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Abstract
This study aims to investigate the chemical profiles of
different solvent (Ace, acetone; DCM/MeOH, dichloromethane/methanol; EtOH, ethanol; EA, ethyl
acetate; MeOH, methanol) extracts of Ephedra foeminea collected from Jordan via an. untargeted
metabolomics approach using NMR, GC-MS, LCMS and analyzing the data through Venn diagrams,
PCA plots, and Metabolite Set Enrichment Analysis (MESA), while determining their antioxidant
capacities using ABTS assays. Results revealed the dominant chemical groups as amino acids,
fatty acids, carboxylic acids, and carbohydrates, it was also found that the DCM/MeOH and MeOH
extracts had the most distinct composition and most unique compounds. The methanolic extract
was relatively the most potent in the ABTS assay (IC50 249.6 µg/mL). In conclusion, solvents
influenced the recovery of metabolites in E foeminea and the antioxidant activity of the E.
foeminea methanolic extract could be correlated to the abundant presence of diverse bioactive
compounds.
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Introduction
Ephedra foeminea, also known as “Alandah” or “Qudab” in Arabic, is widespread plant in the
East Mediterranean region. E. foeminea is the only Ephedra species which does not contain
ephedrine and pseudoephedrine, which has adverse effects on some human systems. Several
Ephedra species have previously been shown to be rich in antioxidant classes such as flavonoids
and phenolic acids. The extraction solvent can have a significant impact on the biological activities
and metabolite contents of plant materials because distinct bioactive constituents with different
chemical properties and polarities may have varying solubility in different solvents.
Metabolomics has evolved in recent years as a vital method for comprehensively evaluating all
metabolites in a crude extract, enabling an approach to examine a complex mixture of molecules
that may be connected to observations obtained through biological activity tests and assays
without the need for isolation procedures.
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Results and Discussion
The solution and solid NMR spectra were divided into
different regions associated with specific functional
groups (Figure 1b, 1c) and measured the analytes through
signal intensities and their linear relationship with
analytes concentration (%).
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Visual inspection of the typical liquid-state NMR spectra
(Figure 1a) revealed obvious visual differences between
the different solvent extracts of E. foeminea, especially the
methanolic extract (red) spectrum where the most varied
peaks were seen, suggesting a variation in metabolic
makeup according to the solvent used.
The polysaccharides region dominated the spectra, most
likely attributed to cellulose; the main structural fiber in
plants. Elevated carboxylic, phenolic, and substituted
aromatic associated signals, particularly in the methanolic
extract, indicate that E. foeminea possesses compounds
such as flavonoids and alkaloids.

Maceration

Figure 4. Principal component analysis (PCA) score plots of different solvent
E. foeminea crude extract LC‒MS data per injection. (a) negative mode scan;
(b) positive mode scan. Samples were analyzed in triplicates.

Figure 1. (a) Stack plot comparison of the 1D 1H spectra of different solvent extracts of E. foeminea recorded
using 600 MHz solution NMR and dissolved in D2O. Yellow, EtOH extract; purple, EA extract; green, Ace extract;
red, MeOH extract; blue, DCM/MeOH extract.; (b) Functional group ratio comparison of different solvent
extractions of E. foeminea (1H, Solution, 600 MHz); (c) E. foeminea powder sample (13C, Solid, 600 MHz).
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Figure 2. Venn diagrams showing overlapping and unique compounds of E. foeminea crude
extracts using different solvents analyzed by (a) positive ion mode and (b) negative ion mode
LC–MS scans, and (c) GC‒MS scan.
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A total of 521 metabolites were identified in DCM/MeOH extract, 272 in
the MeOH extract, 260 in the Ace extract, 258 in the EtOH extract, and
195 in the EA extract via databases.

The DCM/MeOH extract was shown to extract the most unique
compounds in the LC‒MS Venn analyses (Figure 2a), suggesting that
utilizing a solvent mixture is advantageous in maximizing the extraction
of metabolites of varying structures, due to the difference in polarities.
Similarly, the GC‒MS Venn analysis (Figure 2c) demonstrated that MeOH
extracted many unique compounds in comparison to the other extracts,
indicating that methanol may be a more efficient solvent for extracting
diverse plant metabolites.
Several compounds were reported in E. foeminea for the first time, many
of which possess antioxidant abilities such as pheophorbide A.

As shown in the bar chart (Figure 3a) the primary chemical
groups with a higher p-value were mainly amino acids, sugar
alcohols, saturated fatty acids, monosaccharides, dicarboxylic
acids, 1,2-aminoalcohols, pyridines, hydroxy benzoic acids,
disaccharides, and trichloroacetic acids.
The pie chart (Figure 3b) indicates the highest number of
compounds as mainly described by amino acids (red), saturated
fatty acids (deep purple), sugar alcohols (blue), dicarboxylic acids
(turquoise blue), monosaccharides (green), unsaturated fatty
acids (grey), and hydroxy fatty acids (violet), consecutively.
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The data obtained from positive and negative ion
LC‒MS scans were subjected to the principal
component analysis (PCA) in order to underline
the E. foeminea crude extracts’ similarities and
differences based on their chemical compositions.
In the negative mode scan, the second and third
principal components explained 2.1% and 1.0%
of the variation, respectively (Figure 4a).
The positive scan mode score plot showcased
some differences where the second component
explained 5.3% of the variation, while the third
component explained 2.1% (Figure 4b).

The plots suggest a close similarity in the composition of the Ace and EA extracts, while the DCM/MeOH
extract and the MeOH extract were found to be highly separated. This implies the distinctive features and
further supports our findings indicating a diverse chemical makeup in both these extracts.
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Several concentrations (30‒300 µg/mL) of the different solvent extracts of E. foeminea were tested for
antioxidant activity.
(a)

The IC50 values for all five extractions were generally
within a similar range at (249.6 to 289.8 µg/mL), and
the IC50 of the pure ascorbic acid standard was
significantly lower than all tested extracts (IC50 5.974 µ
g/mL) (Figure 5), which indicates that the plant
possesses moderate to low antioxidant ability, with the
MeOH extraction having the lowest IC50 value at 249.6
µg/mL.
This could be linked to the presence of pheophorbide A
and kynurenic acid as major constituents of the MeOH
extract, as well as the possibility that MeOH extracted
the highest level of phenols, flavonoids, alkaloids, and
terpenoids.

(b)

Figure 5. Dose-dependent ABTS (%) radical scavenging activity of E.
foeminea crude extract. (a) methanol; (c) ascorbic acid control.
Pearson correlation coefficient (r) between concentrations and %
radical scavenging activity was found to 0.9995. Values are the
means of triplicate analyses; error bars denote the relative standard
deviation.

Conclusion

Figure 3. (a) Over Representation Analysis (ORA) Bar chart and (b) pie chart of the chemical
classification of the total metabolites identified in the five E. foeminea crude extract samples using
GC‒MS via metabolite set enrichment analysis (MSEA).

The metabolome profiling and antioxidant activities of Ephedra foeminea different solvent extracts were
investigated based on untargeted metabolomics combined with multivariate analysis. Untargeted metabolomics
identified 521 metabolites in the DCM/MeOH extract, 272 in the MeOH extract, 260 in the Ace extract, 258 in the EtOH
extract, and 195 in the EA extract of several functional chemical groups, including amino acids, sugar alcohols, saturated
fatty acids, di- and mono- saccharides, dicarboxylic acids, 1,2-aminoalcohols, pyridines, hydroxy benzoic acids, among
others. Variations in composition according to solvent used was present, which revealed DCM/MeOH and MeOH to be the
most diverse extracts. The MeOH extract showed the highest radical scavenging activity. Our results concluded that MeOH
and DCM/MeOH are the most relatively efficient solvents for extracting diverse bioactive metabolites from E. foeminea.
We propose more research to optimize the isolation and elucidation of the described bioactive compounds from E.
foeminea.
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