
S

Q
c

Y
a

b

c

a

A
R
R
A
A

K
H
S
E
C
H
P

1

r
c
i
m
i
o
o
i
a
o

P
a
a
[
a
m

0
d

Journal of Pharmaceutical and Biomedical Analysis 48 (2008) 1230–1236

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

hort communication

uality evaluation of Evodia rutaecarpa (Juss.) Benth by high performance liquid
hromatography with photodiode-array detection

ang Zhaoa,b, Zhangwan Lia, Xin Zhoub,∗, Zongwei Cai c, Xiaojian Gongb, Chanyuan Zhoub

West China School of Pharmacy, Sichuan University, Chengdu 610041, China
The Research Center for Quality Control of Natural Medicine, Guizhou Normal University, Guiyang 550001, China
Department of Chemistry, Hong Kong Baptist University, Kowloon Tong, Kowloon, Hong Kong SAR, China

r t i c l e i n f o

rticle history:
eceived 13 June 2008
eceived in revised form 27 August 2008
ccepted 29 August 2008
vailable online 10 September 2008

eywords:

a b s t r a c t

A simple, sensitive and accurate HPLC-DAD method was developed for simultaneous determination of
wuchuyuamide-I, quercetin, limonin, evodiamine and rutaecarpine in Evodia rutaecarpa that has been
widely used as one of the traditional Chinese medicines (TCMs). Chromatographic separations were
performed on a reverse-phase C18 column with the gradient elution of acetonitrile–water and the simul-
taneous detection at five wavelengths. Good linear behaviors over the investigated concentration ranges
were observed with the values of r higher than 0.999 for all the analytes. The recoveries measured at three
PLC-DAD
imultaneous determination
vodia rutaecarpa (Juss.) Benth
haracteristic constituents
CA
CA

levels varied from 98.77 to 102.36%. The validated method was successfully applied for the simultaneous
determination of the five chemical constituents in 36 batches of samples collected from different regions
or time that were investigated and authenticated as E. rutaecarpa (Juss.) Benth. Hierarchical clustering
analysis (HCA) and principal components analysis (PCA) were performed to differentiate and classify the
samples based on the contents of the five characteristic constituents. The total contents of evodiamine and
rutaecarpine in different samples were calculated and the blending method proposed was demonstrated
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to be very useful in saving

. Introduction

The dried, unripe fruit of Evodia rutaecarpa (Juss.) Benth., E.
utaecarpa (Juss.) Benth. var. officinalis (Dode) Huang or E. rutae-
arpa (Juss.) Benth. var. bodinieri (Dode) Huang called Wuzhuyu
n Chinese has been used as one of the traditional Chinese

edicines (TCMs) for more than 2000 years and is officially listed
n the Chinese Pharmacopoeia [1]. The active chemical constituents
f Wuzhuyu were divided into fractions of alkaloids, essential
ils, limonoids, carboxylic acids and flavonoids [2–6]. Anti-
nflammatory [7,8], anti-nociceptive [9,10], anthelmintic [11,12],
ntidiarrheal [13], anti-anoxic [14,15] and antibacterial effects [16]
f the extracts of Wuchuyu have been reported.

Alkaloids are the major active compounds in Wuzhuyu.
harmacological and clinical studies indicated that evodiamine
nd rutaecarpine were bioactive compounds with reported

nti-polysarcous [17], cardiotonic [18–20], central stimulative
21], vasodilatory [22,23], antithrombotic and bronchoconstrictive
ctivities [24]. Recent studies have shown that rutaecarpine could
odulate drug metabolizing enzymes [25–28], inhibit platelet

∗ Corresponding author. Tel.: +86 851 6690018; fax: +86 851 6690018.
E-mail address: alice9800@sina.com (X. Zhou).
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urces and in guiding rational herb use.
© 2008 Elsevier B.V. All rights reserved.

ggregation [29], relax internal anal sphincter [30] and prevent
ltraviolet A-induced reactive oxygen species generation [31].
everal studies demonstrated that evodiamine had anticancer
ctivity and induction of apoptosis in several types of cancer
ells [32–36]. Furthermore, nine quinolone alkaloids with the
nhibitory activity against nuclear factor of activated T cells have
een reported [37]. Quercetin, which is a widely distributed fla-
anoid, was demonstrated to have strong anti-active oxygen effect
38], protective effect on cardiomyocyte injured by hydrogen per-
xide [39], inhibitory effect on transplantation tumor of breast
arcinoma cell line MCF-7 in nude mice [40] and vasodilata-
ion effect in the isolated rat thoracic aorta [41]. It was reported
hat limonin had the capability of inhibiting SMMC-7721 cells
roliferation [42].

It is well known that a few markers or pharmacologically
ctive compounds are generally used as standards in the quality
ontrol of TCM. Thin layer chromatography (TLC), high perfor-
ance liquid chromatography (HPLC), capillary electrophoresis

CE), liquid chromatography/mass spectrometry (LC/MS) and ion-

air high performance liquid chromatography have been applied
or the determination of indoloquinazoline and quinolone alkaloids
n E. rutaecarpa [43–50]. Gas chromatography/mass spectrometry
GC/MS) has been used to detect the volatile compounds in Evo-
ia species [51]. Headspace solid-phase microextraction (HS-SPME)

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:alice9800@sina.com
dx.doi.org/10.1016/j.jpba.2008.08.035
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ombined with GC/MS was also optimized and applied to detect the
olatile organic compounds in E. rutaecarpa species fruit [52].

In general, herbs collected from different regions or at differ-
nt time are discrepant in the types and quantities of chemical
onstituents, which influence their therapeutic effects. Thirty-six
atches of E. rutaecarpa were collected and the contents of the five
arkers were simultaneously determined in our study. The HPLC
ethod developed could be responsible for the quality control of

. rutaecarpa. Hierarchical clustering analysis (HCA) and principal
omponents analysis (PCA) were performed to evaluate and clas-

ify the samples according to the contents of the five chemical
onstituents. The total contents of evodiamine and rutaecarpine in
ifferent samples were analyzed to provide information for using
. rutaecarpa reasonably.

c
w
t
w

ig. 1. Representative HPLC chromatograms of mixed standards and the extract of E. rutae
f E. rutaecarpa (sample no. 36); (C) enlarged chromatogram of sample solution from 6 t
5) rutaecarpine.
omedical Analysis 48 (2008) 1230–1236 1231

. Experimental

.1. Chemicals and reagents

Wuchuyuamide-I, quercetin, limonin, evodiamine and rutae-
arpine standards were isolated and identified in our laboratory
hose structures (shown in Fig. 1) were confirmed on the basis of

pectroscopic analysis (1H NMR, 13C NMR, ESI-MS, UV). The puri-
ies were 98.73, 99.05, 99.24, 99.35 and 99.06% respectively by
ormalization of the peak areas. HPLC-grade acetonitrile was pur-

hased from TEDIA Company, Inc. (Product of Tedia, USA). Ultrapure
ater was prepared with the Sartorius Arium611UF water purifica-

ion system (18.2 M�, Sartorius, Germany). Other reagent solutions
ere of analytical grade.

carpa at 220 nm. (A) Mixed standards of the five chemical constituents; (B) extract
o 30 min. Peaks: (1) wuchuyuamide-I; (2) quercetin; (3) limonin; (4) evodiamine;
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Table 1
Collected information and contents of the five markers of the samples (n = 3)

Sample no. Sources Acquisition time Contents (%) ± S.D.

Wuchuyuamide-I Quercetin Limonin Evodiamine Rutaecarpine

1 Guangxi September 2007 0.0167 ± 0.00021 0.0087 ± 0.00035 0.8682 ± 0.00221 0.0407 ± 0.00035 0.0589 ± 0.00022
2 Zhonghua

culativation base,
zhangshu, Jiangxi

September 2007 0.0259 ± 0.00031 0.0074 ± 0.00038 1.2157 ± 0.00342 0.0366 ± 0.00025 0.0827 ± 0.00033

3 Linxiang, Hunan September 2007 0.0438 ± 0.00028 0.0223 ± 0.00049 0.3892 ± 0.00048 0.7957 ± 0.00065 0.0346 ± 0.00035
4 Shiqian, Tongren,

Guizhou
October 2007 0.0563 ± 0.00022 0.0271 ± 0.00029 0.3814 ± 0.00098 0.5680 ± 0.00033 0.4958 ± 0.00045

5 Guanling, Tongren,
Guizhou

September 2007 0.0392 ± 0.00036 0.0211 ± 0.00034 0.6541 ± 0.00046 0.4646 ± 0.00046 0.3948 ± 0.00261

6 Xinwo, Panan,
Zhejiang

September 2007 0.0730 ± 0.00029 0.0058 ± 0.00031 0.9684 ± 0.00127 0.0767 ± 0.00038 0.0918 ± 0.00046

7 Xingyi, Guizhou September 2007 0.0453 ± 0.00049 0.0825 ± 0.00044 0.9812 ± 0.00068 0.7041 ± 0.00046 0.6236 ± 0.00311
8 Nanchang, Jiangxi September 2007 0.0251 ± 0.00053 0.0045 ± 0.00056 1.6383 ± 0.00276 0.0695 ± 0.00126 0.1279 ± 0.00043
9 Zhejiang November 2007 0.0287 ± 0.00044 0.0134 ± 0.00071 0.8085 ± 0.00034 0.1935 ± 0.00036 0.1846 ± 0.00089
10 Jiangkou, Guizhou September 2007 0.0388 ± 0.00021 0.0088 ± 0.00072 0.7215 ± 0.00265 0.0516 ± 0.00076 0.1276 ± 0.00083
11 Zhangshu, Jiangxi September 2007 0.0059 ± 0.00048 0.0251 ± 0.00066 0.6148 ± 0.00371 0.0403 ± 0.00068 0.0409 ± 0.00021
12 Liuzhi, Guizhou August 2007 0.0263 ± 0.00095 0.0124 ± 0.00089 0.6221 ± 0.00065 0.1212 ± 0.00082 0.1664 ± 0.00047
13 Shengjian,

Guangzhou
September 2007 0.0179 ± 0.00039 0.0050 ± 0.00092 0.7511 ± 0.00042 0.0294 ± 0.00046 0.0765 ± 0.00083

14 Shiqian, Tongren,
Guizhou

September 2007 0.0107 ± 0.00076 0.0053 ± 0.00068 0.4379 ± 0.00075 0.0475 ± 0.00061 0.0708 ± 0.00025

15 Hunan November 2007 0.0127 ± 0.00054 0.0061 ± 0.00058 1.1930 ± 0.00154 0.0254 ± 0.00055 0.1480 ± 0.00421
16 Daozhen, Zunyi,

Guizhou
September 2007 0.0289 ± 0.00091 0.0245 ± 0.00048 0.5956 ± 0.00066 0.1437 ± 0.00066 0.2085 ± 0.00123

17 Taizhou, Zhejiang September 2007 0.0429 ± 0.00077 0.0053 ± 0.00039 0.9688 ± 0.00189 0.0675 ± 0.00092 0.0783 ± 0.00052
18 Kaiyang, Guizhou September 2007 0.0187 ± 0.00086 0.0192 ± 0.00072 0.1842 ± 0.00025 0.1204 ± 0.00014 0.1604 ± 0.00035
19 Anhui November 2007 0.0328 ± 0.00043 0.0687 ± 0.00064 0.8070 ± 0.00036 0.0567 ± 0.00035 0.5214 ± 0.00042
20 Haozhou, Anhui September 2007 0.0311 ± 0.00091 0.0343 ± 0.00034 0.3959 ± 0.00056 0.3219 ± 0.00046 0.3091 ± 0.00036
21 Liuzhi, Guizhou September 2007 0.0245 ± 0.00066 0.0591 ± 0.00039 0.7045 ± 0.00067 0.1480 ± 0.00021 0.1622 ± 0.00054
22 Shiquan, Shanxi September 2007 0.0319 ± 0.00047 0.1210 ± 0.00046 0.5912 ± 0.00075 0.3854 ± 0.00054 0.3808 ± 0.00254
23 Xiangtan, Hunan November 2007 0.0361 ± 0.00059 0.0076 ± 0.00072 0.5108 ± 0.00056 0.0053 ± 0.00062 0.0222 ± 0.00057
24 Jiangkou, Guizhou September 2007 0.0174 ± 0.00098 0.0338 ± 0.00059 0.4591 ± 0.00036 0.3253 ± 0.00046 0.2736 ± 0.00042
25 Guangzhou September 2007 0.0262 ± 0.00074 0.1412 ± 0.00041 0.3208 ± 0.00021 0.0285 ± 0.00057 0.0774 ± 0.00021
26 Haozhou, Anhui October 2007 0.0363 ± 0.00038 0.2144 ± 0.00069 0.1186 ± 0.00026 0.4643 ± 0.00088 0.3367 ± 0.00215
27 Aba, Sichuan September 2007 0.0215 ± 0.00067 0.1694 ± 0.00092 0.3433 ± 0.00046 0.0585 ± 0.00036 0.0951 ± 0.00031
28 Fenggang, Zunyi,

Guizhou
November 2007 0.0401 ± 0.00077 0.0768 ± 0.00023 2.0507 ± 0.00167 0.1877 ± 0.00026 0.2557 ± 0.00124

29 Songtao, Guizhou September 2007 0.0464 ± 0.00081 0.0905 ± 0.00014 2.3036 ± 0.00254 0.1682 ± 0.00051 0.2048 ± 0.00143
30 Xian, Shanxi September 2007 0.0339 ± 0.00033 0.1771 ± 0.00046 1.3690 ± 0.00042 0.0161 ± 0.00011 0.0641 ± 0.00053
31 Yuping, Guizhou September 2007 0.0148 ± 0.00045 0.0186 ± 0.00043 0.9007 ± 0.00024 0.0119 ± 0.00086 0.0269 ± 0.00026
32 Guizhou September 2007 0.0207 ± 0.00068 0.0329 ± 0.00036 0.6971 ± 0.00045 0.0343 ± 0.00023 0.0803 ± 0.00026
3 0.070
3 0.097
3 0.048
3 0.034
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3 Liuzhi, Guizhou November 2007 0.0241 ± 0.00049
4 Jiangxi September 2007 0.0244 ± 0.00037
5 Guangxi October 2007 0.0226 ± 0.00087
6 Tongren, Guizhou October 2007 0.0292 ± 0.00069

.2. Plant materials

Thirty-six batches of samples were authenticated as E. rutae-
arpa (Juss.) Benth (Table 1). Voucher specimens were stored at the
esearch Center for Quality Control of Natural Medicine, Guizhou
ormal University. Then they were stored in sealed bottles before
se in order to avoid moisture and chemical changes.

.3. Standard solution preparation

The reference compounds were weighed accurately and dis-
olved in methanol in a 25-ml volumetric flask to make a stock
olution (0.1089, 0.3168, 0.7623, 0.2178 and 0.2871 mg/ml). Work-
ng standard solutions were prepared from the stock solution by
urther dilution with the appropriate volume of methanol. These
olutions were stored away from light at 4 ◦C.
.4. Sample solution preparation

Pulverized sample (60 mesh, 1.0 g) was weighed accurately into
150-ml round bottom flask and then extracted for three times

e
e
1
4
u

8 ± 0.00032 0.3527 ± 0.00087 0.2114 ± 0.00024 0.2746 ± 0.00164
6 ± 0.00034 0.6402 ± 0.00074 0.1275 ± 0.00061 0.1989 ± 0.00041
2 ± 0.00039 0.7014 ± 0.00042 0.0237 ± 0.00044 0.0816 ± 0.00022
9 ± 0.00038 1.0211 ± 0.00145 0.1720 ± 0.00072 0.1597 ± 0.00231

t 70 ◦C (1 h each) under reflux with 30 ml chloroform and 2 ml
oncentrated ammonia solution. The extracts were combined and
ltered through analytical filter paper. The filter liquor was evap-
rated at 70 ◦C to dryness. The dry extract was dissolved in 10 ml
ethanol and then filtrated through a 0.45-�m membrane filter

or analysis.

.5. Instrumentation and chromatographic conditions

An Agilent 1100 series HPLC instrument equipped with a quater-
ary pump, a diode-array detector, an autosampler, a column com-
artment and a ChemStation for LC 3D software was used. Chro-
atographic separations were carried out on a ZORBAX SB-C18 col-

mn (250 mm × 4.6 mm I.D., 5 �m) protected by a ZORBAX SB-C18
uard column (4.0 mm × 3.0 mm I.D., 5 �m). The mobile phase con-
isted of acetonitrile (A) and water (B). The gradient program was as
ollow: 0–5 min, linear gradient 25–29% A; 5–20 min, linear gradi-

nt 29–35% A; 20–25 min, linear gradient 35–42% A; 25–50 min, lin-
ar gradient 42% A. The flow rate program was as follow: 0–25 min,
.0 ml/min; 25–40 min, 1.0–0.6 ml/min; 40–46 min, 0.6 ml/min;
6–46.01 min, 0.6–1.1 ml/min; 46.01–50 min, 1.1 ml/min. The vol-
me injected was 10 �l. The column temperature was maintained
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Table 2
Linear regression data, LOD and LOQ of investigated compounds

Analytes Linear regression dataa LOD (ng) LOQ (ng)

Regressive equation r Linear range (�g)

Wuchuyuamide-I Y = 4032.5X + 92.018 0.9999 0.0544–4.356 0.039 0.121
Quercetin Y = 701.26X + 13.899 0.9999 0.1593–12.74 1.187 3.710
Limonin Y = 723.53X + 139.740 0.9999 0.3816–30.53 1.985 6.204
Evodiamine Y = 12794X − 1643.800 0.9998 0.1089–8.712 0.077 0.256
Rutaecarpine Y = 3310.8X + 248.430 0.9993 0.1436–11.48 0.792 2.399

All the analytes showed good linearity (r > 0.999) in the concentration ranges.
a In the linear regression data, Y refers to the peak area, X is the concentration, and r is the correlation coefficient of the equation.

Table 3
Precision, repeatability and stability of the HPLC method for determination of the five markers

Analytes Precision Repeatability Stability

Intra-day (n = 6) Inter-day (n = 6) Mean (%) R.S.D. (%) Mean (%) R.S.D. (%)

Mean (%)a R.S.D. (%) Average peak
areab

R.S.D. (%) Mean (%)a R.S.D. (%) Average peak
areab

R.S.D. (%)

Wuchuyuamide-I 0.029 1.28 4406.3 1.06 0.031 2.67 4538.4 3.47 0.030 0.21 0.031 0.21
Quercetin 0.036 1.56 612.0 1.43 0.037 2.98 629.7 2.96 0.035 1.84 0.035 1.84
Limonin 1.048 1.45 5533.8 1.19 1.050 1.98 5573.6 1.06 1.049 2.26 1.048 2.25
Evodiamine 0.177 1.58 27113.0 1.57 0.178 2.06 27539.9 0.77 0.179 2.90 0.178 2.90
Rutaecarpine 0.162 0.73 9603.9 0.85 0.161 1.88 9803.7 1.57 0.161 2.35 0.162 2.35
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.S.D. (%) = (S.D./mean) × 100. Considering the results, the method was deemed to be
a Tested by sample solution.
b Tested by standard mixture solution.

t 25 ◦C. Detection was made simultaneously at five different wave-
engths, i.e., 220, 255, 215, 225 and 345 nm at the absorption

axima of the five markers.

. Results and discussion

.1. Optimization of extraction method
The efficiency of extraction procedure was evaluated by using
ifferent solvents, i.e., ethanol, methanol, ethylacetate, and chloro-
orm. The best solvent was found to be chloroform, which enabled
ess interfering peaks and provided the highest values in the con-
ents of the five markers.

3

f
c

able 4
ecovery of the five chemical constituents

nalytes Sample Concentration

Original (mg) Added (mg)

uchuyuamide-I
S1a 0.3081 0.2426
S2b 0.3022 0.3003
S3c 0.3029 0.3581

uercetin
S1 0.3716 0.2950
S2 0.3592 0.3644
S3 0.3517 0.4338

imonin
S1 10.8481 8.5306
S2 10.6388 10.5378
S3 10.6643 12.6725

vodiamine
S1 1.8276 1.4892
S2 1.7940 1.7870
S3 1.7925 2.1593

utaecarpine
S1 1.7001 1.3514
S2 1.6689 1.6776
S3 1.6674 2.0038

ecovery (%) = ((found − original)/added) × 100. The results indicated that the developed m
a The samples added known amounts of standards at low level (80% of the known amo
b The samples added known amounts of standards at medium level (same as the know
c The samples added known amounts of standards at high level (120% of the known am
ate and reproducible. The analytes were found to be stable during the tested period.

A method involving four-factor-three-level orthogonal array
esign (OAD) including the components of volume of chloroform
30, 40, and 50 ml), times of reflux (once, twice, and three times)
nd duration of extraction (1, 2, and 3 h) was developed for the
ptimization of the extraction. The results demonstrated that the
stablished extraction method was adequate and appropriate for
he analysis.
.2. Optimization of the chromatographic conditions

The optimization of the chromatographic conditions was per-
ormed by using the solution of sample no. 36. The investigated
ompounds were tested and compared by using different analytical

Recovery (%) Mean recovery (%) ± R.S.D.

Found (mg)

0.5503 99.83
100.71 ± 1.080.6083 101.93

0.6623 100.38

0.6741 102.57
102.36 ± 1.100.7277 101.14

0.8000 103.36

19.4219 100.51
100.28 ± 0.5121.2445 100.64

23.2982 99.70

3.3056 99.25
99.05 ± 0.543.5714 99.46

3.9183 98.45

3.0246 98.02
98.77 ± 1.643.3071 97.66

3.6837 100.63

ethod was reliable and accurate for the measurement of the five analytes.
unts).
n amounts).
ounts).
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Fig. 2. Dendrogram of HCA for the 36 tested samples of E. rutaecarpa. The hierarchi-
cal clustering was done by SPSS software. Ward’s method was applied, and Squared
Euclidean distance was selected as a measurement. Thirty-six batches of E. rutae-
carpa were divided into two main clusters. Sample nos. 28 and 29 were in cluster
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olumns (ZORBAX SB-C18 or ZORBAX RX-C18) with different com-
ositions of mobile phases (acetonitrile–water or methanol–water)
nd different gradient elution programs. The results showed that
ORBAX SB-C18 column with gradient elution of acetonitrile–water
ould efficiently separate the investigated markers (Fig. 1). Accord-
ng to the UV spectra of the five markers recorded by DAD in the
ange from 200 to 400 nm, 220, 255, 215, 225 and 345 nm were
elected for monitoring wuchuyuamide-I, quercetin, limonin, evo-
iamine and rutaecarpine, respectively.

.3. Validation of the HPLC method

.3.1. Calibration curves, LOD and LOQ
The stock solution containing the five markers was prepared and

iluted to appropriate concentration ranges for the establishment
f calibration curves. The calibration graphs were plotted after lin-
ar regression (Table 2) of the peak areas versus the corresponding
oncentrations.

LOD and LOQ were determined at signal-to-noise ratios (S/N) of
bout 3 and 10, respectively. The data were summarized in Table 2.

.3.2. Precision, repeatability and stability
Precision was evaluated with both mixed standards solution and

ample solution under the selected optimal conditions six times in
day for inter-day variation and twice a day on 3 consecutive days

or intra-day variation. Repeatability was confirmed with six dif-
erent working solutions prepared from sample no. 36 and one of
hem was injected into the apparatus every 2 h within 10 h to eval-
ate the stability of the solution. All the results were expressed
s relative standard deviations (R.S.D.s) which were shown
n Table 3.

.3.3. Recovery
The recovery was performed by adding known amounts of the

ve standards at low (80% of the known amounts), medium (same
s the known amounts) and high (120% of the known amounts)
evels. The spiked samples were then extracted, processed, and
uantified in accordance with the methods mentioned above. The
esults were shown in Table 4.

.3.4. Robustness
Method robustness was tested on ZORBAX SB-C18 col-

mn (250 mm × 4.6 mm I.D., 5 �m) and Diamonsil C18 column
250 mm × 4.6 mm I.D., 5 �m). The same sample solution was
eparately analyzed and the contents of the five characteristic con-
tituents were calculated. The mean contents of the five compounds
ere 0.0294, 0.0359, 1.0231, 0.1698 and 0.1579% for ZORBAX SB-C18

olumn and 0.0289, 0.0362, 1.0228, 0.1697 and 0.1576% for Dia-
onsil C18 column. No significant difference existed between the

esults from the two columns by t-test (P > 0.05), which indicated
hat the developed method was capable of producing results with
cceptable performance.

.4. Sample analysis

The established analytical method was then applied to deter-
ine the five markers in 36 batches of E. rutaecarpa. The contents
ere listed in Table 1.
.5. Assessment of peak purity

Peak purity was assessed by Agilent ChemStation for LC 3D soft-
are. The purity factors of the five characteristic constituents were
92.517, 995.885, 997.140, 993.741 and 991.836, respectively.

a
T
m
s
a
s

and the other samples were in cluster II, which was divided into three subgroups
gain. Sample nos. 2, 8, 15 and 30 were in subgroup A, no. 7 was in subgroup B and
he others were in subgroup C.

.6. HCA of the samples

HCA is a statistical method for finding relatively homogeneous
lusters of cases based on measured characteristics. It starts with
ach case in a separate cluster and then combines the clusters
equentially, reducing the number of clusters at each step until only
ne cluster is left. When there are N cases, this involves N − 1 clus-
ering steps or fusions. This hierarchical clustering process can be
epresented as a tree or dendrogram, where each step in the cluster-
ng process is illustrated by a joint of the tree [53–55]. The contents
f the five chemical constituents were defined as five characteris-
ics in the analysis so as to analyze, differentiate and classify the 36
amples.

Ward’s method, which is a very efficient method for the analy-
is of variance between clusters, was applied, and Square Euclidean
istance was selected as a measurement. A dendrogram was gener-
ted (Fig. 2), which revealed the relationships among the samples.
hirty-six tested samples of E. rutaecarpa were divided into two

ain clusters. Sample nos. 28 and 29 were in cluster I and the other

amples were in cluster II, which was divided into three subgroups
gain. Sample nos. 2, 8, 15 and 30 were in subgroup A, no. 7 was in
ubgroup B and the others were in subgroup C. The result indicated
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ig. 3. The scatter plot obtained by PCA of the 36 batches of E. rutaecarpa. All the sam
ample nos. 6, 28 and 29 were in domain I, nos. 4 and 7 were in domain II, no. 26 w

hat samples which had similar chemical profiles were divided into
ne group.

.7. PCA of the samples

When a number of variables need to be analyzed, data decom-
osition should be carried out to reduce multidimensional data sets
o lower dimensions. Among these techniques, PCA is a useful tool
f chemometricians for data compression and information extrac-
ion which find combinations of variables or factors that describe

ajor trends in a data set. Mathematically, PCA relies on an eigen-
ector decomposition of the covariance or correlation matrix of the
rocess variables [56,57]. The contents of the five markers were
nalyzed as five variables, which were then translated mathemati-
ally into two main comprehensive factors to analyze the samples.

The 36 samples were further analyzed and classified by PCA.
he scatter plot was shown in Fig. 3, where each sample was repre-
ented as a marker. It was noticeable that the samples were clearly
lustered into four domains. Sample nos. 6, 28 and 29 were in
omain I, no. 4 and no. 7 were in domain II, no. 26 was in domain

II and the others were in domain IV. The result was accordant with
he one obtained from HCA in general.

.8. Analysis of the total contents of evodiamine and rutaecarpine
n the samples

It is defined in Chinese Pharmacopoeia [1] that the total con-
ent of evodiamine and rutaecarpine in E. rutaecarpa should not be
ess than 0.15%, or it would not be used as the raw material and
s regarded as substandard herb. Based on this definition, sample
os. 1, 2, 11, 13, 14, 17, 23, 25, 30–32 and 35 should not be put into
roduction, which causes serious waste of the herbs. So, we rec-
mmend strongly that authentic and substandard ones be blended
n accordance with appropriate proportion to meet the require-
ent of Chinese Pharmacopoeia. For example, the total contents of
vodiamine and rutaecarpine in sample no. 3 and no. 1 are 0.8303
nd 0.0996%, respectively. They can be blended in accordance with
he ratio of 1:13 to meet the requirement. This approach is very
onducive to save resources and to guide rational herb use.

4

d

were clearly divided into four domains and each sample is represented as a marker.
omain III and the others were in domain IV.

Wuzhuyu plays an important role in pharmacological activity
nd application in TCM. Its quality control may be difficult due to
any factors such as harvest season, climate or geography (soil

r minerals) which may influence the composition of the chemi-
al constituents. Several LC methods have been developed for the
etermination of evodiamine and rutaecarpine [58–60], but the
raditional theory emphasizes the importance of multi-compound,

ulti-ingredient as being responsible for the activity of the herbal
rug, in contrast to modern pharmacology and drug development
hat often focus on a single chemical entity. Therefore, determi-
ation of the two ingredients is not enough and it is absolutely
ecessary to determine as many active ingredients as possible in
rder to better evaluate the quality of TCM. Although no pharma-
ological effect of wuchuyuamide-I has been reported so far, it is
ossible that the compound may play a vital role in comprehen-
ive effect of E. rutaecarpa. The determination of wuchuyuamide-I
ay provide additional information for the overall quality con-

rol. Kano et al. [61] developed an LC method for determination of
ydroxyevodiamine, evodiamine and rutaecarpine, but the method
eeds quite a long analysis time of 130 min. Zhang et al. [45]
eveloped an LC–MS determination for evodiamide, evodiamine,
ydroxyvodiamine, rutaecarpine and goshuyuamide-I. Zhou et
l. [48] developed an LC–MS method for simultaneous deter-
ination of dehydroevodiamine, 14-formyldihydrorutaecarpine,

vodiamine, rutaecarpine and goshuyuamide. Although the two
ethods were highly sensitive and selective, their populari-

ies were limited because of the high cost of instrumentation.
hao et al. [49] developed an LC method for the determination
f dehydroevodiamine, wuchuyuamide-I, 5-hydroxyrutaecarpine,
4-formyldihydrorutaecarpine, evodiamine and rutaecarpine, but
t took a long analysis time of 70 min and complicated

obile phase consisted of methanol, acetonitrile and phosphoric
cid–triethylamine–buffer solution was used.
. Conclusion

In the present study, the alkaloids of wuchuyuamide-I, evo-
iamine and rutaecarpine, the flavonoid of quercetin and the
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imonoid of limonin were simultaneously determined in E. rutae-
arpa by the developed HPLC-DAD method. It is the first time that
hese five chemical constituents were analyzed simultaneously
ith acceptable performance of linearity, precision, repeatability,

ccuracy and robustness in an analysis time of 50 min. Further-
ore, the optimized method was successfully applied to analyze

6 batches of E. rutaecarpa. HCA and PCA were utilized to differen-
iate and classify the 36 samples based on the contents of the five
hemical constituents. Analysis of the total contents of evodiamine
nd rutaecarpine in different samples were also performed and the
lending method was demonstrated to be able to save resources
nd to guide rational herb use, which may play important role in
erbal and medicinal production.

cknowledgements

The authors gratefully acknowledge the financial support from
ey Project on International Cooperation in Science and Technol-
gy (No. 2007-400117) and the Special Support Item of Guizhou
rovince (No. TZJF-2006-26).

eferences

[1] Pharmacopoeia of People’s Republic of China, vol. 1, The State Pharmacopoeia
Committee of People’s Republic of China, Chemical Industry Press, Beijing,
2005, pp. 118–119.

[2] X.W. Yang, J. Teng, J. Chin. Pharm. Sci. 16 (2007) 20–23.
[3] Y.Q. Tang, X.Z. Feng, L. Huang, Acta Pharmacol. Sin. 31 (1996) 151–155.
[4] Q.Z. Wang, J.Y. Liang, Acta Pharmacol. Sin. 39 (2004) 605–608.
[5] Y.Q. Tang, X.Z. Feng, L. Huang, Phytochemistry 43 (1996) 719–722.
[6] T. Sugimoto, T. Miyase, M. Kuroyanagi, Chem. Pharm. Bull. 36 (1988) 4453–4461.
[7] T.C. Moon, M. Murakami, I. Kudo, K.H. Son, H.P. Kim, S.S. Kang, H.W. Chang,

Inflamm. Res. 48 (1999) 621–625.
[8] D.B. Yarosh, J.W. Galvin, S.L. Nay, A.V. Pena, M.T. Canning, D.A. Brown, J. Derma-

tol. Sci. 42 (2006) 13–21.
[9] H. Matsuda, J.X. Wu, T. Tanaka, M. Iinuma, M. Kubo, Biol. Pharm. Bull. 20 (1997)

243–248.
10] Y. Kobayashi, Plant. Med. 69 (2003) 425–428.
11] M.R. Khan, M. Kihara, A.D. Omoloso, Fitoterapia 71 (2000) 72–74.
12] N. Thuille, M. Fille, M. Nagl, Int. J. Hyg. Environ. Health 206 (2003) 217–221.
13] L.L. Yu, J.F. Liao, C.F. Chen, J. Ethnopharmacol. 73 (2000) 39–45.
14] J. Yamahara, T. Yamada, T. Kitani, Y. Naitoh, H. Fujimura, Chem. Pharm. Bull. 37

(1989) 1820–1822.
15] J. Yamahara, T. Yamada, T. Kitani, Y. Naitoh, H. Fujimura, J. Ethnopharmacol. 27

(1989) 185–192.
16] N. Hamasaki, E. Ishii, K. Tominaga, Y. Tezuka, T. Nagaoka, S. Kadota, T. Kuroki, I.

Yano, Microbiol. Immunol. 44 (2000) 9–15.
17] Y. Kobayashi, Y. Nakano, M. Kizaki, K. Hoshikuma, Y. Yokoo, T. Kamiya, Plant.

Med. 67 (2001) 628–663.
18] N. Shoji, A. Umeyama, T. Takemoto, A. Kajiwara, Y. Ohizumi, J. Pharm. Sci. 75

(1986) 612–613.

19] Y. Kobayashi, K. Hoshikuma, Y. Nakano, Y. Yokoo, T. Kamiya, Plant. Med. 67

(2001) 244–248.
20] H.H. Yi, W.Q. Rang, P.Y. Deng, C.P. Hu, G.S. Tan, K.P. Xu, Y.J. Li, Plant. Med. 70

(2004) 1135–1139.
21] M.K. Lee, B.Y. Hwang, S.A. Lee, G.J. Oh, W.H. Choi, S.S. Hong, K.S. Lee, J.S. Ro,

Chem. Pharm. Bull. 51 (2003) 409–411.

[
[

[

omedical Analysis 48 (2008) 1230–1236

22] W.F. Chiou, J.F. Liao, C.F. Chen, J. Nat. Prod. 59 (1996) 374–378.
23] C.P. Hu, L. Xiao, H.W. Deng, Y.J. Li, Plant. Med. 69 (2003) 125–129.
24] Y. Kobayashi, Y. Nakano, K. Hoshikuma, Y. Yokoo, T. Kamiya, Plant. Med. 66

(2000) 526–530.
25] Y.F. Ueng, H.C. Ko, C.F. Chen, J.J. Wang, K.T. Chen, Life Sci. 71 (2002) 1267–1277.
26] Y.F. Ueng, W.C. Jan, L.C. Lin, T.L. Chen, F.P. Guengerich, C.F. Chen, Drug Metab.

Dispos. 30 (2002) 349–353.
27] S.K. Lee, N.H. Kim, J. Lee, D.H. Kim, E.S. Lee, H.G. Choi, H.W. Chang, Y. Jahng, T.C.

Jeong, Plant. Med. 70 (2004) 753–757.
28] H. Iwata, Y. Tezuka, S. Kadota, A. Hiratsuka, T. Watabe, Drug Metab. Pharma-

cokinet. 20 (2005) 34–45.
29] J.R. Sheu, W.C. Hung, Y.M. Lee, M.H. Yen, Eur. J. Pharmacol. 318 (1996) 469–475.
30] J.K. Jiang, J.H. Chiu, I.T. Yu, J.K. Lin, Life Sci. 66 (2000) 2323.
31] S.M. Beak, S.H. Paek, Y. Jahng, Y.S. Lee, J.A. Kim, Eur. J. Pharmacol. 498 (2004)

19–25.
32] M. Ogasawara, T. Matsunaga, S. Takahashi, I. Saiki, H. Suzuki, Biol. Pharm. Bull.

25 (2002) 1491–1493.
33] X.F. Fei, B.X. Wang, T.J. Li, S.I. Tashiro, M. Minami, D.J. Xing, T. Ikejima, Cancer

Sci. 94 (2003) 92–98.
34] Y.C. Huang, J.H. Guh, C.M. Teng, Life Sci. 75 (2004) 35–49.
35] Y. Zhang, Q.H. Zhang, L.J. Wu, S. Tashiro, S. Onodera, T. Ikejima, J. Asian Nat. Prod.

Res. 6 (2004) 19–27.
36] Y. Takada, Y. Kobayashi, B.B. Aggarwal, J. Biol. Chem. 280 (2005) 17203–17212.
37] H.Z. Jin, J.H. Lee, D. Lee, H.S. Lee, Y.S. Hong, Y.H. Kim, J.J. Lee, Biol. Pharm. Bull.

27 (2004) 926–928.
38] M.L. Xie, Z.L. Gu, Z.N. Qian, Chin. Wild Plant Res. 16 (1997) 1–4.
39] L. Yang, Q.B. Guo, Y. Lu, H.L. Zhang, Y. Liu, Y. Luan, Chin. J. Clin. Rehabil. 10 (2006)

60–62.
40] S.W. Ma, K.N. Wu, X.G. Zhong, L.Q. Kong, Chin. J. Cancer Prev. Treat. 11 (2004)

248–251.
41] X.M. Zhou, H. Yao, M.L. Xia, C.M. Cao, H.D. Jiang, Q. Xia, J. Zhejiang Univ. Sci. 35

(2006) 29–33.
42] J.J. Zhang, G. Luo, R.L. He, L.M. Zhou, Sichuan J. Physiol. Sci. 29 (2007) 157–

159.
43] M.C. Lee, W.C. Chuang, S.J. Sheu, J. Chromatogr. A 755 (1996) 113–119.
44] W.C. Chuang, C.M. Cheng, H.C. Chang, Y.P. Chen, S.J. Sheu, Plant. Med. 65 (1999)

567–571.
45] X.Q. Zhang, X. Zhou, D.P. Wang, X.J. Hao, Chin. J. Anal. Chem. 33 (2005) 241–

244.
46] J. Ueda, N. Momma, Y. Yamauchi, F. Yoshie, K. Ohsawa, Yakugaku Zasshi 116

(1996) 59–64.
47] F. Pellati, S. Benvenuti, F. Yoshizaki, M. Melegari, J. Sep. Sci. 29 (2006) 641–649.
48] Y. Zhou, S.H. Li, R.W. Jiang, M. Cai, X. Liu, L.S. Ding, H.X. Xu, P.P.H. But, P.C. Shaw,

Rapid Commun. Mass Spectrom. 20 (2006) 3111–3118.
49] M.Y. Zhao, X.W. Yang, Chromatographia 67 (2008) 543–550.
50] T. Zhang, S.C. Zhang, L.X. Wei, China. J. Chin. Mater. Med. 19 (1994) 409–411.
51] J. Teng, X.W. Yang, H.Y. Tao, H.X. Liu, Chin. Tradit. Herbal Drugs 34 (2003)

504–505.
52] F. Pellati, S. Benvenuti, F. Yoshizaki, D. Bertelli, M.C. Rossi, J. Chromatogr. A 1087

(2005) 265–273.
53] Y.P. Li, Z. Hu, L.C. He, J. Pharm. Biomed. Anal. 43 (2007) 1667–1672.
54] P. Zou, Y. Hong, H.L. Koh, J. Pharm. Biomed. Anal. 38 (2005) 514–520.
55] R.M. Yu, B. Ye, C.Y. Yan, L.Y. Song, Z. Zhang, W. Yang, Y. Zhao, J. Pharm. Biomed.

Anal. 44 (2007) 818–823.
56] W. Li, Y.L. Deng, R.J. Dai, Y.H. Yu, M.K. Saeed, L. Li, W.W. Meng, X.S. Zhang, J.

Pharm. Biomed. Anal. 45 (2007) 38–46.
57] X.H. Fan, Y. Wang, Y.Y. Cheng, J. Pharm. Biomed. Anal. 40 (2006) 591–597.
17 (2000) 334–337.
59] Z.G. Yu, X.H. Hou, Y.M. Shi, J.F. Ma, K.S. Bi, Chin. Pharm. J. 34 (1999) 691–693.
60] Z.W. Wang, A.M. He, R.P. Yang, X.F. Li, L. Zhong, K.S. Bi, D.F. Chen, J. Shanghai

Med. Univ. 26 (1999) 449–450.
61] Y. Kano, M. Yasuda, K. Saito, K. Komatsu, Shoyakugaku Zasshi 43 (1989) 339–341.


	Quality evaluation of Evodia rutaecarpa (Juss.) Benth by high performance liquid chromatography with photodiode-array detection
	Introduction
	Experimental
	Chemicals and reagents
	Plant materials
	Standard solution preparation
	Sample solution preparation
	Instrumentation and chromatographic conditions

	Results and discussion
	Optimization of extraction method
	Optimization of the chromatographic conditions
	Validation of the HPLC method
	Calibration curves, LOD and LOQ
	Precision, repeatability and stability
	Recovery
	Robustness

	Sample analysis
	Assessment of peak purity
	HCA of the samples
	PCA of the samples
	Analysis of the total contents of evodiamine and rutaecarpine in the samples

	Conclusion
	Acknowledgements
	References


