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Summary

Dimitrova, D. J., L. D. Lashev, H. D. Hubenov and I. Terzieva, 2004. Study on the pharma-
cokinetics of tobramycin in dogs. Bulg. J. Vet. Med., 7, No 1, 17-23.

The pharmacokinetics of 4% tobramycin sulfate solution following a single i.v. application to six
adult dogs (3 from each gender) at the dose of 3 mg/kg was investigated. The blood plasma antibiotic
levels were determined using Bacillus subtilis ATCC 6633 as a test microorganism. The limit of
quantification was 0.010 pg/mL. Plasma tobramycin pharmacokinetics was analysed via the com-
partmental and non-compartmental methods using a computer program (Topfit v. 2.0). The pharma-
cokinetic model was chosen by means of the Akaike’s information criterion (AIC).

The determination of pharmacokinetic parameters of tobramycin in aqueous humour was done by
the non-compartmental pharmacokinetic method.

After the single intravenous injection of tobramycin sulfate, its plasma biological half-life calcu-
lated according to the non-compartmental and the compartmental methods was 1.30+0.20 h and
0.8720.09 h respectively. The total body clearance was 0.97+0.08 mL/min/kg and 0.91%0.20
mL/min/kg and the area under the concentration-time curve — 54.05+4.68 and 57.59+5.32 pg.h/mL
respectively. The steady-state volume of distribution was 0.06+0.01 L/kg (via both methods).

Peak tobramycin concentrations in aqueous humour (2.24+0.29 pg/mL) were attained by hour 2
after the intravenous application. The biological half-life of tobramycin in aqueous humour was
3.042£0.21 h. The ratio of AUC,_,., values of aqueous humour and those of blood plasma, was 0.25.
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INTRODUCTION

The proper antibacterial therapy is not
possible without taking into consideration

systemic application is especially impor-
tant for the efficient treatment of ophthal-

the sensitivity of a given pathogenic agent
to the used chemotherapeutical drug, the
determination of its concentration at the
site of the lesion and its pharmacokinetics.
All those factors influence the outcome of
the etiotropic therapy.

The determination of antibacterial
drug concentrations in aqueous humour
and their pharmacokinetics following a

mic bacterial infections. Despite the re-
ported data about tobramycin pharma-
cokinetics in different animal species (Re-
gamey et al.,1973; Péchere et al., 1976;
Blouin et al., 1979; Ling et al., 1981;
Jernigan et al., 1988; Brown & Riviere,
1991; Hadi et al., 1994; Christinsen et al.,
1996; Dimitrova et al., 1998; Lashev and
Dimitrova, 2002), humans (Regamey et
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al., 1973; Blouin et al., 1979; Counts et
al., 1982; Durmaz et al., 1997) there is no
information for plasma and aqueous hu-
mour tobramycin levels and its pharma-
cokinetics in dogs.

The aim of the present study was to
determine plasma and aqueous humour
tobramycin concentrations as well as its
pharmacokinetics after intravenous ad-
ministration to dogs.

MATERIALS AND METHODS

Animals

The study was performed on 6 clinicaly
healthy mixed-breed dogs, aged 2-5 years,
weighing 18-26 kg. They were housed in
individual metal cages with dimensions
corresponding to canine hygienic re-
quirements, at ambient temperature of 17-
19 °C, humidity of 58-60 % and 12 h
light/12 h dark period light regimen. Dur-
ing a 20-days period of accomodation, the
animals were fed twice daily with dry
commercial food and given water ad libi-
tum. A day prior to the experiment, the
dogs underwent a complete physical ex-
amination, haematological (haematocrit,
haemoglobin, erythrocyte counts, total and
differential leukocyte counts) and blood
biochemical analysis (ASAT, ALAT,
creatinine, blood glucose, urea and alka-
line phosphatase).

Experimental design

After a 12-hour fasting, the dogs were
administered a single intravenous bolus
dose of 3 mg/kg tobramycin sulfate (To-
bramycin 4 % injectable solution, Balkan-
pharma, Razgrad, Bulgaria) in the right v.
cephalica.

Blood samples of 1.5 mL were ob-
tained by a “Venflon” cannula (Vygon, G-
22, L-25 mm, & 0.9 mm, Germany) from
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the left v. cephalica immediately prior to
the treatment and 0.08, 0.25, 0.50, 1, 2, 4,
8 and 24 h after in heparinized Eppendorf
tubes. Blood samples were centrifuged for
10 min at 3500 rpm, blood plasma was
collected and divided in 2 aliquots of 300
UL in separate tubes.

Aqueous humour (300 pL) was ob-
tained following a preliminary local an-
aesthesia of the eye with 2 % lidocaine
solution by 0.5 mL disposable sterile sy-
ringes (Sherwood Medical, Northern Ire-
land) and G-28 injection needles (L-13
mm, & —0.36 mm) from the anterior ocu-
lar camera. Obtained samples were stored
at—18 °C for 18 h.

Determination of plasma and aqueous
humour tobramycin concentrations

Plasma and aqueous humour concentra-
tions of tobramycin were microbiologi-
cally determined by agar gel diffusion
with Bacillus subtilis ATCC 6633 as a test
organism. The standard solutions were
prepared with tobramycin sulfate (bio-
logical activity of 948 pg/mg). The limit
of quantification of the method was 0.010
pg/mL, the linearity (r*) —0.986, and the
percentage of recovery —93.64 %.

Pharmacokinetic analysis

Plasma and aqueous humour tobramycin
concentrations were analysed by the Top-
Fit v. 2.0 computer programme (Heinzel,
et al., 1993). The pharmacokinetic pa-
rameters of plasma tobramycin were de-
termined using the compartmental (Bag-
got, 1977) and the non-compartmental
pharmacokinetic analysis (Gibaldi & Per-
rier, 1982). The optimal pharmacokinetic
model was selected on the basis of the
Akaike’s information criterion (AIC)
(Yamaoka et al., 1978).
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Aqueous humour antibiotic levels
were determined by the non-compart-
mental pharmacokinetic analysis (Gibaldi
and Perrier, 1982).

RESULTS

The physical examination of dogs as well
as the haematological and biochemical
laboratory investigations revealed no de-
viation from the normal values. The aver-
age plasma and aqueous humour antibiotic
concentrations are shown on Fig. 1.
Plasma antibiotic levels were present by
post administration min 5 (0.08 h) -
80.18+9.07 pg/mL, and remained up to
hour 8 over 0.34 pg/mL. By hour 24 after
the intravenous injection, tobramycin con-
centrations were under the sensitivity limit
of the used method, i.e. below 0.010

100
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pg/mL. The decline of tobramycin levels
was characterized by a distribution phase
up to hour 4 with t;,, — 0.07£0.02 h, fol-
lowed by a slower elimination phase (t;,p
—0.87+0.08 h ) (Table 1).

The values of tj3, CLg, MRT and
AUC,,, determined by the non-com-
partmental pharmacokinetic analysis (Ta-
ble 2) were equal or similar to those ob-
tained by the compartmental method (Ta-
ble 1).

Aqueous humour tobramycin levels
increased rapidly after the i.v. administra-
tion and were detected for 24 hours
(0.013+£0.003 pg/mL by hour 24). The
maximum antibiotic concentration in the
aqueous humour was 2.24+0.29 pg/mL
by hour 2 (t,,.,x=2 h). The biological half-li-
fe of tobramycin in aqueous humour was
3.04 £ 0.21 h. AUCy,,, was 14.43 =

-o- Blood plasma
—+ Aqueous humour

0.013

0 5 10 15

Time (h)

20 25 30

Fig. 1. Tobramycin concentrations in blood plasma and aqueous humour in dogs following a single
intravenous adminsitration of 3 mg/kg tobramycin sulfate.
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Table 1. Some pharmacokinetic parameters of tobramycin in blood plasma following a
single intravenous administration in dogs at a dose of 3 mg/kg

Compartmental analysis

Non-compartmental analysis

Parameters (units) Mean = SEM Parameters (units) Mean + SEM
B (b 0.837 £ 0.09 B (b 0.580 £ 0.06
a (h™) 11.970 £ 1.83 t10p (D) 1.30 (1.37)" £0.20
Ka(h™) 2.530 +0.44 MRT (h) 1.06 +0.09
t150 () 0.09 (0.09) + 0.16 V. (L/kg) 0.06 + 0.01
t10p (D) 0.87 (0.93)" % 0.09  Vd(aes (L/kg) 0.10 £ 0.02
MRT (h) 1.09 £0.12 Clg (mL/min/kg) 0.91 £0.20
Vi (L/kg) 0.06 +0.01 AUC_s, (Mg.h/mL) 56.67 +5.03
Clg (mL/min/kg) 0.97 +0.08 AUC_,, (ug.h/mL) 57.59 £5.32
C’, (Mg/mL) 132.03 £ 0.02 AUMC_,,, (Ugh*’mL)  60.52 6,20
AUC,, (ug.h/mL) 54.05 £ 4.68 r 0.876 £0.02

¢ — harmonic mean; o. — hybrid rate constant in the distribution phase; f — hybrid rate constant in the
elimination phase; t,,, — distribution phase half-life time; t,,3 — elimination phase half-life time; k¢ —
elimination constant; MRT — mean residence time; Vd e, — area volume of distribution (area under
the curve to w);. V— volume of distribution at steady-state; Clg — total body clearance; C°, — con-
centration at t=0; AUC,_,,, — area under the concentration vs time curve from 0 to oo; r — correlation

coefficient.

Table 2. Some pharmacokinetic parameters of tobramycin in aqueous humour following a
single intravenous administration in dogs at a dose of 3 mg/kg

Parameters (units) Mean + SEM Parameters (units) Mean + SEM
B (hh 0.233 £0.020 AUMC,_,, (ug.h*/mL) 77.85 + 13.12
ti2p (h) 3.04(3.18) £ 0.134  Cppuy (Mg/mL) 2.24+0.29
MRT (h) 524%028  Tpa (h) 2.00 £0.00
AUC ;4 (Ugh/mL) 14.38 £2.02 0.962 +0.14
AUC_,,, pg.h/mL) 14.43 £2.02

* — harmonic mean; 3 — hybrid rate constant in the elimination phase; t;,,3 — elimination phase half-
life time; k; — elimination constant; MRT — mean residence time; AUC,_,,, — area under the concen-
tration vs time curve from 0 to co; AUMC,_,, — area under the moment concentration vs time curve

from 0 to oo; r — correlation coefficient.
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2.02 pg.h/mL that was about 1/4 of blood
plasma AUC,_, values in treated dogs
(AUCy,= 54.05+4.68 pg.h/mL and
AUC_ ;5= 57.59£5.32 pg.h/mL) (Tables 1
and 2).

Plasma and aqueous humour tobramy-
cin levels (Fig. 1) suggested that follow-
ing the intravenous application of the
drug, aqueous humour concentrations
were higher than those in plasma by hour
4 (0.857+0.081 pg/mL and 0.647+0.084
Hg/mL respectively). The ratio of aqueous
humour AUCy,, to blood plasma
AUCq,,, was 0.2506. The corresponding
ratio by post treatment hour 8 was 0.2537.

DISCUSSION

The results obtained following the intra-
venous administration of tobramycin
showed that the dynamics of blood con-
centrations corresponded to a two-
compartmental pharmacokinetic model.
The presence of the antibiotic in blood
plasma following this route of administra-
tion was characterized with a rapid initial
phase of distribution, followed by a rela-
tively slow elimination phase.

The biological half-life of blood
plasma tobramycin levels in the dog, es-
tablished in our studies (1.30+0.20 h and
0.87+£0.09 h by the non-compartmental
and compartmental method respectively)
was shorter compared to that in llamas
(3.68+1.26 h), camels (3.15 h) and hu-
mans (2.04 h and 2.15 h) and similar to
that in cats (1.15 h), rabbits (1.23 h), pi-
geons (0.82 h) (Regamey et al, 1973;
Péchere et al., 1976; Blouin et al., 1979;
Jernigan et al., 1988; Brown and Riviere,
1991; Hadi et al., 1994; Christinsen et al.,
1996; Dimitrova et al., 1998; Lashev and
Dimitrova, 2002). The plasma MRT val-
ues of treated dogs, determined by the
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compartmental and non-compartmental
method (1.09 h and 1.06 h) are compara-
ble to MRT values in llamas — 5.53 h
(Christinsen et al., 1996), camels — 4.23 h
(Hadi et al., 1994), cats — 1.5 h (Jernigan
et al., 1988) and 1.8 h (Brown & Riviere,
1991), rabbits — 1.58 h (Lashev and Dimi-
trova, 2002) and pigeons — 1.19 h (Dimi-
trova et al., 1998). The steady-state vol-
ume of distribution of tobramycin in dogs
suggests that its intravenous adminsitra-
tion, compared to humans and other ani-
mals species, resulted in a weaker penetra-
tion and distribution in body tissues and
fluids compared to those in llamas
(Vss=0.288 L/kg) (Christinsen ef al.,
1996), camels (Vdgrea=0.245 L/kg and
Vss=0.288 L/kg) (Hadi et al., 1994), hu-
mans — Vduen=0.442 L/kg (Blouin et al.,
1979; Regamey et al., 1972), rabbits —
Vd(areay=0.350 L/’kg and Vss =0.470 L/kg
(Lashev and Dimitrova, 2002) and pi-
geons — Vd(en=0.292 L/kg (Dimitrova et
al., 1998).

The pharmacokinetic parameters of
tobramycin in aqueous humour were in-
dicative for early high antimicrobial con-
centrations in the eyes of treated dogs.
The Cpax, tmax, tizg and MRT values
showed a good diffusion and prolonged
presence of the antiiotic in tobramy-
cin—treated dogs. Following an i.v. ad-
ministration, the antibiotic passes the
haemoophthalmic barrier and 5 min after
the application was discovered in aqueous
humour in detectable concentrations, that
were sustained up to post treatment hour 8
in levels higher that the MIC of Staphylo-
coccus aureus, Pseudomanas aeruginosa,
Proteus spp. Actinobacillus spp., Borde-
tella canis (Riviere and Spoo, 1995;
Anonymous, 1997). This fact is of impor-
tance for veterinary ophthalmology in the
treatment of infectious diseases of the
anterior or posterior ocular camera,
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caused by highly susceptible bacterial
agents.

In conclusion, the pharmacokinetic pa-
rameters of tobramycin after an intrave-
nous administration in dogs at the dose of
3 mg/kg allow its use as a chemotherapeu-
tic agent for systemic application at 8 h
intervals .
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