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Abstract: One new cycloartane-type saponinO3f-D-xylopyranosyl-(3-2)-p-D-xylopyranosyl]-60-B-D-
glucuronopyranosyl{86a,163,24(S),25-pentahydroxyxyxloartanel)( was isolated from the MeOH extract of
whole plant parts ofAstragalus erinaceusalong with 5 known saponins2-6), cyclodissectoside,
cycloastragenol, ®-p-D-glucopyranosyl-8,60,163,24(5),25-pentahydroxycycloartane, oleifolioside B an@-3
di-O-B-D-xylopyranosyl-3,60,163,24(S),25-pentahydroxycycloartane, respectively. Theirucdures were
established by the extensive use of 1D- and 2D-NMpBeriments along with ESIMS and HRMS analysis. The
glucuronic acid moiety in cycloartanes is a verysumal finding.
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1. Introduction

The legume genuBstragalusL., with an estimated 2500 species of herbaceeuvsnpial and
annual species in the subfamily Papilionoideadeffabaceae [1]. In Turkey there are 445 spedies, o
which 224 are endemic [2,3]. The dried roots of sdxtragalusspecies (Radix Astragali) are well
known in traditional medicine as remedy for anirb@kes and poisons, eye diseases, wounds and
burns, nephritis, diabetes mellitus, hypertensicirrhosis, throat diseases, leukaemia and uterine
cancer. They are also famed for their antimicrohaatiperspirant, anti-inflammatory, diuretic and
tonic effects [4-6]. Earlier investigations on Tistk Astragalusspecies resulted in the isolation of a
series of oleanane- and cycloartane-type triterijg@hsaponins [7-15]. Previous studies have shown
that cycloartane- and oleanane-type glycosidesatisdl from Astragalus species show interesting
biological properties, including immunostimulati§yl,16,17], anti-protozoal [18], antiviral [19],
cytotoxic [20], cardiotonic [21], wound healing [2@nd adjuvant activities [23]. As a part of our
ongoing research of new bioactive compounds fromkish Astragalusspecies, we carried out a
study onAstragalus erinaceuBisch. et Mey. ex Fischer (Leguminosae).
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This paper reports the isolation of one new cytérae-type triterpene glycosidé) from the
methanol extract of the whole plantAferinaceuslong with five known cycloartane-type glycosides
(2-6). Their structures were elucidated by extensiveespscopic methods including 1BH( **C and
TOCSY) and 2D-NMR (DQF-COSY, HSQC, HMBC, and ROESXperiments as well as ESIMS
and HRMS analysis.

2. Materials and Methods
2.1. General Procedures

Optical rotations were measured on a JASCO DIP I@f@rimeter. IR measurements were
obtained on a Bruker IFS-48 spectrometer. NMR arpeEnts were performed on a Bruker DRX-600
spectrometer (Bruker BioSpinGmBH, Rheinstetten,nizary) equipped with a Bruker 5 mm TCI
CryoProbeat 300 K. All 2D-NMR spectra were acquiredCD;OD (99.95%, SigmaAldrich) and
standard pulse sequences and phase cycling walefarsBQF-COSY, HSQC, and HMBC spectra.
The NMR data were processed using UXNMR softwaracEmasses were measured by a Voyager
DE mass spectrometer. Samples were analyzed byxraatiisted laser desorption ionization time-of-
flight (MALDITOF) mass spectrometry. A mixture of nalyte solution anda-cyano-4-
hydroxycinnamic acid (Sigma) was applied to theatlietsample plate and dried. Mass calibration
was performed with the ions from ACTH (fragment 3®- at 2465.1989 Da and angiotensin Il at
931.5154 Da as internal standard. ESIMS analysee werformed using a ThermoFinnigan LCQ
Deca XP Max iontrap mass spectrometer equipped wWithlibur software. GC analysis was
performed on a Termo Finnigan Trace GC apparatug @asl-Chirasil-Val column (0.32 mm x 25 m).

2.2 Plant Material

Astragalus erinaceudrisher & C.A.Mey. was collected from Gulrpinar V@® north of
Kocguden village, from altitude of 2820 m, Van, Rey in September 2010, and was identified by Dr.
Fevzi Ozgokce (Department of Biology, Faculty ofie®ce & Art, Yiziinci Yil University, Van,
Turkey). Voucher specimen has been deposited irHgmarium of Yizincu Yil University, Van,
Turkey (VANF 13824).

2.3 Extraction and Isolation

Air-dried and grinded plant material (400 g) wer&r&cted with MeOH (2x4 L) at 60 °C. After
filtration, the solvent was removed by rotary euvapion yielding (40.87g) of MeOH extract. The
MeOH extract was dissolved in,® (200 mL), and successively partitioned withexane (2x200
mL), CH,CI, (3x200 mL), andh-BuOH saturated with D (3x150 mL). The n-BuOH extract (16.619)
was subjected to vacuum liquid chromatography (VLG)jng reversed-phase material (RP-18)
employing HO (600 mL), HO-MeOH (8:2, 1650 mL; 6:4 , 2550 mL; 4:6, 1800 n3.7, 3450 mL;
2:8, 2700 mL) and MeOH (1800 mL) to give 6 maincfians. Fraction 4 (2.51g) was applied to an
open column chromatography using silica gel (37@&g)stationary phase. Elution performed with
CHCl;-MeOH-H,0 (80:20:2) to give compourtel(43.9 mg). Subfraction 4.1 (417 mg) was subjected
to silica gel column chromatoghraphy (114 g) whh solvent system CHEMeOH-H,0 (75:25:2.5)
to give compound (130.5mg). The main fraction 3 (1.999) from RP-Vt@umn was subjected to
silica gel column chromatography (258g) with thdévent system CHGIMeOH-H,O (80:20:2) to
give compound4 (20mg), compoun@ (8.8 mg) and compountl (19.0mg). The main fraction 6
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(543mg) from RP-VLC column was applied to silicd @€ (100 g). Elution was performed with
CHCl;-MeOH (9:1) to yield compound (15.9mg)

2.4 Acid Hydrolysis and GC Analysis

A solution of compound 1 (1 mg) in 1 N HCI was leghat 80°C for 4 h. The mixture was
cooled at 0°C and then concentrated by blowing withy. N'he residue was dissolved in 1-
(trimethylsilyl)-imidazole and pyridine (0.1 mL)nd the solution was stirred at 60 oC for 5 min.eAft
drying the solution with a stream of,Nhe residue was partitioned betweei®tnd CHCI, (1 mL
each), with the organic layer was analysed by G@gusn L-Chirasil-Val column (0.32 mm x 25 m).
Temperatures of the injector and detector were °@0ér both. A temperature gradient system was
used for the oven, starting at 18D for 1 min and increasing up to 180 at a rate of 5C /min. The
peaks from the hydrolysate of 1 were detected &@6l@nd 12.02 (D-xylose) and 15.83 min (D-
glucuronic acid). Retention times for authentic pk® in the same experimental conditions were
detected at 10.96 and 12.02 (D-xylose)), and 5.80(lmrhamnose), 15.81min (D-glucuronic acid),
respectively.

3. Results and Discussion

Compoundl was obtained as white powder witd]{+ 30.8 (c= 0.1, MeOH), and its molecular
formula was determined to begH,;019 by HRESIMS data (955,4882 [M + Najcalcd 955,4879).
The ESIMS spectrum showed a major ion peakn&t 955 which was assigned to [M+NaJThe
MS/MS of this ion showed a peak at/z 779 [M+Na-176], corresponding to the loss of a
glucuronopyranosyl unit. In the MS3 spectrum peatks/z 629 [M+Na-176—150] corresponding to
the loss of a pentose unit, and 479 [M+Na-176-150F1 due to the loss of a pentose unit, were
observed.

The'H NMR spectrum ofl showed signals due to a cyclopropane methyled®a9 and 0.24
(each 1H, dJ = 4.2 Hz), six tertiary methyl groups &at1.30 (3H, s), 1.18 (6H, s), 1.17 (3H, s) and
1.00 (6H, s), a secondary methyl group &97 (d,J = 6.5 Hz), and four methine proton signal® at
4.44 (dddJ = 8.0, 8.0, 5.2 Hz), 3.53 (dddi= 9.5, 9.5, 4.5), 3.40 (dd,= 10.5, 2.4 Hz) and 3.22 (ddi,
=11.2, 4.0 Hz), which were indicative of secondaligoholic functions. The NMR data of the aglycon
moiety of 1 were in good agreement with those reported fotocgmthogenin with glycosidation
shifts for C-3 § 89.7) and C-6479.1) [24].

For the sugar region in tHel NMR spectrum, three anomeric protonsg @58 (d,J = 7.5 Hz),
4.57 (d,J = 7.5 Hz) and 4.33 (d} = 7.2 Hz) were observed. Complete assignmentsedtH and**C
NMR signals of the sugar portion were accomplisbgdlD-TOCSY, HSQC, HMBC and DQF-
COSY experiments which led to the identificationtwb B-xylopyranosyl unitsd 4.58,6 4.57) and
one B-glucuronoyranosyl unitd( 4.33). The determination of the sequence and deksites was
obtained from the HMBC correlations which showey &errelation peaks between the proton signals
ato 4.58 (H-1,) and the carbon resonance@2.5 (C-2y), ¢ 4.57 (H-1y) ands 89.7 (C-3) and the
proton signal av 4.33 (H-1a) and the carbon resonancedaf9.1 (C-6). The D configuration of
glucuronic acid and xylose units were establishésr &ydrolysis ofl followed by GC analysis [25,
26]. Thus, the compountl was identified as &-[p-D-xylopyranosyl-(1-2)-p-D-xylopyranosyl]-6-
O-B-D-glucuronopyranosyl86a,168,24(S),25- pentahydroxyxyxloartane

Additionally, five known cycloartane-type triterperglycosides, cyclodissectosidg) (27],
cycloastragenol 3) [28], 6-O-B-D-glucopyranosyl-8,6a,163,24(5),25-pentahydroxycycloartanet)(
[12],  oleifolioside B b)) [18] and 3,6-di©-p-D-xylopyranosyl-3,60,163,24(S),25-
pentahydroxycycloartan®)[12] were isolated.
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Table 1.**C and'H NMR data { in Hz) of the aglycon and sugar moieties of conmabli(600Mz,5

ppm, in COD).
Position dc oy (Jin Hz) Position Jc oy (Jin Hz)
1 32.5 1.29,1.58, m B-D-Xyl I (at C-3)
2 30.2 1.96,1.70, m 1 105.0 4.57,d (7.5)
3 89.7 3.22,dd (11.2, 4.0) 2 82.5 3.59, dd (7.3) 9
4 42.8 - 3 77.0 3.60, t(9.2)
5 52.8 1.63,d (9.5) 4 70.8 3.53, m
6 5 65.6 3.88,dd (5.2, 11.7)
79.1 3.53, ddd (9.5, 9.5, 4.5) 3.23. t (11.7)
7 34.1 1.90,1.65, m B-D-Xyl Il (at C-2,,)
8 46.2 1.89, dd (12.0, 4.2) 1 105.0 4.58,d (7.5)
9 22.0 - 2 76.7 3.36,dd (7.4, 9.0)
10 29.5 - 3 77.0 3.38,1(9.0)
11 26.8 184,142, m 4 70.7 3.53,m
12 5 65.6 3.88,dd (5.2, 11.7)
33.8 1.81, m 3.93, t (11.7)
13 46.2 - B-D-GIcA (at C-6)
14 46.6 - 1 104.9 4.33,d (7.2)
15 476 1.41, dd (12.7, 5.2) 2 76.7 3.28, dd (7.5, 9.0)
' 2.07, dd (12.7, 8.0)
16 72.8 4.44, ddd (8.0, 8.0, 5.2) 3 77.2 3.46,940,(9.0)
17 57.7 1.72, dd (9.9, 8.0) 4 73.2 3.46, dd (9.0) 9
18 18.4 1.17,s 5 76.7 3.59,d (9.0)
19 177 0.24,d (4.2) 6 176.2 -
' 0.59, d (4.2)
20 29.7 1.90, m
21 18.6 0.97, d (6.5)
22 33.8 1.24,1.81, m
23 28.7 1.65,1.45, m
24 78.0 3.40, dd (10.5, 2.4)
25 73.5 -
26 25.2 1.18, s
27 25.2 1.18, s
28 28.5 1.30, s
29 16.5 1.00, s
30 20.3 1.00, s
Acknowledgments

The authors are greatful to Ege University Resed&wchndation for the financial support
(2010 Fen 040) and also to Dr. Fevzi Ozgokee fercihilection and identification of plant material.

Supporting Information

Supporting Information accompanies this papehtbpr//www.acgpubs.org/RNP




235

Savraret.al, Rec. Nat. Prod(2012) 6:3 230-236

References

(1]
(2]
(3]
(4]
(5]
(6]
[7]
(8]
9]
(10]

(11]

[12]
[13]
[14]
[15]
[16]
[17)
[18]

(19]

(20]

(21]

[22]

(23]

D. J. Mabberley (1997)The Plant-Book, A Portable Dictionary of the VastulPlants. Ed. 2.
Cambridge University Press, Cambridge, UK. 320.

P. H. Davis (1970)Flora of Turkey and East Aegean Islands, Edinbuglversity Press, Edinburgh,
3,49-254.

Z. Aytag, Astragalus L.-In: A. Giuner, N. Ozhgtd. Ekim and K. H. C. Bgr (2000). Flora of Turkey
and the East Aegean Islands, Edinburgh Universigg$? Edinburghl 1, 79-88.

W. Tang and G. Eisenbrand (1992). Chinese DafgBlant Origin; Springer-Verlag Ed.: Berlin, 191-
197.

E. Lev (2002). Reconstructed materia medica tbé Medieval and Ottoman Al-sham].
Ethnopharmacol80, 167-179.

U. Cakilcigglu and I. Turkglu (2010). An ethnobotanical survey of medicinamit in Sivrice (Elazr
Turkey),J. Ethnopharmacoll32 165-175.

E. Bedir,I. Cals, R. Aquino, S. Piacente and C. Pizza (1998). CGytime triterpene glycosides from
the roots ofAstragalus brachypteruasndAstragalus microcephalyd. Nat. Prod 61, 1469-1472.

E. Bedir,I. Cals, R. Aquino, S. Piacente and C. Pizza (1999). S#mgnmetabolites from the roots of
Astragalus trojanus]. Nat. Prod 62, 563-568.

E. Bedir,1. Cals, R. Aquino, S. Piacente and C. Pizza (1999). hagale H: a cycloartane-type
secondary glycoside from the aerial part&\stragalus trojanusPhytochemistrp1, 1017-1020.

E. Bedir,i. Calis, C. Dunbar, R. Sharan, J. K. Buolamwini ari¢han (2001). Two novel cycloartane-
type triterpene glycosides from the rootsAstragalus prusianyd etrahedrorb7, 5961-5966.

I. Cals, A. Yiriker, D. Tademir, A. D. Wright, O. Sticher, Y. D. Luo and J.. Rezzuto (1997).
Cycloartane triterpene glycosides from the rooté\stiragalus melanophruriyslanta Med.63, 183-
186.

D. Gillcemal, O. AlankuCaliskan, A. Perrone, F. Ozgokce, S. Piacente and E.irB@d11).
Cycloartane glycosides frostragalus aureysPhytochemistry2, 761-768.

I. Cals, A. A. Dbnmez, A. Perrone, C. Pizza and S. PiacéB008). Cycloartane glycosides from
Astragalus campylosentoiss sspcampylosema Phytochemis89, 2634-2638.

I. Horo, E. Bedir, A. Perrone, F. Ozgokge, S. Pitzeand O. AlankgtCaliskan (2010). Triterpene
glycosides fromAstragalus icmadophily$hytochemistry 1, 956-973.

E. Polat, E. Bedir, A. Perrone, S. Piacente @n Alanky-Caliskan (2010). Triterpenoid saponins from
Astragalus wiedemanniantgscher Phytochemistry 1, 658-662.

E. Yesilada, E. Bedirj. Cals, Y. Takaishi and Y. Ohmoto (2005). Effects ofdrjiene saponins from
Astragalusspecies on in vitro cytokine release EthnopharmacoB6, 71-77.

E. Bedir, N. Pughi. Cals, D. S. Pasco and I. Khan (2000). Immunostimulatgdfgcts of cycloartane-
type triterpene glycosides froAstragalusspecies,Biol. Pharm. Bull23, 834-837.

M. Ozipek, A. A. Dénmez]. Cals, R. Brun, P. Riedi and D. Tasdemir (2005). Leishicidal
cycloartane-type triterpene glycosides fréstragalus oleifoliusPhytochemistrg6, 1168-1173.

P. Gariboldi, F. Pelizzoni, M. Tato, L. VeraftN. A. EI-Sebakhy, A. M. Asaad, R. M. Abdallahda®.
M. Toaiman (1995). Cycloartane triterpene gylcosifi®m Astragalus trigonusPhytochemistry40,
1755-1760.

M. M. Radwan, N. A. El-Sebakhy, A. M. Asaad, B. Toaima and D. G. |. Kingston (2004).
Kahiricosides 1I-V, cycloartane glycosides from &gyptian collection ofAstragalus kahiricus
Phytochemistrg5, 2909-2913.

Z. A. Khushbaktova, M. A. Agzamova, V. N. Syrd\. V. Radchenko, N. M. Mirsalikhova and F. T.
Umarova (1994). Influence of cycloartanes from fdaof the genudstragalusand their synthetic
analogs on the contractive function of the myoaardand the activity of Na, K-ATPaskhim. Prir.
Soedin4, 510-514.

C. Sevimli-Gir,i. Onbailar, P. Atilla, R. Geng, N. Cakal, Deliloglu-Gurhan and E. Bedir (2011). In
vitro growth stimulatory and in vivo wound healigtudies on cycloartane-type saponing\sfragalus
genus,J. Ethnopharmacoll 34, 844-850.

A. Nalbantsoy, T. Nesil, S. Erdei, Cals and E. Bedir (2011). Adjuvant Effects of Astragalu
Saponins Macrophyllosaponin B and Astragaloside Y IEthnopharmacoll 34, 897-903.



(24]

(25]

(26]

(27]

(28]

Cycloartane glycosides fromstragalus erinaceus 236

M. I. Isaev, B. A. Imomnazarov, Y. M. FadeemdaP. A. Kintya (1992). Triterpene glycosides of
Astragalus and their genins. XLII. CycloartanedAsfragalus tragacanthahim. Prir. Soedin3, 360-
367.

S. De Marino, N. Borbone, M. lorizzi, G. Esfios J. B. McClintock and F. Zollo (2003). Bioaativ
asterosaponins from the starfidhuidia quinaria and Psilaster cassiopelsolation and structure
characterization by two-dimensional NMR SpectroggdpNat. Prod 66, 515-519.

E. Polat, O. AlankpCaliskan, A. Perrone, S. Piacente and E. Bedir, (20@)cloartane-type
glycosides fromAstragalus amblolepj$hytochemistry70, 628-634.

A. Sukhina, M. A. Agzamova and M. I. Isaev §B9. Triterpene glycosides @&stragalusand their
genins LX. Cyclodissectoside-A new dixyloside otlogcephalogeninChem. Nat. Coumpd5, 442-

444,
Kitagawa, H. K. Wang, M. Salto, A. Takagi amdl Yoshikawa (1983). Saponin and Sapogenol.

XXXV. Chemical constituents ofstragali Radix the root ofAstragalus membranacelunge. (2).
Astragalosides I, I, and 1V, acetylastragalosigdl isoastragalosides | and@hem. Pharm. Bul31,

698-708.

ACG

publications

© 2012 Reproduction is free for scientific studies



