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bstract

A sensitive, specific and accurate LC–MS/MS method was developed for simultaneous determination of icariin, icariside II and osthole in
at plasma. With carbamazepine as the internal standard, plasma samples were prepared by protein precipitation with acetonitrile. Analysis was
arried out on an ACQUITY UPLCTM BEH C18 column with a linear gradient and 0.1% aqueous acetic acid and acetonitrile were used as mobile
hase. Detection was performed by means of electrospray ionization mass spectrometry in positive ion mode with multiple reaction monitoring.

inear calibration curves of icariin, icariside II and osthole were obtained over the concentration ranges of 2.00–200, 2.00–200 and 2.00–500 ng/ml,

espectively. The intra- and inter-day precisions were within 8.0% and 14%, and the accuracy was from −6.0% to 9.0%. The method was successfully
pplied to pharmacokinetic studies of icariin, icariside II and osthole in rats after oral administration of Gushudan extract.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Traditional Chinese medicine (TCM) has been used in clini-
al practice for several thousand years and the healing benefits
f more than 7000 kinds of herbs have been documented. TCM
s used mostly in combination in China and has played an
ndispensable role in the prevention and treatment of diseases,
specially the complicated and chronic ones. Pharmacokinetic
tudy on active constituents in herbal preparations is a good way
or us to explain and predict a variety of events related to the
fficacy and toxicity of TCM.

Gushudan is a Chinese composite formulation based on the
heory of TCM and clinical practice and formed according to
the basic concept of establishing platforms for operational tech-
iques in systems of elaborately selecting small formulations of

raditional Chinese medicine” [1]. It is a kidney-tonifying and
one-strengthening formulation used for the treatment of osteo-
orosis. The study on ovariectimized rats treated with Gushudan
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ormulation showed that it inhibited high bone turnover and
timulated bone formation effectively. And it exhibited an activ-
ty of promoting the proliferation of osteoblast cells in vitro [2].
he formulation is composed of Herba Epimedii, Fructus Cni-
ii, Rhizoma Drynariae and Radix Salviae Miltiorrhizae. Icariin
s known as an indicative constituent of the Epimedium genus.
t has been reported that icariin promotes the proliferation [3,4]
nd stimulates the expression of OPN mRNA and type I colla-
en of rat osteoblasts [5]. It also has effects of accelerating the
steogenic differentiation of rat bone marrow stromal cells [6]
nd inhibiting the proliferation of preosteoclast [7]. Icariside II
s a metabolite of icariin [8–10]. It also has proliferative activ-
ty on osteoblasts [4] and inhibiting effect on the proliferation
f preosteoclast [7]. Osthole is one of the active compounds
n Fructus Cnidii. Pharmacological studies showed that ost-
ole prevented osteoporosis in ovariectomized rats [11]. It has
ffects of stimulating the OPG mRNA expression of osteoblasts,
ecreasing RANKL mRNA level [12] and increasing osteoblast

roliferation, ALP activity and collagen synthesis [13].

A high-performance liquid chromatography (HPLC) [14]
nd a capillary zone electrophoresis (CZE) method [9] have
een developed to determine icariin in biological samples. Phar-
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Fig. 1. Chemical structures of icariin (A), icari

acokinetic study of osthole has been investigated by HPLC
ith UV detection [15,16] and �-CD inclusion fluorescence

17]. To our knowledge, there is no report on simultaneous
etermination of icariin, icariside II and osthole in rat plasma
sing LC–MS/MS and the pharmacokinetic study of icariside
I.

In the present study we developed and validated a sensitive,
pecific and accurate method for the simultaneous determination
f icariin, icariside II and osthole in rat plasma. The method was
uccessfully applied to evaluate the pharmacokinetics of icariin,
cariside II and osthole after oral administration of Gushudan
xtract to rats.

. Experimental

.1. Materials and reagents

Herba Epimedii was purchased from Baoji (Shannxi, China).
hizoma Drynariae was purchased from Anhui (China). Fruc-

us Cnidii and Radix Salviae Miltiorrhizae were purchased from
henyang (Liaoning, China). The raw materials were identi-
ed by Professor Qishi Sun (School of Traditional Chinese

ateria Medica, Shenyang Pharmaceutical University, China)

s the herb of Epimedium brevicornum Maxim., the fruits of
nidium monnieri (L.) Cuss., the Rhizoma of Drynaria for-

unei (Kunze) J. Sm. and the Radix of Salvia miltiorrhiza

f
m
a
e

I (B), osthole (C) and carbamazepine (IS) (D).

ge. Icariin, osthole and carbamazepine (internal standard)
ere supplied by the National Institute for the Control of
harmaceutical and Biological Products (Beijing, China). Icari-
ide II was isolated and purified in our laboratory. The purity
as 99% determined by HPLC. Their structures are given in
ig. 1. Acetonitrile (HPLC grade) used for protein precipita-

ion was purchased from Yuwang (Chemical Reagent Plant,
handong, China). HPLC-grade acetonitrile and glacic acetic
cid used for LC–MS/MS were purchased from Tedia (USA)
nd Dima (USA), respectively. Water was purified by redistilla-
ion and passed through a 0.22 �m membrane filter before use.
ealthy Wistar rats were obtained from the Experimental Ani-
als Center of Shenyang Pharmaceutical University (Shenyang,
hina).

.2. Instrumentation and operating conditions

.2.1. Chromatographic conditions
The chromatography was performed on an ACQUITY

PLCTM system (Waters Corp., Milford, MA, USA) with cool-
ng autosampler and column oven. An ACQUITY UPLCTM

EH C18 column (50 mm × 2.1 mm, 1.7 �m; Waters Corp., Mil-

ord, MA, USA) was employed. The column temperature was
aintained at 40 ◦C and a gradient elution of A (0.1% aqueous

cetic acid) and B (acetonitrile) was used. The linear gradi-
nt was as follows: 25–30% B over 0–4 min, 30–90% B over



atogr

4
fl
t

2

c
t
i
p
m
6
2
s
s
c
p
c
A
i
t
m
w
U

2
a

p
s
t
w
p
o
C
s
r
5
1
(
s
5
4

2

z
a
u
w
e
d
e
o

2

a
p
v
f
d
r
m
w
t

2

2

o
p
I
e

u
s
a
4
a
t
T
d

2
q

p
2
f
m
p
W
u
c

l
a
o

2

d
c
i

M. Liu et al. / J. Chrom

–7 min, and then returned to 25% B at 7 min immediately. The
ow rate was set at 0.25 ml/min. The autosampler was condi-

ioned at 4 ◦C and the injection volume was 5 �l.

.2.2. Mass spectrometric conditions
Triple-quadrupole tandem mass spectrometric detection was

arried out on a Micromass® Quattro microTM API mass spec-
rometer (Waters Corp., Milford, USA) with an electrospray
onization (ESI) interface. The ESI source was operated in
ositive ionization mode. Quantification was performed using
ultiple reaction monitoring (MRM) of the transitions of m/z

77 → 531 for icariin, m/z 515 → 369 for icariside II, m/z
45 → 189 for osthole and m/z 237 → 194 for the internal
tandard (IS), respectively, with a scan time of 0.1 s per tran-
ition. The MS parameters were as follows: capillary 3.0 kV,
one 20 kV, source temperature 120 ◦C and desolvation tem-
erature 300 ◦C. Nitrogen was used as the desolvation and
one gas with a flow rate of 300 and 50 l/h, respectively.
rgon was used as the collision gas at a pressure of approx-

mately 0.385 Pa. The optimized collision energy chosen for
he four compounds was 15 eV. All data collected in centroid

ode were processed using MassLynxTM NT 4.0 software
ith a QuanLynxTM program (Waters Corp., Milford, MA,
SA).

.3. Preparation of standard solutions, calibration samples
nd quality control samples

Stock solutions of icariin, icariside II and osthole were all
repared in methanol at concentration of 500 �g/ml. Standard
olutions were prepared by diluting the stock solutions men-
ioned above with methanol. The 500 �g/ml stock solution of IS
as prepared in methanol and then diluted with methanol to pre-
are the working internal standard solution containing 500 ng/ml
f IS. All solutions were stored at 4 ◦C, protected from light.
alibration samples for icariin and icariside II were prepared by

piking appropriate amount of the standard solutions in blank
at plasma to achieve the final plasma concentrations of 2.00,
.00, 10.0, 50.0, 100 and 200 ng/ml for each and 2.00, 5.00,
0.0, 50.0, 100 and 500 ng/ml for osthole. The quality control
QC) samples were prepared in the same way as the calibration
amples to make low, medium and high concentrations of 5.00,
0.0 and 160 ng/ml for icariin and icariside II and 5.00, 100 and
00 ng/mL for osthole.

.4. Preparation of Gushudan extract

The dried powder of Herba Epimedii, Fructus Cnidii, Rhi-
oma Drynariae and Radix Salviae Miltiorrhizae was mixed
ccording to the formulation and extracted with 75% ethanol
nder thermal reflux for 1.5 h and then filtered. The extraction

as repeated twice. The extracted solutions were combined and

thanol was removed under reduced pressure. The residue was
issolved in 0.5% sodium carboxylmethyl cellulose to give an
xtract with a concentration of 2.5 g/ml (expressed as the weight
f raw materials).

o
d
Q
e
o

. B  860 (2007) 113–120 115

.5. Plasma sample preparation

A 20-�l aliquot of the IS solution (carbamazepine, 500 ng/ml)
nd 40 �l of methanol were added to 200 �l of plasma sam-
les. After 400 �l of acetonitrile was added the sample was
ortex-mixed vigorously for 30 s and centrifuged at 14,000 × g
or 10 min. The supernatant was separated and evaporated to
ryness under a stream of N2 gas at 50 ◦C. The residue was
econstituted in 100 �l of acetonitrile–water (30:70, v/v), vortex-
ixed and centrifuged at 14,000 × g for 5 min. The supernatant
as transferred into 700-�l glass vials and 5 �l was injected into

he LC–MS/MS system for analysis.

.6. Method validation

.6.1. Selectivity
Selectivity was investigated by comparing chromatograms

f blank plasma obtained from six rats with those of standard
lasma sample spiked with icariin, icariside II, osthole and
S and plasma sample after oral administration of Gushudan
xtract.

The matrix effect on the ionization of analytes was eval-
ated by comparing peak areas of blank plasma extracts
piked with analytes at three concentration levels (5.00, 50.0
nd 160 ng/ml for icariin and icariside II and 5.00, 100 and
00 ng/ml for osthole), dried and reconstituted with 100 �l of
cetonitrile–water (30:70, v/v), to those of the standard solu-
ions dried directly and reconstituted with the same solvent.
he matrix effect of IS was evaluated using the same proce-
ure.

.6.2. Linearity of calibration curve and lower limit of
uantification

Calibration curves were prepared by assaying standard
lasma samples at six concentrations over the range of
.00–200 ng/ml for icariin and icariside II and 2.00–500 ng/ml
or osthole. The linearity of each calibration curve was deter-
ined by plotting the peak area ratios of analyte/IS versus

lasma concentrations of icariin, icariside II and osthole.
eighted (1/conc2) least-squares linear regression analysis was

sed to determine the slope, intercept and correlation coeffi-
ient.

The lower limit of quantification (LLOQ) is defined as the
owest concentration on the calibration curve at which an accept-
ble accuracy within ±20% and a precision below 20% were
btained.

.6.3. Precision and accuracy
The precision and accuracy of the method were assessed by

etermination of QC samples at low, medium and high con-
entrations on three different validation days. To determine
ntra-day precision and accuracy, the assays were carried out
n QC samples at different times during the same day. Inter-

ay precision and accuracy were determined by assaying the
C samples over three consecutive days. The concentration of

ach sample was determined using a calibration curve prepared
n the same day. The precision was expressed as relative stan-
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ard deviation (RSD%) and the accuracy as the relative error
RE%).

.6.4. Recovery
The recoveries of icariin, icariside II and osthole were deter-

ined by comparing the peak areas obtained from blank plasma
piked with analytes before extraction to those from samples to
hich analytes were added after extraction. This procedure was
erformed at three QC levels. The recovery of IS was determined
n a similar way.

.6.5. Stability
QC samples of three concentration levels were subjected

o the conditions below. Short-term stability was assessed by
nalyzing QC samples kept at room temperature for 2 h that
xceeded the routine preparation time of samples. Long-term
tability was determined by assaying QC samples after storage at
20 ◦C for 10 days. Freeze–thaw stability was investigated after

hree freeze (−20 ◦C)–thaw (room temperature) cycles. Post-
reparation stability was assessed by analyzing the extracted
C samples kept in the autosampler at 4 ◦C for 8 h. The
umber of replicates employed for each determination was
hree.

.7. Application of the analytical method to a
harmacokinetic study of icariin, icariside II and osthole in
ats

Twelve Wistar rats (six males, six females, body weight
50–300 g) were randomly divided into two groups with three
ales and three females in each and fasted for 12 h prior to

dministration of the drug extract. Gushudan extract was given
rally at 27 g (expressed as the weight of raw materials approx-
mately containing 100 mg icariin and 70 mg osthole)/kg body
eight. Animals had free access to water during the experi-
ent. Blood (0.5 ml) was collected from the suborbital vein

efore administration and at 0.08, 0.17, 0.25, 0.33, 0.42, 0.5,
.67, 0.83, 1.0, 3.0, 6.0, 8.0, 9.0, 10.0, 12.0, 14.0, 16.0 and
4.0 h after dosing. Six rats (three males and three females)
ere used for the initial 9 time points and the other six rats

three males and three females) were used for the remain-
ng 10 time points to make up for the blood loss. Blood
amples were collected into heparinized tubes and immedi-
tely centrifuged at 1400 × g for 10 min. The plasma was
ransferred into clean tubes and stored at −20 ◦C until analy-
is.

The elimination half-life (t1/2) was 0.693/ke, where ke,
he elimination rate constant, was calculated by least-square
egression of the plot of logarithms of concentration against
ime for the last four measurable points. Maximum drug
lasma concentrations (Cmax) and time to reach the max-
mum concentrations (Tmax) were taken directly from the
bserved data. The area under the curve (AUC0–∞) was cal-

ulated by the trapezoidal rule between first (0 h) and last
ampling time plus Cn/ke, where Cn is the last measurable
oncentration, that is AUC0–t = ∑

(Ci + Ci−1) × (ti − ti−1)/2,
UC0–∞ = AUC0−t + Cn/k.
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. Results and discussion

.1. Chromatography and mass spectrometry

ESI in both negative and positive modes was attempted in the
ethod development. Different buffers of various proportions
ere used in positive and negative mode turning to optimize the

esponse signals of analytes. The tested buffers included 0.1%
r 0.2% acetic acid and formic acid, 5 mM ammonium acetate. It
as found that the positive mode is more sensitive than negative
ode under all conditions. Using MS scan mode, protonated
olecular ions [M + H]+ of icariin, icariside II, osthole and IS

ave sharp signals at m/z 677, 515, 245 and 237, respectively.
nder the product ion scan mode, the most abundant product

ons were m/z 531 from m/z 677, m/z 369 from m/z 515, m/z 189
rom m/z 245 and m/z 194 from m/z 237. The mass spectrometric
arameters were optimized to obtain the higher signal for both
recursor ions and product ions mentioned above. Fig. 2(A)–(D)
hows the product ion mass spectra of icariin, icariside II, osthole
nd IS obtained in positive ion ESI mode, respectively.

The presence of a small amount of acetic acid in the mobile
hase could improve the sensitivity in positive ion mode of
C–MS/MS analysis. When acetic acid was used the responses
f icariin, icariside II and osthole were stronger (around 1.8
imes) than those with formic acid of the same proportion. The
ested concentration range of acetic acid in the aqueous phase
as from 0% to 0.2%. When 0.1% acetic acid with acetonitrile
as used as the mobile phase the highest detection signals were
bserved for all analytes and IS, which were about twice of those
roduced by using 0.2% acetic acid or water only with acetoni-
rile as the mobile phase. Therefore a binary mobile phase of
.1% acetic acid and acetonitrile was employed. Gradient elu-
ion was employed because of the much different polarity of the
nalytes and it could also extend the column life. As shown in
ig. 3, a small peak (identified as Epmediin B compared with ref-
rence standard) could be detected in channel 2 with a retention
ime of 2.14 min in rat plasma collected at some time points after
ral administration of Gushudan extract. Therefore a low per-
entage of acetonitrile and a moderate gradient were employed
n the beginning to avoid the possible interfering of icariin.
fterwards the proportion of acetonitrile increased sharply to

chieve a fast elution of icariside II and osthole. The overall
hromatographic run time was 9 min, which is relatively shorter
han that achieved in HPLC method [9,14]. At higher flow rate
such as 0.35 ml/min) the analysis time could be shortened fur-
her, however, in consideration of the column backpressure and
he resolution needed for quantification of icariin a flow rate of
.25 ml/min was employed.

Some compounds with structural similarity to the analytes
ave been considered as the internal standard, flavonoid gly-
osides being tested included rutin, hesperidin and linarin.
owever, linarin could not be detected under the selected
C–MS/MS conditions and the other compounds exhibited
aster elution (0.7–1.7 min) than icariin. Therefore other ref-
rence compounds available in our laboratory were also tested
s IS candidates. Carbamazepine was selected as the internal
tandard for it exhibited a reasonable retention time between
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Fig. 2. Product ion mass spectra of [M + H]+ o

cariin and icarisede II, a best response under the same ESI ion-
zation conditions as those optimal for analytes and a high and
table extraction recovery of 82.8 ± 5.3%, which demonstrated
ts behaviors similar to the analytes during the sample prepara-

ion, chromatographic separation and MS detection. Although
ts retention time appeared much different from osthole and one

ore IS nearer osthole would be a good choice, the precision
RSD% below 8%) and accuracy (RE% from −6.0% to 0.9%) of

3

c

in (A), icariside II (B), osthole (C) and IS (D).

sthole quantification indicted that the variation of the method
or osthole was also well assessed with carbamazepine as the IS.

.2. Method validation
.2.1. Selectivity
Typical chromatograms are shown in Fig. 3(A)–(C). Four

hannels were used for recording and the retention times for
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ig. 3. Representative MRM chromatograms of icariin, IS, icariside II, osthole
sthole (LLOQ) and IS (500 ng/ml); (C) plasma from a rat 0.42 h after oral adm

cariin, IS, icariside II and osthole were around 2.54, 3.17, 6.03

nd 6.62 min, respectively. As shown in Fig. 3, icariin, icariside
I, osthole and IS were detected with excellent resolution as well
s peak shapes, and no interfering peaks were observed at the
etention times of the analytes. At the same time, due to the

a

o
h

t plasma: (A) blank plasma; (B) blank plasma spiked with icariin, icariside II,
ation of Gushudan extract.

igh selectivity of MRM mode, there was no interference from

nother component of the formulation, and/or their metabolites.

As for the evaluation of matrix effect, the peak area ratios
f blank plasma extracts spiked with icariin, icariside II, ost-
ole and IS post extraction compared to those of the standard
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Table 1
Precision and accuracy for the determination of icariin, icariside II and osthole
in rat plasma (intra-day: n = 6; inter-day: n = 6 series per day, 3 days)

Added
concentration
(ng/ml)

Found
concentration
(ng/ml)

Intra-run,
RSD (%)

Inter-run,
RSD (%)

Accuracy,
RE (%)

Icariin
5.00 5.17 ± 0.44 5.0 14 3.5
50.0 53.2 ± 3.4 6.3 4.3 6.4
160 169 ± 10 4.7 9.8 5.6

Icariside II
5.00 5.45 ± 0.18 2.2 6.9 9.0
50.0 49.6 ± 3.5 6.7 6.3 −0.8
160 170 ± 11 5.8 7.9 6.2

Osthole
5.00 5.05 ± 0.41 7.9 6.4 0.9
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Table 2
The mean recoveries of icariin, icariside II and osthole in rat plasma (n = 5)

Concentration (ng/ml) Recovery (%, mean ± SD)

Icariin 5.00 81.9 ± 5.2
50.0 84.5 ± 3.8

160 98.4 ± 5.8

Icariside II 5.00 83.7 ± 2.6
50.0 92.2 ± 3.0

160 94.4 ± 4.2

Osthole 5.00 87.9 ± 4.7
100 85.1 ± 2.5
400 86.3 ± 1.5

F
I

3
i

centrations of icariin, icariside II and osthole in rats after a single
oral administration of Gushudan extract at a dose of 27 g/kg
body weight. The mean plasma concentration–time curves are
illustrated in Figs. 4 and 5. The pharmacokinetic parameters
100 94.0 ± 5.1 5.0 6.2 −6.0
400 393 ± 21 4.5 7.7 −1.8

olutions were within 85–115%, indicating that the developed
ethod was free from matrix effect.

.2.2. Linearity and LLOQ
Linear responses were obtained in concentration range

rom 2.00 to 200 ng/ml for both icariin and icariside II and
rom 2.00 to 500 ng/ml for osthole. Typical equations for the
alibration curves were: y = 19.07x + 0.01017, r = 0.9982 for
cariin, y = 1.404x + 0.01438, r = 0.9975 for icariside II and
= 68.28x + 0.01969, r = 0.9991 for osthole.

The LLOQ was found to be 2.00 ng/ml for icariin, icari-
ide II and osthole with 5 �L of sample solution injected
nto the UPLC column, much lower than those reported in
he literature where LLOQ of 1 �g/ml for icariin by using
PLC [14], 0.1 �g/ml [15] or 52 ng/ml [16] for osthole with
PLC method and 10 ng/ml with fluorescence method [17] were

eported. The precision (RSD%) and accuracy (RE%) of LLOQ
n this study were less than 10% and within ±11.8%, respec-
ively.

.2.3. Precision, accuracy, recovery and stability
The data of intra- and inter-day precision and accuracy for

cariin, icariside II and osthole quantification are shown in
able 1. For each QC level, the intra- and inter-day precisions
ere within 8.0% and 14%, respectively, with relative errors

rom −6.0 to 9.0%, indicating an acceptable precision and accu-
acy of the present method for determination of icariin, icariside
I and osthole in rat plasma.

The mean recoveries of icariin, icariside II and osthole ranged
rom 81.9% to 98.4%, from 83.7% to 94.4% and from 85.1%
o 87.9%, respectively. The mean recoveries with SD of icariin,
cariside II and osthole at three QC levels are shown in Table 2.
he recovery of the IS was 82.8 ± 5.3%.
Table 3 summarizes the results of short-term stability, long-
erm stability, freeze–thaw stability of icariin, icariside II
nd osthole in plasma and post-preparative stability. All the
esults indicated that the analytes were stable under these
onditions.

F
o

ig. 4. Mean (±SD) plasma concentration–time curves of icariin and icariside
I in rats after oral administration of Gushudan extract.

.3. Application in pharmacokinetic studies of icariin,
cariside II and osthole in rats

This validated method was applied to monitor the plasma con-
ig. 5. Mean (±SD) plasma concentration–time curve of osthole in rats after
ral administration of Gushudan extract.
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Table 3
Stability of icariin, icariside II and osthole in rat plasma (n = 3)

Concentration (ng/ml) Accuracy (%, mean ± SD)***

Short-term stability Long-term stability Freeze–thaw stability Post-preparative stability

Icariin
5.00 104 ± 7 95.2 ± 3.9 104 ± 9 93.5 ± 3.8
50.0 104 ± 7 106 ± 6 108 ± 5 103 ± 4
160 104 ± 5 105 ± 2 106 ± 3 92.2 ± 2.9

Icariside II
5.00 99.8 ± 9.0 105 ± 9 101 ± 11 91.9 ± 5.4
50.0 102 ± 3 97.1 ± 5.5 98.8 ± 5.6 103 ± 8
160 103 ± 7 105 ± 8 94.2 ± 2.8 92.0 ± 4.5

Osthole
5.00 96.9 ± 5.3 100 ± 5
100 94.1 ± 7.7 94.7 ± 2.5
400 96.5 ± 3.4 97.8 ± 3.7

Table 4
Pharmacokinetic parameters (mean ± SD) of icariin, icariside II and osthole in
rats after oral administration of Gushudan extract (n = 6)

Parameters Icariin Icariside II Osthole

Cmax (ng/ml) 102 ± 64 46.3 ± 33.2 672 ± 247
Tmax (h) 0.16 ± 0.04 0.24 ± 0.03 0.70 ± 0.07
t
k
A

a
i
o
a
[

4

d
i
m
2
t
t
r
p
G
o

A

F

R

[

[
[
[

[
[15] Y.B. Li, F.H. Meng, Z.L. Xiong, H. Liu, F.M. Li, J. Chromatogr. Sci. 43
1/2 (h) 0.28 ± 0.09 0.28 ± 0.10 4.83 ± 1.78

e (h−1) 2.64 ± 0.86 2.81 ± 1.22 0.16 ± 0.06
UC0−∞ (ng h/ml) 23.2 ± 5.8 16.3 ± 11.9 1.81 × 103 ± 873

re presented in Table 4. After oral administration, icariin and
cariside II appeared to be absorbed and eliminated fast, while
sthole was absorbed fast but eliminated slowly, which is in
greement with the results in published pharmacokinetic studies
15,17].

. Conclusions

A sensitive, specific and accurate LC–MS/MS method was
eveloped for the analysis of icariin, icariside II and osthole
n rat plasma with a chromatographic run time of 9 min. The

ethod has advantages of high sensitivity with an LLOQ of
.00 ng/ml, satisfactory selectivity and simple sample prepara-
ion. The analytical procedure was then successfully applied to
he pharmacokinetic study of icariin, icariside II and osthole in

ats after oral administration of Gushudan extract, which will
lay an important role in investigating the action mechanism of
ushudan and supply a suitable reference in clinical application
f the formulation .

[

[

101 ± 8 92.7 ± 2.6
99.4 ± 9.5 94.1 ± 3.4
100 ± 5 102 ± 8
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