
GC-MS/MS-Based metabolite profiling and bioactivity studies of endophytic fungi 
from the medicinal plant Alternanthera philoxeroides (mart.) Griseb

A. Rahman1, M. N. Begum2, F. Moni1, S. Akhter1, M. A. Haq1, S. R. Rony1 and M. H. Sohrab1*

1Pharmaceutical Sciences Research Division, BCSIR Laboratories, Dhaka, Bangladesh
Council of Scientific and Industrial Research (BCSIR), Dhaka-1205, Bangladesh
2Biological Research Division, BCSIR Laboratories, Dhaka, Bangladesh Council of
Scientific and Industrial Research (BCSIR), Dhaka-1205, Bangladesh

Abstract 

Endophytic fungi have garnered significant scholarly interest among researchers worldwide over the 
past three decades, attributed to their identification as a boundless reservoir of structurally and 
biologically innovative compounds. This study sought to analyze the traits of endophytic fungi., 
alongside biological assessments such as antimicrobial and antioxidant assay, derived from the 
medicinal plant Alternanthera philoxeroides (Mart.) Griseb. Six distinct endophytic fungal strains 
were successfully isolated and characterized based on morphological criteria and identified at the 
genus level, of which three were classified as Carvularia sp., while the remaining strains were 
identified as Colletotrichum sp., Diaporthe sp. and Xylaria sp. Numerous extracts of these endophyt-
ic fungi exhibited robust antibacterial properties and notable antioxidant activities. Chemical screen-
ing conducted via TLC and GC-MS/MS analysis revealed the presence of multiple potentially 
valuable secondary metabolites within the crude fungal extracts. The findings of the present study 
corroborate the advantageous effects of fungal endophytes, thereby position them as invaluable 
sources of bioactive compounds.
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Introduction

The nomenclature “endophyte” is etymologically rooted in 
the Greek terms “endon,” signifying within, and “phyton,” 
denoting plant (Wilson, 1995). Endophytes are microbial 
symbionts that inhabit the internal structures of the plant for 
the majority of their life cycle, typically without exerting 
adverse impacts on the host plant (Kandel et al. 2017) . Their 
ecological interactions are affected by multiple factors, 
including environmental conditions, host traits, the genetic 
diversity of microbial populations, and differences in nutrient 
exchange between the microorganism and the host (Mengis-
tu, 2020). The isolation of microorganisms from particular 
plant species presents a significant opportunity to identify 
advantageous endophyte strains that synthesize host-specific 
secondary metabolites, which could be utilized in sustainable 
agriculture, pharmaceuticals, and various industrial applica-
tions (Sharma et al. 2021). These endophytes demonstrate 
the capacity to produce an extensive array of compounds that 

can substantially influence their host plants by promoting 
growth, offering protection against environmental stressors, 
enhancing overall fitness, fortifying resilience against 
abiotic and biotic challenges, and facilitating the accumula-
tion of secondary metabolites (Jia et al. 2016; Nair and 
Padmavathy, 2014; Galindo-Solís and Fernández, 2022). 
Endophytes serve as a reservoir of numerous bioactive 
metabolites, including phenolic acids, alkaloids, quinones, 
steroids, saponins, tannins, xanthenes, anthraquinones, 
cytochalasins, benzofurans, lignans, polysaccharides, 
terpenoids, and plant growth hormones, thereby rendering 
them promising candidates for exhibiting antimalarial, 
antituberculosis, antidiabetic, anticancer anti-inflammatory, 
anti-arthritis, antiviral, and immunosuppressive properties, 
among others, and serving a vital source for drug discovery 
(Gouda et al. 2016; A. Sharma et al. 2020; Sibanda, 2017).

Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 

Table II. Macroscopic characteristics of isolated endophytes

Table I. Microscopic characteristics of the isolated endophytes
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 

Continued

Fig. 1. Isolate APLE-1 (Xylaria sp.). (A) Surface of colony. 
(B) Reverse of colony. (C) Microscopic view

Fig. 2. Isolate APLE-2 (Curvularia sp.). (A) Surface of 
colony. (B) Reverse of colony. (C) Microscopic view

Fig. 3. Isolate APLE-3 (Colletotrichum sp.). (A) 
Surface of colony. (B) Reverse of colony.                          
(C) Microscopic view

Fig. 4. Isolate APLE-4 (Diaporthe sp.). (A) Surface of 
colony. (B) Reverse of colony. (C) Microscopic 
view

Fig. 5. Isolate APSE-1 (Curvularia sp.). (A) Surface of 
colony. (B) Reverse of colony. (C) Microscopic 
view

Fig. 6. Isolate APSE-2 (Curvularia sp.). (A) Surface of 
colony. (B) Reverse of colony. (C) Microscopic 
view
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 

Table III. Antimicrobial activity of endophytic fungal strains isolated from Alternanthera philoxeroides (Mart.) Griseb. at 
a concentration of 100 µg/disc

Table IV. Chemical screening of fungal extracts by thin-layer chromatography
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Fig. 7. Free radical scavenging activity of the isolated 
fungi

Fig. 8. TLC screening of the plant (1) and fungal 
extracts (2=APLE-1, 3=APLE-2, 4=APLE-3, 
5=APLE-4, 6=APSE-1, 7=APSE-2) by visual 
observation (a), under UV at 254 nm (b), at 366 
nm (c) and spraying with spray reagent (d)

Fig. 9. GC-MS/MS chromatogram of the methanolic 
extract of AP

Fig. 10. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APLE-1



Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Fig. 11. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APLE-2

Fig. 12. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APLE-3

Fig. 13. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APLE-4

Fig. 14. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APSE-1.

Fig. 15. GC-MS/MS chromatogram of the ethyl 
acetate fungal extract of APSE-2



Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Sample  Sl. 
no. 

Retention 
time (min)  

Name of the compounds  Molecular 
weight 
(g/mol) 

Molecular 
formula  

Peak 
area 
(%)  

Table V.  Compounds identified in the medicinal plant Alternanthera philoxeroides (Mart.) Griseb. (AP) and its 
associated endophytic fungi, APLE-1, APLE-2, APLE-3, APLE-4, APSE-1, APSE-2 by GC-MS/MS 
analyses



Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 

extracts APSE-2 (12.82%), 6-Octadecenoic acid (4)  in 
fungal extracts APSE-1 (12.06%) and APLE-4 (11.91%), 
Bis(2-ethylhexyl) phthalate (5) in APLE-2 (11.7%), Cyto-
chalasin H (6)  in fungal extracts APLE-4 (10.15%) and 
APLE-3 (8.72%), Octadecanoic acid (7) in fungal extracts 
APSE-1 (10.09%), APLE-3 (8.37%), and  APLE-4 (5.22%), 

Griseofulvin (8) in fungal extract  APLE-1 (5.81%),  
Dechlorogriseofulvin (9) in fungal extract APLE-1 (5.55%) 
and Curvulin (10) in fungal extract APLE-2 (5.15%). Figure 
16 illustrates the chemical structures of the principal bioac-
tive compounds derived from plant and fungal sources.
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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extracts APSE-2 (12.82%), 6-Octadecenoic acid (4)  in 
fungal extracts APSE-1 (12.06%) and APLE-4 (11.91%), 
Bis(2-ethylhexyl) phthalate (5) in APLE-2 (11.7%), Cyto-
chalasin H (6)  in fungal extracts APLE-4 (10.15%) and 
APLE-3 (8.72%), Octadecanoic acid (7) in fungal extracts 
APSE-1 (10.09%), APLE-3 (8.37%), and  APLE-4 (5.22%), 

Griseofulvin (8) in fungal extract  APLE-1 (5.81%),  
Dechlorogriseofulvin (9) in fungal extract APLE-1 (5.55%) 
and Curvulin (10) in fungal extract APLE-2 (5.15%). Figure 
16 illustrates the chemical structures of the principal bioac-
tive compounds derived from plant and fungal sources.
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 

extracts APSE-2 (12.82%), 6-Octadecenoic acid (4)  in 
fungal extracts APSE-1 (12.06%) and APLE-4 (11.91%), 
Bis(2-ethylhexyl) phthalate (5) in APLE-2 (11.7%), Cyto-
chalasin H (6)  in fungal extracts APLE-4 (10.15%) and 
APLE-3 (8.72%), Octadecanoic acid (7) in fungal extracts 
APSE-1 (10.09%), APLE-3 (8.37%), and  APLE-4 (5.22%), 

Griseofulvin (8) in fungal extract  APLE-1 (5.81%),  
Dechlorogriseofulvin (9) in fungal extract APLE-1 (5.55%) 
and Curvulin (10) in fungal extract APLE-2 (5.15%). Figure 
16 illustrates the chemical structures of the principal bioac-
tive compounds derived from plant and fungal sources.
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Nature has been a wellspring of medicinal products for 
millennia, with numerous beneficial pharmaceuticals derived 
from plant sources (Sibanda, 2017). Continued investigations 
into medicinal plants for drug discovery are consistently 
producing novel and promising candidates addressing 
diverse pharmacological challenges, including antimicrobial 
resistance, cancer, HIV/AIDS, Alzheimer’s disease, malaria, 
and pain management (Balunas and Kinghorn, 2005; Saha et 
al. 2022). Medicinal plants are recognized for their capacity 
to harbor potentially beneficial endophytic microorganisms, 
attributed to their bioactive compound profiles (Egamberdie-
va et al. 2017).

In contemporary scientific discourse, gas chromatogra-
phy-mass spectrometry (GC–MS/MS) have been extensively 
employed for the elucidation of functional groups and the 
characterization of a variety of pharmacologically active 
compounds that are present within medicinal flora. Conse-
quently, it is essential to evaluate the efficacy of endophytic 
fungi originating from traditional medicinal plants. Further-
more, the initial evaluation of biological and chemical 
properties affords an opportunity for additional insight into 
the identification of novel bioactive compounds. 

Alternanthera philoxeroides, commonly referred to as Alligator 
weed, represents a herbaceous amphibious weed belonging to 
the Amaranthaceae family, with its origins traced back to South 
America. This species is predominantly located in stagnant and 
slowly moving aquatic environments, including creeks, 
channels, riverbanks, and adjacent regions that experience 
periodic flooding (Pan, 2007). Despite its South American 
origin, this weed has proliferated to numerous global locations. 
This species is characterized as a stoloniferous and rhizomatous 
perennial that exhibits rapid growth, typically forming a dense, 
interwoven mat (Sainty et al. 1997, X. Zhang et al. 2018). The 
entire plant is utilized as a vegetable for its health-promoting 
properties in Southeast Asia (Khamphukdee et al. 2021). In the 
local Bengali vernacular, this plant is designated as haicha shak, 
and the juice extracted from it is reputed to confer notable 
health benefits during episodes of fever, pain, and diabetes 
(Khatun et al. 2012). Documented pharmacological activities 
of this plant include anti-inflammatory and anti-arthritic effects 
(D. Sunmathi et al. 2016), antioxidant and anticoagulant 
properties (Khandker et al. 2022), antidepressant effects 
(Khamphukdee et al. 2018), antidementia capabilities (Kham-
phukdee et al. 2021), as well as antimicrobial (Sunmathi, 
2016), antifungal (Amin et al. 2022) and antiviral (Zhang et al. 
1988) activities. The initial phytochemical analysis of the 
methanolic extract revealed the existence of carbohydrates, 
proteins, amino acids, alkaloids, glycosides, steroids, flavo-
noids, tannins, and phenolic compounds (Sowjanya Pulipati 
and Puttagunta Srinivasa Babu, 2020, Pulipati et al. 2015). 

Previous studies reported several compounds from the 
endophytic fungi isolated from the plant Alternanthera philox-
eroides, namely penichrysoamides A-C, penichrysoacid A and 
B, penichrysoamide D (Zhu et al. 2024); One new meroter-
penoid-type alkaloid, oxalicine C, two new erythritol deriva-
tives, penicierythritols A and B (Xu et al. 2020), Anhydrofusa-
rubin, Fusarubin , Javanicin  and 5-deoxybostrycoidin (Moni et 
al. 2022), neofusarubins A–D, fusofuranones A–C (Gao et al. 
2024); 7-hydroxyldehydrocyclopeptin, 14,31-dimethoxy-pen-
icopeptide A (Li et al. 2022); asperosperma A and asperosper-
ma B (Ma et al. 2025); and 7,7'-di-O-demethyl-3,8'-bisiderin 
(Yi et al. 2024).

The diversity and dispersion of the fungal endophytes 
community are affected by various parameters including soil 
type, climate, environmental circumstances, tissue, genotype, 
age, location and plant host species (Osman et al. 2025). 
Given that A. philoxeroides is recognized as an invasive 
species exhibiting robust growth, the endophytic fungal 
community residing within the plant may potentially enhance 
the host's resilience to both abiotic and biotic stresses by 
synthesizing diverse bioactive secondary metabolites; 
furthermore, this plant remains largely uninvestigated 
concerning endophytes in Bangladesh, thereby prompting 
our interest in the isolation and assessment of potential endo-
phytes that could yield novel bioactive compounds with a 
range of pharmacological properties.

The current study involves the extraction of fungal endo-
phytes from the medicinal plant Alternanthera philoxeroides 
(Mart.) Griseb. within the geographical context of Bangla-
desh, utilizing a rigorously defined cultivation methodology, 
followed by the bioactivity assessment of fungal crude 
extracts through standardized protocols designed to evaluate 
antimicrobial and antioxidant activities, alongside chemical 
characterization through gas chromatography-mass 
spectrometry (GC-MS/MS) analysis.

Materials and methods

Collection, identification and extraction of plant material

In September 2023, fresh botanical specimens were collected 
from the Pabna district of Bangladesh, where these plants 
exhibit prolific growth. The plant was identified from Dhaka 
University Salar Khan Herbarium and a specimen representa-
tive has been archived there (Accession no. DUSH-10819). 
The air-dried botanical materials were subjected to drying at 
40°C for 24 hours to diminish moisture levels. The desiccat-
ed specimens were subsequently pulverized and immersed in 
100% methanol for 7 days at ambient temperature to facili-
tate the extraction of soluble constituents, followed by an 
additional 5 days of extraction (Rahaman et al. 2020).

Isolation of endophytic fungi 

The plant specimens underwent an initial coarse washing 
with tap water to eliminate sand and residual debris. Subse-
quently, the plant parts were subjected to a rigorous surface 
sterilization protocol, which involved sequential immersion 
of the specimens in 70% ethanol (EtOH) followed by 10% 
sodium hypochlorite (NaOCl) solution, followed by immer-
sion in EtOH (70%), with each solution exposure lasting 
between 1 to 2 minutes. Each plant component was then 
subjected to washes with sterile water three times to effec-
tively clean any residual EtOH. The chosen samples were 
aseptically partitioned into smaller fragments (1–1.5 cm in 
length), which were subsequently placed onto culture media 
enriched with streptomycin sulfate (100 mg/L, to mitigate 
contamination of bacteria), and incubated in a dark environ-
ment at ambient temperature. A subset of positive controls 
(media containing unsterilized plant specimens) and a subset 
of negative controls (media devoid of any plant material) 
were also included to facilitate the detection of endophytic 
fungi and to evaluate the efficacy of the surface sterilization 
procedure. The preparation of the culture medium involved 
dissolving agar (18 g/L) in distilled water, followed by 
autoclaving at 121°C for 15 minutes. The apical regions of 
the hyphae that emerged from the initial cultures were subse-
quently transferred onto potato dextrose agar (PDA). Pure 
cultures of the isolated endophytic fungi were subsequently 
obtained utilizing serial dilution or streaking techniques 
(Noor et al. 2024).

Identification of endophytic fungi

Isolated endophytes were classified in accordance with 
morphological attributes, employing both macroscopic and 
microscopic criteria as delineated in recognized identifica-
tion manuals (Hoque et al. 2022). In terms of macroscopic 
assessment, the distinct morphology of the fungal colonies 
(e.g., pigmentation, mycelial structure, hyphal characteris-
tics, margin delineation, textural properties, growth velocity, 
etc.) was meticulously examined. For microscopic evalua-
tion, slides were prepared from the cultures using the Lacto-
phenol Cotton Blue (LPCB) staining method to enable 
detailed visualization of spore morphology (Shamly et al. 
2014).

Preparation of fungal crude extracts 

Each endophytic fungal isolate was cultured and main-
tained under dark conditions at 28 ± 2°C. Potato Dextrose 
Agar (PDA) was prepared at a concentration of 39 g/L in 
distilled water and subsequently sterilized by autoclaving 
at 121°C for 15 min (Hannana et al. 2020). After 21–28 
days of incubation, once optimal mycelial growth was 

achieved, the culture media containing fungal metabolites 
were preserved by freezing at −20°C. (Hoshino et al. 
2010). After thawing, the aqueous fraction of the fungal 
culture was separated from the mycelial biomass via filtra-
tion and subsequently subjected to chloroform extraction 
using a separating funnel. The fungal mycelia were then 
extracted with ethyl acetate (Jabeen et al. 2022). The 
organic fraction, represented by the ethyl acetate extract, 
was collected by filtration after a 7-day period, and the 
solvent was subsequently removed at 5-day intervals using 
a rotary evaporator maintained at 45°C (Chowdhury et al. 
2020; Abd El Azeem et al. 2023).

Preliminary chemical screening

The crude extracts of Alternanthera philoxeroides (Mart.) 
Griseb. alongside its associated endophytic fungi under-
went a screening process via thin-layer chromatography 
(TLC) for the preliminary elucidation of their chemical 
composition. Separations by TLC were conducted utilizing 
pre-coated silica gel 60, PF254, with a thickness of 0.2 mm 
on aluminium foil (Macherey-Nagel, Germany), employing 
a solvent mixture of 20% ethyl acetate in toluene. Spot 
detection was performed using a UV lamp (Analytik Jena 
US, USA) at 254 and 366 nm, followed by treatment with a 
1% vanillin–sulfuric acid spray and heating at 110°C for 5 
minutes (Mahmud et al. 2020; M. I. H. Khan et al. 2016 ). 

Gas chromatography‑mass spectrometry (GC–MS/MS) 
analysis

GC–MS/MS analyses of the fungal crude extract derived 
from the leaves and stems of Alternanthera philoxeroides 
(Mart.) Griseb were conducted utilizing the Perkin-Elmer 
Clarus 680 system (Perkin-Elmer, Inc., U.S.A.), which is 
equipped with a fused silica column, specifically a capil-
lary column of Elite-5MS variety (30 m in length × 250 μ
m in diameter × 0.25 μm in thickness). Pure helium gas 
(99.99%) served as the carrier gas, maintained at a constant 
flow rate of 1 mL/min. For the purpose of GC–MS/MS 
spectral detection, an electron ionization energy methodol-
ogy was employed, characterized by a high ionization 
energy of 70 eV (electron Volts), with a scanning duration 
of 0.2 s and fragment ranges extending from 40 to 600 m/z. 
An injection volume of 1 μL was utilized (with a split 
ratio of 10:1), while the injector temperature was consis-
tently maintained at 250°C. The temperature of the 
column oven was initially established at 50°C for a dura-
tion of 3 minutes, subsequently increased at a rate of 10°C 

per minute to reach 280°C, followed by a final elevation to 
300°C sustained for 10 minutes. The phytochemical 
constituents present within the test samples were identified 
through a comparative analysis of their retention time (in 
minutes), peak area, peak height, and mass spectral 
patterns against the spectral database of authentic 
compounds cataloged in the National Institute of Standards 
and Technology (NIST) library, employing a minimum 
match quality threshold of 80% as the evaluative criterion 
(Linstrom et al. 1997; Noor et al. 2025). 

Biological activities of fungal crude extracts

Antimicrobial assay

The preliminary antimicrobial activity was assessed using the 
disc diffusion assay. Crude fungal extracts (2 mg) were 
dissolved in 200 μL of dichloromethane (DCM), and 10 μL of 
the resulting solution (corresponding to 100 μg per disc) was 
applied to each agar disc. The antimicrobial screening includ-
ed two Gram-positive bacterial strains, Staphylococcus 
aureus (ATCC 9144) and Bacillus megaterium (ATCC 
13578), and three Gram-negative bacterial strains, Esche-
richia coli (ATCC 11303), Salmonella typhi (ATCC 13311), 
and Pseudomonas aeruginosa (ATCC 27833), all obtained as 
pure cultures from the Institute of Food Science and Technol-
ogy (IFST), BCSIR, Dhaka, Bangladesh. Furthermore, two 
fungal strains, Aspergillus niger (ATCC 1004) and Aspergil-
lus flavus (UCFT 02), were procured from the International 
Centre for Diarrheal Disease Research, Bangladesh (ICD-
DR,B). The growth inhibition zones around the discs were 
measured after incubating bacterial strains for 18 hours at 
37°C and fungal strains for 48 hours at 28°C. The mean 
diameter of the inhibition zones (in mm) for each extract was 
compared with those of the reference standards, the antibac-
terial agent kanamycin (30 µg per disc) and the antifungal 
agent ketoconazole (30 µg per disc). Dichloromethane 
(DCM, 10 µl per disc) was included to evaluate any 
solvent-related effects on microbial growth. (Bauer et al. 
1966, Lini et al. 2020).

Antioxidant activity

The antioxidant activity of the fungal crude extracts was 
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging assay, following the protocol estab-
lished by Brand-Williams et al. (1995). The efficacy of 
each extract was compared with two standard antioxidants, 
ascorbic acid (vitamin C) and butylated hydroxyanisole 
(BHA). Crude extracts (1.6 mg) were dissolved in metha-
nol (400 μL) and serially diluted to generate concentrations 
of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.56, and 0.78 μ
g/mL. A 2 mL aliquot of each extract solution was mixed 

with an equal volume of DPPH solution in methanol (20 μ
g/mL) and incubated in the dark at room temperature for 30 
minutes. Absorbance was measured at 517 nm, and the 
radical scavenging activity (%) was calculated using the 
standard formula. The IC50 value (μg/mL), defined as the 
concentration required to inhibit 50% of DPPH radicals, 
was determined for each extract as a measure of its antioxi-
dant potential (Brand-Williams et al. 1995);

Scavenging activity (%) = [(ABlank – ASample)/ABlank] × 100

Statistical analysis

The half-maximal inhibitory concentration (IC₅₀) for antioxi-
dant activity was determined using logistic regression using 
MS excell. Calculations, graphs, tables, and figures were 
prepared using Microsoft Excel and Office software.

Results and discussion 

Identification of endophytic fungi 

A comprehensive total of six endophytic fungal strains, 
designated as APLE-1, APLE-2, APLE-3, APFE-4, APSE-1, 
and APSE-2, were systematically isolated and purified from 
the botanical specimen Alternanthera philoxeroides (Mart.) 
Griseb. These strains exhibited distinctive colony and micro-
scopic morphological characteristics (refer to Table I and 
Table II) that may facilitate their differentiation. These fungal 
taxa were systematically classified into the genus level based 
on their macroscopic and microscopic morphological charac-
teristics observed in the culture medium (illustrated in Figure 
1-6 A-C). All of the six fungal strains were taxonomically 
classified up to the genus level based on their observable 
morphological traits. Specifically, for the strains APLE-2, 
APSE-1, and APSE-2, the conidiophores were characterized 
as brown, simple, or occasionally branched, with the conidia 
being dark brown; the terminal branched cells bore spores on 
newly developing sympodial growth points, comprising 3 to 
5 cells that were more or less fusiform, typically exhibiting a 
bent or curved morphology, with one or two of the central 
cells enlarged, leading to their identification as Carvularia 
sp. The strain APLE-3 was classified as Colletotrichum sp., 
characterized by acervuli that were either disc-shaped or 
cushion-shaped, possessing a waxy texture, sub-epidermal 
positioning, and typically accompanied by dark spines or 
setae along the periphery or interspersed among the conidio-
phores; the conidiophores were identified as simple and 
elongated, while the conidia were hyaline, unicellular, and 
exhibited ovoid or oblong shapes. The strains APLE-1 was 
denoted as Xylaria sp. as it shows the characteristics of the 
circular, raised, and upper surface of the colony at first white 
and later turned into a brown to black color on PDA media 

and it was reported to develop finger-like stroma on the colony 
surface over time while APLE-4 is named as Diaporthe sp. as it 
displays the following criteria; The colony surface initially appears 
white, later developing a brownish-yellow pigmentation, accom-
panied by the formation of concentric rings with an undulate 
margin (Barnett and Hunter, 1960, Yan et al. 2018; Ramesh, 2014).

The current study elucidated the existence of six distinct 
endophytic fungal isolates from Alternanthera philoxeroides 
(Mart.) Griseb. The identification of these isolates from 
Alternanthera philoxeroides (Mart.) Griseb. was confirmed 
through precise microscopic features, supplemented by 
macroscopic (phenotypic) assessments. This constitutes the 
first documentation of fungal endophytes inhabiting Alter-
nanthera philoxeroides (Mart.) Griseb. sourced from Bangla-
desh. Nevertheless, a limited number of studies regarding the 
diversity of endophytic fungi associated with the same 
species have been previously published. In a particular inves-

tigation, two hundred ninety-five fungal strains were extract-
ed from Alternanthera philoxeroides (Mart.) Griseb. in China 
(CHEN  and WANG 2017). The fungal strain Fusarium 
proliferatum, which is linked to foliar yellowing, was isolat-
ed from Alternanthera philoxeroides in China (Liu et al. 
2018). Among the reported isolates, nine fungal endophytic 
strains, notably Fusarium annulatum and F. solani, were 
delineated from various segments of A. philoxeroides, 
including leaves, roots, and stems from a study in India 
(Biswas and Sarojini, 2024). In an additional investigation 
conducted in southern China, Nimbya alternantherae was 
extracted from Alternanthera philoxeroides (MeiMei, 2002). 
In a study, one hundred sixty-four fungal strains were 
successfully isolated from Alternanthera philoxeroides, 
among which two Curvularia and one Colletotrichum 
species existed (Zhou et al. 2015).  A study reported Clado-
sporium tenuissimum; isolated from Alternanthera philox-
eroides in India (Jayaram et al. 2023).

Preliminary chemical screening

All fungal isolates were chemically profiled using thin-layer 
chromatography (TLC) to detect the presence of secondary 
metabolites. Each extract was analyzed by visual inspection 
under ultraviolet illumination at 254 and 366 nm, followed by 
treatment with vanillin–H₂SO₄ spray reagent for metabolite 
visualization (Table IV and Figure 8). The analysis of the TLC 
spots corresponding to the extracts revealed the presence of 
potentially prospective diverse secondary metabolites, includ-
ing coumarins, isocoumarins, or their derivatives, flavonoids, 
steroids, terpenoids, anthocyanins, anthraquinones, or their 
derivatives (Harbome, 1998; Mahmud et al. 2020).

The analysis of TLC profile data derived from crude extracts 
has elucidated the presence of a variety of metabolites. The 

appearance of several bands on the TLC plate has signified 
the presence of substance classes including anthraquinones, 
naphthoquinones, and anthocyanins (Harbome, 1998; Chow-
dhury et al. 2017; N. Khan et al. 2018; Nasrin et al. 2021 and 
Noor et al. 2024), terpenoids, and steroids (Cohen et al. 2011, 
Ericsson and Ivonne, 2009), as well as flavonoids (Khalil et 
al. 2020), and isocoumarins (Krohn et al. 2004). The 
isolation of potential metabolites can be guided by the TLC 
profiles or characteristic NMR resonance peaks observed in 
the crude extracts. In this study, the different crude extracts 
displayed distinct TLC banding patterns, which may repre-
sent preliminary markers for bioactive metabolites pending 
further investigation.

Gas chromatography-mass spectrometry (GC-MS/MS) 
analysis

GC-MS/MS profiling of Alternanthera philoxeroides 
(Mart.) Griseb. (AP) and its associated endophytic fungal 
extracts—four derived from leaves (APLE-1, APLE-2, 

APLE-3, APLE-4) and two from stems (APSE-1, 
APSE-2)—resulted in the identification of 12, 23, 11, 19, 
17, 20, and 4 compounds, respectively. The distinct 
chromatographic patterns of these extracts are illustrated in 
Figures 9–15. Details of the identified metabolites, includ-
ing retention time, molecular weight, molecular formula, 
and relative peak area, are summarized in Table V. Based on 
the percentage, the most prominent compounds were 
13-Docosenamide, (Z)-acid (1) in the fungal extracts 
APSE-2 (26.40%), n-Hexadecanoic acid (2) in the plant and 
fungal extracts AP (25.26%) and APSE-1 (25.98%), 
APLE-3 (24.91%), APLE-4 (14.56%), APLE-2 (12.76%), 
and APLE-1 (9.36%) respectively, Urs-12-en-28-oic acid, 
3-hydroxy-, methyl ester, (3.beta.)- (3) in the fungal 
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extracts APSE-2 (12.82%), 6-Octadecenoic acid (4)  in 
fungal extracts APSE-1 (12.06%) and APLE-4 (11.91%), 
Bis(2-ethylhexyl) phthalate (5) in APLE-2 (11.7%), Cyto-
chalasin H (6)  in fungal extracts APLE-4 (10.15%) and 
APLE-3 (8.72%), Octadecanoic acid (7) in fungal extracts 
APSE-1 (10.09%), APLE-3 (8.37%), and  APLE-4 (5.22%), 

Griseofulvin (8) in fungal extract  APLE-1 (5.81%),  
Dechlorogriseofulvin (9) in fungal extract APLE-1 (5.55%) 
and Curvulin (10) in fungal extract APLE-2 (5.15%). Figure 
16 illustrates the chemical structures of the principal bioac-
tive compounds derived from plant and fungal sources.

Continued

Fig. 16.  Major bioactive compounds in the medicinal plant Alternanthera philoxeroides (Mart.) Griseb. 
(AP) and its associated endophytic fungi by GC-MS/MS analysis
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.
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GC-MS/MS analysis of the extracts identified diverse 
chemical constituents, including fatty acids (palmitic, 
stearic, and petroselaidic acids) and compounds with 
ester, ketone, amide, carboxyl, and amino functional 
groups. The compounds identified are believed to contrib-
ute significantly to the bioactivity exhibited by the 
extracts. Prior investigations have documented extensive 
pharmacological properties associated with the identified 
compounds. Within the context of this study, the most 
notable metabolite originating from fungal origin was 
identified as 13-Docosenamide, (Z)- (1). Compound 1, 
also called erucamide, has been documented to exhibit 
antioxidant, antimicrobial, cytotoxic, and anti-inflamma-
tory properties (El-Gazzar et al. 2025; Khan et al. 2019, 
Rajalakshmi et al. 2024).  Compound 1 is also identified 
by the fungal isolates APLE-1, APLE-2, APLE-3, 
APLE-4, and APSE-1 in minor quantities based on peak 
percentage area. n-Hexadecanoic acid (2), also known as 
palmitic acid, and contains a carboxyl group, as supported 
by the FT-IR study, and is produced by all crude extracts 
in significant quantities except APSE-2, which produces it 
in minor quantities and is documented to possess antibac-
terial, antifungal, antioxidant, and anti-inflammatory 
properties (Purushothaman et al. 2025; Behiry et al. 2024; 
Ganesan et al. 2024) in previous studies. Compound 3, 
Urs-12-en-28-oic acid, 3-hydroxy-, methyl ester, (3.be-
ta.)-, an ester, confirmed by GC-MS/MS and FTIR is also 
documented previously and shown to have antibacterial 
potential (Abdelaziz et al. 2025, Uthirasamy et al. 2021). 
6-Octadecenoic acid (4), also known as petroselaidic acid, 
which is found in almost all crude extracts based on mini-
mum match factor, except APLE-1, and is reported to 
show COVID-19 inhibitor and antibacterial properties 
(Arundina et al. 2024; Ohtera et al. 2013). The fungal 
extract APLE-2 (10.77%) contains Bis (2-ethylhexyl) 
phthalate (5) in significant quantities, while  APLE-1, 
APLE-3, APSE-1 contain in minor amount and is recorded 
to exhibit antibacterial and larvicidal Potential (Javed et 
al. 2022). Cytochalasin H (6) is found in the fungal 
extracts APLE-3 and APLE-4 that has also been identified 
from the endophytic fungus diaporthe sp., showing 
antibacterial and cytotoxic potential (Swandiny et al. 
2025). All crude extracts but APSE-2 contain the octade-
canoic acid (7), also known as stearic acid, has been found 
to display significant antibacterial activity from endophyt-
ic fungus from a previous report (Manganyi et al. 2019). 
Griseofulvin (8) and Dechlorogriseofulvin (9), antifungal, 
were found in significant amount in APLE-1. Compound 8 
was present at low quantities in APLE-4 and APSE-1, 
which was derived from the endophytic fungus Xylaria sp. 

with notable antifungal effects (Park et al. 2005) and 
compound 9 was minor in APSE-1, which had antifungal 
potential (Zhao et al. 2012). A minor compound curvulin 
(5) has only been identified in  fungal extrat APLE-2 
(5.15%), which has been documented from two endophyt-
ic fungi exhibiting antileishmanial activity (Almeida et al. 
2018). The strong antibacterial and antioxidant nature of 
Curvularia sp. (APLE-2 and APSE-2) might be due to the 
presence of compounds 1, 2, and 5; on the other hand 
strong antibacterial activity of Diaporthe sp. (APLE-4) 
might be related to the compounds 2, 6, and 7. Xyliria sp. 
(APLE-1) and Colletotrichum sp. (APLE-4) revealed 
modest antibacterial activity, which may be attributed to 
the presence of  bioactive constituents 2, 6, and 7. The 
moderate antioxidant property of Curvularia sp. 
(APSE-1) might be due to the existence of compound 2. 

However, further chemical investigations are essential to 
comprehensively characterize the metabolite profiles of 
these extracts. This study focuses on the isolation, identifi-
cation, and evaluation of potential fungal endophytes 
associated with the medicinal plant Alternanthera philox-
eroides (Mart.) Griseb., collected from a locally thriving 
population in Bangladesh. The findings demonstrate that 
fungal endophytes derived from this plant constitute a 
valuable source of bioactive compounds and hold promise 
for fulfilling the growing need for effective therapeutic 
agents.

Biological activities of fungal crude extracts

Antimicrobial assay

The disc diffusion methodology was employed for the 
assessment of antimicrobial activity. The fungal strains 
Curvularia sp. (APSE-1) and Curvularia sp. (APSE-2) 
demonstrated inactivity against all tested bacterial strains 
as well as other fungal strains, as delineated in Table III. 
The strain Xylaria sp. (APLE-1) exhibited mild antimicro-
bial activity against the bacterial strains B. megaterium 
(8.5 mm), S. aureus (9.5 mm), and S. typhi (9.5 mm), while 
no activity was recorded against the remaining bacterial 
and fungal strains. The fungal strain Colletotrichum sp. 
(APLE-3) displayed minimal activity against B. megateri-
um (6.5 mm), P. aeruginosa (7.5 mm), E. coli (7 mm), and 
S. aureus (12 mm). Conversely, the fungal strains Curvu-
laria sp. (APLE-2) and the strain Diaporthe sp. (APLE-4) 
exhibited remarkable antimicrobial efficacy against all 
bacterial strains, with inhibition zones of B. megaterium 
(18.5 mm and 17.5 mm), S. aureus (26 mm and 16.5 mm), 
P. aeruginosa (29.5 mm and 25 mm), E. coli (17.5 mm and 

15.5 mm), and S. typhi (17 mm and 16.5 mm) respectively, 
while no activity was observed against the fungal strains 
(Table III).

Antioxidant activity

The free radical scavenging activity of crude fungal 
extracts was evaluated using the DPPH assay. Among the 
isolated fungal strains, the crude extracts from Curvularia 
sp. (designated APSE-2 and APLE-2) exhibited particular-
ly pronounced scavenging activity, exhibiting IC50 values 
of 42.43 μgml-1 and 47.83 μgml-1, respectively, in compari-
son to the IC50 values of the positive controls, butylated 
hydroxyanisole (BHA) and ascorbic acid, which were 
recorded at 1.23 μgml-1 and 1.62 μgml-1, respectively 
(Figure 7). Furthermore, the crude extracts from Curvularia 
sp. (APSE-1) and Xylaria sp. (APLE-1) demonstrated 
moderate scavenging activity, yielding IC50 values of 62.08 
μgml-1 and 141.84 μgml-1, respectively. Additionally, the 
crude extracts of the Diaporthe sp. (APLE-4) and Colle-
totrichum sp. (APLE-3) exhibited minimal scavenging 
activity, with IC50 values of 234.67 μgml-1 and 317.83 μ
gml-1, respectively. These findings indicate that Curvularia 
sp. recognized as (APLE-2) and (APSE-2) possesses a 
pronounced antioxidant activity, which may warrant its 
consideration as a source of metabolites with antioxidant 
properties potentially effective against various diseases 
induced by free radicals. Antioxidants play a critical role in 
inhibiting or postponing the oxidation of susceptible 
substrates in chain reactions, which is essential for main-
taining optimal health (Mahmud et al. 2020).

The current investigation constitutes the first biological 
assessment of the crude extracts derived from six endo-
phytic fungal species associated with Alternanthera 
philoxeroides in Bangladesh. Among the evaluated 
extracts, the isolate APLE-2, which has been categorized 
as Curvularia sp. at the genus level based on morphologi-
cal analysis, demonstrated the highest potential among all 
tested extracts, exhibiting significant antioxidant efficacy 
and demonstrating an inhibitory effect on the proliferation 
of the five bacterial strains characterized as pathogenic. 
Numerous studies have documented the antibacterial and 
antioxidant properties exhibited by various endophytic 
fungi linked to distinct medicinal flora. Curvularia species 
are known to encompass several heterogeneous groups of 
secondary metabolites, including alkaloids, terpenes, 
polyketides, and quinones, which are associated with 
various biological activities such as anti-cancer, anti-in-
flammatory, antimicrobial, antioxidant, and phytotoxic 

effects (Mehta et al. 2022). For instance, the isolated 
Curvularia sp. from the medicinal plant Rauwolfia macro-
phylla, displayed antibacterial properties against all tested 
bacterial strains, including Pseudomonas agarici, Esche-
richia coli, and Staphylococcus warneri, and exhibited 
antioxidant activity as determined by DPPH and ABTS+ 
scavenging methodologies (Kaaniche et al. 2018) which 
supports our findings. The ethyl acetate extract of Curvu-
laria tsudae, isolated from the perennial herb Cynodon 
dactylon (L.) Pers, exhibited moderate antimicrobial activ-
ity against Enterococcus faecalis, Escherichia coli, Pseu-
domonas fluorescens, and Staphylococcus aureus. Addi-
tionally, cyclic voltammetry analysis of the extract indicat-
ed significant antioxidant potential (Nischitha et al. 2020). 
The crude extract of secondary metabolites from the endo-
phytic fungus Curvularia sp. G6-32, which features (-)-as-
perpentyn as a predominant metabolite, exhibits signifi-
cant antioxidant activity (Polli et al. 2021). The extract 
from Curvularia lunata, identified from the aromatic grass 
Cymbopogon caesius, demonstrated antimicrobial proper-
ties against Staphylococcus aureus, Salmonella typhi, and 
Escherichia coli, exhibiting particularly high activity 
against Staphylococcus aureus (Avinash et al. 2015). 
Colletotrichum gloeosporioides, isolated from the medici-
nal plant Cinnamomum malabatrum, displayed antimicro-
bial activity against both Gram-positive and Gram-nega-
tive bacteria, including Staphylococcus aureus, Bacillus 
subtilis, Streptococcus faecalis, Escherichia coli, Salmo-
nella typhimurium, and Shigella boydii (Packiaraj, 2016). 
Another study reported a novel endophytic fungus, Colle-
totrichum gloeosporioides, isolated from the medicinal 
plant Vitex negundo L., with extracts of C. gloeosporioides 
showed effective antimicrobial activity against bacterial 
strains such as Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa (Arivu-
dainambi et al. 2011). An endophyte; Colletotrichum sp., 
reported from the medicinal plant of Artemisia annua 
exhibited activity against Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas sp. (Lu et al. 2000). The EtOAc 
extract of the  endophytic Fungus Xylaria sp. derived from 
Andrographis paniculata demonstrated antibacterial activ-
ity in a previous report (Suryelita et al. 2021). A study 
reported that Some compounds isolated from endophytic 
fungus Diaporthe sp. were active against diverse 
Gram-negative and Gram-positive bacteria (Sousa et al. 
2016). The endophytic fungus Diaporthe caatingaensis, 
isolated from the medicinal plant Buchanania axillaris, 
exhibited antibacterial activity against all tested bacterial 

strains at low concentrations of 12.5–25 μg/ml in a study 
conducted in India (Dhakshinamoorthy et al. 2021). Five 
fungal endophytes were successfully isolated from the 
medicinal plant Otoba gracilipes (Myristicaceae) and were 
taxonomically assigned to the genera Xylaria and Diaport-
he, and subsequently subjected to screening to elucidate 
the promising potential of these microorganisms for the 
biosynthesis of bioactive secondary metabolites exhibiting 
extensive antibacterial properties (Charria-Girón et al. 
2021). Our research suggests that the results obtained 
substantiate the capacity of Alternanthera philoxeroides to 
offer innovative strategies concerning the worldwide rise 
of antibiotic resistance and the prospective synthesis of 
novel compounds distinct from the antibiotic classes 
currently in use.

Conclusion

This manuscript represents the inaugural report concerning 
the isolation, identification, and initial bioactivity assess-
ment of fungal endophytes pertinent to the medicinal 
species Alternanthera philoxeroides (Mart.) Griseb within 
the geographical context of Bangladesh. The findings 
elucidate that the amphibious weed Alternanthera philox-
eroides (Mart.) Griseb. is a reservoir for numerous endo-
phytic fungi with the potential to synthesize both antimi-
crobial and antioxidant compounds. GC-MS/MS-based 
chemical analysis elucidated the presence of a total of 47 
distinct compounds within the crude extracts derived from 
fungal isolates and their associated hosts. The compounds 
identified, especially the predominant ones, have been 
previously reported to possess diverse pharmacological 
properties, which could explain the bioactivities observed 
in this study. Future studies could focus on the isolation 
and purification of bioactive compounds from these endo-
phytic fungi, potentially providing a significant resource 
for the discovery and development of new pharmacologi-
cal agents.; moreover, the biosynthesis of such compounds 
by fungi may facilitate the biotechnological mass produc-
tion of viable alternative sources for antioxidants, antimi-
crobials, and various therapeutic agents.

Acknowledgment

All authors are grateful to the Pharmaceutical Sciences 
Research Division, BCSIR Laboratories, Dhaka, Bangla-
desh Council of Scientific and Industrial Research for 
providing laboratory facilities.

References  

Abd El Azeem EM, Ghareeb EM and Hussien RHM 
(2023), Effectiveness of ethyl acetate extract from 
Aspergillus flavipes AUMC 11390 culture filtrate 
on biological and physiological performance of the 
spiny bollworm, Earias insulana, (Boisd.) (Lepi-
doptera: Nolidae), Beni-Suef Univ J Basic Appl Sci. 
12(1): https:// doi.org/10. 1186/ s43088- 
023-00390-9

Abdelaziz R, khalek Salem MA El, El-Houseiny W, 
Abdelwarith A A, Younis EM, Mahboub HH, Zayed 
S, Abd El-Wahab RA, Elshafey BA, Davies SJ and 
Selim AO (2025), Utilization of ursolic acid methyl 
ester in the treatment of Streptococcus pyogenes in 
Nile tilapia, concerning physiological, genetic, 
immune-oxidative, stress, and neuro-ethological 
parameters. Aquac Reports.  42: 102776. https://-
doi. org/https:// doi.org/10.1016/ j.aqrep. 
2025.102776

Amin A, Akbar M, Khalil T, Akram W  and Ahmad A (2022), 
Antifungal activity of different organic solvent extract 
parts of alternanthera philoxeroides against some 
pathogenic fungi. Pakistan J Bot. 54(1): 1–8. https:// 
doi.org/ 10.308 48/PJB 2022-1(28)

Arivudainambi USE, Anand TD, Shanmugaiah V, 
Karunakaran C and  Rajendran A (2011), Novel 
bioactive metabolites producing endophytic fungus 
Colletotrichum gloeosporioides against multi-
drug-resistant Staphylococcus aureus. FEMS 
Immunol Med Microbiol. 61(3): 340–345. https://-
doi.org/10.1111/ j.1574-695X.2011.00780.x

Arundina I, Frimayanti N, Surboyo MDC, Budhy TI and 
Iskandar B (2024), 6-Octadecenoic and Oleic Acid 
in Liquid Smoke Rice Husk Showed COVID-19 
Inhibitor Properties. Adv Pharmacol Pharm 
Sci.2024. https://doi.org/10.1155/2024/8105595

Avinash KS, Ashwini HS, Babu HNR and Krishnamurthy 
YL (2015), Antimicrobial Potential of Crude 
Extract of Curvularia lunata, an Endophytic Fungi 
Isolated from Cymbopogon caesius, J Mycol. pp 
1–4. https://doi.org/10.1155/2015/185821

Balunas MJ and Kinghorn AD (2005), Drug discovery 
from medicinal plants. Life Sciences 78(5): 
431–441. https://doi.org/10.1016/ j.lfs.2005.09.012

Barnett HL and Hunter BB (1960), Illustrated Genera of 
Imperfect Fungi.4th Ed. Burgess Publishing Compa-
ny. https://boo ks.goo gle.com/ books ?id= 
0O4J5On k2i4C

Bauer AW, Kirby WM, Sherris JC and Turck M (1966), 
Antibiotic susceptibility testing by a standardized 
single disk method. Am J Clin Pathol. 45(4): 
493–496. https:// doi.org/ 10.1093/AJCP/45.4_ 
TS.493

Behiry S, Abdelwahab EA, Al-Askar AA, Kowalczewski 
P and  Abdelkhalek A (2024), HPLC and GC–MS 
analyses of phytochemical compounds in Haloxy-
lon salicornicum extract: Antibacterial and antifun-
gal activity assessment of phytopathogens. Open 
Chem. 22(1): 20240115. https://doi.org/ 
10.1515/chem-2024-0115

Biswas S and Sarojini S (2024), Fungal endophytic 
species Fusarium annulatum and Fusarium solani : 
Identification, molecular characterization, and 
study of plant growth promotion properties, Plant 
Sci Today. 11(1): 466–472. https://doi.org/10.14719 
/pst.2688

Brand-Williams W, Cuvelier ME and Berset C (1995), 
Use of a free radical method to evaluate antioxidant 
activity, LWT - Food Sci Technol. 28(1): 25–30. 
https://doi.org/10.1016/ S0023-6438 (95)80008-5

Charria-Girón E, Espinosa MC, Zapata-Montoya A, 
Méndez MJ, Caicedo JP, Dávalos AF, Ferro BE, 
Vasco-Palacios AM and  Caicedo NH (2021), Eval-
uation of the Antibacterial Activity of Crude 
Extracts Obtained From Cultivation of Native 
Endophytic Fungi Belonging to a Tropical Montane 
Rainforest in Colombia, Front Microbiol. 12(Sep-
tember). https://doi.org/ 10.3389/ fmicb. 
2021.716523

CHEN Zhi-yi and WANG Xiao-yan LC (2017), Screen 
and identification of pathogenic fungi of Alternan-
thera philoxeroids, J Sains dan Seni ITS.  6(1): 
51–66. http:// repositorio .unan.e du.ni/ 
2 9 8 6 / 1 / 5 6 2 4 . p d f % 0 A h t t p : / / f i s k a l . k e m e n -
k e u . g o . i d / e j o u r n a l % 0 A h t t p : / / d 
x.doi.org/10.1016/j.cirp.2016.06.001%0Ahttp://dx-
. -

doi.org/10.1016/j.powtec.2016.12.055%0Ahttps://
doi.org/10.1016/j.ijfatigue.2019.02.006%0Ahttps:/
/doi.org/10.1

Chowdhury NS, Farjana F and Sohrab MH (2020), Isola-
tion, Identification and Pharmacological Activities 
of Endophytic Fungi from Aponogeton undulatus 
Roxb, Pharmacol & Pharm. 11(12): 350–361. 
https:// doi.org/ 10.4236/ pp.2020. 1112028

Chowdhury NS, Sohrab MH Rana MS, Hasan CM, 
Jamshidi S and Rahman KM (2017), Cytotoxic 
Naphthoquinone and Azaanthraquinone Derivatives 
from an Endophytic Fusarium solani, J Nat Prod. 
80(4): 1173–1177. https://doi.org/10.1021/ acs. 
jnatprod.6b00610

Cohen E, Koch L, Thu KM, Rahamim Y, Aluma Y, Ilan 
M, Yarden O  and  Carmeli S (2011), Novel 
terpenoids of the fungus Aspergillus insuetus isolat-
ed from the Mediterranean sponge Psammocinia sp. 
collected along the coast of Israel. Bioorganic Med 
Chem. 19(22): 6587–6593. https:// doi.org/10.1016/ 
j.bmc.2011.05.045

de Almeida TT, Ribeiro MA dos S, Polonio JC, Garcia FP, 
Nakamura CV, Meurer EC, Sarragiotto MH, Baldoqui 
DC, Azevedo JL and  Pamphile JA (2018), Curvulin 
and spirostaphylotrichins R and U from extracts 
produced by two endophytic Bipolaris sp. associated to 
aquatic macrophytes with antileishmanial activity, Nat 
Prod Res. 32(23): 2783–2790. https://doi.org/10.1080/ 
14786419.2017.1380011

Devi N (2014), Bioactive metabolites from an endophytic 
fungus Penicillium sp. isolated from Centella asiat-
ica, Curr Res Environ Appl Mycol.  4(1): 34–43. 
https:// doi.org/10.5943/ CREAM/4/1/3

Dhakshinamoorthy M, Kilavan Packiam K, Kumar PS 
and Saravanakumar T (2021), Endophytic fungus 
Diaporthe caatingaensis MT192326 from 
Buchanania axillaris: An indicator to produce 
biocontrol agents in plant protection, Environ Res.  
197: 111147. https://doi.org/ 10.1016/j.envres. 
2021.111147

Egamberdieva D, Wirth S, Behrendt U, Ahmad P and 
Berg G (2017), Antimicrobial activity of medicinal 
plants correlates with the proportion of antagonistic 

endophytes, Front Microbiol.  8: 199. https://-
doi.org/10.3389/FMICB.2017.00199

El-Gazzar N, Said L, Al-Otibi FO, AbdelGawwad MR 
and Rabie G (2025), Antimicrobial and cytotoxic 
activities of natural (Z)-13-docosenamide derived 
from Penicillium chrysogenum, Front Cell Infect 
Microbiol. 15: 1–27. https://doi.org/10.3389/f-
cimb.2025.1529104

Ericsson DCB and Ivonne JNR (2009), Sterol composi-
tion of the macromycete fungus Laetiporus sulphu-
reus, Chem Nat Compd. 45(2): 193–196. https://-
doi.org/10.1007/s10600-009-9301-6

Galindo-Solís JM and Fernández FJ (2022), Endophytic 
Fungal Terpenoids: Natural Role and Bioactivities, 
Microorganisms 10(2): 1–22. https://doi.org/ 
10.3390/micro organism s10020339

Ganesan T, Subban M, Christopher Leslee DB, Kuppan-
nan SB and  Seedevi P (2024), Structural character-
ization of n-hexadecanoic acid from the leaves of 
Ipomoea eriocarpa and its antioxidant and antibac-
terial activities. Biomass Convers Biorefinery. 
14(13): 14547–14558. https:// doi.org/10.1007/ 
s13399-022- 03576-w

Gao LL, Fang XT, Zhao S, Hui CX, Huang WW, Gao YQ 
and Gao JM (2024), Naphthoquinone Derivatives 
from the Endophytic Fungus Fusarium solani 
Induce Pancreatic Cancer Cells Apoptosis via 
Targeting EGFR-Mediated PI3K/Akt Pathway, J 
Agric Food Chem.  72(47): 26209–26223. https://-
doi.org/ 10.1021/ acs.jafc.4c08652

Gouda S, Das G, Sen SK, Shin HS and Patra JK (2016), 
Endophytes: A Treasure House of Bioactive Com-
pounds of Medicinal Importance, Front Microbiol, 
p 1538. https:// doi.org/ 10.3389/ 
FMICB.2016.01538

Hannana S, Afroz F, Begum M, Sharmin S, Moni F, 
Akhter S, Sarker A, Rony S and Sohrab M (2020), 
Bioactive potential of endophytic fungi isolated 
from Phyllanthus niruri L. Bangladesh J Sci Ind 
Res. 55(4): 311–318. https://doi.org/10.3329/bj-
sir.v55i4.50964

Harbome JB (1998), Phytochemical methods: a guide to 
modern techniques of plant analysis.3rd Ed. CHAP-
MAN & HALL,London,UK. https://doi.org/ 
10.1016/0305-1978(93)90098-c

Hoque N, Afroz F, Khatun F, Rony SR, Hasan CM, Rana 
MS and Sohrab MH (2022), Physicochemical, Phar-
macokinetic and Cytotoxicity of the Compounds 
Isolated from an Endophyte Fusarium oxysporum: 
In Vitro and In Silico Approaches. Toxins (Basel). 
14(3): 159. https://doi.org/10.3390/toxins14030159

Hoshino T, Terami F, Tkachenko OB, Tojo M and Matsu-
moto N (2010), Mycelial growth of the snow mold 
fungus, Sclerotinia borealis, improved at low water 
potentials: An adaption to frozen environment, 
Mycoscience. 51(2): 98–103. https://doi.org/ 
10.1007/s10267-009-0013-3

Jabeen N, Javaid A and Ahmed E (2022), Antifungal 
Activity and Phytochemical Profile of Chloroform-
soluble Fraction of Datura Metel Fruit. J Anim 
Plant Sci. 32(4): 1085–1091. https://-
doi.org/10.36899/JAPS.2022.4.0512

Javed MR, Salman M, Tariq A, Tawab A, Zahoor MK, 
Naheed S, Shahid M, Ijaz A and Ali H (2022), 
Phthalate from Lactiplantibacillus plantarum, 
Molecules.  27: 7220.

Jayaram S, Biswas S, Philip I, Umesh M and Sarojini S 
(2023), Differential Laccase Production among 
Diverse Fungal Endophytes in Aquatic Plants of 
Hulimavu Lake in Bangalore, India. J Pure Appl 
Microbiol. 17(1): 298–308. https://doi.org/ 
10.22207/JPAM.17.1.19

Jia M, Chen L, Xin HL, Zheng CJ, Rahman K, Han T and 
Qin LP (2016), A friendly relationship between 
endophytic fungi and medicinal plants: A systemat-
ic review. Front Microbiol., 7(JUN). https://-
doi.org/10.3389/FMICB.2016.00906

Kaaniche F, Hamed A, Abdel-Razek AS, Wibberg D, Abdissa 
N, El Euch IZ, Allouche N, Mellouli L, Shaaban M and 
Sewald N (2018), Bioactive secondary metabolites 
from new endophytic fungus Curvularia. Sp isolated 
from Rauwolfia macrophylla. PLoS One. 14(6): 1–12. 
https://doi.org/ 10.1371/jour nal.pone.0217627

Kandel SL, Joubert PM and Doty SL (2017), Bacterial 
endophyte colonization and distribution within 
plants, Microorganisms, 5(4): 77. https://-
doi.org/10.3390/ microorganisms5040077

Khalil DMA, El-Zayat SA and El-Sayed MA (2020), 
Phytochemical screening and antioxidant potential 
of endophytic fungi isolated from hibiscus sabdar-
iffa, J Appl Biotechnol Reports. 7(2): 116–124. 
https://doi.org/10.30491/jabr.2020.109287

Khamphukdee C, Monthakantirat O, Chulikhit Y, Boon-
yarat C, Daodee S, Aon-Im P, Maneenet J, Chotrit-
thirong Y, Luecha P, Sekeroglu N and Kijjoa A 
(2021), Antidementia effects of alternanthera 
philoxeroides in ovariectomized mice supported by 
NMR-based metabolomic analysis, Molecules. 
26(9): https://doi.org/10.3390/molecules26092789

Khamphukdee C, Monthakantirat O, Chulikhit Y, Butta-
chon S, Lee M, Silva AMS, Sekeroglu N and Kijjoa 
A (2018), Chemical constituents and antidepres-
sant-like effects in ovariectomized mice of the 
ethanol extract of alternanthera philoxeroides, 
Molecules.  23(9): 1–18. https://doi.org/ 10.3390/ 
molecules23092202

Khan MIH, Sohrab MH, Rony SR, Tareq FS, Hasan CM 
and Mazid, M. A. (2016). Cytotoxic and antibacte-
rial naphthoquinones from an endophytic fungus, 
Cladosporium sp. Toxicol Reports. 3, 861–865. 
https:// doi.org/ 10.1016/j.toxrep. 2016.10.005

Khan N, Afroz F, Begum MN, Roy RS, Sharmin S, Moni 
F, Mahmood Hasan C, Shaha K and Sohrab MH 
(2018), Endophytic Fusarium solani: A rich source 
of cytotoxic and antimicrobial napthaquinone and 
aza-anthraquinone derivatives, Toxicol Reports. 5: 
970–976. https://doi.org/10.1016/j.tox-
rep.2018.08.016

Khan S, Richa Kaur H and Jhamta R (2019), Evaluation 
of antioxidant potential and phytochemical charac-
terization using GCMS analysis of bioactive 
compounds of Achillea filipendulina (L.) Leaves, J 
Pharmacogn Phytochem.  8(3): 258–265.

Khandker SS, Alam M, Uddin F, Shapla UM, Lubna N, 
Mazumder TA, Marzan M, Mondal M, Khalil MI, 
Karim N, Shakil MS and  Hossen MS (2022), 

Subchronic Toxicity Study of Alternanthera philox-
eroides in Swiss Albino Mice Having Antioxidant 
and Anticoagulant Activities, J Toxicol. 1: 
8152820. https://doi.org/ 10.1155/ 2022/8152820

Khatun F, Zaman F, Mosaiab T, Mostafa F, Zaman M, 
Rehana F, Nasrin D, Jamal F, Nahar N and Rahmat-
ullah M (2012), Evaluation of antinociceptive and 
antihyperglycemic activities in methanol extracts of 
whole plants of Alternanthera philoxeroides 
(Mart.) Griseb. (Amaranthaceae) in mice, Pak J 
Pharm Sci.  25(3): 583–587.

Konappa N, Udayashankar AC, Krishnamurthy S, 
Pradeep CK, Chowdappa S and Jogaiah S (2020), 
GC–MS analysis of phytoconstituents from 
Amomum nilgiricum and molecular docking inter-
actions of bioactive serverogenin acetate with 
target proteins, Sci Rep. 10(1): 1–23. https://-
doi.org/10.1038/s41598-020-73442-0

Krohn K, Sohrab H, Aust HJ, Draeger S and Schulz B 
(2004), Biologically active metabolites from fungi, 
19: New isocoumarins and highly substituted 
benzoic acids from the endophytic fungus, Scytalid-
ium sp. Nat Prod Res. 18(3): 277–285. https://-
doi.org/10.1080/ 14786410310001620637

Li Y, Sheng S, Guo J, Jiang Y, Feng J, Wang Y and Wang 
W (2022), New Cyclic Peptides from the Endophyt-
ic Aspergillus versicolor 0312 with Their Antimi-
crobial Activity, Rec Nat Prod. 16(6): 585–591. 
https://doi.org/ 10.25135/ rnp.315. 2112.2296

Lini IF, Afroz F, Begum N, Rony SR, Sharmin S, Moni F 
and Hossain Sohrab M (2020), Identification and 
bioactive potential of endophytic fungi from marine 
weeds available in the coastal area of Bangladesh. 
Int J Pharm Sci Res. 11(3): 1249–1257. https:// 
doi.org/ 10.13040/ IJPSR.0975-8232.11(3).1249-57

Linstrom PJ and Mallard WG (2001), The NIST Chemis-
try WebBook: A chemical data resource on the 
internet, Journal of Chemical & Engineering Data 
46(5): 1059-1063. https://doi.org/LK  - 
https://worldcat.org/title/37586124

Liu YL, Xie ZH, Lian SW, Luo JQ and Cheng PY (2018), 
First report of Fusarium proliferatum associated 
with leaf yellow on Alternanthera philoxeroides in 
China, Plant Disease 106(6): 1-2.

Lu H, Zou WX, Meng JC, Hu J and Tan RX (2000), New 
bioactive metabolites produced by Colletotrichum 
sp., an endophytic fungus in Artemisia annua, Plant 
Sci. 151(1): 67–73. https://doi.org/ 10.1016/ 
S0168-9452(99)00199-5

Ma S, Ge L, Lu H, Yan J and Yang K (2025), Two unde-
scribed compounds from Aspergillus Niger, an 
endophytic fungus isolated from Camellia flavida, 
Nat Prod Res. 39(15): 4239–4246. https://-
doi.org/10.1080/14786419.2024.2334325

Mahmud SMN, Sohrab MH, Begum MN, Rony SR, 
Sharmin S, Moni F, Akhter S, Mohiuddin AKM and 
Afroz F (2020), Cytotoxicity, antioxidant, antimi-
crobial studies and phytochemical screening of 
endophytic fungi isolated from Justicia gendarus-
sa, Ann Agric Sci. 65(2): 225–232. https://doi.org/ 
10.1016/j.aoas.2020.12.003

Manganyi MC, Regnier T, Tchatchouang CDK, Bezuid-
enhout CC and  Ateba CN (2019), Antibacterial 
activity of endophytic fungi isolated from Scele-
tium tortuosum L. (Kougoed). Ann Microbiol. 
69(6): 659–663. https:// doi.org/ 10.1007/ s13213- 
019-1444-5

Mehta T, Meena M and Nagda A (2022, Bioactive 
compounds of Curvularia species as a source of 
various biological activities and biotechnological 
applications, Front Microbiol  13: 1069095. https:// 
doi.org/10.3389/fmicb.2022.1069095

MeiMei XMX (2002), Pathogenic fungi from the weeds 
in field in Guangdong province. J South China 
Agric Univ. 23(1): 41–44.

Mengistu AA (2020), Endophytes: Colonization, 
Behaviour, and Their Role in Defense Mechanism. 
Int J Microbiol. 1: 1–8. https://doi.org/ 10. 
1155/2020/6927219

Moni F, Saifullah N, Afroz F, Rony SR, Sharmin S, 
Shahinuzzaman A DA, Al-Mansur MA, Al-Reza 
SM and Sohrab MH (2022), Antibacterial and Cyto-
toxic Compounds from Endophyte Fusarium solani 
isolated from Centella asiatica (L.), J Biol Act Prod 
from Nat. 12(5): 436–449. https://doi.org/ 10.1080/ 
22311866. 2022.2144947

Nair DN and Padmavathy S (2014), Impact of endophytic 
microorganisms on plants, environment and 
humans, Sci World J. 1: 250693. https://doi.org/ 
10.1155/ 2014/250693

Nasrin M, Afroz F, Begum MN, Rony SR, Sharmin S, 
Moni F, Rana MS and Sohrab MH (2021), Isolation 
and bioactivity screening of endophytic fungi from 
Commelina diffusa. Indian J Pharm Educ Res. 
55(3): 829–836. https:// doi.org/10. 5530/ijper. 
55.3.156

Nischitha R, Vasanthkumari MM, Kumaraswamy BE. and 
Shivanna MB (2020), Antimicrobial and antioxi-
dant activities and chemical profiling of Curvularia 
tsudae endophytic in Cynodon dactylon (L.). Pers. 
3 Biotech.  10(7): 300. https://doi.org/ 10.1007/ 
s13205-020-02250-0

Nongthombam KS, Mutum SS and Pandey RR (2024), 
Secondary Metabolite Profiling of the Endophytic 
Fungus Trichoderma longibrachiatum L2D2 Isolat-
ed from Anaphalis contorta. Annu Res Rev Biol.  
39(2): 1–15. https:// doi.org/ 10.9734/arrb/2024/ 
v39i230628

Noor S, Begum MN, Rony SR, Chowdhury AA, Sohrab 
MH and  Mazid MA (2025), Bioactivity and chemi-
cal screening of endophytic fungi associated with 
seaweeds Gracilaria sp. and Sargassum sp. of the 
Bay of Bengal, Bangladesh. Sci Rep. 15(1): 16121. 
https:// doi.org/10.1038/s41598-025-00099-y

Noor S, Begum N, Rony SR, Uddin MZ, Sohrab H and 
Mazid A (2024), Bioactivity and chemical screen-
ing of endophytic fungi associated with the 
seaweed Ulva sp. of the Bay of Bengal, Bangladesh. 
Bot Mar.  67(2): 115–129. https://doi.org/ 10.1515/ 
bot-2023-0040

Ohtera A, Miyamae Y, Nakai N, Kawachi A, Kawada K, 
Han J, Isoda H, Neffati M, Akita T, Maejima K, 
Masuda S, Kambe T, Mori N, Irie K and Nagao M 
(2013), Identification of 6-octadecynoic acid from a 
methanol extract of Marrubium vulgare L. as a 
peroxisome proliferator-activated receptor γ 
agonist, Biochem Biophys Res Commun 440(2): 
204–209. https:// doi.org/ 10. 1016/ j.bbrc. 
2013.09.003

Osman ME, Abou-zeid AM, Abu-Saied MA, Ayid MM 
and El-Zawawy NA (2025), Diversity and biopros-
pecting activities of endophytic Fungi associated 
with different Egyptian medicinal plants. Sci Rep 
15: 19494. https:// doi.org/10. 1038/ s41598- 
025-01202-z 

Packiaraj R (2016), Antimicrobial and cytotoxic activi-
ties of endophytic fungus Colletotrichum gloeospo-
rioides isolated from endemic tree Cinnamomum 
malabatrum, Stud Fungi. 1(1): 104–113. https://-
doi.org/10.5943/sif/1/1/10

Pan XY (2007), Invasive Alternanthera philoxeroides: 
biology, ecology and management, Acta Phytotaxon 
Sin. 45(6): 884. https://doi.org/10.1360/aps06134

Park JH, Choi GJ, Lee HB, Kim KM, Jung HS, Lee SW, 
Jang KS. Cho KY and Kim JC (2005), Griseofulvin 
from Xylaria sp. Strain F0010, an endophytic 
fungus of Abies holophylla and its antifungal activi-
ty against plant pathogenic fungi, J Microbiol 
Biotechnol.  15(1): 112–117.

Pavia DL, Lampman GM, Kriz GS and Vyvyan JA (2014), 
Introduction to Spectroscopy [Internet]. Cengage 
Learning;. Available from: https://books.goo-
gle.com.bd/books?id=N-zKAgAAQBAJ

Polli AD, Ribeiro MA. dos S, Garcia A, Polonio JC, 
Santos CM, Silva AA, Orlandelli RC, Castro JC, 
Abreu-Filho BA, Cabral MRP, Sarragiotto MH, 
Pamphile JA and Azevedo JL (2021), Secondary 
metabolites of Curvularia sp. G6-32, an endophyte 
of Sapindus saponaria, with antioxidant and 
anticholinesterasic properties, Nat Prod Res.  
35(21): 4148–4153. https://doi.org/ 10.1080/ 
14786419.2020.1739681

Pulipati S, Babu SP, Sri Devi B, Rama Devi G and Bhanu-
ja M (2015), Pharmacognostic Studies of Alternan-
thera philoxeroides (Mart.) Griseb. ~ 202 ~ J Phar-
macogn Phytochem 4(2): 202–204.

Purushothaman R, Vishnuram G and Ramanathan T (2025), 
Antiinflammatory efficacy of n-Hexadecanoic acid 
from a mangrove plant Excoecaria agallocha L. 
through in silico, in vitro and in vivo, Pharmacol Res - 
Nat Prod. 7: 100203. https://doi.org/https:// doi.org/ 
10.1016/ j.prenap.2025.100203

Rahaman MS, Siraj MA, Sultana S, Seidel V and Islam 
MA (2020), Molecular Phylogenetics and Biologi-
cal Potential of Fungal Endophytes From Plants of 
the Sundarbans Mangrove. Front Microbiol  11: 
570855. https:// doi.org/ 10.3389/ fmicb. 
2020.570855

Rajalakshmi R, Mukeshbabu N, Doss A, Priya RA, 
Kumari Pushpa Rani TP, Pole RPP and Satheesh S 
(2024), Phytochemical screening and in vitro 
anti-inflammatory properties of Jatropha mahesh-
warii Subram. & Nayar – An endemic plant. Phar-
macol Res - Nat Prod. 4: 100058. https://doi.org/ 
https:// doi.org/ 10.1016/ j. prenap .2024.100058

Ramesh V (2014), Optimization of submerged culture 
conditions for mycelial biomass production with 
enhanced antibacterial activity of the medicinal 
macro fungus Xylaria sp. Strain R006 against drug 
resistant bacterial pathogens. Curr Res Environ 
Appl Mycol. 4(1): 88–98. https:// doi.org/10. 
5943/cream/4/1/7

Saha P, Rahman FI, Hussain F, Rahman SMA and 
Rahman MM (2022), Antimicrobial Diterpenes: 
Recent Development From Natural Sources, Front 
Pharmacol 12: 1–35. https://doi.org/ 10.3389/ 
fphar.2021.820312

Sainty G, McCorkelle G and Julien M (1997), Control 
and spread of alligator weed Alternanthera philox-
eroides (Mart.) Griseb., in Australia: lessons for 
other regions, Wetl Ecol Manag. 5(3): 195–201. 
https://doi.org/10.1023/A:1008248921849

Shamly V, Kali A, Srirangaraj S and Umadevi S (2014), 
Comparison of microscopic morphology of fungi 
using lactophenol cotton blue, iodine glycerol and 
Congo red formaldehyde staining. J Clin Diagnos-
tic Res.  8(7): 7–8. https:// doi.org/ 10.7860/JCDR/ 
2014/8521.4535

Sharma A, Malhotra B, Kharkwal H, Kulkarni GT and 
Kaushik, N. (2020). Therapeutic agents from endo-
phytes harbored in Asian medicinal plants, Phyto-
chemistry Reviews 19(3): 691-720. https://doi.org/ 
10.1007/ s11101- 020-09683-8

Sharma H, Rai AK, Dahiya D, Chettri R and Nigam PS 
(2021), Exploring endophytes for in vitro synthesis 
of bioactive compounds similar to metabolites 

produced in vivo by host plants. AIMS Microbiol 7: 
175–199. AIMS Press. https:// doi.org/ 10.3934/ 
MICROBIOL.2021012

Sibanda EP (2017), Fungal endophytes: isolation, identi-
fication and assessment of bioactive potential of 
their natural products.

Sousa JPB, Aguilar-Pérez MM, Arnold AE, Rios N, Coley 
PD, Kursar TA and Cubilla-Rios L (2016), Chemi-
cal constituents and their antibacterial activity from 
the tropical endophytic fungus Diaporthe sp. 
F2934, J Appl Microbiol 120(6): 1501–1508. 
https:// doi.org/ 10.1111/jam.13132

Sowjanya Pulipati and Puttagunta Srinivasa Babu (2020), 
In-vitro antibacterial potential of alternanthera 
philoxeroides (mart) griseb against multi-drug 
resistant uropathogens. Int J Pharm Sci Res. 11(8): 
3834–3840. https://doi.org/10.13040/IJPSR.0975-8 
232.11(8).3834-40

Sunmathi DRS (2016), Phytochemical Screening and 
Antimicrobial Activity of Ethanolic Leaf Extract of 
Alternanthera Sessilis ( L .) R . Br . Ex Dc and 
Alternanthera Philoxeroides ( Mart .) Griseb. Eur J 
Pharm Med Res. 3(3): 409–412. https://-
doi.org/10.131 40/RG.2.2.33481.19043

Sunmathi D, Sivakumar R and Ravikumar K (2016), In 
vitro anti-inflammatory and antiarthritic activity of 
ethanolic leaf extract of Alternanthera sessilis (L.) 
R. BR. ex DC and Alternanthera philoxeroides 
(Mart.) Griseb. Int J Adv Pharmacy, Biol Chem.  
5(2): 109–115. www.ijapbc.com

Suryelita S, Riga R, Etika SB, Ulfah M and Artasasta MA 
(2021), Antibacterial Screening of Endophytic 
Fungus Xylaria sp. derived from Andrographis 
paniculata (Sambiloto), Open Access Maced J Med 
Sci. 9(A): 971–975. https://doi.org/10.3889/oam-
jms.2021.7475

Swandiny GF, Filaila E, Priyanto JA, Lotulung PDN, 
Permatasari V, Okselni T, Prastya ME, Yuliani T, Hary-
adi W, Darmawan A and Primahana G (2025), Potent 
antibacterial and cytotoxic bioactive compounds from 
endophytic fungi Diaporthe sp. associated with Salacia 
intermedia. Arch Microbiol  207(2): 40. https://-
doi.org/10.1007/ s00203-025-04236-z

Uthirasamy S, Chitra T, Murugan A, Manjula G, Arul-
manickam P, Kavitha T and Thinakaran M (2021), 
Determining the Bioactive Constituents in Calotro-
pis gigantea Leaves by GC-MS, HPLC and FTIR 
Techniques. New Visions Biol Sci. 1. 4(1): 1–11. 
https:// doi.org/ 10.9734/bpi/nvbs/v1/1788c

Wilson D (1995), Endophyte: The Evolution of a Term, 
and Clarification of Its Use and Definition. Oikos 
73(2): 274. https://doi.org/10.2307/3545919

Xu, K., Wei, X. L., Xue, L., Zhang, Z. F., & Zhang, P. 
(2020). Antimicrobial meroterpenoids and erythri-
tol derivatives isolated from the marine-algal-de-
rived endophytic fungus Penicillium chrysogenum 
XNM-12, Marine drugs 18(11): 578. https://-
doi.org/10.3 390/md18110578

Yan DH, Song X, Li H, Luo T, Dou G and Strobel G 
(2018), Antifungal activities of volatile secondary 
metabolites of four diaporthe strains isolated from 
catharanthus roseus, J Fungi. 4(2): https://-
doi.org/10.3390/jof4020065

Yi J, Zhang Y, Wang X, Wang C, Sun C, Wu J and Wu Y 
(2024), Isolation and biological activities of chemi-
cal constituents from Aspergillus niger, Phytochem 
Lett.  60: 159–162. https://doi.org/https://-
doi.org/10.1016/j.phytol.2024.02.002

Zhang SM, He YS, Tabba HD and Smith KM (1988), 
Inhibitor against the human immunodeficiency 
virus in aqueous extracts of  Alternanthera philox-
eroides, Chin Med J (Engl). 101(11): 861–866.

Zhang X, Li P, Guo S, Wang S and Liu D (2018), Quanti-
tation of β-carboline and quercetin in alligator weed 
(Alternanthera philoxeroides (Mart.) Griseb.) by 
LC-MS/MS and evaluation of cardioprotective 
effects of the methanol extracts, Drug Discov Ther.  
12(6): 341–346. https://doi.org /10.5582/ddt.20 
18.01070

Zhao JH, Zhang YL, Wang LW, Wang JY and Zhang CL 
(2012), Bioactive secondary metabolites from 
Nigrospora sp. LLGLM003, an endophytic fungus 
of the medicinal plant Moringa oleifera Lam, World 
J Microbiol Biotechnol 28(5): 2107–2112. https://-
doi.org/ 10.1007/s11274-012-1015-4

Zhou WN, White JF, Soares MA, Torres MS, Zhou ZP and Li 
HY (2015), Diversity of fungi associated with plants 
growing in geothermal ecosystems and evaluation of 
their capacities to enhance thermotolerance of host 
plants, J Plant Interact. 10(1): 305–314. https://doi.org/ 
10.1080/17429145.2015.1101495

Zhu CY, Luo Q, Zhang ZW, Li YP, Han D and Yan YM 
(2024), Discovery of metabolite from the insect-de-
rived endophytic Penicillium chrysogenum and 
their COX-2 inhibitory activity, Fitoterapia. 179: 
106238. https://doi. org/https:/ /doi.org/ 1 0.1016/ 
j.fitote.2024.106238 


