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PHARMACOKINETICS OF FLUCONAZOLE IN LOGGERHEAD SEA
TURTLES (CARETTA CARETTA) AFTER SINGLE INTRAVENOUS
AND SUBCUTANEOUS INJECTIONS, AND MULTIPLE
SUBCUTANEOUS INJECTIONS

Kate M. Mallo, B.S., Craig A. Harms, D.V.M., Ph.D., Gregory A. Lewbart, M.S,, V.M.D., and
Mark G. Papich, D.V.M., M.S.

Abstract: Superficial and systemic mycotic infections are common among clinically ill sea turtles, which places
growing importance on the establishment of pharmacokinetic-based dosage regimens for antifungal drugs. The phar-
macokinetic properties of the antifungal drug fluconazole, after intravenous (i.v.) and subcutaneous (s.c.) injections,
were studied in juvenile loggerhead sea turtles (Caretta caretta) housed at 23.0-26.5°C. Fluconazole pharmacokinetic
properties were further assessed in a multiple-dose s.c. regimen derived from the pharmacokinetic parameters deter-
mined in the single-dose study. Pharmacokinetic parameters were calculated, using a two-compartment model, from
plasma concentration-time data obtained after single i.v. and s.c. administrations of fluconazole at a dosage of 2.5 mg/
kg body weight in six juvenile sea turtles. Blood samples were collected at intervals through 120 hr after each dose,
and the concentration of fluconazole in plasma was measured by reverse-phase high-performance liquid chromatogra-
phy. The i.v. and s.c. elimination half-lives were 139.5 = 36.0 and 132.6 + 48.7 hr (mean = SD), respectively.
Systemic clearance of fluconazole was 8.2 = 4.3 ml/kg:-hr, and the apparent volume of distribution at steady state was
1.38 = 0.29 L/kg. A multiple-dose regimen was derived, which consisted of a loading dose of 21 mg/kg body weight
and subsequent doses of 10 mg/kg administered through s.c. injection every 120 hr (5 days). This regimen was
administered to four juvenile sea turtles for 10 days, and blood samples were taken to determine peak and trough
plasma concentrations of fluconazole. The mean concentrations for the two peak concentrations were 16.9 = 1.1 and
19.1 + 2.8 pg/ml 4 hr after dosing, and the mean concentrations for the three trough concentrations were 7.2 + 2.2,
104 + 2.7, and 10.7 = 2.9 pg/ml 120 hr after dosing. The terminal half-life after the last dose was calculated at 143
hr. Throughout the multiple dosing, fluconazole concentrations remained above approximately 8 p.g/ml, a concentration
targeted when treating mycotic infections in humans. The results of this study suggest that fluconazole can be effectively
administered to sea turtles at a dosage of 10 mg/kg every 5 days after a loading dose of 21 mg/kg.
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INTRODUCTION fungal cell membrane sterol. Fluconazole offers
flexibility in its route of administration, has a low
frequency of adverse effects, and has shown good
tissue penetration because of its solubility profile.s
Fluconazole has activity against a broad range of
fungi, including Blastomyces, Candida, Coccidioi-
des, Cryptococcus, Histoplasma, and Aspergil-
lus.”%° In order to establish an effective dosing strat-
egy for an antifungal agent in sea turtles, we ex-
amined the pharmacokinetics of fluconazole after
single intravenous (i.v.) and subcutaneous (s.c.) in-
jections in juvenile loggerhead sea turtles (Caretta
caretta). Using the parameters determined from the
single-dose phase of the study, a multiple-dose s.c.
regimen was then derived and tested.

Although mycotic infections are commonly en-
countered in clinically ill sea turtles,'*?! safe and
effective dosage regimens for sea turtles have yet
to be established for many antifungal agents. Al-
though dosages for sea turtles are often extrapolat-
ed from those used in avian species and other rep-
tiles,517 differences in disposition and clearance of
antifungals between these species may result in al-
tered safety and efficacy.

Fluconazole is a bis-triazole antifungal agent and
is available as an oral or intravenous preparation.
Like most other azole antifungals, fluconazole is
fungistatic by inhibiting 14-alpha-demethylase, an
enzyme that aids in the synthesis of ergosterol, a
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tion (for sea turtles) combined with squid for the
two smallest turtles. The weights of the subjects
were as follows: 0.48, 0.52, 1.54, 1.60, 11.7, and
12.2 kg. The turtles were kept in individua aquar-
iums, arranged by turtle size in three groups of two,
ranging in capacity from 150 to 680 L (40-180
gal). Two of the three groups were connected by a
recirculating system filtered mechanically (50 pm),
whereas the third group was connected by a recir-
culating system filtered mechanically (50 wm) and
with activated carbon. The water in each tank was
a mixture of tap water and artificial sea salts (Forty
Fathoms Crystal Sea, Marine Enterprises Interna-
tional, Inc., Baltimore, Maryland 21221, USA).
The salinity and pH in the tanks during week 1
ranged from 24 to 28 parts per thousand (ppt) and
from 7.6 to 8.2, respectively, and for week 2 from
31 to 34.5 ppt and 7.7 to 8.0, respectively. The
temperatures of the aguariums ranged from 23.0°C
to 26.5°C.

Multiple-dose phase: Four juvenile (2 yr old)
loggerhead sea turtles were used in the multiple-
dose phase. Each subject was weighed and exam-
ined before the study. Each turtle was fed a gel food
preparation combined with squid on a daily basis.
The weights of the four turtles were 578, 799, 955,
and 999 g. The turtles were kept in individual
aquariums in approximately 150 L of artificial sea
water as stated previously. The four turtles were
connected by a recirculating system that was fil-
tered mechanically. The temperatures of the aquar-
iums ranged from 23.0°C to 26.0°C, and the salinity
and the pH, measured once, were 30 ppt and 7.8,
respectively.

Study design

Single-dose phase: A two-period crossover de-
sign was used. Six turtles were used in the study,
with three turtles receiving the i.v. treatment and
three turtles receiving the s.c. treatment. After a 2-
wk washout period the two treatment groups were
reversed and the experiment repeated. The i.v.
treatment group in the first period consisted of tur-
tles weighing 0.52, 1.60, and 11.7 kg, whereas the
s.c. treatment group consisted of turtles weighing
0.48, 1.54, and 12.2 kg. This division of subjects
was intended to ensure an even distribution of
weights among the treatment groups for period 1
and period 2. Each animal received a single dose
of 2.5 mg/kg body weight of fluconazole (Diflu-
can®, Roerig Division, Pfizer Inc., New York, New
York 10017, USA; 2 mg/ml in sodium chloride dil-
uent) using a 23-ga needle. This initial dose was
based on preliminary data obtained from a clinical
case of fungal osteomyelitisin a Kemp’s ridley sea

turtle (Lepidochelys kempi). Intravenous injections
were administered into the left dorsal cervical si-
nus, and s.c. injections were administered cranial to
the left shoulder.

Blood collection alternated between the right and
left dorsal cervical sinuses O (preadministration
sample), 0.5, 1.5, 3, 6, 12, 24, 48, 72, and 120 hr
after injection. At each sampling, 0.5 ml of blood
was collected into a heparinized syringe using a
23-25-ga needle. The blood was centrifuged im-
mediately, and the plasma was harvested and
placed into plastic freezer vials. All plasmasamples
were stored at —80°C for less than 4 wk until anal-
ySis.

Multiple-dose phase: Pharmacokinetic estimates
from the single-dose study were used to derive a
multiple-dose regimen. The regimen was designed
using the published equations® and a computer sim-
ulation program (WinNonlin Version 3.1, Pharsight
Corp., Mountain View, California 94040, USA). In-
put into the simulation was based on the distribu-
tion and elimination rate constants of fluconazole
obtained from the single-dose study. The regimen
was calculated to provide an initial loading dose
(D)) followed by a maintenance dose (D,,) that
would maintain the fluconazole plasma concentra-
tion above the target level of 8.0 wg/ml during the
dosing interval. The regimen was optimized to al-
low for along dose interval of 5 days.

All four sea turtles were placed in a single study
group. Each turtle was given an initial loading dose
of 21 mg/kg body weight of fluconazole, through
s.c. injection, on day O of the experiment. A main-
tenance dose of 10 mg/kg body weight of flucon-
azole was administered, through s.c. injection, on
days 5 and 10 of the experiment. All injections
were administered cranial to the shoulder, alternat-
ing between the right and left sides, using a 22-ga
needle.

Blood collection alternated between the right and
left dorsal cervical sinuses. The blood was collect-
ed before the loading dose (blank sample) and be-
fore each maintenance dose to assess trough con-
centrations. Additional samples were collected 4 hr
after injection on days 0 and 10 of the experiment
to assess peak concentrations. Lastly, the blood was
collected on days 12 and 15 of the experiment to
measure the terminal elimination of fluconazole &f-
ter the administration of the last dose. The blood
collection and processing were as described for the
single-dose study.

Fluconazole assay

Equipment: Concentrations of fluconazole in
plasma collected from both the single- and muilti-
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ple-dose studies were analyzed and quantified using
high-performance liquid chromatography (HPLC)
with ultraviolet (UV) detection. The system con-
sisted of a pump (Waters Model 600 Solvent De-
livery System, Millipore Corp., Milford, Massachu-
setts 01757, USA), an automatic injector (Series
1100 Autosampler, Hewlett-Packard Co., Palo Alto,
California 94304, USA), and a variable-wavelength
UV detector (Series 1100 VWD, Hewlett-Packard
Co.), set at 210 nm. Computer software was used
to record the data from the system (HPLC
ChemStation, Hewlett-Packard Co.).

HPLC conditions: Fluconazole was eluted on a
C-8 reverse-phase column (Zorbax RX-C8, MAC
MOD Analytical, Inc., Chadds Ford, Pennsylvania
19317, USA; 4.6 mm X 15 cm) with an isocratic
mobile phase of 70% 0.01 M potassium phosphate
monobasic buffer and 30% acetonitrile at a flow
rate of 1.0 ml/min. Mobile-phase components were
filtered and degassed before use. The mobile phase
was sparged with helium throughout the analysis.

Sock solutions and calibration curves: Stock so-
lutions of fluconazole were prepared at concentra-
tions of 1.0 mg/ml, dissolved in acetonitrile. These
solutions were further diluted with mobile phase to
obtain spiking solutions ranging in concentration
from 10.0 to 600 pg/ml. These solutions were used
to spike blank sea-turtle plasma for quality control
and calibration standards. The concentrations of the
calibration standards ranged from 0.50 to 30.0 pg/
ml. Calibration curves were plotted on a linear
graph of concentration vs. response (absorbance
units) using weighted least-squares regression. Us-
ing seaturtle plasma, new calibration standards
were prepared on each day of analysis. All calibra-
tion curves were linear with an r2 value >0.99, and
al calibration standards fell within 15% of their
true concentration. The precision coefficient of var-
iation was 6.3%, 1.6%, and 1.0% at low, medium,
and high concentrations, respectively. The accuracy
of the assay was within 4.05%, 0.8%, and 0.68%
of the true concentration at low, medium, and high
concentrations, respectively. Analysis of a blank
plasma sample from each subject was performed to
verify that there were no interfering peaks in the
chromatogram. The lowest concentration on the lin-
ear calibration curve was 0.5 pg/ml. All concentra-
tions measured during the study were above this
concentration; therefore, 0.5 pg/ml was defined as
the lowest limit of quantification.

Sample preparation: Samples (quality control
and collected samples) were prepared by first add-
ing 100 wl of a 1:4 mixture of acetonitrile-metha-
nol to a microcentrifuge tube, followed by a 200-
wl aiquot of each sample. The tubes were vortexed

to precipitate protein from the sample. After the
addition of 1.0 ml of double-distilled water, the
tubes were vortexed again and then centrifuged at
7.2 X 10° g for 4 min. C18 Dual-Zone cartridges
(Diazem Corp., MetaChem, Torrance, California
90503, USA) were inserted into a solid-phase ex-
traction manifold and conditioned with 2.0 ml
100% methanol followed by 2.0 ml of distilled wa-
ter. Solid-phase extraction was used to further clean
the samples by vacuuming (—12.7 cm Hg) 500 pl
of the sample (or the standard) through a C18 Dual-
Zone cartridge, and supernatant from the samples
was collected into 16- X 100-mm borosilicate
tubes. The cartridges were washed with 2.0 ml of
double-distilled water and dried by applying the
vacuum for 1 min. The cartridges were eluted with
1.0 ml of a 1:4 mixture of acetonitrile-methanol.
The tubes containing the extracted samples (or
standards) were heated (45°C) for 20—25 min under
nitrogen until the solvent was completely evapo-
rated. Each sample was then reconstituted with 200
wl of mobile phase, vortexed, and transferred to an
HPLC injection via for injection. The injection
volume was 40 pl. The retention times for flucon-
azole ranged from 3.2 to 3.4 min. The concentra-
tion of fluconazole in each sample was estimated
from linear regression analysis using the calibration
curve generated from the day’s run.
Pharmacokinetic analysis: Plasma samples after
i.v. drug administrations were plotted semiloga-
rithmically for analysis. Analysis of curves was
performed on a personal computer using a curve-
fitting program (WinNonlin Version 3.1). A two-
compartment pharmacokinetic model was con-
firmed to be the best fit on the basis of a smaller
value for the Akaike's information criterion. The
two-compartment biexponential model was repre-
sented by this equation: C = Aet + Be P, where
C is the concentration at time t, A and B are the y-
axis intercepts for the distribution and elimination
phases of the curve (Table 1), respectively, « and
B are the slopes of the distribution and elimination
phases of the curve, respectively, and e is the base
of the natural logarithm. A weighting factor W =
1/Y? was used for the curve analysis, where Y is
the plasma concentration of fluconazole. The elim-
ination half-life (t,,) was estimated from the fol-
lowing relationship: t,,, = In 0.5/8. Model-indepen-
dent methods were used to calculate the area under
the curve (AUC) from time O to infinity, the mean
residence time (MRT), the apparent volumes of dis-
tribution, and the systemic clearance (Cl,). The area
under the plasma concentration vs. time curve from
time O to the last-measured concentration (C,) was
calculated using the trapezoidal method. Model-in-
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Table 1.
sea turtles (Caretta caretta) after a single 2.5 mg/kg dose.
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Mean (= SD) pharmacokinetic values for intravenous and subcutaneous fluconazole in juvenile loggerhead

Parametera Intravenous Subcutaneous
Cuax (rg/ml) 27+ 05 21+ 04
t, (hr) 132.6 + 48.7 139.5 + 36.0
AUC e (ng-hr/ml) 166.7 = 47.1 159.7 + 48.0
AUC,momea (rg-hr/ml) 360.4 * 172.2 368.7 + 1775
Alpha (/hr) 0.8 + 0.32
Beta (/hr) 0.0 = 0.00
Cl, (ml/kg-hr) 82 *+ 43
AUMC (pg-hrml) 83,195.8 *= 84,407.2 80,995.1 + 59,137.0
MRT (hr) 190.1 = 71.1 199.7 = 52.8
Vd,., (L/kg) 1.40 = 0.28
Vdg (L/kg) 1.38 + 0.26

a Abbreviations: C,,,,, maximum plasma concentration; t,,, elimination half-life; AUC, area under the curve; Cl,, systemic clearance;
AUMC, area under moment curve; MRT, mean residence time; Vd,., volume of distribution (area); Vdy, volume of distribution at

steady state.

dependent methods were also used to determine the
termina t,,,, the MRT, and the systemic availability
(%F) from the s.c. administration. Systemic avail-
ability was calculated from the following relation-
ship: %F = (AUC,./AUC,,) X 100. The values for
the detected maximum plasma concentration (Cyax)
and the time of maximum detected plasma concen-
tration (Tyax) Were the observed values. Statistical
differences between routes of administration were
measured by Student’s t-test for independent sam-
ples (MR SAS Institute, Cary, North Carolina
27513, USA). The level of significance was P <
0.05.

RESULTS
Single-dose phase

The pharmacokinetic parameters derived from
the single-dose study are given in Table 1. Flucon-

azole administration produced nearly identical plas-
ma concentration profiles both by i.v. and by s.c.
administration (Fig. 1). Examination of the AUC,_/
AUC,, ratio in the single-dose study shows that s.c.
absorption was complete. The calculated systemic
availability (%F) was 108%. The Cy,.x for the s.c.
group, 2.1 = 0.5 pg/ml (mean *= SD), was very
close to that of the i.v. group, 2.7 = 0.5 pg/ml.
There were no statistically significant differences
between routes of administration for the parameters
Cuax, tyey AUC, and MRT. The mean Ty,.x for the
s.c. group was 4.8 hr. The average t,, of the i.v.
group was 132.5 hr, whereas the average t,, of the
s.c. group was 139.5 hr.

Multiple-dose phase

The actual peak and trough concentrations of flu-
conazole measured while testing the multiple-dose

.

Concentration (ug/ml)

—— Fluconazole IV

-
1

- - #- - -Fluconazole SC
— 1

0 24 48

Time (hours)

72 96 120

Figure 1.
of juvenile loggerhead sea turtles (n = 6 in each group).

Mean (=SD) fluconazole plasma concentration after i.v. and s.c. injection of 2.5 mg/kg in two groups
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Actual concentrations
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Targeted peak concentration
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Figure 2. Projected kinetics of fluconazole and actual (mean = SD) concentrations measured after administering
a loading dose of 21 mg/kg and two maintenance doses of 10 mg/kg every 5 days (n = 4 turtles).

regimen, along with the projected kinetics of the
drug, are presented in Figure 2. Peak concentrations
of fluconazole after aloading dose of 21 mg/kg s.c.
and maintenance doses of 10 mg/kg s.c. q 5 days
were 16.9 = 1.2 pg/ml 4 hr after the day O injection
and 19.0 = 2.8 pg/ml 4 hr after the day 10 injec-
tion. Trough concentrations were as follows: 7.2 =
2.2 pg/ml, 120 hr after the day O injection; 10.4 +
2.75 pg/ml, 120 hr after the day 5 injection; and
10.7 = 2.9 pg/ml, 120 hr after the day 10 injection.
The terminal half-life was 143 hr.

DISCUSSION

This study indicates that fluconazole has a pro-
longed half-life in sea turtles as compared with the
half-livesin cats, dogs, and humans (12-25, 15, and
~30 hr, respectively).®61122 Kinetic parameters for
both i.v. and s.c. administration show only minor
differences and indicate excellent absorption after
s.c. administration. This level of absorption can be
attributed to fluconazole's high systemic availabil-
ity and solubility profile.” The calculated systemic
availability after oral administration in humans has
been reported to be >90% and in cats, 109%.46

The volume of distribution of fluconazole in sea
turtles is marginally higher than the ranges reported
for i.v. and oral doses in cats (1.0-1.1 L/kg), hu-
mans, dogs, rats, and mice (0.7-1.1 L/kg).**?? In
this study the volume of distribution of fluconazole
was 1.38 L/kg for i.v. administration. Because of
the similarity in volumes of distribution across spe-
cies, the remarkably long half-life in sea turtles
found in this study can probably be attributed to
differences in the clearance of fluconazole. The
clearance rate of fluconazole in this study was 8.2
ml/kg-hr, which is much lower than the clearance

values reported for dogs and humans, 36 ml/kg-hr
and 24 ml/kg-hr, respectively.* The calculated
clearance is dependent on AUCpoaea: Which in
this study includes a larger extrapolated portion
than is preferable (approximately 50%) because of
the long half-life. The terminal portion of the curve,
however, is sufficiently linear so that we feel the
estimate of the extrapolated portion of the AUC to
be accurate.

In rats, mice, dogs, and humans, fluconazole is
eliminated primarily by the kidneys because of its
structure and metabolic stability.”** Differences in
fluconazole clearance between species are, in part,
most likely because of differences in the glomerular
filtration rate (GFR). The reported GFR of green
sea turtles (Chelonia mydas) is approximately 0.24
ml/kg-min), whereas that of the dog is approxi-
mately 3.09 ml/kg-min.**8 Fluconazole clearance by
loggerhead sea turtles in this study (0.137 ml/
kg-min, 8.2 ml/kg-hr) was only 59% of the reported
green seaturtle GFR (0.24 ml/kg-min).*® Differenc-
es between GFR and clearance for a rendly ex-
creted drug can be explained by plasma protein
binding or by postfiltration reabsorption. The re-
ported levels of plasma protein binding are negli-
gible (11-12%) in humans* and it is likely that a
large proportion of fluconazole also circulates as
unbound, free active drug in sea turtles. Postfiltra-
tion reabsorption could take place in the rena tu-
bules or, in chelonians, in the urinary bladder, distal
colon, or cloacaz?

The dosage used in the single-dose study was
selected on the basis of preliminary results from a
clinical case, which had indicated that fluconazole
administered at 2.5 mg/kg s.c. q 24 hr could result
in a plasma concentration of 6.9-8.1 pg/ml. How-
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ever, Cyax for s.c. administration in the single-dose
study was only 2.1 = 0.5 pg/ml. With once-daily
dosing of 2.5 mg/kg, the target plasma concentra-
tion of 8 wg/ml could be reached in approximately
30 days because of the prolonged half-life. Such a
dosing regimen delays the attainment of steady-
state therapeutic concentrations and requires more
frequent dosing than does the multiple-dosing reg-
imen tested.

Throughout the multiple-dose regimen, flucona-
zole concentrations in the plasma ranged from ap-
proximately 8 to 19 pg/ml. This range is similar to
the concentrations achieved in the treatments of
mycotic infections in humans’ and of some patho-
gens (e.g., Aspergillus spp.) reported in sea turtles
and other reptiles.8132021 Agpergillus spp. have been
identified in lesions of dermal and superficial my-
coses of young loggerheads and Kemp'’s ridleys.®
Aspergillus spp. have also been identified in sys-
temic mycotic infections in reptiles, which often
manifest as pulmonary and alimentary diseases.’4?°
Although some in vitro studies report marginal ef-
ficacy of fluconazole against Aspergillus spp. at se-
lected doses,*? in vivo performance is often better
than would be predicted from in vitro findings.*°
We were unable to locate fluconazole susceptibility
data for other fungi reported in sea turtles (Paeci-
lomyces spp., Sporotrichium spp., Cladosporium
spp., Beauveria bassiana).8132t

The terminal half-life (143 hr) in the multiple-
dose phase was very close to the elimination half-
life calculated for single s.c. administration (139.5
hr), which indicates that multiple doses of flucon-
azole do not alter its systemic clearance through
induction or inhibition of metabolic enzymes.

Previously reported or recommended doses of
fluconazole for use in sea turtles and other reptiles
ranged from 0.75 mg/kg s.c. q 48 hr to 5 mg/kg
p.0. q 24 hr.52! Direct extrapolation from mamma-
lian, avian, or even other reptilian species can result
in doses that may not account for differences in
metabolic rate, renal physiology, and water conser-
vation. Metabolic scaling can also be problematic
because application of a single allometric equation
for reptiles is not considered valid.*® Furthermore,
creating an allometric equation for even a single
ectothermic species presents many challenges be-
cause of the effect of variations in body tempera-
ture. Although pharmacokinetic differences may
exist between closely related species,'® data from
pharmacokinetic studies in the same or in closely
related species provide the best starting point for
calculating dosage schedules. Pharmacokinetic
studies in sea turtles are rare but include the study
of ceftazidime in loggerhead seaturtles and arecent

preliminary study of itraconazole in Kemp's rid-
leys.1619 The present study provides the first report
of pharmacokinetic data for fluconazole in healthy
juvenile loggerhead sea turtles kept at 23.0-26.5°C.
Dosage modifications may need to be made in pa-
tients with renal impairment, dehydration, hypo-
thermia, or other conditions because their effects on
the pharmacokinetics have not been addressed in
this study. Monitoring of clinical response to ther-
apy and clinical pathology values, as well as focal
sampling of peak and trough concentrations when
possible, is advisable to assist in making adjust-
ments in treatment.

Fluconazole is available in formulations for i.v.
injection (in saline or dextrose diluents) or oral ad-
ministration (tablets or oral suspension). This study
examined the pharmacokinetics of i.v. and s.c. in-
jection of the injectable formulation in saline dilu-
ent. The ability to deliver an effective concentration
of an antifungal drug parenterally represents an at-
tractive option for treating inappetent sea turtles.
Administering the i.v. formulation in saline diluent
by s.c. injection did not appear to be unduly irri-
tating. The animals did not appear to favor the flip-
per on the side of the injections, and no local tissue
reactions were observed. In addition to these ob-
servations, a juvenile Kemp’s ridley on long-term
(>1 yr) fluconazole therapy (initialy, 2.5 mg/kg
s.Cc. q 24 hr, then switched to 10 mg/kg s.c. g 5
days on the basis of the current study) displayed no
elevations in creatine kinase (Harms, unpubl. data).
Gastrointestinal upset, as evidenced by diarrhea,
nausea, and vomiting, is the most commonly ob-
served adverse effect of fluconazole in mammals’;
however, this effect was not observed in any of the
subjects in this study.

The results of this study suggest that fluconazole
can be effectively administered through s.c. injec-
tion to sea turtles at a dosage of 10 mg/kg body
weight every 5 days after a single loading dose of
21 mg/kg.
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