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Phytochemicals with antimicrobial and antioxidant properties have tremendous potential in suppressing both plant and human diseases. Screening and identification of such compounds from diverse plant species is the first step toward realizing their medicinal and agricultural application. In agriculture, application of antimicrobial phytochemicals as part of an Integrated Disease Management strategy would reduce the detrimental residual effect of synthetic chemicals. In the present study, an invasive plant species, i.e., Lantana camara L. was screened for potential antimicrobial and antioxidant phytochemicals. Extracts of leaves (LE) and flowers (FE) from L. camara were tested for their polyphenol content (total phenol, total flavonoid, and total alkaloid) and antioxidant potential [total antioxidant activity, iron chelating activity and enzymatic activity (peroxidase and polyphenol oxidase)]. Both extracts exhibited high antioxidant and free radical scavenging activities with relatively stronger antioxidant activity in the case of whole flower extracts. FTIR and GC-MS also carried out for chemical analysis of crude extracts. FTIR spectral study of LE and FE revealed the presence of different functional groups such as N–H, C–H, OH, C = O indicates the existence of various metabolites in the extracts. GC-MS study revealed the presence of 66 bioactive compounds, of which 19 components were predicted to have various functions like anti-inflammatory, antiandrogenic, anti-tumor, antimicrobial, etc. Furthermore, in vitro antifungal and antibacterial studies confirmed the antimicrobial effect of both LE and FE against phytopathogens like Magnaporthe oryzae, Xanthomonas axonopodis pv. glycines (Xag) and Xanthomonas oryzae pv. oryzae (Xoo). Molecular study further revealed that phytochemicals (Loliolide, Eicosapentaenoic acid, Salicylic Acid Methyl Ester, and Phytol) of Lantana camara could targets MAPK1, PDF, and SUH like enzymes of phytopathogens, which could inhibit their growth. Therefore, L. camara extracts can be an important ingredient in the suppression of plant diseases.
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INTRODUCTION

Plants are a major source of medicine with a variety of biological deliberations, including antioxidant, antibacterial, and antifungal activities. Almost 25% of conventional drugs and primary health care of majority of world population relies essentially on plants (Ekor, 2014). Natural antioxidants are broad-spectrum, safe and effective in regulating destructive processes triggered by oxidative stress, induced by free radical's overproduction (Tan et al., 2018). Modern medicine mostly uses synthetic/semi-synthetic antibiotics for dealing with microbial diseases. However, many microbes have developed resistance to antibiotics, resulted as therapeutic failure. Additionally, modern antibiotics are very expensive. Hence, the situation has led to increase the use of plant extract and their derived compounds (Hassine et al., 2014). Earlier studies have shown the curative potential of several botanicals against chronic diseases like cancer, diabetes, inflammation, stroke, aging etc. (Kalita et al., 2012). These reports indicate that plants still represent an important pool for the discovery of novel drugs and therapeutic compounds.

Unlike plant cells, human cells sometimes do not produce adequate amounts of antioxidants (Pisoschi et al., 2009). The use of synthetic antioxidants like Butylated Hydroxy Toluene (BHT), ethoxquin, propyl gallate, Tert-butylhydroquinone (TBHQ), and Butylated Hydroxyanisole (BHA) etc. to mitigate oxidative stress were often associated with toxicity, carcinogenicity, and mutagenic effect (Bendiabdellah et al., 2012). Therefore, alternative natural and safer source of antioxidant is required, which can be given as a supplement. A plant-based antioxidant such as vitamins, phenolics, flavonoids, tannins, and carotenes are considered to play an imperative role through the process of oxidation by reacting with free radicals and protecting cells from free radical-induced damage without causing any side effect (Pisoschi et al., 2009; Prasad et al., 2010). Prior work has shown the positive response of taking high dietary natural antioxidants over chronic heart diseases and cancer (Prasad et al., 2010). Therefore, the demand for natural antioxidants has increased immensely in recent years in pharmaceuticals and nutraceuticals in addition to food additives.

Similar circumstances exist in agriculture with respect to crop diseases. Fungi and bacteria are mostly responsible for major crop diseases and yield loss (Kumar et al., 2020). Farmers usually apply synthetic pesticides to control the diseases and save yield as a quick pest management option. However, the residues of synthetic pesticides are highly toxic and have shown hazardous effects on non-targeted organisms, thus it impacts negatively on biodiversity. Additionally, indiscriminate and unmethodical use have led to the development of resistant pathogen strains and disease resurgence. Therefore, the better specific pesticide has to be developed capable of controlling plant diseases. The alternative to synthetic pesticides is plant-derived eco-friendly greener botanical pesticides. Importantly, active plant compounds are less toxic and biodegradable (Fayaz et al., 2017).

The current global trends are more toward organic foods. Consumer's awareness of food safety has increased tremendously, which has resulted to ban certain pesticides in agriculture. Consequently, botanical pesticides have got momentum because of their efficacy, biodegradability, less toxicity and humongous availability of source materials (Campos et al., 2019). There are many plant species which are less exploited and one such species is L. camara L. It belongs to Verbenaceae family, is a notorious invasive weed reported to be native of tropical, subtropical and temperate regions of more than 60 countries (Ghisalberti, 2000). Extract of L. camara has been used by traditional healers for centuries to cure various ailments such as gastrointestinal, inflammatory, dermatological, rheumatism, fever, and headache (Hernández et al., 2003; Mahdi-Pour et al., 2012). Interestingly, different species of Lantana have been reported to contain the diverse type and level of phytochemicals (Sharma et al., 1991). Therefore, L. camara L. of Amarkantak, MP, India (High altitude of ~3,438 ft) may contain different type and level of phytoconstituents.

Therefore, the present study aims to systematically investigate the methanolic crude extract of Leaf (LE) and flower (FE) for its phytochemical properties, free radical scavenging activity, and antimicrobial activities. FTIR and GC-MS studies were also performed to find out functional groups and active antimicrobial compounds in the extract of L. camara.



EXPERIMENTAL SECTION


Plant Materials and Reagents

Fresh L. camara leaves and flower was collected from Podki village (geographical coordinates 22°47′ 3″ N and 81°43′ 44″ E) near Indira Gandhi National Tribal University (IGNTU) campus, Annuppur, MP, India (Supplementary Figure 1). The identification and authentication of plant taxonomy were performed at IGNTU, Department of Botany. The plant leaves and flowers were washed softly through tap water to eliminate undesirable dirt particles. Subsequently, samples were air-dried under shade. Slant culture of M. oryzae were purchased from National Research Center on Plant Biotechnology, New Delhi.

All chemicals such as gallic acid, sodium carbonate, ammonium molybdate, sulfuric acid, sodium phosphate, ascorbic acid, potassium ferricyanide, TCA (trichloroacetic acid), quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ABTS reagent 2,2′-azinobis-(3-ethylbenzothiaziline-6-sulfonate), catechol, ferrozine, ferrous sulfate and guaiacol were purchased from Hi-Media, India. Hydrogen peroxide and Folin-Ciocalteu reagent were from Central Drug House (P) Ltd. India. All the chemicals were of analytical grade. Working standards and samples were made by diluting stock solution (1 mg/ml) in methanol and double distilled water based on an experiment to give final concentrations. The different solvent used in this study were of analytical grade.



Extraction Procedure

Freshly harvested leaves and flowers were air-dried and powdered with a mechanical grinder, each of 10 grams. Subsequently, samples were applied for extraction in a Soxhlet apparatus using 150 ml of methanol. The extract was then filtered through a Whatman No. 1 paper filter (Whatman International Ltd., Maidstone, England) and concentrated on the dry mass at room temperature in a fume hood. The quantity of extracts yield was evaluated and residues were stored in dark to use further. The designation of samples was excuted as LE (for leaf extract) and FE (for flower extract). The dried extract was dissolved in methanol and distilled water based on an experiment to give final concentrations.



Phytochemical Analysis
 
Qualitative Analysis

Phytochemical screening of L. camara LE and FE was performed as per the method described previously to unveil the presence of saponins, tannins, flavonoids, steroids, anthocyanin (Harborne, 1998), and alkaloids, terpenoids, glycosides, quinones, cardiac glycosides, caumarins, phlobatannins, anthraquinones, phenols (Roghini and Vijayalakshmi, 2018).




Quantitative Analysis
 
Determination of Total Phenolics

The phenolics in extracts was evaluated through spectrophotometric method (Singleton et al., 1999). The methanolic solution was prepared by mixing 0.5 ml (1 mg/ml) extract, water dissolved 10% Folin-Ciocalteu's reagent 2.5 ml, and 7.5% Na2CO3 2.5 ml and the whole solution was agitated to homogenize the dilution. Blank was concomitantly prepared in a similar manner using 0.5 ml methanol instead of extract. After incubating samples at 45°C for 45 min in the dark in a thermostat, absorbance was measured at λmax = 730 nm using a spectrophotometer. Triplicate was maintained to obtain mean values of sample. The calibration curve of gallic acid was constructed in the range of 20–100 μg/ml. Lastly, phenolics concentration were expressed in gallic acid equivalent terms (mg GA/g of dw).



Determination of Total Flavonoids

The total flavonoid content (TFC) of FE and LE was measured through AlCl3 colorimetry method (Chang et al., 2002). Both FE and LE extracts were diluted with methanol till the concentration reached 1mg/ml and a calibration curve was drawn using methanol dissolved quercetin (20–100 μg/ml). 2.0 ml diluted extracts/quercetin was mixed with AlCl3 [0.1 ml of 10 % (w/v)], and CH3COOK (0.1 ml of 0.1 mM) and whole solution was prepared in methanol. Subsequently, absorbance was measured at λmax = 415 nm post 30 min of incubation at 25°C. Finally, total flavonoid content in the extracts was represented as mg quercetin equivalent per gram dry weight of extracts (mg Q/g of dw).



Determination of Total Alkaloids

Total alkaloid content (TAC) in the extract was evaluated using standard method (Harborne, 1973). Both LE and FE (2.50 gm) were taken in a beaker in which 200 ml of 10% CH3COOH in methanol was added and were incubated for 4 h at RT. Then, concentrated NH4OH was added dropwise until complete precipitation. Subsequently, supernatant was removed and precipitates were washed with 20 ml of 0.1 M of NH4OH. Lastly, filtrate residue was dried in an oven and alkaloid content was measured in terms of percentage.

Percent alkaloid = Weight of alkaloid ×100/Weight of sample.




Antioxidant Analysis
 
Total Antioxidant Activity

The total antioxidant activity (TAA) of the LE and FE was evaluated standard method (Govindarajan et al., 2003; Subhasree et al., 2009) with slight modifications. In brief, LE and FE stock concentration was made to 1 mg/ml with double distilled water. An aliquot of 0.2 ml of each extract was mixed with 1.8 ml of reagent (0.6 M H2SO4, 28 mM Na3PO4, and 4 mM (NH4)6Mo7O24). Then, the reaction mixture was incubated in water bath at 90°C for 90 min, followed by cooling at room temperature (RT). Absorbance of the sample was read at λmax = 695 nm through UV-VIS spectrophotometer. AA was taken as standard (20–100 μg/ml) and TAA result was represented as mg of ascorbic acid equivalent per gram of plant extract.



Ferric-Reducing/Antioxidant Power (FRAP) Assay

The TAA of the extract was determined through standard Fe3+ reducing power assay (Chu et al., 2000). Both extracts and standard (ascorbic acid) (0.5 ml) were thoroughly mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 1% 2.5 ml of K3[Fe (CN)6] (potassium ferricyanide). The incubation of reaction mixture was done at 50°C for 30 min. Then, 2.5 ml (10%) of C2HCl3O2 (trichloroacetic acid) was added and the whole blend was centrifuged at 13,000 rpm for 10 min. Finally, 2.5 ml supernatant was separated and mixed with 2.5 ml DDW and 0.5 ml (0.1%) of FeCl3. The absorbance was taken at λmax = 700 nm using UV-VIS spectrophotometer. The reducing power of the extract was expressed as optical density of tested extract.



DPPH Radical Scavenging Activity Assay

The 2,2- diphenyl-1-picrylhydrazyl (DPPH) assay was performed to evaluate the free radical scavenging activity of the extract following previously described methods (Bursal and Gulcin, 2011; Kumar et al., 2011, 2013). DPPH solution (0.004%) was prepared in 100 ml of methanol to achieve 0.98 ± 0.02 absorbance at λmax = 517 nm. An aliquot of 3 ml was taken and 200 μl of the sample and the standard were mixed at different concentration (20–300 μg/ml) followed by 15 min dark incubation at RT. The control was prepared exactly in the same way using 200 μl methanol instead of a sample. The DPPH radical scavenging activity of the extract was calculated by below equation.

% scavenging effect = (Absorbance of control–Absorbance of sample) × 100/Absorbance of control.



ABTS Scavenging Assay

The 2,2′-azino-bis-3-ethylbenzotiazolin-6-sulfonic acid (ABTS) scavenging assay is based on radical cation decolorization method. In this method, reduction of ABTS·+ radicals depend on plant extracts antioxidant capacity (electron donating capacity) which leads to decolorization of the radical (Ben et al., 2017). Two solutions, ABTS (7 mM) and K2S2O8 (2.45 mM) was prepared in deionized water and were mixed in 1:1 ratio followed by dark incubation for 24–48 h. Afterward, dilution of ABTS solution was prepared in 1:25 ratio and 300 μl of plant extract was added to 3.0 ml of ABTS·+ solution. The absorbance of the homogenous solution was measured at λmax = 745 nm. The percentage inhibition of ABTS·+ was estimated through following formula:

Scavenging effect % = (Absorbance of control–Absorbance of sample) ×100/Absorbance of control.



Determination of Iron-Chelating Ability

The extract binding ability to iron (II) was calculated based on Khled et al. (2014) method. The formation of a red ferrous ion-ferrozine complex at λmax = 562 nm was used to monitor the ferrous ion. 2.0 ml iron chelators (20 & 40 μg/ml) were mixed with 0.4 ml FeSO4 (2 mM) and 0.2 mM ferrozine was added to initiate the reaction. The absorbance of sample was measured at λmax = 562 nm after 10 min of incubation at RT. Following formula was used to calculate the % inhibition.

% inhibition = (Absorbance of control–Absorbance of sample) ×100/Absorbance of control.




Enzyme Assay
 
Polyphenol Oxidase (PPO) Assay

Polyphenol oxidase (PPO) assay was performed according to Sikora et al. (2019) protocol with minor changes. Briefly, One-gram of fresh leaves and flowers of L. camara was harvested. The extract was prepared in a 3 ml tube containing extraction buffer (0.1 M Na3PO4 buffer; pH 6.5). The whole mixture was centrifuged at 13,000 rpm for 18 min at 4°C and the supernatant was used an enzyme source. Catechol (0.2 ml of 0.01 M) was added to initiate the reaction, and the activity was represented as variance in absorbance at λmax = 495 nm at the interval of 30-s upto 3 min. Enzyme activity was expressed as unit/ml.



Peroxidase (POD) Assay

Fresh leaves and flowers (1.0 g each) were homogenized in 3 ml of 0.1 M Na3PO4 buffer (pH 7.0) with mortar and pestle. The whole mixture was centrifuged at 18,000 rpm at 5°C for 15 min and the experiments were performed subsequently (within 2–4 h). The supernatant was separated carefully and was used as an enzyme source. Finally, buffer solution (3.0 ml), guaiacol solution (0.05 ml), enzyme extract (0.1 ml), and H2O2 solution (0.03 ml) were mixed gently in the cuvette and absorbance was measured at λmax = 470 nm. The oxidase activity of the extract was calculated using following equation:
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Where, AFsample indicates: Final absorption of the sample; AIsample: Initial absorption of the sample, AFblank: Final absorption of the control, AIblank: Initial absorption.




Antimicrobial Activity

The antifungal property of the L. camara methanol extract was evaluated on PDA solid medium (19 ml) containing 25 mg/ml, (1 ml) of methanol extract in 60 mm Petri plates. The methanol was evaporated subsequently. Next, a small fragment of fungal mycelium (7 days old pure culture) was kept in the center of each Petri plate and were incubated at 23°C for 10 days. Subsequently, the radial mycelial growth was measured at 3rd, 6th, and 10th days after inoculation (DAI) (Singh and Tripathi, 1999).

To determine the antibacterial activity against Xanthomonas axonopodis pv. glycines and Xanthomonas oryzae pv. oryzae, 60 mm Petri plates were filled with peptone sucrose agar solid medium altered with 2,000 ppm methanolic LE and FE. The methanol was evaporated. Next, the 8 mm bacterial disc (24 h old) was placed in the center of each Petri plate and were incubated at 28°C. The bacterial radial growth was measured on 3, 9, and 15 DAI. All experiments were performed in triplicates. Lastly, the antibacterial activity of each extract was calculated in terms of the radial growth. Media altered with methanol and without alteration were served as control methanol and control, respectively.



DNA Damage Protection Activity

The ability of extracts to protect DNA (Plasmid DNA pGEM-T) from the damaging effect of hydroxyl radicals generated by Fenton's reagent was evaluated by DNA nicking test with some modification (Wu and Dhanasekaran, 2020). The reaction mixture was prepared by adding 4.0 μl of plasmid DNA (100 ng/μl), 10 μl of Fenton's reagent (30 mM H2O2, 100 μl ascorbic acid and 200 μM FeCl3), and 5.0 μl of extracts (5 mg/ml) and final volume was made to 20 μl with double distilled water. Subsequently, incubation of reaction mixture was carried out at 37°C for 45 min, followed by addition of 2.5 μl loading buffer. The DNA fragmentation and protection activity were examined on 1% agarose gel through electrophoresis.



FTIR Spectral Analysis

Dried sample of Lantana camara was subjected to FTIR (Fourier-transform infrared spectroscopy) to find out the functional groups present in extract using Thermo Nicolet iS5 instrument (Thermo Scientific, Madison, WT, United States). All reading was performed at room conditions. This machine is comprised of a deuterated triglycine sulfate (DTGS) and KBr which are used as a detector and beam splitter, respectively. This machine is connected to a software named OMNIC where output of FTIR spectra is recorded and analyzed. All spectra were taken in the range of 4,000–500 cm−1 at 4 cm−1 resolution and background air spectra were subtracted to optimize the actual spectra. Cleaning of ATR (attenuated total reflectance) crystal (sample spotting spot) was done regularly after each reading through 70% ethanol.



Gas Chromatography-Mass Spectrometry (GC–MS) Analyses

GC-MS of LE and FE was performed for compound identification following the method of Semwal and Painuli (2019) with minor modifications. GC-MS system (GCMS-QP2010, Shimadzu, Kyoto, Japan) was used which comprises an auto-injector (AOC-20i), the headspace sampler (AOC-20s) and a silica capillary column (Rtx-5). Initially, the oven temperature was set at 50°C, which was slowly raised to 280°C. One microliter of extract (1 mg/ml) (an equal mixture of FE and LEt) was injected into the column. Helium (purity 99.99%) gas was used as carrier gas (1.2 ml/min). Unique peak obtained was detected by MS detector. On the basis of RT (retention time) compounds were identified, and mass was measured in similar GC-MS conditions. Peak area was used for the quantitative determinations of compounds. Finally, components obtained spectral data of the peaks were compared with library data containing mass spectra (WILEY8 and NIST14). Complete running time of GC-MS was 33 min. The individual constituents' relative percentage was compared through peak area normalization.



Molecular Docking Studies

The major 19 compounds obtained from GC-MS results were selected for docking analysis. These compounds were targeted against Peptide deformylase (PDF) (PDB ID-6IL0) of Xoo, Mitogen-Activated Protein Kinase (MAPK1) (PDB ID-5Z33) of M. oryzae, and sucrose hydrolase (SUH)-glucose complex (PDB ID 3CZG) of Xag. The 3D structure of PDF, MAPK1, and SUH were downloaded from Protein Data Bank (https://www.rcsb.org). Heteroatom removal and binding site detection of the protein was executed using Swiss-PdbViewer (v4.1) (Guex and Peitsch, 1997) and PLIP software (https://projects.biotec.tu-dresden.de/plip-web/plip), respectively. The 3D structure of each ligand was downloaded from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in SDF format and proceed with PyRx (Virtual Screening Tool for energy minimization), PDBqt (Conversion and active site selection of protein). Virtual screening was conducted by rigid molecular docking into the active site of PDF, MAPK1, and SUH through AutoDock Vina (Trott and Olson, 2010). In the last, the binding energy table was extracted from the PyRx software. Compounds, which had lower binding energy were chosen for further analysis. Molecular interactions between protein-ligand complexes including bond lengths, participated amino acid, 2D, and 3D structure were analyzed and depicted using BIOVIA Discovery Studio 2016.



Statistical Analyses

The results were stated as the mean ± standard deviation (SD) of three replicates. Significant variations achieved were evaluated by one-way analysis of variance (ANOVA) using Student's t-test. The statistical analysis and graph were prepared using Sigma Plot. A p ≤ 0.05 was treated as significant.




RESULTS AND DISCUSSION


Determination of Phytochemical Components

Methanol extracts from L. camara flower and leaf retains a percentage yield of 29.11 and 24.82%, respectively.


Preliminary Phytochemical Screening

Qualitative phytochemical analysis revealed the existence of tannins, steroids, flavonoids, Phlobatannin, quinones, phenols, caumarins, alkaloids in both FE and LE. Terpenoids, saponins, and anthocyanin were found only in FE. Glycosides, cardiac glycoside, anthraquinones were found only in LE. Alkaloids, flavonoids, tannin, and coumarin were heavily present in LE while phenol was heavily present in both FE and LE (Table 1). Alkaloids are secondary nitrogenous compounds with known antioxidant potential, have been used in folk medicine (Quezada et al., 2006; Tiong et al., 2013). Predominantly terpenoid, has been used as a protective agent against oxidative stress-induced diseases (Grassmann, 2005; González-Burgos and Gómez-Serranillos, 2012). Saponin is used as a natural antioxidant and also stimulates apoptosis in tumor cells (Podolak et al., 2010; Tapondjou et al., 2011; Bi et al., 2012). Tannin antioxidant properties have been used as an active component in medicine and beverages (Amarowicz and Troszynska, 2003; Amarowicz et al., 2004). It works in two ways by donating hydrogen (Amarowicz, 2007) and chelating metal ion like Fe (II), Zn (II) Cu (II), and interferes with the Fenton reaction (Karamać, 2009). Similarly, glycosides such as Quercetin monoglycosides, diglycosides, and flavonol glycosides have been reported as strong lipid peroxidation inhibitor (Plumb et al., 1999). Plant-derived quinones have shown better antioxidant activity compared to synthetic antioxidants like BHA and impart superoxide scavenging activity (Inanami et al., 2001; Carvalho et al., 2005). The anti-tumor, antiparasitic and cytotoxic activities of quinones emanate due to redox cycling of their free radical (Hargreaves et al., 2000; Wardman, 2001). Anthraquinones, Coumarins, and Anthocyanin are endowed with many biological activities like antimicrobial, antioxidant, anti-inflammatory and anticancer (Chen et al., 2007; Garazd et al., 2007; Ifesan et al., 2009; He J. et al., 2011; He K. et al., 2011; Al-Amiery et al., 2012; Choi et al., 2013). Steroids are electron donors, which act upon free radicals and alter them to a more stable compound, thus culmination the terminal chain reaction (Yen and Chen, 1995). Cardiac glycosides have been practiced in heart failure treatment and cardiac arrhythmia by inhibiting Na+/K+ pump and increasing calcium ion concentration, which helps in contraction of the heart muscle (Vladimir and Ludmila, 2001).


Table 1. Phytochemical constituents of FE and LE of L. camara.
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Total Alkaloids, Phenolics and Flavonoids

Total alkaloid content in FE (2.9%) was higher than LE (1.8%) in terms of percentage. The TPC was expressed as mg GAE per gram extract. Plenty of phenolics were observed in FE amounting to 614.79 ± 1.25 mg GAE/g dw, while in LE GAE was found to be 563.57 ± 2.03 mg/g dw (Table 2). FE demonstrated a higher amount of flavonoid content (254.69 ± 0.88 mg/g) than LE (243.89 ± 1.30 mg/g). Thus, TPC and TFC of L. camara were higher in FE. Previous study suggests that leaves contain more amount of phenolics compared to flower extracts (Davies and Schwinn, 2006; Saboonchian et al., 2014). However, in current study higher concentration of phenolics were present in FE compared to LE. This might be related to the fact that flower pigment is composed of flavonoids and anthocyanins, which is synthesized from the phenylpropanoid pathway. The white clover flower contains more proanthocyanidins than vegetative tissues (Abeynayake et al., 2012). Interestingly, phenolics role in ultraviolet (UV) screening effect and flavonoids role in functional pollen development have been also reported (van der Meer et al., 1992; Cheynier et al., 2013) which further validates the abundance of polyphenols in flower tissues. TPC in FE predominantly proanthocyanidins entirely reinforced the more antioxidant capacity of FE compared to LE. In addition, the presence of hydroxyl groups in phenolic compound serves as a key to their scavenging ability. Also, the percentage of alkaloids was found to be higher in FE than LE. Hence, higher content of these phytochemicals in FE of L. camara leads to its greater radical scavenging activity.


Table 2. Phytochemical composition, antioxidant activity, free radical scavenging capacity, and enzymatic activity of L. camara LE and FE.
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FTIR Spectral Analysis

FTIR spectroscopy is an advanced technique used to identify pharmacologically active molecule in the natural products based on peak values of the FTIR spectrum. It performs a unique qualitative analysis and represents a chemical fingerprint, as there will be no two bioactive compounds with the same FTIR spectra (Easmin et al., 2017). FTIR analysis of L. camara LE and FE was performed to identify the functional group of the extract. Both FE and LE has shown the existence of different functional group. Several peaks were observed, which indicate the presence of different functional metabolites groups in both the extracts (Figure 1). It was interesting to note that both LE and FE have shown similar infra-red spectrum (IR) profile, possibly owing to presence of the polar nature of molecules in extracts. Some intense bands were also noted at various frequencies, which specify the presence of N–H, C–H, OH, C = O skeletal vibrations, which designate the occurrence of various metabolites such as amines, phenolics, alkanes, ester, and aldehydes in the extracts (Supplementary Table 1). However, only FTIR spectroscopy analysis is not sufficient enough to demonstrate the occurrence of various classes of compounds present in the extract (Gomathi et al., 2014; Bhat et al., 2018).


[image: Figure 1]
FIGURE 1. FTIR spectrum analysis of methanolic FE and LE of L. camara and their probable functional groups with wavenumbers. Both LE and FE have shown similar infra-red spectrum (IR) profile possibly due to polar nature of molecules presents in extracts. N–H, C–H, OH, C = O functional groups were observed which designate the presence of various metabolites in plant extracts.




GC-MS Analyses of Methanolic Extract

GC-MS analysis of LE and FE mixture, component identification, and function prediction were performed according to Semwal and Painuli (2019). There were 65 peaks identified based on a separation of individual peaks, retention time, and percent area under the individual peak (Supplementary Table 2). Mass spectra of all identified compounds were matched with WILEY8.LIB and NIST08.LIB enlisted compounds. The function of only 19 components was predicted (Supplementary Table 3). The other functions could not be identified due to a lack of library data corresponding to compounds. Most of the components identified and reported here belong to different biological activities like antioxidants, anticancer, antifungal, antibacterial, antiviral, anti-inflammatory, etc. The major components were 3,7,11,15-Tetramethylhexadec-2-en-1-ol (14.72%), Methylhexopyranoside (13.83%), Linolenic acid (12.70%), 3-Deoxy-d-mannonic acid (7.97%), Palmitic acid (6.99%), Tiglic acid (6.47%), 2,3- Dihydrobenzofuran (6.25%), Tert-Butyl phenyl carbonate (4.18%), 2,6-Dimethoxyphenol (3.55%), and 9,12-Octadecadienoic acid (2.23%). Few components reported in this study have already been reported as responsible for many biological activities in other plants. Additionally, various other usage of these components are known in fragrance and perfume industry, flavor, and pesticides (Raman et al., 2012; Swamy and Sinniah, 2015; Semwal and Painuli, 2019).



Total Antioxidant Activity

TAA of the extracts was assessed by phosphomolebdenum method. Different degrees of activity exhibited by both extracts are shown in Table 2. Results indicated that FE has a significantly higher antioxidant capacity (1,376.41 ± 3.02 mg ascorbic acid equivalent/g dw) than LE (1,154.95 ± 1.43 mg AAE/g dw). In this study, total polyphenols, total flavonoid, and total antioxidant activity correlates, which could be one reason for overall antioxidant activity. Secondly, botanicals polyphenols act as both reducing agents as well as antioxidants by donating a hydrogen atom from their hydroxyl group. Therefore, it can be assumed that the polyphenols could be accountable for the extract antioxidant activity. The current result is in relation to previous research conducted by Mahdi-Pour et al. (2012), wherein the L. camara antioxidant potential was reported.



DPPH Radical Scavenging Activity

The effect of antioxidants on DPPH is because of its electron-donating capacity (Chen et al., 2020). Radical scavenging is very important in order to inhibit the harmful effect of free radicals. DPPH assay also indicates the presence of phenolic and flavonoid compounds in plant extracts (Aryal et al., 2019) and is a popular mechanism to study the antioxidant property of plant extract. Our result revealed significant antioxidant activities in both extracts and positive control and the values were noted higher with mounting concentration. DPPH activity values for FE>LE (Figure 2A). The FE and LE were able to reduce DPPH· radicals with a percentage of 94.31 ± 0.1 and 91.73 ± 1.01, respectively, at 300 μg/ml (highest concentration) with the IC50 values of 144.94 ± 1.36 and 172.03 ± 01.73 μg/ml, respectively (Figure 2D). However, the percentage inhibition of positive control (ascorbic acid) was higher than both LE and FE, with percentage inhibition of 97.27 % at 300 μg/ml and IC50 values of 74.16 ± 0.23 μg/ml. The presence of phenol in plants is necessary for free radical scavenging. Plant extracts having antioxidants with DPPH free radical scavenging property could donate hydrogen to lipid peroxidase or hydroperoxidase free radicals that are key propagators of the autoxidation of lipid chain. It also produces non-radicals that disrupt lipid peroxidation chain reaction (Sowndhararajan and Kang, 2013).
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FIGURE 2. Antioxidant activity of L. camara LE and FE. (A) DPPH radical scavenging activities (B) ABTS radical scavenging activity leaf and flower extract at different concentrations. (C) Ferric reducing capacity. (D) Radical scavenging activity of L. camara extract in term of IC50. Values represented as mean ± SD (n = 3, P < 0.05).




Ferric-Reducing/Antioxidant Power (FRAP) Assay

Alternatively, the antioxidant activity of polyphenols is also evaluated by its reducing power competence. Existence of reductants in extracts leads to terminates free radicals chain reaction by donating 1H and hence, extract reduce Fe3+ to Fe2+ (Bhandari and Kawabata, 2004). The formation of Perl's Prussian blue color from yellow color of extract solution indicates the reducing activity of extract which is monitored by measuring the activity at λmax = 700 nm (Oktay et al., 2003). Thus, absorbance is directly proportional to reducing capability of the extract. Previous study endorses that flavonoids and phenolic acids (polyphenols) antioxidant activity was measured through the its reducing capacity of Fe3+-Fe2+ (Zhao et al., 2006). In current study, both extracts (FE & LE), have exhibited electron-donating activity by reducing Fe3+ to Fe2+ in a concentration-dependent manner (Figure 2C). FRAP activity of LE > FE in increasing concentration order (60 to 220 μg/ml), which suggest that LE has more potential to react with free radicals and terminate them into non-reactive stable form. Here, we infer that the presence of polyphenols in the extract has played the role of free radical scavenger by donation electron/hydrogen and thus imparted the extract reducing power activity.



ABTS Radical Scavenging Activity

The reaction between ABTS and K2S2O8 generate ABTS cations scavenging activity, which indicate the peculiar 1H/e− donating or reducing competences of botanicals. FE showed an inhibition of 71.47 ± 0.80% at the highest concentration of 260 μg/ml, whereas, LE was found to be least effective radical scavenger with 17.81 ± 0.39 at 260 μg/ml (Figure 2B). Prominent difference in the IC50 value of flower (214.9 ± 2.28 μg/ml) and leaf (784.83 ± 8.85 μg/ml) again indicating the effectiveness of FE as a potent inhibitor of free radical. The higher scavenging power of FE correlate with the higher amounts of flavonoids, polyphenols, and proanthocyanin. This further proved the L. camara extract potential to scavenge the free radicals, therefore, FE could be a better choice in preventing chain reaction in lipid peroxidation and could also serve as potential nutraceuticals.



Iron Chelating Ability

FE of L. camara had a high chelating activity of 28.12 ± 2.38 than LE (16.57 ± 2.05) at a concentration of 40 μg/ml. Although, standard Na2EDTA had chelating activity (49.64 ± 1.88) higher than both FE and LE at a concentration of 40 μg/ml as shown in Table 2. Iron chelators like caffeic acid, 2,3-dihydroxybenzoic acid, and desferroxamine have shown both antioxidant and ROS scavenging activities. Chelation therapy is used to neutralize iron overload (Thalassemia and Anemia) and in controlling oxidative damage in neurodegenerative ailments using synthetic chelators, which show adverse effects as well (Ebrahimzadeh et al., 2008). Therefore, the chelation of metal ion by plant-derived molecules could be a safer therapeutic agent. The iron binding ability of chelators correspond to the functional group used in iron chelators (Adjimani and Asare, 2015).



Enzymatic Antioxidant Activity

Like the natural antioxidants and vitamins, also enzymes could neutralize the excess ROS (Vertuani et al., 2004). Total activity value found for peroxidase (POD), and polyphenol oxidase (PPO) of FE was 60 and 53.33 (U/ml/min), respectively, which was much higher than LE (36.00 and 40.33 U/ml/min) (Table 2). Free radicals induced oxidative stress in human is countered by enzymatic defense mechanisms such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). Similarly, in plants, both non-enzymatic, and enzymatic antioxidants like CAT, SOD, POD scavenge excessive ROS. POD and PPO also provide resistance to plants against biotic and abiotic stresses (Nabity et al., 2006; He J. et al., 2011; He K. et al., 2011). Thus, we can say that FE and LE both had good enzyme activity and can be used in antimicrobial activity and also as a source of natural enzymatic antioxidants.



Inhibition of Fenton's Reagent Induced Strand Breaks in Plasmid DNA

Free radicals could mediate DNA damage, which ultimately reduces carcinogenesis, mutagenesis, and cytotoxicity of ROS (Gul et al., 2011; Poorna et al., 2013). In this study, both FE and LE have shown significant antioxidant activity. Hence, both the extracts were examined for their protective ability against oxidative damage to plasmid DNA (pGEM-T) caused by Fenton's reagent (Figure 3). Fenton's reagent gives rise to Hydroxyl radicals, is widely known to damage DNA by introducing nicks in the strands, which may result in the slower movement of nicked DNA in agarose gel electrophoresis. The addition of Fenton's reagent alone generated nicks in the plasmid DNA, resulted in the formation of relaxed/linear DNA from the supercoiled form of plasmid DNA. However, the addition of LE and FE along with Fenton's reagent showed the presence of supercoiled plasmid DNA similar to native pGEM-T plasmid suggesting the reduced effect of Fenton's reagent-mediated DNA damage. Our result convincingly showed that both LE and FE moderated the oxidative stress and shielded the DNA from the damaging effect of hydroxyl radicals produced by Fenton's reagent (Figures 3A,B). The protective effect of both LE and FE against hydroxyl radical mediated DNA damage could have been attributed by various phenolic compounds occurrence. Similar protective effect on DNA were observed in various plant extracts (Paramaguru et al., 2013; Salar et al., 2017).


[image: Figure 3]
FIGURE 3. DNA damage protecting activity of L. camara FE and LE against hydroxyl radical induced DNA damage of pGEM-T plasmid. Lane 1: Ladder 1kb; Lane 2: pGEM-T plasmid DNA; Lane 3: DNA + Fenton's reagent; Lane 4: DNA + Fenton's reagent + extract (5 mg/ml). (A) FE and (B) LE.




Antimicrobial Assay

Results indicate that both LE and FE have positive effects against fungi (M. oryzae) and bacteria (Xag and Xoo). In-vitro results of M. oryzae growth on PDA amended with LE showed antifungal properties at 25mg/ml concentrations. Mycelial growth of 0.56 ± 0.05 cm and 1.16 ± 0.15 cm in LE and FE was recorded at 3rd DAI, which was lower than control (1.30 ± 00 cm) and control methanol (1.20 ± 0.05 cm). Similarly, 10th DAI lower fungus growth in LE and FE (3.70 ± 0.10 cm & 4.00 ± 0.10 cm) was observed than control (6.9 ± 0.11 cm) and control methanol (6.56 ± 0.05 cm) (Figure 4). In terms of % inhibition, 39.02 to 46.60 % was observed on 10th DAI in FE and LE, respectively. Such results indicate that these plant extracts may have fungicidal or fungistatic properties that can be used for controlling M. oryzae by seed treatment, the causal agent of rice blast. Similarly, the antifungal properties of methanolic LE of L. camara on Aspergillus fumigatus and Aspergillus flavus have been reported previously (Naz and Bano, 2013). The greater antimicrobial activity of extracts could also link to peroxidases and the presence of various phytochemicals. It has been proved that dimerization of phenols by peroxidase oxidative activity results in toxic product for the pathogen, which might be in the case of M. oryzae (Martinez et al., 2000).


[image: Figure 4]
FIGURE 4. Antimicrobial activities of L. camara FE and LE. (A) Antifungal activity of FE and LE against M. oryzae after 3, 6, and 10 days of inoculation. (B) Antibacterial activity of FE and LE against Xoo and Xag of Xanthomonas after 3, 9, and 15 days of inoculation. Values represented as mean ± SD (n = 3, P < 0.05).


Both LE and FE inhibited the growth of Xoo and Xag in comparison to the control and control methanol. FE was highly effective as no growth of bacteria was observed on the 3rd DAI, while bacterial growth on 15th day was higher in FE than LE for both strains (Figure 4). In terms of % inhibition, 30.06–45.45% was observed in the case of Xoo in FE and LE, whereas 11.42–34.28% was observed in FE and LE on 15th DAI in case of Xag. Variation in inhibition of the bacterial growth pattern was observed on 9th DAI, wherein higher bacterial growth was observed in LE than FE against both strains (Xoo and Xag). This could be due to the secretion of other constituent exerting an antagonistic effect on the antibacterial bioactive compound. The difference in the activity of LE and FE may be due to differences in phytochemical constituents of the extracts (Vivek et al., 2013). Phytochemical constituents such as alkaloids, flavonoids, tannin, and coumarin were heavily present in LE, which could have possibly attributed the higher antimicrobial activities. This result partly indicates that since both extracts have inhibitory activities against phytopathogens, therefore could be a promising source of new antimicrobial agents and reaffirms the ethnomedicinal properties of L. camara.



Validation of Antimicrobial Phytochemicals Through Molecular Docking

Out of 19 major compounds tested, only four compounds showed strong binding affinity with both Peptide Deformylase (PDF) and Mitogen-Activated Protein Kinase 1 (MAPK 1). The binding affinity of Eicosapentaenoic acid was −6.9 Kcal/mol with PDF and −6.3 Kcal/mol with MAPK1 (Supplementary Table 3). For sucrose hydrolase (SUH)-glucose complex, Loliolide showed highest binding affinity (−7.3 Kcal/mol). Similarly, the binding affinity of Phytol and Salicylic acid methyl ester was −6.3 and −6.2 Kcal/mol with PDF. To understand the affinity between ligands and docked protein, the structure was further visualized in Discovery Studio (Figure 5). Eicosapentaenoic acid was able to form two hydrogen bonds with Gly104 and Leu105 of peptide PDF, and Lys52 and Arg66 of MAPK1(dashed green line). Salicylic acid methyl ester formed two hydrogen bonds with Gly46 and Gly98 of PDF. While, Loliolide have found to form three hydrogen bonds (His180, Gln248, and Ser281) with sucrose hydrolase (SUH)-glucose complex. Structure was further supported by some alkyl (dashed pink arrow), pi-alkyl (dotted dark yellow arrow), pi-sigma (dotted blue line), pi-pi stacked (dashed yellow line), and pi-anion (dashed red line). Results suggested the strong binding affinity of ligand with target protein particularly Eicosapentaenoic acid and Loliolide, which could have potential to disrupt the activity of these target protein. PDF catalyze the removal of N-formyl group from N-terminal methionine during translation, which make it an good target to formulate antibiotics (Guay, 2007; Fieulaine et al., 2016). Previous studies have shown bacterial growth inhibition by targeting PDF (Chen et al., 2004; Goemaere et al., 2005). MAPK1 catalyzes phosphorylation of proteins substrates on serine or threonine residues, regulates cell divisions and signaling pathways (Liu and Winey, 2012; Xu et al., 2017). Similarly, SUH is essential for sucrose metabolism and growth (Kim et al., 2004). Hence, our study suggests that these enzymes (MAPK1, PDF, and SUH) could be targeted using phytochemicals (Loliolide, Eicosapentaenoic acid, Salicylic Acid Methyl Ester, and Phytol) of Lantana species to inhibit the selected phytopathogens.
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FIGURE 5. Left panel showing 3D image of protein and ligand interaction while right panel is 2D interaction. (A) Molecular docking interaction of Eicosapentaenoic acid with PDF Xoo. (B) Molecular docking interaction of Phytol with peptide deformylase protein of Xoo. (C) Molecular docking interaction of Salicylic acid methyl ester with PDF of Xoo. (D) Molecular docking interaction of Eicosapentaenoic acid with MAPK1 of M. oryzae. (E) Molecular docking interaction of Loliolide with sucrose hydrolase (SUH)-glucose complex of Xag.





CONCLUSION

The present study demonstrated that methanolic extracts of both leaf and flower of L. camara have considerable antioxidant and antimicrobial activity. Many phytochemical components tested were present in varying concentrations in both the extracts corresponding to differences in their antioxidant and free radical scavenging activities. A positive correlation between the phenolic contents and free radical scavenging activities were noted. In vitro assays indicated that the FE could act as direct antioxidants through free radical scavenging, or as indirect antioxidants through the induction of enzymes system accountable for antioxidant activity. The FE of L. camara also exhibited DNA damage inhibitory effects further suggesting its free radical scavenging ability which could be used to prevent free radical mediated disease progression. In vitro antimicrobial assays showed the ability of both FE and LE of L. camara in suppressing the growth of phytopathogens like Magnaporthe oryzae, Xanthomonas axonopodis pv. glycines (Xag), and Xanthomonas oryzae pv. oryzae (Xoo). GC-MS analysis of extracts detected various bioactive compounds that could contribute to antimicrobial activity. Additionally, molecular docking study also revealed that phytochemicals like Loliolide, Eicosapentaenoic acid, Salicylic Acid Methyl Ester and Phytol of Lantana camara coud be used to target microbial enzymes like MAPK1, PDF and SUH to controls phytopathogens. However, more investigation is required to isolate and identify the reliable antioxidant and antimicrobial molecules present in the crude extract.
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