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Abstract Eight major steroidal saponins (parvifloside, protodeltonin, protodioscin, protobioside, zingeberensis newsaponin, deltonin, dioscin, prosaponin A of dioscin) were simultaneously analyzed by HPLC for the quality control of Dioscorea zingiberensis and some other medicinal plants. The reproducibility, stability, precision, recovery, and linear range were studied and showed good precision, reproducibility and linear regression (r2 > 0.9991) within test ranges. Moreover, the changes of eight steroidal saponins content of D. zingiberensis rhizomes with different treatments (wine-processing, hot-air drying, sun-air drying) were investigated. The HPLC method could be applied to simultaneously quantify the eight steroidal saponins in D. zingiberensis. Wine-processing technology could be used to kill the enzymes in D. zingiberensis for gaining more furostan-type saponins with better solubility in water. Hot-air drying technology at 60ºC could be used to gain more spirostan-type saponins. These results might be helpful for D. zingiberensis clinical reasonable application and further studies on the steroidal saponins conversion mechanism.
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Introduction
Some saponin-containing plants, e.g., Dioscorea, Costus, Smilax, Paris, Trigonella, Polygonatum and Trillium, produce pharmaceutical sapogenin, which usually exists in plants in the form of steroidal saponins and has been a starting material for the production of steroids over seven decades (Marker et al., 1940). Over 50 steroid saponins of furostan-, spirostan- and pregnane-type skeletons have been separated and characterized from various Dioscorea plants, and these compounds have been reported to be the major physiologically active constituents in Dioscorea plants (Ding et al., 1983; Sautour et al., 2007). It has been also reported that steroidal saponins can inhibit proliferation and induce apoptosis in tumor cells (Moalic et al., 2001; Tong et al., 2012; He et al., 2015), inhibit the growth of fibroblast-like synoviocytes to cure human rheumatoid arthritis (Liagre et al., 2004), suppress the absorption of cholesterol in rats (Cayen & Dvornik, 1979), and inhibit thrombosis (Li et al., 2010), etc. 

The common sugars present in steroidal saponins from Dioscorea plants are glucose and 6-deoxyhexose rhamnose. Glucosylated saponins are generally connected through an oxygen atom at the C-3 and/or C-26 position of steroidal aglycone (Avula et al., 2014). The various structures of steroidal saponins may be associated with its broad range of biological activities. Some typical saponin characteristics, e.g., antifungal and hemolytic activities, are not exhibited by spirostan-type saponins but are found in the corresponding furostan-type saponins (Kalinowska et al., 2005). The hemolytic and cytotoxic activities of 63 steroidal saponins were determined, and their activities were highly dependent on their structure (Wang et al., 2007). Interestingly, it is known that furostan-type saponins can be converted into spirostan-type saponins by the endogenous furostan-type glycoside 26-O-β-glucosidase named F26G with removal of the C-26 glucose during processing or storage (Yang et al., 2009). However, little is known about the effects of different types of usual processing on the saponins composition of Dioscorea plants. 

A quite well-known species is Dioscorea zingiberensis C. H. Wright, an endemic species of China, which is a very important plant source of diosgenin for its high level of diosgenin in rhizome. Diosgenin level in several years old rhizome of D. zingiberensis may contribute up to 16.15% of the dry weight (Ding et al., 1983). Thus, D. zingiberensis is a very important plant used for steroid drugs manufacturing. Several analytical methods about determining diosgenin or some steroidal saponins in D. zingiberensis have been reported. These include high-performance liquid chromatography (HPLC) (Wang et al., 2007), thin-layer chromatography (TLC) (Wang et al., 2011b), and enzyme-linked immunosorbent assay (ELISA) (Li et al., 2010), with different detectors such as diode array detection (DAD) and evaporative light-scattering detector (ELSD). In order to quantitatively analyze the steroidal saponin constituents in D. zingiberensis, we choose eight major steroidal saponins including parvifloside (1), protodeltonin (2), protodioscin (3), protobioside (4), zingeberensis newsaponin (5), deltonin (6), dioscin (7), and prosaponin A of dioscin (8) separated from this plant, and try to build up the simultaneous analysis method by HPLC. The concerned parameters include reproducibility, stability, precision, recovery, and linear range. Compounds 1-4 are furostan-type saponins, while compounds 5-8 are spirostan-type saponins (Figure. 1).
In this study, a rapid and simple HPLC method for simultaneous determination of eight steroidal saponins in different processed D. zingiberensis rhizomes and several other medicinal plants was developed, which provides us proper ways for processing of Dioscorea plants. It reveals a specific chemical fingerprint profile and distinguishes extracts obtained from different saponin-containing species. Furthermore, it can also be used as a guidance tool for steroidal saponin plant processing and storage.

Materials and Methods
Chemicals, reagents and materials   

Acetonitrile (HPLC grade) was purchased from TEDIA (USA) while analytical reagent ethanol was from Sinopharm Chemical Reagent Co., Ltd (China). Deionized water was obtained from a HITECH Laboratory Water Purification Systems (USA). Nylon membrane filters (0.45 μm) were purchased from Bafang Century Technology Ltd (Beijing, China).

Eight standard steroidal, i.e., parvifloside (1), protodeltonin (2), protodioscin (3), protobioside (4), zingeberensis newsaponin (5), deltonin (6), dioscin (7), and prosaponin A of dioscin (8) (Figure. 1) were isolated from the dried rhizome of D. zingiberensis by repeated silica gel, and RP-18 silica gel column chromatography, their structures were identified by comparing their spectral data (MS, 1H, 13C NMR and DEPT-spectra) with those reported in the references (Wang et al., 2009a, b). D. zingiberensis was collected from Xunyang county, Shanxi province, China. D. composita Hemsl. was collected from Xishuangbanna, Yunnan Province, China, and identified by Dr. Zen-lai Xu, Institute of Botany, Jiangsu Province & the Chinese Academy of Sciences (Nanjing Botanical Garden Mem. Sun Yat-sen). The voucher specimens (Zeng-lai Xu & Zhen Hang 4398, Zeng-lai Xu & Jian-an Wang 6551) has been deposited in the Herberium of Nanjing Botanical Garden Mem. Sun Yat-sen, NAS. The crude drugs of D. nipponica Makino, Lilium brownii var. viridulum, and Smilax china L. were purchased in Wuhan, Hubei Province, and identified by Profs. He-Gang Liu and Xiu-Qiao Zhang, College of Pharmacy, Hubei University of Chinese Medicine, Wuhan, China. All the dried plant materials were crushed and passed through a 200 mesh sieve before analysis. An accurately weighed sample of 200 mg powder was put into a centrifuge tube, soaked with 5 ml 70% aqueous ethanol at room temperature for 24 h, then sonicated three times and centrifuged at 1200 rpm for 10 min. The solution was filtered through a 0.45 μm nylon membrane filter before HPLC analysis and stored at 4ºC.

Preparation of dried samples    

The fresh rhizomes of D. zingiberensis were processed using three different drying methods based on the protocol of Yang et al., (2009) and Nguyen et al., (2015) with some modifications. The fresh sample was cut into 4-5 mm thick slices before processing. 

Wine-processing: Fresh slices were wine-processed based on the protocol of Pharmacopoeia of the People’s Republic of China (2010) (WP). Hot-air drying: Fresh slices were dried to a constant weight in a hot-air oven (Yiheng, Shanghai, China) at three different temperatures: 60ºC (HD60), 100ºC (HD100), and 120ºC (HD120). Sun drying: Fresh slices were dried to a constant weight in under the sun at 30ºC±1ºC (SD). The extraction of total saponins of the processed samples was performed as mentioned above.
Development of HPLC-MS for eight steroidal saponins 


Apparatus and chromatographic conditions

Agilent LC-Q-TOF-MS 6520 apparatus (Agilent technologies, USA) equipped with a UV detector was used for the HPLC-MS analyses. Data acquisition and processing were performed by Agilent LC solution workstation software. Chromatography was carried out on an Aglient Zorbax SB-C18 column (4.6 mm × 250 mm, 5 μm). The mobile phase consisted of water (A) and acetonitrile (B). The gradient was 0-20 min, 20-40% A (linear gradient); 20-35 min, 40%-75% A (linear gradient). The UV detector was set at 203 nm for acquiring chromatograms. The flow rate was set at 1 ml/min. The volume of injection is 20 μl. The column temperature was kept constant at 30ºC.

The operation parameters of MS experiments were set as follows: drying gas (N2) temperature, 300ºC; drying gas flow rate, 8.0 L/min; capillary voltage, 3500V. Quantification was performed using ESI source in the positive ionization mode. 
Preparation of standard solution 
Standards were weighed accurately and dissolved in 5 mL of 70% aqueous ethanol to prepare the stock solutions, the concentration of protodioscin (3) was 0.25 mg/ml, while the other seven steroidal saponins (1, 2, 4, 5, 6, 7, 8) were 0.5 mg/ml. Mixed-tock standard solution at the concentrations of 1 mg/ml for standards 1-8 was also prepared. Solutions were filtered through a 0.45 μm nylon membrane filter before HPLC analysis and stored at 4ºC.

Calibration curves

The calibration curves were constructed by plotting the peak areas vs the content of each analyte. The working solutions of the analytes were gradient volume of injection (2, 4, 8, 10, 16 μl) to yield a series of gradient contents with triplicate analyses, respectively. 

Precision

Precision of the method was assessed by six replicate analysis of the same concentration of sample solution, and expressed as relative standard deviation (RSD), RSD (%) = (SD/mean)×100%. 

Reproducibility and stability

To test the reproducibility of the assay, six independently prepared samples of the D. zingiberensis extracted in parallel were prepared and analyzed. The stability of the samples was analyzed every 2 h within 10 h at room temperature. Variations were expressed as RSD. 

Recovery test

Recovery was assessed by the method of standard additions. An accurately known amount of the standard solution was added to the known sample and then extraction and analysis were done as described above. Recovery was counted according to the following formula: recovery (%) = (amount found - original amount)/amount spiked × 100%.

Results and Discussion

Optimization of the chromatographic conditions

The major steroidal saponins in D. zingiberensis have similar structures (diosgenin as skeleton), so their separation is suitable for the same chromatographic conditions. Acetonitrile-water system and methanol-water system were commonly used to separate diosgenin or steroidal saponins. However, the hydroxyl at C-22 of furostan-type saponins may be partially methylated in the methanol solvent, so acetonitrile-water system was selected as a better mobile phase (Kite et al., 2007). Gradient program may be more efficient for separating similar steroidal saponins and therefore be selected (Zhang et al., 2014). The HPLC-ELSD method was broadly applied to analyze steroidal saponins for its precise, accurate and sensitive (Zhang et al., 2014; Tenon et al., 2017), however, some steroidal saponins can’t be detected by ELSD detector other than UV detector. So, UV detector was chosen as suggested by previous studies (Liu et al., 2008; Zhang et al., 2015), and 203 nm was selected as the wavelength of detection as it’s reported in Pharmacopoeia of the People’s Republic of China (2010).
Method validation

As shown in Table 1, calibration curves of the eight standards showed good linear regression (r2 > 0.9991) within test ranges. The precision, reproducibility and stability were also concerned, as demonstrated in Table 2, the RSD of all analytes was less than 5%, indicating the method’s good reproducibility and stability. Meanwhile, the overall recovery of all eight analytes was as higher than 99% as well as the RSD was less than 4%, showing good accuracy of the developed analytical method. Thus, this HPLC-UV method is accurate, precise, and sensitive enough for the quantitative evaluation of major steroidal saponins in D. zingiberensis. The contents of the eight steroidal saponins were between 0.2% (protodiscin) and 2.22% (parvifloside). (Table 2)
Determination of eight steroidal saponins in different processed D. zingiberensis rhizomes 
The contents of eight steroidal saponins in different processed D. zingiberensis varied samples were shown in the Table 3. The results suggested that different processing methods affect significantly on the contents of eight compounds. Wine-processed D. zingiberensis contain almost none of spirostan-type saponins. The spirostan-type saponins content from hot air drying at 60ºC was significantly higher than that at 80ºC and 120ºC as well as from sun-air drying. There were no considerable differences in steroidal saponins content between hot air drying (80ºC and 120ºC) (Figure. 2 and see Supplementary Material, Figure. 1). We conclude that spirostan-type saponins can be largely accumulated during hot air drying at 60ºC. Moreover, the treatment of wine processing can hinder the conversion of furostan-type saponins to the corresponding spirostan-type saponins. It is possible for the reason that the reported endogenic β-glycosidase may be inactivated immediately during the wine processing of D. zingiberensis.
Processing is an important part of Chinese folk medicine. Both wine-processing and dry processing technologies of medicinal herbs have been widely used in China for thousands of years (Cui et al., 2016). It was reported that wine-processing would affect the biological activities of Dioscorea plants (Cai & Gong, 2009; Wang et al., 2011a). The changes of the components in quantity of medicinal plants ascribed to changed physicochemical properties of processing method may generate considerable change of pharmacological effects. Notably, the specific enzymes involved in the anabolism and catabolism of the components in plants may be activated or inactivated during the corresponding processing. Our study suggested that wine-processing technology could be used to kill the enzymes in D. zingiberensis for gaining more furostan-type saponins with better solubility in water. In addition, hot-air drying technology at 60ºC could be used to gain more spirostan-type saponins. That’s to say, apart from being adopted as a quality control method of the rhizomes of D. zingiberensis, this method could also quantatively analyzes the content changes of steroidal saponins during the different processing and provides us some reasonable selections about the processing technologies of D. zingiberensis and other Dioscorea plants according to the needs of actual production.
Determination of eight steroidal saponins in several other medicinal plants
Due to the species differences, the content and types of saponins are different in D. zingiberensis, D. composite, D. nipponica, Lilium brownii, Smilax china. The eight saponins in the leaves or in the stems of senesced D. zingiberensis have not been detected, which may be due to the reason that the sampling time was not appropriate and the eight saponins had been transferred to other parts or the eight saponins were changed or leached into the soil during the drying process which needs to be further validated (Table 4). These results may be used to study the spatiotemporal changes and distribution of steroidal saponins in D. zingiberensis. The saponins were also detected in several other medicinal plants. Compound 3 and 7 are detected in D. nipponica in the previous studies (Wang et al., 2010; Cho et al., 2013), while they were not dectected in this study. It is possible for the reason that the different origin and developmental stages of the plant materials as well as the equipment conditions may have a big effect on the test results (Dinchev et al., 2008; Liang et al., 2012; Brum et al., 2009). These results may be used to study the species specificity of steroidal saponins, and may also provide evidence for chemotaxonomy and allelopathy.

Conclusion

The present study developed a novel analytical method for quantification of saponins in D. zingiberensis. This newly established HPLC method can be used to simultaneously quantify eight major steroidal saponins, i.e. parvifloside, protodeltonin, protodioscin, protobioside, zingeberensis newsaponin, deltonin, dioscin, prosaponin A of dioscin in D. zingiberensis. However, the linear dynamic ranges of the saponins in this method are not wide enough, which need to be further improved in the next work. Wine-processing technology could be used to gain more furostan-type saponins with better solubility in water. Hot-air drying technology at 60ºC could be used to gain more spirostan-type saponins. The method and information provided is expected to significantly contribute to pharmacokinetic and pharmacological studies, analysis of mechanism of the synthesis, transport and accumulation of the steroidal saponins in D. zingiberensis, and could also be a promising tool for the quality control of this herbal medicine. It may have applications for researches on allelopathic effects and chemotaxonomy of Dioscorea.
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Tables

Table 1 Calibration curves for eight steroidal saponins. The results were obtained by triplicate analyses.
	Compound
	Analytes
	Retention time (min)
	Regression equation
	r2
	Linear range(μg)

	1
	parvifloside
	15.53
	Y=8291823.2X+41495.7
	0.9999
	1-8

	2
	protodeltonin
	17.05
	Y=5632789.6X+6204.2
	0.9999
	1-8

	3
	protodioscin
	17.64
	Y=5453164.8X+23163.3
	0.9998
	0.5-4

	4
	protobioside
	19.57
	Y=24557545.0X+398440.1
	0.9999
	1-8

	5
	zingeberensis newsaponin
	29.65
	Y=3457812.5X－3512.4
	0.9998
	1-8

	6
	deltonin
	30.85
	Y=3789123.6X+17028.2
	0.9997
	1-8

	7
	dioscin
	31.27
	Y=4889127.3X+7056.4
	0.9997
	1-8

	8
	prosaponin A of dioscin
	33.14
	Y=4135623.7X+225837.1
	0.9998
	1-8


Table 2 Results of precision, reproducibility, stability, recovery, and content studies. The results were obtained by sextuplicate analyses.
	Compound
	Precision (RSD, %)
	Reproducibility
(RSD, %)
	Stability (RSD, %)
	Average recovery (%)
	Recovery (RSD, %)
	Content (mass fraction, %) 

	1
	2.88
	2.43
	2.63
	100.69
	0.80
	2.22

	2
	2.9
	3.24
	1.87
	99.63
	2.01
	1.45

	3
	1.76
	0.85
	0.84
	100.96
	1.32
	0.20

	4
	4.54
	3.17
	1.46
	101.54
	3.63
	0.69

	5
	3.79
	2.39
	2.06
	99.26
	1.53
	0.91

	6
	3.01
	2.46
	1.69
	100.52
	0.49
	1.49

	7
	2.59
	0.61
	1.87
	99.9
	1.86
	1.54

	8
	3.48
	0.51
	2.04
	100.96
	1.17
	0.99


Table 3 Contents of eight steroidal saponins in different processed D. zingiberensis. WP: Wine-processed; HD60, HD100, HD120: Hot-air drying at 60, 100, 120°C; SD: Sun-air drying. Values represent the mean (SD) of 4 experiments. 

	Compounds
	Content of saponin (mg/g dry weight)

	
	WP
	HD60
	HD100
	HD120
	SD

	1
	93.42±1.54
	76.03±1.41
	96.87±1.47
	97.45±1.82
	94.49±2.27

	2
	69.06±2.65
	17.75±1.32
	35.83±1.29
	37.48±0.41
	28.45±1.21

	3
	9.17±0.36
	2.16±0.16
	8.66±0.41
	7.91±0.22
	5.50±0.37

	4
	9.57±0.33
	1.83±0.21
	5.55±0.30
	5.34±0.35
	5.22±0.19

	Total furostan-type glycosides
	181.22±4.88
	97.77±3.10
	146.91±3.47
	148.18±2.80
	133.66±4.04

	5
	ND
	60.56±2.05
	9.15±1.17
	8.37±0.43
	21.44±1.50

	6
	ND
	11.31±0.46
	3.83±0.23
	3.41±0.36
	5.59±0.33

	7
	ND
	1.91±0.16
	1.44±0.06
	0.70±0.05
	1.12±0.06

	8
	ND
	1.32±0.18
	0.85±0.06
	0.83±0.07
	0.84±0.09

	Total spirostan-type glycosides
	ND
	75.10±2.85
	15.27±1.52
	13.31±0.91
	28.99±2.95

	Total saponins
	181.22±4.88
	172.87±5.95
	162.18±4.99
	161.39±3.71
	162.65±6.99


Table 4 Contents of eight steroidal saponins in several other medicinal plants. Values represent the mean (SD) of 3 experiments. ND=not detected.
	Compounds
	Content of saponin (mg/g dry weight)

	
	D. zingiberensis
	D. composita

	D. nipponica
	Lilium brownii
	Smilax china

	
	leaves         stems
	
	
	
	

	1
	ND
	ND
	11.95±1.63
	ND
	0.47±0.07
	41.97±1.58

	2
	ND
	ND
	5.33±0.56
	11.47±0.79
	ND
	49.07±1.71

	3
	ND
	ND
	24.32±1.01
	ND
	4.04±0.25
	22.55±2.49

	4
	ND
	ND
	43.92±1.64
	ND
	ND
	34.11±1.14

	5
	ND
	ND
	4.83±0.29
	1.51±0.14
	ND
	25.09±1.01

	6
	ND
	ND
	4.36±0.33
	ND
	ND
	27.63±1.69

	7
	ND
	ND
	12.78±0.91
	ND
	ND
	8.17±0.67

	8
	ND
	ND
	ND
	ND
	ND
	ND
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Figure 1 Chemical structures of the eight steroidal saponins separated from D. zingiberensis
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Figure 2 HPLC-UV chromatograms recorded at 203 nm of a mixture of the authentic standards and samples of different processed rhizomes of D. zingiberensis. Peak 1: parvifloside, peak 2: protodeltonin, peak 3: protodioscin, peak 4: protobioside, peak 5: zingeberensis newsaponin, peak 6: deltonin, peak 7: dioscin, peak 8: prosaponin A of dioscin
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Supplemental Figure 1 The mass spectrum of Peak 1-8 analyzed by ESI-MS/MS
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