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ABSTRACT

A simple, rapid and sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS) method
was developed and validated for quantifying sibiricaxanthone F (SF) in rat plasma following oral and
intravenous dosings. After addition of the internal standard (IS) kaempferol and the antioxidant, 20%
ascorbic acid, plasma samples were precipitated with acetonitrile and separated on an Aglient Zorbax
XDB-Cyg column (50 mm x 4.6 mm L.D., 2.1 wm) with gradient acetonitrile and water (both containing
0.01% formic acid) as the mobile phase. The detection was performed on a Sciex API 4000 LC-MS/MS
with electrospray ionization (ESI) inlet in the negative multiple reaction monitoring (MRM) mode. Good
linearity was achieved over the concentration range of 0.5-500.0 ng/mL (r>0.996). Intra- and inter-day
precisions were less than 7.60%, and accuracy ranged from 97.18% to 99.84%. The lower limit of quantifi-
cation for SF was 0.5 ng/mL, and analytes were stable under various conditions (during freeze-thaw, at
room temperature and under deep-freeze conditions). This validated method was successfully applied
to the preliminary pharmacokinetic study of SF in rats for the first time, and the absolute bioavailability

of SF was found to be only 0.22 +0.15%.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Polygala sibirica L. is one of the authorized sources of Polygalae
Radix (Yuanzhi) in Chinese Pharmacopoeia, which is a popu-
lar traditional Chinese medicine (TCM) used as an expectorant,
anti-inflammatory and anti-bacterial agent. It is also classically
mentioned as an anti-dementia drug in TCM and Japanese tra-
ditional medicine. Pharmacological studies demonstrated that
Yuanzhi water extract has significant effects for improving the
learning memory of mice [1] and neuroprotection in cultured
cell model [2]. Yuanzhi ethanol extract is capable of reversing
scopolamine-induced cognitive impairment by inhibiting acetyl-
cholinesterase activity [3,4], and of improving stress-induced
memory impairments through the increment of glucose utiliza-
tion and the total neural cell adhesion molecule levels in rat brains
[5].

Xanthones, a particular class of natural products from plant
medicines including Polygala genus plants [6-12], display vari-
ous biological activities, such as antioxidant, anti-inflammatory,
CNS depression or stimulant, antidiabetic, antitumor actions, and
cardiovascular protective effects [13-15]. This might explain the
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growing interests in this class of compounds, demonstrated by a
large number of newly isolated and synthesized derivatives dur-
ing the last decade [6-12,16]. However, there are few reports for
the pharmacokinetic studies concerning xanthones or xanthone
derivatives, except those of mangiferin and several simple xan-
thones up to now [17-19]. Due to their various biological activities,
it is worthwhile to perform more metabolic experiments for other
active xanthones in the future.

Sibiricaxanthone F (SF, Fig. 1) is one of the new active xanthone
glycosides, isolated from P. sibirica during our search for new bioac-
tive compounds from the Polygala genus plants [8-12]. In in vitro
tests, this compound exhibited some effects on agitating the per-
oxisome proliferator-activated receptors (PPARs) and accelerating
the differentiation of 3T3-L1 preadipocytes cell (data not shown
here), and the further study is being conducted in our laboratory.
To the best of our knowledge, xanthones are one type of the main
active constituents of Polygala genus plants, however, up to now,
there has been no report on the analysis of SF in biological samples.
Consequently, in order to investigate the physiological disposition
of this type of compounds and promote their rational applications,
SF was chosen as a representative active xanthone to study the
pharmacokinetic process in rats due to its large quantity available
from the plant through our study. Thus a novel, rapid and sensitive
LC-MS/MS method was then developed and validated here for the
quantification of SF in rat plasma for the first time.
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Fig. 1. Chemical structures of SF (sibiricaxathone F) and IS (kaempferol, internal standard).

2. Experimental
2.1. Chemicals and reagents

Sibiricaxanthone F (99.2%, purity) was isolated from the root of
Polygala sibirica L. in our laboratory. Kaempferol standard (99.0%,
purity, Fig. 1) as the internal standard (IS) was purchased from
Tianjing Yifang Co. Ltd. (Tianjing, China). Methanol, acetonitrile and
formic acid were of HPLC grade and purchased from Fisher Scien-
tific (Fairlawn, NJ, USA) and ].T. Baker Company (Phillipsburg, NJ,
USA), respectively. HPLC-quality water was obtained using a SZ-
Il water purification system (Jiapeng Co., Shanghai, China). Other
reagents were of analytical grade and supplied by Beijing Chemical
Works (Beijing, China).

2.2. Apparatus and chromatographic conditions

Chromatographic analysis was performed using an Agilent 1200
series LC system (Palo Alto, CA, USA) equipped with two series 200
micro-pumps, a vacuum degasser unit, and an autosampler. Sep-
aration of the analytes from plasma was achieved on an Aglient
Zorbax XDB-C18 column (50 mm x 4.6 mm L.D., 2.1 pm, Palo Alto,
CA, USA), which was eluted with a gradient mobile phase of ace-
tonitrile (A) and water (B) both containing 0.01% formic acid. The
solvent A was held at the initial condition of 25% (v/v) for 0.1 min,
linearly increased to 80% over 0.1 min and maintained for 0.7 min,
then returned to 25% by 0.1 min, and held for 4 min. The mobile
phase was delivered at a flow-rate of 0.4 mL/min.

The HPLC system was coupled with an Applied Biosystem Sciex
API 4000 Q-Trap mass spectrometer (Foster City, CA, USA) with an
electrospray ionization (ESI) source.

The detection was performed by negative ion ionization in
multiple reaction monitoring mode (MRM), monitoring the tran-
sitions from molecular ion to dominant product ion that were m/z
637.3 — 303.0 and m/z 285.1 — 92.9 for SF and IS (Fig. 2), respec-
tively. The optimized working parameters for mass detection were
as follows: the curtain gas (CUR) 10.0 psi, the nebulizer gas (Gas 1)
30 psi, the auxiliary gas (Gas 2) 50 psi, the needle voltage —4500V,
the collision gas (CAD) high and the turbo ion spray temperature
500°C. Nitrogen was used as the collision gas. All the data were
processed by the MassChrom software (version 1.5, Sciex).

2.3. Preparation of calibration standards and quality control (QC)
samples

Primary stock solutions of SF and IS for preparation of standards
and quality control (QC) samples were prepared from separate
weighings. The primary stock solutions of SF and IS were prepared
in methanol at a concentration of 1.0 mg/mL and stored at —70°C.
A series of working standard solutions of SF ranging from 5.0 to

5000.0 ng/mL and IS solution at 3.0 ng/mL were prepared by dilut-
ing their respective stock solutions with methanol. The solutions
were stored at —20 °C for the assay within 2 weeks. Calibration stan-
dards were prepared using blank rat plasma (45 pL) spiked with
5 uL of SF working solutions, to yield the concentrations of 0.5,
1.0, 5.0, 10.0, 50.0, 100.0 and 500.0 ng/mL, respectively. QC sam-
ples were prepared in the same way as the calibration samples,
representing low, middle and high concentrations of SF in plasma
at 1.0, 10.0 and 100.0 ng/mL.

The calibration curve was constructed by plotting the peak area
ratios of SF/IS vs nominal concentrations of SF in plasma.

2.4. Sample preparation

An aliquot of 5 L plasma after i.v. dosing was diluted by 495 pL
blank plasma. A 50 pL aliquot of plasma after i.g. administration
or 50 pL of the diluted plasma prepared above, was mixed with
10 pL of IS (3 pg/mL), 20 wL of 20% ascorbic acid (v/v) and 150 wL
acetonitrile. After vortexing for 2 min, the mixture was centrifuged
at 4°C for 5min at 12,000 rpm. The supernatant was recovered and
2 wL was injected into the LC-MS/MS system.

2.5. Method validation

The analytical method was set up to quantify the novel
compound SF in a preliminary explorative pharmacokinetic and
bioavailability study, and validated to meet the acceptance criteria
as per guidelines of the International Conference on Harmonization
of Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH).

The specificity of the method was established by comparing
blank plasma samples from six different sources with those spiked
with analytes to find out interference from endogenous compo-
nents.

Linearity was assessed by assaying calibration curves in plasma
atseven concentration levels ranging from 0.5 to 500 ng/mLin three
separate runs. And the curves were fitted by a weighed (1/x2) least-
squares linear regression method through the measurement of the
peak-area ratio of the analyte to IS. The acceptance criterion for a
calibration curve was a correlation coefficient (r) of 0.99 or better,
and each back-calculated standard concentration must be within
15% deviation from the nominal value except at LLOQ, for which
the maximum acceptable deviation was set at 20%. The LLOQ estab-
lished using five replicates was defined as the lowest concentration
in the standard curve at which the relative standard deviation was
within 20% and accuracy was within 100 4 20%.

Accuracy and precision were evaluated by analyzing QC samples
at three concentration levels (1, 10 and 100 ng/mL) in five repli-
cates on three validation days. The assay accuracy was expressed
as (observed concentration/nominal concentration) x 100%.
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Table 1
Matrix effect of SF and IS.

2515

Compound Nominal concentration (ng/mL) Observed concentration (ng/mL) RSD (%) Matrix effect (%) (mean =+ SD)
0.5 0.522 + 0.040 7.63 104.4 + 7.97
SF 5 4.621 + 0.087 1.88 92.41 + 1.74
50 53.310 + 0.901 1.69 106.62 + 1.80
IS 136 125.922 + 4.634 3.68 92.59 + 341
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Fig. 2. MS? product ions spectra of the deprotonated molecular ions of SF (A) and IS (B).

Intra- and inter-day precisions were obtained by one-way anal-
ysis of variance (ANOVA) testing and were expressed as relative
standard deviation (RSD). The accuracy was required to be within
85-115%, and the precision should not exceed 15%.

The extraction recoveries of SF and IS were determined at three
QC levels (five samples each) by comparing the peak area of each
analyte in spiked plasma samples with those of analytes in sam-
ples prepared by spiking extracted drug-free plasma samples with
the same amounts of analyte at the step immediately prior to chro-
matography.

The stability of analytes in plasma was investigated under the
following conditions: (a) 1 month storage at —20°C; (b) three con-
secutive freeze-thaw cycles from —20°C to room temperature; (c)
24 h storage at room temperature.

The matrix effect was investigated by post-extraction spike
method. Peak area (A) of the analyte in spiked blank plasma with a
known concentration was compared with the corresponding peak
area (B)obtained by directinjection of standard in the mobile phase.
The ratio (A/B x 100) is defined as the matrix effect [20].

2.6. Pharmacokinetic and bioavailability study

Male Sprague-Dawley rats (190-220g) were obtained from
the Laboratory Animal Center of Peking University Health Science
Center (Beijing, China). They were kept in an environmentally con-
trolled breeding room (temperature: 20 + 2 °C, humidity: 60 + 5%,
12 h dark/light circle) for at least 3 days. The protocols of animal
experiments were approved by the Animal Ethics Committee of
Peking University Health Science Center (No. LA2011-019). The rats
were fasted for 16 h before administration while water was taken
ad libitum. Both of the formulations for intragastric and intravenous
administrations of SF were prepared by mixing SF with 0.5% car-
boxymethyl cellulose sodium (CMC-Na) aqueous solution. All rats
were randomized into two groups (six in each group): SF 150 mg/kg
body weight by i.g. administration and 40 mg/kg body weight by

i.v. administration, respectively. The i.v. solution injection rate was
controlled within 1 min. After a single dose was administrated,
blood samples (0.5 mL) were collected in heparinized tubes via the
orbital vein at 0, 0.083, 0.167, 0.25, 0.5, 0.75, 1, 2, 4, 6, 8, 10 h. All
blood samples were centrifuged at 6000 rpm for 10 min at 4°C to
collect plasma. The plasma obtained was stored at —70°C until
analysis. To obtain the pharmacokinetic parameters of SF in rat
plasma by i.v. and i.g. administrations, the concentration-time data
were analyzed by non-compartmental method using the Drug and
Statistics software (DAS, version 2.0, Clinical Drug Evaluation Cen-
ter, Wannan Medical College, Anhui, China), or visually inspected
from the pharmacokinetic profile for Cpax and Timax. The parameters
considered were as follows: Cpax (maximum plasma concentra-
tion), AUC (area under the concentration-time curve from time 0
to the last detectable sample), Ty, (plasma half-time in the ter-
minal phase), CL (plasma clearance defined as dose/AUC) and the
bioavailability after oral administration (F= AUC; ¢ /AUG;,, x 100).

3. Results and discussion
3.1. Method development

Since both of SF and IS are phenolic compounds, it is necessary
to add some acid in the HPLC mobile phase. After screening, 0.01%
formic acid was used to overcome the peak tailing effect and further
improve its detection sensitivity. The gradient elution of the mobile
phase was used for narrowing the peaks of SF and IS and shorting
the running time of the chromatography. In our analytical method,
the chromatographic run time was only 5 min.

In the present study, the clean-up of the plasma samples was
achieved through a simple and fast single-step protein precipita-
tion procedure. Different kinds of sample pre-treatment methods,
including liquid-liquid extraction (LLE) with ethyl acetate and
solid-phase extraction, etc., were tried during our method devel-
opment, but they were limited by low or irreproducible recovery
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Table 2
Accuracy and precision for the analysis of SF in QC samples (n =3 days, five replicates per day).
Added concentration Found concentration (ng/mL) Accuracy (%) Precision (%)
(ng/mL) (mean+SD,n=5)
Intra-day RSD (n=5) Inter-day RSD (n=3)
1 0.998 + 0.074 99.84 7.36 0.698
10 9.718 + 0.735 97.18 7.56 3.98
100 99.560 + 3.956 99.56 3.97 3.86
Table 3 3.2. Method validation
Recoveries of SFand IS (n=5).
Compound Concentration RSD (%) Recovery (%) 3.2.1. Specificity and matrix effect
(ng/mL) (mean £ SD) The specificity of the method was evaluated by analyzing indi-
1 8.92 1012 + 9.07 vidual blank plasma samples from six different sources. All samples
SF 10 325 104.3 +3.39 were found to have no interferences from endogenous substances
100 1.60 93.08 + 1.60 at the retention times of either SF or the IS. Typical chromatograms
IS 136 2.21 80.34 + 1.77

for analytes or time-consuming procedure. Finally the method of
protein precipitation with 3-fold volumes of acetonitrile was used.

Itis necessary to use an IS to get high accuracy when performing
MS quantitation. An appropriate IS will control variability in extrac-
tion, HPLCinjection and ionization. From a list of 15 commonly used
xanthone or flavones compounds, kaempferol was finally selected
due to its high recovery and structural similarity with the analyte.

In addition, the stability of IS kaempferol in plasma was found
to be not very good, so some anti-oxidant was added to the plasma.
Finally, 20% ascorbic acid was chosen.

of a blank plasma, a spiked plasma sample with SF and IS, and a
plasma sample after SF administration are shown in Fig. 3.

In the present study, the negative ion ionization was used for the
detection of SF, due to its higher sensitivity than that of the pos-
itive mode. To investigate the matrix effect, three concentration
levels of SF (0.5, 5 and 50ng/mL) in five replicates were ana-
lyzed, and the values are shown in Table 1. The matrix effects
for SF and IS ranged from 92.0 to 107.0%, and the correspond-
ing RSDs were less than 8.0%. On the other hand, the matrix
effects for the mobile phase, ascorbic acid, the dosing formulation
CMC-Na and the anticoagulant heparin sodium that might exist in
plasma were investigated as well, and no significant interference
of these reagents was found. These results demonstrated that the
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Fig. 3. Representative MRM chromatograms of: (A) a blank rat plasma sample; (B) a blank rat plasma spiked with SF (1 ng/mL) and IS (200 ng/mL); (C) a rat plasma sample
at 0.5 h after an intravenous dose of SF (40 mg/kg) to rats (I: retention time, 2.30 min; m/z 637.3 — 303.0 for SF and II: retention time, 2.52 min; m/z 285.1 — 92.9 for IS); (D)

arat plasma sample at 0.5 h after an oral dose of SF (150 mg/kg) to rats.
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Table 4
Stability of quality control samples (n=5).
Stability tests Time period Theoretical conc. (ng/mL) Found conc. (mean SD) Precision (RSD%) Accuracy (RE%)
1 1.00 + 0.04 3.63 +0.47
Freeze/thaw stability (from —20°C to 20°C) 3 times 10 10.56 + 0.60 5.68 +5.63
100 99.92 + 1.34 1.34 -0.08
1 0.97 + 0.01 0.61 -3.11
Short-term stability (20°C) 24h 10 10.74 £ 0.91 8.46 7.63
100 99.71 + 3.93 3.95 -0.29
1 0.99 + 0.06 5.80 —0.094
Long-term stability (—20°C) 1 month 10 10.26 + 0.42 4.07 2.64
100 100.03 + 1.65 1.65 0.03
processing procedure of plasma samples was highly acceptable 12000
with no significant ion suppression or enhancement. 100,00
In addition, the “cross-talk” between the two MS/MS channels ) '
used for monitoring was assessed by separately injecting SF and IS, 10000 A
and monitoring the response in the other channels. No “cross-talk” 80.00 ||
between channels was observed. 4
~ E
8 3 60.00 B
3.2.2. Calibration curve, linearity and LLOQ & 8000 £
The method exhibited good linearity over the concentra- 2 £
tion range of 0.5-500ng/mL with a high correlation coefficient : ‘E 0.0
(r>0.996). A typical equation of the calibration curve was obtained .8 6000 H
asfollows: y=1.11 x 1072 x+1.05 x 103 (r=0.9966), where y is the b E 20,00
peak-area ratio of SF to IS and x is the plasma concentration of SF, H £
respectively. s L ‘ W e —
The LLOQ for SF was 0.5 ng/mL, which is sensitive enough for the 2 4000 0.00
pharmacokinetic study of SF in rats. The precision and accuracy at S 0.00 2.000 4.000 6.000 8.000 10.000 12.000
this concentration level were acceptable, with 9.1% of the RSD and -20.00
98.3% of the accuracy, respectively. 2000 Tiae (h)
3.2.3. Accuracy and precision
The intra- and inter-day precision and accuracy of the method 0 3 3 o !
were investigated by analyzing QC samples (1.0, 10.0 and
. 2
100.0 ng/mL). All the values are shown in Table 2. Intra-day RSD 0.000 2.000 4.000 6. 000 8.000 10.000
was below 8.0% and inter-day RSD was below 4%. The accuracy was Tine (h)

within 97.0-100.0%. The method was proved to be highly accurate
and precise.

3.2.4. Recovery and stability

The extraction recoveries of SF were 101.2+9.07%,
1043 +£3.39% and 93.08+1.60% at three concentrations of
1.0, 10.0 and 100.0 ng/mL, respectively, while the recovery of IS
was 80.34+1.77%. These results suggested that the recoveries of
SF and IS were consistent and were not concentration-dependent.
All the values are shown in Table 3.

Stability study showed that the concentrations of SF were not
significantly changed in plasma stored in —20°C for 1 month,
stored at room temperature for 24h and experienced a three-
time freeze/thaw from —20°C to 20°C. All the values are shown
in Table 4.

3.2.5. Application to a pharmacokinetic and bioavailability study

The method was successfully applied to the quantification of SF
inrat plasma after intravenous and oral dosings. During the bioanal-
yses, no significant problems such as pressure ascend, retention
time shift and interferences, were observed when the column was
used continuously for at least 200 plasma samples.

The mean plasma concentration (+SD) (n=6) versus time
profiles for SF are depicted in Fig. 4, and their estimated pharma-
cokinetic parameters are presented in Table 5. Due to a significant
inter-individual variability in the Cphax and Tmax after oral dosing,
there was no statistical significance to depict the two parameters
mentioned above. Other pharmacokinetic parameters were given
by DAS 2.0 Software using the non-compartment model. The abso-

Fig.4. Mean plasma concentration-time curves of SFin rats following i.v. (40 mg/kg,
A) and i.g. (150 mg/kg, B)..

lute bioavailability of SF was calculated to be 0.22 4+0.15%. Many
factors that could be responsible for the low bioavailability of this
compound include the potential hydrolysis in the gastrointestinal
tract, poor permeability through the intestinal epithelial mem-
brane and first-pass effect in the liver [21]. Thus, in the next step,
poly(pL-lactic-co-glycolic acid) (PLGA) nanocapsules or some cor-
responding salt derivatives could be tried to improve the delivery of
this poorly water-soluble xanthone [18,22]. In addition, this study
showed that only a small amount of SF could be absorbed in plasma
by oral dosing. Therefore, the aglycone of SF or its other metabo-
lites that might exist in plasma may be paid more attention in our
further studies.

Table 5
Pharmacokinetic parameters for SF by i.v. and i.g. administrations (n=6).

Parameter SF (40 mg/kg, i.v.) SF (150 mg/kg, i.g.)
AUCo-; (ngh/mL) 6143.39 +2087.8 49.86 +7.63
AUCo- (ngh/mL) 6426.02 +2150.43 60.39+5.69

Timax (h) - -

Ty, (h) 2.08+£0.26 -

Cl (L/h/kg) 6.88+£2.55 2631.08 +722.06

Va (L/kg) 21.37+£10.97 16,399.06 +12,687.9
AB % 0.22+0.15

AB (absolute bioavailability)=(AUC;g4 /AUG;,,) x (Dose;./Dose;g ) x 100.
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Notably, there were three peaks for SF following oral admin-
istration in both individual and mean plasma concentration-time
curves (Fig. 4), which is similar to the curve of mangiferin in rats
following single intragastric administration [17]. This might be
caused by presystematic metabolism, “absorption” window along
the gastrointestinal tract, enterohepatic circulation, variable gas-
tric emptying and drug-drug interaction [23,24]. This atypical
drug absorption profiles such as multiple peaks and window-type
absorption profiles were also encountered in berberine, macran-
thoidin B, 3,6’-disinapoylsucrose, tacrolimus, etc. [25-29]. Further
detailed absorption investigations are needed to elucidate the
mechanism of the multiple peak phenomenon in the next step.

4. Conclusion

A sensitive and reliable LC-MS/MS method has been developed
for the determination of SFin rat plasma using protein precipitation
as the sample clean-up procedure. This method showed excellent
sensitivity, linearity, precision, accuracy and extraction recovery.
The established method was successfully applied to a preliminary
pharmacokinetic study of SF, a new xanthone glycoside isolated
from P. sibirica after intravenous and intragastric administrations
to rats. The results showed that SF had a very low oral bioavailabil-
ity with only 0.22 + 0.15% of a single dose, and multiple peaks were
found in both individual and mean plasma concentration-time
curves of SF following oral administration. Due to the poor bioavail-
ability of SF, its metabolites that might exist in plasma could be paid
more attention in our further studies.

Acknowledgements

This work was financially supported by the New-Century Tal-
ent Program, Ministry of Education of China (No. 985-2-102-113),
National Natural Science Foundation of China (No. 30600778), and
National Key Technology R&D Program “New Drug Innovation” of
China (No. 2009ZX09311-004). The authors would like to thank
Dr. Ying Zhang and Ms. Xuhui Tian for their LC-MS/MS technical
assistance.

References

[1] N. Egashira, M. Yuzurihara, N. Hattori, I. Sakakibara, A. Ishige, Phytomedicine
10(2003) 467.

[2] N.Rie, T. Chihiro, Biol. Pharm. Bull. 29 (2006) 1892.

[3] C.H. Park, S.H. Choi, J.W. Koo, J.H. Seo, H.S. Kim, SJ. Jeong, Y.H. Suh, J. Neurosci.
Res. 70 (2002) 484.

[4] Y. Ikeya, S. Takeda, M. Tunakawa, H. Karakida, K. Toda, T. Yamaguchi, M. Abu-
rada, Biol. Pharm. Bull. 27 (2004) 1081.

[5] K.Y. Shin, B.Y. Won, C. Heo, H.J. Kim, D.P. Jang, C.H. Park, S. Kim, H.S. Kim, Y.B.
Kim, H.G. Lee, S.H. Lee, Z.H. Cho, Y.H. Suh, ]. Neurosci. Res. 87 (2009) 260.

[6] T. Miyase, H. Noguchi, X.M. Chen, J. Nat. Prod. 62 (1999) 993.

[7] Q.C. Xue, CJ]. Li, L. Zuo, J.Z. Yang, D.M. Zhang, ]. Asian Nat. Prod. Res. 11 (2009)
465.

[8] Y.H. Zhou, Y. Jiang, H.M. Shi, Y.P. Chen, P.F. Tu, Helv. Chim. Acta 91 (2008)
897

[9] Y.Jiang, W. Zhang, P.F. Tu, XJ. Xu, J. Nat. Prod. 68 (2005) 875.
[10] J.Li,]J. Wang, Y. Jiang, P.F. Tu, Chin. Tradit. Herb. Drugs 36 (2005) 1124.
[11] H.T. Chang, F. Niu, J. Wen, Y. Jiang, P.F. Tu, China ]. Chin. Mater. Med. 32 (2007)

2259.

[12] Y.L Song, Y. Jiang, S.X. Zhou, D. Bi, P.F. Tu, China J. Chin. Mater. Med. 34 (2009)
574.

[13] M.M.M. Pinto, M.E. Sousa, M.S. Nascimento, Curr. Med. Chem. 8 (2005)
2517.

[14] A. Isakovic, T. Jankovic, L. Harhaji, S. Kostic-Rajacic, Z. Nikolic, V. Vajs, V. Tra-
jkovic, Bioorg. Med. Chem. 16 (2008) 5683.

[15] D.J.Jiang, Z. Dai, Y.J. Li, Cardiovasc. Drug. Rev. 22 (2004) 91.

[16] L.M. Vieira, A. Kijjoa, Curr. Med. Chem. 12 (2005) 2413.

[17] Y.M.Liu, F.P.Xu, X.Zeng, L. Yang, Y.H. Deng, Z.F. Wy, Y. Feng, X. Li, ]. Chromatogr.

B 878 (2010) 3345.

[18] M. Teixeira, MJ. Alonso, M.M.M. Pinto, C.M. Barbosa, Eur. J. Pharm. Biopharm.
59 (2005) 491.

[19] M. Kondo, L.L. Zhang, H.P. Ji, Y. Kou, B. Ou, ]. Agric. Food Chem. 57 (2009)
8788.

[20] D.Liuy, ]. Jiang, P. Hu, F. Tan, Y. Wang, J. Chromatogr. B 877 (2009) 3781.

[21] G.N. Wang, R.L. Pan, Y.H. Liao, Y. Chen, ].T. Tang, Q. Chang, J. Chromatogr. B 878
(2010) 102.

[22] G.A.Xu, CN Patent 101,108,869 (2008).

[23] X.Zhang, D. Zhang, J. Xu, J. Gu, Y. Zhao, J. Chromatogr. B 858 (2007) 65.

[24] H. Zhou, ]. Clin. Pharmacol. 43 (2003) 211.

[25] Y. Chen, X. Liu, R. Pan, G. Wang, Y. Fu, Q. Chang, Biomed. Chromatogr. 23 (2009)
1326.

[26] H. Yang, GJ. Wang, H.P. Hao, P.F. Ty, Y. Jiang, Q. Wang, Y. Zhang, C.N. Zheng,
Y.X. Zhang, L. Dai, Biomed. Chromatogr. 23 (2009) 630.

[27] F. Cai, W. Xu, H. Wei, L.N. Sun, S.H. Gao, Q. Yang, ]. Feng, F. Zhang, W.S. Chen, J.
Chromatogr. B 878 (2010) 1845.

[28] Y.T.Deng, Q.F. Liao, S.H. Li, K.S. Bi, B.Y. Pan, Z.Y. Xie, J. Chromatogr. B 863 (2008)
195.

[29] C.Y. Chen, LW. Qi L. Yi, P. Li, X.D. Wen, J. Chromatogr. B 877 (2009) 159.



	A rapid and sensitive HPLC–MS/MS analysis and preliminary pharmacokinetic characterization of sibiricaxanthone F in rats
	1 Introduction
	2 Experimental
	2.1 Chemicals and reagents
	2.2 Apparatus and chromatographic conditions
	2.3 Preparation of calibration standards and quality control (QC) samples
	2.4 Sample preparation
	2.5 Method validation
	2.6 Pharmacokinetic and bioavailability study

	3 Results and discussion
	3.1 Method development
	3.2 Method validation
	3.2.1 Specificity and matrix effect
	3.2.2 Calibration curve, linearity and LLOQ
	3.2.3 Accuracy and precision
	3.2.4 Recovery and stability
	3.2.5 Application to a pharmacokinetic and bioavailability study


	4 Conclusion
	Acknowledgements
	References


