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a b s t r a c t

In this work the bioactive metabolic profile, the antioxidant activity and total phenolic content of burdock
(Arctium lappa) seeds, leaves and roots were obtained. TEAC values and total phenolic content for hydro-
alcoholic extracts of burdock ranged from 67.39 to 1.63 �mol Trolox equivalent/100 g dry weight (DW),
and from 2.87 to 45 g of gallic acid equivalent/100 g DW, respectively. Phytochemical compounds were
vailable online 25 March 2009
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analyzed by liquid chromatography coupled to electrospray tandem mass spectrometry (LC/MS/MS) in
negative mode. The main compounds of burdock extracts were caffeoylquinic acid derivatives, lignans
(mainly arctiin) and various flavonoids.

The occurrence of some phenolic acids (caffeic acid, chlorogenic acid and cynarin) in burdock seeds;
arctiin, luteolin and quercetin rhamnoside in burdock roots; phenolic acids, quercetin, quercitrin and

s was
andem mass spectrometry
ntioxidant activity

luteolin in burdock leave

. Introduction

Burdock, Arctium lappa (Asteraceae) is among the most popular
lants in traditional Chinese Pharmacopoeia and it is associated
o several biological effects [1]. This vegetable, which is consumed
aily in beverages in China for centuries, was recently introduced

n Japan and Taiwan [2].
In the literature, many health benefits associated to occurrence

f different classes of bioactive secondary metabolites have been
eported. These classes include, among others, flavonoids and lig-
ans, and burdock is an important natural source of compounds

rom both families. The burdock beneficial effects observed are
elated to hypertension, gout, arteriosclerosis, hepatitis and other
nflammatory disorders [3,4]. Many of the biological properties
ttributed to burdock, including antimutagenicity, anticarcino-
enicity, and antiaging, may originate from the antioxidant ability
f its component [5–7].

Pharmacological studies and clinical trials indicated that bur-
ock roots have hepatoprotective, anti-inflammatory and free

adical scavenging activities [8,9] attributed to the presence of
affeoylquinic acid derivatives [10]. On the other hand, the chemo-
reventive effects of burdock seeds are associated to lignans such as
rctiin and arctigenin [11,12]. Recently, antiproliferative and apop-
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totic effects of lignans from A. lappa on leukemic cells [13] and
antitumoral effects of arctigenin on pancreatic cancer cell lines
were also described [14].

In the literature few studies on HPLC analysis of burdock lignans
are reported [15,16]. Liu et al. [17] used single quadrupole mass
spectrometry to characterize burdock lignans and reported the iso-
lation and identification of arctiin in burdock leaves. The aim of
this study was to study the antioxidant properties of polyphenolic
compounds in different tissues of the burdock plant and to evaluate
their LC/MS/MS profile by electrospray ionization (ESI).

2. Experimental

2.1. Materials

All reagents and solvents HPLC grade were purchased from
Merck (Darmstadt, Germany). Burdock roots, leaves and seeds were
obtained from organic certified agriculture. These materials were
provided respectively from BIOPLANTA s.a.s. (Irsina, Matera, Italy),
Rocca dei Fiori (Lizzano in Belvedere, Bologna, Italy) and agri-
culture company “Campovioletto” (Cernusco sul Naviglio, Milano,
Italy). Standards used to identify burdock antioxidant compounds
were obtained from different supplies: caffeic acid, chlorogenic
acid, quercetin, luteolin, quercetin-rhamnoglucoside (rutin), lute-

olin glucoside, quercetin rhamnoside (quercitrin) and quercetin
glucoside from Sigma (Milano, Italy). The dicaffeoylchinic acid
(cynarin) was provided by ChromaDex (Laguna Hills, CA, USA)
while lignan standards (arctiin, arctigenin, lappaol A, lappaol C,
arctignan E and matairesinol) were purified with an HPLC-UV/VIS
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orking at 280 nm using the same chromatographic conditions
escribed in the LC/MS/MS section from burdock seeds extracts.
ractions of the different compounds collected from HPLC were
uickly freeze-dried, then dissolved in methanol at a concentration
f 10 �g/mL and used for LC/MS/MS investigations. The (S)-(−)-
hydroxy-2,5,7,8-tetramrthylchroman-2-carboxylic acid (Trolox),

,2′-azino-bis(3-ethylbenzothiazoline-6′-sulfonic acid) diammo-
ium salt (ABTS) and potassium persulfate were obtained from
igma (Milano, Italy).

.2. Samples extraction

3 g of materials such as dried roots, leaves and seeds were
xtracted with 30 mL of methanol/water (70:30, v/v) by sonica-
ion at room temperature for 30 min. The extraction procedure was
epeated twice for each sample. The mixtures were centrifugated
t 4000 rpm, filtered through a Whatman filter papers (Whatman
nternational Ltd., Maidstone, England) and then used for LC anal-
sis, for antioxidant activity assay and for total phenolic content
eterminations.

.3. Precision of the extraction procedure

The precision of the extraction procedure was validated using
urdock samples. The samples (3 g of roots, 3 g of leaves and 3 g of
eeds), were extracted twice as described above. An aliquot of each
xtract was then used for the analysis.

.4. Accuracy

The accuracy of the extraction method was evaluated with the
ecovery test. The performance of the extraction was evaluated
piking samples with known quantities of standard compounds. In
articular, chlorogenic acid was used for roots and leaves extraction
nd arctin was used for seeds extraction. The spiked samples were
hen extracted and analyzed with the LC/MS/MS protocol described
elow. The percentage recovery was determined by subtracting the
alues obtained for the control matrix from those samples with the
dded standards, divided by the amount added and then multiplied
y 100.

.5. Antioxidant activity assay

Antioxidant capacity assay was performed using an UV–VIS
ecording spectrophotometer (Shimadzu, Japan) by the improved
BTS•+ method as described by Re et al. [18]. ABTS•+ radical cation
as generated by reacting 7 mM ABTS and 2.45 mM potassium per-

ulfate after incubation at room temperature (23 ◦C) in dark for 16 h.
he ABTS•+ solution was diluted with ethanol to an absorbance of
.700 ± 0.050 at 734 nm. The filtered sample was diluted with 70%
ethanol so as to give 20–80% inhibition of the blank absorbance
ith 0.1 mL of sample. 1 mL of ABTS•+ solution (with absorbance of

.700 ± 0.050) was added to 0.1 mL of the tested samples and mixed
horoughly. The reactive mixture was allowed to stand at room tem-
erature for 2.5 min and the absorbance was immediately recorded
t 734 nm. Trolox standard solution (final concentration 0–15 �M)
n methanol was prepared and assayed at the same conditions.
he absorbance of the resulting oxidized solution was compared
o that of the calibrated Trolox standard. Results were expressed in
erms of Trolox equivalent antioxidant capacity (TEAC, mmol Trolox
quivalents per 100 g dry weight of plant).
.6. Total phenolic contents determination

Total phenol concentration in plant extracts were determined
pectrophotometrically by the Folin–Ciocalteu assay [19] using gal-
d Biomedical Analysis 51 (2010) 399–404

lic acid as a standard. An aliquot of 125 �L of each plant extract was
mixed with 125 �L of Folin–Ciocalteu phenol reagent and allowed
to react for 6 min. After 6 min 1.25 mL of saturated Na2CO3 solu-
tion (7.5%) was added and allowed to stand for 90 min before the
absorbance of the reaction mixture was measured in triplicate
at 760 nm. The total phenolic contents of the plant extracts was
expressed as mg gallic acid equivalents per 100 g of plant material.

2.7. LC/MS/MS system

Chromatographic separation was performed using an
HPLC apparatus equipped with two Micropumps Series 200
(PerkinElmer, Shellton, CT, USA), a UV/VIS series 200 (PerkinElmer,
Shellton, CT, USA) detector setted at 280 nm and a Prodigy
ODS3 100 Å column (250 mm × 4.6 mm, particle size 5 �m) (Phe-
nomenex, CA, USA). The eluents were: A water 0.2% formic acid;
B acetonitrile/methanol (60:40, v/v). The gradient program was as
follows: 20–30% B (6 min), 30–40% B (10 min), 40–50% B (8 min),
50–90% B (8 min), 90–90% B (3 min), 90–20% B (3 min) at a con-
stant flow of 0.8 mL/min. The LC flow was split and 0.2 mL/min
was sent to the mass spectrometry. Injection volume was 20 �L.
Three injections were performed for each sample. MS and MS/MS
analyses of burdock extracts were performed on an API 3000 triple
quadrupole mass spectrometer (Applied Biosystems, Canada)
equipped with a TurboIonSpray source working in the negative ion
mode. The analyses were performed using the following settings:
drying gas (air) was heated to 400 ◦C, capillary voltage (IS) was
setted to 4000 V, nebulizer gas (air) 12 (arbitrary units), curtain gas
(N2) 14 (arbitrary units), collision gas (N2) 4 (arbitrary units). The
declustering potential (DP), focus potential (FP) and the collision
energy (CE) were optimized for each compound infusing directly
into the mass spectrometer standard solutions (10 �g/mL) at a
constant flow rate of 5 �L/min using a model 11 syringe pump
(Harvard Apparatus, Holliston, MA, USA).

2.8. Identification of metabolites and peak purity

Lignans were identified based on their UV absorption at
280 nm and by Information Dependent Acquisition (IDA) [20]. This
acquisition method generates a survey scan, single MS spectra
with molecular mass information, product ion spectra (MS2) and
extracted ion fragmentgrams (XICs).

IDA was carried out in the range m/z 50–1100 and the identified
compounds were then analyzed in MRM (multiple reaction mon-
itoring). Others phytochemicals such as chlorogenic acid, cynarin,
caffeic acid, luteolin and quercetin were identified by IDA acquisi-
tion based on their molecular weight, fragmentation pattern and
comparison of their retention time and UV absorption with those
of commercial standards. Peak purity test was performed using
mass spectrometer coupled to the HPLC system, comparing the UV
spectra of each peak with those of authentic reference samples.

3. Results and discussion

3.1. Total phenolic content and antioxidant activity of seeds, root
and leaves of burdock

The antioxidant activity and total polyphenolic content on dif-
ferent tissues of burdock are shown in Fig. 1.

The free radical scavenging activity of the different parts of the
plant was assessed by ABTS•+ free radical scavenging assay. Burdock

tissues had significant different free radical scavenging activity
indicating that its active components are concentrated in the seeds.
The amount of total phenolics in the different tissues ranged from
2.87 to 45.76 g of gallic acid/100 g of dry material. The highest total
phenolic levels were detected in seeds extracts (45.76 g/100 g) and
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ig. 1. Antioxidant activity and total polyphenolic content of burdock roots, seeds
nd leaves.

he lowest in roots extracts (2.87 g/100 g). A total polyphenolic con-
ent of 15.32 g/100 g was observed in the leaves, whereas leaves
ntioxidant activity was of 0.0289 mmol Trolox/100 g of dry weight
DW).

The amount of total phenolic compounds in the burdock seed
xtracts was very high when compared to that found in other
edicinal plants. In the literature it was reported that phenolic

ontents on methanol extracts of 112 traditional Chinese medicinal
lants (roots, stems or barks, leaves, flowers, fruits/seeds and whole
lants) ranged from 0.22 to 50.3 g of gallic acid equivalent/100 g DW

21].

Antioxidant activities of hydro-alcoholic burdock extracts are
hown in Fig. 1. The antioxidant activities ranged from 0.029 to
.0016 mmol of Trolox/100 g DW. As expected, TAA and total pheno-

Fig. 2. MS/MS spectra of arctiin (A), arctigenin (B), lappaol C
d Biomedical Analysis 51 (2010) 399–404 401

lic contents of burdock extracts are strongly correlated (R2 = 0.98).
In the literature, only the antioxidant activity of roots was evalu-
ated; Chen et al. [22] reported as the free radical scavenging activity
of root of burdock was affected from different heating and peel-
ing treatments, using a 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging assay. The authors claimed that burdock pos-
sessed significant free radical scavenging activity and while peeling
have deleterious effects, heating decrease only slightly the antioxi-
dant activity of burdock roots. Duh [23], reported that water extract
and hot water extract of burdock roots exhibited an 80% scaveng-
ing effect on �-�-diphenyl-�-picrylhydrazyl radical and marked
reducing power showing that burdock polyphenols act as primary
antioxidants.

3.2. Accuracy

The accuracy of the method was evaluated with the recovery
test. The extraction of samples with a mixture methanol/water
(70:30, v/v) allowed to obtain a percentage of recovery of
98.20 ± 1.76, 96.54 ± 1.46 for chlorogenic acid respectively in roots
and leaves. The analysis carried out on seeds showed a recovery
value of 99.5 ± 1.87 for arctin. These results of the recovery test
showed that the extractive method was highly accurate.
3.3. LC/MS/MS characterization of phenolic compounds of
burdock seeds

In the literature, it has been reported that burdock seeds
are particularly rich in lignans, a group of compounds formed

(C), lappaol A (D), arctignan E (E) and matairesinol (F).
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Table 1
LC/MS/MS characteristics of phenols present in the extracts of Arctium lappa seeds.

Compound Peak ID Nr. Precursor ion [M–H]− (m/z) Product ions (m/z) DP (V) CE (V)

Chlorogenic acid (caffeoylquinic acid) 1 353 191 40 30
Caffeic acid 2 179 135 40 21

Cynarin (dicaffeoylquinic acid) 3 515
353

70
20

191 54
179 41

Lappaol C 4 553
517

70
28

505 24
411 24

Arctiin 5 533 371 70 19

Arctignan E 6 731
665

60
35

653 39
559 42

Matareisinol 7 357
122

50
44

137 29
342 16

Lappaol A 8 535
517

60
25

505 25

Lappaol F 9 713
665

60
35

653 39
559 42

Arctigenin 10 371

151

60

26
136 35
121 60
356 23

Fig. 3. Chromatogram TIC (top) and UV (bottom) at 280 nm of burdock seeds extract. For peak identification number see Table 1.

Table 2
LC/MS/MS characteristics of phenols present in the extracts of Arctium lappa roots.

Compound Peak ID Nr. Precursor ion [M–H]− (m/z) Product ions (m/z) DP (V) CE (V)

Chlorogenic acid (caffeoylquinic acid) 1 353 191 40 30
Caffeic acid 2 179 135 40 21

Cynarin (dicaffeoylquinic acid) 3 515
353

70
20

191 54
179 41

Quercitrin (quercetin rhamnoside) 4 447 301 60 32
Arctiin 5 533 371 70 19

Quercetin 6 301
151

60
28

179 24

Luteolin 7 285
151

60
32

133 44
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Fig. 4. Chromatogram TIC (top) and UV (bottom) at 280 nm o

y enzyme-mediated condensation of pairs of phenylpropane
nits. The main lignans reported in burdock seeds are arctiin,
rctigenin, matairesinol, arctignan E and lappaols (A, C and F)
24,25].

No commercial standards of these lignans standards are
vailable, therefore they were purified from seeds’ extracts by
reparative HPLC. Lignans were identified based on their UV
bsorption at 280 nm and by IDA analysis. Peaks at retention time
f 20.6, 21.1, 23.9, 25.5, 27, 27.9 and 28.1 min corresponding respec-
ively to lappaol C, arctiin, arctignan E, matairesinol, lappaol A,
appaol F and arctigenin, were collected, freeze-dried and used for
dentification and quantification purposes.

Others phytochemicals such as chlorogenic acid, cynarin, caffeic
cid, luteolin and quercetin were identified by IDA acquisition based
n their molecular weight, fragmentation pattern and comparison
f their retention time and UV absorption with those of commercial
tandards.

The optimum LC/MS/MS conditions were set up using standard
olutions 10 �g/mL in infusing experiments, in particular declus-
ering potential (DP), focus potential (FP) and collision energy (CE)
ere optimized for each compound.

Phenolic compounds of burdock seed extracts were identified
y IDA analyses and by comparison of their fragmentation patterns
ith literature data [26–29]. For arctigenin and matairesinol pre-
ious MS/MS studies are reported [28,29], whereas for arctigenin,
appaol C, lappaol A and arctignan F no MS/MS data were available.
n Fig. 2 MS/MS spectra of six lignans purified and investigated are
eported while in Table 1 the precursor ion, the MS/MS product ions,
E and DP for each compound are given. In Fig. 3 the chromatograms

able 3
C/MS/MS characteristics of phenols present in the extracts of Arctium lappa leaves.

ompound Peak ID Nr. Precursor ion

hlorogenic acid (caffeoylquinic acid) 1 353
affeic acid 2 179

utin (quercetin rhamnosil glucoside) 3 609

ynarin (dicaffeoylquinic acid) 4 515

uercitrin (quercetin rhamnoside) 5 447
rctiin 6 533

uercetin 7 301

uteolin 8 285
ock roots extract. For peak identification number see Table 2.

TIC and UV of burdock seeds extract were reported. Results showed
that phenolic acids such as cynarin, chlorogenic acid, and caffeic
acid were present in the extracts at relevant amount. This is the first
study demonstrating caffeoylquinic acid derivatives occurrence in
the burdock seed extracts.

3.4. LC/MS/MS characterization of phenolic compounds of
burdock roots

Literature data shown that burdock roots contain caffeic acid
derivates (chlorogenic acid, cynarin) [10] and quercetin [30].
Phenolic compounds were identified by IDA acquisition and by
comparison of retention time of standards. Successively root
extracts were analyzed in MRM.

In Table 2 the LC/MS/MS data for each identified compound were
resumed. In Fig. 4 the chromatograms TIC and UV of an extract of
burdock roots were reported. Results confirmed literature findings
reporting that cynarin, chlorogenic acid, caffeic acid and quercetin
are the main metabolites present in the extracts (Fig. 4). This study,
based on a spectrometric approach, showed for the first time the
occurrence of quercetin rhamnoside, arctiin and luteolin in burdock
roots.

3.5. LC/MS/MS characterization of phenolic compounds of

burdock leaves

The burdock leaves are poorly characterized and few data are
reported in literature by Liu et al. [17–31] on arctiin and cloro-
genic acid occurrence. Experiments performed in IDA mode and

[M–H]− (m/z) Product ions (m/z) DP (V) CE (V)

191 40 30
135 40 21

301
60

49
271 74

353
70

20
191 54
179 41

301 60 32
371 70 19

151
60

28
179 24

151
60

32
133 44
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Fig. 5. Chromatogram TIC (top) and UV (bottom) at 280 nm of

he comparison with standards retention time showed in the leaves
xtracts the presence of caffeic acid, chlorogenic acid, cynarin, rutin,
uercitrin, quercetin and luteolin, besides arctiin and chlorogenic
cid. Acquisition was performed in MRM. In Table 3 the MS/MS char-
cteristics of phenolic compounds identified in extracts of A. lappa
eaves were reported.

In Fig. 5. the chromatogram TIC and UV of an extract of burdock
eaves was shown. As in roots, lignans are scarcely represented in
eaves where cynarin and rutin are the most abundant compounds.

. Conclusions

Several plants are used in the Chinese medicine as a source of
atural drugs and among them burdock has recognized healthy
ffect on human. The main achievement of this research was to
dentify phenolic compounds of burdock seeds, roots and leaves
sing LC/MS/MS analysis, antioxidant activity and total polypheno-

ic content assays. The present study showed that burdock tissues
re strong radical scavengers and can be considered as good sources
f natural antioxidants for side dishes, medicinal and commercial
ses.

The research identified some phenolic components for the first
ime from this plant, in particular phenolic acids (caffeic acid,
hlorogenic acid and cynarin) in burdock seeds; arctiin, luteolin and
uercetin rhamnoside in burdock roots; phenolic acids, quercetin,
uercitrin and luteolin in burdock leaves.

The knowledge of antioxidant capacity and bioactive metabo-
ites profile is a fundamental prerequisite to use this plant in

edical formulation, as a functional ingredient in new healthy food
nd to increase its use in dietary habits.
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