


Bioactive Compounds in Platycerium bifurcatum Leaf Extracts and their Phytomedicinal Significance 


[bookmark: _GoBack]ABSTRACT
Background: Absorption of bioactive compounds from administered plant sections remains the underlying principle of phytomedicine
Methods: Mature leaves of P. bifurcatum from University of Port Harcourt Botanical Garden were dried for 14 days at 23 ºC to a constant weight, pulverized to fine powder using Binatone BLG450 blender and 10g staple-sealed in three Whatman no.4 filter papers were extracted in different Soxhlet extractors using hexane, methanol and dichloromethane as solvents. The extracts were concentrated and their bioactive compounds determined using GC-MS.
Results: This study revealed 4,8-Dimethylbicyclo[3.3.1]nonane-2,6-dione of 4.492% concentration in hexane extract as most predominant aldehydes, ketones, alcohols and imines. Prominent amongst alkanes alkanes, cycloalkanes and bromoalkanes was Hexadecane of 2.252% concentration in dichloromethane extract. Pentadecanoic acid 14-methyl ester and 5-Eicosene (E) in hexane and dichloromethane extracts of concentrations 18.575% and 4.912% were highest esters/ethers and alkanes. While 9,10-Anthracenedione,1-amino-2-methyl of concentration 1.385% in hexane extract was most prominent pyrazolones, pyrazolidinones, organosilicons and quinones.  Phthalic anhydride of 2.356% concentration in dichloromethane extract was highest anhydrides. Prominent amongst the cyclic and heterocyclic hydrocarbons is 2,4-Di-tert-butylphenol of 10.078% and 5.111% concentrations in dichloromethane and methanol extracts. 3-Eicosyne of 1.909% concentration in hexane extract was the highest alkynes and alkyl halides, while 10.047% and 24.654% of Neophytadiene in dichloromethane extract and 9-Octadecenoic acid, (E) in methanol extract were highest terpenes and carboxylic/fatty acids observed in this study.
Conclusion: The medicinal properties of these bioactive components presents this plant as an efficient hive with vast pharmacuetical potentials and supports its application in ethnomedicinal practices.  
Key words: Phytomedicine, Ethnomedicine, Extracts, Bioactive compounds, Nutraceuticals, Medicinal Plants.
	
1. INTRODUCTION
[bookmark: _Hlk234218666][bookmark: _Hlk212143251]The quest for treatment of ailments and other disease conditions in humans pre-date modern civilization. Though the pre-historic humans employed different crude methods in their selection of medicinal plants, the resultant effects were effective thus, propelling Phytomedicine as a branch of modern medicine. Irrespective of the improvement recorded in phytomedicine due to availability of modern scientific equipment, the underlying principle still entails the treatment of ailments via absorption of bioactive compounds and nutraceuticals from administered plant sections or administration of extracts from selected sections. According to World Health Organization report, almost 80% of world population or an estimate of Four billion people presently depend on phytomedicine in some aspect of primary health care [1]. Efficacy, quality and bio-safety has been an advantage of most phyto-dependent drugs presently in use today. Though many plants have been successfully used in traditional medicine, identification of the specific molecular components responsible for their medicinal potentials has been a major problem to traditional and ethnomedicinal practitioners. 

[bookmark: _Hlk203909563][bookmark: _Hlk216498132][bookmark: _Hlk216415033]Platycerium bifurcatum is one plant of relevance in ethnomedicinal practice especially within the West African sub-region. Also known as Staghorn fern, this bracket epiphyte has been reported to have antioxidant properties [2], thereby offering protection against free radical induced cellular damages [2]. It is traditionally used in the treatment of various disease conditions such as high blood pressure, edema, coughs, ulcers and miscarriages [3]. Its role as antiulcer remedy [4] has been potentially explored in African traditional medicine.  Extracts from its leaves, gotten from chloroform fraction via partitioning of ethanol extract with chloroform and water was reported as having excellent antimicrobial potentials mainly in the protection against bacterial and fungal infections [5]. However, GC-MS analyses of extracts of this plant leaf obtained from other solvent such as hexane, methanol and dichloromethane have not been carried out. This present study will reveal the molecular basis of P.bifurcatum application in traditional and ethnomedicine, by identifying its bioactive compounds and revealing the medicinal significance of the identified compounds. 

2. MATERIALS AND METHODS
[bookmark: _Hlk209035722][bookmark: _Hlk202441810][bookmark: _Hlk202964686][bookmark: _Hlk206315813][bookmark: _Hlk202965351]Mature P. bifurcatum obtained from the Botanical Garden of the University of Port Harcourt were identified and deposited at the herbarium of Plant Science and Biotechnology Department of the University of Port Harcourt with voucher specimen number UPU/P/606. The leaves were dried at 23 ºC in a dust free and well-ventilated closet until a constant weight was achieved. After fourteen days, the samples were pulverized to a fine powder using a Binatone BLG 450 electric blender and placed in labelled dry sterile universal sample bottle.  A quantity of ten grams (10 g) of pulverized sample were placed in three separate Whatman no.4 filter paper, staple-sealed and placed into 3 different Soxhlet extractors mounted on dried distillation flasks. Fifty milliliters (50 ml) of analytical solvents (Hexane Methanol and Dichloromethane) were introduced into three different distillation flask and each flask was set up using a retort stand. A continuous jet of cold water was allowed into the condenser, and the hot solvents (at 50 ºC) was refluxed for 6 hours. This process was repeated twice for each sample to obtain a clear solvent and the extracts obtained were separated from the solvents, concentrated by evaporation at 23 ºC under a Labotronics LB-12DFH Ducted Fume hood and placed separately in three labeled dry sterile universal sample bottles. 

3. GC-MS DETERMINATION OF NUTRACEUTICALS 
The bioactive compounds present in the three extracts were determined using the procedure described by [6]. An Agilent Technology manufactured Gas Chromatograph model HP 6890 and Mass Spectrometer model 5973 were fitted with a capillary column of HP-5 MS of 30.0 m x 250 μm x 0.25 μm packed with 5 % phenylmethylsiloxane, using helium as the carrier gas. An initial column temperature of 120 ºC was kept for 5 minutes and subsequently increased to 320 ºC at 5 ºC per minute and held for 5 minutes. Electron impact ionization for mass spectroscopy was done at ionization energy of 70eV and a volume of 0.5 ml of each extract were separately diluted using 98 % of its extraction solvent (hexane, methanol and dichloromethane) and 2.0 μl of each diluted extract was auto-injected into Agilent Tech model 5973 Mass Spectrometer. The nutraceuticals present in the extracts were identified against their pure standards, using Chem-Office software attached to the MS library, while the National Institute of Standards and Technology database was used to establish the molecular formulas, weights and names of the bioactive compounds. 

4. RESULTS AND  DISCUSSION

[bookmark: _Hlk206335567][bookmark: _Hlk205948055][bookmark: _Hlk206337069][bookmark: _Hlk206336071]The result of this study showed the presence of 38, 21 and 49 bioactive compounds in the extracts obtained using hexane, methanol and dichloromethane solvents respectively.  Dichloromethane showed more extractive potentials on alkanes, cycloalkanes and bromoalkanes;  ester and ether; alkene; anhydride; cyclic and heterocyclic hydrocarbon; carboxylic and fatty acid groups, while hexane showed better extractive potentials on aldehyde, ketone, alcohol and imines; pyrazolone, pyrazolidinones, organosilicon and quinones; alkynes, alkyl halides and terpene groups, and methanol had good extractive potentials on carboxylic and fatty acid group. The chromatogram of bioactive compounds in hexane extract of P. bifurcatum has its highest peaks at retention times of 13.415 min. and 14.829 min., which gave relative percentage concentrations of 18.575 and 11.230 for Pentadecanoic acid 14-methyl-methyl ester and 8-Octadecenoic acid methyl ester, while lowest peaks observed at retention times of 14.525 min. and 15.624 min., gave relative percentage concentrations of 0.567 and 0.587 for 7-Pentadecyne and Tetratriacontyl pentafluoropropionate respectively (figure 1a). Retention times of 15.178 min. and 14.835 min. had the highest peaks in the GC-MS Chromatogram of bioactive compounds in methanol extract of P. bifurcatum leaves. These peaks gave relative percentage concentrations of 24.654 and 18.147 for 9-Octadecenoic acid, (E)- and 9-Octadecenoic acid (Z)- methyl ester respectively, while lowest peaks were observed at retention times of  12.334 min. and 5.920 min., giving relative percentage concentrations of 0.755 and 0.776 for Cyclotetracosane and Nonadecane respectively (figure 1b). Highest peaks in the Chromatogram of bioactive compounds in dichloromethane extract were observed at retention times of 9.582 min. and 13.696 min., giving relative percentage concentration of 10.078 and 7.289 for 2,4-Di-tert-butylphenol and Dibutyl phthalate, while lowest peaks were observed at retention times of 16.952 min. and 14.531 min. with relative percentage concentration of 0.315 and 0.322, for 2-Dodecen-1-yl(-)succinic anhydride and Octatriacontyl pentafluoropropionate respectively (figure 1c).
[image: ]
[bookmark: _Hlk206337593][bookmark: _Hlk212139788][bookmark: _Hlk191206447]Fig. 1: GC-MS Chromatogram of Bioactive Compounds in (a) Hexane (b) Methanol and (c) Dichloromethane Extracts of P. bifurcatum Leaves.

[bookmark: _Hlk209037361]Amongst the Aldehydes, Ketones, Alcohols and Imines observed in the extracts of P. bifurcatum leaves, 4,8-Dimethylbicyclo[3.3.1] nonane-2,6-dione present in the hexane extract, 1-Hexadecanol present in the methanol extract and 4,4,4-Trifluoro-1-thiophen-2-yl-butane-1,3-dione 1-oxime also observed in the hexane extract were the most predominant bioactive compound, with percentage concentrations of 4.492, 2.389 and 1.543 respectively (table 1). 
	[bookmark: _Hlk194205993][bookmark: _Hlk194205345]S/N
	     Compound
	Rt (min)
	Mf

	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	 Dcm ext

	1.
	[bookmark: _Hlk203822557]2-methyl-4-Pentenal
	3.202
	C6H10O
	98.1430
	0.645
	-
	-

	2.
	[bookmark: _Hlk203758745]1-Hexadecanol	
	10.394
	C16H34O
	242.441
	-
	[bookmark: _Hlk206437113]2.389
	-

	3.
	[bookmark: _Hlk203903852]Benzaldehyde, O-ethyloxime
	10.406
	C9H11NO
	149.190
	0.854
	-
	-

	[bookmark: _Hlk203937421]4.
	[bookmark: _Hlk203761341]4,8-Dimethylbicyclo[3.3.1] nonane-2,6-dione
	13.244
	C11H16O2
	180.244
	[bookmark: _Hlk206436795]4.492
	-
	-

	5.
	[bookmark: _Hlk203762379][bookmark: _Hlk203762001]4,4,4-Trifluoro-1-thiophen-2-yl-butane-1,3-dione 1-oxime
	13.907
	C8H6F3NO2S
	237.200
	1.543
	-
	-

	6.  
	[bookmark: _Hlk204294367]2(1H)-Naphthalenone, octahydro-4a- methyl-7-(1-methylethyl),(4a.alpha.,7.beta.,8a.beta.)-
	17.255
	C14H24O
	208.340
	0.759
	-
	-


[bookmark: _Hlk206436501][bookmark: _Hlk197461719]Table 1: Aldehyde, Ketone, Alcohol and Imines content of P. bifurcatum leaf extracts
[bookmark: _Hlk206440365]Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk204293383][bookmark: _Hlk204208026][bookmark: _Hlk219370993][bookmark: _Hlk204290153]The use of P. bifurcatum in the treatment of ailments by locals and traditional healer in parts of Africa and Asia can be attributed to these bioactive compounds, which have shown different medicinal potentials. While the presence of 1-Hexadecanol supports the use of this plant as anti-fungal agent against eczema [7], 4,8-Dimethylbicyclo[3.3.1]nonane-2,6-dione and 4,4,4-Trifluoro-1-thiophen-2-yl-butane-1,3-dione 1-oxime supports its use as a herbal anticancer remedy [8]. Kumar [9], reported that metal complexes of 4,4,4-Trifluoro-1-thiophen-2-yl-butane-1,3-dione 1-oxime are potent anti-cancer agents than some commercial anticancer products. Almeida et al., [10], concluded that its platinum complexes were more cytotoxic than the free ligands and carboplatin. They also reported  the ability of 4,4,4-Trifluoro-1-thiophen-2-yl-butane-1,3-dione 1-oxime to inhibits K562 cells growth at IC50 value of 2.5μM, but exhibited low cytotoxicity against M. tuberculosis. Sadiq et al., [11], reported anti-inflammatory, analgesic, antimicrobial and antioxidant potentials of plant extracts containing 2(1H)-Naphthalenone,octahydro-4a-methyl-7-(1-methylethyl),(4a.alpha.,7.beta.,8a.beta.). 

Amoungst the alkanes, cycloalkanes and bromoalkanes, undecane was the most predominant compound observed in the hexane exreact. Tetradecane 1-bromo-, observed in the methanol extract was of slightly high concentration, while hexadecane was the most predominant of the compounds in dichloromethane extract (table 2).
[bookmark: _Hlk209037709][bookmark: _Hlk216495480][bookmark: _Hlk206443017]Table 2: Alkane, Cycloalkane and Bromoalkane content of P. bifurcatum leaf extracts
	[bookmark: _Hlk203966688]S/N
	Compound
	   Rt (min)
	   Mf
	   Mw
	       Relative % conc. 

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	Undecane
	4.678
	C11H24
	156.308
	1.380
	-
	-

	2.
	[bookmark: _Hlk206443330]Tridecane
	6.023
	C13H28
	184.361
	-
	-
	1.770

	3.
	[bookmark: _Hlk206443241]Decane, 2,3,5-trimethyl-
	8.374
	C13H28
	184.361
	-
	-
	2.064

	4.
	[bookmark: _Hlk206443804]Dodecane
	8.374
	C12H26
	170.335
	-
	[bookmark: _Hlk216431602]0.918
	-

	5.
	[bookmark: _Hlk206444603]Decane,3,6-dimethyl-
	9.450
	C12H26
	170.335
	-
	-
	0.414

	6.
	[bookmark: _Hlk203853176]Hexadecane
	10.463
	C16H34
	226.441
	-
	[bookmark: _Hlk216431579]0.983
	[bookmark: _Hlk206443526]2.252

	7.
	Heptadecane
	11.424
	C17H36
	240.468
	-
	-
	0.713

	8.
	[bookmark: _Hlk206443276]Hexacosane
	12.334
	C26H54
	366.707
	-
	-
	1.971

	9.
	Nonadecane
	12.334
	C19H40
	268.521
	-
	0.776
	-

	10.
	[bookmark: _Hlk206443386]Eicosane
	14.033
	C20H42
	282.548
	-
	-
	1.434

	11.
	[bookmark: _Hlk206444704][bookmark: _Hlk206529109]Cyclohexane, 1-(cyclohexyl
[bookmark: _Hlk206444792]methyl)- 2-ethyl-, trans-
	14.245
	C15H28
	208.383
	[bookmark: _Hlk206444751]0.875
	       -
	-

	12.
	[bookmark: _Hlk206529732]Tetradecane, 1-bromo-
	15.596
	C14H29Br
	277.284
	-
	[bookmark: _Hlk216431544]   1.015
	-


Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk219371428][bookmark: _Hlk219371399]The use of this plant in ethnomedicinal treatment and prevention of skin inflammatory disorders can be attributed  to presence of Undecane in its extract.   Undecane prevents inflammatory disorders by elevating  intracellular cAMP concentration in mast cells, through its ability to inhibit and degranulate the secretion of histamine and tumor necrosis factor α (TNF-α) and its keratinocytes thus causing resident mast cell formation [12]. Padma et al., [13], not only reveal the application of dodecane also observed in this plant  in radiopharmaceuticals cancer therapy, they also reported its antimicrobial potentials. While Lee et al., [14], reported the role of hexadecane in drug development, via its role in biological membrane permeability and drug delivery, Yogeswari et al., [15], report it as a potential antibacterial and antioxidant agent. Unlike undecane, the anti-inflammatory activity of heptadecane is elicited via its ability to suppress inflammatory NF-kB activation by suppressing age-related increases in pro-inflammatory gene expressions through reduction of NF-kB activity and upregulation of the NIK/IKK and MAPKs pathways induced by reactive species [16], thereby presenting this plant as a braod spectrum anti-inflammatory herbal remedy.  The antimicrobial properties of this plants may also be attributed to its hexacosane content. This agrees with work of Rukaiyat et al., [17], which reported broad spectrum antimicrobial and anti-fungal activity of hexacosane isolates from S. liberica. Aside nonadecane, whose role in the treatment of cancer and alzheimer diseases were recorded [18], eicosane elicits its medicinal potentials through its neuroprotective and anti-inflammatory potentials [19], as well as its antioxidant [20] and wound healing potentials [21]. Cyclohexane, 1-(cyclohexylmethyl)- 2-ethyl-trans-, is another compound whose presence in this plant contributes to its ethnomedicinal use. Cyclohexane and its derivatives have been reported to exhibit antimicrobial, anticancer [22], and anti-inflammatory properties [23]. 


[bookmark: _Hlk206534271][bookmark: _Hlk206618846][bookmark: _Hlk209038084]Amongst the thirty-eight esters and ethers observed in the P. bifurcatum leaves, dichloromethane had the highest, with a total of nineteen compounds, while hexane and methanol extracts had seventeen and seven compounds respectively, while 9,12-Octadecadienoic acid (Z,Z)-methyl ester and methyl stearate were observed in both hexane and methanol extract, tetratriacontyl pentafluoropropionate and bromoacetic acid, octadecyl ester were present in the hexane and dichloromethane extracts and hexadecanoic acid, methyl ester was observed in both methanol and dichloromethane extract. Pentadecanoic acid 14-methyl ester observed in the hexane extract and 9-Octadecenoic acid (Z)-, methyl ester observed in methanol extract were most prominent esters and ethers observed in this plant (table 3).
[bookmark: _Hlk209212890][bookmark: _Hlk216495536]Table 3: Ester and Ether content of P. bifurcatum leaf extracts
	S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	[bookmark: _Hlk206545962]Benzoic acid, methyl ester
	4.789
	C8H8O2
	136.148
	14.486
	-
	-

	2.
	[bookmark: _Hlk205839943]3-Trifluoro acetoxytetradecane
	8.288
	C16H29F3O2
	310.390
	0.718
	-
	-

	3.
	[bookmark: _Hlk206582576]Methoxyacetic acid, 2-tetradecyl ester
	10.463
	C17H34O3
	286.400
	0.794
	-
	-

	4.
	2-Propenoic acid, pentadecyl ester
	11.361
	C8H14O2
	142.196
	-
	-
	1.627

	5.
	Pentanoic acid, 10-undecenyl ester
	11.590
	C16H32O2
	256.424
	-
	-
	0.347

	6.
	[bookmark: _Hlk206624095]Methyl tetradecanoate
	11.653
	C15H30O2
	242.398
	1.609
	-
	-

	7.
	Carbonic acid, eicosyl vinyl ester
	12.391
	C23H44O3
	368.594
	-
	-
	0.498

	8.
	[bookmark: _Hlk206624743]9-methyltetradecanoate
	12.557
	C16H32O2
	256.420
	0.779
	-
	-

	9.
	Carbonic acid, hexadecyl prop-1-en-2-yl ester
	13.204
	C20H38O3
	326.514
	-
	-
	0.519

	[bookmark: _Hlk206545868][bookmark: _Hlk206672653]10.
	[bookmark: _Hlk206534177]Pentadecanoic acid, 14- methyl ester
	13.415
	C17H34O2
	270.451
	18.575
	-
	-

	11.
	[bookmark: _Hlk206531814]Hexadecanoic acid, methyl ester
	13.418
	C17H34O2
	270.451
	-
	[bookmark: _Hlk206546340]8.048
	0.952

	12.
	[bookmark: _Hlk206016219]1,2-Benzenedicarboxylic acid,butyldecyl ester
	13.696
	C22H34O4
	362.503
	-
	4.985
	-

	13.
	[bookmark: _Hlk206546033]Dibutyl phthalate
	13.696
	C16H22O4
	278.340
	-
	-
	[bookmark: _Hlk206546391]7.289

	14.
	Octacosyl heptafluorobutyrate
	14.211
	C32H57F7O2
	606.783
	-
	-
	0.688

	[bookmark: _Hlk206718661]15.
	Tetratriacontyl heptafluorobutyrate
	14.297
	C38H69F7O2
	690.942
	-
	-
	0.339

	16.
	Heptadecyl heptafluorobutyrate
	14.328
	C21H35F7O2
	452.490
	2.805
	-
	-

	17.
	Heneicosyl heptafluorobutyrate
	14.606
	C25H43F7O2
	508.597
	0.831
	-
	-

	18.
	Tricosyl trifluoroacetate
	14.720
	C25H47F3O2
	436.635
	-
	-
	0.356

	19.
	[bookmark: _Hlk206533664]9,12-Octadecadienoic acid (Z,Z)-,methyl ester
	14.780
	C19H34O2
	294.472
	3.742
	5.188
	-

	20.
	8-Octadecenoic acid, methyl ester
	14.829
	C19H36O2
	296.488
	11.230
	-
	-

	21.
	Tetratriacontyl trifluoroacetate
	14.829
	C36H69F3O2
	590.927
	-
	-
	0.991

	22.
	[bookmark: _Hlk206544111]9-Octadecenoic acid (Z)-, methyl ester
	14.835
	C19H36O2
	296.488
	-
	[bookmark: _Hlk206545911]18.147
	-

	23.
	[bookmark: _Hlk206112108]Eicosyl octyl ether
	14.909
	C28H58O
	410.760
	-
	-
	1.915

	24.
	[bookmark: _Hlk206533722]Methyl stearate
	15.029
	C19H38O2
	298.504
	6.954
	0.945
	-

	[bookmark: _Hlk206741010]25.
	[bookmark: _Hlk206533872]Tetratriacontyl pentafluoropropionate
	15.115
	C37H69F5O2
	640.935
	0.587
	-
	0.660

	26.
	Pentadecafluorooctanoic acid, dodecyl ester
	15.149
	C20H25F15O2
	582.387
	1.224
	-
	-

	27.
	11,13-Dimethyl-12-tetradecen-1-ol acetate
	15.967
	C18H34O2
	282.461
	0.755
	-
	-

	28.
	Octatriacontyl pentafluoropropionate
	16.036
	C41H77F5O2
	697.041
	-
	-
	0.814

	29.
	Octadecane, 1-(ethenyloxy)-
	16.151
	C20H40O
	296.531
	-
	-
	0.480

	30.
	[bookmark: _Hlk206533918]Bromoacetic acid, octadecyl ester
	16.322
	C20H39BrO2
	391.427
	1.965
	-
	5.347

	[bookmark: _Hlk206766024][bookmark: _Hlk206766221]31.
	Undec-10-ynoic acid, tetradecyl ester
	16.442
	C25H46O2
	378.632
	-
	-
	0.374

	32.
	 2(3H)-Furanone, dihydro-5-tetradecyl-
	16.688
	C18H32O2
	280.400
	-
	1.127
	-

	33.
	11,13-Dimethyl-12-tetradecen-1-ol acetate
	17.223
	C18H34O2
	282.462
	-
	-
	1.375

	[bookmark: _Hlk206768392]34.
	 Z-11-Tetradecen-1-ol trifluoroacetate
	18.657
	C16H27F3O2
	308.380
	-
	-
	0.588

	35.
	Docosanoic acid, methyl ester
	19.395
	C23H46O2
	354.610
	-
	0.829
	-

	36.
	Didodecyl phthalate
	19.406
	C32H54O4
	502.769
	3.438
	-
	-

	37.
	E-8-Methyl-9-tetradecen-1-ol acetate
	19.549
	C17H32O2
	268.435
	0.609
	-
	-

	38.
	Nonadecyl heptafluorobutyrate
	20.619
	C23H39F7O2
	480.543
	-
	-
	0.526


Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk209038391][bookmark: _Hlk206673768][bookmark: _Hlk214531700]Amongst the thirty-eight esters and ethers observed in the three extracts of this plant, thirteen compounds have no record of medicinal relevance to humans and other animals. The presence of other compounds of medicinal importance such as Benzoic acid methyl ester, 3-Trifluoro acetoxytetradecane and Methoxyacetic acid, 2-tetradecyl ester, whose antimicrobial and anti-inflammatory properties have been recorded, also supports use of this plant in ethnomedicine [24] [25] [26]. Studies by Ayman et al., [27] and Sahu et al., [28] has revealed the role of 2-propenoic acid, pentadecyl ester in controlling breast cancer via its ability to bind on protein kinases and epithelial-to-mesenchymal transition markers such as vimentin in breast cancer cells. Aside its antimicrobial activities [29] and antioxidant properties [30], Pentanoic acid, 10-undecenyl ester also present in this plant has been reported to possess anticancer properties [31], making this  plant a promising herbal remedy for cancer treatment. While Methyl tetradecanoate observed in the hexane extract of this plant has been reported to show antimicrobial activity against Pseudomonas and other species [32], 9-methyltetradecanoate elicits its medicinal potentials via regulation of lipid metabolism [33] and antimicrobial properties [34]. Fatema et al.,[35], reported that the antifungal and antimicrobial properties against antibiotic resistance microorganisms of Pentadecanoic acid 14-methyl-methyl ester is dependent on its ability to inhibit antibiotic resistant biofilms produced by vancomycin-resistant S. aureus. Studies on plant based hexadecanoic acid methyl ester have revealed its ability to exhibits anti-inflammatory, cancer-preventive and hepatoprotective properties [36]. Krishnamoorthy and Subramaniam [37] and Mohamed et al.,[38], reported antioxidant potentials and antimicrobial properties of hexadecanoic acid methyl ester against multidrug-resistant pathogenic bacteria. Sarma et al., [39], reported antimicrobial potentials of Tetratriacontyl heptafluorobutyrate, while Tipps et al.,[40] reported the ability of Trifluoroacetic acid, a component of Tricosyl trifluoroacetate observed in this plant to allosterically modulate cellular glycine receptors.
[bookmark: _Hlk206287810][bookmark: _Hlk206720901][bookmark: _Hlk206736921][bookmark: _Hlk206738195][bookmark: _Hlk206745632]Although medicinal properties such as antimicrobial, antioxidant and wound healing potentials have been attributed to 9,12-Octadecadienoic acid (Z,Z)-methyl ester [41],  Muzahid et al., [42], revealed its role in prostaglandin biosynthesis and cell membrane functionality, While Elwekeel et al., [43], reported its anti-inflammatory effects. 8-Octadecenoic acid, methyl ester has also been reported to elicit a synergetic antiviral activity against measles virus when combined with ribavirin [44] Its antimicrobial role [45], anti-inflammatory [46] and antidiarrhoeal activities [47], significantly contributes to the use of this plant in ethnomedicinal practices. In two different studies by Pringgenies et al., [45] and Zahara et al., [48]  high concentration of 9-Octadecenoic acid (Z)- methyl ester exhibited virulence control and anti-microbial properties via symbiotic relationship and microbial growth inhibition. Mostofa et al.,[49]  showed 9-Octadecenoic acid (Z)- methyl ester as a component of extracts with antioxidant properties. Its potential to elicit cytotoxic and anti-proliferative effects on selected cancer cell lines [50] contributes to its medicinal prominence in this plant. The presence of Methyl stearate in this plant not only strengthens its anti-inflammatory properties [51], it presents it as a herbal nematicide against M. incognita and a protective herbal remedy against neuronal cell death induced by oxygen-glucose deprivation [52]. Plant based  Methyl stearate has also shown relevance in the treatment of tumors and cancer cells [53]. While reports on Tetratriacontyl pentafluoropropionate [54] and 11,13-Dimethyl-12-tetradecen-1-ol acetate [55] revealed their ability to elicits protective effect against oral microbial infections, Samadd et al., [56], reported anti-inflammatory, antioxidant, and anticarcinogenic properties of Tetratriacontyl pentafluoropropionate.
[bookmark: _Hlk206759467][bookmark: _Hlk206766787][bookmark: _Hlk206767421]The presence of Octatriacontyl pentafluoropropionate in the dichloromethane extract of this plant may be responsible for its application in the treatment of flu like symptoms by traditional medical practitioners. Elwakil et al., [57] reported the antiviral potential of Octatriacontyl pentafluoropropionate identified in Egyptian propolis against SARS-CoV-2, through computational modeling studies and its stronger binding affinity to the virus's RNA-dependent RNA polymerase when compared to remdesivir has been reported [58]. Its activity on inflammation-related enzymes such as Cyclooxygenase-2 (COX-2) inhibits the conversion of arachidonic acid to prostaglandins thus indicating its potentials as anti-inflammatory agent [59]. A study by Yusuf-Salihu et al., [60] showed antimicrobial, antioxidant and antisepsis effect of Octadecane, 1-(ethenyloxy), a compound also observed in the dichloromethane extract of this plant. Also, of medicinal relevance in this plant are Undec-10-ynoic acid tetradecyl ester, 2(3H)-Furanone dihydro-5-tetradecyl and 11,13-Dimethyl-12-tetradecen-1-ol acetate. While antioxidant and anti-inflammatory activities of Undec-10-ynoic acid tetradecyl ester has been reported [61], the role 2(3H)-Furanone, dihydro-5-tetradecyl as analgesic and anti-inflammatory agent [62] and as antimicrobial and antioxidants agent were reported [63].  Though antimicrobial properties of this plant can be partly attributed to its 11,13-Dimethyl-12-tetradecen-1-ol acetate content [64], scientific reports on Docosanoic acid methyl ester showed anticancer properties against breast cancer cell lines [65], thereby confirming the use of this plant in breast cancer treatment by traditional medical practitioners.   
[bookmark: _Hlk206924779][bookmark: _Hlk206924909]Most prominent of the twelve alkenes observed in this plant extracts was 5-Eicosene, (E)- present in dichloromethane extract. High concentrations of 1-Tridecene observed in dichloromethane extract and 1-Nonadecene observed in methanol extract were also recorded (table 4).
[bookmark: _Hlk216495644]Table 4: Alkene content of P. bifurcatum leaf extracts
	[bookmark: _Hlk194363065]S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	1-Dodecene
	5.920
	C12H24
	168.319
	-
	0.781
	-

	2.
	4-Dodecene, (Z)-
	5.920
	C12H24
	168.319
	-
	-
	2.094

	3.
	[bookmark: _Hlk206933499]6-Tetradecene, (Z)-
	8.288
	C14H28
	196.372
	-
	-
	3.421

	4.
	[bookmark: _Hlk206924716]1-Tridecene
	10.394
	C13H26
	182.346
	-
	-
	[bookmark: _Hlk206925116]4.880

	[bookmark: _Hlk206958225]5.
	[bookmark: _Hlk204546524]5-Octadecene, (E)-
	12.277
	C18H36
	252.478
	-
	-
	[bookmark: _Hlk206925209]4.742

	6.
	1-Octadecene
	13.564
	C18H36
	252.478
	-
	-
	0.395

	[bookmark: _Hlk206965180]7.
	[bookmark: _Hlk206924518]5-Eicosene, (E)-
	14.034
	C20H40
	280.532
	-
	-
	[bookmark: _Hlk206924601]4.912

	8.
	17-Pentatriacontene
	14.474
	C35H70
	490.930
	1.051
	-
	0.500

	9.  
	[bookmark: _Hlk206924812]1-Nonadecene
	14.579
	C19H38
	266.505
	0.785
	[bookmark: _Hlk206925147]4.782
	-

	10.
	9-Nonadecene
	15.550
	C19H38
	266.505
	-
	2.637
	-

	11.
	[bookmark: _Hlk206924984]1-Docosene
	15.727
	C22H44
	308.585
	-
	-
	[bookmark: _Hlk206925266]3.576

	12.
	Z-5-Nonadecene
	16.362
	C19H38
	266.500
	-
	-
	0.515


Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk219292081][bookmark: _Hlk206969395]The alkenes found in this plant also contributes to its medicinals applications. While Gang et al.,[66] reported antimicrobial, anti-inflammatory and immunomodulatory properties of 6-Tetradecene, (Z)- in mammals, Shankar and Sathiavelu [67] reported to antibacterial activity of 1-Tridecene against C. albicans and A. niger. Ibrahim et al., [68] reported the role of plant extracts containing 1-tridecene in the treatment and management of type 1 diabetes. In another study, extracts containing 1-tridecene gotten from E. officinalis were reported to exhibit hepatoprotective properties, thus aiding liver regeneration and antioxidant activity [69]. Purified 1-Tridecene has been used as a starting material in the pharmaceutical synthesis of most antiviral and anticancer compounds [70]. Aside (E)-5-eicosene which has antimicrobial properties [71], 5-Octadecene (E)- has shown both antioxidant and anti-inflammatory properties [72], with good tolerability without retinal cytotoxicity when used as a ferrofluid solvent for intraocular applications [73]. Although Kumar et al., [74] reported anti-inflammatory and anti-arthritic effects of 17-Pentatriacontene and Addai et al.,[75] reported its antioxidant properties, its hydrophobic nature contributes to its antimicrobial properties by disrupt microbial lipid membranes. While the ability of 1-Nonadecene to inhibit the release of inflammatory mediators from mast cells and its possible oxidative nature [76] greatly contributed to its medicinal relevance,  9-Nonadecene serves as a unique metabolite in radicular cysts formation, thus demonstrating its immunological activation of cells [76]. Scientific studies have also revealed its antimicrobial [77] and antioxidant potentials [78]. A study by Hassan and Shobier [79] presented 1-Docosene as a broad spectrum anti-bacteria and antifungi agent. Heng et al., [80] and Vijayamuthuramalingam et al., [81], reported the ability of Z-5-Nonadecene containing ethyl acetate extracted from rhizome hairs to elicit both antibacterial and antifungal properties. 

[bookmark: _Hlk209039032]Aside 3-(4-Phenylphenyl)-4,5-dihydro-1H-pyrazol-5-one (a quinone) which was observed only in the dichloromethane extract of this plant, the pyrazolone, pyrazolidinones, organosilicon and and quinones were observed only in the hexane extract with 9,10-Anthracenedione having the highest percentage concentrations of 1.385 (table 5).
[bookmark: _Hlk207029808][bookmark: _Hlk216496227][bookmark: _Hlk208323811]Table 5: Pyrazolone, Pyrazolidinones, Organosilicon and Quinones content of P. bifurcatum leaf extracts 
	[bookmark: _Hlk234170570]S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	3H-pyrazol-3-one, 2,4-dihydro-5-(3-nitrophenyl)-2-phenyl-
	6.045

	C10H9N3O3

	219.200

	0.660

	-
	-

	2.
	[bookmark: _Hlk207029902]9,10-Anthracenedione, 1-amino-2-methyl-
	9.770
	 C15H11NO2
	237.253
	[bookmark: _Hlk207029964]1.385
	-
	-

	3.
	[bookmark: _Hlk207029996]Hexasiloxane, 1,1,3,3,5,5,7,
7,9,9,11,11-dodecamethyl-
	11.292
	 C12H38O5Si6
	430.940
	1.028
	  -
	-

	4.  
	[bookmark: _Hlk207029668]3-(4-Phenylphenyl)-4,5-dihydro-1H-pyrazol-5-one
	14.783
	C15H12N2O
	236.270
	-
	  -
	0.746


[bookmark: _Hlk212141296][bookmark: _Hlk195732211]Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk208404624]3H-pyrazol-3-one,2,4-dihydro-5-(3-nitrophenyl)-2-phenyl- is a pyrazolone derivative known for anti-inflammatory and analgesic activities [82][83], anticancer properties [84] and antimicrobial activities [85]. While studies on 9,10-Anthracenedione,1-amino-2-methyl- has revealed its antiviral properties [86], Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl has been reported to exhibit both antibacterial and antifungal activities [87]. The role of 3-(4-Phenylphenyl)-4,5-dihydro-1H-pyrazol-5-one as anti-inflammatory compound is beneficial in treating arthritis and other inflammatory related ailments [88]. Its ability to inhibit proliferation of some cancer cell lines such as leukemia, renal cancer, and non-small cell lung cancers has been reported [89]. In 2021, Ramadan et al., [90] reported the antimicrobial, antidepressant, antiviral, and anticonvulsant activities of 3-(4-Phenylphenyl)-4,5-dihydro-1H-pyrazol-5-one. 

[bookmark: _Hlk209039177][bookmark: _Hlk209213214]The two anhydrides observed in this study were present only in the dichloromethane extract, with percentage concentrations of 2.356 and 1.279 for Phthalic anhydride and 2-Dodecen-1-yl(-)succinic anhydride respectively (table 6). 
[bookmark: _Hlk216495661]Table 6: Anhydride content of P. bifurcatum leaf extracts 
	[bookmark: _Hlk195475419]S/N
	        Compound
	Rt (min)
	Mf
	     Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	[bookmark: _Hlk207057905]1.
	[bookmark: _Hlk207055885][bookmark: _Hlk195475570]Phthalic anhydride
	7.533
	C8H4O3
	148.116
	-
	-
	2.356

	2.  
	[bookmark: _Hlk205408569]2-Dodecen-1-yl(-)succinic anhydride
	18.182
	 C16H26O3
	266.376
	-
	-
	1.279


[bookmark: _Hlk212141249]Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract;  Met ext- Methanol Extract;   Dcm ext – Dichloromethane Extract.
The two anhydrides observed in this study are majorly used as biosynthetic intermediates. While phthalic anhydride serves as a starting material in the synthesis of active pharmaceutical ingredients [91], 2-Dodecen-1-yl(-)succinic anhydride is majorly involved in the synthesis of amphiphilic molecules [92].

[bookmark: _Hlk207057580][bookmark: _Hlk209039566]Dichloromethane extract also had the highest number of cyclic and heterocyclic hydrocarbons observed in this study. Though 2H-1,3-Benzimidazol-2-one,5-amino-1,3-dihydro was the only compound observed in hexane extract, Cyclotetradecane was predominant in methanol extract, while 2,4-Di-tert-butylphenol observed in both dichloromethane and methanol extracts was the most predominant amongst the cyclic and heterocyclic hydrocarbon observed in this study (table7). 
[bookmark: _Hlk207056126][bookmark: _Hlk216495688][bookmark: _Hlk209213250]  Table 7: Cyclic and Heterocyclic hydrocarbon content of P. bifurcatum leaf extracts 
	S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	   Hex ext  
	  Met ext
	Dcm ext

	1.
	[bookmark: _Hlk207056901]Cyclotetradecane	
	8.289
	C14H28
	196.372
	-
	8.289
	-

	[bookmark: _Hlk207059389]2.
	Cyclododecane
	9.210
	  C12H24
	168.319
	-
	-
	0.623

	3.
	[bookmark: _Hlk205416404]2,4-Di-tert-butylphenol
	9.582
	C14H22O
	206.324
	-
	[bookmark: _Hlk207057245]5.111
	[bookmark: _Hlk207057204]10.078

	4.
	Benzene, (1-ethyldecyl)-
	12.065
	  C18H30
	246.431
	-
	-
	0.409

	5.
	Benzene, (1,3,3-trimethylnonyl)-
	12.420
	  C18H30
	246.400
	-
	-
	0.331

	6.
	Benzene, (1-hexylheptyl)-
	12.569
	  C19H32
	260.457
	-
	-
	0.388

	[bookmark: _Hlk207057368][bookmark: _Hlk207116554]7.
	2H-1,3-Benzimidazol-2-one,5-amino-1,3-dihydro-
	13.696
	C7H7N3O
	149.150
	[bookmark: _Hlk207057447]1.434
	-
	-

	8.  
	[bookmark: _Hlk207227905]Cyclotetracosane
	17.495
	  C24H48
	336.638
	-
	0.755
	1.960


Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract;  Met ext- Methanol Extract;   Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk207113768][bookmark: _Hlk214797792]Amongst the eight cyclic and heterocyclic hydrocarbon compounds observed in this plant, only three showed scientific reports of medicinal relevance. 2,4-Di-tert-butylphenol has showed numerous medicinal relevance ranging from its ability to protect cells against oxidative stress and potentially halting cognitive decline in conditions like Alzheimer's disease [93], its antibacterial activities [94] and anti-fungul properties against F. oxysporum and A. niger [95]. While its anticancer properties is attributed to its inhibitory activity against HDAC6 protein, Hoang and Park, [96] also reported its ability to protect against retinal oxidative damage and its role in the treatment of osteoarthritis. 2H-1,3-Benzimidazol-2-one, 5-amino-1,3-dihydro observed in the hexane extract has been identified as potent non-nucleoside HIV-1 reverse transcriptase inhibitors (NNRTIs), that binds to the reverse transcriptase enzyme and thus blocks replication of the virus [97][98]. While Mongalo et al., [99] reported the ability of plant based Cyclotetracosane in combating bacterial and fungal infections, Mhlomi et al., [100] reported Cyclotetracosane as a potent anticancer agent. 
Aside Tetradecane, 1-bromo observed in the dichloromethane extract, all the other alkynes and alkyl halides were observed only in the hexane extract with 3-Eicosyne being the most predominant compound.  
[bookmark: _Hlk209213324][bookmark: _Hlk207369323][bookmark: _Hlk216496241]Table 8: Alkynes and Alkyl halide content of P. bifurcatum leaf extracts 
	S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	[bookmark: _Hlk207371130]1.
	[bookmark: _Hlk207369675]Octadecane, 1-chloro-	
	11.418
	C18H37Cl
	288.939
	0.683
	  -
	-

	2.
	[bookmark: _Hlk207369507]3-Eicosyne	
	13.026
	C20H38
	278.516
	[bookmark: _Hlk207369606]1.909
	-
	-

	3.  
	[bookmark: _Hlk207369654]Tetrapentacontane,1,54-dibromo-
	14.039
	C54H108Br2
	917.200
	  0.929
	-
	-

	[bookmark: _Hlk207373041]4.  
	[bookmark: _Hlk207372421]7-Pentadecyne
	14.525
	C15H28
	208.383
	 0.567
	-
	-

	5.
	[bookmark: _Hlk205626706]Tetradecane, 1-bromo-
	15.590
	C14H29Br
	277.284
	-
	-
	[bookmark: _Hlk207369270]1.587


Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract;  Met ext- Methanol Extract;   Dcm ext – Dichloromethane Extract.

[bookmark: _Hlk219594364][bookmark: _Hlk209040020]Anebi and Inalegwu [101] reported lipid-lowering and antioxidant activities of Octadecane,1-chloro extract from Spondias mombin plant. As a naturally occurring terminal alkyne, 3-Eicosyne not only serve as a biomarker for healthy green vegetables, it also has antimicrobial activities [102]. 7-Pentadecyne has been reported to exhibit antioxidant, anti-inflammatory, antimicrobial, and antibacterial properties [103]. Tetradecane,1-bromo has been reported to disrupt microbial cell membranes by integrating their hydrophobic alkyl chain into the microbial lipid bilayers, thereby leading to increased permeability and subsequent cell lysis [104].

Amongst the three terpenes, observed in this study, Neophytadiene observed only in the dichloromethane extract was the most predominant, while Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, [1S-(1.alpha.,2.beta.,5.alpha.)]- and  p-Menth-8(10)-en-9-ol, cis- were observed only in the hexane extract (table 9).
[bookmark: _Hlk209213372][bookmark: _Hlk216496269][bookmark: _Hlk208323946]Table 9: Terpene content of P. bifurcatum leaf extracts 
	[bookmark: _Hlk207369886]S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	[bookmark: _Hlk207431609]1.
	Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, [1S-(1.alpha.,2.beta.,5.alpha.)]-
	12.766
	C10H18
	138.250
	4.086
	-
	    -

	2.
	[bookmark: _Hlk205624284]Neophytadiene
	12.849
	C20H38
	278.516
	    -
	-
	1   0.047

	3.  
	p-Menth-8(10)-en-9-ol, cis-
	18.637
	C10H18O
	154.253
	1.366
	-
	     -


[bookmark: _Hlk212141153]Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract;  Met ext- Methanol Extract;   Dcm ext – Dichloromethane Extract.
Reports on two of the  terpenes present in this plant shows direct medicinal relevance. While neuropharmacological, anxiolytic-like, antidepressant-like, anticonvulsant, and sedative activities have been attributed to Neophytadiene [105], p-Menth-8(10)-en-9-ol, cis- has been reported to be an effective antimicrobial agent against C. albicans and A. fumigatus [106][107].   
[bookmark: _Hlk207439726][bookmark: _Hlk207439808][bookmark: _Hlk207439716]9-Octadecenoic acid, (E)- observed in the methanol extract was the most predominant amongst the Carboxylic and Fatty acids present in this plant. n-Hexadecanoic acid and trans-13-Octadecenoic acid observed both in methanol and dichloromethane extracts were also of high concentrations. Oleic Acid observed only in the hexane extract and (2-Hydroxy-4,5-dimethyl benzoyl) formic acid observed only in the dichloromethane extracts had the lowest percentage concentrations amongst the Carboxylic and Fatty acids present in this plant extract.  
[bookmark: _Hlk209213413][bookmark: _Hlk216495738][bookmark: _Hlk207439163][bookmark: _Hlk216496738][bookmark: _Hlk208324549]Table 10:  Carboxylic acid and Fatty acid content of P. bifurcatum leaf extracts
	S/N
	        Compound
	Rt (min)
	Mf
	Mw
	Relative % conc.

	[bookmark: _Hlk212140762]
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.

	[bookmark: _Hlk207439939](2-Hydroxy-4,5-dimethyl
benzoyl) formic acid	
	13.295

	C10H10O4
 
	194.180

	-

	-

	[bookmark: _Hlk207440084]0.456


	[bookmark: _Hlk207439660]2. 
	[bookmark: _Hlk205623163][bookmark: _Hlk207439496]n-Hexadecanoic acid
	13.748
	 C16H32O2
	256.424
	-
	11.111
	6.829

	3.
	[bookmark: _Hlk207439868]Oleic Acid	
	14.874
	  C18H34O2
	282.461
	[bookmark: _Hlk207440051]2.468
	-
	-

	4.
	[bookmark: _Hlk208190883]9-Octadecenoic acid, (E)-
	15.178
	  C18H34O2 
	 282.461
	-
	[bookmark: _Hlk207439353]24.654
	-

	[bookmark: _Hlk207439762]5.
	[bookmark: _Hlk207439521]trans-13-Octadecenoic acid
	15.327
	  C18H34O2
	 282.461
	-
	3.290
	1.203


[bookmark: _Hlk212141084]Key: Rt – Retention time; Mf – Molecular formula; Mw- Molecular weight; Hex ext - Hexane extract;  Met ext- Methanol Extract;   Dcm ext – Dichloromethane Extract.
[bookmark: _Hlk207542967][bookmark: _Hlk234218683][bookmark: _Hlk208174670][bookmark: _Hlk208174764][bookmark: _Hlk208190690]The presence of 2-Hydroxy-4,5-dimethylbenzoyl formic acid not only contributed to its antioxidant activity and protection against cellular damage [108], it also confers antimicrobial and anti-inflammatory properties to this this plant [109]. n-Hexadecanoic acid is also of major medicinal relevance amongst the carboxylic and fatty acids observed in this plant. Aparna et al., [110] reported that the competitive inhibition of phospholipase A2 by n-hexadecanoic acid is responsible for its anti-inflammatory potentials. Its ability to suppress the production of arachidonic acid and its downstream inflammatory mediators also contributes to its anti-inflammatory potentials [111]. This attributes confers broad anti-inflammatory potentials to this plant.  Mickymaray et al., [112], revealed n-hexadecanoic acid ability to elicit broad spectrum antibacterial activity. As an omega-9 fatty acid, Oleic acid has been reported to be beneficial in the reduction of low density cholesterol concentration in the body by preventing its adhesion to the arterial wall thus reducing atherosclerosis and high blood pressure [113]. Xie et al., [114], reported the ability of 9-Octadecenoic acid, (E)- to exhibit anti-inflammatory potentials in animal studies, via its ability to inhibiting nitric oxide (NO) production, prostaglandin E2 (PGE2), and tumor necrosis factor-α (TNFα) in LPS-induced macrophages, Rehman et al., [115] reported its ability to exhibit anti-cancer properties via its antiproliferative activity against glioblastoma and other cancer cell lines. Trans-13-octadecenoic acid also observed in the methanol and dichloromethane extract has been shown to contribute to the medicinal potentials of this plant through its ability to elicit both anti-inflammatory and antineoplastic activities [116].  

Conclusion
The presence and medicinal relevance of these bioactive components observed in the hexane, methanol and dichloromethane extracts of  this plant not only supports its application in traditional and phytomedicinal practices. It also presents it as a highly potent medicinal plant and an efficient hive of vast pharmarcuetical relevant compounds, whose extraction, purification and application in pharmaceutical science may lead to potent medicinal formulation for the treatment and management of various disease conditions.  
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