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Abstract  

The identification of bioactive constituents from complex mixtures of Natural Products (NPs) is an important 

field of applied chemometrics. It requires the thorough chemical analysis of sample material, which is generally 

facilitated by liquid chromatography coupled to high-resolution tandem mass spectrometry (LC-MS2). Providing 

a simple and time efficient complementary approach, the current work presents the use of matrix free laser 

desorption ionization mass spectrometry (LDI-MS) within a chemometric model that allows the identification of 

activity markers in complex mixtures. As a working example the correct prediction and consecutive isolation of 

Nps with notable anti-AGEs effects from crude bark extracts of Garcinia parvifolia is discussed. Results were 

thoroughly compared to those obtained by a concurrently performed LC-MS2 analyses. In addition, the 13C NMR 

dereplication tool MixONat was successfully used to confirm the structures of high yield activity markers directly 

from complex mixtures prior to their isolation. Overall LDI-MS yielded comparable results to LC-MS2 and should 

be considered as complementary technique in applied chemometrics. 

Keywords Chemometrics, matrix free laser desorption ionization mass spectrometry, LC-MS2, 13C NMR 

dereplication; anti-AGE activity, Garcinia parvifolia 
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1. Introduction 

Chemometric analyses have become an important tool in NPs research. These techniques permit the chemical 

characterization of sample material, but also spotting activity markers within complex mixtures by various 

statistical means. While e.g. Principal Component Analysis (PCA) [1] facilitates the grouping of sample material 

according to its chemical profile, Partial Least Squares (PLS)  regression analysis may further include biological 

or chemical activity data [2], thus allowing the identification of sample-specific activity markers [3]. 

Independently from the applied statistical model, all chemometrics do require sound analytical data to yield 

exploitable results. In this respect, liquid chromatography coupled to high-resolution tandem mass spectrometry 

(LC-MS2) is considered a gold standard method. Combining the assets of chromatographic separation with the 

sensitivity of mass spectrometry, the technique permits the detection of a wide range of NPs at very low 

concentrations [4]. However, despite these indubitable benefits, LC-MS2 may still encounter certain limitations. 

For example, sample solubilization is generally limited to mobile phases, mostly comprising mixtures of 

acetonitrile, methanol, and water, which are not well adapted to lipophilic compounds. Commonly applied 

electrospray ionization (ESI) typically promotes the formation of quasi-molecular ions such as [M+H]+ or [M-

H]–. However, certain constituents, e.g. the lichen quinones haemventosin and parietin, preferably form radical 

ions and may fail to ionize in ESI [5]. Similar observations were also made for some vitamin E isomers [6]. 

Facilitating the formation of both, radical and quasimolecular ions [5-7], matrix free laser desorption ionization 

mass spectrometry (LDI-MS) may therefore provide a valuable supplement to LC-ESI-MS [8]. As many NPs 

show good absorption at the emission wavelength of common UV-LDI lasers, the method covers a wide range of 

chemically diverse compounds such as alkaloids [9], phenolics [10, 11] or cannabinoids [12]. Moreover, LDI-

MS may be directly applied on crude extracts of different polarities [9, 10] without any sample prepurification 

steps and even works on powdered non-extracted plant material [13]. In addition, experimental times are much 

shorter than in LC-MS2. However, despite these promising results and to the best of the authors’ knowledge, LDI-

MS has never been included into a chemometric workflow targeting the prediction of (bio)active compounds. 

With this in mind, the current manuscript describes the step-by-step development of an LDI-MS based 

chemometric PLS regression model for the identification of activity markers from complex mixtures of NPs. A 

fluorometric assay measuring the inhibition of the formation of advanced glycation end-products (AGEs) was 

used for activity evaluation [14, 15]. In the process, a statistical model based on well-defined mixtures of active 

and inactive reference compounds was first established (I). Next, real-life samples comprising four Garcinia 

parvifolia bark extracts were studied (II). Results were then compared to concurrently performed LC-MS2 based 
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chemometrics (III). Finally, selected activity markers previously identified by LDI-MS and LC-MS2 were 

analyzed by MixONat, a free 13C NMR dereplication tool (IV) that was developed in the SONAS laboratory [16].  

2. Material and methods 

 

2.1. Standard mixtures reference compounds, extraction solvents  

Reference compounds amentoflavone (1) and betulinic acid (2) were purchased from Extrasynthese (Genay, 

France), while ferulic acid (3) was bought from Sigma Aldrich (St. Louis, USA), and 3-hydroxyxanthone (4) was 

obtained from Thermo Fisher (Kandel, Germany). Stock solutions of all compounds were prepared in acetone at 

a concentration of 10.0 mg/mL. Working solutions were prepared in molar ratios outlined in Table 1. A detailed 

experimental protocol is provided in Table S1 (supplementary material). Except for acetone (analytical grade), 

all solvents used for stock solutions, plant extractions, flash chromatography and thin layer chromatography 

(TLC), were of HPLC grade and purchased from Carlo Erba reagents, (Val-de-Reuil, France). 

2.2. Plant collection 

Garcinia parvifolia bark samples were collected in Malaysia at four different locations: KL5670, Hutan Simpanan 

Meranto Gua Musang, Kelantan (date of collection: 13.05.2009). KL5248: Hutan Simpanan Sungai Temau Luala 

Lipis, Pahang (date of collection: 25.05.2006). KL5259: Km 11 Sanggang, Kuala Kangsar, Perak (date of 

collection: 22.06.2006). KL5073: 1.2 km Kg. Toh Kah, Jerangau, Terengganu (date of collection: 20.08.2004). 

Plant material was verified by the botanist Mr. Teo Leong Eng and voucher specimens are kept at the herbarium 

of the Department of Chemistry, University of Malaya, Kuala Lumpur, Malaysia. 

2.3. Extraction procedure 

For initial experiments, 10 g of grinded G. parvifolia samples were mixed with 100 mL dichloromethane (DCM) 

and extracted at room temperature for 30 min using an ultrasound bath (Elma, Singen, Germany). The instrument 

operated at 280 W and at a frequency of 37 kHz. After filtration and solvent evaporation, the following dry 

weights were obtained: KL5670: 460 mg, KL5248: 470 mg; KL5259: 444 mg, and KL5073: 578 mg. In order to 

facilitate additional sample processing, KL5670 (80 g) was re-extracted using an up-scaled extraction protocol, 

which yielded 4.48 g of dry extract. 
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2.4. Flash chromatography 

Sample KL5670 (4.20 g) was fractionated on a CombiFlash Rf flash chromatograph (Serlabo Technologies, 

Entraigues, France) using a Puriflash 50SIHC-F0220 (220 g) silica gel column. The mobile phase consisted of 

petroleum ether (solvent A), an equivolumetric mixture of ethyl acetate and chloroform (solvent B), and methanol 

(solvent C). The flow rate was set to 50 mL/min and the following gradient was applied: 0 min, (A/B/C - 100/0/0); 

0-30 min, (A/B/C - 70/30/0); 30-60 min, (A/B/C - 70/30/0); 60-65 min, (A/B/C - 65/35/0); 65-78 min, (A/B/C - 

65/35/0); 78-80 min, (A/B/C - 61/39/0); 90-110 min, (A/B/C - 61/39/0); 110-130 min, (A/B/C - 40/60/0); 130-

140 min, (A/B/C - 0/100/0); 140-170 min, (A/B/C - 0/100/0); 170-190 min, (A/B/C - 0/90/10); 190-200 min, 

(A/B/C - 0/80/20); 200-230 min, (A/B/C - 0/80/20). In order to reasonably reduce the number of samples for 

consecutive LDI-MS and UPLC-MS2 experiments, fractions were roughly combined according to their analytical 

TLC profile (data not shown). All TLC experiments were conducted on analytical silica gel 60 TLC plates (Merck, 

Darmstadt, Germany) comprising a fluorescence indicator at λ: 254 nm. Mobile phases consisted of mixtures of 

DCM/MeOH and were adapted according to sample requirements. Overall, 14 recombined fractions were 

obtained (Figure S1, supplementary material). 

2.5. Experimental preparative HPLC conditions 

Fraction 6 (135 mg) and Fraction 10 (270 mg) were dissolved in MeOH (HPLC grade, VWR chemicals, Rosny-

sous-Bois, France) before being processed on a Nexera Prep (Shimadzu, Kyoto, Japan) preparative HPLC system 

using a Pursuit XRs 5 C-18 column (250 x 21.2 mm, 5 µm, Agilent, Santa Clara, California, USA). The mobile 

phase consisted of HPLC grade water (Solvent A) and acetonitrile (Solvent B, VWR chemicals) and the flow rate 

was set to 21.2 mL/min. The injection volume was 2 mL. 

Chromatograms were recorded at 254 and 280 nm. For F6 the solvent gradient was as follows: 0 min, 45% B; 0-

25 min, 50% B; 25-30 min, 70% B; 30-35 min, 100% B; 35-40 min, 100% B. Two repetitive injections (56.4 and 

78.6 mg) were performed and yielded 57.0 mg of rubraxanthone (5) at a retention time (rt) of 21.0 min. 

Fraction 10 was processed using the following solvent gradient: 0 min, 60% B; 0-15min, 65% B; 15-20 min, 70% 

B; 20-30 min, 100% B; 30-35 min, 100% B. Overall, three repetitive injections (50.4, 94.3 and 120.0 mg) were 

performed yielding 46.5 mg of isocowanol (6, rt: 26.7 min ) and 15.4mg of parvixanthone G (7, rt: 12.5 min).  
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2.6. Experimental UPLC-MS conditions 

All experiments were conducted at 25°C on an Acquity UPLC system (Waters, Manchester, UK) using a HSS T3 

C-18 (2.1 x 100 mm, 1.8 µm) UPLC column (Waters). LC-MS grade water (solvent A) and acetonitrile (solvent 

B, LC-MS grade, VWR chemicals), both supplemented with 0.1% of formic acid (LC-MS grade, VWR chemicals) 

were used as mobile phases. Chromatographic conditions for crude extracts and subfractions of KL5670 are 

outlined below. 

Crude extracts: Samples were dissolved in LC-MS grade methanol (VWR chemicals) at a concentration of 

0.5 mg/mL and injected in triplicate (injection volume 1 µL). The mobile phase gradient was as follows: 0 min, 

30% B; 0-10 min, 80% B; 10-17 min 100% B; 17-20 min, 100% B. The flow rate was 0.3 mL/min.  

Subfractions of KL5670. Samples were dissolved in LC-MS grade methanol (VWR chemicals) at a concentration 

of 0.02 mg/mL and injected in triplicate (injection volume 1 µL). The mobile phase gradient was as follows: 

0 min, 40% B; 0-5 min, 80% B; 5-10 min 100% B; 10-12 min, 100% B. The flow was set to 0.4 mL/min.  

Mass spectrometry settings for all samples: Mass chromatograms and spectra were recorded on a 

WatersXevo®G2-S QTOF mass spectrometer (Waters) using negative electrospray ionization. Source parameters 

were as follows: capillary and cone were set to 0.50 and 40kV, respectively. Desolvation gas flow was 1000 L/h 

at 36 °C, and cone gas was set to 100 L/h. Source temperature was 120 °C and data were collected in continuum 

mode at 0.5 scan/s. Instrument calibration was conducted using a leucine-enkephalin solution at a flow rate of 

5 µL/min (calibration points: 554.26202 for negative mode). All LC-MS2 data were acquired in Data Dependent 

Analysis (DDA) mode. The mass analyzer mass range was set to 50-1200 Da for full scan mode (scan time: 0.5/s). 

The MS2 mode was automatically activated once the Total Ion Current (TIC) exceeded 20,000 intensity/s (crude 

extracts) or 10,000 intensity/s (subfractions of KL5670) but remained in MS mode when TIC was below these 

thresholds. Collision energy ramps of 20–25 V for low-mass, and 65–85 V for high-mass analytes were employed. 

2.7. Experimental LDI-MS conditions 

Experiments were conducted on a Spiral-TOF mass spectrometer (JEOL Ltd., Tokyo, Japan), equipped with a 

pulsed laser operating at 349 nm. Spectra were recorded within a mass range of 50−1200 m/z. Preceding 

experiments have shown that best results were obtained in negative ionization mode, so all spectra were recorded 

in high-resolution spiral negative mode. Laser frequency (50-100 Hz), detector gain (49-67 %) and laser power 

(55-80 %) were individually adapted to samples requirements. 

Standard mixtures of reference compounds initially prepared in acetone were dried and redissolved in DCM. 

Crude G. parvifolia extracts as well as subfractions of KL5670 were dissolved in a mixture of DCM/MeOH 
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(60/40) at a concentration of 10.0 mg/mL. All samples were deposited in quadruplicates (0.5 µL/each) on the 

sample carrier. 

2.8. UPLC-MS2 data processing and chemometric analysis 

Automated data alignment and peak-picking were conducted by the ProgenesisQI software (Waters, Newcastle, 

UK). Results were thoroughly inspected and manually corrected if necessary (e.g., regrouping of some ions with 

identic retention times, peak shapes and/or isotopic distribution). An ANOVA tag (p-value ≤ 0.05) was applied 

to eliminate non-reproducible data. All ions without MS2 fragmentation were removed and data were then 

processed by the Progenesis MetaScope dereplication tool. The latter creates theoretical fragmentation patterns 

from imported structures and compares them with experimental MS2 data [17]. Putative structural assignments 

were made using the “Predicted Carbon-13 NMR Data of Natural Products” (PNMRNP) database, which 

comprises 211,280 NPs [18]. All structures were exported as .sdf, a format that is compatible with ProgenesisQI. 

Fragmentation tolerance was set to 5 ppm. Based on these parameters ProgenesisQI created a list of possible 

structures with their respective probability scores.  

Finally, a PLS regression analysis based on spectrometric information (m/z values, retention times and peak areas) 

as well as activity data (AGEs inhibition) was conducted on EZinfo 3.0 for Waters (Umetrics, Umea, Sweden). 

The Pareto scale setting was applied. 

2.9. LDI-MS data processing and chemometric analysis 

Spectral data were exported as text files (.txt) using the Tornado MS (JEOL) software. Post-acquisition calibration 

and automated peak-picking were conducted by the mMass software [19]. Results were thoroughly inspected and 

manually corrected if necessary. All spectra were normalized by dividing the intensities of individual mass signals 

by the overall sum of all detected signals within a spectrum. Spectra were then aligned using the MassUp software 

[20]. Finally, PLS analyses based on LDI-MS (m/z values, normalized signals intensities) and activity data (AGEs 

inhibition) were performed on EZinfo (Umetrics, Umea, Sweden) using the same parameters as applied for LC-

MS2 data. 

2.10. Experimental NMR conditions 

Experiments (1H NMR, 13C NMR, DEPT-135, DEPT-90 and 2D NMR) were performed on a JEOL 400 MHz 

NMR spectrometer (JEOL, Tokyo, Japan) equipped with an inverse 5 mm probe (ROYAL RO5). Chemical shifts 

(δH and δC) were expressed as ppm and 1H coupling constants (J) are provided in Hz. Depending on their solubility 

samples were dissolved either in deuterated DMSO-d6 or acetone-d6 both purchased from Eurisotop, (St-Aubin, 
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France). For dereplication experiments M1 (10.0 mg) was dissolved in 500 µL DMSO-d6, while F6 (50.0 mg) 

and F10 (40.0 mg) were dissolved in 500 µL acetone-d6. 

For 13C NMR (100 MHz) spectra, a WALTZ-16 decoupling sequence was used with an acquisition time of 1.04 s 

(32,768 complex data points) and a relaxation delay of 2 s. The number of acquisitions (512 – 20,000 scans) was 

individually adapted to sample requirements. A 1 Hz exponential line-broadening filter was applied to each FID 

prior Fourier transformation. Raw data were processed by MestReNova 12.0.2 (Mestrelab Research, Santiago de 

Compostela, Spain) and calibrated to solvent peaks at δC 39.52 ppm (DMSO-d6) or 29.84 ppm (acetone-d6) 

respectively. Manual phasing and baseline correction were conducted. DEPT experiments were aligned with 13C 

spectra at a given δC. Positive 13C NMR and DEPT-90 as well as positive and negative DEPT-135 signals were 

collected and exported as .csv files. 

2.11. 13C-NMR dereplication 

All 13C NMR and DEPT data were processed by the MixONat 13C NMR dereplication tool [21, 22]. In preparation 

of this analysis, reported structures of the Garcinia genus were first downloaded from the Dictionary of Natural 

Products [23], and compiled in a Garcinia database (Garcinia DB). The latter comprised 718 entries, which were 

saved in the SDF format. Next, a second, xanthones specific database (Xanthone DB) was created from the 

Universal Natural Products Database (UNPD), which comprises 211,280 NPs [24]. In order to meaningfully 

reduce the overall number of compounds, UNPD was filtered by a xanthone scaffold using the ACD/NMR 

Predictors (C and H) and DB software, version 2019 (Toronto, Canada). Finally, 1694 xanthone structures were 

obtained from UNPD. Their 13C NMR shifts (δC-SDF) were then simulated by the ACD/NMR Predictors (C and 

H) and DB software as well as the CTypeGen routine from MixONat used for differentiating methyl, methylene, 

methine or quaternary δC-SDF to get DBs compatible with MixONat [25, 26]. Comparing simulated with 

experimental data (13C NMR, DEPT-135 and 90), MixONat then ranked associated structures with a score from 

0 to 1 (where 1 indicates a full match and 0 the absence of any similarity between simulated and experimental 

spectra). Finally, experimental data of highest ranked candidates were compared with the literature in order to 

confirm proposed structural assignments. 

2.12. Advanced glycation end-products inhibition assay 

Experiments were conducted according to a previously described protocol [14, 15]. In short: Stock solutions (SS) 

of standard mixtures (M1-M6) and G. parvifolia bark extracts were prepared in DMSO at a concentration of 

10 mg/mL, while single compounds were dissolved at a concentration of 30 mM. These SS were then diluted 
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with 50 mM phosphate buffer (pH: 7.4) yielding working solutions (WS) at a concentration range of  10-2 to 10 

mg/mL for standard mixtures and bark extracts. The WS of single compounds were prepared at a concentration 

range of 3x10-2 to 30 mM. Next 10 µL of each WS were deposited in 96 black well bottom plates (Fisher 

Scientific, Illkirch, France) and mixed with 90 µL of a solution containing bovine serum albumine (11 mg/L, 

Sigma Aldrich, St Quentin Fallavier, France), D-ribose (0.25 M, Acros Organics, Geel, Belgium), and phosphate 

buffer (50 mM, NaN3 0.02%, pH 7.4). Plates were then incubated for 24h at 37°C, before being fluorometrically 

analyzed (λexc: 335 nm, λem: 385 nm) on an Infinite M200 plate reader (Tecan, Lyon, France). The formation of 

AGEs was calculated according to the following formula (FI = fluorescence intensity):  

𝐹𝐼 (𝐵𝑆𝐴 + 𝑟𝑖𝑏𝑜𝑠𝑒 + 𝑠𝑎𝑚𝑝𝑙𝑒) − 𝐹𝐼 (𝐵𝑆𝐴 + 𝑠𝑎𝑚𝑝𝑙𝑒) x 100

𝐹𝐼(𝐵𝑆𝐴 + 𝑟𝑖𝑏𝑜𝑠𝑒) − 𝐹𝐼(𝐵𝑆𝐴)
 

Aminoguanidine (Sigma Aldrich, St Quentin Fallavier, France) was used as positive, a mixture of BSA + ribose 

as negative control. A BSA solution served as blank. Results were expressed as IC50 values in µg/mL (mixtures 

and extracts) or µM (single compounds).  

All experiments except for KL5259 (insufficient amount of material) were conducted in triplicate. For IC50 

calculations dose-effect curves were best fitted with a sigmoidal dose-response equation using the Sigma Plot 

12.0 software (Systat, Delaware, USA). 

3. Results and discussion 

3.1. Development of a LDI-MS based chemometric model using defined mixtures of reference compounds 

In order to create a working statistical model, six experimental mixtures (M1-M6) (Fig. S2, supplementary 

material) comprising different quantities of four structurally diverse reference compounds were used. All 

compounds were detectable by LDI-MS (Fig. S3, supplementary material) and showed very different inhibitory 

effects on AGEs formation (Fig. 1). Highest activity was observed for the biflavonoid amentoflavone (1) 

(IC50: 23 ± 2 µM), followed by ferulic acid (3) (111 ± 12 µM), and 3-hydroxyxanthone (4) (124 ± 14 µM), while 

the IC50 of the triterpene betulinic acid (2) exceeded 1.0 mM. 

Interestingly, M5, which exhibited the best activity of all mixtures, did not contain the highest amount of 1 (M2) 

(Table 1), which was the most active among all single compounds. Moreover, four mixtures M5, M2, M6, and 

M1 all exhibited rather similar IC50 values within a range of 26-38 µg/mL despite their very different relative 

composition. The situation is quite similar to what is often observed for complex mixtures of NPs such as crude 

(plant) extracts. These data, however, do not reveal the samples’ underlying active principle without further 
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statistical analysis. For that reason, PLS regression analysis [2] was selected as statistical model to reprocess these 

data. Unlike PCA, which solely permits the grouping of sample material according to its chemical composition 

[27], PLS may further include (bio)activity data. The method correlates independent [e.g. spectral data (X)], with 

dependent variables [activity data, response variable (H)] as well as variables between themselves [28]. Results 

from this analysis are summarized in Fig. 2. 

 

Fig. 1 Structures and anti-AGEs activities of reference (1-4) and isolated (5-7) compounds amentoflavone (1), 

betulinic acid (2), ferulic acid (3), 3-hydroxyxanthone (4), rubraxanthone (5), isocowanol (6) and parvixanthone 

G (7). Averaged IC50 values and standard deviations were calculated from three independent experiments. All 

compounds were detected as quasi-molecular ions [M-H]- in LDI and ESI-MS. An exhaustive list of theoretical 

and detected masses is provided in the supplementary material (Table S2). 
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Table 1. Standard mixtures of reference compounds and their anti-AGEs activities. Relative mixing ratios are 

expressed in mM. Inhibition of AGEs formation is expressed as IC50  (standard deviation). Aminoguanidine 

(AG) was used as positive control (IC50: 139  21 µg/mL or 1 900  300 µM). 

Standard 

mixtures 

Compounds AGEs inhibition 

IC50 (µg/mL) (1) (2) (3) (4) 

M5 2 3 6 6 26.3  1.5 

M2 12 3 6 6 28.3  3.2 

M6 7 7 7 7 34.7  3.2 

M1 5 5 13 12 38.0  5.0 

M4 2 3 32 6 58.0  4.6 

M3 2 14 6 6 73.0  5.6 

AG     139.0  21.0 

 

  

Fig. 2 Partial least square scores plot (a) of mixtures M1 to M6 and their anti-AGEs IC50 activities. 

Aminoguanidine was used as positive control (IC50: 139  21 µg/mL). Overall, four principal components 

accounted for 95.1 % explained variations (1st component: 54.18%; 2nd component: 23.37%; 3rd component: 

15.66%; 4th component: 1.89%). The PLS loadings plot (b) shows variables of each mixture and molecular ions 

of reference compounds 1-4 are marked as large diamonds and were all detected as [M-H]-. Large diamonds 
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within the cycle correspond to fragmentation ions of 1. The rest of the variables (small diamonds) correspond to 

fragmentation products of compounds 2-4. 

Highlighting the good repeatability of LDI-MS, all samples were correctly grouped according to their specific 

composition (Fig. 2a). Samples of highest activities (M5, M2, M6, M1, IC50: 26-38 µM) systematically showed 

up on the right side of the PLS scores plot, while less active M4 and M3 were found on the left. Most active M5 

was shifted to the upper-right corner far off the rest of the samples.  

The PLS loadings plot (Fig. 2b) then allowed estimating the specific contribution of individual reference 

compounds to observed anti-AGEs activities of experimental mixtures. According to current results, the farther a 

marker ion (diamonds) is shifted from the center towards the right side of the graph, the higher its potential 

contribution to anti-AGEs effects. Moreover, the closer the distance of a marker ion to a specific mixture, the 

higher its correlation to this sample and its activity. Several marker ions were found in close vicinity of specific 

mixtures. For example, 4 (211 m/z, IC50: 110.7 µM, upper-right corner) is strongly correlated to M5.  

On the other hand, most active 1 (537 m/z, IC50: 22.7 µM) is negatively correlated to M2, which on first sight 

appears contradictory, as M2 contains the highest quantity of 1 of all mixtures. However, 1 easily fragments in 

LDI producing fragmentation ions of much higher intensities than the initial non-fragmented compound. These 

ions are marked by a circle in Fig. 2b and correlate very well with M2. Consequently, PLS loadings plots must 

be always carefully examined with respect to potentially occurring LDI-induced fragmentation. 

Compound 3 (193 m/z, IC50: 110.7 µM) is correlated to M4, which is in line with the fact that the compound 

exhibits highest concentration in specific sample (Table 1). For samples M1, M3, M4 and M6, activity 

correlations to 1-4 were generally weak, proposing synergistic effects to explain the observed anti-AGEs effects.  

Overall, the LDI-MS based PLS loadings plot quickly identified 1 as a major activity marker, despite its strong 

in-source fragmentation. With regards to unknown samples, the latter may, however, easily lead to 

misinterpretation of results. Moreover, high resolution LDI-MS provides exact molecular formulas, but it does 

not allow final structural assignments. Therefore, 13C NMR dereplication may assist the process and provide 

essential hints for conclusive structure elucidation of major constituents in multi-compound mixtures. In the 

present case 13C NMR spectra (13C NMR, DEPT-135 and 90) were recorded for M1 (Fig. S4-S12, supplementary 

material) and consecutively processed by the MixONat dereplication software [16]. Based on 13C NMR data of 

718 compounds compiled in the Garcinia DB, MixONat correctly predicted the presence of all four reference 

compounds with the following matching scores: 0.97 for amentoflavone (1, rank 3), 0.87 for betulinic acid (2, 

rank 2), 1.00 for ferulic acid (3, rank 1), and 0.92 for 3-hydroxyxanthone (4, rank 4) (Fig. S14, supplementary 
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material). The dereplication analysis was completed within 30 minutes and experimental data were in line with 

previous reports (Table S3, supplementary material) [29–32]. 

3.2. The real-life example of Garcinia parvifolia 

In a next step the combined LDI-MS/13C NMR approach was extended to the chemometric analysis of four bark 

extracts (KL5670, KL5248, KL5073 and KL5259) of G. parvifolia, which all exhibited notable anti-AGEs effects 

(IC50 79-174 µg/mL, Fig. 3). Preceding analyses have further revealed that all extracts comprise significant 

amounts of xanthones [33]. The latter show close structural similarities to dithranol, an anthraquinone, which is 

used as a commercial matrix in matrix assisted laser desorption ionization (MALDI) (Fig. S15, supplementary 

material). Therefore, xanthones should easily ionize upon laser irradiation. All extracts were concurrently 

analyzed by LDI-MS and UPLC-MS2, and LDI-MS spectra as well as UPLC-MS chromatograms are show in 

Fig. S16 and Fig. S17 respectively (supplementary material). A direct comparison of LDI-MS and UPLC-MS2 

based PLS scores plots presented in Fig. 3a & 3c shows that both methods worked equally well for the 

differentiation of sample material according to its chemical composition. Overall, three principal components 

accounted for 98.63% (LDI-MS) and 99.91% (UPLC-MS) of explained variations and 406 (LDI-MS) as well as 

7726 (UPLC-MS2) marker ions were detected. The PLS loadings plot for LDI-MS (Fig. 3b) and UPLC-MS2 (Fig. 

3d) further revealed that most important activity markers (large diamonds) were commonly detected by the two 

methods. Noteworthy, while LDI-MS detected one marker ion at 427.1778 m/z (Fig. 3b), four ions with 

practically the same mass (427.1756, 427.1757, 427.1758 and 427.1760 m/z) all accounting for C24H28O7 were 

observed by UPLC-MS2 (Fig. 3d). This strongly suggests the presence of isomers. The latter can be differentiated 

by UPLC-MS2 but not LDI-MS due to the absence of chromatographic separation. Nevertheless, both methods 

linked activity markers at 409, 427 and 493 m/z to KL5670, as well as 531 m/z to KL5073 (Fig. 3b and 3d). 

Considering that KL5670 (IC50: 79.0  7.0 µg/mL) exhibited best anti-AGEs effects of all extracts, the sample 

was further processed by flash chromatography in order to refine its chemometric analysis. Overall, fourteen 

subfractions were obtained, evaluated on their anti-AGEs activities, and consecutively analyzed by LDI-MS and 

UPLC-MS2. The PLS analyses of these experiments are summarized in Fig. 4. As previously observed for crude 

extracts, LDI-MS and UPLC-MS2 yielded a very similar grouping of all subfractions in PLS scores plots (Fig. 4a 

& 4c). Moreover, loadings plots of both methods (Fig. 4b & d) commonly depicted previously identified activity 

markers 427 and 493 m/z next to F10 (IC50: 82  18.1 µg/mL), as well as 409 m/z next to F6 (IC50: 58  6.6 

µg/mL). In order to obtain further structural information about these compounds, F6 and F10 were analyzed by 

13C NMR and MixONat [16, 22, 32]. Next to comparing simulated with reported 13C NMR shifts, the program 
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further comprises a mass filter, which was set to 410 Dalton when studying F6. MixONat then ranked 

rubraxanthone (5) (hit score 92%) first of the 718 NPs found in the Garcinia DB database. Results were then 

crosschecked with experimental NMR data from the literature (Fig. S18−S22, Table S4, supplementary material) 

and further confirmed by ProgenesisQI assisted UPLC-MS2 data processing. There 5 was ranked in 6th place with 

a matching score of 55.1% out of 211,000 entries of PNMRNP database (Table S5, supplementary material).  

 

Fig. 3 Partial least square regression analysis of four G. parvifolia bark extracts (KL5670, KL5073, KL5259 and 

KL5248). Both LDI-MS (a) and UPLC-MS2 (c) scores plots yielded comparable group separation. Overall, three 

principal components accounted for 98.63% (LDI-MS) and 99.91% (UPLC-MS2) of explained variations 

[1st component: 82.23% (LDI); 94.15% (UPLC-MS2), 2nd component: 13.88%; 5.64% and 3rd component: 2.52%; 
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0.12%]. All data showed up within the Hoteling’s 95% confidence ellipse. The PLS loadings plots [LDI-MS (b) 

and UPLC-MS2 (d)] proposed identical signals for most prominent activity markers (large diamonds). Based on 

this information, compounds 5, 6 and 7 were consecutively isolated and tested (Fig. 1).  
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Fig. 4 Partial least square analysis of most active subfraction (F5-F14) obtained after the separation of KL5670 

by flash chromatography. As previously observed for crude bark extracts, both LDI-MS (a) and UPLC-MS2 (c) 

yielded very similar sample grouping of all analyzed samples. The PLS loadings plots (b, d) of both methods 

mutually linked activity markers isocowanol (6) and parvixanthone G (7) to F10 and rubraxanthone (5) to F6. 

Overall, three principal components accounted for 98.63% (LDI-MS) and 99.91% (UPLC-MS2) of explained 

variations [1st component: 82.23% (LDI); 94.15% (UPLC-MS2), 2nd component: 13.88%; 5.64% and the 3rd 

component: 2.52%; 0.12%)]. All data showed up within the Hoteling’s 95% confidence ellipse. 

For F10 the mass filter was set to 428 and 494 Da and MixONat proposed isocowanol (6) and parvixanthone G 

(7) at rank 1 and 3 with hit scores of 86 and 83% respectively (Fig. S23-S34, Table S6, supplementary material). 

The ProgenesisQI analysis ranked 6 and 7 in positions 4 and 2 with matching scores of 56.1 and 58.1 respectively 

(Table S7-S8, supplementary material). Finally, both compounds (6, 46.5 mg and 7, 15.4 mg) were isolated by 

preparative HPLC and analyzed by NMR for final structure confirmation. Results are summarized in the 

supplementary material (for 6: Fig. S35-41, Table S7S9; for 7: Fig. S34 and Table S6-S8). All isolated marker 

compounds (5-7) exhibited notable anti-AGEs activities in the range 123-170 µM (Fig. 1), confirming the 

proposed LDI-MS/13C NMR based chemometric model. 

3.3. 13C NMR assisted LDI-MS complementing UPLC-MS2 based chemometrics 

The example of G. parvifolia showed that LDI-MS may yield comparable results to UPLC-MS2 for the chemical 

and statistical differentiation of complex mixtures of NPs, provided target analytes ionize well upon laser 

irradiation. In such a case, LDI-MS may offer several advantages over LC based methods of mass spectrometry: 

LDI-MS experiments are completed within a few seconds instead of some tens of minutes (LC-MS), hardly 

require any sample preparations, and are not limited by solvent restriction. On the other hand, in-source 

fragmentation my complicate the correct interpretation of LDI-MS spectra, a problem that is also known for ESI 

sources. In absence of chromatographic separation, LDI-MS does not permit the differentiation of isomers, which 

is exemplified by activity marker ions at 427 m/z in Fig. 3b and 3d. Recent technical advances such as the 

development of ion mobility mass spectrometry may help bypassing this limitation in the future [34]. At a 

sufficiently high concentration within sample material, some isomers may further be differentiated 13C NMR. 

Compared to LDI-MS, LC-MS2 generally facilitates the detection of more constituents and compound specific 

retention times as well as MS2 data provide additional discriminatory factors for statistical analysis. On the other 
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hand, both methods may detect different compounds [35] within the same sample, some of which exclusively 

ionizing in LDI but not in ESI sources [5]. This clearly makes both methods complementary. 

Eventually current experiments have shown that LDI-MS data may be easily integrated in multivariate statistics 

such as PLS, which is a core technique in applied chemometrics. Moreover, predicted activity markers, once 

isolated, actually showed notable anti-AGEs effects and consequently confirmed the applied statistical model. 

Next to identifying common activity markers, scores plots (Fig. 3b & 3d and 4b & 4d) may further highlight 

those constituents that are selectively detected by LDI or LC-MS. Consequently, a combined LC-LDI-MS 

approach may largely extend the range of potential activity markers identified by chemometrics. Provided 

sufficient material is available material, 13C NMR dereplication tools like MixONat may further assist the process 

by providing structural evidence for these markers in complex mixtures prior to their isolation. Overall, the 

presented work highlights the complementarity of LC-MS2, LDI-MS and 13C NMR as a versatile and holistic 

approach towards chemometrics in NPs research and other areas of analytical chemistry. 
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