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A B S T R A C T   

Endophytic fungi are known for producing secondary metabolites with valuable biological ac
tivities, including antiviral, anticancer, antibacterial, and antioxidant properties. This study aims 
to evaluate an endophytic fungus from Dragon Scales leaves (Drymoglossum piloselloides) and 
analyze its metabolites as antioxidants and antibacterials. In this study, an endophytic fungus was 
isolated from the leaves of Dragon Scales (D. piloselloides) and identified using molecular analysis 
of the Internal Transcribed Spacer (ITS) ribosomal RNA locus. The fungus was authenticated as 
Alternaria alternata strain K-10. Crude extracts were obtained using n-hexane and ethyl acetate 
and analyzed via GC-MS Shimadzu-QP 2010 Ultra with NIST spectral library. Antibacterial ac
tivity was observed against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudo
monas aeruginosa using the paper disc method, showing inhibition zones of 8.7–9.3 mm and 
8.8–9.4 mm for ethyl acetate and n-hexane extracts, respectively. Ethyl acetate and n-hexane 
extracts exhibited strong antioxidant potential against 2,2-diphenyl-1-picrylhydrazil (DPPH) 
radical (IC50 values of 50.99 μg mL− 1 and 74.44 μg mL− 1, respectively). GC–MS analysis revealed 
40 compounds in both extracts, some of which, including 2-ethylhexyl ester benzoic acid, benzo- 
b-dihydropyran-6-hydroxy-4-4-5-7-8-pentamethyl, diethyl phthalate, and octadecanoic acid, 
were identified through in silico analysis and found to possess antioxidant properties. These 
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findings hold implications for potential applications of the plant and its biological constituent to 
be developed as lead compounds in the medical sector.   

1. Introduction 

Drymoglossum piloselloides (local name, sisik naga) plant of the Polypodiaceae family is a small epiphytic fern is common in the wild 
of many Asian countries. The plant has unique characteristics and potential as a traditional medicinal plant containing polyphenols, 
essential oils, steroids, flavonoids, sugar, and tannins. Throughout history, humans have utilized plants for the treatment of diseases. 
Scientific research has empirically demonstrated the efficacy of therapy using plants, attributed to the vast diversity of specific me
tabolites or phytochemicals such as alkaloids, terpenoids, and phenolic compounds. Plant-based medicinal products could serve as a 
sustainable alternative to mitigate the use of synthetic drugs. However, stringent legal controls are necessary to prevent toxic effects or 
exploitation of plant species through comprehensive scientific studies. Further research is essential to verify the therapeutic properties 
of medicinal plants and assess the efficacy of specific plant species in disease treatment. Plants identified with efficacy in traditional 
medicine are potential candidates for advancing subsequent ethnopharmacological studies. The findings of such research will provide 
robust support for the utilization of plants in modern medicine [1], D. piloselloides plant also plays its role as an antibacterial agent for 
pathogens such as S. aureus and Salmonella enteritidis which often infect the skin and digestive system [2]. For safety and environmental 
reasons, compared to synthetic compounds, plant extracts become preferable choice [3,4]. The secondary metabolites of A. alternata 
have been of interest due to their potential as alternative drugs and their effects on various biological activities [5–8]. 

In recent times, there has been a shift in attention regarding the usual utilization of medicinal plants to their microbial associates or 
microbiomes as the promising bioproducers of secondary metabolites. This transition has prompted the exploration of endophytic 
fungi residing within medicinal plants for potential antioxidant and antibacterial agents, opening up an intriguing avenue for bio
prospecting. Among the plant-associated microorganisms, endophytic fungi stand out, garnering significant interest in contemporary 
drug discovery initiatives. This is primarily due to the intricate and diverse chemicals following its complexity of their natural 
products, which remain beyond the realm of synthetic replication [9,10]. Endophytic fungi represent a category of microorganisms 
engaged in symbiosis with the tissues of healthy plants, without inflicting deleterious effects upon said plant tissues [11]. Through an 
evolutionary process of endosymbiosis, these fungi have co-living with their host plants (co-evolution), facilitating the exchange of 
genetic material between endophytes and their plant hosts [12,13]. The capacity of endophytic fungi to synthesize similar secondary 
metabolites as their host plants underscores their potential significance as candidates for the development of novel pharmaceutical 
agents in the future [14–18]. 

Within the plant tissues of D. piloselloides, A. alternata synthesizes metabolites aimed at protecting the host plant against an array of 
biotic and abiotic stressors. Concurrently, A. alternata derives nutrients from the host plant [19,20]. One of the interesting aspects of 
the endophytic fungus A. alternata is the producing a potential of the bioactive compounds. Several recent studies revealed that the 
extract of the fungus produces some compounds with antimicrobial, anti-inflammatory, and antioxidant activities. The metabolite 
profiles of the crude ethyl acetate extract of A. alternata from QTOF-HRLCMS analysis which are antioxidant characterized are ave
nalumic acid (C11H10O3), gambiriin A3 (C30H28O12), 5-O-feruloylquinic acid (C17H20O9), pinobanksin (C15H12O5), okanin (C15H12O6), 
and isoathyriol (C14H10O6) [21–26]. Antioxidant activity is important for protecting body cells from oxidative damage caused by free 
radicals. Thus, consuming antioxidant compounds can help people to avoid disease and can improve body health. The endophytic 
fungal metabolites of A. alternata have essential benefits for developing new applications as raw materials for medicines, health 
supplements, and beauty products. The compounds are natural alternatives to overcome oxidative stress conditions. The antimicrobial 
properties of the metabolites in the ethyl acetate extract of A. alternata are kigelinone (C14H10O5), kaempferol 3-O-β-D-galactoside 
(C21H20O11) [27,28]. Due to their antibacterial and antifungal properties, these compounds can protect humans from various infec
tious diseases. In this study, the endophytic fungus A. alternata was successfully isolated from the leaves of D. piloselloides which grows 
in Bogor, West Java, Indonesia. 

Research on the activity of metabolites from the D. piloselloides plant as antimicrobials has been conducted by Somchit et al. [2], 
and the results show inhibitory activity against the indicator bacteria. Gram-positive bacteria exhibited greater susceptibility to 
D. piloselloides extract compared to Gram-negative bacteria. This inhibitory action is attributed to the phytochemical content in the 
extracts of D. piloselloides, primarily comprising sterols/triterpenes, phenols, flavonoids, and tannins [29]. The antibacterial potential 
of A. alternata isolated from the leaves of Eremophila longifolia has been conducted by Caruso et al. [30]. Testing using the 
Gram-positive bacterium S. aureus, which is a major pathogen associated with Antimicrobial Resistance (AMR), revealed that the etil 
asetat extract from A. alternata inhibits the bacterial strain S. aureus. Several tests were carried out on bacteria of B. subtilis, E. coli, 
P. aureoginosa, and S. aureus using paper-disc method. The identification of compound was analyzed by using GC-MS. Potential test 
upon A. alternata as an antioxidant was carried out using DPPH radicals and in silico studies. The aim of this study is to investigate the 
potential health benefits of metabolites produced by A. alternata, particularly their role as antibacterial and antioxidant agents. This 
research aims to bridge the existing gap in knowledge by employing in silico studies of A. alternata metabolites. Through molecular 
modeling techniques, the study seeks to predict and identify compounds with the potential to act as antioxidants. 
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2. Materials and methods 

2.1. Materials 

Microorganisms: Alternaria alternata, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and Staphylococcus aureus. Media: 
Potato Dextrose Agar (PDA, Merck), Bacto agar (Merck), Mueller Hinton Agar (Himedia), Nutrient Agar (Himedia) dan Nutrient Broth 
(Himedia). Reagents: Deionized water, Tween 20 (Merck), Ethanol (Merck), sodium hypochlorite (Merck), Methanol (Merck), 
Streptomycin sulfate (Sigma-Aldrich), PHYTOPure nucleon reagent (Amersham LIFE SCIENCE). Nuclease-Free Water (Himedia), 
Primer Forward ITS 5 (Macrogen), Primer Reverse ITS 4 (Macrogen), GoTaq Green Master Mix 2X (Promega), Whatman filter paper 
No. 1 (Sigma-Aldrich), Filter paper for antibacterial test (Oxoid), n-Hexane (Merck), Ethyl acetate (Merck), dimethyl sulfoxide (Sigma- 
Aldrich), 2,2-diphenyl-1-picrylhydrazyl (Sigma-Aldrich). Instruments: Analytic balance (AND GR-200, GF-2000), Laminar air flow 
(Sanyo), shaker incubator (Yamato SA320 and IC602), oven (Jisico), Centrifuge (Tomy MX-305), Autoclave (Tomy SX-300), Rotary 
evaporator (IKA RV10), Microscope (Interscience 4000), Magnetic strirrer (Ayela RCH-3), Varioskan Lux (Thermoscientific), GCMS 
(Shimadzu-QP 2010 Ultra), PCR (Thermo Scientific Arktik), DNA sequencer (ABI PRISM 3130 Genetic Analyzer). 

2.2. Collection and preparation of plant 

Healthy dragon scales plants (D. piloselloides) were collected from Bogor-West Java, Indonesia (6◦38′13.48"S, 106◦48′59.55"E), and 
their endophytic fungi were isolated. The leaves and stems, which have been reduced to small portions (±1 cm), were sterilized based 
on the modified Petrini and Dreyfuss [31]. The plant parts used as samples were rinsed with running water, tween 20, ethanol (70%), 
and sodium hypochloride (1:3). Subsequently, the plant parts were rinsed with 70% ethanol and sterile distilled water; then dried. 
Pieces of plant parts (±1 cm) were aseptically inoculated on Petri dish containing Potato Dextrose Agar (PDA) medium supplemented 
with streptomycin. Furthermore, the fragments of plant parts were incubated at 28 ± 1 ◦C. The growing of endophytic fungi were 
transferred to slanting PDA media in tubes and stored in refrigerator (4 ◦C) until further experimentation. 

2.3. Identification of endophytic fungi based on ITS region 

The fungal specimen isolated from D. piloselloides was identified molecularly based on the partial genetic sequence at the ITS ri
bosomal RNA fungi. The DNA isolation process began by culturing A. alternata in Potato Dextrose Broth (PDB, Oxoid) medium and 
incubating it for five days. The biomass (mycelium) of A. alternata was harvested and mechanically disrupted. The protocol for DNA 
extraction followed the technical procedure given by PHYTOPure nucleon reagent (Amersham LIFE SCIENCE). The DNA precipitate 
that had been dried (aerated) was dissolved with nuclease-free water (NFW). PCR amplification on ITS using 1 μL DNA template was 
added with 9.5 μL NFW, 1 μL Primer Forward ITS 5: 5‵–GGA AGT AAA AGT CGT AAC AAG G–3′ and 1 μL Primer Reverse ITS 4: 5‵– TCC 
TCC GCT TAT TGA TAT GC–3′, 12.5 μL of Go Taq Green Master Mix 2x was added. The amplification process consisted of the following 
parameters on a thermal cycler: the reaction mixture was preheated for 5 min at 94 ◦C, denaturation for 30 s at 94 ◦C, annealing for 30 s 
at 50 ◦C, extension for 60 s at 72 ◦C, and final extension for 5 min at 72 ◦C. The PCR products were visualized using a UV trans
illuminator with a 1% agarose gel electrophoresis. 

The purification of PCR products was carried out using the polyethylene glycol (PEG) precipitation [32] followed by sequencing 
clean-up. The sequencing cycle outcomes were further subjected to purification through the ethanol purification method. The analysis 
of nitrogen base sequence readings was performed employing an automated DNA sequencer, namely the ABI PRISM 3130 Genetic 
Analyzer by Applied Biosystems. Following the sequencing, the acquired data was subjected to trimming and assembly via the uti
lization of the BioEdit program, accessible at http://www.mbio.ncsu.edu/BioEdit/bioedit.html. Subsequent to this step, to ascertain 
the taxon or species that exhibited the greatest homology and closest molecular resemblance, the assembled sequence data underwent 
a BLAST search against genomic data previously registered at NCBI, accessible at http://www.ncbi.nlm.nih.gov/BLAST/. PCR product 
purification was carried out using polyethylene glycol (PEG) precipitation method [32] and was followed by cle sequencing. The 
results of the sequencing cycle were purified again with the ethanol purification method. Analysis of nitrogen base sequence readings 
using an automated DNA sequencer (ABI PRISM 3130 Genetic Analyzer) (Applied Biosystems). The results of sequencing data was then 
trimmed and assembled using the BioEdit program (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Afterwards, to determine the 
taxon or species having homology the largest and closest molecular similarity, the assembled sequence data were BLAST with genomic 
data that had been registered at NCBI. 

2.4. Culture and extraction of A. alternata with ethyl acetate and n-hexane 

2.4.1. Preparation of crude extract 
Active-growing A. alternata isolate were inoculated into eight Erlenmeyer containers containing 300 mL of PDB (24 g/L) medium, 

then incubated at 25 ◦C for ten days [33] on an incubator shaker at 200 rpm. Each fungal culture was filtered to separate the liquid 
from the mycelia by vacuum filtration through Whatman filter paper No. 1. The supernatant obtained were then extracted with 
n-hexane and ethyl acetate in equal volumes (1:1) and repeated until the extract was perfect. Finally, they were concentrated with a 
rotary evaporator. The crude extract was stored at − 20 ◦C for antimicrobial and antioxidant tests. 
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2.5. Antibacterial test 

2.5.1. Microorganism 
The indicator microorganisms used to test the antibacterial activity in this study included two types of Gram-negative bacteria, 

namely E. coli and P. aeruginosa, and two types of Gram-positive bacteria, namely B. subtilis and S. aureus. The indicator strains were 
cultured in nutrient broth medium at 37 ◦C for 24 h and maintained on NA medium. 

2.5.2. Antibacterial testing with paper disc method [34,35] 
Bacterial culture with Optical Density 0.5 (λ600 nm) was pipetted 100 μL into warm Mueller Hinton (Himedia), then homogenized. 

The soft agar media was poured evenly over the Mueller Hinton media (1.5% agar) in a Petri dish and allowed to stand until it so
lidified. Furthermore, paper discs are placed on the surface of the solid media. As much as 20 μL of positive control and negative control 
solutions, ethyl acetate extract test solution, and A. alternata n-hexane, each was pipetted onto a paper disc. Subsequently, the Petri 
dish was incubated at 37 ◦C for 24–48 h, and the diameter of the inhibition zone (DIZ) was measured. 

DIZ=
(Dv − Dc) + (Dh − Dc)

2 

Dv = Vertical diameter of the inhibition zone. 
Dh = Horizontal diameter of the inhibition zone. 
Dc = Diameter of disc paper. 

2.6. Antioxidant test 

The assessment of antioxidant activity in the crude extract of A. alternata was conducted at various concentrations through the 
utilization of the DPPH (2,2-diphenyl-1-picrylhydrazyl) method [36–38] with minor adjustments. A range of concentrations for the 
crude extracts (20, 40, 60, 80, 100, 120 μg/mL) were employed to assess their capability in scavenging DPPH radicals. The monitoring 
of the DPPH reaction was carried out for a duration of 30 min at 517 nm, utilizing the Varioscan LUX instrument by Thermoscientific. 
The determination of the antioxidant activity, both in the standard and the extracts, was calculated in terms of DPPH scavenging 
activity (%). 

DPPH Scavenging activity (%)=
(absorbance control − absorbance sample )

(absorbance control)
x100%  

2.7. GC–MS analysis 

Crude ethyl acetate and n-hexane extracts derived from A. alternata were introduced into the GC–MS instrument for the purpose of 
identifying metabolite compounds. The GC–MS analysis was conducted utilizing the Shimadzu GC-MS-QP 2010 Ultra Instrument and 
the NIST 17 version of the computer mass spectral library. The stationary phase employed was Rtx-5MS, a 30-m long column with a 
diameter of 0.25 mm, containing 5% diphenyl and 95% dimethyl polysiloxane. The carrier gas, ultrahigh purity helium, was main
tained at a pressure of 40.7 kPa. The injection volume was set at 1 μL, with an injector temperature of 200 ◦C, ion source temperature of 
200 ◦C, and interface temperature of 230 ◦C. The analysis was conducted in split mode. The temperature of the column was pro
grammed to initiate at 50 ◦C and then incrementally raised to 100 ◦C at a rate of 7 ◦C per minute, where it was held for 3 min. 
Subsequently, the temperature was elevated to 200 ◦C at a rate of 10 ◦C per minute and maintained for 2 min. The final column 
temperature was set at 270 ◦C, with a rate of increase at 5 ◦C per minute. The ion source temperature and the interface temperature for 
the MS detector were both set at 230 ◦C and 250 ◦C, respectively. The MS detector employed both SCAN and SIM methods, with an 
injection volume of 1.0 mL. The spectra of the unidentified component were cross-referenced against the data available in the GC–MS 
library. 

2.8. In silico study of A. alternata metabolites as an antioxidant 

Docking studies using Autodock VINA software (https://vina.scripps.edu/). The SOD crystal structure with an obtained resolution 
of 2.30 Å from the Protein Data Bank (PDB: 1CB4). (https://www.rcsb.org/structure/1CB4). Ligand structures were extracted from the 
PubChem database in SDF format and converted to PDB format using Open Babel GUI 3.1.1. (https://openbabel.org/). Prepare the 
protein and ligand using Autodock Tools (ADT) before binding the ligand complex to the target. Targeted docking was initiated within 
docking sites or grid box with the dimensions of X: 40.91, Y:61.77, Z:42.02 Å, with a grid spacing of 0.375 Å, centered on X:16.17, 
Y:69.88, Z:15.33 Å [39]. The polar hydrogen atoms of the removed water molecules are added to the amino acid residues and all the 
protein atoms are assigned a gas-tiger charge. Proteins in PDBQT format were used as input to the docking program. Perform ligand 
docking simulations for each compound, and display docking results using PyMOL-2.5.5 (https://pymol.org/2/) and LigPlot (https:// 
www.ebi.ac.uk/thornton-srv/software/LigPlus/) to obtain information about binding interactions and 3D-visualize the docking 
process. 
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2.8.1. In silico toxicology analysis 
Predicting compound toxicity traditionally involves resource-intensive animal models. However, the adoption of computer-based 

toxicity assessments offers a viable alternative to costly and time-consuming methods, eliminating the need for animal testing. In this 
context, four compounds (PubChem ID 30541, 613266, 6781, 5282750) were assessed for their toxicity using ProTox-II (https://tox- 
new.charite.de/protox_II/index.php?site=compound_input), potentially expediting toxicity analysis while minimizing ethical and 
resource concerns associated with animal experimentation. 

2.8.2. Druglikeness and pharmacokinetics of lead compounds 
Pharmacokinetics analysis was conducted online through the Swiss ADME website (http://www.swissadme.ch/index.php) by 

inputting the SMILES code of the compounds obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/). The SMILES codes of the 
four compounds (PubChem ID 30541, 613266, 6781, 5282750) were inserted, and the "run" option was selected to obtain predictive 
data results. Pharmacokinetic property analysis based on ADME encompassed parameters such as GI absorption, BBB permeability, 
and Log Kp. Furthermore, druglikeness analysis based on ADME was conducted to ascertain Lipinski’s rule criteria and bioavailability 
scores. 

2.9. Statistical analysis 

The antibacterial test data was statistically tested by two-way analysis of variance (ANOVA) with three replication, followed by 
Duncan’s Multiple Range Test (DMRT). This statistical analysis was performed in Microsoft Excel 2021. 

3. Results 

3.1. Morphology of A. alternata on PDA plates 

The fungus, A. alternata was successfully isolated from D. piloselloides plants (Fig. 1A). Aerial hyphae developed by the fungal strain 
A. alternata were observed on colonies displaying a greyish-white hue, which subsequently transitioned to an olive-green to black 
coloration when cultivated on PDA medium (refer to Fig. 1B). Within the PDA culture, the growth manifested in elongated chains of 
dark brown conidiophores, which gave rise to asexual spores referred to as conidiospores (conidia). 

3.2. Identification of endophytic fungi based on ITS region 

Identification of fungal isolates was carried out molecularly based on partial genetic analysis at the Internal Transcribed Spacer 
(ITS) ribosomal RNA of the fungi. The results showed that the endophytic fungi isolate from D. piloselloides had a very close resem
blance to A. alternata strain KU20017.1 (Accession No. MT487794.1) using 18S rRNA gene sequence with 100% homology of the 
endophyte isolate. 

3.3. Phylogenetic analysis based on ITS region sequences 

The evolutionary relationships among taxa were inferred using the Neighbor-Joining method [40]. The optimal tree was made with 
the bootstrap test (1000 replicates), the percentage of replicate trees associated with taxa clustered together is shown below the 
branches [41]. The branch lengths were the same units as those of the evolutionary distances used to infer the phylogenetic tree. 
Kimura 2-parameter method was used to compute the evolutionary distances [42]. This analysis involved eleven strains from the NCBI 

Fig. 1. (A) Drymoglossum piloselloides plant, (B) colony of A. alternata growing on PDA for 6 days at 28 ◦C.  
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database. Data Coverage less than 95% of the site was eliminated. For alignment gaps lower than 5%, missing data and ambiguous 
bases were allowed at any position (partial deletion option). The phylogenetic tree was conducted in MEGA version 11 [43]. 

3.4. A. alternata extract 

The results of weighing the culture extract of the fungus A. alternata grown in 300 mL of PDB media were: 1.705 ± 0.123 g of ethyl 
acetate extract and 1.6025 ± 0.046 g of n-hexane extract. 

3.5. Antibacterial activity of A. alternata extract 

Antibacterial testing was carried out using the paper disc method. The test results for A. alternata extract are listed in Table 1. The 
ethyl acetate extract of A. alternata showed inhibitory activity against the four test bacteria, namely E. coli, P. aeruginosa, B. subtilis, and 
S. aureus, while the n-hexane extract of A. alternata showed zones of inhibition against the three test bacteria, namely E. coli, 
P. aeruginosa, and S. aureus and there was no inhibitory activity against B. subtilis bacteria. The antibacterial activity exhibit a sig
nificant mean value dependent on the tested bacterial species (F(3, 1) = 147.6, P = 0.000) and the type of extract (F(3, 1) = 139.67, P 
= 0.000) (Table 2). The results of the two-way ANOVA demonstrated that both factors significantly influenced the generated anti
bacterial values (F(3, 1) = 148.18, P = 0.000). These findings indicate that the activity spectrum of the extract is broad and possesses 
an optimal concentration dependent on the bacterial species under testing. 

3.6. Antioxidant activity of A. alternata extract 

Antioxidant activity test used compound 1,1-diphenyl-2-picrylhydrazyl (DPPH) reagent. Its activity was measured as the decrease 
in the absorption of the DPPH solution to the sample at the maximum observed wavelength (λ 515 nm) and was calculated as % 
inhibition. The correlation between the concentration of A. alternata n-hexane extract and the inhibition percentage of DPPH radical 
activity is shown in Fig. 4a and the ethyl acetate extract in Fig. 4b. 

The value of the correlation coefficient indicated a linear correlation between the concentration of A. alternata extract and visible 
light absorption. The value of a good correlation coefficient was close to 1. In this experiment, the correlation coefficient value for the 
ethyl acetate extract was 0.9923, and for the n-hexane extract was 0.9917. It shows that the increase in extract concentration was 
directly proportional to the increase in visible light absorption. From the calculation results, the IC50 value of the ethyl acetate extract 
was 50.99 ppm, and the n-hexane extract IC50 value was 74.44 ppm. 

3.7. Gas chromatography-mass spectrometry analysis 

Gas chromatography has wide applications for the separation and analysis of mixtures of several components. This method proves 
effective for detecting compounds even when present in exceedingly low concentrations. Consequently, it becomes possible to identify 
secondary metabolites synthesized by microorganisms, and this identification is substantiated through the generation of chromato
grams and corresponding mass spectra. The process of identifying individual peaks within the chromatogram involved comparing the 
mass spectrum (MS spectrum) of each peak against the Wiley database, thus facilitating the determination of the specific compound 
type [44]. Metabolite compounds in the culture extract of A. alternata fungi have been successfully detected by GC-MS analysis. The 
results of the GC-MS chromatogram of the n-hexane extract of A. alternata indicated that there were ten compounds contained, as 
shown in Fig. 5. 

Several compounds that have a peak area greater than 0.8% are listed in Table 3. The results of the GC-MS chromatogram of the 
ethyl acetate extract of A. alternata showed that there were 30 compounds contained, as shown in Fig. 6. Several compounds with peak 
areas greater than 0.6% are listed in Table 4. Several compounds contained in the ethyl acetate extract and n-hexane extract from 
A. alternata are antioxidants. 

Table 1 
Average inhibition zone of A. alternata endophytic fungus extract.  

Indicator bacteria Average inhibition zone diameter (mm) 

Ethyl acetate extract (A) N-hexane extract (B) 

Eschericia coli (a) 8.7833 ± 0.1607 8.8167 ± 0.2081 
Pseudomonas aeruginosa (a) 9.0333 ± 0.1258 9.1000 ± 0.5000 
Bacillus subtilis (b) 9.0833 ± 0.3329 0 ± 0 
Staphylococcus aureus (a) 9.3333 ± 0.3055 9.4300 ± 1.0750 

Data are means ± SD of three replicates. 
The sample extract and the Indicator bacterial followed by the same letters are not significantly different. 
(Sig. 0.05). 
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3.8. In silico study of active compounds as antioxidants 

In this study, 25 secondary metabolites detected by GC-MS analysis of A. alternata were computationally tested. Methylphenidate 
was used as a positive control to predict the efficacy of compounds as antioxidants [45]. The structure of the enzyme used to recognize 
the compound’s potential as an antioxidant is that of superoxide dismutase (PDB:1CB4) (Fig. 7). 

3.9. Computational toxicology analysis 

Toxicology testing is imperative as it helps ascertain whether a molecule exhibits any adverse effects on humans, animals, or the 
environment prior to its use as a potential medicine or drug candidate. Hence, toxicity prediction marks the initial stage in selecting a 
molecule for medicinal purposes. Four compounds (2-Ethylhexyl 4-(dimethylamino) benzoate, Benzo-b-dihydropyran-6-hydroxy-4-4- 
5-7-8-pentamethyl, Diethyl Phthalate, Octadecenoic acid) were chosen through the widely used web-based servers, ProTox-II 
(Table 7). The outcomes indicate that all four compounds displayed ’no’ results concerning hepatotoxicity, carcinogenicity, immu
notoxicity, mutagenicity, cytotoxicity, Aryl hydrocarbon Receptor (AhR), Androgen Receptor (AR), and Heat shock factor response 

Table 2 
Two-way of Anova with replication.  

Source of Variation SS df MS F P-value F crit. (α 0.05) 

Bacteria 93.84364583 3 31.28121528 147.64 0.000 3.238872 
Extract solvent 29.59260417 1 29.59260417 139.6701 0.000 4.493998 
Interaction 94.19114583 3 31.39704861 148.1867 0.000 3.238872 
Error 3.39 16 0.211875     

Fig. 2. The DNA sequence at ITS region of the endophytic fungi isolated from the Drymoglossum piloselloides plant was alignment by the Bio
Edit program. 

Fig. 3. Phylogenetic relationship of A. alternata strain with eleven closest strains, based on ITS-5 and ITS-4 DNA sequences.  

K. Kusmiati et al.                                                                                                                                                                                                      



Heliyon 10 (2024) e27978

8

element. 

3.10. Computational ADME properties and pharmacokinetics prediction studies 

3.10.1. Pharmacokinetics 
The pharmacokinetic properties of the designed compounds, as presented in Table 8, encompass gastro-intestinal absorption (GIA), 

blood-brain barrier (BBB) permeability, and log Kp. Among the four compounds (2-Ethylhexyl 4-(dimethylamino) benzoate, Benzo-b- 

Fig. 4. The correlation between the concentrations of the ethyl acetate extract (A) and the hexane extract (B) of A. alternata to the % inhibition of 
DPPH radical. 

Fig. 5. GC-MS chromatogram of the n-hexane extract from A. alternata.  

Table 3 
Identified compounds from GC-MS chromatogram of the n-hexane extract of A. alternata.  

Retention 
time 

Area Area 
(%) 

Compound name 

5.722 1286418 2.06 Silane, ethenyl trimethyl- 
5.900 1340195 2.15 Pentanoic acid, 4-methyl-2-oxo-, methyl ester 
7.073 515068 0.83 Benzene, 1,3-dichloro- 
17.882 732502 1.17 Phenol, 2,4-bis(1,1-dimethyl ethyl)- 
18.984 731998 1.17 Diethyl Phthalate 
20.359 659885 1.06 Pentadecanal- 
24.023 3233696 5.18 l-(+)-Ascorbic acid 2,6-dihexadecanoate 
34.258 15337082 24.57 .gamma.-Sitosterol 
35.104 30924713 49.53 9,19-Cyclolanost-23-ene-3,25-diol, (3.beta.,23E)- 
35.984 7665325 12.28 17-(1,5-Dimethyl-3-phenylthiohex-4-enyl)-4,4,10,13,14-pentamethyl-2,3,4,5,6,7,10,11,12,13,14,15,16,17- 

tetradecahydro-1H-cyclope  
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Fig. 6. GC-MS chromatogram of the ethyl acetate extract from A. alternata.  

Table 4 
Identified compounds from GC-MS chromatogram of the ethyl acetate extract of A. alternata.  

Retention time Area Area (%) Compound name 

9.092 21260622 8.29 Undecane 
12.076 16778134 6.54 Dodecane 
12.413 4621163 1.80 Undecane, 2,6-dimethyl- 
14.129 1829513 0.71 2-Pyrazoline, 3-ethyl-1-isopropyl- 
14.302 7294425 2.84 Tridecane 
15.691 2143025 0.84 Hexadecane, 2,6,10,14-tetramethyl- 
15.951 2066453 0.81 1-Tetradecene 
16.081 10364114 4.04 Tetradecane 
17.038 2215972 0.86 Heptadecane, 2,6,10,14-tetramethyl- 
17.269 2981206 1.16 Cyclodecane 
17.590 7252606 2.83 Pentadecane 
18.838 10126097 3.95 Cetene 
18.927 7496187 2.92 Hexadecane 
20.144 6162758 2.40 Heptadecane 
20.412 10278484 4.01 Benzoic acid, 2-ethylhexyl ester 
21.342 21266131 8.29 E− 15-Heptadecenal 
23.424 10319065 4.02 Hexadecanoic acid, methyl ester 
23.902 4163634 1.62 Silane, diethylhexyloxy(3-methylbutoxy)- 
24.113 19537633 7.62 l-(+)-Ascorbic acid 2,6-dihexadecanoate 
24.510 21047048 8.20 Octadecyl trifluoroacetate 
25.209 1606062 0.63 Benzo[b]dihydropyran, 6-hydroxy-4,4,5,7,8-pentamethyl- 
26.361 3018999 1.18 Methyl cis-vaccenate 
26.773 3106817 1.21 Methyl stearate 
27.439 11946343 4.66 Octadecanoic acid 
27.767 2684959 1.05 Hexadecanoic acid, butyl ester 
27.862 11072976 4.32 Eicosyl trifluoroacetate 
30.644 3106808 1.21 Oleic acid, butyl ester 
31.134 3779810 1.47 Docosyl trifluoroacetate 
33.687 25460995 9.91 Diisooctyl phthalate 
34.242 1569711 0.61 1-Heptacosanol  

Fig. 7. Three-dimensional visualization of the interaction of methylphenidate with 1CB4 protein.  
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dihydropyran-6-hydroxy-4-4-5-7-8-pentamethyl, Diethyl Phthalate, Octadecenoic acid), it is evident from Table 8 that they exhibit 
high gastrointestinal absorption. Additionally, in terms of skin permeation, a more negative value of log Kp indicates a superior 
permeation ability (logKp < -2.5 cm/s). Considering the skin permeant ability results provided for these compounds in Tables 7 and it 
is inferred that these compounds can effectively penetrate the skin, as all of their permeant abilities are < − 2.5 cm/s. 

3.10.2. Druglikeness 
As indicated by the results presented in Table 8, the physicochemical assessments of all the designed compounds adhere to Lip

inski’s rule of five [46], evident from their score value of ’YES,’ and a bioavailability score of ≥0.55. 

4. Discussion 

This study focused on efforts to explore the benefits of A. alternata, which is a producer of various secondary metabolites that can be 
applied in various fields, including agriculture, medicine, and ecology. Some of the compounds it produces can be used in the pro
duction of pharmaceuticals, chemicals, and other biological materials. Ecologically, these fungi play a role in the cycle of nutrients in 
certain ecosystems. These fungi can also play a role in the decomposition of organic matter and interact with other organisms in the 
food chain. A. alternata belongs to the Ascomycota group of fungi and the ordo of Pleosporales. These fungi have unique morphological 
characteristics because it has fruiting bodies (conidia), which are generally cylindrical or flat in shape with tapered/pointed ends. 
These conidia usually have quite thick walls with varying colors, ranging from black and dark brown to green (Fig. 1b). The hyphae are 

Table 5 
Receptor-ligand binding energy value and interaction.  

Compound name ΔG (Kcal/ 
mol) 

Hydrogen bond (A) Hydrophobic bond (A) 

1-3-dichloro-benzene − 4.3 - Asn51(A) Val146(A) Gly145(A) Val146(B) 
2-4-bis(1-1-dimethyl ethyl)-phenol − 0.5 - Cys6(A) Val7(A) Cys144(A) Gly49(A) Asn51(B) Cys6(B) Val7(B) Gly49(B) 

Gly145(B) Val146(A) 
2-6-dimethyl-undecane − 4.7 - Val7(A) Asn51(A) Val146(A) Val7(B) gly49(B) Asn51(B) Val146(B) 
2-ethylhexyl-ester-Benzoic-acid − 5.9 Asn51(A) Val7(A) Val146(A) Val7(B) Gly49(B) Asn51(B) Val146(B) 
3-ethyl-1-isopropyl-2-Pyrazoline − 4.8 Val146(B) Val7(A) Asn51(A) Gly145(A) Val146(A) Val7(B) Asn51(B) 
9–19-Cyclolanost-23-ene-3-25-diol- 

(3-beta-23E) 
10.5 Val7(A) Val146(B) 

Val7(B) Gly49(B) 
Val5(A) Cys6(A) Gly49(A) Asn51(A) Gly145(A) Val146(A) Val5(B) Cys6(B) 
Lys9(B) Asn51(B) Thr52(B) Cys144(B) Gly145(B) Gly148(B) 

Ascorbic-acid-2-6-dihexadecanoate − 4.3 Asn51(A) Val146(A) 
Val146(B) 

Val5(A) Cys6(A) Val7(A) Lys9(A) Gly49(A) Vys144(A) Gly145(A) Cys6(B) 
Val7(B) Val5(B) Lys9(B) Gly49(B) Asp50(B) Asn51(B) Cys144(B) Gly145(B) 

Benzo-b-dihydropyran-6-hydroxy-4- 
4-5-7-8-pentamethyl 

− 5.9 Val7(A) Cys144(A) Val7(B) Leu8(A) Lys9(A) Asn51(A) Gly145(A) Lys9(B) Asn51(B) Cys144(B) 
Gly145(B) Val146(B) 

Butyl-ester-oleic-acid − 5.3 Asn51(B) Val146(B) Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val146(A) Val7(B) Lys9(B) 
Gly145(B) 

Cyclodecane − 5.2 - Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val146(A) Asn51(B) Val146 
(B) 

Diethyl-Phthalate − 6.2 Asn51(A) Val146(A) 
Val146(B) 

Val7(A) Lys9(B) Gly49(A) Gly145(A) Val5(B) Cys6(B) Val7(B) Gly145(B) 

Docosyl-trifluoroacetate − 5.6 Val7(B) Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val146(A) Lys9(B) Asn51(B) 
Val146(B) 

Dodocane − 4.5 - Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val146(A) Val7(B) Asn51(B) 
Val146(B) 

Eicosyl-trifluoroacetate − 5.4 Val146(B) Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val7(B) Lys9(B) Asn51(B) 
Val146(B) 

Ethenyltrimethyl_Silane − 2.8 - Asn51(A) Gly145(A) Val146(A) Val7(B) Val146(B) 
Gamma-Sitosterol 3.3 Gly49(B) Val5(A) Cys6(A) Val7(A) Asp50(A) Asn51(A) Gly145(A) Val146(A) Gy148(A) 

Val5(B) Cys6(B) Val7(B) Lys9(B) Asp50(B) Asn51(B) Gly145(B) Val146(B) 
Gly148(B) 

Hexadecanoic-acid-butyl-ester − 5.4 Val146(A) Val5(A) Cys6(A) Val7(A) Asn51(A) Gly145(A) Val146(A) Val7(B) Gly49(B) 
Asp50(B) Asn51(B) Val146(B) 

Methyl-cis-vaccenate − 5.6 Val7(A) Asn51(B) Val5(A) Cys6(A) Gly49(A) Asn51(A) Val146(A) Val5(B) Cys6(B) Val7(B) 
Gly49(B) Val146(B) 

Methyl-stearate − 5.6 Val7(A) Lys9(A) Asn51(A) Val146(A) Cys6(B) Val7(B) Gly49(B) Asn51(B) Val146(B) 
Octadecanoic-acid − 5.9 Val5(A) Val146(A) 

Gly49(B) 
Val7(A) Gly49(A) Asn51(A) Val5(B) Cys6(B) Val7(B) Asn51(B) Val146(B) 

Octadecyl-trifluoroacetate − 5.5 - Val5(A) Cys6(A) Val7(A) Lys9(A) Asn51(A) Cys144(A) Gly145(A) Val146(A) 
Val7(B) Lys9(B) Gly49(B) Asn51(B) Gly145(B) Val146(B) 

Pentanoic-acid-4-methyl-2-oxo- 
methyl-ester 

− 4.5 Val146(A) Val146(B) Val7(A) Asn51(A) Gly145(A) Val7(B) Asn51(B) Gly145(B) 

Silane-diethylhexyloxy(3- 
methylbutoxy) 

− 4.5 - Val7(A) Lys9(A) Asn51(A) Gly145(A) Val146(A) Val7(B) Gly49(B) Asn51(B) 
Gly145(B) Val146(B) 

2-6-10–14-tetramethyl-Hexadecane − 4.8 - Val7(A) Lys9(A) Gly49(A) Asn51(A) Cys144(A) Val146(A) Val5(B) Cys6(B) 
Val7(B) Asn51(B) Cys144(B) Gly145(B) Val146(B) Gly148(B) 

Undecane − 4.3 - Val7(A) Asn51(A) Val146(A) Val7(B) Asn51(B) Val146(B)  
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branched and dark in color. One of the characteristics of these fungi can be seen in their ability to produce pigments and secondary 
metabolites. The pigment gives color to the colonies, whose role is to protect the skin from sunlight and play a role in competition with 
other microorganisms. 

Molecular identification of endophytic fungi is important in understanding the diversity of microorganisms in plants and their 
potential to provide benefits related to human health. In this study, primers Forward ITS5 and Reverse ITS4 [47,48] were used to 
amplify ITS DNA fragments in endophytic fungi isolated from D. piloselloides. Based on the results of agarose electrophoresis analysis, it 
was found that there were DNA fragments that matched the size expected from the amplification of the ITS area (Fig. 2). DNA 

Table 6 
Docking score of the four Ethyl Acetate Extract compounds from A. alternata.  

PubChem 
ID 

Chemical name Molecular 
formula 

Chemical structure MW Binding affinity 
(Kcal/mol) 

30541 2-Ethylhexyl 4-(dimethylamino) 
benzoate 

C17H27NO2 277.4 g/ 
mol 

− 5.8 

613266 Benzo-b-dihydropyran-6-hydroxy-4-4-5- 
7-8-pentamethyl 

C14H20O2 220.31 g/ 
mol 

− 5.9 

6781 Diethyl Phthalate C6H4(COOC2H5) 222.24 g/ 
mol 

− 6.2 

5282750 Octadecenoic acid C18H34O2 282.5 g/ 
mol 

− 5.9  

Table 7 
List of the selected compounds possessing toxicity features.  

Endpoint Target PubChem ID 
30541 

PubChem ID 
613266 

PubChem ID 
6781 

PubChem ID 
5282750 

Tissue harmfulness Hepatotoxicity No No No Yes 
Toxicity endpoints Carcinogenicity No No No No  

Immunotoxicity No No No No  
Mutagenicity No No No No  
Cytotoxicity No No No No  
Toxicity (class) 5 5 6 4 

Tox21-Nuclear receptor signaling 
pathways 

Aryl hydrocarbon Receptor 
(AhR) 

No No No No  

Androgen Receptor (AR) No No No No 
Tox21-Stress response pathway Heat shock factor response 

element 
No No No No  

Table 8 
List of the chosen compounds having pharmacokinetics and druglikeness features.  

Endpoint Target/Indicator PubChem ID 30541 PubChem ID 613266 PubChem ID 6781 PubChem ID 5282750 

Descriptor Molecular Weight 277.408 220.31 222.24 282.468 
Pharmacokinetics GI absorption High High High High  

BBB permeant Yes Yes Yes No  
Log Kp (skin permeation: cm/s) − 4.42 − 4.87 − 5.94 − 2.28 

Druglikeness Lipinski Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation  
Ghose Yes Yes Yes No; 1 violation: WLOGP>5.6  
Veber Yes Yes Yes No; 1 violation: Rotors>10  
Bioavailability score 0.55 0.55 0.55 0.85  
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sequences were analyzed and compared with a genetic database containing ITS sequences from various known fungi (Fig. 3). The 
results of DNA sequence analysis showed the suitability of the ITS sequence from A. alternata species. Further studies are needed to 
investigate the genetic diversity of A. alternata and to confirm the accuracy of the identification using other primer sets. 

In 2011, WHO reported that as many as 55 million people died worldwide due to communicable diseases [49]. It was related to the 
difficulty of handling diseases caused by microbes so that the disease becomes resistant. The increase in the number of types of bacteria 
that were resistant to drugs and disinfectants resulted in an increase in morbidity and mortality [50]. As an effort to suppress the 
condition, experts were looking for natural metabolite compounds that are antimicrobial. This study used some indicator pathogenic 
bacteria E. coli, P. aeruginosa, B. subtilis, and S. aureus to test the antibacterial activity of the extract of the fungi A. alternata. The test 
results are listed in Table 1, which shows that the n-hexane and ethyl acetate extracts of A. alternata formed a zone of inhibition against 
the growth of the four tested bacteria in the range of 8783 ± 0.161 mm to 9430 ± 1075 mm. However, the n-hexane extract of 
A. alternata did not show any zone of inhibition against B. subtilis. The results indicated that the type of solvent used for the extraction 
of A. alternata metabolites affected the effectiveness of the extract as an antimicrobial. The formation of inhibition zones against 
pathogenic bacteria indicated that A. alternata extract had the potential as an antibacterial. Our results supports the previous reports, 
which used A. alternata extracts isolated from different host plants and had antibacterial activity [51–54]. 

The spectrum of activity of the ethyl acetate extract of A. alternata is broader in comparison to the n-hexane extract. This indicates 
that ethyl acetate extract possesses a higher concentration of bioactive compounds that play a direct or indirect role in influencing the 
inhibition zone. The bioactivity of secondary metabolites is linked to their capability to impact various bacterial processes, including 
cell wall synthesis, cell membrane depolarization, protein synthesis inhibition, nucleic acid synthesis inhibition, and disruption of 
metabolic pathways [55]. The results of this study demonstrate that the choice of solvent can influence the antimicrobial properties of 
the extract. Another study on extracts of A. tenuissima, a species closely related to A. alternata, showed various biological activities, 
including entomotoxic properties. Prior studies have also reported that the etil asetat extract from A. alternata is non-toxic and safe for 
use [56]. 

A. alternata was reported to have potential as a source of antioxidant compounds. The ethyl acetate extract of A. alternata had 
higher antioxidant activity than the n-hexane extract. Therefore, it can be concluded that the IC50 of the ethyl acetate extract was 
50.99 μg/mL, while the IC50 of the n-hexane extract was 74.44 μg/mL with the inhibition percentage shown in Fig. 4. These results 
were in line with other studies, which proved that some metabolites produced by A. alternata isolated from Coffea arabica L. were found 
to have antioxidant properties with an IC50 value of 86.7 μg/mL when tested with DPPH free radicals [57]. 

The IC50 value represents the concentration at which the inhibition of DPPH free radical activity reaches 50%. A lower IC50 value 
indicates a higher level of antioxidant activity within the sample [58,59]. The results of these experiments indicated that the solvent 
used in the extraction could affect the antioxidant activity of a sample. In this case, the ethyl acetate extract of A. alternata had higher 
antioxidant activity than the n-hexane extract. This shows that antioxidant compounds dissolved in ethyl acetate were more effective 
in inhibiting DPPH free radical activity than compounds that dissolved in n-hexane. This experiment showed that both the ethyl acetate 
extract and the n-hexane extract of A. alternata were classified as having strong activity. Therefore, A. alternata metabolites have the 
potential for the development of antioxidant compounds. These results could be the basis for further research involving the charac
terization of the antioxidant compounds contained in the n-hexane and ethyl acetate extracts of A. alternata. Furthermore, experiments 
can be carried out to identify these compounds and understand their mechanism of action in inhibiting free radical activity. 

The extraction process of A. alternata metabolites using n-hexane resulted from the extraction of most of the nonpolar substances 
(Fig. 5). Furthermore, the metabolites were extracted with a more polar compound, namely ethyl acetate (Fig. 6). Metabolite analysis 
using GC MS and data were aligned with the MS database. Antimicrobial and antioxidant activities of secondary metabolites have been 
observed using n-hexane extracts, as evident from the GC-MS analysis results (Table 3). The experiment reveals that compounds 
extracted from A. alternata using ethyl acetate are more diverse, comprising a total of 30 different compounds. Meanwhile, extraction 
using n-hexane yields only 10 compounds. These findings indicate that the active compounds in the endophytic fungus A. alternata are 
predominantly semi-polar rather than polar in nature. 

Benzene, 1,3-dichloro-, hexadecanoic acid, pentadecanal-, l-(+)-ascorbic acid 2,6-dihexadecanoate, gamma-sitosterol, cyclolanost- 
23-ene-3,25-diol, (3.beta.,23E), undecane, undecane, 2,6-dimethyl-, hexadecane, 2,6,10,14-tetramethyl-, 1-tetradecene, tetradecane, 
cetene, heptadecane, methyl ester, methyl stearate, octadecanoic acid, diisooctyl phthalate, all of which have been reported to exert 
antioxidative activities [60–76]. Previously, E− 15-heptadecenal, eicosyl trifluoroacetate, and 1-heptacosanol have been reported to 
exhibit solely antimicrobial activities [77–80]. Conversely, dodecane, tridecane, cyclodecane, pentadecane, octadecyl trifluoroacetate, 
and butyl ester have been reported to possess both antioxidant and antimicrobial activities [81–86]. 

The specific compounds obtained from the extract and their potential for application in the medical field required further analysis 
and identification. The presence of a higher number of compounds need not necessarily indicate greater medicinal potency. Molecular 
docking was a key tool that could provide insight into the identification of potential mechanisms of action exhibited by biologically 
active molecules in vitro. In this context, molecular docking was used to find as many protein targets as possible that could be related to 
(if possible, to interpret) the antioxidant activity observed in vitro. An in silico-based approach was used to investigate whether certain 
compounds could inhibit certain proteins involved in biological redox processes. The target protein is SOD (superoxide dismutase) 
[87]. SOD is an enzyme in which copper and zinc ions are bound together and mature through an intramolecular disulfide bond. SOD 
was evaluated under two different conditions depending on the presence of copper and zinc metals in the environment. The initial 
configuration was Cu2Zn2-SOD, comprising human SOD with copper and zinc ions, while an alternate variant, referred to as apo-SOD, 
lacking any metal ions. Cu and Zn ions in the form of Cu2Zn2-SOD played an important role in the catalytic activity of enzymes. Besides, 
zinc was able to retain a secondary structure despite the reduced disulfide bonds due to the fact that zinc tended to bind to SOD. On the 
other hand, the protein apo-SOD was structurally more stable compared to the Cu2Zn2-SOD structure. Furthermore, Cu2Zn2-SOD 
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exhibited high thermal stability (~98 ◦C) due to intact disulfide bonds occurring within the SOD structure with Cu and Zn, whereas 
Apo-SOD exhibited low thermal stability with a melting point of 52 ◦C [88,89]. The Analysis showed that the binding energy (ΔG) of 
the methylphenidate compound was − 5.8 kcal/mol forming a hydrogen-bonding interaction with residue Val146(B) with an inter
action length of 3.25 Å, the interactions Val7(A), Lys9(A), Asn51(A), Val146(A), Val7(B), Lys9(B), Asn51(B), Gly145(B). A complete 
visualization of 2D interactions between ligands and proteins can be seen in Fig. 8(a–d). 

Results of molecular docking simulations performed on 25 compounds (Table 5) showed that there were four active compounds 
that gave good results (Fig. 9(a–d)), specifically lower affinity ratios than methylphenidate (Fig. 7). The compounds were 2-ethylhexyl 
ester benzoic acid (ΔG: 5.9 kcal/mol), benzo-b-dihydropyran-6-hydroxy-4-4-5-7-8-pentamethyl (ΔG: 5.9 kcal/mol), diethyl phthalate 
(ΔG: 6.2 kcal/mol) and octadecanoic acid (ΔG: 5.9 kcal/mol) (Table 6). The results predicted that the four compounds have anti
oxidant potential. The results were consistent with laboratory in vitro studies, and got positive results on the DPPH analysis. In silico 
studies could evaluate the antioxidant activity of A. alternata metabolites [90]. It involves analyzing the ability of these compounds to 
scavenge free radicals and protect cells from oxidative damage. In our study, we screened four compounds for their human non-toxicity 
as potential drug candidates using the ProTox-II (tox-new.charite.de), aligning with similar findings reported by previous studies [91]. 
ProTox-II predicts the toxicities of small molecules, a crucial aspect in the drug development process. The results presented in Table 7 
indicate that the four active compounds produced by A. alternata K-10 exhibit no significant toxicity. These findings align with pre
vious research, which established the acute non-toxicity of Physcion to humans [92]. Subsequently, Swiss ADME was employed to 
evaluate the Pharmacokinetics and Druglikeness of these compounds (Table 8). The ADME properties of drugs play a crucial role in 
determining their fate within the body [93]. Drugs intended for oral administration should be effectively absorbed in the gastroin
testinal tract to achieve optimal pharmacokinetics. All four active compounds derived from A. alternata K-10 met the criteria for 
gastrointestinal absorption and blood-brain barrier (BBB) permeability, suggesting their suitability for both oral and injectable drug 
formulations. The BBB is particularly important in limiting the penetration of drugs into the central nervous system (CNS) [94]. The 

Fig. 8. Two-dimensional (2D) visualization of ligand interaction analysis (A) 2-ethylhexyl ester of benzoic acid (B), benzo-b-dihydropyran-6- 
hydroxy-4-4-5-7-8-pentamethyl (C), diethyl phthalate, and (D) octadecanoic acid with 1CB4. 
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four compounds (2-ethylhexyl 4-(dimethylamino) benzoate, benzo-b-dihydropyran-6-hydroxy-4-4-5-7-8-pentamethyl, diethyl 
phthalate, and octadecenoic acid) exhibited log (Kp) values of (− 4.42, − 4.87, − 5.94, and − 2.28 cm/s). According to Daina and Zoete 
[95], who discussed the prediction of the skin permeability coefficient (Kp) of a compound, a higher negative log Kp value indicates 
lower skin permeability for the compound. 

Furthermore, drug-likeness analysis, based on Lipinski’s rule, Ghose, and Veber rules, was conducted and the results are presented 
in Table 8. All four active compounds met the requirements of Lipinski’s rule of five, as well as the Ghose and Veber rules. These 
findings suggest that the tested compounds, namely 2-ethylhexyl 4-(dimethylamino) benzoate, benzo-b-dihydropyran-6-hydroxy-4-4- 
5-7-8-pentamethyl, diethyl phthalate, and octadecenoic acid, have the potential to be developed into drugs, specifically orally active 
drugs, with a bioavailability score of ≥0.55%. 

According to established standards [96,97], a compound is considered to be well-absorbed in the body if its bioavailability value is 
≥ 0.55%. Among the three active compounds, three exhibited 0.55%, and one active compound from A. alternata K-10 exhibited 0.85% 
oral bioavailability, suggesting its suitability for use as an oral medication. This implies that all four compounds are likely to be 
well-absorbed through the membranes into the systemic circulation, thereby achieving high bioavailability. Bioavailability’s signif
icance lies in its ability to reveal the time required for a drug to exert a therapeutic effect and the extent to which it can be absorbed by 
the body. The Swiss ADME property analysis unequivocally demonstrated that the four selected compounds possess attributes suitable 
for drug candidacy. These findings underscore the potential therapeutic applications of A. alternata metabolites with antioxidant 
properties. 

5. Conclusions 

A thorough investigation, both in vitro and in silico, was conducted to comprehensively explore the advantages and potential ap
plications of secondary metabolite compounds derived from A. alternata. In vitro studies reveal Extracts from A. alternata exhibit 
significant antibacterial activity against pathogenic bacteria such as E. coli, P. aeruginosa, B. subtilis, and S. aureus. The antioxidant 
activity of the extract evaluated using the DPPH method showed promising results with a low IC50 value. In silico studies, including 
molecular docking, reveal that bioactive compounds from A. alternata have good molecular interactions as antioxidant compounds; in 
addition, based on computational toxicology and pharmacology evaluations, they show little side effects and also the suitability of the 
compounds to be used as drug formulations. The combination of experimental and computational approaches provides a strong un
derstanding of the potential applications of A. alternata in medicine and other fields. Further development of the resulting compound 
can be achieved by combining it with other compounds or chemical auxiliaries to obtain better drug composition combinations in the 
future. Additionally, exploring the compatibility of A. alternata as an endophyte and testing other plant growth-promoting traits may 
reveal its broader contributions. 

Fig. 9. Three-dimensional (3D) visualization of the ligand and 1CB4 receptor complex (A) 2-ethylhexyl benzoic acid ester (B) benzo-b- 
dihydropyran-6-hydroxy-4-4-5-7-8-pentamethyl (C) diethyl phthalate (D) interaction of octadecanoic acid with the 1CB4 receptor. 
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