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Abstract:  One new sulfated saponin 3β,23,30-trihydroxyurs-20-en-28-al-23-sulfate 3-O-β-D-xylopyranoside 
(Zygofaboside C; 1) was purified from the water soluble fraction of ethanolic extract of the aerial parts of 
Zygophyllum fabago Linn. The structure of the compound was elucidated through spectral studies, especially 
1D- and 2D-NMR, HR-FAB mass spectrometry, and comparison with literature data. 
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1. Introduction 

Zygophyllaceae is a family of flowering plants including about 22 genera and 285 species. The 
members of this family are small trees, shrubs, and herbs; often resinous and some are poisonous [1]. 
Trees are less common and usually the plants of this family require very less quantity of water [2]. The 
genus Zygophyllum is a leading genus in the family Zygophyllaceae. This genus usually contains 
tropical herbs or shrubs having ill-smelling flower buds. So far six species have been reported in 
Pakistan for the genus Zygophyllum [2]. Zygophyllum fabago is commonly known as Syrian bean-
caper and is distributed in Pakistan, Iran, Afghanistan, Iraq, Arabia, North Africa, Spain, France, Italy, 
and Turkey. Many species belonging to the genus Zygophyllum have been shown to cure various 
diseases and are used in folk medicine in several regions of the world. Z. coccineum is active against 
rheumatism, gout, asthma, and hypertension and is also used as diuretic, anthelminthic, and 
antidiabetic agent [3, 4]. Extracts of Z. coccineum displayed significant antihypertensive properties in 
normotensive as well as in spontaneously hypertensive rats [5]. Compounds isolated from Z. cornutum 
have shown hypocholesterolemic and hypolipidemic activities [6] and those from Z. simplex have 
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shown antibiotic as well as laxative activities [7]. Z. gaetulum is used as anti-eczema, antispasmodic, 
hypoglycemiant, and in stomach and liver diseases [8]. Z. album is used as diuretic, local anaesthetic, 
antihistaminic, and antidiabetic agent [9]. Z. fabago is used as antitussive, expectorant, anti-
inflammatory and for removing pains [10]. Aerial parts of the plant, collected at the flowering stages, 
have been used as anti-rheumatic, anthelminthic, cathartic, and anti-asthmatic [11]. The plant collected 
from Pakistan has shown a very strong activity against the human pathogen Candida albicans [12]. Z. 
fabago extracts may also contain antiviral photosensitizers but the activities have been seen only at 
high concentrations [13]. In an ongoing search for the bioactive compounds from Z. fabago, the EtOH 
extract of the aerial parts of this plant was selected for investigation and a new sulfated saponin 
trivially named as Zygofaboside C (1) (Figure 1) was isolated from it. 

 

 
 

Figure 1. Structure of compound 1 
 

2. Materials and Methods 
 
2.1. General 

 
Compound 1 was characterized by extensive 1D- (Bruker Avance-500 and Bruker Avance-AV-

500 spectrometers) and 2D-NMR analysis (COSY, HSQC, HMBC, NOESY, Bruker Avance AV-500 
and Bruker Avance AV-600 spectrometers), negative HR-FAB-MS (Jeol-JMS-HX-110), and IR 
(Vector-22) spectrometer. Optical rotations were measured on a Jasco-DIP-360 automatic digital 
polarimeter. Column chromatography (CC) was carried out on Sephadex LH-20 (25–100 mm; Sigma-
Aldrich). MPLC separation was done using an Eyela-VSP-3050 instrument; column (200 mm × 25 
mm i.d.; Eyela) filled with Polygroprep C-18 (15–25 mm, 10 nm; Macherey-Nagel). Analytical TLCs 
were carried out on RP-18 F254s plates (5 × 10 cm, Merck) or RP-18 F254s aluminum sheets (20 × 20 
cm, Merck). 

 
2.2. Plant Material 

 
The aerial parts of Z. fabago Linn. were collected from Ankara, Turkey in June 2002. The plant 

was identified by one of us (B. S.). A voucher specimen (GUE # 2312) was deposited in the herbarium 
of the Faculty of Pharmacy, Gazi University, Ankara, Turkey. 

 
2.3. Extraction and Isolation 

 
The EtOH extract was prepared from aerial parts (12 kg) of Z. fabago by maceration. The dark-

green residue (450 g) was dissolved in H2O and partitioned between n-Hexane (50 g), EtOAc (100 g), 
and H2O (300 g). An amount of 100 g from the H2O extract was dissolved in water and (25 mL × 4) 
was subjected to Sephadex LH-20 CC eluting with pure H2O (2.0 L), then polarity was decreased by 
the addition of MeOH in steps of 25% (2.0 L each) up to 100% MeOH (2.0 L). The fraction obtained 
(250 mg) with MeOH/H2O (1:3) was subjected to reverse-phase MPLC eluting with MeOH/H2O (1:1) 
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which after repeated chromatography afforded 3β,23,30-trihydroxyurs-20-en-28-al-23-sulfate 3-O-β-
D-xylopyranoside (Zygofaboside C; 1) as a new natural compound. Purity of the compound was 
checked on RP-18 TLC (visualization by spraying with cerium (IV) sulfate reagent; followed by 
heating). 

 
2.4. Zygofaboside C (1) 

 
White amorphous powder (10 mg); [α]D

25+ 43.2 (c = 0.086, CH3OH); IR (KBr) vmax: 3345, 2925, 
1710, 1662, 1122 cm–1; 1H-NMR (500 MHz, CD3OD): aglycone moiety: δ 9.42 (1H, s, H-28), 5.56 
(1H, d, J = 6.0 Hz, H-21), 4.09 (1H, d, J = 10.0 Hz, HA-23), 3.97 (2H, d, J = 13.0 Hz, HA-30 and HB-
30), 3.72 (1H, d, J = 9.5 Hz, HB-23), 3.65 (1H, dd, J = 11.5 Hz and 4.5 Hz, H-3), 2.34 (1H, t, J = 6.5 
Hz, H-13), 2.16 (1H, m, H-18), 2.08 (2H, ovlp, HA-7 and HB-7), 1.79 (2H, ovlp, HA-16 and HB-16), 
1.70 (2H, ovlp, HA-2 and HB-2), 1.69 (2H, ovlp, HA-1 and HB-1), 1.58 (2H, ovlp, HA-11 and HB-11), 
1.42 (1H, ovlp, H-19), 1.41 (1H, ovlp, H-5), 1.39 (1H, ovlp, H-9), 1.35 (2H, ovlp, HA-22 and HB-22), 
1.33 (2H, ovlp, HA-6 and HB-6), 1.08 (3H, d, J = 6.5 Hz, H-29), 1.01 (3H, s, H-27), 0.93 (3H, s, H-26), 
0.91 (3H, s, H-25), 0.76 (3H, s, H-24), xylose moiety: δ 4.48 (1H, d, J = 8.0 Hz, H-1'), 3.81 (1H, dd, J 
= 11.5 Hz and 5.5 Hz, HA-5'), 3.45 (1H, m, H-4'), 3.33 (1H, masked, H-3'), 3.29 (1H, dd, J = 10.5 Hz 
and 10.5 Hz, HB-5'), 3.10 (1H, dd, J = 8.0 Hz and 8.0 Hz, H-2').13C-NMR (125 MHz, CD3OD): 
aglycone moiety: δ 39.7 (C-1), 26.5 (C-2), 82.7 (C-3), 43.1 (C-4), 48.3 (C-5), 18.6 (C-6), 36.1 (C-7), 
42.1 (C-8), 51.8 (C-9), 37.9 (C-10), 22.6 (C-11), 29.3 (C-12), 33.6 (C-13), 43.4 (C-14), 28.7 (C-15), 
30.7 (C-16), 51.9 (C-17), 41.3 (C-18), 48.2 (C-19), 148.1 (C-20), 118.3 (C-21), 34.9 (C-22), 69.5 (C-
23), 13.1 (C-24), 17.4 (C-25), 16.5 (C-26), 14.8 (C-27), 209.0 (C-28), 23.8 (C-29), 64.8 (C-30), xylose 
moiety: δ 106.2 (C-1'), 75.8 (C-2'), 78.1 (C-3'), 71.3 (C-4'), 66.7 (C-5'); Negative mode HR-FAB-MS: 
m/z 683.3520 [M – H]– (Calcd. for C35H55O11S, 683.3465). 

 
3. Results and Discussion  
 
3.1. Structure elucidation 
 

Compound 1 was isolated as a colorless amorphous powder. The HR-FAB-MS (–ve mode) of 
compound 1 showed the quasi-molecular-ion peak at m/z 683.3520 [M–H]– corresponding to a 
molecular formula of C35H56O11S. This formula was also supported by IR and NMR spectra. Acid 
hydrolysis of 1 followed by treatment with BaCl2 established the presence of a sulfate moiety in 1 
[14]. In the IR spectrum of compound 1, typical absorption bands were found at 3345 (OH groups), 
2925 (C–H stretch), 1710 (aldehydic C=O), 1662 (C=C bond), and 1122 cm–1 (sulfate stretch). The 
1H-NMR spectrum of compound 1 exhibited signals for four tertiary methyl groups at δ 0.76 (s, H3-
24), 0.90 (s, H3-25), 0.93 (s, H3-26), and 1.01 (s, H3-27), one secondary methyl group at δ 1.08 (d, J = 
6.5 Hz, H3-29), and a hydroxymethylene group at δ 3.97 (ovlp, HA,B-30) indicating a pentacyclic 
triterpenoid skeleton. The 1H-NMR spectrum also displayed one olefinic proton signal at δ 5.56 (d, J = 
6.0 Hz, H-21). The 13C-NMR spectra indicated signals for four tertiary methyls at δ 13.1, 17.4, 16.5, 
and 14.8 and one secondary methyl at δ 23.8, respectively. Accordingly, compound 1 was suggested to 
contain an urs-20-ene skeleton [15]. Furthermore, the 13C-NMR spectra displayed one oxygenated 
methine signal at δ 82.7 (C-3) and two oxygenated methylene signals at δ 64.8 (C-30) and 69.5 (C-23).  
The 13C-NMR spectra exhibited signals for a total of thirty five carbons, of which thirty were assigned 
to the aglycone while the remaining five were due to the sugar moiety. From the 1H- and 13C-NMR 
data and comparison with the literature the basic skeleton of compound 1 was found to be 3β,23,30-
trihydroxyurs-20-en-28-al-23-sulfate [15]. A downfield signal in the 1H-NMR spectrum at δ 9.42 (s) 
with the corresponding 13C-NMR signal at δ 209.0 was assigned to an aldehyde group in the molecule. 
The point of attachment of aldehyde group was suggested at C-17 from the HMBC interactions of H-
28 (δ 9.42) with C-17 (δ 51.9), C-18 (δ 41.3), and C-22 (δ 34.9) (Figure 2). The H-18 (δ 2.16) also 
showed HMBC interactions with C-28 (δ 209.0). The positions of the sulfate and the alcohol groups in 
1 were determined from the chemical shifts of C-3, C-30, and C-23. Hydroxylated C-3 signals 
resonate near δ 72.0 and hydroxylated methylenes attached to a six-membered ring resonate near δ 
62.0 [16]. Although, in compound 1 C-3 was observed at δ 82.7 (10.7 ppm downfield) but this 
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downfield shift was not due to the sulfate group rather it was due to the glycosylation effect as 
confirmed by HMBC interactions of anomeric proton of the sugar unit with the C-3 of aglycone and 
vice versa. The C-30 in compound 1 was observed at δ 64.8 but the C-23 appeared at δ 69.6 (7.5 ppm 
downfield) indicating that the sulfate group was attached at C-23. These assignments were further 
supported by comparison of the 13C chemical shifts to the related triterpenoids [17, 18]. The 
attachments of the hydroxyl and the sulfated groups at these positions were also augmented by HMBC 
spectra. Thus, HMBC interactions were observed between H-21 (δ 5.56) and C-30 (δ 64.8). The H-30 
(δ 3.97) in turn also showed HMBC interactions with C-20 (δ 148.1) and C-21 (δ 118.3), thus 
confirming the point of attachment of the hydroxyl group at C-30. Furthermore, H-18 (δ 2.16) showed 
HMBC interactions with C-20.  
 

 
 

Figure 2. Important HMBC interactions of compound 1 
 
The point of attachment of the OH group at C-30 was further supported by the NOESY 

interactions (Figure 3) between H-30 (δ 3.97) and H-21 (δ 5.56). The point of attachment of the sulfate 
group at C-23 was also authenticated by the HMBC spectra, where H-24 (δ 0.76) gave HMBC 
interactions with C-23 (δ 69.5). The H-23 (δ 4.09 and 3.72) showed inverse HMBC correlations with 
C-3 (δ 82.7), C-4 (δ 43.1), and C-5 (δ 48.3), thus establishing the presence of a sulfate moiety at C-23. 
Based on the above facts and comparison of the chemical shift data of C-23 (δ 69.5) and C-24 (δ 13.1) 
with those of hydroxylated C-23 and non-hydroxylated C-24 [19-21] as well as hydroxylated C-24 and 
non-hydroxylated C-23 in the literature [19, 22-25] it was established that the sulfate group was 
attached to C-23 of the aglycone. The OH group at C-3 of aglycone was disposed β and equatorial on 
the basis of coupling constant of H-3 (dd, J = 11.5, 4.5 Hz). This point of attachment and β disposition 
was also supported by the cross peaks in NOESY plot. Thus, CH3-24 (δ 0.76) showed NOESY 
interactions with CH3-25 (δ 0.91) while the CH2-23 (δ 4.09 and 3.72) showed interactions with H-3 (δ 
3.66).  

The anomeric proton signal of the sugar moiety was observed at δ 4.48 (d, J = 8.0 Hz). The spin 
constitution of the sugar moiety was observed from the 1H–1H-COSY correlations between the sugar 
protons. For this purpose, the anomeric proton signal was selected as a starting point. From the 
coupling constant data the anomeric configuration of the sugar unit was found to be β-xylose. The 
absolute configuration of the sugar unit was determined as β-D-xylose after acid hydrolysis of 
compound 1 followed by finding the optical rotation of the sugar moiety. The point of attachment of 
the xylopyranoside moiety to the aglycone was determined from the chemical shift data of the 
glycosylated position as well as from the HMBC interactions. The C-3 of the aglycone was shifted 
downfield to δ 82.6 due to glycosylation. The point of attachment of the sugar unit at this position was 
also supported by the HMBC interactions of the anomeric proton of the sugar unit to the C-3 of 
aglycone. Thus, the proton signal at δ 4.48 (H-1′) showed HMBC correlations with the carbon signal 
at δ 82.6 (C-3). The H-3 of aglycone (δ 3.66), in turn, also showed HMBC interactions with the 
anomeric carbon signal at δ 106.2. This connectivity was also supported by NOESY interactions 
between anomeric proton of the sugar unit (δ 4.48) and proton of the aglycone at the glycosylated 
carbon (δ 3.66). On the basis of above observations the structure of compound 1 was established as 
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3β,23,30-trihydroxyurs-20-en-28-al-23-sulfate 3-O-β-D-xylopyranoside (trivially named as 
Zygofaboside C) which is a new compound. 
 

 
 

Figure 3. Important NOESY interactions of compound 1 
 
 
References 

[1] B. A. Beier, M. W. Chase and M. Thulin (2003). Phylogenetic relationships and taxonomy of subfamily 
Zygophylloideae (Zygophyllaceae) based on molecular and morphological data, Plant Syst. Evol. 240, 
11-39. 

[2] A. Ghafoor (1974). Zygophyllaceae (No. 76), in: E. Nasir, S. I. Ali (eds.), Flora of West Pakistan, 
University of Karachi, Pakistan. 

[3] M. H. A. Elgamal, K. H. Shaker, K. Pöllmann and K. Seifert (1995). Triterpenoid saponins from 
Zygophyllum species, Phytochemistry 40, 1233-1236. 

[4] A. H. Saber and A. M. El-Moghazy Shoaib (1960). Zygophyllum coccineum. V. Chemistry of leaf and 
stem, J. Pharm. Sci. U. A. R. 1, 1-6. 

[5] S. Gibbons and M. A. Oriowo (2001). Antihypertensive effect of an aqueous extract of Zygophyllum 
coccineum L. in rats, Phytother. Res. 15, 452-455. 

[6] P. Aclinou, K. Abdessemed, G. Massiot and L. M. Olivier (1988). Plantes des aures 3. 1. Structure d’un 
flavonoide de Zygophyllum cornutum, Plant. Med. Phytother. 22, 212-218. 

[7] F. S. Al-Saleh, H. H. Ali and M. Mirza (1993). Chemical Contituents of Some Medicinal Plants 
Growing in Behrain, Fitoterapia 64, 251-256. 

[8] J. Bellakhdar, R. Claisse, J. Fleurentin and C. Younos (1991). Repertory of standard herbal drugs in the 
Moroccan pharmacopoea, J. Ethnopharmacol. 35, 123-143. 

[9] J. El Ghoul, N. Ghanem-Boughanmi and M. Ben-Attia (2011). Biochemical study on the protective 
effect of ethanolic extract of Zygophyllum album on streptozotocin-induced oxidative stress and toxicity 
in mice, Biomed. Prev. Nutr. 1, 79-83. 

[10] Y. L. Feng, B. Wu, H. R. Li, Y. Q. Li, L. Z. Xu, S. L. Yang and S. Kitanaka (2008). Triterpenoidal 
saponins from the barks of Zygophyllum fabago L., Chem. Pharm. Bull. 56, 858-860. 

[11] T. T. Bay (1999). Turkiye’de Bitkilerle Tedavi-Gdemisten Bugume (Therapy with Medicinal Plants in 
Turkey Past and Present), 2nd ed. Nobel tip Kitabevleri, Istanbul. 

[12] M. A. Zaidi and S. A. Crow Jr. (2005). Biologically active traditional medicinal herbs from 
Balochistan, Pakistan, J. Ethnopharmacol. 96, 331-334. 

[13] J. B. Hudson, M. K. Lee, B. Sener and N. Erdemoglu (2000). Antiviral activities in extracts of Turkish 
medicinal plants, Pharm. Biol. 38, 171-175. 

[14] T. Mencherini, P. Picerno, C. Scesa and R. Aquino (2007). Triterpene, Antioxidant, and Antimicrobial 
Compounds from Melissa officinalis, J. Nat. Prod. 70, 1889-1894. 

[15] S. S. Khan, A. Khan, A. Ahmed, V. U. Ahmad, U. Farooq, S. Arshad, S. Bader, A. Zahoor, I. N. 
Siddiqui, B. Sener and N. Erdemoglu (2010). Two New Disulfated Triterpenoids from Zygophyllum 
fabago, Helv. Chim. Acta 93, 2070-2074. 

[16] A. D. Patil, A. J. Freyer, L. Killmer, A. Breen and R. K. Johnson (1997). A New Cycloartanol Sulfate 
from the Green Alga Tuemoya Sp.: An Inhibitor of VZV Protease, Nat. Prod. Lett. 9, 209-215. 

[17] A. Inada, M. Yamada, H. Murata, M. Kobayashi, H. Toya, Y. Kato and T. Nakanishi (1988). 
Phytochemical studies of seeds of medicinal plants. I. Two sulfated triterpenoid glycosides, 
sulfapatrinosides I and II, from seeds of Patrinia scabiosaefolia Fischer, Chem. Pharm. Bull. 36, 4269-
4274. 

[18] J. Dai, C. Zhao, Q. Zhang, Z. L. Liu, R. Zheng and L. Yang (2001). Taraxastane-type triterpenoids from 
Saussurea petrovii, Phytochemistry 58, 1107-1111. 



Khan et.al., Rec. Nat. Prod. (2014) 8:4 354-359 

 

359

[19] H. Kizu and T. Tomimori (1982). Studies on the Constituents of Clematis Species. V. On the Saponins 
of the Root of Clematis chinensis Osbeck., Chem. Pharm. Bull. 30, 3340-3346. 

[20] F. Mizui, R. Kasai, K. Ohtani and O. Tanaka (1988). Saponins from Brans of Quinoa, Chenopodium 
quinoa Willd. I, Chem. Pharm. Bull. 36, 1415-1418. 

[21] S. S. Kang and W. S. Woo (1987). Two New Saponins from Phytolacca americana, Planta Med. 53, 
338-340. 

[22] R. Tanaka, M. Tabuse and S. Matsunaga (1988). Triterpenes from the stem bark of Phyllanthus 
flexuosus, Phytochemistry 27, 3563-3567. 

[23] T. Konoshima, M. Kozuka, M. Haruna, K. Ito and T. Kimura (1989). Studies on the Constituents of 
Leguminous Plants. XI.: The Structures of New Triterpenoids from Wistaria brachybotrys Sieb. et 
Zucc., Chem. Pharm. Bull. 37, 1550-1553. 

[24] J. Kinjo, I. Miyamoto, K. Murakami, K. Kida, T. Tomimatsu, M. Yamasaki and T. Nohara (1985). 
Oleanene-Sapogenols from Puerariae radix, Chem. Pharm. Bull. 33, 1293-1296. 

[25] S. B. Mahato (1991). Triterpenoid saponins from Medicago hispida, Phytochemistry 30, 3389-3393. 
 

 
© 2014 ACG Publications 

 


