


[bookmark: _Hlk217773542][bookmark: _Hlk216950517]Synergistic Relationship in Plant Protective Mechanism: A Study of Bioactive Compounds in Climber (Metrosideros perforate) and its Supporting Plant (Pinus sylvestris)



Abstract
[bookmark: _Hlk216950319][bookmark: _Hlk216944410]Background: The outcompeting nature of climbers against their supporting plants has made their relationships to seem antagonistic to most scientist. However, climbers might exhibit a molecular beneficial effect to their supporting plants. Mature leaves of Metrosideros perforata obtained from the trunk of Pinus sylvestris tree from the Botanical Garden of University of Port Harcourt were dried for 14 days at 23 ºC to a constant weight, pulverized to fine powder using Binatone BLG450 blender and 20g 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. Amongst the forty-two bioactive compounds observed in the three extracts of this plant, fourteen bioactive compounds which include 9-Hexadecyn-1-ol;  (R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol;  Cyclopentadecanone,2-hydroxy-; 4- Oxalic acid, allyl hexadecyl ester; Chloropropionic acid, heptadecyl ester; 2- Bromopropionic acid, pentadecyl ester; 1-Nonene;  5-Octadecene,(E)-; Trimethylsilyl-di(timethylsiloxy)-silane; Heptasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl- observed in the dichloromethane extract with percentage concentrations of 1.002, 3.786, 7.746, 2.520, 5.116, 3.527, 1.190, 12.545, 2.112, 3.558 and  4-Pyridinamine, N-methyl-N,3-dinitro- ; N-Acrylonitrylaziridine and 7-Nonenoic acid, methyl ester  observed in the methanol extract and 13-Octadecenal, (Z)- observed in the hexane extract with percentage concentrations of 2.712, 2.182, 6.777 and 61.261 were mainly for protection against insect invasion, bacterial infection and fungal growth. This present finding indicates that these fourteen bioactive compounds not only shield or protect the climber but elicit a cross protection to its supporting plant, thereby having a synergistic protective relationship with the supporting plant.   
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Introduction
[bookmark: _Hlk212044383][bookmark: _Hlk212044490][bookmark: _Hlk217119632][bookmark: _Hlk217120380][bookmark: _Hlk212558464][bookmark: _Hlk217120600][bookmark: _Hlk215961463][bookmark: _Hlk212559950][bookmark: _Hlk212559906]The relationship between climbers and their support plants has been a concern to agricultural scientist for decades. More than ninety eight percent of scientific reports supports their relationship as antagonistic, due to the ability of climbers to outcompete their host or support plants for sunlight, water, mineral elements and other nutrients, while also benefiting from the support structure. Various reports indicate that supporting plants always suffers from this unhealthy relationship and undesirable competition (Putz 2023). A study by Charles Darwin in 1865 revealed that the thin stem of climbing plants can quickly elongate and effectively colonize and  displace leaves of the supporting plant from well illuminated areas (Darwin 1865), thereby causing plant starvation via disruption of photosynthetic efficiency. Putz (2023) reported that this aerial exploratory capacity as presented by Charles Darwin also applies below the soil surface. He revealed that the roots of woody climbers normally out-spread tree roots to fertilized soil patches, thereby having better access to soil nutrients. Some climber may also create dual nutrient accessibility, by creating a nutrient and fluid acquisition method from the supporting plant. This method, when effectively utilized especially during dry season and draught, optimizes the survival potentials of the climber at the detriment of the supporter. In 2015, Gianoli reported that supporting tree attributes may be useful in determining the possibility of successful colonization by different climbers (Gianoli 2015). While these reports are scientifically correct, some climbers also have special attributes, which may not pose any colonization trait.  Thus, such climbers may have special qualities which may be of specific importance to the supporting plant. Most scientific reports centers on ecological and nutritional behavior, but did not present possible molecular interactions between the climber and the supporting plant. In this present study, the existence of  molecular synergistic relationship between a climber and its supporting plant was revealed by studying the relevance of the bioactive compounds in the climber “Metrosideros perforata” on the protective mechanism of the supporting plant “Pinus sylvestris”  (Scots pine) against pests and deleterious infections.  M. perforata (also known as Akatorotoro) mostly starts its life as an epiphyte in the branches of their supporting plant and subsequently sending their aerial roots down to soil. It is a wide spread tropical rain forest plant that is also endemic to New Zealand. Its medicinal properties which ranges from anti-hemorrhagic, to antiseptic and antibacterial properties has been of immense benefit in ethnomedicinal practices.  
 [image: ]
Fig.1: Metrosideros perforata growing on the trunk of Pinus sylvestris  

Materials and Methods
[bookmark: _Hlk209035722][bookmark: _Hlk202441810][bookmark: _Hlk202964686][bookmark: _Hlk206315813][bookmark: _Hlk202965351]Mature M. perforata were obtained from the trunk of P. sylvestris tree from the Botanical Garden of the University of Port Harcourt and identified at the Plant Science and Biotechnology Department of the University of Port Harcourt. The leaves were dried to a constant weight at 23 ºC in a dust free and well-ventilated closet. 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 twenty grams (20 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. This process was repeated twice for each sample, 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. 
1. GC-MS DETERMINATION OF NUTRACEUTICALS 
The bioactive compounds present in the three extracts were determined using the procedure described by (Ohiri and Bassey 2016). 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. 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 bioactive compounds 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. 

Results
[bookmark: _Hlk206367485][bookmark: _Hlk206335567][bookmark: _Hlk212752849]The chromatogram of the three bioactive compounds in hexane extract of M. perforata leaves has its peaks at retention times of 16.785 mins, 16.583 mins and 14.903 mins, which gives relative percentage concentrations of 61.261, 14.951 and 23.788 for 13-Octadecenal, (Z)-; 3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime and 4-Heptafluorobutyryloxyhexadecane respectively (figure 2a). Retention times of 21.670 min., 14.551 min. and 16.340 min. had the highest peaks in the GC-MS Chromatogram of bioactive compounds in methanol extract of M. perforata leaves. These peaks gave relative percentage concentrations of 63.769, 6.777 and 6.008, which are for Silane, trichlorodocosyl-, 7-Nonenoic acid, methyl ester and Oxirane, octyl- respectively. Higher peaks were also observed at retention times of 16.226 min., 3.255 min. and 16.174 min. which gives relative percentage concentrations of 3.936, 3.825 and 3.028, for 1,4,9-Decatriene, (Z)-; 1-Hexen-3-yne, 2-methyl- and Bicyclo[4.1.1]oct-2-ene respectively (figure 2b). Highest peaks in the chromatogram of bioactive compounds in dichloromethane extract of M. perforate were observed at retention times of 16.244 mins and 13.269 mins., which gives relative percentage concentrations of 7.746 and 6.680 for Cyclopentadecanone, 2-hydroxy- and Heptadecane, 2-methyl- respectively. Higher picks were also observed at retention times of 13.199 mins., 14.570 mins., 11.060 mins., 14.951 mins., 15.274 mins and 15.217 mins., with relative percentage concentrations of 5.857, 5.785, 5.738, 5.341, 5.280 and 5.116 for 5-Octadecene, (E)-, Pentadecanoic acid 14-methyl-methyl ester, Oxalic acid allyl tridecyl ester, Silane trichlorodocosyl-, Carbonic acid, prop-1-en-2-yl tridecyl ester and 3-Chloropropionic acid heptadecyl ester respectively (figure 2c).
[image: ]
[bookmark: _Hlk234173579][bookmark: _Hlk212047891]Fig. 2: Chromatogram of a. Hexane, b. Methanol, c. Dichloromethane extracts of M. perforata

The only Enyne and Triene observed in this study were present in methanol extract. While 1,4,9-Decatriene, (Z)- was the most predominant, with a relative percentage concentration of   3.936, 1-Hexen-3-yne, 2-methyl- had a relative percentage concentration of 3.825 (table 1).
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	 Dcm ext

	1.
	[bookmark: _Hlk212825753]1-Hexen-3-yne, 2-methyl-
	3.255
	  C7H10
	94.1543
	-
	   3.825
	-

	2.
	[bookmark: _Hlk211344644]1,4,9-Decatriene, (Z)-
	16.226  
	  C10H6
	136.230
	-
	[bookmark: _Hlk212825894]   3.936
	-


Table 1: Enyne and Triene content of M. perforata leaf extracts
Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

Oxirane, octyl- observed only in the methanol extract was the most predominant amongst the ethers observed in this study with a relative percentage concentration of 6.008. 2H-Pyran, 3,4-dihydro- observed only in the dichloromethane extract had a relative percentage concentration of 1.939, while 3-methoxy-1,3,4-Hexatriene also observed only in the methanol extract had a relative concentration of 1.717% (table 2).  
Table 2: Ether content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	 Dcm ext

	1.
	[bookmark: _Hlk211344674]3-methoxy-1,3,4-Hexatriene
	3.281
	C7H10O
	110.150
	-
	[bookmark: _Hlk212888533]1.717
	-

	2.
	Oxirane, octyl-  
	16.340  
	C10H20O
	156.265
	-
	[bookmark: _Hlk212888224]6.008
	-

	[bookmark: _Hlk212888315]3.
	[bookmark: _Hlk211344877]2H-Pyran, 3,4-dihydro-
	17.883
	C5H8O
	84.116
	-
	-
	[bookmark: _Hlk212888441]1.939


Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

Amongst the alcohols observed in this study, (R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol present only in the dichloromethane extract was the most predominant with a relative concentration of 3.786%. Also, of prominence amongst the alcohols are 2,5-Cyclooctadien-1-ol and 1-Cyclohexene-1-methanol observed only in the methanol extract with relative percentage concentration of 2.367 and 1.709 respectively. Concentrations of 1.518% and 1.002% were also observed in the dichloromethane extract for 3,4-Hexanediol, 3,4-dimethyl- and 9-Hexadecyn-1-ol respectively (table 3).      
Table 3: Alcohol content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	Dcm ext

	1.
	[bookmark: _Hlk212888983]2,5-Cyclooctadien-1-ol
	3.299
	  C8H12O
	124.180
	-
	[bookmark: _Hlk212889142]2.367
	-

	2.
	[bookmark: _Hlk212888998]1-Cyclohexene-1-methanol
	13.669  
	C7H12O
	112.170
	-
	[bookmark: _Hlk212889156]1.709
	-

	[bookmark: _Hlk234174064]3.
	[bookmark: _Hlk212889363]3,4-Hexanediol, 3,4-dimethyl-  
	15.111  
	C8H18O2
	146.227
	-
	-
	[bookmark: _Hlk212889264]1.518

	4.
	[bookmark: _Hlk212889382]9-Hexadecyn-1-ol
	19.535
	    C16H30O
	238.409
	-
	-
	[bookmark: _Hlk212889282]1.002

	5.
	[bookmark: _Hlk212888771](R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol
	20.724
	C17H34O
	254.451
	-
	-
	[bookmark: _Hlk212888876]3.786


Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

13-Octadecenal, (Z)- and 3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime present only in the hexane extract were the highest aldehyde, ketone and oxime observed in this plant with relative    percentage concentrations of 61.261 and 14.951 respectively. Cyclopentadecanone 2-hydroxy-, L-Ribulose,tetrakis (trimethylsilyl) ether pentafluorobenzyl oxime isomer1 and 1-Cyclopenteneacetic acid 5-oxo- observed only in the dichloromethane extract showed relative percentage concentrations of 7.746, 1.873 and 1.606 respectively (table 4).


[bookmark: _Hlk212890042]Table 4: Aldehyde, Ketone and Oxime content of M. perforata leaf extracts

	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	 Dcm ext

	1
	[bookmark: _Hlk212891342][bookmark: _Hlk213150788][bookmark: _Hlk212891315][bookmark: _Hlk212891356]1-Cyclopenteneacetic acid,5-oxo-
	 3.308
	C7H8O3
	140.140
	-
	-
	[bookmark: _Hlk212891566]     1.606

	2.
	[bookmark: _Hlk212890181]13-Octadecenal, (Z)-  
	14.902
	C18H34O
	266.500
	[bookmark: _Hlk212890916]61.261
	-
	 -

	3.
	[bookmark: _Hlk212891006]Cyclopentadecanone, 2-hydroxy-
	16.244  
	C15H28O2
	240.385
	-
	  -
	[bookmark: _Hlk212891536]   7.746

	4.
	[bookmark: _Hlk212890197]3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime   
	16.583
	C7H11NO2
	141.170
	[bookmark: _Hlk212890935]14.951
	-
	-

	5.
	[bookmark: _Hlk212891186][bookmark: _Hlk212891225][bookmark: _Hlk212891122]L-Ribulose,tetrakis(trimethyl
silyl) ether, pentafluorobenzyl
[bookmark: _Hlk212891250]oxime isomer 1
	17.812  
	C30H55F5NO9Si4
	685.980
	-
	-
	[bookmark: _Hlk212891551]  1.873


[bookmark: _Hlk234174048]Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

The only Pyridine and Aziridine observed in this plant were present in the methanolic extract with relative percentage concentrations of 2.712% and 2.182% for 4-Pyridinamine,N-methyl-N,3-dinitro- and N-Acrylonitrylaziridine respectively (table 5).  
[bookmark: _Hlk234174041]
[bookmark: _Hlk212892217]Table 5: Pyridine and Aziridine content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	[bookmark: _Hlk212892540]4-Pyridinamine, N-methyl-N,3-dinitro-
	3.334
	C7H10N2
	122.168
	-
	[bookmark: _Hlk212892347]2.712
	-

	2.
	[bookmark: _Hlk212892558]N-Acrylonitrylaziridine
	13.357  
	  C5H6N2
	94.110
	-
	2.182
	-


Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

[bookmark: _Hlk213001222][bookmark: _Hlk213001403][bookmark: _Hlk213001685]Aside 4-Heptafluorobutyryloxyhexadecane and 7-Nonenoic acid methyl ester observed in the hexane and methanol extracts, all esters and ethers observed in this plant were present in the dichloromethane extract. Though 4-Heptafluorobutyryloxyhexadecane, Oxalic acid allyl tridecyl ester and 7-Nonenoic acid methyl ester present in the hexane, methanol and dichloromethane extracts were the most prominent amongst the compounds observed in this plant with relative percentage concentrations of 23.788, 7.693 and 6.777 respectively. Also prominent amongst the esters and ethers are Pentadecanoic acid 14-methyl ester, Carbonic acid, prop-1-en-2-yl tridecyl ester, 3-Chloropropionic acid heptadecyl ester, Carbonic acid di(decyl) ester and Carbonic acid decyl undecyl ester with relative percentage concentrations of 5.785, 5.280, 5.116, 4.573 and 4.335 respectively (table 6).   

[bookmark: _Hlk215349386][bookmark: _Hlk215353908] Table 6: Ester and Ether content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	   Mformula

	Mweight
	
	Relative % conc.

	
	
	
	
	
	Hex ext
	Met ext
	Dcm ext

	1.
	Carbonic acid, undecyl vinyl ester
	8.611  
	C14H26O3
	242.354
	-
	-
	2.603

	2.
	[bookmark: _Hlk215351008]Oxalic acid, allyl hexadecyl ester
	9.867
	C21H38O4
	354.500
	-
	-
	2.520

	3.
	[bookmark: _Hlk213001347]Oxalic acid, allyl tridecyl ester
	11.626
	C18H32O4
	312.400
	-
	-
	[bookmark: _Hlk213002644]7.693

	4.
	Carbonic acid, octadecyl prop-1-en-2-yl ester
	13.371  
	C22H42O3
	354.600
	-
	-
	1.270

	5.
	Carbonic acid, di(decyl) ester
	14.292
	C21H42O3
	342.556
	-
	-
	  1.242

	6.
	[bookmark: _Hlk213000745]7-Nonenoic acid, methyl ester
	14.551
	C10H18O2
	170.250
	-
	[bookmark: _Hlk213000924]6.777
	-

	7.  
	[bookmark: _Hlk213003363]Pentadecanoic acid, 14-methyl ester
	14.570  
	C17H34O2
	270.451
	-
	-
	[bookmark: _Hlk213003728]5.785

	8.
	[bookmark: _Hlk213003425]3-Chloropropionic acid, heptadecyl ester
	15.217
	C20H39ClO2
	347.000
	-
	-
	[bookmark: _Hlk213003748]5.116

	9.
	[bookmark: _Hlk213003470]Carbonic acid, prop-1-en-2-yl tridecyl ester
	15.274  
	C17H32O3
	284.434
	-
	-
	[bookmark: _Hlk213003779]5.280

	10
	Methyl 6-methyl heptanoate
	16.473
	C9H18O2
	158.238
	-
	-
	0.813

	11.
	Malonic acid, bis(2-trimethylsilyl ethyl ester
	16.523
	C13H28O4Si2
	304.530
	-
	-
	0.935

	12
	[bookmark: _Hlk213000628]4-Heptafluorobutyryloxyhexadecane
	16.785  
	C20H33F7O2
	438.500
	[bookmark: _Hlk213000871]23.788
	-
	-

	13.
	2- Bromopropionic acid, pentadecyl ester
	17.062
	C18H35BrO2
	363.373
	-
	-
	3.527

	14.
	[bookmark: _Hlk213004047]Carbonic acid, decyl undecyl ester
	17.109  
	C22H44O3
	356.583
	-
	-
	[bookmark: _Hlk213003932]4.335

	15.
	[bookmark: _Hlk213003517]Carbonic acid, di(decyl) ester
	18.892
	C21H42O3
	342.556
	-
	-
	[bookmark: _Hlk213003890]4.573


Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract;  Dcm ext – Dichloromethane Extract.

The most predominant alkane, alkene and alkyne observed in this plant are 5-Octadecene (E)- and Heptadecane, 2-methyl- present in the dichloromethane extract with concentrations of 12.545% and 6.680% respectively. Also present in this plant are Bicyclo[4.1.1]oct-2-ene and 3-Cyclopentyl-1-propyne present in the methanol extract and 1-Nonene present in the dichloromethane with concentrations of 3.028%,  1.969% and 1.190% respectively (table 7).   

[bookmark: _Hlk215605710][bookmark: _Hlk215630399]Table 7: Alkane, Alkene and Alkyne content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	 Dcm ext

	1.
	[bookmark: _Hlk213006422]1-Nonene
	12.258  
	C9H18
	126.239
	-
	  -
	[bookmark: _Hlk213006558] 1.190

	2.
	[bookmark: _Hlk213004546]Heptadecane, 2-methyl-  
	13.269  
	 C18H38
	254.494
	
	
	[bookmark: _Hlk213005655] 6.680

	3.
	[bookmark: _Hlk213004459]5-Octadecene, (E)-
	14.339
	C18H36
	252.478
	-
	-
	[bookmark: _Hlk213005627]12.545

	4.
	[bookmark: _Hlk213005793]3-Cyclopentyl-1-propyne
	15.543 
	C8H12
	108.181
	-
	[bookmark: _Hlk213006534]1.969
	-

	5.
	[bookmark: _Hlk213005758]Bicyclo[4.1.1]oct-2-ene
	16.174
	C8H12
	108.181
	-
	[bookmark: _Hlk213006503]3.028
	-


[bookmark: _Hlk213057730]Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

Silane trichlorodocosyl-, was the most predominant silicone, organosilicon and organosiloxane compounds with concentrations of 63.769% and 5.341% in the methanol and dichloromethane extracts. Heptasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl-; Trimethylsilyl-di(timethylsiloxy)-silane;  Heptalene, 7,7'-dihydro-6,6'-bis(trimethylsilyl) methyl- and Octasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- present only in the dichloromethane extracts had percentage concentrations of  3.558, 2.112, 1.813 and 1.599 respectively (table 8).   

[bookmark: _Hlk213057501]Table 8: Silicone, organosilicon and organosiloxane content of M. perforata leaf extracts
	S/N
	     Compound
	Rtime (min)
	Mformula

	Mweight
	Relative % conc.

	
	
	
	
	
	Hex ext
	 Met ext
	Dcm ext

	1.
	[bookmark: _Hlk213057911]Heptalene, 7,7'-dihydro-6,6'-bis(trimethylsilyl)methyl-
	11.849  
	C22H34Si2
	354.700
	-
	-
	[bookmark: _Hlk213058125]  1.813

	2.
	[bookmark: _Hlk213057960]Octasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- 
	13.573
	C16H48O7Si8
	577.200
	-
	-
	[bookmark: _Hlk213058141]   1.599

	3.
	Silane, trichlorodocosyl-
	14.951
	C22H45Cl3Si
	444.000
	-
	63.769
	5.341

	4.
	[bookmark: _Hlk213057822]Trimethylsilyl-di(timethylsiloxy)-silane
	19.154
	C9H27O2Si4
	279.650
	-
	-
	[bookmark: _Hlk213058107]2.112

	5.
	[bookmark: _Hlk213057710]Heptasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl-
	20.975
	C14H42O6Si7
	503.070
	-
	-
	[bookmark: _Hlk213058083] 3.558


Key: Rtime – Retention time; Mformula – Molecular formula; Mweight- Molecular weight; Hex ext - Hexane extract; Met ext- Methanol Extract; Dcm ext – Dichloromethane Extract.

Discussion
Both 1-Hexen-3-yne, 2-methyl- and 1,4,9-Decatriene, (Z)- observed in the methanol extract of this plant serves as intermediates or precursors in the biosynthesis of other compounds. While 1-Hexen-3-yne, 2-methyl- is needed in the preparation of bimetallic reagents used for regioselective additions of conjugated enynes (Aksela and Oehlschlager1991), it is also used in the synthesis copper(I) complexes [5], which may be relevant in plant metabolic and detoxification processes.  1,4,9-Decatriene, (Z)- not only serves as a reactant in chemical synthesis such as Diels–Alder reactions, it also serves as a model for understanding and elucidation of reaction mechanisms (Soto-Delgado and Domingo, 2010).  Studies on the three ethers observed in this plant, showed no direct medicinal application. However, they all serve as intermediate in the synthesis of varied pharmaceutical compounds. While 3-methoxy-1,3,4-Hexatriene is used as an intermediate in the synthesis methoxy-group containing pharmaceutical products (Osuji-Kalu et al. 2024), Oxirane, octyl- is used in the synthesis of oxirane-containing epoxides, which are known for their diverse pharmacological potentials (Dembitsky, 2023). 2H-Pyran, 3,4-dihydro-, whose pyran ring is a known pharmacophore, has been reported as a key intermediate in the synthesis of potent anti-inflammatory drugs and adenosine receptor agonists (Jagtap et al. 2009).    

[bookmark: _Hlk213127632][bookmark: _Hlk217150445][bookmark: _Hlk213140116][bookmark: _Hlk213140781][bookmark: _Hlk213140945][bookmark: _Hlk213140350][bookmark: _Hlk213140857][bookmark: _Hlk213141065][bookmark: _Hlk213141123][bookmark: _Hlk213141224]Though there is no evidence on use of 2,5-Cyclooctadien-1-ol as a therapeutic agent, possibly because its medicinal properties have not been proper elucidated, scientific reports on establishes it presence in some plant extracts and its application in material science for metal ore preparation and in the manufacturing of plastics has also reported (Jaradat et al. 2021).  Reports shows that 1-cyclohexene-1-methanol also observed in this plant has no direct application in medicine but serves as a chemical in the synthesis of fragrances and pharmaceutical products (Hamouda et al. 2025). However, 3-Cyclohexene-1-methanol, a derivative 1-cyclohexene-1-methanol is a potential cell growth inhibitor and apoptotic inducing compound which makes it relevant in colorectal cancer therapy (Hamouda et al. 2025). While some biocompatible and hydrogel-forming diols have found potential applications in regenerative medicine, 3,4-Hexanediol,3,4-dimethyl- observed in the dichloromethane extract of this plant mainly acts as a chelating agent and also as precursor in polymers and other industrial relevant chemicals (Bode et al. 2006).  The presence of 9-Hexadecyn-1-ol and (R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol in this plant indicates the ability of this climbing plant to release molecular protective compounds thereby shielding its supporting plant for possible pest attack. Both 9-Hexadecyn-1-ol and (R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol are precursors and intermediates in the synthesis of (Z)-9-hexadecenal and (Z)-14-Methyl-8-hexadecenal respectively. While (Z)-9-hexadecenal are used for mating communication by various moth species like the Cotton Bollworm (Helicoverpa armigera), Rice Yellow Stem Borer (Scirpophaga incertulas) etc (Rizvi et al. 2021), its possible low concentration due to the low concentration of its precursor compound (9-Hexadecyn-1-ol) compared to the possible higher concentration of  (Z)-14-Methyl-8-hexadecenal due to the higher concentration of its precursor compound ((R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol) indicates that these pests maybe attracted to the plant by (Z)-9-hexadecenal but becomes confuse and unable to mate because of the presence and high concentration of (Z)-14-Methyl-8-hexadecenal in the plant. This not only protect the climber and its supporting plant. It may also protect the plants within their immediate environs. (Z)-14-Methyl-8-hexadecenal has being employed in pest management due to its ability to control insect pests such as khapra beetle (Trogoderma inclusum) and retard mating in moth species (Cross et al. 1976). 

[bookmark: _Hlk213152179][bookmark: _Hlk215234934][bookmark: _Hlk215236051][bookmark: _Hlk217151204][bookmark: _Hlk215308768]While 1-Cyclopentaneacetic acid, 5-oxo- serves mainly as a fragrance ingredient (Scognamiglio et al. 2012), which may be of relevance for attracting agents of pollination, it’s very high concentration of 13-Octadecenal, (Z)- is mainly of protective purposes. Although 13-Octadecenal, (Z)- has been found in plant extracts that exhibits antibacterial and antifungal properties (Ajanaku et al. 2018), indicating its possible usage in shielding the plant from possible bacterial and fungal attack, its major role is to act as insect pheromone for pest control (Dirinck et al. 1997). 13-Octadecenal, (Z)- has been reported to disrupts insect mating patterns thereby helping to manage and control insect populations without dependence on broad-spectrum pesticides (Specht, 1994). Also, of protective functions to both M. perforate and its supporting plant is Cyclopentadecanone, 2-hydroxy. As a quorum sensing inhibitor, Cyclopentadecanone, 2-hydroxy reduces the virulence of pathogenic bacteria by interfering with the bacterial chemical signal processes, thereby disrupting bacterial communication and behavior (Mohammad et al. 2024). This has been effective in preventing potato tuber maceration attributed to Pectobacterium carotovorum subsp. Carotovorum, where it suppresses the formation of bacterial biofilms and virulence expressing factors, thereby reducing the severity of bacterial infections (Mohammad et al. 2024). Sequel to this finding, Cyclopentadecanone, 2-hydroxy may be responsible for both prevention and control of bacterial infections in both plants. 3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime observed in the hexane extract of this study may be of relevance in the synthesis of compounds or biomolecules. This corroborates the work of Alae et al. (2022), which reported the modification of pyran-2-one scaffold to produce varied heterocyclic compounds with potential biological activities. The combined ability of dihydropyran-2-one derivatives to suppressing cell migration and exhibiting cytotoxicity against cancer cells and Oxime-containing compounds to exhibit antitumor and anticancer effects, strongly suggest that 3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime could be used in the development of potential anticancer therapy (Ahmed, et al. 2025). L-Ribulose,tetrakis(trimethylsilyl) ether, pentafluorobenzyl oxime isomer 1 may also add to the protective potential of this plant. Corey and Venkateswarlu (1972), reported its tetrakis(trimethylsilyl) ether group as a protecting group, that enhances volatility of molecules, thereby improving their separation. This may be responsible for both the volatility of the insect deterrent compounds in this plant and also for possible molecular transfer from the M. perforata to it supporting plant.    

[bookmark: _Hlk215311363]Though 4-Pyridinamine, N-methyl-N,3-dinitro does not have any known medicinal uses, it can be converted to 4-aminopyridine via reduction of the nitro groups to amino groups and subsequent demethylation (Starosotnikov and Bastrakov 2025). 4-aminopyridine also known as fampridine is a known potassium channel blocker that improves walking in multiple sclerosis (Dietrich et al. 2021 and Sun et al. 2024). This compound may be responsible in keeping insect pest on this plant and its supporting plant on continuous movement thereby reducing their ability to either mate or attack the both plants. N-acrylonitrile aziridine itself may not have established medicinal uses. However, the chemotherapeutic potentials of its structural similar compounds on DNA inter-strand crosslinking in cancer cells and its activity as antibiotics (Fyaz et al. 2010 and Pellissier 2010) has made it a prominent research compound. 

[bookmark: _Hlk215355616][bookmark: _Hlk217153819]Although nine compounds of the Ester and Ether group observed in this plant has no specific documented medicinal or biological uses, four compounds are prominent as protective compounds to the plant. Oxalic acid, allyl hexadecyl ester observed in the dichloromethane extract of this plant has been reported as a potent pesticide with a high fatality rate due to its irritant and CNS-paralytic potentials (Zayed and Samling 2016). It has also been identified as a potent acaricide (miticide) and varroacide (Zayed and Samling 2016), thereby protecting the plants from evasion by mites and bees.  Though the cytotoxic potentials of 7-Nonenoic acid, methyl ester observed in the methanol extract of this plant against certain cancer cells form the basis of its medicinal application, its antifungal and antinematodal activities helps in the protection of these plants from both fungal and nematodal infections (Nurettin et al. 2006).  3-Chloropropionic acid, heptadecyl ester observed in the dichloromethane extract of this plant has been reported as a synthetic intermediate in the production of agricultural chemicals and pharmaceuticals (Movsisyan et al. 2018). Its role as a potent herbicide blend (Ng et al. 2005), confers it a protective role as a parasitic plant inhibitory compound, thereby protecting both M. perforata and its supporting plant from invasion of parasitic plant species. The antibacterial properties of 2-Bromopropionic acid, pentadecyl ester observed in the dichloromethane extract of this plant also helps in the protection of these plants against bacterial infections. Mohan et al. (2020), reported the ability of 2-Bromopropionic acid, pentadecyl ester to inhibit bacterial invasive potentials, thereby inhibiting bacterial infection. While Pentadecanoic acid, 14-methyl ester observed in the dichloromethane extract has shown some pharmaceutical relevance as a biomarker for rheumatoid arthritis and in the inducement of apoptosis in cancer treatment (Chowdhury et al. 2016), Methyl 6-methyl heptanoate also present in the dichloromethane extract has been used as a flavoring agent and as fragrance in cosmetics and perfumes (Su et al. 2021).
[bookmark: _Hlk215606051]
[bookmark: _Hlk215629920][bookmark: _Hlk215606400][bookmark: _Hlk215606502][bookmark: _Hlk217154152]1-Nonene and 5-Octadecene, (E) observed in the dichloromethane extract of this plant were also of protective purpose (see table 7). 1-Nonene is a hydrocarbon used in the synthesis of nonylphenol, which is an endocrine-disrupting compound and a precursor for detergent production (Fiege et al. 2000).  The ability of this plant to convert its 1-Nonene to nonylphenol serves as a protective compound that shields this plant and its supporting plant from invading insects such as ants and termites. As an insect pheromone, (E)-5-Octadecene also observed in the dichloromethane extract of this plant has been prominent in agriculture because of its role in the disruption of insect mating cycles (Kanno et al. 1978). Research has revealed its potentials to induce about 74% reduction of sexual attraction in female rice borer moths (Kanno et al. 1978), thereby make it a potent protective compound to both M. perforata and its supporting plant against invading insects. 

[bookmark: _Hlk215675375][bookmark: _Hlk215677246]The protective significance of docosyltrichlorosilane observed in both methanol and dichloromethane extract of this plant is dependent on the van der Waals forces between its adjacent hydrocarbon tails. These forces drive the hydrocarbon chains to align and pack closely together, resulting in a highly ordered, quasi-crystalline film structure, thereby creating highly hydrophobic, or water-repellent, surfaces (Chaudhury 1995) as observed in the leaves of this plant. The effectively shields the underlying polar substrate and reduces interaction of its leaf components with water (Fadeev and McCarthy 2000), thereby ensuring proper compartmentation, minimum leakages and effective usage of plant’s bioactive compounds. These hydrophobic surfaces protect this plant from infection by inhibiting adhesion of fungi and bacterial cells on this plant. Trimethylsilyl-di(timethylsiloxy)-silane observed in dichloromethane extract of this plant may also help in the protection of this plant against microbial infections. Adebayo-Tayo1 et al. (2021), reported the presence of this compound in the fatty acid composition of Nigella sativa (black seed) oil prominently known for its antimicrobial and antioxidant activities. Though 1,1,3,3,5,5,7,7,9,9,11,11,13,13tetradecamethylheptasiloxane also observed in the dichloromethane extract of this plant is not considered a medicinal compound, derivatives of siloxane identified in certain plant extracts may has been reported as potential antibacterial or antifungal agents (Asaad et al. 2022). This indicates that intermediates or derivatives from 1,1,3,3,5,5,7,7,9,9,11,11,13,13Tetradecamethylheptasiloxane may also be help the protection of this plant from bacterial and fungal infections.

Conclusion
[bookmark: _Hlk216917245]Amongst the forty-two (42) bioactive compounds observed in the three extracts of this plant, fourteen bioactive compounds were mainly for protection against insect invasion and reproduction, bacterial infection and fungal growth. This present finding indicates that these fourteen bioactive compounds not only shield or protect the climber but elicit a cross protection to its supporting plant, thereby having a synergistic protective relationship with the supporting plant.  
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