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bstract

A high-performance liquid chromatographic method was developed and validated for the determination and pharmacokinetic study of
xypeucedanin hydrate and byak-angelicin after oral administration of Angelica dahurica extracts in mongrel dog plasma. The coumarin compo-
ents and the internal standard isopsoralen were extracted from plasma samples with the mixture of tert-butyl methyl ether and n-hexane (4:1, v/v).
hromatographic separation was performed on a C18 column (200 mm × 4.6 mm, 5 �m) with the mobile phase acetonitrile–methanol–water–acetic
cid (20:15:65:2, v/v/v/v) at a flow-rate of 1.0 ml/min. Only the peak of oxypeucedanin hydrate and byak-angelicin could be detected in dog plasma
fter oral administration of ethanol extracts of A. dahurica mainly containing xanthotoxol, osthenol, imperatorin, oxypeucedanin hydrate and byak-
ngelicin. The calibration curves of oxypeucedanin hydrate and byak-angelicin were linear over a range of 22.08–8830.00 and 6.08–2430.00 ng/ml
n dog plasma, respectively. The quantification limit of oxypeucedanin hydrate and byak-angelicin in dog plasma was 22.08 and 6.08 ng/ml, respec-

ively. The intra- and inter-day precision was less than 7.6% and 8.5% and the accuracy was from 91.9% to 106.1%. The lowest absolute recoveries
f oxypeucedanin hydrate and byak-angelicin were 85.7% and 87.0%, respectively. The method was successfully applied to the pharmacokinetic
tudies of oxypeucedanin hydrate and byak-angelicin in dog plasma after oral administration of ethanol extracts from A. dahurica.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Traditional Chinese medicine (TCM) has been widely used
o prevent and cure many diseases under the guidance of the
heory of traditional Chinese medical science. Radix Angelicae
ahuricae (AE), the dried radix of Angelica dahurica (Fisch.

x hoffm.) Benth. Et Hook. f. and A. dahurica (Fisch. Ex
offm.) Benth. Et Hook. f. var. formosana (Boiss.) Shan et
uan, is a well-known Chinese herbal medicine which was
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00433, PR China.
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riginally described in Shennong Materia Medica, the earliest
harmacopoeia of China in Eastern Han (24–220 AD) [1]. AE
as been used for the treatment of cold, headache, toothache,
ose congestion and the reduction of pain in ancient times of
hina [2], and now AE also has been reported as having the
rotective activity against dexamethasone-induced disorders,
iver protective activity, antimutagenic activity [3], antimicro-
ial activity [4–7], anti-inflammatory, analgesic and antipyretic
ctivity [8–11]. Main active components of AE are coumarins
uch as xanthotoxol, osthenol, imperatorin, oxypeucedanin

ydrate, byak-angelicin (Fig. 1), which have been reported
o have pharmacological effects such as activation of ACTH-
nduced lipolysis [12], inhibition of insulin-induced lipogenesis,
nhibition of compound 48/80-induced histamine release

mailto:guorfan@yahoo.com.cn
dx.doi.org/10.1016/j.jpba.2007.02.002
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ig. 1. Chemical structures of (A) xanthotoxol, (B) osthenol, (C) imperatorin,
D) oxypeucedanin hydrate, (E) byak-angelicin and (F) isopsoralen (internal
tandard).

13,14] and inhibitory effect on cytochrome P-450 activity
15].

Pharmacokinetic studies of active components in Chinese
erbs have considerable effects on clarifying their mechanism
f action and promoting the development of modern TCM. By
ow three methods have been developed for the pharmacokinetic
tudies of AE in rat plasma. Firstly, a sensitive HPLC method,
stablished by Ishihara et al. [16], was developed for the deter-
ination of the plasma concentrations of byak-angelicin and

xypeucedanin hydrate using a column-switching technique and
pplied to their pharmacokinetic study after administration of the
ot water extracts of AE to male rats. Secondly, Gong et al. [17]
tudied nasal administration of AE emulsion, extracted by super-
ritical CO2, to Wistar rats by investigating the pharmacokinetic
arameters and the contents in rat brain tissue of imperatorin and
soimperatorin with liquid–liquid extraction (LLE). Recently, Li
18] reported a simple HPLC method for the determination of
mperatorin in rat plasma with LLE and a pharmacokinetic study
n Wistar rats after administration of the ethanol extracts of AE.

comparison of these three methods indicated that visible dif-
erences in plasma profiles of different active components were
ade by various pre-processing methods, administration routes,

xperimental animals and only rats were chosen. Furthermore,
he analysis methods were not fully validated according to FDA
uidelines [19]. Therefore, our study aims to develop a simple
PLC method with ultraviolet detection for the determination
f active part of AE in plasma for further studies on the pharma-
okinetics and action mechanism of active part of AE ethanol
xtracts orally administered to mongrel dogs.

. Experimental

.1. Materials and reagents

AE root (collected from Hangzhou, PR China) was obtained

rom Shanghai Lei Yun Shang Pharmaceutical Co. Ltd. Xan-
hotoxol, osthenol, imperatorin, oxypeucedanin hydrate and
yak-angelicin were extracted and obtained from AE root by
reparative HPLC, and identified with NMR, IR, UV, and

a
h
o
5

iomedical Analysis 44 (2007) 166–172 167

S comparing with literature data [20–22]. The purities of
hese compounds were up to 98% by RP-HPLC determina-
ion. 1300 Macroporous resin was from Shanghai Institute of
harmaceutical industry. HPLC grade methanol and acetonitrile
ere purchased from Caledon Laboratories Ltd. (Georgetown,
nt., Canada). Acetic acid was purchased from China Medicine

Group) Shanghai Chemical Reagent Corporation. Isopsoralen
purity 99.1%, used as internal standard, IS) was obtained from
he National Institute for the Control of Pharmaceutical and
iological Products (Beijing, China). Pure water prepared by
illi-Q System (Millipore, Bedford, MA, USA) was used for

he mobile phase.

.2. Instruments

The analysis was performed on a HPLC system consisting of
he Shimadzu LC-10 series (Shimadzu, Kyoto, Japan), i.e., two
C-10A pumps, a SIL-10AXL autosampler, a CTO-10A column
ven, a DGU-12A degassing unit, and a SPD-10A UV detec-
or. Data collection and integration were accomplished using
-2000 chromatography workstation (Zhejiang University Zhi-
eng Information Engineering Institute, Zhejiang, China).

.3. Chromatographic conditions

Chromatographic separation was performed on a Dia-
onsil C18 column (200 mm × 4.6 mm i.d., 5 �m; Dikma,
eijing, China). The mobile phase consisting of acetonitrile–
ethanol–water–acetic acid (20:15:65:2, v/v/v/v) was delivered

t a flow-rate of 1.0 ml/min. The following HPLC parameters
ere used for the analysis of active part of AE: injection vol-
me, 20 �l; detective wavelength, 311 nm; column temperature,
0 ◦C.

.4. Preparation of the active part of AE

Pulverized dried root of AE (1338 g) was extracted twice
ith 70% ethanol (12,000 ml) by refluxing for 2 h in a water-
ath at 70 ◦C. After filtration, the extraction was combined and
vaporated to dryness by rotary vaporization at 60 ◦C under
educed pressure and redissolved in water. The solution (900 ml)
as then chromatographed on 1300 macroporous resin by elut-

ng stepwise with water, 10% ethanol, 30% ethanol and 70%
thanol. Each collection elution was analyzed by TLC, using
hloroform–methanol (10:1, v/v) as the mobile phase. Conse-
uently, 70% ethanol was used to yield active components. The
raction was evaporated to dryness by rotary vaporization at
0 ◦C under reduced pressure. Altogether 8.2 g of powder was
btained and the production rate was approximately 0.6%.

.5. Content of five main coumarins in the active part of AE

To calculate the administered dose, the contents of five main

ctive components of AE were quantitatively determined. One
undred milligrams of the dry powder was extracted by 100 ml
f 1:100 mixture of acetic acid and methanol at 60 ◦C for
min, ultrasounded for 10 min and then diluted 10 times with
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ig. 2. UV absorption spectra of (1) xanthotoxol, (2) osthenol, (3) imperatorin,
4) oxypeucedanin hydrate and (5) byak-angelicin.

he mobile phase. One hundred microliters of the mixture was
entrifuged for 10 min at 6207 × g. Twenty microliters of the
upernatant was injected into the HPLC system. The maximum
V absorption wavelength of 311 nm was selected as shown in
ig. 2. The representative HPLC chromatogram of sample in
itro is shown in Fig. 3. The contents of five main coumarins
ere quantified using a modified HPLC method [23], and deter-
ined to be 15.6, 12.1, 3.1, 44.2 and 12.2 g/100 g active part for

anthotoxol, osthenol, imperatorin, oxypeucedanin hydrate and
yak-angelicin, respectively.

.6. Animal experiment

Six mongrel dogs (10.0–12.0 kg) were purchased from the
xperimental Animal Center of Second Military Medical Uni-
ersity. Animal welfare and experimental procedures were
trictly in accordance with the guide for the care and use of
aboratory animals and the related ethical regulations of Second

ilitary Medical University.
After being fasted for 12 h, each dog (n = 6) was orally admin-
strated with active part of AE in capsule dosage form at the
osage of 30 mg/kg. The blood samples (1 ml) were collected
rom saphenous vein in a 5 ml tube containing heparin at 0.25,
.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 8 and 10 h after administration. The

ig. 3. Representative HPLC chromatogram of active part of AE (100 �g/ml) in
itro; (1) xanthotoxol; (2) osthenol; (3) imperatorin; (4) oxypeucedanin hydrate;
5) byak-angelicin.
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lasma was isolated by centrifugation for 10 min at 2124 × g.
lank plasma was collected by the same method before dogs
ere orally dosed with active part of AE. Plasma samples were

tored at −20 ◦C until analyzed.

.7. Sample preparation

To 200 �l aliquot of sample and blank plasma, 100 �l of
nternal standard (isopsoralen, 2.00 �g/ml) was added. Then
0 �l of acetic acid was added to the sample and vortexed
or 30 s. The sample was extracted with 1 ml of the mix-
ure of tert-butyl methyl ether and n-hexane (4:1, v/v). After
ortexing for 5 min and centrifuged at 2124 × g for 10 min,
.8 ml of the supernatant was transferred to another tube. The
upernatant was then evaporated to dryness at 45 ◦C under

gentle stream of nitrogen gas and the residue was recon-
tituted in 80 �l of mobile phase. The mixture was vortexed
nd centrifuged at 6207 × g for 10 min. Twenty microliters
f the supernatant was injected into the HPLC column for
nalysis.

.8. Standards and controls

The stock solutions of oxypeucedanin hydrate (1.766
g/ml), byak-angelicin (1.215 mg/ml) and the internal standard

1.00 mg/ml) were prepared in methanol to obtain work-
ng standard solutions of oxypeucedanin hydrate (220.80
g/ml–88.30 �g/ml) and byak-angelicin (60.75 ng/ml–24.30
g/ml) by further dilution with distilled water. The stock solu-

ion of IS (isopsoralen) was also further diluted with distilled
ater to yield a working solution of 2.00 �g/ml. All the solu-

ions were stored at 4 ◦C and brought to room temperature before
se.

Plasma calibration standards, containing 22.08, 44.15, 88.30,
20.80, 441.50, 883.00, 2208.00, 4415.00 and 8830.00 ng/ml of
xypeucedanin hydrate and 6.08, 12.15, 24.30, 60.75, 121.50,
43.00, 607.50, 1215.00 and 2430.00 ng/ml of byak-angelicin,
espectively, were prepared individually by spiking appropriate
mount of the working standard solution in dog control plasma.
uality control (QC) samples, containing 44.15, 441.50 and
415.00 ng/ml of oxypeucedanin hydrate and 12.15, 121.50 and
215.00 ng/ml of byak-angelicin, were prepared independently
n the same manner. All QC samples were stored at −20 ◦C until
sed.

.9. Method validation

Calibration curves for the plasma assay were constructed
y plotting the peak area ratio (y) of oxypeucedanin hydrate
nd byak-angelicin to isopsoralen against the nominal con-
entrations (x) of calibration standards. The concentrations
f oxypeucedanin hydrate and byak-angelicin used were
ound to be linear over a range of 22.08–8830.00 and

.08–2430.00 ng/ml, respectively, using weighted least square
ethod, and the weight was 1/x2. The extraction procedure

nd HPLC analysis as described above were performed on the
alibration samples.
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Fig. 4. Chromatograms of extracted blank plasma (A); blank plasma spiked with
active part of AE (5.00 �g/ml) and internal standard (666.70 ng/ml) after LLE
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QC samples at three concentrations containing 44.15, 441.50
nd 4415.00 ng/ml of oxypeucedanin hydrate and 12.15, 121.50
nd 1215.00 ng/ml of byak-angelicin, and the lower limit
f quantification (LLOQ) samples including 22.08 ng/ml of
xypeucedanin hydrate and 6.08 ng/ml of byak-angelicin were
nalyzed to assess the accuracy (deviation from nominal val-
es) and precision (relative standard deviation, R.S.D.) of the
ethod. Intra-day precision was evaluated by analyzing QC and
LOQ samples in six replicates over 1 day, while inter-day pre-
ision was evaluated from the analysis of each control once
n each of 6 days. The accuracy was estimated for each QC
nd LLOQ sample by comparing the measured concentration to
he actual concentration. The criteria for acceptability of data
ncluded accuracy within ±15% deviation and precision within
5% R.S.D., while LLOQ of the assay could be quantitated with
recision of 20% and accuracy of 80–120%.

Blank plasma of dogs (n = 6) was spiked with oxypeucedanin
ydrate and byak-angelicin at low, medium and high con-
entration to evaluate the recovery, respectively. The absolute
ecovery was obtained by comparing the responses of the ana-
ytes extracted from three QC level samples with the response
f analytes from non-extracted standard solutions at equivalent
oncentrations. The internal standard at the concentration of
66.70 ng/ml was determined in the same way.

The freeze-thaw stability was determined after three freeze
nd thaw cycles. In each cycle the QC samples were analyzed
ithout being frozen at first, and then stored at −20 ◦C and

hawed at the room temperature without any assistance. In short-
erm stability test, QC samples were kept at the room temperature
or 0–4 h and the assay was performed at 0, 1, 2, 3, 4 h. Long-
erm stability of samples was analyzed after 2, 5, 10 and 15 days
f storage (−20 ◦C).

. Results and discussion

.1. UV absorption spectra

The UV absorption spectra of xanthotoxol, osthenol, impera-
orin, oxypeucedanin hydrate and byak-angelicin are presented
n Fig. 2. Due to the possible interference of endogenous con-
tituents at low wavelengths the long-wavelength maximum at
11 nm was selected for the assay.

.2. Choice of internal standard and optimization of HPLC
onditions

Other coumarins such as osthole, psoralen and isopsoralen
ere tried as potential internal standards (IS) with a mobile
hase of methanol–water (45:55, v/v) at a flow-rate of 1.0 ml/min
nd column temperature of 30 ◦C [24,25]. The retention time
f osthole was too long and hence the search was continued
ith psoralen and isopsoralen only. Due to the somewhat bet-

er separation from the analytes, isopsoralen was selected as

he IS. To improve the peak shapes, acetonitrile and acetic acid
ere added to the eluent. Acetonitrile–methanol–water–acetic

cid (20:15:65:2, v/v/v/v) with the column temperature setting
t 40 ◦C was found to yield sharp and symmetric peaks. The

a

m
o

xtraction with the mixture of tert-butyl methyl ether and n-hexane (4:1, v/v)
B); (1) xanthotoxol; (2) osthenol; (3) imperatorin; (4) oxypeucedanin hydrate;
5) byak-angelicin; (6) isopsoralen (IS).

etention behavior of isopsoralen was largely influenced by the
roportion of acetonitrile while those of the five main coumarins
ere principally determined by methanol. The retention times
f the five coumarins were from 9.0 to 16.5 min and that of
sopsoralen was 20.3 min (Fig. 3).

.3. Optimization of extracting solvent

In previous studies, the column-switching technique and the
LE method were developed in the purification step of the
xtracting procedure [16–18]. Although column-switching is an
dvanced technique, due to its simplicity LLE was used for the
ample preparation in this work. In contrast to findings of Gong
t al. [17] and Li [18], diethyl ether as extracting solvent was
ot found to be selective enough. After trying diethyl ether, ethyl
cetate, tert-butyl methyl ether and n-hexane and their mixtures,
LE using a mixture of tert-butyl methyl ether and n-hexane

4:1, v/v) produced optimum results with average recovery of
7.3%, and without interference from endogenous substances
Fig. 4).

.4. Method validation

The specificity of the method was demonstrated by compar-
ng chromatograms of a blank sample and a spiked sample. Fig. 5
hows that no interference peaks from endogenous constituents
ere detected. Retention time was approximately 14.7 min for
xypeucedanin hydrate and 16.5 min for byak-angelicin.

The calibration curves of oxypeucedanin hydrate and
yak-angelicin were linear from 22.08 to 8830.00 ng/ml and
.08–2430.00 ng/ml, respectively. The regression equations
ere y = 0.0004x + 0.0083 (r2 = 0.9988) for oxypeucedanin
ydrate and y = 0.0004x + 0.0063 (r2 = 0.9984) for byak-

ngelicin.

The intra- and inter-day precision and accuracy are sum-
arized in Table 1. The intra- and inter-day precision of

xypeucedanin hydrate and byak-angelicin were less than 7.6%
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Fig. 5. Chromatograms of extracted blank plasma (A); blank plasma spiked
with oxypeucedanin hydrate (883.0 ng/ml), byak-angelicin (243.0 ng/ml) and
internal standard (666.7 ng/ml) (B); dog plasma sample at 90 min after oral
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nd 8.5% and the accuracy was from 91.9% to 106.1% for QC
amples. The precision and accuracy of LLOQ were below 10%
nd 116%.

The results showed that the lowest absolute recoveries of
xypeucedanin hydrate and byak-angelicin were 85.7% and
7.0% (see Table 2).
After three freeze-thaw cycles, the corresponding relative
rrors for low, medium, high concentrations of oxypeucedanin
ydrate were 5.0%, 3.2%, −6.6% and byak-angelicin were Ta

bl
e

1
In

tr
a-

da
y

a

C
om

po
un

d

O
xy

pe
uc

ed

B
ya

k-
an

ge
l



Y. Xie et al. / Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 166–172 171

Table 2
Absolute recoveries of oxypeucedanin hydrate and byak-angelicin (n = 6)

Compounds Nominal
concentration
(ng/ml)

Absolute recovery

Mean (%) R.S.D. (%)

Oxypeucedanin hydrate 44.15 85.7 2.3
441.50 86.5 1.6

4415.00 87.7 4.0

Byak-angelicin 12.15 87.0 2.3
121.50 87.6 2.7

1215.00 89.2 1.2

I

4
a
a
o
t
s

3

c

F
fi
a

o
A
v
b
n
b
d
h
f

T
S

S

F

S

L

T
P

C

O

B

sopsoralen (IS) 666.70 86.4 3.8

.8%, 4.7%, −6.1%, respectively. The short-term stability
nd long-term stability of oxypeucedanin hydrate and byak-
ngelicin were within ±7.9%. The present study indicated that
xypeucedanin hydrate and byak-angelicin were stable after
hree freeze-thaw cycles, or left at room temperature for 4 h and
tored in the refrigerator and freezer for 15 days (see Table 3).
.5. Pharmacokinetic study

The developed HPLC method was applied to determine
oncentrations of the selected coumarins in plasma samples

e
d
a
t

able 3
tability of oxypeucedanin hydrate and byak-angelicin in dog plasma (n = 6)

ample condition Compounds Nom

reeze-thaw stability Oxypeucedanin hydrate 44
441

4415
Byak-angelicin 12

121
1215

hort-term stability Oxypeucedanin hydrate 44
441

4415
Byak-angelicin 12

121
1215

ong-term stability Oxypeucedanin hydrate 44
441

4415
Byak-angelicin 12

121
1215

a Relative standard deviation (R.S.D.) is expressed as: (standard deviation between
b Relative error (R.E.) is expressed as: (mean observed concentration/nominal conc

able 4
harmacokinetic parameters of oxypeucedanin hydrate and byak-angelicin after oral

ompounds Parameters

tmax (h) Cmax (ng/ml) AUC0–∝ (ng h/ml)

xypeucedanin
hydrate

1.71 ± 0.81 4154.09 ± 1049.36 12439.92 ± 3008.17

yak-angelicin 1.71 ± 0.81 1474.72 ± 400.48 2266.56 ± 716.05
ig. 6. Log-transformed mean (±S.D.) plasma concentration–time curve pro-
les of oxypeucedanin hydrate and byak-angelicin after oral administration of
ctive part of AE (30 mg/kg) to dogs (n = 6).

btained after oral administration of 30 mg/kg active part of
E to dogs. Different from those five peaks of sample in
itro (Fig. 3), only the peak of oxypeucedanin hydrate and
yak-angelicin could be detected in the whole pharmacoki-
etic process (Fig. 5). The identification of oxypeucedanin and
yak-angelicin was performed by the comparison with stan-
ard solutions. Since xanthotoxol, osthenol and imperatorin
ave not been found in mongrel dog plasma, further study will
ocus on the mechanism of absorption and metabolism of AE

xtracts. Following oral administration of active part of AE to
ogs, log-transformed mean plasma concentration–time curves
re shown in Fig. 6, which indicates the kinetic characteris-
ic of elimination of the drug. The pharmacokinetic parameters

inal concentration (ng/ml) R.S.D.a (%) R.E.b (%)

.15 1.7 5.0

.50 1.8 3.2

.00 3.2 −6.6

.15 0.7 4.8

.50 3.7 4.7

.00 2.8 −6.1

.15 2.0 4.6

.50 0.4 3.9

.00 1.1 −7.4

.15 0.7 5.1

.50 2.1 4.2

.00 1.7 −3.7

.15 1.5 6.4

.50 0.8 3.9

.00 2.7 −7.9

.15 0.7 5.1

.50 4.2 5.3

.00 2.1 −6.4

observed concentrations/mean observed concentration) × 100.
entration) × 100.

administration of active part of AE (30 mg/kg) to dogs (n = 6)

t1/2 (h) MRT (h) Cls (l/h kg) Vdss (l/kg)

3.06 ± 0.41 2.59 ± 0.29 1.21 ± 0.51 3.26 ± 1.13

2.77 ± 0.38 2.27 ± 0.58 3.23 ± 1.23 7.05 ± 2.40
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alculated are summarized in Table 4. It was shown that
bsorption of oxypeucedanin hydrate and byak-angelicin with
aximum concentration occurred approximately 1.71 h after

ral administration of active part of AE. However, the param-
ters were different from those of Ishihara et al. [16], which
ight result from racial difference. The results demonstrated

hat this simple and rapid method was sufficiently sensitive
o follow plasma levels of oxypeucedanin hydrate and byak-
ngelicin after oral administration of AE extracts to mongrel
ogs.

. Conclusion

A simple, specific and sensitive HPLC method for the deter-
ination of oxypeucedanin hydrate and byak-angelicin after oral

dministration of AE extracts in mongrel dog plasma was devel-
ped. This method was fully validated with satisfactory accuracy
nd adequate reproducibility. It was successfully applied to the
harmacokinetic studies of active part of AE. Further research
hould be carried out to explain the mechanism that only two
eaks could be detected in vivo, which was different from those
ve peaks of sample in vitro.
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