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Abstract
Allium fistulosum, a widely cultivated perennial plant in Asia, has a rich history of

traditional medicinal use. This study aims to comprehensively characterize the
metabolite profile of A. fistulosum ethanol extract using GC-MS analysis, evaluate its
antioxidant potential, and perform molecular docking studies with identified
compounds. A. fistulosum ethanol extract exhibited significant antioxidant activity
with 1C50 values of 63.12 pg/ml (NORSA), 72.79 pg/ml (ABTS), 78.35 ug/ml
(DPPH), and 47.45 pg/ml (HRSA). Phytochemical analysis revealed phenolic
compounds (1.2 mg/g), flavonoids (0.86 mg/g), phytosterols (3.3 mg/g), tannins (5.12
mg/qg), total steroids (11.2 mg/g), protein (13.6 mg/g), sugar (0.86 mg/g), and lipids
(21.8 mg/g). The compound 3 (1,3-benzenedicarboxylic acid, bis(2-ethylhexyl) ester)
identified through GC-MS analysis were utilized for molecular docking studies,
revealing a substantial binding affinity of -7.4 kcal/mol. A. fistulosum ethanol extract
exhibited significant antioxidant activity with 1Cso values. This research sets the stage
for further investigations into the development of targeted therapies for cancer
treatment.

Keywords: Allium fistulosum, phytochemicals, ethanol extract, antioxidant activity,
GC-MS

Phytochemicals, bioactive compounds found in plants, have garnered substantial attention due to their

potential health-promoting properties (Yan et al., 2023; Banwo et al., 2021; Kothari et al., 2020). Within the

Allium genus, encompassing garlic, onions, leeks, and related species, extensive research has unveiled their

phytochemical composition and associated health benefits (Ahmed et al., 2021; Chakraborty et al., 2022;
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Guillamén et al., 2021; Rocchetti et al., 2022). Allium species produce a rich array of secondary metabolites,
including polyphenols, organosulfur compounds, saponins, polysaccharides, and tannins (Bhat et al., 2020;
Kim et al., 2023; Khan et al., 2017). Their bioactive constituents has antimicrobial (Packia Lekshmi et al.,
2015; Lanzotti et al., 2014), antioxidant (Stajner et al., 2008; Kurnia et al., 2021; Stajner and Varga 2003),
antitumor (Asemani et al., 2019; Nouroz et al., 2015; Rauf et al., 2022), immunoregulatory, antidiabetic
(Sabiu et al., 2019; Vu et al., 2020), antioxidant and anti-inflammatory properties (Lee et al., 2021; Momoh
et al., 2022; Alam et al., 2023) and various other activities (Zeng et al., 2017; Fernandez-Bedmar et al.,
2019). These studies underscore the pivotal role of Allium species as sources of health-promoting
compounds.

Notably, they contain an abundance of organosulfur compounds, such as allicin and its derivatives,
which have been associated with various health benefits. Extensive research on these well-known species
has firmly established them as valuable sources of phytochemicals with a wide array of health benefits
(Ozma et al., 2023; Bede and Zaixiang 2020; Okoro et al., 2023; Sagar et al., 2022; Elegbeleye et al., 2022).
Nevertheless, there is a need to broaden our understanding by investigating lesser-known species like A.
fistulosum. Such research may unveil unique bioactive compounds, enriching our knowledge of natural
antioxidants and their potential applications in functional foods and nutraceuticals. A. fistulosum (Wang et
al., 2023; Vlase et al., 2013) which was commonly called as welsh onion.

Welsh onion rich with dietary fibers including vitamins A, C, E, and K, as well as carbohydrates,
proteins, lipids, magnesium, calcium, iron, and potassium, which comprehensively plays a crucial role in
promoting digestive health by facilitating digestion, preventing constipation, and mitigating the risk of colon
diseases (Gao et al., 2021; Sung et al., 2018; Balkrishna et al., 2023). Recent research endeavors have shed
light on the diverse positive effects of A. fistulosum on human health. Studies have suggested its potential
in preventing cardiovascular diseases and inhibiting the onset of cancer (Tigu et al., 2021; Dubey et al.,
2023; Zolfaghari et al., 2021; Ravindranath et al., 2022). The objective of this study was to comprehensively
investigate the metabolic profile and in vitro biological potential of A. fistulosum. To achieve this, a
multifaceted approach was employed, including the estimation of polyphenolic contents and thorough
analysis using gas chromatography-mass spectrometry (GC-MS) on the ethanol extract of A. fistulosum.
MATERIALS AND METHODS
Collection and Preparation of Plant extract
Wild A. fistulosum specimens were collected from Tamil Nadu Agricultural University (TNAU),
Coimbatore. Fresh plant material, including leaves and bulbs, was collected and thoroughly cleaned to
remove any contaminants and then air-dried. The dried plant material was coarsely ground, and 50 grams

of the ground material was extracted with 500 mL of 70% ethanol in a Soxhlet extractor for 8 hours. The



Vetrikodi, N. / Afr.J.Bio.Sc. 6(6) (2024) Page 1215 of 14

extract was filtered, and the solvent was evaporated under reduced pressure using a rotary evaporator at a
controlled temperature (<40°C) to obtain the ethanol extract.

Phytochemical Screening

Total phenolics: It was determined using the Folin Ciocalteu's method (Patel and Kajal 2010; Bhalodia et
al., 2011). Absorbance was measured at 750 nm using a UV-visible spectrophotometer. Gallic acid as the
standard, and a calibration curve was generated using standard gallic acid. The total phenolic content of the
sample was expressed as milligrams of gallic acid equivalent weight (GAE) per 100 grams of dry mass.
Total flavonoid: The determination of total flavonoid content was carried out using the aluminum chloride
colorimetric assay (Patel and Kajal 2010; Kumar et al., 2008). The absorbance was measured at 510 nm
using a UV-visible spectrophotometer. The total flavonoid content in the polyherbal formulation was
expressed as milligrams of quercetin equivalents per 100 grams of dry mass.

Total phytosterols: The quantitative analysis of total phytosterols content was determined described by
Aragjo et al. (2013) by Liebermann-Buchard (LB) reagent. The absorbance of the mixture was measured at
626 nm.

Tannin: It is determined using the Folin-Ciocalteu method (Tamilselvi et al., 2012). The absorbance was
measured at 700 nm using a UV spectrophotometer. Results were expressed in terms of milligrams of tannic
acid equivalents per gram of dried sample.

Total sugar: It was quantified using the phenol-sulfuric acid method (Albalasmeh et al., 2013) by
Benedict’s reagent whereas the measurement of absorbance at 595 nm using an Elisa reader.

Lipid: It was quantified using the vanillin method (Markou et al., 2021). Total protein content in the extract
was determined using the Bradford assay (Marks et al., 1985). Absorbance was measured at 595 nm using
a microplate reader.

Antioxidant Activities

DPPH Assay

The DPPH method described by Jeong et al., (2010) albeit with certain modifications Firstly, a 0.1 mM
DPPH solution was prepared in methanol, and 100 pl of this solution was added to 300 pl of the ethanol
extract at various concentrations (500, 250, 100, 50, and 10 pg/mL). These mixtures were vigorously shaken
and allowed to stand at room temperature for 30 minutes. Subsequently, their absorbance was measured at
517 nm using a UV-VIS spectrophotometer, with ascorbic acid as the reference.

The capability to scavenge the DPPH radical was calculated by

DPPH scavenging effect (% inhibition) = [(absorbance of control - absorbance of the reaction mixture)

/ absorbance of control] x 100



Vetrikodi, N. / Afr.J.Bio.Sc. 6(6) (2024) Page 1216 of 14

ABTS Radical Scavenging Assay

The method described by Arnao et al., (1990) albeit with certain modifications. ABTS solution and various
concentrations (500, 250, 100, 50, and 10 pg/ml) were incubated in equal quantities at room temperature in
darkness (14hrs). Subsequently, the absorbance was recorded at 734 nm after 7 minutes using a
spectrophotometer and the percentage inhibition was calculated as follows:

ABTS Radical Scavenging Activity (%) = (AbS_control - ADS_sampte) / AbS_controt X 100

Nitric Oxide Radical Scavenging Assay (NORSA)
The sample extracts were prepared from a 50 mg/mL crude extract and subsequently serially diluted with

DMSO to create concentrations ranging from 500 to 10 pg/mL. 150 pl aliquot of the extract was then mixed
Griess reagent (150 pl). Following a 30-minute incubation period, 100 uLL of the reaction mixture was
transferred to a 96-well plate, and the absorbance was measured at 540 nm using a UV-Vis microplate reader
(Molecular Devices, GA, USA) (Marcocci et al., 1994; Ebrahimzadeh et al., 2010)

NORSA (%) = [(Acontrol - Atest) / Acontrol] X 100

Hydrogen peroxide scavenging assay
The assay was conducted in accordance with the method originally detailed by Ruch et al., (1989) with

minor adaptations. Various concentrations of the ethanol extract (500, 250, 100, 50, and 10 pg/ml) were
introduced into a 43 mM hydrogen peroxide solution (0.6 ml). After incubation of 10 minutes, the
absorbance of hydrogen peroxide at 230 nm and calculating the percentage of inhibition as

% inhibition = [(Control - Test) / Control] x 100
GC-MS Analysis

GC-MS analysis was done to obtain the chemical profile of A. fistulosum using the SHIMADZU QP2010S
GC-MS system. The operating conditions were as follows: the oven temperature was programmed at 70°C,
the ion source temperature was set at 200°C, and the sample injection mode was splitless with a sampling
time of 2 min, the carrier gas employed was helium (99.99%) at a flow rate of 1.00 mL/min. The scan range
covered 50-500 m/z. The identification of chemical compounds was based on the peaks observed at various
mass-to-charge ratios. Further verification was performed by comparing the obtained data with the standard
spectra available in the mass spectral libraries of the National Institute of Standards and Technology (NIST-
11) and WILEY 8 library.

RESULT AND DISCUSSION

Phytochemical Content Analysis

The results of the phytochemical analysis are presented in Fig. 1. A. fistulosum ethanol extract was found to
contain 1.2 mg/g of phenolic compounds, which are renowned for their antioxidant properties and various
health benefits, including anti-inflammatory and anticancer effects. The presence of phenolic compounds
in A. fistulosum suggests their potential as a natural source of antioxidants. Additionally, flavonoids, another
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class of bioactive compounds, were detected with a content of 0.86 mg/g. Flavonoids are recognized for
their ability to scavenge free radicals and possess various pharmacological activities, such as anti-
inflammatory, anti-allergic, and cardioprotective effects (Kothari et al., 2020; Rocchetti et al., 2022).

The extract was also found to contain 3.3 mg/g of phytosterols, which are structurally similar to
cholesterol and have been shown to lower blood cholesterol levels, making them beneficial for
cardiovascular health. The presence of phytosterols suggests its potential use in functional foods designed
to promote heart health. A notable content of tannins, 5.12 mg/g, was observed in the extract. Tannins are
known for their astringent properties and are often used in traditional medicine for their antidiarrheal and
wound-healing effects. The presence of tannins in A. fistulosum suggests its possible use in herbal remedies
and pharmaceutical preparations. The total steroid content in the A. fistulosum ethanol extract was
determined to be 11.2 mg/g. Steroids are a diverse group of compounds with various biological activities.
The presence of steroids in A. fistulosum suggests the potential for diverse pharmacological effects,
including anti-inflammatory and immune-modulating properties (Tamilselvi et al., 2012; Albalasmeh et al.,
2013; Bhat 2020).

Content (mgJq]

Phytochemicals

Figure 1. Phytochemical Content Analysis of A. fistulosum Ethanol Extract
The macronutrient composition of the extracted sample was analyzed shown in Fig. 2. revealing the
following findings: Protein content is an essential nutritional parameter, as proteins play a crucial role in
various physiological functions and are vital for overall health (Aradjo et al., 2013). The total protein content
was determined to be 13.6 mg/g. The total sugar content in the extracted sample was measured to be 0.86
mg/g. The observed sugar content falls within the range, indicating that the extracted sample contains a
moderate number of sugars.

The total lipid content in the extracted sample was quantified at 21.8 mg/g. This suggests that the
extracted sample contains a notable amount of lipids, which could have implications for its dietary and
nutritional properties. The quantified macronutrient data for the extracted sample provide valuable insights
into its nutritional profile (Markou et al., 2021; Arnao et al., 1990; Jeong et al., 2010).
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Figure 2. Quantification of Macronutrient Concentrations (mg/g)
Evaluation of Antioxidant Activities
Figure 3 presents detailed information regarding the percentage of inhibition observed at varying

concentrations of the tested samples by DPPH radical scavenging assay. Additionally, the mean percentage
of inhibition for each tested sample concentration is provided, highlighting the concentration-dependent
inhibitory responses exhibited by the samples. Furthermore, the IC50 value for the tested sample, indicating
the concentration at which a 50% inhibition rate is achieved, has been determined to be 78.35 pg/ml. The
results validate its potential utility in diverse health-promoting applications, underlining its role as a potent
source of natural antioxidants (Kurnia et al., 2021; Stajner et al., 2008).

In NORSA, the ethanolic extract of A. fistulosum exhibited significant antioxidant activity, as
indicated by its capacity to scavenge nitric oxide (NO) radicals effectively. The results for the tested sample
concentrations (in pg/ml) in triplicates. Figure 4 illustrates a dose-dependent relationship between sample
concentrations (pg/ml) and inhibition percentages. As concentrations decrease, inhibition decreases as well.
At 500 pg/ml, mean inhibition is about 68.82%, while at 10 pg/ml, it's approximately 37.73%. These results
reveal the concentration-dependent inhibitory effects. The IC50 value is 63.12 pg/ml, indicating the
concentration for 50% inhibition. Marcocci et al. (1994) reported the nitric acid scavenging activities of the
Ginkgo plants.

The ABTS assay revealed notable antioxidant prowess of the extract. Figure 5 provides the
percentage of inhibition at various concentrations of tested samples, measured in triplicates, along with their
mean values. Ascorbic acid exhibited the highest mean inhibition at 65.88%, followed by decreasing
inhibition as the sample concentrations decreased. The IC50 value, representing the concentration at which
a 50%-inhibition rate is achieved, was determined to be 72.79 pg/ml. Similar results were reported by Vu
et al. (2020) and Lee et al. (2021).

In the HRSA, the ethanolic extract of A. fistulosum displayed substantial hydroxyl radical (OHe)
scavenging activity. The figure presents OD values at 230 nm for various concentrations of tested samples.
The mean OD value for the control (ascorbic acid) was 0.813. The tested sample concentrations (ranging
from 500 pg/ml to 10 pg/ml) and ascorbic acid exhibited varying OD values at 230 nm. The figure provides
data on the percentage of inhibition for various concentrations of tested samples, with triplicate
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measurements for each concentration. Ascorbic acid is used as the control, and it exhibits the highest mean
inhibition at approximately 88.72%. The IC50 value for the tested sample, representing the concentration
at which a 50% inhibition rate is achieved, was determined to be 47.45 ug/ml. Similar results were reported
by Patel and Kajal (2010), Bhalodia et al. (2011), Kumar et al. (2008), Wilson and Demmig-Adams (2007).
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Figure 3. Mean £ S.D Quantitative Analysis of DPPH Radical Scavenging by A. fistulosum Ethanol
Extracts (n = 3)
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Figure 4. Mean + S.D Quantitative Analysis of Nitric Oxide Radical Scavenging by A. fistulosum
Ethanol Extracts (n = 3)
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Figure 5. Mean £ S.D Quantitative Analysis of ABTS by A. fistulosum Ethanol Extracts (n = 3)
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Figure 6. Mean = S.D Quantitative Analysis of Hydrogen peroxide by A. fistulosum Ethanol

Extracts (n = 3)

GC-MS analysis
The full scan GC-MS chromatogram is presented in Figure 7. Table 1 presents a comprehensive list of ten

different chemical compounds, each identified by its name, molecular weight, molecular formula, retention

time, and area percentage in the A. fistulosum. Compound 4, identified as "1,3-Benzenedicarboxylic Acid,

Bis(2-Ethylhexyl) Ester,” is the most abundant compound, constituting a significant portion of the A.

fistulosum (41.87% area). This indicates its importance in the chemical composition of the A. fistulosum

whereas similar bioactive compounds were reported by Marrelli et al. (2018) and Zeng et al. (2017).

10268

Ll

100

Figure 7. GC-MS of ethanol extract of A. fistulosum
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Table. 1. Compound Analysis Data with Molecular Properties and Retention Times

S.N Name Mol. Molecular Retention | Area %

0 Weight Formula Time

1 | 1-Methylbutyl Nitrite 117 CsH1NO2 6.85 8.89

2 | 1-Methylbutyl Nitrite 117 CsHuNO2 9.18 6.43

3 | 3-Alpha’-Methylcholest-5-en-3-Beta- 429 C28H47NO2 13.91 10.49
ol Nitrite

4 | 1,3-Benzenedicarboxylic Acid, Bis(2- 390 C24H3804 37.46 41.87
Ethylhexyl) Ester
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5 1H-Furo[3,4-C] pyrrole-4-Carboxylic 341 C1sH15NOsg 37.50 2.18
Acid

6-(2-Furanyl) hexahydro-1,3-dioxo-4-
phenyl-, Methyl Ester, (3A. Alpha.,4.
Beta.,6. Beta.,6

6 | 1,2-Di(hydroxydiphenylmethyl)indane 482 CasH3002 37.58 4.64

7 | Isoquinoline, 1,2,3,4-Tetrahydro-7- 418 CasH2sN204 37.63 7.82
Methoxy-2-Methyl-1-[(3-
Nitrophenyl)methyl]-8-

(Phenylmethoxy)-,(.+-.)-

8 | Methyl 3-Methyl-5-Oxy-2- 282 C14H1802S2 37.73 4.63
Phenoxyhexanedithioate
9 | 14,19-Dioxoundecacyclo 338 C22H14N20 37.76 10.67

[9.9.0.0(1,5).0(2,12).0(2,18).0.
(3,7).0(6,10).0(8,12).0(11,15).0(13,17)
.0(16,20)] icosane-4-syn,9-syn-dica

10 | tert-Butyldimethylsilyl 3-Methyl-4- 412 C17H21Fs04Si 38.67 2.39
(2,2,3,3,3-
Several compounds, such as compound 5, "1H-Furo[3,4-C] pyrrole-4-Carboxylic Acid 6-(2-Furanyl)

hexahydro-1,3-dioxo-4-phenyl-, Methyl Ester,” and compound 10, "tert-Butyldimethylsilyl 3-Methyl-4-
((2,2,3,3,3-," are present in relatively small amounts (2.18% and 2.39% area, respectively). The compounds
were identified using GC-MS analysis, and further confirmation was done by comparing their mass spectra
with the reference spectra in the NIST-11 and WILEY 8 libraries.

The identified compounds from the GC-MS analysis of ethanol extract of A. fistulosum exhibit
diverse functional groups, suggesting a range of potential biological activities. Compound 4, characterized
by ester groups and aromatic rings, may possess anti-inflammatory and antioxidant properties (Elegbeleye
et al., 2022; Sagar et al., 2022). Compound 5, featuring furoyl, carboxyl, and ester groups, could potentially
be employed for its anti-inflammatory and analgesic effects (Ravindranath et al., 2022). Compound 7,
containing isoquinoline and nitrophenyl groups, aligns with the characteristics of isoquinoline alkaloids
known for their antimicrobial and anti-inflammatory activities (Chang et al., 2016; Zolfaghari et al., 2021).
Compound 9's complex polycyclic structure hints at versatile biological activities, possibly encompassing
antiviral, anticancer, or antimicrobial properties (Corzo-Martinez et al., 2007; Ozma et al., 2023; Upadhyay
2017).

CONCLUSION
In this study, we conducted a comprehensive evaluation of the phytochemical composition and antioxidant

capacity of the ethanol extract from A. fistulosum. Our findings revealed substantial levels of phenolic

compounds, flavonoids, phytosterols, and tannins, underscoring A. fistulosum's potential as a valuable
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source of these bioactive constituents. Furthermore, we determined significant macronutrient content,
including protein, sugar, and lipids, enhancing the extract's nutritional value. GC-MS analysis provided
detailed insights into the extract's chemical complexity. Antioxidant assessments highlighted the robust
antioxidant potential, making it a compelling candidate for mitigating various radical species. These
findings collectively emphasize the potential of A. fistulosum as an exceptional natural source of
antioxidants and bioactive compounds. This study provides significant promise for the development of
functional foods and nutraceuticals, contributing to the advancement of natural product-based therapeutics.
This research not only deepens our scientific understanding of A. fistulosum but also underscores its
practical applications in health, nutrition, and pharmaceuticals.
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