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a  b  s  t  r  a  c  t

A  sensitive  and specific  LC–MS  assay  for  DT-13  in  rat  plasma  was  developed.  DT-13  is  an active  steroidal
saponin  present  in  Liriopes  Radix  and  is developed  as  an  anti-tumor  drug  candidate.  The  samples  were
extracted  by  acetonitrile-mediated  plasma  protein  precipitation.  The  chromatographic  separation  was
carried out using  a Ultimate  C18 column  (250  mm  × 4.6 mm,  i.d.,  5 �m)  with  a mobile  phase  composed
eywords:
T-13
at plasma
harmacokinetics

of  acetonitrile:  5 mmol/L  aqueous  ammonium  acetate  (60:40,  v:v).  The  method  was  validated  and  the
specificity,  linearity  (r2 =  0.9980  within  10–1000  ng/mL),  lower  limit  of  quantitation  (LLOQ,  10 ng/mL),
precision  (intra-  and  inter-day  <12.3%),  accuracy  (93.4–106.3%),  recovery  (91.0  ± 4.7%)  and  stability  were
determined.  The  method  was  applied  to  the  pharmacokinetic  study  of  DT-13  in  rat  plasma  after  intra-
venous  and  intragastric  administration.  The  results  showed  DT-13  underwent  a  prolonged  absorption

h  a lo
C–MS and  slow  elimination  wit

. Introduction

Liriopes Radix, an important traditional Chinese medicine
TCM), is the dried tuber of Liriope muscari (Decne.) Baily. It has
een applied as a yin-nourishing remedy and used to treat cough
nd cardiovascular disease for a long time [1].  A large group of
teroidal saponins were found in L. muscari and other plants of
iriope Lour., which possess a broad range of interesting bioac-
ivity [2].  The saponin monomer 13, namely 25(R, S) ruscogenin
-O-[�-d-glucopyranosyl (1 → 2)][�-d-xylopyranosyl (1 → 3)]-�-
-fucopyranosy (DT-13, Fig. 1), is the major saponin monomer

solated from L. muscari [3]. Pharmacological studies have revealed
hat DT-13 exerts wide variety of activities such as cardiopro-
ective, immunopotentiating, anti-inflammatory, and anti-tumor
ffects [4–10].

With the in-depth study of its anti-tumor activity, experiments
isplayed that DT-13 could inhibit growth, migration and adhe-
ion of human breast cancer cell, as well as the lung metastases of
16 melanoma [11]. Some evidences suggested that DT-13 inhib-

ted cancer cells metastasis via regulation of tissue factor, which
as different from other anti-metastatic drugs [12,13].  Currently,

here is no effective therapy for most cancer in the advanced
tages after metastasis, thus the potent effect of DT-13 against
umor metastases with a very low toxicity drew much inter-

st of researchers [14], which could be considered using in the
onventional chemotherapy to provide a palliative cure. For the
evelopment of DT-13 as a new drug, information about its phar-
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macokinetics is required. However, there are still no reports on
the sensitive assay and pharmacokinetic study of DT-13 so far. In
this paper, a LC–MS method was developed for the quantitative
determination of DT-13 in rat plasma, and the characterization of
pharmacokinetics of DT-13 in rat was  investigated to achieve this
aim.

2. Experimental

2.1. Chemicals and animals

DT-13 (purity > 98%) was  separated from Liriopes Radix by the
authors, and the structure was validated by comparing the chemi-
cal and spectroscopic (UV, NMR  and MS)  data with those reported
in literatures [3].  Ophiopogonin D (purity > 98%) used as internal
standard (IS) was  purchased from the National Institute for Control
of Pharmaceutical and Biological Products (Beijing, China).

HPLC grade acetonitrile was  from Tedia (Fairfield, OH, USA) and
water was purified by a Milli-Q academic water purification system
(Milford, MA,  USA). All the other reagents were of analytical grade.

Male pathogen-free SD rats (220–250 g) were provided by the
Experimental Animal Center of China Pharmaceutical University
(Nanjing, China). Animal studies were carried out in accordance
with the Guidelines for Animal Experimentation of China Phar-
maceutical University (Nanjing, China) and the procedure was
approved by the Animal Ethics Committee of this institute.
2.2. LC–MS instruments and conditions

The HPLC was performed on an Agilent 1200 system (Palo Alto,
CA, USA). Separations were achieved by an Ultimate C18 column

dx.doi.org/10.1016/j.jpba.2011.07.003
http://www.sciencedirect.com/science/journal/07317085
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Fig. 1. Negative ion electrospray mass scan spectra of DT-13 (A, 

250 mm × 4.6 mm,  i.d., 5 �m)  (Welch Materials Inc., USA) at room
emperature. The mobile phase consisted of acetonitrile–5 mmol/L
queous ammonium acetate (60:40, v:v) with a flow rate of
.0 mL/min in a run time of 10 min. The injection volume was
0 �L. The HPLC system was coupled in line to an Agilent 6110
uadrupole LC/MS, which was operated by an ESI source in the
egative mode. Drying gas temperature was set at 350 ◦C with a
ow rate of 12.0 L/min and nebulising pressure was of 35 psi. Cap-

llary voltage was at 3000 V and fragmentor voltage was  set at 90 V.
he assay was carried out by selected ion monitoring for DT-13
M−H]− at m/z  869.50 and ophiopogonin D [M−H]− at m/z 853.50.
.3. Sample preparation

A 100 �L aliquot of plasma and 10 �L of IS (10 �g/mL) were
ortex-mixed for 30 s followed by protein precipitation with 0.4 mL
0O17, MW = 870) and ophiopogonin D (B, C44H70O16, MW = 854).

of acetonitrile. The mixture was vortex-mixed for 1 min, and then
the tubes were centrifuged for 5 min  at 2000 × g. Finally, the super-
natant was transferred to a clean glass tube and dried with nitrogen
at 37 ◦C. The residue was re-dissolved in 100 �L of methanol, and
20 �L was injected into the LC–MS system for analysis after cen-
trifugation for 10 min  at 9000 × g.

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

Stock solution of DT-13 was  prepared in methanol at concen-
tration of 1000 �g/mL. Working solutions of analyte between 0.10

and 10 �g/mL were prepared by diluting the stock solution with
methanol. A 10 �g/mL working solution of IS was similarly pre-
pared in methanol. All solutions were stored at 4 ◦C and brought to
room temperature before use.
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Calibration samples, which covered the concentration range at
0, 20, 50, 100, 200, 500 and 1000 ng/mL, were prepared by freshly
piking working solutions into blank plasma. QC samples were pre-
ared at 20, 100, and 500 ng/mL, and then treated as indicated
elow.

.5. Method validation

The specificity of the method was assessed by preparing and
nalyzing six different batches of drug-free rat plasma. Each blank
ample was tested for endogenous interference using the proposed
xtraction procedure and LC–MS conditions. The chromatogram of

 blank plasma sample was compared with those obtained with
 solution at the concentration of lower limit of quantification
LLOQ). The signal intensity at this concentration was at least 10
imes higher response than that of blank plasma samples.

The calibration curves for DT-13 in plasma were generated by
lotting the peak area ratio (y) of DT-13 to IS versus nominal con-
entrations (x) of DT-13 in plasma with 1/x2 weighted regression.
valuation of the assay was performed with a seven-point calibra-
ion plot in the concentration range 10–1000 ng/mL.

The QC samples (20, 100 and 500 ng/mL) were analyzed to val-
date the accuracy and precision. Six replicates were analyzed in
ach of three analytical runs. The accuracy was determined as a
ercent difference between the mean detected concentrations and
he nominal concentrations. The relative standard deviation (R.S.D.)
as used to report the precision.

Recoveries of DT-13 and IS were determined by comparing peak
reas of the analyte and IS in extracted QC samples with those in
ost-extracted blank samples spiked with the corresponding con-
entrations of the two compounds. The extraction recovery and
atrix effect at three QC concentrations were assayed in sets of six

eplicates. Extraction recovery was calculated by comparing the
eak area of analytes added to plasma from untreated plasma and
hen extracted, with analytes added into preextracted plasma. The

atrix effect was  evaluated by comparing the peak area of analytes
dded into preextracted plasma from untreated rats, with analytes
issolved in matrix component-free reconstitution solvent.

The stability of DT-13 in rat plasma was evaluated by analyzing
eplicates (n = 3) of QC samples at three levels, which were exposed
o different conditions of time and temperature. The short-term
tability was determined after the exposure of the spiked samples
t 25 ◦C for 12 h, and the ready-to-inject samples in the autosam-
ler rack (15 ◦C) for 12 h. The long-term stability was assessed after
torage of the samples at −20 ◦C for 30 days. The freeze/thaw stabil-
ty was evaluated after three complete freeze/thaw cycles (−20 to
5 ◦C) on consecutive days. Concentrations following storage were
ompared to freshly prepared samples of the same concentrations.

.6. Pharmacokinetic study

The method was applied for the pharmacokinetic studies of DT-
3 by two different administrations: intravenous (1.0 mg/kg) and

ntragastric (25, 50 and 100 mg/kg) administration. Before drug
dministration, rats were fasted overnight and allowed free access
o water. The suspension for oral administration was prepared by
ispersing DT-13 in 0.5% sodium carboxymethyl cellulose (CMC-
a) solution. The solution for tail intravenous administration was
btained by dissolving DT-13 in isotonic saline with 5% HP-�-CD.
enous blood samples (0.3 mL)  were withdrawn to heparinized
ubes at 0.033, 0.083, 0.167, 0.5, 1, 1.5, 2, 3, 4, 6 and 8 h after intra-
enous administration and at 1, 2, 4, 6, 8, 10, 12, 18, 24, 36 and 48 h
fter intragastric administration, then immediately centrifuged at
000 × g for 5 min. The plasma samples were stored at −20 ◦C.
 Biomedical Analysis 56 (2011) 650– 654

3.  Results and discussion

3.1. LC–MS optimization

In order to develop a sensitive and specific LC–MS method for
quantification of DT-13 in rat plasma, some potentially factors were
investigated and optimized. Both positive and negative ionization
modes were tested for the analysis, the negative ionization mode
was  found to be more appropriate for the detection. The mass spec-
tra of DT-13 and IS are shown in Fig. 1. Both the analyte and IS
generated deprotonated molecular ions [M−H]− in the full scan
spectra after direct injection, with m/z = 869.50 and 853.50, respec-
tively.

During the optimization of chromatographic conditions, ace-
tonitrile was  found superior to methanol as the mobile phase in
order to decrease column pressure and lower background noise.
Furthermore, modifiers such as formic acid, acetic acid, and ammo-
nium acetate alone or in combination in different concentrations
were compared. The responds of analytes were greatly improved by
adding ammonium acetate in mobile phase and the best peak shape
and ionization were achieved using 5 mM ammonium acetate in
water phase.

3.2. Method validation

3.2.1. Specificity, sensitivity and linearity
Typical chromatograms of blank plasma, blank plasma spiked

with DT-13 and IS, and the rat plasma samples were presented in
Fig. 2. There were no significant endogenous interferences observed
at the retention time of the analyte (6.5 min) and IS (8.2 min).

The linear regression of the peak area ratios against concen-
tration was fitted over the concentration range 10–1000 ng/mL in
rat plasma. Calibration curves for the plasma assay were prepared
by plotting the peak-area ratios (y) of drug to internal standard
against the drug concentration (x). For DT-13 in rat plasma, a regres-
sion equation of y = 0.002x − 0.036 and correlation coefficient (r2)
of 0.9980 were obtained. The LLOQ of DT-13 was  10 ng/mL.

3.2.2. Precision and accuracy
The intra- and inter-day precision and accuracy results are

shown in Table 1. The intra- and inter-day precision values (R.S.D.%)
were both less than 12.3%, while the assay accuracies ranged from
93.4% to 106.3%. The method was proved to be highly accurate and
precise.

3.2.3. Recovery and matrix effect
The extraction recoveries of DT-13 were 91.4 ± 7.3%

for 20.0 ng/mL, 90.7 ± 4.9% for 100.0 ng/mL, 90.8 ± 3.5% for
500.0 ng/mL, and 84.8 ± 3.2% for the IS. The mean recovery for
DT-13 was 91.0 ± 4.7%. The average matrix effect values were
89.7 ± 6.7%, 95.5 ± 7.2%, and 92.3 ± 5.0% for DT-13 at the three
QC concentration levels and 91.6 ± 5.8% for the IS. These results
indicated that no endogenous substances significantly influenced
the ionization of DT-13 and IS.

3.2.4. Stability
A serial of stability experiments were performed and the results

are summarized in Table 2. The analyte in rat plasma samples was
stable for 12 h at ambient temperature, after three freeze–thaw
cycles, and at −20 ◦C for 1 month. Treated samples were found to
be stable at 15 ◦C in the autosampler for at least 12 h.
3.3. Pharmacokinetic application

The presented method was successfully applied to determine
DT-13 in the plasma of six rats following the administration. All
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Fig. 2. SIM chromatograms of blank rat plasma (A); blank rat plasma spiked with DT-13 (1) and IS (2) (B); a rat plasma sample (0.5 h, i.v.) (C); a rat plasma sample (12 h, i.g.)
(D).

Table  1
Precision and accuracy for the determination of DT-13 in rat plasma (n = 6).

QC sample Intra-day Inter-day

Measured (ng/mL) Precision (%) Accuary (%) Measured (ng/mL) Precision (%) Accuary (%)

20 20.1 ± 2.0 9.7 100.6 18.7 ± 2.3 12.3 93.4
100 98.8  ± 4.4 4.5 98.8 96.3 ± 5.1 5.3 96.3
500  531.7 ± 19.5 3.7 106.3 493.3 ± 34.3 7.0 98.7

Table 2
Stability tests of DT-13 in rat plasma (n = 3).

Storage conditions Concentration (ng/mL) R.S.D. (%) RE (%)

Spiked Measured

12 h at room temperature 20 19.04 12.9 −5.0
100  95.09 5.4 −4.9
500  484.9 6.7 −3.2

1  month at −20 ◦C 20 22.06 9.5 9.3
100  105.38 2.1 5.1
500 486.67 1.6 −2.7

Three  freeze/thaw cycles 20 21.99 4.5 9.1
100  96.29 2.8 −3.9
500  509.18 4.4 1.8

Autosampler
(15 ◦C for 12 h)

20 19.80 13.4 −2.1
100  105.45 4.3 5.2
500  475.56 4.0 −5.1

Table 3
The main pharmacokinetic parameters of DT-13 after intravenous and intragastric administration to rats (n = 6).

Parameters i.v. (mg/kg) i.g. (mg/kg)

1 25 50 100

Cmax (ng/mL) 684.52 ± 218.81 108.97 ± 36.25 193.61 ± 43.79 417.93 ± 101.79
Tmax (h) 0.142 ± 0.183 7 ± 2.757 6.33 ± 4.46 7 ± 3.521
t1/2 (h) 2.83 ± 1.93 18.92 ± 4.64 17.36 ± 6.96 16.06 ± 4.09
AUC(0−t) (ng h/mL) 1231.71 ± 503.34 1549.82 ± 400.50 3295.49 ± 607.43 7011.22 ± 1554.82
AUC(0−∞) (ng h/mL) 1395.06 ± 646.30 1882.19 ± 472.35 3817.58 ± 690.52 7901.52 ± 1560.28

MRT(0−∞) (h) 3.20 ± 1.78 27.13 ± 4.91 

F  (%) – 5.40 ± 1.35 
24.65 ± 5.24 22.46 ± 4.86
5.47 ± 0.99 5.66 ± 1.11
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ig. 3. Mean plasma concentration–time profile of DT-13 in rats (mean ± SD, n = 6).
A)  After an intravenous administration dose of DT-13 (1 mg/kg) and (B) after an
ntragastric administration dose of DT-13 (25, 50 and 100 mg/kg).

he data was calculated by DAS 2.0 statistical software (Pharma-
ology Institute of China). The concentration versus time profile
s shown in Fig. 3. The major pharmacokinetic parameters of
T-13 (Table 3) were calculated using non-compartmental anal-
sis.

After an intravenous dose, the Tmax and t1/2 of DT-13 was
bout 0.14 and 2.83 h, respectively, which is much longer than
hat of some analogs [15]. Following oral administration, plasma
evels of DT-13 reached maximum at about 7, 6.33 and 7 h with
alf-life of 18.92, 17.36 and 16.06 h for the dose of 25, 50 and
00 mg/kg, respectively. These results indicated that the drug was
bsorbed and eliminated slowly in rats. After oral dosing there
s an excellent linear relationship between AUC and dose and
lso between Cmax and dose, with correlation coefficients (r2)
f 0.999 and 0.995, respectively, indicating a dose proportion-
lity of DT-13 after oral administration. It is obvious that the
rug plasma level was low, although a high oral dose was given.
y comparing the AUC(0–∞) after oral and intravenous adminis-

ration, the average oral bioavailability of DT-13 was estimated
o be about 5.51%, however, contrasting with the lack of oral
bsorption for steroidal saponins it showed a relatively high value
16].

[
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4.  Conclusion

A simple and sensitive LC–MS method was  developed and val-
idated for the determination of DT-13 in rat plasma, this method
has been successfully applied to pharmacokinetic study of DT-13
following intravenous and oral administration to rats. This method
and pharmacokinetic study may  be helpful in preclinical studies to
establish appropriate dose and frequency for DT-13.

Acknowledgments

This project was supported by the grants from Major Scientific
and Technological Specialized Project for “New Drugs Develop-
ment” (No. 2009ZX09103-308).

References

[1] Pharmacopoeia Commission of PRC (Ed.), Pharmacopoeia of the People’s
Republic of China, vol. 1, China Medical Science Press, Beijing, 2010, p. 25.

[2] T. Jiang, L.P. Qin, Research on the chemical constituents and pharmacological
activities of Liriope Lour , J. Chin. Intergr. Med. 5 (2007) 465–469.

[3] B.Y. Yu, Y. Hirai, J. Shoji, G.J. Xu, Comparative studies on the constituents of
ophiopogonis tuber and its congeners. VI. Studies on the constituents of the
subterranean part of Liriope spicata var. prolifera and L. muscari (1) , Chem.
Pharm. Bull. 38 (1990) 1931–1935.

[4] J. Tao, H.Y. Wang, J.D. Chen, H.E. Xu, S.N. Li, Effects of saponin monomer 13 of
dwarf lilyturf tuber on L-type calcium currents in adult rat ventricular myocytes
,  Am.  J. Chin. Med. 33 (2005) 797–806.

[5]  J. Tao, H.Y. Wang, H.  Zhou, S.N. Li, The saponin monomer of dwarf lilyturf tuber,
Lm-3, reduces L-type calcium currents during hypoxia in adult rat ventricular
myocytes , Life Sci. 77 (2005) 3021–3030.

[6] Q. Xu, R. Wang, B.Y. Yu, Effects of ruscogenin fucopyranoside on the delayed
type hypersensitivity and inflammatory reactions , J. Chin. Pharm. Univ. 24
(1993) 98–101.

[7] B.Y. Yu, X. Yin, Z.Y. Rong, T.M. Yang, C.H. Zhang, G.J. Xu, Biological activities
of  ruscogenin 1-O-[�-d-glucopyranosyl (1 → 2)][�-d-xylopyranosyl (1 → 3)]-
�-d-fucopyranoside from tuberous roots of Liriope muscari (Decne.) Bailey , J.
Chin. Pharm. Univ. 25 (1994) 286–288.

[8] Y.Q. Tian, J.P. Kou, L.Z. Li, B.Y. Yu, Anti-inflammatory effects of aqueous extract
from Radix Liriope muscari and its major active fraction and component , Chin.
J.  Nat. Med. 9 (2011) 222–226.

[9] F.H. Wu,  J.S. Cao, J.Y. Jiang, B.Y. Yu, Q. Xu, Ruscogenin glycoside (Lm-3) isolated
from Liriope muscari improves liver injury by dysfunctioning liver-infiltrating
lymphocytes , J. Pharm. Pharmacol. 53 (2000) 681–688.

10] J.L. Liu, T. Chen, B.Y. Yu, Q. Xu, Ruscogenin glycoside (Lm-3) isolated from Liri-
ope muscari inhibits lymphocyte adhesion to extracellular matrix , J. Pharm.
Pharmacol. 54 (2002) 959–966.

11] S.T. Yuan, L. Sun, B.Y. Yu, L.Y. Zhang, S.S. Lin, D.N. Zhu, W.  Shi, Application of Liri-
ope muscari Baily saponin C in pharmacy, Patent No. CN101352448, Application
No.  CN 200810196044.0, 2009.

12] L. Sun, S.S. Lin, R.P. Zhao, B.Y. Yu, S.T. Yuan, L.Y. Zhang, The saponin monomer
of  dwarf lilyturf tuber, DT-13, reduces human breast cancer cell adhesion and
migration during hypoxia via regulation of tissue factor , Biol. Pharm. Bull. 33
(2010) 1192–1198.

13] L. Sun, S.S. Lin, B.Y. Yu, S.T. Yuan, L.Y. Zhang, High-throughput screening model
for tissue factor inhibitor and effect of DT-13 on anti-tumor metastasis , Chin.
J.  Nat. Med. 8 (2010) 466–470.

14] S.T. Ma, J.P. Kou, B.Y. Yu, Safety evaluation of steroidal saponin DT-13 isolated
from the tuber of Liriope muscari (Decne.) Baily, Food Chem. Toxicol. (2011),
doi:10.1016/j.fct.2011.06.022.

15] C.H. Xia, J.G. Sun, H.P. Hao, G.J. Wang, B. Yan, S.H. Gu, C.N. Zheng, L.L. Shang, M.S.
Roberts, Quantitative determination of ophiopogonin D by liquid chromatog-

raphy/electrospray ionization mass spectrometry and its pharmacokinetics in
rat  , Planta Med. 74 (2008) 1832–1836.

16] K. Li, Y.W. Wang, J.K. Gu, X.Y. Chen, D.F. Zhong, Determination of dioscin in rat
plasma by liquid chromatography–tandem mass spectrometry , J. Chromatogr.
B  817 (2005) 271–275.

http://dx.doi.org/10.1016/j.fct.2011.06.022

	Determination and pharmacokinetics of DT-13 in rat plasma by LC–MS
	1 Introduction
	2 Experimental
	2.1 Chemicals and animals
	2.2 LC–MS instruments and conditions
	2.3 Sample preparation
	2.4 Preparation of calibration standards and quality control (QC) samples
	2.5 Method validation
	2.6 Pharmacokinetic study

	3 Results and discussion
	3.1 LC–MS optimization
	3.2 Method validation
	3.2.1 Specificity, sensitivity and linearity
	3.2.2 Precision and accuracy
	3.2.3 Recovery and matrix effect
	3.2.4 Stability

	3.3 Pharmacokinetic application

	4 Conclusion
	Acknowledgments
	References


