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ISOLATION OF STIGMASTEROL AND β-SITOSTEROL 
FROM DICHLOROMETHANE EXTRACT OF AERIAL PARTS OF 
CLIMACOPTERA OBTUSIFOLIA
ABSTRACT 

General phytochemical screening of the aerial parts of Climacoptera obtusifolia (Chenopodiaceae) revealed the presence of steroids, phenolic compounds, flavonoids and their glycosides, triterpenoid saponins. For isolation of the compounds, the dried aerial parts of Climacoptera obtusifolia was subjected to hot extraction with dichloromethane; purification of the dichloromethane (CH2Cl2) fraction of Climacoptera obtusifolia resulted in the isolation of two sterols namely stigmasterol and β-sitosterol. The structures of the isolated compounds were characterized on the basis of extensive spectral data (1D and 2D NMR; and MS) and in comparison with their literature data. 
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INTRODUCTION 
Halophytes are plants adapted to live in a saline environment, be it seawater, a salt-water marsh, or a salt-desert; nearly all are angiosperms. In recent years, the study of wild plants is expanding; these plants are widely grown in the dry soils of the Republic of Kazakhstan and adapted to extreme conditions. There are 23 species of the plant genus Climacoptera; 14 of these are indigenous to Kazakhstan [1].
Previous phytochemical studies of this plant mainly showed the presence of triterpenoid glycosides (Annaev et al., 1983 [2-4]; Annaev and Abubakirov, 1984 [5]; Eskalieva et al., 2004 [6]) and flavonoid glycosides (Baeva and Zapesochnaya, 1980 [7]; Yeskaliyeva et al., 2006 [8]; Kipchakbayeva et al., 2012 [9]; Seitimova et al., 2014 [10]). Two bidesmosidic saponins have also been reported (Yeskaliyeva et al., 2006) [8]. 
Plants of the genus Climacoptera are known for antifungal activity [11]. It is known that Climacoptera has long been used for the artisanal mining of soda and also as the autumn and winter forage for camels. Chemical analyzes of most plants of the family Chenopodiaceae point to their high nutritional value [12].
As part of our current interest in the medicinal plants of Kazakhstan, we investigated the chemical constituents of the aerial parts of Climacoptera obtusifolia (Schrenk.) Botsch. The authors found that Climacoptera obtusifolia contains pharmacologically active substances, which showed antidiabetic [13], the anti-tumor activity [14]. Previously, from the aerial part of plant of genus Climacoptera obtusifolia has been allocated an antidiabetic drug.
The purpose of this study is to identify and characterize the bioactive principles from the aerial part of Climacoptera obtusifolia. This paper describes the isolation and structure elucidation of the two sterol components 1-2 (Figure 1) on the basis of extensive spectroscopic and in comparison of their physical and spectral properties reported from the literature. The isolation and identification of stigmasterol (2) from the aerial part of Climacoptera obtusifolia was the first ever to be reported from this plant.
MATERIALS AND METHODS 

The melting points were determined in open capillary tubes on Buchi M-560 melting point apparatus and are uncorrected. NMR spectra were recorded using CDCl3 as solvent on Avance AV 400 MHz Instrument (Bruker Co., Switzerland). Chemical shifts are given in δ (ppm), and coupling constants are reported in Hz. Low-resolution electron impact mass spectra (EI-MS) were recorded on a Finnigan MAT 312 spectrometer. The 1H, 13C-NMR and EI-MS spectra were recorded at HEJ Research Institute of Chemistry, University of Karachi, Pakistan. Thin layer chromatography (TLC) was performed by using silica gel plates Alugram SIL G/UV 254 (Macherey-Nagel, Germany) and identification of the spots on the TLC plate was carried out by spraying ceric sulfate. 
Table 1 – 1H and 13C-NMR spectral data of Stigmasterol (1) and β-Sitosterol (2) in CDCl3
	Position
	Compound 1
	Compound 2

	
	1H [δH(JHH in Hz)]
	13C (δC)
	1H [δH(JHH in Hz)]
	13C (δC)

	1
	
	37.6
	
	37.5

	2
	
	32.1
	
	31.9

	3
	3.51 (tdd, 1H, J = 4.5, 4.2, 3.8 Hz)
	72.1
	3.53 (tdd, 1H, J = 4.5, 4.2, 3.8 Hz)
	72.0

	4
	
	42.4
	
	42.5

	5
	5.31 (t, 1H, J = 6.1 Hz)
	141.1
	5.36 (t, 1H, J = 6.4 Hz)
	140.9

	6
	
	121.8
	
	121.9

	7
	
	31.8
	
	32.1

	8
	
	31.8
	
	32.1

	9
	
	50.2
	
	50.3

	10
	
	36.6
	
	36.7

	11
	
	21.5
	
	21.3

	12
	
	39.9
	
	39.9

	13
	
	42.4
	
	42.6

	14
	
	56.8
	
	56.9

	15
	
	24.4
	
	26.3

	16
	
	29.3
	
	28.5

	17
	
	56.2
	
	56.3

	18
	
	40.6
	
	36.3

	19
	0.91 (d, 3H, J = 6.2 Hz)
	21.7
	0.93 (d, 3H, J = 6.5 Hz)
	19.2

	20
	4.98 (m, 1H)
	138.7
	
	34.2

	21
	5.14 (m, 1H)
	129.6
	
	26.3

	22
	
	46.1
	
	46.1

	23
	
	25.4
	
	23.3

	24
	0.83 (t, 3H, J = 7.1 Hz)
	12.1
	0.84 (t, 3H, J = 7.2 Hz)
	12.2

	25
	
	29.6
	
	29.4

	26
	0.82 (d, 3H, J = 6.6 Hz)
	20.2
	0.83 (d, 3H, J = 6.4 Hz)
	20.1

	27
	0.80 (d, 3H, J = 6.6 Hz)
	19.8
	0.81 (d, 3H, J = 6.4 Hz)
	19.6

	28
	0.71 (s, 3H)
	18.9
	0.68 (s, 3H)
	19.0

	29
	1.03 (s, 3H)
	12.2
	1.01 (s, 3H)
	12.0


Plant Material 
The aerial parts of the plant were collected on September, 2014 from Shardara district in South Kazakhstan region of Republic of Kazakhstan. The plant material was taxonomically identified, authenticated by Nursulu Z.Akhtaeva, Department of Biodiversity and Bioresources, al-Farabi Kazakh National University, Almaty. The aerial parts of the plant were air dried, powdered to particle size in the range 6.0-8.0 mm, according to regulatory documents, sieved and weighed.
Extraction and Isolation

Air-dried and finely powdered aerial parts of the plant (2.8 kg) were exhaustively extracted with dichloromethane (10L) using Soxhlet extraction apparatus and the dichloromethane extract was concentrated under reduced pressure to obtain a dark greenish brown oily residue (23 g).
The residue was chromatographed over silica gel (70-230 mesh), eluted successively with n-hexane: DCM mixture by increasing polarity, a total of 1—189 fractions were collected (250 ml each). Similar fractions were pooled together. Fractions 95-111 gave mixture of compounds 1 and 2, which were separated by repeated chromatography over flash silica gel (230-400 mesh) with elution by Hexane: Ethyl acetate in various ratios. Finally from dichloromethane (CH2Cl2) fraction of Climacoptera obtusifolia resulted in the isolation of two sterols stigmasterol (1), and β-sitosterol (2), respectively.
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Figure 1 – Structure of Stigmasterol (1) and β-Sitosterol (2)

Identification of Stigmasterol and β-Sitosterol 
Stigmasterol (1): Colorless needles; m.p. 161-163 oC; 1H NMR (CDCl3, 400 MHz): see Table 1; 13C NMR (CDCl3, 400 MHz): see Table 1; MS (m/z): 412 [M+], 397, 351, 314, 300, 271, 229, 213, 55. 
β-Sitosterol (2): White crystalline needles; m.p. 134-135°C; 1H NMR (CDCl3, 400 MHz): see Table 1; 13C NMR (CDCl3, 400 MHz): see Table 1; MS (m/z): 414(M+), 381, 329, 303, 271, 255, 213, 173, 147, 95, 81, 55.
Tests for steroid
Salkowski reaction: A few crystals were dissolved in chloroform and a few drops of concentrated sulfuric acid were added to the solution. A reddish color was seen in the upper chloroform layer [15].
Liebermann-Burchard reaction: A few crystals were dissolved in chloroform and a few drops of concentrated sulfuric acid were added to it followed by addition of 2‐3 drops of acetic anhydride. Solution turned violet blue and finally green [15].

RESULTS AND DISCUSSION 
Compound 1 was isolated as a white powder. The mass spectral data of the compound gave a molecular formula C29H48O, which was supported by the 13C NMR spectral data. 1H NMR spectra of Compound 1 showed the presence of two methyl sinlgets at δ 0.71, and 1.03; three methyl doublets that appeared at δ 0.80, 0.82, and 0.91; and a methyl triplet at δ 0.83. Compound 1 also showed protons at δ 4.98, 5.14, and 5.31 suggesting the presence of three protons corresponding to that of a trisubstituted and a disubstituted olefinic bond. Liebermann-Burchard reaction indicated compound 1 is having a sterol skeleton [15-16]. The proton corresponding to the H-3 of a sterol moiety was appeared as a triplet of doublet of doublets at δ 3.51. The 1H and 13C NMR values for all the protons and carbons were assigned on the basis of COSY, HMQC and HMBC correlations and were given in Table 1. The above spectral data supported the presence of sterol skeleton having a hydroxyl group at C-3 position with two double bonds at C-5/C-6 and C-20/C-21 with six methyl groups which was supported by the key COSY and HMBC correlations. Thus, the structure of 1 was assigned as the known compound stigmasterol. The physical and spectral data are consistent to the reported literature values of stigmasterol [17-18]. 

Compound 2 was also isolated as a white powder and its mass spectral data suggested the molecular formula as C29H50O. Compound 2 also showed positive Liebermann-Burchard reaction and Salkowski’s test indicated its sterol nature as in 1 [15]. The 1H NMR spectra of compound 2 showed the presence of six methyl signals that appeared as two methyl sinlgets at δ 0.68, and 1.01; three methyl doublets that appeared at δ 0.81, 0.83, and 0.93; and a methyl triplet at δ 0.84; same as 1. The 1H NMR spectra of compound 2 also showed one olefinic proton at δ 5.36 instead of three in 1. The absence of protons corresponding to the double bond between C-20/C-21 in compound 2 together with the appearance of mass spectral data which showed 2 more than 1 suggested the presence of a trisubstituted double bond at C-5/C-6 in its structure. The 1H NMR spectra of compound 2 showed a proton corresponding to the proton connected to the C-3 hydroxy group which appeared as a triplet of doublet of doublets at δ 3.53. The 13C NMR together with COSY, HMQC and HMBC showed twenty nine signals which indicating its steroidal nature. Thus, the spectral features and the other physical properties are in close agreement to those observed for β-sitosterol (2) in literature 
 ADDIN EN.CITE 

[19-20].

CONCLUSIONS 
Two sterols were isolated from the dichloromethane extract obtained from the aerial part of Climacoptera obtusifolia. The structures of the isolated compounds were identified as stigmasterol (1), and β-sitosterol (2) on the basis of spectroscopic and by comparing their physical properties reported in the literature. The complete 1H and 13C NMR spectral assignments of the two isolated compounds were made based on COSY, HSQC, HMBC, and MS/MS spectroscopic data. 
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