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Summary

Lashev, L. and S. Tanchev, 2002. Characteristics of pharmacokinetics of antibacterial drugs
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Literature data and reports about the pharmacokinetics of representatives of the most important
groups of antibacterial drugs applied in veterinary medicine (sulphonamides, fluoroquinolones, peni-
cillins, aminoglycosides, tetracyclines, macrolides) in various domestic, exotic and wild avian species
are reviewed. The principal characteristics of their behaviour in avian organism are summarized. The
principles of antibacterial drug pharmacokinetics, related to intra- and inter-species differences, as
well as to the route of administration are emphasized.
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INTRODUCTION

The routine clinical veterinary practice
often comes across other than the com-
monly encountered animal species. A con-
siderable part of them are avian species.
The body weight of avian representatives,
subjects to veterinary care, ranges from
several grammes to more than 100 kilo-
grammes. This fact, apart being fascinat-
ing, is associated to clinical problems be-
cause of species-related anatomo-
physiological differences in the systemic
behaviour of xenobiotics. The pharmaco-
kinetic information for most avian species,
including domestic ones, is inadequate or
lacks. It is continously increasing with
time, particularly intensively for the rela-
tively rarely studied species, demanding to
summarize the new data and to present
them in an user-friendly manner. This
would finally reflect upon the result of
veterinary activities — the treatment or,
more precisely, the determination of dos-

ages of drugs and the intervals between
treatments.

Because of the specificity of action of
antibacterial drugs, the precise dosage is
at first necessitated from the requirement
for a continuous effect upon pathogenic
agents (for those with bacteriostatic type
of antibacterial activity) and subsequently,
from the risk of onset of bacterial resis-
tance to chemotherapeutics — a frequent
result of inadequate dosage. That is why.
the study on species-related differences
with regard to mentioned problems is im-
portant in order to perform an adequate
therapy.

On the basis of previous studies, the
species-related variations in drugs behav-
iour could be summarized as variations in
drug absorption, distribution, metabolism
and excretion. The differences in drug
elimination are relatively the most exten-
sively studied and the most important (a
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particular significance is paid on liver
biotransformation). Commonly, those
variations are caused by the variable in-
tensity of oxidative, reducing and hydro-
Iytic processes in domestic animals (Vree
et al., 1985a, Van't Klooster et al., 1992,
Witkamp et al., 1992).

The principal sources for the specific-
ity in absorption and elimination are pre-
determined by the morphological and
functional particularities of various avian
species. Avian gut characteristics influ-
ence the absorption rate. The pH of its
different parts is specific. The blood vol-
ume is 6.5-10% of body weight, the
plasma volume — 4-8% and albumin con-
centrations less than 10%. The body tem-
perature is about 40 °C. The mass of lungs
is lower than that in mammals and their
volume does not changes within a respi-
ratory cycle. In part of birds there is no
bile. The liver functions as an excretory
organ for xenobiotics and their metabo-
lites. The kidneys are relativey larger
compared to mammalian kidneys. There
are considerable interspecies morphologi-
cal variations and physiological particu-
larities. Generally, the glomerular filtra-
tion rate in birds is lower that that in
mammals for an equal body mass. Avian
glomerular filtration is not constant. The
option for tubular secretion of drugs is
unknown although most waste products
are excreted by secretion. The drug reab-
sorption from tubular filtrate is realized
via diffusion, the rate of reabsorption and
the amount of reabsorbed substance being
dependant on the degree of ionization.
Avian kidneys are with a limited concen-
tration capacity with a ratio of urine to
blood osmolality of 2:1. Urine pH in fe-
male birds varies between 4.7 and 8 de-
pending on the hatching period, while that
of males is about 6.4 (Anadén, 1999),
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The present report aims to recapitulate
the results of numerous studies upon the
pharmacokinetics of the most commonly
used antibacterial drugs in different avian
species with emphasis on absorption, dis-
position, metabolism and excretion, char-
acterized by the respective pharmacoki-
netic parameters.

SULPHONAMIDES

Sulphonamides show first or zero order
pharmacokinetics including cases with
capacity limitation in elimination, de-
pending on the applied dose. The rate and
degree of absorption of sulphonamides
from the site of administration varies in
broad limits depending on their structure.
The disposition, especially following in-
travenous application, is clearly affected
from the character of drug. The variations
are also in a broad range (Pashov, 1983;
Nouws et al., 1985; Vree et al., 1985a,
1985b).

Generally, sulphonamides are elimi-
nated via metabolism and renal excretion
(Vree et al., 1985b). The involvement of
both types of elimination depends on spe-
cies-related anatomo-physiological char-
acteristics — enzyme activity, renal struc-
ture and function.

The biotransformation of sulphona-
mides normally occurs through two prin-
cipal phases — those of metabolic trans-
formations and synthetic reactions. re-
spectively. Biotransformation takes place
primarily in the liver, but it is found also
in lungs, kidneys etc. The principal proc-
esses in sulphonamide metabolsim — ace-
tylation and hydroxylation, are not uni-
form in the various species — chicken,
turkey, pigeon, goat and swine (Vree et al.
1985a; Vree et al., 1985b; van Ginneken
etal, 1991; Nouws et al., 1993).
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The hydroxylation of sulphonamides is
less extensively studied. There are a lot of
data mostly for sulphadimidine in mam-
mals. The hydroxylation rate is signifi-
cantly species-dependent (Nouws et al.,
1985; Witkamp et al, 1992; Van't
Klooster, 1992).

Acetylation is performed by N-
acetylase and acetyl CoA. There are inter-
species as well as intra-species, geneti-
cally determined differences in the activity
of those enzymes, thus dividing individu-
als to rapid and slow acetylators. The ac-
tivity of N-acetylase varies among spe-
cies. Acetylation is a part of the reversible
process acetylation-deacetylation, and its
equilibrum is species-dependent too. Pi-
geons, for instance, have equal levels of
both acetylation and deacetylation (Vree
et al., 1985b).

The binding to glucuronic acid is
characteristic mainly for "higher” animals
(mammals and birds) and is species-
specific. As a rule, in birds it could be
insignificant.

The specificity of drug structures
could play a significant role, determining
the presence of variations in the whole
metabolism and as a consequance — in that
of sulphonamide kinetics. There are for
example considerable variations in the
metabolism of sulphadimethoxine, sul-
phamethomidine, sulphadiazine and sul-
phapyrine, related to the structure of com-
pounds. Some examples for the significant
variability in the pharmacokinetics of sul-
phonamides, determined by the chemical
structure and the species are presented in
Table 1.

Pigeons acetylate and hydroxylate sul-
phonamides (namely, sulphametoxazole,
sulphadimidine and sulphadimerazine) to
hydroxylated and acetylated products. The
levels of acetylation reaches 5-10% and
that of hydroxylation — 10-40%. Up to
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50% of all administered sulphonamides
remain unidentified. It is stated that after
the oral application of sulphametoxazole,
the hydroxylation of the substance i1s im-
portant. Up to 45% of the balance are
lacking. Similar data are reported for sul-
phadimidine after oral administration, the
acetylation being at a higher degree and
the biological half-life of sulphadimidine
in pigeons — 41 min. Both sulphonamides
are excreted with urine and faeces in a
considerable extent — up to 50%. Sul-
phamerazine showed a biological half-life
of 10 hours with prevalence of acetylation
(Vree et al., 1985b). Following an intra-
venous administration at a dose of 100
mg/kg, sulphacetamide exhibited a poor
distribution and a fast excretion (t;, =
0.77 h) (Lashev, 1998).

The pharmacokinetics of sulphadi-
midine following oral administration in
chickens and Colchide pheasants is simi-
lar and depends on the gender and the
level of sexual hormones (LLashev, 1998).
Its disposition is uniform and the
excretion — relatively delayed — t,, varies
between 8.5-9 h in hens and 5.5-6.5 h in
Colchide pheasants. Up to 20% of the
dose is rapidly acetylated and the rest is
hydroxylated, with hydroxylated metabo-
lites being excreted faster. The level of
deacetylation is high and comparable to
that in pigeons. The concentrations of
sulphadimidine and its metabolites in fae-
cal masses are also high. In the eggs of
treated birds, the observed levels of sul-
phadimjdine are relatively high (for a
week after the treatment) as well as the
levels of its metabolites. The concentra-
tions in white of egg are considerable
higher compared to yolk ones (Geertsma
et al., 1987). Similar data are reported for
sulphamethoxazole and sulphadimethox-
ine (Vree et al., 1985b).
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Table 1. Selected pharmacokinetic parameters of sulphonamides in birds

Route of Dorhas Parameters
Sulphonamide Species adminis- (™ gfkgg ) b () Vdarea Clg Tmax Cmax F Reference
tration w (Vkg) | (Ukgh) (h) (ug/m) | (%)
Chicken Lv. 50 8.06 1.16 0.115
po. 50 186206 | 62.07 LA, R
Sulphadimidine Quails iv. 50 1.6 1.29 0.62 Lashev &
Pheasants iv. 50 597 0.77 0.092 ’;’;19*'5““0"-
Turkeys p.o. 50 0.21 58.55 Lashev, 1998
iv. 5 baony e e T
Sulphachlor- | Chicken Lol L
; 3 60.4— | 45— | Lashev, 1998
pyrazine p.o. 50 3.5-63 31.0 97
Turkeys p.o. 50 4.32 75.50
Chicken iy, 100 1.38 0.68 0.34
Sulphacetamide | Pigeons i.v. 100 0.77 0.34 0.37 Lashev, 1998
Pheasants LV, 100 1.59 0.52 0.23
Chicken LV. 50 3.46 1.09 0.258 Lashev, 1998
i.v. 50 0.835 0.699 0.594
Sulphachlor- Chicken* o 50 | 2.67-345 1.41 33.10 | 384
pyridazine & Lashev, 1998
Turkeys* p.0. 50 1.80 1.29 18.60

* 18-days-old birds; t; 23 = biological half-life; Vdarea = apparent volume of distribution; Clg = total body clearance ; Cmax = maximum serum
concentrations ; Tmax = time for Cmax; F(%)= bioavailability.
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The disposition and elimination of sul-
phacetamide in chickens, Colchide pheas-
ants and pigeons are similar (Table 1).

A high degree of absorption following
oral application and delayed elimination
is observed in chickens, treated with sul-
phachlorpyrazine and sulphaquinoxaline,
both healthy and coccidiotic (El Sayed et
al., 1995; Lashev, 1998). The disposition
of sulphaquinoxaline is rather uniform in
treated birds (El Sayed et al., 1995:
Williams et al., 1995). Sulphachlorpyrida-
zine and sulphathiazole are absorbed
relatively quickly and incompletely and
their excretion is rapid. The biological
half-life of sulphathiazole and sul-
phachlorpyrazine is 1.0-1.4 h and 3.45 h,
respectively (Lashev, 1998). The com-
bined oral application of sulphadimidine
and trimethoprim in chickens does not
show a clear age-related difference in the
absorption and the elimination of both
substances (Pashov & Mutafchieva,
1992).

In domestic goose, there are no data
for the pharmacokinetics of sulphona-
mides following intravenous application,
but both absorption and elimination rates
are different after an oral administration.
Sulphachlorpyrazine is excreted compara-
tively rapidly with a biological half-life of
1.89 h while sulphaquinoxaline exhibited
a significantly longer half-life — 11 h. Sul-
phamethoxazole is also excreted relatively
slowly (biological half-life of 7 h). The
data observed in goose showed a certain
delayed elimination of used sulphona-
mides compared to smaller species, but a
high degree of absorption as well (Rom-
vary and Horvay, 1976).

There are no data in turkeys after par-
enteral application of sulphonamides, but
the oral administration of sulphachlorpy-
razine, sulphachlorpyridazine and sul-
phadimidine in turkeys showed a high
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degree of absorption, concentrations,
similar to those in chickens treated with
the same doses as well as a comparable
elimination rate (Lashev, 1998).

TRIMETHOPRIM AND ITS
ANALOGUES

Trimethoprim, as a pyrimidine derivative
with an antibacterial and antiprotozoic
activity, is applied in combination with
various sulphonamides. Formulations in-
tended for oral application are often used
for treatment and prophylaxis in birds.
After an intravenous application, it shows
a first order pharmacokinetics. The one-
compartment and two-compartment mod-
els and a high volume of distribution are
typical (Pashov and Mutafchieva, 1992:
Lashev and Mihailov, 1995). Adminis-
tered orally, trimethoprim exhibited a
comparatively high degree of absorption
from the gut of chickens — 80-85% (Da-
gorn et al.,, 1991; Pashov and Mutaf-
chieva, 1992) and Japanese quails —
41.1% (Lashev, 1998). Its disposition in
tissues 1s uniform (Pashov. 1983) and it is
excreted partially unchanged via the kid-
neys (Loscher et al., 1990). It undergoes a
partial metabolism in the liver as well.
The biological half-life of trimethoprim in
chickens varies between 3.19 hand 5.17 h
(Pashov, 1983). In goose, the biological
half-life is 2.68 h (Romvary and Horvay.
1976). The values in Japanese quials are
lower — 2.27 h (Lashev, 1998). It could be
stated, that contrary to mammals, the
pharmacokinetics of trimethoprim in birds
does not wvary significantly. The
information about trimethoprim analogues
(ormethoprim, adithoprim, baquiloprim or
methioprim) is considerably less (Engeli
etal., 1993).
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PENICILLINS AND
CEPHALOSPORINS

The group of penicillins includes
substances with significant variances in
the chemical structure, chemical and
pharmacokinetical ~ behaviour.  Their
pharmacokinetics following intravenous
application is of first order (Bush et al.,
1979; Moutafchieva, 1992a, Soenens et
al., 1998). The disposition is quite rapid
with one-compartment or  two-
compartment models of disposition and
elimination in smaller avian species and a
two-compartment model in bigger ones
(Dorrestein et al., 1984, 1987, Carseles et
al., 1994, Lashev, 1998). They penetrate
the interstitial fluid and the lymph (Mattie
and Meenhors, 1979, Wise er al., 1980).
The tissue penetrating capability is nega-
tively correlated to the percentage of
binding to proteins. For aminopenicillins,
principal subjects of the present review,
this percentage is about 20% (Wise et al.,
1980). The elimination is mainly via renal
tubular excretion, without data for any
capacity limitation. There are practically
no metabolites in the blood of treated
animals. Therefore, the differences in the
pharmacokinetics of penicillins (including
species-dependent ones) and particularly
in their elimination, are primarily due to
species-related variations in the renal
function and gut anatomy, when the medi-
cation is administered via the oral route.
In birds, aminopenicillins (ampicillin
and amoxycillin) as well as phenoxymeth-
ylpenicillin are the most commonly used
and the most familiar because of the suffi-
cient degree of absorption following oral
administration and their antibacterial
spectrum. It is believed that the absorption
of penicillins from avian gut is incomplete
compared to that in mammals and that it is
similar for various avian species (Dor-
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restein et al., 1984; Lashev, 1998) (Table
2).

Ampicillin and amoxycillin have evi-
denced a significant absorption in pi-
geons, musk ducks and chickens. The
absorption of the latter is almost twice
higher ensuring almost double blood con-
centrations. As to their systemic disposi-
tion, both antibiotics showed similar be-
haviour in pigeons and chickens (Lashev,
1986, Moutafchieva, 1992a, Lashev,
2000) manifested by a good tissue dispo-
sition with highest levels in kidneys, liver
and lungs (Lashev, 1986). The elimination
of both antibiotics is similar. After intra-
muscular application, the pharmacokinet-
ics of ampicillin and amoxycillin is simi-
lar with a high degree of absorption from
the site of injection (Dorrestein et al.,
1987, Lashev, 1987). Phenoxymethyl-
penicillin is rapidly absorbed from the gut
in chickens, but in a lesser extent than
amoxycillin and ampicillin and is excreted
faster compared to those two drugs. The
disposition of phenoxymethylpenicillin in
the tissues of chickens following a single
oral application is equal to that observed
in pigeons, treated orally with amoxycillin
(Lashev, 1987; 2000). The data reported
by Chaleva (1978) in chickens treated
orally with ampicillin are similar. The
highest tissue ampicillin levels are found
in kidneys and liver whereas levels in
other tissues (muscles, lungs, heart mus-
cle) are usually close to, but lower than
serum concentrations. The biliary levels
of amoxycillin and ampicillin are high.
There is age-related dependence of phe-
noxymethylpenicillin elimination rate in
chickens — it is enhanced in adult birds,
the biological half-life being respectively
lower compared to that in newly hatched
birds (Lashev, 2000). Oxacillin showed an
extremely rapid elimination following
intravenous adminsitration in chickens. Its
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Table 2. Selected pharmacokinetic parameters of penicillins in birds

Route of Yaie Parameters
Antibiotic Species adminis- (mé /kg ) tyg (h) Vdarea Clg Tmax Cmax £ Reference
tration 8 (Irkg) (/kg/h) (h) Qugmb) | (%)
. Dorrestain et
iv. 100 122 151 1.40 al., 1987
Pigeons iv. 30 0.54 0.5 041 Lashev, 1986
im. 100 1.50 57 Dorrestain et
p.o. 117 0.71-1.26 35 al., 1987
Amoxycillin . 58—
y =k iv. | 1030 | 5073100 | 049119 e ey
p.o. 30 35.6
iv. 10-30 089~ 1 067176 | 0.4-138
Turkeys 1.12 Lashev. 1986
p.o. 30 56.9
; iv. 20-100 031= | 095097 | 1.042.14 Dorrestain et
Ampicillin Figeons Ll al., 1987
p.o. 100 1.04 8.46 20 2
Chicken iv. 20-30 0.56 1.16 Lashev, 1998
Carbenicillin Chicken iv. 30 0.55 1.22 1.63 Unpublished
Oxacillin Chicken iv. 30 0.14 2.40 1.26 Unpublished

* 18-days-old birds; t;»3 = biological half-life; Vdarea = apparent volume of distribution; Clg = total body clearance ; Cmax = maximum serum
concentrations : Tmax = time for Cmax; F (%)= bioavailability.
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persistence in blood in detectable concen-
trations (0.2 pg/kg) after a dose of 30
mg/kg is within an hour, thus making it
inappropriate for use in this species
(Lashev, unpublished data) (Table 2). The
data obtained after intravenous or intra-
muscular adminsitration of cloxacillin and
flucloxacillin (Dimitrova et al., 1997,
Dimitrova, 1999) are similar.

Following oral application, penicillin
and especially aminopenicillins showed
lower peak concentrations in birds com-
pared to mammals (Lashev, 1987). This
fact could be hardly explained by meta-
bolic differences, because such are not
known.

Cephalosporins are considerably less
studied and used. In Japanese quails, pi-
geons, ducks, cranes and emus, the phar-
macokinetics of intramuscularly applied
cephalotin and orally applied cephalexin
was similar to that of aminopenicillins.
Their biological half-life was between 0.3
and 0.9 h in various species (Bush et al.,
1981). There was a correlation between
the biological half-life and body weight,
the lighter species showing a shorter per-
sistence of the antibiotics in blood.

Known cephalosporins, likewise peni-
cillins, are excreted faster in birds than in
mammals (Dorrestein et al., 1984; Lashev,
1998).

TETRACYCLINES

Following intravenous application, tetra-
cyclines remain for a long time in the or-
ganism of birds and mammals. They gen-
erally follow a two-compartment model of
disposition and elimination, but cases of
three-compartment model are also de-
scribed. Their absorption from the gut
varies for tetracycline and oxytetracycline
depending on their binding to bivalent
cations. The results of different studies
evidence that some tetracyclines (tetracy-
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cline and oxytetracycline) are metabolized
in various species, but it is of no signifi-
cance for their elimination. Following
parenteral application, almost 50% or
more of systemic oxytetracycline, tetracy-
cline and doxycycline amounts are ex-
creted with urine. The principal mecha-
nisms of elimination is glomerular filtra-
tion, but the tubular reabsorption is also
possible (Aronson, 1980; Teare et al.,
1985). A biliary excretion via an active
transport is reported (Aronson. 1980). the
biliary concentrations being high because
of the small quantity of bile. It is also con-
sidered that a considerable part of tetracy-
clines are excreted through gut mucosa
under the form of conjugates or stable
complexes that do not influence intestinal
microflora. With this respect, the lowest
influence is that of doxyxycline (Aronson,
1980). The urinary excretion of intrave-
nously applied oxytetracycline between
post treatment hours 2 and 8 was 37.6%,
and biliary one — 2.15% (Dyer, 1989).
The author states that after an hour, the
ratio between biliary and serum concen-
trations was from 41.4 to 60.8. The bio-
logical haif-life in turkeys was 0.73 h.

The pharmacokinetics of oxytetracy-
cline is not dose-dependent (Dorrestein et
al.,, 1991; Greth et al., 1993). Intramuscu-
larly administered oxytetracycline at dose
rates of 16-22 mg/kg ensures therepeutical
levels for 12-24 h in pheasants, owls and
parrots (Teare et al., 1985). In turkeys,
orally administered oxytetracycline in
fasting birds provided up to three-fold
higher blood concentrations compared to
fed birds.

The absorption of doxycycline from
avian gut is the highest compared to that
of other tetracyclines and varies between
25 and 83.7% vs 3.3-10% for others, re-
spectively (Martinez-Larranaga et al.,
1985). Doxycycline metabolites are not
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found out (Santos et al., 1996). Its dispo-
sition is uniform in kidneys, liver, lungs
and muscles in chickens. It persists for a
long time — up to 5 days following a sin-
gle administration (Anadon et al., 1994).
Following intravenous and oral applica-
tion in turkeys, age-dependent differences
in the pharmacokinetics are observed
(Santos et al., 1996). The absorption rate
depends also on the nutrition. A consid-
erable higher bioavailability was observed
in fasting turkeys compared to those, fed
prior to the treatment (Santos et al., 1996).
The same relationship, although in a lesser
extent, is reported in chickens (Laczay et
al., 2001). Doxycycline persisted for a
long time in the blood of vultures follow-
ing intramuscular and subcutaneous appli-
cation with biological half-life within
58.9-85.9 h (Greth et al., 1993). In do-
mestic pigeons, the antibiotic provided
therapeutical concentrations for 148 h
after a single injection of 75 mg/kg (Dor-
restein et al., 1981).

A faster elimination of doxycycline
was observed in doves compared to pi-
geons, explained by the lower body
weight and the higher level of basic me-
tabolism (Dorrestein et al., 1990). The
authors suggest that inter-species differ-
ences in the pharmacokinetics of tetracy-
cline antibiotics are determined by vari-
ances in their renal, biliary and gastroin-
testinal excretion, by the various degree
of binding to blood and tissue proteins as
well as by their disposition. Most proba-
bly, rolytetracycline is the only drug,
where those differences are significantly
dependent to metabolism. Those features
of tetracyclines determine their wide and
continuous application in birds.

AMINOGLYCOSIDES

The pharmacokinetics of aminoglycoside
antibiotics in both mammals and birds is
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usually studied following parenteral appli-
cation because of their poor absorption in
the gut. After intravenous administration,
they show a first order pharmacokinetics
and most commonly, a two-compartment
model of disposition and elimination, as
evidenced by the profile of serum con-
centration curves. They are poorly bound
to serum proteins except for streptomycin
and their disposition is limited to within
the extracellular fluid (Baggot et al., 1981,
Kosters et al., 1984; Brown and Riviere,
1991). Thus, all aminoglycosides have a
low volume of distribution and lower tis-
sue concentrations compared to serum
ones. The elimination occurs by glomeru-
lar filtration. An accumulation and pro-
longed persistence in the renal cortex are
observed (Baggot et al., 1981). Consider-
ing that the glomerular filtration in birds is
twice lower compared to that in mammals
and that the pharmacokinetics of gentami-
cin is comparable to that in mammals
following intravenous adminsitration, it
could be presumed that tubular reabsorp-
tion in birds is of little significane (Dor-
restein et al., 1984).

There are numerous reports from
comparative studies in birds, treated with
aminoglycosides, with gentamicin and
amikacin being most widely studied espe-
cially in exotic birds (Table 3).

The intramuscular and intravenous
adminsitration of gentamicin at doses of
5—-10 mg/kg in various avian species (par-
rots, chickens, hawks, owls, eagles, tur-
keys) is not related to significant pharma-
cokinetic differences. An one-compart-
ment or two-compartment models of dis-
position and elimination depending on the
route of application are determined. The
biological half-life is from 0.5 to 2.46 h,
being longer in heavier species. The bio-
availability following intramuscular appli-
cation is almost 100% (Bird et al., 1983;



Table 3. Selected pharmacokinetic parameters of aminoglycosides in birds

S Route of Dosage Parameters
o | Antibiotic Species | adminis- (mgsgfg) tyg(h) | Vdarea Cly Tmax Cmax F Reference
tration (I7kg) (Vkg/h) (h) (ng/ml) (%)
Parrots i.m. 5 0.53-1.18
3 iv. 5 3.38 0.23 0.46 Pedersoli et
ke im. 5 062 207 95 | al., 1990
53, Hawks iv. 10 135 0.24 0.125 ;
Gentacin. F St iv. 10 1.93 0.23 0.085 '13;’;3“ al,
Eagles v, 10 2.46 021 0.061
i, 5 2.57 0.19 0.050 Pedersoli et
ey 5.0, 5 081 2882 | 102 ] al. 1990
LV, 10 0.90 0.18 0.142 Gronwell et
AR s im. 15 1.29 106 | al., 1989
g o iv. 10 1.44 0.23 0.109 El Gamal ot
N im. 20 91 | al., 1992
Apramycin Chicken LV 10 1.67 0.078 0.182 Lashev, 1998

ti2p = biological half-life; Vdarea = apparent volume of distribution; Cl = total body clearance ; Cmax = maximum serum concentrations ; Tmax =
time for Cmax; F (%)= bioavailability.

Table 4. Selected pharmacokinetic parameters of oleandomycin in birds

Route of adminis- | Do =
5 oute of adminis- sage a Tmax C F
Species . s (h) Vdarea B max Reference
7 e (mg/kg) (/kg) (Vkg/h) (h) (ugm) | %)
iv. 10 2.38 153 86.0
Pigeons ;‘; 20 570 Lashev, 1986
LV. 10 1.35-2.66 | 4.44-9.98 | 54.18-79.7 -
Chicken 167 21.60- | Lashev, 1986
po. 2040 ¥ wn
2 L. 15 347 17.26 5723
é Ducks . 20 3770 Lashev, 1986
: i, 15 | 1.76-191 | 6.78 57.35 .
“: Muscducks. :: e 135 330 5028 Haritova,
Z | apanese quail -1 i+ 7 | 5% | 2™

1,24 = biological half-life; Vdarea = apparent volume of distribution; Cl = total body clearance ; Cmax = maximum serum concentrations ; Tmax =
time for Cmax: F (%) = bioavailability.
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Pedersoli et al., 1989; Itoh, 1993). The
pharmacokinetics of amikacin after intra-
venous and intramuscular adminsitration
to parrots and chickens is similar to that of
gentamicin (Gronwall et al., 1989; Peder-
soli et al. 1990; EI-Gammal et al., 1992;
Ramsay and Vulliet, 1993).

Tobramycin is characterized with a
short stay in pigeons following intrave-
nous and intramuscular application with
biological half-life from 0.82 to 1.44 h
and lower bioavailability following intra-
muscular application — 54%. The dispo-
sition of this antibiotic is the same as in
other aminoglycosides (Dimirova et al.,
1998).

When the intramuscular adminstration
of aminoglycosides is indicated, their high
nephrotoxicity, especially in diseased
birds with a limited glomerular filtration,
have to be considered.

MACROLIDES

Data about macrolides are relatively few
with the exception of tylosin. This group
is characterized by a high degree of distri-
bution and high tissue concentrations.
Inter-species differences are reported for
tylosin (Locke et al., 1982), that is the
most commonly used. Following an in-
tramuscular application of tylosin in
quails, pigeons, cranes and emus, it is
observed that smaller birds have a signifi-
cant shorter elimination half-life and that
the peak concentrations were higher. Ac-
cording to the authors, there is a positive
correlation between body mass and the
elimination half-life of tylosin. The rela-
tively delayed metabolism in big emus are
the cause for the longer period of elimina-
tion. The bioavailability following oral
application in chickens is 23.5% and the
biological half-life after intravenous ap-
plication — 0.99 h. The relationship be-
tween body weight and the elimination
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half-life reflects upon the dosage of ty-
losin in various avian species. As a rule,
the dose of 20 mg/kg applied intramuscu-
larly, ensures therapeutical concentrations
for 24 h. The usual dose for oral adminsi-
tration is 100 mg/kg.

The intravenously administered olean-
domycin at doses between 10 and 30
mg/kg showed a rapid distribution rate in
pigeons, chickens, musk ducks and Japa-
nese quails. The biological half-life ranges
from 1.25 h (Japanese quail) to 4.85 h
(musk ducks). The bioavailability fol-
lowing intravenous administration is 22-
57% (Lashev et al., 1999) (Table 4).

The oral application of 50 mg/kg
erythromycin as well as the subcutaneous
injection of 10 mg/kg in chickens showed
a persistence not longer than 6 h because
of the rapid elimination. The biological
half-life is 0.67 h and the bioavailability -
3.17% and 14% following oral and sub-
cutaneous  administration  respectively
(Moutafchieva, 1988: 1992b).

The semi-synthetic macrolide antibi-
otic tilmicosin is interesting, but the data
abour its pharmacokinetics are very insuf-
ficient. Its intracellular penetration is re-
sponsible for its prolonged elimination
(Shryock and Scorneaux, 1997).

It could be stated that the data from
comparative studies upon macrolides are
limited. but allow to make conclusions
with regard to the variability of gut ab-
sorption, the high tissue distribution rate
and high tissue concentrations in treated
birds and the rapid elimination rate, that is
allometrically dependent on body weight
similarly to other drugs.

FLUOROQUINOLONES

Fluoroquinolones are a relatively new
groups of synthetic substances with a
strong antibacterial activity performed by
minor concentrations against a broad
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spectrum of microorganisms, including
those, resistant to the majority of other
antimicrobial agents. They resemble in
both structure and mechanism of action to
nalidixic and oxolinic acids — the first
applied representatives of this group
(Brown, 1996). Considering that fluro-
quinolones are a relatively new group of
antibacterial compounds the studies refer-
ring to them are mainly from the last dec-
ade and despite the intensive research, the
data for their application in veterinary
medicine are still incomplete. The publi-
cations are from studies upon the com-
monest quinolones, used in birds: enro-
floxacin (Dorrestein and Verburg, 1988;
Chen et al., 1994; Anadén et al., 1995;
Bailey et al., 1997; Garcia et al., 1999;
Waxmann, 2000), ciprofloxacin (Garcia et
al., 1999, Ata and Sharif, 1997), pefloxa-
cin (Moutafchieva, 1997), sarafloxacin,
enoxacin, danofloxacin (Knoll et al.,
1999), ofloxacin (Liu and Fung, 1997),
difloxacin (Van Den Hoven, 2000),
fleroxacin (Martinez-Larranaga et al.,
2000), marbofloxacin (Martinez-
Larranaga et al., 1997; Diaz et al., 2000),
norfloxacin (Anadén et al., 1992). The
dosages are between 2 and 10 mg/kg.
Aside from domestic birds (chicken, tur-
key, pigeon), the pharmacokinetics of
fluroquinolones is studied in ostriches,
hawks, owls, vultures (Table 5). The pre-
ferred dose for oral application is 5-10
mg/kg. The pharmacokinetic behaviour of
the various representatives is similar, dif-
fering mainly in the elimination rates. Af-
ter an intravenous administration they
display a two-compartment model of dis-
tribution and elimination. Their tissue
disposition is uniform. The biological
half-lifes of all studied compounds varies
from 1 h (ostriches) to 7 h (vultures), the
commonest values being 3-6 h. The vol-
ume of disribution (Vd,.,) is most fre-
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quently close to 1 I/kg but values of 2 I/kg
and higher are also reported (Chen et al.,
1994). The absorption of fluroquinolones
from the gut is different. The bioavail-
ability in chickens varies from 57% (nor-
floxacin) to 100% (ofloxacin) (Liu and
Fung, 1997). The achievement of peak
concentrations following both intramus-
cular and oral application comes about
relatively rapidly — between 42 min for
norfloxacin in turkeys and ciporfloxacin
in chickens and 3.5 h for enrofloxacin in
chickens. No significant inter-species
variance in absorption rate and degree
(the latter being 100%) is reported (Lavy
et al,, 1994; Knoll et al., 1999). In the
organism, fluoroquinolones undergo a
partial metabolism via oxidation and
binding to glucuronic acid (Anadon et al.,
1992). The elimination occurs mainly via
glomerular filtration (Wolfson abnd
Hooper, 1991). After the application of
cited doses, fluroquinolones ensure
therapeutical concentrations for more than
24 h depending on the sensitivity of mi-
crobial agents.

The variances in the pharmacokinetics
of antibacterial drugs in the representative
of the Aves class could be anticipated in
connection with the evolutionary deter-
mined interspecies biological differences
and especially those among the higher
rank taxonomic entities — genera, families,
divisions etc. The species-related features,
generated within the course of evolution,
based on individual genotypic differences
and those among the genofunds of the
various populations, determine to a great
extent the reaction of living organisms
towards definite pharmacological sub-
stances and namely, the variability in the

degree of response and in pharmacoki-
netic parameters.
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Table 5. Selected pharmacokinetic parameters of fluoroquinolones in birds

? Route of Dosage Parameters
Quinolone Species adn?inis- (mi/ks) tiag (h) Vdarea Clg Tmax Cmax F Reference
tration (I/kg) (I/kg/h) (h) (ug/ml) (%)
; 5.57- 1.77-
LY. 5-10 2.48-10.
i 1029 | 431 3 Knoll et al.,
; 1.88- | 57- 1999
.0. 5-10 %
P 1.5-1.64 2 44 39
: 3.32- 1.37-
iv. 5-10 0.27 3
Enrofloxacin Pigeons 3.67 147 on;sstgm et
201- 87— -
p.o. 5-10 2.51-2.86 362 92
v ; Waxman et
Ostriches i.v. 5 1.0 53 al., 2000
: 6.55— Bailey et al.,
Vultures iv. 5 713 1997
Cliiken i.v. 8 799 3.14 0.36 Anadén et
Norfloxacin po 8 0.3 195 57 | al, 1992
Toirieve iv. 10 1.6 6.89 0.56 Gilkarov &
. p.o. 40 0.75 0.88 390 | Ziv, 1994
iv. 2 5.26 1.33 0.17 2 Martinez-La-
Marbofloxacin Chicken ranaga et al.,
p.o. 2 9.9 129 1997
: 6.62—
Danofloxacin Chicken L 2 6.73 il 1 !1(;90;1 et al,
p-0. 5 1D 0.47 99.2
3 : iv. 10 323 2.28 0.475 Moutafchi-
Pefloxacin Chicken Do, 0 6.68 066 T84 734 | eva, 1997
Difloxacin Chicken i.v. S 2.30 2.91 0.878 Van den
Turkeys i.v. 5 2.20 5.19 1.687 Hoven, 2000

ti2p = biological half-life; Vdarea = apparent yolume of distribution; Cly = total body clearance ; Cmax = maximum serum concentrations ;
Tmax = time for Cmax; F(%)= bioavailability.
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At the same time, it is known that the
variability of pharmacokinetic parameters
among individuals could be due to factors,
different from those, that are determined
by the genotype, such as the physiologui-
cal condition, the functional status of
nervous system, the actual immune status,
the housing and feeding of birds etc. The
answer to the question about the geno-
type-determined differences in the be-
haviour of drugs could partly be obtained
by studies upon inbred anmimals. In this
case, the interpretation of results has to be
done from two points of view. The first is
related to the use of inbred animals, where
the high degree of homozygosity, result-
ing from the inbreeding, guarantees
greatly the similarity in the respoonse of
individuals to the studied drug. The high
degree of homozygosity in inbred animals
would give a result that could be accepted
as true only for the respective inbred
population. Therefore, the interpretation
of the results from the treatment could not
be valid for the species in general. The
second aspect of the species-specific re-
sponse of experimental biological subjects
to drugs is related to the fact that such
pharmacological studies have to be per-
formed on groups of non-inbred animals,
representative of a given species, that are
as larger as possible. Thus, the individual
responses of heterogenic genotypes would
be detected and this would result in a big-
ger variability in the data from the study
and consequently, would guarantee the
formation of a clearer and more confident
idea for the response of the species as a
whole as well as for the inter-species dif-
ferences in the pharmacokinetics of stud-
ied drugs.

The comparison of results from nu-
merous pharmacokinetic studies upon
antibacterial drugs, antibiotics, sulphona-
mides, fluoroquinolones and pyrimidine
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derivatives in various avian species indi-
cates a similar pharmacokinetics of drugs
with a comparable chemical structure. The
inter-species differences are significantly
less than those, shown in mammals. They
could be due to the specific chemical
structure that determines the systemic
response after the administration of the
substance and at a higher extent, to spe-
cies-related particularities. A further role
could be attributed to the significance of
the different body weight in various spe-
cies for the intensity of metabolism
(Kirkwood, 1983a; 1983b, Kirkwood and
Widdowsson, 1990; Kirkwood and Mer-
riam, 1990).

REFERENCES

Anadén, A., 1999. Bioavailability in
birds: Physiological basis and clinical
consequences. In: Materials of the
Training Workshop on Pharmacoki-
netics, 6-10™ September, Toulouse,
France.

Anadon, A., M. R. Martinez-Laranaga, C.
Velez, M. Diaz and P. Bringas, 1992.
Pharmacokinetics of norfloxacin and
its N-desethyl- and oxo-metabolites in
broiler chickens. American Journal of
Veterinary Research, 53, No 11,
2084-2089.

Anadon, A., M. R. Martinez-Laranaga, M.
J. Diaz, P. Bringas, M. C. Fernandez.
M. L. Fernandez-Cruz, J. Iturbe and
M. A. Martinez, 1994. Pharmacoki-
netics of doxycycline in broiler chick-
ens. Avian diseases, 23, 79-9().

Anadén. A., M. R. Martinez-Laranaga, M.
J. Diaz, P. Bringas, M A. Martinez, M.
L. Fernandez-Cruz, M. C. Fernandez
and R. Fernandez, 1995. Pharmacoki-
netics and residues of enrofloxacin in
chikens. American Journal of Veteri-
nary Research 56, No 4, 501-505.

BJVM, 5, No 4



Aronson, A., 1980. Pharmacokinetics of
the newer tetracyclines. Journal of the
American Veterinary Medical Asso-
ciation, 176, No 10, 1061-1068.

Atta, A. H. and L. Sharif, 1997. Pharma-
cokinetics of ciprofloxacin following
intravenous and oral administration in
broiler chickens. Journal of Veterinary
Pharmacology and Therapeutics, 20,
326-329.

Baggot, J. D., N. Daria. N. Love. J. Rose
and J. Raus, 1981. The pharmacoki-
netics of some aminoglicoside antibi-
otics in the horse. Journal of Veteri-
nary Pharmacology and Therapeutics,
4,277-284.

Bailey. T., R. Sheen, J. Samour, A. Gar-
ner and D. Harron, 1997. Pharmacoki-
netics of enrofloxacin after intrave-
nous, intramuscular and oral adminis-
ration to houbara bustards (Chlamy-
dotis undulata macqueenii). In: Pro-
ceedings of the 7th Congress of the
European Association for Veterinary
Pharmacology and Toxicology, eds A.
Anadén & Q. MacKellar, Blackwell
Scientific ~ Publications, = Madrid,

204-205.

Bird, J. E., K. Miller, A. Larson and G.
Duke,1983. Pharmacokinetics of gen-
tamicin in birds of prey. American
Journal of Veterinary Research, 44,
No 7, 1245-1247.

Brown, S. A., 1996. Fluoroquinolonnes in
animal health. Journal of Veterinary
Pharmacology and Therapeutics, 19,
1-14.

Brown, S. and E. Riviere, 1991. Com-
parative pharmacokinetics of amino-
glycoside antibiotics. Journal of Vet-
erinary Pharmacology and Therapeu-
tics, 14, 1-35.

Bush, M., D. Locke, L. A. Neal and J. W.

BIJVM, 5, No 4

L. Lashev and §S. Tanchev

Carpenter, 1981. Pharmacokinetics of
cephalotin and cephalexin in selected
avian species. American Journal of
Veterinary Research. 42, No 6,
1014-1017.

Bush. M., L. A. Neal and R. S. Custer,
1979. Preliminary pharmacokinetic
studies of selected antibiotics in birds.
American  Association of  Zoo-
Veterinarians. Annual Proceedings,
45-48.

Carceles, C., E. Escudero, J. M. Serrano
and J. D. Baggot, 1994. Pharmacoki-
netics of amoxycillin-clavulanic acid
after intravenous administration to tur-
keys, chickens and pigeons. In: Pro-
ceedings of the 6th Congress of the
European Association for Veterinary
Pharmacology and Toxicology, eds A.
Aronson & Q. MacKellar, Blackwell
Scientific  Publications, Edinburg,
204-205.

Chaleva, A., 1978. Some investigations on
the pharmacokinetics of ampicillin in
farm mammals and birds. PhD thesis,
Faculty of Veterinary Medicine. Sofia
(Bg).

Chen, Z., K. F. Fung, B. Fang and Y.
Song, 1994. Antimicrobial and phar-
macokinetic studies of fluoroquinolons
in chickens. In: Proceedings of the 6th
Congress of the European Association
for Veterinary Pharmacology and
Toxicology. eds A. Aronson & Q.
MacKellar, Blackwell Scientific Pub-
lications, Edinburg, 209-210.

Dagorn, M., G. Moulin, M. Laurentie and
J. M. Delmas. 1991, Plasma and lung
pharmacokinetics of trimethoprim and
sulpadiazine combinations adminis-
tered to broilers. Acta Veterinaria
Scandinavica, 87 suppl., 273-275.

Diaz, M., M. Tafur, M. Martinez, M.
Frejo, M. Martinez-Larranaga and A.

221



Characteristics of pharmacokinetics of antibacterial drugs in birds: a review

Anadon, 2000. Pharmacokinetics of
danofloxacin and marbofloxacin after
oral dose in chickens. In: Proceedings
of the 8th Congress of the European
Association for Veterinary Pharma-
cology and Toxicology, eds S. Sobak
& Q. McKellar, Blackwell Scientific
Publications, Jerusalem, NB18.

Dimitrova, D., D. Dimitrov and V.
Semerdjiev, 1997. Pharmacokinetic
investigation of izoxazolylpenicillin
cloxacillin after intravenous and
intramiscular administration to hens
and cocks. Farmazia, 19, No 3-4,
23-25 (Bg).

Dimitrova, D., L. Lashev, and P. Niki-
forov, 1998. Pharmacokinetics of to-
bramycin following intravenous and
intramuscular administration in hom-
ing pigeons (Columba livia). Folia
medica, 40, Supplement, 2A/98,
32-33.

Dimitrova, D., 1999. Pharmacokinetic
investigation of flucloxacillin after
intravenous and intramiscular
administration to hens and cocks. In:
Current Trends in the Development of
Fundamental and Applied Sciences,
Scientific and Technical Union.Satra
Zagora, 1, 350-353.

Dorrestein, G. M., H. van Gogh and J.
Rinzema, 1984. Pharmacokinetic as-
pects of penicillins, aminoglycosides
and chloramphenicol in birds com-
pared to mammals. A review. Veteri-
nary Quarterly, 6, No 4, 216-224.

Dorrestein, G. and E. Verburg, 1988.
Pharmacokinetics of enrofloxacin in
homing pigeons after different admini-
stration routes. In: Proceedings of the
4th Congress of the European Asso-
ciation for Veterinary Pharmacology
and Toxicology, eds F. Simon, Uni-
versity of Veterinary Science, Buda-

222

pest. vl 172,

Dorrestein, G., J. Bruijne and A. Vulto,
1991. Bioavailability of doxycycline
injectables in pigeons. American
Journal of Veterinary Research,
Suppl. 87, 291-292.

Dorrestein, G., J. Weling and N. Haag-
sma, 1990. Pharmacokinetic differ-
ences for doxycycline between racing
pigeons (Columba livia) and collared
doves (Streptopelia decaocto) and the
effect of a Salmonella infection. In:
VII Tagung der Fachgruppe "Ge-
fligelkrankheiten" in Verbindung dem
Institut fir Gefliigelkrankheiten der
Ludvig-Maximilians-Universitet,
Miinchen, 132-143.

Dorrestein, G., H. van Gogh, J. D. Rin-
zema and M. N. Buitelaar, 1987.
Comparative study of ampicillin and
amoxycillin after intravenous, intra-
muscular and oral administration in
homing pigeos (Columba livia). Re-
search in Veterinary Science, 42,
343-348.

Dyer, D. C., 1989. Pharmacokinetics of
oxytetracycline in the turkey: Evalua-
tion of biliary and urinary excretion.
American Journal of Veterinary Re-
search, 50, No 4, 522-524.

El Sayed, M., M. L. Abdel Aziz and H.
M. Kholy, 1995. Kinetic behaviour of
sulphaquinoxaline and amprolium in
chickens. Deutsche Tierditzliche Wos-
chenschrift, 102, 481-485.

El-Gammal, A. A., W. R. Ravis, I. M.
Krista, D. S. Tolber and A. Saad.
1992. Pharmacokinetics and intramus-
cular bioavailability of amikacin in
chickens following single and multiple
dosing. Journal of Veterinary Phar-
macology and  Therapeutics, 15,
133-142.

BJVM, 5, No 4



Engeli, J., J-L. Riond J. and M. Wanner,
1993. Pharmacokinetics of aditoprim
in turkeys after intravenous and oral
administration. Poultry Science, 72,
979-983.

Garcia, Ovando H.. N. Gorla, C. Luders,
G. Poloni,C. Errecalde, G.Prieto and 1.
Puelles, 1999. Comparative pharma-
cokinetics of enrofloxacin and cipro-
floxacin in chickens. Journal of Vet-
erinary Pharmacology and Therapeu-
tics, 22, 209-212.

Geertsma, M. F..JJ. F. M. Nouws, J. L.
Grondel , M. M. L. Aerts , T. B. Vree
and C. A. Kan, 1987. Residues of sul-
phadimidine and its metabolites in
eggs following oral sulphadimidine
medication of hens. Veterinary Quar-
terly, 9. No 1, 67-75.

Gilkarov, A. and G. Ziv, 1994. Some
pharmacokinetic features of norfloxa-
cin nicotinate in turkeys. In: Proceed-
ings of the 6th Congress of the Euro-
pean Association for Veterinary Phar-
macology and Toxicology, eds A. Ar-
onson & Q. MacKellar, Blackwell
Scientific Publications, Edinburg, 235.

Greth, A., H. Gerlach, H. Gerbermann, M.
Vassrt and P. Richez, 1993. Pharma-
cokinetics of doxycycline after paren-
teral administration in the Houbara
Bustard (Chlamydotis  undulata).
Avian Diseases, 37, 31-36.

Gronwall, R., M. P. Brown and C. Susan,
1989, Pharmacokinetics of amikacin in
African gray parrots. American Jour-
nal of Veterinary Research, 50, No 20,
250-253.

Haritova, A., 2001. Pharmacokinetics of
some antibiotics after solely admini-
stration and after pretreatment with
drugs, showing anti-inflammatory ef-
fect in mammals and birds. PhD thesis,

BIVM, 5, No 4

L. Lashev and S. Tanchev

Trakia University (Bg).

Itoh, N. and H. Okada, 1993. Pharmaco-
kinetics and potential use of gentami-
cin in Budgerigars (Melopsittacus un-
dulatus). Journal of Veterinary Medi-
cine A, 40, 194-199.

Kirkwood, J. K., 1983a. Dosing exotic
species. Veterinary Record, 112,
486—-487.

Kirkwood, J. K., 1983b. Influence of body
size in animals on health and disease.

Veterinary Record, 113, 287-290.

Kirkwood, J. K. and J. Merriam, 1990.
Variation of plasma half-life of genta-
micin between species in relation to
bodyweight and taxonomy. Research
in Veterinary Science, 49, 160—165.

Kirkwood, J. K. and M. A. Widdowson,
1990. Interspecies variations in the
plasma half-life of oxytetracycline in
relation to bodyweight. Research in
Veterinary Science, 48, 180-183.

Knoll, U., G. Glunder and M. Kietzmann,
1999. Comparative study of the
plasma pharmacokinetics and tissue
concentrations of danofloxacin and en-
rofloxacin in broiler chickens. Journal
of Veterinary Pharmacology and
Therapeutics, 22, 239-246.

Kosters, J., S. Sabrautzki and J. R. Ja-
coby, 1984. Das pharmakokinetische
Verhalten von Gentamycin bei der ge-
sunden und Salmonellose erkrankten
Taube. Der praktische Tierarzt, 4,

673-676.

Laczay, P., G. Semjen, J. Lehel, and G.
Nagy, 2001, Pharmacokinetics and
bioavailability of doxycycline in fasted
and nonfasted broiler chickens. Acta
Veterinaria Hungarica, 49, No |,
31-37.

Lashev, L., 1986. Amoxycillin. Pharma-
cokinetic investigations with birds.

223



Characteristics of pharmacokinetics of antibacterial drugs in birds: a review

Veterinary Sciences (Sofia), 2, 65-70
(Bg).

Lashev, L., 1987. Species specific differ-
ences in the absorption. distribution
and elimination of amoxicillin from
different dosage forms for farm animal
species. PhD thesis, Trakia University,
(Bg).

Lashev, L. and R. Mihailov, 1995. Phar-
macokinetics of ampicillin and sul-
phadimidine in four bird species: in-
terspecies and sex related variations.
Veterinarski Arhiv, 3, 101-107.

Lashev, L., 1998. Influence of some
factors on the active concentrations of
chemotherapeutics in mammals and
birds. Thesis, Trakia University (Bg).

Lashev, L., 2000. Age-related differences
in phenoxymethylpenicillin pharmaco-
kinetics in chickens following oral ap-
plication. Bulgarian Journal of Vet-
erinary Medicine, 3, No 2-3, 89-94,

Lashev, L., D. Dimitrova and V. Lasheva.
1999. Pharmacokinetics of oleando-
mycin in birds. Current Trends in the
Development of Fundamental and Ap-
plied Sciences, Scientific and Techni-
cal Union, Stara Zagora, 1, Stara
Zagora, 378-381 (Bg).

Lavy, E., G. Ziv and A. Glickman, 1994.
Pharmacokinetics of norfloxacin in the
donkey (Equus asinus). In: Proceed-
ings of the 6th Congress of the Euro-
pean Association for Veterinary Phar-
macology and Toxicology, eds A. Ar-
onson & Q. MacKellar, Blackwell
Scientific ~ Publications.  Edinburg,
52-53.

Liu, Y. and K. Fung, 1997. Pharmacoki-
netic studies of ofloxacin in healthy
and diseased chickens infected with
Mycoplasma gallinarum and E. coli.
In: Proceedings of the 7th Congress of

224

the European Association for Veteri-
nary Pharmacology and Toxicology.
eds A. Aronson & Q. MacKellar,
Blackwell Scientific Publications, Ma-
drid, 200.

Locke, D.. M. Bush and J. M. Carpenter,
1982. Pharmacokinetics and tissue
concentrations of tylosin in selected
avian species. American Journal of
Veterinary Research, 43, 1807—1810.

Losher, W., C. P. Fassbender, M.
Weissing and M. Kietzmann, 1990.
Drug plasma levels following admini-
stration of trimethoprim and sul-
phonamide combinatins to broilers.
Journal of Veterinary Pharmacology
and Therapeutics, 13, 309-319.

Martinez-Larranaga, M. R., A. Anadon,
M. J. Diaz and F. Sanz, 1985. Ab-
sorption of oral tetracycline in chick-
ens. In: Proceedings of the 3rd Con-
gress of European Association for
Veterinary Pharmacology and Toxi-
cology, Ed. M. Debakere, Ghent, 93.

Martinez-Larranaga, M. R., M. J. Diaz,
M. L. Fernandez-Cruz, M. T. Frejo, R.
Fernandez, M. L. Fernandez, B. Sevil
and A. Anadon, 1997. Pharmacoki-
netics of marbofloxacin in broiler
chickens after intravenous administra-
tion. In: Proceedings of the 7th Con-
gress of the European Association for
Veterinary Pharmacology and Toxi-
cology, eds A. Aronson & Q. McKel-
lar, Blackwell Scientific Publications,
Madrid, 197.

Martinez-Larranaga, M., M. Anton, M.
Diaz, M. Martinez, M. Rejo, M. Tafur
and A. Anadon. 2000. Lung tissue lev-
els and plasma pharmacokinetics of
fleroxacin after oral dose in chickens.
In: Proceedings of the 8th Congress of
the European Association for Veteri-
nary Pharmacology and Toxicology,

BIJVM, 5, No 4



eds S. Soback & Q. McKellar, Black-
well Scientific Publications, Jerusa-
lem, NB 27.

Mattie, H. and P. L. Meenhorst, 1979.
Clinical pharmacological evaluation of
aminopenicillins. Infection, 5, Sup-
plement, 456—456.

Moutafchieva, R., 1988. Effect of some
nutritive antibiotics on pharmacoki-
netics of erythromycin in chickens.
Veterinarna sbirka, Ne 9-10, 23-26
(Bg).

Moutafchieva, R., 1992a. Effect of vita-
mycin on the pharmacokinetics of
some aminopenicillin antibiotics in
chickens. Veterinary Science (Sofia),
4,28-35 (Bg).

Moutafchieva, R., 1992b. Effect of fla-
vophospholipol on the pharmacoki-
netics of some macrolide antibiotics
in chickens. Veterinary Science
(Sofia), 4, 36—43 (Bg).

Moutafchieva, R., 1997. Pharmacokinet-
ics of pefloxacin in pigeons (Columba
livia). In: Proceedings of the 7th Con-
gress of the European Association for
Veterinary Pharmacology and Toxi-
cology, eds A. Aronson & Q. McKel-
lar, Blackwell Scientific Publications,
Madrid, 208.

Nouws, J. F. M., T. B. Vree, H. J. Breu-
kink, A. S. J. P. A. M. van Miert and J.
Grondel, 1985. Pharmacokinetics, hy-
droxylation and acetylation of sul-
phadimidine in men, ruminants,
horses, pigs and fish. In: Proceedings
of the 3rd Congress of European As-
sociation for Veterinary Pharmacology
and Toxicology, ed M. Debakere,
Ghent, 157.

Nouws, J. F. M., V. T. van Ginneken, J.
L. Grondel and M. Degen, 1993.
Pharmacokinetics of sulphadiazine and

BIVM, 5, No 4

L. Lashev and S. Tanchev

trimethoptim in carp (Cyprinus caprio
L.) acclimated at two different tem-
peratures, Journal of Veterinary
Pharmacology and Therapeutics, 16,
110-113.

Pashov, D., 1983. Investigations on the
pharmacokinetics of sulphadimidine
and trimethoprim after simultaneous
administration to broiler chickens. In:
Proceedings of the  Scientific
Conference on Veterinary Pharmaco-
logy, Pharmacotherapy and Pharmaco-
stimulation of Farm Animals. Stara
Zagora, Bulgaria, 32-36 (Bg).

Pashov, D. and R. Moutafchieva, 1992.
Studies on the pharmacokinetics and
residual substances of sulphadoxin and
trimethoprim simultaneously adminis-
tered into broiler chickens. Veterinary
Science (Sofia), 4, 58—64 (Bg).

Pedersoli, W., W. Ravis, D. Askins, L.
Krista, J. Spano, J. Whitesides and D.
Tolbert, 1989. Pharmacokinetics of
single-dose of gentamicin given intra-
venously and intramuscularly to tur-
keys. Journal of Veterinary Pharma-
cology and  Therapeutics, 12,
124-132.

Pedersoli, W., W. Ravis, D. Askins, L.
Krista, J. Spano, J. Whitesides and D.
Tolbert, 1990. Pharmacokinetics of
single-dose intravenous or intramus-
cular administration of gentamicin in
roosters. American Journal of Veteri-
nary Research, 51, No 2, 286-289.

Ramsay, E. and R. Vulliet, 1993. Pharma-
cokinetics of gentamicin and amikacin
in the cockatiel. Avian diseases, 37,
628—634.

Romvary, A. and M. Horvay, 1976. On
the pharmacokinetics of sulphona-
mide-trimethoprim combination orally
administered to geese. Acta Veteri-

225



Characteristics of pharmacokinetics of antibacterial drugs in birds: a review

naria Academiae Scientiarium Hun-
garicae, 26, No 2, 173-182.

Santos, M. D. F., H. Vermeersch, J. Re-
mon, M. Schekens, P. De Backer, H. J.
Ven Bree, H. J. Ducatelle and F. Hae-
sebrouck, 1996. Pharmacokinetics and
bioavailability of doxycycline in tur-
keys. Journal of Veterinary Pharma-
cology and  Therapeutics, 19,
274-280.

Shryock, T. R. and B. Scorneaux, 1997.
Intracellular accumulation, subcellular
dustribution, and efflux of tilmicosin
in chicken phagocytes. In: Proceedings
of the 7th Congress of the European
Association for Veterinary Pharma-
cology and Toxicology, Madrid, 1997,
147-148.

Soenens, J., H. Vermeersch, K. Baert, B.
Vermeulen, H. Nelis, P. Butaye, P. De
Herdt, J. Remon and P. De Backer,
1998. Pharmacokinetics and efficacy
of amoxycillin in the treatment of an
experimental Streptoccocus bovis in-
fection in racing pigeons (Columba
livia). The Veterinary Journal, 156,
59-65.

Teare, J., W. Schwrk, S. Shin and D. Gra-
ham, 1985. Pharmacokinetics of a long
acting oxytetracycline preparation in
ring-necked pheasants, great horned
owls, and Amazon parrots. American
Journal of Veterinary Research, 46,
No 12, 2639-2643.

Van den Hoven, R., 2000. Some pharma-
cokinetic parameters of intravenously
injected difloxacin in cattle, swine,
dogs and poultry. In: Proceedings of
the 8th Congress of the European As-
sociation for Veterinary Pharmacology
and Toxicology, eds S. Soback & Q.
McKellar, Blackwell Scientific Publi-
cations, Jerusalem, NB 48,

226

Van Ginneken, V. J. Th., J. F. M. Nouws,
J. L.Grondel. F. Driessens and M. De-
gen, 1991. Pharmacokinetics of sul-
phadimidine in carp (Cyprinus carpio
L.) and rainbow trouth (Salmo gaird-
neri Richardson) acclimated at two
different temperature levels. Veteri-
nary Quarterly, 13, No 2, 89-96.

Vant Klooster, G. A. E, F. M. A.
Woutersen-van  Nijnanten, B. I
Blaanboer, J. Noordhoek and A. S. J.
P. A. M. van Miert, 1992. Biotrans-
formation of xenobiotics in cultured
rat, goat, sheep and cattle hepatocytes.
In: Drug Metabolism in Ruminants.
An in vitro Approach. 1992, Thesis,
University of Utrecht, Faculty of Vet-
erinary Medicine, 109-122.

Vree, T. B., Y. A. Hexter and J. F. M.
Nouws, 1985a. Comparative pharma-
cokinetic studies of sulphonamides in
different species. In: Proceedings of
the 3rd Congress of European Asso-
ciation for Veterinary Pharmacology
and Toxicology. ed M. Debakere.
Ghent, 79.

Vree, T. B., Y. A. Hexter and M. W. Ti-
jhuis, 1985b. Pharmacokinetics of
Sulphonamides in Animals. In: Phar-
macokinetics of Sulphonamides Re-
visited 1985b, eds Y. A. Hexter and T.
B. Vree, Karger, Basel, Munchen,
Paris, 130—168.

Waxman, S., 2000. Pharmacokinetic be-
haviour of enrofloxacin in domestic
ostrches (Struthio camelus). In: Pro-
ceedings of the 8th Congress of the
European Association for Veterinary
Pharmacology and Toxicology. eds S.
Soback & Q. McKellar, Blackwell
Scientific Publications, Jerusalem, NB
36.

Williams, R. B., D. A. Farebrother and V.
S. Latter, 1995. Coccidiosis: a radio-

BJVM, 5, No 4



L. Lashev and S. Tanchev

logical study of sulphaquinoxaline Wolfson, J. and C. Hooper, 1991. Phar-
distribution in infected and uninfected macokinetics of quinolones newer as-
chickens. Journal of Veterinary pects. European Jowrnal of Clinical
Pharmacology and Therapeutics, 18, Microbiology and Infectious Diseases,
172-179. 10, 267-274.

Wise. R., A. P. Gillett, B.Cadge, S. R.
Durham and S. Baker, 1980. The in-
fluence of protein binding upon tissue
fluid levels of six B-lactam antibiotics.

Journal of Infectious Diseases, 142,
No 1, 77-82. Paper received 22.11.1999; accepted for

Witkamp, R. F., H. L. Yun, G. A. E. van't publication 22.03.2000
Klooster, J. F. van Mosel, M. van Mo-
sel, J. M. Ensink, J. Noordhoek and A.
S. J. P. A. M. van Miert, 1992. Com-
parative aspects and sexual differen-
tiation of sulphadimidine plasma
elimination and metabolite formation.

Correspondence:
Prof. L. Lashev,
Dept. of Pharmacology, Toxicology and Gen-

Studies in rats, rabbits, dwarf goats, eral Therapeutics,

and cattle. American Journal of Vet- Faculty of Veterinary Medicine,
erinary Research, 53, No 10, Trakia University,
1830-1835. 6000 Stara Zagora, Bulgaria

BJVM, 5, No 4 227



