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Summary

Haritova, A., D. Pashov and D. Bakalov, 2001. Pharmacokinetics of amikacin and ampicil-
lin in dogs following single administration and co-administration with flunixin meglumine

in dogs. Bulg. J. Vet. Med., 4, No 2, 77 — 86.

The pharmacokinetics of amikacin (AMK) and ampicillin (AMP) administered intravenously inde-
pendently and after intravenous administration of flunixin meglumine (FM) in 3 female and 3 male
dogs has been studied.

After a single intravenous (iv) injection of AMP, the elimination half-life (t,/p), area volume of
distribution (Vd,.,) and total body clearance (Clg) were 1.41£0.09 h, 1.97+0.71 lkg and
29.05+14.73 ml/kg.min, respectively. Under the influence of FM the values of Vd,., and Clg were
2.18+1.14 I/kg and 23.46+13.54 ml/kg.min, respectively.

After a single oral (po) administration of AMP the t;,3 value, mean absorption time (MAT) and
absolute bioavailability (F,,s) were 1.02+0.17 h, 1.23+0.34 h and 24.90+8.05 %, respectively. When
AMP was co-administered with FM, there was tendency towards higher antibiotic plasma levels. The
MAT value, t; 53 and F,p were 1.16£0.57 h, 0.916+0.13 h and 77.65+57.5 %, respectively.

After a single iv administration of AMK, t;5p, Vduea and Clg were 2.28+0.11 h, 0.61£0.15 l/kg
and 3.13+0.61 ml/kg.min, respectively. Under the influence of FM the respective values were
2.26+0.4 h, 0.65+0.25 I/kg and 2.78+0.58 ml/kg.min.

The co-administration of FM (iv) and AMP (iv or po) or AMK (iv) does not bring to significant
changes in antibiotics pharmacokinetics.
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INTRODUCTION

Ampicillin (AMP) and amikacin (AMK)
are antibacterial drugs, widely used in
veterinary medicine, including the canine
species (Baggot et al., 1985; Cabana et
al., 1969; Keefe & Smith, 1977; Lavy et
al., 1995; Ling & Gilmore, 1977). Very
often, those antibiotics are used together
with nonsteroidal anti-inflammatory drugs
(NSAIDs) for treatment of bacterial infec-
tions (Hekman et al., 1982; Zarfin et al.,
1985; Firth et al., 1990). At the same time,

their co-administration is accompanied by
pharmacokinetic interactions requiring
modification of the dosage schedules of
chemotherapeutics (Zarfin et al., 1985;
Firth et al., 1990). During the last decade,
flunixin meglumine (FM) is established as
an effective analgetic, more appropriate
than meperidine hydrochloride, pen-
tasozine lactate, phenylbutazone and co-
deine phosphate (Hardie et al., 1985).
Furthermore, it has an anti-inflammatory
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activity and aids to overcome states char-
acterized by endotoxic shock in dogs
(Dunkle et al., 1985). Those properties of
FM  determine its  frequent co-
administration with antibiotics in dogs
(Dunkle et al., 1985; Vonderhaar & Salis-
bury, 1993).

Bibliographic data about AMP phar-
macokinetics in dogs after independent
application are incomplete. Data for the
possible  pharmacokinetic interactions
between FM and AMP or AMK are not
available.

Our studies aimed to follow out the
pharmacokinetics of AMP following sin-
gle administration as well as to obtain
data, justifying its co-administration with
flunixine meglumine in dogs.

MATERIALS AND METHODS

Experimental animals

Six crossbred 3 female and 3 male dogs,
1-3 years old and ranging in body weight
from 11.5 to 16 kg were used. They were
shown to be clinically healthy by means of
daily observation for 20 days, physical
examination, total red cell count and total
and differential white cell count. Animal
care and handling were in accordance with
the provisions of the European Commu-
nity, as adopted by the Bulgarian Gov-
ernment.

Drugs

The following drugs were used: ampicillin
sodium (Ampicillin, Balkanpharma Ltd,
Razgrad), prepared ex tempore as 12.5 %
aqueous solution for iv injection and as
6.25 % aqueous solution for oral admini-
stration); amikacin sulfate (Amikacin, 5 %
injectable solution, Sopharma); flunixin

! Finadyne 5 % injectable solution was
kindly supplied by the firm Shering
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meglumine (Finadyne, 5 % injectable so-
lution, Shering Plough)'.

Experimental design

Trials with AMP. The intravenous (iv) and
oral (po) doses of AMP were 10 mg/kg
and 20 mg/kg, respectively. The dogs
were used in four consecutive experi-
ments. Each experiment was followed by
a 10 days washout period.

o Experiment I. The dogs were treated iv
with a single dose of AMP.

o [Experiment II. The dogs received a
single iv dose of 1.0 mg/kg FM and a
single iv dose of AMP in the opposite
vein.

e Experiment IlI. The dogs were treated
po with AMP.

o [Experiment IV. The dogs received a
single iv dose of 1.0 mg/kg FM and a
single po dose of AMP, after a 18 h
fasting.

Trials with AMK. The dogs were used
in two experiments and AMK was admin-
istered iv at a single dose of 5 mg/kg. The
treatments with AMK were initiated 30
days after the last treatment with AMP.
The first experiment was followed by a 30
day washout period.

e Experiment I. The dogs were treated

iv with a single dose of AMK.

o  FExperiment Il. The dogs received a
single iv dose of 1.0 mg/kg FM and a
single iv dose of AMK in the opposite
vein.

AMP or AMK were injected iv into
the cephalic vein. Blood samples were
collected from the opposite cephalic vein,
using an intravenous catheter (Helm
pharmaceuticals GmbH, Hamburg, Ger-
many) 22G. They were collected before
each treatment with the antibiotics and at
0.083, 0.25, 0.5, 1,2,4, 5, 6 and 7 h after
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the administration of AMP and at 0.083,
0.25,0.5,1,2,4,5,6, 8 and 10 h after the
administration of AMK. After oral ad-
ministration of AMP blood samples were
collected from the cephalic vein before
each treatment with AMP and at 0.5, 0.75,
1,2,2.5,3,4,5, 6 and 7 h thereafter.

Drug analysis

Plasma concentrations of AMP and AMK
were determined by using as test microor-
ganisms Bacillus subtillis ATCC 6633 and
Bacillus  mycoides HB,, respectively
(Bennet et al, 1966). The limits of quanti-
tion were 0.035 g AMP/ml and 0.18 pg
AMK/ml plasma. The standard solutions
were prepared in plasma obtained from
untreated dogs.

Pharmacokinetic analysis

The pharmacokinetic parameters were
calculated after the methods described by
Baggot (1977) using a computer program.
Pharmacokinetic analysis was performed
using two-compartment open model for
the data obtained after iv administration of
AMK. The most appropriate model was
chosen according to Akaike’s information
criterion (Yamaoka et al., 1978). Non
compartmental analysis based on statisti-
cal moments theory (Gibaldi and Perrier,
1982) was also performed for the data
obtained after iv injection of AMK and for
the data obtained after /v and oral treat-
ment with AMP. Because of unrealistic
data for plasma AMP levels in one of the
dogs, this particular case was not included
in the calculations. The relevant pharma-
cokinetic indices determined are shown in
Table 1 and Table 2. The AUC was calcu-
lated by the method of trapezoids and
extrapolation to infinity was made. After
oral administration, MAT values were
obtained as the differences between the
MRT after oral administration and the
MRT after iv administration. The values
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of absolute bioavailability of AMP - F
(Prescott & Baggot, 1993) and relative
bioavailability of AMP vs the combina-
tion AMP+FM - F, (Rowland & Tozer,
1995) were also found.

The iv maintenance dose was deter-
mined from the equation (Baggot, 1977):

D= Cpmin-Vdarea'(eXpBT - 1)

where Cpy, = minimum therapeutic
plasma level (Cppi, = MIC according to
Prescott and Baggot, 1993); Vd,., = vol-
ume of distribution based on area under
the curve to infinity; f =terminal (elimina-
tion) rate constant and t = dosage interval.

The oral maintenance dose was deter-
mined from the equation:

Bapp = Pmin~(1'exp_ﬁlr) / eXP_B'T 5

where: Bapp = the value of the coeffi-
cient based on the terminal exponential
phase used for correcting the applied dose
according to the desired MIC and dosage
interval (Mercer et al., 1977); P,;,=MIC;

exp=base of natural logarithm and T
=dosage interval.

The doses and dose intervals were de-
fined with respect to the desirable values
of the MIC for AMP or AMK, based upon
their pharmacokinetic parameters. The
doses were fixed according to the maxi-
mum allowed plasma concentrations of
AMP and AMK.

Statistical analysis

Pharmacokinetic parameters were pre-
sented as mean £ SEM values. The statis-
tically significant differences between
pharmacokinetic parameters following the
single administration of AMP or AMK
and after co-administration with FM were
determined using the Wilcoxon’s tests by
means of a statistical software (Statistica,
Microsoft Corp., StatSoft Inc., USA,
1993). P values < 0.05 were considered
significant.
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RESULTS
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Following the independently AMP ad-
ministration, its plasma levels were higher
than MIC (0.1 pg/ml) for 7 h (Fig. 1). Its
biological half-life was 1.41+0.09 h,
Vdyea - 1.97+0.71 l/kg and Clg -
29.05+14.73 ml/min.kg (Table 1). Follow-
ing po application, appearance of plasma
AMP concentrations was detected be-
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tween hours 0.5 and 0.7, being higher
than MIC between hours 2 and 4 (Fig. 2).
There were significant variances in blood
AMP levels among the individual dogs.
The biological half-life was 1.02+0.17 h
and MAT was 1.23+034 h. C.u
(0.648+0.19 pg/ml) was reached for tg.x
2.3+0.25 h (Table 1).

Table 1. Pharmacokinetic parameters of ampicillin sodium administered /v to 6 dogs or
po to 5 dogs at a dose rate of 5 mg/kg, solely and with flunixin meglumine (iv 1 mg/kg),

mean+SEM
Parameters Ampicillin sodium Ampicillin sodium and
flunixin meglumine
Noncompartmental analysis, iv
B (hh 0.50 £0.03 0.547 +£0.04
t0p (h) 1.41 +£0.09 1.31+0.1
MRT (h) 1.71 £0.21 1.68 +0.21
Vd,e (Vkg) 1.97 £0.71 2.18 +1.14
Vi (/kg) 1.89 +0.71 1.51 +£0.71
Clg (ml/min.kg) 29.05 £14.73 23.46 £13.54
AUC (ug.h/ml) 7.38 £2.6 9.33 +3.51
AUMC (ug.h*/ml) 13.76 £5.07 15.24 +5.98
Noncompartmental analysis, po
B (h™") 0.76 £0.12 0.82 +0.11
t10p (h) 1.02 £0.17 0.916 £0.13
tmax (D) 2.30 £0.25 2.50 £0.22
Crax (Lg/ml) 0.648 +0.19 1.94 £0.99
Co (ug/ml) 5.476 £1.83 10.17 £8.62
MRT (h) 3.19 £0.12 2.99 +0.29
MAT (h) 1.23 £0.34 1.16 £0.57
AUC (pg.h/ml) 1.25 +0.22 3.50 £1.67
AUMC (ug.h*/ml) 3.968 +0.65 9.42 +4.22
Faps (%) 24.90 £8.05 77.65 £57.5
F. (%) 163.37 £82.8

B - hybrid rate constant for the elimination phase; t;,,g - elimination phase half-life time; MRT - mean
residence time; Vd,., - volume of distribution based on area under the curve to infinity; Vss - volume
of distribution at steady-state; Cly - total body clearance; AUC - area under the concentration vs. time
curve projected to infinity; AUMC - area under the first moment curve; C,,, - peak drug concentra-
tion; ty,y - time of C,, ; Co - extrapolated zero-time plasma concentration of the elimination phase;
MAT - mean absorption time; F,,% - absolute bioavailability; F % - relative bioavailability.
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Fig. 1. Mean + SEM plasma concentrations of ampicillin in dogs (n=6) after iv administra-
tion of ampicillin sodium at a dose rate of 10 mg/kg - independently and after co-
administration with flunixin meglumine (iv) at 1 mg/kg.
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Fig. 2. Mean + SEM plasma concentrations of ampicillin in dogs (n=5) after po administra-
tion of ampicillin sodium at a dose rate of 20 mg/kg - independently and after co-
administration with flunixin meglumine (iv) at 1 mg/kg.
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Fig. 3. Mean + SEM plasma concentrations of amikacin in dogs (n=6) after iv administra-
tion of amikacin sulfate at a dose rate of 5 mg/kg - independently and after co- administra-

tion with flunixin meglumine (iv) at 1 mg/kg.

The iv AMP and FM co-adminis-
tration of resulted in slightly higher
plasma antibiotic levels (Fig. 1). The
pharmacokinetic parameters of AMP used
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in the combination were not significantly
changed compared to its independent iv
injection (Table 1). Following po admini-
stration, at the background of FM, the
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plasma antibiotic concentrations, Cy,
tmax and Fy,s showed a tendency towards
increase; F, was over 100% (Table 1, Fig.
2).

The independently iv administration of
AMK in dogs resulted in plasma concen-
trations over MIC (1pg/ml) until about the
posttreatment hour 5. The plasma concen-
tration curves (Cp) plotted vs time (t)
(Fig. 3) corresponded to a two-compart-
mental model of distribution and elimina-
tion, described by the equation:

A. Haritova, D. Pashov and D. Bakalov

Cp =5.59.exp(-11.05.t) +
9.35.exp(-0.3.t).

The biological half-life was 2.28+0.3
h. The values of Vd,. and V  were
0.61£0.15 1/kg and 0.63+0.15 1/kg respec-
tively (Table 2).

Following the co-administration of
AMK and FM, plasma AMK levels
showed a tendency towards -elevation
compared to the independent application
of the antibiotic (Fig. 3) and remained
higher than MIC (1 pg/ml) for 5 h after

Table 2. Pharmacokinetic parameters of amikacin sulfate in plasma administered iv to
dogs (n=6) at a dose rate of 5 mg/kg, solely and with flunixin meglumine (iv 1 mg/kg),

mean+SEM
Parameters Amikacin sulfate Amikacin sulfate and
flunixin meglumine

Two compartmental analysis, iv

t126 (h) 0.154 £0.11 0.157 £0.07
t10p (h) 2.28 +£0.30 2.26 £0.4
ki (h™h) 2.43 +1.19 1.25 +0.65
ko (h) 8.44 +2.03 8.47 +2.41
ke (h™) 0.48 +0.07 0.54 +0.09
V. (Vkg) 0.428 £0.1 0.364 £0.11
V., (Ukg) 0.24 +£0.09 0.184 +0.10
Vd,e. (I7kg) 0.61 +£0.15 0.65 £0.25
Vs (I/kg) 0.63 £0.15 0.52 £0.16
Clg (ml/min.kg) 3.08 £0.55 2.87 £0.59
AUC (pg.h/ml) 30.93 +4.55 35.57 £6.69
Noncompartmental analysis, iv

Vd,eo (Ukg) 0.528 +£0.096 0.519 +£0.15
Vi (/kg) 0.521 +£0.12 0.455 +£0.13
MRT (h) 2.72 £0.21 2.595 +0.23
AUC (pg.h/ml) 31.36 £5.1 36.54 £6.59
Clg (ml/min.kg) 3.13 £0.61 2.78 £0.58

ti/24 - distribution phase half-life time; t;,8 - elimination phase half-life time; k- overall rate con-
stant for drug elimination; ki, - the distribution rate constants for transferring the drug from the
central to the peripheral compartment; kj; - the distribution rate constants for transferring the drug
from the peripheral to the central compartment; Vd,., - volume of distribution based on area under
the curve to infinity; V. - volume of distribution of the central compartment; V, - volume of distri-
bution of the peripheral compartment; Vg - volume of distribution at steady-state; MRT - mean
residence time, AUC - area under the concentration vs. time curve projected to infinity; Clp - total

body clearance.
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the treatment. The plasma AMK concen-
trations (Cp) decreased with time accord-
ing to the equation:

Cp=5.04.exp(-9.9.t) +
12.82.exp(-0.352.t).

The parameters characterizing the dis-
position (Vc, Vt and Vss) and Clg tended
to decrease (Table 2).

DISCUSSION

During the experiments, no adverse side
effects were observed in experimental
animals.

The biological half-life of AMP in our
experiments was similar to that, reported
by Lavy et al. (1995) - 1.85 h and by Ca-
bana et al. (1969) - 1.55 h. The observed
Vd,... was relatively high and close to the
value obtained by Lavy et al. (1995) - 1.8
I/kg. It is lower than Vd,.,, determined by
Papich (1988) - 0.3-0.4 1/kg. Following
po administration of AMP in our study,
Cnax Was reached 30 min later than in the
experiments of Watson et al. (1986) -
tmax=1.6-2 h. Our F,, value of 24.9 %
should be compared to bibliographic data,
characterized by an excessive variance.
According to Baggot (1984), the bioavail-
ability of AMP following oral administra-
tion in dogs was under 10% while Cabana
et al. (1969) reported values of 57.4 %.
This is most probably due to the differ-
ences in the drug formulation. Our data,
being in an intermediate position, as well
as literature data show that AMP bioavail-
ability after po application in dogs was
relatively low. The data for t,,,, the high
MAT value and the relatively low F
value are indicative for a comparatively
slow and uncomplete AMP absorption
after po administration. The lack of in-
formation about MAT, t;,3 and MRT
after po AMP administration in dogs does
not allow us to make any comparisons. A
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low bioavailability (about 18%) was re-
ported in cats, treated orally with AMP
(Mercer et al.,, 1977). The period where
effective blood antibiotic concentrations
were maintained, was not influenced nega-
tively by FM after iv co-administration of
AMP and FM, a fact, favourable for the
maintenance of blood therapeutic concen-
trations. The tendency towards elevation
of Vd,.. of AMP under the influence of
FM suggested that this NSAID enhanced
the distribution of the antibiotic. The data
for higher C,,.x, AUC and F, could be in-
terpreted as a trend for a higher degree of
AMP absorption following po co-
administration with FM which is not ac-
companied by a significant influence on
ti/2p-

Literature data (Baggot et al, 1985)
and our results indicate that in dogs, AMK
was disposed rapidly and was eliminated
comparatively slowly. The low values of
Vdaear Ve, Viand Vg, as well as the high
ratios V./Vg and B.100/k, were an evi-
dence for the limited AMK distribution.
The lack of changes in o, k;, and ky; when
the combination AMK-FM was applied
suggested that FM did not influence nega-
tively the transport of AMK through
membranes. The predilection of AMK for
presence primarily in the central com-
partment (manifested by the relatively
high values of $.100/k, and V./V ratios)
was not influenced by FM.

The comparisons of data for the drug
interactions of FM with those, reported
for some other NSAIDs are interesting.
There are evidences that phenylbutazone
and indomethacin change significantly
their disposition and slow the elimination
rate of aminoglycosides in horses and
humans (Zarfin et al., 1985; Firth et al.,
1990) and that of penicillin in cows
(Hekman et al., 1982). On the other hand,
it is established that paracetamol and nif-
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luminic acid do not alter significantly
t1/200and AUC of amoxicillin, ce-
fadroxil and cefixime (Carsenti-Etesse et
al., 1998). Both our results and literature
data allow us to conclude that FM, by the
nature of its interaction with AMP/AMK

BJVM, 4 No 2
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could be referred to the second cathegory
NSAIDs and that there is no reason to
expect uniform changes in the pharma-
cokinetics of antibacterial drugs under the
influence of various NSAIDs.

85



Table 3. Doses of ampicillin sodium (mg/kg) derived from the pharmacokinetic data for
amp after its single iv (n=6) and po (n=5) administration and after co-administration with
flinixin meglumine (FM - 1 mg/kg) in dogs

Prepara- Dosage intervals (h)
tion/combinati
on and route of
administration 8

AN D

[Pharmacokineticd of ami s ampicillin in dogs following single administration ...
(Dg/
ml)
Cmin
(Dg/
ml)
Cmin
(Dg/
ml)
Cmin
(Dg/
ml)

0.1
0.5

0.1
0.5

0.1
0.5

0.1

AMP
(iv)
13
6.3
13
22
11
22
3.8
18.8
37.6
10.6
52.8

AMP
@iv) +
FM
(iv)
1.7
8.6
17
3.1
15.7
31
5.6
27.9
55.8
17.1

AMP (po) 73 | 38573 16 | 80 [ 160 | 35 | 173 | 345 | 159 | 796
AMP (po) +
FM (iv)
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5 25 | 50 | 11.7 | S8 117 27 133 | 268 | 138 | 693

CPmin - the minimum desirable serum AMP concentrations; the figures in bold are recommendable
doses.

Table 4. Doses of amikacin sulfate (AMK) (mo/ko) derived from the pharmacokinetic data



The pharmacokinetic parameters of
AMP and AMK, obtained in the present
study on the single and combined applica-
tion of antibiotics with FM and the biblio-
graphic data about MIC (Prescott and
Baggot, 1993) permitted the calculation of
appropriate dose regimens (Tables 3 and
4).

On the basis of the present study, we
could accept that the co-administration of
FM (iv) and AMP (iv or po) or FM (iv)
and AMK (iv) in dogs was admissible
from a pharmacokinetic point of view.
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