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Abstract: This paper reports a phytochemical study of the aerial parts of Astra-
galus monspessulanus L. growing in Algeria. It deals with the isolation and
structure elucidation of 13 known compounds. From the n-butanol extract,
seven flavonoids 1-7, two saponins and one lignan were isolated. In addition,
two phytosterols and one triterpenoid were isolated from the ethyl acetate ext-
ract. The structures of all the isolated products were determined by using 1D
and 2D-NMR techniques, measurement of optical rotation, mass spectrometry
ESI-MS and by comparison with literature data. Furthermore, the antioxidant
activity of the n-butanol extract of the aerial parts of Astragalus monspes-
sulanus L. was investigated using the DPPH radical scavenging and ferrous ion
chelating assays. The n-butanol extract showed low (ECsg = 2.09+0.434 mg
mL") to moderate (ICsy = 63.60+0.01 pug mL!) antioxidant activities dep-
ending on the test method.

Keywords: Fabaceae; Astragalus monspessulanus L.; flavonoids; lignan; sap-
onins; NMR; antioxidant activity.

INTRODUCTION

Astragalus is the largest genus in the Fabaceae family comprising over 3000
species of flowering plants.! Many of these species are famed in traditional
medicine as anti-perspirants, diuretics as well as tonics and for the treatment of
nephritis, diabetes, leukemia and uterine cancer. Previous phytochemical inves-
tigations on Astragalus genus revealed the presence of saponins, polysaccharides,
phenolics and alkaloids.2—>

In continuation of on-going studies on the constituents of Astragalus spe-
cies,O8 a phytochemical study on Astragalus monspessulanus L. was realized.
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This plant is very common in semi-arid land and the Tell Atlas Mountains in
Algeria.? Very recently, a phytochemical investigation on A. monspessulanus L.,
growing in Bulgaria reported the isolation of flavoalkaloids and flavonoids, with
hepatoprotective and antioxidant activities.!0 A previous biochemical study per-
formed on this plant revealed that a mixture of non-identified saponins exhibited
a cytotoxic effect on HepG2 cell line, at the highest concentration of 4 mg mL!
after 48 and 72 h.!!

The aim of the present study was to examine the chemical composition of A.
monspessulanus species (aerial parts) and to evaluate its antioxidant activity.

In the current work, 13 compounds were isolated from the ethyl acetate and
n-butanol extracts of A. monspessulanus L. (Fig. 1). Thus, this study focused on
the phytochemistry of this species, structure determination of the isolated com-
pounds and the antioxidant activity of the n-BuOH extract using DPPH radical
scavenging and ferrous ion chelating assays.

EXPERIMENTAL
General

IH- and 13C-NMR spectra were recorded on a Bruker Avance II spectrometer (Bruker,
France) equipped with a cryoprobe (500 MHz for 'H and 125 MHz for !3C) in MeOD or
DMSO-d; solution and a Bruker Avance spectrometer (600 MHz for 'H and 150 MHz for
13C) in CD;0OD. 1D and 2D NMR experiments (COSY, HSQC and HMBC) were used to
assign the individual 'H and !3C resonances. ESI-MS spectra were obtained on a Bruker ion
trap Esquire LC. Column chromatography (CC) was performed using silica gel Merck
Kieselgel 60 (70-230 mesh), Merck Lobar Lichroprep RP-18 (40 umx63 pum), Polyamide
SC6 and Sephadex LH-20. Column fractions were monitored by TLC; individual TLC plates
were performed on silica gel plates Kieselgel 60 F,s4g (Merck, Darmstadt, Germany) or RP-
18 plates and visualized by spraying with 50 % sulfuric acid reagent or vanillin sulfuric acid
then heating. A pre-packed C,g reversed-phase column (XTerra RP-18, 19%250, 30x100 and
4.6x100 mm, 0.45 um) was used for preparative HPLC with binary gradient elution (solvent
A: H,0 and solvent B: MeCN) at 25 °C, a flow rate of 25 mL min'! and the chromatogram
was monitored at 250 and 280 nm. Absorption measurements were performed on a Sedico
VIS7220G UV—-Vis spectrophotometer (Sedico, Cyprus).

Plant material

The aerial parts of Astragalus monspessulanus L. were collected in June 2012 near
Batna-Aures (Algeria), and identified by Prof. Bachir Oudjehih of the Agronomic Institute of
the University of Batna-1, where a voucher specimen was deposited (No. 745/ LCCE).
Extraction and isolation

Powdered air-dried material of A. monspessulanus (1000 g) was extracted three times
with EtOH/H,0 (70/30, 10 L) each for 3 days at room temperature. After filtration and eva-
poration, the crude extract suspended in H,O was partitioned successively with petroleum
ether, ethyl acetate and n-butanol to give three different polar parts. Evaporation to dryness
yielded the following extracts: petroleum ether (8.3 g), ethyl acetate (12.1 g), and n-butanol
(1533 g).
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The n-butanol extract (7 g) was submitted to vacuum liquid chromatography (VLC) on
RP-18, using a gradient of H,O/MeOH (80:20 to 0:100) as eluent to obtain 15 fractions (Fri—
—Fr5). Further chromatographic separation and purification using CC, TLC, HPLC and pre-
cipitation on fractions Fr; (5.53 g) and Fr4 (60 mg) allowed the isolation of 10 compounds (1—
-10).

The ethyl acetate extract (7 g) was subjected to RP-18 vacuum liquid chromatography
(VLC) using a gradient system of H,O/MeOH (80:20 to 0:100) to afford 9 fractions (Fr|—Fry).
Fractions Frg (232 mg), Frg (695 mg) and Fr; (780 mg) were chromatographed on successive
silica gel CC followed by precipitation to provide 3 compounds (11-13).

Details of the isolation and purification procedures are given in the Supplementary mat-
erial to this paper, along with the analytical and spectral data of the compounds.

RESULTS AND DISCUSSION

In this study, 13 known compounds were isolated, including seven flavo-
noids, identified as kaempferol 3-O-rutinoside (nicotiflorin, 1),12 isorhamnetin 3-
-0-(4-0-0-L-rhamnopyranosyl-/D-glucopyranoside) (calendoside 1III, 2),!3
quercetin 3-O-rutinoside (rutin, 3),!12 kaempferol 3-O-(4-O-o-L-rhamnopyra-
nosyl-D-glucopyranoside) (4),!4 quercetin 3-O-(2,6-a-L-dithamnopyranosyl-/-
D-glucopyranoside) (5),15 3',5'-di-C-/-D-glucopyranosylphloretin (6) and hove-
trichoside C (8),16:17 one lignan, i.e., isolariciresinol 9'-O-/-D-glucopyranoside
(7),13 two saponins, i.e., soyasaponin I (9) and dehydrosoyasaponin I (10),19:20
two sterols, i.e., Fsitosterol (11) and [S-sitosterol 3-O-glucoside (12),2! and one
triterpenoid, i.e., lupeol (13).22 Their structures were elucidated by extensive
spectroscopic methods including 1D (IH and 13C) and 2D NMR (COSY, HSQC
and HMBC) experiments as well as ESI-MS analysis (see Supplementary
material) and by comparison with those reported in literature (Fig. 1).

Although the presence of flavonoids as dominant compounds was observed
in the same species from the flora of Bulgaria,!0 only quercetin 3-O-rutinoside
(rutin, 3) is common. This compound was previously reported in the Astragalus
genus, such as in 4. corniculatus.?3 The present study reports for the first time
the isolation and identification of the triterpenic saponins 9 and 10 in A. mon-
spessulanus L. Triterpenic saponins are the major constituents of the Astragalus
genus, besides flavonoids and polysaccharides.24 Soyasaponin I (9) was pre-
viously isolated from many Astragalus species.”-19-25 However, this is only the
second report of the occurrence of dehydrosoyasaponin I (10) in this genus.”

According to the literature data, this is also the first occurrence of the com-
pounds 2-8 in the genus Astragalus. Calendoside III (2) was identified in Cal-
endula officinalis L. (Asteraceae).!3 Compound 4 was reported in Oxandra sessi-
liflora (Annonaceae) and Acacia pennata Willd (Mimosaceae).!4-26 Compound
5, called manghaslin, was previously isolated from Glycine max (Fabaceae).27 It
was first found in Cerbera manghas (Apocynaceae).28 Compound 6 is present in
the Fabaceae family, such as in Cyclopia subternata, and could contribute to the
antioxidant activity of this species.2?
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OH

1 R1:R2:R3:H, R4:Rha

3 RIZOH, R2:R3:H, R4=Rha

4 R1=R2:R4:H, R3=Rha
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OH OH
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11 R=H, 12 R=Glu

Fig. 1. Chemical structures of compounds 1-13 isolated from Astragalus monspessulanus L.

Compound 7 was isolated from Pelargonium reniforme (Geraniaceae) and
Pedicularis densispica (Scrophulariaceae).!8-30 Hovetrichoside C (8) was pre-
viously obtained from Hovenia trichocarea (Rhamnaceae) and Punica granatum
(Punicaceae).17-31

Nicotiflorin (1) is common in the Astragalus genus. It has been detected in
several Astragalus species, such as A. verrucosus Moris,> A. icmadophilus
Hand.-Mazz.32 and A. cruciatus Link.®

Antioxidant activity

In this study, the antioxidant activity of the n-butanol extract of 4. mon-
spessulanus was assessed in vitro using two different methods, i.e., 1,1-diphenyl-
-2-picrylhydrazyl (DPPH) radical scavenging and ferrous ion chelating activities.
The crude extract possessed a moderate scavenging effect (/Csg = 63.60+£0.01 pg
mL-!, Supplementary material, Fig. S-4) in a dose-dependent manner compared
to ascorbic acid as a standard (ICsy = 3.15 pg mL-1). This antioxidant activity
may be due to the presence of phenolic compounds, such as 3'-5'-di-C-
[D-glucopyranosylphloretin (6), which is known for its interesting antioxidant
activities.29

The results of the ferrous ion chelating activity (Supplementary material,
Fig. S-6) revealed that the n-butanol extract of 4. monspessulanus possesses a
low metal chelating activity (ECsq = 2.09+0.44 mg mL-!) compared to EDTA as
a standard (ECso = 0.529+0.031 pg mL-1). This low activity could be explained
by the nature of chemical compounds in the extract. Many studies reported
that the metal chelating ability of phenolic compounds is linked to their unique
phenolic structure and the number and location of hydroxyl groups.33-34

CONCLUSIONS

In conclusion, 13 known compounds were isolated from the ethyl acetate
and n-BuOH extracts of the aerial parts of Astragalus monspessulanus. Accord-
ing to literature data, the isolated compounds 2—8 are identified for the first time
in Astragalus genus, and compounds 1, 9 and 10 in the species. Our report con-
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firms that saponins and flavonoids are the major constituents of the Astragalus
genus. Interestingly, this investigation highlights a significant difference between
flavonoids reported in the present study and those isolated from 4. monspessul-
anus of Bulgarian origin, except compound 3 (rutin) which is common. It is
worth noting that it is the first report of saponins and lignans in 4. monspes-
sulanus. Indeed, the accumulation of 9 (soyasaponin I) is a generic trait of the
genus Astragalus. This compound is used as a chemotaxonomic marker for this
genus and the Fabaceae family.35

Data from the presented results revealed that the n-butanol extract of A. mon-
spessulanus acts as an antioxidant agent. Thus, the antioxidant capacity is correl-
ated to the phenolic composition of the corresponding extract, including flavo-
noids and lignan.36 In fact, the flavonoid class is the most important plant anti-
oxidant.37

SUPPLEMENTARY MATERIAL

Details of the isolation and purification procedures, along with the analytical and spectral
data of the compounds, are available electronically from http://www.shd.org.rs/JSCS/, or from
the corresponding author on request.
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M3BOT
XEMHWJCKHU CACTAB U AHTUOKCHUIATHBHA AKTUBHOCT EKCTPAKATA
H30JIOBAHUX U3 Astragalus monspessulanus L. KOJU PACTY Y IIOJIYCYBUM
OBJIACTUMA AJDKUPA

SAWSEN BOUREZZANE', HAMADA HABA', CHRISTOPHE LONG” » MOHAMMED BENKHALED'

"Laboratory of Chemistry and Environmental Chemistry (L.C.C.E), Department of Chemistry, Faculty of
Sciences, Batna-1 University, Algeria u 2USR 3388 CNRS-Pierre Fabre, 3 Avenue Hubert Curien BP 13562,
31035 Toulouse, France

Y pany je nprka3aHo UTOXEMHjCKO UCITUTHBAKE HAA3EeMHUX AeoBa Oubke Astragalus
monspessulanus L. xoja pacte y Amxupy. OnucaHo je u3onoBamwe U yTBphHBame CTpyKType 13
MO3HATHX jenumema. M3 n-OyTaHONMHOr eKkcTpakTa HM30JI0BaHO je cemam diaBoHoupa (1-7),
I'Ba CallOHWHA U jenaH nurHaH. Takohe, nBa ¢uToCTEpOIA U jeaH TPUTEPNEHO U30JI0BAaHU CY
U3 eTU/I-alleTaTHOT eKkcTpakTa. CTpyKType CBUX M30JI0BaHUX jenumema ofpeheHe cy mpume-
HOM 1D- u 2D-NMR cnekrpockonuje, MepewmeM onTuuke potauuje, ESI-MS maceHom crek-
TPOMETPHjoM U nopehemeM ca nogauuma u3 nureparype. OCHM Tora, HCIIUTaHa je aHTHOKCH-
IaTHBHA aKTHUBHOCT n-DyTaHONHOTI €KCTpaKTa HafI3eMHUX fenosa A. monspessulanus L. Tpu-
meHom DPPH xBaraua papuxana u raoxhe(Il) Tecra, MCHUTHBAaHH n-OyTaHOMHM EKCTPAKT
noxasyje Hucky (ECsy = 2,0940.44 mg mL™') no ymepeny (ICsy=63,6040,01 pg mL1)
AHTUOKCHIATHUBHY aKTHUBHOCT Y 3aBUCHOCTH O]l TPUMEHEHOT MOJIeNa 33 TeCTHpabe.

(ITpummeno 12. nenembpa 2016, pesunupano 19. jyna, mpuxsaheso 3. jyna 2017)
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