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Eight known secondary metabolites were isolated from the methanolic extract of the whole plant of Astragalus lycius Boiss. They were identified as 5,5’-
dihydroxy-3’-methoxy-isoflavone-7-O--D-glucoside (1), genistin (2), sissotrin (3), 5,4’-dimethoxy-isoflavone-7-O--D-glucopyranoside (4), (7S,8R)-5-
methoxydehydrodiconiferyl alcohol-4-O--D-glucopyranoside (5), 4-O-lariciresinol-glucoside (6), 2-phenylethyl--D-glucopyranoside (7) and -sitosterol-3-
O-β-D-glucopyranoside (8) by spectroscopic methods including 1H- and 13C-NMR and HR-MS experiments, and by comparison with literature values. 
Compounds 1-7 are reported for the first time from Astragalus taxa. All of the compounds were tested for their cytotoxic activities against a number of cancer 
cell lines. Among them, only 6 exhibited significant activity against human colon carcinoma (HT-29) at 2.69 M concentration. 
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Leguminosae is a family of flowering plants comprising about 269 
genera and 5100 species [1]. Astragalus L. is represented by 62 
sections, 447 species in the Flora of Turkey, 50% of which are 
endemic [1, 2]. In Turkish folk medicine, while the aqueous extracts 
of some Astragalus species are used to treat leukemia besides 
wound healing properties [3a,b] in the East part of Anatolia, gums 
of some Astragalus species used to cure sore throat, stomach aches 
and some cancers [4]. Decoctions prepared from the roots are also 
used in the treatment of diabetes and jaundice [5]. It has been 
reported that a series of triterpene saponins both oleanane and 
cycloartane types together with flavonoids were isolated in previous 
studies performed on Astragalus species [6a,b,c,d]. 
 
As part of our studies on the chemical constituents of Turkish 
Astragalus species, we carried out a study on an endemic species, 
namely A. lycius Boiss. (Leguminosae). This is the first 
phytochemical study reported from the section Onobrychium, 
describing isolation and structure determination of eight known 
secondary metabolites from the methanolic extract of the whole 
plant of A. lycius. The isolates were identified by 1H- and 13C-NMR 
as well as ESI-MS and HR-MS analyses. Seven of the isolated 
compounds are reported for the first time from Astragalus taxa. 
 
The methanolic extract of the air-dried and powdered plant material 
of A. lycius was separated by a combination of VLC (vacuum liquid 
chromatography) on stationary and reverse phases, CC (column 
chromatography) on silica gel and Sephadex LH-20 yielding eight 
glycosides (1-8). All isolated compounds were in monodesmosidic 
form possessing the same sugar moiety, -glucose. Furthermore, 
compounds 1-4 were isoflavonoid glycosides with different 
substitution patterns on the A and B rings (Figure 1). 
 

The HR-MS spectra of 1 showed major ion peaks in the positive 
and negative modes at m/z 463.1278 [M+H]+ and 497.0490 [M+Cl]-  
respectively in accordance with the molecular formula C22H22O11. 
The NMR data of 1 were consistent with the presence of an 
isoflavonoid type glycoside with a glucose moiety at C-7 position. 
All NMR data presented in Table 1 were superimposable with   
those reported by Vitor et al. [7]; therefore, the structure of 1      
was identified as 5,5’-dihydroxy-3’-methoxy-isoflavone-7-O--D-
glucopyranoside. 
 
The MS spectrum of 2 (m/z 467.0409 [M+Cl]-) revealed the 
molecular formula C21H20O10, 30 amu less than 1 implying loss of a 
methoxy group (C21H20O10). A glycosidation with same sugar 
residue at C-7 was evident from the NMR data (Table 1), 
superimposable with those reported for 1 [7]. Thus, compound 2 
was established as genistin. In a similar fashion by using MS 
analyses and 1D NMR data, structures of compounds 3 and 4 were 
determined as sissotrin [7] and 5,4’-dimethoxy-isoflavone-7-O--D-
glucopyranoside [8]. The molecular formula of 5 was determined as 
C26H32O11 based on the MS analyses (m/z 555.1200, [M+Cl]-). A 
comparison of 5’s NMR data (Table 1) with those reported by 
Machida et al. [9] led to the identification of 5 as (7S,8R)-5-
methoxydehydro-diconiferyl alcohol-4-O--D-glucopyranoside. The 
NMR data of 6 (Table 1) were superimposable with those reported 
for 4-O-lariciresinol-glucoside [10]. The structure of 7 was readily 
deduced from the NMR data as 2-phenylethyl--D-glucopyranoside, 
a simple phenyl ethanoyl glycoside [11a,b]. All compounds (1-7) 
are reported for the first time from Astragalus taxa. Additionally, a 
phytosterol (8) was isolated from CH2Cl2 extract and identified as 
-Sitosterol-3-O--D-glucopyranoside, a common metabolite 
encountered in plant kingdom, based on NMR data in comparison 
with those reported in the literature [12a,b]. 
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Figure 1: Formula of compounds 1-8 

 
Table 1: 13C-NMR data for compounds 1-7 (150 MHz, DMSO-d6). 
 

 1 2 3 4 5 6 7 
1 - - - -  135.8 135.1 69.9 
2 155.2 154.9 155.5 154.8 115.8 113.2 36.1 
3 122.9 122.7 122.9 122.3 149.7 149.2 139.2 
4 180.9 180.8 181.1 180.3 118.4 145.9 129.4 
5 162.1 162.0 163.8 164.9 144.2 115.9 128.7 
6 100.1 100.1 100.3 99.5 118.5 118.2 126.5 
7 163.4 162.9 162.3 162.7 87.3 82.1 128.7 
8 95.1 95.0 96.3 94.4 53.7 52.9 129.4 
9 157.6 157.6 157.8 157.1 62.1 59.1 - 
10 106.6 106.6 106.8 106.1 - - - 
1 123.6 123.5 123.4 122.6 131.1 138.1 - 
2 116.8 130.6 130.8 136.7 110.8 115.5 - 
3 148.2 115.6 114.5 113.7 146.7 147.9 - 
4 112.5 155.4 159.9 159.2 147.5 145.1 - 
5 146.6 115.3 114.5 113.7 129.7 121.1 - 
6 120.4 130.6 130.8 136.7 115.4 132.1 - 
7 - - - - 133.7 32.6 - 
8 - - - - 128.6 42.4 - 
9 - - - - 63.4 72.4 - 

OCH3 56.2 - 55.8 55.2 56.2 56.1 - 
OCH3 - - - 57.8 56.2 56.2 - 

1 100.4 100.4 100.6 99.2 100.5 100.6 103.3 
2 73.5 73.6 73.8 73.8 73.7 73.7 73.9 
3 76.8 76.9 77.3 76.1 77.3 77.3 77.2 
4 70.8 70.1 70.3 70.0 70.1 70.2 70.6 
5 77.6 77.7 77.9 76.2 77.5 77.5 77.4 
6 61.1 61.1 61.3 64.0 61.2 61.2 61.6 

 

 

 
Compounds 1−7 were evaluated for their cytotoxic activity against 
three cancer cell lines (PC3, HT-29 and MDA-MB-231) and             
a transformed cell line (HEK 293) using the MTT method.  None of 
the isolates displayed cytotoxicity toward the prostate cancer cell 
line PC-3. The isoflavone metabolites (1-4) and the 
dehydrodiconiferyl alcohol derivative (5) exhibited modest 
cytotoxicity against HT-29 and MDA-MB-231 with IC50 values 
ranging from 29.76 to 73.01 M. Against the colon carcinoma    
HT-29, the activity of 4-O-lariciresinol-glucoside (6) with an IC50 
value of 2.69 M was noteworthy. Lariciresinol and its derivatives 
were shown to be cytotoxic agents against a series of cancer cell 
lines, viz. P-388, SK- MEL 2, SGC-7901 and SMMC-7721 
[13a,b,c]. 4-O-lariciresinol-glucoside’s cytotoxicity was reported by 
Kim et al. against the melanoma cell line SK-MEL 2 (IC50 = 13.46 
M), whereas the compound was found to be inactive versus   
HCT-15, a colon carcinoma cell line (IC50  = >30 M) [13c]. 
 
Cytotoxicity of lignans can be associated with different mechanisms 
such as topoisomerase II inhibition, anti-tubulin, oestregonic and 
anti-angiogenic effects. Since compound 6 exhibits a selective and 
potent cytotoxicity compared to the positive control doxorubicin, 
further studies are warranted to investigate its toxicity against 
different cancer cell lines as well as its mechanism of action. 
 
Saponins, polysaccharides and flavonoids, are the principle active 
constituents of Astragalus [14]. It also includes components such as  

Table 2: IC50 values (μM) of A. lycius compounds (1-7) and doxorubicin as positive 
control. 

 
β-sitosterol, anthraquinones, alkaloids, amino acids and metallic 
elements. 
 
Consequently, as part of our ongoing works on the Turkish 
Astragalus species, we investigated the glycosidic contents of        
A. lycius. We have shown that A. lycius, which belongs to Section 
Onobrychium, contains only phenolic and flavonoid type 
glycosides. Based on earlier phytochemical studies, 31 out of 447 
Turkish Astragalus species, from 17 different sections, have been 
investigated for their secondary metabolite contents. Most of the 
studied sections, namely Sect. Pterophorus (A. brachypterus [15a], 
A. baibutensis [15b], A. trojanus [15c], A. ptilodes var. cariensis 
[15d], A. wiedemannianus [15e], A. tmoleus var. tmoleus [15f]), 
Sect. Rhacophorus (A. microcephalus [16a], A. zahlbruckneri  
[16b], A. cephalotes var. brevicalyx [16c], A. amblolepis [16d],      
A. pycnocephalus var. pycnocephalus [16e], A. erinaceus [16f], A. 
prusianus [16g], A. schottianus [16h] and A. plumosus [6a]),     
Sect. Macrophyllium (A. oleifolius [17a]), Sect. Proselius              
(A. campylosema ssp. campylosema [17b], A. elongates [17c]), Sect. 
Stereocalyx (A. stereocalyx [17d]), Sect. Christiana (A. gilvus [17e] 
and A. melanophrurius [3]), Sect. Halicacabus (A. halicacabus 
[17f]), Sect. Hypoglottis (A. cicer [15d]) and Sect. Adiaspastus (A. 
aureus [18]), provided cycloartane glycosides, whereas cycloartane 
and oleanane type saponins were encountered together in a few 
sections, Sect. Chronopus (A. hareftae [6b] and A. icmadophilus 
[6c]), Sect. Melanocercis (A. angustifolius [19a]), Sect. Eustales   
(A. flavescens [19b]) and just one species of Sect. Rhacophorus    
(A. pycnocephalus [16e]). The sect. Malacothrix (A. tauricolus [20] 
were provided oleanane type saponins wholly. 
 
A phytochemical study on A. lycius from Sect. Onobrychium 
resulted in the isolation of eight secondary metabolites. 
Interestingly, no cycloartane or oleanane type triterpene glycoside, 
the main constituents of Astragalus spp., was isolated. This peculiar 
feature characterizes a very limited group of Astragalus spp. such as 
Sect. Hymenostegis (A. lagurus [21a]) and Sect. Vulneraria (A. 
vulneraria [21b]; A. onobrychis [21c]).  
 
Our results clearly indicate that the presence of cycloartane type 
saponins is not the case for all Astragalus spp. Since A. lycius is 

Compound  IC50 (μM) 
 PC-3 HT-29 MDA-MB-231 HEK 293 
1 >100 29.76 ± 2.5 35.37 ± 1.6 >100 
2 86.13 ± 3.9 55.30 ± 1.8 46.82 ± 3.1 >100 
3 >100 47.24 ± 1.9 >100 >100 
4 >100 41.28 ± 1.7 73.01 ± 3.8 60.85 ± 2.3 
5 >100 39.07 ± 1.7 88.12 ± 4.9 >100 
6 >100 2.69 ± 0.2 >100 >100 
7 >100 97.29 ± 2.1 >100 >100 

Doxorubicin 9.16 ± 0.8 7.35 ± 0.9 11.08 ± 1.4 1.58 ± 0.3 
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only phytochemically studied species of the Sect. Onobrychis 
including 31 species, it is not rational to place the section amongst 
cycloartane deficient members of the genus. Further studies are 
warranted for the Sect. Onobrychis to clarify its chemotaxonomic 
significance in the genus Astragalus. 
 
Experimental 
 

Plant Material: A. lycius Boiss. was collected from Cevizli Village, 
Muradiye from altitude of 1754 m, Van, East Anatolia, Turkey in  
June 2010. Samples of the plant material were identified by Fevzi. 
Özgökçe (Yüzüncü Yıl University, Faculty of Science & Art, 
Department of Biology, Van, Turkey). Voucher specimen has been 
deposited in the Herbarium of Yüzüncü Yıl University, Van, 
Turkey (F 13 739). 
 
Extraction and Isolation: Air-dried and powdered plant material of 
A. lycius (whole plant; 655 g) was first extracted with n-hexane (1 x 
4 L) under reflux at 68 ºC and then with MeOH (3 x 4 L) under 
reflux at 64 ºC for 6 hours (each). After filtration and evaporation 
procedures, n-hexane (2.9 g) and MeOH (55.75 g) extracts were 
obtained. The MeOH extract (55.75 g) was dissolved in water (500 
mL) and partitioned with n-hexane (3 x 250 mL), CH2Cl2 (3 x 250 
ml) and n-BuOH (4 x 250 mL), respectively, then n-BuOH phase 
(9.2 g) subjected to vacuum liquid chromatography (VLC), using 
reverse-phase material (Lichroprep RP-18, 25-40 mm, 130 g). 
Elution was performed with water (750 mL), H2O:MeOH (7:3, 
1350 mL; 5:5, 1350 mL; 4:6, 1050 mL) and MeOH (1050 mL) to 
afford 3 main fractions (Fr.1-3). Main fraction (Fr.1, 4.85 g) was 
subjected to open column chromatography by using Sephadex    
LH-20, eluted with MeOH to give 2 sub-fractions (Fr.1.A, Fr.1.B). 
The sub-fraction Fr.1.A (2.35 g) was chromatographed on medium 
pressure liquid chromatography (MPLC) by using RP-18 as an 
adsorbent with the solvent system H2O:MeOH (9:1), which was 
increased step wise to H2O:MeOH (6:4) to give 3 sub-fractions. The 
sub-fraction Fr.1A.1 (274 mg) was applied to Sephadex LH-20, 
eluted with MeOH to give a sub-fraction (Fr.1.A.1.1, 25 mg) that 
was further applied to Si gel (Merck. 7734, 18 g) column 
chromatography. Elution was carried out under isocratic condition 
with CH2Cl2:MeOH (95:5) to give 7 (3.3 mg). The sub-fraction 
Fr.1.A.2 (300 mg) was applied to Sephadex LH-20, eluted with 
MeOH to give a sub-fraction (Fr1.A.2.1, 90 mg) that was further 

applied to Si gel (Merck. 7734, 32 g) column chromatography. 
Elution was carried out with solvent system CH2Cl2:MeOH (96:4) 
to give 6 (9 mg) and 5 (4.6 mg). Fr.1.A.3 (210 mg) was subjected to 
open column chromatography by using Sephadex LH-20, eluted 
with MeOH to give 2 (6.3 mg). The sub-fraction Fr.1.B (650 mg) 
was subjected to Si gel (Merck. 7734, 80 g) open column 
chromatography, developed with CH2Cl2:MeOH:H2O (90:10:1) to 
afford 1 (50 mg).  
 
The CH2Cl2 phase (5.5 g) was subjected to Si gel column 
chromatography, eluting with CH2Cl2:MeOH (95:5) to give four 
main fractions (Fr.A-Fr.D). The main fraction (Fr.A; 280 mg) was 
precipitated using MeOH. The precipitate (180 mg) was subjected 
to Si gel column chromatography. Elution was carried out with 
CH2Cl2: MeOH (95:5) yielding 8 (60 mg). The same method was 
applied to the main fraction (Fr.B; 170 mg) that precipitated using 
MeOH. The obtained precipitate (72 mg) was subjected to Si gel 
column chromatography with solvent system CH2Cl2:MeOH (95:5) 
to give 4 (17 mg). The main fraction (Fr.C; 400 mg) was applied to 
Si gel column chromatography with solvent system CH2Cl2:MeOH 
(95:5) to give 3 (45 mg). 
 
Cell Culture and in vitro Cytotoxicity Assay: Cytotoxicity of A. 
lycius compounds were determined using the general procedure 
based on cell viability with a modified MTT [3-(4,5-Dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide)] assay [22], which 
measures the activity of mitochondrial reductase of viable cells 
colorimetrically. The test was carried out with three cancerogenic 
cell lines [PC3 (human prostate carcinoma), (ATCC catalog no: 
CRL-1435TM)], [HT-29 (human colon carcinoma) (ATCC catalog 
no: HTB-38TM)], [MDA-MB-231 (human breast carcinoma) 
(ATCC catalog no: HTB-26TM)] and a transformed cell line [HEK 
293 (Human Embryonic Kidney 293) (ATCC catalog no: CRL-
1573TM)]. 
 
Acknowledgments - The authors are grateful to TUBITAK 
(109T425), Ege University Research Foundation (2009 Fen 090) 
and EBILTEM (2010/BIL/008) for the financial support, and also 
we are grateful to Dr. Kemal S. Korkmaz for letting us to carry out 
the cytotoxicity assays  in his laboratory (KK Cancer Biology Lab). 

References 

[1] Davis PH. (1970) Flora of Turkey and East Aegean Islands, vol. 3. Edinburgh University Press, Edinburgh, 49-254. 
[2] Aytaç Z. (2000) Astragalus L.-In: Güner A, Ozhatay N, Ekim T, Baser KHC. Flora of Turkey and the East Aegean Islands, vol. 11. Edinburgh 

University Press. Edinburgh, 79-88. 
[3] (a) Çalış I, Yürüker A, Taşdemir D, Wright AD, Sticher O, Luo YD, Pezzuto JM. (1997) Cycloartane triterpene glycosides from the roots of 

Astragalus melanophrurius. Planta Medica, 63, 183-186; (b) Bedir E, Pugh N, Çalış I, Pasco DS, Khan IA. (2000) Immunostimulatory effects of 
cycloartane-type triterpene glycosides from Astragalus species. Biological and Pharmaceutical Bulletin, 23, 834-837. 

[4] Rios JL, Waterman PG. (1997) A review of the pharmacology and toxicology of Astragalus. Phytotherapy Research, 11, 411-418. 
[5] Altundag E, Ozturk M. (2011) Ethnomedicinal studies on the plant resources of east Anatolia, Turkey. Procedia Social and Behavioral Sciences, 

19, 756-777. 
[6] (a) Denizli N, Horo I, Gülcemal D, Masullo M, Festa M, Capasso A, Koz Ö, Piacente S, Alankuş-Çalışkan Ö. (2014) Cycloartane glycosides from 

Astragalus plumosus var. krugianus and evaluation of their antioxidant potential. Fitoterapia, 92, 211-218; (b) Horo I, Bedir E, Masullo M, 
Piacente S, Özgökçe F, Alankuş-Çalışkan Ö. (2012) Saponins from Astragalus hareftae (NAB.) SIRJ. Phytochemistry, 84, 147-153; (c) Horo I, 
Bedir E, Perrone A, Özgökçe F, Piacente S, Alankuş-Çalışkan Ö. (2010) Triterpene glycosides from Astragalus icmadophilus. Phytochemistry, 71, 
956-963; (d) Perrone A, Masullo, M, Plaza A, Hamed A, Piacente S. (2009) Flavone and flavonol glycosides from Astragalus eremophilus and 
Astragalus vogelii. Natural Product Communications, 4, 77-82. 

[7] Vitor RF, Mota-Filipe H, Teixeira G, Borge, C, Rodrigues AI, Teixeira A Paulo A. (2004) Flavonoids of an extract of Pterospartum tridentatum 
showing endothelial protection against oxidative injury. Journal of Ethnopharmacology, 93, 363-370. 

[8] Hashem FA, El-Sawi SA, Sleem AA. (2007) Phenolic compounds and bioactivity of leaves of Mayodendron igneum. African Journal of 
Traditional, Complementary and Alternative Medicines, 4, 306-312. 

[9] Machida K, Sakamoto K. (2009) Two new neolignan glycosides from leaves of Osmanthus heterophyllus. Journal of Natural Medicines, 63, 227–
231. 

[10] Kurkin VA, Grinenko NA, Zapesochnaya GG. (1991) Lignans of the bark of Syringa volgaris. Chemistry of Natural Compounds, 27, 678-680. 



1850  Natural Product Communications Vol. 11 (12) 2016 Horo et al. 

[11] Wu X, Wang Y, Huang XJ, Fan CL, Wang GC, Zhang XQ, Zhang QW,Ye WC. (2011) Three new glycosides from Hylocereus undatus. Journal of 
Asian Natural Products Research, 13, 728-33; (b) Chena J, Mangelinckx S, Adams A, Li WL, Wang ZT, De Kimpe N. (2012) Chemical 
constituents from the aerial parts of Gynura bicolor. Natural Product Communications, 7, 1563-1564. 

[12] (a) Ramírez-Gonzáleza I, Amaro-Luis JM, Bahsas A. (2013) Xanthones from aerial parts of Hypericum laricifolium Juss. Natural Product 
Communications, 8, 1731–1732; (b) Nyongha AT, Hussain H, Dongo E, Ahmed I, Krohn K. (2010) Hyloglyceride and hylodiglyceride: Two new 
glyceride derivatives from Hylodendron gabunensis, Natural Product Communications, 5, 1939–1940. 

 [13] (a) Duh CY, Phoebe CH, Pezzuto JM, Kinghorn AD, Farnsworth NR. (1986) Plant anticancer agents, XLII. Cytotoxic constituents from 
Wikstroemia ellliptica. Journal of Natural Products, 49, 706-709; (b) Wang QH, Peng K, Tan LH, Dai HF. (2010) Aquilarin A, a new benzenoid 
derivative from the fresh stem of Aquilaria sinensis. Molecules, 15, 4011-4016; (c) Rajachan O, Kanokmedhakul S, Nasomjai P, Kanokmedhakul 
K. (2014) Chemical constituents and biological activities from roots of Enkleia siamensis. Natural Product Research, 28, 268–270; (d) Kim KH, 
Moon E, Kim SY, Choi SU, Lee KR. (2012) Lignan constituents of Tilia amurensis and their biological evaluation on antitumor and anti-
inflammatory activities. Food and Chemical Toxicology, 50, 3680–3686. 

[14] Ibrahim LF, Marzouk MM, Hussein SR, Kawashty SA, Mahmoud K, Saleh NAM. (2013) Flavonoid constituents and biological screening of 
Astragalus bombycinus Boiss. Natural Product Research, 27, 386–393. 

[15] (a) Bedir E, Çalış I, Aquino R, Piacente S, Pizza C. (1998) Cycloartane triterpene glycosides from the roots of Astragalus brachypterus and 
Astragalus microcephalus. Journal of Natural Products, 61, 1469-1472; (b) Çalış I, Koyunoğlu S, Yeşilada A, Brun R, Rüedi P, Taşdemir D. 
(2006) Antitrypanosomal cycloartane glycosides from Astragalus baibutensis. Chemistry & Biodiversity, 3, 923-929; (c) Bedir E, Çalış I, Aquino R, 
Piacente S, Pizza C. (1999) Trojanoside H: a cycloartane-type glycoside from the aerial parts of Astragalus trojanus. Phytochemistry, 51, 1017-
1020; (d) Linnek J, Mitaine-Offer AC, Miyamoto T, Tanaka C, Paululat T, Avunduk S, Alankuş-Çalışkan Ö, Lacaille-Dubois MA. (2011) 
Cycloartane Glycosides from Three Species of Astragalus (Fabaceae). Helvetica Chimica Acta, 94, 230-237; (e) Polat E, Bedir E, Perrone A, 
Piacente S, Alankuş-Çalışkan Ö. (2010) Triterpenoid saponins from Astragalus wiedemannianus Fischer. Phytochemistry, 71, 658-662; (f) 
Avunduk S, Mitaine-Offer AC, Miyamoto T, Tanaka C, Lacaille-Dubois MA. (2012) Three cycloartane saponins from Astragalus tmoleus var. 
tmoleus. Planta Medica, 78, 399. 

[16] (a) Bedir, E., Çalış I, Zerbe O, Sticher O. (1998) Cyclocephaloside I: A novel cycloartane-type glycoside from Astragalus microcephalus. Journal 
of Natural Products, 61, 503-505; (b) Çalış I, Abou Gazar H, Piacente S, Pizza C. (2001) Secondary metabolites from the roots of Astragalus 
zahlbruckneri. Journal of Natural Products, 64, 1179-1182; (c) Çalış I, Yusufoglu H, Zerbe O, Sticher O. (1999) Cephalotoside A: a tridesmosidic 
cycloartane type glycoside from Astragalus cephalotes var. brevicalyx. Phytochemistry, 50, 843-847; (d) Polat E, Caliskan-Alankus O, Perrone A, 
Piacente S, Bedir E. (2009) Cycloartane-type glycosides from Astragalus amblolepis, Phytochemistry, 70, 628-634; (e) Koz Ö, Ekinci D, Şentürk 
M, Perrone A, Piacente S, Alankuş-Çalışkan Ö, Bedir E. (2011) Saponin from Astragalus pycnocephalus var. Pycnocephalus FISHER and their 
-glycosidase inhibitory effects. Planta Medica, 77, 175; (f) Savran T, Gülcemal D, Masullo M, Karayıldırım T, Polat E, Piacente S and 
Alankuş-Çalışkan Ö. (2012) Cycloartane Glycosides from Astragalus erinaceus. Records of Natural Products, 6, 230-236; (j) Bedir E, Calis I, 
Dunbar C, Sharan R, Buolamwini JK, Khan IA. (2001) Two novel cycloartane-type triterpene glycoside from the roots of Astragalus prusianus. 
Tetrahedron, 57, 5961-5966; (h) Karabey F, Khan IA, Bedir E. (2012) Cycloartane-type glycosides from Astragalus schottianus. Phytochemistry 
Letters, 5, 320-324. 

[17] (a) Özipek M, Dönmez AA, Çalış I, Brun R, Rüedi P, Taşdemir D. (2005) Leishmanicidal cycloartane-type triterpene glycosides from Astragalus 
oleifolius. Phytochemistry, 66, 1168-1173; (b) Çalış I, Dönmez AA, Perrone A, Pizza C, Piacente S. (2008) Cycloartane glycosides from Astragalus 
campylosema Boiss. ssp. campylosem. Phytochemistry, 69, 2634-2638; (c) Çalış I, Barbic M, Jürgenliemk G. (2008) Bioactive cycloartane-type 
triterpene glycosides from Astragalus elongatus. Zeitschrift für Naturforschung, 63, 813-820; (d) Yalçın FN, Piacente S, Perrone A, Capasso A, 
Duman H, Çalış I. (2012) Cycloartane glycosides from Astragalus stereocalyx Bornm. Phytochemistry, 73, 119-126; (e) Tabanca N, Bedir E, 
Alankuş-Çalışkan Ö, Khan IA. (2005) Cycloartane triterpene glycosides from the roots of Astragalus gilvus Boiss. Biochemical Systematics and 
Ecology, 33, 1067-1070; (f) Djimtombayea B, Alankuş-Çalışkan Ö, Gülcemal D, Khan IA Anıl H, Bedir E. (2013) Unusual Secondary Metabolites 
from Astragalus halicacabus Lam. Chemistry & Biodiversity, 10, 1328-1334. 

[18] Gülcemal D, Alankuş-Çalışkan Ö, Perrone A, Özgökçe F, Piacente S, Bedir E. (2011) Cycloartane glycosides from Astragalus aureus. 
Phytochemistry, 72, 761-768. 

[19] (a) Gülcemal D, MasulloM, Bedir E, FestaM, Karayıldırım T, Alankuş-Çalışkan Ö. (2012) Triterpene glycosides from Astragalus angustifolius 
Lam. subsp. angustifolius var. angustifolius. Planta Medica, 78, 720-729; (b) Avunduk S, Mitaine-Offer AC, Alankuş-Çalışkan Ö, Miyamoto T, 
Senol SG, Lacaille-Dubois MA. (2008) Triterpene Glycosides from the Roots of Astragalus flavescens. Journal of Natural products, 71, 141-145. 

[20] Gülcemal D, Masullo M, Napolitano A, Karayıldırım T, Bedir E, Alankuş-Çalışkan Ö. (2013) Oleanane glycosides from Astragalus tauricolus: 
isolation and structural elucidation based on a preliminary liquid chromatography electrospray ionization tandem mass spectrometry profiling. 
Phytochemistry, 86, 184-194. 

[21] (a) Guzhva NN, Kazakov AL, Dzhumyrko SF, Sarkisov LS. (1984) Flavonoids of Astragalus lagurus. Chemistry of Natural Compounds, 20, 627-
628; (b) Bedir E, Çalış I, Piacente S, Pizza C, Khan IA. (2000) A new flavonol glycoside from the aerial parts of Astragalus vulneraria. Chemical 
and Pharmaceutical Bulletin, 48, 1994-1995; (c) Guzhova NN, Dzhumyrko SF, Kolpak AM, Anisimova VP. (1992) Coumarins and phenolic 
carboxylic acids from Astragalus onobrychis. Chemistry of Natural Compounds, 6, 625. 

[22] Mosmann T. (1983) Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays. Journal of 
Immunological Methods, 65, 55-63. 



Natural Product Communications Vol. 11 (12) 2016 
Published online (www.naturalproduct.us) 

 
 
 

Positional Isomerization of Phenylethanoid Glycosides from Magnolia officinalis 
Zhenzhen Xue, Hua Li and Bin Yang          1861 
 

A New Lactone from Chaetomium globosum Strain M65 that Inhibits the Motility of Zoospores 
Muhammad Abdul Mojid Mondol, Jannatul Farthouse, Mohammad Tofazzal Islam, Anja Schüffler and Hartmut Laatsch   1865 
 

Galbonolides from Streptomyces sp. SR107 
Juanli Zhang, Xiaoyan Chang, Yaoyao Li and Chunhua Lu        1869 

 

Cytotoxic Activity of Microalgal-derived Oxylipins against Human Cancer Cell lines and their Impact on ATP Levels 
Javier Ávila-Román, Elena Talero, Carolina de los Reyes, Eva Zubía, Virginia Motilva and Sofía García-Mauriño   1871 
 

Inhibition of the MAPK Signaling Pathway by Red Rice Extract in UVB-irradiated Human Skin Fibroblasts  
Pornngarm Limtrakul, Supachai Yodkeeree, Wanisa Punfa and Jatupol Srisomboon      1877 
 

Enzyme-Treated Asparagus Extract Prevents Hydrogen Peroxide-Induced Pro-Inflammatory Responses by Suppressing  
p65 Nuclear Translocation in Skin L929 Fibroblasts 
Ken Shirato, Jun Takanari, Takuya Sakurai, Junetsu Ogasawara, Kazuhiko Imaizumi, Hideki Ohno and Takako Kizaki   1883 
 

Constituents and Insecticidal Activity of Deinbollia pinnata Essential Oil  
Sunkanmi E. Sotubo, Oladipupo A. Lawal, Adesola A. Osunsami and Isiaka A. Ogunwande     1889 
 

Chemical Composition of the Essential Oils of Some Central Asian Nepeta Species (Lamiaceae) by GLC-MS 
Nilufar Z. Mamadalieva, Farukh S. Sharopov, Prabodh Satyal, Shahnoz S. Azimova and Michael Wink    1891 
 

Chemical Composition, Enantiomeric Distribution, and Biological Activities of Rhododendron anthopogon Leaf Essential Oil  
from Nepal 
Noura S. Dosoky, Prabodh Satyal, Suraj Pokharel and William N. Setzer       1895 
 

Chemical Composition, Antibacterial and α-Glucosidase Inhibitory Activities of the Essential Oils of Neolitsea coccinea  
(Lauraceae) 
Nor Akmalazura Jani, Hasnah Mohd Sirat, Farediah Ahmad, Nor Azah Mohamad Ali and Muhd Hafizi Zainal    1899 
 

Micromeria thymifolia Essential Oil Suppresses Quorum-sensing Signaling in Pseudomonas aeruginosa  
Danka Bukvički, Ana Cirić, Marina Soković, Lucia Vannini, Lorenzo Nissen, Miroslav Novaković, Ljubodrag Vujisić,  
Yoshinori Asakawa and Petar D. Marin          1903 
 

Phenylpropanoid-rich Essential Oils of Piper Species from the Amazon and their Antifungal and Anti-cholinesterase Activities 
Joyce Kelly R. da Silva, Nayla N. S. Silva, Jessica Fernanda S. Santana, Eloísa Helena A. Andrade, José Guilherme S. Maia and 
William N. Setzer            1907 
 

Composition and Antimicrobial Activity of the Essential Oils of Three Plant Species from the Sabana of Bogota (Colombia):  
Myrcianthes leucoxyla, Vallea stipularis and Phyllanthus salviifolius  
Luis Miguel Pombo Ospina, Paola Borrego Muñoz, Javier Matulevich, Aníbal Alfonso Teherán and Leidy Barajas Villamizar  1913 
 

Chemical Composition and Acaricidal Activity of Nemuaron vieillardii Essential Oil against the Cattle Tick  
Rhipicephalus (Boophilus) microplus 
Nicolas Lebouvier, Thomas Hue, Joseph Brophy, Edouard Hnawia and Mohammed Nour      1919 

 
Accounts/Reviews 

 
 

Phytochemistry and Ethnopharmacology of Medicinal Plants Used on Safeen Mountain in the Kurdistan Region of Iraq 
Fuad Othman Abdullah, Faiq Hama Saeed Hussain, Abdullah Shukur Sardar, Paola Vita-Finzi and Giovanni Vidari   1923 

 
Manuscripts in Press           1928 
 

 

 
 
 



Natural Product Communications 
2016 

Volume 11, Number 12 
 

Contents 
 

Original Paper             
 

Characterization of 12-Oxophytodienoic Acid Reductases from Rose-scented Geranium (Pelargonium graveolens)  
Miu Iijima, Hiromichi Kenmoku, Hironobu Takahashi, Jung-Bum Lee, Masao Toyota, Yoshinori Asakawa, Fumiya Kurosaki and  
Futoshi Taura            1775 
 

Oxytoxin-2, An Algal-Derived Molecule from a Cultured Mollusc Volvatella vigourouxi  
Wu-Fu Chen, Yu-Chia Chang, Yuh-Wen Chiu, Lee-Shing Fang, Yu-Hsin Chen, Yin-Di Su, Bo-Rong Peng, Mei-Chin Lu,  
Jih-Jung Chen, Zhi-Hong Wen, Yang-Chang Wu and Ping-Jyun Sung       1783 
 

Inhibitory Activities of Essential Oil Obtained from Turmeric and Its Constituents against β-Secretase 
Shinichi Matsumura, Kazuya Murata, Nobuhiro Zaima, Yuri Yoshioka, Masanori Morimoto, Hirona Kugo, Ayami Yamamoto,  
Tatsuya Moriyama and Hideaki Matsuda          1785 
 

Synthesis and Cytotoxic Evaluation of Artemisinin–triazole Hybrids 
Doan Duy Tien, Le Nhat Thuy Giang, Dang Thi Tuyet Anh, Nguyen Tien Dung, Thanh Nguyen Ha, Nguyen Thi Thu Ha,  
Hoang Thi Phuong, Pham The Chinh, PhanVan Kiem and Nguyen Van Tuyen       1789 
 

The Isolation of Lutein and Lutein 3′-methyl ether from Peristrophe lanceolaria 
Wasana Prapalert, Dammrong Santiarworn, Saisunee Liawruangrath, Boonsom Liawruangrath and Stephen G. Pyne   1793 
 

Two New 8, 14-seco-pregnane Steroidal Aglycones from Roots of Cynanchum bungei 
Jia-wen Zhao, Feng-yang Chen, Li-juan Gao, Shi-fang Xu, Shu-juan Hao, Yi-ping Ye and Xiao-yu Li    1797 
 

Anti-inflammatory, Anti-bacterial and Anti-acetylcholinesterase Activities of two Isoquinoline Alkaloids–Scoulerine and  
Cheilanthifoline 
Phurpa Wangchuk, Thanapat Sastraruji, Malai Taweechotipatr, Paul A Keller and Stephen G Pyne     1801 
 

Acetylcholinesterase Inhibitory Activity of Alkaloids Isolated from Stephania venosa  
Sumet Kongkiatpaiboon, Nongnaphat Duangdee, Saisuree Prateeptongkum and Wanna Chaijaroenkul    1805 
 

Distribution and Discrimination Study of Bioactive Compounds from Berberis species using HPLC-ESI-QTOF-MS/MS with  
Principle Component Analysis 
Awantika Singh, Vikas Bajpai, Sunil Kumar, Brijesh Kumar, Mukesh Srivastava, Kamal Ram Arya and Kulwant Rai Sharma  1807 
 

The Absolute Configuration and Cytotoxic Properties of Roehybridine β-N-oxide  
Samad Nejad Ebrahimi, Zahra Bagheri-Zomorrodi, Abolfazl Shakeri, Milad Iranshahy, Milena Masullo, Sonia Piacente and  
Mehrdad Iranshahi            1813 
 

Monanchoxymycalins A and B, New Hybrid Pentacyclic Guanidine Alkaloids from the Far-Eastern Marine Sponge  
Monanchora pulchra 
Kseniya M. Tabakmakher, Tatyana N. Makarieva, Larisa K. Shubina, Vladimir A. Denisenko, Roman S. Popov, Aleksandra S. Kuzmich,  
Hyi-Seung Lee, Yeon-Ju Lee and Valentin A. Stonik         1817 
 

Tulasporins A–D, 19-Residue Peptaibols from the Mycoparasitic Fungus Sepedonium tulasneanum 
Alexander Otto, Annegret Laub, Mark Haid, Andrea Porzel, Jürgen Schmidt, Ludger Wessjohann and Norbert Arnold   1821 
 

Beauvericin K, a New Antifungal Beauvericin Analogue from a Marine-derived Fusarium sp. 
Xiuli Xu, Shujiang Zhao, Ying Yu, Zhengkun Chen, Huihui Shen and Li Zhou      1825 
 

Chemical Differentiation of Pseudostellariae Radix from Different Cultivated Fields and Germplasms by  
UPLC-Triple TOF-MS/MS Coupled with Multivariate Statistical Analysis 
Yu-jiao Hua, Ya Hou, Sheng-nan Wang, Yang Ma, Li-si Zou, Xun-hong Liu, Yi-yuan Luo and Juan-xiu Liu    1827 
 

Mitochondrial Target of Nobiletin's Action 
Nino Sharikadze, Natia Jojua, Maia Sepashvili, Elene Zhuravliova and David G Mikeladze     1833 
 

Phytochemical Screening of Garcinia travancorica byHPLC-ESI-QTOF Mass Spectrometry and Cytotoxicity Studies  
of the Major Biflavonoid Fukugiside 
Aravindakshanpillai P. Anu Aravind, Renu Pandey, Brijesh Kumar, Kumarapillai R. T. Asha and Koranappallil B. Rameshkumar  1839 
 

Isoprenylated Flavonoids from Roots of Artocarpus styracifolius 
Qin Hua Lin, Jin Bin Yuan, Zhi Lin Ma, Jian Liang, Xiao Xiao Zhai, Ikhlas A Khan, Yuan Qing Ding and Gang Ren   1843 
 

Secondary Metabolites from Astragalus lycius and Their Cytotoxic Activities  
Ibrahim Horo, Fatma Kocabaş, Özgen Alankuş-Çalışkan, Fevzi Özgökçe, Ihlas A. Khan and Erdal Bedir    1847 
 

Characterization of the α-Amylase Inhibitory Activity of Oligomeric Proanthocyanidins from Acacia mearnsii Bark Extract 
Yosuke Matsuo, Rie Kusano, Sosuke Ogawa, Yoshikazu Yazaki and Takashi Tanaka      1851 
 

Caffeic Acid Derivatives from Bacopa monniera Plants as Inhibitors of Pancreatic Lipase Activity and their  
Structural Requirements 
Souichi Nakashima, Tomoe Ohta, Seikou Nakamura, Yoshimi Oda, Mari Koumoto, Eri Kashiwazaki, Maiko Kado, Atsumi Shimada,  
Ryogo Akita and Hisashi Matsuda          1855 
 

New Phenolic Glycosides from Physalis angulata 
Hoang Le Tuan Anh, Duong Thi Dung, Do Thanh Tuan, Bui Huu Tai, Nguyen Xuan Nhiem, Pham Hai Yen, Tran Minh Duc,  
Pham Quoc Binh, Nguyen Hoai Nam, Chau Van Minh and Phan Van Kiem       1859 
 
 
 
 
 
 
 

Continued inside backcove 
 


	Secondary Metabolites from Astragalus lycius



