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Abstract

The aim of this study was to evaluate the chromatographic performance of a poly(ethylene glycol) (PEG) stationary phase for the HPLC
analysis of the secondary metabolites (chlorogenic acid, flavonoids, phloroglucinols and naphthodianthrones) in methanolic extracts ofHy-
pericum perforatumL. (St. John’s Wort) flowering tops, herbal medicinal products and dietary supplements. A fast and reliable method was
developed. The analyses were carried out on a Supelco Discovery HS PEG column (150 mm× 4.6 mm i.d., 5�m). A gradient mobile phase,
composed of 0.1 M aqueous acetic acid solution (pH 2.8) and methanol–acetonitrile (5:4, v/v), was used. The flow rate was 1 mL/min. The
p aphthodi-
a nd showed
g ue allowed
t d the
f f the active
c
©

K is; HPLC

1

W
p
a
u
p
i
r
t
b
d

(

trated
ials

high
their
com-
of

and
in),
I8-
ricin,

arma-
nd
ities
rk
arts.

ical

0
d

hotodiode array detector monitored the eluent at 270 (for chlorogenic acid, flavonoids and phloroglucinols) and 590 nm (for n
nthrones). The column was maintained at room temperature. The total running time was 40 min. The method was validated a
ood linearity, precision, accuracy, sensitivity and specificity. Through the above described phytochemical markers, this techniq

he unequivocal identification and standardization ofH. perforatumplant material and phytoproducts. The quantification data highlighte
act that the products on sale, in particular those labeled as dietary supplements, varied widely in the quantitative composition o
onstituents. The developed method could be considered suitable for the quality control ofH. perforatumherb and derivatives.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Hypericum perforatumL., also known as “St. John’s
ort”, is a herbaceous perennial plant belonging to theHy-
ericaceaefamily. It has been used as a medicinal plant since
ntiquity. Nowadays, the dried flowers or aerial parts are
sed for the preparation of herbal medicines employed in
hytotherapy. A series of pharmacological properties, rang-

ng from wound healing[1] and antiseptic[2] to antivi-
al [3], anti-inflammatory[4,5], anticancer[6], ethanol in-
ake inhibition[7] and apoptosis-inducing activities[8,9] has
een described. However, its preeminent and carefully vali-
ated application is the symptomatic treatment of mild and
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moderate depression and its efficacy has been demons
through a number of pharmacological and clinical tr
[10–14].

In various studies the isolation and analysis of a very
number of substances from different structural types and
pharmacological properties have been described. These
pounds (Fig. 1) include chlorogenic acid, a broad range
flavonoids (rutin, hyperoside, isoquercitrin, quercitrin
quercetin), phloroglucinols (hyperforin and adhyperfor
biflavonoids (I3′, II8-biapigenin or amentoflavone and I3, I
biapigenin) and naphthodianthrones (protopseudohype
protohypericin, pseudohypericin and hypericin).

Several researches have concluded that the total ph
cological activity ofH. perforatumpreparations may depe
not on a single compound, but on the combined activ
of several plant constituents[15]. These compounds wo
“synergistically” and cannot be separated into active p
Consequently, it is necessary to define all the phytochem

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structures of the active constituents ofHypericum perforatumL.
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Fig. 1. (Continued).

constituents of botanical extracts to understand the bioactiv-
ity and possible adverse effects of the active compounds, and
to enhance product quality control.

High-performance liquid chromatography (HPLC) has
been widely applied for the analysis of the secondary metabo-
lites of H. perforatum. So far, several HPLC methods deal
with the analysis of all the active ingredients ofH. perfora-
tumextracts[15–28], while others are specific for the assay
of naphthodianthrones[29–34]or phloroglucinols[35–39]or
both [40–43]. Usually, HPLC analyses are carried out with
C18 columns. However, most of the methods reported in the
literature for the phytochemical analysis of all the active com-
poundsH. perforatumare not economical in terms of time
(60–90 min or more) and solvent usage.

In recent years, novel RP-HPLC stationary phases con-
taining polar groups have been developed for efficient analy-
sis of samples that contain a wide range of polarities, allowing
a reduction in the analysis time. In particular, a poly(ethylene

glycol) (PEG) packing is characterized by ether groups which
can help to overcome traditional chromatographic problems
related to the analysis of sample components with very dif-
ferent retention times. This improvement arises from a com-
bination of increased retention for polar compounds and de-
creased retention for non-polar compounds, which reduces
the total analysis time. Most plant materials comprise a com-
plex mixture of different phytochemicals (plant secondary
metabolites), with a wide range of polarities. One such case
is theH. perforatumherb.

In this study, the performance of a new polar reversed-
phase stationary phase was evaluated for the analysis of the
active compounds ofH. perforatumherb. To the best of our
knowledge, no studies on the application of the PEG station-
ary phase in phytochemical analysis have been reported so
far.

The validation procedure, according to ICH guidelines,
proved that the method has good linearity, accuracy, precision
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and sensitivity. The practical applicability of this procedure
was tested by assaying the extracts ofH. perforatumherbs
and phytoproducts. Considering the results of this method,
the PEG stationary phase could be further investigated and
applied in the phytochemical analysis of various vegetable
matrices and derivatives containing phenolic compounds.

2. Experimental

2.1. Chemicals and solvents

Rutin, hyperoside, quercitrin, quercetin, amentoflavone
and hypericin were purchased from Extrasynthese (Genay,
France). Isoquercitrin and hyperforin were from Roth (Karls-
ruhe, Germany). Methanol HPLC grade, acetonitrile HPLC
grade, formic acid, phosphoric acid, trifluoroacetic acid and
chlorogenic acid were from Sigma (Milan, Italy). Glacial
acetic acid was from J.T. Baker (Milan, Italy). Water was
purified using a Milli-Q PLUS 185 system from Millipore
(Milford, MA, USA).

2.2. Plant material

Hypericum perforatumL. flowering tops were harvested
in spring 2003 in an experimental field located in Ozzano
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consisting of a vacuum degasser, a quaternary pump, an
autosampler, a thermostatted column compartment and a
photodiode array detector (PAD). The chromatograms were
recorded with Agilent ChemStation for LC and LC–MS sys-
tem (Rev. A.08.03) on a Pentium III personal computer.

2.4. HPLC method

The analyses were carried out on a Supelco Discovery HS
PEG column (150 mm× 4.6 mm i.d., 5�m) (Supelco, Belle-
fonte, PA, USA). To protect the integrity of the analytical
column, all analyses were performed with a coupled Supelco
Discovery HS PEG guard column (20 mm× 4.0 mm i.d.,
5�m). The mobile phase was (A) 0.1 M aqueous acetic acid
solution (pH 2.8) and (B) methanol–acetonitrile (5:4, v/v).
The gradient elution was modified as follows: initial 10% B;
0–18 min 10–30% B; 18–25 min 30–90% B; 25–40 min 90%
B. The total running time was 40 min. The post-running time
was 5 min.

The flow rate was 1 mL/min. The detector monitored the
eluent at 270 (for chlorogenic acid, flavonoids and phloroglu-
cinols) and 590 nm (for naphthodianthrones). The column
was maintained at room temperature. The sample injection
volume was 5�L. Three injections were performed for each
sample.
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Bologna, Italy) from 3-year-old plants and were kindly
ated by Dr. Maria Grazia Bellardi (Dipartimento di Scie
Tecnologie Agroambientali (DiSTA), Patologia Veget
niversit̀a degli Studi di Bologna, Italy). The plant mater
as dried in airy rooms in the dark at ambient tempera
fter drying, it was stored and protected from light and hum

ty until required for chemical analysis. A voucher specim
as deposited at the Herbarium of the Botanical Garde

he University of Modena and Reggio Emilia (Italy).
The dried plant material was ground on a IKA M20 grin

Staufen, Germany) before extraction.
H. perforatumherbal medicinal products (tablets and c

ules) were purchased in local pharmacies in summer
nd are representative of the Italian market. These p
cts are classified as prescription drugs and are indi

n the text asH. perforatumHMP1-HMP4, respectively. Th
. perforatumdietary supplements (tablets and capsules
er investigation were purchased in local shops in sum
004. These products are indicated in the text asH. perfo-
atumDS1-DS5, respectively. Of all the samples purcha
ix were labeled as standardized for their content of hype
0.3%). Only single herb preparations ofH. perforatumwere
urchased so that qualitative and quantitative determina
ould be carried out without contamination from other p
xtracts.

.3. Chromatographic apparatus

Chromatography was performed on an Agilent Techn
ies (Waldbronn, Germany) modular model 1100 sys
.5. Identification of constituents and peak purity

Peaks were identified on the basis of their retention
tR) values and UV–vis spectra by comparison with th
f the single compound in the standard solution. Peak

ity was also confirmed by spiking the extracts with p
tandards (standard addition method). Because of the
f the other naphtodianthrones, pseudohypericin, proto
ohypericin, and protohypericin were identified by com

son of the UV–vis spectrum with literature data[41]. In
articular, pseudohypericin has the same UV–vis spec
s hypercin and it is reported in the literature as the m
ompound among the naphthodianthrones. Protopseu
ericin and protohypericin have a UV–vis spectrum sim
ut not identical to those of hypericin and pseudohyper
rotopseudohypericin and protohypericin peaks were id
ed in accordance with the polarity of these compounds

Peak purity test was performed using a photodiode a
etector coupled to the HPLC system, comparing the
pectra of each peak with those of authentic reference
les.

.6. Standard solutions and sample preparation for
uantification

The stock standard solution of each standard comp
chlorogenic acid, rutin, hyperoside, isoquercitrin, querci
uercetin, hyperforin, amentoflavone and hypericin) was
ared as follows: about 2.0 mg of each compound wa
urately weighed and placed into a 5 mL volumetric fla
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Methanol–acetonitrile (5:4, v/v) was added and the solution
diluted to volume with the same solvent.

External standard calibration curves were estab-
lished on seven data points covering the concentration
range of 4.40–440.40�g/mL for chlorogenic acid, 4.19–
419.20�g/mL for rutin, 3.94–394.00�g/mL for hyperoside,
4.58–458.20�g/mL for isoquercitrin, 4.16–416.40�g/mL
for quercitrin, 4.22–421.60�g/mL for quercetin, 5.29–
264.60�g/mL for hyperforin, 4.14–413.80�g/mL for
amentoflavone and 6.54–326.80�g/mL for hypericin. Five
microliters aliquots of each standard solution were used for
HPLC analysis. Triplicate injections were performed for
each standard solution. Each calibration curve was obtained
by plotting the peak area of the compound at each level
prepared versus the concentration of the sample.

Pseudohypericin has the same UV–vis spectrum as hyper-
icin and was therefore quantified with the hypericin calibra-
tion curve[34,41]. The amounts of protopseudohypericin and
protohypericin were evaluated using the calibration curve of
hypericin[41].

Regarding the sample preparation, a weighed amount
(0.5 g) of finely powdered plant material was extracted with
10 mL of methanol at room temperature using a magnetic
stirrer (Multistirrer, Velp Scientifica, Milan, Italy) or an ultra-
sonic bath (Sonorex RK-100 H, Bandelin, Berlin, Germany)
for 15 min. After centrifugation for 5 min at 2718×g, the
s olu-
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methods were evaluated: magnetic stirring and sonication.
Both these methods were carried out at room temperature
to avoid the decomposition of the active constituents[28],
such as naphthodianthrones and phloroglucinols. As shown
in Fig. 2, magnetic stirring was more efficient than sonication
for the extraction of the compounds of interest. Extraction us-
ing sonication is a very common practice in phytochemical
research. However, the low ultrasonic frequency (35 kHz) ap-
plied by the equipment used in this study was not sufficient to
obtain a satisfactory extraction of the compounds of interest.

In accordance with the above observations, in this work
the extraction procedure was carried out at room temperature
using a magnetic stirrer. It was found that two extraction pro-
cedures for each sample were sufficient to obtain a complete
extraction of the secondary metabolites fromH. perforatum;
further extraction steps did not led to a more efficient extrac-
tion of the active compounds. The efficiency of the extraction
method applied is this study was confirmed by the recovery
data reported in Section3.3.

Furthermore, since naphthodianthrones and phlorogluci-
nols are sensitive to light[28], the extraction procedure was
performed as far as possible under protection from daylight.

3.2. Method development and optimization

Several mobile phases have been described in the litera-
t
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upernatant solution was filtered under vacuum into a v
etric flask. The residue was re-extracted in the same
he filtrates of the two extractions were combined in a 25
olumetric flask and methanol was added to make the
olume. As far as possible, all extraction procedures w
erformed under protection from daylight, and amber g
tensils were used.

As for the herbal medicinal products and dietary sup
ents, a weighed amount (0.5 g) of finely powdered mat

from 10 powdered tablets or from the contents of 10
ules) was extracted according to the procedure previ
escribed.

All the extracts were filtered through a 0.45�m PTFE
lter into a HPLC vial and capped. The use of PTFE fil
nabled us to avoid the loss of naphthodianthrones d
lter absorption[25,31].

The extraction procedure was repeated twice for each
le.

. Results and discussion

.1. Selection of the extraction method

Different solvents and extraction methods are reporte
he literature for the analysis of the active compound
. perforatum[15–43]. Methanol is one of the most com
only used solvents for an exhaustive extraction ofH. perfo-
atum[15,19,20,24–26,28,33,34,38,40,41]and was therefor
hosen as the extraction solvent. In this study, two extra
ure for the analysis of the secondary metabolites ofH. perfo-
atum [15–43]. Reversed-phase C18 columns are almost e
lusively used[15–23,25–27,29,30–32,34–37,39–43]. Fur-
hermore, a C12 column has been successfully used
he phytochemical analysis ofH. perforatum [28]. Runs
re generally an hour long or more, with equilibrat
etween runs. Flow rate is usually 1 mL/min. Ana
es are carried out at, or slightly above, room temp
ure. Injection volume is generally 20�L. Photodiode ar
ay [15,16,19,21–25,27,28,30,31,34,35,37,38,41,43], mass
pectrometric[15,17,19,22,28,29,32,37,38,43]and nuclea
agnetic resonance[17] detection were employed to ident
ost of the components. Furthermore, fluorescence dete
as employed for the analysis of hypericin and pseud
ericyn[32,40,42]. Recently, electrochemical detection w
pplied for the determination of hyperforin[39].

In this study, the chromatographic performance o
oly(ethylene glycol) bonded phase for the phytochem
nalysis ofH. perforatumsecondary metabolites was eva
ted. Preliminary results demonstrated that the applicati

his packing in normal phase mode did not allow a satisfac
eparation of the compounds of interest. The reversed-
hromatographic conditions were then optimized with
im of obtaining chromatograms with a good resolution o

acent peaks within a short analysis time. Two solvents
sed as the mobile phase: (A) aqueous acidic solution
B) methanol–acetonitrile (5:4, v/v). During the method
elopment, water acidified with several acid additives, su
hosphoric, formic, acetic and trifluoroacetic acid was te
cetic acid is one of the most frequently chosen acid a



210 F. Pellati et al. / J. Chromatogr. A 1088 (2005) 205–217

Fig. 2. Comparison between two methods of extraction ofH. perforatumflowering tops.

tives, since it can protonate the phenolic hydroxyl groups,
which makes it an effective additive for polyphenols. In this
study, water containing 0.1 M acetic acid was finally selected
as the solvent (A). Several pH values, from 2.5 to 8.0, of
the aqueous solution were also evaluated. At more acidic
pH values, phenol groups are protonated with a consequent
reduction in peak tailing of phenolic compounds. The op-
timum pH value of the acetic acid solution was found to
be 2.8.

Firstly, isocratic elution was tried, but it did not allow the
elution of the non-polar components. Gradient elution was
therefore carried out so as to ensure that the elution of all the
compounds was completed within a short time. To optimize
the mobile phase for a binary gradient profile, different com-
positions of methanol-acetonitrile (5:4, v/v) in water contain-
ing 0.1 M acetic acid were used. The gradient which gave the
optimum separation was finally chosen. Under the gradient
conditions reported in the previous section the peaks were
well separated in a short time, with the exception of hypero-
side and isoquercitrin. According to the literature[19,20,23],
the resolution of hyperoside and isoquercitrin is problematic:
these flavonoids have a very similar polarity and could not be
separated under the applied chromatographic conditions.

Flow rates between 0.6 and 1 mL/min were studied. A flow
rate of 1 mL/min gave an optimum signal-to-noise ratio with
a reasonable separation time.

cid,
fl per-
i noise
r

s at
2

ondi-
t m-
p e

(40 min). The retention times of the compounds of interest
are shown inTable 1.

Column performance results are presented inTable 1.
As a measure of column performance, the number of
theoretical plates (N) for each constituent was evaluated.
The chromatographic parameters were satisfactory for these
components: thea values were higher than 1.00 and theRs
values were higher than 1.50, indicating a good separation
[44].

3.3. Method validation

For the validation of the analytical method, the guidelines
of the International Conference on Harmonization of Techni-
cal Requirements for the Registration of Pharmaceuticals for
Human Use and US Pharmacopeia 27 were followed[45,46].

Linear regression analysis for chlorogenic acid,
flavonoids, hyperforin and hypericin was performed
by the external standard method. The validating parameters
of each calibration curve (slope (a), intercept (b), correlation
coefficient (r2), standard deviation of the slope and standard
deviation of the intercept) are described inTable 2. Excellent
linearity was observed for all these compounds between
peak areas and concentrations over the range tested.

The accuracy of the analytical procedure was evaluated
with the recovery test: this involved the addition of known
q ppro-
p own
a es
w PLC
m s %
r from
s

od is
d

Data were collected at 270 nm for chlorogenic a
avonoids and phloroglucinols, and at 590 nm for hy

cins since these wavelengths gave the best signal-to-
esponse.

Fig. 3 shows the chromatogram of mixed standard
70 nm.

When the solvent system and the chromatographic c
ions reported in Section2 were employed, the active co
onents ofH. perforatumwere separated in a short tim
uantities of reference standards, using each time the a
riate standard of the nine available in this study, to kn
mounts ofHypericumflowering tops. The fortified sampl
ere then extracted and analyzed with the proposed H
ethod.Table 3reports the recovery data, expressed a

ecovery, that were obtained by comparing the results
amples and fortified samples.

Considering the results of the recovery test, the meth
eemed to be accurate.
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Fig. 3. Chromatogram of a standard mixture of the secondary metabolites ofH. perforatum. For peak identification, seeFig. 1. Concentrations of compounds
were: 122.5�g/mL for chlorogenic acid, 68.9�g/mL for rutin, 69.8�g/mL for hyperoside, 93.6�g/mL for isoquercitrin, 59.6�g/mL for quercitrin, 62.0�g/mL
for quercetin, 155.9�g/mL for hyperforin, 47.6�g/mL for amentoflavone, 176.8�g/mL for hypericin. Experimental conditions as in Section2.4. Detection:
UV at 270 nm.

Table 1
System-suitability report for the separation of the major compounds ofH. perforatum

Compound tR (min) Theoretical plates (N) Resolution (Rs) Selectivity (�) Peak symmetry

Chlorogenic acid 6.01 4492 – – 0.89
Rutin 12.31 10785 15.11 2.05 0.96
Hyperoside and isoquercitrin 15.90 9522 6.35 1.29 0.86
Quercitrin 19.56 26302 6.46 1.23 1.09
Quercetin 25.00 407270 16.99 1.28 1.02
Hyperforin 26.05 323846 6.16 1.04 0.70
Amentoflavone 26.43 488906 2.29 1.01 1.01
Hypericin 34.94 74680 25.63 1.32 0.80

Experimental conditions: Supelco Discovery HS PEG column (150 mm× 4.6 mm i.d., 5�m) coupled to a Supelco Discovery HS PEG guard column
(20 mm× 4.0 mm i.d., 5�m). Mobile phase: 0.1 M aqueous acetic acid solution (pH 2.8) and methanol-acetonitrile (5:4, v/v), gradient. Flow rate: 1 mL/min.
Injection volume: 5�L. Temperature: ambient. Detection: 270 and 590 nm.

Table 2
Statistical analysis for the calibration curves of the active compounds ofH. perforatuma

Compound Wavelength (nm) Linearity range (�g/mL) Slope (a) Intercept (b) r2

Chlorogenic acid 270 4.40–440.40 4.808 (±0.014) −8.355 (±2.652) 0.9998
Rutin 270 4.19–419.20 7.368 (±0.014) −0.946 (±2.544) 0.9999
Hyperoside 270 3.94–394.00 10.350 (±0.016) −12.033 (±2.821) 0.9999
Isoquercitrin 270 4.58–458.20 10.234 (±0.020) −2.354 (±3.977) 0.9999
Quercitrin 270 4.16–416.40 9.656 (±0.023) −12.158 (±4.211) 0.9999
Quercetin 270 4.22–421.60 11.883 (±0.030) −23.510 (±5.492) 0.9999
Hyperforin 270 5.29–264.60 2.027 (±0.004) 9.233 (±0.478) 0.9999
Amentoflavone 270 4.14–413.80 20.773 (±0.026) −8.362 (±4.653) 1.0000
Hypericin 590 6.54–326.80 3.011 (±0.006) 0.727 (±0.852) 0.9999

a For each curve the equation isy=ax+b, wherey is the peak area,x the concentration of the analyte (�g/mL), a the slope,b the intercept andr2 is the
correlation coefficient. SD values are given in parenthesis. TheP value was <0.0001 for all calibration curves. Experimental conditions as inTable 1.
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Table 3
Recovery data of the active constituents ofH. perforatum

Compound Spiked amount (mg) Recovery (%) Mean (n= 3) RSD (%)

Chlorogenic acid 1.072 97.8–99.3 98.6 0.8
Rutin 1.288 102.7–104.1 103.2 0.7
Hyperoside 0.966 101.0–103.9 102.7 1.4
Isoquercitrin 1.209 97.5–98.4 97.9 0.4
Quercitrin 1.143 95.4–96.0 95.6 0.3
Quercetin 0.942 97.3–101.8 100.0 2.3
Hyperforin 1.198 100.2–103.8 101.6 1.9
Amentoflavone 1.328 101.3–101.7 101.5 0.2
Hypericin 1.392 101.1–103.9 102.1 1.5

RSD (%) = (standard deviation/mean)× 100. Experimental conditions as inTable 1.

Table 4
Intra- and inter-day precision data for retention time (tR) of the major constituents ofH. perforatum

Compound Intra-day precision (n= 10, mean) Inter-day precision (n= 30, mean)

Day 1 Day 2 Day 3 tR (min) RSD (%)

tR (min) RSD (%) tR (min) RSD (%) tR (min) RSD (%)

Chlorogenic acid 5.96 0.80 5.95 1.05 5.94 1.11 5.95 0.97
Rutin 11.84 0.95 11.83 1.04 11.77 1.36 11.81 1.12
Hyperoside and isoquercitrin 15.50 0.95 15.50 1.16 15.39 1.24 15.46 1.13
Quercitrin 19.24 0.02 19.27 0.87 19.11 1.01 19.20 0.94
Quercetin 25.03 0.14 25.03 0.19 24.99 0.20 25.02 0.19
Hyperforin 26.05 0.01 26.07 0.03 26.06 0.01 26.06 0.03
Amentoflavone 26.45 0.09 26.45 0.12 26.42 0.13 26.44 0.12
Hypericin 32.84 0.15 33.64 2.01 35.19 0.43 33.86 3.19

Experimental conditions as inTable 1.

The precision of the chromatographic system was tested
by performing intra- and inter-day multiple injections of a so-
lution of all the compounds of interest and then checking the
percent relative standard deviation (%RSD) of the retention
times and peak areas. Ten injections were performed each day
and this was repeated for 3 consecutive days.Tables 4 and 5
describe the %RSD values of retention times and peak areas.

It was concluded that there was no significant difference
for the analyses tested within and between days.

The precision of the extraction procedure was validated
by repeating the extraction procedure on seven samples of
H. perforatumflowering tops. An aliquot of each extract was
then injected and quantified. This parameter was evaluated

by repeating the experiment on a different day with newly
prepared mobile phase and samples. The SD data of the re-
peated analysis ofH. perforatummethanolic extracts were
found to be: 0.01 for chlorogenic acid, 0.48 for rutin, 0.30
for hyperoside and isoquercitrin, 0.11 for quercitrin, 0.04 for
quercetin, 0.74 for hyperforin, 0.02 for amentoflavone, 0.14
for pseudohypericin and 0.23 for hypericin. The low values
of SD indicate the high level of precision of the method.

The instrument detection limit (IDL) was calculated from
the results of the replicate analyses of the lowest con-
centration calibration standard used, by using the formula
IDL = tn−1 × SD, wheretn−1 is the t is the Student’s value
at 95% confidence level forn− 1 degrees of freedom,n

Table 5
Intra- and inter-day precision data for peak area of the major constituents ofH. perforatum

Compound Intra-day precision (n= 10, mean) Inter-day precision (n= 30, mean)

Day 1 Day 2 Day 3 Area (mAU× s) RSD (%)

Area (mAU× s) RSD (%) Area (mAU× s) RSD (%) Area (mAU× s) RSD (%)

Chlorogenic acid 869.94 0.69 874.40 0.42 884.58 0.47 876.31 0.88
Rutin 733.08 0.63 745.29 0.49 755.41 0.41 744.59 1.34
Hyperoside and isoquercitrin 2401.46 0.61 2441.11 0.28 2465.66 0.12 2436.08 1.17
Quercitrin 803.51 0.67 816.96 0.34 824.98 0.12 815.15 1.18
Quercetin 954.92 1.77 951.58 1.17 966.46 0.46 957.65 1.38
Hyperforin 291.82 0.49 292.56 0.41 293.43 0.96 292.61 0.63
A 0.6
H 1.0

E

mentoflavone 1407.82 1.32 1418.90
ypericin 542.44 0.72 525.11

xperimental conditions as inTable 1.
7 1447.40 0.89 1424.71 1.53
8 523.67 1.22 530.41 1.91
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is the number of replicates and SD the standard devia-
tion of replicate analyses. The IDL values were 0.06�g/mL
for chlorogenic acid, 0.02�g/mL for rutin, 0.05�g/mL for
hyperoside, 0.04�g/mL for isoquercitrin, 0.06�g/mL for
quercitrin, 0.02�g/mL for quercetin, 0.04�g/mL for hy-
perforin, 0.02�g/mL for amentoflavone, 0.56�g/mL for
hypericin. The limit of detection (LOD) of the method
was evaluated in the light of the analyte concentration that
would yield a signal-to-noise ratio (S/N) of 3; the limit

of quantification (LOQ) represents the analyte concentra-
tion that would yield a signal-to-noise ratio (S/N) of 10.
The LOD and LOQ values were experimentally verified
by injections of standard solutions of the compounds at
the LOD and LOQ concentrations. The LOD values were
found to be 0.44�g/mL for chlorogenic acid, 0.21�g/mL
for rutin, 0.12�g/mL for hyperoside, 0.14�g/mL for
isoquercitrin, 0.12�g/mL for quercitrin, 0.06�g/mL for
quercetin, 0.16�g/mL for hyperforin, 0.06�g/mL for

F
D

ig. 4. Chromatogram of a methanolic extract ofH. perforatumflowering tops. F
etection at 270 nm (Fig. 4a) and 590 nm (Fig. 4b).
or peak identification, seeFig. 1. Experimental conditions as in Section2.4.
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Table 6
Content of flavonoids ofH. perforatumflowering tops and derivatives by means of the HPLC method

Sample Content dry weight (mg/ga)

Chlorogenic acid Rutin Hyperoside and isoquercitrin Quercitrin Quercetin Amentoflavone

H. perforatumherb (flowering tops) 0.83± 0.01 10.47± 0.48 7.27± 0.30 1.26± 0.11 0.51± 0.04 0.10± 0.02

H. perforatumherbal medicinal products
HMP1b 3.62± 0.10 7.99± 0.12 11.03± 0.11 2.08± 0.03 4.14± 0.38 0.23± 0.03
HMP2c 6.07± 0.15 14.77± 0.58 20.37± 0.73 3.54± 0.08 2.70± 0.08 0.13± 0.02
HMP3b 1.69± 0.17 14.41± 0.31 14.30± 0.19 2.41± 0.08 2.09± 0.07 0.08± 0.01
HMP4c 3.15± 0.21 22.47± 0.52 23.26± 0.29 3.58± 0.25 4.53± 0.15 0.17± 0.01

H. perforatumdietary supplements
DS1c 2.73± 0.23 19.89± 0.36 22.54± 0.44 2.22± 0.09 3.00± 0.07 0.10± 0.02
DS2c <LOD 0.07d 0.07d 0.09d 0.26± 0.03 0.03d

DS3b 2.27± 0.04 12.63± 0.03 15.03± 0.22 1.94± 0.04 1.01± 0.02 0.07± 0.01
DS4c 1.49± 0.03 29.37± 0.13 16.49± 0.11 2.97± 0.04 2.63± 0.03 0.33± 0.01
DS5c 0.54± 0.03 5.68± 0.04 5.20± 0.04 0.76± 0.01 0.72± 0.05 0.08± 0.01

Experimental conditions as inTable 1.
a Data are expressed as mean± SD (standard deviation). For each samplen= 6.
b Non-standardized.
c Standardized for the content of “total hypericins” (0.3%). The terms non-standardized and standardized refer to label claims.
d SD < 0.01.

amentoflavone and 1.34�g/mL for hypericin. The LOQ val-
ues were 1.47�g/mL for chlorogenic acid, 0.70�g/mL for
rutin, 0.39�g/mL for hyperoside, 0.46�g/mL isoquercitrin,
0.42�g/mL for quercitrin, 0.21�g/mL for quercetin,
0.53�g/mL for hyperforin, 0.20�g/mL for amentoflavone
and 4.48�g/mL for hypericin. These results indicate that the
proposed HPLC method was sufficiently sensitive for the de-
termination of the secondary metabolites inH. perforatum
samples.

Specificity was tested by applying the HPLC method to
herbal formulations containing extracts ofH. perforatumand
excipients. By comparison with the assay results ofH. perfo-
ratumflowering tops, the chromatograms obtained from the
herbal products showed that the HPLC method is able to dis-
criminate the active constituents ofH. perforatumfrom the

excipients, and the results are unaffected by the presence of
these materials. Furthermore, peak purity test was performed
using the photodiode array detector to demonstrate that the
analyte chromatographic peak is pure, i.e. not attributable to
more than one component, with the exception of hyperoside
and isoquercitrin.

Stability was tested withH. perforatummethanolic ex-
tracts that were stored in amber glass flasks at 4◦C and at
room temperature (about 25◦C) and analyzed every 12 h. The
analytes in solution did not show any appreciable change in
chromatographic profile for 72 h. No degradation products
were detected. According to the literature[25], hyperforin in
the methanolic extracts ofH. perforatumis more stable than
in its pure form, characterized by a very high sensitivity to
oxidation.

Table 7
Content of phloroglucinols and naphthodianthrones ofH. perforatumflowering tops and derivatives by means of the HPLC method

Sample Content dry weight (mg/ga)

Hyperforin Protopseudohypericin Protohypericin Pseudohypericin Hypericin

H. perforatumherb (flowering tops) 14.17± 0.74 <LOQ <LOQ 2.26± 0.14 2.09± 0.23

H. perforatumherbal medicinal products
HMP1b 67.89± 0.66 0.21d <LOQ 1.82± 0.07 1.35± 0.08
HMP2c 17.04± 0.65 <LOQ <LOD 1.57± 0.02 1.03± 0.06
HMP3b 9.13± 0.25 0.22± 0.02 <LOD 1.13± 0.02 0.62± 0.04

02

H
02

02
05
01

plen= 6.

s non-
HMP4c 63.91± 0.97 0.45± 0.

. perforatumdietary supplements
DS1c 26.69± 0.87 0.56± 0.
DS2c 0.70± 0.04 <LOD
DS3b 8.07± 0.21 0.23± 0.
DS4c 49.15± 0.62 1.08± 0.
DS5c 8.16± 0.08 0.46± 0.

a Data are expressed as mean± SD (standard deviation). For each sam
b Non-standardized.
c Standardized for the content of “total hypericins” (0.3%). The term
d SD < 0.01.
0.25± 0.03 4.31± 0.09 1.69± 0.02

0.24± 0.02 3.80± 0.13 1.26± 0.07
<LOD <LOQ <LOQ
<LOQ 2.27± 0.07 1.62± 0.04
0.43± 0.02 5.11± 0.05 3.62± 0.03
0.24d 3.22± 0.04 1.97± 0.03

standardized and standardized refer to label claims.
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The validation data highlighted the suitability of the pro-
posed HPLC method for the analysis ofH. perforatumsam-
ples.

3.4. Applications to H. perforatum extracts

The HPLC method previously described was used to iden-
tify and quantify the amount of the secondary metabolites

in H. perforatumplant material and commercially available
herbal medicinal products and dietary supplements.

Fig. 4shows the chromatograms of the HPLC analysis of
the methanolic extract ofH. perforatumflowering tops.

With respect to traditional C18 columns[15,17,19,22,24,
26,28,35,41], the stationary phase employed in this study pro-
vided a different elution order of the phloroglucinols, which
eluted before the naphthodianthrones. Furthermore, the order

F
E

ig. 5. Chromatogram of: (a)H. perforatumherbal medicinal product (HMP3); (bH
xperimental conditions as in Section2.4. Detection UV at 270 nm.
). perforatumdietary supplement (DS3). For peak identification, seeFig. 1.
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of elution of the naphthodianthrones is different than those
reported in the literature[17,29,31,34,41].

Tables 6 and 7report the amounts of these compounds in
H. perforatumherb (flowering tops).

Data are expressed as mg/g of dry weight. These quantifi-
cation data are within the range of those of previous reports
[20,23,27,33,34,38,40]. Rutin, hyperoside and isoquercitrin
were the main flavonoid compounds ofH. perforatumflower-
ing tops. The content of hyperforin was high. Protopseudohy-
pericin and protohypericin were detected but not quantified
because their level was below the LOQ value.

Tables 6 and 7also describe the results of the HPLC anal-
ysis ofH. perforatumherbal medicinal products and dietary
supplements. The chromatogaphic profiles of these products
(Fig. 5) were the same as those reported forH. perforatum
plant material (Fig. 4).

However, there is a great variability in the concentrations
of the active constituents among the commercial samples on
sale on the Italian market. This observation is in accordance
with the literature[22,24–26,28,40]. Some of these products
are categorized as “herbal medicinal products” and are sub-
ject to prescription-only control. The others, categorized as
“dietary supplements”, are not regulated as drugs. Most of the
products are standardized for the content of total hypericin.
The phloroglucinol hyperforin is unstable in the presence of
light and oxygen; for this reason, the naphthodianthrones, ex-
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study, its quantification seem to be very important to ensure
the safety ofH. perforatumnatural products.

Modern HPLC analytical methods allow the rapid and re-
liable analysis of complex mixtures such as plant extracts: the
correlation of chromatograms, used as fingerprints, between
authentic as against unknown samples, allows the identifica-
tion of plant material and facilitates the search for any adul-
teration. In particular, the proposed HPLC method could be
applied to monitor the quality ofH. perforatumcrude drugs,
extracts and commercial products.

4. Conclusion

The HPLC technique reported in this study, using a
poly(ethylene glycol) stationary phase, is suitable for the
analysis of the active compounds inH. perforatumextracts
and natural products. The method is simple, precise and eco-
nomical in terms of time and solvent usage. Through these
phytochemical markers, this method allows the unequivocal
identification and standardization of this plant material. The
validation procedure confirms that this technique affords re-
liable analysis of these components and is appropriate for the
quality control of complex matrices such asH. perforatum
crude drugs, extracts and herbal medicines.
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