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A rapid and specific LC–MS/MS based bioanalytical method was developed and validated for the
determination of 18-(p-iodophenyl)octadecyl phosphocholine (CLR1401), a novel phosphocholine drug
candidate, in rat plasma. The optimal chromatographic behavior of CLR1401 was achieved on a Kromasil
silica column (50 mm × 3 mm, 5 �m) under hydrophilic interaction chromatography. The total LC anal-
ysis time per injection was 2.8 min with a flow rate of 1.5 mL/min under gradient elution. Liquid–liquid
extraction in a 96-well format using ethyl acetate was developed and applied for method validation and
LR1401
C–MS/MS
iquid–liquid extraction
ydrophilic interaction chromatography
lkyl phosphocholine

sample analysis. The method validation was conducted over the curve range of 2.00–1000 ng/mL using
0.0500 mL of plasma sample. The intra- and inter-day precision and accuracy of the quality control sam-
ples at low, medium, and high concentration levels showed ≤ 5.9% relative standard deviation (RSD) and
−10.8 to −1.4% relative error (RE). The method was successfully applied to determine the toxicokinetics

ree d
of CLR1401 in rats from th

. Introduction

CLR1401 (Fig. 1), 18-(p-iodophenyl)octadecyl phosphocholine,
s an investigational drug candidate under development for the
reatment of malignant tumors. CLR1401 is structurally classified as
n alkylphosphocholine. This new class of drugs has been reported
ith significant antineoplastic and antiprotozoal activity [1–5].
erived from long-chain alcohols, alkylphosphocholines lack the
lycerol backbone of alkyl-lysophospholipid analogs and thus are
ot subject to metabolism by many of the phospholipid metab-
lizing cellular enzymes. In contrast, alkylphosphocholines alter
etabolism and accumulate in tumors and other tissues [6,7]. In

ddition, alkylphosphocholines show selective apoptotic response
n tumor cells, whereas normal cells remain unaffected [8,9]. On the
asis of imaging and tissue distribution studies in several rodent

umor models, CLR1401 was chosen for follow-up evaluation in
uman cancer patients. CLR1401 has been tested in a pre-clinical
tudy phase to determine its toxicity and pharmacokinetics in ani-
als. During this study phase, a reliable assay was needed for

∗ Corresponding author. Tel.: +1 608 2417229.
E-mail address: Hongliang.Jiang@Covance.com (H. Jiang).

570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2010.04.002
ose groups of 0.4, 4.0, and 10.0 mg/kg/day via intravenous administration.

© 2010 Elsevier B.V. All rights reserved.

quantifying CLR1401 in plasma samples. The reliable, validated
assay was used to quantify the drug for pre-clinical studies and
a similar assay will be used to determine plasma concentrations in
clinical trial samples.

The extraction of alkylphosphocholines from plasma samples
using protein precipitation [10,11] and solid phase extraction
[12,13] has been reported. For the present study, different extrac-
tion techniques, including protein precipitation and liquid–liquid
extraction, were evaluated to improve extraction efficiency, reduce
endogenous interference, and minimize the matrix effect of
CLR1401. As a result, 96-well format liquid–liquid extraction using
ethyl acetate was developed and used for method validation as well
as sample analysis. The method resulted in good recovery, lack of
endogenous interference, and moderate matrix effect.

Poor retention, severe peak tailing, and peak broadening of
alkylphosphocholines using common reversed-phase columns has
been previously reported [10–13]. Only slight peak tailing was
observed on a normal-phase column for the analysis of peri-

fosine, an alkylphosphocholine anticancer drug [12]. To achieve
good retention and minimize peak tailing of CLR1401, reversed-
phase columns and silica columns were evaluated. Among the
columns assessed, the Kromasil silica column demonstrated the
optimal chromatographic behaviors under hydrophilic interaction

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:Hongliang.Jiang@Covance.com
dx.doi.org/10.1016/j.jchromb.2010.04.002
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ig. 1. Representative product ion mass spectra and chemical structure of CLR1401

hromatography, which has been proved to be a powerful tool
n bioanalysis of numerous polar compounds when coupled with

S/MS detection [14,15]. The analyte was monitored by elec-
rospray ionization in positive ion multiple reactions monitoring
MRM) mode for the liquid chromatography–tandem mass spec-
rometry (LC–MS/MS).

The developed method was validated by analyzing three sep-
rate batches of rat plasma samples. Subsequently, this validated
C–MS/MS method was used to quantify CLR1401 in incurred rat
lasma samples.

. Experimental

.1. Chemical, reagents, materials, and apparatus

Ammonium acetate (HPLC grade) was purchased from Fisher
cientific (Fair Lawn, NJ, USA).

HPLC grade acetonitrile and ethyl acetate (EtOAC) were obtained
rom Sigma–Aldrich (St. Louis, MO, USA). HPLC grade methanol
as received from J.T. Baker (Phillipsburg, NJ, USA). PURELAB Ultra

ystem from ELGA (Marlow, UK) was used in the laboratory to pro-
uce deionized water. 96-Well flexi-tier block, 2-mL flat bottom
lass inserts for 96-well flexi-tier block, and pre-scored molded
ilicone liner for sealing the glass inserts were obtained from Ana-
ytical Sales and Services (Pompton Plains, NJ, USA). Rat plasma

ith K2-EDTA as the anticoagulant was obtained from Biochemed
Winchester, VA, USA).

An automated SPE system (Quadra 96 model 96-320) for adding
rganic solvents (ethyl acetate) and transferring samples during
ample preparation was obtained from Tomtec (Hamden, CT, USA).
96-well sample concentrator (SPE DRY-96) with a temperature

ontrol from Jones Chromatography (Lakewood, CO, USA) was used
or evaporating samples.

.2. Synthesis of the internal standard CLR1401-d9

CLR1401 (100% purity) was synthesized according to the pub-
ished procedure [16]. In the synthesis of internal standard (I.S.)
LR1401-d9, the method for the introduction of phosphocholine
oiety was slightly modified. 18-(p-Iodophenyl)-octadecanol was

onverted to CLR1401-d9 via the cyclic phosphotriester according
o the procedure described in Ref. [17]. The purity of CLR1401-d9
fter chromatographic purification was 99.4%.
.3. Chromatographic conditions

The HPLC system consisting of solvent delivery system LC-
0AD, autosampler SIL-20AC, column oven CTO-20AC, degasser
GU-20A3, and controller CBM-20A was purchased from Shi-
d CLR1401-d9 (B), respectively. For mass spectrometer conditions, see Section 2.4.

madzu (Kyoto, Japan). Chromatographic separation of CLR1401 was
evaluated on a Kromasil silica column (50 mm × 3.0 mm, 5 �m)
from Thermo Electron (Bellefonte, PA, USA) using hydrophilic
interaction liquid chromatography during method development.
20 mM ammonium acetate in water was used as mobile phase
A (MA) and pure acetonitrile was used as mobile phase B
(MB). For method validation and sample analysis, the chro-
matographic analysis was conducted under gradient elution. The
HPLC program for gradient elution was as follows: 15% of MA
(0–0.10 min), from 15% to 30% of MA (0.10–1.20 min), 30% of MA
(1.20–2.10 min), from 30% to 15% of MA (2.10–2.20 min), and 15% of
MA (2.20–2.80 min). The separation was performed at 1.5 mL/min
with column temperature of 25 ◦C. The sample injection volume
was 5 �L.

2.4. Mass spectrometric conditions

An API 5000 triple quadrupole mass spectrometer (MDS-Sciex,
Concord, Canada) with turboionspray (TIS) interface was operated
in positive ionization mode with multiple reactions monitoring
(MRM) for LC–MS/MS analyses. The mass spectrometric parame-
ters were optimized to improve the MRM sensitivity by infusing
an approximately 20 ng/mL solution of CLR1401 and CLR1401-d9
in acetonitrile/water (50/50, v/v) using a Harvard infusion pump
(Harvard Apparatus, South Natick, MA, USA). The optimized instru-
ment parameters for monitoring CLR1401 and CLR1401-d9 were as
follows: TIS temperature, 650 ◦C; TIS voltage, 5500 V; curtain gas
(CUR), 30; nebulizing gas (GS1), 50; TIS gas (GS2), 50; collision gas,
5; declustering potential (DP), 190 V; entrance potential (EP), 10 V;
collision energy (CE), 32 eV (CLR1401) and 47 eV (CLR1401-d9); col-
lision cell exit potential (CXP), 16 V. The following precursors to
product ion transitions were used for the MRM of CLR1401 and
CLR1401-d9 at m/z 638.4 → 125.0 and m/z 647.5 → 193.2, respec-
tively, with dwell time of 200 ms. Representative product ion mass
spectra of these compounds are shown in Fig. 1. The mass spec-
trometer was operated at unit mass resolution for both Q1 and Q3
quadrupoles.

2.5. Preparation of standard solutions

Stock solutions of CLR1401 at 0.200 mg/mL in methanol were
prepared from a preformulated 200 mg/mL solution for the prepa-
ration of intermediate solutions. The stock solutions were stored
in glass vials and kept refrigerated (2–8 ◦C). Intermediate stan-

dard solutions at the desired concentration for the preparation
of calibration curve and QC samples were made by serial dilu-
tion. The intermediate internal standard solution (5.00 ng/mL) was
diluted from the stock internal standard solution of CLR1401-d9
at 0.200 mg/mL with methanol–water (50:50, v/v). The internal
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tandard solutions were stored in glass vials and kept refrigerated
2–8 ◦C).

.6. Preparation of calibration standards and quality control
amples

Calibration standards were prepared daily by spiking an appro-
riate quantity of the intermediate standard solutions into pooled
at plasma. Eight calibration standards of CLR1401 were prepared at
.00, 4.00, 10.0, 20.0, 100, 500, 900, and 1000 ng/mL. Quality control
amples were prepared by spiking an appropriate amount of inter-
ediate standard solutions into rat plasma to reach the desired

oncentration with non-matrix composition less than 5% of the
nal volume. Lower limit of quantitation QC (LLOQ), low QC (LQC),
edium QC (MQC), high QC (HQC), and dilution QC (DQC) were pre-

ared at 2.00, 5.00, 50.0, 750, and 7000 ng/mL, respectively. All QC
amples were aliquoted into 1.4 mL polypropylene vials and stored
t −20 ◦C.

.7. Sample preparation

A volume of 50.0 �L of each calibration standard, QC sample,
ncurred samples, and blank matrix control sample were aliquoted
nto individual 2-mL glass tubes sitting in a labeled 96-well format
exi-tier block. Next, 50.0 �L of the intermediate internal standard
olution of CLR1401-d9 at 5.00 ng/mL were added to individual
ubes containing samples with the exception of the blank control
amples, to which 50.0 �L of methanol–water (50:50, v/v) were
dded. Then 500 �L of ethyl acetate were added to each sample.
re-scored silicone liner was used to cover the glass tubes. Vortex-
ng at high speed for approximately 10 min was applied to extract
he analyte. The flexi-tier block with samples was centrifuged at
000 rpm for approximately 5 min. After centrifugation, 250 �L of
he organic layer was transferred to a clean 96-well plate using
n automated SPE system. The extract was evaporated to dryness
sing a 96-well sample concentrator (SPE DRY-96) set at 50 ◦C
or about 5 min. The resulting dry residues were reconstituted in
00 �L of acetonitrile–water (85:15, v/v) for LC–MS/MS analysis.

.8. Data analysis

Sciex Analyst software (version 1.4.1) was used for the data
nalysis. The calibration curves (analyte peak area/IS peak area
or Y-axis and analyte concentration/IS concentration for X-axis)
f CLR1401 were obtained using the least square linear regres-
ion fit (y = mx + b) and a weighting factor of 1/x2. The coefficient
f determination (r2) was set as >0.98 for acceptance criteria of
alibration curves. The accuracy and precision were required to
e within100 ± 15% of the nominal concentration and ≤15% RSD,
espectively, for LQC, MQC, HQC, and DQC samples. The accuracy
nd precision were required to be within 100 ± 20% of the nominal
oncentration and ≤20% RSD for LLOQ samples in the intra-batch
nd inter-batch assay.

.9. Method validation

CLR1401 was validated over the range of 2.00 ng/mL and
000 ng/mL for an LC–MS/MS assay. Recovery, matrix effect, speci-
city, sensitivity, carryover, linearity, precision, accuracy, dilution

ntegrity, and stability were evaluated during method validation.

he recovery of extraction for CLR1401 was evaluated by compar-
ng the average absolute peak areas of the analytes extracted from
C samples at the low, medium, and high level with blank plasma

hat was post-extraction fortified with a neat analyte solution at
he same concentration levels. The matrix effect was determined
878 (2010) 1513–1518 1515

by Matrix Factor (MF), which was obtained as a ratio of the ana-
lyte peak response in the presence of matrix ions to the analyte
peak response in the absence of matrix ions by post-extraction
spiking analyte at MQC level to blank plasma extract and blank
water extract. The specificity was assessed by testing 6 lots of blank
plasma extract for the presence or absence of interference as well
as the lot-to-lot variation regarding interference. Sensitivity of ana-
lytes was determined by calculating the signal-to-noise ratio of
LLOQ samples. Carryover of analytes was also evaluated by ana-
lyzing blank plasma extract samples immediately after an upper
limit of quantification (ULOQ) sample or HQC sample. The linearity
of the calibration curve was evaluated as described in Section 2.8.

The precision and accuracy of the method were assessed by
the analyses of three separate batches of rat plasma samples. Each
batch consisted of one set of calibration standards (eight concen-
tration levels) and six replicates of QC samples at each of LLOQ,
LQC, MQC, and HQC levels. Dilution integrity was evaluated by a
10-fold dilution of the DQC sample with blank plasma prior to
extraction in one of the three batches. The short-term matrix stabil-
ity was evaluated in one of the three validation batches, in which
the LQC and HQC samples were subjected to three freeze–thaw
cycles (freeze–thaw stability) or exposed to room temperature
(∼22 ◦C) for approximately 25 h (room temperature stability) prior
to extraction. To determine the storage and re-injection repro-
ducibility of the processed samples, one of the three batches
of extracted samples was stored in the autosampler (5 ◦C) for
approximately 89 h before re-injection by LC–MS/MS analysis. The
long-term stability was evaluated in an additional batch, in which
LQC and HQC samples were stored at approximately −20 ◦C for 397
days. Freshly prepared calibration standards were utilized for each
of the stability evaluation.

2.10. Application of the method

The LC–MS/MS method developed for the present study was
successfully used for analysis of incurred samples to deter-
mine the toxicokinetics of CLR1401 when administered weekly
to rats via intravenous injection for 6 weeks. CLR1401 was
administered at dose levels of 0.4, 4.0, and 10.0 mg/kg/day
to nine toxicokinetic animals/sex/group (groups 6, 7, and 8
respectively). Blood samples were collected from three toxi-
cokinetic animals/sex/group/timepoint on days 1, 22, and 36
at approximately 0.0833, 0.5, 2, 4, 8, and 24 h postdose. Addi-
tional blood samples were collected from three toxicokinetic
animals/sex/group/timepoint after the day 36 dose at approxi-
mately 336, 672, 1008, 1344, 1704, 2016, 2352, 2688, 3024, and
3360 h postdose.

3. Results and discussion

3.1. LC–MS/MS analysis

In previously reported studies, chromatographic separation
of alkylphosphocholines, using either reversed- or normal-phase
HPLC column, resulted in poor retention or severe peak tailing.
The poor chromatography behavior of alkylphosphocholines was
likely a result of interaction between the quaternary ammonium
group of the phosphocholine molecules and stationary phases of
common reversed-phase columns [10,12]. In the current study,
reversed-phase columns were also evaluated and yielded poor

chromatography during method development (data not shown).
Peak shape, for the phosphocholine molecule, was improved when
utilizing a silica column under hydrophilic interaction conditions.
As shown in Fig. 2, good peak shape and retention was achieved on a
Kromasil silica column. This was conducted using a gradient elution
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ig. 2. Representative LC–MS/MS chromatograms of extract from (A) blank plasma
ample (male, group 8, day 36, hour 8). CLR1401 was monitored at m/z 638.4 → 125

s specified in Section 2.3 after optimizing the mobile phase com-
ositions under isocratic/gradient elution. An HPLC analysis time of
.8 min was obtained. The relatively short analysis time supported
his method for high throughput analysis of incurred samples. No
vident endogenous interference from matrix was observed in the
hromatographic region of CLR1401 for either method validation
r the sample analysis.

For MRM mass spectrometric detection of alkylphospho-
holines, two prominent product ions are obtained by cleavage of
he alkyl side chain alone or together with further cleavage of the
rimethyl amine [12]. Either of these ions can be used to monitor
he molecules as shown in Fig. 1. Product ion m/z 125.0 was selected
o monitor CLR1401 as a result of its high abundance and the lack
f endogenous interference from blank matrix extract. However,
or CLR1401-d9, product ion m/z 193.2 was used for the detection,
ecause significant endogenous interference was observed from
lank matrix extract when monitoring m/z 125.0.

.2. Sample preparation

Based on preliminary data (not shown) obtained during method
evelopment, liquid–liquid extraction provided an extract of less

nterference peaks and matrix effect for the quantification of
LR1401 than protein precipitation. This conclusion was supported
y previous studies using liquid–liquid extraction [18]. There-
ore, liquid–liquid extraction was selected and evaluated for the

ethod validation and sample analysis. Regarding to liquid–liquid
xtraction techniques, manual extraction with glass tubes and
emi-automated extraction with 96-well plates are traditionally
sed. However, the manual liquid–liquid extraction with glass
ubes is very labor-intensive and time-consuming. Liquid–liquid
xtraction using 96-well plates may cause potential cross contam-
nation due to the sealing mat of the plate becoming unfixed, as

result of vapor being generated during sample mixing. For the
resent study, semi-automated liquid–liquid extraction using indi-
idual 2-mL glass tubes sitting in a 96-well format flexi-tier block
educed the labor and time as well as minimized the risk of cross
ontamination by the use of a pre-scored silicone liner to cover the
lass tubes, which prevented the spill over of organic solvent but
llowed ventilation through a tiny hole in the liner during mix-
ng samples. The total sample preparation time took approximate
5 min. Thus, the optimized sample preparation procedure for the
resent study was able to be used for high throughput analysis of
iological samples.

During method development, ethyl acetate, methyl tert-butyl
ther (MTBE), and dichloromethane were evaluated as extrac-
ion solvents to improve recovery and minimize the endogenous

nterference. Compared to MTBE, ethyl acetate showed approx-
mately 3-fold higher recovery for CLR1401, although similar
leanness in extracts was observed. Ethyl acetate demonstrated an
pproximately 10-fold higher recovery and much cleaner extracts
hen compared to dichloromethane. As a result, ethyl acetate
lasma sample spiked with CLR1401 at 2.00 ng/mL (LLOQ); (C) an incurred plasma
hese three chromatograms.

was selected as the extraction solvent for method validation
and sample analysis. The average recovery of the six replicates
of QCs at the three levels was 76.2%. The recovery obtained at
different concentration levels was also highly consistent (≤2.9%
RSD).

3.3. Matrix effect and specificity

The MF of 0.80 and 0.86 was obtained for CLR1401 and CLR1401-
d9, respectively. A MF value of less than one indicates ionization
suppression. However, the I.S. normalized MF of 0.93, which is close
to one, was obtained as a ratio of the MF of CLR1401 to the MF of
CLR1401-d9. This suggested that matrix effect of CLR1401 can be
compensated by its isotope labeled I.S. Therefore, the matrix effect
on analysis CLR1401 can be minimal.

Under the current LC–MS/MS and sample preparation con-
ditions, no obvious interference peaks were observed in the
chromatographic region of CLR1401 and its internal standard
(Fig. 2), suggesting its specificity of this assay.

3.4. Linearity, sensitivity, and carryover

The linearity was assessed based on the average of eight cal-
ibrators analyzed in three separate batches. Acceptable linearity
was achieved in the range of 2.00–1000 ng/mL. The coefficient of
determination (r2) was greater than 0.997 in all validation batches.
The back-calculation results for all calibration standards showed
≤8.1% RSD and −3.8 to 3.0% RE, as summarized in Table 1.

The assay sensitivity was determined by the analysis of LLOQ
samples (N = 6) in three separate validation batches. A signal-to-
noise ratio (S/N) of approximately 20 was obtained at the LLOQ
of 2.00 ng/mL level (shown in Fig. 2). Acceptable precision (6.4%
RSD) and accuracy (−6.0% RE) were obtained for inter-day assay
(Table 2).

No peaks around the same retention time of CLR1401 were
observed in the chromatogram of the blank plasma extract imme-
diately after the ULOQ or HQC sample. As a result, carryover from
previous concentrated samples was determined to be negligible.

3.5. Precision and accuracy

The precision and accuracy of the method were determined
by analyzing QC samples at the low (5.00 ng/mL, LQC), medium
(50.0 ng/mL, MQC), and high (750 ng/mL, HQC) levels. The intra-
batch precision was ≤5.9% RSD and the intra-batch accuracy was in

the range of −1.4 to −10.8% RE over the three concentration levels
evaluated (Table 2). The inter-batch precision and accuracy of QC
samples at different levels were also shown in Table 2. These results
indicated that excellent precision and accuracy can be achieved for
this assay under the current method validation conditions.
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Table 1
Accuracy and precision of calibration standards for CLR1401.

2.00 (ng/mL) 4.00 (ng/mL) 10.0 (ng/mL) 20.0 (ng/mL) 100 (ng/mL) 500 (ng/mL) 900 (ng/mL) 1000 (ng/mL)

N 3 3 3 3 3 3 3 3
Mean 1.98 4.01 10.3 20.4 96.2 501 900 992
RSD (%) 4.1 8.1 0.6 3.9 5.0 0.8 1.7 1.3
RE (%) −1.0 0.3 3.0 2.0 −3.8 0.2 0.0 −0.8

Table 2
Precision and accuracy of quality control samples of CLR1401.

LLOQ (2.00 ng/mL) LQC (5.00 ng/mL) MQC (50.0 ng/mL) HQC (750 ng/mL) DQC (7000 ng/mL)

Day 1
N 6 6 6 6 6
Mean 1.90 4.90 49.3 694 6260
RSD (%) 4.2 3.9 2.2 0.6 5.5
RE (%) −5.0 −2.0 −1.4 −7.5 −10.6

Day 2
N 6 6 6 6
Mean 1.96 4.88 48.9 669
RSD (%) 5.8 5.5 1.7 5.9
RE (%) −2.0 −2.4 −2.2 −10.8

Day 3
N 6 6 6 6
Mean 1.78 4.90 49.0 687
RSD (%) 5.4 4.0 2.3 1.5
RE (%) −11.0 −2.0 −2.0 −8.4

Inter-day
N 18 18 18 18
Mean 1.88 4.90 49.1 683
RSD (%) 6.4 4.3 2.0 3.7
RE (%) −6.0 −2.0 −1.8 −8.9

Note: A 10-fold dilution of the DQC with blank matrix prior to extraction was applied.

Table 3
Freeze/thaw stability, room temperature stability, re-injection reproducibility, and
long-term stability of CLR1401.

LQC (5.00 ng/mL) HQC (750 ng/mL)

Stability after three freeze–thaw cycles, N = 6
Mean 4.72 695
RSD (%) 4.3 0.8
RE (%) −5.6 −7.3

Room temperature stability for 25 h, N = 6
Mean 4.73 701
RSD (%) 3.6 3.0
RE (%) −5.4 −6.5

Re-injection reproducibility for 89 h, N = 6
Mean 4.80 655
RSD (%) 5.4 6.0
RE (%) −4.0 −12.7

3

h
a
i
t
q
R

3

d

Fig. 3. Mean concentration (ng/mL) of CLR1401 in combined male and female rat
plasma after intravenous administration of CLR1401 at different doses: (�) repre-
sents dose group 6 at 0.4 mg/kg/day; (©) represents dose group 7 at 4.0 mg/kg/day;
Storage at −20 ◦C for 397 days, N = 6
Mean 5.13 796
RSD (%) 6.0 2.3
RE (%) 2.6 6.1

.6. Dilution integrity

In order to evaluate sample dilution integrity at a concentration
igher than ULOQ, the dilution QC samples (DQCs) were subjected
10-fold dilution with blank matrix prior to extraction. As shown

n Table 2, the results demonstrated that samples with a concen-
ration greater than the upper limit of the standard curve could be
uantified with reliable precision (5.5% RSD) and accuracy (−10.6%
E) after being appropriately diluted with blank matrix.
.7. Stability

To evaluate the short-term stability of incurred samples
uring shipment, short-term storage, and sample preparation
(�) represents dose group 8 at 10.0 mg/kg/day. Note: error bars ( ) represent stan-
dard deviation.

process, experiments were designed and conducted under dif-
ferent conditions including freeze–thaw cycle analysis and
room temperature exposure analysis using LQC and HQC
samples. To evaluate post-processing stability, one batch of
extracted samples was investigated after short-term stor-
age at refrigerated conditions. In addition, LQC and HQC
samples were also used to assess long-term stability at
−20 ◦C storage condition. No stability issue was observed from

any of these experiments, referring to the data summarized
in Table 3 where all necessary information is clearly pre-
sented.
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.8. Application of the method

A representative chromatogram of an incurred sample (male,
roup 8, day 36, hour 8) is shown in Fig. 2, which indicates similar
hromatographic behavior to QCs. More than 600 plasma samples
ollected incurred samples were analyzed so far and raised no prob-
ems during quantification of CLR1401.

Mean plasma concentration–time profiles of the sexes com-
ined on day 36 are presented in Fig. 3. As shown in Fig. 3, the
nalyte was being slowly eliminated due to the nature of the
ompound. Day 36 toxicokinetic data with recovery is shown as
n example to characterize the complete toxicokinetic profile. As
ndicated, exposure to CLR1401 increased with the increase in
ose level from 0.4 to 10.0 mg/kg/day. In summary, CLR1401 was
lowly eliminated and moderately distributed in rats following
ntravenous injection.

. Conclusion

A rapid, specific, and reliable LC–MS/MS based bioanalytical
ethod has been successfully developed and validated to quantify

LR1401 in rat plasma. The current chromatographic conditions
rovide both good retention and peak shape for the analysis
f CLR1401, which set up a successful example of analyzing
lkylphosphocholine under hydrophilic interaction chromatogra-
hy. In addition, 96-well format liquid–liquid extraction with ethyl
cetate results in clean samples with high recovery. The relatively
hort sample preparation time together with the short LC run time
ake the present method more practical for high throughput sam-
le analysis. The present assay demonstrates highly reproducible
hromatographic and statistical results in terms of precision and
ccuracy during method validation. The successful application of
his method to a toxicokinetic study further supports its applica-
ions in future pharmacokinetic study of clinical samples.
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