


 Phytochemical analysis and identification of bio-active components from n-hexane extract of Plagiochasma intermedium Lindenb. & Gottsche (A-Liverwort) using UV, FT-IR and GC-MS techniques.	Comment by ABDULLAHI MOHAMMED: There is need to  modify this title
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ABSTRACT:
It is well known that liverworts generate distinct classes of secondary metabolites with a range of pharmacological characteristics. Using spectroscopic and chromatographic methods, the current study was conducted to determine the phytochemical profile of the n-hexane extract of Plagiochasma intermedium (Liverwort). FT-IR analysis verified the presence of aliphatic hydrocarbons, fatty acids, alcohols, esters, and terpenoids through distinctive functional group vibrations, while UV-visible spectroscopy showed strong absorption peaks in the 200–250 nm region, suggesting the presence of conjugated systems and aromatic compounds. Thirty-nine compounds were found using gas chromatography–mass spectrometry (GC–MS) analysis, with hydrocarbons being the most common class. The main constituents of these were pentane, 2,4-dimethyl- (65.30%), n-hexane (18.87%), pentane, 2-methyl- (4.31%), and pentane, 3-methyl- (2.75%), less quantity but biologically important chemical constituents like caryophyllene oxide, neophytadiene, phytol, and palmitic acid were also present. The identified secondary metabolites of P. intermedium are pharmacolocally important and known for their antimicrobial, antioxidant, anti-inflammatory and cytotoxic potency. 
Keywords: Plagiochasma intermedium, n-Hexane extract, Phytochemicals, Metabolites UV, FT-IR, GC-MS.
1. INTRODUCTION
For centuries, medicinal plants have been an essential source of therapeutic agents, and they still have a significant impact on drug development and the study of natural products (Napagoda and Wijesundara, 2022). As members of the Bryophyte group, liverworts are among the oldest land plant lineages and are renowned for generating a wide variety of distinctive secondary metabolites that are uncommon in higher plants (Pfeifer et al., 2022). Because of the antimicrobial, antioxidant, anti-inflammatory, and cytotoxic properties of these bioactive substances, which include terpenoids, aromatic derivatives, fatty acids, and phenolics, liverworts are becoming a more valuable tool in pharmacognostic research (Pfeifer et al., 2022). 	Comment by ABDULLAHI MOHAMMED: Remove or replace with plant
The thalloid liverwort Plagiochasma intermedium Lehm. & Lindenb. is a member of the Aytoniaceae family and is typically found in tropical and subtropical areas near water bodies, damp soil, and rocky surfaces. The thallus has a distinct midrib and dorsal air chambers that aid in photosynthesis. It is dorsiventral, ribbon-like, and dark green to brownish in color. Gemmae are used for asexual reproduction, while antheridiophores and archegoniophores are used for sexual reproduction (Kashid, 2012). Similar to the other liverworts, P. intermedium generates a diverse range of secondary metabolites, such as fatty acids, aromatic compounds, and terpenoids, which serve ecological purposes in protecting against microbial pathogens and herbivores. Pharmacological research has become interested in it because of its distinct phytochemical composition, especially because of its potential antimicrobial, antioxidant, and anti-inflammatory properties (Sharma et al., 2022). 	Comment by ABDULLAHI MOHAMMED: Pharcological researchers are becoming more interested in this plant because of its potential antimicrobial, antioxidant and anti-inflammatory properties.
The presence of volatile oils, sesquiterpenes, bibenzyls, and fatty acids has been identified by phytochemical studies of liverworts (Ref). These compounds are in charge of the plants' defence mechanisms and therapeutic potentia(Ludwiczuk and Asakawa, 2020). Numerous pharmacological uses, including antibacterial, antifungal, insecticidal, and anticancer properties, have been connected to the phytoconstituents found in liverworts. Even though their significance is becoming more widely acknowledged, very few studies have examined phytochemistry of P. intermedium, which leaves a significant knowledge gap regarding its bioactive potential. Non-polar solvents like n-hexane are essential for isolating lipophilic compounds like hydrocarbons, fatty acids, terpenoids, and sterols because the extraction solvent selection frequently affects the phytochemical composition.	Comment by ABDULLAHI MOHAMMED: There should be a reference here	Comment by ABDULLAHI MOHAMMED: These compounds may be responsible for the plants therapeutic potential. If this is your own view about the plant, then remove the citation.	Comment by ABDULLAHI MOHAMMED: This is good because it is qualifying and confirming the above sentence. Although, it is not backed by any citation. Please back it up with a citation. If possible, talk about current works that supported your facts.	Comment by ABDULLAHI MOHAMMED: This is why you should do a small literature review of works done on the plant here to show the significance of this research work.
Fourier-transform infrared (FT-IR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, and gas chromatography–mass spectrometry (GC–MS) are commonly used analytical techniques for characterizing plant extracts. These techniques offer important new information about the structural characteristics, functional groups, and qualitative and quantitative makeup of bioactive substances. Such sophisticated analytical profiling of P. intermedium is anticipated to reveal a broad range of compounds that could be involved in its pharmacological significance. Additionally, the identification of bioactive phytochemicals using contemporary analytical techniques and n-hexane extraction offers a scientific foundation for confirming its traditional applications and investigating its potential in drug development based on natural products (Ikeh et al., 2025).
Thus, the goal of the current study was to use GC-MS, FT-IR, and UV-Vis analyses to ascertain the phytochemical profile of the n-hexane extract of P. intermedium. The aim was to provide a thorough chemical characterization of the studied species, identify the main classes of compounds present in it, and interpret their potential biological activities. The therapeutic potential of P. intermedium as a viable candidate for upcoming pharmacological and biotechnological applications is highlighted by this work, which also contributes to the expanding phytochemical database of liverworts.	Comment by ABDULLAHI MOHAMMED: 	Comment by ABDULLAHI MOHAMMED: What is the difference between goal and aim, and which one should come first and which do you want to achieve in this work???	Comment by ABDULLAHI MOHAMMED: This makes more sense than the above sentences
2. MATERIALS AND METHODS
 2.1 Plant collection and extract preparation of plant material	Comment by ABDULLAHI MOHAMMED: The title and the sentence are at par. Under this title you should tell us how and where do you collect the sample. How do you prepare the sample for extraction. Here, you are suppose to avail us with the area the plant was collected, how it was identified, and if possible the coordinate of the location of where the plant was collected……….
For phytochemical analysis of Plagiochasma intermedium powder was extracted with Soxhlet extraction method in n-hexane for 6 hours then these extracts were filtered, evaporated to dryness and weighed (Harborne, 1998). 
2.3 UV and FT-IR analysis
The non-polar crude extract was diluted with hexane solvent (1 mg/mL) and then scanned using a "UV-visible true double-beam spectrophotometer (Motras Scientific, India)" to identify a variety of chemical compounds that manifest as absorption bands in the hexane extract of P. intermedium. The wavelength range of 200 to 700 nm was used to record the qualitative UV-visible spectrum and its peak values. 

The functional groups were interpreted from the FT-IR-spectra by comparing them with standard reference spectra, which were obtained using "FTIR spectroscopy (Bruker alpha Eco-ATR)" in the scan range of 4000 to 600 cm-1 (Nandiyanto et al., 2019).	Comment by ABDULLAHI MOHAMMED: is this necessary??
2.3 GC-MS conditions
"GC-MS-QP2010 Ultra Shimadzu, Japan" was used to analyze the chemical composition. The carrier gas was helium, which flowed at a steady 16.3 mL/min. The oven was set to reach temperatures between 70°C and 300°C at a rate of 10°C per minute. A 260°C injector temperature and a 1 µL injector volume were set. Based on their mass spectra and chromatograms, the structure, molecular weight, and name of unknown bioactive substances were documented. The results were compared with the NISTM1 library.	Comment by ABDULLAHI MOHAMMED: Why the quotation mark??	Comment by ABDULLAHI MOHAMMED: We got details of the machine that was used in the analysis and its condition before the analysis. However, not a single sentence mentioned the amount of the sample injected for analysis.???	Comment by ABDULLAHI MOHAMMED: Chemical composition of what??

 3. RESULTS AND DISCUSSION
UV-visible spectrum of n-hexane extract of Plagiochasma intermedium revealed strong absorption peaks in the lower wavelength range (200–250 nm), with maximum absorbance values ranging from 3.5 to 4.2. These peaks suggested the presence of chromophoric groups, aromatic compounds, and conjugated double bonds. The gradual decrease in absorbance beyond 300 nm indicates fewer extended conjugated systems in the extract, whereas the sharp peaks in the UV region correspond to π→π* transitions of unsaturated hydrocarbons and aromatic systems. The lack of strongly pigmented compounds is indicated by the weak absorbance signals in the visible region (400–700 nm), which suggests that terpenoids, fatty acids, and simple aromatics are the main phytoconstituents. The presence of secondary metabolites is supported by these spectral features (Muhamad et al., 2017; Alamgir, 2018). (Fig.1).	Comment by ABDULLAHI MOHAMMED: This result was properly presented but not discussed. This sentence “The presence of secondary metabolites is supported by these spectral features (Muhamad et al., 2017; Alamgir, 2018)” does not sufficiently discuss the result presented. The possible compounds detected  by the peaks were not mentioned. Relating does peaks with previous works may reveal compounds detected in addition to the functional groups.

Figure 1: UV-Visible Spectra of n-hexane extract of P. intermedium

FT-IR spectrum showed distinctive absorption peaks that corresponded to various functional groups. Long-chain aliphatic hydrocarbons and fatty acid derivatives were confirmed by the presence of prominent peaks at 2954.41, 2922.74, and 2863.21 cm⁻¹, which were ascribed to the C–H asymmetric and symmetric stretching vibrations of alkanes (Bobroff et al., 2016).  While the band at 1378.72 cm⁻¹ showed methyl group bending, indicating the presence of aliphatic chains and terpenoids, the peak at 1460.49 cm⁻¹ correlated with C–H bending vibrations of –CH₂ and –CH₃ groups (Verma et al., 2023).
The presence of terpenoid alcohols and fatty acid esters was indicated by a sharp band at 1062.32 cm⁻¹ that represented C–O stretching vibrations, which can be attributed to alcohols, esters, and ethers (Selvam et al., 2022). Additionally, the band at 725.22 cm⁻¹ was caused by (CH₂)n rocking vibrations of long-chain alkanes, whereas the absorption at 892.92 cm⁻¹ was attributed to out-of-plane bending of =C–H bonds, indicating the presence of alkenes (Jesse, 2020). These findings imply that aliphatic hydrocarbons, fatty acids (including palmitic acid), esters, sterols, and terpenoids, all of which are known to have a variety of biological activities make up the majority of the n-hexane extract (Fig.2, Table1).
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Figure 2: FT-IR Spectra of n-hexane extract of P. intermedium

Table 1:  FT-IR peak values and functional groups in n-hexane extract of Plagiochasma intermedium.
	S. No.

	Frequency peak
values (cm−1)
	Vibration/bond Specific
	functional group
	Chemical compound

	1
	2954.41
	C–H asymmetric stretching
	Alkanes (–CH₃, –CH₂)
	Aliphatic hydrocarbons, fatty acids

	2
	2922.74
	C–H asymmetric stretching
	Alkanes (–CH₂)
	Long-chain fatty acids, terpenoids

	3
	2863.21
	C–H symmetric stretching
	Alkanes (–CH₃)
	Alkanes, fatty esters

	4
	1460.49
	C–H bending (scissoring)
	Alkanes (–CH₂, –CH₃)
	Fatty acids, terpenoids

	5
	1378.72
	C–H bending (wagging)
	Methyl groups (–CH₃)
	Aliphatic chains, sterols

	6
	1062.32
	C–O stretching
	Alcohols, esters, ethers
	Terpenoid alcohols, fatty acid esters

	7
	892.92
	=C–H bending (out-of-plane)
	Alkenes (cis-disubstituted)
	Terpenoids, phytosterols

	8
	725.22
	(CH₂)n rocking
	Long-chain alkanes
	Palmitic acid, hydrocarbons



n-hexane extract of Plagiochasma intermedium, as determined by GC–MS analysis, contained a complex mixture of terpenoids, fatty acids, aromatic compounds, and aliphatic hydrocarbons with different biological activities. Aliphatic hydrocarbons, specifically pentane, 2,4-dimethyl (65.30% area), and n-hexane (18.87% area), dominated the chromatogram, suggesting that volatile branched alkanes make up the majority of the extract. In smaller amounts, methylated pentanes, cyclopentane derivatives, cyclohexane, and toluene were among the other noteworthy hydrocarbons found. The extract included a variety of physiologically active terpenoids, including caryophyllene oxide, neophytadiene, phytol, and calamenene, in addition to hydrocarbons. These terpenoids are known to have antimicrobial, antioxidant, anti-inflammatory, and anticancer effects (Salminen et al., 2008).
The antioxidant and hypocholesterolemic properties of the extract were enhanced by the identification of fatty acids like n-hexadecanoic acid (palmitic acid) and glyceride derivatives like octadecenoic acid and 1,2,3-propanetriyl ester (triolein) (Onyegeme and Essien, 2021; Shawer et al., 2022). A wide range of metabolic products were suggested by the presence of minor constituents such as aldehydes (7-hexadecenal), ketones (2-pentadecanone), and aromatic derivatives (ethylbenzene, xylene). The n-hexane extract of P. intermedium is rich in volatile hydrocarbons, with notable fractions of bioactive terpenoids and fatty acids, according to the GC–MS profile (Sianipar et al., 2021). These compounds may together be responsible for the pharmacological actions of the extract (Fig.3, Table 2).

[image: ]	Comment by ABDULLAHI MOHAMMED: Is not clear??
Figure 3: GC-MS Spectra of n-hexane extract of P. intermedium


Table 2: Details of compounds identified in n-hexane extract of P. intermedium.
	Peak#
	R.Time
	Area%
	Height%
	A/H 
	Name
	Nature 
	Biological potential

	1
	0.020
	0.00
	0.01
	0.85 
	7-Hexadecenal, (Z)-
	Unsaturated aldehyde (fatty aldehyde)
	Antimicrobial, pheromonal, signaling molecule

	2
	1.339
	0.01
	0.02
	1.15 
	l-Alanine ethylamide, (S)-
	Amino acid derivative
	Neuroactive, metabolic intermediate

	3
	1.509
	0.01
	0.02
	1.48 
	Acetone
	Simple ketone
	Solvent, antimicrobial at higher concentration

	4
	1.687
	4.31
	4.49
	2.74 
	Pentane, 2-methyl-
	Branched alkane
	Volatile hydrocarbon, fuel-related, weak bioactivity

	5
	1.725
	2.75
	4.13
	1.90 
	Pentane, 3-methyl-
	Branched alkane
	Volatile hydrocarbon, limited biological role

	6
	1.837
	65.30
	37.20
	5.00 
	Pentane, 2,4-dimethyl-
	Branched alkane
	Volatile compound, hydrocarbon marker

	7
	1.869
	18.87
	36.98
	1.45 
	n-Hexane
	Straight-chain alkane
	Industrial solvent, neurotoxic at high doses

	8
	1.946
	1.52
	3.57
	1.21 
	Pentane, 2,2-dimethyl-
	Branched alkane
	Hydrocarbon, limited direct bioactivity

	9
	1.986
	3.65
	7.00
	1.48 
	Cyclopentane, methyl-
	Cycloalkane
	Volatile hydrocarbon, weak biological effect

	10
	2.021
	0.21
	0.42
	1.40 
	Pentane, 2,2-dimethyl-
	Branched alkane
	Volatile hydrocarbon

	11
	2.136
	0.12
	0.29
	1.21 
	Pentane, 3,3-dimethyl-
	Cycloalkane
	Industrial solvent, narcotic effects at high conc.

	12
	2.204
	1.81
	3.87
	1.33
	Cyclohexane
	Branched alkane
	Volatile hydrocarbon

	13
	2.265
	0.08
	0.14
	1.52 
	Hexane, 3-methyl-
	Unsaturated hydrocarbon
	Component of volatile oils, weak antimicrobial

	14
	2.358
	0.01
	0.02
	1.79 
	Octane, 3-methyl-6-methylene-
	Cycloalkane
	Hydrocarbon, limited direct activity

	15
	2.415
	0.01
	0.01
	2.78 
	Cyclopentane, 1,2-dimethyl-, trans-
	Cycloalkane derivative
	Hydrocarbon, weak narcotic effect

	16
	2.472
	0.18
	0.44
	1.19 
	Hexane, 3-methyl-
	Aromatic hydrocarbon
	Solvent, CNS depressant, toxic at high exposure

	17
	2.782
	0.01
	0.02
	1.22 
	Cyclohexane, methyl-
	Aromatic hydrocarbon
	Solvent, mild irritant, weak antimicrobial

	18
	3.329
	0.02
	0.04
	1.48 
	Toluene
	Aromatic hydrocarbon
	Solvent, potential irritant

	19
	5.088
	0.01
	0.01
	1.49 
	Ethylbenzene
	Long-chain alkane
	Antimicrobial, antioxidant, insecticidal

	20
	5.290
	0.03
	0.03
	2.41 
	Benzene, 1,3-dimethyl-
	Polycyclic hydrocarbon
	Bioactive component in essential oils, antimicrobial

	21
	18.265
	0.00
	0.01
	1.47 
	Pentadecane
	Sesquiterpene derivative
	Antimicrobial, anti-inflammatory

	22
	19.582
	0.04
	0.05
	2.15 
	1H-Cyclopenta[1,3]cyclopropa[1,2]benzene, o
	Aromatic terpenoid
	Antioxidant, antimicrobial

	23
	19.656
	0.03
	0.03
	2.36 
	(1R,4R,5S)-1,8-Dimethyl-4-(prop-1-en-2-yl)sp
	Sesquiterpene (aromatic)
	Anti-inflammatory, antibacterial, anticancer

	24
	20.391
	0.01
	0.02
	2.06 
	Benzene, 1-methyl-4-(1,2,2-trimethylcyclopen
	Sesquiterpene hydrocarbon
	Antioxidant, antimicrobial

	25
	20.755
	0.01
	0.02
	2.00 
	cis-Calamenene
	Sesquiterpene hydrocarbon
	Anti-inflammatory, antimicrobial

	26
	20.873
	0.04
	0.05
	2.17 
	(1S,2E,6E,10R)-3,7,11,11-Tetramethylbicyclo
	Sesquiterpene oxide
	Antifungal, antibacterial, anticancer, anti-inflammatory

	27
	21.570
	0.02
	0.03
	2.12 
	1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7
	Sesquiterpene oxide
	Same as above

	28
	21.673
	0.02
	0.03
	2.32 
	Caryophyllene oxide
	Sesquiterpene
	Antimicrobial, antioxidant

	29
	21.759
	0.02
	0.03
	2.29 
	Caryophyllene oxide
	Sesquiterpene alcohol
	Anti-inflammatory, antimicrobial

	30
	22.851
	0.02
	0.03
	2.12 
	(4aS,8R)-4a,8-Dimethyl-4,4a,5,6,7,8-hexahyd
	Sesquiterpene hydrocarbon
	Antioxidant, antibacterial

	31
	23.139
	0.48
	0.52
	2.63 
	(1R,2R,4S,6S,7S,8S)-8-Isopropyl-1-methyl-3-
	Sesquiterpene
	Antimicrobial, antioxidant

	32
	23.594
	0.25
	0.30
	2.38 
	4-Methyl-1-(1,2,2-trimethylcyclopentyl)cycloh
	Sesquiterpene hydrocarbon
	Antioxidant, antibacterial

	33
	24.763
	0.01
	0.01
	2.30 
	3,3-Dimethyl-4-phenyl-4-penten-2-one
	Aromatic ketone
	Flavor compound, antimicrobial

	34
	25.290
	0.02
	0.02
	2.08 
	Neophytadiene
	Diterpene hydrocarbon
	Anti-inflammatory, antioxidant, antimicrobial

	35
	25.358
	0.01
	0.01
	2.02 
	2-Pentadecanone, 6,10,14-trimethyl-
	Ketone (iso-prenoid type)
	Insecticidal, antimicrobial

	36
	26.945
	0.06
	0.06
	2.50 
	n-Hexadecanoic acid
	Saturated fatty acid
	Antioxidant, antibacterial, hypocholesterolemic

	37
	28.851
	0.02
	0.02
	2.40 
	Phytol
	Diterpene alcohol
	Antimicrobial, antioxidant, anticancer, precursor of Vit. E/K

	38
	29.172
	0.02
	0.02
	2.23 9-
	Octadecenoic acid, 1,2,3-propanetriyl ester,
	Glyceride (lipid)
	Energy source, antioxidant, anti-inflammatory

	39
	33.363
	0.01
	0.02
	2.23 3',8,8'-
	Trimethoxy-3-piperidyl-2,2'-binaphthale
	Alkaloid-like naphthalene derivative
	Potential antimicrobial, antioxidant, cytotoxic

	
	
	100.00
	100.00
	
	
	
	



4. CONCLUSION
GC-MS, FT-IR, and UV-Vis analyses of the n-hexane extract of Plagiochasma intermedium showed that the plant is a rich source of a variety of phytoconstituents, such as hydrocarbons, fatty acids, terpenoids, esters, and aromatic derivatives. The identification of bioactive substances like palmitic acid, caryophyllene oxide, phytol, and neophytadiene emphasizes the plant's possible pharmacological significance, especially in demonstrating cytotoxic, antimicrobial, antioxidant, and anti-inflammatory qualities. These results support P. intermedium's therapeutic significance and offer a solid basis for future research into drug development and biotechnological uses.
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