
Abstract
!

Simple, fast, and sensitive HPLC coupled with an
electrospray ionization tandem mass spectrome-
try (HPLC‑ESI‑MS/MS) method for the simulta-
neous determination of cnidilin and its two me-
tabolites, 3′′,8-methoxy-isoimperatorin (M1) and
5′′-hydroxyl-8-methoxy-isoimperatorin (M2), in
rat plasma has been developed. Pimpinellin was
used as the internal standard and the total analy-
sis time was 7min. Methanol was the only re-
agent during the process of sample handling used
as a protein precipitant. The analytes were sepa-
rated on a reversed-phase C18 column with gra-
dient elution consisting of 0.5‰ aqueous formic

acid and methanol (containing 0.5‰ formic acid)
in the multiple-reaction monitoring mode. Cnidi-
lin, M1, M2, and the internal standard could be
well ionized under positive electrospray ioniza-
tion conditions. Full validation of the method (lin-
earity, precision, accuracy, limit of detection, and
limit of quantification) was carried out and the
method was successfully employed in a metabo-
lism study of cnidilin administered to rats at a
dose of 24mg/kg. The pharmacokinetic parame-
ters of cnidilin determined after orally adminis-
trating the single coumarin to the rat were ob-
tained and the mass fragmentation pathways for
analysis are proposed in this article.
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Introduction
!

Radix Angelicae Dahuricae, the dried radix of An-
gelica dahurica (Fisch. ex Hoffm.) Benth. et Hook.
f. and Angelica dahurica (Fisch. ex Hoffm.) Benth.
et Hook. f. var. formosana (Boiss.) Shan et Yuan, is
a well-known traditional Chinese medicine
(TCM). Its dry roots, named baizhi, have been
used for the treatment of colds, headaches, tooth-
aches, coryza, psoriasis, and leucorrhea in China
for over 2000 years [1]. Themain pharmacological
activities of Radix Angelicae Dahuricae, antihista-
mine, photoallergy, promotion of lipometabo-
lism, spasmolysis, antibacterial, inhibition of
arachidonic acid-induced platelet aggregation,
expansion of coronary vessels, excitation of motor
and respiratory center, and anticancer are consid-
ered to be related to the major active composition
of Radix Angelicae Dahuricae, coumarins [2–4].
The study on coumarin was helpful to understand
the pharmacodynamics of Radix Angelicae Da-
huricae.
There are many kinds of coumarin in Radix Angel-
icae Dahuricae, such as oxypeucedanin, bergap-
ten, imperatorin, cnidilin, isoimperatorin, xan-
… Planta Med 2013; 79: 30–36
thotoxol, etc. [5,6]. Cnidilin is one of the largest
compositions in Radix Angelicae Dahuricae
(782.6 µg/g), and in addition to the general phar-
macological activity of coumarin, there have been
previous reports on cnidilin as GABAA receptor
ligands [7]. In our laboratory, cnidilin from Radix
Angelicae Dahuricae was obtained by preparative
HPLC with MeOH‑H2O as the solvent system
(60:40, 2.8mL/min) [8]. The preparative product
was identified by direct comparison of its
1H‑NMR, 13C‑NMR, and MS spectral data with
those reported in the literature [9,10], and its pu-
rities were no less than 98% by HPLC analysis.
Monomer composition on the metabolism of tra-
ditional Chinese medicine, especially for the me-
tabolism of the active ingredient of Chinese med-
icine chemistry, has drawn increasing attention
[11–13]. The study on the metabolism of the sin-
gle coumarin was helpful to completely under-
stand the metabolic pathway of Radix Angelicae
Dahuricae. In general, there are two types of
metabolic studies, in vitro and in vivo [14].
Through the microbial transformation (in vitro
metabolic study) of cnidilin, four metabolites
were found in vitro, and two of them (M1, M2)



Fig. 1 The chemical structures of cnidilin, 3′′,8-methoxy-isoimperatorin,
5′′-hydroxyl-8-methoxy-isoimperatorin, and pimpinellin.
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were found in vivo. M1 and M2 were prepared through a micro-
bial transformation amplification experiment, transformed by
Cunninghamella blakesleana AS 3.970. M1 and M2 are both the
oxidation products of cnidilin and their chemical structures were
identified by 1H‑NMR and ESI‑MS [15,16], and named 3′′,8-me-
thoxy-isoimperatorin and 5′′-hydroxyl-8-methoxy-isoimpera-
torin, repsectively. In this article, an in vivo metabolic study of
cnidilin was performed, and the quantification of M1, M2, and
cnidilin was achieved on a hybrid quadrupole linear ion trap
mass spectrometer in rat plasma after oral administration. The
mass fragmentation pathways for the analytes are also proposed
in this article. The chemical structures of cnidilin, M1, andM2 are
shown inl" Fig. 1. The pharmacokinetics of the extraction of Rad-
ix Angelicae Dahuricae have been studied many times [17–19]. In
this article, the pharmacokinetics parameters of cnidilin deter-
mined after orally administrating the single coumarin to a rat
were obtained for the first time.
Because of the high sensitivity, short run time, and simple sample
pretreatment step, the high-performance liquid chromatogra-
phy-electrospray ionization tandem mass spectrometry
(HPLC‑ESI‑MS/MS) method has been increasingly used in drug
metabolism studies [20–27]. In our experiment, multiple-reac-
tion monitoring (MRM) was employed. In the current study, cni-
dilin and its metabolites, M1and M2, were successfully quantita-
tively analyzed in rat plasma.
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Materials and Methods
!

Chemicals and reagents
The standard sample of cnidilinwas isolated by our laborary from
Radix Angelicae Dahuricae, and its purity was no less than 98%, as
determined by HPLC analysis [8]. M1 and M2 were prepared
through a microbial transformation amplification experiment
(HPLC purity > 98%). Pimpinellin [internal standard (IS)] was pur-
chased from the National Institute for the Control of Pharmaceu-
tical and Biological Products (Beijing, China, purity > 98%). Meth-
anol alcohol (Fisher) was used for sample pretreatment and the
mobile phase, and formic acid (Dima Technology, Inc.) was used
for the mobile phase; both were of HPLC grade. Deionized water
was produced by the Heal Force-PWVF purification system
(Shanghai CanRex Analyse Instrument Co.).

Instrumentation and analytical conditions
Analysis was performed with an Agilent 1200 series LC system
equippedwith a quaternary solvent delivery system, an autosam-
pler, and a column compartment. Chromatographic separations
were performed with a 5-µm Diamonsil RP‑C18 analytical col-
umn (150mm × 4.6mm) and an Alltech C18 precolumn (4.6mm
× 7.5mm × 5 µm). The column was operated at room tempera-
ture. The mobile phase delivery program of (A) methanol alcohol
(containing 0.5‰ formic acid) and (B) water (containing 0.5‰
formic acid) is as follow: initial 0 ~ 3min, linear change from A:B
(70:30, v/v) to A:B (95:5, v/v); 3 ~ 6.5min, isocratic elution A:B
(95:5, v/v); 6.5 ~ 7min, isocratic elution A:B (70:30, v/v). This
was followed by a 6-min equilibrium period with initial condi-
tions prior to injection of the next sample. The mobile phase
was at a flow rate of 700 µL/min. All eluents were filtered through
0.45 µm filters before use. 20 µL were injected into the instru-
mentation for analysis.
LC–MS analysis was performed with an Applied Biosystems/MDS
Sciex 3200 QTRAP system, a hybrid triple-quadrupole linear ion-
trap mass spectrometer equipped with Turbo V sources and Tur-
boIonspray interface. The mass spectrometer was operated using
an electrospray ionization source. The ion spray voltage was set
to 5500 kV and the turbo spray temperature was maintained at
650°C. The flow rates of the nebulizer gas (gas 1) and the heater
gas (gas 2) were set at 60 and 65 arbitrary units, respectively. The
curtain gas was kept at 25 arbitrary units and the interface heater
was on. Nitrogen was used as a collision gas in all cases. All in-
strumentations were controlled and analyzed by Analyst soft-
ware (versions 1.4.2) from Applied Biosystems/MDS Sciex and
the multiple-reaction monitoring (MRM) mode was employed
for quantification. The entrance potential (EP), ion spray voltage
(IS), and cell exit potential (CXP) for analysis were 10 V, 5500 V,
3 V, respectively. And the precursor-to-product ion pairs, declus-
tering potential (DP), and collision energy (CE) were 301.2/233.1,
46 V, 16 eV for cnidilin, 317.2/231.1, 20 V, 19 eV for M1, 317.1/
233.2, 20 V, 12 eV for M2, and 247.1/231.1, 20 V, 19 eV for IS, re-
spectively.

Preparation of standard solution and
quality control samples
Cnidilin, M1, and M2 were separately weighed to the appropriate
amount and dissolved in methanol to make the stock solutions.
Then, the three stock solutions were mixed and diluted with
methanol to prepare a final mixed standard solution containing
6.95 µg/mL of cnidilin and 1.25 µg/mL of M1 and M2. The final
mixture was diluted with methanol to make a series of working
solutions at appropriate ratios to yield concentrations which
were used as calibration standard samples. Pimpinellin was di-
luted with methanol to obtain an IS solution at the concentration
of 2.07 µg/mL. Quality control (QC) samples containing low, me-
dium, and high concentrations of cnidilin, M1, and M2 were pre-
pared with methanol.
Zhu H et al. Determination of Cnidilin… Planta Med 2013; 79: 30–36
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Pretreatment of plasma sample
Venous blood from healthy, adult, male Sprague-Dawley rats
(Certificate No. DK 0908083, about 250 g body weight), provided
by the Experimental Animals Center of Hebei Province (Shijiaz-
huang, China), was collected from the eye canthus. Before dosing,
all of the experimental animals were fasted for 12 h. Suspension
of cnidilin, prepared by 0.5% CMC‑Na (sodium carboxymethylcel-
lulose), was 3mg/mL dose. Then the prepared suspensions were
orally administrated to 6 rats at a dose of 24mg/kg. Blood sam-
ples (0.2mL) were obtained from each rat 15, 30, 60, 120, 180,
240, 300, 360, 420, 480 and 600min after administration and col-
lected in heparinized centrifuge tubes. Then the blood samples
were centrifuged at 12000 rpm for 10min and the plasma was
frozen at − 20°C until analysis. A pool of plasma from one rat oral-
ly administrated 0.5% CMC‑Na was used as blank plasma. The
protocols of animal experiments were approved by the Animal
Center of Hebei Medical University. The animal application ap-
proval number was 0000302, which was given by the Medical
Ethics Committee of Hebei Medical University in May 2011.
160 µL methanol, used as a protein precipitant, was added to
50 µL of the plasma sample. After the addition of 20 µL IS and
20 µL blank methanol, the tubes were vortexed for 30 s, and then
centrifuged at 12 000 rpm for 10min. 20 µL of the supernatant
were saved for analysis.

Method validation
Calibration standard plasma samples and QC plasma samples
were prepared as described above, except that 50 µL blank plas-
ma was used instead of plasma samples, 20 µL calibration stan-
dard samples and 20 µL QC samples were used instead of blank
methanol. The calibration curveswere constructed for seven con-
centrations in triplicate. Calibrations curveswere constructed us-
ing the analyte and IS peak-area ratios via aweighted (1/x2) least-
squares linear regression in the form of y = ax + b. Unknown sam-
ple peak-area ratios were then interpolated from the calibration
curve to provide the concentrations of analytes.
The lower limit of detection (LLOD) was defined at a signal-to-
noise (S/N) ratio of 3:1 and the lower limit of quantification
(LLOQ) was defined as the lowest quantifiable concentration of
the analyte.
The intraday and inter-day precision were evaluated by replica-
tive analysis of five sets of samples spiked with QC plasma sam-
ples at three concentration levels of cnidilin, M1, andM2within a
day or during three consecutive days, and the precision was de-
noted by the relative standard deviation (R.S.D.). The accuracy
was determined by the three levels of QC plasma samples in five
replicates, and the accuracy was expressed by relative error
(R.E.).
In the method stability test, the stability of cnidilin, M1, M2, and
IS stock solutions was evaluated after storage at room tempera-
ture for 24 h. In the biological samples stability test, short-term
stability was assessed by analyzing QC plasma samples kept at
room temperature for 24 h that exceeded the routine preparation
time of samples, long-term stability was determined by assaying
QC plasma samples after storage at − 20°C for 30 days, and
freeze-thaw stability was investigated after three freeze–thaw
cycles, which consisted of storage at − 20°C for a minimum of
24 h followed by thawing at room temperature. Each analyte
was determined at least three times.
The extraction recovery of analytes was determined by replica-
tive analysis of five sets by comparing the blank plasma spiked
with the QC samples at three concentrations after extraction
Zhu H et al. Determination of Cnidilin… Planta Med 2013; 79: 30–36
with the blank plasma added to the same sample before extrac-
tion. The quantification of the chromatogram was performed by
using the peak area of the analytes. The determination of the ex-
traction recovery of IS was similar to that of the analytes.
The matrix effect was evaluated for detecting the influence of
matrix compounds to analytes [28,29]. The matrix effect can be
expressed by A/B × 100. A was the blank plasma spiked with QC
samples at three concentrations, and B was the QC samples at
equivalent concentrations. Three different concentration levels
of analytes were evaluated by analyzing five times.
Results and Discussion
!

In this study, it was found that cnidilin, M1, M2, and IS could be
well ionized under positive electrospray ionization conditions.
The mass spectra of the analytes are shown in l" Fig. 2. Consider-
ing the intensity, m/z 301.2→ 233.1 for cnidilin, m/z 317.2→

231.1 for M1, m/z 317.1→ 233.2 for M2, and m/z 247.1→ 231.1
for IS were chosen for quantification. The product ion scan spec-
tra of cnidilin, M1, M2, and IS are shown in l" Fig. 2.
Over the concentration range of 25 ng/mL~3200 ng/mL for cnidi-
lin and 3.91 ng/mL~500 ng/mL for M1 and M2 in rat plasma, the
standard curves showed good linearity. The regression equation
of calibration curves and their correlation coefficients (r2) were
y = 0.7956 x − 0.0007 and 0.9991 for cnidilin, y = 0.0433 x +
0.0003 and 0.9975 for M1, and y = 0.3132 x + 0.0004 and 0.9997
for M2, respectively. The relative error from a 1/x2 weighted
least-square linear regression line varied from − 11.8% to 13.5%
for each point of the seven calibration curves of cnidilin, from
− 12.7% to 13.7% for that of M1, and from 10.1% to 11.5% for that
of M2. The LLOD was 0.156 ng/mL for cnidilin, and 0.195 ng/mL
for M1 and M2, observed under the optimized conditions.
The intraday precision was evaluated by the three levels of QC
plasma samples on three sequential runs in five replicates and
ranged between 0.9% and 2.7%, 1.1% and 3.2%, and 1.2% and
1.9% for cnidilin, M1, and M2, respectively. The inter-day preci-
sion was obtained in three consecutive days and varied from
1.3% to 2.2%, 2.9% to 4.1%, 0.6% to 2.6% for cnidilin, M1, and M2,
respectively. The accuracy was evaluated by the three levels of QC
plasma samples in five replicates and the R.E. of all the QC plasma
samples was less than 5.8%. Details are shown in l" Table 1.
The extraction recovery of three analytes at low, medium, and
high concentrations was in the range of 98.7% ~ 103.6% with an
R.S.D. value of 3.6% for cnidilin, 97.3% ~ 99.3% with an R.S.D. val-
ue of 4.1% for M1, and 95.5% ~ 101.9% with an R.S.D. value of
2.8% for M2 (n = 5). The results, as shown in l" Table 1, indicated
that the three analytes could be completely extracted and met
the requirements of the extraction recovery test.
The data of the matrix effect test is also shown in l" Table 1. As
can be seen from this data, the ME%were all less than 15%, which
is acceptable.
The results of short-term, long-term, and freeze–thaw cycle sta-
bility of cnidilin, M1, and M2 in plasma are summarized in l" Ta-
ble 2. Through the data, we can see that cnidilin, M1, and M2
were stable in plasma because, at any QC level, the results well
met the criterion for the stability test.
The selectivity of the method was evaluated by comparing blank
plasma samples obtained from six rats with the spiked plasma.
l" Fig. 3 shows the typical chromatograms of a blank plasma, a
blank plasma sample spiked with the QC sample and the IS, and



Table 1 The precision, accuracy, ME, and extraction recovery of analytes (n = 5).

Components The level of QC Precision (RSD %) Accuracy

(RE %)

Extraction

recovery (%)

ME (%)

Intraday Inter-day

Cnidilin Low 2.7 2.2 − 2.1 100.4 101.4

Medium 1.8 1.7 3.7 98.3 98.7

High 0.9 1.3 4.1 99.3 103.6

3′′,8-methoxy-isoimperatorin Low 3.2 3.6 5.8 103.2 99.3

Medium 1.1 2.9 − 1.5 101.1 98.7

High 2.5 4.1 1.9 97.4 97.3

5′′-hydroxyl-8-methoxy-isoimperatorin Low 1.4 2.6 2.6 98.7 95.5

Medium 1.2 1.0 4.8 99.5 99.1

High 1.9 0.6 − 3.2 99.7 101.9

Fig. 2 The product ion scan spectra of cnidilin,
3′′,8-methoxy-isoimperatorin, 5′′-hydroxyl-8-
methoxy-isoimperatorin, and pimpinellin in the
positive mode.

Table 2 The stability of the analytes (n = 5).

Components The level of QC Biological samples stability

Short-term Long-term Freeze-thaw

Mean ± SD

(ng/mL)

RE

(%)

Mean ± SD

(ng/mL)

RE

(%)

Mean ± SD

(ng/mL)

RE

(%)

Cnidilin Low 50.41 ± 0.05 2.4 49.78 ± 0.04 − 3.6 50.17 ± 0.03 − 4.1

Medium 398.17 ± 0.02 4.0 400.98 ± 0.02 1.3 399.10 ± 0.05 − 1.5

High 2562.51 ± 0.04 − 1.2 2562.84 ± 0.02 − 4.2 2558.95 ± 0.01 4.7

3′′,8-methoxy-isoimper-
atorin

Low 7.90 ± 0.07 3.8 7.80 ± 0.01 3.6 7.83 ± 0.04 3.7

Medium 62.94 ± 0.06 − 2.9 62.43 ± 0.04 0.5 62.59 ± 0.02 2.8

High 400.80 ± 0.05 − 3.1 399.57 ± 0.02 2.6 400.10 ± 0.05 − 2.0

5′′-hydroxyl-8-methoxy-
isoimperatorin

Low 7.83 ± 0.03 4.8 7.81 ± 0.04 − 3.9 7.82 ± 0.03 1.1

Medium 62.15 ± 0.04 − 2.6 62.55 ± 0.03 − 4.4 62.47 ± 0.01 − 3.4

High 399.00 ± 0.10 1.9 400.21 ± 0.00 − 3.2 399.85 ± 0.03 4.1

33Original Papers

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.
a test plasma sample. All samples were found to be free of inter-
ferences with the analytes and IS.
Because of the low plasma concentration of metabolites, solid-
phase extraction (SPE) and liquid-liquid extraction (LLE) were
often used in plasma sample preparation [20,24,26]. But in our
study, methanol was the only additive in the process of sample
treatment, which used as a protein precipitant. In this way, not
only the signal intensity could meet the testing requirements,
but also the sample preparation process was simple. Additionally,
Zhu H et al. Determination of Cnidilin… Planta Med 2013; 79: 30–36



Fig. 3 The typical chromatograms of analytes in
the positive multiple-reaction monitoring (MRM)
scan mode. A A blank plasma, B a blank plasma
sample spiked with QC sample (the low level), and
C the IS and a test plasma sample collected 8 h
after the oral administration of cnidilin.

Fig. 4 The mean plasma concentration-time
curves of cnidilin, 3′′,8-methoxy-isoimperatorin,
and 5′′-hydroxyl-8-methoxy-isoimperatorin in rat
plasma after oral administration of cnidilin. Each
point represents the mean ± SD (n = 5).

34 Original Papers

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.
fewer additives meant less interference. There was no solvent
peak in the chromatogram and good recoveries were obtained.
Pimpinellin, which also belongs to coumarins, was chosen as the
internal standard. And its chemical structure and chromato-
graphic behavior were similar to that of the analytes. The chemi-
cal structure of pimpinellin is shown in l" Fig. 1.
To obtain the optimal chromatographic conditions, HPLC param-
eters including category of column (Diamonsil C18, 250mm×
4.6mm, 5 µm, SunFire C18, 150mm× 4.6mm, 5 µm or Diamonsil
C18, 150mm×4.6mm, 5 µm), mobile phase (methanol-water,
acetonitrile-water, methanol-0.1% formic acid aqueous solution,
acetonitrile-0.1% formic acid aqueous solution, methanol con-
taining 0.05% formic acid-0.05% formic acid aqueous solution or
acetonitrile containing 0.05% formic acid-0.05% formic acid
aqueous solution), and the flow rate of the mobile phase (0.5,
0.6, 0.7, 0.8mL/min) were all examined and compared. Lastly,
the Diamonsil C18 column (150mm× 4.6mm, 5 µm) and the
flow rate of 0.7mL/minwere chosen to be the optimal chromato-
graphic conditions, which could provide higher separation. Be-
Zhu H et al. Determination of Cnidilin… Planta Med 2013; 79: 30–36
cause of gradient elution, formic acid added in both the aqueous
phase and the organic phase could keep the ratio of acid in the
mobile phase in the process of analysis, which is why methanol
containing 0.05% formic acid-0.05% formic acid aqueous solution
was chosen as the optimal mobile phase.
In this study, we successfully determined the cnidilin, M1, and
M2 in rat plasma after administrating cnidilin to rats at a dose of
24mg/kg. The plasma concentration-time curves of cnidilin, M1,
and M2 are shown in l" Fig. 4. As can be seen in the figure, the
variation of plasma concentration of metabolites was equal to
the parent compound cnidilin, but much lower than the plasma
concentration of cnidilin. This indicates that cnidilin may be de-
graded or biotransformed into another metabolite. M1 and M2
are both oxidative metabolites of cnidilin. The other metabolic
forms of cnidilin need further research.
The pharmacokinetic parameters of cnidilin are shown inl" Table
3. The ke is the slope of the last four points from the plasma con-
centration-time curve. The t1/2 was obtained by 0.693/ke. AUC0-t
was calculated by the Trapezoidal Rule. AUC0-∞ was calculated by



Table 3 The pharmacokinetic parameters of cnidilin, 3′′,8-methoxy-isoimperatorin, and 5′′-hydroxyl-8-methoxy-isoimperatorin.

Pharmacokinetic parameters Mean ± SD

Cnidilin 3′′,8-methoxy-isoimperatorin 5′′-hydroxyl-8-methoxy-isoimperatorin

Cmax (ng/mL) 1890.0 ± 0.5 715.0 ± 0.6 126.0 ± 0.8

Tmax (h) 3.0 ± 0.0 3.0 ± 0.0 3.0 ± 0.0

ke (h−1) 0.1192 ± 0.0170 0.1145 ± 0.0057 0.1183 ± 0.0070

t1/2 (h) 5.81 ± 0.75 6.05 ± 0.46 5.86 ± 0.60

AUC0-t (ng h/mL) 8446.4 ± 0.8 3361.4 ± 0.2 556.1 ± 0.1

AUC0-∞ (ng h/mL) 8454.8 ± 0.4 3370.1 ± 0.1 564.6 ± 0.1
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AUC0-t + Cn/ke. The differences of pharmacokinetics between the
single coumarins and the extraction of Radix Angelicae Dahuri-
cae are still being studied. Comparing the pharmacokinetic pa-
rameters with imperatorin [19], we found that they have the
same Tmax, but the elimination rate of cnidilin was faster than
that of imperatorin. On the contrary, t1/2 of cnidilin was slower
than that of imperatorin.
In this study, a method for simultaneous determination of cnidi-
lin and its two metabolites in rat plasma has been validated for
the first time. With this method the total analysis time was
7min, which made it possible to analyze a large number of bio-
logical samples at one time. The pretreatment method of the
plasma sample was simple and only the addition of methanol
was used as a protein precipitant. The addition of formic acid in
the organic phase could maintain the ratio of the mobile phase
during the whole analysis process. M1 and M2 were found in rat
plasma for the first time, and could be reliably assayed with a
coupled HPLC‑ESI‑MS/MS system. In this way, there was no sig-
nal interference from endogenous compounds. This is the first
time that the in vivo metabolism has been determined and the
pharmacokinetic parameters obtained after orally administrating
the single active ingredient extracted from the TCM. This simple,
sensitive, and stabile method described above has been success-
fully applied to the metabolism research of cnidilin, and this is
the first time coumarin and its metabolites have been deter-
mined in rat plasma with the LC‑MS method, which could be
helpful in studying the metabolism of coumarins or the metabo-
lism of Radix Angelicae Dahuricae.
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