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Abstract

Phytochemical investigation of methanolic extract of Limonium leptophyllum (Plumbaginaceae), led to the isolation of |
new isoflavonoid with a rare 5-membered dihydrofuran ring (I, leptoisoflavone A) and 8 known compounds. The known
isolated compounds were identified as euchrenone by (2), auriculasin (3), kaempferol (4), avicularoside (5), myrice-
tin-3-arabinoside (6), trans-N-feruloyltyramine (7), trans-N-caffeoyltyramine (8), and B-sitosterol (9). The crude meth-
anolic extract exhibited moderate activity toward endocannabinoid receptors. Auriculasin (3) showed activity toward

cannabinoid receptor type | (86.7% displacement with IC., 8.92 uM).
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The genus Limonium (Plumbaginaceae family) is known
as halophytes and consists of 300 species worldwide, of
which 18 are found in Kazakhstan." Species in this genus
are also known as statice, caspia, sea-lavender, or
marsh-rosemary. The genus is widely distributed in Asia,
Africa, Australia, Europe, and North America. More
recently, several species of the Limonium genus are used to
treat arthritis and fever.” This genus possesses anti-inflam-
matory, antibacterial,>* antiviral,” and cytotoxic proper-
ties.? Previous phytochemical and biological studies on the
Limonium genus have shown the presence of different
classes of compounds with various biological activities.® '
In continuation of our previous work and search for novel
plant-derived biological agents,®”'>"!7 further investiga-
tions on the phytochemical constituents of Limonium lep-
tophyllum (Schrenk) O. Kuntze were carried out. Herein,
we are reporting the isolation and characterization of 1
new and 8 known compounds from L. leptophyllum.
Compound 1 was obtained as a yellow solid. The
high-resolution mass spectrometric (MS) data showed a
peak corresponding to the molecular formula C,H,,0q,
based on the [M + H]" ion signal at m/z 403.1532 (calc.
403.1545). The "*C nuclear magnetic resonance (NMR)
data of 1 (Table 1) showed resonances of 25 carbon atoms,
which were classified by distortionless enhancement by
polarization transfer 135 and heteronuclear single quan-
tum coherence (HSQC) experiments as 3 methyls, 2

methylenes, 8 methines, and 12 quaternary carbons. The
"H and "°C NMR spectra (Table 1) showed resonances of 3
methyls [6,,/0- 1.48/28.3, 1.52/28.5, and 1.92/19.9 (C-5"",
4" and 5")], methylene [6;;/0 3.16 (dd, J=9.0, 14.0 Hz),
3.03 (dd, J = 4.5, 14.0 Hz)/23.4 (C-1")], an oxymethine
proton [0,/ 4.45 (dd, J = 4.5, 9.0 Hz)/86.6 (C-2")], ole-
finic methylene [0,/ 5.01 (s)/113.1 (C-4")], a pair of ole-
finic protons [d,,/d 5.61 (d, J = 10.0 Hz)/127.3, 6.71 (d, J
=10.0 Hz)/115.0, (C-2"", 1'")], a set of A,B,/ortho coupled
protons of 1,4-disubstituted aromatic ring [d;,/d 6.90 (d, J
= 8.5 Hz)/115.7 (C-3', 5'), and 7.39 (d, J = 8.5 Hz)/130.5
(C-2', 6")], and an oxygenated aromatic proton [/ 7.90
(s)/152.7 (C-2)]. Furthermore, the *C NMR showed
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Table 1. 'H and "*C NMR Data for Compounds | and 2 in CDCl; (dcand dy, in parts per minute; | in Hertz).

Position Leptoisoflavone A (1) Euchrenone by (2)

'H NMR? 3C NMR® 'H NMR® 3C NMR®
2 7.90 (s) 152.7 (D) 7.87 (s) 152.58 (D)
3 - 127.3 (S) - 123.05 (S)
4 - 181.2 (S) - 181.10 (S)
4a - 105.6 (S) - 105.7 (S)
5 - 159.9 (S) - 160.09 (S)
6 - 109.6 (S) - 110.03 (S)
7 - 157.5 (S) - 157.44 (S)
8 - 101.1 (S) - 100.99 (S)
8a - I51.1 (S) - 150.8 (S)
1’ - 123.7 (S) - 123.63 (S)
2 7.39 (d,8.5) 130.5 (D) 7.37 (d,8.0) 130.39 (D)
3 6.90 (d, 8.5) 115.7 (D) 6.85 (d,8.0) 115.70 (D)
4 - 156.1 (S) - 156.16 (S)
5 6.90 (d, 8.5) 115.7 (D) 6.85 (d, 8.0) 115.70 (D)
6 7.39 (d,8.5) 130.5 (D) 7.37 (d,8.0) 130.39 (D)
1” 3.16 (dd, 9.0, 14.0) 23.4 (T) 2.90 (dd, 9.2, 14.0) 29.20 (T)

3.03 (dd, 4.5, 14.0) 3.03 (dd, 3.6, 14.0)

2" 4.45 (dd, 4.5,9.0) 86.6 (D) 4.30 (dd, 3.6,9.2) 76.14 (D)
3” - 144.4 (S) - 147.57 (S)
4" 5.01 (s) 113.1 (T) 4.85 (s),5.03 (s) 110.40 (T)
57 1.92 (s) 19.9 (Q) 1.88 (s) 18.39 (Q)
1" 6.71 (d, 10.0) 115.0 (D) 5.60 (d, 10.0) 127.22 (D)
2" 5.61 (d, 10.0) 127.3 (D) 6.71 (d, 10.0) 114.99 (D)
3 - 78.8 (S) - 78.60 (S)
4" 1.52 (s) 28.5 (Q) 1.51 (s) 28.57 (Q)
5 1.48 (s) 283 (Q) 1.45 (s) 28.37 (Q)

NMR, nuclearmagnetic resonance.
Recorded at *500 MHz, ®125MHz.

characteristic resonances attributed to an isoflavonoid
skeleton of the conjugated oxo group [J. 181.2 (C-4)], 5
nonprotonated aromatic carbons [d- 101.1, 105.6, 109.6,
123.7,and 127.3 (C-8, 4a, 6, 1, and 3)], 4 oxygenated aro-
matic carbons [d- 159.9, 157.5, 156.1, and 151.1 (C-5, 7,
4', and 8a)], nonprotonated olefinic carbon [J. 144.4
(C-3")], and nonprotonated oxygenated carbon [J. 78.8
(C-3""]. The assignments of 'H and '*C NMR spectro-
scopic data of 1 (Table 1) were based on HSQC, heteronu-
clear multiple bond correlation (HMBC) correlations, and
'H-'"H correlated spectroscopy (COSY) couplings
(Figure 1). The HMBC spectrum of compound 1 showed
the following key 2/ and *J correlations (Figure 1): H-4""
and H-5"" exhibited correlation with C-2""", C-3""", and with
each other, which confirmed the attachment of methyls to
C-3"". The methyl (H-5") in the isoprenyl moiety showed
correlations with C-2", 3", and 4"". Compound 1 showed
similarities with the known compound 2 with observed
variation at C-2" (6 86.6 for compound 1 whereas d. 76.1

for compound 2), which was similar to J 89.5, observed
in lachnoisoflavones A,'® which suggested the cyclization
in compound 1. It was also confirmed by comparing the
oxo carbon (C-4) value of compound 1 (6. 181.2) with
lachnoisoflavone A (182.9 ppm). Correlated spectroscopy
spectrum showed the following correlations (Figure 1): oy
7.39 (H-2', 6") with 0y, 6.90 (H-3', 5), 6, 6.71 (H-1""") with
oy 5.61 (H-2""), 4.45 (H-2") with Jy; 3.16 (H-1"a) and Jy
3.03(H-1"b). Based on spectral data, compound 1 is iden-
tified to be a rare new natural pentacyclic isoflavonoid
including a rare 5-membered dihydrofuran ring between
C-5 and C-6. Finally, compound 1 was elucidated as
10-(4-hydroxyphenyl)-5,5-dimethyl-2-(prop-1-en-2-yl)-
2,3-dihydro-5H,11H-furo[2,3 f]pyrano[2,3 h]chromen-11-
one and named as leptoisoflavone A.

The known isolated compounds (Figure 2) were identi-
fied as euchrenone b, (2)," auriculasin (3),% kaempferol
(4), avicularoside (5),' myricetin-3-arabinoside (6),%
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Figure I. Key HMBC and COSY correlations of compound I.

trans-N-feruloyltyramine (7),
(8),% and p-sitosterol (9).

Crude methanolic extract of aerial parts of L. leptophyl-
lum exhibited moderate activity toward endocannabinoid
receptors (cannabinoid receptor type 1 [CB1] and CB2).
Auriculasin (3) showed activity toward CB1 receptor
(86.7% displacement with ICs, 8.92 puM). "

trans-N-caffeoyltyramine

Experimental

General

Bruker model AMX 500 NMR and 400 NMR spectrome-
ters operating on a standard pulse system were used to
acquire 'H and *C NMR and 2D spectra. The instruments
ran at 500 and 400 MHz for 'H whereas they ran at 125 and
100 MHz for C. CDCl,, dimethyl sulfoxide-d,, and ace-
tone-d; were used as NMR solvents, and trimethyl silane
was used as an internal standard. Electrospray ionization-
mass spectrometric (ESI-MS) data were recorded on
Thermo Orbitrap Fusion (Thermo Scientific). Samples
were analyzed in the positive mode of ionization and were
directly infused at 3 pL/min. Mass was analyzed in
Orbitrap (mass error on the instrument <2 ppm).
Electrospray ionization-MS data were obtained on a
Micromass Q-Tof micromass spectrometer. Fourier trans-
form mass spectrometry-ESI was analyzed on Thermo
Orbitrap Fusion (Thermo Scientific). The sample was ana-
lyzed in the positive mode of ionization. Thin-layer chro-
matography was performed on precoated silica gel GF254
plates and column chromatography was performed on sil-
ica gel (200-300 mesh) and Sorbadex-LH20 (Sorbent
Technologies, Atlanta, GA, USA) with detection provided
by UV light (254 and 366 nm) and by spraying with 1%
vanillin-H,SO, reagent followed by heating for 5 to 10

minutes (105°C). Quantitative high-performance liquid
chromatography (HPLC) was conducted using an Agilent
1100 HPLC system equipped with a degasser (G1379A),
quaternary pump (G13311A), auto sampler (G1313A),
column oven (G1316A), and UV-diode array detector
(G1315B) controlled by Chemstation software. The analy-
sis was carried out on RP-C18 columns (150 x 4.6 mm;
particle size 5 um; Luna) and (250 x 10.0 mm; particle size
10 pm; Luna) with column oven temperature set at 25°C
and using the isocratic system of eluent water (A) and ace-
tonitrile (B) for the separation of the target compounds.
Acetonitrile and water solvents were of HPLC grade,
where acetic acid was added as a modifier to achieve a
final concentration of 0.1% in each solvent. The flow rates
of the solvent were 1.0 mL/min for the analytical injec-
tions whereas 5 mL/min for the semipreparative ones and
the injection volumes were 5.0 and 50 pL for the analytical
and semipreparatives, respectively. All the analysis was
carried out at wavelengths of 254 and 280 nm with a run
time of 40 minutes.

Plant Material

Limonium leptophyllum (Schrenk) O. Kuntze aerial parts
were collected in August 2016, from Kyzylorda region,
Kazakhstan. The plant material was authenticated by
Akhtaeva Nursulu and the specimen voucher (No0.0916.)
was stored at the department of biology and biotechnology
of al-Farabi Kazakh National University.

Extraction and Isolation

Limonium leptophyllum aerial parts (830 g) were extracted
using MeOH (3 L x 3 times); the extract was thereafter
filtered and concentrated on a rotary evaporator at 40°C
yielding 90.3 g of crude methanolic extract. This extract
(50 g) was fractionated over HP 20 gel (200 g) column
using H,O-methanol (1:9), methanol, acetone, and
dichloromethane (DCM) (each 750 mL). Each fraction
was evaporated to dryness to give 16.47 g fraction A
(H,0O:methanol 1:9), 7.87 g fraction B (methanol), 11.25 g
fraction C (acetone), and 1.17 g fraction D (DCM).
Fractions C and D were combined and the mixture (E,
12 g) was loaded onto a normal phase silica gel vacuum
liquid column (210 g) and eluted using hexane-acetone
gradient to yield 12 fractions (E1-E12) and continued with
methanol-DCM gradient to yield 10 more fractions (E13-
E22). Fraction E5 was identified as B-sitosterol (9, 20 mg).
Fraction E13 was identified as kaempferol (4, 10 mg).
Fractions E5-E8 were combined together and purified on
HPLC using water-acetonitrile gradient 60:40 to 20:80
over a period of 20 minutes, to yield euchrenone b, (2, 2.5
mg, RT 13.1 min) and compound 1 (2.1 mg, RT 14.6 min).
Fractions E11 and 12 were combined (497 mg) and



Natural Product Communications

Figure 2. Compounds isolated from L. leptophyllum.

purified over silica gel column to afford auriculasin (3, 25
mg). Combined fractions E20-22 (5 g) were loaded on sil-
ica gel and purified using methanol-DCM gradient system
to afford avicularoside (5, 10 mg), myricetin-3-arabinoside
(6, 15 mg), trans-N-feruloyltyramine (7, 5 mg), and trans-
N-caffeoyltyramine (8, 8 mg).

Leptoisoflavone a (1)

Yellow solid.

[a]p™: ~3.125 (¢ 0.064, MeOH).

'H and *C NMR: Table 1.

High-resolution ESI-MS: m/z 403.1532 [M + H]" (calc.
C,sH,,05 + H, 403.1545).

Cannabinoid and Opioid Receptor Assays

The affinity of the total extracts, fractions, and isolated
compounds toward cannabinoid and opioid receptors was
analyzed according to the published method.?* The crude
methanolic extract exhibited moderate activity toward
endocannabinoid receptors. Compound 3 showed activity
toward CBI1 receptor.

Acknowledgments

The authors thank Dr Jon Parcher for proofreading the manuscript.
The authors acknowledge Award Number P20GM 104932 from
the National Institute of General Medical Sciences for bioassay
results.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The

project was supported by National Center for Natural Product
Research, School of Pharmacy, University of Mississippi,
University, MS 38677, USA. This work was supported in part by
the USDA Agricultural Research Service Specific Cooperative
Agreement No. 58-6060-6-015.

Supplemental Material

Supplemental Material:Supplemental material for this article is
available online.

References

1. Zhusupova GE. Chemical Composition of Limonium Mill
Genus Plants and Creation of Preparations on its Basis [dis-
sertation]. Almaty, Kazakhstan: Al-Farabi Kazakh National
University; 2007.

2. Aniya Y, Miyagi C, Nakandakari A, Kamiya S, Imaizumi N,
Ichiba T. Free radical scavenging action of the medicinal herb
Limonium wrightii from the Okinawa islands. Phytomedicine.
2002;9(3):239-244.

3. Kandil FE, Ahmed KM, Hussieny HA, Soliman AM. A
new flavonoid from Limonium axillare. Arch der Pharm.
2000;333(8):275-277.

4. Murray AP, Rodriguez S, Frontera MA, Tomas MA, Mulet MC.
Antioxidant metabolites from Limonium brasiliense (Boiss.)
Kuntze. Zeitschrifi fiir Naturforschung. 2004;59(7-8):477-480.

5. Kuo YC, Lin LC, Tsai WJ, Chou CJ, Kung SH, Ho YH. Sama-
rangenin B from Limonium sinense suppresses herpes simplex
virus type 1 replication in Vero cells by regulation of viral
macromolecular synthesis. Antimicrob Agents Chemother.
2002;46(9):2854-2864.

6. Gadetskaya AV, Mohamed SM, Tarawneh AH, et al. Phyto-
chemical characterization and biological activity of secondary
metabolites from three Limonium species. Med Chem Res.
2017;26(11):2743-2750.

7. Gadetskaya AV, Tarawneh AH, Zhusupova GE, et al. Sul-
fated phenolic compounds from Limonium caspium: isolation,



Dizamatova et al.

12.

13.

14.

15.

16.

structural elucidation, and biological evaluation. Fitoterapia.
2015;104:80-85.

. Medini F, Fellah H, Ksouri R, Abdelly C. Total phenolic, fla-

vonoid and tannin contents and antioxidant and antimicrobial
activities of organic extracts of shoots of the plant Limonium
delicatulum. J Taibah Univ Sci. 2014;8(3):216-224.

. Liebezeit G, Kiinnemann TD, Gad G. Biotechnological poten-

tial of North Sea salt marsh plants—a review of traditional
knowledge. J Biotechnol. 1999;70(1-3):77-84.

. Lin LC, Chou ClJ. Flavonoids and phenolics from Limonium

sinense. Planta Med. 2000;66(4):382—383.

. Rastogi S, Pandey MM, Rawat AKS. Traditional herbs:

a remedy for cardiovascular disorders.
2016;23(11):1082—1089.

Tang XH, Yu F, Liu J, Gao J, Yan LF, Dong MM. Isolation
and identification of anti-tumor polysaccharide LSP21 from

Phytomedicine.

Limonium sinense (Girard) Kuntze. Int J Bio Macromol.
2014;70:138-142.

Yang LL, Yen KY, Kiso Y, Hikino H. Antihepatotoxic actions of
Formosan plant drugs. J Ethnopharmacol. 1987;19(1):103-110.
Zhusupova GE, Artamonova NA, Abilov ZA, Orazbaeva ZK.
Lipophilic pigments and fatty acids from the aerial parts of
certain plant species of the genus Limonium. VII. Chem Nat
Compd. 2006;42(5):512-514.

Orazbekov Y, Ibrahim MA, Mombekov S, et al. Isolation and
biological evaluation of prenylated flavonoids from Maclura
pomifera. Evid Base Compl Alternative Med. 2018; doi:
10.1155/2018/1370368.

Satmbekova D, Srivedavyasasri R, Orazbekov Y, Oma-
rova R, Datkhayev U, Ross SA. Chemical and biological

17.

18.

19.

20.

21.

22.

23.

24.

studies on Cichorium L. Nat Prod Res.
2018;32(11):1343-1347.

Srivedavyasasri R, White MB, Kustova TS, Gemejiyeva
NG, Cantrell CL, Ross SA. New tetranorlabdanoic acid
from aerial parts of Salvia aethiopis. Nat Prod Res.
2018;32(1):14-17.

Awouafack MD, Spiteller P, Lamshoft M, et al. Antimicrobial
isopropenyl-dihydrofuranoisoflavones from Crotalaria lach-
nophora. J Nat Prod. 2011;74(2):272-278.

Mizuno M, Matsuura N, linuma M, Tanaka T, Phengklai C.
Isoflavones from stems of Euchresta horsfieldii. Phytochemis-
try. 1990;29(8):2675-2677.

Monache GD, Scurria R, Vitali A, et al. Two isoflavones and a

intybus

flavone from the fruits of Maclura pomifera. Phytochemistry.
1994;37(3):893-898.

Kalegari M, Miguel MD, Dias JdeFG, et al. Phytochemical
constituents and preliminary toxicity evaluation of leaves
from Rourea induta Planch. (Connaraceae). Braz J Pharm Sci.
2011;47(3):635-642.

Arot LOM, Midiwo JO, Kraus W. A flavonol glycoside from
Mpyrsine africanaleaves. Phytochemistry. 1996;43(5):1107-1109.
Al-Taweel AM, Perveen S, El-Shafae AM, et al. Bioac-
tive phenolic amides from Celtis afiricana. Molecules.
2012;17(3):2675-2682.

Tarawneh A, Leon F, Pettaway S, et al. Flavonoids from Per-
ovskia atriplicifolia and their in vitro displacement of the
respective radioligands for human opioid and cannabinoid
receptors. J Nat Prod. 2015;78(6):1461-1465.



	A New Prenylated Isoflavonoid from Limonium leptophyllum
	Recommended Citation
	Authors

	A New Prenylated Isoflavonoid From ﻿Limonium leptophyllum﻿
	Abstract
	Experimental
	General
	Plant Material
	Extraction and Isolation

	Leptoisoflavone a (﻿1﻿)
	Cannabinoid and Opioid Receptor Assays
	Acknowledgments
	Declaration of Conflicting Interests
	Funding

	Supplemental Material
	References


