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ARTICLE INFO ABSTRACT
Article history: Glycyrrhiza glabra, commonly known as licorice, is a popular herbal supplement used for the
Received 4 March 2014 treatment of chronic inflammatory conditions and as sweetener in the food industry. This spe-
Received in revised form 1 May 2014 cies contains a myriad of phytochemicals including the major saponin glycoside glycyrrhizin (G)
Accepted 2 May 2014 of Glycyrrhetinic acid (GA) aglycone. In this study, 2D-ROESY NMR technique was success-
Available online 14 May 2014 fully applied for distinguishing 18a and 18 glycyrrhetinic acid (GA). ROESY spectra acquired
from G. glabra, Glycyrrhiza uralensis and Glycyrrhiza inflata crude extracts revealed the presence
Keywords: of G in its B-form. Anti-inflammatory activity of four Glycyrrhiza species, G, glabra, G. uralen-
G. glabra sis, G. inflata, and G. echinata roots was assessed against COX-1 inhibition revealing that phen-
G. inflata olics rather than glycyrrhizin are biologically active in this assay. G. inflata exhibits a strong
G. uralensis cytotoxic effect against PC3 and HT29 cells lines, whereas other species are inactive. This study
Glycyrrhizin presents an effective NMR method for G isomer assignment in licorice extracts that does not
Licorice require any preliminary chromatography or any other purification step.
ROESY © 2014 Production and hosting by Elsevier B.V. on behalf of Cairo University.
Introduction inhibition of gastric acid secretion, anti-inflammatory, antiviral,

and anti-atherogenic have been well verified [1,2]. An anti-car-
Licorice is the dried root of Glycyrrhiza glabra, Glycyrrhiza cinogenic effecF of li_corice has also receptly been demons.trated
inflata or Glycyrrhiza uralensis, a member of legumes endoge- [3-5]. These biological effects are attributed to a myriad of
nous to Asia and southern Europe; widely used as flavoring ~ Piologically active constituents: terpenoids, alkaloids, polysac-
and sweetening agent and also proposed for various clinical charides, polyamines, saponins, and flavonoids [6-8]. The most
applications. Pharmacological effects of licorice include important constituent of licorice is glycyrrhizin (G, 3-0-(2-0-p-

D-glucopyranuronosyl-a-p-glucopyranuronosyl)-3p-hydroxy-
monding author. 11-0x0-18,20-0lean-12-en-29-oic acid) present in quantities of
E-mail address: mfarag73@yahoo.com (M.A. Farag). 3.6-13.1% in dried roots [9]. G consists of a disaccharide of
Peer review under responsibility of Cairo University. two glucuronic acid molecules bound to the pentacyclic triter-
pene glycyrrhetinic acid (GA), which exists in two isomers
(C-18 epimers): the trans (v GA) and the cis form (f GA)
(Fig. 1). G exhibits potent hydrocortisone-like anti-inflamma-
tory, antiulcer, antiviral, and antihepatotoxic activities [10,11]
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whereas GA is a potent antibiotic against ulcer causing
Helicobacter pylori [12].

The amount of BGA in licorice root is reported to be in the
0.1-1.6% range, whereas aGA amount is usually lower than
0.7%. Qualitative differences in pharmacological effects
between the isomers have been observed: for instance, the anti-
hepatotoxic activity of oGA is higher than that of BGA, while
its anti-inflammatory activity is considerably lower [9].

In regard to quality control (QC) analysis of licorice roots,
Glycyrrhizin (G) is often considered as the most frequently
monitored metabolite via HPLC. Nevertheless, for HPLC, it
is rather difficult to resolve the 18a and 18 stereoisomers sat-
isfactorily due to the very similar properties of these epimers.
Only a few papers report procedures to distinguish o-GA
and B-GA, using chiral separation, HPTLC and gel electro-
phoresis [13,14], which all require elaborate chromatography
for a separation of the isomers. Interest in both G biological
activity and improving QC analysis of licorice samples, drives
the development of faster, stable and accurate methods for
reliable G isomer assignment in licorice extracts.

NMR presents a powerful technology for isolates structural
elucidation including conformational NMR experiments based
on either 2D nuclear Overhauser enhancement spectroscopy
(NOESY) or rotating frame Overhauser effect spectroscopy
(ROESY) which provide information about couplings through
space and consequently can allow for a configuration (and
sometimes even conformation) assignments of isomers [15].
With an increasing interest in utilizing NMR for metabolic fin-
gerprinting and phytomedicines QC analysis, it is now possible
to record NMR spectra from crude plant extracts providing
the valuable metabolite signature of a complex plant extract
[16]. Unlike MS-based analyses, nuclear magnetic resonance
(NMR) spectroscopy provides a large amount of information
regarding molecular structure, and novel software innovations
have facilitated the unequivocal identification of compounds
within composite samples. However, NMR has a lower
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sensitivity compared to MS. Additionally, introducing another
set of chemical shifts from the proton dimension as in ROESY
spectra would also complicate the spectral processing using
multivariate data analysis.

In this study, we present an effective NMR method for G
isomer assignment in licorice extracts that does not require
any preliminary chromatography or any other purification
step. A total of 8 extracts representing three different Glycyr-
rhiza species (G. glabra, G. uralensis and G. inflata) from differ-
ent localities were analyzed.

Material and methods

Plant materials and chemicals

A total of 8 well-characterized Glycyrrhiza samples represent-
ing a broad geographic and genetic sampling of species across
the world were analyzed. All information on collected samples
and their origin is recorded in (Table 1).

Methanol-D, (99.80% D) was purchased from Deutero
GmbH (Kastellaun, Germany). Standards for B-glycyrrhizin
(=95%), 18a-glycyrrhetinic acid (>99%) and 18f-glycyrrheti-
nic acid (=99%) were obtained from Sigma Aldrich (St.
Louis, MO, USA).

Plant extraction and NM R measurement

Dried and deep frozen Glycyrrhiza root powder (60 mg) was
homogenized with 5ml 100% MeOH using a Turrax mixer
(11,000 RPM) for five 20 s periods. Extracts were then vor-
texed vigorously and centrifuged at 3000g for 30 min to
remove plant debris. For each root specimen, three biological
replicates were provided and extracted in parallel under identi-
cal conditions (a total of 24 samples). For ROESY analysis,
4 ml was aliquoted and the solvent was evaporated under a
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Chemical structures of o- and f-glycyrrhizin. Note the carbon numbering system for each compound is used throughout the
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Table 1 The origin of Glycyrrhiza root samples used in this analysis.

Accession Species Original source Collected year
GI G. inflata China, Xinjiang 2005

GGl G. glabra Sekem Commercial product, Egypt 2009

GG2 G. glabra Afghanistan 2008

GG3 G. glabra Botanical garden, Cairo University, Egypt 2009

GG4 G. glabra Syria 2008

GU1 G. uralensis China, eastern Inner Mongolia 2000

GU2 G. uralensis China, Gansu 2002

GU3 G. uralensis Commercial, Dongbei-Gancao, Vietnam 2009

stream of nitrogen till dryness. Dried extracts were resus-
pended with 800 pul 100% methanol-D4. After centrifugation
(13,000g for 1min), the supernatant was transferred to a
Smm NMR tube.

All spectra were recorded on a Varian VNMRS 600 NMR
spectrometer operating at a proton NMR frequency of
599.83 MHz using a 5mm inverse detection cryoprobe. 'H
NMR spectra were recorded with the following parameters:
digital resolution 0.367 Hz/point (32 K complex data points);
pulse width (pw) = 3 us (45°); relaxation delay = 23.7s;
acquisition time = 2.7 s; number of transients = 160. 2D
ROESY spectra was recorded using standard CHEMPACK
4.1 pulse sequences (gROESY) implemented in Varian
VNMRIJ 2.2C spectrometer software. ROESY experiment
was conducted with a mixing time set for 300 ms. ROESY
spectra were collected over a bandwidth of 6 ppm using 512
and 1024 complex data points in F1 and F2, respectively.
Using a 1.31 s relaxation delay resulted in a total acquisition
time of 28 min.

Cytotoxicity assay

Human prostate PC3 cancer cell line was obtained from the
Deutsche Sammlung von Mikroorganismen und Zellkulturen,
Braunschweig, (DSMZ ACC# 465) and the HT29 colon cancer
cell line was obtained from the medical immunology depart-
ment at Martin Luther-Universitdt Halle-Wittenberg (Prof.
Seliger). The cells were grown as monolayers in adherent cell
lines and were routinely cultured in RPMI (Roswell Park
Memorial Institute) 1640 supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS) and 1% L-glutamine in 75 cm?
polystyrene flasks (Corning Life Sciences, UK) and maintained
at 37 °C in a humidified atmosphere with 5% CO,. Cells were
plated at a density of 1 x 10*/well in 96-well plates. They were
allowed to attach to the plate for 24 h. After 24 h, the media
were replaced with RPMI media containing resin extracts.
Three concentrations were used (5, 10, and 20 pg/ml) from
each extract. Dried extracts prepared as in section 3.3 were ini-
tially dissolved in DMSO at a concentration of 2 mg/ml and
further diluted with RPMI medium. The DMSO concentration
in the assay did not exceed 0.1% and was not cytotoxic to the
tumor cells. After 72 h, the medium was taken out, 100 ul of
XTT-solution (2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino) carbonyl]-2H-tetrazolium hydroxide) (Roche
Applied Science, Mannheim, Germany) was added to each
well, and plates were incubated at 37 °C for another 4 h at a
(final concentration 0.3 mg/ml) . Absorbance was measured

at 490 nm against a reference wavelength at 650 nm using a
microplate reader (Beckman Coulter, DTX 880 Multimode
Reader). The mean of triplicate experiments for each dose
was used to calculate the ICsy and repeated in 2 passages for
each cancer cell line. Digitonin was used as a positive drug
control.

Anti-inflammatory cyclooxygenase-1 (COX) inhibition assay

All reagents and solutions were prepared according to the pro-
tocols established by Cayman Chemicals (Ann Arbor, MI,
USA) for the COX-1 inhibition assay. MeOH extract prepared
as above was dissolved in neat DMSO and diluted in reaction
buffer to a final DMSO concentration of 1% (v/v). Extracts
were tested at a dose of 100, 150 and 200 pg/ml; 3 replicates
for each concentration. Reactions were conducted with
COX-1 enzyme in the presence of heme as a co-factor. The
enzymes were incubated at 37 °C for 15 min with serial dilu-
tions of the liquorice extract or reaction buffer to determine
100% enzyme activity (positive control), and heat inactivated
enzymes were used to as negative controls (0% enzyme activ-
ity). Arachidonic acid (100 uM) was added to each well and
the fluorescence product of the reaction was measured at
670 nm using microplate reader. Percent inhibition of the
COX enzymes was determined by comparing the extract
loaded wells with the positive and negative controls. Commer-
cially available COX-1 inhibitor (SC-560) (Cayman Chemicals,
Ann Arbor, MI, USA) with an ICs value of 100 pM was used
as positive reference for comparison.

Total phenolics (TP) quantification

A spectrophotometric method using Folin—Ciocalteau reagent
was adapted for TP assays in Glycyrrhiza roots. Extracts were
prepared by cold extraction with shaking over 3 h using 100%
MeOH. Plant debris was removed by centrifugation and sol-
vent was removed by evaporation under nitrogen followed
by lyophilization. The residue was dissolved in methanol to
obtain a solution at a concentration of 10 mg/ml. Folin Ciocal-
teau reagent (100 pl) was added to a test tube containing 20 pl
of extract. Contents were mixed and a saturated sodium car-
bonate solution (200 pl) was added to the tube. The volume
was adjusted to 1 ml by the addition of 0.68 ml of milliQ water
and contents were mixed vigorously. Tubes were allowed to
stand at room temperature for 25 min and then centrifuged
for 5 min at 2435g. Absorbance of the supernatant was read
at 760 nm. Blank samples of each extract or fraction were used
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for background subtraction. Caffeic acid was used as standard
for the calibration curve at concentrations of 0.01, 0.1, 1, and
5 mg/ml. The assay was carried out in triplicate.

Results and discussion

We have recently reported on the use of '"H NMR for the met-
abolic fingerprinting of G. glabra, G. uralensis and G. inflata
extracts, targeting its secondary metabolites [17]. G (Fig. 1)
was identified in these extracts from its well resolved singlet
signals at § 0.82 (Me-28), 0.85 (Me-24), 1.08 (Me-23), 1.13
(Me-25& 26), 1.16 (Me-29) and 1.41 (Me-27), (Fig. 2C). In
the sugar region, signals at ¢ 4.49 d (7.3 Hz) and 4.67 d (7.7
Hz) were assigned to anomeric protons of glucuronic acid
moieties at H-1" and H-1” position in glycyrrhizin, respectively

[17]. For detailed description on extracts chemical composition
and glycyrrhizin concentration, see Farag et al. [17]. NMR sig-
nals were assigned using a combination of 2D NMR experi-
ments (‘H, '"H COSY, HSQC, and HMBC). Nevertheless,
utilizing 'D NMR and these 2D-experiments, G isomer con-
formational assignment could not be successfully confirmed
in most licorice extracts, due to crowded '"H NMR spectra with
matrix signals which do not allow detection of signals of 18-
or 18B-G.

2D ('"H-'H) ROESY, a method based on proton-proton
dipolar relaxation through space, was considered suitable to
distinguish between 18-a and B isomers. ROESY spectra for
o- and B-glycyrrhetic acid standard show distinctive crosspeaks
between H-18 and its neighboring protons indicative for each
isomer configuration. While the a-isomer exhibits 1,3-diaxial

HOOC

29

8 "Hppm]

28

188

i

1.4 1.3 1.2 1.0
8 'Hppm] '

Fig. 2

Identification of B-glycyrrhizin in G. uralensis crude extract by comparison with the 2D ROESY spectra of a- and B-glycyrrhetic

acid. Expansions of 2D ROESY spectra for a-glycyrrhetic acid (A), B-glycyrrhetic acid (B), and G. wralensis extract (C) showing
correlations through space between H-18 and CH5-28 in the B-isomers but H-18 and CH;-27 as well as CH3-29 in the a-isomer; arrows

point to correlations.
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interaction between H-18 (6 2.37) and CH3-27 (6 1.39) as well as
CHs5-29 (6 1.24), the B-isomer shows interaction between H-18
(6 2.18) and equatorial CH3-28 appearing at ¢ 0.82 (Fig. 2A
and B). ROESY spectra acquired from all licorice samples
revealed that the presence of G in its B-form coincides with
standard GA B-isomer crosspeak patterns (Fig. 2C). The vari-
ance was assessed by analyzing samples from three biological
replicas for each specimen. Analytical reproducibility was fur-
ther assessed by measuring triplicate NMR measurements over
2 days for the biological sample GG1 and showing almost
superimposed crosspeak results (data not shown). These results
confirm previous reports highlighting that the B-isomer is the
natural form of glycyrrhizin in G. glabra and extends to allied
species studied in this paper such as G. inflata and G. uralensis.
It should be noted that GA was present at trace levels in all
extracts as revealed from LC/MS analysis [17] revealing that
all signals assigned for GA aglycone by NMR were attributed
to its glycoside form G. This result poses NMR as an appropri-
ate tool for G isomer assignment without any chromatography
step. The absence of a-glycyrrhizin, a product of the B-isomer
under alkaline conditions [18], shows that the samples were
not subject to any major chemical isomerization or degradation
and suggest that NMR can be applied to identify licorice sam-
ples that have undergone partial decomposition.

Anti-inflammatory effect in relation to total phenolics (TP)
content

To address the issue of potential variation of the anti-inflam-
matory activity different species and accessions, we measured
the ability of methanol extracts from 11 samples to inhibit
cyclooxygenase-1 (COX1), an enzyme involved in inflamma-
tion processes (Fig. 3). G. glabra shows inhibitory effect on
COX and LOX products [19]. In this study, extracts prepared
from G. glabra and G. uralensis, were among the most effective
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Fig. 3 Anti-inflammatory activity against COXI1 and total
phenolics (TP) content of Glycyrrhiza sp. extract tested at a dose
of 100 pgml~' (n = 3). Results are expressed for anti-inflamma-
tory activity as % inhibition to control on the Y, axis and for
polyphenol content as mgg' as displayed on the Y, axis.
Glycyrrhiza samples include: (GEl, GE2, GE3; G. echinata),
(GU1, GU2, GU3; G. wralensis), (GG1, GG2, GG3, GG4; G.
glabra) and (GI; G. inflata), for sample codes, see Table 1.

ones, whereas extracts from G. echinata were the least effective
ones tested at doses of 100, 150, and 200 pg/ml. Previous inves-
tigations concluded that G is an anti-inflammatory compound
in licorice, acting by inhibiting the release of inflammatory
mediators [20]. Nevertheless, both B-G and B-GA were found
inactive on COX1 in our assay setup up at a dose of 500 pg/ml.
In contrast to these results, liquiritin, a major flavonoid in
Glycyrrhiza sp. [17] was active in the COX1 assay with an
ICsg value of 96 + 8 pg/ml. In addition to triterpene saponins,
numerous pharmacologically active polyphenols in quantities
of 1-5% have been isolated from Glycyrrhiza sp. and might
be accountable for its potent anti-inflammatory effect [21].
These findings suggest that with regard to COX1 inhibition
enzyme assay, phenylpropanoids constitute an indispensible
part of licorice anti-inflammatory efficacy, arguing for a possi-
ble (synergistic or at least additive) effect of several secondary
metabolites in targeting different enzymes involved in inflam-
mation. A positive relationship appears to exist between the
total polyphenols (TP) content and the anti-inflammatory
activity for most species, with a potential correlation to pheno-
lic antioxidant activity. Accessions demonstrating the most
potent anti-inflammatory effect were enriched in TP, ie. G.
glabra and G. uralensis showed the best effect. A similar trend
to the opposite side was observed for species with low TP, i.e.
G. echinata (Fig. 3). Thus, total COXl-inhibitor activity of
crude methanol extracts appeared to be dominantly correlated
to the (TP) content, which differs across species. It should be
noted that no significant difference in TP or anti-inflammatory
effect was observed for samples belonging to the same species
but coming from different geographical origin. These data
support the observation that licorice is an effective COX 1
inhibitor, and provide more insight into the nature of the com-
pounds mediating for such an effect.

Cytotoxic effect of G. inflata in relation to licochalcone A

Increasing evidence in the literature point toward the marked
cytotoxic effect found for licorice flavonoids including isoli-
quiritigenin [22]. Our objective was also to investigate cytotox-
icity potential of licorice extracts with different flavonoid
composition as revealed from our chemical analysis [17]. All
samples were tested for growth inhibition of (mutated andro-
gen dependent) prostate (PC3) and (androgen independent)
colon (HT-29) cancer cell lines at doses of 5, 10 and 20 pg/
ml. All extracts show only weak inhibition in this assay setup,
except for G. inflata with an ICs, value of 13 and 17 pg/ml for
HT29 and PC3, respectively. The high content of moderately
cytotoxic compounds such as polyphenols and chalcones in
G. inflata [17] probably is responsible for the growth inhibition
effect. Relevant amounts of licochalcone A, the major isopre-
nylated retrochalcone in G. inflata, are absent in the other spe-
cies samples as revealed by 'H NMR analysis [17]. Thus pure
licochalcone A was tested separately and exhibited significant
activity at lower ICsy values (PC3, 9.6 ug/ml; HT29, 8.0 pg/
ml) suggesting that it likely is the main mediator of cytotoxic-
ity in G. inflata extract. Indeed, several laboratories evidenced
the marked cytotoxic effect for licochalcone A against various
cancer cell lines including lung, colon, prostate and skin cancer
cell lines [23]. Several other retrochalcones such as licochalcone
C and D were present in G. inflata extract and may act
additively or even synergistically with licochalcone A. Our
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results provide more insight for metabolites mediating licorice
biological effect and concur previous scientific evidence that
polyphenols contribute to a large extent for licorice medicinal
use as in case of deglycyrrhizinated licorice (DGL).
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