Antimicrobial evaluation, HPTLC fingerprint profiling, and GC–MS analysis of the leaves of Henckelia humboltiana (Gardner) A. Weber & B. L. Burtt

Abstract







The present study was carried out to investigate the phytochemical and antimicrobial activity of leaves of the plant Henckelia humboldtiana. H. humboldtiana is a member of the Gesneriaceae family and comprises medium-sized plants belonging to the order Lamiales. Secondary metabolites are produced by plants as their response to various extrinsic and intrinsic factors . Compared to primary metabolites plants produce secondary metabolites in smaller quantities. This species is known to contain a diverse range of bioactive compounds, including tannins, flavonoids, and terpenes, which contribute to its various biological and pharmacological activities. Characterization of metabolites using a single analytical technique is often inadequate. Therefore, a combination of experimental approaches and multiple instrumental platforms is required for comprehensive analysis of the phytoconstituents present in plant extracts.In this study, the methanolic and hexane leaf extracts of the plant were subjected to phytochemical analysis using chromatographic techniques such as High-Performance Thin Layer Chromatography (HPTLC) and Gas Chromatography–Mass Spectrometry (GC–MS).Major compounds obtained from  methanol extract of leaves include caryophyllene, neophytadiene, trans-cinnamic acid, neointermedeol and hexane extract of leaves include dodecane, ylangene, caryophyllene, humulene. Plant extract exhibit antimicrobial effect on diffusion method.
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1. Introduction

The Gesneriaceae family is known for it’s high ornamental value. The family includes approximately 3,400 species, with about one-third occurring in the Neotropics and two-thirds in the Paleotropics, along with a few scattered representatives in Europe and the Southern Hemisphere (Weber et al., 2013). Several species of the family Gesneriaceae are widely cultivated as ornamentals, while a few possess notable ethnobotanical importance. Members of this family are generally small to medium-sized perennial herbs characterized by attractive, showy flowers. Gesneriaceae can be identified by their leaf arrangement, which may be opposite decussate, anisophyllous, or alternate. Although the family is closely related to Calceolariaceae, it can be distinguished by the presence of a unilocular ovary with parietal placentation. Gesneriaceae are a moderately sized plant family belonging to the order Lamiales. (Schäferhoff et al.,2010)This species grows on wet rocks with abundant water seepage or in shaded and sun-exposed rock crevices. In drier regions, it is typically restricted to moist forest patches on isolated hills. It is also found on wet rocks near waterfalls and occasionally in savanna grasslands. Flowering occurs from late July to September, and fruiting takes place from September to December. The stem consists of a very short, erect rhizome with indistinct internodes and numerous adventitious roots. Leaves are arranged in whorls, with two, three, or four occurring at each node, and exhibit whorled aestivation. The petiole is narrowly winged and varies in length. Leaf blades are broadly ovate to orbicular, ranging from 3–20 cm in total length, including the petiole.The inflorescence is a compound cyme, sometimes extensively branched and forming a paniculate structure, divided three to six times. The calyx has five lobes that are deeply cut, while the corolla measures 1–2 cm in length and varies in both size and colour.






2.Materials and Methods
2.1Antimicrobial activity

Agar Well Diffusion method as describedin European pharmacopeia with slight modification, was followed for antibacterial testing (Thankamaniet al., 2011; Wayne, 2009). Sterile MHAplates were used for the test. Wells were cut using a sterile well bore of 8 mm diameter. Freshly sub-cultured bacterial strains were suspended in 1 ml Nutrient broth and incubated at 37°C for 2-3 hours to obtain log phase cultures.Opacity was checked with 0.5 McFarland turbidity standards (approximately 1 to 2 x 108 colony forming units per ml). 100 µl of the pure cultures of teststrains were swabbed uniformly using a sterile swab on the surface of the MHA plate to obtainan even inoculum. The plates were allowed to dry for 5 minutes and differentconcentration samples, DMSO and standard drug were transferred to respective wells. The antibacterial activity wasobserved after incubating the plates for 24 hours at 37°C and the zone of inhibition surroundingthe well was noted in mm.






2.2 Antifungal activity

The Agar well Method as describedin European pharmacopeia with slight modification was used for antifungal testing (Berkowet al., 2020). Sterile SDA plates were used for the test. The freshly sub-cultured fungal strain was suspended in one ml SDB and incubated at 370C for 2-3 hours to obtain log phase cultures, opacity was checked with 0.5 McFarland turbidity standards (approximately 1 to 2 x 108 colony forming units per ml). 100 µl of the pure culture of the test strain was swabbed uniformly using a sterile swab on the surface of the SDA plate to obtain an even inoculum. The plates were allowed to dry for 5 minutes. Then, a hole with a diameter of 8 mm is punched aseptically with a sterile cork borer, and a volume (25µL) of the antimicrobial agent or extract solution at the desired concentration is introduced into the well.  The antifungal activity was observed after incubating the plates for 24 hours at 370C and the zone of inhibition surrounding the well was noted in mm.

2.3 HPTLC fingerprint profile

HPTLC analyses were performed on aluminium backed pre-coated silica gel 60 F254 TLC plates. Samples were applied to the plates by means of CAMAG Automatic sampler V.HPTLC fingerprint profile was carried out by using methanol  extracts of the leaf,rhizome  and root of Henckelia humboltiana.The results were presented in table 3 and 4.The better mobile phase for methanolic extract was toluene, ethyl acetate and methanol in 7:3:1 ratio, and that of hexane extract was toluene and ethyl acetate in 9:1 ratio. 

2.4 GC-MS analysis

Chemical composition was determined by GC-MS (Shimadzu QP-2010 plus with Thermal Desorption System TD 20, fitted with a 60 m x 2025 mm x 0.25 m WCOT column coated with diethylene glycol (AB-Innowax 7031428, Japan). Helium was used as a carrier gas at a flow rate of 1.21 mL/min at a column pressure of 77.6 kPa. Both injector and detector temperatures were maintained at 260 0C. Samples (6 µL) were injected in to the column with a split ratio of 10:0. Component separation was achieved following a linear temperature program of 70- 260 0C at 30C/min and then held at 2600C for 6 min, with a total run time of 44.98 min. The MS parameters used were : electron ionization (EI) voltage 70 eV, peak width 2 s, mass range 40-850 m/zand detector voltage 1.5 V. The constituents were identified by comparison of their linear retention indices. The MS fragmentation pattern was checked with National Institute of Standards and Technology (NIST) mass spectra libraries and with those in the literature (Adams, 2001).


3. Results& Discussion
3.1Antimicrobial activity

Anti microbial activity including anti bacterial and antifungal activity of methanol extract of leaves and stem of Henckelia humboltiana was determined by agar well diffusion method (Thankamaniet al., 2011; Wayne, 2009). In the present study the antimicrobial activity was evaluated by determining the zone of inhibition developed for each extracts. Gram positive bacteria including Staphylococcus aureus and gram negative bacteria like Escherichia coli were tested in present study. Candida albicans and Aspergillus niger were fungal strains tested for antifungal activity. 200,400 µg/1ml of plant extracts were used to derive maximum activity against the microbes under investigation. The result showing zone of inhibition obtained against tested organism is given in table and corresponding plate were shown in figure. 







Table1:Antibacterial screening of Sample Henckelia humboltiana against Streptococcus aureus and Escherichia coli, NA indicates no activity

	Sample mg/ml
	Zone of inhibition (mm in diameter)

	
	S.aureus
	E.Coli

	Streptomycin (+CP)
	29
	21

	Negative Control (-CN)
	NA
	NA

	200mg  ( Stem)
	11
	NA

	400mg  (Stem)
	19
	NA

	200mg  (Leaf)
	15
	NA

	400mg  (Leaf)
	18
	NA



Table2:Antifungal screening of Sample Henckelia humboltiana against Candida albicans and Aspergillus niger, NA indicates No Activity.

	Sample mg/ml
	Zone of inhibition (mm in diameter)

	
	Candida albicans
	Aspergillus niger

	Streptomycin (+CP)
	20
	18

	Negative Control (-CN)
	NA
	NA

	200mg  ( Stem)
	9
	14

	400mg  (Stem)
	11
	14

	200mg  (Leaf)
	11
	13

	400mg  (Leaf)
	NA
	NA
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Fig1.Antimicrobial activity of leaves extract of a.S.aureus, b.E.coli, c. C.albicans d.A.niger

The present study of the antibacterial activity of leaf and stem extract of H.humboltiana exhibited inhibitory against Streptococcus aureus. There is no inhibitory effect was shown against E.Coli. The zone of inhibition of the extract of streptococcus aureus 400 mg of leaf is 18, 200 mg of leaf is 15, 400 mg of stem is 19, and 200 mg of stem is 11.The present study of the antifungal activity of leaf and stem extract of H.humboltiana exhibited inhibitory against Candida albicansand Aspergillus niger.
There is no inhibition of the extract of Candida albicans and Aspergillus niger in 400 mg of leaf. Zone of inhibition of 200 mg of leaf of Candida albicans is 11 and Aspergillus niger is 13. Zone of inhibition of 400 mg of stem of Candida albicansis 11 and Aspergillus niger is 14. Zone os inhibition of 200 mg stem of Candida albicans is 9 and Aspergillus niger is 14.

3.2 HPTLC fingerprint profile of Methanol extract of leaves of H.humboltiana at different wave length
Table.3 HPTLC fingerprint profile of Methanol extract of leaves of H.humboltiana at different wave length


	                     254 nm
		366nm

	No of peaks
	Rfvalue
	Area %
	No of peaks
	Rfvalue
	Area %

	1
	0.03
	2.02
	1
	0.02
	0.63

	2
	0.08
	0.71
	2
	0.04
	0.13

	3
	0.14
	0.80
	3
	0.07
	0.22

	4
	0.26
	6.98
	4
	0.08
	1.27

	5
	0.31
	3.67
	5
	0.31
	5.55

	6
	0.39
	2.43
	6
	0.39
	3.04

	7
	0.45
	6.55
	7
	0.50
	11.74

	8
	0.52
	6.26
	8
	0.57
	19.19

	9
	0.57
	11.88
	9
	0.64
	6.12

	10
	0.64
	2.39
	10
	0.78
	3.78

	11
	0.74
	0.24
	11
	0.87
	48.33

	12
	0.78
	3.41
	
	
	

	13
	0.87
	24.19
	
	
	

	14
	0.94
	28.46
	
	
	












The results showing number of peaks, Rf  values, and area percentage are presented in table. In the HPTLC densitometric the finger print profile of henckelia leaf  in chloroform  extract under 254nm revealed 14 peaks, major peak at Rf 0.94with area percentage of 28.46, followed by peak at 0.87  with area percentage 24.19  a minor peak at 0.03 with area percentage of 2.02.  In 366nm revealed 11 peaks major peak at Rf 0.87  with area percentage 48.33 followed by peak at 0.78  with area percentage 3.78, minor peak at 0.02 with area percentage 0.63. 
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Fig. 2-4:Densitogram of methanol extract of leaves of H.humboltiana,Fig.5:Chromatogram of methanol extract of H.humboltiana


3.3 HPTLC fingerprint profile of methanol extract of leaves of H.humboltiana at different wave length
Table.4 HPTLC fingerprint profile of hexane extract of leaves of H.humboltiana at different wave length
	                     254 nm
		366nm

	No of peaks
	Rfvalue
	Area %
	No of peaks
	Rfvalue
	Area %

	1
	0.32
	2.65
	1
	0.08
	0.41

	2
	0.36
	3.42
	2
	0.32
	3.87

	3
	0.42
	4.56
	3
	0.36
	4.24

	4
	0.50
	0.76
	4
	0.47
	5.42

	5
	0.54
	0.64
	5
	0.54
	4.67

	6
	0.67
	4.81
	6
	0.58
	1.77

	7
	0.76
	13.27
	7
	0.61
	2.79

	8
	0.85
	45.76
	8
	0.67
	2.33

	9
	0.90
	24.12
	9
	0.76
	10.81

	
	
	
	10
	0.85
	44.77

	
	
	
	11
	0.89
	18.93











[image: C:\Users\Lenovo\Desktop\101.jpg]The results showing number of peaks, Rf  values, and area percentage are presented in table. In the HPTLC densitometric the finger print profile of henckelia leaf  in hexane  extract under 254nm revealed 9 peaks, major peak at Rf 0.90with area percentage of 24.12, followed by peak at 0.85  with area percentage 45.76  a minor peak at 0.32 with area percentage of 2.65.  In 366nm revealed 11 peaks major peak at Rf 0.89  with area percentage 18.93 followed by peak at 0.85  with area percentage 44.77, minor peak at 0.08 with area percentage 0.41. 








FIG 6- 8. Metabolite profiling by GC-MS methanol leaves
Table.5. GC MS analysis of methanol extract of leaves of H.humboltiana at different wave length

	Peaks
	    RT
	 Area %
	     Name of compound
	            Biological activity 

	1
	7.367
	0.93
	1,3,5-Triazine-2,4,6-triamine
	Anti viral activity ( Mibu et al.,2014)

	2
	9.267
	0.34
	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
	Anti oxidant activities ( Chen et al.,2021)

	3
	11.510
	0.22
	4-Vinylphenol
	Anticancer and Anti-Metastatic Effects ( Leung et al.,2018)

	4
	16.055
	0.86
	2-Propenoic acid, 3-phenyl-, methyl ester
	Anti oxidanr properties (

	5
	17.049
	0.82
	Caryophyllene
	Neuro protective effects( Machado et al.,2018)

	6
	17.302
	0.77
	trans-cinnamic acid
	Anti microbial activity( Macêdo et al.,2025)

	7
	17.689
	2.50
	4-Vinylbenzene-1,2-diol
	Anti oxidant activities( Lakshmi et al.,2024)

	8
	17.969
	0.34
	1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
	Anti bacterial ( Mohammed et al.,2016)

	9
	18.413
	0.57
	4a,8-Dimethyl-2-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7-octahydronaphthalene
	Anti oxidant ( Paula et al.,2022)

	10
	18.555
	0.32
	1R,4aS,8aR)-1-Isopropyl-4,7-dimethyl-1,2,4a,5,6,8a-hexahydronaphthale
	Anti cancer activity(NCBI.,2025)

	11
	18.826
	2.86
	Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR
	Anti bacterial,antioxidant ( Feng et al.,2024)

	12
	21.935
	0.28
	Neointermedeol
	Anti oxidant activities( Sarikurkcu.,2018)

	14
	22.315
	0.30
	4a(2H)-Naphthalenol, 1,3,4,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl
	Anti inflammatory activity( Acharya et al.,2021)

	15
	22.805
	0.37
	2-Naphthalenemethanol, decahydro-.alpha.,.alpha.,4a-trimethyl-8-methylene
	Anti-inflammatory / antioxidant( Acharya et al.,2021)

	16
	25.051
	0.17
	Tetradecanoic acid
	Anti viral activity( Parang et al.,1997)

	17
	25.765
	0.06
	n-Heptadecanol-1
	Anti oxidant activity( Shivhare et al.,2023)

	18
	26.668
	0.65
	Neophytadiene
	Anti-inflammatory & Neuroprotective Effects ( Rajeswaran et al.,2025)

	19
	28.450
	0.16
	Hexadecanoic acid, methyl ester
	Anti inflammatory( Saeed et al.,2012)

	20
	29.219
	3.33
	n-Hexadecanoic acid
	Anti  cancer activity( Bharath et al.,2021)

	21
	32.410
	1.82
	9,12-Octadecadienoic acid (Z,Z)-
	Anti microbial activity(

	22
	32.529
	2.15
	7-Tetradecenal, (Z)-
	Anti oxidant activity ( Palariya et al.,2019)

	23
	32.780
	0.27
	5-Hexenoic acid, 2,4-dioxo-6-phenyl-, ethyl ester
	Anti microbial activities ( Pastorekova et al.,2019)

	25
	32.946
	0.31
	Octadecanoic acid
	Anti inflammatory activity ( Lin et al.,2005)

	26
	36.428
	1.40
	1,2-Bis(p-acetoxyphenyl)ethanedione
	-

	27
	36.735
	7.17
	2,3-Dihydro-5-hydroxy-6,8,8-trimethyl-2-phenyl-4H-1-benzopyran-4,7(8H
	Anti microbial activity ( Bonilla et al.,2005)

	28
	37.065
	9.27
	4H-1-Benzopyran-4-one, 2,3-dihydro-5-hydroxy-7-methoxy-2-phenyl-, (S)-
	Anti oxidant,cyto protective ( Zhao et al.,2023)

	29
	38.550
	0.30
	2,3-Dihydro-5-hydroxy-6,8,8-trimethyl-2-phenyl-4H-1-benzopyran-4,7(8H
	Anti microbial activity( Bonilla et al.,2005)

	30
	38.641
	3.28
	5-Hydroxy-7-methoxy-6-methyl-2-phenyl-chroman-4-one
	Anticancer activity ( Emami et al.,2015)

	31
	43.220
	0.43
	Squalene
	Anti cancer activity ( Bidooki et al.,2024)

	32
	43.785
	0.55
	4',5,7-Trimethoxyflavanone
	-

	33
	45.280
	1.34
	(E)-1-(2-Hydroxy-4,6-dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-
	Anti cancer activites ( Zi et al.,2005)

	34
	46.482
	0.20
	4,2'-Dihydroxy-4',6'-dimethoxychalcone (isomer 2)
	Anti inflammatory ( Bae et al.,2004)





34 bioactive compounds have been identified  in the leaves methanol extract of Henckelia humboltiana. The major compounds include 1,3,5-Triazine-2,4,6-triamine has anti viral activity, Caryophyllene has neuro protective activity , trans-cinnamic acid possess anti microbial activity, Neophytadiene showed anti inflammatory, neuro protective activity, squalene shows anti cancer activity, Octadecanoic acid has anti inflammatory activity.
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 Fig 9. GC-MS chromatogram of methanol extract of leaves of H.humboltiana












3.4 Metabolite profiling by GC-MS hexane leaves

Table.6 HPTLC fingerprint profile of hexane extract of leaves of H.humboltiana at different wave length
	Peaks
	    RT
	 Area %
	     Name of compound
	            Biological activity 

	1
	7.440
	0.16
	Dodecane
	Anti microbial activity (Keke et al.,2020)

	2
	10.402
	0.14
	Ylangene
	Anti cancer activirty (Xio et al.,2013)

	3
	11.247
	0.77
	Caryophyllene
	Anti inflammatory(Francomano et al.,2019)

	4
	11.444
	0.05
	.alpha.-Guaiene
	Anti inflammatory (Chen et al.,2019)

	5
	11.814
	0.41
	Humulene
	Anti inflammatory( Becker et al.,2024)

	6
	12.815
	0.15
	Selina-3,7(11)-diene
	Anti fungal activity( Santos et al.,2018)

	7
	13.106
	0.16
	.alpha.-Calacorene
	Anti bacterial activity( Saravanan et al.,2025)

	8
	13.771
	0.04
	Caryophyllene oxide
	Anti cancer activity( Xiu et al.,2022)

	9
	17.133
	0.48
	Neophytadiene
	Anti inflammatory,anti oxidant,anti microbial( Rajeswaran et al.,2022)

	10
	17.450
	0.09
	3,7,11,15-Tetramethyl-2-hexadecen-1-ol
	Anti inflammatory,anti arthritic effects ( Carvalho et al.,2020)

	11
	17.691
	0.19
	Neophytadiene
	-

	12
	20.495
	1.96
	Phytol
	Anti inflammatory ,anti arthritic effects ( Cala et al.,2022)

	13
	22.534
	0.09
	Oxiraneoctanoic acid, 3-octyl-, methyl ester, cis-
	-

	14
	23.596
	4.65
	2,3-Dihydro-5-hydroxy-6,8,8-trimethyl-2-phenyl-4H-1-benzopyran-4,7(8H)-d
	Anti microbial activity (

	15
	23.802
	3.96
	Pinostrobin
	Anti obesity ( San et al.,2022)

	16
	24.097
	1.18
	Oligandrol
	Anti breast cancer activity ( Zingue et al.,2024)

	17
	24.332
	0.53
	1,6,10,14,18,22-Tetracosahexaen-3-ol, 2,6,10,15,19,23-hexamethyl-, (all-E)-(.+/-.)-
	Anti cancer,anti microbial ( Khan et al.,2020)

	18
	24.906
	2.07
	5-Hydroxy-7-methoxy-6-methyl-2-phenyl-chroman-4-one
	Anti inflammatory activity( Emami et al.,2015)

	19
	25.060
	0.95
	Senkyunone
	Antioxidant and Anti-thrombotic Actions ( Huang et al.,2023)

	20
	25.691
	2.27
	4H-1-Benzopyran-4-one, 2,3-dihydro-5,7-dimethoxy-2-phenyl-
	Neuro protective activity ( Wu et al.,2012)

	21
	26.112
	0.71
	1H-Benzoimidazole, 5-ethoxy-2-phenethylsulfanyl-
	-

	22
	26.588
	10.27
	(E)-1-(2-Hydroxy-4,6-dimethoxyphenyl)-3-phenylprop-2-en-1-one
	Anti cancer activity( Park et al.,2018)

	23
	27.352
	3.88
	Oligandrol
	-

	24
	27.473
	1.84
	5-Hydroxy-4',7-dimethoxyflavanone
	Antioxidant Enzyme Inhibition( Mangoyi et al.,2015)

	25
	31.270
	0.30
	Flavokavin A
	Anti cancer effects ( Zi et al.,2005)

	26
	32.798
	0.80
	.beta.-Tocopherol
	Anti inflammatory effects( Ahsan et al.,2014)










26 bioactive compounds have been identified  in the rhizome hexane extract of Henckelia humboltiana. The major compounds include Caryophyllene has anti inflammatory, Humulene has antiinflammoaty activity, Oligandrol possess anti breast cancer activity, Senkyunone has Antioxidant and Anti-thrombotic Actions activities, (E)-1-(2-Hydroxy-4,6-dimethoxyphenyl)-3-phenylprop-2-en-1-one has anti cancer activity, phytol has anti inflammatory ,anti arthritic effects, alpha.-Calacorene has anti bacterial activity. 
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Fig 10. GC-MS chromatogram of hexane extract of leaves of H.humboltiana
Conclusion

The present study highlights the HPTLC and GC–MS analyses of the leaves of H. humboltiana. Plant extract exhibit antimicrobial effect on diffusion method. The GC–MS profile revealed the presence of diverse primary and secondary metabolites with notable biological and pharmacological activities. GC–MS fingerprinting has emerged as a valuable analytical tool due to its simplicity, sensitivity, and reliability. Many of the identified compounds possess well-documented therapeutic potentials, and their presence may contribute to the treatment of various ailments. Overall, this study provides important insights into the bioactive constituents of H. humboltiana leaves.Major compounds in methanolic extract of leaves include 1,3,5-Triazine-2,4,6-triamine has anti viral activity, caryophyllene possess neuro protective activity, squalene has anti cancer activity, major compounds in hexane extract of leaves include dodecane has antimicrobial activity, ylangene has anti cancer activity, humulene possess anti inflammatory activity, caryophyllene oxide has anti cancer activity, phytol has anti inflammatory ,anti arthritic effects.
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