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a b s t r a c t

A rapid, simple and sensitive liquid chromatography/tandem mass spectrometry (LC–MS/MS) assay was
developed for the determination of dexamethasone (Dex) and dexamethasone sodium phosphate (Dex
SP) in plasma and human cochlear perilymph. After proteins were precipitated with a mixture of acetoni-
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trile and methanol, Dex, Dex SP and flumethasone, the internal standard, were resolved on a C18 column
using gradient elution of 5 mM ammonium acetate and methanol. The three compounds were detected
using electrospray ionisation in the positive mode. Standard curves were linear over the concentration
range 0.5–500 �g/L (r > 0.99), bias was <±10%, intra- and inter-day coefficients of variation (imprecision)
were <10%, and the limit of quantification was 0.5 �g/L for both Dex and Dex SP. The assay has been used
successfully in a clinical pharmacokinetics study of Dex and Dex SP in cochlear perilymph and plasma.
C–MS/MS

. Introduction

Systemic administration of glucocorticoids has been the tradi-
ional method of treatment of a number of inner ear conditions
ncluding autoimmune inner ear disease, acute postmeningitic
abyrinthitis, idiopathic sudden sensorineural hearing loss, and
ogan’s syndrome. Recently intratympanic (IT) delivery of glu-
ocorticoids has become an accepted approach for treatment of
ome of these conditions. The advantages of IT administration
nclude reducing systemic drug concentrations and side effects,
nd delivering higher doses to the inner ear when compared
ith systemic administration [1]. Dexamethasone (Dex) is a glu-

ocorticoid that is used for IT delivery, and because of low
ater-solubility administered in the form of the water-soluble

ster prodrug dexamethasone sodium phosphate (Dex SP). This
rodrug is hydrolysed rapidly by phosphatases to its active form

ree Dex [2]. To date, no study has been published looking at the
oncentrations of Dex and Dex SP in cochlear perilymph and plasma
fter IT treatment versus IV treatment in humans.
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Pharmacokinetic studies of Dex and Dex SP in cochlear peri-
lymph and plasma require a highly sensitive method to analyse the
concentrations of Dex and Dex SP because of the extremely small
volume of cochlear perilymph samples (∼20 �l) available from
patients during cochlear implantation, and the low Dex plasma
concentration from the low therapeutic dose given by IT route.
HPLC with tandem mass spectrometric detection (LC–MS/MS) has
been demonstrated to provide high sensitivity for the quantitative
determination of drugs and metabolites in biological fluids. Some
LC–MS/MS methods for measuring Dex in biological samples have
been reported [3–6], in which a relatively large volume of sample
was required (>200 �l). For Dex SP analysis, there is one published
HPLC–UV–MS method that has been used to report the analysis of
Dex SP in cochlear perilymph of guinea pigs [7], in which HPLC with
UV detection was used for Dex SP quantification and MS for Dex SP
identification. The limit of detection was 100 �g/L. Two LC–MS/MS
methods have been reported for the simultaneous determination
of Dex and Dex SP in plasma or connective tissue for pharmacoki-
netics studies [8,9]. The method for plasma [8] required 100 �l
of plasma, and protein precipitation by acetonitrile was used for
sample preparation. The method for connective tissue [9] required

50 mg of tissue, which was homogenized with water. After centrifu-
gation, the supernatant was filtered and the filtrate was injected
into LC–MS/MS. Both methods were sensitive (0.5 ng/ml in plasma
and 1 ng/g in connective tissue) but details of the methodology and
validation were lacking.

dx.doi.org/10.1016/j.jchromb.2010.11.003
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:mei.zhang@cdhb.govt.nz
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The aim in this work was to develop and validate a suitable
C–MS/MS method for a pharmacokinetic study of Dex and Dex SP
n human cochlear perilymph and plasma, during cochlear implan-
ation.

. Experimental

.1. Materials

Dex, Dex SP, flumethasone (FLU) (Fig. 1) and ammonium acetate
ere purchased from Sigma Co. (Australia). HPLC grade acetonitrile,
ethanol, and perchloric acid were purchased from BDH (Poole,
K). Distilled, deionised water was produced by a Milli-Q Reagent
ater System (Millipore, MA, USA). The human plasma used as the

ssay blank and for the preparation of standards was obtained from
ew Zealand Blood Services (Christchurch, New Zealand).

.2. Instrumentation and analytical conditions

The LC–MS/MS system consisted of a Shimadzu LC-20AD HPLC
ystem (Shimadzu Corporation, Kyoto, Japan) interfaced with an
PI 4000TM triple quadrupole mass spectrometer (Applied Biosys-

ems, Foster City, Canada) equipped with a TurboIonSpray® source.
nalyst software (Applied Biosystems, Foster City, Canada) was
sed to control equipment, to coordinate data acquisition, and
o analyse data. Dex, Dex SP and the internal standard FLU
ere separated under gradient elution using a Luna C18 5 �m,

0 mm × 2.0 mm internal diameter analytical column equipped
ith a C18 4.0 mm × 2.0 mm internal diameter guard column (Phe-
omenex, Torrance, CA, USA). The mobile phase consisted of solvent
(5 mM ammonium acetate) and solvent B (methanol). The flow

ate was set at 0.3 ml/min. The initial condition was 60% solvent A
nd 40% solvent B. A linear gradient was performed with mobile
hase B increasing from 40% to 90% within 1 min. After 3 min,
he mobile phase was returned to the initial condition and re-
quilibrated for 3 min. The total analysis time was 6 min.

The mass spectrometer was operated in the positive ion mode
ith curtain gas, Gas 1 and Gas 2 flow rates of 20, 45 and 60 psi,

espectively. The ion spray voltage was 5000 V and the source tem-
erature was 500 ◦C. Data acquisition was performed via multiple
eaction monitoring (MRM). The optimized precursor-to-product
on transitions monitored for Dex [M+H]+, Dex SP [M+3H−2Na]+

nd FLU [M+H]+ were m/z 393 → 373 with declustering potential
DP) 66 V and collision energy (CE) 13 V, m/z 473 → 435 with DP
1 V and CE 17 V, and m/z 411 → 253 with DP 81 V and CE 23 V,
espectively.

.3. Standards

The stock solutions of Dex and Dex SP (both 1.0 mg/ml as free
ase) were prepared by dissolving 10 mg of the respective stan-
ards in 10 ml of methanol. Two sets of the same standard stock
olutions were prepared for standard curves and for quality control
QC) samples respectively. The intermediate standard solution of
ex and Dex SP (20 �g/ml of Dex and Dex SP) was prepared by dilut-

ng 200 �l of Dex stock solution and 200 �l of Dex SP stock solution
o 10 ml of methanol in a volumetric flask. The stock internal stan-
ard FLU solution (1.0 mg/L) was prepared by dissolving 10 mg of
LU in 10 ml of methanol. A working solution of the internal stan-
ard (0.05 �g/ml) was prepared by diluting the stock solution with
ater.
.3.1. Plasma assay
The standard curves of Dex and Dex SP were constructed

y spiking drug-free human plasma with the intermediate stan-
ard solution of Dex and Dex SP, giving a calibration range of
r. B 879 (2011) 17–24

0.5–500 �g/L for both Dex and Dex SP. Dex and Dex SP plasma qual-
ity control (QC) standards were prepared in single 5 ml aliquots in
concentrations of 0.5, 10, 100 and 500 �g/L and stored at −30 ◦C
until analysed.

2.3.2. Cochlear perilymph assay
Because cochlear perilymph has very limited availability (i.e.

only sample at the time of the surgical procedure), proxy peri-
lymph [the filtrate of plasma prepared by ultrafiltration (2600 × g
for 30 min at 37 ◦C) using a Diaflo® ultrafiltration membrane, YMT
DISCS, 30K NMWL, 14 mm (Amicon Inc., Beverly, USA)] was used to
substitute for the blank perilymph for the preparation of standard
curves and QCs. The perilymph standard curves of Dex and Dex SP
were constructed by spiking proxy perilymph with the intermedi-
ate standard solution of Dex and Dex SP, giving the same calibration
range as that of the plasma standard curves. Dex and Dex SP proxy
perilymph QC standards were prepared in single 5 ml aliquots in
the same concentrations as that of plasma QCs, and stored at −30 ◦C
until analysed.

2.4. Sample preparation

The same sample preparation procedure was used for plasma
and perilymph samples. FLU, 50 �l of 0.05 �g/ml, was added to
50 �l of each of blank, standard, QC or patient samples. The mix-
ture was vortexed briefly. After adding 25 �l of 1.0 M perchloric
acid to acidify the sample, 200 �l of the mixture of methanol
and acetonitrile (1:4) was added to precipitate the proteins. After
centrifugation at 15,000 × g for 5 min, a 50 �l aliquot of clear super-
natant was mixed with 200 �l of mobile phase (5 mM ammonium
acetate and methanol, 50:50) and transferred to the autosampler
96 well plate. A volume of 10 �l was injected into the LC–MS/MS
system. Because of the limited availability of cochlear perilymph
from patients, the volumes of all the cochlear perilymph samples
were ≤20 �l. The volume of patient cochlear perilymph sample
was made up to 50 �l with proxy perilymph before sample prepa-
ration. The original volume of patient cochlear perilymph sample
was noted and the original concentrations of Dex and Dex SP in
cochlear perilymph were determined by backcalculating dilution
factors.

2.5. Validation

The standard curves were the plot of the peak area ratios (ana-
lyte/internal standard) of Dex and Dex SP versus the corresponding
concentrations of Dex and Dex SP. The linearity of the standard
curves was evaluated by preparing at least 6 calibration curves on
different days and determining the correlation coefficient of the
curves. To evaluate the assay recoveries and matrix effects, three
sets of standards were prepared using a modification of the method
of Matuszewski et al. [10] for both Dex and Dex SP at concen-
trations of 0.5, 10, 100 and 500 �g/L, and FLU at 0.05 �g/ml, the
concentration used in the assay. For the plasma assay, the first
set was prepared in plasma from six different sources, the sec-
ond set in the extracts of plasma after-protein precipitation of
blank plasma from the same six different sources as in first set,
and the third set in mobile phase. Every set included six samples
at each concentration. Absolute recoveries at each concentration
were measured by comparing the peak areas of Dex, Dex SP and
FLU in plasma to those in the spiked after-protein precipitation
blank plasma extracts at the corresponding concentrations (n = 6)

[Absolute recovery = (peak area of analyte from the spiked plasma
sample)/(peak area of analyte from the spiked after-protein pre-
cipitation blank plasma extract sample) × 100%]. The matrix effects
were assessed by comparing the peak areas of Dex, Dex SP and FLU
from the spiked after-protein precipitation blank plasma extracts



M. Zhang et al. / J. Chromatogr. B 879 (2011) 17–24 19

dium

w
i
s
e
b
w
a
2
t
s
a
a
t
(
e
t
c
c
D
q
S
A
b
a
a
t
d
b
t

D
5
a
c
s

Fig. 1. Chemical structures of dexamethasone so

ith the response of standard solution at the same concentration
n the mobile phase (n = 6). For cochlear perilymph assay, only the
econd and third sets of standards were prepared for the matrix
ffect evaluation. The procedure was the same as for plasma assay
ut using proxy perilymph instead of plasma. The proxy perilymph
as comparatively clear and no protein precipitation was observed

fter adding extraction solution (25 �l of 1.0 M perchloric acid and
00 �l of the 4:1 mixture of acetonitrile and methanol). Therefore,
here was no difference between the prepared proxy perilymph
tandard samples and the spiked proxy perilymph extract samples
nd it was not necessary to evaluate the recoveries of Dex, Dex SP
nd FLU from proxy perilymph. Quality control was assessed by
he analysis of six samples at each concentration on the same day
intra-day) and of one sample at each concentration on six differ-
nt days (inter-day). Bias was determined as the measured minus
he actual concentration, expressed as a percentage of the actual
oncentration. Imprecision was measured as intra- and inter-day
oefficients of variation. The lowest concentration for both Dex and
ex SP standard curves was considered to be the lower limit of
uantitation (LLOQ), at which the concentration of Dex and Dex
P could be determined with acceptable accuracy and precision.
ccording to the US Food and Drug Administration guidance for
ioanalytical method validation [11], the mean value determined
t LLOQ should not deviate by more than 20% of the actual value,
nd the precision determined at LLOQ should not exceed 20% of
he coefficients of variation (CV). The limit of detection (LOD) was
efined as the lowest concentration that can be detected in a sample
ut not necessarily quantified. The LOD was calculated as 3 times
he response compared to blank response.

The effects of freezing and thawing on the concentrations of

ex and Dex SP were studied using QC samples at 0.5, 10, 100 and
00 �g/L, which were subjected to four freeze–thaw cycles before
nalysis. The stability of QC samples at −30 ◦C was evaluated by
oncentration analysis at monthly intervals for ten months. The
tability of the stock standard solutions of Dex and Dex SP at 4 ◦C
phosphate, dexamethasone and flumethasone.

for 10 months was evaluated by comparing the response with that
of the freshly prepared standard solutions. The stability of the pro-
cessed samples at 4 ◦C (the temperature of the autosampler) for
two days was evaluated by comparing the results with the original
results. In all cases, Dex and Dex SP were considered to be stable as
long as degradation was <10% of the concentration at day 0.

3. Results and discussion

3.1. Mass spectrometry and chromatography

The MS/MS parameters were optimized to produce maximum
responses for Dex, Dex SP and the internal standard FLU using
electrospray ionisation in the positive ion mode. The protonated
molecular ions [M+H]+ were m/z 393 for Dex and m/z 411 for
FLU. The transitions yielding the most abundant product ions
were 393 → 373 for Dex and 411 → 253 for FLU. For Dex SP, the
mass spectrum contains 3 signals at m/z 517 [M+H]+, m/z 495
[M+2H−Na]+ and m/z 473 [M+3H−2Na]+. Comparison of all the
product ion abundance for the ions at m/z 517, m/z 495 and m/z 473
showed that the precursor–product ion transition m/z 473 → 435
offered the greatest potential for use in quantitative analysis of Dex
SP. The product ion spectra of [M+3H−2Na]+ for Dex SP and [M+H]+

for Dex and FLU are shown in Fig. 2.
To achieve optimized chromatographic resolution, peak sharp-

ness and signal intensity, a variety of LC analytical columns,
including Phenomenex Gemini C6-Phenyl and Luna C18 and C8
columns, and mobile phase compositions, including 5 mM ammo-
nium acetate, 0.05% formic acid and methanol, were evaluated.
Both Phenomenex Luna C18 and C8 columns gave the best

chromatographic resolution and sharp peaks. The mobile phase
consisting of 5 mM ammonium acetate and methanol gave higher
signal intensity than the mobile phase consisting of 0.05% formic
acid and methanol. Changes in percentage of methanol in the
mobile phase were found to have a profound influence on reten-
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Fig. 2. Product ion mass spectra of (a) dexamethasone sodium phosph
ion time and peak shape. With higher percentage of methanol,
he retention time decreased and the peak shape improved. The
ptimized LC condition chosen was therefore a mobile phase con-
isting of 5 mM ammonium acetate and methanol with gradient
+3H−2Na]+, (b) dexamethasone [M+H]+ and (c) flumethasone [M+H]+.
elution on a Phenomenex Luna C18 column. Under these con-
ditions, the retention times were approximately 2.79, 2.93, and
3.21 min for Dex, Dex SP and the internal standard FLU, respectively
(Figs. 3 and 4). Blank plasma samples and proxy perilymph sam-
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ig. 3. Representative MRM chromatograms of (a) blank plasma, (b) plasma sampl
.5 �g/L, (c) plasma sample spiked with Dex and Dex SP at 50 �g/L and (d) plasma sam
nd Dex SP concentration = 17 �g/L). In all cases, except blank plasma, the internal
les from more than six different sources of the same matrix were
ested for interference, and Dex, Dex SP and the internal standard
eaks were free of interference from any other peaks present in the
lanks (Figs. 3 and 4).
ed with dexamethasone (Dex) and dexamethasone sodium phosphate (Dex SP) at
m a patient after intravenous administration of Dex SP (Dex concentration = 66 �g/L
rd flumethasone (FLU) concentration was 0.025 �g/L.
3.2. Sample preparation

Protein precipitation is the simplest and most rapid method
of plasma and perilymph sample preparation for the measure-
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Fig. 4. Representative MRM chromatograms of (a) blank proxy perilymph, (b) proxy perilymph sample spiked with dexamethasone (Dex) and dexamethasone sodium
phosphate (Dex SP) at 0.5 �g/L, (c) proxy perilymph sample spiked with Dex and Dex SP at 50 �g/L and (d) cochlear perilymph sample from a patient after intratympanic
administration of Dex SP (Dex concentration = 12.8 �g/L and Dex SP concentration = 55.9 �g/L). In all cases, except blank proxy perilymph, the internal standard flumethasone
(FLU) concentration was 0.025 �g/L.
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Table 1
Intra-day assay variance of the determination of dexamethasone and dexamethasone sodium phosphate in plasma (n = 6).

Sample Concentration spiked (�g/L) Concentration found (�g/L) (mean ± SD) Bias (%) Imprecision CV (%)

Dexamethasone
LLOQ 0.5 0.53 ± 0.01 −6.0 1.9
QC1 10 9.3 ± 0.34 −7.0 3.7
QC2 100 103 ± 4.1 3.0 4.0
QC3 500 494 ± 11.0 1.2 2.2

Dexamethasone sodium phosphate
LLOQ 0.5 0.48 ± 0.04 −4.0 8.3
QC1 10 10.8 ± 0.93 8.0 8.6
QC2 100 102 ± 4.3 2.0 4.2
QC3 500 509 ± 6.0 1.8 1.2

Table 2
Inter-day assay variance of the determination of dexamethasone and dexamethasone sodium phosphate in plasma (n = 6).

Sample Concentration spiked (�g/L) Concentration found (�g/L) (mean ± SD) Bias (%) Imprecision CV (%)

Dexamethasone
LLOQ 0.5 0.52 ± 0.05 −4.0 9.7
QC1 10 10.1 ± 0.52 1.0 5.1
QC2 100 101 ± 3.7 1.4 3.7
QC3 500 504 ± 12.4 0.87 2.5

Dexamethasone sodium phosphate
LLOQ 0.5 0.54 ± 0.02 8.0 4.4
QC1 10 10.5 ± 0.53 5.0 5.1
QC2 100 99.8 ± 2.8 −0.2 2.8
QC3 500 490 ± 16.8 −2.0 3.4

Table 3
Intra-day assay variance of the determination of dexamethasone and dexamethasone sodium phosphate in perilymph (n = 6).

Sample Concentration spiked (�g/L) Concentration found (�g/L) (mean ± SD) Bias (%) Imprecision CV (%)

Dexamethasone
LLOQ 0.5 0.51 ± 0.03 2.0 5.7
QC1 10 9.8 ± 0.38 −2.0 3.9
QC2 100 101 ± 3.3 1.0 3.3
QC3 500 520 ± 13.8 4.0 2.7

Dexamethasone sodium phosphate
LLOQ 0.5 0.47 ± 0.05 −6.0 9.8
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QC1 10 10.1 ± 0.16
QC2 100 103 ± 4.4
QC3 500 527 ± 19.0

ent of drug concentrations. To find the most efficient precipitant
or sample preparation, three widely used precipitating agents
acetonitrile, methanol and perchloric acid) were compared. Pre-
ipitation with acetonitrile or perchloric acid gave better sample
lean-up, but the recoveries for Dex, Dex SP and the internal
tandard FLU were lower. Precipitation with methanol gave high
xtraction efficiency but the sample clean-up was less efficient and

he supernatant was not very clear. Acidifying plasma samples with
small volume of 1.0 M perchloric acid and then extracting with
mixture of acetonitrile and methanol (4:1) provided the cleanest

amples and the highest recoveries for Dex, Dex SP and the internal
tandard FLU.

able 4
nter-day assay variance of the determination of dexamethasone and dexamethasone sod

Sample Concentration spiked (�g/L) Concentration foun

Dexamethasone
LLOQ 0.5 0.51 ± 0.04
QC1 10 10.8 ± 0.59
QC2 100 101 ± 5.4
QC3 500 496 ± 35.9

Dexamethasone sodium phosphate
LLOQ 0.5 0.53 ± 0.04
QC1 10 9.7 ± 0.47
QC2 100 98.6 ± 8.1
QC3 500 502 ± 16.0
1.0 1.6
3.0 4.3
5.4 3.6

3.3. Method validation

Standard curves of Dex and Dex SP were linear (r > 0.999)
for both plasma and perilymph over the concentration range of
0.5–500 �g/L. The intercept with the y-axis was not significantly
different from zero. The mean linear regression equations of stan-
dard curves for plasma samples were y = 0.044x + 0.055 for Dex and

y = 0.019x + 0.032 for Dex SP. The mean linear regression equations
of standard curves for perilymph samples were y = 0.040x + 0.035
for Dex and y = 0.010x + 0.041 for Dex SP, where y represents the
ratio of the analyte peak area to that of the internal standard, and
x represents the plasma concentration of the analyte. The coeffi-

ium phosphate in perilymph (n = 6).

d (�g/L) (mean ± SD) Bias (%) Imprecision CV (%)

2.0 8.3
8.0 5.4
1.0 5.4

−0.8 7.2

6.0 7.0
−3.0 4.9
−1.4 8.2

0.4 3.2
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Table 5
Matrix effect data for dexamethasone (Dex) and dexamethasone sodium phosphate
(Dex SP) (n = 6, from six different sources).

Concentration spiked (�g/L) Dex (mean ± SD%) Dex SP (mean ± SD%)

Plasma
0.5 106 ± 8.2 114 ± 4.0
10 101 ± 7.1 108 ± 6.6
100 106 ± 5.9 116 ± 9.0
500 103 ± 3.6 112 ± 4.4
Proxy perilymph
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0.5 103 ± 6.8 106 ± 9.2
10 97.4 ± 6.7 111 ± 7.6
100 95.0 ± 7.7 104 ± 6.5
500 96.0 ± 5.8 101 ± 6.9

ients of variation for the slopes of the six standard curves were
3.5% for both Dex and Dex SP in both plasma and perilymph matri-
es. The corresponding coefficients of variation for the intercepts
ere <16%. The LOD was around 0.2 �g/L and the LLOQ was around

.5 �g/L for both Dex and Dex SP in both plasma and perilymph
atrices. The accuracy and precision were assessed at LLOQ and the

ow, medium and high level QCs. For both Dex and Dex SP in both
lasma and perilymph matrices, there was no constant direction to
he bias (i.e. + or −) for LLOQ and QCs and the mean values were
ithin ±10% of the spiked values (Tables 1–4). Imprecision was

mall, as indicated by both intra- and inter-day coefficients of vari-
tion of <10% at concentrations of LLOQ and QCs (Tables 1–4). The
bsolute recoveries of Dex and Dex SP from plasma at concentra-
ions of 0.5, 10, 100 and 500 �g/L were similar and consistent, with

ean values of around 100%. The absolute recovery of the internal
tandard FLU at the concentration employed was 105 ± 4.0% (n = 6).

Matrix effects were assessed by comparing the response of
ex and Dex SP and the internal standard FLU from the spiked
fter-protein precipitation blank plasma extracts or proxy per-
lymph extracts with the response of standard solution at the
ame concentration in the mobile phase [Matrix effect = (peak
rea of analyte spiked in protein precipitated blank plasma or
roxy perilymph extracts)/(peak area of analyte spiked in mobile
hase) × 100%]. A value of 100% indicates that the responses in the
obile phase and in protein precipitated plasma were the same and

o absolute matrix effect is observed. A value of >100% indicates
onisation enhancement and a value of <100% indicates ionisa-
ion suppression. The matrix effects (mean ± SD%) for both plasma
nd perilymph determined at concentrations of 0.5, 10, 100 and
00 �g/L for Dex and Dex SP are shown in Table 5. The matrix effect
or the internal standard FLU was 98.7 ± 6.8% (n = 6). No significant

atrix effects were evident.

Dex and Dex SP were found to be stable in plasma and proxy per-

lymph for at least four freeze–thaw cycles when stored at −30 ◦C.
he QC samples for both plasma and proxy perilymph at concentra-
ions of 0.5, 10, 100 and 500 �g/L were stable for at least 10 months
t −30 ◦C. Stock standard solutions of Dex and Dex SP remained

[

[

r. B 879 (2011) 17–24

stable for at least 10 months at 4 ◦C. The processed samples were
stable for at least three days at 4 ◦C. In all cases, the concentrations
of Dex and Dex SP of stored samples deviated <5% from the freshly
prepared samples.

3.4. Application of the assays

The method has been used in a clinical study to investigate deliv-
ery of Dex and Dex SP into cochlear perilymph after intratympanic
or intravenous administration of Dex SP using measurement of the
concentrations of Dex and Dex SP in the cochlear perilymph of the
human ear and in plasma. The plasma standard curves of both Dex
and Dex SP covered the entire range of concentrations in patient
samples. Because IT administration delivered much higher doses to
the inner ear when compared with systemic administration, there
were some concentration values of Dex and Dex SP in cochlear per-
ilymph above the perilymph standard curves. The samples with
abnormally high concentrations of Dex and Dex SP were diluted
and reanalysed according to the US Food and Drug Administration
guidance for bioanalytical method validation [11]. To ensure the
accuracy and reproducibility of the method for patient samples,
23% of the incurred plasma samples were reanalysed. All the repeat
values were ≤17% difference from the initial value. A paper arising
from this clinical study is in preparation.

4. Conclusions

A validated LC–MS/MS method for the determination of Dex and
Dex SP in the cochlear perilymph of the human ear and in plasma
has been described. The method has been used in a clinical study
and proven to be rapid, sensitive, specific and accurate.
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