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Abstract

Purple coneflower (Echinacea purpurea) is an immunostimulating drug, containing multiple substances. The most important in activity are
polysaccharides, caffeic acid derivatives (cichoric acid), alkamides and glycoproteins. It is not clear yet, which substances are responsible for
activity. Cichoric acid is an appropriate marker of the quality ofE. purpureacontaining product, because it has immune stimulatory effects
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nd it is susceptible to degradation.
In this work, an improved capillary electrophoresis method for determining cichoric acid in dried press juice from purple co

as developed. The optimal conditions were: electrophoretic buffer—75 mM borate, pH 8.8; injection 20 mbar for 20 s; separation
etection at 350 nm, temperature 35◦C.
2005 Elsevier B.V. All rights reserved.

eywords: Echinacea purpurea; Purple coneflower; Cichoric acid; Capillary electrophoresis

. Introduction

Purple coneflower (Echinacea purpureaMoench), orig-
nated in the United States of America, and was brought to
urope in the late 19th century. Per oral use of its aerial
arts and juice expressed from the fresh aerial parts is al-

owed for treating common cold, upper respiratory tract and
rinary tract infections, and topical use is allowed for poorly
ealing wounds[1–3]. It exhibits antioxidative, antibacterial,
ntiviral and antifungal activities, but most of all it affects the

mmune system[1–19]. It is one of the few plants that stim-
late the non-specific immune system[3,20]. It is used for

reating flu and cold, against which symptomatic treatment
s an established procedure.

The most important potential active compounds in pur-
le coneflower are polysaccharides, caffeic acid derivatives
especially cichoric acid), alkamides and glycoproteins[4,5].
espite much research, it is not known which substance or
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group of substances is effective. Since the active substa
not known, an appropriate marker has to be chosen in
to determine juice or drug quality. Purple coneflower c
taining products on the European market are standar
on different compounds, also on compounds with no act
(e.g. glycine–betaine[3]). Cichoric acid was chosen, becau
it has immune stimulatory effects and is most probably
sorbed in adequate quantities.

Many articles on LC methods for determination of p
nolic acids and/or alkamides inEchinaceawere publishe
recently[21–26]. Capillary electrophoretic (CE) method
phenolic acids inEchinacea[27], and CE method for phen
lic acids and alkamides[28,29], have been published. Wh
the method for determination of cichoric acid accordin
reference[27] was applied on our CE system, retention tim
and areas under the peaks were found to be irreproducib
this work, all the critical phases of the method were alte
resulting in an improved CE method for determining cich
acid content inE. purpureapressed juice. This method
also selective for caffeic acid and its derivatives chlorog
and caftaric acids. Gentisic acid was used as an int
039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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standard (IS), as it cannot be found in the purple coneflower
and it is substantially cheaper than cichoric acid and caftaric
acid. In comparison to LC methods[21–26], this CE method
has lower operating costs and is more environmentally
acceptable.

2. Experimental

2.1. Samples

Several different batches ofE. purpureadried press juice
were used, standardised to≥3% cichoric acid. One gram
of dried press juice corresponds to 10–15 mL of fresh press
juice, with a drug:extract ratio = 8–25:1. Samples were dis-
solved in water using an ultrasonic bath for approximately
5 min, then filtered. A concentrated solution of internal stan-
dard (2 mg/mL) was added to the filtered sample and diluted
with water to give a final concentration of 5 mg of sample/mL
and 0.4 mg gentisic acid/mL in water.

Standard substances of chlorogenic acid (PhytoLab, Labor
Addipharma GmbH&Co.); cichoric acid (PhytoLab, Labor
Addipharma GmbH&Co.); caftaric acid (ChromaDex Inc.),
caffeic acid (Fluka) and gentisic acid (Sigma Chemical Co.)
were dissolved in water.
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Fig. 1. UV absorbance spectra of cichoric acid, caftaric acid, chlorogenic
acid and caffeic acid.

3. Results and discussion

3.1. Detection optimisation

Detection at 300 nm was used by other authors[27]. The
spectrum of cichoric acid has a maximum at 350 nm (Fig. 1)
with an absorbance twice that at 300 nm. Detection at 350 nm
was, therefore, used routinely.

The absorbance is a function of the bandwidth. Band-
widths of 15 nm (342–357 nm), 40 nm (330–370 nm) and
80 nm (310–390 nm) were tested. Narrow range offers the
highest signal, but also the highest noise of base line (Table 1)
and conversely. The medium range was chosen for the best
signal-to-noise ratio.

3.2. Selection of electrophoresis buffer

A series of borate buffers with different combinations of
concentration (25, 50 and 75 mM) and pH 8.3, 8.8, 9.3 and
9.8 were tested. Seventy-five milimolar borate buffer pH 8.8
gave best results. The addition of two surfactants was also
tested: sodium dideoxycholate (70 mM), which is suggested
in the literature[27], and SDS (70 mM), which is the most
frequently used surfactant in capillary electrophoresis. With
sodium dideoxycholate, the peak of cichoric acid exhibited
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.2. Capillary electrophoresis

If not otherwise specified, the Hewlett Packard 3D (HP
apillary Electrophoresis System) with a diode array UV
etector (DAD), controlled by HP 3D ChemStation 6.03, w
glass capillary (57 cm× 50�m and bubble detection ce

hermostated at 35◦C was used. The capillary was rinsed
min with methanol and 1 min with buffer prior to each an
sis. The electrophoresis buffer was 75 mM borate, pH
he sample was injected at 20 mbar for 20 s. Separation
erformed at 20 kV. Detection was atλ = 350 nm (respons

ime 1 s).
The cichoric acid content was calculated by the form

PCA × CGA × V × 0.09365× R

PGA × ms
× 100, (1)

herePCA is the area under the cichoric acid peak;PGA,
he area under the gentisic acid peak;CGA, the concentratio
f IS in sample solution (mg/mL);V, the sample volum
mL); 0.09365, the response factor of gentisic acid rela
o that of cichoric acid;ms, the mass of dried press jui
o be examined (mg) andR is the dilution factor of samp
reparation (usually 4).

The content of caftaric acid and chlorogenic acid
resent) can also be calculated, with use of response

ors 0.16369 and 0.29308, respectively. We calculated
esponse factor as the ratio of slope of the two calibra
urves prepared with standard solutions.
disturbance in shape (Fig. 2) and the retention time
ery irreproducible. Reproducibility was improved, when
apillary was rinsed with 0.1 M NaOH for 4 min, follow
y water and electrophoresis buffer. Buffer containing S
esulted in the absence of tailing and good reproducib

able 1
he influence of detection wavelength range on peak height and nois

ange of wavelengths
ncluded in detection (nm)

Height of the cichoric
acid peak (mAU)

Noise Signal-to-
noise ratio

5 101 0.14 721
0 92 0.07 1314
0 73 0.06 1216
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Fig. 2. Electropherogram ofE. purpureadried press juice analysed with
electrophoresis buffer according to reference[27] (containing sodium
dideoxycholate (70 mM)). Cichoric acid peak with a plateau shaped dis-
turbance can be observed.

but the resolution was equal or worse than in absence of
any surfactant. Therefore, no surfactant was used in further
analyses (Fig. 3).

3.3. Injection optimisation

It is known that large amounts of injected sample pro-
duce broader peaks than small amounts. However, the same
amount of sample can be injected as a small volume at high
concentration or conversely. Experiments showed that dilu-
tion of the sample improved the resolution. The peaks of
cichoric and caftaric acids were 12% and 13% wider, when
a small volume of concentrated sample (10 mg/mL) was in-
jected, than a four-fold higher volume of four-fold diluted
sample (Table 2). This is probably due to the sample stacking
effect, which is more efficient in diluted samples. During the
sample stacking, the molecules of analyte are concentrated a
the beginning of the capillary, if the sample solution has much
lower ionic strength than that of the electrophoresis buffer.
A sample concentration of 2.5 mg/mL with 20 mbar× 20 s
injection was used for further analyses.

3.4. Temperature optimisation

Four different capillary temperatures were tested: 20,
2 ◦ r at

higher temperatures: at 20◦C Rt for cichoric acid peak was
25–26 min and, at 45◦C, Rt 15–16 min. No influence on sep-
aration, except some worsening at 45◦C was observed; thus,
35◦C was chosen for further analyses.

3.5. Stability of sample and standard solutions

The water solution of the sample was stable for 24 h,
after which a decrease in cichoric acid concentration and
appearance of a white precipitate was observed. There was
however, no increase of any peak. Increase of the caffeic
acid peak would be expected, if there was degradation
due to hydrolysis. Much faster degradation was observed
by other authors[30], but caffeic acid did not appear in
their experiments either. It is more likely that polyphenol
oxidases catalyse oxidation of polyphenols with O2 [30].
Furthermore, those oxidised products can react with other
polyphenols, amino acids or other nucleophiles giving
rise to complex polymer structures, which can form a
precipitate.

Standard solutions of chlorogenic and gentisic acid
in water were stable at least for 30 h, if light protected.
Solutions of cichoric acid in water were less stable; in
24 h there was approximately 32% reduction. No decrease
was observed in approximately 7 h (the time needed for
v le in
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5, 35 and 45C. The retention times (Rt) were shorte

able 2
ichoric and caftaric acid peak width on the electropherograms as a

ample concentration (mg/mL) Peak Injection

5 mbar× 10 s

0
Cichoric
acid

0.2928
5 0.2819
2.5 0.2684
1.25 0.2663

0
Caftaric
acid

0.3966
5 0.3543
2.5 0.3093
1.25 0.2869

ince the retention times were not influenced by injection procedure
epresents the analyses where the same amount of analytes were inj
t

alidation of the method). Caftaric acid was more stab
ater than cichoric acid; in 24 h the peak of caftaric a
ecreased by approximately 9% (Fig. 3).

.6. Precision

Reproducibility of the system was established by six
essive analyses of actual sample solution with IS at app
ately, 0.4 mg gentisic acid concentration. Relative stan
eviations of the peak areas were 3.4%, 3.7% and 3.3%
ichoric, caftaric and gentisic acids, respectively. The
etween peak area and IS was 2.0% and 2.8% for cic
nd caftaric acids, respectively. When the IS was used
andom error was reduced by approximately 1%, whic
he error of injection.

of sample concentration and injection volume

10 mbar× 10 s 20 mbar× 10 s 20 mbar× 20 s

0.3213 0.3508 0.4461
0.2715 0.2887 0.3461
0.2561 0.2612 0.2811
0.2425 0.2522 0.2614

0.4768 0.5714 0.8514
0.3764 0.4470 0.7040
0.2946 0.3499 0.5101
0.2813 0.3001 0.3652

mple concentration, wider peaks are related to smaller resolution. Fi
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Table 3
Statistical parameters defined according to ICH guidelines[31,32]

Standard Tested range (mg/mL) Determination coefficient Slope (mAU/(mg mL)) Intercept Bias (%)

Gentisic acid 0.1000–0.8000 >0.995 1031± 38 −18 ± 19 100–6.5
Cichoric acid 0.0741–0.5928 >0.973 11006± 1048 −256 ± 392 100–12.2
Caftaric acid 0.0440–0.3522 >0.980 6297± 513 −121 ± 114 100–18.5
Chlorogenic acid 0.0399–0.2794 >0.992 3517± 174 −9 ± 31 100–2.4

Fig. 3. Electropherogram of solution of the actual sample ofE. purpurea
dried press juice (containing approximately 0.2 mg cichoric acid/mL) and
of gentisic acid standard (approximately 0.4 mg gentisic acid/mL).

3.7. Linearity

Statistical parameters describing linearity of peak area as
function of concentration are presented inTable 3.

3.8. Limits of detection and quantitation

The approach based on signal-to-noise ratio was chosen,
which can be applied to analytical procedures, which exhibit
baseline noise. The limit of detection for cichoric acid was
1.1× 10−3 mg/mL (signal-to-noise ratio of 3:1) and quanti-
tation limit 3.5× 10−3 mg/mL (signal-to-noise ratio of 10:1).

4. Conclusion

An improved CE method was developed. Since cichoric
and caftaric acids standards are extremely expensive, for rou-
tine analyses a cheaper standard is preferred. The CE method
described uses gentisic acid as IS and response factors con
tent of cichoric, chlorogenic and caftaric acids are calculated
in one run.
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