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INTRODUCTION

Saponins are secondary metabolites widespread distributed mainly in plant species and chemically referred to triterpenoid and steroidal glycosides [START_REF] Vincken | Saponins, classification and occurrence in the plant kingdom[END_REF]. Indeed, saponins have potential industrial application as emulsifiers, preservatives, additives to foods and pharmaceutical products (Güҫlü-Ustundag et al., 2007;[START_REF] Piorkowski | Beverage emulsions: Recent developments in formulation, production, and applications[END_REF]. Saponins have been ascribed a number of pharmacological activities, the most important ones being lowering of serum cholesterol levels [START_REF] Francis | The biological action of saponins in animal systems: a review[END_REF], cytostatic and cytotoxic effects on malignant tumor cells [START_REF] Bachran | Saponins in tumor therapy[END_REF][START_REF] Podolak | Saponins as cytotoxic agents: a review[END_REF]. In addition, saponins combined with conventional chemotherapeutic agents improved inhibitory effect on tumor growth in vitro and in vivo (Fuch et al., 2009). Moreover, saponin-adjuvanted particulate vaccines were reported as immunostimulatory complexes to have great potential as cancer immunotherapeutics (Scene and Sutton, 2006). Among other interesting properties of saponins are their role in permeabilization of the cell membrane [START_REF] Gilabert-Oriol | Real-time analysis of membrane permeabilizing effects of oleanane saponins[END_REF] and synergisting enhancement of the toxicity of immunotoxines [START_REF] Bottger | Structure-activity relationships of saponins enhancing the cytotoxicity of ribosome-inactivating proteins type I (RIP-I)[END_REF]Roger et al., 2016). Gypsophila species roots are extremely rich source of Glucuronide Oleanane-type Triterpenoid Carboxylic Acid 3,28-O-Bidesmosides (GOTCAB), having a glucuronic acid moiety at C-3 hydroxyl group of the aglycone (Tan et al., 1999;[START_REF] Henry | Saponins and phylogeny: Example of the "Gypsogenin group" saponins[END_REF][START_REF] Bottger | Triterpenoid saponins of the Caryophyllaceae and Illecebraceae family[END_REF][START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. Previous reports have shown that saponins from Gypsophila oldhamiana and G. pilulifera display cytotoxic activity against different human cancer cell lines [START_REF] Bai | A major triterpenoid saponin from Gypsophila oldhamiana[END_REF][START_REF] Arslan | A cytotoxic triterpenoid saponin from underground parts of Gypsophila pilulifera Boiss.& Heldr[END_REF][START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. It has also been reported that G. paniculata and G. arrostii var. nebulosa saponins enhance the cytotoxicity of the type I ribosomeinactivating protein (RIP-I) saporin from Saponaria officinalis [START_REF] Melzig | Enhancement of saporin toxicity against U937 cells by Gypsophila saponins[END_REF][START_REF] Arslan | Nebulosides A-B, novel triterpene saponins from under-ground parts of Gypsophila arrostii Guss. var. nebulosa[END_REF]. In our previous study eleven new GOTCAB saponins were isolated from the roots of Gypsophila trichotoma Wend. var. trichotoma originated from Bulgaria [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF]. They have a commonly gypsogenin as aglycone substituted at C-3 with a branched trisaccharide chain ending with variable pentose unit (xylose/arabinose) and at C-28 with an ester-bonded oligosaccharide chain possessing methoxycinnamoyl, acetyl and (or) sulfate groups. Recently, the synergistic cytotoxicity of nine newly isolated GOTCAB saponins from G. trichotoma in combination with type I ribosome-inactivating protein (RIP-I) was evaluated in vitro on human breast cancer cell line and quantitative structure-activity relationship (QSAR) was established [START_REF] Gevrenova | QSAR study on saponins as cytotoxicity enhancers[END_REF]. Based on these findings, Gypsophila saponins are important analytical targets, needing of effective tools for their separation, identification and quantitation. Some papers describe advantages of normal phase [START_REF] Cheok | Extraction and quantification of saponins: A review[END_REF], supercritical fluid chromatography (SFC) [START_REF] Huang | Fast separation of triterpenoid saponins using SFC with single quadropole mass spectrometry[END_REF] and especially HILIC mode for saponins separation [START_REF] Guo | Hydrophilic interaction chromatography for selective separation of isomeric saponins[END_REF] and were more selective, in comparison with the popular reverse phase separation, allowing separation and isolation of isomers in a pure form, which is a key step in the investigation of chemical structure and biological properties of individual compounds. In addition, the modern hyphenated techniques combining the better (and faster) separation with mass spectrometric detection offer additional structural information, helping to deduce the chemical structure of separated pure compounds [START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF][START_REF] Huang | Fast separation of triterpenoid saponins using SFC with single quadropole mass spectrometry[END_REF][START_REF] Xing | Comprehensive HILIC × RPLC with mass spectrometry detection for the analysis of saponins in Panax notoginseng[END_REF]. Thus, the present study aims to enlarge the knowledge about the nature of G. trichotoma GOTCAB saponins by improvement of their separation on silica-based HILIC core-shell column (in addition to the popular RP separation) and exploring the capabilities of ESI-HRMS and tandem MS/MS data for their structural assignment.

EXPERIMENTAL Plant material and sample preparation

Gypsophila trichotoma Wend. roots were collected in August 2004 from the Black Sea coast (Kavarna region) (4325'60" N -2819'60" E) in Bulgaria and were identified by Dr. R. Gevrenova (Faculty of Pharmacy, Medical University-Sofia, Bulgaria). Voucher specimen of plant material was deposed in the Herbarium of the Faculty of Pharmacy of Nancy, Universite de Lorraine, France (HP101). Air-dried powdered roots of the plant (1 g) were extracted with 50 ml 10% methanol (× 3) by sonication for 5 min at room temperature. The lyophilized extract constituted the crude extract 417.6 mg (GTR).

Triterpenoid saponin references

Seven saponins (compounds A÷G) (Figure 1, Table 1), previously isolated from G. trichotoma, were used as saponin references in this study. Their structure was assigned by NMR and HR-ESI-MS [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF].

Chemicals and Instruments

The LC-MS analyses were performed on a Q-Exative HESI-HRMS (Thermo Fisher Scientific, Waltham, MA, USA) equipped with an Accela quaternary UHPLC pump and Accela autosampler. Data were processed using Xcalibur ® (Thermo Scientific Co, USA) instrument control/data handling software. Acetonitrile (hypergrade for LC-MS and formic acid (HPLC-grade) were purchased from Merck (Darmstadt, Germany), while ammonium formate (for mass spectrometry) was provided by Sigma Aldrich (Germany).

UHPLC separation

Two separation mechanisms were tested: RP separation on Poroshell C18 150 x 3 mm, 2.7 µm column (Agilent, Santa Clara, CA, USA) and HILIC separation on Kinetex Si HILIC 100 x 3 mm, 2.6 µm column (Phenomenex, Torrance, CA,USA). The mobile phase for RP separation consisted of solution A: acetonitrile/0.08% formic acid in water 5:95 (v/v) and solution B: 0.08% formic acid in acetonitrile/water 95:5 (v/v) with gradient starting at 100% A for 0.5 min followed by a linear gradient for 18.5 min to 100% B, isocratic elution for 10 min and the mobile phase was returned to the initial conditions in 1 min and the column was equilibrated for 5 min before the next run. The flow rate was 250 µL/min The mobile phase for HILIC separation was composed of solution A: 0.02 M ammonium formate in acetonitrile/water 95:5 (v/v) and solution B: 0.02 M ammonium formate in acetonitrile/water 60:40. The gradient program commenced at 100% A for 1 min followed by a linear gradient for 6 min to 60% A/40% B, gradient elution to 10% A/90% B in the next 8 min, 2 min cleanup at 100% B and the mobile phase was returned to the initial conditions in 2 min followed by 10 min reconditioning at 100% A. The flow rate was 400 µL/min. The solvents were filtered through 0.2 μm filterers (Millipore, Watford, Ireland).

ESI-MS and MS/MS detection HESI Ionization.

Vaporizer temperature 250 o C, spray voltage at 3kV, ion transfer tube temperature at 300 o C, sheath gas pressure 35psi and auxiliary gas flow 10 (arbitrary units) were adjusted for the interphase; Mass spectral conditions. Full MS/data dependant MS 2 were performed in positive and negative ion monitoring mode with the following settings: 35000 FWHM resolution in Full MS from 290 to 2000 m/z, 80msec maximal trap filling time, 17500 FWHM resolution for fragment spectra scans with 4 m/z quadrupole isolation window of precursor ions and 20÷40eV collision energy. Positive and negative ion monitoring modes were tested, but in the most of experiments negative mode was used on account of its advantages, described below. MS/MS spectra were recorded after fragmentation at different hcd (Higher Energy Collisional Dissociation) values and used for saponins structural interpretation.

RESULTS AND DISCUSSION

Optimum conditions for UHPLC-HRMS analysis ESI-HRMS detection. Positive and negative ion monitoring of GOTCAB saponins in the course of their ESI-MS detection were compared on the base of sensitivity (the areas of the chromatographic peaks), and selectivity (purity of the "molecular ion" peak). Figure 2 indicates the ionisation abundance of the selected saponin in the negative and positive ion modes and the marked difference in the ionization responce between negative (Fig. 2a2,a3) and positive (Fig. 2b2-b5) ion mode of ESI-HRMS detection could be discerned. The chromatograms demonstrate the higher "selectivity" (deprotonated molecular [M-H] -ion formation predominantly) and higher sensitivity (much higher peak area AA) in negative ion mode (2a1), in comparison with the detection of molecular [M+H] + ion in positive ion mode (2b1). There are more intensive [M-H] -ions in negative mode as compared to positive mode. The capability of the instrument used to monitor positive and negative ions simultaneously allows to make such comparison easier. Taking into account the advantages of the negative ion mode of GOTCAB saponins detection, all next experiments were performed using negative ion monitoring SCAN mode of ESI-HRMS detection and MS/MS fragmentation of the [M-H] -ions.

Comparison of the retention and selectivity of saponins separation by RP and (Si) HILIC modes.

The chromatographic behavior of GOTCAB saponin references A-G in HILIC separation mode was compared with RP mode: the order of elution in HILIC mode correlated with the number of sugar residues attached to the gypsogenin and substitution pattern of C-28 ester chain. For example, the earliest eluting saponin references C, A, B with [M-H] -at m/z 1647.637 in HILIC LC-MS are acetylated in a β-D-fucopyranose (β-D-Fucp) and sulfated in a β-D-glucopyranose (β-D-Glcp) moiety of the C-28 ester chain (Fig. 1). Saponins possessing diacetylated C-28 ester chain (E, F) eluted earlier than monoacetylated one (D). The last saponin G contains no additional substitution in the C-28 ester chain. In HILIC LC-MS analysis, saponin references having a α-L-arabinopyranose (α-L-Arap) (A, E) eluted earlier than corresponding isomers with a β-D-xylopyranose (β-D-Xylp) (B, F). The substitution position of acetyl group in fucose moiety modified chromatographic behavior, favoring lower retention time for C (acetylated in β-D-Fucp C-3) in comparison with A (acetylated in β-D-Fucp C-4). Aiming to obtain the best separation of GOTCAB saponins in G. trichotoma roots extract (GTR), RP and HILIC separation mechanisms were tested (Fig. 3). HILIC mode of UHPLC showed some advantages: more than 67 peaks of saponins were separated in less than 16 min by HILIC mode, while 40 ones were eluted in 18 min by RP UHPLC. Retention times (RT) of GOTCAB identified in GTR are described in Table 2. As shown in Figure 3, HILIC mode allowed to separate more saponins' isomers, with higher efficiency and faster. Acidity of the mobile phase in HILIC separation mode slightly influenced the selectivity and improved it with increasing of pH value. Therefore, and on account of simplification of mobile phase preparation, the acidity was not adjusted after preparation of the mobile phase: the pH value of the ammonium formate water solution was 6.6. More selective separation of saponins by HILIC UHPLC permits to obtain mass spectra of the pure representatives and their adequate structural assignment on the base of HRMS and MS/MS data. In the case of saponins quantitation, HILIC mode of separation and ESI with SIM detection mode of [M-H] -molecular ions of saponins could be much effective, but the aim of this work is the profiling and identification of GOTCAB saponins, not their quantitation.

Investigation of the GOTCAB references fragmentation patterns by UHPLC-ESI/HRMS

UHPLC-ESI/MS analyses of the available saponin references A÷G (Fig. 1) served to confirm their presence in GTR and to observe GOTCAB fragmentation patterns, allowing putting forward our strategy for identification of saponins in GTR. ESI/MS data of previously reported saponins (not available as reference substances) H-K were used as well (Fig. 1). The measured values for the monoisotopic masses of [M-H] -ions and their calculated values are described in Table 1. Fragment MS/MS mass spectra of the [М-H] -molecular ion of the saponin references were recorded at different values for hcd (higher-energy collisional dissociation). Figure 4 illustrates the capability to obtain an optimal MS/MS spectrum for saponins structural assignment. According to the illustrated case of saponin reference A, hcd values of 25÷30 could be taken as appropriate fragmentation energy giving information for the molecular [M-H] -ion and enough intensity of the fragment ions. Figure 5 shows the fragment MS/MS spectra of the [M-H] -ions of saponin references A÷G recorded at hcd value 30. Abundant [M-H] -were first used for saponins recognition. The MS/MS spectra of the corresponding [M-H] -were explored for structural assignment of the detected new and/or isobaric compounds. In GOTCAB saponins, carbohydrate chains were attached to the aglycone through the hydroxyl group at C-3 and carboxyl group at C-28 positions (Fig. 1). According to the structure properties of the saponins, both glycosidic bond at C-3 and ester bond at C-28 showed facile cleavage in (-) ESI-MS/MS to form deglycosylated ions. Thus, saponin references A-K were deglycosylated to form two fragment ions at m/z 939.458 [M-H-ester chain] -and 469.331 [aglycone-H] -(Fig. 5). The signal at m/z 469.331 pointed to the loss of two carbohydrate chains and, in the same time, corresponded to the deprotonated ion of the aglycone (gypsogenin) [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF]. The fragmentation of [gypsogenin-H] -ion yielded the characteristic product ions at m/z 451.321 [gypsogenin-H-H2O] -, 439.321 [gypsogenin-H-CH2O] -and 423.326 [gypsogenin-H-HCO2H] -. Furthermore, m/z 405.316 was obtained by concomitant loss of H2O (18 uma) and HCO2H (46 uma) (Table 1). Formic acid (46 uma) and CO2 (44 uma) have been reported as two possible elimination pathways of a carboxylic function of triterpenic acids in ESI-MS [START_REF] Sandjo | ESI-MS 2 and Anti-inflammatory Studies of Cyclopropanic Triterpenes. UPLC-ESI-MS and MS 2 Search of Related Metabolites from Donella ubanguiensis[END_REF]. At low hcd value (20) saponin references A÷C typically produced several abundant product ions with high intensity at m/z 707.170 [ester chain-H] -and 1177.510 [M-H-trisaccharidic chain] -(Fig. 5 a,b,c, Table 1). However, the abundance of the ion at m/z 707.170 was higher because it is generated by a C-28 ester bond cleavage. At high HCD (35), a loss of the ester chain was observed leading to the ion at m/z 707.170 (acetylated and sulfated tetrasaccharide) with a relevant relative abundance, representing the base peak in A÷C. The type of sugar moieties were determined from MS/MS spectra in which a mass difference of 162.053, 146.058 and 176.124 indicated the presence of hexose (Hex), deoxyhexose (dHex) and hexosuronic acid (HexA), respectively; and mass difference of 132.042 indicated the presence of a pentose (Pen) (arabinose/xylose). Regarding saponin references A÷C, three mass intervals of 79.958 (sulfate group), 162.053 (glucose) and 242.011 (glucose + sulfate group) were observed at low hcd value (Table 1). In MS/MS spectra of saponin references E and F the mass differences of 42.011 (acetyl group) (m/z 1567.680) and 204.064 (glucose + acetyl group) (m/z 1405.627) indicated that the associated compounds possess acetylated glucose moiety (Table 1, Fig. 5 e,f). The position of sugars in the saccharide chain could also be roughly determined owing to the fact that the cleavage of the glycosidic bond usually occurred first at outermost glycosidic bond of the saccharide chain linked at C-28. The fragmentation pathway of Y0α [M-H-ester chain] -involved consecutive losses of hexosyl at m/z 777.398 [M-H-ester chain-Hex] -(Y0α/Y1β) and pentosyl residues at m/z 807.421 [M-Hester chain-Pent] -(Y0α/Y1β' ) from the trisaccharide at C-3 of gypsogenin indicating a ramification in the sugar chain. This is confirmed by the losses of water together with CO2, resulting in abundant fragment ions at m/z 759.395 [M-H-ester chain-Hex-H20] -, 583.363 [M-H-ester chain-Hex-Pent-H20-CO2] -, and 565.352 [M-H-ester chain-Hex-Pent-2H20-CO2] -, together with ions at m/z 745.417 [M-H-ester chain-Pent-H20-CO2] -, and 627.354 [M-H-ester chain-Hex-Pent-H20] -(Table 1, Fig. X). Moreover, typical ions of the Y0α fragmentation at m/z 537.359 and 519.346 resulted from both formic acid and CO2 elimination. On the other hand, the relative abundance of the ion at m/z 759 (Y0α/Z1β) could be related with the position of glycosylation (Table 1). Thus, 15% relative abundance of this ion indicated an interglycosidic linkage (1→2) of the galactose, while the occurrence of the low abundant ion at m/z 807 supported by 745 and 727 contributed to the assignment of the arabinose at C-3 of glucuronic acid. The ions at m/z 551.338 and 511.344 (references D-K) corresponded to the loss of pentose and hexose units together with intramolecular breakage of the glucuronic acid 4,5 A0β and 0,2 A0β, respectively (Fig. X) The latter ion corroborated substitution at C-2 and C-3 of glucuronic acid moiety. Both trisaccharides linked at C-3 of the gypsogenin, with terminal β-D-Xylp or α-L-Arap, are identical in mass and fragmentation pattern and it was not possible to confirm the corresponding isomer. The comparison with authentic references for these saponins in GTR allowed verifying the exact configuration. The length and type of C-28 carbohydrate chain were discovered from (-) ESI-MS fragmentation pattern as well. Thus, the loss of 708.178 amu could be attributed to the monoacetylated and sulfated C-28 tetrasaccharide (saponin references A÷C). The ester chain at m/z 707.170 tended to release consequently hexose, one or two deoxyhexoses and an acetyl group, yielding the most abundant fragment ions at m/z 519.101 [ester chain-H-dHex-Ac] - (29%) and 241.001 [ester chain-H-2dHex-Pent-Ac] -(17%). The latter ion corresponded to the sulfated glucose confirming the position of the sulfate in the C-28 ester chain. Concerning these saponins, it must be taken into account the fact that a sulfated C-28 chain provided series of peaks, the majority of them with low abundance (Table 1, Fig. Y). Some ions characterized the fucose moiety: 607, 591 and 579 resulting from the cross-ring cleavages 3,5 A0α (-100), 0,3 A0α (-116) and 1,3 A0α (-128). An acetyl group esterifies the hydroxyl group at C-4 of the fucose unit as observed by the fragment ions at m/z 503.107 [707-Pent-3,4 A0α] -and 527.161 [707-Pent-3,5 A0α] -. The xylose moiety was linked at C-4 of the rhamnose unit witnessed by the ion at m/z 329.022 [707-Pent-(dHex+Ac)-3,5 A1α] -. Glucose attachment at C-3 was confirmed by the ion at m/z 301.022 [707-Pent-(dHex+Ac)-1,3 X1α] -supported by 371.022 [707-Pent-(dHex+Ac)-3,5 A1α] -. The loss of 628.222 and 670.232 amu corresponded to monoacetylated C-28 tetrasaccharide (reference D) and diacetylated C-28 tetrasaccharide (references E and F), respectively. The loss of 746.263 amu was in agreement with C-28 tetrasaccharide substituted with methoxycinnamoyl moiety (references J and K). This is confirmed by the loss of 178 amu at m/z 1507.659 [M-H-MeCin] -due to the loss of methoxycinnamoyl moiety (Table 1).

Profiling of G. trichotoma root extract by UHPLC-ESI/HRMS

Except for the fully characterized saponin references from G. trichotoma, the tentative identification of the GTR saponins was based on HRMS-measurements, comparison with mass fragmentation observed for the GOTCAB references and literature data [START_REF] Chen | New triterpenoid saponins from the roots of Gypsophila perfoliata Linn[END_REF][START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF][START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. Since GOTCAB have different ester-bonded oligosaccharides and showed different fragment ions, they were classified into 3 types: I -GOTCAB saponins with C-28 oligosaccharide substituted with acyl group; II -GOTCAB saponins with C-28 oligosaccharide substituted with sulfate group; III -GOTCAB saponins with C-28 oligosaccharide substituted with both acyl and sulfate groups.

Type I -GOTCAB saponins with C-28 oligosaccharide substituted with acyl group (acylated oligosaccharide).

Compounds 1a-d, separated in HILIC UHPLC-MS, shared the same molecular weights as saponin D (Table 2). 1a displayed fragment ions at m/z 1097.730 [(M-H)-Hex-Pent-HexA] -and 939.461 [(M-H)-2dHex-Pent-Hex-Ac] -corresponding to the loss of a trisaccharide and ester chain, respectively. Fragment ions at m/z 759. 397, 627.354, 583.364 and 565.353 were also consistent with the C-3 trisaccharide of saponin references D (Table 1) 2). Saponins 3a-3d were identical in mass and fragmentation pattern and it was not possible to confirm which isomer corresponds to previously isolated saponin references J/K (not available in this study) by their retention time. However, saponins 3a-3d probably corresponds to the saponin references J/K [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF], and their isomers with xylopyranose moiety identified as compouds 4/5 in the roots of Gypsophila perfoliata L. [START_REF] Chen | New triterpenoid saponins from the roots of Gypsophila perfoliata Linn[END_REF]. In the (-) ESI-MS spectrum of 4a, the [M-H] -signal was observed at m/z 1727.734 indicating molecular weight of 1728 amu, 42.011 mass units higher than that of 3a-3d. This suggested the presence of one additional acetyl group confirmed by the fragment ion at m/z 1667.722 [M-H-AcOH] -. Furthermore, at high hcd (35), the fragment ions at m/z 939.468 [(M-H)-2dHex-Pent-Hex-MeCin-Ac] -and 787.272 [ester chain-H] -(4a) showed the presence of MeCin group which was corroborated by the peak at m/z 177.054 [MeCin-H] -(Table 2). The fragmentation pathway involved a loss of CH3OH from the cleavage of the p-methoxy group, followed by structural rearrangement, resulting in less intensive fragment ion at m/z 145.028 [MeCin-H-СН3ОН] -. Thus, compounds 4a-4d were probably the acetylated derivatives of compounds 3a-3d. At low value of hcd 5a ([M-H] -at m/z 1741.732) produced fragment ion at m/z 1699.725 [M-H-Ac] -and 1187.580 [M-H-Pent-Hex-HexA-2Ac] -(Table 2). MS/MS data corroborated ester chain consisting of diacetylated C-28 tetrasaccharide. Thus, we tentatively assigned compounds 5a-5d to four isomers including previously isolated saponins H and I (Voutquenne- [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF]. It was not possible to confirm which isomer corresponds to references H/I (not available in this study) by their retention time. However, similarly to the results obtained for saponins references A-C, compounds 5c and 5d were attributed to compounds H and I, respectively. At low value of hcd, the parent ion at m/z 1725.738 [M-H] -(6a) gave three significant fragments at m/z 1683.748 [M-H-Ac] -, 1593.704 [M-H-Pen] -and 1171.584 [M-H-Pent-Hex-HexA-2Ac] -. This fragmentation pattern matched with those of compound 3 reported in [START_REF] Chen | New triterpenoid saponins from the roots of Gypsophila perfoliata Linn[END_REF]. The MS/MS data of 6a were similar to those of 5a, except for the appearance of an additional deoxyhexose unit, instead of hexose moiety in H/I (Table 2). This compound is totally different in their structure of the C-28 ester chain possessing a quinovose moiety. The MS/MS spectra of 7a ([M-H] -at m/z 1729.733) gave the fragment ion at m/z 939.461 [(M-H)-2dHex-2Hex-Pen-Ac] -, suggesting the presence of one additional hexose unit in the C-28 ester chain in comparison with saponin reference D. These data suggested that this saponin is new and was note previously described in the literature, independently the location of the hexose unit. The [M-H] -signal at m/z 1435.641 in compounds 8a-8d associated to the fragment ions at m/z 939.450 [M-H-2dHex-Hex-Ac] -and 469.332 [gypsogenin-H] -(8a), indicated the absence of a pentose moiety in the ester chain in comparison with saponin D (Table 2). The loss of a pentose moiety in the ester chain whatever the type of pentose unit in the C-3 chain and the location of the acetyl group indicated that this saponin is new and was note previously described in the literature.

Gypsophila perfoliata or 3-O-β-D-galactopyranosyl-(1→2)-[β-D-xylopyranosyl-(1→3)]-β-D- glucuronopyranosyl gypsogenin α-L-arabinopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)-α-L- rhamnopyranosyl-(1→2)-[3,4-di-O-acetyl-β-D-quinovopyranosyl-(1→4)]-β-D- fucopyranoside
Type II -GOTCAB saponins with C-28 oligosaccharide substituted with sulfate group. This group was characterized by the occurrence of a base peak corresponding to the C-28 ester chain (Table 2). Moreover, typical ions of deoxyhexose moiety internal cleavage were observed: 3,5 X0α ([ester chain-H-58] -), 0,3 X0α ([ester chain-H-74] -) 1,3 X0α ([ester chain-H-86] -), Y2α'/ 3,4 X0α ([ester chain-H-Pent-30] -) (9-15) (Fig. Y). In addition, the fragmentation pattern afforded an abundant ion at m/z 519 [ester chain-H-dHex] (fragment C1α) or [ester chain-H-dHex-Pent/dHex/Hex] indicating terminal position of the additional sugar moieties (9)(10)(11)(12). The fragment at m/z 329 allowed situating the pentose at C-4 of the second deoxyhexose, while a C-3 linked hexose was evidenced by the ion at m/z 371. This behavior was similar to the fragmentation described for the saponin references A-C (Table1). The sulfate group was linked at hexose unit witnessed by the ion at m/z 241 ( 3 X2α) (Fig. Y). Thus, the ester chain in 9-12 could be assigned as

O-sulfate-hexosyl-(1→3)-[pentosyl-(1→4)]-deoxyhexosyl-(1→2)- deoxyhexoside.
The base peak at m/z 665.160 in MS/MS spectra of compounds 9a and 9b ([M-H] -at m/z 1605.626) corresponded to the aforementioned ester chain, thus indicating the loss of the acetate in comparison with the saponin references A and B (Table 2, Fig. 3). At low value of hcd, the fragment at m/z 1525.680 derived from the sulfate group elimination. Our tentative assignment of these saponins is GOTCAB, having a tetrasacharide chain at C-28 consisting of two desoxyhexoses, pentose, hexose and a sulfate group. These GOTCAB were the most abundant saponins in GTR. To the authors' knowledge there are no literature data for a saponin with matching mass spectral data. Concerning 10a and 10b, there was mass difference of 14 between their C-3 trisaccharidic chains and that in saponin D, C-3 oligosaccharide was identified as Hex-Hex-Pent. These two compounds have a trisaccharide chain possessing hexose at the place of glucuronic acid. Peaks 11a and 12a showed prominent fragment ions at m/z 665.161 [ester chain-H] -, suggesting the same ester chain as in saponin 9a (Table 2). The mass difference of 132.042 indicated the loss of a pentose unit and that 11a and 11b possess a C-3 disaccharide chain consisting of hexose and hexosuronic acid. MS data of compounds 12a-12d, showed the [M-H] -at m/z 1635.638 corresponding to 162 uma higher than that of 11a, and indicating the presence of an additional hexose unit in C-3 carbohydrate chain. In comparison with compounds 9a-9b, the pentose was replaced by a hexose in the C-3 trisaccharide chain. Saponins 10-12 were not described in the literature. The fragmentation observed for 13a ([M-H] -at m/z 1751.684) exhibited the loss of a sulfate group at m/z 1671.691 and a trisaccharidic chain at m/z 1281.530. At high value of hcd, the compound generated base fragment ion at m/z 811.198 [ester chain-H] -, suggesting an additional deoxyhexose moiety in C-28 ester chain in comparison with 9a (Table 2). In the same way, peaks 14a ([M-H] -at m/z 1737.668) produced a major ion at m/z 797.202 [ester chain-H] -. Fragment ions were in good agreement with those of 9a, except for the appearance of an additional pentose unit in the ester chain (Table 2). Parent ion at m/z 1767.686 [M-H] - (15a) afforded significant fragments at m/z 827.215 [ester chain-H] -, 665.162 [ester chain-H-Hex] -and 503.108 [ester chain-H-2Hex] -indicating the presence of supplementary hexose unit in the ester chain in comparison with 9a. Compounds 13-15 were newly identified and the location and the type of supplementary sugar unit must be determined.

Type III -GOTCAB saponins with C-28 oligosaccharide substituted with both acyl and sulfate grou. Four compounds 16a-16d with [M-H] -at m/z 1647.637 were observed with different retention times in HILIC UHPLC-MS (Table 2). At high value of hcd 16a afforded a fragment ions at m/z 1177.510 [M-H-Hex-Pen-HexA)] -and 939.464 [M-H-2dHex-Pent-Hex-Ac-SO3] -corresponding to the loss of C-3 trisaccharide chain and C-28 ester chain, respectively. In addition, 16a displayed fragment ions at m/z 707.171 [ester chain-H] -(base peak) and 469.332 [gypsogenin-H] -. Thus, fragmentation pattern is in agreement with the structure of compound C previously reported from G. trichotoma roots [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF]. Based on the identical molecular weights, retention times and proposed fragmentation patterns observed in the UHPLC-MS analysis, compounds 16d, 16a and 16c were assigned to saponin references A, B and C, respectively, named 3

-O-(α-L- arabinopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(3-O- sulfate-β-D-glucopyranosyl-(1→3)-[β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl- (1→2)-4-O-acetyl-β-D-fucopyranosyl)-gypsogenin, 3-O-(β-D-xylopyranosyl-(1→3)-β-D- galactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(3-O-sulfate-β-D-glucopyranosyl- (1→3)-[β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-4-O-acetyl-β-D- fucopyranosyl)-gypsogenin, and 3-O-(α-L-arabinopyranosyl-(1→3)-β-D-galactopyranosyl- (1→2)]-β-D-glucuronopyranosyl)-28-O-(3-O-sulfate-β-D-glucopyranosyl-(1→3)-[β-D- xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-3-O-acetyl-β-D-fucopyranosyl)-
gypsogenin, respectively. In addition, 16b and 16c eluted earlier than corresponding pair of isomers 16d and 16a suggesting 16b may possess acetyl group at β-D-Fucp C-3. Two pairs of isomers differ in the acetyl group position. Compound 16b is thus a new saponin, 2). Thus, compounds 17a-17d corresponded probably to the sulfated derivatives of compounds J/K with sulfate on the glucose moiety, as deduced from the pic at m/z 241.002 [ester chain-H-2dHex-Pent-MeCin] -, and were new compounds. Compounds 18a displayed prominent ion at m/z 749.183 [ester chain-H] -indicating the presence of additional acetyl group in the ester chain in comparison with saponin references A-C. Thus, compounds 18a-18d corresponded probably to the sulfated derivatives of compound references E and F with sulfate on the glucose moiety, as deduced from the pic at m/z 241 [GlcSO3-H] -, and were new compounds. The presence of supplementary pentose in C-28 ester chain was evidenced in saponins 19a-19c, which showed related fragmentation pattern as saponins A-C after the loss of this pentose. Similarly, compound 20a with parent ion at m/z 1809.693 [M-H] -, 162.059 mass units higher than that of saponin references A-C, showed prominent ions at m/z 1177.503 [M-H-trisaccharidic chain-Hex] -, with fragments ions at m/z 869.228 [ester chain-H] -and 707.171 [ester chain-H-Hex] -consistent with one additional hexose unit on the ester chain (Table 2). These compounds (19a-19d and 20a-20d) were not previously described. MS spectra of the pair of isomers 21a and 21b at m/z 1525.672 indicated the absence of both acyl and sulfate groups. The fragmentation pattern consists with that of saponin reference G [START_REF] Voutquenne-Nazabadioko | Triterpenoid saponins from the roots of Gypsophila trichotoma Wender[END_REF][START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. [START_REF] Frechet | Four triterpenoid saponins from dried roots of Gypsophila species[END_REF] and G. oldhamiana [START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. By comparing the retention time and MS/MS of the GTR saponins with those of reference saponins, peaks 1a, 2a, 2b, 16c, 16d, 16a, 21a were ascribed unambiguously to saponin references D, E, F, C, A, B and G, respectively. Other peaks were tentatively identified by detailed studies of their MS and MS/MS data, and by comparison with literature data. Fragmentation patterns of G. trichotoma GOTCAB saponins indicated that they shared the same aglycone, gypsogenin. Saponins appeared to be 3,28-O-bidesmosides containing two carbohydrate chains: one attached via a glycosidic binding at C-3 and one ester-bonded at C-28 of aglycone. At hcd=25-30 a majority of GOTCAB typically produced intense ions indicating the loss of both carbohydrate chains without diminishing the ability to distinguish the [M-H] -ions. At low value of hcd, saponins produced fragment ions attributed to the loss of acyl and (or) sulfate groups, as well as ions indicating the sequential loss of sugar residues. (Figure 5, X,Y, Table 1). Our strategy for recognition of GOTCAB was based on the diagnostic ions for each type saponins in GTR. Thus, the fragment ions attributed to the loss of one acyl group, terminal acylated hexose, and trisaccharidic chain together with one (two) acyl groups, could be considered diagnostic ions for acylated GOTCAB saponins. The relative abundance of ions at 807.416, 759.395, 745.416 and 727.405 were related to the position of the glycosylation on the glucuronic acid of the C-3 trisaccharidic chain, more abundant in C-2 than in C-3. The fragmentation of the aglycone gypsogenin yielded the characteristic product ion at m/z 423.3258 deriving from the loss of HCO2H. The fragment ions at m/z 665.159, 519.101 and 241.001 together with [ester chain-H] -(base peak), and [M-HSO3] -(at low value of hcd) can be considered as the diagnostic ions for sulfated GOTCAB saponins. In this group, the relevant ions 3,5 A0α (-100), 0,3 A0α (-116) and 1,3 A0α (-128) from the cross-ring cleavages were indicative of deoxyhexose moieties (Fig. Y). The presence of low abundant ions [ester chain-Pent-(dHex+Ac)-3,5 A1α] -and [ester chain-Pent-(dHex+Ac)-1,3 X1α] - pointed to the hexose and pentose glycosylation position in C-28 ester chain, respectively. Particularly, internal cleavages 3,4 A0α and 3,5 A0α indicated acylation at C-4 terminal deoxyhexose hydroxyl. Acylated and sulfated GOTCAB showed the same fragmentation pattern as the saponin references with sulfated C-28 oligosaccharide together with the ion at m/z 241.001 [GlcSO3-H] -. Both C-3 trisaccharides with terminal xylose/arabinose cause the appearance of characteristic pairs of saponins differing in the terminal sugar of C-3 trisaccharidic chain. Additional pairs of isomers resulted from the substitution with acetyl, sulfate and methoxycinnamoyl groups at C-28 ester chain. It seems that most of G. trichotoma saponins occur as isomeric pairs in the profiling with members of pairs differing in retention times based on their matching mass fingerprints. Their structural differences were attributed to both the pentose unit in C-3 trisaccharide and the location of acyl groups. The existence of isomers possessing acetyl group on the fucose moiety could be attributed to an isomerization by migration of the acetate from the position 3 to the position 4 and reversely.

tentatively named 3-O-(β-D-xylopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-D- glucuronopyranosyl)-28-O-(3-O-sulfate-β-D-glucopyranosyl-(1→3)-[β-D-xylopyranosyl- (1→4)]-α-L-rhamnopyranosyl-(1→2)-3-O-acetyl-β-D-fucopyranosyl)-
The main finding of this study was that we put forward a strategy for the tentative identification of Gypsophila GOTCAB saponins by HRMS and MS/MS data. This strategy was based on the fact that GOTCAB have two oligosaccharidic chains and the aglycone part is triterpenoid carboxylic acid. In this way we tentatively identified a large number of triterpenoid saponins for the first time in HILIC UHPLC-MS, not previously reported in G. trichotoma. HILIC separation indicated a much broader range of GOTCAB than these in RP UHPLC-MS analysis due to the superior selectivity and peak capacity of this stationary phase. The proposed HILIC UHPLC method enabled the separation and identification of GOTCAB saponins with advantages in terms of selectivity in comparison with the relatively time consuming isolation and structure determination procedures typically employed for saponins. The analysis of HR-MS/MS data after HILIC UHPLC separation gave 21 saponins forming between 2 and 4 isobaric and positional isomers classified into three types of compounds depending of the type of substituent on the C-28 oligosaccharide, acyl and/or sulfate group. The type I is consistent with acylated GOTCAB saponins (1-8) from which 1a, 2a, 2b, 3a, 3c, 5a, 5c were identified as saponins references D, E, F, J, K, H and I, respectively. The type II sulfated GOTCAB saponins (9-15) were identified for the first time in this species and to our knowledge are not described in the literature. The type III -acylated and sulfated GOTCAB saponins (16-20) correspond to the saponin references A-C (16d, 16a, 16c) and their derivatives. Finally, compound 21a correspond to the non acylated and sulfated saponin reference G, and 21b to its isomer isolated in G. paniculata [START_REF] Frechet | Four triterpenoid saponins from dried roots of Gypsophila species[END_REF] and G. oldhamiana [START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF]. Recently, new bidesmosides with an acetyl or a methoxycinnamoyl group at C-28 ester chain, as well as 3-O-β-sulfated monodesmosides were reported from the roots of some Gypsophila species [START_REF] Krasteva | 3-O-Sulfo-triterpenoid saponins from Gypsophila trichotoma Wend[END_REF][START_REF] Yao | New Triterpenoid Saponins from the Roots of Gypsophila paniculata L[END_REF]Luo et al., 1011). G. trichotoma is the only species with acetylated and sulfated GOTCAB saponins [START_REF] Gevrenova | QSAR study on saponins as cytotoxicity enhancers[END_REF]. Four isobars (6a-6d) matched with compound 3 isolated from G. perfoliata [START_REF] Chen | New triterpenoid saponins from the roots of Gypsophila perfoliata Linn[END_REF] and its isomers. It is consistent with our results from the previous study, where the saponin composition of Bulgarian G. trichotoma was very similar to those observed in G. perfoliata, originated from China [START_REF] Gevrenova | QSAR study on saponins as cytotoxicity enhancers[END_REF]. In the UHPLC-MS analysis of GTR, two saponins at m/z 1725.738 (6a-6d) and 1525.669 [M-H] -(21a-21d) were related to those reported in G. oldhamiana [START_REF] Zhang | Different apoptotic effects of triterpenoid saponin-rich Gypsophila oldhamiana root extract on human hepatoma SMMC-7721 and normal human hepatic L02 cells[END_REF], G. paniculata [START_REF] Frechet | Four triterpenoid saponins from dried roots of Gypsophila species[END_REF] and G. perfoliata [START_REF] Chen | New triterpenoid saponins from the roots of Gypsophila perfoliata Linn[END_REF]. The selective profiling of GOTCAB presented here provides a base for more comprehensive survey of saponins distributed in Gypsophila species. These types of chemical inventories are necessary to understand the distribution and functional significance of saponins in plants and ultimately for future efforts to promote the health benefits of these medicinally important compounds. The combination of higher selective HILIC-UHPLC with HRMS and MS/MS detection enlarges the capabilities for recognition of new saponins. 1). 

Figure captions

  . At low value of hcd 1a produced fragment ions at m/z 1525.679 [(M-H)-Ac] -, 1405.629 [(M-H)-Hex] -and 1141.776 [(M-H)-Hex-2Pen] -. At high value of hcd, this compound displayed fragment ions at m/z 1363.079 [M-H-Hex-Ac] -, 807.419 [M-H-ester chain-Pen] -and 469.332 [gypsogenin-H] -. Peaks at m/z 451.322 [aglycone-H-H2O] -, 439.322 [aglycone-H-H2CO] -, 423.327 [aglycone-H-HCO2H] -and 405.316 [aglycone-H-HCO2H-H2O] -are ascribed to the gypsogenin. The loss of 628.212 amu corresponded to a branched tetrasaccharide ending with both hexose and pentose. The isotopic peak profile of m/z 1567.673 corroborated the predicted molecular formula of C72H111O37, as the relative intensities of isotopic peaks matched closely with the simulated theoretical ones. The retention time of compound 1a is in good agreement with reference compound D as well. Thus compound 1a is identified as saponins D or 3-O-(α-L-arabinopyranosyl-(1→3)-β-Dgalactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(β-D-glucopyranosyl-(1→3)-[β-Dxylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-4-O-acetyl-β-D-fucopyranosyl)gypsogenin. Compound 1c also displayed the same mass fingerprint as compound D suggesting 1c may possess β-D-Xylp at C-3 trisaccharide, thus favoring longer retention time. Based on the identical molecular weights and MS/MS fragmentation patterns, compounds 1c was tentatively assigned to the isomer of saponin D or 3-O-(β-Dxylopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(β-Dglucopyranosyl-(1→3)-[β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-4-O-acetylβ-D-fucopyranosyl)-gypsogenin, previously isolated from GTR (Voutquenne-Nazabadioko et al., 2013). Compounds 1b and 1d could be differentiated by the location of the acetyl group as observed in saponin reference C. They are tentatively identified in our analysis as the acetate isomers of 1a and 1c with fucose position 3 acetylated. At low value of hcd the parent ion at m/z 1609.695 for compounds 2a-2b yielded fragment ions at m/z 1567.681 [M-H-Ac] -, 1477.649 [M-H-Pen] -and 1405.637 [M-H-Hex-Ac] -, indicating an ester chain substituted by both terminal acetylated hexose and terminal pentose. By comparing the retention times and MS/MS spectra with those of saponin references, compounds 2a and 2b were ascribed to saponins E and its isomer F, respectively. Thus compound 2a is 3-O-(α-L-arabinopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-Dglucuronopyranosyl)-28-O-(6-O-acetyl-β-D-glucopyranosyl-(1→3)-[α-L-arabinopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-4-O-acetyl-β-Dfucopyranosyl)-gypsogenin, and compound 2b is 3-O-(β-D-xylopyranosyl-(1→3)-β-Dgalactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(6-O-acetyl-β-D-glucopyranosyl-(1→3)-[α-L-arabinopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-4-O-acetyl-β-D-fucopyranosyl)-gypsogenin As previously described, two GOTCAB isomers J and K with molecular weight 1686 have a methoxycinnamoyl (MeCin) moiety attached to β-D-Fucp C-4 of the C-28 ester chain (Voutquenne-Nazabadioko et al., 2013). The fragmentation of 3a gave ions at m/z 939.464 [(M-H)-2dHex-Pent-Hex-MeCin] -and 469.332 [gypsogenin-H] -(Table

  gypsogenin. At high value of hcd 17a (parent ion at m/z 1765.673 [M-H] -) produced a base peak at m/z 825.215 [ester chain-H] -and fragment ions at m/z 1295.554 [M-H-470] -, 647.152 [ester chain-H-MeCin-H2O] -, and 519.104 [ester chain-H-dHex-MeCin] -. The formation of fragment ions at m/z 177.054 and 145.028 was favored for the presence of a methoxycinnamoyl moiety attached to C-4 of the terminal deoxyhexose moiety (instead of an acetyl group in saponin references A-C) witnessed by the fragments at m/z 607 and 527 (Table

  Compounds 21a was assigned to saponin reference G, also named 3-O-(α-L-arabinopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(β-D-glucopyranosyl-(1→3)-[β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-β-D-fucopyranosyl)-gypsogenin (Voutquenne-Nazabadioko et al., 2013). This MS data could also correspond to their isomer 3-O-(β-Dxylopyranosyl-(1→3)-β-D-galactopyranosyl-(1→2)]-β-D-glucuronopyranosyl)-28-O-(β-Dglucopyranosyl-(1→3)-[β-D-xylopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→2)-β-Dfucopyranosyl)-gypsogenin, isolated previously from the roots of G. paniculata

Fig. 1 .

 1 Fig. 1. Chemical structure of GOTCAB saponin references.

Fig. 2 .

 2 Fig.2. Extracted ion chromatograms of isobaric saponins with monoisotopic mass 1648.637 at m/z of their [M-H] -ion at negative ion mode (a1) and [M+H] + ion at positive ion mode (b1) obtained by RP separation; (-) ESI-MS spectra of the peaks with retention time 13.84 (a2) and 13.33 (a3) on the chromatogram a1; (+) ESI-MS spectra of the peaks with retention time 14.62 (b2),13.82 (b3), 13.35 (b4) and 12.68 (b5).Chromatographic conditions and injection volume were the same in both experiments.

Fig. 3 .

 3 Fig. 3. Comparison of reversed phase (RP) separation (chromatograms up) and hydrophilic interaction liquid chromatography (HILIC) separation (chromatograms down) of some G. trichotoma GOTCAB saponins by the extracted chromatograms at m/z of their molecular [M-H] -ions at negative ion mode of ESI-HRMS detection.

Fig. 4 .

 4 Fig. 4. Fragment MS/MS spectra of molecular [M-H] -ion with m/z=1647.637 of the saponin A (Figure 1, Table 1) at higher energy collisional dissociation (hcd) = 20 (a), hcd = 25 (b) and hcd = 30 (c) and hcd = 35 (d).

Fig. 5 .

 5 Fig. 5. Fragment MS/MS mass spectra of the molecular [M-H] -ions of saponin references A÷G in negative ion mode (Fig. 1, Table1).

Fig. X .

 X Fig. X. The fragmentation pattern of saponin reference D. Experimental values for fragment ions identified by ESI-HRMS/MS are presented in Table1.

Table 1 .

 1 in Table1. Fig. Y. The fragmentation pattern of reference A ester chain. Experimental values for fragment ions identified by ESI-HRMS/MS are presented in Table1. Fragmentation pattern of saponin references A-K*.

	Saponin A	Saponin B	Saponin C	Saponin D	Saponin E	Saponin F	Saponin G	Saponins	Saponins	MS-fragments	Formula Theoretical
	C72H112O40S	C72H112O40S	C72H112O40S	C72H112O37	C74H114O38	C74H114O38	C70H110O36	H/I	J/K	assignment:*	mass
								C79H122O42	C80H118O38		

Table 2 .

 2 Tentative assignment of GOTCAB saponins from G. trichotoma roots (GTR) by MS and MS/MS data.

	Order No of the separated saponins	[m/z] of the molecular [M-H] -ion (measured)	Number of the separated isobaric isomers by by RP HILIC	MS/MS fragments of the main isomer [m/z]	Interpretation of the structure Fragments Tentative structure	[m/z] of the molecular [M-H] -ion (calculated)	Formula and monoisotopic mass (calculated)
			total total tr [min]		
	1a	1567.677	2	4	11.72*		

- [ester chain-H-2dHex-Pent] -( 3 X2α) - [ester chain-H-dHex] - [gypsogenin-H] - (C2α) [ester chain-H-2dHex-Pent] -( 3 X2α)