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Abstract 

Background and purpose: Phytochemically, Allium species are a rich source of important secondary 
metabolites especially steroidal saponin and sapogenins, flavonoids, and sulfur compounds. As a member of 
this genus, Allium affine, which is locally known as “tareh kouhi”, is an endemic plant of middle Asian 
countries.  
Experimental approach: Bulbs of A. affine were collected and air-dried in the shade. The chloroform-
methanol (9:1) extract of the sample was subjected to purification by MPLC and HPLC. Structure elucidation 
of isolated compounds was done using comprehensive spectroscopic methods including 1D-NMR, 2D-NMR, 
and MS.  
Findings/Results: A steroidal saponin structurally related to parillin and a phenylpropanoid glycoside 
(coniferin) were isolated and identified from the plant chloroform-methanol extract.  
Conclusion and implication: To the best of our knowledge isolation of these potentially medicinal 
compounds from A. affine was reported for the first time in this study. 
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INTRODUCTION 

Allium is a member of the Amaryllidaceae 
family, which is one of the largest and most 
diverse families of monocots with roughly             
750 species worldwide (1,2). Medicinal and 
nutritional usage of Alliums goes back 
thousands of years ago. Their edible and 
ornamental usage made them well-known all 
over the world (1,3,4). 

Phytochemically, Alliums are the main 
source of phytonutrients and some important 
secondary metabolites like steroidal saponins, 
sapogenins, flavonoids, and sulfur compounds, 
which saponins are of high importance due to 
their pharmacologic effects (5-7). 

Allium affine (A. affine), which is locally 
known as “tareh kouhi”, is endemic to middle 
Asian countries, and grows widely in the 
western mountains of Iran. So far, saponins and 
sapogenins such as diosgenin, tigogenin, and 

ruscogenin have been isolated from this plant 
and recent studies suggest its antioxidant, 
fibrinolytic, and cytotoxic activities (4,8,9). 

MATERIALS AND METHODS 

Plant material  
The whole plant of A. affine was collected 

from Borujen, Chaharmahal and Bakhtiari 
Province, Iran, in May 2019 and identified by 
the botanist, Mohammad Reza Joharchi 
(Ferdowsi University of Mashhad). A voucher 
specimen (No. 3403) was deposited at 
the Herbarium of the Department of 
Pharmacognosy, School of Pharmacy and 
Pharmaceutical Sciences, Isfahan University of 
Medical Sciences, Isfahan, Iran. 
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Extraction, isolation, and structure 
elucidation 

Bulbs of A. affine were separated, air-dried 
in the shade, and powdered using a mill. The 
powder (930 g) was extracted at room 
temperature in a four-step extraction method 
with increasing solvent polarity using the 
solvents; hexane, chloroform, chloroform-
methanol (9:1), and methanol. Extraction was 
done using the maceration method, performing 
each step four times with 3 L of solvent under 
occasional stirring. 

The chloroform-methanol (9:1) extract of 
the sample was concentrated under vacuum, 
yielding a crude dried extract (17 g) which was 
fractionated by medium-pressure liquid 
chromatography (MPLC) on an RP-18 column 
(36 × 460 mm, LiChroprep® silica gel, Merck, 
Germany) using a linear gradient solvent 
system of H2O to CH3OH. Fractions were 
analyzed by thin-layer chromatography      
(TLC; SiO2, BAW 60:15:25 v/v/v) and similar 
fractions were mixed. Based on TLC and 
preliminary nuclear magnetic resonance 
(NMR) analysis,  the fractions F19 and F20 
were considered richer in steroidal saponins and 
subjected to further purification by high-
performance liquid chromatography (HPLC; 
(C18 column, Novapak® 7.8 × 300 mm 
,WATERS, USA, as the stationary phase and 
H2O:CH3OH (20:80) in isocratic mode as the 
mobile phase) resulted in compound (1). The 
fraction F2 was also determined rich in 
phenolic compounds which was subjected to 
HPLC (C18 column; Novapak® 7.8 × 300 mm 
as the stationary phase and H2O:CH3OH 
[85:15] in isocratic mode as the mobile phase) 
for the final purification, yielded compound (2). 

Proton and carbon-13 (1H- and 13C-NMR) 
spectra were recorded by Bruker (Avance 400, 
Germany) 400 MHz (H at 400 MHz and C at 
100 MHz) spectrometer, using the solvent 
signal for calibration (CD3OD: δH = 3.31, δC = 
49.0). Distortionless enhancement by 
polarization transfer (DEPT) experiments was 
used to determine the multiplicities of C-NMR 
resonances. 2D heteronuclear single-quantum 
coherence (HSQC), interpulse delay set for                 
1 JCH of 130 Hz, used for determination of one-
bond heteronuclear 1H-13C connectivities. 
Electrospray ionization mass spectroscopy 

(ESIMS) spectra were prepared by Shimadzu 
LCMS 2010 EV (Japan), using methanol as the 
solvent. 

RESULTS 

Saponin-rich fractions of the plant extract 
were selected for further purification, resulting 
in the isolation and identification of a steroidal 
saponin (compound 1) which was structurally 
related to parillin, already isolated from Smilax 
aristolochiifolia (10). Final purification of the 
phenolic fraction (F2) resulted in the isolation 
of a pure phenylpropanoid glycoside 
(compound 2) which was identified as coniferyl 
β-d-glucopyranoside (coniferin, abietin).  

Characterization of compound (1) 
The steroidal saponin nature of compound 

(1) was confirmed by 1H- and 13C-NMR spectra
of the compound, including those related to the
steroidal part, a bundle of overlapped signals at
δH 3 to 5 ppm, and the existence of diagnostic
and characteristic signals of saponins especially
two tertiary methyls (3H singlets: δH 0.85 and
1.00; C-NMR: δC 14.92 and 16.92), two
secondary methyls (3H doublets: δH 0.75 (J = 6
Hz), 0.91 (J = 6.8 Hz)); in the ESIMS spectra,
compound (1) showed a pseudomolecular ion
peak at m/z 1071.6 [M+Na] in the positive-ion
mode that together with the 13C-NMR data,
suggested its molecular formula as C51H84O22.
Using the MS and NMR spectral data and
comparing them with those reported in the
literature, compound (1) was recognized as
substantially similar to parillin (11,12).

To deduce the glycon part of the compound 
(1), starting from the first anomeric proton  
(H1

I; δH 4.33) and using the HSQC spectral 
data, the first sugar was determined as β-D-
glucopyranoside. Doing the same type of 
analysis for remained three sugars resulted 
in the identification of another β-D-
glucopyranoside, an α-L-rhamnopyranoside 
and a β-D-xylopyranoside, and the completion 
of sugar chain structure elucidation.  

Based on these data, the chemical structure 
of compound (1) was determined as 6-methoxy 
parillin, a steroidal saponin analogous to 
parillin with an additional methoxy group in the 
aglycon part (C6) (Fig. 1).  
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Fig. 1. Chemical structure of compound (1) isolated from the bulbs of Allium affine. 

1H-NMR data of compound (1) (400 MHz, 
CD3OD): δH 0.75(3H, d, 21), 0.84 (H,9), 0.85 
(3H, s, 18), 0.91 (3H, d, 27), 1.00 (3H, s, 19), 
1.18 (H, 14), 1.32 (H, 5), 1.77 (H, 25), 1.85 (H, 
17), 1.92 (H, 20), 2.90 (H, 8), 3.38 (6-OCH3), 
3.45 (H, 6), 3.51 (H, 3), 4.41 (H, 16), 1.24 (6-
Rah), 4.33 (1-GlcI), 4.40 (1-Xyl), 4.63 (1-GlcII), 
4.90 (1-Rah). 

13C-NMR data of compound (1) (100 MHz, 
CD3OD): δC 14.92 (18), 16.23 (21), 16.92 (19), 
17.54 (27), 22.01 (11), 29.06 (24), 29.88 (2), 
31.38 (8), 31.48 (25), 32.41 (15), 32.72                  
(23), 35.82 (10), 36.52 (1), 36.86 (4), 41.13 
(12), 41.74 (13), 42.90 (20), 45.76 (5), 50.92     
(6-OCH3), 55.70 (9), 57.28 (14), 63.84 (17), 
67.86 (26), 82.17 (16), 82.23 (3), 86.30 (6), 
110.58 (22), 1.24 (6-Rah), 104.27 (1-GlcI), 
104.94 (1-Rha), 105.21 (1-Xyl), 105.25                     
(1-GlcII).   

Characterization of compound (2)  
1H-NMR spectrum of compound (2) 

exhibited the characteristic signals of aromatic 
protons (δH 6.28-7.14) as well as an isolated 
doublet at δH 4.15 (J = 5.6), an anomeric proton 
signal at δH 4.82 (J = 7.37) and overlapped 

proton signals of sugar residue (δH 3.25-3.65), 
altogether suggested the chemical structure of 
compound (2) as a glycosylated phenolic 
compound.   

13C-NMR spectrum of compound (2) in 
agreement with 1H-NMR spectral data 
confirmed the glycosylated phenolic nature of 
compound (2) and suggested the molecular 
formula as C16H22O8.  

1H-NMR data of compound (2) (400 MHz; 
CD3OD): δH 3.81 (OCH3), 4.15 (3'), 6.24 (2'), 
6.56 (1'), 6.89 (6), 7.01 (2), 7.05 (5) 

13C-NMR data of compound (2) (100 MHz; 
CD3OD): δC 56.64 (OCH3), 63.73 (3'), 111.17 
(2), 117.68 (5), 120.76 (6), 128.82 (2 '), 131.30 
(1'), 133.58 (1), 147.57 (4), 150.75 (3), 102.61 
(1''), 62.43 (6''), 71.27 (4''), 74.84 (2''), 77.78 
(3''), 78.18 (5''). 

Finally by comparing the spectral data with 
those reported for similar compounds in the 
literature (11), the assignments especially the 
attachment of OCH3 to C3 and glucose residue 
to C4 were confirmed and the chemical 
structure of compound (2) was defined as 
coniferyl β-D-glucopyranoside (coniferin, 
abietin) (Fig. 2).  
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Fig. 2. Chemical structure of compound (2) isolated from the bulbs of Allium affine. 

DISCUSSION 

Phytochemical investigation of                                    
A. affine resulted in the isolation                                      
and identification of one steroidal saponin,                   
6-methoxy sarsapogenin 3-O-{β-D-
glucopyranosyl-(1→2) -[α-L-rhamnopyranosyl-
(1→4)]- [β- D-glucopyranosyl-(1→6)]-β-D-
xyloyranoside}, and one phenylpropanoid 
glycoside, coniferyl β-D-glucopyranoside 
(coniferin), from the chloroform-methanol 
extract of bulbs of the plant. The result 
was in agreement with previous studies,                   
which have reported the isolation of some 
steroidal saponins including tigogenin, 
diosgenin, ruscogenin (12), and 226-
O-β-D-glucopyranosyl-22-O-methyl- (25R)-             
5α-furustane-2α, 3β, 26-tetrol 3-O-    
{O-α-L- rhamnopyranosyl- (1→2)-O-[β-D-
glucopyranosyl-(1→4)] -β-D-glucopyranoside}, 
and cinnamic acid derivatives such as (4-
hydroxyphenyl)-3-(4-hydroxyphenyl) prop-2-
enoate-4-α-L-rhamnopyranoside-(1→2)-β-D-
glucopyranoside (13) from A. affine. 

Coniferin is an astringent phenylpropanoid 
glycoside that has been isolated from some 
conifers, citrus, asparagus, and Alliums. It has 
been used in cough syrups and has been claimed 
to have antiasthmatic effects. Coniferin is a 
metabolic precursor of podophyllotoxin, which 
has anticancer activity (13-16).  

CONCLUSION 

Phytochemical investigation of chloroform-
methanol extract of A. affine resulted in 
isolation and identification of 6-methoxy 
parillin and coniferin from this plant for the first 
time. It could be used as a basis for new studies 
on the pharmacological effects of these 
compounds. 
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