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ABSTRACT
Glycyrrhiza inflata Batalin is among the three glycyrrhizin produc-
ing Glycyrrhiza species and can be distinguished from other
species with regard to its retrochalcone contents. Seven retrochal-
cones, echinatin and licochalcones A, C, D, E, K, and L were iso-
lated and characterized from the chloroform extract of G. inflata
roots. Among the isolates, licochalcone L was found to be previ-
ously undescribed. Structure elucidation of these specialised
metabolites was achieved through NMR and mass spectroscopic
data analyses.
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1. Introduction

Licorice/liquorice is the root of Glycyrrhiza species and has been described as the king
of herbs by the Chinese. It has a long history of use as herbal medicine in Southern
Europe and several parts of Asia such as China and India and its use as a medicine
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has been reported since 2100 BC in the Codex Hammurabi (Fenwick et al. 1990). The
extreme taste of sweetness makes liquorice a popular candy, a flavoring agent, and an
ingredient of various pharmaceutical products (Omar et al. 2012). Several notable
Glycyrrhiza species such as G. inflata Bat., G. glabra L., and G. uralensis Fisch have been
widely used for these purposes. Liquorice, an economically important medicinal plant,
can be found in almost half of TCM prescriptions and is a part of many biological
studies (Fenwick et al. 1990). Liquorice is reported to be effective in the treatment of
asthma with coughing and unwarranted phlegm as well as in curing food and drug
intoxication (Hocaoglu et al. 2011; Omar et al. 2012; Gong et al. 2015; Yang et al.
2017). Liquorice is currently harvested so that its main component glycyrrhizin can be
used as a food additive and as an ingredient in tobacco, confectionery and pharma-
ceutical manufacturing (Fenwick et al. 1990; Haraguchi et al. 1998).

To date, over 500 chemical constituents, mainly triterpenoids and flavonoids, have
been separated and identified from the Glycyrrhiza species. The chemical profile of
liquorice can be affected by the source species as well as the geographical area. G.
inflata, found mainly in Xinjiang, China, is one of three Glycyrrhiza species (G. inflata,
G. glabra, and G. uralensis) recorded in the Chinese pharmacopoeia, and its chemical
profile is not much different than other two species (Zhao et al. 2018). Nevertheless,
more than 80 chemical constituents have been reported from G. inflata, mainly triter-
penoid glycosides and flavonoids (Zheng et al. 2015; Lin et al. 2017). The chalcone
core is composed of an a, b-unsaturated carbonyl system of three carbons lying
between two aromatic rings. Chalcones are structurally one of the most diverse groups
of flavonoids and are the biogenetic precursors of various heterocyclic compounds.
Due to the significant contribution of chalcones and their derivatives in the pharmaco-
logical industry, a large number of procedures have been reported for their synthesis
(Farooq and Ngaini 2019). G. inflata is a rich source of retrochalcones. Retrochalcones
are chalcones having characteristic oxygen substitutional functional groups and struc-
turally distinguished from typical chalcones by the lack of oxygenation at the second
position of phenyl ring next to the carbonyl (Saitoh et al. 1975; Ayabe and Furuya
1981; 1982; Kajiyama et al. 1992; Lin et al. 2017). However, the primary specialized
metabolite is glycyrrhizin, which is attributed to the sweet taste.

G. inflata has been part of several pharmacological studies, and various parts of the
plant have shown different biological activities. For example, the roots of G. inflata
have shown a relaxant activity in isolated mouse jejunum. Further investigation has
demonstrated that licochalcone A and isoliquiritigenin were responsible for the activ-
ity, and they showed a relaxant effect in a concentration-dependent manner (Nagai
et al. 2007). Besides, licochalcone A, isolated from the root of G. inflata, showed an
apoptotic effect towards oral squamous cell carcinoma in HN22 and HSC4 cell lines. It
decreased the cell viability in MTS assay in a dose- and time-dependent manner at
micromolar concentration (Cho et al. 2014). Recently, anti-Alzheimer and neuroprotec-
tive activities of licochalcone B, another isolate of G. inflata, have been reported (Cao
et al. 2020). As part of our continuing efforts to discern species-specific metabolites of
broadly used plants in dietary supplements and botanical drug products under devel-
opment in the United States, which can serve as ‘chemical markers’, the retrochal-
cones-targeted exploration of G. inflata roots was instigated. In this regard, seven
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retrochalcones were isolated and characterized by analyzing 1D- and 2D-NMR and
HRESIMS data.

2. Results and discussion

To isolate retrochalcones, the chloroform was preferably selected as a choice of solv-
ent for extracting G. inflata roots, which resulted in 12.3 g dried extract (2.7% yield).
The unusual lower yield of chloroform extract indicated that the root is rich in polar
compounds, which has also been supported by Li et al. (2016). Retrochalcones (Figure
1) were isolated from the chloroform extract using various chromatographic proce-
dures. Previously described compounds were identified as echinatin and licochalcones
A, C, D, E, and K by analyses of their NMR and mass spectral data, as well as by com-
paring their NMR data with those of reported in the literature (Kajiyama et al. 1992;
Yoon et al. 2005; Lin et al. 2017). Licochalcone L was obtained as the yellow amorph-
ous powder. Its molecular formula was established to be C21H22O5 based on the
[MþH]þ ion peak at m/z 355.1554 (calcd for C21H23O5, 355.1545) in the HRESIMS. The
1H- and 13C NMR data showed resonances for an aromatic AA0BB0 pattern [dH/dC
(ppm) 8.02 (2H, d, J¼ 8.8Hz)/130.6 (CH-20, 60) and 6.95 (2H, d, J¼ 8.8 Hz)/115.1 (CH-30,
50)], an a,b-unsaturated carbonyl functionality [dH/dC 8.12 (1H, d, J¼ 15.7 Hz)/138.4
(CH-b), 7.71 (1H, d, J¼ 15.7 Hz)/118.4 (CH- a), and dC 187.3 (CO)], and 1,2,4,5-tetrasub-
stituted phenyl ring [dH/dC 6.51 (1H, s, CH-3)/93.9, 6.73 (1H, s, CH-6)/121.9, dC 116.6 (C-

Figure 1. Structures of isolated retrochalcones.
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1), 160.1 (C-2), 162.0 (C-4), and 130.3 (C-5)] indicating the presence of a chalcone skel-
eton. In addition, the resonances for a methoxy group [dH/dC 3.91 (s, OMe)/55.4] and a
prenyl group [dC 42.4 (C-100), dH/dC 4.41 (1H, t, J¼ 6.0 Hz, CH-200)/94.0, 3.86 (2H, m, CH2-
300)/60.8, 1.43 (3H, s, CH3-400)/27.3, and 1.24 (3H, s, CH3-500)/22.4] were observed. The
HMBC correlations (Figure S1, Supplementary material) of 1,4-disubstituted phenyl ring
protons (H-20/60) with carbonyl and of olefin protons with carbons of pentasubsti-
tuted-phenyl ring demonstrated a retrochalcone skeleton where the oxo group was
linked to phenyl ring lacking oxygenation at the second position in contradiction with
normal chalcone (Kajiyama et al. 1992; Lin et al. 2017). The methoxy and prenyl
groups were located at C-2 and C-5, respectively, based on the HMBC correlations
(Figure S1, Supplementary material) as in licochalcone A (Kajiyama et al. 1992). The
NMR spectroscopic data of licochalcone L were similar to those of licochalcone A,
except for the resonances of a terminal olefin wherein the prenyl group of licochal-
cone A were exchanged with those of oxy-methine (dH/dC 4.41/94.0, CH-200) and oxy-
methylene (dH/dC 3.86/60.8, CH2-300) in licochalcone L, suggesting the epoxidation of
the olefin moiety, followed by ring-opening of oxirane to form 5-exo-tet-cyclization to
furnish substituted furano moiety. The pattern of furano moiety in licochalcone L was
confirmed by 1H-1H-COSY couplings between oxy-methine (H-200) and oxy-methylene
(H2-300) protons as well as by HMBC correlations (Figure S1, Supplementary material) of
oxy-methylene protons with C-100 (dC 42.4) and C-5 (dC 130.3) and two methyl protons
(CH3-400, 500) with C-200 (dC 94.0). An ether bridge between C-200 and C-4 was evident
from the HMBC correlation of oxy-methine proton (H-200) and C-4 (dC 162.0) resulting
in a dihydrofurano moiety which was in agreement with 11 degrees of unsaturation
dictated by the molecular formula of licochalcone L. Ultimately, the structure of lico-
chalcone L was elucidated as shown in Figure 1. It is worth mentioning that the struc-
ture of licochalcone L was previously mentioned as a metabolite in hepatic
metabolism of licochalcone A which was tentatively identified based solely on the
mass fragmentation pattern (Huang et al. 2017).

3. Experimental section

3.1. General experimental procedures

MS data were acquired on an Agilent Technologies 6230 ToF mass spectrometer. 1D-
and 2D-NMR spectra were recorded on an Agilent DD2-500 NMR spectrometer. A
Varian Cary 50 Bio UV-visible spectrophotometer was used to record UV-visible spec-
tra. IR spectra were recorded on an Agilent Technologies Carry 630 FTIR. The specific
rotation was measured on AUTOPOL IV Automatic Polarimeter (Rudolph,
Hackettstown, NJ). Column chromatography (CC) was performed over flash silica gel
(32-63m, Dynamic Adsorbents Inc), reversed-phase C18 silica (Polar bond, J. T. Baker),
and Sephadex LH-20 (Sigma). High-performance liquid chromatography was performed
on JAI LaboACE LC-5060 system. Flash chromatography was performed using Isolera
Four, Biotage, USA. Analytical TLC was performed on silica gel F254 aluminum sheet
(20� 20 cm, Fluka) or silica 60 RP-18 F254 S aluminum sheet (20� 20 cm, Merck).
Preparative TLC was performed on silica gel GF plate with UV254 (500lm, 20� 20 cm,
Uniplate-Analtech). The detection was performed at UV-254 nm. Spots were visualised
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by spraying with 0.5% vanillin (Sigma) solution in conc. H2SO4–EtOH (5:95) followed
by heating. Analytical grade solvents (Fisher Chemicals) were used for extraction and
purification.

3.2. Plant material

The roots of G. inflata were obtained from a commercial source. The authenticity of
the plant material was confirmed by co-TLC of its methanolic extract with that of a ref-
erence plant material from the repository at the National Center for Natural Products
Research, University of Mississippi (voucher # 21961). A sample specimen of the pur-
chased material (# 9330) was deposited in the repository at the National Center for
Natural Products Research, School of Pharmacy, University of Mississippi.

3.3. Extraction and isolation

The powder of G. inflata roots (450 g) was extracted with chloroform (2 L� 6 h) includ-
ing 1 h sonication at room temperature and the process was repeated three times.
The soluble part was concentrated to afford a residue (12.3 g, 2.7% yield), which was
subjected to column chromatography (CC) over Sephadex LH-20 (3000 � 200) using
methanol as solvent. Based on the TLC profile, the resulting fractions (25mL each)
were pooled into four collective fractions (A-D). Fr. B (6.5 g) was chromatographed on
Sephadex LH-20 (3000 � 200) using methanol as the solvent. The resulting fractions
(25mL each) were pooled into five collective fractions (B1-B5). Eight fractions (B2a-
B2h) were obtained from Fr. B2 (3.3 g) as a result of CC [silica gel (4200 � 200), chloro-
form/methanol (19:1), fraction size 25mL]. Licochalcone K (rt. 38min., 5.5mg) from Fr.
B2f (64.3mg) and licochalcone D (rt. 34min., 54.7mg) from combined Frs. B2g and
B2h (222.0mg) were purified by HPLC [silica gel column (6 lm, 100Å, 300mm �
19mm), ethyl acetate/hexanes (from 10:90 to 50:50 in 50min.), flow rate (10mL per
min.), UV 254 nm, and injection amount (about 25mg)]. Fr. B2d (550.0mg) was sub-
jected to CC [silica gel (3600 � 0.800), dichloromethane/methanol (49:1), fraction size
25mL] to get nine fractions (B2d1-B2d9). Licochalcone A (20.0mg) from Fr. B2d1
(25.1mg) and licochalcone L (4.0mg) from Fr. B2d9 were purified by preparative thin-
layer chromatography (PTLC) [silica gel, hexanes/acetone (3:2) and hexanes/ethyl acet-
ate (1:1), respectively]. Licochalcones C and E (13.8mg each) were obtained from Fr.
B2d2 (201.7mg) by Biotage flash chromatography [SNAP25g silica gel cartridge,
chloroform/ethyl acetate gradients (100:0 to 40:60), flow rate 75mL/min., UV 254, and
fraction size 20mL] followed by PTLC [silica gel, hexanes/ethyl acetate (1:1)]. Echinatin
(28.0mg) was purified from Fr. B3 (1.6 g) by CC [silica gel (4200 � 100), chloroform/
methanol (49:1)].

3.3.1. Licochalcone L
Yellow powder. [a]22D þ13.0 (c 0.10, CHCl3); UV (MeOH) kmax (nm) (log e) 280 (3.08); IR
�max 3267, 2961, 2922, 1640, 1610, 1584, 1485, 1451, 1281, 1213, 1164, 1026 cm�1;
HRESIMS m/z 355.1554 [MþH]þ (calcd for C21H23O5, 355.1545;

1H NMR data (acetone-
d6, 500MHz) dH 8.12 (1H, d, J¼ 15.7 Hz, H-b), 8.02 (2H, d, J¼ 8.8 Hz, H-20, 60), 7.73 (1H,
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s, H-6), 7.71 (1H, d, J¼ 15.7 Hz, H-a), 6.95 (2H, d, J¼ 8.8 Hz, H-30, 50), 6.51 (1H, s, H-3),
4.41 (1H, t, J¼ 6.0 Hz, H-200), 3.91 (3H, s, OMe), 3.86 (2H, m, H2-300), 1.43 (3H, s, H3-400),
1.24 (3H, s, H3-500) (Table S1); 13C NMR data (acetone-d6, 125MHz) dC 187.3 (CO), 162.0,
(C-4), 161.4 (C-40), 160.1 (C-2), 138.4 (C-b), 130.9 (C-10), 130.6 (C-20, 60), 130.3 (C-5),
121.9 (C-6), 118.4 (C-a), 116.6 (C-1), 115.1 (C-30, 50), 94.0 (C-200), 93.9 (C-3), 60.8 (C-300),
55.4 (OMe), 42.4 (C-100), 27.3 (C-400), 22.4 (C-500) (Table S1, Supplementary material).

4. Conclusion

In an attempt to isolate the species-specific chemical markers of G. inflata, targeted
isolation of retrochalcones was performed on the chloroform soluble part of the G.
inflata roots. As a result, seven retrochalcones (echinatin, licochalcones A, C, D, E, K,
and L) were isolated. Among the isolates, licochalcone L was found to be previously
undescribed from any source.
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