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ABSTRACT

Disposition pharmacokinetic of tylosin concomitantly administrered with either diclazuril (Clinacox ) (1®

mg/kg feed) and halofuginone (Stenorol ) (3 mg/kg feed) were studied following a single IV, oral and IM®

administrations in broiler chickens. Following IV injection, tylosin serum concentration was best to be

½ ádescribed by a 2-compartment open model. Diclazuril resulted in a short distribution half-life (t ) (8.46 ± 0.28

12 21 areamin.) with higher K /K  ratio and Vd  (3.12 ± 0.13 and 12.96 ± 0.82 L/kg, respectively. In contrast

½ á 12 21 areahalofuginone induced a prolonged t  (18.52 ± 0.64 min.) with lowered K /  and Vd  (1.26 ± 0.12 and 5.79

± 0.38 L/kg, respectively) compared with drug alone (12.13 ± 0.59 min, 2.01 ± 0.16 and 8.34 ± 0.7 L/kg,

½ abrespectively). Following oral dosing the absorption half life (t ) was 16.72 ± 1.13, 8.29 ± 0.67 and 40.95 ±

m ax5.94 min. for tylosin alone and in presence of diclazuril and halofuginone respectively. C  value were 1.24

± 0.074 and 1.59 ± 0.142 µg/ml  at 0.84 ± 0.06 and 2.06 ± 0.14 hours in presence of diclazuril and

m axhalofuginone respectively. However C  was 0.92 ± 0.12 µg/ml reached at 1.58 ± 0.09 h for tylosin alone.

½ abFollowing IM injection t  was 10.25 ± 1.08, 4.29 ± 0.47 and 3.57 ± 0.146 min. for drug alone and in

m axconcomitant with diclazuril and halofuginone respectively. C  was 1.83 ± 0.064 µg/ml reached at 0.49 ±

0.083 h and 4.67 ± 0.28 µg/ml at 0.32 ± 0.024 h for drug in presence of diclazuril and halofuginone

respectively compared to 0.408 ± 0.52 µg/ml attained at 0.79 ± 0.052 h for drug alone (21.54 ± 1.86%).
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Introduction

`Pharmacokinetic drug interactions are of great

clinical significance in veterinary practice. Drugs

have the same metabolic pathway usually show drug

interactions in its concomitant administration [1,9].

These constitute a major problem facing the poultry

production as many compounds (Over 13) have been

usually add to poultry rations as feed additives [21]

which may interact with any administered therapeutic

agent. From this view point dosages of antimicrobials

used in poultry farms must be adjusted to

compensate for its interaction with these additives.

Anticoccidials are one of these compounds, their

programes have been substantially varied in its

clinical application in poultry farms [26,15].

Diclazuril is a benzeneacetonitrile anticoccidial used

in concentration of 1 ppm in poultry ration for

treatment of coccidiosis [28,37]. Halofuginone is

derived from an alkaloid isolated from Dichroa

febrifuga plant [16]. It was established to be used, as

coccidiostat at concerntration of 1.5 ppm and

coccidiocidal at 3 ppm in poultry rations [10].

Tylosin is one of macrolide antibiotics, highly

active than other antibiotics ( e.g. vancomycin and

gentamycin)  mainly on aerobic garm – positive

cocci and bacilli [32] and mycoplasma [2] Like all

members of this group it has affenity to achieve
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higher tissue concentrations as much as 5 – 10 times

serum concen tra tio ns  [3 9 ,4 0 ] .  M ycoplasm a

gallisepticum and Mycoplasma synoviae have shown

sensitivity in vitro and in vivo to several

antimicrobials including macrolides [22]. Interaction

between anticoccidals and macrolides (e.g.

erythromycin) has been studied [27,34,38]. The aim

of this study is to emphasies the effect of diclazuril

and halofuginone on the disposition kinetic of tylosin

in broiler chickens.

Material and methods

I. Drugs:

* Tylosin (Tylan) : It was obtained from Elanco-®

AF 1300 – Speke Liverpool, England, as tylosin

tartrate (98% tylosin base) in a pure water soluble

powdered form, the administered doses calculated

depending on the tylosin base.

* Diclazuril (Clinacox ): It is supplied by®

Pharmaceutic Animal Health Division Pfizer. It is

formulated as a premix 0.5%.

* Halofuginone hydrobromide (Stenorol ):®

Supplied by Hoechst-Russel Vet. Co., as powdered

form containing 0.5 g halofuginone per kg  powder.

II. Birds:

One hundred and twinty five healthy broiler

(Hubard breed) chickens of both sex with an average

body weight of 1000-1500 g and of 45-50 day old

age were used. They were housed in cages and

supplied with water ad-libitum. Chickens were fed on

a balanced ration free from any anticoccidial and

antibiotic drugs for 15 days before starting

experiments to ensure complete clearance of their

bodies from any drug residues.

Experimental design:

1- Single dose studies (Pharmacokinetic studies):

Three main groups of 10 chickens each were

used. Birds of the 1  group were fed on anticoccidialst

– free ration allover the study. Those in the 2  andn d

3  groups were fed on a ration containing diclazurilrd

(1 ppm) and halofuginone (3 ppm) for 5 consecutive

days, respectively. At the end of 5  day of feeding,th

Tylosin was dose injected i.v. in a single dose (25

mg.kg  b.wt.) in the right brachial wing vein of each-1

bird of these 3 main groups.

Blood samples were taken from the left brachial

wing vein of each chicken just before and at 5, 10,

15, 30 min and 1, 2, 4, 6, 8 and 10 hours post

antibiotic injection. Blood samples were allowed to

clot at room temperature, centrifuged at 3000 g. for

15 min. and serum were collected and stored at -

20ºC until assayed for tylosin.

These chickens were kept for 15 days devoid of

any antibiotic or anticoccidial drugs to ensure

complete withdrawal of the administered drugs. Each

of the 3 main groups was subdivided into 2

subgroups of 5 chickens each. Chickens in the 2nd

and 3  groups were fed on diclazuril andrd

halofuginone containing ration, respectively for 5

consecutive days, while those of the 1  group werest

kept free of anticoccidial therapy. At the 5  day ofth

feeding, Tylosin was administered in a single oral

dose as 25 mg.kg-1 b.wt. and ìg.ml-1 to be

consistent with the figures and tables in the results

to all the chickens of the 1  subgroups, whereasst

those of the 2  subgroups received tylosinnd

intramuscularly in the in the thigh with the same

dose.

Blood samples were collected from each bird in

all groups at the same time intervals as mentioned

before. Serum samples were collected and stored at

-20ºC until assayed for tylosin.

2- Multiple dose study:

Three groups of 30 birds each were used in this

study. Chickens of the 1  group were fed anst

anticoccidial – free ration allover the time of

experiment. Those in the 2  and 3  groups were fedn d rd

on diclazuril (1 ppm) and halofuginone (3 ppm)

containing rations, respectively allover  the

experiment. At the end of 5  day of feeding each ofth

the 3 groups were subdivided into 2 equal subgroups

of 15 chickens each. Tylosin was administered orally

(25 mg/kg b.wt.) to birds of the three 1  subgroups,st

whereas it is injected intramuscularly in those of the

three 2  subgroups. This is continued once daily fornd

5 consecutive days in all groups. Blood samples were

collected every 24 h for 5 successive days from the

wing viens of 5 markerd chickens in each subgroup.

Serum was separated and stored at –20ºC until

assayed for tylosin. From each subgroup 3 chickens

were slaughtered at the 1 . 3 ., 5 ., 7 . and 9 . dayst rd th th th

after the last dose of  antibiotic administration.

Tissue samples (1 gm for each sample) including

liver, spleen, lung, kidney, heart, breast and thigh

muscles were collected from each slaughtered

chicken, stored at -20ºC until tylosin assay. One

gram of each sample was homoginised with 5 ml 0.1

M phosphate buffer (pH 7.9) and centrifuged at 3000

g for 15 minutes. Supernatante fluid then assayed for

tylosin concentration.

Analytical procedure:

Tylosin concentration in serum and tissue

samples  was determined by the microbiological

assay method using Micrococcus luteus as a test

organism [4]. Standard curve for tylosin was
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constructed using antibiotic-free pooled serum

samples collected by slaughtering of 5 non-medicated

chickens. The in vitro protein binding percent of the

tested antibiotic was determined by the method of

Craig and Suh [8] with concentrations of 0.156,

0.125, 0.1, 0.08 and 0.064 ug.ml . The experimental-1

samples and standards were analysed in triplicate.

The measured widths of the zones of inhibition were

converted to concentrations using standard curves

developed for each plate. Standard curves were

prepared as described by [13]. The calibration graphs

obtained for tylosin in serum were linear within the

range 0.08-0.156/µg/ml; Y = 14.2 + 17.5x. the

average recovery was 105%, the overall precision

(between days, reported relative standard deviation)

was 24%, and the limit of detection for the assay for

serum samples was 0.05 µg/mL.

Pharmacokinetic analysis:

A computerized curve stripping software program

(Rstrip, Micromath Scientific software, Salt lake city,

UT, USA) was used for determination of the best-fit

compartmental model and for estimation of the model

dependent pharmacokinetic parameters. Following i.v.

injection, tylosin serum concentration time data for

each chicken was fitted a two-compartment open

model according to the following equation:

Cp   =  Ae   +  Be -at -b t

Where Cp  =  is the serum drug concentration at

time t. A and B= the intercepts of the distribution

and elimination lines with the concentration axis,

respectively, they were expressed in ug.ml .-1

á and b are the distribution and elimination rate

constants, respectively, expressed in units of

reciprocal time (h ). e is the base of natural-1

logarithm. The distribution and elimination half-lives

½ a ½ b(t  and t ), the rate constants for drug transferring

1 2from central compartment to peripheral one (K ) and

21from tissues to central compartment again (K ). The

volume of distribution were calculated by the area

area B(Vd ) and B (Vd ) methods. The total body

Bclearance (Cl ) were calculated according to standard

equations of Baggot [3] as follows:

  (h)

       L.kg-1

                     L. kg-1

B elCL   =  K  . Vc   (L.h .kg ).-1 -1

Following oral and I.M. administrations, data

were analysed by compartmental and non-

compartmental methods based on the statistical

moment theory [36]. The peak plasma concentration

m ax(C ) and the time needed to reach this

m axconcentration (T ) were calculated mathematically

by the following equations:

m axC   =  Ae    max   -  Be  max–kel t -kab t

aWhere K  is the absorption rate constant (h )-1

el -aand K  is the elimination rate constant (h ). AUC0-1

is the area under the serum concentration time curve

from zero to the infinity by the trapezoidal rule.

I.V .AUC

The systemic bioavailability (F)= ))))))) X 100.

    AUC oral or IM

The obtained results are represented as mean ±

standard  error (S .E.). The pharmacokinetic

parameters in presence and absence of diclazuril and

halofuginone were statistically analyzed using

students t-test [35].

Results and discussion

The semilogarithmic serum concentrations-time

curves of tylosin following I.V. injection in a single

dose (25 mg.kg b.wt.) in chickens fed control ration,

diclazuril and halofuginone containing ones are

depicted in Figure 1. The obtained kinetic parameters

are represented  in Table 1.  The drug concentrations

were decreased gradually in a biphasic pattern that

follow a 2 – compartment open model. The

corresponding kinetic parameters are described in

Table 1.

The semilogarithmic serum concentration – time

curves of  tylosin after oral and I.M. administrations

in a single dose (25 mg.kg b.wt.) in chickens fed

anticoccidial free ration, diclazuril and halofuginone

containing ones are plotted in Fig. 2 and 3

respectively. The obtained pharmacokinetic variables

following oral dosing and I.M. injection are recorded

in tables 2 and 3 respectively. 

Consecutive daily single oral dosing of tylosin

(25 mg/kg b.wt.) for 5 days showed that the drug

was not detected in the serum at 24h after 1  dosingst

neither for tylosin alone nor in presence of the tested

anticoccidials. After the 2  dosing, the drug serumnd

concentration could be still detected at 24h post

dosing and these concentrations were progressively

increased till the last dosing both in tylosin alone and

in presence of diclazuril. However constant antibiotic

level was determined in presence of halofuginone

(Figure 4).
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Fig. 1: Mean tylosin serum concentration (µg/ml) following a single intravenous injection (25 mg/kg b. wt.)

in chickens fed anticoccidal free, diclazuril and halofuginone containing rations. (M± SE) n=5)

Fig. 2: Mean tylosin serum concentration (µg/ml) following a single oral administration (25 mg/kg b. wt.)

in chickens fed anticoccidal free, diclazuril and halofuginone containing rations. (M± SE) n=5)

Fig. 3: Mean tylosin serum concentration (µg/ml) following a single intramuscular injection  (25 mg/kg b.

wt.) in chickens  fed anticoccidal free, diclazuril and halofuginone containing rations. ( M± SE)  n=5)
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Table 1: M ean kinetic parameters of tylosin (25 mg.kg  b.wt.) following a single intravenous injection in chickens fed anticoccidial free,-1

diclazuril (1 ppm) and halofuginone (3 ppm) containing rations (n = 10).

Parameter Unite M ean ± S.E.

---------------------------------------------------------------------------------------------------------------------------

Tylosin Tylosin + diclazuril Tylosin + halofuginone

Cp ìg.ml 10.37 ± 0.64 8.134 ± 0.54* 10.63 ± 0.58o -1

A mg.ml 7.45 ± 0.64 6.47 ± 0.27 5.18 ± 0.44-1

a h 3.49 ± 0.14 5.18 ± 0.14*** 2.21 ± 0.21***-1

½ át min. 12.13 ± 0.59 8.46 ± 0.28*** 18.52 ± 0.64***

21K h 1.13 ± 0.05 1.184 ± 0.05 1.304 ± 0.08-1

12K h 2.11 ± 0.12 3.38 ± 0.15*** 1.75 ± 0.08*-1

12 21K /K 2.01 ± 0.16 3.12 ± 0.13*** 1.26 ± 0.12**

Vc L.kg 2.53 ± 0.18 3.02 ± 0.12* 2.41 ± 0.13-1

(B)Vd L.kg 9.24 ± 0.86 15.02 ± 0.91*** 5.84 ± 0.403**-1

(ss)Vd L.kg 3.9 ± 0.29 4.21 ± 0.19 4.05 ± 0.36-1

(area)Vd L.kg 8.34 ± 0.72 12.96 ± 0.82*** 5.79 ± 0.38**-1

B ìg.ml 2.92 ± 0.26 1.58 ± 0.07*** 4.47 ± 0.29***-1

â h 0.13 ± 0.002 0.124 ± 0.006 0.129 ± 0.002-1

½ âT h 5.35 ± 0.09 5.47 ± 0.18 5.37 ± 0. 13

o-áAUC ìg.ml.h 24.7 ± 2.11 14.65 ± 0.964*** 31.47 ± 1.59*-1

totCL L.kg.h 1.07 ± 0.09 1.72 ± 0.101** 0.83 ± 0.07-1

elK h 0.43 ± 0.023 0.56 ± 0.016*** 0.35 ± 0.02*-1

*SignificantatP  #   0.05.

**SignificantatP  #   0.01.

***SignificantatP  #   0.001.

Table 2: M ean kinetic parameters of tylosin (25 m g.kg  b.wt.) following a single oral administration in chickens fed anticoccidial free,-1

diclazuril (1 ppm) and halofuginone (3 ppm) containing rations (n = 10).

Parameter Unite M ean ± S.E.

---------------------------------------------------------------------------------------------------------------------------

Tylosin Tylosin + diclazuril Tylosin + halofuginone

A ìg.ml 1.35 ± 0.144 1.34 ± 0.081 2.38 ± 0.22**-1

abK h 2.7 ± 0.398 5.23 ± 0.37 1.013 ± 0.064**-1 **

½ abT min. 16.72 ± 1.13 8.29 ± 0.67*** 40.95 ± 5.94***

B ìg.ml 2.08 ± 0.178 1.63 ± 0.096 3.14 ± 0.253**-1

elK h 0.126 ± 0.009 0.138 ± 0.019 0.128 ± 0.016-1

½ elt h 5.67 ± 0. 28 4.57 ± 0.26* 5.08 ± 0.148

maxC ìg.ml 0.92 ± 0.12 1.25 ± 0.074* 1.59 ± 0.142**-1

maxT h 1.58 ± 0.09 0.84 ± 0.06*** 2.06 ± 0.14*

AUC ìg.ml .h 15.508 ± 2.39 11.56 ± 1.62 22.18 ± 3.13-1 -1

F % 62.79 ± 5.48 78.92 ± 5.29 70.48 ± 6.85

*SignificantatP  #   0.05.

**SignificantatP  #   0.01.

***SignificantatP  #   0.001.

Table 3: M ean kinetic parameters of tylosin (25 mg.kg  b.wt.) following a single intramuscular injection in chickens fed anticoccidial-1

free, diclazuril (1 ppm) and halofuginone (3 ppm) containing rations (n = 5).

Parameter Unite M ean ± S.E.

---------------------------------------------------------------------------------------------------------------------------

Tylosin Tylosin + diclazuril Tylosin + halofuginone

A ìg.ml 0.54 ± 0.078 2.15 ± 0.13*** 5.36 ± 0.458***-1

abK h 4.29 ± 0.38 7.29 ± 0.53** 11.49 ± 1.79***-1

½ abT min. 10.25 ± 1.08 4.29 ± 0.47*** 3.57 ± 0.146***

B ìg.ml 1.19 ± 0.095 2.08 ± 0.11*** 6.75 ± 0.38***-1

elK h 0.22 ± 0.015 0.172 ± 0.014* 0.224 ± 0.012-1

½ elt h 3.202 ± 0.24 4.1 ± 0.27* 3.14 ± 0.17

maxC ìg.ml 0.408 ± 0.52 1.83 ± 0.064*** 4.67 ± 0.28***-1

maxT h 0.79 ± 0.052 0.49 ± 0.083* 0.32 ± 0.024***

AUC ìg.ml .h 5.32 ± 0.29 11.79 ± 0.85*** 29.67 ± 2.49***-1 -1

F % 21.54 ± 1.86 80.49 ± 6.81*** 94.28 ± 7.78***

*SignificantatP  #   0.05.

**SignificantatP  #   0.01.

***SignificantatP  #   0.001.

Results of consecutive daily I.M. injection for 5
days in the same previous dose are plotted in Figure
5. The drug was not detected at 24 h after the 1st

injection. These followed by constant daily tylosin
serum concentrations at 24 h after each injection
either for tylosin alone and in presence of
halofuginone. Meanwhile, gradual increase in the
drug concentration was recorded in presence of
diclazuril.

Tissue residues of the tested antibiotic following
oral and I.M. administrations in a single dose (25
mgLkg b.wt.) for 5 consecutive days for tylosin
alone, and in presence of diclazurile or halofuginone
are represented in Table 4 and 5 respectively.

The in vitro serum protein binding percentage of
tylosin in chicken's serum fed anticiccidial free ration
was in average value of  20.32 %.
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Table 4: Mean ± S.E. of tylosin tissue concentration (ppm) following oral administration (25 mg.kg  b.wt.) once daily for 5 consecutive days in chickens fed anticoccidial free,-1

diclazuril (1 ppm) and halofuginone (3 ppm) containing ration (n = 3).

Tissue Mean  ± S.E.
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tylosin Tylosin + diclazuril Tylosin + halofuginone
----------------------------------------------------------------- ------------------------------------------------------------------ ---------------------------------------------------------------------
1 day 3 day 5 day 7 day 9 day 1 day 3 day 5 day 7 day 9 day 1 day 3 day 5 day 7 day 9 dayst rd th th th st rd th th th st rd th th th

Liver 2.078 ± 1.306 ± 1.035 ± 0.8206± _ 1.306 ± 1.14 ± 1.035 ± 0.8206± _ 1.648 ± 1.306 ± 1.1467 ± 0.922 ± _
0.14 0.107 0.099 0.046 0.103 0.094 0.0.77 0.0535 0.11 0.086 0.086 0.056*

Lung 2.078 ± 1.648 ± 1.306 ± 1.035 ± 0.7306 ± 2.078 ± 1.28 ± 1.16 ± 1.035 ± _ 2.08 ± 1.649 ± 1.306 ± 1.035 ± 0.8206 ±
0.16 0.124 0.108 0.089 0.063 0.14  0.108  0.098  0.054 0.18 -.13  0.085 0.068  0.033

Spleen 1.648 ± 1.306 ± 1.035 ± _ _ 1.306 ± 1.14 ± 1.035 ± 0.8206 + _ 1.648 ± 1.306 ± 1.15 ± 0.8206 ± _
 0.113  0.097 0.046 0.102 0.098 0.047  0.036  0.106* 0.088  0.097 0.05

Kidney 1.648 ± 1.306 ± 1.035 ± _ _ 1.306 ± 1.035 ± 0.8206 ± _ _ 1.306 ± 1.28 ± 1.035 ± 0.922 ± _
 0.12 0.104 0.068 0.097  0.068 0.028* 0.09 0.092 0.077 0.048

Heart 1.58 ± 1.306 ± 1.2 ± 1.035 ± _ 1.306 ± 1.14 ± 1.035 ± 1.8206 ± _ 2.08 ± 1.648 ± 1.306 ± 1.035 ± 0.8206 ±
0.126 0.11 0.09 0.086  0.12 0.103 0.087  0.06 0.19 0.102 0.089 0.07 0.047

Thigh Muscle 1.035 ± 0.8206 ± 0.73 ± _ _ 1.306 ± 1.16 ± 1.035 ± 0.922 ± _ 1.306 ± 1.18 ± 1.035 ± 0.8206 ± _
 0.088 0.042 0.026 0.122 0.103* 0.095** 0.038 0.103 0.097* 0.088* 0.046

Breast Muscle 1.18 ± 0.922 ± 0.73 ± _ _ 1.28 ± 1.14 ± 0.922 ± _ _ 1.648 ± 0.922 ± 0.8206 ± _ _
0.087 0.047 0.035 0.104 0.068 0.034* 0.065* 0.052 0.038

-     Non  detected* Significant     at    P  #  0.05  **Significant  at   P  #   0.01.

Table 5: Mean ± S.E. of tylosin tissue concentration (ppm) following intramuscular injection  (25 mg.kg  b.wt.) once daily for 5 consecutive days in chickens fed anticoccidial free,-1

diclazuril (1 ppm) and halofuginone (3 ppm) containing ration (n = 3).

Tissue Mean  ± S.E.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tylosin Tylosin + diclazuril Tylosin + halofuginone
-------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------
1 day 3 day 5 day 7 day 9 day 1 day 3 day 5 day 7 day 9 day 1 day 3 day 5 day 7 day 9 dayst rd th th th st rd th th th st rd th th th

Liver q.306 ± 1.14 ± 1.035 ± 0.82 ± _ 1.306 ± 1.106 ± 1.035 ± _ _ 1.648 ± 1.426 ± 1.306 ± 0.922 ± _
0.106 0.102 0.086 0.052 0.103 0.09 0.0.85  0.13 0.107 0.098 0.064*

Lung 1.648 ± 1.45 ± 1.306 ± 1.035 ± _ 1.648 ± 1.306 ± 1.035 ± _ _ 2.078 ± 1.648 ± 1.306 ± 1.035 ± 0.822 ± 
 0.12 0.108 0.094 0.086 0.104 0.101 0.074 0.193 0.14 0.096 0.067 0.036***

Spleen 1.306 ± 1.138 ± 1.035 ± _ _ 1.306 ± 1.106 ± 1.035 ± _ _ 2.078 ± 1.648 ± 1.306 ± 0.8206 ± _
0.102 0.079  0.066 0.087 0.072  0.058  0.16* 0.102* 0.089 0.053***

Kidney 1,648 ± 1.035 ± 0.92 ± _ _ 1.035 ± 0.8206 ± _ _ _ 1.306 ± 1.14 ± 1.035 ± 0.822 ± _
0.11 0.088 0.064 0.076* 0.052 0.0827 0.074 0.074 0.046***

Heart 1.035 ± 0.922 ± 0.8206 ± _ _ 1.035 ± 0.8206 ± _ _ 2.078 ± 1.648 ± 1.306 ± 1.035 ± 0.822 ± 
0.078 0.042 0.037 0.082 0.046 0.16** 0.13** 0.102* 0.098*** 0.046***

Thigh Muscle 2.622 ± 1.035 ± 0.82 ± _ _ 2.622 ± 2.078 ± 1.648 ± 1.306 ± 0.8206 ± 2.622 ± 1.648 ± 1.306 ± 1.035 ± 0.822 ± 
0.14 0.086 0.063 0.17  0.13** 0.11***  0.089*** 0.057*** 0.17 0.126* 0.093* 0.0826*** 0.047***

Breast Muscle 1.648 ± 1.306 ± 0.922 ± _ _ 1.306 ± 1.035 ± 0.8206 ± _ _ 1.648 ± 1.306 ± 1.035 ± 0.822 ± _
0.106 0.088 0.036 0.089 0.069* 0.048 0.104 0.102 0.074 0.038***

-             Non  detected*      Significant     at    P  #  0.05  
**          Significant  at   P  #   0.01.***Significant     at    P  #   0.001.

Discussion

After intravenous injection of tylosin (25 mg/kg

b.wt.) in broiler chickens fed anticoccidial free,

diclazuril or halofuginone containing rations the drug

serum concentration –time curve was best to be

described by a two compartment open model. This is

in accordance with [24] in broiler chickens.

Significant lowered tylosin serum concentrations were

recorded in presence of diclazuril with a short

½ ádistribution half-life (t ) 8.46 ± 0.28 min. Compared

with 12.13 ± 0.59 min for tylosin alone indicates

more rapid drug distribution in presence of diclazuril.

12 21This is confirmed by the higher value of K /K

(3.12 ± 0.13) and volume of distribution represented

B area as Vd  (15.02 ± 0.91 L/kg) and Vd (12.96 ± 0.82

L/kg) in presence of diclazuril than drug alone (9.24

± 0.86 and 8.34 ± 0.72 L/kg, respectively). High

diclazuril protein binding affinity recorded by [11] in

his study on horses could be explain this rapid tissue

distribution of tylosin in diclazuril treated chickens.

Differences in the extent of serum or plasma protein

binding affinity of certain drug have been claimed to

explain the recorded difference in pharmacokinetic

variables [33,12]. Incontrast significant higher tylosin

½ áserum concentrations with a prolonged t  (18.52 ±

12 210.64 min) and lowered values of K /K  ratio (1.26

B area± 0.12), Vd  (5.84 ± 0.403 L/kg) and Vd  (5.79 ±

0.38 L.kg) in halofuginone treated chickens

evidenced lower tylosin tissue distribution.

Competation between halofuginone and tylosin

on the same tissue binding sites could be explain

these findings holofuginone was previously

determined in higher concentration in tissues than

plasma in study of  [23] in cattle. Lowering in

tylosin tissue distribution was previously recorded in

chicks fed flavomycin, Vitamine A. or new

naphthoquinone antibiotic "A 149" containing ration

[29].

Following oral administration in a single dose

½ ab(25 mg/kg) a short absorption half life (t ) (8.29 ±

0.67 min) associated with high absorption constant

abrate (K ) (5.23 ± 0.37 h ) in presence of diclazuril-1

than in drug alone (16.72 ± 1.13 min and 2.7 ±

0.393 h , respectively). These revealed enhancement-1

of tylosin absorption from the gut under the influence

of diclazuril. In spite of, loweing in drug serum

concentration which explained by high protein

binding property for diclazuril [11].

½ abA significant prolonged t  (40.95 ± 5.94 min)

was obtained for tylosin in presence of halofuginone

abaccompanied by lowered K  (1.013 ± 0.064 h )-1

½ abindicating delayed drug absorption. Prolonged t ,

m ax ½ elT  and t  were previously recorded for tylosin

orally administered in chickens fed avilamycin

m axcontaining ration [30]. C  value obtained for tylosin
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m axalone (0.92 ± 0.12 ug/ml) attained at (t ) 1.58 ±

0.09 h was near to 1.2 ug/ml at 1.5h for a dose of

10 mg/kg b.wt. in normal chickens [24]. However it

was higher than 0.403 ± 0.072 ug/ml reached at a

prolonged time 3h for a dose of 20 mg/kg b.wt. [5].

m axSignificant higher C  values were recorded for the

drug both in presence of diclazuril (1.25 ± 0.074

m axug/ml) attained at significant short time (t ) (0.84 ±

0.06 h) and in presence of halofuginone (1.59 ±

0.142 ug/ml) at a prolonged time (2.06 ± 0.14 h).

The systemic bioavailability was non significantly

higher in presence of diclazuril (78.92 ± 5.29%) than

for drug alone (62.79 ± 5.48%) which is consequent

result to lowered AUC both after oral and I.V.

administrations owing to rapid drug tissue distribution

as obtained following I.V. injection. Also non

significant higher F% obtained in halofuginone

treated birds (70.48 ± 6.85%) was resulted from

elevated AUC values both after oral and I.V.

administrations which explained by lowering in

tylosin distribution in presence of halofuginone.

Following I.M. injection tylosin was rapidly

absorbed either in presence of diclazuril or

halofuginone than drug alone. That observed from

½ absignificant short t  ( 4.29 ± 0.47 and 3.57 ± 0.146

abh) and elevated K  (7.29 ± 0.53 and 11.49 ± 1.79 h-

m ax) respectively. Significant higher C  values were1

recorded both in diclazuril (1.83 ± 0.064 ug/ml) and

halofuginone treated chickens (4.67 ± 0.28 ug/ml)

than drug alone (0.408 ± 0.52 ug/ml). These attained

m axat (T ) 0.49 ± 0.083 and 0.32 ± 0.024 and 0.79 ±

0.052 h, respectively.

m ax Higher C values were recorded in quil, pigeons

and cranes (4.31, 5.63 and 3.62) [25] than our

recorded one for drug alone. The lowered systemic

bioavailability (F%) for drug alone (21.54 ± 1.86%)

indicating lesser tylosin absorption from I.M.

injection site. However this value was significantly

increased to be 80.49 ± 6.81 and 94.28 ± 7.78% in

diclazuril and halofuginone administered birds.

Regarding the multiple dose study either for oral

and I.M. administrations (25 mg/kg b.wt.) once daily

for 5 consecutive days) it is revealed that tylosin was

not detected at 24 h following the 1  dosing eitherst

for drug alone, or in presence of the tested

anticoccidials. This is an expected result for the short

½ elt  recorded either for the orally and I.M.

administered drug.

Cummulative tendency was noticed for the drug

serum concentrations (both for oral and I.M. route)

beginning from the 1  - 5 , 24 h post dosing duringst th

daily administration either for tylosin alone and in

presence of diclazuril. These with significant higher

conc. in diclazuril treated chickens. Otherwise stable

drug concentration was determined at the 2  till thend

5  24h post dosing for bothe oral and I.M.th

administration in presence of halofuginone.

These obtained concentrations either for drug
alone or concomitantly administered with the tested
anticoccidials were higher than the MIC of tylosin <
1 ug.ml  and MIC for Mycoplasma species 0.5 –-1

0.62 ug.ml  [20,7]. Accordingly tylosin oral or I.M.-1

administration in the tested dose once daily for 5
days could maintaine a sufficient therapeutic serum
level in broiler chickens.

Tissue residue studies following either oral and
I.M. administration evidenced that tylosin was still
detected in all the tested samples for 5 days after
stopping of drug administration. The highest
concentration was recorded in lung for the orally
administered drug. [9] determined tylosin in lung
tissue of broiler chickens in 5.15 times more higher
than in serum. Following I.M. injection the highest
concentration was recorded in thigh muscle reflecting
to lesser tylosin absorption from site of injection. In
this respect [31] recorded persistence of tylosin for
25 day in the injection site following I.M. injection
(62.5 mg) in broiler chickens, while it was detected
only for 3, 6 and 5 days in the uninjected site, liver
and kidney respectively. Non significant differences
were obtained in drug tissue conc. following either
oral and I.M. administrations in presence of the
tested anticoccidials.

For oral dosing all tissues were considered
tylosin free at the 9  day post dosage cessation.th

However following I.M. injection the drug still
detected in thigh muscle of diclazuril treated birds,
thigh muscle, lung and heart in halafuginone treated
ones at the 9  day after stopping of injection.th

References

1. Abdelsalam, E.B. and E.J.H. Ford, 1986. Effect
of pretreatment with hepatic microsomal enzyme
inducers on the toxicity of diazinon in calves.
Research in Veterinary Science, 41: 336-339.

2. Baba, T., N. Yamashita, H. Kodama,  M.
Mukamoto,  M. Asada,  K. Nakamoto, Y. Nose,
E.D. McGruder, 1998. Effect of tylosin tartrate
on humoral immune responses in chickens.
Zentralbl Veterinarmed B., 45(5): 279-86 (ISSN:
0514-7166)

3. Baggot, J.D., 1978. Some aspects of clinical
pharmacokinetics in veterinary medicine. Journal
of Veterinary Pharmacology and Therapeutics, 1:
5-7.

4. Bernard Arret, B.D.P., Johnson and Amiel
Kirshbaum (1971): Outline of Details for
microbiological assay of antibiotics, second
revision. Journal of Pharmacological Science, 60
(11): 1689-1694.

5. Cezary Kowalski and Malgorzata Pomorska,
2006. Evaluation of bioequivalence of two

tylosin formulations after oral administration in
broiler chickens. Annales Universitatis Mariae

Curie – Sklodowska Lublin – Polonia, Vol. LXI,
3: 25-29.



217Adv. Environ. Biol., 3(3): 210-218, 2009

6. Conway, D.P., G.F. Mathis, J. Johnson, M.

Schwartz and C. Baldwin, 2001. Efficacy of

diclazuril in comparison with chemical and

ionophorous anticoccidials against Eimeria spp.

In broiler chickens in floor pens, Poultry

Science, April, 80(4): 426-430.

7. Cooper, A.A., J.R. Fuller, M.K. Fuller, P.

Whittlestone and D.R. Wise, 1993. " In vivo

a ctiv i ty  o f  d a n o f lo x a c in ,  ty lo s in  a n d

o xyte tracyc line  against M ycoplasm a  o f

Veterinary importance". Research in Veterinary

Science, 54: 329-334.

8. Carig, A.W. and Suh, 1980. Protein binding, in:

Lorian V.(ed), Antibiotic in Laboraratory

Medicine (Baltimore,Maryland, Williams and

Wilkins) Spp: 265-27. 

9. Dalvi, R.R., V.A. Nunn and J. Juskevich, 1987.

Hepatic cytochrome P-450 dependent drug

metabolizing activity in rats, rabbits and several

food-producing species. Journal of Veterinary

Pharmacology and Therapeutics, 10: 164-168.

10. Daugschies, A., U. Gasslein and M. Rommel,

1988. Comparative efficacy of anticoccidials

under the conditions of commercial broiler

production and in battery trials, Veterinary

Parasitology, April, 15: 76(3): 163-171.

11. Dirikolu, L., F. Lehner, C. Nattrass, B.G.

Bentaz, W.E. W oods, W.G. Carter, W.

Karpiesiuk, J. Jacobs, J. Boyles, J.D. Harkins,

D.E. Granstrom and T. Tobin, 1999. Diclazuril

in the horse: its identification and detection and

preliminary pharmacokinetics. Journal of

Veterinary Pharmacology and Therapeutics, 22

(6): 374-379.

12. Donoho, A.L., 1984. Biochemical studies on the

fate of monensin in animals and in the

environment, Journal of Veterinary Pharmacology

and Therapeutics, 20 (Suppl. 1): 106.

13. D o rnb ush ,  A .C .&  A .  A b b e y,  1 9 7 2 .

Microbiological assay of the tetracyclines. In: F.

Kavanagh (ed.), Analytical Microbiology, vol.II,

(Academic Press, New York), 365-383.

14. Dvorak, M., T.L. Janeckova and J. Strakova,

1987. Tylosin concentrations in the blood and

lungs of poultry after administration in the

drinking water. B iologizace-a-Chemizace-

Zivocisne-Vyroby, Veterinaria, 23(4): 343-351.

15. Echman, M.K., 1997. Anticoccidial feed additive

programmes, International Poultry Production, 5:

7-9.

16. Fairburn, J.W. and T.C. Lou, 1950. A

pharmacognostical study of Dichroa febrifuga

Lour, a Chinese antimalarial plant. Journal of

Pharmacy and Pharmacology, 2: 162-167.

17. Fichtl, B.V., A. Nieciecki and K. Walter, 1991.

Tissue binding versus plasma protein binding of

drugs: general principles and pharmacokinetic

consequences. In drug Research. Ed. Bernard T.

pp: 118-166. Academic press, London UK.

18. Gibalidi, M . and J.R. Koup, 1981.

Pharmacokinetic concepts-drug binding, apparent

volume of distribution and clearance. European

Journal of Clinical Pharmacology, 20: 299-305.

19. Gibalidi, M . and D. Perrier, 1982.

Pharmacokinetics: 2  Ed. New York, Marcel.nd

Dekker, pp: 409-417.

20. Gingerich, D.A., J.D. Baggot and J.J. Kowalski,

1977. Tylosin antimicrobial activity and

pharmacokinetics in cows. Canadian Veterinary

Journal, 18(4): 96-100.

21. Jones, F.T. and S.C. Ricke, 2003. Observations

on the history of the development of

antimicrobials and their use in poultry feeds,

Poultry Science, April, 82(4): 613-617.

22. Jordan, F.T.W. and  B.K. Horrocks, 1996. The

minimum inhibitory concentration of tilmicosin

and tylosin for Mycoplasma gallisepticum and

Mycoplasma synoviae and a comparison of their

efficacy in the control of Mycoplasma

gallisepticum in broiler chicks. Avian Dis., 40:

326-334.

23. Kinabo, L.D.B. and Q.A. Mckellar, 1989.

Pharmacokinetics of halofuginone in cattle.

British Veterinary Journal, 145(6): 546-551.

24. Kowalski, C., Z. Bolinski, R. Zan and W.

Wawron, 2002. Pharmacokinetics of tylosin in

broiler chickens. Polisch Journal of Veterinary

Science, 5(3): 127-130.

25. Locke, D., M. Bush and J.W. Carpenter, 1982.

Pharmacokinetics and tissue concentrations of

tylosin in selected avian species. American

Journal of Veterinary Research, 43(10): 1807-

1810.

26. Magee, D.L., 1992. Juggling immunity, coccidia

and anticoccidials, Broiler Industry, 55: 52-62.

27. Mazlum, Z., R.W. Pickles, G. Pradella and R.

Pagnani, 1985. Interaction between monensin,

narasin or salinomycin and the antibiotics

erythromycin, chloramphenicol or tylosin in

broiler chicks, Clinica Veterinaria, 108: 95-104.

28. McDougald, L.R., B.P. Seibert, G.F. Mathis and

C.L. Quarles, 1990. Anticoccidial efficacy of

diclazuril in broilers under stimulated natural

conditions in floor pens, Avian Diseases, 34:

905-910.

29. Moutafchieva, R., 1989. Influence of some

nutritional antibiotics on the pharmacokinetics of

tylosin in chickens. Veterinaria – Sbirka, 87:(3)

19-22.

30. Moutafchieva, R. and l. Droumev, 1997. The

in f l u e n c e  o f  th e  a v io m y c in  o n  t h e

pharmacokinetic of tylosin in chickens. Journal

of Veterinary Pharmacology and Therapeutics,

20(1): 208-209.



218Adv. Environ. Biol., 3(3): 210-218, 2009

31. Nogawa, H. Saito-Kazuo, Yamaguchi-Noriko,

Tsuchiya-Momoko, Saito-Suehiko, Nogura-

Seiichi & Yonezawa-Shoichi, 1982. Tylosin

residues at the injection site in chickens. Annual

reproductive N ational V eterinary Assay

Laboratory, (19): 33-37.

32. Poole, T.L., K.J. Genovese, T.R. Callaway, K.M.

Bischoff, C.J. Donskey, D.J. Nisbet, 2004

Competitive exclusion of a glycopeptide-resistant

Enterococcus faecium in the presence of

vancomycin but not equivalent concentrations of

tylosin or gentamicin. Poultry Science. 2004 Jul;

83: 1099-105.

33. Olie, S. and T.N. Tozer, 1979. Effect of altered

plasma protein binding on apparent volume of

distribution. Journal of Pharmaceutical Sciences,

68: 1203-1205.

34. Periti, P., T. Mazzei, E. Mini and A. Novelli,

1992. Pharmacokinetic drug interactions of

macrolides, Clinical Pharmacokinetics, 23: 106-

131.

35. Snedecor, G.W. and W.G. Cochran, 1980.

Statistical Methods. 7  Ed., (Iowa State Collegeth

Press, Ames, IA), 39-63.

36. Yamaoka, K., T. Nakagawa and T. Uno, 1978.

Statistical moments in pharmacokinetics. Journal

Pharmacok Biopharmaceutics, 6: 457- 558.

37. Vanparijs, O., R. Marsboon and L. Hermans  L.

Van der Flaes, 1990. Diclazuri new broad-

spectrum anticoccidial for chickens, 3, floor-pen

trials, Poultry Science, 69: 60-64.

38. Von-Rosensteil, N.A. and D. Adam, 1995.

Macrolide antibacterials, Drug interactions of

clinical significance, Drug Safety, 13: 105-122.

39. Anadon, A., 1999. Macrolide antibiotics, drug

in te rac tions  and  mic ro so m al  enz ym es :

implications for veterinary medicine Research in

Veterinary Science, 66: 197-203.

40. Van Duyn, R.L. and T.M. Folkerts, 1979.

Concentrations of tylosin in blood and lung

tissue from calves given single and repeated

daily intramuscular doses. Veterinary Medicine

Small Animal Clinician 74, 375-377


