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ABSTRACT

Conventional organic solvents, commonly used for extracting natural compounds, are toxic and pose risks to human
health. To address this limitation, green solvent, using natural deep eutectic solvent (NADES), has been developed as
an environmentally friendly alternative. Therefore, this study aimed to investigate the use of green solvent NADES
with choline chloride and fructose as base materials for extracting active compounds from Spilanthes acmella stems.
The results of extract analysis conducted through liquid chromatography-mass spectrometry (LCMS) successfully
identified 17 active compounds. These compounds included citric acid, sangivamycin, (E)-ferulic acid, methylmalonic
acid, lypcosamine, N-acetyl-L-glutaric acid, 6 Hydroxypiconilic acid, pivagabine, and traumatic acid. The extracted
active compounds showed pharmacological effects that could be used for pharmaceutical product development.
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INTRODUCTION
Spilanthes acmella is a weed species with medicinal compounds, thriving in areas characterized by humid
soil and air conditions, specifically, in tropical and subtropical regions.! Traditionally, Spilanthes acmella
flowers are used for treating various diseases, flavoring food, and in the body care industry. All parts of the
plant including roots, stems, leaves, and flowers have a bitter taste, suggesting the presence of essential oil.
Among several identified compounds, spilanthol® has distinct characteristics, with analgesic properties,
antioxidant, anti-tumor, anti-inflammatory, antifungal, antibacterial, and immune-stimulating agents.>* The
isolation of active compounds in Spilanthes acmella is generally carried out using water and other organic
solvents.>®> However, the organic solvent commonly used is toxic and environmentally unfriendly,
suggesting the recent use of environmentally friendly solvents through natural deep eutectic solvents
(NADES). Specifically, NADES is an environmentally friendly eutectic solvent derived from natural
materials capable of enhancing the extraction capability, stability, solubility, and bioavailability of bioactive
compounds in plants. The constituents of NADES are readily available, cost-effective, have low toxicity
profiles, and are easy to prepare.” In several studies, the development of NADES has been used as an
environmentally friendly solvent for extracting bioactive compounds from plants, such as phenols,
alkaloids, quercetin, coumarin, and monoterpenes. 3'? This study aimed to explore the green solvent.
NADES with choline chloride and fructose as base materials to extract active compounds from Spilanthes
acmella stems. The extraction results are analyzed using liquid chromatography-mass spectrometry
(LCMS).
EXPERIMENTAL

NADES Preparation

Choline chloride and fructose were used as raw materials for NADES preparation with a molar ratio of 1:2.
The materials were weighed, heated, and stirred until the solvent formed, which was used as the extraction
medium.
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Extraction Using NADES

NADES (10 mL) was used to extract active compounds from Spilanthes acmella stems (1g). This was
followed by stirring (65 shaker/minute, 30 minutes) at room temperature. The solution was filtered using
filter paper and the extraction results were analyzed for active compound components.

Chemical Composition Analysis Using LCMS
The components in the Spilanthes acmella stem extract were analyzed using LCMS. "

RESULTS AND DISCUSSION

The analysis of active compound components was conducted on stem extract in choline chloride-fructose-
based NADES using LCMS. The results obtained from the analysis are shown in Fig.-1 and Table-1.

388888

Fig.-1: Spectrum LCMS- Spilanthes acmella Stem
Table-1: Active Compounds Extract of Spilanthes acmella Stem in NADES

No Components Formula RT
| Citric acid CsHzOs 1.383
2 4-Oxoproline CsH7NO34 1.421
3 Tegaserod CsH23Nso 9.451
4 Sangivamycin C12H15N505 1.42
5 (E)- Ferulic acid C4HsOu 8.988
6 Methylmalonic acid C4HeOs 1.643
7 Aspirin CoHzO4 8.475
8 DL-Malic acid C4HeOs 1.298
9 Lycopsamine CisH»NOs 9.592
10 Dehydroascorbic acid CeHeOs 1.426
11 (52)-9, 12,12,-Trihydroxy-15-octadecenoic acid CisH3405, 3.136
12 6-Hydroxypicolinic acid CeHsNO3; 1.408
13 Tegaserol Ci6H23NsO 10.112
14 N-Acetyl-L-Glutamic acid C7H11NOs; 1.471
15 6-Hydroxy-6-methyl-4,11-dioxoundecanoic acid Ci2H2005 9.8888
16 Pivagabine CoH17NO3 8.58
17 Traumatic acid C12H20041 13.124

Based on the analysis of Spilanthes acmella stem extract in choline chloride-fructose-based NADES, 17
compounds with different retention times were identified. The application of NADES in analytical
chemistry has proven the ability to extract organic compounds from natural materials. This effectiveness is
influenced by intermolecular interactions in the medium, based on hydrogen bonding interactions between
NADES and active compounds in the extract.'

Among various organic compounds, citric acid has high proportions in fruits such as blueberries, tomatoes,
and peaches. However, the high content in lemons, red raspberries, and kiwis can lead to unwanted acidity
in processed products,'® influencing aroma compound formation. For example, pH decreases due to citric
acid influences chemical reactions, producing a fruity and sweet aroma.'

Sangivamycin is another organic compound known as a potent inhibitor of SARS-CoV-2. This compound
is capable of inhibiting live Ebola virus. Additionally, sangivamycin shows broad-spectrum antiviral
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activity against Vaccinia virus replication. This efficacy was observed when tested on several cell types, !’
suggesting sangivamycin as a compound with both antibiotic and antiviral activities.'®
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Fig.-3: Mass Spectrum of Sangivamicin
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Fig.-4: Mass Spectrum of (E)-Ferulic Acid
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Based on the analysis results, ferulic acid was identified in Spilanthes acmella stem extract. This compound
is found in vegetables, and plant cell walls of monocots, acting as a potent antioxidant. It requires integration
into food as a supplement or nutraceutical to alleviate conditions increased by oxidative stress.'” Ferulic
acid is a phenolic compound that possesses anti-inflammatory and antioxidant properties. 2° Previous
experimental reports showed that ferulic acid could alleviate brain tissue inflammation and oxidative
stress,”! due to antimicrobial potential and defense responses. Moreover, this study was conducted to
evaluate ferulic acid-induced resistance against blue mold in apples and the mechanisms of action.??

Structure Name RT [min] Formula Molecular Weight Group Areas
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Fig.-5: Mass Spectrum of Methylmalonic Acid

The results of extract analysis conducted through LCMS identified Methylmalonic acid (MMA).
Specifically, MMA is the conjugate base of methylmalonate, serving as a dicarboxylic acid found in urine
and plasma, and the [IUPAC is named Methylpropanedioic acid. Plasma or serum MMA is used in the
medical field as a sensitive biomarker for vitamin B-12,% particularly in vitamin B12 deficiency.?* Urinary
Methylmalonic acid (uMMA) concentrations can be used as functional markers of vitamin B-12 status.
Moreover, uMMA measurement has become an invasive method for screening purposes and
epidemiological studies. uMMA is also highly excreted by the kidneys, where the metabolite is
concentrated in the urine, serving as a sensitive indicator of tissue depletion.?

Structure Name RT [min] Formula Molecular Weight Group Areas
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Fig.-6: Mass Spectrum of Lypcosamine
Lycopsamine, widely known as indicine or 9-viridiflorylretronecine, is a natural chemical compound
predominantly composed of base nitrogen atoms. Based on pKa, Lycopsamine is water-soluble and a weak
acid compound, belonging to the alkaloid group and derivatives. This compound can be found in borage,
serving as a potential biomarker for the consumption of food products. Lycopsamine isolated from
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Eupatorium maculatum L. has shown potential as an antitumor agent,?® while Heliotropium megalanthum
extract shows antifungal effects.?” This compound is also a potential anti-lung cancer agent and can be a
key molecule in lung cancer treatment.?®

Structure Name RT [min] Formula Molecular Weight Group Areas
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Fig.:7j: Mass Spectrum of N-Acetyl-L-Glutamic Ac1d

N-N-acetyl-L-glutamic acid (C;H;1NOs) identified in this study is an N-acyl-L-amino acid, where one
amino hydrogen of glutamic acid is substituted by an acetyl group. This compound can be found in all
living species including humans. N-acetyl-L-glutamic acid has been detected in several foods such as
jostaberry, and cocoa beans, serving as a potential biomarker for consumption as a food product. Physically,
this compound is a solid, white to off-white color used as a flavor enhancer in savory foods. Another
compound that was identified included 6-Hydroxypicolinic acid, a derivative of picolinic acid in the
pyridine family. This compound is used for the production of 2-oxypyrimidine, which is an important
intermediate for drug production.

Structure Name RT [min] Formula Molecular Weight Group Areas
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Fig.-8: Mass Spectrum of Pivagabine

Pivagabine is a stable metabolic compound, with biochemical activity in stress conditions (neurosteroid).
This compound was used in Italy in 1997 as an antidepressant * and tested on experimental rats, proving to
prevent deficit behavior associated with stress.* Pivagabine has significant therapeutic in patients under
psychological pressure due to stressful events.?!

The analysis identified traumatic acid; a single unsaturated dicarboxylic acid naturally found in plants.
Traumatic acid is a wound hormone in plants. It stimulates cell division to form protective calluses. This
compound is a potent agent for treating several skin diseases related to oxidative stress and collagen
biosynthesis disorders, with potential as an anticancer agent.
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Fig.-9: Mass Spectrum of Traumatic Acid
CONCLUSION
In conclusion, this study showed the successful application of choline chloride and fructose as NADES for
the extraction of active compounds from Spilanthes acmella. the extraction method is safe for
environmentally. Based on the results, the extracted compounds showed potential for application in
pharmaceutical, food, and cosmetic industries, suggesting significant potential for further development and
application.
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