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Abstract 12 

Although unintentionally grown weeds are often seen as a problematic issue because they may 13 

compete with desired plants for resources, they can also possess positive and beneficial qualities. 14 

In many Poaceae crops, Moorochloa eruciformis (Sm.) Veldkamp is an invasive weed and is often 15 

discarded, wasting its potential. To utilize the M. eruciformis, extracts from petroleum ether, 70% 16 

aqueous methanol, and defatted aqueous methanol were screened in vitro for their ability to 17 

scavenge radicals and inhibit certain diagnostic enzymes. The defatted aqueous methanol exhibited 18 

the most significant antioxidant, anti-Alzheimer, and antidiabetic attributes as well as moderate 19 

anti-inflammatory effect. Additionally, the same extract was found to contain the major phenolic 20 

content as determined spectrophotometrically. Therefore, it was further characterized through LC-21 

ESI-MS in conjunction with GNPS-based molecular networking, aiming to discover the metabolic 22 

profile responsible for these impacts. As a result, 102 metabolites were annotated for the first time 23 

for the species, encompassing unique derivatives of hydroxycinnamic and hydroxybenzoic acids 24 

mailto:mona.elshabrawy75@gmail.com
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as well as flavonolignans. M. eruciformis could be recycled and validated as a valuable source of 25 

natural phenolic acids and flavonoids, supporting its consideration in clinical research on natural 26 

antioxidant and anti-inflammatory agents for arthritis, diabetes, and Alzheimer’s diseases. 27 

 28 
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Molecular networking, Weeds 31 

1. Introduction 32 

The Poaceae family (also known as Gramineae, the grass family) is undisputedly the most 33 

economically and ecologically important plant family to humanity; it comprises approximately 34 

12000 species and over 800 accepted genera [1]. It is the main source of the world's most important 35 

staple crops, “cereal”, such as wheat, rice, barley, oats, and maize, the primary source of sugar, 36 

like sugarcane, and an essential source of livestock forage, such as sorghum, where many species 37 

are cultivated as pasture and fodder [2].  38 

Besides, in agricultural fields, grass is a significant source of weeds, as many of the most 39 

problematic weeds in cultivated fields are grasses. They are considered invasive plants that persist 40 

in infesting agricultural lands, demonstrating their ability to colonize, transform environments, and 41 

compete for resources like light, water, space, soil moisture, and nutrients [3], thereby affecting 42 

the yield of food and fiber crops. Despite their negative reputation, when properly managed, they 43 

offer several advantages to agricultural ecosystems and crop yield [4]. They can provide food 44 

sources and habitats for beneficial insects such as pollinators. Additionally, their deep root systems 45 

help improve water infiltration and aeration, and some have the ability to transport nutrients from 46 

deeper soil layers to the surface, which helps enhance soil fertility [5]. 47 
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On the other hand, many plants of the family are used as anti-inflammatory, anticancer 48 

antidiabetic, antimicrobial, and antioxidant agents [1]. Additional pharmacological potential 49 

antihypertensives [6], anthelmintics [7], antiulcer [8], and diuretics [9]. Their uses are attributed 50 

to phenolic compounds, saponins, essential oils, coumarins, terpenoids, vitamins, glycosides, and 51 

alkaloids [1], flavonoids and carotenoids [10], which were reported in this family.  52 

Moorochloa eruciformis (Sm.) Veldkamp, known as “sweet signal grass” or “sweet summer 53 

grass,” was formerly classified as Brachiaria eruciformis (J.E. Sm.) Griseb. but has recently been 54 

reclassified into the genus Moorochloa based on distinct features of the fertile floret. It has also 55 

been recognized as Panicum eruciforme J.E. Smith and Panicum wightii Nees. This annual weed 56 

is regarded as a noxious weed of cultivation in many regions, especially in unirrigated systems. It 57 

is primarily used as forage or fodder in various native areas of Africa, the Mediterranean Region, 58 

and much of Asia [11]. Limited information exists on other uses because research on its benefits 59 

is scarce. In Egypt, Boulos [12] documented its presence as a weed of cultivation throughout the 60 

Nile region, the Egyptian Oases, and the Sinai Peninsula. However, it mainly acts as a competitive 61 

weed in Egyptian rice fields. This aligns with its known traits as a fast-growing plant with high 62 

seed production capacity that can form a dense grass mat in cropped fields, likely leading to 63 

interference and significant yield loss in the sorghum and cotton-growing areas [13]. 64 

Many reports revealed the presence of high phenolic contents in Moorochloa and Brachiaria 65 

grasses; others reported the presence of terpenoids, steroid saponins, large amounts of flavonoids, 66 

tannins, and alkaloids that could be beneficial to the growth and productivity of animals consuming 67 

them [14].  68 

Considering M. eruciformis weed as just a plant growing in the wrong place, belonging to 69 

the same Poaceae family, suggests that it has similar important biological impacts. In addition, 70 



4 

 

there has been no phytochemical screening to identify its potential medicinal properties, and its 71 

biological activities have not been extensively researched. The presence of these chemical 72 

compounds in other Moorochloa (= Brachiaria) species makes it a promising candidate for future 73 

research for this lesser-known plant.  74 

To understand how we can benefit from this wasted weed plant, our study investigated the 75 

antioxidant, antidiabetic, anti-Alzheimer, and anti-arthritic potential of M. eruciformis leaves. 76 

Three extracts were prepared: petroleum ether (PEE), 70% aqueous methanol (AME), and defatted 77 

aqueous methanol (DAME), and their in vitro inhibitory activity was assessed against the key 78 

enzymes α-amylase, α-glucosidase, acetylcholinesterase (AchE), and proteinase. In addition, the 79 

phenolic and condensed tannin contents were quantified. As a result, the metabolome profile of 80 

the most effective extract that contained abundant phytochemicals responsible for these activities 81 

(aqueous methanol leaves extract) was explored through a comprehensive HPLC MS/MS 82 

integrated with GNPS molecular networking  as we could potentially find new uses for this plant 83 

in areas such as natural pharmaceuticals or other valuable bioproducts instead of focusing solely 84 

on eradication, thereby benefiting the agricultural ecosystem and human industry. 85 

2. Materials and Methods 86 

2.1. Plant material: collection, preparation, and extraction 87 

M. eruciformis whole plant was collected by Mona E. S. Kassem (Co-author) with ethics 88 

requirements (Approval number: 20218) from Shubra Wasim, El-Beheira, Egypt, on 23 September 89 

2020, https://maps.app.goo.gl/2muWZc7xAt3Gz23t8?g_st=iw, and identified according to Boulos 90 

(2005) by Dr Mona M. Marzouk (Co-author). A voucher specimen (No. M2065) was placed in 91 

CAIRC (the herbarium of National Research Centre).  92 

https://maps.app.goo.gl/2muWZc7xAt3Gz23t8?g_st=iw
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The collected individuals were washed with tap water to remove the particulates and dust. 93 

Washed individuals were stored between two filter paper sheets to remove excess water, then left 94 

in the shade at room temperature till totally dry. The dried ground powder was soaked in methanol 95 

(70%) at room temperature overnight (several times, till exhausted), then filtered to remove any 96 

residual powder. A rotary evaporator (Heidolph) was used to evaporate the solvent at 70°C until 97 

dryness, yielding a brown residue regarding the total aqueous methanol extract (AME).  98 

Furthermore, AME was defatted by petroleum ether (60-80° C), yielding the petroleum ether 99 

extract (PEE) and defatted aqueous methanol extract (DAME) [15]. Part of each extract was used 100 

for the assessment of antioxidant, antidiabetic, anti-Alzheimer, and anti-arthritic activities [16]. 101 

2.2. Biological investigation 102 

2.2.1. Antioxidant and radical scavenging evaluation   103 

For AME, PEE, and DAME, total antioxidant capacity (TAC) was measured as mg gallic 104 

acid equivalent per gram dry weight, while total iron-reducing power (TIRP) was assayed as 105 

µg/mL followed the method by Farid et al. [16]. Moreover, the scavenging activities of the extract 106 

were assayed against DPPH (1,1-Diphenyl-2-picryl-hydrazyl) and ABTS (2,2'-azinobis-(3-107 

ethylbenzothiazoline-6-sulfonic acid) radicals. The median inhibitory concentration (IC50) against 108 

DPPH• and the percentage of inhibitory effect against ABTS• were determined using ascorbic acid 109 

as a standard according to the described method [16].  110 

 111 

2.2.2. In Vitro Enzymes Inhibitory Assessment: Antidiabetic, anti-Alzheimer, and anti-arthritic 112 

evaluation  113 
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The anti-diabetic activities of AME, PEE, and DAME were determined by assessing the % 114 

inhibition of α-amylase and α-glucosidase enzymes according to the reported methods using 115 

acarbose as a positive control [17].  116 

Moreover, the anti-Alzheimer's assessment for the three extracts was determined by 117 

determining the (%) inhibition of the acetylcholinesterase enzyme (AChE) using donepezil as a 118 

standard drug according to Farid et al [16].  119 

Finally, anti-arthritic properties were evaluated by determining the % inhibition of protein 120 

denaturation and proteinase enzymes. To measure the % inhibition of protein denaturation, a 121 

standard non-steroidal anti-inflammatory drug (NSAID), diclofenac sodium, was used for 122 

comparison. The process involved preparing two main solution types. First, a test control was 123 

made by combining bovine serum albumin (BSA) (0.45 mL), a protein, with distilled water (0.05 124 

mL). Second, a product control (0.5 mL) was prepared for each sample concentration by mixing a 125 

small amount of the sample (0.05 mL) with distilled water (0.45 mL). After adjusting the pH of 126 

all solutions to 6.3 with hydrochloric acid (1N), the samples were subjected to a two-step heating 127 

process: 20 minutes at 37°C, followed by 3 minutes at 57°C. Following the heating and a 128 

subsequent cooling period, a phosphate buffer (2.5 mL) was added. The final step was to measure 129 

the absorbance of each solution at 416 nm using a UV-Visible spectrophotometer, which allowed 130 

for the calculation of the percentage of protein denaturation inhibition. 131 

The % inhibition of the proteinase enzyme was measured by combining each sample (1 mL), 132 

at each concentration, with a reaction mixture containing trypsin (0.06 mg) in Tris HCl buffer (1 133 

mL of 20 mM). This mixture was then incubated at 37°C for 5 minutes, after which 1 mL of casein 134 

(0.8% w/v) was added. After a further 20-minute incubation, 2 mL of perchloric acid (70%) was 135 
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added to stop the reaction. The cloudy suspension was then centrifuged, and the absorbance of the 136 

supernatant was measured at 210 nm against the buffer as the blank [18].   137 

 138 

2.2.3. Statistical analysis 139 

All measurements were obtained from three replicates (n=3) and presented as mean ± 140 

standard error (SE). A one-way ANOVA was conducted using the Statistical Package for the 141 

Social Sciences (SPSS for Windows®, Version 11.0, 2001, SPSS Inc., Chicago, USA), followed 142 

by the Bonferroni post-hoc test to evaluate statistically significant differences among the various 143 

measurements. A p-value of ≤ 0.05 was considered indicative of statistical significance [18]. 144 

 145 

2.3. Phytochemical investigation 146 

2.3.1. Total phenol contents 147 

The concentration of total phenol content was quantified as mg gallic acid/100 g 148 

according to Aboulthana et al. [19]. 149 

2.3.2.  LC-ESI-MS/MS and molecular networking analysis of DAME 150 

The LC-ESI-MS/MS measurement of DAME was performed on Exion LC AC system 151 

coupled with a SCIEX Triple Quad 5500+ MS/MS platform, following the procedure illustrated 152 

by Marthouk et al. [17]. The MS data was processed using PeakView® Software 1.2. A negative-153 

mode molecular network was generated using the GNPS platform (http://gnps.ucsd.edu) on August 154 

7, 2024, in which the raw data file of DAME was converted into the open-format (.mzML) via the 155 

MSConvert package and subsequently uploaded to GNPS through WinSCP. The precursor ion 156 

mass tolerance and a MS/MS fragment ion tolerance were set to 2.0 Da and 0.5 Da, respectively. 157 

http://gnps.ucsd.edu/
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A negative network was then created where edges were filtered to have a cosine score 158 

above 0.7 and more than 6 matched peaks. Further, the maximum size of a molecular family was 159 

set to 50. The spectra in the network were then searched against GNPS' spectral libraries. All 160 

matches kept between network spectra and library spectra were required to have a score above 0.7 161 

and at least 6 matched peaks [20]. Finally, the molecular network was further visualized by 162 

Cytoscape 3.8.2. 163 

 164 

3. Results and discussion  165 

3.1. Biological investigation 166 

3.1.1. Antioxidant and radical scavenging evaluation   167 

Among the tested extracts, DAME displayed the best antioxidant and scavenging 168 

capabilities, including total antioxidant capacity (211.31 ± 1.26 mg gallic acid/gm), iron-reducing 169 

power (123.27 ± 0.74 µg/mL), and ABTS scavenging activity (50.31 %). In addition, the lowest 170 

IC50 value of DAME (4.73 ± 0.30 μg/ml) that could approach the efficacy of ascorbic acid (3.94 ± 171 

0.03 μg/ml) suggested its powerful effect, which may correlate to its rich phytochemical profile. 172 

Conversely, PEE exhibited the weakest antioxidant results (Figure 1). 173 

 174 
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 175 

 176 

Figure 1: The in vitro antioxidant and radical scavenging evaluation of different M. eruciformis whole plant extracts: 177 

AME (70% aqueous methanol extract), PEE (petroleum ether extract), DAME (defatted aqueous methanol extract) 178 

against A; total antioxidant capacity (TAC) and iron-reducing power (IRP) B; 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) 179 

and C; 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical using ascorbic acid (AA) standard. 180 

Values were expressed as mean ± SE (calculated from three replicates). a: denotes the statistical difference from AME, 181 

b: denotes the statistical difference from PEE, and c: denotes the statistical difference from DAME at p≤0.05. 182 

 183 

 184 

 185 

 186 

 187 

3.1.2. Antidiabetic, anti-Alzheimer, and anti-arthritic evaluation    188 

 189 

Regarding the antidiabetic activity, DAME showed the most significant inhibitory effect 190 

against α-amylase (30.19 ± 0.18 %) and α-glucosidase (21.19 ± 0.18 %) enzymes, but still lower 191 
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than their respective acarbose standard effect (67.2 ± 0.02 and 53.31 ± 0.01 %, respectively). 192 

Likewise, the acetylcholinesterase (AChE) inhibitory activity of the same extract was higher 193 

(39.86 ± 0.09 %) than AME and PEE, and lower than the donepezil standard (69 ± 0.04%). For 194 

the anti-arthritic activity, the three extracts showed similar and moderate inhibition percentages of 195 

proteinase enzyme and proteinase denaturation to diclofenac sodium (Figure 2). 196 

 197 

 198 

Figure 2: The in vitro biological evaluation of different M. eruciformis whole plant extracts: AME (70% aqueous 199 

methanol extract), PEE (petroleum ether extract), DAME (defatted aqueous methanol extract) A; anti-diabetic activity 200 

against acarbose, B; anti-Alzheimer activity against donepezil, and C; anti-arthritic activity against diclofenac sodium 201 

(DS). Values were expressed as mean ± SE (calculated from three replicates). a: denotes the statistical difference from 202 

AME, b: denotes the statistical difference from PEE, and c: denotes the statistical difference from DAME at p≤0.05. 203 

 204 
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 205 

3.2. Phytochemical investigation 206 

Polarity-guided extraction was performed to simplify the complicated species extract by 207 

separating  the compounds with similar chemical properties, often concentrating their bioactivity, 208 

yielding three distinct extracts (PEE, AME, and DAME). Screening for relevant in vitro 209 

bioactivities, DAME demonstrated considerably higher inhibitory impacts and a significantly 210 

lower IC50 value across antioxidant, anti-Alzheimer, and antidiabetic assays compared to PEE and 211 

AME. Consequently, DAME was selected for detailed metabolome profiling, starting with the 212 

estimation of phenolic and condensed tannin contents, followed by liquid chromatography-213 

electrospray ionization-mass spectrometry (LC-ESI-MS/MS) combined with Global Natural 214 

Products Social (GNPS) molecular networking (MN). This bioactivity-guided metabolomics 215 

approach allows for the identification of multiple active compounds, aims to avoid replication of 216 

known metabolites, and utilizes networking to cluster unknown compounds with known bioactive, 217 

making them valuable targets for drug discovery.  218 

3.2.1. Total phenolic contents 219 

DAME of M. eruciformis demonstrated the highest phenolic content (88.05 ± 0.53 mg 220 

gallic acid/100 gm) compared to those of AME (74.78 ± 0.02 mg gallic acid/100 gm) and PEE 221 

(42.39 ± 0.08 mg gallic acid/100 gm). 222 

3.2.2. Molecular networking aided LC-ESI-MS/MS 223 

The detailed chemical profile of DMAE from M. eruciformis was analysed using LC-ESI-224 

MS/MS in negative ionization mode to generate a base peak chromatogram (Figure 3), which 225 

highlights the diversity and relative abundance of compound classes. The data were processed with 226 

the GNPS molecular networking platform, grouping similar molecules based on their mass spectra. 227 

These relationships are organized and visualized as a network to better illustrate the complexity of 228 
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the species. The molecular network was constructed from 315 nodes forming 35 clusters of 154 229 

connected components with similar fragmentation patterns (at least two-node connected cluster) 230 

and 161 self-looped nodes. Notable clusters A, B, C, D, E, F, G, H, I, J, and K (Figure 4) guided 231 

the identification of several phenolic classes and many phospholipids. Their characterization was 232 

confirmed by analyzing their molecular ions, fragmentation peaks with intensities, retention times, 233 

GNPS spectral similarities, and comparing these fragmentation data with previous studies (Table 234 

1). 235 

In total, 102 metabolites were identified, including the crucial effective metabolites that 236 

could serve as a source of most derived plant medicine, which were 11 phospholipids and 83 237 

phenolic compounds (39 phenolic acids and their derivatives and 44 flavonoids) (Table 1). Those 238 

compounds are valued for their potential health benefits, particularly their antioxidant properties. 239 

On the other hand, some organic acids, amino acids, and saccharides were also characterized.  240 

 241 

 242 

 243 

Figure 3. The base peak chromatogram of the defatted aqueous extract of M. eruciformis whole 244 

plant  245 
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 246 

Figure 4. Molecular network of the negative LC-ESI-MS/MS spectra using the GNPS platform 247 

(upper left), showing enlarged clusters (A, C, and J) and self-looped nodes to illustrate different 248 

flavonoid sub-groups in M. eruciformis. Node colors represent different molecular families of the 249 

annotated metabolites.  250 

 251 

 252 
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 253 

Figure 5. Clusters of interest (B, E, G, I, and K) illustrate examples of hydroxycinnamic acid 254 

derivatives (blue) and hydroxybenzoic acid derivatives (red) in M. eruciformis. Node colors 255 

represent different molecular families of the annotated metabolites.  256 

 257 

 258 
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 259 

Figure 6. Cluster F illustrates some hydroxycinnamic acid structures in M. eruciformis, showing 260 

their MS spectra. 261 

 262 

 263 

 264 

 265 

 266 
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Table 1. Metabolites identified in the DAME of M. eruciformis by LC-ESI-MS/MS in negative 267 

ion mode 268 

  No. Tentative identification Rt 

(min) 

[M-H]-  Fragments Ref. 

Amino acids 

1 Threonine 0.33 117.97 100 [21] 

3 Valine  0.94 116.08 99 [22] 

8 Arginine  1.32 173.06 155, 137, 131, 113 [21] 

11 Lysine 2.01 145.06 117 [21] 

16 Tryptophan 2.31 203.08 175, 159, 157, 127  [22] 

Organic acids 

2 Citric acid  0.91 191.01 111 [23] 

4 Quinic acid 1.15 191.02 127, 111 [24] 

Saccharides 

5 Disaccharide 1.21 341.11 179, 143, 119, 113, 101 [21] 

Phenolic acids and derivatives 

 a. HCA and derivatives 

6 Caffeic acid a 1.24 179.12 163, 135 [25] 

7 Sinapic acid a,b 1.31 223.02 163, 161, 149, 133, 119, 

117 

[26] 

9 p-Coumaric acid a,b 1.35 163.02  135, 119 [25] 

10 Feruloyl quinic acid b 1.68 366.993 193, 191, 173, 155, 137, 

134, 111 

[27] 

13  Feruloyl quinic acid (isomer) b 2.11 366.993 193, 191, 173, 155, 137, 

134, 111 

[27] 

14 O-Coumaric acid a   2.12 163.03 145, 135, 119 [25] 

15 Dihydroferulic acid-O-glucuronide 2.19 371.004 249,195,175,121 [27] 

20 Trihydroxy cinnamic acid 3.15 195.01 151, 150, 122, 108 [28] 

26 Methoxy cinnamic acid 4.32 177.06 161, 133 [29] 

30 Ferulic acid-O-dihexoside 4.69 516.98 337, 319, 265, 193, 179, 

175, 160, 149, 133 

[21] 

32 Caffeoyl quinic acid 5.01 353.02 191, 179 [27] 

36 Coumaroyl glycerol 5.64 237.01 163, 145, 119, 117 [30] 

38 Ferulic acid a 6.05 193.08 179, 161, 149, 133 [24] 

39 Feruloyl glycerol 6.31 267.01 252, 193, 179, 177, 160, 

133, 105 

[30] 

43 Ferulic acid-O-acetyl dihexoside 6.7 558.995 517, 355, 193, 179, 175, 

161, 149, 133 

[31] 

44 Ferulic acid-O-malonyl dihexoside  6.88 603.012 517, 355, 193, 179, 175, 

161, 149, 133 

[32] 

52 Ferulic acid-O-diacetyl dihexoside  7.78 601.01 559, 517, 355, 193, 179, 

175, 161, 149, 133 

[32] 

56 Ferulic acid-O-dihexoside ferulate 

(Helonioside A)  

8.35 693.021 517, 499, 193, 179, 175, 

161, 149, 133 

[33] 

58 Coumaroyl malate 8.47 279.01 163, 119 [15] 

60 Sinapoyl glycerol 8.61 297.02 223, 206, 145 [30] 

64 Ferulic acid-O-acetyl dihexoside 

ferulate (Helonioside B) = acetyl 

helonioside A 

9.25 734.961 559, 541, 193, 179, 175, 

161, 149, 133 

[34] 

72 Ferulic acid-O-diacetyl dihexoside 

ferulate (Smiglaside A) = diacetyl 

helonioside A 

10.36 777.003 735, 601, 583, 559, 179, 

175, 161, 149, 133 

[32] 

73 Dicoumaroyl glycerol 10.55 383.02 163, 145, 119  
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74 Coumaric acid-O-guaiacylglyceryl-

syringylglyceryl hexoside 

10.63 747.035 551, 163, 145, 119  

76 Coumaroyl feruloyl glycerol 10.84 412.985 267, 193, 175, 163, 145, 

134, 119 

[30] 

77 Diferuloyl glycerol 11.04 442.997 267, 207, 193, 175, 143 [35] 

78 Ferulic acid-O-triacetyl dihexoside 

ferulate (Smiglaside C) 

11.05 818.995 777, 759, 634, 601, 193, 

175, 160, 134 

[33] 

88 Ferulic acid-O-tetraacetyl dihexoside 

ferulate (Acetyl smiglaside C) 

12.21 860.981 819, 643, 587, 193, 175, 

160, 134 

[33] 

90 Coumaric acid-O-coumaroyl 

guaiacylglyceryl hexoside 

13.73 666.993 521, 163, 145, 119  

91 Coumaric acid-O-coumaroyl hydroxy 

trimethoxy phenyl glyceryl hexoside 

13.78 726.994 581, 163, 145, 119  

 b. HBA and derivatives 

12 Dihydroxybenzaldehyde 2.07 136.988 121, 119, 108  

18 Hydroxy methoxy 

benzaldehyde/Vanillin  

2.85 151.027 136, 124, 123, 109, 108 [25] 

23 p-Hydroxy benzaldehyde a,b 3.61 121.01 108, 101 [25] 

24 Hydroxy dimethoxy 

benzaldehyde/syringaldehyde 

3.82 181.02 151, 121 [36] 

25 Dimethoxybenzoic acid 

 

4.11 181.02 167, 153, 137, 123, 107, 

100 

 

27 Dihydroxybenzoic acid-O-

(hydroxybenzoyl)-O-hexoside/ 

Parmentin 

4.48 434.944 315, 153, 152, 137, 109 [37]  

31 Dihydroxybenzoic acid-O-(hydroxy-

methoxy benzoyl)-O-hexoside 

4.78 464.947 435, 315, 167, 153, 109 [37]  

33 Dihydroxybenzoic acid-O-(hydroxy-

dimethoxy benzoyl)-O-hexoside 

5.05 494.949 465, 315, 197, 183, 153, 

109 

[37]  

35 Vanillic acid a 5.25 167.06 123, 108 [27] 

Flavonoids 

 a. C-Glycosylflavonoids 
17 Luteolin 6-C-glucoside-8-C-

arabinoside (Carlinoside) 

2.67 578.953 561, 519, 489, 459, 441, 

429, 399, 369 

[38] 

19 Apigenin 6-C-glucoside-8-C-

arabinoside b 

2.92 562.945 545, 503, 473, 443, 383, 

353 

[39] 

21 Apigenin 6, 8-di-C-glucoside 

(Vicenin 2) 

3.38 592.96 575, 503, 473, 383, 353 [38] 

22 Orientin/isoorientin b 3.53 446.934 429, 357, 327, 297, 285 [23] 
29 Vitexin/isovitexin 4.52 431.036 413, 341, 311, 283, 153 [40] 
34 Apigenin 6,8-di-C-arabinoside b 5.21 532.958 515, 473, 443, 383, 353  
42 Apigenin 6-C-rhamnoside-8-C-

arabinoside 

6.52 547.001 529, 487, 473, 457, 443, 

383, 353 

[38] 

 b. Flavonoid O-glycosides 

37 Tricin 7-O-glucoside b 5.93 490.988 329 [17] 

45 Apigenin-7-O-rutinoside 7.18 576.99 530, 311, 269 [41] 
46 Tricin-7-O-rutinoside b 7.34 636.98 329, 314, 299  
49 Diosmetin-7-O-rutinoside b 7.63 607.007 299, 284 [17] 

89 Tricin acetyl di-glucoside c  12.25 740.949  695, 329, 314, 299  
 c. Flavonoid aglycones 

28 Gallocatechin 

 

4.51 305.02 289, 275, 231, 203, 175, 

147, 137 

 

40 Luteolin a,b  6.45 284.982 269, 267, 223, 205 [17] 

41 Pentahydroxyflavone b  6.51 300.986 286, 285, 271, 269, 157, 

243, 227 

[23] 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vanillic-acid
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47 Tetrahydroxy-monomethoxyflavone  7.37 299.07 298, 283, 271, 253, 240 [23] 
50 Dihydroxy-tetramethoxyflavone  7.73 372.965 

 

359, 343, 329, 313, 299 [21] 

53 Dihydroxy-hexamethoxyflavone  7.91 433.038 417, 402, 373, 358, 355 [23] 
54 Dihydroluteolin (Eriodictyol) 7.98 287.18 269, 257, 241, 225 [23] 
55 Phloretin 8.34 272.99 258, 243, 229, 215, 

199,171, 167, 143 

[23] 

61 Dihydroxy-pentamethoxyflavone  8.73 402.989 357, 328, 327, 313, 285 [23] 
65 Trihydroxy-trimethoxyflavone  9.46 359.09 313, 279, 253, 225 [23] 
66 Hexamethoxyflavone 9.77 401.003 342, 325, 327, 312, 297 [23] 
67 Tetrahydroxy-methoxy flavone  9.84 315.02 300, 271, 269, 193, 163 [23] 
68 Hydroxy trimethoxy flavone 9.89 327.004 297, 282, 267, 253, 161, 

109 

[23] 

70 Dihydroxy-dimethoxyflavone 10.01 313.07 299, 285, 251, 227 [23] 
79 Tricin 11.13 329.02 314, 299, 283, 271 [17] 
80 Acacetin b 11.16 282.98 268, 255, 163, 133, 117 [17] 
81 Apigenin  11.28 268.99 253, 227, 117  [17] 
84 Naringenin b 11.54 270.968 225, 197 [17] 
 d. Flavonolignans 
45 Tricin 4`-O-hydroxy phenyl glycerol-

7-O-glucoside 

6.88 656.983 491, 329, 314 [42] 

57 Tricin-O-guaiacyl glycerol-7-O-

rutinoside 

8.36 832.977 637, 329, 314, 299 [42] 

59 Tricin 4`-O-guaiacyl glycerol-7-O-

glucoside 

8.53 686.97 525, 329, 314, 299 [42] 

62 Tricin-O-di guaiacylglycerol 9.16 720.984 685, 673, 525, 329, 314, 

299 

[42] 

63 Tricin-O-acetyl dihydroxy methoxy 

phenyl glycerol  

9.21 583.006 535, 477, 329, 314, 299 [42] 

69 Tricin-O-hydroxy phenyl glycerol 9.98 494.964 329, 314, 299, 165, 135 [42] 
71 Tricin-O-hydroxy methoxy phenyl 

glycerol = Tricin-O-guaiacyl glycerol  

10.14 524.997 329, 314, 299, 195, 165, 

151, 123  

[42] 

75 Tricin-O-disyringyl glycerol 10.75 734.981 673, 555, 329, 299, 193, 

175, 161, 149, 133, 119 

[42] 

82 Tricin-O-dimethoxy phenyl glycerol  11.32 538.975 477, 329, 314, 299 [43] 
83 Tricin-O-methoxy phenyl glycerol 11.33 508.974 446, 329, 314, 299 [42] 
85 Tricin -O-guaiacyl glycerol-O-acetate 11.61 566.957 329, 314, 299 [43] 
86 Tricin-O-sryingyl glycerol-O-

coumarate  

11.72 700.974 555, 329, 314, 299 [43] 

87 Tricin-O-guaiacylglycerol-O-

coumarate 

11.87 670.954 525, 329, 314, 163, 119 [43] 

Lignan 
48 Syringaresinol 7.57 417.044 403, 387, 371, 193, 181, 

166, 151, 137, 123, 109 

[40] 

Phospholipids 
92 Linoleoyl-glycero-phosphoinositol 13.99 595.096 415, 329, 315, 279, 241, 

153 

[21] 

93 Hexadecanoyl-glycero-

phosphoinositol b 

14.52 571.101 391, 315, 271, 255, 241, 

153 

[21] 

94 Hexadecanoyl-glycero-

phosphoglycerol b 

15.25 483.11 255,  245, 227, 171,  153 [21] 

95 Octadecanoyl-glycero-

phosphocholine c 

16.39 564.123 518, 504, 279, 242,  224,  
183,  153 

[44] 

96 Heptadecanoyl-glycero-

phosphocholine 

16.41 504.143 299,  279, 243, 224,  153 [44] 
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97 Hexadecanoyl-glycero-

phosphocholine c 

17.24 540.141 480,  255, 245, 224,  183,  
153 

[44] 

98 Hexadecanoyl-glycero-

phosphocholine isomer 

17.25 480.18 404,  255, 224, 167 [44] 

99 Octadecenoyl-glycero-

phosphocholine c 

17.82 566.141 506,  281, 242, 224,  153 [44] 

100 Heptadecenoyl-glycero-

phosphocholine b 

17.96 506.159 281,  243, 224, 153 [44] 

101 Eicosenoyl-glycero-phosphoinositol c 22.67 671.279  625, 445, 415, 391, 341, 

279, 241, 153 

[44] 

102 Hydroxyoctadecenoyl-glycero-

phosphoglycerol 

22.89 525.332 297, 282, 271, 253, 153 [44] 

a; Standard, b; GNPS, c; [M-H+FA]- 269 

 270 

Phenolic acids and their derivatives 271 

Phenolic acids are found frequently in various Poaceae species [45]. They are well known 272 

for their potential free radical scavenging activity, attributed to the phenolic hydroxyl groups 273 

present in their structures [46]. The position and presence of more hydroxyl groups on the aromatic 274 

ring, in conjunction with other substituents, can enhance their antioxidant properties. The 275 

antioxidative stress of phenolic acids can help protect against related diseases [47].      276 

a. Hydroxycinnamic acids and derivatives 277 

The identified phenolic acids in M. eruciformis are characterized by the predominance of the 278 

hydroxycinnamic acids and derivatives either in free (7 metabolites) or conjugated (23 279 

metabolites) forms. The conjugated forms can be found as three esters of quinic acid, one malic 280 

acid ester, six esters of glycerol, and 13 glycosylated acids.   281 

The generated characteristic fragmentation pattern of the free hydroxycinnamic acids [acid-282 

H-H2O]- and [acid-H-CO2]
- was synchronized with caffeic (6; m/z 179.12 [M-H]-), sinapic (7; m/z 283 

223.02 [M-H]-), coumaric (9 & 14; m/z 163.02 [M-H]-), ferulic (38; m/z 193.08 [M-H]-), 284 

trihydroxy cinnamic  (20; m/z 195.01 [M-H]-), and methoxy cinnamic  (26; m/z 177.06 [M-H]-) 285 
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acids. They were previously reported as predominant compounds in various members of the 286 

Gramineae family but validated for the first time in our investigated species [45]. 287 

Besides free hydroxycinnamic acids, their ester forms of quinic acid, commonly known as 288 

chlorogenic acids, were annotated. The deprotonated molecular ions of the chlorogenic acids (10, 289 

13, 32) participated in the fragment ion at m/z 191 of quinic acid and its key fragments (173 [M-290 

H-H2O]-, 129 [M-H-H2O-CO2]
-, and 111 [M-H-2H2O-CO2]

-), in addition to the deprotonated 291 

fragment ion of each corresponding acid; such as m/z 193 for feruloyl quinic acid isomers (10 and 292 

13; m/z 366.993 [M-H]-) and m/z 179 for caffeoyl quinic acid (32; m/z 353.02 [M-H]-). The lateral 293 

compound grouped in cluster E is associated with another hydroxycinnamic acid ester; coumaroyl 294 

malate (58; m/z 279.01 [M-H]-), characterized by losing 116 Da, representing the malate moiety, 295 

and revealing diagnostic fragments at m/z 163 and 119, which correspond to coumaric acid (Figure 296 

5). 297 

Particularly, esterification of hydroxycinnamic acids with glycerol is also predominant in the 298 

members of the family Poaceae [30, 48]. The most predictable fragmentation signals for the 299 

annotation of the those phenylpropanoids in the investigated species are the fragments consistent 300 

with the specific deprotonated hydroxycinnamic acid anions; coumaroyl (m/z 163), feruloyl (m/z 301 

193), sinapoyl (m/z 223) signified the elucidation of coumaryl glycerol (36; m/z 237.01 [M-H]-), 302 

feruloyl glycerol (39; m/z 267.01 [M-H]-), and sinapoyl glycerol (60; m/z 297.02 [M-H]-), 303 

respectively. Sinapoyl glycerol was perceived in cluster G (Figure 5). In contrast, 36 and 39 nodes 304 

appeared isolated in MN as scattered self-looped nodes, reasonable by their fewer common 305 

fragments (2–5). This was insufficient in clustering, as the minimum requirement was six matched 306 

fragments. The predictable fragments of 73 (dicoumaroyl glycerol; m/z 383.02 [M-H]-) were 307 

similar to three members of coumaric acid glycosides, resulting in its placement in cluster F 308 
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(Figure 6). The base peak of coumarate anion (m/z 163) guided the loss of coumaryl glycerol unit 309 

[M-H-237]-.  The other two HCAEs; coumaroyl feruloyl glycerol (76; m/z 412.985 [M-H]-) and 310 

diferuloyl glycerol (77; m/z 442.997 [M-H]-), are embedded nodes of cluster B (Figure 5). Their 311 

spectra gave rise to the intense ions of m/z 267 of feruloyl glycerol anion and m/z 193 assigned to 312 

the deprotonated ferulate ion, after loss of feruloyl (-176 Da) and coumaroyl (-146 Da) moieties, 313 

respectively.  314 

Additionally, cluster B (Figure 5) correlated with nine other glycosylated compounds that 315 

shared the same diagnostic fragmentation pattern of ferulic acid (m/z 193, 179, 149, 133). 316 

Therefore, the parent ions of these compounds suggested ferulic acid derivatives with various 317 

hexosyl and acetyl units. Even though LC/MS/MS can putatively identify those compounds, the 318 

exact position of the acetyl group on the hexose moieties or differentiating the hexose isomers 319 

themselves cannot be proved without further analysis. Neutral loss of two hexose units [M-H-342]- 
320 

justified ferulic acid-O-dihexoside (30; m/z 516.982 [M-H]-) which directly connected to 321 

compounds 43, 52, and 44 in cluster B with a mass difference (42, 84, and 86 Da), confirming the 322 

additional (acetyl, diacetyl, and malonyl) groups, respectively, coincided with ferulic acid-O-323 

acetyl dihexoside (43; m/z 558.995 [M-H]-), ferulic acid-O-diacetyl dihexoside (52; m/z 601.01 324 

[M-H]-), and ferulic acid-O-malonyl dihexoside (44; m/z 603.012 [M-H]-) (Figure 5). These four 325 

compounds also connected nodes 56, 64, 72, 78, and 88 in the same cluster, which share a core 326 

structure of diferulic acid glycosylated with two hexose units but differing in the degree of 327 

acetylation on those hexoses. The primary loss from ferulic acid-O-dihexoside ferulate (56; 328 

helonioside A, m/z 693.021 [M-H]-) and ferulic acid-O-acetyl dihexoside ferulate (64; helonioside 329 

B, m/z 734.961 [M-H]-) would be loss of the terminal feruloyl unit [M-H-176]- yielding daughter 330 

ions of m/z 517 and 559, then losing the dihexosyl and acetyl dihexosyl moieties, respectively, to 331 
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produce the ferulate anion. Conversely, as the remaining compounds contain more than one acetyl 332 

group (72, 78, and 88), the first to be lost could be one acetyl group, followed by the same manner; 333 

feruloyl unit, and then the mono-, di-, and tri-acetyl dihexosyl residuals. As the number of acetyl 334 

groups increases, the compound elutes later.  Furthermore, the mass differences between them 335 

permitted their structures to be assumed. Ferulic acid-O-diacetyl dihexoside ferulate (72; 336 

smiglaside A, m/z 777.003 [M-H]-), monitored by the daughter ions of 735 [M-H-acetyl]-, 559 [M-337 

H-acetyl-feruloyl]-, 193 [M-H-acetyl-feruloyl-monoacetyl dihexosyl]-. Ferulic acid-O-triacetyl 338 

dihexoside ferulate (78; smiglaside C, m/z 818.995 [M-H]-) yielded product ions of 777 [M-H-42]-
339 

, 601 [M-H-(176+42)]-, 193 [Ferulic acid-H]-. In another way, ferulic acid-O-tetra acetyl 340 

dihexoside ferulate (88; m/z 860.981 [M-H]-) produced the fragments 819 [M-H-42]-, 643 [M-H-341 

42-176]-, 193 [Ferulic acid-H]-, after losing acetyl, acetyl feruloyl, then tetra acetyl dihexoside 342 

feruloyl yielding ferulic acid, respectively.    343 

Furthermore, a monoglycosylated metabolite, dihydroferulic acid-O-glucuronide (15; m/z 344 

371.004 [M-H]-) lost a glucuronide sugar unit (176 Da) to exhibit m/z 195 for dihydroferulic acid 345 

([33]).  346 

A group of unique skeletons, considering the three complex coumaric acid glycosides (74, 347 

90, and 91) clustered linked with dicoumaroyl glycerol (73) in cluster F, was tentatively identified 348 

for the first time in the grass family (Figure 6). Coumaric acid-O-guaiacylglyceryl-349 

syringylglyceryl hexoside (74; m/z 747.035 [M-H]-) missed the guaiacylglyceryl unit (m/z 551 [M-350 

H-196]-) and syringylglyceryl hexosyl (163 [M-H-196-226-162]-), consequently. Coumaric acid-351 

O-coumaroyl guaiacylglyceryl hexoside (90; m/z 666.993 [M-H]-) and coumaric acid-O-352 

coumaroyl hydroxy trimethoxy phenyl glyceryl hexoside (91; m/z 726.994 [M-H]-) lost a 353 

coumaroyl moiety [M-H-146]- to produce intermediate fragments m/z 521 and 581, respectively. 354 
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Then, the prominent coumarate signal (m/z 163) quantified these molecules after losing 355 

guaiacylglyceryl hexosyl (196+162) and hydroxy trimethoxy phenyl glyceryl hexosyl (256+162) 356 

derivatives.  357 

b. Hydroxybenzoic acids and derivatives 358 

Nine hydroxybenzoic acid derivatives were represented in clusters I, K, and as self-looped 359 

nodes (Figure 5). Four benzaldehyde analogues out of the nine compounds are included in this 360 

group. They are designated as p-hydroxy benzaldehyde (23; m/z 121.01 [M-H]-) and 361 

dihydroxybenzaldehyde (12; m/z 136.988 [M-H]-), distinguished by losing the formyl radical 362 

(CHO). Vanillin (18; hydroxy methoxy benzaldehyde, m/z 151.027 [M-H]-) and syringaldehyde 363 

(24; hydroxy dimethoxy benzaldehyde, m/z 181.02 [M-H]-) were further illustrated by the 364 

characteristic loss of methyl groups. Compounds 12 and 18 shared six fragments to be collected 365 

in cluster K. The mass differences between the three specialized metabolites combined in cluster 366 

I draw attention to their annotation. Each compound is greater than the other by 30 Da, 367 

corresponding to an extra methoxyl group. Fragmentation pattern pointed out dihydroxybenzoic 368 

acid hexoside linked to hexose sugar, and further connected to hydroxybenzoic acid isomers, first 369 

reported in the family Poaceae. Expecting fragments of dihydroxybenzoic acid hexoside at m/z 370 

315 for all, hydroxybenzoic acid hexoside at m/z 299 (27), hydroxy methoxybenzoic acid hexoside 371 

at m/z 329 (31), and hydroxy dimethoxybenzoic acid hexoside at m/z 359 (33), allowed the 372 

identification of these complex molecules; dihydroxybenzoic acid-O-(hydroxybenzoyl)-O-373 

hexoside (27; Parmentin, m/z 434.944 [M-H]-), dihydroxybenzoic acid-O-(hydroxy-methoxy 374 

benzoyl)-O-hexoside (31; m/z 464.947 [M-H]-), and dihydroxybenzoic acid-O-(hydroxy-375 

dimethoxy benzoyl)-O-hexoside (33; m/z 494.949 [M-H]-). Vanillic acid (35; hydroxy methoxy 376 

benzoic acid, m/z 167.06 [M-H]-) was nominated by the m/z 123 daughter ion due to 377 
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decarboxylation, while dimethoxybenzoic acid (25; m/z 181.02 [M-H]-) was nominated by the 378 

subsequent loss of the methyl groups.  379 

Flavonoids 380 

Diverse profiles of flavonoids across the crop’s family, rice, wheat, maize, sorghum, foxtail 381 

millet, and broomcorn millet, vary between flavones, flavanones, and anthocyanin contents [10]. 382 

They displayed potent bioactivities and are linked to many health benefits. The flavonoids of M. 383 

eruciformis are distinguished as C-glycosylflavonoids (7), flavonoid O-glycosides (5), flavonoid 384 

aglycones (18), and flavonolignans (13), but not previously reported for the species. 385 

 386 

a. C-Glycosylflavonoids 387 

The constructed cluster C gathers seven  C-glycosyl flavone conjugates, identified for the 388 

first time in the considered species (Figure 4). Their peaks eluted earlier in the first half of the 389 

base peak chromatogram (Rt 2.67 - 6.52). They shared a peak of [M-H-18]- due to loss of water, 390 

followed by sugar cross-ring cleavages exhibiting peaks of [M-H-60/90]- for C-pentosides, [M-H-391 

90/120]- for C-hexosides, and [M-H-104/74]- for C-deoxyhexosides. On the other hand, the sugar 392 

remains that are still attached to the aglycone determine the degree of glycosylation, whether mono 393 

C-glycoside (aglycone + 41/71) or di C-glycoside (aglycone + 83/113). For M. eruciformis, mono-394 

C-glucosyl luteolin was synchronized with compound 22 (orientin; m/z 446.9 [M-H]-) while 395 

apigenin isomer was corroborated with 29 (vitexin) by m/z 431.1 [M-H]- participating ions at m/z 396 

311 [270 + 41]- and 341 [270 + 71]-.  Its glycosylation position was inferred from the higher 397 

abundance of product ion m/z 311 [M-H-120]- [49]. Conversely, apigenin di-C-symmetric 398 

glycoside derivatives; apigenin 6, 8-di-C-glucoside (21; m/z 593 [M-H]-) and apigenin 6,8-di-C-399 

arabinoside (34; m/z 532.9 [M-H]-) in addition to apigenin di-C-asymmetric glycoside; apigenin 400 
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6-C-glucoside-8-C-arabinoside (19; m/z 562.9 [M-H]-) and apigenin 6-C-rhamnoside-8-C-401 

arabinoside (42; m/z 547 [M-H]-) shared fragments at m/z 353 [270 + 83]- and 383 [270 + 113]. 402 

Their mass spectrum differentiated the type and position of both linked sugars. The higher 403 

abundance of the sugar cleavage fragments of each indicates its attachment at the 6-position. 404 

Compound 19 signalized m/z 443 [M-120]- much more abundant than m/z 503 [M-60]- proposing 405 

6-C-glucosyl unit in addition to m/z 473 [(M-H)-90]- base peak. Likewise, compound 42 showed 406 

more intense fragments of rhamnosyl moiety 473 [M-74]- and 443 [M-104]- relative to arabinose 407 

[28]. Moreover, luteolin 6-C-glucoside-8-C-arabinoside was typically established (17; m/z 578.9 408 

[M-H]-) [38]. These compounds were isolated beforehand from other grass species [50-52]. 409 

b. Flavonoid O-glycosides 410 

Cluster A began linking closely interrelated mono- and di-O-glycosyl flavones, as well as 411 

flavonolignans (Figure 4), and GNPS determined their structures. Monosaccharide flavone was 412 

identified in peak 37 as tricin 7-O-glucoside (m/z 490.988 [M-H]-), which is widely recognized 413 

earlier in the family Poaceae [35, 53]. Nodes 45, 49, and 46 were closely associated, derived from 414 

the loss of the rutinoside moiety [M-H-308]- tentatively assigned as apigenin 7-O-rutinoside m/z 415 

576.998 [M-H]-, diosmetin 7-O-rutinoside m/z 607.007 [M-H]-, and tricin 7-O-rutinoside m/z 416 

636.98 [M-H]-, respectively. Compound (89) was noticed as a formic acid adduct ion at m/z 417 

740.949 [M-H+FA]- and the abundant ion at m/z 329 [M-H-162-162-42-46]-, suggesting tricin 418 

acetyl diglucoside structure. 419 

 420 

c. Flavonoid aglycones 421 

The diagnostic key ions of peaks 40, 79, 80, and 81 annotated flavone aglycones; luteolin 422 

(m/z 284.982), tricin (m/z 329.02), acacetin (m/z 282.98), and apigenin (m/z 268.99), respectively. 423 
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Nevertheless, flavanone aglycones were illustrated as dihydroluteolin (54; Eriodictyol, m/z 287.18 424 

[M-H]-) and naringenin (84; m/z 270.968 [M-H]-). Moreover, pentahydroxyflavone (41; m/z 425 

300.986) and nine polyhydroxy polymethoxylated flavones aglycones (47, 50, 53, 61, 65, 67, 68, 426 

70) continued to produce intermediate fragment ions through the loss of water, carbon monoxide, 427 

and repeated loss of a methyl radical (-CH2, -14 Da). Both 66 and 68 were gathered in cluster G 428 

(Figure 4), while 50, 53, and 61 were determined in cluster J (Figure 4). A flavan-3-ol skeleton 429 

aglycone 28 (gallocatechin; m/z 305.02 [M-H]-) and a dihydrochalcone structure 55 (phloretin; m/z 430 

272.99 [M-H]-) were gathered in cluster E (Figure 5). These aglycones have not been reported 431 

previously in M. eruciformis.   432 

 433 

 d. Flavonolignans  434 

The polyphenolic compounds are formed by the combination of a flavonoid moiety (tricin, 435 

often found in grasses) [41] with a phenylpropanoid unit (lignan; frequently phenyl glycerol in 436 

Poaceae) [35]. Their structural diversity arises from the aromatic ring of phenyl glycerol, starting 437 

from hydroxyphenyl glycerol (184 Da), methoxyphenyl glycerol (198 Da), hydroxy methoxy 438 

glycerol (guaiacyl glycerol, 214 Da), dimethoxy glycerol (228 Da), and ending with hydroxy 439 

dimethoxy glycerol (syringyl glycerol, 244 Da). These metabolites are of particular interest 440 

because they have unique biological and chemical characteristics that can vary from those of their 441 

parent flavonoids and lignans, and have not yet been documented in our species.  442 

In M. eruciformis, flavonolignans were identified as a prominent group, comprising 11 443 

compounds in cluster A and two other self-looped nodes representing the glycosides, which were 444 

documented for the first time in this species (Figure 4). They were all flavonolignan derivatives 445 

of tricin on the basis that their mass spectra showed a diagnostic major product ion at m/z 329 446 



27 

 

[tricin-H]-. The precursor ions at m/z 494.964 [329 + 166]-, m/z 508.974 [329 + 180]-, m/z 524.997 447 

[329 + 196]-, and m/z 538.975 [329 + 210]- corresponded to tricin-O-hydroxy phenyl glycerol (69), 448 

tricin-O-methoxy phenyl glycerol (83), tricin-O-hydroxy methoxy phenyl (guaiacyl) glycerol (71), 449 

and tricin-O-dimethoxy phenyl glycerol (82), respectively. In addition, compound (71) is directly 450 

attached to compound (85) through a mass difference of 42 Da as a probable acetyl group (m/z 451 

566.957 [M-H]-; tricin-O-guaiacyl glycerol-O-acetate), which in turn linked to another acetyl 452 

derivative 63; with a mass shift of 16 Da for an extra hydroxyl moiety (m/z 583.006 [M-H]-). 453 

Another thick edge connecting the nodes of coumaroyl congeners coincide with tricin-O-guaiacyl 454 

glycerol-O-coumarate (87; m/z 670.954 [M-H]-) and tricin-O-syringyl glycerol-O-coumarate (86; 455 

m/z 700.974 [M-H]-). Tricin-O-di guaiacyl glycerol (62; m/z 720.984 [M-H]-) exhibited daughter 456 

ions at m/z 525 [M-H-196]- and m/z 329 [M-H-196-196]- after subsequent loss of guaiacyl glycerol 457 

units. It was seen linked to tricin-O-disyringyl glycerol (75; m/z 734.981 [M-H]-) with mass 458 

difference (14 Da), which gives a fragment at m/z 555 [M-H-180]-, missing one syringyl group, 459 

then the syringyl glycerol moiety exhibited a m/z 329 [M-H-180-226]- fragment. The self-looped 460 

flavonolignan glycosides could be differentiated through molecular ions at m/z 656.983 [M-H]-  461 

(tricin 4'-O-hydroxy phenyl glycerol-7-O-glucoside) and product ion at m/z 491.04 [M-H-162]- for 462 

45, [M-H]- at m/z 686.97 (tricin -O-guaiacyl glycerol-O-glucoside) and product ion at m/z 525 [M-463 

H-162]- for 59, and [M-H]- at m/z 832.977 (tricin-O-guaiacyl glycerol-O-rutinoside) with fragment 464 

ion at m/z 637.01 [M-H-196]- followed by loss of rutinoside moiety [M-H-196-308]- confirming 465 

peak 57. 466 

 Lignan 467 

To a lesser extent, syringaresinol (48; m/z 417.044 [M-H]-) is an identified lignan by the 468 

fragments reported by [54]. The fragment at m/z 403 corresponded to the loss of a methyl radical 469 
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(-14 Da), while m/z 387 (-30 Da) and 371 (-15 Da) represented the neutral loss of a formaldehyde 470 

molecule, followed by a methyl group. It can be found in various cereals [55]; nonetheless, it was 471 

first found in the investigated plant.       472 

Phospholipids 473 

The structural relationships between different phospholipid classes were visualized in 474 

clusters D and H (Figure 4), particularly phosphatidylinositol, phosphatidylglycerol, and 475 

phosphatidylcholine (Table 1). Until now, it’s the first report on phospholipid constituents in M. 476 

eruciformis. The characteristic fragment ion at m/z 241 is characterize to identify linoleoyl-477 

glycero-phosphoinositol (92; m/z 595.096 [M-H]-), hexadecanoyl-glycero-phosphoinositol (93; 478 

m/z 571.101 [M-H]-), eicosenoyl-glycero-phosphoinositol (101; m/z 671.279 [M-H+FA]-), as well 479 

as the product ions m/z 415, 391 [M-H-180]-, and 445 [M-H-46-180]-, indicating inositol moiety 480 

loss, respectively. Hexadecanoyl-glycero-phosphoglycerol (94; m/z 483.11 [M-H]-) and 481 

hydroxyoctadecenoyl-glycero-phosphoglycerol (102; m/z 525.332 [M-H]-) were described 482 

through a mono-dehydrated glycerophosphate unit (m/z 153) and glycerophosphoglycerol unit 483 

(m/z 245). 93 and 94 were confirmed through GNPS. 484 

Most phosphocholine class compounds in negative ionization mode are detected as adducts 485 

with formate anions [M-H+46]-. After losing the adduct anion, these compounds lost a methyl 486 

group from the choline moiety [M-H-46-14]-. Furthermore, the product ion at m/z 183 marked 487 

those molecules. Octadecanoyl-glycero-phosphocholine (95; m/z 564.123 [M-H+46]-), and 488 

hexadecanoyl-glycero-phosphocholine (97; m/z 540.141 [M-H+46]-), octadecenoyl-glycero-489 

phosphocholine (99; m/z 566.141 [M-H+46]-) coexisted as formic acid adducts. The product ions 490 

of 504, 480, and 506 were generated by losing a CH3 group after CH2O2 anions. Heptadecanoyl-491 

glycero-phosphocholine (96; m/z 504.143 [M-H]-), hexadecanoyl-glycero-phosphocholine isomer 492 
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(98; m/z 480.18 [M-H]-), and heptadecanoyl-glycero-phosphocholine  (100; m/z 506.159 [M-H]-) 493 

were marked. 494 

 495 

Discussion  496 

The most environmentally friendly, safest, and sustainable alternative to synthetic 497 

pharmaceuticals is medicinal plants, which have a wide range of potential therapeutic uses. Plants 498 

synthesize a vast array of secondary metabolites that act synergistically through various 499 

mechanisms of action on multiple targets and pathways. Plant-derived compounds possess 500 

multifunctional bioactive properties, particularly antioxidant and anti-inflammatory abilities, 501 

which provide health benefits in alleviating chronic diseases involving oxidative stress and 502 

inflammation. Scavenging harmful free radicals and modulating inflammatory signaling pathways 503 

are interconnected with the induction and progression of chronic conditions, such as 504 

neurodegenerative diseases and type 2 diabetes mellitus. The significant correlation between the 505 

total phenolic content and the antioxidant capabilities, as well as inhibition of metabolic enzymes, 506 

indicated that the phenolics are the major contributors to these properties.  Their unique structures 507 

allow them to work together, with those sharing similar active features potentially playing parallel, 508 

complementary, or even overlapping roles in conceivable activities [56].  509 

The antioxidant capacity of phenolic acids and aldehydes enables them to interact directly 510 

with free radicals through single-electron or hydrogen-atom transfer, or to trigger the expression 511 

of endogenous antioxidant enzymes. Furthermore, they can alter signaling pathways involved in 512 

inflammation, such as those involving NF-κB, inhibit the synthesis of pro-inflammatory cytokines, 513 

suppress cyclooxygenase enzymes, and modify the expression of certain receptors, including 514 
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GLUT-2, thereby enhancing insulin signaling. Methyl and ethyl esters exhibited a higher inhibition 515 

of acetylcholinesterase than their respective free acids [57, 58, 59]. 516 

Hydroxybenzoic acid derivatives showed promise as therapeutic agents for oxidative 517 

stress-related inflammatory diseases. 2,4-Dihydroxybenzoic acid (β-resorcylic acid) and 3,4-518 

dihydroxybenzoic acid (protocatechuic acid) scavenged the free radicals directly, upregulated the 519 

antioxidant enzymes, and protected against lipid peroxidation. β-Resorcylic acid anti-520 

neuroinflammatory effects were by reducing chemokines and altering microglial phenotypes, 521 

while protocatechuic acid inhibited NF-κB and MAPK pathways, reduced pro-inflammatory 522 

mediators like TNF-α and IL-1β, and interfered with leukocyte recruitment [57]. Protocatechuic 523 

acid inhibited α-glucosidase, decreasing mice's postprandial blood glucose levels [60]. Vanillic 524 

acid (4-hydroxy-3-methoxybenzoic acid) ameliorated scopolamine-induced learning and memory 525 

impairment in rats by modulating acetylcholine esterase activity and oxidative stress [61], inhibited 526 

α-glucosidase and α-amylase enzymes involved in starch digestion and proteases from snake 527 

venom [62, 63]. 528 

 The antioxidant and anti-inflammatory activities of vanillin (4-hydroxy-3-529 

methoxybenzaldehyde) were demonstrated through scavenging hydrogen peroxide and reactive 530 

oxygen species, preventing lipid peroxidation, maintaining antioxidant enzymes activity, while 531 

reducing pro-inflammatory cytokine expression in activated macrophages [64, 65]. 532 

Syringaldehyde (hydroxy dimethoxy benzaldehyde) reduced glucose absorption in diabetic mice 533 

by inhibiting α-amylase and increasing intestinal motility [66] and interacted with acetylcholine 534 

esterase in a docking study by [67]. 4-Hydroxybenzaldehyde also showed potent acetylcholine 535 

esterase inhibition [68].    536 
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Regarding the hydroxy cinnamic acids and their derivatives, the pharmacological potential 537 

of phenolic acids as coumaric, caffeic, ferulic, sinapic, and chlorogenic acids was verified to have 538 

antioxidant and anti-inflammatory activities relevant to Alzheimer's and diabetes management. 539 

Research on their effect on proteinases is less common. Caffeic acid showed superior inhibitory 540 

effects compared to chlorogenic acid against α-glucosidase, α-amylase, and acetylcholine esterase 541 

[69]. The antioxidant potency of caffeic acid > ferulic acid > coumaric acid > chlorogenic acid 542 

through free radical scavenging and metal chelation. Esterification of caffeic acid with quinic acid 543 

reduced the activity [70, 71]. Sinapic acid proved to exhibit impacts such as neuroprotective 544 

through inhibiting cholinesterase enzyme, antioxidant by enzyme enhancement, anti-inflammatory 545 

via T-helper 2 immune response suppression, in addition to anticancer bioactivities [72]. 546 

Diverse beneficial chemical and pharmacological characteristics of flavonoids depend on 547 

the structure class skeletons as the double bond between C2-C3, 4-carbonyl group, location and 548 

number of the hydroxyl groups at 3, 5, 7-positions of A, C rings and 3′, 4′, and 5′ of ring B, 549 

modification by methylation, acylation, and O-/C-glycosylation (amounts, types, position) mediate 550 

their effects [73]. Aglycones are generally considered more bioavailable than glycosides as they 551 

are more easily absorbed, metabolized, and distributed. However, some flavonoid glycosides 552 

showed superior in vivo abilities due to their slower absorption and metabolism and thus showed 553 

long-lasting effects. Glycosides can enhance the chemical stability of the compounds, increase 554 

water solubility, decrease toxicity, and improve a drug's specific targeting characteristic. 555 

Furthermore, glycosylation prevents plant molecules from autooxidation. Generally, O-556 

glycosylation appeared to decrease the compounds' bioavailability, noted for anti-inflammatory, 557 

antioxidant, and antidiabetic activities. Anti-cholinesterase decreased by 1-5 times depending on 558 

the sugar moiety and the conjunction site. On the other hand, O-glycosylation can improve some 559 
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other bioactivities. Broad generalizations regarding the effect of glycosylation on the benefits of 560 

flavonoids are not achievable due to a lack of in vivo investigations. Glycosylation bioactivity of 561 

flavonoid in vitro might not be the same as that observed in vivo. Compared to their flavonoid 562 

aglycones, the glycosides demonstrated comparable or even greater antidiabetic, anti-563 

inflammatory, and antiallergic efficacy when administered orally in vivo. C-glycosides are more 564 

resistant to hydrolysis due to the covalent bond between the sugar and aglycone, appear to have 565 

higher antioxidant and antidiabetic health outcomes than their corresponding aglycones or O-566 

glycosides. Flavonoid C-monoglycosides are poorly absorbed and deglycosylated and broken 567 

down by human intestinal bacteria in the colon, but flavonoid C-multiglycosides are absorbed 568 

unaltered in the intestine and transported to various tissues (74, 52, 75, 76].  569 

The antioxidant capacity of flavonoid aglycones and glycosides, as well as their ability to 570 

inhibit enzymes involved in carbohydrate metabolism, are frequently reported. Apigenin, acacetin, 571 

luteolin, tricin, naringenin, and eriodictyol scavenge the free radicals, chelate metals, inhibit 572 

oxidant enzymes, reduce oxidative stress, and prevent ROS-induced damage [77, 78, 79, 80; 81, 573 

82]. Remarkable anti-inflammatory effect, potentially preventing complications of diabetes and 574 

neurodegenerative diseases, was recorded as α-glucosidase, α-amylase, and anticholinesterase 575 

inhibitors for apigenin [83; 84, 26], luteolin [85,86], naringenin [87,88], and eriodictyol (89, 90]. 576 

With respect to flavonoid glycosides, they provided the antioxidant benefits throughout tricin 577 

derivatives. Tricin 7-O-(6''-methoxycinnamic)-glucoside effect against DPPH was higher than 578 

Trolox [91]. Tricin 7-O-glucoside showed neuroprotective properties, reducing apoptosis in 579 

neuronal cells and providing cerebral ischemia protection through inhibition of NF-κB activation 580 

and HMGB1 expression [92]. Apigenin-7-O-glucopyranoside was identified as a potent α-581 



33 

 

glucosidase inhibitor (IC50 = 22.80 μM) [93] and demonstrated strong in vitro antioxidant effects 582 

and significant inhibition of acetylcholinesterase [94]. 583 

Regarding C-glycosyl flavonoids, vitexin/isovitexin reduced the intracellular reactive 584 

oxygen species, noting that vitexin is more effective as a nitric oxide scavenger, while isovitexin 585 

efficiently scavenges superoxide radicals. As anti-inflammatory agents, they inhibited 586 

proinflammatory mediators such as IL-1β, IL-6, IL-8, IL-17, IL-33, TNF-α, and COX-2, and 587 

enhanced the anti-inflammatory IL-10. Orally, they inhibited α-glucosidase and α-amylase. 588 

Isovitexin was most potent acetylcholine esterase inhibitor than vitexin [95]. The antioxidant 589 

properties of isoorientin are much higher than those of orientin [96]. Orientin reduced 590 

inflammatory mediators as TNF-α, IL-6, NF-κB, and ERK1/2 [97] and showed a promising α-591 

glucosidase inhibitory effect through molecular docking and molecular dynamics studies [98]. 592 

Vicenin 2 revealed significant antioxidant and anti-diabetic activities via strong inhibition of α-593 

glucosidase, as well as suppression of glycation-induced protein oxidation [99].  Ogidigo et al. 594 

(2021) [100] established potent antioxidant activity (IC50 = 7.382 ± 0.79 µg/mL for DPPH radical 595 

scavenging) and significant anticholinesterase activity (IC50 = 22.283 ± 0.27 µg/mL) for 596 

carlinoside. 597 

A wide range of specific biological activities was recorded for flavonolignans, such as 598 

antioxidant, anti-inflammatory, antidiabetic, vasodilator, and antiaging properties which may 599 

benefit Alzheimer's disease [101]. Flavonolignans inhibited proteases such as leukocyte elastase 600 

and gelatinases, which are implicated in inflammation. Specific structural features, like galloyl or 601 

hydroxyl groups, are crucial for this activity [102]. Tricin 4'-O-(threo-β-guaiacylglyceryl) ether 602 

and its threo isomer inhibited LPS-induced nitric oxide and reactive oxygen species generation by 603 

down-regulating iNOS and COX-2 expression through NF-κB and STAT3 pathways. Both 604 
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isomers showed superior effect compared to tricin alone, and the erythro form showed the strongest 605 

one [103]. They showed < 65% anti-inflammatory effect in carrageenan-induced rat paw edema 606 

[104]. 607 

 Identifying the relationships between structure and activity requires suitable techniques to 608 

understand how synergy functions. The use of metabolomics and molecular networking is very 609 

helpful for elucidating structures and modeling how compounds interact. Understanding the 610 

synergy of metabolites guides the development of metabolic and neurological applications, making 611 

valuable products out of invasive plant waste. 612 

 613 

Conclusion  614 

Focusing on discovering new analogues by the present study, M. eruciformis, a natural 615 

weed of the rice crop family Poaceae, can be used as a possible source of valuable products, 616 

encouraging environmentally friendly weed management techniques. The three extracts of M. 617 

eruciformis whole plant; petroleum ether, 70% aqueous methanol, and defatted aqueous methanol, 618 

were screened in vitro for antioxidant, anti-inflammatory, anti-Alzheimer, and antidiabetic 619 

properties. The effective defatted aqueous methanol was further analyzed using LC-ESI-MS. The 620 

complexity of the fractions is visually represented by MN, which can enhance understanding of 621 

the chemical nature of its metabolites, illustrate the concept of their relations, or simply enrich 622 

their structure elucidation. Furthermore, computational tools play a vital role in discovering 623 

potential drug candidates, as the similarity of the identified compounds to known bioactive 624 

compounds aids in identifying potential drug candidates. Nearly 102 compounds were tentatively 625 

annotated first in the studied species, 83 of which were chiefly phenolics. Several promising and 626 

interesting structures, including acetyl ferulic acid O-hexoside derivatives, coumaric acid-O-627 
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coumaroyl hexoside conjugated with different phenyl glycerol unit, and flavonolignans were 628 

tentatively elucidated. They could be responsible for metabolic and neurological impacts. In 629 

combination with other compounds, these compounds are multi-target inhibitors for treating 630 

Alzheimer's disease and diabetes by targeting acetylcholinesterase, proteinase, α-glucosidase, and 631 

α-amylase enzymes, taking into consideration that their effects on bioactivity in vitro might not be 632 

the same as those observed in vivo. Further combined analysis is required to fully identify these 633 

structures. M. eruciformis whole plant Although they show promise as therapeutic agents for 634 

oxidative-stress-related inflammatory disease, additional data regarding their impact on bioactivity 635 

in vivo is required. M. eruciformis displays a diverse range of bioactivity, but it is yet to be 636 

established as a viable therapeutic candidate for more in vivo assessment and clinical experiments. 637 
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