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ABSTRACT

The pharmacokinetics azithromycin were investigated in broiler chickens
after intravenous (i.v.), intramuscular (i.m.) and oral (p.o.) administrations
to estimate an appropriate dosage regimen of azithromycin. Moreover, to
determine the bioavailability after the extravascular routes and the serum
protein binding capacity with azithromycin‘s molecules. Three equal groups
of 5 chickenseach were given asingle dose of 20 mg/kg body weight (bw)
of azithromycin viai.v., i.m. and p.o. administrations. Serum concentra-
tions of azithromycin were determined by amodified agar diffusion bioas-
say using Bacillus subtilis ATCC 6633 as the test organism. Following
compartmental analysis, athree-compartment open model best described
the concentration-time data of azithromycin after i.v. administration. The
total body clearance (Cl, ) was 0.77 L/kg/h the volume of distribution at
steady-state (V ) was47.75 L/kg and the val ue of the elimination half-life
(t,,,) was 31.91 h. After i.m. administration, the elimination half-life(t, )
and mean residence time (MRT) were significantly higher (38.95 h and
47.16) than after p.o. route (31.50 hand 39.93 h), respectively. Azithromycin
was bound to the extent of 24.42 % to serum protein of chickens. The
absolute bioavailabilitieswere 95.17 and 83.52 % after i.m. and p.o. admin-
istrations, respectively. Based on the fortunate pharmacokinetic charac-
teristics, asingle dose of azithromycin at 20 mg/kg (bw) viai.m. and p.o.
administrationsevery 72 h for susceptible bacterial infectionsin chickens
isgreatly recommended. © 2012 Trade ScienceInc. - INDIA
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Clinica pharmacol ogy of thergpeutic agentsinavian
speciesisan areaof research that isneeded to insure
proper dosing and treatment. Azithromycinisclassfied
asan azalide, asubclass of macrolide antimicrobia g
with abroad spectrum of activity invitro against many
potential bacterial pathogensincluding spirochetes,

anaerobes, and Chlamydia trachomatis?. Addition-
aly, azithromycin haveinvitro activity against enteric
bacteria pathogens, including Campyl obacter spp. and
enteropathogeni c/enterotoxigenic Escherichiacoli,
Shigella spp., and Salmonella sppt®4. Despite
macrolides generally being considered bacteriostatic,
azithromycin has established invitro bactericidal ac-
tivity againgt avariety of intrace lular pathogensand has
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been used for trestment of toxoplasmosis, borrelios's,
cryptosporidiosis, chlamydophilosis, and mycobacte-
riosis (Mycobacteriumaviumcomplex) in humang®e.,
Azithromycinisaso much morestableinanacid envi-
ronment than erythromycini™ and it haswider distribu-
tion and alonger elimination haf-life®. Pharmacoki-
neti cs of azithromycin has been studied in humans®,
experimenta animassevera anima?, cats', foa g2,
goats*®, dairy cows and rabbitd®. The properties
of azithromycinsuggest that it may beuseful inthetrest-
ment of variousinfectiousdiseasesin chickens. Treat-
ment with azithromycin potentidly offersthe advantage
of lessfrequent administration over ashorter duration
becauseits synergism with serum componentsand in-
tracellular enzymes, increasing antibiotic uptake by ph-
agocytesand efficacy of intracellular bactericidal en-
zymes¢l. Because of limited data on the use of
azithromycininavian medicine, Becauseof limited deta
ontheuseof azithromycininavian medicine, thisstudy
was designed to determine the pharmacokinetics of
azithromycininbroiler chickensafteri.v.,i.m. and p.o.
administrationsto estimate an gppropriate dosageregi-
men of azithromycin. Moreover, to investigate the
bioavailability after theextravascular routesand to de-
termine the serum protein binding capacity with
azithromycin‘s molecules.

MATERIALSAND METHODS

Drug

Azithromycinfor injection (Zithromax®, Pfizer Labs,
New York, NY 10017, USA), issuppliedinlyophilized
form in a 10-mL vial equivalent to 500 mg of
azithromycinfori.v. administration. Recongtitution, ac-
cordingtolabel directions, resultsin approximately 5
mL of Zithromax for injection with each mL containing
azithromycin dihydrate equivalent to 100 mg of
azithromyain.

Chickens

Eighty female broiler chickens (Hubbard breed),
40-45 days old, weighing between 2 and 2.5 kg, were
obtained 2 weeksbeforethe start of the study. During
acclimatization (at least 2 weeks before starting the
experiment to ensure the completewithdrawal of any
residual drugs) and subsequent treatment periods, all
chickenshad freeaccessto water and antibacteria-free

—=> RegUlOr Peper

food. Theanimal housetemperaturewasmaintained at
22+2°C and humidity at 40-55%. The study was ap-
proved by theAnima Careand Use Committee at the
Faculty of Veterinary Medicine, Cairo University.

EXPERIMENTAL DESIGN

Chickenswereindividudly we ghed beforedrug ad-
ministration and doses were calculated precisely for
each bird. Fifteen chickensweredlocated to threeequa
groupsof 5each. Birdsindl groupsweregivenasingle
dose of azithromycin at 20 mg/kg throughi.v., intothe
left brachial vein, i.m. administration through pectora
muscles, respectively and oraly viaagavagetube.. All
chickens had free accessto water and food during ex-
periment.

Blood samples (1-1.5 mL) were collected from
brachia and cutaneous ulnar veinsat timeO (pretreat-
ment) andat 5, 15and30minand 1, 2, 4, 6, 8, 12, 24,
48, 72 and 96 h after drug administration. Thesamples
wereleft to clot at room temperature then centrifuged
at 1500qg for 15 min to obtain clear serum and were
kept frozen at -70°C until analyzed.

Analytical procedure

Serum concentrations of azithromycin were mea-
sured by using amodified agar diffusion bioassay!*"!
using Bacillus subtilisATCC 6633 astest organism
and Mueller—hinton agar (Difco, Detroit, M1, USA).
Fivewells, 6 mmin diameter, weremadein astandard
Petri-dish plate (120 mm) containing 25 mL inocul ated
agar. Wellswerefilled with tested serum and tissueex-
tractssamplesor azithromycin standard. Zonesof inhi-
bition weremeasured after 18 h of incubation at 37°C
and the concentrationsof azithromycin wereca culated
from the standard curve. Standard curves of
azithromycin were prepared in antibacterial-free
chicken’s serum by the appropriate serial dilution. Stan-
dard curveswerederived using azithromycin concen-
trationsranging from 0.039to 10 pg/mL. A mean zone
diameter (derived from four or five measurements) was
used to cal culate each drug concentration. Separate
calibration standard curvesfor azithromycin werepre-
pared in serum from control chickens, onthe sameday.
Cdiibration graphswerecongructed by plotting themean
diametersof theinhibition zonesagainst thelogarithm
of azithromycin concentrations. The semilogarithmic
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plots of the inhibition zone diameters vs standard
azithromycin concentrationsin serumwerelinear from
0.03910 10 pg/mL and had coefficients of determina-
tionof 0.99+ 0.15. Assay validation was performed
by analyzing replicates of blank serumfortified with
azithromycin at four levelsof concentration depending
ontheroute. Theintra-assay coefficient of variationwas
4.3%. Theinter-assay precision of theassay waseva u-
ated by processing 6 replicates aliquots of drug-free
chicken serum samples containing thefour level s of
azithromycin concentrationson different days. Thein-
ter-assay coefficient of variation was8 %. Thelimit of
detectionwas0.01 pg/mL and the limit of quantification
was0.02 pg/mL.

I nvitroserum protein binding

Theextent of protein-binding wasdeterminedin
vitro using the method of Craig and Suh®® whichis
based on thediffuson of thefreeantibioticinto theagar
medium. Thedrug was dissolved in phosphate buffer
(pH 6.2) and antibiotic-free chicken’s serum at con-
centrations of 0.3125, 0.625, 1.25, 2.5and 5 ug/mL.
Thedifferencesin thediameter of theinhibitionzone
between the solutions of the drugs in the buffer and
serumwereca culaed. Thepercentage of protein bound
fraction wascd cul ated according to thefollowing equa-
tion:

Zoneof inhibition in buffer -
Protein _ Zoneof inhibition in serum
binding % "~ Zoneof inhibition in buffer

x 100

Phar macokineticanalysis

Serum concentrationsof azithromycinafteri.v.,i.m.
and p.o. administrationswere subjected to acompart-
mental anaysisusinganonlinear least-squaresregres-
sion anaysiswiththe help of acomputerized curve-
stripping software package (R Strip; Version 5.0;
Micromath Scientific Software, Salt Lake City, UT,
USA). Datawere examined by sequential weighted
nonlinear regression. Monoexponentia, biexponentia
and triexponentia equationswerefitted toindividua
Serum concentration-time data. The data were analyzed
onanindividual chicken basisusing aweighting of 1/
concentration. Akaike’s Information Criterion (AIC)™9,
coefficient of determination, resdud sum of squaresand
andysisof residua splotswere used to sel ect the best
equation that define serum concentration-timedatafor

each chicken. Thedistribution and dimination haf-lives
(t,,, andt,, ), thevolumeof distribution at steedy state
(V) were calculated according to standard equa-
tiond®, Thetotal body clearance was calculated as
Cl ,=Dose/ AUC. Thefollowing parameterswereca-
culated by non-compartmenta methods (based on sta-
tistical moment theory): areaunder the concentration-
timecurves(AUC), areaunder thefirst moment curve
(AUMC); meanresidencetime(MRT); Mean absorp-
tiontime(MAT) wascaculaedasMAT=MRT
—MRT, , and bioavailability (F), where: F =[mean
AUC / meanAUC, ] X 100.

i.m. or p.o.

Satistical analysis

The statistical analysiswas performed using the
SPSS® 10.0 software package (SAS, Cary, NC, USA).
Results are presented as arithmetic mean + standard
errors(SE). Thenonparametric Wil coxontest wasused
to comparethe parametersobtained in hedthy and dis-
eased chickensfollowing each route of administration.
Meanswerecond dered Sgnificantly different at p< 0.05
and P<0.001.

RESULTS

Following compartmental analysis, athree-com-
partment open model best described the concentra-
tion-timedataof azithromycin after i.v. administration.
Themean (+SE) serum concentrations of azithromycin
at thetimesof samplecollection afteri.v. injectionis
plotted in Figure 1. The mean (+SE) pharmacokinetic
parameters based on compartmental pharmacokinetic
analysis and non-compartmental methods are pre-
sentedin TABLE 1.

100

0.1

0.01 4 t t t t t + + + t t t t t t +
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Time (hours)

Figurel: Mean + SE serum concentrations of azithromycin
in chickensafter i.v. injection of 20 mg/kg b.w. (n=5).
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Thetota body clearance(Cl, ) was0.77 L/kg/hthe
volumeof distribution at steady-state (V) was47.75
L/kgandthevaueof thediminaionhdf-life(t,,, ) was
31.91 h. The mean (+SE) serum concentrations of
azithromycin at thetimes of samplecollection afteri.m.
and p.o. adminigtrationsareplotted in Figure2. An open
two-compartment model withfirst order absorption best
fitted the dataobtained after i.m. and p.o. administra-

TABLE 1: Mean £ SD serum pharmacokinetic parameters
of azithromycin in broiler chickens following i.v.
administration at adoserateof 20 mg/kg (bw) (n=5).

Par ameters Unit i.v.
M h* 6.43+ 1.86
tyme h 0.107 + 0.01
A2 h* 0.23+0.01
tymo h 3.05+0.68
As ht 0.022+0.09
tyms h 31.91 + 3.50
K h* 0.43+0.13
Vg L/kg 34.83+5.20
Vs L/kg 47.75+5.21
Cliot L/h/kg 0.77+0.17
AUCq» pgeh/mL 26.10 + 2.51
AUMC pgehmL 933.50 + 68.88
MRT h 35.77 £ 3.45

t,». the disposition half-life associated with the initial slope

(A,) of a semi-logarithmic concentration-time curve; t, .. the
disposition half-life associated with the second slope (A)); t,,
s the éimination half-life associated with the terminal slope
(A,) of a semi-logarithmic concentration—time curve; k:
elimination rate constant; V, the apparent volumes calculated
by the area method; V,_: volume of distribution; ClI _: total
body clearance; AUC: area under the curve by the trapezoidal
integral; AUMC: area under moment curve by the trapezoidal

integral; MRT: mean residence time.
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Figure2: Mean = SE serum concentrations of azithromycin

in chickensafter i.m. and p.o. administrationsof 20 mg/kg

b.w. (n=5).
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tionsof azithromycintobrailer chickens. Themean (+SE)
pharmacokinetic parameters based on compartmental
pharmacoki netic andys sand non-compartmental meth-
odsarepresentedin TABLE 2.

TABLE 2: Mean = SD serum pharmacokinetic parameters
of azithromycinin broiler chickensfollowingi.m. and p.o.
administrationsat adoserate of 20 mg/kg (bw) (n=5).

Parameters  Unit i.m. p.o. sigl;_nei\flier!acr):ce
Kab ht 2374033 121+018 P<0.05
tuzzb h 0.29+005 057+008 P<0.05
Ke h*  0018+005 0.022+0.01 NS
tuzel h 3895+215 3150+140 P<005
AUCo.» ugeh/mL  24.84+1.22 21.80+1.10 NS
AUMC ngeh?/mL 967.52+3520 686.70+2525 P<0.001
MRT h 47.16+331 39.93+243 P<005
MAT h 11.39+110 4.16+072 P<0.001
Crrex ug/mL  1.20£011 0.95+0.13 NS
Trmax h 1.37+022 1914031 NS
ClIF L/kgh 0814015 0.91+0.17 NS

F % 95.17+255 8352+124 P<0.001

AUC: areaunder thecurveby thetrapezoidal integral; AUMC:
area under moment curve by the trapezoidal integral; MRT:
mean residence time. k: absorption rate constant; t, : ab-
sorption half-life; k. elimination rate constant; t, : elimina-
tion half-life; MAT: mean absorption time; ©__: maximum
serum concentration; T __: time to peak concentration; CI/F
total body clearance: F(%), bioavailability. Values after i.m.
wer e significantly different from corresponding values follow-

ing p.o.

Afteri.m. adminigtration, thediminaionhaf-life(t,
,e)» Meanresdencetime (MRT) and maximum plasma
concentration (C__ ) werehigher (38.95h, 47.16 hand
1.20 pg/mL) than after p.o. route (31.50 h, 39.93 h
and 0.95 ug/mL), respectively. The Wilcoxon Rank Sum
test and the Student’s t-test performed on pharmaco-
Kinetic parametersafter i.m. and p.o. administrations
reved ed sgnificant differencesbetween both routes.

Invitro protein binding percent of azithromycinin
serum chickens ranged from 17.78 to 30.37% at
azithromycin concentrations ranged between 5 to
0.3125 pg/mL with an average of 24.42% TABLE 3.

Theabsolutebicavailabilitieswere95.17 and 83.52
% after i.m. and p.o. administrations, respectively.

DISCUSSION

Thisstudy used amicrobiological assay method to
estimate the pharmacokinetics and azithromycin con-



268

Pharmacokinetics and bioavailability of azithromycin

RRBS, 6(9) 2012

Reguler Peper ==

TABLE 3: Invitroprotein binding percent of azithromycin
in chicken’s serum

Average corrected values of

Concentrations inhibition zones (mm)

(o/mt) Serum Phbﬁgrate biiiﬂ?ﬁlagr;@
5 25+112 185+079  17.78
25 2080+012 1622+015  22.02
125 17304033 13004029  24.85
0.625 16204072 1181+022  27.10
0.3125 15.80+033 11.00+0.12 3037
Mean + SE. 20.4242.95

centrationsin broiler chickens. The bioassay did not
distinguish between the active metabolitesand the par-
ent compound. Becauisethe metabolitesaremostly mi-
crobiologicaly inactive®, their presence may not nec-
essaily interferewith the determination of athergpeutic
dosageregimen. Themetabolism of azithromycininthe
rat, cat, dog, and human hasbeen described**?2. Com-
parison between bioassay and HPL C methodsof andy-
sisof azithromycin have a so been reported by Riedel
et al.?¥, showing no antimicrobial activity from
azithromycin metabolites. In human, up to 10 metabo-
litesof azithromycin havebeenidentified and al were
microbiologically inactive?2,

Approximately 75% of drug-related materia inex-
cretawas unchanged azithromycin, indicating thema:
jor xenobiotic component isthe unaltered compound.
When “C azithromycin |abeled in the 9a-N-methyl
position was administered to the dog and rat by i.v.
administration, gpproximately 96 and 88%, respectively,
of thedosewasrecovered in excreta, twothird infeces
and one-thirdinurine, by 7 dayspostdosg?. The phar-
macokinetic profileof azithromycinischaracterized by
low serum drug concentrations but high and persistent
ti ssue concentrationg*6.14,

Theazithromycin plasmaconcentrationvstimedata
after i.v. administration were best fitted to athree-com-
partment open modd . Thisconclusionisin agreement
withthat found in previous studiesof azithromycin car-
ried out in dogsand rats®! and goats*?.

Thehalf-lifeof azithromycin after i.v. administra-
tionwasabout 31.91+ 3.50 h, ahigh valuesimilar to
those described by Carceles et al.*® in goatsof 32 h,
Hunter et al.™ in cats of 35 h and Shepard and
Falkner? indogsof 30 h. Shorter half-liveshave been
described in foals of 20 hi?l and 16 h*3, The
polyphasi ¢ plasmapharmacokinetics of azithromycin

inchickensisconsistent with adrug being distributed
rapidly and extensively intissue and then redistributed
dowly fromtissue, thereby producing high tissuelev-
elsand modest but prolonged serum levels. Conse-
quently theprolonged hdf-lifeisattributed to rate-lim-
iting dow rel ease of azithromycin fromtissueinto se-
rum, accompanied by excretion and metabolism.
Azithromycin had avery large volume of distribution
(V =47.75L/kg) indicating that it iswidely distrib-
uted in tissues and then slowly redistributed as previ-
ously reported in cats (23 L/kg), goats (35 L/kg), rab-
bits(41.50 L/kg), in humans (23-31 L/kg), rats(84 L/
kg), andt13152122 ‘Thjs|argevolume of distribution
can beattributed to high tissueand intracellular con-
centrations as it has been demonstrated previ-
ously*+12268 An open two-compartment model with
first order absorption best fitted the data obtai ned af -
ter i.m. and p.o. administrations of azithromycin to
broiler chickens. Thisisacommon phenomenon for
drugswhosedisposition after i.v. administration fitsa
three-compartment mode!, becauseif thevaueof the
absorption rate constant isthe sameor lower than the
largest disposition rate constant (1.,), this phasewill
not appear inthe extravascular curves and the dispo-
sition of thedrug isbest interpreted according to an
open two-compartment model . Meanresidencetime
(MRT) reflectsthedifferencein persistenceof thedrug
inthebody afteri.v. andi.m. adminigtrations. Thesig-
nificantly prolonged MRT after i.m. administration com-
pared to thei.v. administration, the clearancesbeing
smilar, wasdueto theinfluence of the absorption phase.
Similar results have been reported in goats™e.

Inour study, azithromycini.m. absorptionwashigh
withamean systemic availability of 95.17%, very Smi-
lar to the v uereported in rabbits 97.7%1%% and goats
of 92%!*3. The short T__ (1.37 h) and average
bioavailability of nearly 100% support arapid and com-
plete absorption of thedrug fromthei.m. injection Site,
in contrast with p.o. administration. Bioavailability fol-
lowing p.o. administrationin broiler chickens(83.52%)
isdifferent thanthat reportedin bal pythons (77%), in
humans (37%), in rats (46%), in cats (58%), infoals
(39%) and in dogs (97%)15%1222 |t may beimportant
to takeinto count the possibility of enterohepatic recy-
cingfor azithromycin. Itisknownthat somemacrolides
undergo recycling after ora administration.

Following p.o. adminigtration, azithromycinisrap-
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idly absorbed and widely distributed into animal tis-
sues, including peripheral blood polymorph-nuclear
leukocytestl, Studiessuggest that azithromycinisde-
livered to sites of infection by leukocytes as part of
the body’s normal response to infection and is then
released in responseto phagocytosisY, which partly
explainsitshigh concentrationsin areas of inflamma:
tionandinfection.

Theserum protein binding of azithromycinin chick-
ensisconcentration dependent, ranging from 17.78to
30.37% at azithromycin concentrationsranged between
5t00.3125 ug/mL with an average of 24.42%. Inthis
respect, Shepard and Falkner!? stated that the protein
binding of azithromycin and erythromycinislowin
mouse serum (7.2 and 19%, respectively, at adrug
concentration of 0.5 ug/mL) andissaturated at acon-
centration of 0.5 pg of azithromycin per mL. These-
rum proteinbinding of azithromycininman dedinedfrom
about 50% at 0.02 mg/l to 12% at 0.5 mg/I. Tissue
concentrationsof azithromycinweremuch higher than
serum concentrationg?.

CONCLUSION

Based on the fortunate pharmacokinetic charac-
teristicswhich ares ow eimination and extensivedis-
tribution obtained from the study, asingle dose of
azithromycin at 20 mg/kg (bw) i.m. and p.o. every
72 hfor susceptible bacterial infectionsin chickens
as determined by sensitivity isrecommended. The
resultsof thisstudy may not only benefit chickensbut
also could haveclinica applicationsfor other related
avian species.
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