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Phar macokinetic Characteristics and Withdrawal Times
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ABSTRACT

The pharmacokinetic characteristics of amoxycillin (AMX) were observed on healthy ducks. Each
animal wasadministeredintravenously (i.v.), intramuscularly (i.m.), subcutaneously (s.c.) and oraly (p.o.)
at asingle dose level of 20 mg/kg body weight. The amoxycillin in plasmawas detected up to 5 hours (h)
after i.v. and i.m. administration but it was found up to 10 h and 6 h after s.c. and p.o. administration,
respectively. However, thedrug could be absorbed at the peak plasmalevel within 30 min afteri.mand s.c.
administration while it was detected at 60 min after p.o. administration. The pharmacokinetic parameters
after i.v. administration were as follows; the elimination half-life (t12p) = 42.0 = 3.5 min, the elimination
rate constant (Kg) = 2.87 + 0.31 h'1, the apparent volume of distribution (Vd(ares)) =0.75 = 0.211/Kg the
total body clearance(Clg) =1.59+ 0.52|/K g/hand bioavailahility followingi.m., s.c. and p.o. administration
were 93.33 £ 5.23 %, 91.11 + 7.41 % and 34.67 + 5.06 %, respectively. Finally these available data could
be used for establishing the dosage regimen as well as to allow the preslaughter withdrawal times and

maximum residue limits for ducks.
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INTRODUCTION

Amoxycillin (AMX), broad spectrum
antibiotic of the amino-penicillin group that is
widely used for treating urinary, respiratory, skin
and gastrointestinal bacterial infectionsin animals
however, resistant strains of Gram-negative and
Gram-positivebacteriahavebeenclinical problems
almost fromtheinception of f-lactamantibioticuse
in humans and Veterinary practices. On the other
hand, AMX is broad spectrum beta-lactam with a
chemical structureand antibacterial activity similar
to ampicillin (APC), but the advantages of AMX
over APC areamorerapid bactericidal effect and a

morecompl eteabsorptionafter oral administration.
Moreover, the systemic availability of AMX is
about twice that of APC that occur after the same
oral dose of APC in domestic animals. Therevival
of interest in AMX and APC had led to many
investigations elucidating the disposition of these
drugsinvariousanimal species. Nevertheless, There
isnoreport of therapeuti cregimesfor broad spectrum
penicillins in ducks, though the pharmacokinetics
and clinical useof amoxycillinand other antibiotics
have been widely studied in other avian species
(Clark, 1986; Dorrestein et al., 1987; Lawrence,
1988; Limpoka, 1992; Poapolathep et al., 1998 and
2000).
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The objective of the present investigation
wasinitiated todeterminethebasi c pharmacokinetic
parameters of amoxycillin trihydrate obtained
followingintravenous, intramuscul ar, subcutaneous
andora administrati on becausethekineticbehaviors
reports of antimicrobial drugs are scarce in ducks,
aswell asto compare some considerable different
of pharmacokinetic values of the other broad
spectrum penicillins in ducks (Poapolathep et al.,
2001aand 2001b) in order to resolve the problems
of using antimicrobial drugs in duck species,
thereafter, the therapeutic regimes of AMX should
be concerned for duck.

MATERIALSAND METHODS

Drug

Amoxycillintrihydrateformulation, (lot.no.
AM 8860699) that was diluted with sterile water
before administration at anidentical doseof 20 mg/
kg body weight for each duck. The standard drug
preparation was used by amoxycillin (Sigma, lot
108H0647), calculated potency free base /mg.

Animals

The experiments were performed on 120
healthy duckswithan averageweight of 1.82+0.28
kg, and ducks were separated to four groups (30
ducks per each group). The animals were fed with
commercial standard diet that free from any
chemotherapeuticsthreetimesper day and water ad
libitum. Throughout the study they were housed in
theanimal cagesat Divisionof Experimental animal,
Faculty of Veterinary Medicine, Kasetsart
University.

Experimental design

The experiment was examined for AMX in
which the determination of fundamental
pharmacokinetic parameters was studied. The
animalsweretaken for intravenous, intramuscular,
subcutaneousand administration. Oneach occasion
2.5 ml blood samples were collected randomly,

using heparinized syringes, following asingledose
of AMX from brachia veinat 0, 15, 30 min and 1,
2,3,4,5,6, 8,12, 16 and 24 h after administration.
Blood samples were separated by a centrifugation
(1000 x g) for 15 min to collect the plasma, which
storedat—20°Cuntil analysis. All of plasmasamples
were analyzed for AMX after storage within 1
month.

Method of analysis

Theconcentrationof AMX wasanalyzed by
amicrabiological diffusion method (Anhalt 1985,
Limpoka 1992), using Micrococcus luteus ATCC
9341 astest organisms which was purchased from
Scientific and Technology institute of Thailand.
Standard dose-responsecurveswereobtained using
buffered AM X solutions. Thesensitivity of detection
of AMX was 0.025 ug/ml of standard preparation.

For AMX plasma determination, briefly,
thebacteriawerekeptintrypticasesoy broth (oxoid)
and thawed just before use. Antibiotic medium
(Muller Hinton medium, pH 6.0) was adjusted by
0.1 NHCl, it was steriled for 20 minutes at 121°C.
The motten agar wasinoculated with Micrococcus
luteus ATCC 9341 in broth. The medium was
pouredinto 10x 15cmglassplates. Eachglassplate
contained 32 ml of inoculated edium hardened for
30 minutes in the refrigerator being punched out.
Then 10 mm wells were punched out from agar
allowing 8 holes per plateand filled 2 holes of each
glass plate with the standard AMX solutions at
0.025 and 0.1 ug/ml. The remaining 6 holes were
examined by plasma samples. The samples were
allowed to diffuse for 45 min at room temperature
prior to incubation. Finaly, the glass plates were
incubated for 24 hat 37°C, thereafter, theinhibition
zones of standard preparations and samples were
measured using caliper verniaandtheconcentrations
wererecorded from plots of log concentration plus
zone diameter of plasma.

Calculation of pharmacokinetic parameters
The pharmacokinetic characteristics of
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plasma concentration time profile for AMX i.v.
dosing which evaluated by modified standard
technique. These data were calculated for each
anima by two-compartment pharmacokinetic model
based on the criteria of improvement in the sum
square by plot of residuals (Baggot, 1977 and
Limpoka, 1992). The following pharmacokinetic
parameterswereobtained accordingtotheequation
previously described by Baggot (1977), Limpoka
(1992) and Craigmill et al. (1994).

The term of CpPis the extrapol ated plasma
concentration time curve at zero-time of the first
part of the curve was aso determined. A was
determined by the residual method of the plasma
concentration vs time curve (O’ Flaherty, 1981),
and B was extraolated from the elimination phase
(B-dlope). The a and B are hybrid rate constants
describingtheinitial andterminal declinein plasma
concentration and are composed of the microrate
constants (K12 Kp1) of the model (Gibaldi and
Perier 1982). Thetypa (distribution half-life), t/of
(eliminationhalf-life), AUC (areaunder thecurve),
V d(area) (APparent volumeof distribution during the
post-distribution phase), V. (volume of central
compartment), F (bioavailability) and Clg (total
body clearance) weredetermined usingthefollowing

equations.
typae = In2/a
tyop = In2B
Ka = A(B)+B(a) A+B
Ke = ()(B) Kap
K12 = atf-Kop-Kg
Ve = DoselC°
Vares) = Dose/(AUC)(B)
AUC = (Ala)+ (BIp)
F = AUCother / AUG; .
Clg = (Ke) (Vo)

These equations were used to obtain
pharmacokinetic parameters for two-compartment
model.

Statistic analysis
The mean + SD of pharmacokinetic

parameters were calculated. The significant
differencesof themean plasmaconcentrationamong
amoxycillin, ampicillin and penicillin-G in ducks
after oral administration were performed by the
Student’st —test or Welch' st-test.

RESULTS

Themean = SD pharmacokinetic parameters
of AMX were determined by a two-compartment
pharmacokinetic model after i.v. administrationin
ducks were shown in Table 1. The mean plasma
concentration-time curve of AMX was depicted
using best-fit linesin Figure 1.

Mean plasma concentrations of AMX
considerably different at various routes and times
(Table 2). AMX plasma concentration following
i.m. and s.c. administration increased rapidly at 30
min but it peaked at 1 h after p.o. administration.
Differences in peak plasma concentrations after
p.o. administrationwerefound among amoxycillin,
ampicillin and penicillin-G (Poapolathep et al.,
2001a and 2001b). It showed that AMX peak
plasmaconcentration wasthe highest, however, the
peak plasma level of ampicillin was higher than
penicillin-G after p.o. administration. (Table 3 and
Figure2). Hence, theselevel swerea so higher than
the therapeutic level (Brander, 1991; Limpoka,
1992).

DISCUSSION

The fate, disposition and bioavailability of
amoxyecillin were studied following a single
intravenous, intramuscular, subcutaneous and oral
administration to ducks. The obtained
pharmacokinetic data were compared with those
after i.v. administration and i.m., s.c., and p.o.
fraction absorbed at the dose level 20 mg/kg body
weight. Inthispresent study, the comparison of the
peak plasma concentration among amoxycillin,
ampicillin and penicillin-G (Poapolathep et al.,
2001aand 2001b) after oral administrationinducks
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Tablel Pharmacokinetic data (mean = SD) for amoxycillin (AMX) determined following intravenous
administration at asingle dose of 20 mg/kg in ducks.

Pharmacokinetic parameters (units) AMX

Cp° (ug/ml) 36.0+4.75
A (ng/ml) 24,5 + 3.50
a (h 11.0+ 354
B (ug/ml) 245+ 4.80
B (hd) 165+ 0.14
typ0 (mMin) 6.3+1.40
t1/of (Min) 42,0+ 3.50
Ko (hY) 3.45+1.10
Kop (01 6.33+ 1.39
Kg (1) 2.87+0.31
Ve (I/KQ) 0.56 = 0.09
Vd(area) (I/KQ) 0.75+0.21
Clg (I/Kg/h) 1.59 + 0.52
Bioavailability; m. (%) 93.33+5.23
Bioavailabilityg ¢ (%) 91.11+7.41
Bioavailabilityp o, (%) 34.67 + 5.06

Note : Pharmacokinetic parameters of amoxycillin were determined by a two-compartment pharmacokinetic model.

100

Plasma concentration (ug/ml)

0.1 T T T T T T T T T

Time (h)

Figurel Semilogarithmic plot of mean amoxycillin (AMX) plasmaconcentration-time profilefollowing
asinglei.v. administration of 20 mg/kg b.w. in ducks.
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Table2 Mean + SD plasma concentrations in ducks administered with a single dose of amoxycillin
trihydratei.v., i.m., s.c. and p.o. at a dose of 20 mg/kg b.w.

Hours after administration

Plasma concentrations (ug/ml)

iv. i.m. s.C. p.o.
15 (min) 17.98+2.01 8.49+ 1.05 6.72+1.38 1.20 £ 0.56
30 (min) 11.42 +1.80 14.32 £ 1.69 10.64 £ 2.02 170+ 0.59
1 7.80+1.12 8.50 + 0.61 950+ 1.10 429+ 171
2 3.74+£1.95 6.47 + 0.82 7.09+1.21 1.35+0.46
3 0.59+0.16 2.33+0.82 4.22+0.49 0.79+0.18
4 0.35+0.17 0.23+0.08 327+£0.74 046+ 0.11
5 0.06 + 0.02 0.09+0.04 149+ 0.33 0.25+0.08
6 NM NM 0.68+0.15 0.13+0.05
8 NM NM 0.13+0.04 NM
10 NM NM 0.05+ 0.02 NM

Note : NM = concentrations below measurable levels.

Table3 Comparative(mean= SD) plasmaconcentration-timeprofilesof penicillin-G (Pen-G), ampicillin
(APC) and amoxycillin (AMX) following single oral administration of 20 mg/kg b.w. in ducks.

Hours after administration

Plasma concentrations (Mean + SD)

Amoxycillin Ampicillin? Penicillin-GP
15 (min) 1.20+ 0.56 0.95+ 0.33* 1.38+ 0.21*
30 (min) 170+ 0.59 1.40 £ 0.25* 1.61+0.20
1 429+ 171 2.52 + 0.54%* 1.11 £ 0.23**
2 1.35+0.46 1.30+0.24 0.22 £ 0.07**
3 0.79+0.18 0.66 + 0.24* 0.14 + 0.05**
4 0.46+0.11 0.21 + 0.08** 0.09 + 0.05**
5 0.25+0.08 0.07 £ 0.02** NM
6 0.13+0.05 NM NM

Note : NM = concentrations below measurable levels.
a b = data from Poapolathep et al., 2001a and 2001b, respectively.
*, p<0.05; ** p<0.01: Significant different from AMX.

were crucia to develop afundamental data on the
disposition of these drugs. Now, the further study
on the pharmacokinetic of the other antibioticsin
ducks is in progress to test if different species
respond to drugs differently, especially in chicken.
BecauseV eterinarianscurrently suggest thesimilar
doserateinwhich depended on chicken, inorder to

resolve the problems of using antimicrobial drugs
in ducks. Therefore the therapeutic regimes of
antibiotic should be examined in ducks.

In present study, the mean +* SD
biocavailability of amoxycillin in ducks was found
to be93.33 + 5.23 % after i.m. administration,
therefore, it is likely that the dose of amoxycillin
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Figure2 Comparative mean plasma concentration-time profiles of penicillin-G (Pen-G), ampicillin
(APC) and amoxycillin (AMX) following single oral (p.o0.) administration of 20 mg/kg b.w. in

ducks.

was almost completely absorbed. The i.m.
bioavailability valuewas also higher than from s.c.
(91.11 + 7.41 %) and p.o. (34.67 = 5.06 %)
bioavailability. Moreover, thedrug wasdetected in
plasmaup to 10 h after s.c. administration while it
was observed up to 5 h after i.v. and i.m.
administration and up to 6 h was found after p.o.
administration. In addition, the maximum plasma
concentrations (Cpax) Were approximately 14.32 +
1.69 ug/ml at 15 min after i.m. administration and
10.64 = 2.02 ug/ml at 30 minand 4.29 + 1.71ug/ml
at 1hafter s.c. andp.o. administration, respectively.
These resultsindicated that amoxycillin isthe best
absorbed after i.m. administration. Besides, the
pharmacokinetic parameters could be determined
after i.v. administration in order to compare with
the other species and broad spectrum penicillinsin
ducks. The results of mean pharmacokinetic
parametersafteri.v. administrationwereasfollows:
the elimination half-life (ty2f) = 42.0 = 3.50 min;
thetotal body clearance (Clg) = 1.59 + 0.52 I/kg/h;
the elimination rate constants (Kg) = 2.87 = 0.31
h-1; the apparent volume of distribution (Vd(area) =

0.75 = 0.21 I/kg however, the pharmacokinetic
parameters after i.v. administration were in line
well with theestimatesin other studiesof antibiotic
in animals (Limpoka, 1992). Following p.o.
administration, the peak plasma concentration
differed among amoxycillin, ampicillin and
penicillin-G. The significant differences (p<0.05)
were found that, the peak plasma concentration of
penicillin-G (30 min) was reached more rapidly
than ampicillin and amoxycillin at 1 h after oral
administration but the peak plasma values of
amoxycillin was the highest (4.29 + 1.71 ug/ml)
and higher than both of the ampicillin (2.52 + 0.54
ug/ml) and penicillin-G (1.61 = 0.20 ug/ml). It
indicated that amoxycillin is more efficiently
absorbed (p<0.01) than ampicillinand penicillin-G
after oral administration. Furthermore, the
amoxycillin was detected in plasma up to 6 h but
ampicillinandpenicillin-Gwereobservedinplasma
up to 5 h and 4 h after p.o. administration,
respectively. Therefore, thesedatawerea sorelated
to estimates of broad spectrum penicillin in the
other species (Limpoka, 1992, 1997).
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In conclusion, following i.m., s.c. and p.o.
administration, drug plasma concentration-time
profiles appeared to follow the pattern similar to
that expected for intravenous administration. The
bi phasic natureof plasmaconcentration-timecurve
suggested that atwo-compartment pharmacokinetic
model would provide an accurate description of
pharmacokinetic behaviors. At present, we needed
to further elucidate in oral dosing because these
drugs always are used in animals by oral
administration. However, amoxycillin, ampicillin
and penicillin-G in plasmaafter oral administration
were higher than the therapeutic level (Brander
1991; Limpoka, 1992). Finaly, for amoxycillin
treatment in ducks, an identical doserate of 20 mg/
kg b.w. would be suggested for each routes.
Although, the peak plasma concentration of
amoxycillinwasthe most effective and maintained
inthe plasmalonger than ampicillin and penicillin-
G., the metabolites of amoxycillin sholud be
confirmed by HPLC. For the elimination half-life
va ueof amoxycillin, it reveal ed that 98% of ingested
drugwasexcreted fromtheblood circulationwithin
4.30hinducks. However, thetissueresiduesshould
be further investigated in order to get insight into
thetissueuptakeaswell astoaccount thewithdrawal
times of AMX in ducks.
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