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Stability of dexamethasone sodium phosphate in rat plasma
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Abstract

The use of corticosteroid prodrugs in pharmacokinetic studies poses the risk of overestimation of corticosteroid concentrations
due to in vitro hydrolysis of prodrugs after sample collection. This study tests the effectiveness of the anticoagulant EDTA as
a stabilizer for dexamethasone sodium phosphate (DSP) in rat plasma and provides simultaneous HPLC analysis of DSP and
dexamethasone. An already developed ion-paired reversed-phase HPLC assay for simultaneous measurement of corticosteroid
phosphate ester prodrugs and their active steroids was applied in this study. This assay was used for analyzing samples from an
in vitro DSP hydrolysis study in rat plasma. In agreement with allometric principles, the prodrug hydrolysis occurred at a much
faster rate (in vitro half-life of 1.75 h) in rat plasma as compared with previously reported prodrug hydrolysis half-life of 10–12 h
in sheep and human plasma. The in vitro degradation of the prodrug in rat plasma was greatly minimized in plasma containing
EDTA at the concentration commonly used an anticoagulant. This study demonstrates that artifacts in pharmacokinetic profiles
of corticosteroids due to in vitro prodrug hydrolysis can be greatly minimized by collecting blood samples with EDTA as the
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Dexamethasone is a potent corticosteroid with
luconeogenic, immunosuppressive and anti-infla-
matory properties. Dexamethasone is used for treat-

ng various inflammatory conditions, lymphomas and
or inducing precocious fetal lung maturation in threat-
ned preterm labor. The poor solubility of dexametha-
one is circumvented by the formulation of a phosphate
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ester prodrug, which allows rapid input after parent
administration. However, an analytical issue assoc
with the use of DSP is its ex vivo hydrolysis to dexa
ethasone by plasma enzymes after sample collec
This causes overestimation of dexamethasone co
trations after parenteral administration at early t
points. This artifact produces pharmacokinetic p
files with elevated biexponential character, leadin
flawed pharmacokinetic parameter estimates (Samtan
et al., 2004a). This problem is usually prevented by p
serving samples with high concentrations (100 m

378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2005.06.003



M.N. Samtani, W.J. Jusko / International Journal of Pharmaceutics 301 (2005) 262–266 263

of the phosphatase inhibitor sodium arsenate (Hare
et al., 1975; Samtani et al., 2004b). This method is
helpful if the objective is to measure total drug con-
centrations. However, it is often of interest to measure
unbound corticosteroid concentrations during a variety
of disease states (e.g. inflammation, pregnancy compli-
cations) that may be associated with changes in plasma
protein binding (Mulay and Varma, 1984; Varma and
Yue, 1984; Garg et al., 1994). The measurement of free
steroid levels can be hampered by the presence of the
high salt and alkaline milieu produced by sodium arse-
nate, which may disrupt protein binding. We therefore
aimed to find a non-disruptive, simple and non-toxic
method for preserving plasma samples. A survey of
the literature indicated that other phosphate ester pro-
drugs, such as fosphenytoin and etoposide phosphate
are stabilized in plasma samples by drawing blood in
collection devices containing EDTA as an anticoagu-
lant (Cwik et al., 1997; Reif et al., 2001). EDTA activity
as a chelating agent interferes with the functioning
of plasma hydrolysing enzymes, which require metal
ions as cofactors. The concentration of EDTA tested as
a sample stabilizer was 4 mM (1.5 mg/mL), which is
the commonly used concentration as an anticoagulant.
The most commonly employed animal model for dex-
amethasone pharmacokinetics is the rat and hence the
stability of its prodrug was studied in blank rat plasma.

Fresh rat blood containing heparin was obtained,
quickly centrifuged to obtain plasma and incubated
with DSP. The concentration of the prodrug was
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Concentrations were determined by a recently
described HPLC assay (Samtani et al., 2004b) with
a lower limit of quantification of 300 ng/mL for dex-
amethasone and 500 ng/mL for DSP. Assay accuracy
(% error) and precision (CV%) were found to be under
10% for both analytes. The assay is linear in the concen-
tration range of 300–4800 ng/mL for dexamethasone
and 500–8000 ng/mL for DSP.

To allow simultaneous fitting of the four data sets
from the incubation study concentrations were con-
verted to nanomolar units and the equations used were:

dCDSP

dt
= −khCDSP (1a)

CDSP(0) = CDSP(0) (1b)

dCDEX

dt
= khCDSP (2a)

CDEX(0) = 0 (2b)

dCDSP,EDTA

dt
= −kh

(
1 − t

t + t50

)
CDSP,EDTA (3a)

CDSP,EDTA(0) = CDSP,EDTA(0) (3b)

dCDEX,EDTA

dt
= kh

(
1 − t

t + t50

)
CDSP,EDTA (4a)

CDEX,EDTA(0) = 0 (4b)

where CDSP and CDEX represent concentrations of
DSP and dexamethasone as a function of time (t) in
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000 ng/mL, which is the expected concentration m
mum for corticosteroid prodrugs in pharmacokine
tudies (Samtani et al., 2004b). Incubations in the pre
nce and absence of EDTA were performed in pla

rom three animals and the incubation volume u
as 600�L. Aliquots of 50�L were sampled from th

ncubation mix at 0, 30, 60, 120, 240 and 360 min.
The ability of EDTA to stabilize DSP during a free

haw cycle was also tested. EDTA treated plasma
piked with DSP and six 50�L aliquots were prepare
hree aliquots were analyzed immediately and se
s a measure of the initial starting concentration.
emaining aliquots were stored at−20◦C for 1 week
hawed unassisted at room temperature (RT), allo
o stand at RT for 4 h and then assayed. The 1 w
torage and 4 h RT step were incorporated to m
ample processing delays that occur during pha
okinetic studies.
lank plasma,CDSP(0) the initial spiked concentratio
f the prodrug in blank plasma andkh represents th
rst-order rate constant for the conversion of DS
examethasone. Terms with the subscript EDTA
esent concentrations of the steroid in plasma tre
ith EDTA and t50 represents the time point whe
0% of the plasma enzyme activity is inhibited
DTA. The kinetic modeling was performed using
aximum likelihood estimator within the ADAPT

oftware (D’Argenio and Schumitzky, 1997). The vari-
nce model was:

ariance= (intercept+ slopeY (t))2 (5)

here intercept and slope are variance parameter
(t) represents the model output function.

In blank plasma 92% of the prodrug was conve
o dexamethasone by 6 h (Fig. 1A). In contrast the
reakdown of the prodrug was reduced to less
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Fig. 1. Time course for in vitro prodrug hydrolysis at 25◦C in (A)
fresh rat plasma and (B) EDTA treated plasma. Closed circles indi-
cate DSP concentrations, while open circles indicate dexamethasone
concentrations. Data points with standard deviation bars represent
mean concentrations in plasma from three animals. Solid and dashed
curves indicate DSP and dexamethasone profiles fitted simultane-
ously using Eqs.(1)–(4).

15% in the presence of EDTA (Fig. 1B). The pecu-
liar feature of EDTA plasma enzyme inhibition is that
it does not cause immediate DSP stabilization. Pro-
drug breakdown occurs for approximately half an hour
and then the reaction appears to be completely inhib-
ited. This initial degradation causes a drop in DSP
concentration and early generation of dexamethasone,
which stays unchanged for up to 6 h. The slight time
delay in inhibiting enzyme activity was captured by the
non-linear inhibition function 1− t/(t + t50) in Eqs.(3)
and(4). As time exceedst50 the function along with
kh approaches zero and hence the change is steroid
concentrations approaches a steady plateau. Estimate
(CV%) for t50 was computed to be 3.7 min (6.4%),
which indicates that inhibition of plasma enzymes by

Fig. 2. Stability of DSP during a freeze thaw cycle in EDTA treated
plasma. Bars with standard deviations represent concentrations in
plasma from three aliquots.

EDTA is fairly rapid. Samples mimicking sample pro-
cessing delays also exhibited a 13% decrease in DSP
concentrations, which probably occurs due to the expo-
sure to room temperature for 4 h after a freeze thaw
cycle (Fig. 2). This drop in concentration is similar to
the decrease in DSP concentration observed in freshly
incubated plasma samples depicted inFig. 1B. These
results may indicate that there is minimal prodrug
breakdown when the samples are frozen which is not
surprising because DSP plasma hydrolysis is a tem-
perature dependant enzymatic process (Derendorf et
al., 1986; Samtani et al., 2004b). Furthermore, plasma
hydrolysing enzymes seem to retain their activity dur-
ing a freeze thaw cycle and remain susceptible to EDTA
inhibition.

The prodrug break down half-life in blank plasma
was computed to be 1.75 h (CV%: 1.53). The in
vitro half-life of corticosteroid phosphate prodrugs in
plasma from sheep and humans has been reported to be
10–12 h (Derendorf et al., 1986; Samtani et al., 2004b).
The allometric equation for time parameters is:

t1/2,Species2=
(

Body weightSpecies2

Body weightSpecies1

)0.25

t1/2,Species1

(6)

This equation predicts that the half-life (t1/2) for in vitro
prodrug breakdown in rat plasma would be 2.4–2.9 h.
Thus, the in vitrot1/2 observed in this study is in reason-
able agreement with allometric principles and meets the
e r rate
i

xpectation that processes occur at a much faste

n rodents.
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The observations indicate that ex vivo prodrug
hydrolysis will be controlled by two competing forces.
DSP has an in vivo half-life of 5–10 min in humans
(Mollmann et al., 1995; Samtani et al., 2004b) and this
process will be greatly hastened in rats. The faster clear-
ance processes in rodents will cause rapid activation of
the prodrug in vivo. Thus, only those samples collected
at the earliest time points in rats will contain DSP. How-
ever, these rat samples will also be difficult to stabilize
completely because of the faster and efficient enzy-
matic processes. Thus, DSP break down will continue
to occur even after sample collection but will be greatly
minimized in the presence of EDTA.

Based on our experience with rat studies the ex vivo
prodrug hydrolysis can be minimized by administering
the prodrug via the intramuscular route. After intramus-
cular administration a good fraction of the prodrug is
activated at the injection site and the steroid can be
absorbed in the active form directly (Petersen et al.,
1984). This is the preferable administration route since
it is used clinically and produces almost complete and
rapid dexamethasone input (Samtani and Jusko, 2005).
Blood samples should be collected in EDTA, kept
on ice during processing delays, rapidly spun down
at −4◦C and stored immediately at−20 to −70◦C.
Prodrug hydrolysis is an enzymatic process and is
highly temperature dependant (Derendorf et al., 1986;
Samtani et al., 2004b). Cooling the samples, therefore,
reduces ex vivo generation of dexamethasone.

It is interesting to consider the previously reported
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administration of corticosteroid prodrugs are probably
often artifacts due to improper sample handling. Such
problems can be prevented by careful sample process-
ing and study design.
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