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ABSTRACT
Background: Medicinal plants remain an important source of biologically active compounds used in modern drug discovery. This study investigated the phytochemical constituents of Amaranthus spinosus leaf extract using Gas Chromatography–Mass Spectrometry (GC–MS) to identify potential bioactive compounds responsible for its pharmacological properties.
Materials and Method: resh leaves of Amaranthus spinosus were collected, shade-dried, pulverized, and extracted using aqueous extraction methods. The crude extract was subsequently analyzed by GC–MS, and the compounds were identified based on retention time, molecular weight, molecular formula, and comparison of mass spectra with the database of the National Institute of Standards and Technology (NIST).
Results: The GC–MS analysis revealed the presence of twenty-four phytochemical compounds with retention times ranging from 1.422 to 22.795 minutes. The identified constituents belonged to several chemical classes, including esters, lactones, fatty acid derivatives, terpenoids, aromatic compounds, and nitrogen-containing heterocyclic compounds. Among the detected compounds, 4-Methoxy-6-methyl-6,7-dihydro-4H-furo[3,2-c]pyran showed the highest relative abundance (11.78%), followed by 3,4-Di-O-methyl-2-deoxy-D-ribono-1,5-lactone (10.00%), Cyclohexanemethyl propanoate (6.08%), 1-Propanone, 1-[5-ethyl-3-(5-nitro-2-furanyl)-1H-1,2,4-triazol-1-yl] (5.72%), and 2-Naphthalenemethanol derivatives (5.26%). Other notable compounds included Hexadecanoic acid methyl ester, 1,3,8-p-menthatriene, and several pyrrole, pyridine, and triazole derivatives. Many of the identified compounds have previously been reported to possess important biological activities such as antioxidant, antimicrobial, anti-inflammatory, antiviral, and anticancer properties. The presence of these diverse phytochemical constituents supports the traditional medicinal uses of Amaranthus spinosus and suggests that the plant may exert its therapeutic effects through synergistic interactions among multiple bioactive molecules.
Conclusion: the GC–MS profiling of Amaranthus spinosus leaves showed that it is a rich source of pharmacologically relevance. The Plant has the potential in drug discovery, development and discovery. Further studies focusing on the isolation, purification, and biological evaluation of the identified compounds are recommended to fully elucidate their therapeutic potential.










INTRODUCTION
For centuries, plants have served as an essential source of therapeutic agents used in the treatment and prevention of numerous human and animal diseases(Chaachouay & Zidane, 2024). A significant proportion of pharmaceutical compounds currently used in modern medicine are derived directly or indirectly from natural products, particularly plant metabolites(Chaachouay & Zidane, 2024; David et al., 2015). Historically, early humans discovered the medicinal or toxic properties of plants through trial and observation during food gathering and consumption. Over generations, knowledge of medicinal plants was preserved and transmitted through traditional practices(Latif & Nawaz, 2025), forming the foundation of ethnomedicine and pharmacognosy. 
According to the World Health Organization, traditional medicine continues to play an important role in global healthcare systems(WHO, 2023). Recent reports indicate that approximately 88% of countries incorporate traditional or complementary medicine practices such as herbal medicine, acupuncture, and indigenous therapies within their healthcare frameworks(WHO, 2025). In many developing regions, plant-based remedies remain the primary source of healthcare for a large portion of the population due to their accessibility, affordability, and perceived safety.
Natural products have significantly contributed to drug discovery and development. It has been estimated that more than 50% of currently approved drugs are derived from or inspired by natural compounds(Singh et al., 2025). Medicinal plants are particularly rich in secondary metabolites including alkaloids, flavonoids, glycosides, tannins, terpenoids, and phenolic compounds(Agidew, 2022; Bhatla & Lal, 2023). These phytochemicals are largely responsible for the diverse pharmacological activities observed in plant extracts, such as antioxidant, antimicrobial, anti-inflammatory, hepatoprotective, and anticancer with regulatory biomarker for ovarian problems (Ammar et al., 2025; Gonfa et al., 2025; Mbazurike et al., 2026; Nwozo et al., 2023).
Among medicinal plants of increasing scientific interest is Amaranthus spinosus, a widely distributed species belonging to the family Amaranthaceae.(Adegbola et al., 2020) The plant is known for its remarkable adaptability to harsh environmental conditions, including drought and nutrient-poor soils. Due to its resilience, rapid growth rate, and minimal requirement for fertilizers or pesticides, A. spinosus can thrive in agro-ecological zones where conventional crops fail to grow effectively(Ahmmed et al., 2024). One of the unique features are the C4 class of Amaranthus species plants, possessing a specialized photosynthetic pathway that enhances carbon fixation efficiency while minimizing photorespiration (Khamis et al., 2025). This physiological adaptation enables the plant to maintain productivity under high temperatures and arid conditions, typically thriving at daytime temperatures above 25 °C and nighttime temperatures not lower than 15 °C. Consequently, Amaranthus species have gained attention as potential crops for sustainable agriculture in regions experiencing climatic stress (Jamalluddin et al., 2021). Nutritionally, the leaves of Amaranthus spinosus are rich in essential nutrients, including proteins, calcium, iron, and vitamins such as A, C, K, riboflavin (B2), niacin (B3), vitamin B6, and folate (B9). Due to this high nutrient density, the plant is widely consumed in many African and Asian communities as a leafy vegetable and has been recommended as a dietary supplement to combat micronutrient deficiencies and malnutrition (Ruth et al., 2021).
Beyond its nutritional value, several pharmacological studies have reported important biological activities associated with extracts of A. spinosus. Previous investigations have demonstrated antimalarial properties, hepatoprotective effects, hematological benefits, and significant antioxidant activity(Akinyemi et al., 2025). In addition, antimicrobial studies have shown that different parts of the plant, including roots, stems, leaves, and flowers, exhibit inhibitory effects against several bacterial and fungal pathogens such as Staphylococcus, Escherichia coli, Pseudomonas, Klebsiella, Fusarium, Aspergillus, and Alternaria species (Maželienė et al., 2025).
Further toxicological and pharmacological investigations have also suggested that leaf extracts of A. spinosus may influence biochemical parameters related to liver and kidney function(Phuwajaroanpong et al., 2023). Experimental studies involving phenylhydrazine-induced anaemic Wistar rats demonstrated alterations in liver enzyme markers including alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST)(Allahmoradi et al., 2020). These findings suggest that the plant extract may possess potential therapeutic properties with minimal toxicity when used appropriately.
Despite the growing interest in Amaranthus spinosus, there is still limited comprehensive characterization of its bioactive chemical constituents using advanced analytical techniques. Modern chromatographic methods such as Gas Chromatography–Mass Spectrometry (GC–MS) provide powerful tools for identifying and quantifying phytochemical compounds present in plant extracts. These techniques allow detailed profiling of volatile and non-volatile metabolites responsible for the biological activities of medicinal plants. The present study aimed to investigate the bioactive chemical constituents present in the leaf extract of Amaranthus spinosus using GC–MS analysis. Identification of these compounds will contribute to understanding the phytochemical composition of the plant and provide a scientific basis for its traditional medicinal use.

MATERIAL AND METHOD
Collection, Identification and authentification of the plant materials
Fresh leaves of Amaranthus spinosus were collected during the dry season in November 2023 from a natural habitat. The plant material was carefully harvested using sterile tools to prevent contamination. Botanical identification and authentication of the specimen were conducted by a taxonomist in the Department of Forestry and Wildlife, Federal University of Technology Owerri, Nigeria. 
Preparation of powder and extract
The collected leaves were thoroughly washed with distilled water to remove soil particles and other contaminants. The plant material was subsequently air-dried under shade at room temperature to prevent degradation of heat-sensitive phytochemicals. After complete drying, the leaves were ground into fine powder using an electric blender.
Approximately 300 g of the powdered plant material was weighed using an analytical electronic balance and macerated in 2000 mL of distilled water. The mixture was allowed to stand overnight at room temperature with continuous agitation using a magnetic stirrer to facilitate extraction of soluble phytochemicals.
The suspension was then filtered using Whatman No. 1 filter paper to remove insoluble residues. The resulting filtrate was concentrated using a rotary evaporator at 50 °C to obtain the crude aqueous extract, which was subsequently stored in airtight containers for further analysis.

Gas Chromatography Mass Spectrometry (GC-MS) Analysis 
GC–MS analysis of the aqueous fractions of Amaranthus spinosus extracts was carried out at the Department of Chemistry, Yobe State University, Damaturu, Nigeria. The analysis was performed using a Shimadzu GC–MS instrument (Model QP-2010 Plus, Japan).
The instrument was equipped with a VF-5ms fused silica capillary column (30 m length × 0.25 mm internal diameter × 0.25 µm film thickness). The oven temperature was programmed from 80 °C to 280 °C at a rate of 2°C per minute.
Electron impact ionization was used at an energy level of 70 eV. The injector temperature was maintained at 250 °C while the detector temperature was set at 200 °C. Helium gas with a purity of 99.9995% served as the carrier gas at a constant flow rate of 1.5 mL/min.
A sample volume of 1 µL was injected manually using a Hamilton syringe in split injection mode. The mass spectrometer was operated within a scanning range of 40–1000 m/z at a scanning rate of 3 scans per second. The total run time for each analysis was 27 minutes. The relative concentration of each detected compound was calculated based on peak area normalization in the total ion chromatogram (TIC).
Identification of component
Identification of chemical constituents present in the plant extracts was achieved by comparing the obtained mass spectra with reference spectra available in the National Institute of Standards and Technology (NIST) mass spectral database. Additionally, the Fatty Acid Methyl Ester (FAME) library version 1.0 was used to confirm compound identities. Parameters such as retention time, molecular weight, molecular formula, and spectral similarity indices were used to confirm the identity of the detected compounds.


RESULT AND DISCUSSION
Table 1 : Phytochemicals from Ethanol fraction extract of A. spinous by GC-MS Analysis
	[bookmark: _GoBack]Peak Number
	Retention Time (RT, min)
	Compound name 
	Molecular weight
	Molecular formula
	Area Percentage (%)

	1
	1.422
	Cyclohexanemethyl propanoate
	170
	C10H18O2
	6.08

	2
	2.022
	-3,4-Di-O-methyl-2-deoxy-D-ribono-1,5-lactone
	160
	C7H12O4
	10

	3
	3.201
	4-Methoxy-6-methyl-6,7-dihydro-4H-furo[3,2-c]pyran
	168
	C9H12O3
	11.78

	4
	3.684
	Formaldehyde, methyl(2-propenyl)hydrazone
	98
	C5H10N2
	2.68

	5
	5.412
	2(5H)-Furanone, 3-chloro-5-((dimethylamino)methyl)-4,5-dimethyl
	203
	C9H14ClNO2
	3.22

	6
	6.262
	DL-Ephedrine
	165
	C10H15NO
	1.5

	7
	7.345
	2,3,4,5Tetrahydropyridazine
	84
	C4H8N2
	3.54

	8
	7.836
	3-Selenetanol, 3-(4-methoxyphenyl)-
	244
	C10H12O2Se
	1.77

	9
	8.143
	4-Acetoxy-3-methoxystyrene
	192
	C11H12O3
	3.81

	10
	8.597
	3-Methoxyacetophenone
	150
	C9H10O2
	1.32

	11
	8.846
	6H-Furo[2',3':4,5]oxazolo[3,2-a]pyrimidine-6-thione, 2,3,3a,9a-tetrahydro-3-hydroxy-2-(hydroxymethyl)-, [2R- (2α,3β,3aβ,9aβ)]-
	242
	C9H10N2O4S
	2.01

	12
	8.956
	1,3,8-p-Menthatriene
	134
	C10H14
	1.46

	13
	10.677
	1,3-Benzenediol, O,O'-di(2-methylbenzoyl)-
	346
	C22H18O4
	4.69

	14
	10.845
	3-Methylbenzoic acid, 2,5-dichlorophenyl ester
	280
	C14H10Cl2O2
	1.31

	15
	11.284
	Pyrrole, 2-methyl-5-phenyl
	157
	C11H11N
	1.59

	16
	11.372
	6-(3-Methyl-3-cyclohexenyl)-2-methyl-2,6-heptadienol
	220
	C15H24O
	1

	17
	11.775
	2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-9-(phenylsulfonyl)-, (E,E)-
	362
	C21H30O3S
	3.96

	18
	12.075
	1,2-Pentanediol, 5-(6-bromodecahydro-2-hydroxy-2,5,5a,8a-tetramethyl-1-naphthalenyl)-3-methylene
	402
	C20H35BrO3
	1.03

	19
	12.939
	6,10-Dimethyl-3-(1-methylethylidene)-1-cyclodecene
	206
	C15H26
	2.23

	20
	13.84
	4-(1-Methylethylamino)pyrido[3,2-c]pyridazine
	188
	C10H12N4
	4

	21
	14.338
	2-Naphthalenemethanol, 8-ethenyl-3,4,4a,5,6,7,8,8a-octahydro-5-methylene
	204
	C14H20O
	5.26

	22
	16.066
	2,4-Dimethyl-6-(2-furyl)pyridine
	173
	C11H11NO
	4.92

	23
	16.219
	Hexadecanoic acid, methyl ester
	270
	C17H34O2
	1.24

	24
	22.795
	1-Propanone, 1-[5-ethyl-3-(5-nitro-2-furanyl)-1H-1,2,4-triazol-1-yl]
	264
	C11H12N4O4
	5.72




A significant proportion of pharmaceutical compounds currently used in modern medicine are derived directly or indirectly from natural products, particularly plant metabolites. The current Chromatography–Mass Spectrometry (GC–MS) of Amaranthus spinosus. Chromatography–Mass Spectrometry (GC–MS) analysis of the leaf extract of Amaranthus spinosus revealed the presence of twenty-four phytochemical constituents, identified based on their retention time (RT), molecular weight, molecular formula, and comparison of their mass spectra with reference spectra in the database of the National Institute of Standards and Technology. The analysis revealed 24 compounds, with retention time 1.422 to 22.795 minutes. The chromatographic profile indicates a complex mixture of bioactive compounds belonging to several chemical classes including esters, phenolics, heterocyclic compounds, fatty acid derivatives, terpenoids, and aromatic compounds. The detected compounds exhibited the presence of both low-molecular-weight volatile compounds and relatively higher molecular weight semi-volatile compounds.
Among the identified compounds, 4-Methoxy-6-methyl-6,7-dihydro-4H-furo[3,2-c] pyran recorded the highest peak area (11.78%), indicating that it is the most abundant phytochemical component present in the extract. Compounds with similar heterocyclic structures have been reported to exhibit antimicrobial activity (Mullaivendhan et al., 2023). Some heterocyclic compounds reported in previous studies have demonstrated antioxidant potential (Drakontaeidi et al., 2024; Tsolaki et al., 2014). Several heterocyclic compounds identified in natural products have been investigated for antimicrobial, anti-inflammatory, and anticancer activities (Hamad, 2025). 
Compounds with relatively high abundance were also observed for 3,4-Di-O-methyl-2-deoxy-D-ribono-1,5-lactone (10.00%). Lactone derivatives have been reported to possess antioxidant and metabolic regulatory activities (Hur et al., 2021). Several lactone-containing natural products have demonstrated anti-inflammatory and antimicrobial activities in previous studies (Kudumela et al., 2019; Matos et al., 2021; Napagoda et al., 2020). It’s derivatives and mechanistic properties in protecting against viral attack was elucidated (Casati et al., 2021) which give room for further investigation and remodeling of the molecule. 
The compound Cyclohexanemethyl propanoate identified at a retention time of 1.422 min belongs to the class of ester compounds which are known to possess antimicrobial and antioxidant properties. Ester compounds often contribute to the biological activities of medicinal plants due to their ability to interact with microbial cell membranes. Although there exist a conflicting interest about the derivates on its anticancerous and anitfugus effect (Shoaib et al., 2019), at higher doses it causes death (Kim et al., 2011). These could be solvent type but suggest further studies on what attributes to its toxicity of these derivates.
The compound Hexadecanoic acid methyl ester (methyl palmitate) belongs to the fatty acid methyl ester group. Fatty acid derivatives such as methyl palmitate are widely reported in medicinal plant extracts and are known for their antimicrobial, antioxidant, and anti-inflammatory activities. These compounds may also contribute to membrane stabilization and metabolic regulation. A report by Bashir et al., (2024) showed that Fusarium oxysporum and Rhizoctonia solani inhibition of activity by 60.1% and was also very active in inhibiting the activity of other bacterial organisms. This study is similar to (Jiménez-Nevárez et al., 2023) but confirming the its ability to inhibit the production of the NO pathway in ubiquitous organisms. Also similarly, Hexadecanoic acid methyl ester detected in the current study has also been reported in Catharanthus ovalis leaf extract(Shahriar et al., 2024).
Terpenoid compounds were also identified in the extract, including 1,3,8-p-Menthatriene and 6-(3-Methyl-3-cyclohexenyl)-2-methyl-2,6-heptadienol, which are commonly found in essential oils and plant secondary metabolites. Terpenoids are well known for their pharmacological properties such as antibacterial, antiviral, antifungal, and anti-inflammatory effects. However, its activity is beyond anticeptics. Study by Carvalho et al., (2016) showed an insecticidial activity of  Croton tetradenius  against Aedes aegypti, with a significant safe threshold. This study is similar to (Jankowska et al., 2018) which accounted its effect on the neverous system of insects. The presence of these terpenoid compounds in the extract therefore suggests that the plant may possess both pharmacological and bioinsecticidal potential, which could partly explain its ecological role in plant defense as well as its traditional medicinal applications.
The presence of aromatic compounds such as 3-Methoxyacetophenone, 4-Acetoxy-3-methoxystyrene, and pyrrole derivatives are aromatic compounds frequently exhibiting antioxidant activity due to their ability to donate hydrogen atoms and stabilize free radicals. One of a promising study by Stefanova et al., (2025) showed the neuroprotective effect  its derivatives a previous study asserts its antioxidant activity to be efficiency (MacLean et al., 2008).
In addition, heterocyclic nitrogen-containing compounds such as pyridine derivatives, pyrrole derivatives, and triazole-containing compounds were detected in the extract. These derivates form one the hormonal building block of plants which enables growth(Tsygankova et al., 2016) and have different anticancerous properties (Lang et al., 2020). In natural product study agreed with the latter and former studies to be a promising drug even in the antiviral industry (Kanupriya et al., 2024; Li et al., 2022).
The detection of these diverse phytochemical constituents supports the traditional medicinal applications of Amaranthus spinosus. The presence of phenolic compounds, fatty acid derivatives, terpenoids, heterocyclic compounds, and aromatic compounds suggests that the plant may exert multiple biological effects through synergistic interactions among its phytochemical components. The classes of phytochemicals, including fatty acid esters and phenolic compounds, have been reported in Hellenia speciosa, where they were associated with antioxidant and antimicrobial properties (Ramya, 2022). In another study, fatty acid derivatives have been reported an ethanolic extract of  Mentha arvensis and Aegle marmelos, where GC-MS analysis linked these compounds to antioxidant and anticancer activities (Mathai et al., 2025).
Furthermore, the identification of these compounds provides a scientific basis for the previously reported pharmacological properties of Amaranthus spinosus, including antioxidant, antimicrobial, hepatoprotective, and anti-inflammatory activities. The combined action of these phytochemicals may be responsible for the therapeutic effects observed in traditional medicinal practices.
Thee GC–MS analysis demonstrates that Amaranthus spinosus leaves are a rich source of bioactive compounds with potential pharmaceutical applications. These findings highlight the importance of further investigations aimed at isolating and characterizing individual compounds responsible for the biological activities of the plant.

CONCLUSION
In the present study on Amaranthus spinosus with Gas Chromatography–Mass Spectrometry (GC–MS) analysis twenty-four bioactive compounds were identified. The presence of these diverse phytochemicals supports the traditional medicinal use of Amaranthus spinosus and suggests that the plant is a potential source of pharmacologically active compounds. Further studies are recommended to isolate and characterize these compounds and to evaluate their therapeutic potential for drug development.
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