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 Zusammenfassung

Evaluierung des Einfl usses von Darreichungsform, 
Futteraufnahme und Spezies auf den Plasmaspie-
gel von Vorikonazol bei Vögeln

Einleitung
Voriconazol wird derzeit als erstes Mittel der Wahl 

zur Aspergillosetherapie beim Vogel empfohlen. 

Material und Methode
Der Ein� uss der Futteraufnahme auf den Plasma-

spiegel von Voriconazol wurde bei Afrikanischen 
Graupapageien untersucht. Die über Nacht nüchtern 
gehaltenen Vögel erhielten 10 mg/kg Voriconazol, 
fünf Tage später erhielten dieselben Vögel ohne vor-
herigen Futterentzug 10 mg/kg Voriconazol gemein-
sam mit Handaufzuchtfutter. Die Blutabnahmen er-
folgten nach null bis zwölf Stunden. Der Vergleich der 
kommerziell erhältlichen Suspension von Voriconazol 
mit suspendierten Tabletten erfolgte mit zwei Grup-
pen von Brieftauben. Die Blutabnahme erfolgte nach 
90 Minuten. Für den Vergleich verschiedener Vogel-
spezies wurden untersucht: Afrikanische Graupapa-
geien (n=17), Amazonen (n=10), Aras (n=4), Brieftau-
ben (n=10), Turmfalken (n=10), und Mäusebussarde 
(n=10). Die Blutabnahme erfolgte jeweils nach 90 Mi-
nuten.

Ergebnisse
Es bestand kein signi� kanter Unterschied in den 

Plasmakonzentrationen von Voriconazol bei nüch-
ternen Graupapageien und jenen, die das Medika-
ment gemeinsam mit Futter erhielten, auch nicht 
zwischen den Plasmakonzentrationen nach Verab-
reichung der kommerziell erhältlichen Suspension 
und suspendierter Tabletten. Hingegen konnten 
nach 90 Minuten erhebliche Unterschiede zwischen 
den untersuchten Spezies festgestellt werden.

Keywords: Antimycotics, aspergillosis, voriconazole, 
enteral absorption.

 Summary

Voriconazole is currently recommended as � rst 
choice treatment for aspergillosis in birds. An evalu-
ation of the in� uence of food intake was performed 
with twelve African grey parrots. The birds received 
10 mg/kg voriconazole orally in the morning after 
overnight fasting. Five days later, the same birds 
were treated with 10 mg/kg voriconazole in combi-
nation with 10 ml food. Blood was sampled from 0 to 
12 hours after drug application. Further, a compari-
son of the commercially available suspension of 
voriconazole with suspended tablets was performed 
with two groups of pigeons. Blood was taken 90 mi-
nutes after drug administration. Compared species 
were African grey parrots (n=17), Amazon parrots 
(n=10), Macaws (n=4), racing pigeons (n=10), com-
mon kestrels (n=10) and common buzzards (n=10); 
all birds received 10 mg/kg voriconazole orally; 
blood was taken after 90 minutes.

There was no signi� cant difference between the 
mean plasma concentrations of voriconazole in fas-
ted African grey parrots and when the drug was gi-
ven together with food, also not between the mean 
plasma concentrations of voriconazole from sus-
pended tablets and commercially available suspen-
sion in racing pigeons. But there were distinct diffe-
rences in plasma concentrations between species 
after 90 minutes.

The enteral absorption of voriconazole does not 
seem to be in� uenced by food intake in African grey 
parrots. The formulation had no in� uence on the 
plasma concentrations in racing pigeons. As antici-
pated, there are obviously marked individual and 
species-dependent differences in the pharmacoki-
netics of voriconazole in birds.
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 Introduction

Fungal infections are frequently diagnosed in 
birds; and aspergillosis in particular is a serious 
health problem in various bird species, especially in 
those kept in captivity. Aspergillosis-associated 
species are most commonly Aspergillus fumigatus, 
followed by A. fl avus and A. niger, which primarily 
affect the respiratory tract (TELL, 2005). Various an-
timycotics have been used for the treatment of as-
pergillosis in birds. For some years itraconazole has 
been recommended as a � rst-choice treatment be-
cause of its broad spectrum (LUMEIJ et al., 1995; 
OROSZ et al., 1995; FISCHER and HATT, 2003). The-
re are, however, safety concerns for its use in African 
grey parrots, because it may cause severe side ef-
fects, including symptoms of the central nervous 
system, vomiting, and even death (VANDERMAST et 
al., 1990; QUESENBERRY et al., 1991; OROSZ et al., 
1995). Especially in this species, and in any case of 
antifungal drug resistance, it is recommended to re-
vert to other drugs. Within the last years, voricona-
zole (Vfend®, P� zer) developed to the drug of � rst 
choice for the treatment of aspergillosis in birds. 
Voriconazole is a highly potent triazole antifungal 
agent and a chemical derivative of � uconazole. It is 
available as a lyophilized powder for intravenous in-
fusion, as � lm-coated tablets for oral administration, 
and as a powder for oral suspension. The primary 
mode of action is the inhibition of fungal cytochrome 
P450-mediated 14-alpha-lanosterol demethylation, 
an essential step in fungal ergosterol biosynthesis. 
Voriconazole shows high in vitro activity against a 
wide variety of fungal pathogens, including Asper-
gillus, Candida, and Cryptococcus spp., and its ef� -
cacy in the treatment of invasive aspergillosis has 
been shown in large clinical trials in humans (ABRA-
HAM et al., 1999; ESPINEL-INGROFF et al., 2001; 
DENNING et al., 2002; HERBRECHT et al., 2002; 
WALSH et al., 2002; MUIJSERS et al., 2003). It has 
been shown that voriconazole is also effective in the 
treatment of aspergillosis in birds (DI SOMNA et al., 
2007; BERNAERT et al., 2009b; TELL et al., 2010). In 
the past years some studies on voriconazole phar-
macokinetics in birds have been published 
(SCHMIDT et al., 2007; GUZMAN et al., 2010; KLINE 
et al., 2011). SILVANOSE et al. (2006) surveyed on 
the susceptibility of fungi isolated from falcons. In 

their study, voriconazole had the lowest median mini-
mal inhibitory concentration (MIC) against all strains 
of Aspergillus species, as well as greater potency and 
a broader spectrum than other tested antimycotics. 

For reasons of practicability, dosage recommen-
dations of voriconazole are mostly based on plasma 
concentrations. However, because fungal infections 
are typically located in tissues, a better prognostic 
marker of therapeutic outcome may be the evaluati-
on of tissue concentrations of the drug (OROSZ et 
al., 1995). A previous study in chickens focusing on 
voriconazole plasma pharmacokinetics showed a 
low and variable oral bioavailability (BURHENNE et 
al., 2008). The absolute oral bioavailability was only 
about 20 %. In contrast with the need to optimize 
bioavailability of some azoles (e.g. itraconazole), 
where the pH in the gastrointestinal tract must be 
low, it is known that pH does not affect the absorp-
tion of voriconazole (OROSZ et al., 1995). But when 
voriconazole is administered together with a high fat 
meal in humans, bioavailability is reduced by about 
one-third (FOOD AND DRUG ADMINISTRATION, 
2001). Published data on pharmacokinetics of vori-
conazole in falcons, African grey parrots, and Ama-
zon parrots differ considerably. SCHMIDT et al. 
(2007) measured plasma concentrations of vorico-
nazole in falcons and reported good results in the 
treatment of falcons using a dose of 12.5 mg/kg; no 
side effects have been reported. FLAMMER et al. 
(2008) published data on pharmacokinetics of vori-
conazole in African grey parrots recommending
12–18 mg/kg BID. BEERNAERT et al. (2009b) recom-
mend a treatment protocol for racing pigeons of
10 mg/kg BID. KINE et al. (2011) found out that for 
mallard ducks a dosing interval of at least every 8–12 
hours at a dose of 20 mg/kg is required. All authors 
state the necessity of further studies in this � eld, be-
cause further differences between bird species can 
be anticipated. 

The aims of the present study were to evaluate fac-
tors that in� uence enteral absorption, like food intake; 
to investigate a possible in� uence of the formulation 
(commercially available suspension versus suspen-
ded tablets) on plasma concentrations; and to rate 
species-speci� c differences in plasma concentra-
tions using the same dosage.

Schlussfolgerungen
Die enterale Absorption von Voriconazol scheint 

bei Graupapageien durch die Futteraufnahme nicht 
beein� usst zu werden. Die Darreichungsform hatte 
bei Brieftauben keinen Ein� uss auf die Plasmakon-
zentrationen. Wie erwartet konnten erhebliche 
Spezies-spezi� sche Unterschiede in den Plasma-
konzentrationen von Voriconazol bei Vögeln gezeigt 
werden.
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 Material and methods
This study was conducted according to the guide-

lines of the Austrian law for animal testing, autho-
rized under permissions no. GZ 68.205/13-
BrGT/2005 and GZ 68.205/15-BrGT/2006. 
Voriconazole (Vfend®) tablets and powder were 
kindly supplied by P� zer Pharmaceuticals (Vienna, 
Austria). The analytical reference compounds vori-
conazole (UK-109,496) and the internal standard 
(UK-115,794) were supplied by P� zer Pharmaceuti-
cals (New York, USA).

Evaluation of the infl uence of food intake on 
absorption in African grey parrots (Psittacus 
erithacus erithacus)

The evaluation of the in� uence of food intake was per-
formed with twelve adult clinically healthy African grey 
parrots. On day 1 the birds received 10 mg/kg voricona-
zole orally (suspended tablets) in the morning after over-
night fasting. Five days later the same birds were treated 
with 10 mg/kg voriconazole without previous food re-
striction. To assure drug administration in combination 
with food, voriconazole was given together with 10 ml 
hand feeding formula containing 12 % fat and 19 % pro-
tein (Nutri Bird A19, No. BE 6236, Versele Laga, Belgium) 
by gavage. Because the maximal blood sampling volu-
me should not exceed 1 % of the body weight (FUDGE, 
2000), blood was sampled in a staged scheme from 0 to 
12 hours. Drug-free control blood samples had been ta-
ken two days before the study started. Three groups of 
four parrots each were formed. Blood was sampled af-
ter 0.5 and 1 hour (group 1), 1.5 and 3 hours (group 2) 
and 6 and 12 hours (group 3). Blood (1 ml/sampling) was 
taken from the right jugular vein or from the V. basilica 
using heparinized syringes. Samples were centrifuged 
at 1,500 g for 10 min. The plasma was frozen within one 
hour after sampling and kept at -20 °C until analysis.

Comparison of commercially available voricona-
zole powder for suspension with suspended tab-
lets in racing pigeons (Columba livia domestica)

The comparison of the commercially available vori-
conazole powder for suspension with suspended ta-
blets was performed in pigeons because the number 
of parrots that could be used for the studies was limi-
ted. The oral voriconazole suspension was reconsti-
tuted according to the manufacturer’s instructions. 
The addition of 45 ml water yields a suspension of
40 mg/ml voriconazole. For oral administration, 5 ml 
of this stock suspension was diluted with 15 ml water 
to reach a concentration of 10 mg/ml voriconazole in 
suspension. 

Vfend® tablets were � rst crushed and then sus-
pended in water (50 mg/5 ml water) also resulting in 
a 10 mg/ml concentration. The tablet suspension 

tends to settle quickly; therefore the suspension 
has to be shaken thoroughly immediately prior to 
administration. Two groups of pigeons consisting 
of � ve birds each received 10 mg/kg voriconazole 
orally. One group was treated with voriconazole 
suspension made from the commercially available 
lyophilized powder for solution; the other group re-
ceived the suspended tablets. Blood (1 ml/samp-
ling) was taken after 90 min from the V. basilica 
using heparinized syringes. Processing and sto-
rage of the samples was according to the method 
described above.

Comparison of plasma concentrations in diffe-
rent species after oral administration

For comparison of different species, sample groups 
of following birds were examined: African grey par-
rots (Psittacus erithacus erithacus) (n=17), Amazon 
parrots (Amazona spp.) (n=10), Macaws (Ara spp.) 
(n=4), racing pigeons (Columba livia domestica) 
(n=10), common kestrels (Falco tinnunculus) (n=10), 
and common buzzards (Buteo buteo) (n=10). All birds 
included in this study part were clinically healthy and 
in good body condition. The birds received 10 mg/kg 
voriconazole orally. For drug administration, Vfend® 
tablets were suspended in water (50 mg/5 ml water); 
the suspension was shaken thoroughly before admi-
nistration and 1 ml/kg bodyweight was given directly 
into the beak with a syringe (the powder for oral sus-
pension was not yet available in Austria at the time of 
this part of the study). Blood (0.5 ml) was taken from 
the right jugular vein or from the V. basilica 90 min 
after drug administration using heparinized syringes. 
The decision to take blood after 90 minutes was 
based on the fact that Tmax in birds ranged between 
1 and 2.15 hours (BURHENNE et al., 2008; FLAMMER 
et al., 2008; KLINE et al., 2011). The samples were 
processed and stored according to the procedure 
described above.

Analytical procedure

Solid phase extraction technology was used for the 
extraction of voriconazole from plasma samples. The 
extracts were analyzed using high pressure liquid 
chromatography. The analytical methods applied 
were published by BURHENNE et al. (2008). All re-
agents and solvents used for the chromatographic, 
spectroscopic, and sample procedures were of ana-
lytical or higher quality and were purchased from E. 
Merck (Darmstadt, Germany). 

Calculations

For standard calculations, KyPlot 2.0 and Microsoft 
Excel 2003 were used. Data are given as mean values 
± standard deviation (SD). Statistical evaluation was 
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performed using GraphPad Prism 5.01 (one-way ana-
lysis of variance (ANOVA) with Bonferroni’s multiple 
comparison test) and GraphPad InStat 2.1 (unpaired, 
two-sided t-test).

 Results

Evaluation of the infl uence of food intake on ab-
sorption in African grey parrots

Ninety minutes after oral application there was no 
signi� cant difference between mean plasma concen-
trations in African grey parrots that received vorico-
nazole after one night fasting and those who received 
the drug together with food (p=0.97, unpaired, two-

sided t-test). The mean voriconazole plasma concen-
trations (±SD) after 90 min were 1.75±1.40 µg/ml (fas-
ted) and 1.72±0.36 µg/ml (not fasted). The plasma 
concentration time curves fasted and not fasted show 
similar pro� les (Fig. 1).

Comparison of commercially available voricona-
zole powder for suspension with suspended tab-
lets in racing pigeons

Ninety minutes after oral application there was no 
signi� cant difference between the mean plasma con-

centrations of voriconazole from suspended tablets 
and commercially available powder suspension in pi-
geons (p=0.60, unpaired, two-sided t-test). The mean 
voriconazole plasma concentrations ± SD after 90 
min of application were 5.5±1.4 µg/ml (suspended
tablet) and 5.1±1.1 µg/ml (suspended powder).

Comparison of plasma concentrations in diffe-
rent species after oral administration

Mean plasma concentrations of voriconazole 90 
min after oral administration ranged from 0.6 µg/ml 
(macaw, n=4), 0.8 µg/ml (amazons, n=10), 1.6 µg/ml 
(African grey parrots, n=17), 4.4 µg/ml (falcons and 
buzzards, n=10 each) and up to 5.5 µg/ml (pigeons, 
n=10) (Tab. 1). In pigeons, falcons, and buzzards, vori-
conazole plasma concentrations were signi� -
cantly higher compared to either African grey parrots, 
amazons, Macaws, or chickens (ANOVA, p<0.0001).

 Discussion

In contrast with humans, the enteral absorption of 
voriconazole does not seem to be in� uenced by food 
intake in the species studied. No signi� cant differen-
ces between voriconazole plasma concentrations in 
African grey parrots which were fasted and in those 
that received the drug in combination with ad libitum 
and forced feeding could be found. This result is use-
ful for clinical applications because it is not necessa-
ry to consider whether the bird has eaten before the 
treatment. It would be undesirable to restrict food in 
birds with pre-existing health problems. However this 
result contrasts with SCHMIDT et al. (2007), who re-
ported reduced mean plasma concentrations bet-
ween 21 and 26 % in falcons when voriconazole was 
given in the meat, possibly re� ecting another bet-
ween-species difference (granivorous/carnivorous).

In pigeons, voriconazole tablets suspended in wa-
ter yielded plasma concentrations comparable to 
those recorded for the suspension made from com-
mercially available powder for suspension. Interestin-
gly, FLAMMER et al. (2008) reported that plasma con-

Fig. 1: Mean plasma concentrations of voriconazole in African 
grey parrots with and without food intake

Tab. 1: Species dependent plasma concentrations of voriconazole 90 minutes after oral application

SD = standard deviation, CV = coef� cient of variation

Species n
Mean

[µg/ml]
SD

[µg/ml]
CV
[%]

Min
[µg/ml]

Max
[µg/ml]

African grey parrot 17 1.6 1.0 58.9 0.2 3.3

Amazon 10 0.8 1.2 143.4 <0.050 4.0

Macaw 4 0.6 0.3 53.5 0.1 0.8

Pigeon 10 4.5 1.5 33.5 2.0 7.6

Falcon 10 4.4 1.8 39.9 3.5 6.1

Buzzard 10 4.4 1.5 34.0 2.6 6.9

Chicken 8 0.9 0.8 90.8 0.2 2.5
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centrations in birds treated with voriconazole in a 
pharmacist-compounded suspension agent were 1.5 
and 1.6 times higher than those achieved after treat-
ment with voriconazole mixed with water. A commer-
cially available suspension is to be preferred because 
it is stable and therefore more appropriate for use in 
oral treatment. It has to be mentioned that the com-
mercial oral suspension is not available everywhere 
and in some countries it is much more expensive than 
compounded suspensions from tablets. If the sus-
pension is not available on the domestic market, it 
may be substituted by a tablet suspension, optimally 
using a commercial suspending agent (e.g. Ora-
Plus®, Paddock Laboratories Inc., MN) as used by 
FLAMMER et al. (2008) to avoid sedimentation.
According to the manufacturer, the oral suspension is 
stable for 14 days and should not be refrigerated after 
preparation, whereas the powder has to be cooled. 
FLAMMER et al. (2008) reported the stability of the 
refrigerated suspension as 17 days, however it is re-
commended to discard aqueous drug suspensions 
after 14 days to avoid microbial growth.

As anticipated, signi� cant differences in voricona-
zole plasma concentrations between the examined 
species were evident. Administration of 10 mg/kg 
orally resulted in the highest plasma concentrations 
after 90 min in pigeons (4.5 µg/ml), as well as in com-
mon kestrels and common buzzards (4.4 µg/ml), while 
plasma levels of voriconazole in African grey parrots 
(1.6 µg/ml) and Amazons (0.8 µg/ml) were consi-
derably lower. The number of examined Macaws was 
low (n=4), and so the results in this species might not 
be conclusive, but plasma concentrations were lower 
(0.6 µg/ml) than in other examined Psittacine species. 
Comparison with data from chickens (BURHENNE et 
al., 2008) show that the same dosage (10 mg/kg) yiel-
ded considerably lower concentrations (0.9 µg/ml) 
than in most of the other examined species. Plasma 
concentrations in falcons, buzzards and pigeons 
were more than four times higher than those in chi-
ckens. These results obviously illustrate that studies 
on the plasma concentration of voriconazole in one 
species may not be directly transferrable to others. 
Plasma concentrations in African grey parrots in the 
present study are comparable with those reported by 
FLAMMER et al., (2008) using a slightly higher dosage 
of 12.5 mg/kg of crushed tablets in water. In our

study, plasma concentrations of voriconazole in com-
mon kestrels 90 min after administration were consi-
derably higher (4.4 µg/ml) than reported by SCHMIDT 
et al. (2007). The authors reported plasma concentra-
tions of 1.9–2.4 µg/ml in falcons one hour after admi-
nistration, even though they used a higher dosage of 
12.5 mg/kg. Possible explanations include assuming 
that Tmax in falcons might be closer to 90 minutes. 
Another possible reason for the differences might be 
assumed in the species differences between the two 
studies; SCHMIDT et al., (2007) examined a mixed 
group of six Saker falcons, gyrfalcons and hybrids. 
These two differences may represent the cause for 
the discrepancies between the studies rather than the 
small differences in the dosage. 

One reason for distinctions between bird species 
could be supposed in differences in enteral motility 
and absorption and/or presystemic metabolization 
(BEERNAERT et al., 2009b). Other possible reasons 
could be delayed absorption or differences in elimi-
nation. In all examined species the individual variabi-
lity of plasma concentrations was as high as it has 
been reported in humans (0.5–6.0 µg/ml), which could 
also explain disagreements between the studies 
(FOOD AND DRUG ADMINISTRATION, 2001). In hu-
mans it has been shown that there is a genetic poly-
morphism in the cytochrome P450 which results in 
poor and extensive metabolizers (GOLDSTEIN and 
DE MORAIS, 1994; HYLAND et al., 2003). 

Conclusion

In opposite to a study with falcons (SCHMIDT et al., 
2007), food administration did not in� uence plasma 
voriconazole concentrations in African grey parrots 
90 min after administration. In pigeons there was no 
signi� cant difference in plasma concentrations achie-
ved by the commercial or compounded formulation at 
90 min after application. The differences in plasma 
voriconazole concentrations seen in various species 
at 90 minutes after application con� rm the suspicion 
that relevant species differences in voriconazole me-
tabolism have to be expected. However, clear indivi-
dual and species-dependent differences in the phar-
macokinetics of voriconazole in birds have to be 
considered and should be evaluated further.
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