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bstract

Flavonoids represent an important bioactive component in Achillea millefolium. The comparison of the most commonly used analytical methods
or the identification and quantification of flavonoids, capillary electrophoresis (CE) and high performance liquid chromatography (HPLC), is
resented. The methods were optimized and validated. Using a 20 mM borate buffer with 30% (v/v) of methanol (pH 9.3) in the CE analysis and
gradient elution with water–acetonitrile mobile phase in the HPLC analysis, sufficient separation of the analytes was achieved. A relatively high
njection volume in the CE analysis (30 mbar × 30 s) enabled low limit of detection (LOD) (0.3–0.7 mg/L). Repeatability of both methods was
cceptable (relative standard deviation of peak area were <6%). Additionally, the amount of flavonoids in a real sample of the dried herbal drug
as determined.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Achillea millefolium is a well-known medicinal plant, widely
sed in folk medicine for centuries. Its traditional use includes
he symptomatic treatment of bleeding (e.g., caused by hem-
rrhoids), wounds, gastrointestinal and skin disorders, and
yperhidrosis [1,2]. The German Commission E rates A. mille-
olium positively to treat the lack of appetite, dyspepsia, and
ramp-type abdominal pains (internal application) as well as
elvic congestion pains in women (topical application as sitz
ath) [3].

The pharmacological activity is attributed to sesquiterpene
actones, azulene, the main constituent of essential oil, and
avonoids. Although the European Pharmacopoeia regulates
nly the essential oil and proazulene content [4], the presence of
avonoids is of great importance as these substances are known

o have a strong spasmolytic [5,6], choleretic [7], antioxida-

ive [8,9], and antimicrobial [9] action. The major flavonoids
n A. millefolium that were included in our study belong to the
lass of flavones and flavonoles, and their glycosides: apigenin
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API), apigenin-7-O-glucoside (A7G), luteolin (LUT), luteolin-
-O-glucoside (L7G), and rutin (RUT).

Chromatographic methods such as high performance liquid
hromatography (HPLC) [7,10,11] and thin layer chro-
atography [10,12,13] have been widely used for flavonoid

dentification and quantification in the genus Achillea, and in
ecent years, capillary electrophoresis (CE) has been recognized
s an important alternative or complementary tool [10,12].

The aim of our study was to optimize the CE and HPLC ana-
ytical methods for the evaluation of five major flavonoids in A.
illefolium methanol extract. The results were statistically ana-

yzed using validation parameters (linearity, limits of detection
nd quantification, accuracy, precision, and robustness) and the
ethods were applied to determine the amount of flavonoids in
real sample.

. Experimental

.1. Materials and reagents
The dried flowering tops of A. millefolium L. corresponding
o European Pharmacopoeia were obtained from the local phar-

acy (Papaja, Kisovec, Slovenia). API, A7G, LUT, L7G, and
UT were obtained from Roth (Karlsruhe, Germany). Sodium

mailto:nina.kocevar@ffa.uni-lj.si
dx.doi.org/10.1016/j.jpba.2007.11.016
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ydroxide and electrophoresis buffers were from Agilent Tech-
ologies (Waldbronn, Germany). Methanol (Merck, Darmstadt,
ermany) and acetonitrile (Riedel-de Haën, Seelze, Germany)
ere of chromatographic grade. All other reagents were of ana-

ytical grade.

.2. Sample preparation

0.5 g of the powdered drug was accurately weighed, extracted
ith 5 mL of methanol in an ultrasonic bath for 10 min at room

emperature, and centrifuged at 11,000 rpm for 10 min. After
ecantation of the supernatant, the extraction was repeated twice
ith the same extraction protocol. The supernatants were cumu-

atively collected and the volume was brought to 15 mL. For
CE analysis, the supernatant was mixed with distilled water

8:2, v/v) and centrifuged at 10,000 rpm for 10 min to avoid
recipitation in a capillary due to the weak solubility in an aque-
us medium. Stock solutions of flavonoid standards (API, A7G,
UT, L7G, and RUT) were prepared by weighing 10 mg of each
avonoid and dissolving it in 50 mL of methanol. The solutions
ere then further diluted with methanol to obtain the concen-

ration ranges required (0.5–100 mg/L for each) and stored in a
efrigerator. The standard solutions of flavonoids were prepared
y mixing the stock solutions of each flavonoid.

.3. CE

The electrophoretic analyses were performed on a HP3D

apillary Electrophoresis System (Agilent Technologies, Wald-
ronn, Germany) controlled by a 3D-CE ChemStation
oftware, Version 10.02. All separations were carried out
sing an uncoated fused silica capillary 56 cm (50 cm to
he detector) × 50 �m i.d. with bubble cell (150 �m) (Agi-
ent Technologies, Waldbronn, Germany). The optimal running
onditions: borate buffer (pH 9.3; 20 mM) with 30% (v/v) of
ethanol, injection 30 mbar × 30 s, voltage 30 kV, temperature

0 ◦C, detection wavelength 335 nm, analysis time 20 min.
At the beginning of each working day, the capillary was con-

itioned by flushing with NaOH (1 M) for 3 min, NaOH (0.1 M)
or 3 min, and running buffer for 5 min. Between the runs, the
ollowing washing steps were performed: 3 min with distilled
ater, 2 min with NaOH (0.1 M), 2 min with distilled water, and
min with the running buffer.

.4. HPLC

HPLC analyses were performed using a Knauer HPLC sys-
em: a Well Chrom K-2500 detector, a Well Chrom K-501 pump,
nd a Knauer degasser (Knauer Wissenschaftliche Gerätebau,
erlin, Germany), equipped with an EuroChrom® 2000 Basic
dition software, Version 2.05. A C18 Kromasil 100 column
.6 mm × 250 mm, 5 �m (BIA Separations, Ljubljana, Slove-
ia) was used and detection was performed at 370 nm. The

ptimal operating conditions: injection volume 12.5 �L, flow
ate 0.8 mL/min, mobile phase A distilled water–acetonitrile
81:19, v/v) with 0.1% trifluoroacetic acid (TFA), mobile phase

100% acetonitrile with 0.1% TFA, elution gradient 0–15 min

a
s
e
m
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00–85% A, 15–20 min 85–75% A, 20–25 min 75–50% A,
5–26 min 50–0% A, 26–40 min 0% A, 40–41 min 0–100% A,
1–50 min 100% A.

. Results and discussion

.1. Method optimization

.1.1. CE
To improve peak resolution, running conditions were opti-

ized varying the running buffer composition and the CE
pparatus parameters. Borate (pH 9.3) and phosphate (pH 7.0)
uffers were tested at 20 and 50 mM concentration. With the
orate buffer, better separation was achieved and the 20 mM con-
entration was selected for the further studies. Then, the method
as additionally optimized to increase resolution of analytes

n a drug extract, which is more difficult to achieve due to the
omplex effects of a real matrix. We examined the influence of
ifferent organic modifiers which were reported to improve the
esolution of analytes [14–16]. Acetonitrile, ethanol, methanol,
ropanol, isopropanol, and mixtures of acetonitrile/methanol
nd ethanol/methanol were tested in concentrations from 10 to
0% (v/v). With the 30% methanol, the highest resolution was
chieved. This effect could be attributed to the enlargement of the
igration time window and increased solvation of the analytes.

n the previous research [12], 20% of methanol in the running
uffer was used. In our method, 20% of methanol did not produce
ufficient separation, which can be due to approximately 30-fold
arger injection volume used. The addition of sodium dodecyl
ulfate in concentrations from 1 to 100 mM markedly decreased
he resolution, even in the lowest concentrations. Additionally,
unning voltage (15–30 kV), capillary temperature (20–35 ◦C),
njection time (5–40 s), and injection pressure (20–30 mbar)
ere tested. The electropherograms obtained using optimal con-
itions are shown in Fig. 1.

.1.2. HPLC
For the HPLC method optimization, the following operat-

ng conditions were varied: mobile phase, elution gradient, and
olumn parameters (injection volume and flow rate). The most
ommonly used mobile phases for the separation of flavonoids
onsist of an organic acetonitrile and/or methanol phase, and a
ater phase with TFA [17,18]. In our experiments, the methanol

as used in [10]) and methanol–acetonitrile mobile phases
arkedly decreased the resolution in comparison to the acetoni-

rile mobile phase (also used in [7] and [11]). The separation
nder optimal conditions resulted in chromatograms shown in
ig. 2.

.1.3. Extraction
The amount of API, A7G, LUT, L7G, and RUT was deter-

ined after each of the five successive extraction steps. As
hown in Fig. 3, the major part (approximately 90% of the total

mount) of flavonoids was extracted in the first three extraction
teps. Therefore, the combined extracts of the three successive
xtractions were used for the determination of flavonoids in A.
illefolium real drug sample.
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Fig. 1. Electropherograms of a standard solution of flavonoids in methanol at a concentration of 10 �g/mL (a) and of the combined supernatants of three successive
methanol extractions of Achillea millefolium drug (b) obtained using optimal conditions (borate buffer (pH 9.3; 20 mM) with 30% (v/v) of methanol, injection
3 1), L7
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0 mbar × 30 s, voltage 30 kV, temperature 30 ◦C). The peaks identified: A7G (

.2. Validation of the methods

The characteristics and the procedures used for validation
ere those described in USP 30 [19] and in the International
onference of Harmonization (ICH) Guidelines (Q2A, Q2B)

20,21]. Also some other literature data were used [22–24].
The peaks were identified by comparison of retention time

nd UV spectra with standards and spiking of extracts with
tandards.

We studied linearity in a range of 0.5–100 mg/L (0.5, 1.0,
.0, 5.0, 10.0, 25.0, 50.0, 75.0, 100.0 mg/L) for both methods.

n addition, the results for the limit of detection (LOD—S/N
atio 3:1) and the limit of quantification (LOQ—S/N ratio 10:1)
f each compound were determined and are shown in Table 1.
OD in our method was approximately 10-fold lower compared

a
w
a
p

G (2), RUT (3), API (4), and LUT (5).

o LOD in the previous research [12], which is due to larger
njection volume used in our method.

Accuracy of the method was determined by analyzing stan-
ard solutions of known concentrations. The mean recoveries for
ll compounds were in the range of 99.1–101.0 and 99.9–100.7%
or HPLC and CE, respectively (n = 6 for each of presented con-
entration), proving a good accuracy of both methods (Table 1).

Repeatability test was performed by determination of the
ntraday variation in peak’s areas and migration/retention times
sing standard solutions. The R.S.D. values for peak area were
elow 5.1 and 4.5% for HPLC and CE, respectively (n = 6),

nd for migration/retention times ≤0.9% for both methods,
hich indicates that the repeatability of the methods is accept-

ble (Table 2) and similar to repeatability of the previously
ublished method [12]. Intermediate precision was evaluated
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Fig. 2. Chromatograms of a standard solution of flavonoids in methanol at a
concentration of 10 �g/mL (a) and of the combined supernatants of three suc-
cessive methanol extractions of Achillea millefolium drug (b) obtained using
optimal conditions (injection volume 12.5 �L, flow rate 0.8 mL/min, mobile
phase A distilled water–acetonitrile (81:19, v/v) with 0.1% TFA, mobile phase
B 100% acetonitrile with 0.1% of TFA, elution gradient 0–15 min 100–85% A,
15–20 min 85–75% A, 20–25 min 75–50% A, 25–26 min 50–0% A, 26–40 min
0
(

o
s
i
u
r
r
p
d
a
m

% A, 40–41 min 0–100% A, 41–50 min 100% A). The peaks identified: RUT
1), L7G (2), A7G (3), LUT (4), and API (5).

ver 3 days (the inter-day repeatability; n = 6) using standard
olutions (concentrations 2.5–25.0 mg/L). These solutions were
njected daily under the same conditions and the results were
sed for the repeatability study. The solutions were stored at
oom temperature (25 ± 2 ◦C) in diffuse daylight, decreasing
ecovery values approximately from 101.0 to 97.3% for all com-

ounds in water/methanol. When stored in a refrigerator in the
ark, the recovery ranged from 101.1 to 99.7% over 3 days for
ll compounds. The R.S.D. values (0.8–1.2 and 0.7–1.0% for
igration/retention time and 1.6–3.7 and 2.8–3.7% for peak area
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Table 2
Determination of repeatability and intermediate precision (Pa: peak area; tm: migration time; tr: retention time)

Sample Parameter R.S.D. (%)

Repeatability (n = 6) Intermediate precision (3 days; n = 6)

API A7G LUT L7G RUT API A7G LUT L7G RUT

Standard
solu-
tion

CE (Pa) 3.08 3.57 3.41 4.45 4.29 1.94 2.91 1.56 3.67 2.76
HPLC (Pa) 3.32 4.68 2.89 4.34 5.11 3.24 2.83 3.71 2.99 3.62
CE (tm) 0.81 0.85 0.67 0.93 0.75 0.78 0.95 1.18 1.05 0.98
HPLC (tr) 0.49 0.52 0.62 0.89 0.56 0.86 0.69 0.94 0.99 0.83

Drug
e

CE (Pa) 4.71 3.16 5.53 5.77 4.14 2.17 2.19 4.28 3.17 5.05
HPLC (Pa) 4.46 4.30 2.40 5.39 5.83 2.10 5.11 2.97 4.05 5.21

1.08 0.89 0.72 1.21 1.32 1.05
0.74 1.02 1.07 1.11 0.95 0.98

T ediate precision, respectively, which is clearly explained in the text.
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Table 3
Application results (n = 6)

Flavonoid/dry drug (mg/g)

API A7G LUT L7G RUT

C
H

a
H
a
g
1

3

m
T

xtract CE (tm) 0.79 0.88 1.02 1.13
HPLC (tr) 0.65 0.61 0.59 0.66

he bold values represent the maximum RSD values for repeatability and interm

or CE and HPLC, respectively) indicate that the intermediate
recision is acceptable (Table 2).

Additionally, the precision of the methods was also examined
y six replicate injections of the methanol extract intraday and
etween 3 days. The repeatability and intermediate precision for
eak area (Table 2) was acceptable for each compound and did
ot exceed 5.8 and 5.0% (CE), and 5.8 and 5.1% (HPLC), respec-
ively, as well as for migration/retention time which was below
.1 and 1.3% (CE), and 0.7 and 1.1% (HPLC), respectively.

The parameters of the optimum CE and HPLC conditions
ere slightly modified in order to evaluate the robustness

24]. The design applied was the fractional factorial design.
he effects of different concentrations of an organic modifier
±0.5%) in the running buffer as well as the effects of buffer
H (±0.06), capillary temperature (±5 ◦C), running voltage
±1 kV), and detection wavelength (±3 nm) were determined
or the CE method. No significant variations in specificity, accu-
acy, and precision were found over the tested ranges, which
ndicated a good robustness of the CE method (R.S.D.s were

ower then 1.9% for migration time and peak area).

The effects of different concentrations of an organic mod-
fier (±0.5%) in the mobile phase as well as the effects of pH
±0.06), column temperature (±5 ◦C), flow rate (±0.1 mL/min),

ig. 3. The amount of flavonoids after each of the five successive extraction
teps determined by CE and HPLC.

b
a

4

m
r
d
2
w
o
m
m
s
w
m
u

R

E 0.09 0.17 0.13 0.32 0.54
PLC 0.10 0.15 0.13 0.47 0.48

nd detection wavelength (±3 nm) were determined for the
PLC method. No significant variations in specificity, accuracy,

nd precision were found over the tested ranges, which indicated
ood robustness of the HPLC method (R.S.D.s were lower then
.2% for retention time and peak area).

.3. Application

The presented CE and HPLC methods were tested to deter-
ine the five flavonoids in a real sample of the dried herbal drug.
he results for all five flavonoids in a real sample are shown for
oth CE and HPLC methods in Table 3. The presented results
re comparable with the reported values [12].

. Conclusions

The advantage of the proposed CE method over the HPLC
ethod for the analysis of flavonoids in A. millefolium is its lower

unning costs and better environmental acceptability. In the
eveloped and proposed methods, 20 analyses with CE require
mL of the borate buffer containing 30% (v/v) of methanol,
hile 20 analyses with HPLC require approximately 600 mL
f the mobile phase with acetonitrile. A disadvantage of a CE
ethod is usually a lower sensitivity in contrast to a HPLC
ethod, but in our study under optimal conditions for the analy-

is of flavonoids from A. millefolium, the difference in sensitivity
as not significant between the proposed methods. The HPLC
ethod showed slightly better robustness over the CE method

nder developed and optimal conditions.
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