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ABSTRACT

A highly sensitive liquid chromatography-tandem mass spectrometric (LC-MS/MS) method was developed for the de-
termination of imperatorin and isoimperatorin in rat plasma using psoralen as internal standard. Analyses were perform-
ed on a Shimadzu HPLC system using a Shimadzu C18 column eluted with a mobile phase of methanol-water (25:75),
containing 0.1% formic acid at a flow rate of 0.4 ml/min. The detection was performed by positive ion electrospray
ionization in multiple reactions monitoring mode, monitoring the transitions m/z 203—147 and m/z 203—159 for impe-
ratorin and isoimperatorin, respectively. The method was validated over the concentration range of 2.5 - 1000.0 ng/mL
for imperatorin and isoimperatorin. The limits of detection and quantification were 1.0 and 3.0 ng/mL, repectively for
both analytes. The intra-day and inter-day accuracy and precision of the assay were less than 10.9%. This method has
been applied successfully to a pharmacokinetic study involving the intragastric administration of extract of Angelicae

Dahuricae Radix to rats.

Keywords: Imperatorin; Isoimperatorin; LC-MS/MS; Pharmacokinetic

1. Introduction

Angelicae Dahuricae Radix (Chinese herbal name: Bai-
Zhi), the dried radix of Angelica dahurica (Fisch. ex
hoffm.) Benth. Et Hook. f. and A. dahurica (Fisch. ex
hoffm.) Benth. et Hook. f. var. formosana (Boiss.) Shan et
Yuan, is a well-known Chinese herbal medicine which
was originally described in Shennong Materia Medica,
the earliest Pharmacopoeia of China in Eastern Han [1,2].
It has been widely used in China for over 2000 years for
the treatment of headache, toothache, nose congestion re-
sulting from cold and the reduction of swelling and pain
from sores and wounds [3,4], and now it also has been
reported as having antioxidative activity against 2,
2’-azobis (2-aminodinopropane) dihydrochloride (AAPH)
induced cellular damage [5,6], chronic toxicology [7],
anti-inflammatory, anti-febrile, anti-tumor, analgesic and
antipyretic activity [8-13], and treating migrain [14]. The
coumarins imperatorin and isoimperatorin (structures
shown in Figure 1) are the major active components of
Angelicae Dahuricae Radix.
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To date, there have already been some preliminary
researches about the quantitative analysis of coumarins in
different plants and plant products, for example, deter-
mination of imperatorin in rat plasma by HPLC [15],
simultaneous determination of byak-angelicin and oxy-
peucedanin hydrate in rat plasma by HPLC-UV [16],
determination and pharmacokinetic study of oxypeuce-
danin hydrate and byak-angelicin after oral administra-
tion of Angelica dahurica extracts in mongrel dog plas-
ma by HPLC [17], determination of ochratoxin A and
ochratoxin B in traditional Chinese medicines by HPLC-
tandem mass spectrometry [18], characterization of
coumarins in Radix Glehniae by liquid chromatography
coupled with triple quadrupole-linear ion trap mass spec-
trometry [19], analysis of isoimperatorin in rat plasma,
and extraction products from Angelica dahurica (Fisch.
ex Hoffm.) Benth. et Hook by GC-MS [20-23], simul-
taneous determination of liquiritin, glycyrrhizin, hespe-
ridin, cinnamic acid, cinnamaldehyde, honokiol and mag-
nolol in the traditional Chinese medicinal preparation Wu-
Ji-San by high-performance liquid chromatography [24],
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Isoimperatorin, (MW:270)

Psoralen, (MW:186)

Figure 1. Chemical structures of imperatorin, isoimpera-
torin and internal standard psoralen.

simultaneous characterization and quantitation of 11 cou-
marins in Radix Angelicae Dahuricae by HPLC-ESI-MS/
MS [25], HPLC Fingerprint of Processed Radix Ange-
licae Dahuricae [26-28], molecular identification-an-
chored primer amplification polymorphism DNA [29],
simultaneous determination of sevel furocoumarins in
Angelicae dahuricae radix by HPLC [30-33]. Determina-
tion of total content of coumarin in Angelica dahurica by
UV spectrophotometry [34].

Despite the extensive literature on the pharmacology
of them, little information is available relating to their
pharmacokinetics. As a knowledge of the pharmacoki-
netics can help us explain and predict a variety of events
related to the efficacy and toxicity of herbal preparations,
it is important to investigate the pharmacokinetics of
their active constituents. To the best of our knowledge,
there has been no method for simultaneous characteri-
zation and quantitation of imperatorin and isoimpera-
torin in rat plasma after oral administration of Angelicae
dahuricae radix extract by HPLC-MS/MS in MRM
mode by now. As a result, the objective of the present
study was to develop a highly selective LC-MS/ MS
method for the quantification of imperatorin and isoim-
peratorin in rat plasma with a view to understanding the
pharmacokinetics and oral bioavailability of imperatorin
and isoimperatorin in rats following oral administration
of Angelicae dahuricae radix extract.

2. Experimental

2.1. Chemicals and Reagents

The dried radix of Angelica dahurica (Fisch. ex hoffm.)
Benth. Et Hook. f. was purchased from Lvye Traditional
Chinese Medicine Co. Ltd. (Beijing, China), a voucher
specimen (No. ZHYJS 20090201) was deposited in
Institute for Drug and Instrument Control of Health Dept.
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GLD of PLA for future reference. Imperatorin, isoim-
peratorin, and psoralen used as internal standard (IS)
(structure in Figure 1) were purchased from the National
Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). Methanol and formic acid of
HPLC grade was obtained from Fisher Co. Ltd. (Emer-
son, 1A, USA). All other chemicals were of analytical
grade and purchased from Beijing Chemical Reagent
Company (Beijing, China). Milli-Q (Milford, MA, USA)
water was used throughout the study. Healthy Wistar rats
weighing 180 - 220 g were obtained from the Experi-
mental Animals Centers of Beijing University of Tradi-
tional Chinese Medicine.

2.2. LC-MS/MS Instrumentation and Analytical
Conditions

An Agilent 6410A triple quadrupole LC-MS system
(Agilent Corporation, MA, USA) equipped with G1311A
quaternary pump, G1322A vacuum degasser, G1329A
autosampler and G1316A therm. Column compartments
was used for all analyses. The system was controlled by
MassHunter software (Agilent Corporation, MA, USA).

The separation was performed by a Agilent SB-C18
column (50 x 2.1 mm, 3.5 pum, Agilent Corporation, MA,
USA. PN871700-902) with an isocratic mobile phase
consisted of methanol-water-formic acid (25:75:0.1,
v/v/v) at a flow rate of 0.4 mL/min. The column was
maintained at 40°C and the injection volume was 2 uL.
High-purity nitrogen was provided by a liquid nitrogen
tank.

Ionization was achieved using electrospray in the
positive mode with the spray voltage set at 4000 V.
Nitrogen was used as nebulizer gas and nebulizer pres-
sure was set at 40 psi with a source temperature of 105°C.
Desolvation gas (nitrogen) was heated to 350°C and
delivered at a flow rate of 9 mL/min. For collision-
induced dissociation (CID), high purity nitrogen was
used as collision gas at a pressure of 0.1 MPa. Quanti-
fication was performed using multiple reactions moni-
toring (MRM) mode at m/z 203—147 for imperatorin,
m/z 203—159 for isoimperatorin and m/z 131—115 for
psoralen. The fragmentor energies of MS1 for impera-
torin, isoimperatorin and psoralen were set at 150 V. The
optimized collision energies of 25, 25 and 40 eV were
used for imperatorin, isoimperatorin and psoralen, re-
spectively. The peak widths of precursor and product
ions were maintained at 0.7 amu at half-height in the
MRM mode.

2.3. Preparation of Calibration Standards and
Quality Control Samples

Stock solutions of imperatorin, isoimperatorin and IS
were prepared all in 50% methanol containing 0.1%

PP



An LC-MS/MS Method for Determination of Imperatorin and Isoimperatorin in 419
Rat Plasma and Application to a Pharmacokinetic Study

formic acid at a concentration of 100 pg/mL. The work-
ing standard rat’s plasma solutions were serially diluted
to a concentration of 2.5, 5, 10, 50, 100, 200, 500, 750,
1000 ng/ml of imperatorin and isoimperatorin with blank
rat plasma. An internal standard was prepared in solution
aboved at a concentration of 500 ng/ml. Quality control
(QC) samples were prepared in the same way as the cali-
bration samples, representing low, middle and high con-
centrations of imperatorin and isoimperatorin in plasma
at 5, 100, 750 ng/mL.

2.4. Preparation of Angelicae Dahuricae Radix
Extract

Angelicae Dahuricae Radix (500 g) was refluxed with
95% ethanol (5 L 2x) at 100°C for 2 h. The extraction
solutions were combined, ethanol was removed under
reduced pressure. The residue was suspended in water
and extracted with petroleum ether to remove lipids. The
aqueous phase was then extracted with ethyl acetate and
the resulting solution was evaporated vacuum and offer-
ed a brown residue. Altogether 38 g of powder was
obtained and the production rate was approximately
7.6%. The residue was dissolved in 0.9% saline, to give
an extract with a concentration of 0.6 g/mL (expressed as
the weight of raw material of Angelicae dahuricae
Radix).

2.5. Plasma Sample Preparation

To a 100 pL aliquot of plasma sample, 100 pl of ethyl
acetate were added. Samples were then extracted by
vortex shaking for 15.0 min. Following centrifugation at
10,000 rpm for 10 min, then kept at —20°C for 6 h, and
the organic layer was transferred to another tube and
evaporated at room temperature under a gentle stream of
nitrogen. The dry residue was then reconstituted with 200
pl IS solution (0.5 pg/ml) and vortex-mixed for 20 s. A 2
ul solution was injected into the HPLC-MS/ESI system.

2.6. Drug Administration and Sample Collection

Animal experiments were carried out according to insti-
tutional guidelines for the care and the use of laboratory
animals, and approved by the Animal Ethics Committee
of Institute for Drug and Instrument Control of Health
Dept. GLD of PLA. Eight male Wistar rats (180 - 220 g)
were obtained from the laboratory animal center of Aca-
demy of Military Medical Sciences. All rats were de-
prived of food but given free access to water for 12 h
before and during the experiment. Total baizhi extract
was dissolved in 0.9% saline immediately before intra-
gastric administration and the volume was adjusted at 6.0
g/kg for rats (expressed as the weight of raw material of
Angelicae Dahuricae Radix). A blood sample (0.1 mL)
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was collected from the suborbital vein into heparinized
tubes at 0, 1, 2, 3, 4, 5, 6, 8, 10, 12, 16 and 24 h
following drug administration. Plasma samples were pro-
cessed as described in Section 2.5.

3. Results and Discussions
3.1. Chromatographic Separations

The HPLC-MS/MS in the MRM mode provided a highly
selective method for the determination of imperatorin,
isoimperatorin and psoralen (I.S.). The analytes were ea-
sily protonated and generated positive product ions. Im-
peratorin was identified at m/z 271.1 [imperatorin +H]",
m/z 203.1 [271.1-CsHg]" and m/z 147 [203.1 —2COJ",
isoimperatorin at m/z 271.1 [isoimperatorin +H]", m/z
203 [271.1-CsHg]" and m/z 147 [203.1-2CO]", psoralen
at m/z 247.1 [1.S. +H]", m/z 131.1 [187.1-2CO]" and m/z
115.1 [187.1.1-CO,—CO]", respectively. The retention
time was approximately 0.9, 1.5 and 2.3 min, respective-
ly. Typical chromatograms resulting from the analysis of
various plasma samples are shown in Figure 2. No endo-
genous substance or chemical components were observed
to interfere with the drugs and internal standard over the
concentration range.

3.2. Recovery

We compared three extraction solvents (acetic ether,
ether and methyl t-butyl ether) and finally choose ethyl
acetate as the solvent for liquid-liquid extraction, because
it has an appropriate recovery and good evaporability.
The time of extraction and centrifugation was also shor-
tened. The extraction recoveries of the analyte and the IS
were evaluated by comparing the peak areas of the ana-
lyte and the IS in pre- and post-extraction plasma sam-
ples from six different individuals at the corresponding
concentrations. The extraction recoveries of the two
components at concentrations of 500 ng/ml for the ana-
lyte were 85.2% + 5.2% and 88.6% + 6.5%, respectively,
and for the IS was 87.6% + 5.4%.

3.3. Calibration Curve

The standard curve obtained from detection of plasma
containing known amounts of the two compounds was
linear over the quantities ranges from 2.5 to 1000 ng/mL
in 0.1 mL rat plasma. The calibration curves were found
to be linear and could be described by the regression
equations as shown in Table 1 with coefficience of over
0.999. The lowest limits of quantitation for two sub-
stances were 2.5 ng/mL in 0.1 mL rat plasma. This sen-
sitivity has proven useful in the analysis of phar-
macokinetic data of rats treated after intragastric admi-
nistration.
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Figure 2. The MS/MS spectra of imperatorin (A); isoimperatorin (B); and I. S. psoralen (C); MRM spectra of imperatorin
(D); isoimperatorin (E); and I. S. psoralen (F); MS-TIC chromatograms of blank plasma spiked with I. S. psoralen (G);
MS-TIC chromatogram of blank plasma with reference substances and I. S. (H); and MS-TIC chromatogram of rat plasma
samples collected at 60 min after intragastric administration (I); imperatorin (1), isoimperatorin (2), I. S. psoralen (3).

Table 1. Standard curves of the two coumarins from Angelicae dahuricae radix in rats’ plasma.

Compound Concentration ranges (ng/mL) Regression equation Correlation coefficient
imperatorin 2.5-1000 Y =1.0074X+0.0115 0.9997
isoimperatorin 2.5-1000 Y =1.0663X +0.0123 0.9997
3.4. Accuracy and Precision of the Detection 3.3% to 10.9%, respectively (Table 2).
Method
. . 3.5. Stabilit

In general, the assay precision and accuracy were derived y
from the QC samples. From these data, the mean stan- Preliminary studies showed that imperatorin and
dard derivation and coefficient of variation at each level isoimperatorin were stable under the conditions used in
were determined. The intra-assay accuracy and precision this work. The stability of processed samples was
in plasma for imperatorin and isoimperatorin ranged determined at 4°C in the autosampler for 24 h. Impera-
from 91.1% to 111.2% and 2.6% to 10.1%, respectively, torin, and isoimperatorin did not degrade at these con-
while inter-assay accuracy and precision for imperatorin ditions, showing 100.5% and 99.1% recoveries, respec-
and isoimperatorin ranged from 93.1% to 114.0% and tively.

Copyright © 2013 SciRes. PP
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Table 2. Intra- and inter-assay precision of the determination of the two coumarins from Angelicae dahuricae radix in rats’

plasma.

Spiked (ng/mL) Intra-assay precision (n = 4)

Inter-assay precision (n = 4)

Measured (ng/mL) R.S.D. (%) Accuracy (%) Measured (ng/mL) R.S.D. (%) Accuracy (%)
imperatorin

5 526+0.22 8.4 105.2 5.42+0.16 5.9 108.4
25 26.83 +£1.48 5.5 107.3 2327+ 1.39 6.0 93.1
100 96.82 £2.95 3.0 96.8 93.72 £3.28 3.5 93.7
250 261.50 + 8.63 33 104.6 269.02 +11.02 4.1 107.6
750 792.13 £20.61 2.6 105.6 774.36 £ 25.55 33 103.2

isoimperatorin

5 5.56+0.28 10.1 111.2 5.70+0.31 10.9 114.0
25 27.02+1.94 72 108.1 23.47+1.96 8.4 93.9
100 92.22+£3.96 43 922 94.16 £4.90 5.2 94.2
250 227.65 +11.61 5.1 91.1 241.95+14.32 5.9 96.8
750 800.22 +30.41 3.8 106.7 789.48 +£37.10 4.7 105.3

Table 3. Pharmacokinetic parameters of imperatorin in rats
after administration of Radix Angelicae dahuricae extract
(n=28).

Parameter Imperatorin Isoimperatorin

C max (ng/mL) 693.54 +0.122 336.31 = 0.208

T max (h) 3.0£0.5 3.0+0.5
T 1/2 (h) 5.0+0.2 45+02
Ke (h—1) 0.1386 £0.014 0.1406 £ 0.068
AUC0—o0 (ng h/mL) 4750.2 £2020.5 3224 +1415.3
1000
900
800
700 | ==§==imperatorin
)
% 640 «={ll== isoimperatorin
2 500
g
2 400
g 300
2
S 200
100
0
0 5 10 15 20 25 30
Time (h)

Figure 3. Means plasma concentration-time profiles of im-
peratorin and isoimperatorin after oral administration of
Angelicae Dahuricae Radix extract.
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3.6. Applicability of the Analytical Method

The method with 3 ng/mL LLOQ and 1 ng/mL LOD for
the two coumarins is more sensitive than previously
reported ones (LLOQ = 0.04 pg/mL) [15]. So our me-
thod is more sensitive, and it can be used to study the
pharmacokinetics, pharmacy and toxicity of Angelicae
dahuricae radix. The results indicated that the analytical
method is suitable to measure plasma concentrations of
the compounds in pre-clinical studies.

The LC-MS/MS method developed was used to
investigate the pharmacokinetics of imperatorin and iso-
imperatorin after an intragastric administration of a sin-
gle dose to Wistar rats. The peak plasma level (C max)
and the time to reach the peak plasma concentration (T
max) were obtained directly from the concentration-time
data. The apparent elimination half-life (T 1/2) was
calculated as 0.693/Ke. The area under the plasma
concentration—time curve (AUC) was calculated by the
trapezoidal rule. Each value is expressed as mean = S.D.

Table 3. shows the main pharmacokinetic parameters
of imperatorin and isoimperatorin and Figure 3. shows
the mean plasma concentration-time profiles of impera-
torin and isoimperatorin after intragastric administration
of imperatorin and isoimperatorin to eight rats.

From the mean plasma concentration-time profiles of
imperatorin and isoimperatorin we can see that impera-
torin and isoimperatorin were absorbed rapidly. The
value of T max of imperatorin is nearly the same as that
of isoimperatorin, but C max of the two substances
showed significant difference. T 1/2 indicated that the
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two components metabolized slowly. We surmised that
quick absorption and distribution mainly resulted from
the small molecular structures, and slow metabolism
from their lipophilic properties.

4. Conclusion

As demonstrated in this assay, our method is sensitive,
accurate and specific. In practical applications, this me-
thod meets the request of the present pharmacokinetic
comparison and is suitable for the analysis of samples of
Angelicae Dahuricae Radix.
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