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0Z277 is a synthetic 1,2,4-trioxolane antimalarial currently being evaluated in clinical trails. Biotransfor-
mation of 0Z277 in rats results in the generation of metabolites with large differences in polarity which
complicates the development of a method for the simultaneous analysis of all species. A simple, sensitive
and selective hydrophilic interaction liquid chromatography-mass spectroscopy (HILIC/MS) method for
simultaneous determination of 0Z277 and its major metabolites in rat plasma was developed and val-

Keywords: idated. The method involves protein precipitation with acetonitrile followed by separation on a Waters
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RBx11160 Atlantis™ HILIC Silica column using gradient elution. The analytes were monitored using a positive elec-
1.2 4-trioxolane trospray ionization interface in selected ion monitoring mode. The calibration range for all of the analytes
Rat plasma was 5-10,000 ng/mL and the lower limit of quantitation was 5 ng/mL using a 50 p.L rat plasma sample.
HILIC/MS The inter- and intra-day accuracy and precision was within 12%. The recovery of all analytes from rat

plasma over a wide concentration range was 90% or greater. The method has been successfully used for

quantifying 0Z277 and its metabolites in plasma following intravenous administration to rats.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Artemisinin and its semi-synthetic analogues are extensively
utilised for the treatment of multi-drug resistant malaria [1].
Despite their proven clinical efficacy, their therapeutic utility is
hampered by their poor biopharmaceutical properties and cost due
to their semi-synthetic nature [2]. In addition, there is an increas-
ing concern for the potential development of resistance to these
agents [3,4]. These factors have stimulated interest in the discov-
ery of novel and fully synthetic peroxide antimalarials, with the
dispiro-1,2,4-trioxolane, 0Z277 (also known as RBx11160, Fig. 1)
being the first such agent to be tested in human clinical trials
[2].

Previous research conducted with 0Z277 and other structurally
related 1,2,4-trioxolanes has shown that these agents are suscep-
tible to Fe(Il)-mediated degradation resulting in the formation of
an adamantane lactone and the corresponding cyclohexanone [5]
(NP15, Fig. 2). This reaction occurs due to the presence of the
inherently reactive peroxide bond which is required for antimalar-
ial activity. In vivo, the cyclohexanone can be further reduced to
the corresponding alcohol (NP22, Fig. 2) by reductases expressed
in blood and other vital organs. A recent report on the poten-
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tial metabolites of 0Z277 generated from studies in human liver
microsomes also identified the potential for the formation of three
hydroxylated metabolites, two of which occurred on the adaman-
tane ring [6] (0Z381 and 0Z397, Fig. 1) and one on the cyclohexyl
ring.

Pharmacokinetic (PK) and metabolism studies in preclinical
animal models are a critical part of the drug discovery and devel-
opment process and rely upon the availability of suitable analytical
methods for the quantification of drug and potential metabo-
lites in blood, plasma and other relevant biological matrices. The
purpose of the current investigation was to develop and val-
idate an analytical method for the quantitation of 0Z277 and
its expected metabolites and in vivo degradation products in rat
plasma.

In preliminary studies, a single set of conditions suitable for all
the analytes could not be identified using typical reversed phase
columns (C8 and C18) due to the large differences in polarity
between these species. Recently, several new columns have become
available for the analysis of small polar compounds, and one such
column utilises hydrophilic interaction chromatography (HILIC) as
the separation modality [7-12]. This separation method, which was
first described by Alpert [13], has been in use for many years for the
separation of sugars [14], carbohydrates [15,16], peptides [17,18]
and natural product extracts [19]. Many different polar station-
ary phases can be utilised in HILIC including underivatised silica,
aminopropyl, amide, poly(succinimide) and other bonded silicas,
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Fig. 1. Structures of 0Z277 and its adamantane hydroxylated metabolite(s).

and polymer-based supports [20]. Mobile phases typically com-
prise a high percentage of organic solvent and a small percentage of
water. HILIC requires an appropriate percentage of water (~5-15%)
to maintain a stagnant enriched water layer on the surface of the
polar stationary phase into which the polar analytes partition. Sepa-
ration is then achieved by eluting the analytes with a strong organic
mobile phase. The higher organic content in HILIC mobile phases
provides low column back pressures and enhanced MS sensitiv-
ity due to lowering of the droplet surface tension during the MS
electrospray process [21].

The current report focuses on the development and validation
of a simple, reliable and sensitive HILIC/MS method using sim-
ple protein precipitation for quantitative analysis of 0Z277 and
its expected metabolites and in vivo degradation products in rat
plasma within a single analytical run. The method has been success-
fully applied to the evaluation of the PK characteristics of 0Z277 and
its metabolites in rats following intravenous (IV) administration.

2. Experimental
2.1. Reagents

The trioxolanes 0Z277, 0Z397 and 0Z209 (Figs. 1 and 2) and
authentic standards of NP15 and NP22 (Fig. 2) were synthesised [6]
and generously provided by Prof. Jonathan Vennerstrom, University
of Nebraska Medical Centre, Omaha. Isopropanol (IPA) and acetoni-
trile (ACN) were of HPLC grade and were obtained from Burdick and
Jackson (Michigan, USA) and Merck (Darmstadt, Germany), respec-
tively. Ammonium formate was purchased from Sigma-Aldrich
(MO, USA) and formic acid was from Ajax Finechem (New South
Wales, Australia).

2.2. Preparation of standard solutions

Primary stock solutions of 02277, 02397, NP15, NP22 and 0Z209
(internal standard, IS) were prepared at a concentration of 1 mg/mL
in ethanol. A working stock solution with a final concentration of
200 pg/mL of each analyte was prepared from the primary stock
solutions and was diluted with ethanol to prepare calibration spik-
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Fig. 2. Structures of NP15, NP22 and 0Z209 [internal standard (IS)].

ing solutions at concentrations of 0.05, 0.1, 0.5, 1, 5, 10, 50 and
100 pg/mL. The IS was prepared at a concentration of 0.2 pg/mL
in ACN.

2.3. Preparation of calibration standards

Calibration standards were prepared fresh daily by spiking 50 p.L
aliquots of blank rat plasma with 5 L of calibration spiking solution
to produce calibration standards at concentrations of 5, 10, 50, 100,
500, 1000, 5000 and 10,000 ng/mL.

2.4. Sample processing

Rat plasma samples, calibration standards and the quality
control (QC) samples were processed using a simple protein precip-
itation method. To each tube containing 50 p.L of plasma, 300 L of
ACN containing the IS (0.2 wg/mL) was added. The contents of the
tubes were vortex mixed for 1 min and centrifuged at 10,000 rpm
for 3 min after which 200 pL of the supernatant was transferred into
a clean HPLC autosampler vial. For each sample, a 10 pL aliquot was
injected onto the HPLC column.

2.5. LG/MS instrument and conditions

Liquid chromatography was performed using a Waters 2795
Alliance™ HT separation module equipped with an autosampler
and column oven. The HPLC system was attached to a Waters
Micromass ZQ single quadrupole mass spectrometer with an elec-
trospray ionization (ESI) interface. Data acquisition and processing
were achieved using MassLynx (version 4.1) software. Chromato-
graphic separation of 0Z277 and its metabolites was achieved using
a binary gradient method on a 2.1 mm x 50 mm, 5 um Atlantis®
HILIC Silica column (Waters Corp., Milford, MA, USA) fitted with
a 2.1mm x 10mm, 5 wm Atlantis® HILIC Silica guard column. The
column was maintained at 40°C during analysis. Mobile phase A
consisted of a mixture of 0.1 M ammonium formate (adjusted to a
pH 3.0 with formic acid) and ACN in the ratio of 5:95 (v/v), while
mobile phase B consisted of 0.1 M ammonium formate (adjusted
to pH 3.0 with formic acid) and IPA in the ratio of 5:95 (v/v). The
gradient program was as follows: 40-45% mobile phase B from 0
to 5min, 45-80% mobile phase B from 5 to 5.5 min, maintaining
80% mobile phase B until 6 min, 80-40% mobile phase B from 6 to
6.5 min and maintaining 40% mobile phase B until 9 min. The flow
rate was maintained at 0.5 mL/min.

MS conditions for 0Z277 and its metabolites were optimised
using the built in syringe pump in the instrument by infusing indi-
vidual working stock solutions at a flow rate of 10 wL/min. The
following MS conditions were identified: desolvation gas (nitrogen)
450L/h, cone gas (nitrogen) 100 L/h, source temperature 90 °C, des-
olvation temperature 350°C, probe capillary voltage 3.2 kV, cone
voltage +20kV and a dwell time 0.1 s.

Preliminary method development studies showed similar MS
response factors for 0Z381 and 0Z397. Since these hydroxylated
metabolites co-eluted under the present chromatographic con-
ditions, their total concentration (0Z381 +0Z397) was quantified
using 0Z397 as the analytical standard. Initial pharmacokinetic
studies in rats indicated that the ratio of plasma concentrations
for 0Z397 to 0Z381 was >5:1 suggesting that 0Z397 was the more
predominant metabolite (unpublished data).

Data acquisition was performed using the ESI interface in pos-
itive ion mode. The protonated molecular ions [M+H]* of 0Z277
(m/z393.2),0Z397/0Z381 (m/z409.3), NP15 (m/z 227.1), NP22 (m/z
229.1) and the IS (m/z 294.4) were monitored using selected ion
recording (SIR).
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2.6. Method validation

2.6.1. Matrix effect

Qualitative assessment of potential matrix effects was initially
conducted by post-column infusion of 0Z277, its metabolites and
the IS during the chromatographic analysis of blank rat plasma
extracts as previously described [22]. A standard solution contain-
ing each of the analytes in ACN at 1 ug/mL was infused at a flow
rate of 10 wL/min during the chromatographic analysis of six blank
rat plasma extracts from six different animals. The SIR of each ana-
lyte was examined to qualitatively assess the potential affects of
plasma components on the ionization. Quantitative estimation of
potential matrix effects was also undertaken to calculate the abso-
lute matrix effect (ME). Six different lots of blank rat plasma were
precipitated with ACN as described above and then the supernatant
spiked with 0Z277 and its metabolites at concentrations of 20 and
10,000 ng/mL. The corresponding peak areas of each of the analytes
in the spiked plasma supernatant (i.e. post-precipitation) were then
expressed as a ratio of the peak areas for the solvent standards pre-
pared in ACN/water (6:1) at equivalent concentrations. This ratio of
ACN/water in the solvent standard closely mimics the ACN/aqueous
ratio in the plasma supernatant following protein precipitation. The
same evaluation was performed for the IS at a concentration of
200 ng/mL. A value of 100% indicates that the response of 0Z277
and its metabolites in rat plasma was unaffected by the matrix
components. A value of >100% indicates ionization enhancement
and <100% indicates ion suppression. To assess the variability in
the matrix effect, the relative standard deviation (RSD) of the ME
was calculated by direct comparison of the peak areas of individual
analytes between different lots of plasma.

2.6.2. Selectivity

The selectivity of the method for each of the analytes in the pres-
ence of potentially interfering endogenous matrix components was
tested by screening six different lots of analyte free heparinised rat
plasma collected from six rats.

2.6.3. Absolute recovery

The absolute recovery was determined by comparing the peak
area obtained from plasma samples spiked with 0Z277 and its
metabolites prior to protein precipitation with those from plasma
samples spiked following the precipitation procedure. Recovery
was determined for three replicates of plasma spiked with 0Z277
and its metabolites at low (50 ng/mL), medium (500 ng/mL) and
high (2000 ng/mL) concentrations.

2.6.4. Precision and accuracy

The intra-day precision and accuracy of the method was
assessed using QC samples at six concentration levels (5, 20, 50,
500, 2000 and 10,000 ng/mL). The inter-day precision and accuracy
was determined over four days at three concentration levels (50,
500 and 2000 ng/mL). The accuracy of the intra- and inter-day data
was calculated as the percent deviation of the measured concentra-
tion (determined using the calibration curve run on the same day)
from the nominal concentration.

2.6.5. Calibration range and lower limit of quantitation (LLOQ)

Calibration standards for 0Z277 and its metabolites were pre-
pared over the concentration range of 5-10,000 ng/mL using the
calibration spiking solutions. A standard curve was constructed
from the peak area ratios (peak area of analyte/peak area of the IS)
versus nominal concentrations by fitting to a quadratic equation
using a weighted (1/concentration) regression. Calibration curves
were prepared fresh and included in each analytical run.

The LLOQ was determined by evaluation of the signal to noise
ratio (S/N) and the precision and accuracy with six replicates for

each of six samples. The LLOQ was defined as the lowest calibra-
tion standard which had a S/N > 10, precision of <20% and accuracy
within the range of +20%.

2.6.6. Stability

In order to determine the short-term bench top stability of
0Z277 and its metabolites, two sets of triplicate rat plasma sam-
ples were spiked at low (50ng/mL), medium (500ng/mL) and
high (2000 ng/mL) concentrations of each analyte. One set was
processed immediately and a duplicate set was allowed to sit at
room temperature (~25 °C) for 3 h, which was the maximum time
required to process a representative set of samples. All the sam-
ples were analysed by comparison to a freshly prepared calibration
curve.

Stability of processed samples during storage within the
autosampler was assessed for 0Z277 and its metabolites over a
period of ~24h. A calibration curve (5-10,000ng/mL) and six
replicates of the samples for each concentration (50, 500 and
2000 ng/mL) were prepared. The calibration standards were first
run followed by injections of the replicate samples at 6 h intervals
over a period of 24 h. The peak area ratios of each of the analytes
obtained over a 24 h period were compared to determine their sta-
bility under the autosampler conditions.

The stability of 0Z277 and its metabolites at —80 °C was investi-
gated at 0, 9 and 15 days using spiked rat plasma samples at three
different concentrations (50, 500 and 2000 ng/mL). Six replicates at
each concentration were thawed and analysed initially and on days
9 and 15 by comparison to a freshly prepared calibration curve.

2.7. Pharmacokinetic study in rats

Three male Sprague-Dawley rats weighing 290-310g were
selected for this study. All animal work was undertaken in accor-
dance with the guidelines of the Australian and New Zealand
Council for the Care and Use of Animals in Research and the protocol
was approved by the Institutional Animal Experimentation Ethics
Committee.

0Z277 (maleate salt) was dissolved in 5% glucose solution and
administered intravenously via an indwelling jugular vein cannula.
Blood samples (220 wL) were collected via an indwelling carotid
artery cannula prior to dosing, at the end of the 0Z277 infusion
(0.08h) and at 0.25, 0.5, 1, 2, 3, 5, 8, 11, 15 and 24 h post-dosing.
Plasma was separated by immediate centrifugation of the collected
blood samples at 4°C. The plasma fractions were transferred to
polypropylene tubes, snap frozen and stored at —80°C until analy-
sis (within 7-10 days of sample collection). On the day of analysis,
plasma samples were thawed and processed using the described
procedure.

3. Results and discussion
3.1. Method development

The primary aim of these investigations was to develop a simple
and robust chromatographic method for the simultaneous analysis
of 0Z277 and its metabolites and in vivo degradation products in
rat plasma. Method development was initiated with the optimisa-
tion of the MS conditions. The next phase of method development
included optimisation of the chromatographic conditions includ-
ing the type of column and the mobile phase composition. Initial
studies with conventional reversed phase columns (e.g. C8 and
C18) revealed that 0Z277 and 0Z397 (and 0Z381) were retained
well on these packing materials, whereas the more polar analytes,
NP15 and NP22, eluted in the void volume even with the use of a
highly aqueous mobile phase (>98% aqueous). A cyanopropyl (CN)
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bonded phase column was also evaluated for its ability to sepa-
rate the polar analytes [23]. Using this packing material, 0Z277
and its metabolites were well separated using a simple gradient
method, however, a relatively low mobile phase pH was required
for optimum peak shape. Unfortunately, the retention characteris-
tics of the column deteriorated with time due to inherent stability
issues of the packing material under the slightly acidic mobile phase
conditions utilised [24].

During the early nineties, Alpert described a novel separa-
tion technique for polar solutes called HILIC [13], which employs
low-aqueous/high organic mobile phases. Application of this sep-
aration technique to highly polar and ionic species has been
widely reported in recent years [13,19,25-27], however this sep-
aration modality is not commonly used for the quantitation
of both hydrophilic and hydrophobic solutes within the same
sample. Under the current application, the hydrophilic analytes,
NP15 and NP22, exhibited good retention characteristics on the
HILIC column, and the more hydrophobic solutes, 0Z277 and
0Z397/0Z381, were also retained sufficiently to allow accurate
quantitation.

Optimisation of the pH, mobile phase composition and flow
rate were required to obtain optimum peak shapes for each of
the analytes. An increase in the concentration of ammonium for-
mate in the buffer resulted in sharpened peak shapes for each of
the analytes with a concentration of 100 mM resulting in sharp
peaks without compromising the MS sensitivity due to ion sup-
pression. Use of an acidic pH (~3.0) resulted in good peak shapes
with satisfactory retention times for all the analytes. A high ini-
tial percentage of the less polar mobile phase A (95%, v/v ACN
in ammonium formate buffer) was required for optimum reten-
tion of 0Z277 and 0Z397/0Z381, whereas an increase in mobile
phase polarity with time was required for the elution of NP15
and NP22. By employing 60% mobile phase A and 40% mobile
phase B (95%, v/v IPA in ammonium formate buffer) as the initial
conditions and increasing the concentration of phase B using a lin-
ear gradient, optimal separation of all the analytes was achieved
within a short analytical run time (<10min for the complete
cycle).

The peak shapes of the late eluting peaks (NP15 and NP22) were
also found to be sensitive to mobile phase flow rate. A flow rate of
0.5 mL/min was found to result in good separation of all peaks with
optimum peak shapes for each of the analytes.

3.2. Optimisation of the sample preparation procedure

Two methods were evaluated for the separation of analytes
from endogenous components present in rat plasma. Initial stud-
ies were conducted using liquid-liquid extraction (LLE) with either
ethyl acetate, dichloromethane or methyl t-butyl ether, alone or in
combination. Following LLE, the extraction efficiency of the more
polar metabolites, NP15 and NP22, was found to be very poor. No
significant increase was observed in their extraction efficiency by
increasing the pH of the plasma samples to result in deprotonation
of the amine functionality. These results indicated that a single LLE
method was unlikely to efficiently extract these analytes from the
plasma matrix.

Protein precipitation is considered to be one of the simplest
methods for processing biological samples such as plasma. Numer-
ous different precipitants can be utilised for this purpose, however
ACN is often incorporated due to its extensive use as a component
in HPLC mobile phases, and the fact that most analytes are stable
in this solvent. At a volume ratio of 2:1 precipitant to plasma, ACN
removes more than 92% of plasma proteins [28]. By increasing the
volume ratio to 5:1 (ACN:plasma), the removal of plasma proteins
is further increased and the peak shape was found to be good for
each of the analytes on the HILIC column.
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Fig. 3. Representative post-column analyte infusion LC/MS chromatograms (SIR) for
[A] 0Z277; [B] 0Z397; [C] NP15; [D] NP22 and [E] IS obtained during the chromato-
graphic analysis of precipitated blank rat plasma.

3.3. Method validation

3.3.1. Matrix effect

Matrix effects on the ionization of the analytes can occur due to
co-eluting endogenous components of rat plasma. The results of the
qualitative estimation of matrix effects using post-column infusion
experiments (Fig. 3) showed the absence of any ion suppression or
enhancement regions at the retention times of the analytes and the
IS (Figs. 3 and 4).

Quantitative assessment of absolute matrix effects and the
potential variability was assessed using six sources of rat plasma.
The ME values were between approximately 87% and 119% for each
of the analytes and the IS, indicating no major enhancement or sup-
pression of the ionization (Table 1). The calculated RSD values for all
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Fig.4. Extracted SIR chromatograms of 0Z277 and its metabolites spiked into rat plasma. (A) Blank rat plasma; (B) 02277 (10 ng/mL, 1.97 min); (C) 02397 (10 ng/mL, 2.25 min);
(D) NP15 (10 ng/mL, 3.10 min); (E) NP22 (10 ng/mL, 3.40 min); and (F) 0Z209 (200 ng/mL, 2.08 min). Note that additional peaks observed in (D) between ~1.8 and 2.5 min
were due to insource fragmentation of 0Z277 and 0Z397. Also note that the peak observed in (E) at ~3.0 min is the C'3 isotope of NP15, which has similar m/z as NP22.

the analytes across the different lots of rat plasma were also within
the acceptable limits of variation (RSD values of <11%).

3.3.2. Selectivity

The selectivity of the method was evaluated by testing plasma
collected from six rats for interfering matrix components, with each
batch of plasma collected using heparin as the anti-coagulant. No
interfering endogenous peaks were found for any of the different

Table 1

plasma lots. Representative chromatograms of processed blank rat
plasma, and rat plasma spiked with 0OZ277 and its metabolites at
10 ng/mL are shown in Fig. 4.

3.3.3. Absolute recovery

The absolute recovery of 0Z277 and its metabolites was eval-
uated by extracting rat plasma samples spiked at low, medium,
and high concentrations. As shown in Table 1, average absolute

Matrix effects (%) and absolute recovery (%) of 0Z277 and its metabolites from rat plasma. Results represent the mean of n=6 for matrix effect determinations and n=3 for

the recovery experiments.

Analyte Matrix effects Recovery
Nominal concentration (ng/mL) Absolute matrix effect (mean %) RSD (%) Nominal concentration (ng/mL) Recovery (mean %) RSD (%)
0Z277 20 119 11.0 50 100 3.0
10000 112 21 500 105 4.9
2000 95 5.4
0Z397 20 90 11.0 50 108 2.3
10000 96 7.6 500 108 4.7
2000 100 8.7
NP15 20 96 71 50 103 5.7
10000 87 0.9 500 106 1.6
2000 93 3.5
NP22 20 93 8.9 50 105 11
10000 93 6.7 500 107 52
2000 96 5.4
IS 200 99 1.6
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Table 2
Precision and accuracy of 0Z277 and its metabolites in rat plasma.
Intra-day
Nominal concentration 5 20 50 500 2000 10000
(ng/mL)
0Z277
Mean (n=6) 5.0 21 56 565 2092 9846
RSD (%) 52 2.8 6.6 39 4.8 33
Accuracy (%) -0.8 4.5 11 13 4.6 -1.5
07397
Mean (n=6) 5 21 54 509 1940 9919
RSD (%) 7.6 4.6 8.7 3.7 52 2.8
Accuracy (%) -0.5 5.3 7.0 1.8 -3.0 -0.8
NP15
Mean (n=6) 5 21 54 525 1989 11176
RSD (%) 9.1 8.8 53 5.8 43 1.7
Accuracy (%) 2.6 7.2 7.2 5.1 -0.5 11.8
NP22
Mean (n=6) 5 20 50 520 1936 10113
RSD (%) 9.3 22 6.7 4.0 3.9 34
Accuracy (%) 3.2 -0.3 0.3 3.7 —-3.2 1.1
Inter-day
Nominal concentration (ng/mL) 50 500 2000
07277
Mean (n=24) 53 527 1978
RSD (%) 6.0 6.3 5.8
Accuracy (%) 6.1 53 -1.1
0Z397
Mean (n=24) 53 518 2017
RSD (%) 74 6.1 7.6
Accuracy (%) 6.9 3.6 0.9
NP15
Mean (n=24) 53 528 2064
RSD (%) 6.7 5.1 5.9
Accuracy (%) 5.0 5.6 3.2
NP22
Mean (n=24) 51 518 2008
RSD (%) 7.3 4.6 5.7
Accuracy (%) 1.9 3.5 04

recoveries of each of the analytes were above 90% across the con-
centration range. The RSD of the recoveries over the concentration
range was <11%, demonstrating consistency in the protein precipi-
tation method.

3.3.4. Calibration range and LLOQ

The calibration range for 0Z277 and its metabolites was estab-
lished by analysing eight calibration standards over a concentration
range of 5-10,000 ng/mL on four occasions. This range was selected
to cover the concentration range likely to be encountered in samples
arising from in vivo rat pharmacokinetic studies. The calibration
curve was best fit using a quadratic equation weighted to 1/con-
centration and resulted in a correlation coefficient (r2)>0.998. The
accuracy of the back-calculated concentrations for the calibration
standards was within 4-15% of the nominal concentration. The low-
est calibration standard (5 ng/mL) was set as the LLOQ for 0Z277
and its metabolites in rat plasma as it met each of the specified
requirements (Table 2).

3.3.5. Precision and accuracy

The inter- and intra-day precision and accuracy was established
from the analyses performed on four different days. The mean, pre-
cision and accuracy were calculated from the replicates over all
four days (n=24) to provide inter-day values while intra-day val-
ues were calculated from the replicates on each day (n=6). The
intra-day accuracy for 0Z277 and its metabolites was within the

Table 3
Short-term bench top stability of 02277 and its metabolites in rat plasma. The results
represent the mean of six measurements.

Analyte Nominal concentration Oh (setl) 3h(setll)
(ng/mL)
Mean RSD Mean RSD
0z277 50 52 3.8 52 5.5
500 514 4.4 525 33
2000 2099 4.9 2067 5.6
0Z397 50 51 8.7 48 24
500 478 2.8 474 45
2000 1850 4.1 1862 3.5
NP15 50 52 53 52 6.1
500 523 4.4 527 2.2
2000 2001 3.2 2132 5.8
NP22 50 51 4.7 51 4.7
500 508 23 527 52
2000 1965 24 2052 5.6

range of —3% to 13% across the tested concentration range while
the inter-day accuracy for all the analytes was within the range of
—1% to 7%. Both intra- and inter-day precision values were less than
10% for each of the analytes (Table 2).

3.3.6. Short-term bench top stability

The short-term bench top stability of 0Z277 and its metabo-
lites was determined by comparing an immediately processed set
of spiked samples (set I) with a set of samples that was processed
after exposure to ambient conditions for 3 h (set II). No significant
difference (p<0.05) was observed in the calculated mean values
between the two sets of samples (Table 3), establishing the stability
of all the analytes in rat plasma under these conditions.

3.3.7. Autosampler stability

The stability of 0Z227 and its metabolites in processed samples
stored within the autosampler indicated that the analytes were sta-
ble under these conditions. The RSD for each of the analytes was
within the range of 3-9% and the calculated concentrations were
within 2-13% of the nominal concentrations. During this experi-
ment, the RSD for the peak area of the IS was <6.0%. These results
demonstrate the stability of each of the analytes and the IS follow-
ing processing under autosampler conditions for a period of at least
24 h.

3.3.8. Storage stability

The stability of 0Z277 and its metabolites in rat plasma at —80°C
was evaluated to determine acceptable storage conditions for the
PK samples. Following plasma sample storage at —80 °C for 15 days,
there was no discernable difference in the assayed concentrations
compared to freshly analysed plasma samples. The RSD and accu-
racy values for each of the analytes ranged from 2% to 11% and —7%
to 12%, respectively (Table 4).

4. Application of the analytical method

Rat plasma samples generated following IV administration of
0Z277 were analysed by the described analytical method along
with QC samples. The concentrations of 0Z277 and its metabolites
were within the calibration range and all of the QCs were found to
meet the acceptance criteria (data not shown). The sensitivity and
specificity of the analytical method were found to be sufficient for
accurately characterizing the plasma pharmacokinetics of 0Z277
and its metabolites. Fig. 5 represents the profile of 02277 and its
metabolites in rat plasma following IV administration of 0Z277 at
a dose of 10 mg/kg.
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Table 4
Storage stability of 0Z277 and its metabolites at —80°C in rat plasma.
9 days 15 days
Nominal concentration (ng/mL)
50 500 2000 50 500 2000
07277
Mean (n=6) 52 527 2008 52 488 1860
RSD (%) 3.9 2.4 4.3 5.5 2.8 3.5
Accuracy (%) 43 54 0.4 3.0 —-2.4 -7.0
0Z397
Mean (n=6) 52 548 2158 56 537 2122
RSD (%) 6.0 3.0 4.5 5.4 2.6 33
Accuracy (%) 6.4 9.5 7.9 11 7.5 6.1
NP15
Mean (n=6) 50 555 2220 54 509 2044
RSD (%) 9.0 3.1 5.0 6.0 35 2.6
Accuracy (%) 0.2 11 11 7.6 1.9 2.2
NP22
Mean (n=6) 52 547 2169 51 496 1963
RSD (%) 7.3 2.8 4.2 10 2.6 29
Accuracy (%) 4.2 9.3 8.4 1.6 -0.8 -1.9
10000
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Fig. 5. Plasma concentration versus time profiles of 0Z277 (open circles), 0Z397
(closed square), NP15 (open triangle) and NP22 (open hexagon) after intravenous
administration of 0Z277 to male Sprague-Dawley rats at 10 mg/kg dose (mean + SD,
n=3).

5. Conclusion

A sensitive HILIC/MS method was developed for the simulta-
neous determination of 0Z277 and its metabolites in rat plasma.
Although the HILIC stationary phase has been predominantly
utilised for the analysis of highly polar, ionic solutes, this work
demonstrates the utility of the stationary phase for the simul-
taneous separation of hydrophilic and hydrophobic solutes from
complex matrices. The precipitation method was found to be fast
and simple, thus saving time and money over solid phase extraction
and LLE techniques. The method was sensitive and selective, and

resulted in good accuracy and precision across a wide calibration
range in rat plasma.
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