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a b s t r a c t

Liquid chromatography electrospray mass spectrometry (LC-ESI/MS) has been applied to the full charac-
terization of saponins and phenolics in hydroalcoholic extracts of roots of liquorice (Glycyrrhiza glabra).
Relative quantitative analyses of the samples with respect to the phenolic constituents and to a group
of saponins related to glycyrrhizic acid were performed using LC-ESI/MS. For the saponin constituents,
full scan LC–MS/MS fragmentation of the protonated (positive ion mode) or deprotonated (negative ion
vailable online 14 October 2010

eywords:
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mode) molecular species generated diagnostic fragment ions that provided information concerning the
triterpene skeleton and the number and nature of the substituents. On the basis of the specific fragmen-
tation of glycyrrhizic acid, an LC–MS/MS method was developed in order to quantify the analyte in the
liquorice root samples. Chinese G. glabra roots contained the highest levels of glycyrrhizic acid, followed
by those from Italy (Calabria).
uantitative analyses
C-ESI/MS

. Introduction

Liquorice root (Glycyrrhiza glabra) is used worldwide as a nat-
ral sweetener and, in certain cases, as a flavour additive in the
reparation of candies and speciality foods. In Italy, for exam-
le, a traditional liquor is prepared from G. glabra collected in
he Calabria region. Additionally, powdered liquorice root is com-

only employed as a herbal drug in the formulation of Ayurvedic
nd Chinese medicines, and reportedly possesses anti-spasmodic,
nti-diabetic, anti-depressive, hepatoprotective, expectorant and
emory-enhancing activities [1–4].
The main constituent of liquorice root is glycyrrhizic acid [1;

lycyrrhizin; (3�,18�)-30-hydroxy-11,30-dioxoolean-12-en-3-
l-2-O-�-d-glucopyranuronosyl-�-d-glucopyranosiduronic acid],
hich exhibits anti-inflammatory, anti-viral, anti-allergenic,

nti-ulcer and anti-oxidative properties, and is also believed to

ave chemo-preventive activity against cancer and AIDS [5–14].
n the other hand, the intake of high levels of liquorice extract is
nown to increase blood pressure, an effect caused principally by
he presence of 1 [15].

∗ Corresponding author. Tel.: +39 089 969765; fax: +39 089 969602.
E-mail address: pizza@unisa.it (C. Pizza).
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© 2010 Elsevier B.V. All rights reserved.

Along with 1, some 400 or so other secondary compounds have
been detected in and/or isolated from G. glabra and related species.
The majority of these components are flavonoids or triterpene
saponins, and they are considered to be responsible for most of the
therapeutic activities of the plant. Some liquorice saponins, how-
ever, give rise to negative side effects including salt retention and
hypokalaemic hypertension [16]. As is the case for most secondary
metabolites, the flavonoid and saponin profiles of liquorice are sub-
ject to considerable variability according to geographic area, state
of plant maturity, environmental conditions, harvesting and pro-
cessing. Since changes in the composition of the plant material
could affect its therapeutic activity, strict quality control is criti-
cal to ensure the efficacy and safety of liquorice root in medicinal
use. For this purpose, it is necessary to obtain a complete chemical
characterization of the species and to develop sensitive, accurate
and high-resolution methods for the simultaneous qualitative and
quantitative analyses of liquorice flavonoids and saponins.

A number of techniques, including liquid chromatography
(LC), capillary zone electrophoresis and micellar kinetic capillary

electrophoresis, have been applied to the determination and quan-
tification of glycyrrhizic acid in fresh or dried liquorice roots, in
root extracts, in formulations of Glycyrrhiza species, and in biolog-
ical samples [17,18]. However, these methods all depend on the
analysis of isolated 1 or of the corresponding aglycone after hydrol-

dx.doi.org/10.1016/j.jpba.2010.10.004
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:pizza@unisa.it
dx.doi.org/10.1016/j.jpba.2010.10.004


5 cal and

y
w
a
r
m
l

o
c
t
m

2

2

f
t
M
p
s
t

2

i
s
c
a
p
s

2

s
1
S
3
w
H
L
i
a
1

2

2

m
w
fl
t
5
a
u
t
u

a
q
o
d

36 P. Montoro et al. / Journal of Pharmaceuti

sis. The occurrence in liquorice roots of various other saponins
ith structures related to that of glycyrrhizic acid, together with
large number of phenolic compounds, has been reported [19]. A

eview of the progress, since 2000, in the development of chro-
atographic methods widely employed in the quality control of

iquorice is available [20].
In the present study, a qualitative and quantitative evaluation

f the secondary metabolites present in liquorice root has been
arried out using LC coupled with electrospray mass spectrome-
ry (ESI/MS) and tandem MS (ESI/MS/MS) in order to obtain a full

etabolite profile of the drug.

. Materials and methods

.1. Chemicals

Solvents used for extraction were of high purity and purchased
rom Carlo Erba (Milano, Italy). HPLC grade methanol, acetoni-
rile and trifluoroacetic acid were purchased from J.T. Baker (Baker

allinckrodt, Phillipsburg, NJ, USA). HPLC grade water (18 m�) was
repared using a Millipore (Bedford, MA, USA) Milli-Q purification
ystem. Glycirrizic acid standard was purchased from Extrasyn-
hese (Geney, France).

.2. NMR analysis

NMR experiments were performed on a Bruker BioSpin (Rhe-
nstetten, Germany) model DRX-600 spectrometer at 300 K with
amples dissolved in CD3OD. Standard pulse sequences and phase
ycling were used to acquire DQF-COSY, HSQC and HMBC spectra,
nd the data were processed using UXNMR software. Isolated com-
ounds were characterized by NMR and MS by comparison of the
pectral data with those available in the literature.

.3. HPLC–UV

Reversed-phase HPLC was carried out on an Agilent 1100
eries chromatograph, equipped with a G-1312 binary pump, a G-
328A rheodyne injector and a G-1365B multiple wave detector.
eparations were performed on an RP C18 column �-bondapak
00 mm × 7.6 mm (Waters, Milford, MA). The air-dried root extract
as dissolved in methanol (10 mg/1 ml), and chromatographed by
PLC–UV using a �-bondapak column at flow rate of 2 ml min−1.
inear gradient elution with a mobile phase comprising water acid-
fied with 0.05% trifluoroacetic acid (solvent A) and acetonitrile
cidified with 0.05% trifluoroacetic acid (solvent B) commenced at
00:0 (A:B) and attained 20:80 in 55 min.

.4. ESI/MS, LC-ESI/MS and LC-ESI/MS/MS analyses

.4.1. ESI/MS
The electrospray ionisation (ESI) source of a LCQ Deca ion trap

ass spectrometer (Thermo Finnigan, San Jose, CA, USA) was tuned
ith a standard solution of 1 in methanol (l �g ml−1) infused at a
ow rate of 10 �l min−1 with a syringe pump. The mass spectrome-
er was operated in the positive ion mode with a capillary voltage of
V, spray voltage of 5 kV, tube lens offset of−10 V, capillary temper-
ture of 280 ◦C, and sheath gas (nitrogen) flow rate of 80 (arbitrary
nits). In the negative ion mode the spray voltage was −39 kV and
he tube lens offset was 55 V, whilst the remaining parameters were
naltered.
ESI/MS data for 1 were acquired in a similar manner using
n Applied Biosystems (Foster City, CA, USA) API2000 triple
uadrupole instrument. In this case the mass spectrometer was
perated in the positive ion mode with optimised conditions:
eclustering potential 100 eV, focusing potential 200 eV, entrance
Biomedical Analysis 54 (2011) 535–544

potential 5 eV, collision energy 10 eV, and collision cell exit
potential 5 eV. In the negative ion mode declustering potential
−100 eV, focusing potential −200 eV, entrance potential 5 eV, colli-
sion energy 10 eV, and collision cell exit potential 5 eV. In all cases,
the MS spectra were acquired and elaborated using the software
provided by the manufacturer.

2.4.2. LC-ESI/MS
Qualitative LC-ESI/MS was performed using a Thermo Finnigan

SpectraSystem HPLC equipped with a Waters (Milford, MA, USA)
Symmetry Shield RP C18 column (150 mm × 2.1 mm i.d.) and cou-
pled to a LCQ Deca ion trap. Linear gradient elution with a mobile
phase comprising water acidified with 0.05% trifluoroacetic acid
(solvent A) and acetonitrile acidified with 0.05% trifluoroacetic acid
(solvent B) commenced at 100:0 (A:B) and attained 20:80 in 55 min.
The mobile phase was supplied at a flow rate of 250 �l min−1, and
the column effluent was injected directly into the ESI source. The
mass spectrometer was operated in the negative and positive ion
modes with a capillary voltage of 5 V, spray voltage of 5 kV, tube
lens offset of 35 V, capillary temperature of 280 ◦C, and sheath gas
(nitrogen) flow rate of 80 (arbitrary units).

Quantitative analyses of both saponins and flavonoids were per-
formed by HPLC–MS using a Thermo Finnigan SpectraSystem HPLC
equipped with a Waters (Milford, MA, USA) Symmetry Shield RP
C18 column (150 mm × 2.1 mm i.d.) and coupled to a LCQ Deca ion
trap, by using positive ion mode detection.

2.4.3. LC–MS/MS
Quantitative analyses of glychyrrizic acid were performed on

an Agilent (Palo Alto, CA, USA) 1100 HPLC system equipped with
a Waters Symmetry Shield RP C18 column (150 mm × 2.1 mm i.d.)
and coupled to an Applied Biosystems API2000 triple quadrupole
instrument. The mobile phase and gradient elution program
described in Section 2.3 were employed, and the column effluent
was injected directly into the ESI source. The API2000 mass spec-
trometer was used in the tandem MS mode with multiple reaction
monitoring (MRM). The instrument was operated in the positive
ion mode with a declustering potential of 100 eV, focusing poten-
tial of 200 eV, entrance potential of 5 eV, collision energy of 80 eV,
collision cell exit potential of 22.5 eV, ion spray voltage of 4500, and
capillary temperature of 280 ◦C

2.5. Sources of plant material and preparation of extracts

Air-dried commercial samples of China, Iran, Turkey and Italy
were obtained and authenticated by Prof. Mariateresa Russo. G.
glabra roots from China (voucher n. 121 deposited in Università
degli Studi Mediterranea di Reggio Calabria, Reggio Calabria, Italy)
were collected in region Rurade, Nord Est of Keerksin’s steppe; G.
glabra roots from Iran (voucher n. 122 deposited in Università degli
Studi Mediterranea di Reggio Calabria, Reggio Calabria, Italy) were
collected in region Khuzestan, near Ahwaz city; G. glabra roots from
Turkey (voucher n. 123 deposited in Università degli Studi Mediter-
ranea di Reggio Calabria, Reggio Calabria, Italy) were collected in
region Lago Manyas, near Karabey city, G. glabra roots from Italy
(voucher n. 124 deposited in Università degli Studi Mediterranea
di Reggio Calabria, Reggio Calabria, Italy) were collected in region
Calabria.

For metabolic profiling, appropriate aliquots of root material
(Chinese sample 3 g; Iranian sample 6.06 g; Turkish sample 3.5 g;
Italian sample 3.04 g) were mixed with ethanol:water (1:1, v/v;

sample to solvent ratio 1:5, w/v), subjected to ultrasonic agitation
for 1 h, and stored overnight at room temperature. The resulting
extracts were filtered and diluted 1:10 (v/v) with ethanol:water
(1:1, v/v) prior to qualitative or quantitative analysis. In order to iso-
late liquiritin apioside, employed as external standard in flavonoid
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ssays, a 55.26 g sample of Chinese liquorice root was extracted
n an exactly similar manner and the solvent removed from the
ltered extract under vacuum at 30 ◦C in a rotary evaporator.

.6. Preparation of standards

.6.1. Synthesis of glycyrrhizic acid dimethyl ester

Glycyrrhizic acid (21.1 mg) was dissolved in anhydrous

ethanol (80 ml), acidified with 0.1 M hydrochloric acid (4 ml), and
tirred in a sealed vessel at room temperature for 12 h. The esteri-
cation was selective and involved only the carboxyl group of the
lucuronic acid moieties, the product was then purified by dissolv-

ig. 1. ESI/MS (A and C) and ESI/MS/MS (B and D) spectra of glycyrrhizic acid obtained u
on mode (C and D).
Biomedical Analysis 54 (2011) 535–544 537

ing in ethyl acetate and crystallizing by hexane, and the final yield
of the dimethyl ester was 20.8 mg (98%).

Glycyrrhizic acid dimethyl ester: brown powder; UV (MeOH) �max

254 nm; ESI/MS m/z 851.1 [M+H]+; 1H NMR (CD3OD, 600 MHz), ı:
3.17 (dd, H-3, J = 5.0, 11.4 Hz), 2.47 (s, H-9), 5.61 (s, H-12), 1.05
(s, H-23), 0.82 (s, H-24), 1.15 (s, H-25), 1.16 (s, H-26), 1.45 (s, H-
27), 0.86 (s, H-28), 1.19 (s, H-29), 4.53 (d, H-1′

glcrAc, J = 7.5 Hz), 3.52
′ ′
(dd, H-2 glcrAc, J = 7.5, 9.0 Hz), 3.61 (dd, H-3 glcrAc, J = 9.0, 9.0 Hz),

3.57 (dd, H-4′
glcrAc, J = 9.0, 9.0 Hz), 3.87 (d, H-5′

glcrAc, J = 9.0 Hz), 4.67
(d, H-1′′

glcrAc, J = 7.5 Hz), 3.32 (dd, H-2′′
glcrAc, J = 7.5, 9.0 Hz), 3.42

(dd, H-3′′
glcrAc, J = 9.0, 9.0 Hz), 3.57 (dd, H-4′′

glcrAc, J = 9.0, 9.0 Hz),
3.83 (d, H-5′′

glcrAc, J = 9.0 Hz), 3.80 (s, 6H, H-7′
glcrAc and H-7′′

glcrAc);

sing an ion trap analyser operated in the negative ion mode (A and B) and positive
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3C NMR (CD3OD, 600 MHz), ı: 40.4 (C-1), 27.6 (C-2), 90.5 (C-
), 40.0 (C-4), 55.9 (C-5), 18.1 (C-6), 33.8 (C-7), 46.8 (C-8), 62.5
C-9), 37.0 (C-10), 202.2 (C-11), 128.8 (C-12), 172.8 (C-13), 44.0
C-14), 27.0 (C-15), 27.4 (C-16), 33.0 (C-17), 49.1 (C-18), 41.7 (C-
9), 45.2 (C-20), 32.0 (C-21), 38.7 (C-22), 28.1 (C-23), 16.3 (C-24),
6.6 (C-25), 18.9 (C-26), 23.8 (C-27), 29.2 (C-28), 28.8 (C-29), 180.4
C-30), 105.0 (C-1′

glcrAc), 83.7 (C-2′
glcrAc), 76.9 (C-3′

glcrAc), 72.6
C-4′

glcrAc), 76.1 (C-5′
glcrAc), 171.2 (C-6′

glcrAc), 105.8 (C-1′′
glcrAc),

5.8 (C-2′′
glcrAc), 76.6 (C-3′′

glcrAc), 72.6 (C-4′′
glcrAc), 77.0 (C-5′′

glcrAc),
70.7 (C-6′′

glcrAc), 52.5 (C-7′
glcrAc and C-7′′

glcrAc).

.6.2. Isolation of liquiritin apioside
A 2.5 g portion of the concentrated Chinese liquorice root

xtract (Section 2.3) was submitted to column chromatography
ver Sephadex LH-20 (100 cm × 5 cm i.d.; Pharmacia, Uppsala, Swe-
en) with methanol as mobile phase, and 50 ml × 8 ml fractions

ere obtained. Fractions 15–19 were bulked (224 mg) and further

ractionated by preparative HPLC–UV using a Waters �-Bondapak
P C18 column (300 mm × 7.6 mm i.d.). The mobile phase and gra-
ient elution program described in Section 2.3 were employed,
xcept that the flow rate of the mobile phase was 2 ml min−1.

ig. 2. LC-ESI/MS metabolite fingerprints of Glycyrrhiza glabra roots collected in Turkey (
on trap analyser operated in the negative ion mode (A, C, E, and G) and positive ion mod
Biomedical Analysis 54 (2011) 535–544

The peak corresponding to liquiritin apioside (24) was detected at
254 and 350 nm at a retention time of 22.2 min, and 2.6 mg of the
flavonoid were obtained.

Liquiritin apioside (24): yellow powder; UV (MeOH) �max

350 nm; ESI/MS m/z 551.3 [M+H]+; 1H NMR (CD3OD, 600 MHz),
ı: 5.46 (dd, H-2, J = 3.2, 12.9 Hz), 3.05 (dd, H-3a, J = 12.9, 16.9 Hz),
2.75 (dd, H-3b, J = 3.2, 16.9 Hz), 7.74 (d, H-5, J = 8.9 Hz), 6.52 (dd,
H-6, J = 2.0, 8.9 Hz), 6.38 (d, H-8, J = 2.0 Hz), 7.46 (d, H-2′ and H-
5′, J = 8.9 Hz), 7.16 (d, H-3′ and H-6′, J = 8.9 Hz), glucose unit: 5.01
(d, H-1′′

glc, J = 7.7 Hz), 3.65 (dd, H-2′′
glc, J = 7.7, 9.0 Hz), 3.47 (dd, H-

3′′
glc, J = 9.0, 9.0 Hz), 3.40 (dd, H-4′′

glc, J = 9.0, 9.0 Hz), 3.44 (m, H-4′′),
3.70 (dd, H-6′′aglc, J = 4.5, 12.0 Hz), 3.91 (dd, H-6′′bglc, J = 2.5, 12 Hz),
apiose unit: 5.48 (d, H-1′′ ′

api, J = 1.6 Hz), 3.96 (d, H-2′′ ′
api, J = 1.6 Hz),

4.08 (d, H-4′′ ′aapi, J = 9.7 Hz), 3.81 (d, H-4′′ ′bapi, J = 9.7 Hz), 3.56 (br s,
H-5′′ ′a-bapi); 13C NMR (CD3OD, 600 MHz), ı: 80.3 (C-2), 44.4 (C-3),
193.2 (C-4), 129.5 (C-5), 111.1 (C-6), 166.3 (C-7), 103.2 (C-8), 114.4

′ ′ ′ ′
(C-4a), 165.2 (C-8a), 134.1 (C-1 ), 128.4 (C-2 and C-6 ), 117.4 (C-3
and C-5′), 158.8 (C-4′), glucose unit: 100.1 (C-1′′

glc), 78.2 (C-2′′
glc),

77.7 (C-3′′
glc), 70.9 (C-4′′

glc), 77.6 (C-5′′
glc), 62.0 (C-6′′

glc), apiose
unit: 110.3 (C-1′′ ′

api), 77.6 (C-2′′ ′
api), 80.5 (C-3′′ ′

api), 75.0 (C-4′′ ′
api),

65.6 (C-5′′ ′
api).

A and B), China (C and D), Iran (E and F) and Italy (G,and H) and obtained using an
e (B, D, F, and H).
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Fig. 3. LC-ESI/MS reconstructed ion chromato

.7. Preparation of calibration curves

Stock solutions (l mg ml−1) of the external standards (ES; gly-
yrrhizic acid for saponins and liquiritin apioside for flavonoids)
ere prepared by dissolving each compound in methanol. Stock

olutions were diluted with appropriate amounts of methanol to
ive solutions containing 10, 25, 50, 100 or 125 �g ml−1 of ES. To
ach standard solution was added an appropriate amount of inter-
al standard (IS; glycyrrhizic acid dimethyl ester for saponins and
utin for flavonoids) to yield a final concentration of 50 �g ml−1.
alibration curves were constructed by injecting each standard
olution at each concentration level in triplicate. The ratios of
he peak areas of the ES to those of the IS were calculated and
lotted against the corresponding concentrations of the standard
ompounds using weighted linear regression to generate standard
urves.

.8. Method validation

The LC–MS and LC–MS/MS methods were validated according

o the European Medicines Agency (EMEA) guidelines relating to
he validation of analytical methods [21]. Precision was evaluated
t four concentration levels for each compound through triplicate
ntra-day assays and inter-day assays over 3 days. In all cases, the
tandard deviation was no higher than ±2.00% for either of the ana-
of Glycyrrhiza glabra roots collected in China.

lytical methods. Specificity was defined as the non-interference by
other analytes detected in the region of interest. In the case of the
LC–MS method for flavonoids and saponins, no interfering peaks
were encountered at the retention times of the investigated com-
pounds. For the LC–MS/MS method, which was developed on the
basis of the characteristic fragmentation of 1, no other peaks inter-
fered with the analyte in the MS/MS detection mode. Recoveries
were estimated through the addition of pre-determined quantities
of standard analytes to known amounts of liquorice root samples.
Recovery was calculated from the difference between the amount
of analyte measured in the spiked sample and the amount of ana-
lyte determined in the sample prior to spiking plus the amount of
standard added. The mean recoveries for the LC–MS and LC–MS/MS
methods were determined to be 100 ± 4% and 100 ± 2%, respec-
tively. The calibration graphs, obtained by plotting the area ratios
between ES and IS against the known concentration of each com-
pound, were linear in the range of 25–125 �g ml−1 for all analytes.
The limit of quantification (LOQ; equivalent to sensitivity), defined
as the lowest concentration of analyte that could be quantified
with acceptable accuracy and precision, was estimated by inject-

ing a series of increasingly dilute standard solutions until the
signal-to-noise ratio was reduced to 10. In the LC–MS method, LOQ
values for the saponins and flavonoids were within the range of
10–70 ng/ml, whilst for the LC–MS/MS method, the LOQ value for
1 was 5 ± 0.4% ng/ml.
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Fig. 4. Saponins identified in Glycyrrhiza glabra root extracts derived from different countries.



P. Montoro et al. / Journal of Pharmaceutical and Biomedical Analysis 54 (2011) 535–544 541

Fig. 5. Phenolic compounds identified in Glycyrrhiza glabra root extracts derived from different countries.
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Table 1
Qualitative analyses by LC-ESI/MS and LC-ESI/MS/MS of saponins in the extracts of G. glabra derived from different geographic areas.

[M−H]− Retention time (min) MS/MS fragments Identity Occurrencea

1011 26.58 – 5 C, Ir, T

983 23.22 821 2 C, Ir, T, It
803

983 23.22 821 12 C, Ir, T, It
803

951 26.4 935 7 C, Ir, T
891
777

837 24.62 819 8 C, Ir, T, It
775
661
643
350

823 30.21 – 10 C, Ir, T, It

821 27.90 805 1 C, Ir, T, It
761
647
350

821 29.33 803 9 C, Ir, T, It
759
645
350

821 – 805 11 -
761
647
350

821 – 805 13 –
761
647
350

807 31.69 – 3 C, Ir, T, It

805 31.30 787 4 C, Ir, T, It
761
710
629

777 27.96 – 14 C, Ir, T
–

2
s

r
t
L
e
l
a
s
l

3

3

a
u
y
a
t

777 29.77

a Sources of samples: C, China; T, Turkey; Ir, Iran; It, Italy.

.9. Qualitative and quantitative analysis of liquorice root
amples

For qualitative analysis, an aliquot (20 �l) of the diluted liquorice
oot extract was injected into the LC–MS system. For the quantita-
ive determination of saponins and flavonoids by LC–MS, or of 1 by
C–MS/MS, an appropriate volume of IS (glycyrrhizic acid dimethyl
ster for saponins and rutin for flavonoids) was added to the diluted
iquorice root extract to give a final concentration of 50 �g ml−1,
nd an aliquot (20 �l) of the mixture injected into the analytical
ystem. Quantitative analyses were replicated five times for each
iquorice root extract.

. Results and discussion

.1. ES/MS analysis of glycyrrhizic acid

Direct flow injection ESI/MS analyses of standard glycyrrhizic

cid (1) were performed in the negative and positive ion modes
sing two mass spectrometers, one equipped with an ion trap anal-
ser and the other with a triple quadrupole analyser. The ESI/MS
nd ESI/MS/MS spectra of 1 obtained in the negative and posi-
ive ion modes using the ion trap analyser are displayed in Fig. 1.
15 C, Ir, T

The ESI/MS spectrum of 1 in the negative ion mode (Fig. 1A)
showed predominantly the pseudomolecular ion peak [M−H]−

at m/z 821, the MS/MS spectrum of which (Fig. 1B) exhibited
a major fragment ion at m/z 351 arising from the loss of the
triterpenic aglycone. More information was available from the
ESI/MS spectrum in the positive ion mode (Fig. 1C), which pre-
sented fragmentation peaks at m/z 647 and 453 caused by the
consecutive neutral loss of two glucuronic acid residues from the
pseudomolecular ion [M+H]+ at m/z 823. This fragmentation pat-
tern was confirmed in the positive ion mode MS/MS spectrum
(Fig. 1D).

The reason for the difference in fragmentation patterns between
the two modes may be that the glucuronic acid residue was able
to lose electrons in the negative mode and not capable of captur-
ing a proton in the positive mode, where the electrons were kept
from the aglycone. On this basis, it was possible to define the nature
of the sugar moiety from the fragmentation pattern in the negative
ion mode ESI/MS/MS, whilst in the positive ion mode the fragments

originated mainly from the triterpene skeleton thus allowing the
aglycone to be characterized. The fragmentation patterns described
above were similar to those obtained with the triple quadrupole
analyser (data not shown) and were also in accordance with a pre-
vious report [22].
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Table 2
Quantitative analyses by LC-ESI/MS/MS of glycyrrhizic acid in the extracts of G. glabra
derived from different geographic areas.

Source of liquorice root sample Concentration of glycyrrhizic acid
(mg/g dried plant material)

Mean (n = 5) Standard deviation

Compound 14 was isolated by semipreparative HPLC–UV (by
using the same chromatographic conditions reported for liquiritine
apioside in the Section 2) and characterized and identified by NMR
data [24]. The compounds were obtained with a purity of 95%, not

Table 3
Quantitative analyses by LC-ESI/MS of saponins and flavonoids in the extracts of G.
glabra derived from different geographic areas.

Relativeb content (mg/g dried plant material)

Mean ± standard deviation (n = 5)

China Iran Turkey Italy

Saponinsa

1 53.90 ± 2.21 37.32 ± 1.11 32.52 ± 1.25 55.96 ± 1.25
2 5.87 ± 0.25 6.55 ± 0.12 6.19 ± 0.41 7.97 ± 0.22
12 4.88 ± 0.55 6.13 ± 0.24 5.92 ± 0.36 5.15 ± 0.14
3 5.03 ± 0.04 12.09 ± 0.19 5.14 ± 0.14 11.16 ± 0.21
4, 6 Trace 3.74 ± 0.12 Trace 4.67 ± 0.41
14 4.01 ± 0.09 3.87 ± 0.11 Trace 4.75 ± 0.12
15 4.01 ± 0.21 3.49 ± 0.85 Trace 4.00 ± 0.17
10 19.19 ± 2.14 8.22 ± 0.57 10.13 ± 0.85 8.97 ± 0.45
8 23.23 ± 2.31 22.78 ± 1.54 14.24 ± 0.57 18.70 ± 1.21

Flavonoidsc

23 2.33 ± 0.01 1.26 ± 0.05 2.38 ± 0.11 3.11 ± 0.15
26 2.07 ± 0.02 7.21 ± 0.21 3.10 ± 0.09 2.55 ± 0.04
36 2.67 ± 0.05 4.61 ± 0.07 trace 1.85 ± 0.01
28, 27 5.16 ± 0.14 8.81 ± 0.07 3.86 ± 0.07 3.26 ± 0.02
24 6.86 ± 0.03 23.21 ± 2.04 9.09 ± 1.01 6.06 ± 0.04
37 5.08 ± 0.05 27.30 ± 1.25 4.99 ± 0.10 1.61 ± 0.05
40, 41 5.52 ± 0.09 2.96 ± 0.08 Trace 1.74 ± 0.08
38 Trace 4.16 ± 0.07 Trace Trace
46 Trace Trace Trace 3.17 ± 0.05
29 Trace Trace Trace 7.48 ± 0.14
P. Montoro et al. / Journal of Pharmaceuti

.2. Qualitative analysis of liquorice root extracts by LC-ESI/MS

In a preliminary study, hydroalcoholic extracts of liquorice roots
ere analysed by HPLC–UV with detection at 254 and 350 nm in

rder to optimise the chromatographic conditions. Based on the
esults obtained, a method involving a Symmetry Shield C18 col-
mn, eluted with a linear gradient of mobile phase comprising
ater and acetonitrile (each acidified with 0.05% trifluoroacetic

cid), was developed and this allowed the separation of several
aponins structurally related to 1 together with a number of phe-
olic.

LC-ESI/MS analysis was then applied for the full characterization
f the different metabolites in the extracts of the roots of G. glabra
btained from China, Iran, Turkey and Italy (Calabria). Polarity
witching from the positive to the negative ion mode was applied
hroughout the chromatographic runs in order to obtain ion current
hromatograms in both modes and hence to detect as many triter-
ene saponins (in the negative ion mode) and phenolic compounds
in the positive ion mode) as possible. The chromatograms so
btained are displayed in Fig. 2, and they demonstrate that liquorice
oots derived from different regions present dissimilar metabolic
rofiles. For each sample, a full MS scan, in the form of a total

on current chromatogram (TIC), was initially acquired, following
hich reconstructed ion chromatograms (RICs) were generated for

ach of the expected m/z values based on the molecular weights of
he possible constituents. This step was very important in order to
ttain a high selectivity for the quantitative analysis.

The TIC profile of an extract of Chinese liquorice root, obtained
y LC-ESI/MS using the ion trap analyser in the negative ion mode,

s shown in Fig. 3. As may be observed, the majority of compo-
ents were efficiently separated, and it was possible to recognise
eaks corresponding to the protonated molecular ions of vari-
us saponins. Individual compounds were tentatively identified
y comparison of their m/z values in the TIC profile with those of
elected compounds described in literature, and RICs were gener-
ted for specific compounds expected to be present in the sample
Fig. 3). Thus, the RIC related to m/z 821 showed one peak at a reten-
ion time of 27.9 min corresponding to glycyrrhizic acid (1) and two
urther peaks at 29.3 and 29.7 min, which were most probably asso-
iated with compounds 9, 11 or 13 (Fig. 4 and Table 1). In a similar
anner, RICs related to m/z values of 1011, 983, 951, 837, 823, 807,

05, 777 indicated the possible presence of compounds 5, 2, 12, 7, 8,
0, 3, 4 and 6, 14 and 15, respectively. For m/z values 1011 and 837,
he RICs showed two peaks each, which may indicate the presence
f unidentified components with identical pseudomolecular ions.

Further LC-ESI/MS/MS experiments were carried out on-line
sing the dependent scanning mode in which the MS software
elected ions of certain intensity for further fragmentation exper-
ments on the basis of a set of parameters predetermined by the
perator. The positive and negative ion fragmentation patterns
o-obtained enabled comprehensive qualitative analyses of the
aponins in the extracts of G. glabra from different geographic
reas to be carried out (Table 1). Additionally, the LC-ESI/MS/MS
ata allowed the qualitative determination of phenolic compounds
resent in G. glabra extracts as shown in Fig. 5 (data not shown).

t appears that Chinese liquorice root is the most complex with
espect to both saponin and flavonoid content.

.3. Quantitative analyses of glycyrrhizic acid in liquorice root
xtracts by LC-ESI/MS/MS
In order to obtain accurate data concerning the amounts of
lycyrrhizic acid in roots of G. glabra derived from different geo-
raphic areas, a quantitative LC-ESI/MS/MS method was developed.
SI/MS/MS spectra were recorded following the direct introduction
f standard 1 into the ESI source of an LC/MS instrument equipped
China 53.26 2.15
Iran 32.21 1.02
Turkey 33.47 1.85
Italy 51.91 1.21

with a triple quadrupole analyser. The transition from the specific
pseudomolecular ion [M+H]+ of 1 to the corresponding aglycone
ion [A+H]+ was selected to monitor this analyte, whilst glycyrrhizic
acid dimethyl ester was chosen as internal standard on the basis
of its structure, chromatographic and MS behaviour. The MRM
method therefore involved the precursor/product transitions from
m/z 823.0 to 453.0 for 1 and from m/z 851.0 to 453.0 for the IS. The
calibration curves obtained by plotting the area ratios between ES
(1) and IS against known concentration of both compounds were
linear in the range of 10–125 �g ml−1 with r2 values of >0.98.

Some variations were detected in the content of glycyrrhizic
acid in liquorice root samples derived from different geographic
locations (Table 2). Whilst Chinese G. glabra roots contained the
highest levels of 1, followed by those from Italy (Calabria), all sam-
ples attained a content of the analyte of near to 4%, as specified by
the European Pharmacopoeia [23].

3.4. Quantitative analyses of saponins and flavonoids in liquorice
roots by LC-ESI/MS
30 Trace Trace Trace 2.84 ± 0.41

a Numbering corresponds to structures shown in Fig. 4.
b Content relative to glycyrrhizic acid dimethyl ester for saponins and rutin for

flavonoids.
c Numbering corresponds to structures shown in Fig. 5.
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ermitting to use it as standards for quantitative analysis. The iso-
ation permitted to distinguish the peak of compound 2 by the peak
f compound 14, and successively to quantify both the compounds.

Saponins and flavonoids in liquorice root samples were quanti-
ed from positive ion LC-ESI/MS spectra obtained using an LC–MS

nstrument equipped with an ESI source and an ion trap analyser.
or each component, an RIC related to the appropriate m/z value
as generated. The calibration curves obtained by plotting the area

atios between ES and IS against the known concentration of both
ompounds were linear in the range of 10–125 �g ml−1 with r2

alues of >0.98.
Five aliquots of each sample of G. glabra were analysed using the

bove method and the results are reported in Table 3. The Turk-
sh sample was characterized by a low content of 1 and related
aponins, while the Calabrian sample presented a higher content
f 1 and a larger number of saponins but in smaller quantities. The
hinese sample also showed high levels of saponins 8 and 10. A

arger number of flavonoids were present in the Iranian and Cal-
brian samples, although higher amounts of these compounds were
ound in Chinese and Iranian samples.

. Conclusions

The LC-ESI/MS and LC-ESI/MS/MS methods developed for the
ualitative and quantitative determination of saponins and phe-
olic compounds in G. glabra extracts were specific and sensitive

or the analytes studied. In particular, polarity switching in the MS
ave very good results in terms of specificity for the two classes
f compounds investigated. The qualitative analysis of G. glabra
oots derived from different countries revealed that some phenolic
ompounds were indicative of the area of collection, thus allowing
he origin of the plant material to be established readily. Sam-
les of liquorice roots from China and Italy were the most rich in
lycyrrhizic acid. Additionally, a number of saponins related to gly-
yrrhizic acid were found to be present in the studied extracts in
arge amounts, in some cases in quantities comparable with that of
lycyrrhizic acid itself. For these compounds, it could be of interest
o evaluate the biological activities in comparison with those of 1.
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