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Screening of potential Bioactive Compounds in the Ethanolic Extract of Marine Seaweed Acanthophora nayadiformis

Abstract
The present study explored the biochemical profile and pharmacological properties of the red marine macroalga Acanthophora nayadiformis collected from the Red Sea. The ethanolic extract of A. nayadiformis was analysed using gas chromatography-mass spectrometry (GC-MS). A diverse array of bioactive chemicals were found, including fatty acids, esters, alcohols, alkanes, terpenoids, and steroidal derivatives. The primary ingredients were 12-Methyl-E,E-2,13-octadecadien-1-ol (16.74%), Octadecanal, 2-bromo- (8.56%), 17-Octadecynoic acid (5.83%), and 1-Heptatriacotanol (5.48%). The identified compounds are reported to exhibit significant biological activities including antioxidant, antimicrobial, anti-inflammatory, cytotoxic and anticancer effects. The predominance of PUFA derivatives and the detection of antimicrobial and cytoprotective agents in A. nayadiformis support its value as a natural source for pharmaceutical development. This research highlights the multifunctional bioactivity of marine seaweed extracts and their promise for future drug discovery and biotechnology applications.
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1. Introduction
Seaweeds have attracted significant attention in biotechnology research, as a significant number of the drug industries depend on it for the production of bioactive compounds (Gomathi et al. 2013; Pereira & Cotas 2024). They have long been utilized as natural sources of various substances used in pharmaceuticals, fragrances, food colorants, and flavoring agents in different regions of the world. These marine algae are rich in phytochemicals, or secondary metabolites, which exhibit therapeutic potential through their individual, combined, or synergistic effects in promoting human health (Olivia et al. 2021). The discovery of new drugs often begins with identifying biologically active components from natural sources. Therefore, to scientifically validate the traditional medicinal uses of marine algae and to identify potential lead molecules for pharmaceutical development, it is essential to characterize theie active constituents (Mukherjee et al. 2016; Sezer et al. 2024).  
A. nayadiformis is a red marine macroalgae belonging to the family Rhodomelaceae under the division Rhodophyta (Cecere & Perrone 2002). It is usually found in tropical and subtropical waters, particularly in the Red Sea, Indian Ocean, and parts of the Indo-Pacific region (Guillén et al. 2022). Morphologically, it exhibits erect, cylindrical, and cartilaginous thalli that are usually dark red to purplish in color. The branches are irregularly arranged, often with spiny or thorn-like lateral proliferations, which give the genus Acanthophora (meaning “spiny bearer”) its name (Perrone et al. 2006). The thallus may grow up to 10–20 cm in height, and its tough texture enables it to withstand wave action in shallow reef habitats. Biochemically, this species is a known source of secondary metabolites, including halogenated compounds, terpenoids, fatty acids, and sterols, many of which possess antibacterial, antifungal, antiviral, and antioxidant activities. These properties make it a valuable candidate for pharmaceutical, nutraceutical, and biotechnological applications.
Screening algal extracts has become an effective strategy for discovering therapeutically active compounds across different species. GC–MS is a highly valuable analytical technique used to identify and characterize diverse phytochemicals in biological extracts (Thamer & Thamer 2023). This method provides high-resolution separation and accurate compound identification, enabling correlations between detected metabolites and their pharmacological properties (Asteggiano et al. 2021). 
[bookmark: _GoBack]Despite the recognized bioactive potential of red macroalgae, there is limited information on the chemical profile of A. nayadiformis, particularly from the Red Sea, a unique marine environment known for its extreme conditions and species-specific metabolite adaptations. This study focuses on characterizing the bioactive compounds of A. nayadiformis using GC–MS to identify novel metabolites of pharmaceutical interest. We hypothesize that A. nayadiformis synthesizes unique secondary metabolites with potential therapeutic relevance that differ from those of other red algae. The species was chosen due to its wide distribution, ecological significance, and previously reported biological activities, which suggest a promising but underexplored source of bioactive molecules. By profiling its biochemical composition, this research contributes new insights into the metabolomic diversity of Red Sea macroalgae and supports their potential role in future drug discovery and development.
2. Methods and Materials
2.1. Algae collection and sample preparation 
The algae A. nayadiformis samples were collected from the Al-Saif (S1) and Obhur (S2) coastal waters in Red sea, KSA in 2024 (Fig. 1), and were taken directly to the Marine science lab at King Abdulaziz University. Algae samples were identified by Dr. Abu Affan, phycologist and assistant professor, department of Marine Biology. Then, the samples were cleaned with normal water, and air dried. 

Fig 1: Samples collection areas in Red Sea.
2.2. Sample preparation
The samples were crushed into fine powder form by using electronic blender. 20g of algal powder sample was added to 100 mL of absolute alcohol (80% ethanol) and kept in rotary shaker for 72 hours at room temperature. The filtrate was filtered through filter paper Whatman No. 1 filter paper and placed in a glass container. The filtrate was concentrated using a rotary evaporator at 40 °C under reduced pressure to remove the solvent. The concentrated extract was further dried in a water bath at 40 °C until a constant weight was obtained to ensure complete removal of residual solvent. The final semi-solid extract was stored in an airtight container at 4 °C for subsequent analysis.
2.3. GCMS analysis of A. nayadiformis 
The prepared ethanolic extract of A. nayadiformis was analyzed using a Thermo Scientific Trace GC Ultra/ISQ Single Quadrupole MS system equipped with a TG-5MS fused silica capillary column (30 m × 0.25 mm × 0.1 µm film thickness). Helium served as the carrier gas at a steady flow rate of 1 mL/min. The injector and MS transfer line temperatures were maintained at 280 °C. The oven temperature was programmed to start at 40 °C (held for 3 min) and increased to 280 °C at a rate of 5 °C per minute, with a final hold of 5 min. A 1 µL aliquot of the sample was injected in split mode (split ratio 10:1) to ensure optimal peak resolution and prevent column overload. The system was calibrated using standard reference compounds and validated through a tuning procedure with perfluorotributylamine (PFTBA) prior to analysis to confirm mass accuracy and detector performance. Compound identification was carried out by comparing the mass spectra and retention times with those in the NIST and Wiley spectral libraries (Hebbar & Nalini 2020). The relative percentage of each identified component was calculated based on its peak area normalization.
3. Results 
Modern pharmaceutical industries rely heavily on seaweeds due to their rich content of bioactive and medicinal compounds. These natural compounds are known for their ability to combat various diseases and health disorders. The extraction and analysis of such compounds are essential for the development, improvement, and quality assurance of herbal formulations. Research on seaweeds also aids in understanding their potential toxicity and contributes to protecting humans and animals from natural toxins. Therefore, the present study aimed to identify the bioactive constituents in the ethanolic extract of A. nayadiformis using GC–MS analysis. The detected compounds, along with their retention times (RT), molecular formulas (MF), molecular weights (MW), relative concentrations (peak area %), and sources of identification, are summarized in Table 1 and illustrated in Figure 2.
Table 1. Major bioactive compounds were founded in A. nayadiformis extracts.
	RT
	Compound Name
	MF
	MW
	Peak Area%
	Library

	5.70
	5,8,11,14-Eicosatetraenoic acid, phenylmethyl ester, (all-Z)
	C27H38O2
	394
	0.27
	mainlib

	 5.75
	9,12,15-Octadecatrienoic acid, methyl ester
	C19H32O2
	292
	0.34
	Wiley

	22.10
	 1-Chlorooctadecane 
	C18H37Cl
	288
	0.36
	Wiley

	24.80
	1,3,5-Triazine-2,4-diamine,6-chloro-n-ethyl
	C5H8ClN5
	173
	0.37
	Wiley

	24.92
	E-7-Tetradecenol
	C14H28O
	212
	1.24
	mainlib

	25.12
	1-Dodecanol, 3,7,11-trimethyl-
	C15H32O
	228
	0.80
	mainlib

	25.54
	Lidocaine
	C14H22N2O
	234
	1.56
	replib

	26.42
	Pentadecanoic acid,14-methyl-, methyl ester
	C17H34O2
	270
	3.68
	Wiley

	27.28
	Oleic Acid
	C18H34O2
	282
	2.76
	Wiley

	27.75
	Ethyl pentadecanoate  
	C17H34O2
	270
	2.12
	Wiley

	29.45
	Hexadecadienoic acid, methyl ester
	C19H34O2
	294
	0.95
	Wiley

	29.62
	9-Octadecenoic acid (Z)-, methyl ester
	C19H36O2
	296
	3.35
	Wiley

	29.74
	 9,12-Octadecadienoyl chloride, (Z,Z)
	C18H31ClO
	298
	1.06
	replib

	29.96
	Undec-10-ynoic acid, dodecyl ester
	C23H42O2
	350
	1.95
	mainlib

	30.18
	Tetradecanoic acid, 12-methyl-, methyl ester
	C16H32O2
	256
	1.11
	Wiley

	30.95
	9-Hexadecenoic acid
	C16H30O2
	254
	0.56
	mainlib

	33.37
	10-Heptadecen-8-ynoic acid, methyl ester
	C18H30O2
	278
	0.64
	Wiley

	35.99
	 Panaxjapyne A
	C17H26O
	246
	0.52
	mainlib

	36.66
	 2,5-Octadecadiynoic acid, methyl
 ester
	C19H30O2
	290
	0.45
	Wiley

	39.21
	Corymbolone
	C15H24O2
	236
	1.17
	Wiley

	40.14
	1-Heptatriacotanol
	C37H76O
	536
	0.67
	mainlib

	40.48
	1,25-Dihydroxyvitamin D3, TMS derivative
	C30H52O3Si
	488

	1.65
	Wiley

	40.90
	E-8-Methyl-9-tetradecen-1-ol acetate
	C17H32O2
	268
	0.44
	mainlib

	41.25
	Cholest-5-en-3-ol (3a)- 
	C27H46O
	386
	0.66
	Wiley

	41.52
	Tert-Hexadecanethiol
	C16H34S
	258
	4.00
	mainlib

	41.83
	Glycidyl oleate
	C21H38O3
	338
	2.28
	Wiley

	42.13
	17-Octadecynoic acid
	C18H32O2
	280
	5.83
	mainlib

	42.56
	Ethyl iso-allocholate
	C26H44O5
	436
	1.32
	Wiley

	42.95
	1,25-Dihydroxyvitamin D3, TMS
 derivative
	C30H52O3Si
	488
	1.89
	mainlib

	43.17
	Isochiapin B
	C19H22O6
	346
	0.37
	Wiley

	43.46
	2H-Pyran, 2-(7-heptadecynyloxy) tetrahydro
	C22H40O2
	336
	1.07
	mainlib

	43.65
	Rhodopin
	C40H58O
	554
	3.65
	mainlib

	44.01
	Palmitic acid, 2-(tetradecyloxy)ethyl ester 
	C32H64O3
	496
	4.69
	Wiley

	44.34
	12-Methyl-E,E-2,13-octadecadien-1-ol
	C19H36O
	280
	16.74
	mainlib

	44.54
	1,2-15,16-Diepoxyhexadecane
	C16H30O2
	254
	0.41
	Wiley

	44.64
	2-Hexadecanol
	C16H34O
	242
	3.52
	Wiley

	44.79
	1-Heptatriacotanol
	C37H76O
	536
	5.48
	mainlib

	45.04
	Docosanoic acid,8,9,13-trihydroxy-, methyl ester
	C23H46O5
	402
	1.06
	Wiley

	45.17
	Octadecanal, 2-bromo-
	C18H35BrO
	346
	8.56
	Wiley



[image: Fig 1]
Fig. 2: GC-MS chromatogram of A. nayadiformis.
Among the identified phytocompounds, 12-Methyl-E,E-2,13-octadecadien-1-ol compound was found to be in the highest concentration (16.74%) followed by Octadecanal, 2-bromo- (8.56%), 17-Octadecynoic acid (5.83%), 1-Heptatriacotanol (5.48%), Palmitic acid, 2-(tetradecyloxy) ethyl ester (4.69), Tert-Hexadecanethiol (4.00%), Pentadecanoic acid,14-methyl-, methyl ester (3.68%), Rhodopin (3.65%), 2-Hexadecanol (3.52%), 9-Octadecenoic acid (Z)-, methyl ester (3.35%), other compounds were found in trace amount (Table 1). 
3.2. Nature and the biological activities of some compounds from A. nayadiformis extract.
The different bioactive compounds found in the ethanolic extract of A. nayadiformis, its type and biological activity, as reported in earlier studies (Table 2).
Table 2. Nature and the biological activities of compounds from A. nayadiformis. 
	Compound Name
	Type of Compound
	Reported Bioactivity
	References

	5,8,11,14-Eicosatetraenoic acid, phenylmethyl ester (all-Z)
	Aromatic ester of arachidonic acid (PUFA derivative)
	Precursor for eicosanoids; anti-inflammatory, antimicrobial, cytotoxic potential
	(Smith et al. 2011)

	9,12,15-Octadecatrienoic acid, methyl ester
	PUFA ester
	Antioxidant, anti-inflammatory, cardioprotective
	(Calder 2015)

	1-Chlorooctadecane
	Halogenated long-chain alkane
	Antimicrobial, antifungal, antifouling
	(Blunt et al. 2012)

	1,3,5-Triazine-2,4-diamine,6-chloro-n-ethyl
	Chlorotriazine derivative
	Herbicidal/antimicrobial activity
	(FAO 2000)

	E-7-Tetradecenol
	Unsaturated fatty alcohol
	Pheromone activity, antimicrobial
	(Yew & Chung 2015)

	1-Dodecanol, 3,7,11-trimethyl-
	Branched-chain fatty alcohol
	Antimicrobial, quorum-sensing inhibitor
	(Kubo et al. 2004)

	Lidocaine
	Synthetic amide anesthetic
	Local anesthetic, antiarrhythmic
	(Hille 1977)

	Pentadecanoic acid,14-methyl-, methyl ester
	Branched fatty acid ester
	Antimicrobial, antioxidant
	(Kubo et al. 2002)

	Oleic Acid
	Monounsaturated fatty acid
	Anti-inflammatory, cardioprotective, antimicrobial
	(Leyton et al. 2011)

	Ethyl pentadecanoate
	Fatty acid ethyl ester
	Antimicrobial, antioxidant
	(Nyalo et al. 2023)

	Hexadecadienoic acid, methyl ester
	PUFA ester
	Anti-inflammatory, lipid metabolism role
	(Calder 2015)

	9-Octadecenoic acid (Z)-, methyl ester
	Fatty acid ester
	Antimicrobial, antioxidant, energy metabolism
	(Padmini et al. 2020)

	9,12-Octadecadienoyl chloride, (Z,Z)
	Fatty acyl chloride
	Reactive intermediate; antimicrobial
	(Soltan et al. 2023)

	Undec-10-ynoic acid, dodecyl ester
	Alkyne fatty ester
	Antifungal, antimicrobial
	(Adebayo-Tayo et al. 2021)

	Tetradecanoic acid, 12-methyl-, methyl ester
	Branched-chain fatty ester
	Antimicrobial, cytotoxic
	(Krishnappa et al. 2024)

	9-Hexadecenoic acid
	Monounsaturated fatty acid
	Antibacterial, lipid metabolism regulator
	(Yoon et al. 2018)

	Panaxjapyne A
	Polyacetylene derivative
	Anticancer, antifungal
	(Kim et al. 2022)

	2,5-Octadecadiynoic acid, methyl ester
	Polyacetylene fatty ester
	Antimicrobial, cytotoxic
	(Blunt et al. 2012)

	Corymbolone
	Sesquiterpene
	Antiplasmodial, cytotoxic
	(De Assis et al. 2020)

	1-Heptatriacotanol
	Long-chain alcohol (C37)
	Anticancer, anti-inflammatory, Antioxidant
	(Youssef et al. 2023)

	1,25-Dihydroxyvitamin D3, TMS derivative
	Steroidal vitamin D metabolite
	Regulates calcium metabolism, anticancer
	(Holick 2007)

	E-8-Methyl-9-tetradecen-1-ol acetate
	Unsaturated fatty acetate
	Insect pheromone activity
	(Ando et al. 2004)

	Cholest-5-en-3-ol (3a)-
	Sterol
	Cell membrane regulator, precursor to hormones
	(Yulianti et al. 2024)

	Tert-Hexadecanethiol
	Aliphatic thiol
	Antimicrobial, antioxidant potential
	(Sabira et al. 2022)

	Glycidyl oleate
	Epoxy fatty ester
	Antimicrobial, surfactant precursor
	(Shimamura et al. 2023)

	17-Octadecynoic acid
	Alkyne fatty acid
	Inhibitor of cytochrome P450 enzymes, anticancer
	(Guengerich 2001)

	Ethyl iso-allocholate
	Bile acid ester
	Antimicrobial, cytotoxic
	(Khattak et al. 2024)

	1,25-Dihydroxyvitamin D3, TMS derivative
	Steroidal vitamin D metabolite
	Regulates calcium metabolism, anticancer
	(Holick 2007)

	Isochiapin B
	Flavonoid
	Anti-inflammatory, antioxidant
	(Salama et al. 2024)

	2H-Pyran, 2-(7-heptadecynyloxy)tetrahydro
	Pyran derivative
	Antimicrobial, antioxidant
	(Ganesh & Mohankumar 2017b)

	Rhodopin
	Carotenoid
	Antioxidant, Antiproliferative,
Antioxidant
	(Youssef et al. 2023)

	Palmitic acid, 2-(tetradecyloxy) ethyl ester
	Fatty acid ether ester
	Antimicrobial, cytotoxic
	(Carta et al. 2017)

	12-Methyl-E,E-2,13-octadecadien-1-ol
	Unsaturated fatty alcohol
	Antimicrobial, pheromone activity
	(Fakhry Abdel-Motaal et al. 2022)

	1,2-15,16-Diepoxyhexadecane
	Epoxy alkane
	Antimicrobial, reactive lipid
	(Ganesh & Mohankumar 2017a)

	11-Octadecenal
	Unsaturated fatty aldehyde
	Pheromone, antimicrobial, cytotoxic
	(Ando et al. 2004)

	Docosanoic acid,8,9,13-trihydroxy-, methyl ester
	Hydroxylated fatty ester
	Antioxidant, antimicrobial
	(Alqurashi et al. 2022)

	Octadecanal, 2-bromo-
	Halogenated fatty aldehyde
	Antimicrobial, antifouling, cytotoxic
	(Farid-Afshar et al. 2016)



4. Discussion
The GC-MS analysis of the ethanolic extract of A. nayadiformis revealed the presence of diverse bioactive compounds, including fatty acids, esters, alcohols, alkanes, terpenoids, and steroidal derivatives, each potentially contributing to the extract’s biological potential. The predominance of polyunsaturated fatty acids (PUFAs) and their derivatives, such as 5,8,11,14-eicosatetraenoic acid, phenylmethyl ester and 9,12,15-octadecatrienoic acid, methyl ester, indicates that A. nayadiformis possesses strong anti-inflammatory, antioxidant, and antimicrobial properties. These bioactivities are inferred from previously reported literature describing similar compounds with established pharmacological effects (Calder 2015; Smith et al. 2011).
The detection of several antimicrobial compounds such as 9,12-octadecadienoyl chloride (1.06%), and tetradecanoic acid, 12-methyl-, methyl ester (1.11%) further supports the antimicrobial potential of the extract. Similar compounds isolated from other cyanobacteria have demonstrated inhibitory activity against Gram-positive and Gram-negative bacteria (Blunt et al. 2012; Krishnappa et al. 2024). The presence of halogenated alkanes and aldehydes, including 1-chlorooctadecane (0.36%) and octadecanal, 2-bromo- (8.56%), suggests a defensive role against microbial colonization and fouling, a common ecological adaptation among marine and freshwater cyanobacteria (Farid-Afshar et al. 2016).
Several lipid-based metabolites, such as oleic acid, pentadecanoic acid methyl ester, and ethyl pentadecanoate, were detected in the extract. These compounds are widely reported to contribute to antioxidant and cytoprotective activities by maintaining membrane stability and preventing lipid peroxidation (Leyton et al. 2011; Nyalo et al. 2023). Although this role has not been directly confirmed in A. nayadiformis, it is inferred from established fatty acid functions in marine organisms exposed to oxidative environments. The identification of bioactive alcohols such as E-7-tetradecenol (1.24%) and 1-dodecanol, 3,7,11-trimethyl- (0.80%) implies potential quorum-sensing inhibition and antifungal effects, similar to those reported in other microalgal metabolites (Kubo et al. 2004; Yew & Chung 2015).
The detection of specialized compounds such as panaxjapyne A (0.52%), corymbolone (1.17%), and 17-octadecynoic acid (5.83%) indicates possible cytotoxic or anticancer properties. Polyacetylene and sesquiterpene derivatives, like those found here, have been associated with antiproliferative and apoptosis-inducing effects (Assis et al. 2020; Kim et al. 2022). Additionally, the presence of 1,25-dihydroxyvitamin D3 (1.89%) and cholest-5-en-3-ol (0.51%) confirms the metabolic versatility of A. nayadiformis in producing steroidal compounds involved in cellular regulation and photoprotection (Holick 2007; Yulianti et al. 2024).
Flavonoid-like metabolites such as isochiapin B and carotenoids like rhodopin further strengthen the antioxidant profile of the extract. These compounds scavenge free radicals and contribute to cellular protection, aligning with the bioactivities previously documented in cyanobacteria and microalgae (Salama et al. 2024; Youssef et al. 2023). The combined occurrence of antimicrobial, antioxidant, and cytotoxic compounds demonstrates that A. nayadiformis is a rich source of multifunctional bioactive molecules with pharmaceutical and biotechnological potential.
Overall, the biochemical composition of A. nayadiformis ethanolic extract justifies its observed bioactivities and supports its potential as a natural source of antimicrobial, antioxidant, and anticancer agents. Further studies focusing on compound isolation, structural characterization, and in vitro or in vivo bioassays are recommended to validate and expand upon these findings.
5. Conclusion
The ethanolic extract of A. nayadiformis revealed a wide range of bioactive molecules with demonstrated antimicrobial, antioxidant, and anticancer activities. The present of PUFA derivatives, halogenated compounds, lipid-based metabolites, and specialized metabolites such as polyacetylene derivatives and carotenoids indicates potential pharmacological relevance. These findings validate the traditional use of marine macroalgae in medicine and underscore their significance as sources of lead compounds for pharmaceutical innovation. Continued work in isolating and characterizing individual compounds, supported by bioactivity assays, will be critical in advancing the clinical and biotechnological utility of these marine resources. 
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