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Abstract

High-performance liquid chromatography (HPLC) coupled with UV photodiode-array detection and electrospray
ionization mass spectrometry was developed for the simultaneous analysis of caffeic acid derivatives and alkamides in the
roots and extracts ofEchinacea purpurea. Caffeic acid derivatives and alkamides produced very abundant peaks in the total
ion current chromatogram during negative and positive cone voltage switching. Cichoric acid and the isomer pair,
dodeca-2E,4E,8Z,10E /Z-tetraenoic acid isobutylamide, were used as a standard for quantification of caffeic acid derivatives
and alkamides inE. purpurea. This novel method surpasses previously published ones in product quality control and
providing the HPLC chromatographic fingerprints of biological active components inE. purpurea.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction tions are among the best selling medicinal herb
products in health food stores in the USA [1]. It has

Extracts ofEchinacea species, primarilyE. pur- been reported that the immunostimulating properties
purea (L.) Moench., E. angustifolia DC., and ofEchinacea species have been attributed to both the
E. pallida (Nutt.) Nutt, are known to exhibit im- lipophilic and polar fractions of the extracts, includ-
munostimulating activities and thus have been wide- ing caffeic acid derivatives, alkamides, glycopro-
ly used for pharmaceutical preparations in Europe, teins, and polysaccharides [2,3]. Among caffeic acid
North America and Australia.Echinacea prepara- derivatives, cichoric acid has been shown to inhibit

the replication of hyaluronidase and human immuno-
deficiency virus type 1 integrase, to protect collagen
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tion of cycloxygenase and 5-lipoxygenase as anti- DAD system and a Micromass ZQ 2000 electrospray
inflammatory agents [11–14]. Therefore, alkamides mass spectrometer was equipped with a Johnson
and cichoric acid are generally used as indices of (Dalian, China) Spherigel analytical column (2503

quality control for standardizedEchinacea extract 4.6 mm) packed with 5mm C silica. Water18

[15]. Fig. 1 depicts the chemical structures of four containing 0.1% formic acid (A) and acetonitrile (B)
caffeic acid derivatives and 11 alkamides. were used as chromatographic eluents. The gradient

Many HPLC methods have been reported for elution was programmed as follows: 0–9 min, 10–
analyses ofEchinacea [16–28]. Bauer et al. [16] 18.5% B; 9–9.5 min, 18.5–45% B; 9.50–39.50 min,
pioneered the use of reversed-phase HPLC analysis 45–80% B; 39.5–42.0 min, 80–100% B; 42.0–45.0
for several caffeic acid derivatives inEchinacea; min, 100–10% B. The flow rate was 1 ml /min. The
similar HPLC conditions but different extraction column temperature was 308C. UV spectra recorded
methods have also been reported by other researchers were in the range 200–400 nm, while 330 nm was
[17–21]. Alkamides inEchinacea have been isolated used for quantification of caffeic acid derivatives and
and identified by using HPLC or thin-layer chroma- 254 nm for alkamides. The Micromass quadrupole
tography [22–26]. However, the simultaneous analy- mass spectrometer equipped with an electrospray
sis of caffeic acid derivatives and alkamides has source working at 1038C was operated in the

1seldom been reported in the literature. Laasonen et positive ion mode to generate [M1H] and [M1
1al. [27] analyzed alkamides and caffeic acid deriva- Na] ions of alkamides, and in the negative ion

2tives by HPLC, but could not provide molecular mode to generate [M–H] ions of caffeic acid
mass and structural information for these analytes. derivatives. Nitrogen was used as desolvation gas at
Sloley et al. [28] proposed an HPLC method directly a flow rate of 200 l /h. The desolvation temperature
coupled to ultraviolet absorbance and electrospray was 1608C. Mass values of 150–800 u were mea-
mass spectrometric detectors to analyze different sured. Capillary and cone voltages were 3850 and
Echinacea species. In their method, trifluoroacetic 60 V for ESI1, and 3050 and 35 V for ESI2,
acid was used as mobile modifier, but it can pollute respectively. The eluent was split at the HPLC
the polyether ether ketone (PEEK) tube of HPLC column end to allow 20% eluent to flow into the
and ion source of mass spectrometry. In addition, the mass spectrometer.
C column was used as an analytical column;8

alkamides could not be separated completely.
2 .2. Solvents and chemicals

In the present study, we aimed at developing a
novel HPLC–UV photodiode array detection

Water, acetonitrile and methanol (Tedia, USA) of
(DAD)–electrospray ionization mass spectrometry

HPLC grade were used for HPLC analysis. Formic
(ESI-MS) method for simultaneous analysis of caf-

acid and phosphoric acid of analytical grade were
feic acid derivatives and alkamides. Caffeic acid

used as mobile phase modifiers. Reagent-grade chlo-
derivatives and alkamides were quantified by DAD,

roform, methanol, ethanol, hexane, and ethyl acetate
while the structure identification was completed by

were used for extraction.
ESI-MS. The method is better than previously pub-
lished techniques as regards product quality control,
and can provide HPLC chromatographic fingerprints 2 .3. Plant material and sample preparation
of bio-active components inEchinacea purpurea.

Roots and extracts ofE. purpurea were commer-
cially obtained (Changsha, China). The plant materi-

2 . Experimental als were identified by Professor Jian-Zhong Li,
Department of Botany, Hunan Normal University. A

2 .1. Instrumentation 1-g aliquot of each sample was ground in a mill, and
then treated ultrasonically twice in methanol–0.1%

A Waters (Milford, MA, USA) Alliance 2695 phosphoric acid (70:30, v /v; 10 ml for each) for
liquid chromatographic system interfaced to a 996 20 min. A 2-ml aliquot of the extract after centrifu-
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Fig. 1. Chemical structures of typical caffeic acid derivatives and alkamides inE. purpurea.
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gation was filtered through a 0.45-mm PTFE filter measurements in accordance with the literature data
into an HPLC vial for future HPLC analysis. [30]. Then 2.1 mg of compounds 12 and 13 and 1.9

mg of cichoric acid were dissolved in 10 ml metha-
2 .4. Purification of standards of cichoric acid and nol as standard solution, respectively.
dodeca-2E,4E,8E,10E /Z-tetraenoic acid
isobutylamide

3 . Results and discussion
Cichoric acid was isolated fromE. purpurea

extracts. Then 1 g of extracts ofE. purpurea was 3 .1. Specification of the method
ultrasonically treated in 10 ml of 0.1% formic acid
aqueous solution. The supernatant after centrifuga- Fig. 2 shows typical HPLC profiles for caffeic
tion was extracted with ethyl acetate (3330 ml) and acid derivatives and alkamides in one run under
a gum obtained after solvent evaporation. The gum these conditions. Caffeic acid derivatives and al-
was allowed to dissolve in the mobile phase solvent, kamides exhibit good responses at 330 and 254 nm,
and the solution was injected into preparative re- respectively. Under the selected HPLC conditions
versed-phase HPLC. Cichoric acid was separated on (Section 2.1) the two kinds of compounds also
a Prep Nova-Pak HR C column of 30037.8 mm; a exhibit a good response of total ion current. A total18

mobile phase of acetonitrile–0.1% formic acid aque- of 18 peaks numbered as A–R were well separated
ous solution (85:15) at 4 ml /min was used. Further from one another. Peaks A–E (Table 1) were
purification was conducted by recrystallization in identified as caffeic acid derivatives, with a retention
water, and cichoric acid was finally obtained as order identical to the reported HPLC profiles
off-white crystals (98.4% pure by HPLC) [19]. [17,21,31]. Peaks F–R were alkamides, also with

Nusslein et al. [29] reported that cichoric acid is retention order in agreement with the reports [22,25],
highly susceptible to enzymatic, acidic and/or tem- except for peak K which was new. In addition, the
perature degradation during its purification and stor- retention order of peaks J–M agrees with other
ing. In our experiments, the fraction of cichoric acid reports [24,32]. There are a number of alkamide
collected from preparative HPLC was freeze-dried, isomeric pairs inE. purpurea. Identification of the
and the formic acid was then volatilized in vacuum. isomer is based on the retention order already
Cichoric acid was thus obtained without degradation. published [22,25]. Information on identification of
However, when phosphoric acid was used as a peaks A–E is shown in Table 1.
mobile phase modifier in preparative HPLC, we The absorbance at 330 nm responded linearly to
failed to obtain solid cichoric acid even when the the mass of cichoric acid from 600 to 1200 ng, with
cichoric acid fraction was freeze-dried. This may be a detection limit of 40 ng (S /N53). Mean recovery
ascribed to the acidic degradation effect of cichoric was 98.7% (five parallel trials of additions of 101
acid, as a synchronous concentration of the non- mg/g of cichoric acid toE. purpurea root extracts).
volatilizable phosphoric acid should increase the The absorbance at 254 nm was also linear to the
mixture acidity to a significant extent during and mass of compounds 12 and 13 from 300 to 900 ng,
after freeze-drying. with a detection limit of 35 ng (S /N53). Mean

Alkamides were isolated by combination of silica recovery was was 95.7% (five parallel trials of
gel and reversed-phase chromatography using a additions of 98mg/g of compounds 12 and 13 to
modified version of the method described by He et E. purpurea root extracts).
al. [25]. Compounds 12 and 13 were separated from
a mixture fraction by preparative HPLC (Prep Nova- 3 .2. Optimization of HPLC conditions
Pak HR C column, 30037.8 nm). The mobile18

phase was acetonitrile–water (1:1) at flow rate of Formic acid was used as a mobile phase modifier
4 ml /min. The detection wavelength was 254 nm. as it significantly restrained the peak tailing of
The alkamide collection was recrystallized through caffeic acid derivatives in our experiments. A similar
hexane, giving finally a mixture of 12 and 13 as tailing-reduced effect was found with phosphoric
needles (95.7% pure by HPLC), with UV and MS acid, but we avoided its use because of its corrosive
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Fig. 2. HPLC–UV–ESI-MS-total ion current (TIC) chromatograms ofE. purpurea root, with a 1:5 post-column stream splitting.
Chromatographic conditions are described in Section 2.1. The peak identifications are given in Table 1.

and polluting effect on the ion source of mass caused a poor separation of some peaks or extended
spectrometry. run time.

To determine the optimal elution conditions for
the separation and quantification of alkamides and 3 .3. Discussion of ESI2 and ESI1 for MS
caffeic acid derivatives, various linear gradients of identifications of compounds
acetonitrile and 0.1% formic acid aqueous solution at
a flow rate of 1 ml /min were employed. Under these Table 1 lists the retention times (t ), maximumR

gradient conditions (0–9 min, 10–18.5% B; 9–9.5 absorbance wavelength (l ), molecular ions andmax

min, 18.5–45% B; 9.5–39.5 min, 45–80% B; 39.5– assignment of HPLC peaks. These peaks were
42 min, 80–100% B; 42–45 min, 100–10% B), identified based on a comparison of the on-line UV
peaks A–R could be well separated in a short time, and MS information with literature data or with our
and thus the simultaneous analyses of alkamides and purified standards.
caffeic acid derivatives in theE. purpurea roots and In addition, selected ion recording (SIR) was
extracts could be achieved. The fingerprint of two investigated in our experiments. The SIR technique
types of active compounds could also be obtained was more sensitive than full scanning. Fig. 3 shows
clearly, as shown in Fig. 2. Other gradient conditions the SIR chromatograms ofm /z 501, 473 and 311 in
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Table 1
Assignment of peaks in Figs. 2–4

Peak No. t m /z m /z m /z l CompoundR max
2 1 1(Fig. 2) (min) [M–H] [M1H] [M 1Na] (nm) (Fig. 1)

A 6.65 311 – – 329 1
B 9.02 353 – – 330 2
C 11.12 179 – – 329 3
D 12.42 473 – – 330 4
E 13.29 501 – – 329 N.I.
F 20.75 – 230 252 260 5
G 22.30 – 230 252 258 6
H 22.87 – 244 266 263 7
I 23.24 – 244 266 263 8
J 24.35 – 246 268 263 9
K 24.46 – 244 266 258 10a
L 25.00 – 258 280 263 10
M 25.55 – 258 280 263 11
N 27.74 – 248 270 235, 260 12
O 27.97 – 248 270 235, 260 13
P 30.90 – 262 – N.D. N.I.
Q 32.24 – 250 – N.D. 14
R 36.35 – 252 – N.D. 15

N.D., not detectable; N.I., not identified.

Fig. 3. HPLC–ESI-MS-TIC and HPLC–MS-SIR chromatograms of caffeic acid derivatives ofE. purpurea root, with a 1:5 post-column
stream splitting. Other conditions are the same as in Fig. 2.



X.-B. Luo et al. / J. Chromatogr. A 986 (2003) 73–81 79

the negative ion mode, and Fig. 4 shows the SIR ning mode. The MS response signals should come
1 1chromatograms ofm /z 258, 252, 248, 246, 244 and from [M1H] or [M1Na] ions for the positive

2230 in the positive ion mode, both with results from ion mode, and [M–H] ions for the negative ion
the full scanning method for comparison. Obviously, mode. We have successfully assigned chromatograms
the signal-to-noise ratio value indicates that the SIR ofm /z 473, 311, 258, 252, 248, 246, 244, and 230,
mode offered a better sensitivity than the full scan- but that ofm /z 501 remains unknown at present.

Fig. 4. HPLC–ESI-MS-TIC and HPLC–MS-SIR chromatogram of alkamides ofE. purpurea root, with a 1:5 post-column stream splitting.
Other conditions are the same as in Fig. 2.
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Table 2
Effects of different extraction methods for roots and extracts ofE. purpurea

Extraction solvent Extraction ratio Extraction ratio Extraction ratio of
(v /v) of cichoric acid in of cichoric acid compounds 12 and

extracts (%) in roots (%) 13 in roots (%)

Water 95.3 90.1 ,0.1
Chloroform 0.8 8.2 89.4
Acetonitrile 0.2 17.6 93.8
Ethanol 0.3 58.3 87.5
Methanol 0.1 54.2 95.6
Methanol–0.1%H PO 45.2 64.3 90.23 4

solution (8:2)
Methanol–0.1%H PO 65.3 89.5 88.23 4

solution (7:3)
Methanol–0.1%H PO 79.2 57.2 27.13 4

solution (6:4)
Methanol–0.1%H PO 83.6 44.6 18.33 4

solution (5:5)

3 .4. Effects of different extraction methods for solid dosage forms [33]. We conducted a comparison
roots and extracts study on the extraction efficiency using the reported

methanol–water mixture with a mixture of
A 1-g sample of E. purpurea powder or methanol–0.1% H PO (7:3, v /v). We found|20%3 4

E. purpurea extract was ultrasonicated once in 10 ml higher extraction efficiency when the later solvent
water, methanol, ethanol, chloroform, acetonitrile was used for extracts. Therefore, methanol–0.1%
and methanol–0.1% phosphoric acid aqueous solu- H PO was used in this work.3 4

tion in different ratios (8:2, 7:3, 6:4 or 5:5, v /v) for
20 min. The determination results were compared 3 .5. Sample analysis
with those described in Section 2.3. As shown in
Table 2, the ultrasonic extraction of dried samples Eight samples of roots and extracts ofE. purpurea
with methanol–0.1% phosphoric acid aqueous solu- were analyzed and the results are summarized in
tion (7:3, v /v) provided good yields for both cichoric Table 3.
acid and compounds 12 and 13. For extracts, cichoric acid level was 60–70 mg/g,

When a methanol–water (7:3, v /v) mixture was and alkamides were less than 0.01 mg/g. One can
used as a extraction solvent, caffeic acid derivatives see from the results that the methods of manufactur-
and alkamides could be extracted fromEchinacea ing E. purpurea extracts were problematic as al-

Table 3
Analyses of cichoric acid and compounds 12 and 13 inE. purpurea roots and extracts

a aSample Cichoric acid Compounds 12 and 13
(mg/g, dry mass) (mg/g, dry mass)

E. purpurea root (China) 11.02 0.35
E. purpurea root (USA1) 10.12 0.39
E. purpurea root (USA2) 20.82 1.43
E. purpurea root (USA3) 17.23 1.02
E. purpurea root (USA4) 19.12 1.16
E. purpurea extract (1) 60.21 ,0.01
E. purpurea extract (2) 70.14 ,0.01
E. purpurea extract (3) 65.74 ,0.01

a Average values of five parallel measurements.
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