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Abstract

Background and Objective Puquitinib mesylate (XC-302)
is a new multiple-target anticancer inhibitor, which directly
suppresses the activity of phosphatidylinositol 3-kinase
(PI3K). This study was aimed to develop a sensitive and
specific liquid chromatography electrospray ionization
tandem mass spectrometry (HPLC-ESI MS/MS) method
for the quantification and pharmacokinetic investigation of
plasma puquitinib in cancer patients.

Methods The analytes of human plasma were prepared by
liquid-liquid extraction using methyl--butyl ether
(MTBE). The plasma analytes were separated by HPLC on
Thermo ODS Hypersil column (2.1 x 150 mm; 3 pm) at
25 °C with 5 mmol/L. ammonium acetate (A)-acetonitrile
(B) (30:70, v/v) as the mobile phase.

Results The total run time was 3.5 min and the elution of
puquitinib was at 1.38 min. The detection were analyzed
by multiple reaction monitoring (MRM) mode with posi-
tive-ion electrospray ionization (ESI) interface using the
respective [M + H]" ions: m/z 318.2 — 261.1 for puqui-
tinib and m/z 258.2 — 121.0 for the internal standard
(etofesalamide). The optimized method provided a good
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linear relation over the concentration range of 1.00-
500.00 ng/mL (r = 0.9944) for puquitinib. The intra-day
and inter-day precision (relative standard deviation
[RSD%]) were within 9.83%, and the intra-day and inter-
day accuracy ranged from 91.05 to 103.26%. The lower
limit of quantitation (LLOQ) was 1.00 ng/mL. The abso-
lute extraction recovery was on an average of 50.43% for
puquitinib and 49.3% for internal standard. In addition, the
maximum plasma concentration (C,,,x) of puquitinib in
dosage from 50 to 800 mg/m” in the human study showed
an increased linearly (57.1-1289.2 ng/mL), which dis-
played that the concentrations had reached effective levels.
Conclusions The optimized method was successfully
applied to the pharmacokinetic profile study in human
cancer patient plasma after the oral administration of
puquitinib.

Key Points

Established a sensitive, specific and precise HPLC—
ESI MS/MS method for the determination of
puquitinib levels in human plasma.

HPLC-ESI MS/MS method is very suitable and
valuable for the quantification and pharmacokinetic
investigation of plasma puquitinib in cancer patients.
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1 Introduction

The signaling pathway of phosphatidylinositol 3-kinase
(PI3K) is an essential component of malignant cellular
processes [1, 2], which is very critical for the development,
growth progression, proliferation and invasion of the
malignant tumors [1-4]. The small molecule inhibitors
targeting for the proteins of PI3K-pathway have been
investigated as new anticancer [5-9]. Currently, several
small molecule inhibitors of PI3K-pathway proteins are in
early phase clinical trials [6, 8, 10]. Puquitinib Mesylate
(XC-302) is a new multiple-target anticancer inhibitor,
which directly suppresses the activity of PI3K. XC-302 has
been developed independently by Xinchang Pharmacy
Corp. (Zhejiang Medicine Co., Ltd. China) [9]. Previous
studies have reported that XC-302 could inhibits the cel-
lular proliferation of several cancer cell lines, such as lung,
breast, ovarian, colon, prostate cancer, leukemia, lym-
phoma and osteosarcoma with the half-maximal inhibitory
concentration (ICsg) ranged between 0.5 and 2.0 p [9, 10].
In addition, the preliminary studies have showed that XC-
302 has a clear antitumor efficacy in vivo xenograft mice
model [11, 12]. Although there have many pharmacologi-
cal researches about XC-302, there is no any standard
analytical method for XC-302 in human blood distribution,
so it is necessary to develop analytical methods for the
effective determination of XC-302 in biological fluids.

At present, many analytical methods have been descri-
bed in the literature for the determination of small mole-
cule drugs in biological or other matrices, such as high-
performance liquid chromatography with ultraviolet
detection (HPLC-UV), high-performance liquid chro-
matography with evaporative light scattering, gas chro-
matography coupled with mass (GC-MS), or liquid
chromatography with mass spectrometry (LC-MS)
[13, 14]. However, the above analytical methods have a
lower limit of detection (LOD), which is not enough for
pharmacokinetic and bioavailability studies. As we know,
high-performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) method could increase the
throughput, detection sensitivity and chromatographic peak
resolution [15, 16]. Until now there is no HPLC-MS/MS
method exists for the determination of puquitinib to char-
acterize pharmacokinetic properties. Thus, this study was
mainly aimed to develop a sensitive and specific liquid
chromatography electrospray ionization mass spectrometry
method for the quantification and pharmacokinetic inves-
tigation of plasma puquitinib in cancer patients.
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2 Methods
2.1 Chemicals and Reagents

Puquitinib mesylate was supplied by Xinchang Pharma-
ceutical Factory Zhejiang Medicine Co., Ltd. (Zhejiang,
China, 99.4%); Etofesalamide (internal standard) was
purchased from Guangzhou Institute for Drug Control
(SFDA, 99.9%).

HPLC-grade reagents (methanol, acetonitrile and
methyl-t-butyl ether) were obtained from Tedia Company
Inc. (Fairfield, U.S.A.). Other HPLC-grade reagents were
obtained from the Chemical Reagent Factory of Guang-
dong (Guangdong, China). Ultrapure water (Guangdong
Shenzhou Pharmaceutical Co., Ltd.) was prepared by Milli-
Q system. Blank human blood was collected from healthy
drug-free volunteers. Plasma was obtained by centrifuga-
tion of blood treated with the anticoagulant sodium hep-
arin. The patient samples were stored at — 80 °C in ultra
cold freezers up to the time of analysis.

2.2 Instrumentation and Chromatographic ESI MS/
MS Detection Conditions

An Agilent 1200 HPLC system (Agilent, U.S.A.) equipped
with a vacuum degasser and an auto sampler was used in
the study. The mass spectrometer was an ABI 2000 mass
spectrometer from ABI (ABI, U.S.A.), and the chromato-
graphic data system was Analyst version 1.4.2 (Agilent,
US.A)).

The analytics were separated on a Thermo ODS
Hypersil column (150 x 2.1 mm; 3 pm) with column
temperature 25 °C. The mobile phase consisted of 5 mmol/
L ammonium acetate and acetonitrile (30:70), and filtered
with 0.45 um filters in a Millipore solvent filtration appa-
ratus. The flow-rate was 300 pL/min.

The compounds were ionized using electrospray ion-
ization (ESI) ion source in the positive ion mode of the
mass spectrometer. The scan mode was multiple reaction
monitoring using the precursor ion at m/z (M + 1) (m/z:
318.2 for puquitinib, 258.2 for IS, Fig. 1) and the product
ions (m/z: 261.1 for puquitinib, 121.0 for IS, Fig. 1) were
used for quantification of puquitinib mesylate and IS,
respectively. The detection conditions were as follows:
CurtainGas (CUR): 35eV; Ionspray Voltage (IS):
4500 eV; Temperature (TEM): 450 °C; Ion Source 1 (GAS
1): 0 Pa; Ion Source 2 (GAS 2): 65 Pa; Declustering
Potential (DP): 35 eV; Focusing Potential (FP): 400 eV;
Entrance Potential (EP): 10 eV; Collision Energy (CE):
40 eV.
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Fig. 1 Mass spectrum and the structure of puquitinib and internal standard (etofesalamide)
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2.3 Standard and Quality Control

A stock solution containing 100 pg/mL of puquitinib was
prepared by dissolving the appropriate amount of pure
substance in methanol. Working solutions were obtained
by diluting the stock solutions with methanol. All of the
standard solutions were stored at — 20 °C.

Routine daily calibration curves were prepared in drug-
free plasma. Appropriate volumes of working solution and
drug-free human plasma were added to each test tube. The
final concentrations were 1.00, 2.00, 10.00, 25.00, 100.00,
250.00 and 500.00 ng/mL. Quality control (QC) samples
that were run in each assay were prepared in the same way,
and the final concentrations were 3.00, 250.00, 400.00 ng/
mL.

2.4 Sample Preparation

A volume of 200 pL plasma was added to a disposable
Eppendorf tube, followed by spiking with 300 pL of
internal standard (IS) solution (100 ng/mL) and 200 pL of
0.1 mol/L sodium hydroxide with vortex-mixed for 20 s,
then added 3 mL methyl-#-butyl ether. The samples were
vortex-mixed for approximately 2 min and centrifuged at
3000 rpm, 2 min. The upper layer of the organic phase was
transferred to another set of clean glass tubes and evapo-
rated to dryness under a stream of nitrogen at 40 °C. The
residue was reconstituted in 200 pL. mobile phase and
vortex-mixed for 60 s; 20 pL solution was injected for
analysis through the autosampling injector.

2.5 Validation of the Methods

Method validation assays were carried out according to the
currently accepted FDA guidelines [17]. Validation runs
were conducted on three consecutive days. The peak area
ratios of puquitinib to IS of QC samples were interpolated
from the calibration curve on the same day to give the
concentration of puquitinib. Triplicate results from QC
samples were used to evaluate the precision and accuracy
of the method developed.

The selectivity was investigated by comparing chro-
matograms of six different batches of blank plasma from
six subjects to those of corresponding standard plasma
samples spiked with puquitinib and IS (Etofesalamide) and
plasma sample after oral doses of puquitinib tablets.

2.6 Linearity
Each calibration curve consisted of seven calibration points
covering the range from 1.00 to 500.00 ng/mL for puqui-

tinib in plasma. The peak area ratios for puquitinib and IS
were measured and a standard curve without the zero
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concentration was constructed. Calibration curves of seven
concentrations of puquitinib from 1.00 to 500.00 ng/mL
were extracted and assayed with weighted(1/x%)least
squares linear regression.

2.7 Lower Limit of Quantitation (LLOQ)

For the LLOQ detection, a series of appropriate concen-
trations (0.50-500.00 ng/mL) of the blank plasma and
blank plasma added with IS were analyzed to confirm the
absence of interferences but were not used to construct the
calibration, the aliquot of the diluted solutions was injected
into HPLC for analysis. The LLOQ is defined as the lowest
amount of an analyte in a sample such that the ratio of
signal to noise was more than 10 with acceptable precision
and accuracy.

2.8 Precision and Accuracy

The precision of the assay was determined from the QC
plasma samples by replicate analyses of three concentra-
tion levels of Puquitinib (3.00, 250.00, 400.00 ng/mL).
Within-batch precision and accuracy were determined by
repeated analyses on three consecutive days (n = 6 series
per day). The precision was calculated using the relative
standard deviation (RSD) with RSD% = (standard devia-
tion of the mean/mean) x 100%. Accuracy was calculated
as the relative error (RE) with RE% = (measured concen-
tration-nominal concentration)/nominal concentra-
tion x 100%. The concentration of each sample was
determined using the calibration curve prepared and was
analyzed on the same batch.

2.9 Extraction Recovery and Matrix Effect

The absolute recovery of extraction was calculated by
comparing the results from the analysis of validation
samples (heparinized) at analyzed concentrations of 3.00,
250.00, and 400.00 ng/mL with direct injection of solu-
tions of puquitinib (in extracted blank plasma) at concen-
trations representing 100% recovery. The internal standard
peak from 9 injections of validation samples was compared
to that from 9 direct injections of internal standard (in
extracted blank blood), representing 100% recovery.

Matrix effect was determined by comparing the areas
from the analysis of puquitinib in extracted blank hep-
arinized plasma at concentration of 250.00 ng/mL. Blank
heparinized plasma samples from 6 different volunteers
were analyzed for possible chromatographic interference.
Puquitinib was also added to the 6 different heparinized
plasma samples, and the matrix effect among plasma from
different sources was analyzed.
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2.10 Stability

For short-term stability, QC extracted plasma samples at
three concentration levels were kept at room temperature
for a period that exceeded the routine preparation time of
the samples (approximately 72 h). For freeze and thaw
stability, validation samples containing nominal puquitinib
concentrations of 3.00, 250.00, and 400.00 ng/mL were
frozen at — 80 °C and were then thawed to room temper-
ature. This action was repeated 3 times a month prior to
analysis in triplicate. For long-term stability, QC plasma
samples at three concentration levels were kept at a low
temperature (— 80 °C) and were studied for a period of
1 month.

2.11 Application to the Pharmacokinetic Study

The method was applied to evaluate the pharmacokinetics
of puquitinib mesylate tablets in cancer patients. The study
was approved by the Human Ethics Committee of Sun Yat-
sen University Cancer Center. Informed consent was
obtained from all subjects. The starting dose was 50 mg per
m> per patient, which was escalated to 100, 200, 400, and
800 mg per m” per patient, all the patients were fasting and
water or any other food restrictions for 8 h before the first
blood harvested. Puquitinib Mesylate (XC302, Xinchang
Pharmaceutical Factory Zhejiang Medicine Co., Ltd) was
administered orally on day 1. Sixteen patients were
enrolled in this trial, with a mean age of 53.69 years. Their
mean height, weight and the body surface area were
163.97 cm, 60.91 kg and 1.66 m?, respectively (details
shown in Table 1). A 4 mL blood sample was collected
before dosing and 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 9.0, 12.0, 24.0,
48.0 and 72.0 h post-dosing. The patients were all taken
care of for 24 h, i.e. during the entire experiment, in order

Table 1 Patients’ characteristics (n = 16)

Characteristic Value
Weight (kg) 60.91 £ 9.56
BMI (kg/m?) 22.65 £ 3.55
BSA (m?) 1.66 &+ 0.15
Non-small cell lung cancer SMIF
Colorectal 3M

Breast 2F
Nasopharyngeal carcinoma IMIF

Small cell lung cancer IF

Liver M

Sweat gland cancer M

Values are expressed as mean + SD or n
BMI body mass index, BSA body surface area, M male, F female

to ensure their safety. Samples were centrifuged at
3000 rpm for 10 min to separate the plasma fractions. The
collected plasma samples were stored at — 80 °C before
analysis.

Plasma concentration was determined by HPLC-MS/
MS. Data for puquitinib were analyzed using WinNonlin
(Version 5.0). Peak concentrations (Cy,,4) were determined
by visual inspection. The terminal elimination rate con-
stants (Az) were determined by linear regression analysis of
the terminal log-linear part of the concentration—time
curve. The total area under the observed plasma concen-
tration—time curve (AUC) and the area from time zero to
the last measured concentration were determined using the
linear-log trapezoidal rule. AUC values were extrapolated
from the last observed time point to infinity by dividing the
last measured concentration by Az [18].

3 Results
3.1 Methods Validation
3.1.1 Linearity

Calibration curves followed the regression equation y =
a + bx over the concentration range from 1.00 to
500.00 ng/mL (regression equation: y = 6.14x-0.0038,
r=0.9944). A linear least-squares regression with a
weighting index of 1/x* was carried out on the peak area
ratios of puquitinib and IS versus puquitinib concentrations
of the six human plasma standards (in duplicate) to gen-
erate a calibration curve. The data of the linearity param-
eters of the method during the method validation are given
in Table 2.

According to the data in vitro, the IC50 of puquitinib
ranged from 0.5 to 2.0 uM; the LLOQ validated was
1.00 ng/mL. (S/N > 10), which was defined as lowest
concentration (RSD 7.76%). This satisfied the requirements
of the pharmacokinetic assay.

Table 2 Linearity parameters of the method in the range
1.00-500.00 ng/mL, during method validation

Run Intercept Slope Regression
1 6.60 0.00383 0.9925

2 6.24 0.00300 0.9970

3 5.58 0.00457 0.9936
Mean 6.14 0.00380 0.9944

SD 0.52 0.00078 0.0023

SD standard deviation
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3.1.2 Accuracy, Precision and Sensitivity

The mean extraction recoveries (mean £+ SD), methodol-
ogy recoveries (means £ SD), intra-day and inter-day
precision for the analyte are shown in Table 3. The average
extraction recovery for puquitinib was between 44.6 and
53.9%. The average methodology recovery for internal
standard was 49.3%. The intra-day and inter-day RSDs
were less than 9.83%.

3.1.3 Specificity

LLE chromatograms produced clean extracts with no
interference from endogenous compounds with the reten-
tion of puquitinib or IS. Figure 2 shows the representative
chromatograms of blank human plasma, as well as the
LLOQ of puquitinib and IS in normal plasma and plasma
from cancer patients. Typical retention time was sharp and
symmetrical. The total run time was about 3.5 min.

3.1.4 Stability

Table 4 summarized the result of the short-term stability,
freeze and thaw stability, and long-term stability of
puquitinib. All of the results showed good stability during
these tests; there were no stability-related problems during
routine analysis of samples for pharmacokinetics studies.

3.1.5 Extraction Recovery and Matrix Effect

The extract recoveries of puquitinib from human plasma
were 44.6, 53.9 and 52.8% at concentrations of 3.00,
250.00, and 400.00 ng/mL respectively. The mean extrac-
tion recovery of IS was 49.3%. Thus, the consistency in
recoveries of puquitinib and IS supported the extraction
procedure for its application to routine sample analysis.
The matrix effect is due to co-elution of some compo-
nents present in biological samples. These components
may not give a signal in MRM of target analyte but can
certainly decrease or increase the analyte response dra-
matically to affect the sensitivity, accuracy and precision of
the method. Thus, the evaluation of matrix effect due to the
influence of co-eluting components on analyte ionization is

Table 3 Intra-day and inter-day precision (n = 6)

necessary for an HPLC MS/MS method. All of the ratios
defined in Sect. 2 were between 85 and 115%. No signif-
icant matrix effect for puquitinib was observed, indicating
that no co-eluting substance influenced ionization of the
analytes and IS.

3.2 Pharmacokinetic Study

The present method was successfully applied to the phar-
macokinetics  studies after oral administration of
50-800 mg puquitinib tablets to 16 cancer patients. Mean
concentration—time profiles of puquitinib are displayed in
Fig. 3. The parameters were calculated by a non-com-
partmental model. Pharmacokinetics parameters of puqui-
tinib in dosage from 50 to 800 mg/m? are shown in
Table 5. As the dose increased, C,.x and AUC increased
linearly. The results showed that absorption has reached the
peak and the outcomes are consistent with those obtained
from animal experiments: the concentrations had reached
effective levels [19, 20].

4 Discussion

HPLC-ESI MS/MS operation parameters were carefully
optimized for the determination of puquitinib. A standard
solution (1000.00 ng/mL) of puquitinib and etofesalamide
in methanol was directly infused into the mass spectrom-
eter, with ESI as the ionization source. The mass spec-
trometer was tuned in both positive and negative ionization
modes for puquitinib, which contains a secondary amino
group. The response observed in positive ionization mode
was higher than that observed in the negative ionization
mode. In the precursor ion full-scan spectra, the most
abundant ions were protonated molecules [M + H]*' at m/
z 318.2 and 258.2. Parameters such as desolvation tem-
perature, ESI source temperature, capillary and cone volt-
age, flow rate of desolvation gas and cone gas were
optimized to obtain the highest intensity of protonated
puquitinib molecules. The product ion scan spectra showed
high abundance fragment ions at m/z 261.1 and 121.0 for
puquitinib and IS, respectively. The collision gas pressure
and collision energy of collision-induced decomposition

Concentration (ng/mL) Intra-day Inter-day
Mean Accuracy (%) RSD(%) Mean Accuracy (%) RSD(%)
3 29 +0.2 95.5 6.7 29+03 98.1 8.5
250 2582 £ 18.2 103.3 7.1 2373 £ 21.5 94.9 9.1
400 364.2 + 22.6 91.1 6.2 3909 + 38.4 97.7 9.8

RSD: relative standard deviation
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Fig. 2 HPLC-MS/MS chromatograph and mass spectrometric conditions for puquitinib. a Blank plasma; b blank plasma with internal standard;

c: blank plasma with puquitinib and internal standard

(CID) were optimized for maximum response of the frag-
mentation of m/z 261.1 for puquitinib. The ion transitions
of m/z 3182 — 261.1 for puquitinib and m/
7258.2 — 121.0 for IS were selected for MRM (Fig. 1).
Chromatographic conditions were optimized to obtain
high sensitivity and sample throughput. The mobile-phase
systems of acetonitrile-water and methanol-water were
tested at various proportions. The signal-to-noise (S/N)
ratio of puquitinib was obviously higher with acetonitrile—
water as the mobile phase than with methanol-water.
Subsequent experiments utilized acetonitrile proportion
from 60 to 90% in the mobile phase. In view of the
response of puquitinib, retention times and peak shapes of
both puquitinib and IS, 70% acetonitrile was optimal. The
ionization of puquitinib and etofesalamide was increased
by adding the additive in the mobile phase. Therefore,
formic acid and ammonium acetate were added to the
mobile phase to improve the response. The response of
puquitinib was distinctly increased by adding ammonium
acetate. The effect of ammonium acetate at 2 mmol/L,
5 mmol/L and 10 mmol/L in aqueous phase on the
response and peak shape of puquitinib was investigated;
5 mmol/L ammonium acetate was found to be the best.
Finally, acetonitrile—water ~ containing 5 mmol/L

ammonium acetate (70:30, v/v) was adopted as the mobile
phase. The use of a Cg short column facilitated retention
of the analyte and separation from endogenous interfer-
ence. It provided a run time as short as 1.38 min per
sample, which was shorter than values reported by others.
Although the chromatography was performed on an HPLC
column, the small dead volume of the Acuity system
improved the separation efficiency and run time. Two
channels were used for recording the response: channel 1
for puquitinib at a retention time of 1.38 min and channel 2
for the IS at a retention time of 2.20 min. No interference
was observed for either puquitinib or IS.

In addition, as puquitinib is a lipophilic compound,
liquid-liquid extraction (LLE) was chosen as the sample
preparation method. The aim for sample preparation was to
remove interferences from the biological sample. It should
also be reproducible, with high recovery involving a min-
imum number of working steps. LLE gave both high
recovery and good chromatography. Sodium hydroxide
(1%) was added to the plasma to minimize protein binding.
LLE was advantageous because this technique not only
extracted the analyte and IS with sufficient efficiency and
specificity but also minimized experimental cost. Ethyl
acetate, diethyl ether and methyl-t-butyl ether were all
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Table 4 Stability tests of puquitinib
Concentration STS (ng/mL) FTS (ng/mL) LTS (ng/mL)
(ng/mL)
Mean Accuracy RSD Mean Accuracy RSD Mean Accuracy RSD
(%) (%) (%) (%) (%) (%)
3 29+02 977 7.5 2.8 +£0.2 91.8 6.6 3.0£02 100.3 7.3
250 249.1 £193 99.6 7.7 252.4 £27.0 100.9 10.7 2258 £12.8 90.3 5.7
400 381.3 £33.5 953 8.8 3933 £424 983 10.8 376.2 £33.1 94.1 8.8
STS short-term stability, FTS freeze-and-thaw stability, LTS long-term stability, RSD relative standard deviation
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Fig. 3 Mean (SD) concentration—time curve of puquitinib in dosage from 50 to 800 mg/m?>

tested as extraction solvents, and methyl-t-butyl ether was
finally adopted because of its high extraction efficiency.
Furthermore, according to FDA guidelines [17], the
internal standard for analysis of biological samples can be a
structurally similar analog of the analyte or a stable labeled
compound. Deuterated standard would be a preferred
internal standard in the HPLC-MS assay; however, it is not
always commercially available. Therefore, a compound
that has structure, extraction recovery, and chromato-
graphic and mass spectrometric behavior similar to the
analyte may be considered. In our case, puquitinib and
etofesalamide, which belong to different classes of
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compounds but exhibit structural similarity to the analyte,
were tested as the internal standard.

5 Conclusion

The study described a sensitive, specific, accurate and pre-
cise HPLC-ESI MS/MS method for the determination of
puquitinib levels in human plasma. Good linearity was
observed in the range from 1.00 to 500.00 ng/mL. The
LLOQ (1.00 ng/mL) makes this method of real practical use
for pharmacokinetics, bioavailability and bioequivalence
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Table 5 Pharmacokinetics parameters of puquitinib in dosage from 50 to 800 mg/m?

Parameters Unit Mean £+ SD

50 mg/m?> 100 mg/m> 200 mg/m* 400 mg/m> 800 mg/m?
Cinax ng/mL 57.1 £23.3 327.2 + 537 415.1 £ 79.1 740.0 + 1437 1289.2 + 386.3
Tax h 5.0 + 2.0 5.7 + 31 57423 6.5+ 3.0 50436
AUC(0-t) pg-h/mL 311.1 £ 179.3 3130.2 + 1239.1 2676.7 &+ 1079.1 4519.7 + 3246.0 10380.1 + 3317.2
AUC(0-c0) pg-h/mL 321.0 + 181.6 3246.2 + 1397.6 27623 + 1107.6 4568.4 + 32309 11073.2 + 3347.4
MRT(0-t) h 64+ 18 8.1+ 1.6 57+06 6.8 £ 3.4 96+ 14
tya 5 h 20+05 36+ 14 21408 3.6+ 1.0 6.0+ 1.1
V z/F L 596.6 + 426.2 1633 + 285 266.6 + 199.9 545.8 + 174.0 681.4 + 282. 6
CL z/F L/h 190.8 + 97.0 35.1 £ 155 80.9 + 329 114.8 £ 539 76.6 & 21.6

SD standard deviation, C,,,, maximum concentration, 7,,,, maximum time; AUC area under the curve, MRT mean retention time, f/, , half-life

of the drug, V z/F apparent volume of distribution, CL z/F clearance

studies. The method was successfully applied to a pharma-
cokinetics study of puquitinib given in tablet form to cancer
patients. As far as we know, this is the first study to inves-
tigate the validity of the HPLC MS/MS method for deter-
mination of puquitinib concentrations in vivo.
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