Comparison of the profiles of non-glycosylated triterpenoids from leaves of plants of selected species of genus Dioscorea 
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Abstract

Remarkable qualitative and quantitative differences in non-glycosylated triterpenoid profiles of twelve Dioscorea spp. leaves were demonstrated with the use of GC-MS/FID analysis. The total content of tetracyclic triterpenoids and their esters ranged from 397 μg/g of dry leaf weight in D. bulbifera to 762 μg/g d.w. in D. discolor and 777 μg/g d.w in D. alata. Three main phytosterols, i.e. campesterol (1), sitosterol (2) and stigmasterol (3) were found in extracts from all analyzed species in total amount ranging from 316 μg/g in D. bulbifera to 676 μg/g of dry leaf weight in D. hispida, with either sitosterol (2) or stigmasterol (3) as predominant in the profile. Extracts from D. hispida and D. purpurea leaves were distinguished from the others by particular high amount of campesterol (1). In the majority of the species, except for D. caucasica, other tetracyclic triterpenoids were found: cycloartanol (4), 24-methylenecycloartanol (5) and cycloeucalenol (6). Less common steroids, stigmastan-3-en-6β-ol (7) and ergosta-7,22-dien-3β-ol (8) were detected in D. japonica. The significant content (992 μg/g) of pentacyclic triterpenoids of ursane, oleanane, taraxastane and taraxerene (friedooleanane)-type carbon skeletons, i.e. α-amyrin (9), β-amyrin (10), taraxasterol (11) and taraxerol (12), respectively, was found in D. caucasica. The obtained results supplement the knowledge of biochemical diversity of Dioscorea genus.
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1. Introduction

Dioscorea is a monocotyledonous genus of over 600 species in the family Dioscoreaceae, native throughout the warm temperate and tropical regions of the world. The name Dioscorea was given after the ancient Greek physician and botanist Dioscorides (Burkill 1960; Ayensu 1972). The genus is considered as one of the most primitive angiosperms being well diversified at the end of cretaceous period, approximately 75 million years ago (Dutta 2015). The Dioscorea plants are tuberous lianas, growing to 2–12 m or more tall. The leaves are spirally arranged, mostly broad heart-shaped. Several species, known as yams, are important agricultural crops in tropical regions, grown for their large tubers. Many of these are toxic when fresh, but can be detoxified and eaten (Lazima et al., 2016). Different ethnic groups in Africa, Asia, Latin America and Oceania have been using yams as a source of food due to their high starch content and caloric value but also to cure certain ailments (Dutta 2015). The genus still holds importance for global food security since seven to ten species of Dioscorea (e.g. D. alata, D. cayennensis) are cultivated on a large scale as important crop food for over 100 million people, and approximately fifty species are wild-harvested (Price et al., 2016). Currently yams are farmed on about 5 million hectares in about 47 countries in tropical and subtropical regions of the world for food, pharmaceutical products and ornamental purposes (Cornet et al., 2007; Parvatha Reddy 2015). Some species has become invasive, e.g. Dioscorea bulbifera introduced to Florida (Lake et al., 2015). 
Use of Dioscorea species in traditional medicines, Ayurveda and Traditional Chinese Medicine, is documented to at least 2000 BC (Dutta 2015; Tang et al., 2015; Lazima et al., 2016; Price et al., 2016). Two main classes of bioactive compounds are found in many Dioscorea species: alkaloids (e.g. dioscorine) and steroidal saponins (e.g. dioscin). Alkaloids are highly toxic and some species such as D. dumetorum and D. hispida Dennst. have primarily been used for their poisonous properties (Price at al., 2016). Nevertheless, starch from the tuber of D. hispida is edible and can be consumed after removing dioscorine by soaking in flowing water (Lazima et al., 2016). The most characteristic metabolites in Dioscorea genus are steroidal saponins, derivatives of diosgenin, that has been used in the pharmaceutical industry as the starting material for the synthesis of pregnenolone-derived steroids, e.g. cortisone, contraceptives, anabolic agents (Price et al., 2016; Yang et al., 2016; Zhang et al., 2016). While edible yams should lack high amounts of saponins, the abundance of these compounds is important for those species which serve as raw material for the isolation of diosgenin derivatives (Vendl et al., 2006). Around 15 species of Dioscorea are currently used as a source of diosgenin. Over-harvesting has threatened populations of several rare Dioscorea species (Price et al., 2016). 

The majority of studies on Dioscorea plants have focussed on the tubers or rhizomes due to their importance as food or as a source of pharmaceutical precursors, neglecting the foliage as waste (Vendl et al., 2006; Price et al., 2016). However, utilising Dioscorea foliage as a renewable source of any natural product could be of economical and ecological interest since some cultivated species generate substantial above-ground biomass each annual growth cycle. Moreover, the determination of the chemical composition of leaves of different species could supplement the current knowledge of the biochemical diversity of Dioscorea genus. Recently, the metabolite profiling of polar extracts from leaf and petiole material of a diverse collection of Dioscorea has been performed for “more holistic biochemical understanding of the economically, nutritionally and medicinally important yet understudied genus Dioscorea” (Price et al., 2016). The obtained data allowed species discrimination and comparison with phylogenetic relationships and morphological traits. Additionally, the potential of foliage material as a renewable source of shikimic acid was demonstrated. 

It had been frequently reported that the content of steroidal saponins was negligible in Dioscorea spp. leaves by comparison to tubers (Vendl et al., 2006; Lin et al., 2009). In turn, only few studies had been done on triterpenoids present in free or esterified forms (Savikin-Fodulovic et al., 1998; Vendl et al., 2006; Zhang et al., 2016). Therefore, the aim of this study was the qualitative and quantitative analysis of non-glycosylated triterpenoids occurring in leaves of 12 species of Dioscorea. 

2. Results and discussion

2.1. Identification of triterpenoids occurring in leaves of Dioscorea spp.

GC-MS analysis of the fractions containing steroids and neutral triterpenoids obtained from diethyl ether extracts of leaves of different Dioscorea plants revealed the presence of three typical sterols characteristic for higher plants, i.e. campesterol (1; 24R-ergost-5-en-3β-ol), sitosterol (2; stigmast-5-en-3β-ol) and stigmasterol (3; 22E-stigmasta-5,22-dien-3β-ol). These compounds were identified in all extracts, however, the intensity of their peaks on GC-FID chromatograms displayed that the quantitative ratios of these three phytosterols were not identical in all analyzed species. 

In the majority of the extracts two other tetracyclic triterpenoids were identified: cycloartanol (4; 9β,19-cyclolanostan-3β-ol) and 24-methylenecycloartanol (5; 24-methylene-9β,19-cyclolanostan-3β-ol). Cycloartanol (4) was not found only in the extracts obtained from leaves of D. caucasica and D. discolor. The occurrence of cycloartanol (4) and 24-methylenecycloartanol (5) is typical for plants synthesizing and accumulating significant amounts of steroids. In all analyzed Dioscorea extracts excluding D. caucasica and D. hispida, another much less common tetracyclic triterpenoid was identified, i.e. cycloeucalenol (6; 4,14-dimethyl-9β,19-cycloergost-24(28)-en-3β-ol). Two other steroids, stigmastan-3-en-6β-ol (7) and ergosta-7,22-dien-3β-ol (8) were found in extracts of D. japonica, the former in both samples of this species from Japan (two localities: Tokyo, Tokyo Prefecture and Tanzawa Mountains, Kanagawa Prefecture) whereas the latter exclusively in the extract of leaves of D. japonica collected in Tanzawa Mountains. The chemical structures of tetracyclic triterpenoids identified in Dioscorea spp. leaves are shown in Fig. 1.

Despite the lack of cycloartanol, 24-methylencycloartanol and cycloeucalenol, the extract of D. caucasica leaves was found to be the richest in triterpenoids among all analyzed Dioscorea spp. due to the occurrence of pentacyclic triterpenoids: α-amyrin (9; urs-12-en-3β-ol), β-amyrin (10; olean-12-en-3β-ol), taraxasterol (11; urs-20(30)-en-3β-ol) and taraxerol (12; D-friedooleanan-14-en-3β-ol). The GC-FID chromatogram of the fraction containing steroids and neutral triterpenoids from D. caucasica leaf extract is presented in Fig. 2. No pentacyclic triterpenoids were identified in D. alata, D. abyssinica, D. hispida and D. japonica, whereas in other extracts only α-amyrin (9) was found.

GC-MS analysis of the fractions containing triterpene acids revealed the occurrence of oleanolic acid (13, 3β-hydroxy-olean-12-en-28-oic acid) and ursolic acid (14; 3β-hydroxy-urs-12-en-28-oic acid), again exclusively in D. caucasica leaf extracts. The chemical structures of pentacyclic triterpenoids identified in the leaf extract of this species are shown in Fig. 3.
Analysis of the fractions of hydrolyzed triterpenoid esters showed the presence of three main phytosterols, i.e. campesterol (1), sitosterol (2) and stigmasterol (3); also cycloartanol (4) and cycloeucalenol (6) were found in the majority of the extracts. Free α-amyrin (9) was accompanied with its esters in the extracts except for D. nipponica and D. bulbifera plants purchased from German company (whereas α-amyrin esters were present in D. bulbifera plants purchased from Thai company). Additionally, the occurrence of β-amyrin (10) esters was detected in D. caucasica extracts.

2.2. Quantitative analysis of triterpenoids occurring in leaves of Dioscorea spp
The total content of triterpenoids (including esters) in analyzed extracts ranged from 408 to 1492 μg/g of dry leaf weight. The results of quantitative determinations for each species (in alphabetical order) are presented in Tables 1-3. The highest content was detected in D. caucasica leaves and it comprised also the big amount of pentacyclic triterpenoids, not occurring in other species. The amount of pentacyclic triterpenoids (992 μg/g d.w.) in D. caucasica leaves was found to be more than twice higher than the amount of tetracyclic triterpenoids including steroids (473 μg/g d.w.). Meanwhile, the amount of the only pentacyclic triterpenoid detected in some other Dioscorea species, i.e. α-amyrin (9) was very low by comparison with its content in D. caucasica, accounting for 3.43 μg/g d.w. in D. nipponica (including esters) to 20.81 μg/g d.w. in D. discolor and 20,92 μg/g d.w. in D. tennipes. 

The content of tetracyclic triterpenoids and their esters was the lowest in leaf extract from D. bulbifera plants purchased from Thai company (397 μg/g d.w.), and almost twice higher in D. discolor (762 μg/g d.w.) and D. alata (777 μg/g d.w.). It is noteworthy that the content of tetracyclic triterpenoids in pentacyclic-rich D. caucasica was one of the lowest (473 μg/g d.w.). The amount of the sum of three most typical plant phytosterols, i.e. campesterol (1), sitosterol (2) and stigmasterol (3) was the highest in D. hispida (676 μg/g d.w.) and the lowest in D. bulbifera plants from Thailand (316 μg/g d.w.). However, the difference among Dioscorea species was not only in the total content of sterols but also in the relative quantitative ratio of these compounds. Sitosterol (2) was predominant among phytosterols in D. alata, D. caucasica, D. japonica, D. nipponica, D. quinqeloba and D. tennipes, whereas stigmasterol (3) in D. abyssinica, D. bulbifera, D. daunea, D. discolor, D. hispida and D. purpurea. The two last species, D. hispida and D. purpurea, were distinguished from the others by particular high amount of campesterol (1), making this compound the second dominating phytosterol. Relatively big amount of campesterol (1) was also determined in leaf extract of D. alata, however, it was the third, not the second most abundant phytosterol in triterpenoid profile of this species.

The contents of cycloartanol (4) and its derivative, 24-methylenecycloartanol (5) were the lowest in D. purpurea and D. caucasica leaves, resepectively, and the highest in D. nipponica and D. abyssinica. Cycloartanol was not detected in extracts obtained from D. caucasica and D. discolor, whereas 24-methylenecycloartanol in D. caucasica and D. daunea. The content of cycloeucalenol (6) was the lowest in D. bulbifera plants from Thailand and the highest in D. nipponica, whereas it was not detected in D. abyssinica and D. caucasica. Thus, D. nipponica leaves were distinguished by particularly high amounts of cycloartanol and cycloeucalenol, and these compounds were not found in D. caucasica.

The comparison of triterpenoid profiles of leaves of the same species collected from different geographical location was of particular interest. Two such pairs were analyzed in this study: D. bulbifera plants purchased from German and Thai companies (Table 1) and D. japonica from two localities from Japan (Tokyo Prefecture versus Kanagawa Prefecture) (Table 2). Qualitative profiles of both samples of D. bulbifera leaves did not differ markedly, they consisted of three main phytosterols (with predominating stigmasterol, 3), cycloartanol (4), 24-methylenecycloartanol (5), cycloeucalenol (6) and a pentacyclic triterpenoid, α-amyrin (9). As it was mentioned previously, α-amyrin esters were detected only in D. bulbifera from Thailand. However, the difference in the content was very significant, D. bulbifera leaves from Germany contained almost 40% more triterpenoids than D. bulbifera from Thailand. In contrast, the triterpenoid content in both D. japonica samples originating from Japan was very similar, as well as the general qualitative profile with predominating sitosterol (2), the occurrence of cycloartanol (4), 24-methylenecycloartanol (5) and cycloeucalenol (6), the lack of pentacyclic triterpenoids and the presence of stigmastan-3-en-6-ol (7), not found in other analyzed Dioscorea species. The only remarkable difference was the exclusive occurrence of ergosta-7,22-dien-ol (8) in D. japonica from Kanagawa Prefecture. 

Surprisingly, no free or esterified diosgenin, the aglycone of the saponin dioscin, was detected in leaf samples of Dioscorea species analyzed in this study. The occurrence of diosgenin was demonstrated by Vendl et al. (2006) in leaves of young plants of 18 species of Dioscorea, with the highest content in D. rotundata. The lack of detected amounts of diosgenin in our study can be explained by the age of leaves since the collected samples consisted of fully developed, old and sometimes even senescing leaves. It can be assumed that at such physiological state diosgenin is either synthesized in lower amounts than in young leaves, or it is rapidly glycosylated to saponins and transported to tubers. 

Despite the lack of diosgenin, the present results revealed interesting and significant differences among 12 analyzed species supplementing the knowledge of biochemical diversity of economically important although still underestimated and understudied genus Dioscorea. According to these findings, the leaves of some species, particularly D. alata and D. discolor could serve as a potential source of remarkable amounts of the mixture of phytosterols: campesterol, sitosterol and stigmasterol. D. hispida and D. purpurea are rich in campesterol and stigmasterol, D. nipponica and D. japonica (from Tokyo prefecture) – in sitosterol. The leaves of D. caucasica could also be a potential source of sitosterol as well as the mixture of α- and β-amyrins. In turn, D. nipponica is a species rich in cycloartanol and cycloeucalenol. To our knowledge, such detailed study on triterpenoids occurring in free and ester forms in Dioscorea leaves was performed for the first time.

3. Experimental

3.1. Plant material

Leaves of different Dioscorea spp. plants were collected by Adam Mieczkowski. Dioscorea abyssinica was received from Stéphane M. Bailleul, Montreal Botanic Garden (originally obtained from University of Abidjan in Ivory Coast). D. alata was purchased from eBay. D. bulbifera and D. tenuipes were purchased from German seed company: http://www.rareplants.es/shop. D. bulbifera, D. daunea, D. hispida and D. purpurea were purchased from Thai bulb company: http://www.thailandplant.com/. D. caucasica was received from Wojciech Podstolski, Ph.D., University of Warsaw Botanic Garden. D. discolor was received from Zdenek Raab, private collector. D. japonica was collected in two localities by A. Mieczkowski: in Tokyo, University of Tokyo Campus, Tokyo Prefecture, and in Tanzawa Mountains, Kanagawa Prefecture, Japan. D. nipponica was collected in Tateshina, Nagano Prefecture, Japan. D. quiqueloba, originally grown in Korea, was purchased from English plant nursery: http://www.crug-farm.co.uk.
3.2. Extraction and fractionation

Air-dried leaves were weighted and powdered in a grinding mortar, then extracted with diethyl ether for 8 h in a Soxhlet apparatus. The obtained extracts were evaporated to dryness at 40°C under reduced pressure and fractionated by preparative TLC in the solvent system CHCl3/MeOH (97:3, v/v) as described by Szakiel et al. 2012a,b. The fractions containing free neutral triterpenes and steroids (RF 0.3-0.9) were analyzed directly by GC-MS, whereas other fractions required either alkaline hydrolysis (fractions containing triterpenoid esters, RF 0.9-1), or methylation (fractions containing triterpene acids, RF 0.2-0.3). The detailed procedures of methylation and alkaline hydrolysis were described previously by Niżyński et al. 2015.
3.5. Identification and quantification of triterpenoids by GC-MS/FID
All qualitative and quantitative analyses were made with the use of an Agilent Technologies 7890A gas chromatograph equipped with a 5975C mass spectrometric detector and a flame ionization detector, FID. Samples were dissolved in a 5:1 diethyl ether: methanol mixture and applied (in a volume of 1-4 μl) by split injection 1:10. All samples were analyzed in triplicate. The column was a 30 m x 0.25 mm i.d., 0.25 μm, HP-5MS UI (Agilent Technologies). Helium was used as a carrier gas at a flow rate of 1 ml/min. The following parameters were employed: column temp. 280 ºC, inlet and a flame ionization detector (FID) temp. 290 ºC, MS transfer line temp. 275 ºC, quadrupole temp. 150 ºC, ion source temp. 230 ºC, EI 70eV, m/z range 33-500; FID-H2 flow 30 ml/min (hydrogen generator), air flow 400 ml/min. Individual compounds were identified by comparing their mass spectra with library data from Wiley 9th ED. & NIST 2008 Lib. SW (Version 2010) or data from the literature, and by comparison of their retention times and corresponding mass spectra with those of authentic standards, where available. Authentic standards: α-amyrin and ursolic acid methyl ester were purchased from Roth (Karlsruhe, Germany); β-amyrin, oleanolic acid, campesterol, sitosterol, and stigmasterol from Sigma-Aldrich (Steinheim, Germany). Quantitation was done with the use of external standard method based on calibration curves prepared for typical representatives of each triterpenoid group: α-amyrin for monohydroxyalcohols, oleanolic acid methyl ester for methylated triterpene acids, and stigmasterol for steroids.

3.6. Statistical analysis of data

All data are presented as the means ± standard deviation of three independent samples analyzed in triplicate. 
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Figure captions:

Fig. 1. Chemical structures of tetracyclic triterpenoids identified in Dioscorea spp. leaf extracts: campesterol (1), sitosterol (2), stigmasterol (3), cycloartanol (4), 24-methylenecycloartanol (5), cycloeucalenol (6), stigmastan-3-en-6β-ol (7) and ergosta-7,22-dien-3β-ol (8).

Fig. 2. GC-FID chromatogram of the fraction containing steroids and neutral triterpenoids from D. caucasica leaf extract. 

Fig.3. Chemical structures of pentacyclic triterpenoids identified in D. caucasica leaf extracts: α-amyrin (9), β-amyrin (10), taraxasterol (11), taraxerol (12), oleanolic acid (13) and ursolic acid (14).
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Figure 2.
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Figure 3. 
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Table 1. 

Triterpenoid content in the leaves of Dioscorea abyssinica, D. alata, D. bulbifera (Germany), D. bulbifera (Thailand), D. caucasica.

	Compound
	D. abyssinica
	D. alata
	D.bulbifera (Germany)
	D. bulbifera (Thailand)
	D. caucasica

	
	(µg/g d.w. ± S.D.)

	Free:


	
	

	Campesterol (1)
	10.98 ± 1.02
	108.28 ± 8.50
	52.92 ± 4.16
	27.88 ± 1.92
	41.78 ± 3.44

	Sitosterol (2)
	187.74 ± 14.68
	338.94 ± 30.01
	197.60 ± 20.25
	90.46 ± 8.93
	365,64 ± 33.16

	Stigmasterol (3)
	222.09 ± 20.75
	162.70 ± 15.08
	237.88 ± 22.14
	197.96 ± 18.30
	38.32 ± 3.64

	Cycloartanol (4)
	63.12 ± 5.86
	62.89 ± 5.15
	29.98 ± 3.02
	18.82 ± 1.78
	

	24-methylene-cycloartanol (5)
	92.51 ± 9.05
	31.71 ± 2.93
	42.04 ± 4.06
	36.79 ± 3.21
	

	Cycloeucalenol (6)
	
	47.09 ± 4.33
	64.77 ± 5.95
	25.54 ± 2.36
	

	
	
	
	
	
	

	α-Amyrin (9)
	
	
	6.75 ± 0.50
	9.52 ± 0.98
	449.87 ± 38.23

	β-Amyrin (10)
	
	
	
	
	434.81 ± 42.13

	Taraxasterol (11) 
	
	
	
	
	58.74 ± 5.51

	Taraxerol (12)
	
	
	
	
	17.15 ± 1.65

	Oleanolic acid (13)
	
	
	
	
	11.25 ± 0.90

	Ursolic acid (14)
	
	
	
	
	20.93 ± 1.67

	Esters:
	
	
	
	
	

	Campesterol (1)
	1.52 ± 0.12
	7.50 ± 0.58
	4.02 ± 0.36
	1.23 ± 0.09
	2.16 ± 0.18

	Sitosterol (2)
	10.63 ± 0.91
	16.82 ± 1.46
	12.88 ± 1.06
	6.18 ± 0.52
	23.40 ± 2.20

	Stigmasterol (3)
	11.70 ± 1.15
	3.41 ± 0.27
	35.16 ± 3.18
	18.53 ± 1.69
	1.96 ± 0.22

	Cycloartanol (4)
	
	
	3.14 ± 0.18
	1.89 ± 0.09
	

	Cycloeucalenol (6)
	
	
	5.37
	2.13 ± 0.15
	

	α-Amyrin (9)
	
	
	
	1.16 ± 0. 14
	14.92 ± 1.34

	β-Amyrin (10)
	
	
	
	
	11.63 ± 1.05

	Total
	600.29
	777.34
	692.51
	408.09
	1492.56


Results are referenced to leaf dry weight and expressed as the means ± S.D. of three independent samples analysed in triplicate.

Table 2. 

Triterpenoid content in the leaves of Dioscorea daunea, D. discolor, D. hispida, D. japonica (Tokyo Prefecture), D. japonica (Kanagawa Prefecture).

	Compound
	D.daunea
	D.discolor
	D.hispida 
	D.japonica (Tokyo)
	D.japonica (Kanagawa)



	
	(µg/g d.w. ± S.D.)

	Free:
	
	
	
	
	

	Campesterol (1)
	42.46 ± 4.08
	58.60 ± 
	158.98 ± 14.40
	67.93 ± 6.01
	76.29 ± 7.23

	Sitosterol (2)
	111.62 ± 10.86
	205.15 ± 19.31
	64.75 ± 6.20
	361.69 ± 35.01
	257.11 ± 22.13

	Stigmasterol (3)
	256.47 ± 23.55
	362.28 ± 34.12
	399.03 ± 35.91
	175.70 ± 15.27
	178.87 ± 16.53

	Cycloartanol (4)
	8.62 ± 0.70
	
	20.39 ± 1.89
	8.65 ± 0.75
	11.63 ± 0.99

	24-methylene-cycloartanol (5)
	
	29.63 ± 2.81
	7.02 ± 0.68
	12.39 ± 1.11
	27.99 ± 2.61

	Cycloeucalenol (6)
	23.89 ± 2.07
	63.48 ± 6.12
	
	33.78 ± 3.44
	31.62 ± 2.96

	Stigmastan-3-en-6-ol (7)
	
	
	
	21.42 ± 1.90
	38.88 ± 3.62

	Ergosta-7,22-dien-3-ol (8)
	
	
	
	
	46.21 ± 4.12

	α-Amyrin (9)
	10.43 ± 0.95
	18.92 ± 1.68
	
	
	

	Esters:
	
	
	
	
	

	Campesterol (1)
	2.99 ± 0.17
	2.52 ± 0.18
	10.34 ± 1.12
	2.96 ± 0.26
	3.16 ± 0.30

	Sitosterol (2)
	14.10 ± 1.32
	14.08 ± 1.28
	1.98 ± 0.09
	25.61 ± 2.25
	18.92 ± 1.58

	Stigmasterol (3)
	30.25 ± 2.75
	21.72 ± 1.98
	41.62 ± 3.84
	19.40 ± 1.82
	20.63 ± 1.91

	Cycloartanol (4)
	3.20 ± 0.30
	
	
	0.55 ± 0.01
	1.10 ± 0.01

	Cycloeucalenol (6)
	7.86 ± 0.66
	4.32 ± 0.48
	
	4.63 ± 0.45
	4.14 ± 0.48

	α-Amyrin (9)
	3.68 ± 0.32
	1.89 ± 0.11
	
	
	

	Total
	515.57
	782.59
	704.11
	734.71
	716.55


Results are referenced to leaf dry weight and expressed as the means ± S.D. of three independent samples analysed in triplicate.

Table 3. 

Triterpenoid content in the leaves of Dioscorea nipponica, D. purpurea, D. quinqeloba and D. tenuipes.

	Compound
	D.nipponica
	D.purpurea
	D.quinqeloba 
	D.tenuipes

	
	(µg/g d.w. ± S.D.)

	

	Free:
	
	
	
	

	Campesterol (1)
	39.74 ± 3.56
	120.79 ± 10.01
	45.30 ± 4.08
	51.58 ± 4.92

	Sitosterol (2)
	302.02 ± 28.80
	31.14 ± 3.09
	188.41 ± 16.25
	235.07 ± 20.03

	Stigmasterol (3)
	195.23 ± 18.50
	373.36 ± 35.68
	85.75 ± 8.20
	132.49 ± 12.91

	Cycloartanol (4)
	122.82 ± 10.94
	8.23 ± 0.75
	25.91 ± 2.15
	30.07 ± 2.90

	24-Methylene-cycloartanol (5)
	41.52 ± 3.86
	4.76 ± 0.32
	30.82 ± 3.06
	16.41 ± 1.55

	Cycloeucalenol (6)
	108.16 ± 10.08
	32.91 ± 3.13
	51.16 ± 4.82
	45.82 ± 4.06

	α-Amyrin (9)
	3.45 ± 0.29
	14.78 ± 1.12
	5.10 ± 0.48
	20.74 ± 1.99

	Esters:
	
	
	
	

	Campesterol (1)
	2.89 ± 0.27
	6.12 ± 0.50
	2.42 ± 0.18
	3.16 ± 0.26

	Sitosterol (2)
	14.21 ± 1.25
	
	22.69 ± 2.03
	29.72 ± 2.84

	Stigmasterol (3)
	3.51 ± 0.37
	30.18 ± 2.86
	2.90 ± 0.28
	15.10 ± 1.45

	Cycloeucalenol (6)
	4.28 ± 0.40
	1.84 ± 0.14
	5.14 ± 0.51
	1.53 ± 0.10

	α-Amyrin (9)
	
	4.43 ± 0.47
	1.79 ± 0.15
	0.18 ± 0.01

	Total
	837.83
	628.54
	467.29
	581.87


Results are referenced to leaf dry weight and expressed as the means ± S.D. of three independent samples analysed in triplicate.
GC-MS data of triterpenoids identified in leaf extracts of Dioscorea spp. Compounds are arranged in the elution order on GC.

	Retention time (min.)
	Compound
	Formula
	Mass spectrum

m/z (relative intensity)

	14,4
	ergosta-7,22-dien-3-ol


	C28H46O


	398 (2), 271 (7), 119 (18), 105 (100), 93 (14), 91 (20), 69 (18), 67 (17), 55 (24), 43 (20)

	14,6
	campesterol
	C28H48O
	400 (30), 107 (51), 105 (55), 95 (49), 83 (45), 81 (64), 71 (62), 57 (77), 55 (77), 43 (100), 41 (52)

	15,5
	stigmasterol
	C29H48O
	412 (36), 145 (64), 107 (52), 95 (100), 83 (66), 81 (90), 78 (60), 69 (67), 67 (85), 55 (69)

	16,6
	stigmastan-3-en-6-ol


	C29H50O
	414 (7), 399 (15), 359 (13), 123 (32), 95 (72), 81 (63), 69 (73), 55 (84), 43 (100), 39(56)

	17,3
	sitosterol
	C29H50O
	414 (29), 145 (54), 107 (59), 105 (60), 95 (54), 91 (49), 81 (57), 57 (68), 55 (70), 43 (100)

	18
	taraxerol
	C30H50O
	426 (18), 411 (13), 302 (34), 287 (32), 269 (18), 204 (100), 135 (63), 95 (33), 69 (39), 41 (30)

	18,2
	cycloartanol
	C30H52O
	428 (4), 205 (60), 109 (98), 95 (100), 93 (64), 81 (69), 69 (78), 57 (73), 55 (82), 43 (89), 41 (67)

	18,4
	cycloeucalenol 


	C30H50O
	426 (10), 393 (38), 218 (42), 95 (92), 81 (55), 79 (50), 69 (91), 55 (100), 43 (44), 41 (57)

	18,6
	β-amyrin
	C30H50O
	426 (27), 219 (18), 218 (100), 203 (49), 189 (17), 135 (11), 109 (13), 105 (12), 95 (15), 81 (18), 69 (14)

	20,2
	α-amyrin
	C30H50O
	426 (4), 219 (18), 218 (100), 203 (20), 189 (19), 135 (17), 133 (15), 122 (16), 119 (15), 95 (16)

	22,1
	24-methylenecycloartanol
	C31H52O
	440 (5), 121 (60), 119 (55), 109 (62), 107 (76), 105 (57), 95 (98), 93 (64), 81 (72), 69 (99), 55 (100)

	23,6
	taraxasterol
	C30H50O
	426 (14), 207 (57), 189 (100), 135 (51), 121 (74), 109 (57), 107 (62), 95 (70), 93 (47), 81 (48), 67 (43)

	26,5
	oleanolic acid methyl ester
	C31H50O3
	470 (1), 262 (48), 207 (13), 204 (16), 203 (100), 202 (21), 189 (22), 133 (17), 119 (13), 105(14)

	29,6
	ursolic acid methyl ester
	C31H50O3
	470 (1), 263 (20), 262 (100), 207 (32), 203 (93), 189 (29), 133 (76), 119 (34), 105 (21), 95 (18)
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