with ty/24s of (24.60 and 25.85 hours) and (33.74 and 31.78 hours), respectively. The apparent vo-
lume of distribution (Vggarea)) of tilmicosin was more than 1 litre:kg-1. The peak serum and bron-
chial secretions of tilmicosin concentration were (1.33 and 1.36 ug-ml-1) and (1.40 and 1.70
pg'ml-1) attained at (7.21 and 7.15 hours) and 7.11 and 7.10 hours) after subcutaneous injection,
respectively. Tilmicosin was good secreted into bronchial secretions having AUCyronchial secretion/
AUCserym ratio of approximately 1:1.24 and 1:1.22 in healthy and P. haemolytica-infected calves,
respectively. The clinical and hematological parameters of calves treated with subcutaneous in-
jection returned to normal values significantly faster than those treated intravenously.
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1. Introduction

Bronchopneumonia is one of the most economically important respiratory diseases of calves reared indoors [1]
[2]. Its etiology is complex and can involve viruses, mycoplasmas and bacteria [3]. Bacteria, particularly Pas-
teurella species, play an important role in many outbreaks of calf bronchopneumonia. They increase the severity
of the primary lung damage caused by viruses and exacerbate the clinical signs, frequently with fatal outcome.
Furthermore, experimental studies indicate that P. haemolytica can act as a primary pathogen, producing severe
acute pneumonia in calves [4]-[7].

Micotil injection, 300 mg tilmicosin per ml, is administered as a single subcutaneous injection at a dose rate
of 10 mg/kg body weight. Tilmicosin has proven particularly effective in the treatment of bovine respiratory
disease (BRD) [8]-[10]. While work undertaken in healthy animals can give a guide to the distribution of an an-
tibiotic in the body, most cattle receive tilmicosin are clinically ill ones with pneumonia. The role of alveolar
macrophages in the clearance of bacteria from lungs has recently attracted renewed interest [8]. Macrolide anti-
biotics are known to accumulate in leukocytes, bronchial secretions and penetrate into the subcellular compart-
ments (lysosomes), thus contribute to the efficacy of the antibiotic [8]. Tilmicosin has an in vitro antibacterial
spectrum that is primarily against Gram-positive, Pasteurella and Mycoplasma [11].

This study was undertaken to investigate the efficacy, disposition, distribution pattern and the penetration of
tilmicosin into respiratory tract secretions of clinically healthy and experimentally P. haemolytica-infected
calves after its subcutaneous and intravenous administration.

2. Materials and Methods
2.1. Drug

Tilmicosin (Micatil injection, 300 mg/ml) was supplied by Elanco Animal Health, England.

2.2. Animals and Husbandry

Ten calves aged one-and-a-half months, and weighing 60 to 70 kg were used in the experimental work. The
calves were housed individually in adjacent boxes which had a floor area of 4 m? and a volume of 6 m>. The
animals were bedded on straw. They were fed on milk replacer (free of antimicrobial substances twice daily at
09.00 and 18.00) and alfalfa with drinking water available ad libitum. The animals were shaved over jugular
vein to facilitate the collection of blood samples.

2.3. Drug Administration

The calves were allocated, randomly to two groups of 5 animals each. The first group was treated with tilmico-
sin by the intravenous route and the second group was treated with tilmicosin subcutaneously. Tilmicosin solu-
tion (300 mg/ml) was diluted in saline to 2.5 mg/ml and the diluted solution was administered by slow intra-
venous infusion into the left jugular vein for 20 minutes at the rate of 0.5 mg/kg/min at a total dose of 10 mg/kg
[12]. Each of the calves of the second group was given a single dose of 10 mg/kg of tilmicosin subcutaneously
in the left dorso-lateral chest wall. All calves received tilmicosin on the same day.

2.4. Experimental Infection

Two weeks later after the intravenous and subcutaneous injection of tilmicosin, the calves were subjected to
physical stress of a two-hour journey before they were inoculated with the pathogen. On day 0, approximately
six hours after journey, all the calves were inoculated intratracheally with P. haemolytica type Al (LPB 1419)
[7]. A first-pass culture of P. haemolytica type Al was inoculated onto 10 ml quantities of brain-heart-infusion
broth (Oxoid), enriched with 5% fetal calf serum and incubated at 37°C in a shaking water bath for six hours.
The approximate bacterial count of each broth, after six hours of incubation, was 1 x 10° cfu/ml. A polyethylene
catheter (Intramedic, VEL) was inserted through the right nostril and advanced into trachea until it was 5 cm
proximal to the bifurcation. The inoculum consisted of 5 ml of the six-hour culture of P. haemolytica type Al
diluted with 5 ml of sterile 0.9% sodium chloride.
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2.5. Treatment Schedule

The first and second groups were treated with tilmicosin (10 mg/kg body weight) by the intravenous infusion
and subcutaneous injections as mentioned before. Treatment was initiated when the calves had a body tempera-
ture of more than 39.5°C and a respiration rate of more than 52/min.

2.6. Clinical Examination

The calves were examined twice a day for 10 days (5 days before and 5 days after infection) at 09.00 and 18.00.
Body temperature and respiratory rate were recorded daily at 10.00.

2.7. Blood Samples

Blood samples were obtained from the catheterized right jugular vein before and after infection. Samples were
collected in heparinized tubes immediately before and at 1, 2, 4, 6, 8, 12, 24, 48, 72 and 96 hours following i.v.
and s.c injections. Samples were centrifuged at 3000 rpm for 15 minutes and the obtained sera were used for the
estimation of tilmicosin concentration. The serum samples were stored at —80°C until analysis, and the assay
was performed within a week of obtainment.

2.8. Bronchial Secretions

Bronchial secretions were collected from the calves at the same intervals of the blood samples following tilmi-
cosin administration before and after infection. Bronchial secretions (0.5 ml) were collected by a tampon-device
introduced into the principal bronchi through the tracheal tube [13]. The bronchial fluid was used for estimation
of tilmicosin concentration.

2.9. Cytological Analysis

Another blood samples were collected in vacutainer tubes (Venoject, Terumo) containing EDTA as an anti-
clotting agent, once daily on the day of the inoculation (day 0) and on the following five days at 10.00 after drug
administration. Total white cell counts and granulocyte/agranulocyte ratios were determined by standard me-
thods.

2.10. Bronchoalveolar Lavage (BAL)

BAL fluid samples were obtained from infected animals on day 0, 3, 4 and 5 after tilmicosin administration to
infected animals. A polyethylene tube (Intramedic, VEL) with an external diameter of 4.8 mm was inserted
through the right nostril and advanced into trachea and the bronchial tree until an elastic resistance felt. Fifty ml
of a sterile 0.9% solution of sodium chloride at 37°C was injected and aspirated immediately by gentle suction;
approximately 75% of the infused fluid could be retrieved [7]. The neutrophil/macrophage ratio was determined
in the BAL fluid. Cytological specimens were prepared by cytocentrifugation and standard WrightGiemsa stains
were used.

From each BAL fluid sample, 10 ml was stored in sterile plastic tubes at 4°C and examined for the presence
of bacteria and mycoplasmas within two hours after collection. All the samples were inoculated onto three me-
dia: Colombia blood agar (Oxoid), PPLO agar (Difco) enriched with 25% inactivated horse serum, 7% yeast ex-
tract, 400 ug/ml ampicillin, 0.05% thallium acetate and 1% glucose and Tween 80 PPLO agar (the same en-
riched and selective medium with 0.1% Tween 80) [7]. The blood plates were evaluated after 24 or 48 hours of
incubation at 37°C in a carbon dioxide-enriched atmosphere, and the mycoplasma plates were evaluated after
two days, and if negative, daily until 14 days after inoculation. The bacteria were identified by the techniques
described by Carter (1984) [14].

2.11. Analytical Methods

The free tilmicosin concentrations in serum and bronchial secretions were measured by a microbiological assay
technique [15] using Microccouslutea (ATCC 9431) as test organism [16]. The limit of detection of tilmicosin in

serum and bronchial fluid was 4 ng/ml.
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2.12. Pharmacokinetic Analysis

The concentrations of tilmicosin in serum and bronchial fluid were subjected to kinetic analysis and the phar-
macokinetic parameters were calculated for each animal by classical methods [17] [18]. The non-compartmental
pharmacokinetic parameters, volume of distribution at steady state (Vyss), body clearance (Clg)) and the mean
residence time (MRT) were calculated according to standard methods using statistical moment theory [18]. The
area under the blood concentration (Cy) time (t) curve to infinity (AUC), and the area under the first moment
curve (AUMC =C xt?) were calculated from the first to the last blood and bronchial sample by using the tra-
pezoidal rule, and an estimate of the residual area under the curve was obtained from Cy/f, where Cy is the
last measured blood and bronchial secretions concentration of tilmicosin, and 5 the overall elimination rate con-
stant. An estimate of the residual part of the AUMC curve was obtained from Cp x /4. The MRT, corrected
for the duration of the infusion to give a corresponding value for a bolus injection, was calculated from AUC
and AUMC (MRT = AUMC/AUC - T/2), where T is the infusion time. The MRT for the infusion (MRT;.s) was
calculated from AUC and AUMC (MRT;,s = AUMC/AUC + T/2), where T is the infusion time (PCNONLIN,
SCI, USA).

2.13. Statistical Analysis

Obtained data was analyzed by analysis of variance, and the mean values were compared by Duncan’s Multiple
Range test and student’s “t” test (LSD) using the SAS statistical analysis program [19]. The results are given as
mean + SD.

3. Results
3.1. Pharmacokinetic Studies

The slow intravenous infusion of a dilute solution of tilmicosin resulted in clinical signs suggesting acute car-
diac toxicity which disappeared 25 minutes later. No side effects were observed after the subcutaneous injection.

The mean concentrations of tilmicosin in serum and bronchial secretions after tilmicosin injection in healthy
and P. haemolytica-infected calves are shown in Figure 1 and Figure 2, respectively.

Values for the kinetic parameters describing the disposition of the drug are given in Table 1. Following
intravenous injection of tilmicosin (10 mg/kg body weight), its concentration decreased in a biexponential man-
ner that could be described in a two-compartment open model. Tilmicosin was rapidly distributed and slowly
eliminated with mean half-lives of (2.70 and 2.76 hours) and (22.09 and 22.14 hours) for the distribution and
elimination phases in healthy and P. haemolytica-infected calves, respectively. The volume of distribution was

10 4
—o— Healthy, serum

—{i— Healthy, bronchial secretion
Infected, serum

1 == Infected, bronchial secretion

0.1

0.01

0 10 20 30 40 50

Figure 1. The serum and bronchial secretions concentration (ug/ml)-time profile of
tilmicosin (10 mg/kg bw) after IV administration after tilmicosin injection in healthy
and P. haemolytica-infected calves. Data are presented as the mean + SD.
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Figure 2. The serum and bronchial secretions concentration (ug/ml)-time profile of til-

micosin (10 mg/kg bw) after SC administration after tilmicosin injection in healthy and
P. haemolytica-infected calves. Data are presented as the mean + SD.

Table 1. Mean (SD) pharmacokinetic parameters of tilmicosin in serum (S) and bronchial secretions (BS) after
a slow intravenous infusion of 10 mg-kg* body weight in healthy and Pasteurella haemolytica-infected calves

(n=5).
parameter Healthy Infected LSD
S BS S BS (Pr>F)

C° (ug'ml™) 6.47 (0.38)° 7.43 (0.12)* 6.96 (0.14)° 7.47 (0.24)*  0.323(0.0001)
A (ug'ml™) 5.27 (0.29)° 6.12 (0.10)* 5.81 (0.07)° 5.79 (0.16)°  0.234 (0.0001)
a(h™) 0.71 (0.03)* 0.64 (0.02)° 0.70 (0.02) 0.56 (0.01)°  0.026 (0.0001)
tia(e) (h) 2.70 (0.10)° 2.99 (0.07)° 2.76 (0.09)° 3.49 (0.050*  0.105 (0.0001)
B (ug'ml™) 1.20 (0.12)* 1.29 (0.07)° 1.15 (0.08)° 1.69 (0.09)*  0.122 (0.0001)
B(h?) 0.32 (0.03)* 0.32 (0.01) 0.32 (0.02)* 0.34 (0.01)*  0.025(0.2311)
tuzg (D) 22.09 (1.96) 21.72 (0.99) 2214 (1.10)*  20.53(0.33)°  1.658 (0.1821)
V. (Litre-kg™) 1.55 (0.09)° 1.35 (0.02)° 1.44 (0.03)° 1.34 (0.04)°  0.071 (0.0001)
Viarea (Litre-kg™) 4.28 (0.12) 3.29 (0.08)° 3.83 (0.06)" 2.84(0.10)  0.124 (0.0001)
Vs (Litre-kg ™) 1.90 (0.09) 1.63 (0.02)° 1.72 (0.02)° 1.72 (0.05)°  0.090 (0.0001)
Clg (Litre-kg ™h™) 0.14 (0.01)* 0.11 (0.004)° 0.12 (0.01)" 0.10 (0.003)*  0.009 (0.0001)
AUC (ug-h *Litre™) 73.95 (6.18)" 95.19 (3.66)" 83.50 (3.43)°  104.35(2.76)* 5.643 (0.0001)

AUMC (ug-h™*-Litre™®) 155.1 (44.01)* 185.1 (51.78)°  169.6(32.65)°  202.0 (18.53)°  52.04 (0.2934)
AUMCiy (ug-h™Litre™) 2941 (240.17)*  2118(525.58)™ 2525 (186.16)® 1860 (189.82)°  427.5 (0.0004)
MRT (h) 2.25 (0.44)* 2.11 (0.49)* 2.20 (0.33)° 2.11(0.18)*  0.508 (0.9107)
MRTi¢ (h) 25.27 (1.45) 26.60 (4.72) 25.46 (1.41)*  28.36 (1.48)°  3.58 (0.2752)

abedNeans with the same letter in the same row are not significantly different. LSD = Least significant difference.

more than 1 L/kgindicating good penetration into tissues and bronchial secretions. The total body clearance of
the drug was 0.14 and 0.12 L/kg/hin healthy and P. haemolytica-infected calves, respectively. The mean MRT
corrected for a bolus injection was 2.25 and 2.20 hours; the mean MRT;;; was 25.27 and 25.46 hours and the
mean V) was 1.90 and 1.72 L/kg in healthy and P. haemolytica-infected calves, respectively.

The mean peak concentration of tilmicosin in serum (Cax, 1.33 and 1.36 pg/ml) and bronchial secretions (1.4
and 1.7 pg/ml) was reached in (7.21 and 7.15 hours) and (7.11 and 7.1 hours) after subcutaneous injection in
healthy and P. haemolytica-infected calves, respectively. P. haemolytica infection significantly increased the
mean peak concentration of tilmicosin in bronchial secretions as compared with pre-infection values. Table 2
and Figure 2, showed that tilmicosin was absorbed slowly from the injection site, as indicated by its long ab-
sorption half-lives (ti2a, 7.72 and 6.87 hours) before and after infection. The mean elimination half-life ()
after subcutaneous injection was 24.6 and 25.85 hours indicating that the drug was eliminated slowly.
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3.2. Clinical Findings

The mean body temperature of the calves is shown in Table 3. During the five days before the infection and on
the day of inoculation (day 0) none of the calves had a temperature exceeding 39°C. On the first day after in-
oculation (day 1), 12 hours after the intratracheal challenge, the body temperatures of all the calves were signifi-
cantly higher than before the infection and ranged between 40°C and 40.2°C. The body temperatures of the
calves treated subcutaneously remained significantly higher than before the infection throughout the experiment.
However, on day 2, 3 and 4 their body temperatures were significantly lower than on day 1.

The mean respiratory rate of the calves is shown in Table 3. During the five days preceding the infection and
on the day of inoculation, the respiratory rates of the 10 calves fluctuated between 24 and 32/min. By 12 hours
after the intratracheal challenge the respiratory rate of all the calves was significantly higher than those before
the infection. The respiratory rates returned to the pre-inoculation values on day 4 after the infection in the group
treated subcutaneously.

3.3. Haematological Analysis

The means and ranges of the total WBC counts recorded in the two groups of calves on the day of the intratra-
cheal challenge and on the five days after inoculation are shown in Table 4. The total WBC counts of all the
calves were significantly higher on the first day after inoculation than before the intratracheal challenge. The

Table 2. Mean (SD) pharmacokinetic parameters of tilmicosin in serum (S) and bronchial secretions (BS) after
a single subcutaneous injection of 10 mg-kg* body weight in healthy and Pasteurella haemolytica-infected
calves (n =5).

Parameter . Healthy 5 . Infected B (PI;S>DF)
(D) 7.72 (1.07) 7.37 (0.19)® 6.87 (0.38)" 8.11 (0.27)° 0.791 (0.0256)
Crnax (ng'mi™) 1.33(0.25)° 1.40 (0.04) 1.36 (0.05)" 1.70 (0.08) 0.180 (0.0016)
tnax () 7.21 (0.11)° 7.11 (0.21)° 7.15 (0.16)° 7.10 (0.08)? 0.198 (0.6369)
tuzg (D) 24.60 (0.43)° 33.74 (1.86) 25.85 (1.39)° 31.78 (2.050*  2.096 (0.0001)
AUC (ug-h™I™) 67.58 (4.16)° 83.7317.53)®  70.24 (8.24)™ 84.91 (8.14) 14.36 (0.0397)
AUCgs/AUCs 1.24 (0.26)° 1.22 (0.20)° 0.338 (0.9196)
F (AUCsc/AUCY) 0.916 (0.02) 0.875 (0.16) 0.839 (0.07) 0.813(0.06)*  0.122(0.3401)

b\ eans with the same letter in the same row are not significantly different. LSD = Least significant difference.

Table 3. Mean (SD) and [ranges] of body temperature (TEMP, °C) and respiratory rates (RESP, min?) in
groups of 5 calves infected experimentally with Pasteurella haemolytica type Al and treated with tilmicosin
either slow intravenously or by subcutaneously.

Time (days) Measurement Intravenous Subcutaneous
0 TEMP 38.00 (0.10) [37.9 - 38.1]° 38.00 (0.14) [37.8 - 38.2]°
RESP 29.80 (1.48) [28 - 32]° 30.00 (1.23) [29 - 32]
1 TEMP 40.16 (0.11) [40.0 - 40.3]* 40.10 (0.10) [40.0 - 40.2]*
RESP 82.00 (1.58) [80 - 84]* 79.80 (2.39) [77 - 83]*
) TEMP 39.72 (0.19) [39.5 - 40.0]° 39.28 (0.13) [39.1 - 39.4]°
RESP 59.80 (3.83) [55 - 64]° 49.80 (2.86) [46 - 53]°
3 TEMP 39.40 (0.10) [39.3 - 39.5]° 39.00 (0.16) [38.8 - 39.2]°
RESP 50.20 (2.39) [47 - 53]° 39.80 (2.86) [36 - 43]°
4 TEMP 39.30 (0.16) [39.1 - 39.5]“ 38.88 (0.19) [38.6 - 39.1]°
RESP 44.40 (3.36) [40 - 48]° 31.60 (1.14) [30 - 33
5 TEMP 39.18 (0.15) [39.0 - 39.4] 38.70 (0.70) [38.6 - 38.8]"
RESP 42.60 (1.67) [40 - 44]° 29.80 (1.92) [27 - 32]
TEMP 0.020 0.019
MSE RESP 6.533 4.767

abed\eans with the same letter in the same column measurement are not significantly different at (P > 0.0001). MSE = Minimum

significant error.
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counts returned to the pre-inoculation values on day 2 after the infection in the calves treated subcutaneously
and on day 3 after inoculation in the slow intravenously-infused calves.

Severe granulocytosis occurred on the first day after the infection in comparison with the pre-inoculation data,
but it persisted for only two days after the inoculation in intravenously treated calves.

3.4. Bronchoalveolar Lavage (BAL)

The results of the mean Neutrophil/Macrophage (N/M) ratio in the BAL fluid are shown in Table 4. There were
no significant changes in the N/M ratios in the subcutaneously treated calves.

P. haemolytica type Al was not isolated from the BAL fluid samples before the intratracheal challenge. Fur-
thermore, no other respiratory pathogens were isolated from of the calves before the infection. P. haemolytica
type Al was not isolated from BAL fluid samples of the subcutaneously-treated calves. Mycoplasma bovis was
isolated from one of the five intravenously-treated calves on day 5 after inoculation. On all occasions the strains
of P. haemolytica type Al isolated were the same as that inoculated.

4. Discussion

The intrinsic antibacterial activity of tilmicosin together with its pharmacokinetic properties after subcutaneous
injection suggests that they should be explored in field efficacy trials against P. haemolytica lung infection.

The results of this study showed that the serum and bronchial secretions concentrations of tilmicosin in expe-
rimentally P. haemolytica-infected calves remained above the minimum inhibitory concentrations (MICs) for
the most sensitive bacteria (A. pyogenes and S. aureus) isolated from cattle, which range from 0.04 to 0.78
pg/ml [12] for three days after a slow intravenous or single subcutaneous administration. Similar results have
been reported by Ramadan (1996) [20] who found that free tilmicosin concentrations in the serum of goats re-
mained above the MIC of the drug for two days. [12] found that free tilmicosin concentrations in the udder of
cows remained above the MIC of the drug for seven-and-a-half days after subcutaneous administration. The re-
sults are in accordance with those reported by Thompson and Lawrence (1994) [16] who attributed it to the bas-
ically and high lipid solubility of tilmicosin. Both of these characteristics indicate a large volume of distribution.

Table 4. Mean (SD) and [ranges] of total blood cell counts (WBC, x103/mm?®), blood granulocyte/agranulocyte
ratios (G/AG) and BAL fluid neutrophil/macrophage ratios (N/M) in groups of 5 calves infected experimental-
ly with Pasteurella haemolytica type Al and treated with tilmicosin either slow intravenously or by subcuta-
neously.

Time (days) Measurement Intravenous Subcutaneous
WBC 12.40 (2.41) [9.0 - 15.0]° 12.80 (2.39) [10.0 - 16.0]™
0 GIAG 0.92 (0.24)[0.6-1.2]° 0.84 (0.27) [0.5- 1.1]
N/M 0.15 (0.04) [0.10 - 0.21]° 0.31(0.33) [0.12 - 0.90]°
WBC 27.20 (5.07) [21.0 - 34.0]° 25.60 (4.45) [20.0 - 31.0°
1 GIAG 2.62 (0.51) [2.0 - 3.3 2.80 (0.54) [2.1 - 3.5)°
N/M NS NS
WBC 26.20 (4.66) [21.0 - 32.0]° 15.00 (4.74) [9.0 - 21.01°
2 GIAG 2.20 (0.57) [1.5- 2.9 1.30 (0.51) [0.7 - 1.97°
N/M NS NS
WBC 17.80 (6.01) [10.0 - 25.0]° 11.20 (2.59) [5.0 - 15.0]*
3 GIAG 1.20 (0.46) [0.4 - 1.6]° 0.68 (0.30) [0.3 - 1.1]°
N/M NS NS
WBC 14.60 (2.07) [12.0 - 17.0]° 9.20 (1.04) [8.0 - 10.5]°
4 GIAG 0.78 (0.24) [0.5 - 1.17° 0.60 (0.16) [0.4 - 0.8]°
N/M 0.36 (0.08) [0.26 - 0.47T° 0.23 (0.04) [0.18-0.29]*
WBC 14.00 (1.58) [12.0 - 16.0]° 10.20 (1.30) [9.0 - 12.0]°
5 GIAG 0.96 (0.21) [0.6 - 1.1]° 0.70(0.16) [0.5 - 0.9
N/M 0.40 (0.07) [0.30 - 0.49T° 0.27 (0.06) [0.20 - 0.36]°
MSE WBC 16.033 9.577
GIAG 0.159 0.127
LSD N/M 0.005 0.038

abC\eans with the same letter in the same column measurement are not significantly different at (P > 0.0001 and P > 0.805 for N/M

only). NS = Not sampled. MSE = Minimum significant error. LSD = Least significant difference.
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The ion (pH) trapping of such basic molecules in areas of the body with a pH lower than the blood (7.4) can lead
to high tissue concentration [21].

The subcutaneous administration of tilmicosin at 10 mg/kg resulted in free drug concentrations in serum and
bronchial secretions which were under the MIC of the drug for P. haemolytica {0.78 to 6.25 or <2 pg/ml [11],
respectively}. Serum levels of macrolide antibiotics, such as tilmicosin, tend to be very low and are a poor indi-
cator of total tissue concentrations [22]. Respiratory infections are effectively treated with doses producing se-
rum concentrations lower than MIC for the pathogenic organisms because the lung/serum ratio can exceed 70:1
in cattle [8].

Following intravenous administration, the serum concentration data were best fitted to a two-compartment
pharmacokinetic model. The slow intravenous infusion of a dilute solution of tilmicosin resulted in clinical signs
suggesting acute cardiac toxicity but these side-effects were not observed after the subcutaneous injection. Sim-
ilar clinical signs were also reported in cattle and goats [12] [20]. As a result, the subcutaneous route was found
to be safer.

The apparent volume of distribution at steady-state of a drug (V) is an indication of its diffusion into body
tissues [23]. The mean Vs value of tilmicosin calves was 1.90 and 1.72 L/kg in healthy and P. haemolyti-
ca-infected calves, respectively, more than the 1.11 L/kgand lower than of 2.27 L/kg, reported for cows and
goats [12] [20]. The higher values of Vgares, hOwever, indicate that tilmicosin was widely distributed in the ex-
travascular tissues. Our results showed that the volume of distribution is lower and the clearance rate is slower in
infected calves as compared with healthy ones. These findings were consistent with the higher serum and bron-
chial secretions concentration of the drug recorded in diseased calves as compared to healthy ones. Similar re-
sults were observed by [8] who found that higher serum and lung concentrations of the tilmicosin in acutely
pneumonic cattle than in healthy animals. In goats, sheep and cattle, [12] [20] [24] found that the half-lives of
tilmicosin in milk (41.4 hours), lungs (26.9 hours) and udder (42.2 hours) was higher to its half-life in serum.

Following subcutaneous administration, the mean apparent elimination half-lives of tilmicosin in serum and
bronchial secretions were (24.6 and 25.85 hours) and (33.74 and 31.78 hours) in healthy and P. haemolytica-
infected calves, respectively. A similar half-lives (29.3 and 41.4 hours) was reported in serum and milk of
healthy goats [20], in milk of cows (42.4 hours) [12], and in the serum of sheep (26.6 hours) [24]. This strongly
suggests that tilmicosin partitions into lung secretions and possibly other tissues and becomes sequestered.

During the clinical efficacy experiments no calves died in the treated groups. Body temperature, respiratory
rate, haematological and broncho-alveolar-lavage fluid parameters returned to normal significantly faster in
subcutaneously treated group than in the intravenously treated calves. Similar findings were also observed for
tilmicosinin pneumonia of calves or pigs [25]-[32] who concluded that treatment with single dose of tilmicosin
is effective in most cases of cattle or pigs bacterial pneumonia.

The results described in this paper are similar to earlier observations that P. haemolytica type Al is capable of
producing severe acute pneumonia in calves [5] [6]. The development of clinical signs (pyrexia, tachyponea, and
anorexia), haematological changes (leucocytosis, neutophilia) and bacteriological findings were similar to those
reported in clinical cases of “shipping fever” [5] [33]. The principle method for treating pneumonic pasteurello-
sis is antibiotic therapy [34]. Our results support previous reports that tilmicosin is an appropriate antimicrobial
drug for the treatment of respiratory disease in cattle [32] [35]-[37] and this suggestion is supported by the re-
sults of the present study.

5. Conclusion

These preliminary results suggest that subcutaneous injection of tilmicosin can be effectively used in the treat-
ment of acute P. haemolytica bronchopneumonia in calves.

References

[1] Vermeersch, H., Vandenbossche, G., Remon, J.P., Samyn, W., Vandendriessche, K., Sustronck, B., et al. (1996)
Pharmacokinetics of Nebulized Sodium Ceftiofur in Calves. Journal of Veterinary Pharmacology and Therapeutics, 19,
152-154. http://dx.doi.org/10.1111/j.1365-2885.1996.th00029.x

[2] Scott, P.R. (1995) Efficacy of Strategic Tilmicosin Injection during an Outbreak of Respiratory Disease in Housed
Beef Calves. British Veterinary Journal, 151, 587-589. http://dx.doi.org/10.1016/S0007-1935(05)80030-2

[3] Dyer, R.M. (1982) The Bovine Respiratory Disease Complex: A Complex Interaction of Host, Environment and Infec-

&)



http://dx.doi.org/10.1111/j.1365-2885.1996.tb00029.x
http://dx.doi.org/10.1016/S0007-1935(05)80030-2

A. M. Soliman, A. R. A. Ayad

(4]

(5]
(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]
[20]

[21]

[22]
[23]

[24]

[25]

tious Factors. Compendium on Continuing Education for the Practicing Veterinarian, 4, S296-S304.

Confer, A.W., Panciera, R.J., Corstvet, R.E., Rummage, J.A. and Fulton, R.W. (1984) Bovine Pneumonic Pasteurello-
sis: Effects of Culture Age of Pasteurella haemolytica Used as Live Vaccine. American Journal of Veterinary Re-
search, 45, 2543-2545.

Gibbs, H.A., Allan, E.M., Wiseman, A. and Selman, I.E. (1984) Experimental Production of Bovine Pneumonic Pas-
teurellosis. Research in Veterinary Science, 37, 154-166.

Ames, T.R., Markham, R.J., Opuda-Asibo, J., Leininger, J.R. and Maheswaran, S.K. (1985) Pulmonary Response to
Intratracheal Challenge with Pasteurella haemolytica and Pasteurella multocida. Canadian Journal of Comparative
Medicine, 49, 395-400.

Sustronck, B., Deprez, P., Muylle, E., Vermeersch, H., Vandenbossche, G. and Remon, J.P. (1995) Evaluation of the
Nebulisation of Sodium Ceftiofur in the Treatment of Experimental Pasteurella haemolytica Bronchopneumonia in
Calves. Research in Veterinary Science, 59, 267-71. http://dx.doi.org/10.1016/0034-5288(95)90015-2

Thompson, T.D., Laudert, S.B., Chamberland, S. and Lawrence, K. (1994) Micotil: Pharmacokinetics of Tilmicosin, a
Semi-Synthetic Macrolide Antibiotic, in Acutely Pneumonic Cattle and Primary Bovine Alveolar Macrophages. 6th
European Association for Vet Pharmacology and Therapeutics Congress, Edinburgh, 7-11 August 1994, 31-32.

Scott, P.R. (1995) A Field Study of Respiratory Disease Affecting Housed Beef Calves in the United Kingdom. Cattle
Practice, 3, 393-401.

Musser, J., Mechor, G.D., Grohn, Y.T., Dubovi, E.J. and Shin, S. (1996) Comparison of Tilmicosin in with Long-
Acting Oxytetracycline for Treatment of Respiratory Tract Disease in Calves. Journal of the American Veterinary
Medical Association, 208, 102-106.

Hartman, E.G. and Geryl, J. (1993) Comparison between the Minimal Inhibitory Concentration of Tilmicosin and
Oxytetracycline for Bovine Pneumonic Pasteurella haemolytica Isolates. Veterinary Quarterly, 15, 184.
http://dx.doi.org/10.1080/01652176.1993.9694404

Ziv, G., Shem-Tov, M., Glickman, A., Winkler, M. and Saran, A. (1995) Tilmicosin Antibacterial Activity and Phar-
macokinetics in Cows. Journal of Veterinary Pharmacology and Therapeutics, 18, 340-345.
http://dx.doi.org/10.1111/].1365-2885.1995.th00601.x

Friis, C. and Agerso, H. (1998) Penetration of Amoxycillin to the Respiratory Tract Tissues and Secretions in Actino-
bacillus pleuropneumoniae Infected Pigs. Research in Veterinary Science, 64, 251-257.
http://dx.doi.org/10.1016/S0034-5288(98)90134-5

Carter, G.R. (1984) Diagnostic Procedures in Veterinary Bacteriology and Mycology. 4th Edition, Charles C. Thomas,
Springfield, 129-142.

Bennett, J.V., Brodie, J.L., Benner, E.J. and Kirby, W.M.H. (1966) Simplified, Accurate Method for Antibiotic Assay
of Clinical Specimens. Applied and Environmental Microbiology, 14, 170-177.

Thompson, T.D., Laudert, S.B., Chamberland, S. and Lawrence, K. (1994) Micotil: Pharmacokinetics of Tilmicosin, a
Semi-Syntheticmacrolide Antibiotic, in Acutely Pneumonic Cattle and Primary Bovine Alveolarmacrophages. Pro-
ceedings of the 6th European Association of Veterinary Pharmacology and Toxicology, Edinburgh, 7-11 August 1994,
31.

Baggot, J.D. (1987) Some Aspects of Clinical Pharmacokinetics in Veterinary Medicine. Journal of Veterinary Phar-
macology and Therapeutics, 1, 5-18. http://dx.doi.org/10.1111/j.1365-2885.1978.tb00300.x

Gibaldi, M. (1984) Biopharmaceutics and Clinical Pharmacokinetics. 3rd Edition, Lea and Febiger, Philadelphia,
45-111.

SAS Institute (1982) SAS User’s Guide. SAS Institute Inc., Cary, 191-193.

Ramadan, A. (1997) Pharmacokinetics of Tilmicosin in Serum and Milk of Goats. Research in Veterinary Science, 62,
48-50. http://dx.doi.org/10.1016/S0034-5288(97)90179-X

Riviere, J.E., Craigmill, A.L. and Sundlof, S.F. (1990) Handbook of Comparative Pharmacokinetics and Residues of
Veterinary Antimicrobials. CRS Press Inc., Boca Raton, 229.

Barragry, T. (1991) Macrolide Antibiotics. Irish Veterinary News, May 1991.

Gilman, A.G., Goodman, L.S. and Gilman, A. (1980) Goodman and Gilman’s: “The Pharmacological Basis of Thera-
peutics”. 6th Edition, Macmillan, New York, 21.

Parker, R.M., Patel, R.K.P. and Simmons, H.A. (1994) The Pharmacokinetics of Tilmicosin in Sheep. Proceedings of
the European Association for Veterinary Pharmacology and Toxicology, 6th International Congress, Edinburgh, 7-11
August 1994, 226-227.

Ose, E.E. and Tonkinson, L.V. (1988) Single-Dose Treatment of Neonatal Calf Pneumonia with the New Macrolide

)



http://dx.doi.org/10.1016/0034-5288(95)90015-2
http://dx.doi.org/10.1080/01652176.1993.9694404
http://dx.doi.org/10.1111/j.1365-2885.1995.tb00601.x
http://dx.doi.org/10.1016/S0034-5288(98)90134-5
http://dx.doi.org/10.1111/j.1365-2885.1978.tb00300.x
http://dx.doi.org/10.1016/S0034-5288(97)90179-X

A. M. Soliman, A. R. A. Ayad

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]
[36]

[37]

Antibiotic Tilmicosin. Veterinary Record, 123, 367-369. http://dx.doi.org/10.1136/vr.123.14.367

Gourlay, R.N., Thomas, L.H., Wyld, S.G. and Smith, C.J. (1989) Effect of a New Macrolide Antibiotic (Tilmicosin) on
Pneumonia Experimentally Induced in Calves by Mycoplasma bovis and Pasteurella haemolytica. Research in Veteri-
nary Science, 47, 84-89.

Mee, J.F. and O’Farrell, K. (1991) Tilmicosin and Calf Pneumonia. Veterinary Record, 128, 460.
http://dx.doi.org/10.1136/vr.128.19.460-a

Laven, R. and Andrews, A.H. (1991) Long-Acting Antibiotic Formulations in the Treatment of Calf Pneumonia: A
Comparative Study of Tilmicosin and Oxytetracycline. Veterinary Record, 129, 109-111.
http://dx.doi.org/10.1136/vr.129.6.109

Smith, R.A., Gill, D.R. and van Koevering, M.T. (1993) Effects of Tilmicosin or Ceftiofur on Health and Performance
of Stressed Stocker Cattle. Animal Science Research Report, Agricultural Experiment Station, Oklahoma State Uni-
versity, No. P 933, Stillwater, 308-311.

Fodor, L., Varga, J., Gallowitsch, F., Horvath-Papp, I., Miklos, G., Lajcsak, A. and Harmath, A. (1993) Treatment of
Calf Pneumonia with Tilmicosin. Acta Veterinaria Hungarica, 41, 41-49.

Morck, D.W., Merrill, J.K., Thorlakson, B.E., Olson, M.E., Tonkinson, L.V. and Costerton, J.W. (1993) Journal of the
American Veterinary Medical Association, 202, 273-277.

Walters, J., Brown, D.R. and Tarrant, M.E. (1994) Efficacy of Pulmotil (Tilmicosin in Premix Form) against Natural-
ly-Occurring Pneumonia in Growing-Fattening Pigs. Proceedings of the European Association for Veterinary Phar-
macology and Toxicology, 6th International Congress, Edinburgh, 7-11 August 1994, 202-203.

Allan, E.M., Gibbs, H.A., Wiseman, A. and Selman L.E. (1983) Pasteurella haemolytica Pneumonia in Weaned
Housed Single Suckled Calves. Veterinary Record, 112, 327. http://dx.doi.org/10.1136/vr.112.14.327

Whiteley, L.O., Maheswaran, S.K., Weiss, D.J., Ames, T.R. and Kannan, M.S. (1992) Pasteurella haemolytica Al and
Bovine Respiratory Disease: Pathogenesis. Journal of Veterinary Internal Medicine, 6, 11-22.
http://dx.doi.org/10.1111/j.1939-1676.1992.tb00980.x

Grunau, H. (1992) Field Trial of Tilmicosin for Endemic Bronchopneumonia of Beef Calves. Tierarztliche Hochschule
Hannover, Hannover, 103.

Grunau, H. and Klee, W. (1993) Field Trial of the Treatment of Enzootic Bronchopneumonia in Beef Calves with a
New Macrolide Antibiotic, Tilmicosin. Praktische Tierarzt, 74, 210-218.

Winter, T. and Hofmann, W. (1994) Treatment of Chronic Bronchopneumonia in Calves with the Macrolide Antibiotic
Tilmicosin. PraktischeTierarzt, 75, 302-308.


http://dx.doi.org/10.1136/vr.123.14.367
http://dx.doi.org/10.1136/vr.128.19.460-a
http://dx.doi.org/10.1136/vr.129.6.109
http://dx.doi.org/10.1136/vr.112.14.327
http://dx.doi.org/10.1111/j.1939-1676.1992.tb00980.x

	Pharmacokinetics and Efficacy of Tilmicosin in the Treatment of Pasteurella haemolytica Bronchopneumonia in Calves
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Drug
	2.2. Animals and Husbandry
	2.3. Drug Administration
	2.4. Experimental Infection
	2.5. Treatment Schedule
	2.6. Clinical Examination
	2.7. Blood Samples
	2.8. Bronchial Secretions
	2.9. Cytological Analysis
	2.10. Bronchoalveolar Lavage (BAL)
	2.11. Analytical Methods
	2.12. Pharmacokinetic Analysis
	2.13. Statistical Analysis

	3. Results
	3.1. Pharmacokinetic Studies
	3.2. Clinical Findings
	3.3. Haematological Analysis
	3.4. Bronchoalveolar Lavage (BAL)

	4. Discussion
	5. Conclusion
	References

