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Abstract
Background  Fungal endophytes produce various structurally and chemically diverse bioactive secondary 
metabolites including those that are similar to their host plants. However, fungal endophytes from South African 
medicinal plants are relatively under-explored. The medicinal plant, Kirkia acuminata Oliv., is on the decline in the 
natural environment due to overharvesting. This necessitates the search for novel alternatives to sustainably obtain 
the plant’s bioactive metabolites. Thus, fungal endophytes may serve as suitable candidates as they can produce host-
similar bioactive compounds.

Results  Eighteen morphologically distinct fungal endophytes were isolated from the surface-sterilised stems of K. 
acuminata Oliv. Sequencing of the internal transcribed spacer (ITS) region revealed that the isolates were distributed 
among three genera, namely Diaporthe, Neofusicoccum and Pseudofusicoccum. The broth micro-dilution assay showed 
that 17 of the 18 ethyl acetate crude extracts exhibited inhibitory activity with minimum inhibitory concentration 
(MIC) values ranging from 0.31 to 2.5 mg/mL and 1.25 to 2.5 mg/mL against bacterial pathogens and Candida 
albicans, respectively. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay revealed that 
most of the crude extracts had dose-dependent cytotoxicity against non-cancerous human embryonic kidney 
(HEK-293) cells, with the crude extracts of the N. parvum KaS-3, D. macadamiae KaS-4, P. olivaceum KaS-5 and D. 
neotheicola KaS-6 isolates demonstrating safety against the non-cancerous cells. The alamarBlue assay revealed that 
the four non-cytotoxic crude extracts had moderate anticancer activity against cervical cancer ME-180 and melanoma 
A375 cancerous cell lines. Moreover, mycochemical analysis of the non-cytotoxic crude extracts using colourimetric 
quantification methods revealed that the observed cytotoxic effect could be attributed to the high total phenolic 
content in the crude extracts.

Conclusion  The study highlights that the fungal endophytes inhabiting the stems of K. acuminata Oliv. produce 
secondary metabolites that may serve as leads for novel antimicrobial and non-toxic anticancer agents.
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Introduction
Antimicrobial resistance presents a significant global 
health concern due to the rise in antimicrobial resistant 
(AMR) pathogens. This exacerbates the spread of micro-
bial infections and the subsequent rise in deaths associ-
ated with microbial infections [1]. This is due to the fact 
that AMR pathogens can survive and proliferate, leading 
to treatment failures and prolonged disease occurrence, 
which is associated with increased hospital stays, health-
related financial burdens and ultimately, death [2]. Infec-
tions by AMR pathogens are difficult to treat and require 
expensive antimicrobials, which often have adverse side 
effects. Moreover, microbial infections induce inflamma-
tion, which has been linked with the development and 
progression of cancer [3]. As such, prolonged infections 
with AMR pathogens may result in chronic inflammation 
and ultimately increase the risk of cancer development 
[4]. A study by Shrestha et al. [5]. found that bacterial 
genotoxins, such as colibactin, produced during bacte-
rial prostatitis can trigger inflammation and cause DNA 
damage. This process contributes to the formation of 
precancerous lesions and oncogenic gene fusions, ulti-
mately promoting the early stages of prostate cancer 
development.

Cancer is regarded as a great cause for concern as it 
is estimated that it will globally affect approximately 
32.6 million people and cause about 16.9 million fatalities 
by 2045 [6]. The rapidly increasing incidences of cancer 
are concerning, particularly since most of the conven-
tional therapeutic drugs in use lack efficacy, selectivity 
and safety [7]. Additionally, the conventional treatment 
of cancer through antibiotic-assisted therapies is affected 
by infections with AMR pathogens as they minimise the 
efficacy of the anticancer therapeutics, further compro-
mising cancer patients and leading to increased mortal-
ity and morbidity rates [8]. The fact that infections by 
AMR pathogens not only lead to treatment failures but 
may also lead to the propagation of cancer warrants the 
search for novel drug candidates that are highly effective 
against AMR pathogens and possess anticancer activity 
with minimal and/or no side effects.

Medicinal plants and their natural products have been 
extensively used to treat various ailments, including 
microbial infections and cancer [9]. The perception that 
plant-derived products possess little to no side effects 
has resulted in the increased consumer demand for these 
natural remedies with plant-derived natural products 
accounting for an estimated $165.66  billion in global 
medicine revenues [10, 11]. While medicinal plants may 
present a solution to the AMR crisis and associated 

ailments, the increased demand for plant-based medi-
cine presents a potential threat of extinction for medici-
nal plants due to overharvesting and habitat destruction 
[12]. Additionally, factors such as slow growth, low lev-
els and inconsistent production of bioactive secondary 
metabolites limit the use of medicinal plants as sustain-
able sources of bioactive compounds [13]. Accordingly, 
this necessitates the search for sustainable alternatives to 
produce plant-derived secondary metabolites. Interest-
ingly, medicinal plants harbour fungal endophytes that 
can produce various secondary metabolites, including 
those that are the same or similar to the plant host [14]. 
Microbial secondary metabolites have showed increasing 
promise as novel agents for applications in pharmaceuti-
cal, agricultural and industrial fields [15]. Moreover, due 
to concerns over the severe toxicity of synthetic thera-
peutic agents, the search for novel antimicrobial and 
anticancer drugs has primarily focused on natural thera-
peutic agents [16]. Thus, fungal endophytes of medicinal 
plants represent a promising new source of therapeu-
tic secondary metabolites for novel drug leads and may 
serve as alternative sources of natural products, which 
could assist in conserving the diminishing medicinal 
plant population.

Fungal endophytes are fungi that colonise and inhabit 
the internal tissues of healthy plants without causing any 
disease symptoms [17]. The potential of fungal endo-
phytes as reservoirs of important bioactive compounds 
was highlighted by the discovery of Taxomyces andre-
anae, isolated from the plant, Taxus brevifolia, which 
produced the anticancer compound, Taxol [18]. Since 
then, fungal endophytes have been shown to produce 
secondary metabolites with various bioactivities, includ-
ing antimicrobial, antioxidant, immunosuppressive, anti-
cancer and anti-inflammatory activities [19]. This led to 
the discovery of several promising antimicrobial drugs, 
such as clavatol, sordaricin and jeserone, as well as prom-
inent anticancer drugs, such as podophyllotoxin, vincris-
tine and camptothecin [20, 21]. Interestingly, Zhang et al. 
[22]. reported that the endophytic fungal strain Aspergil-
lus ochraceus XZC-1 produced secondary metabolites 
with significant antimicrobial activity, which selectively 
inhibited human lung carcinoma A549 and hepatoma 
HepG2 cancerous cell lines. Similarly, Mohamed and 
Alati [23] reported that 19 fungal endophytes from four 
Sudanese medicinal plants possessed antimicrobial activ-
ity against clinical pathogens, namely Aspergillus niger, 
Bacillus subtilus, Candida albicans, Escherichia coli, 
Salmonella typhi and Staphylococcus aureus. Addition-
ally, the authors reported that an unidentified isolate 

Keywords  Antimicrobial resistance, Crude extracts, Cytotoxicity, Mycochemicals, Secondary metabolites, South 
African medicinal plants



Page 3 of 17Magagula et al. BMC Microbiology          (2025) 25:343 

produced trace amounts of Taxol, which had no cyto-
toxicity against the non-cancerous Vero cell line. These 
discoveries further elucidated the potential of fungal 
endophytes as alternatives for the sustainable production 
of novel therapeutic agents. However, there is a lack of 
knowledge on the bioactivity of fungal endophytes asso-
ciated with the wide biodiversity of South African medic-
inal plants [24].

The medicinal plant, Kirkia acuminata Oliv., belong-
ing to the Kirkiaceae family grows seasonally in the dry 
tropical areas of various Sub-Saharan African countries, 
including Angola, Botswana, Malawi, Namibia, South 
Africa and Zimbabwe, and is widely used by various com-
munities in these regions as a primary means of treating 
numerous ailments [25]. The bark, roots and fruits are 
commonly used to treat toothaches, diarrhoea, malaria, 
cholera, dysentery and for wound healing [25]. Mon-
galo and Makhafola [26] noted the progressive decline 
of K. acuminata Oliv. in the natural environment in the 
Limpopo province of South Africa due to excessive har-
vesting by ethnomedicinal practitioners which is further 
exacerbated by the lack of replanting [27]. Owing to the 
decreasing availability of K. acuminata Oliv., there is a 
need to investigate the endophytic fungi associated with 
the plant for their therapeutic potential. The aim of this 
study was to isolate fungal endophytes from the stems 
of K. acuminata Oliv. and investigate the antimicrobial 
and anticancer potential of the fungal endophytes crude 
extracts as well as the cytotoxicity of the crude extracts 
on non-cancerous cells to assess whether the fungal 
endophytes of K. acuminata Oliv. can serve as alterna-
tive sources for secondary metabolites with therapeutic 
potential.

Materials and methods
Plant collection and isolation of endophytic fungi
Healthy, symptom-free scaffold branches of the stems 
of K. acuminata Oliv. were collected at the Lowveld 
National Botanical Garden (25°26′40″S, 30°57′58″E) in 
Nelspruit, Mpumalanga, South Africa with the assistance 
of the staff at the botanical garden and care was taken to 
avoid damaging the whole plant. The plant material was 
collected from randomly selected mature adult trees 
that were approximately 5 m from each other in March 
2021. The plant material was packaged in clean plastic 
bags and transported to the University of Limpopo in 
a cooler box. The plant material was submitted to the 
Larry Leach Herbarium at the University of Limpopo 
to generate a voucher specimen (UNIN 1220027). The 
stems were washed under running tap water for 4 min to 
remove debris. The stems were then surface sterilised as 
described by Abdalla et al. [28]with minor modifications. 
Briefly, they were sterilised in series with 70% ethanol for 
1 min, followed by 2.5% sodium hypochlorite for 4 min 

and then 70% ethanol for 30 s. Thereafter, the stems were 
rinsed three times with sterile distilled water for 1 min to 
remove residual sterilant. The surface sterilised samples 
were cut aseptically into 5 mm × 5 mm segments, which 
were further cut open to expose the inner layers of the 
stems, and placed in Petri dishes containing potato dex-
trose agar (PDA; Neogen, South Africa) supplemented 
with 30  µg/L chloramphenicol (Merck, South Africa) 
to prevent bacterial growth. Additionally, 100 µL of the 
final rinse water was inoculated on antibiotic-free PDA 
to assess the effectiveness of surface sterilisation. The 
plates were incubated at 28  °C until fungal growth was 
observed. Hyphal tips of newly growing endophytic fungi 
were continuously sub-cultured on antibiotic-free PDA to 
obtain pure isolates. The pure cultures were kept at 4 °C 
until further assessment. The isolates were also preserved 
at −80 °C in a potato dextrose broth (PDB; Neogen, South 
Africa)-glycerol solution (20 mL glycerol, 4.8 g PDB and 
180 mL distilled water).

Morphological and molecular identification of endophytic 
fungi
Macromorphological characteristics such as colony 
shape, texture and pigmentation were used to distin-
guish the endophytic fungal isolates [29]. The isolates 
were then assigned codes: KaS-1 up to KaS-19. Thereaf-
ter, the nucleotide sequence of the internal transcribed 
spacer (ITS) region was sequenced to identify individual 
endophytic fungal isolates at Inqaba Biotechnical Indus-
tries (Pty) Ltd, South Africa. To do this, the Quick-DNA™ 
Fungal/Bacterial Miniprep Kit (Zymo Research, Cata-
logue No. D6005) was used to extract genomic DNA 
from the cultures. Polymerase chain reaction (PCR) was 
performed to amplify the ITS1-5.8S Rrna-ITS2 region 
using primers ITS1 (5’-​T​C​C​G​T​A​G​G​T​G​A​A​C​C​T​G​C​G​
G-3’) and ITS4 (5’-​T​C​C​T​C​C​G​C​T​T​A​T​T​G​A​T​A​T​G​C-3’) 
by the protocol described by White et al. [30], with PCR 
amplification based on the following conditions: 94  °C 
for 5 min, followed by 35 cycles of 94 °C for 30 s, 50 °C 
for 30 s, 68  °C for 1 min and lastly a final step of 68  °C 
for 10 min. The integrity of the PCR amplicons was visu-
alised on a 1% (w/v) agarose gel (CSL-AG500, Cleaver 
Scientific Ltd) stained with EZ–vision® Bluelight DNA 
Dye. The NEB Fast Ladder was used on all gels (N3238) 
as a size standard. Fragments were then enzymatically 
purified using the ExoSAP procedure (NEB M0293L; 
NEB M0371). Subsequently, amplicons were purified for 
sequencing using a DNA sequencing kit (Zymo Research, 
ZR-96 DNA Sequencing Clean-up Kit™, Catalogue No. 
D4050) and sequenced in the forward and reverse direc-
tion (Nimagen, BrilliantDye™ Terminator Cycle Sequenc-
ing Kit V3.1, BRD3-100/1000) using the ABI 3730 XL 
Genetic Analyzer (Applied Biosystems, Thermo Fisher 
Scientific). Following this, FinchTV (​h​t​t​p​​s​:​/​​/​f​i​n​​c​h​​t​v​.​​s​o​f​​t​

https://finchtv.software.informer.com/1.4/
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w​a​r​​e​.​​i​n​f​o​r​m​e​r​.​c​o​m​/​1​.​4​/) was used to view the raw chro-
matogram files (.abi) and CLC Bio Main Workbench 
was used to assemble the forward and reverse sequenc-
ing reads to form a consensus sequence for each sam-
ple. Thereafter, the basic local alignment search tool 
(BLAST) algorithm was used to find sequences similar 
to those obtained from fungal isolates. Hence, BLASTn 
analysis (with default parameters) [31] was performed 
on the National Center for Biotechnology Information 
(NCBI) website (​h​t​t​p​​s​:​/​​/​b​l​a​​s​t​​.​n​c​​b​i​.​​n​l​m​.​​n​i​​h​.​g​o​v​/​B​l​a​s​t​.​c​g​i) 
to determine if a sequence in the database matches the 
query sequence above a certain threshold (99% query 
coverage: 98% identity). The sequences of the isolates 
were deposited in the NCBI GenBank with accession 
numbers PQ867536 to PQ867553.

Fermentation of isolates and extraction of secondary 
metabolites
To produce secondary metabolites, five mycelial plugs 
(5  mm diameter) of 7-day-old actively growing PDA-
grown fungal endophyte cultures were inoculated into 
500 mL Erlenmeyer’s flasks containing 200 mL potato 
dextrose broth (PDB; Neogen, South Africa). The flasks 
were then incubated for 21 days at 25  °C under station-
ary conditions [32]. Following incubation, the fermented 
broths were filtered using the Whatman no. 1 filter paper 
(Merck, South Africa) to remove fungal biomass. To 
extract secondary metabolites, the filtrates were mixed 
with equal volumes of ethyl acetate, shaken for 15  min 
and left for 8  h in a separation funnel to separate the 
organic layer from the aqueous layer [33]. The aqueous 
layer was collected and the extraction was repeated two 
more times. The organic solvent layer, of each isolate, 
containing the extracted secondary metabolites was 
pooled into a 500 mL round-bottom flask and the ethyl 
acetate was evaporated using a vacuum rotary evapora-
tor at 45  °C. Thereafter, the dry crude extracts were re-
suspended in dimethyl sulfoxide (DMSO; Sigma-Aldrich, 
South Africa) to a concentration of 10 mg/mL and stored 
at 4  °C in the refrigerator before the biological activities 
and mycochemical composition were analysed.

Antimicrobial activity of the crude extracts
Test organisms
The antimicrobial activity of the crude extracts was tested 
against clinically significant microorganisms; namely the 
Gram-positive Staphylococcus aureus (ATCC 25923) and 
Enterococcus faecalis (ATCC 29212), the Gram-negative 
Escherichia coli (ATCC 25922) and Pseudomonas aerugi-
nosa (ATCC 15422) as well as the yeast Candida albicans 
(ATCC 10231). The strains are common causes of human 
infections and are essential for antimicrobial testing as 
they serve as model organisms for both bacterial and fun-
gal pathogens [34]. For inoculum preparation, bacterial 

strains were plated on nutrient agar (Condalab, South 
Africa) and incubated for 24 h at 37  °C whilst the yeast 
strain was cultured on Sabouraud agar (Neogen, South 
Africa) for 48 h at 37 °C.

Antimicrobial screening
The minimum inhibitory concentration (MIC) of crude 
extracts was determined using the broth micro-dilution 
method described by Eloff [35] with p-iodonitrotetra-
zolium chloride (INT; Merck, South Africa) as a growth 
indicator. The bacterial test microorganisms were sus-
pended in nutrient broth (Condalab, South Africa) and 
the yeast strain was suspended in Sabouraud dextrose 
broth (Condalab, South Africa). The optical density 
(OD) of the suspensions was measured and the turbidity 
was adjusted to an optical density at 625  nm (OD625nm) 
of 0.08–0.1 to match a 0.5 McFarland standard. The 
10  mg/mL crude extracts (100 µL) were serially diluted 
with 100 µL of respective growth media in 96-well 
microtiter plates to achieve a concentration gradient of 
0.02–2.5 mg/mL. Thereafter, 100 µL of the prepared test 
cultures were added separately. Following this, the micro-
plates were covered and incubated for 24 h at 37  °C for 
the bacterial cultures and 48 h at 37 °C for the yeast cul-
ture. After incubation, INT previously dissolved in ster-
ile distilled water to a concentration of 0.2  mg/mL was 
added to the wells at 40 µL. The bacterial culture plates 
were then incubated for 40 min, whereas the yeast plates 
were incubated for 4  h. The incubation periods allowed 
for optimal colour development in the wells owing 
to the reduction of the INT by viable cells. The MIC 
was recorded as the lowest concentration of the crude 
extracts at which no colour change was observed. The 
assay was conducted in triplicate using biological repli-
cates. Chloramphenicol and Amphotericin B were used 
as positive controls for bacteria and the yeast, respec-
tively, while untreated wells and DMSO were separately 
regarded as negative controls.

Cytotoxicity of endophytic fungal ethyl acetate crude 
extracts
The non-cancerous embryonic human kidney (HEK-
293; ATCC#: CCL-81) cells were used to test the safety 
and cytotoxicity of the endophytic fungal crude extracts 
using the 3-(4,5–dimethylthiazol–2-yl)-2,5-diphenyltet-
razolium bromide assay (MTT) [ThermoFischer, United 
States of America (USA)]. The HEK-293 cells were cul-
tured and maintained in accordance with the ATCC’s 
instructions in Dulbecco’s modification of eagle medium 
(DMEM) (Hyclone, USA) supplemented with 10% foetal 
bovine serum (FBS) (Hyclone, USA), 2mM L-glutamine 
(Hyclone, USA) and 1 x PSN (50 µg/mL penicillin, 50 µg/
mL streptomycin and 100  µg/mL neomycin) (Biowest, 
USA). Thereafter, the cells were seeded into a 96-well 

https://finchtv.software.informer.com/1.4/
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microtiter plate at 1 × 106 cell mL− 1 in DMEM, followed 
by incubation for 24 h at 37 °C, 5% CO2 and 95% humid-
ity. The endophytic fungal ethyl acetate crude extracts 
were then added to each well at doses ranging from 15 to 
1000 µg/mL and incubated for 24 h in a CO2 incubator. 
Following this, 10 µL of a 5 mg/mL MTT solution (Ther-
moFischer Scientific, USA) was added to each well and 
the plates were incubated for an additional three hours. 
DMSO (100 µL) was used to dissolve the formazan crys-
tals. The absorbance was then measured at 570 nm using 
a Glo-max multiplex (Promega, USA) microplate reader. 
The assay was conducted in triplicate using biologi-
cal replicates. Curcumin was used as a positive control, 
whereas DMSO and untreated cells were considered neg-
ative controls. The concentration of the crude extract that 
inhibited more than 50% viability of the cells was labelled 
as the inhibitory concentration 50 (IC50). The viability 
of the cells was calculated by the equation as previously 
reported by Makgoo et al. [36]:

	
Cell viability (%) = Absorbance of treated cells

Absorbance of untreated
control cells

× 100

Anticancer activity of the crude extracts
The anticancer activity of the crude extracts display-
ing no cytotoxicity against the non-cancerous HEK-293 
cells was tested against melanoma A375 and cervical 
cancer ME-180 cell lines using the alamarBlue assay, fol-
lowing a protocol previously published by Hamid et al. 
[37]. The density of the cancerous cells was determined 
with trypan blue exclusion assay by adding 1:1 cell to 
1x trypan blue dye onto a countess slide and a count-
ess 3 FL automated cell counter (ThermoFischer Sci-
entific, USA), which was used to count viable vs. dead 
cells. Thereafter, cells were seeded at a density of 1 × 106 
cells/mL in a 96 well plate containing complete media 
(DMEM + PSN + FBS) and allowed to grow to 90% conflu-
ence at 37 °C, 5% CO2 and 95% humidity for 24 h. After 
incubation, the medium was discarded and cells were 
treated with varying concentrations of the crude extracts 
(1, 2 and 6 µg/mL) diluted with DMEM. The plates were 
then incubated at 37  °C, 5% CO2 and 95% humidity for 
24  h. After incubation, a stock solution of the alamar-
Blue reagent (ThermoFischer Scientific, USA) diluted 1:1 
with assay medium was added at 20 µL/well to achieve a 
final concentration of 10% alamarBlue reagent in the test 
plates. The total volume of solution in the plates became 
220 µL per well. Plates were then incubated and fluores-
cence was measured after 5 h with a Glo-max multiplex 
(Promega, USA) microplate reader at excitation/emis-
sion = 570/585 nm with an appropriate filter. The assay 
was conducted in triplicate using biological replicates. 
Curcumin was used as a positive control, while DMSO 

and untreated cells were considered negative controls. 
The percent viability was calculated by the equation as 
previously reported by Sharma et al. [38]: 

	
Cell viability (%) = Fluorescence counts of treated cells

Fluorescence counts of
untreated control cells

× 100

Mycochemical analysis of the crude extracts
The mycochemical composition of the non-cytotoxic 
crude extracts was carried out following the procedures 
detailed by Matotoka et al. [39]. The crude extracts were 
assessed for the presence of phenols, tannins and flavo-
noids. All analyses were performed in triplicates.

Total phenolic content
The fungal endophyte crude extracts were assessed for 
total phenol content (TPC) using a modified Folin-Cio-
calteu reagent method by Matotoka et al. [39]. Firstly, 10 
µL of the 10 mg/mL crude extracts was diluted with 490 
µL of distilled water and mixed with 0.25 mL of the Folin-
Ciocalteu reagent (Merck, South Africa) in a test tube. 
Following this, 1.25 mL aqueous sodium carbonate (7%) 
was added and the mixture was incubated for 30 min in 
the dark at 25  °C. The absorbance of the samples and a 
similarly prepared blank were measured at 725 nm. Vary-
ing concentrations of gallic acid (0.08–1.25  mg/mL) 
were used to construct a standard curve. The TPC was 
expressed in milligrams of gallic acid equivalent (GAE) 
per gram of crude extract. The regression equation 
(y = 0.6814x + 0.0057 with R2 = 0.9983) was used to esti-
mate the TPC content of the crude extracts.

Total tannin content
The total tannin content (TTC) of the crude extracts 
was assessed using the Folin-Ciocalteu reagent method 
described by Matotoka et al. [39]. To begin, 100 µL of 
10 mg/mL crude extract was diluted with 7.5 mL of dis-
tilled water, mixed with 0.5 mL of the Folin-Ciocalteu 
reagent (Merck, South Africa) in a test tube and then 
carefully mixed using a vortex. Following this, 10 mL of 
a 35% sodium carbonate solution was added to the mix-
ture and the mixture was transferred to a 10 mL volu-
metric flask and the volume was brought to 10 mL using 
distilled water. Following mixing, the mixture was incu-
bated at 25 °C for 30 min in the dark. A set of reference 
standard solutions of tannic acid ranging from 0.625 to 
1  mg/mL were similarly prepared as described earlier. 
The absorbance was measured at 725  nm and the TTC 
was expressed in milligrams of tannic acid equivalent 
(TAE) per gram of crude extract. The regression equation 
(y = 3.8869x − 0.023 with R2 = 0.993) was used to estimate 
the TTC content of the crude extracts.
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Total flavonoid content
The total flavonoid content (TFC) of the crude extracts 
was assessed using the aluminium chloride colourimet-
ric method described by Matotoka et al. [39]. Firstly, 100 
µL of the 10 mg/mL crude extracts were mixed with 4.9 
mL of distilled water in a test tube. Thereafter, 300 µL of 
5% sodium nitrite dissolved in distilled water was added 
to the mixture and incubated at 25  °C for 5  min. After 
incubation, 300 µL of 10% aluminium chloride solution 
prepared by dissolving in distilled water was added to 
the mixture. The reaction was allowed to continue for 
5 min before 2 mL of 1 M sodium hydroxide was added. 
Varying concentrations of quercetin ranging from 0.016 
to 0.125  mg/mL were used to construct a standard 
curve. The absorbance was measured at 510  nm and 
TFC was expressed in milligrams quercetin equivalent 
(QE) per gram of crude extract. The regression equation 
(y = 3.4379x + 0.0017 with R2 = 0.996) was used to esti-
mate the TFC content of the crude extracts.

Statistical analysis
The GraphPad Prism Version 8.0 was used to analyse 
graphical data, which was reported as mean ± standard 
error of the mean. The data was assessed for normality 

using the Shapiro-Wilk test and statistical significance 
was verified using the One-Way analysis of variance 
(ANOVA) Tukey-Kramer Multiple Comparison Test, 
with asterisks (*), (**), (***) and (****) indicating p < 0.05, 
p < 0.001, p < 0.0005 and p < 0.0001, respectively. More-
over, the statistical analysis of mycochemical contents in 
the non-cytotoxic crude extracts was assessed row-wise 
using ANOVA, followed by Tukey’s multiple comparison 
post hoc test. The results are represented as values that 
have different lowercase superscripts (a, b,c…), indicating 
significant differences at p < 0.05.

Results
Morphological and molecular identification of endophytic 
fungi
A total of 18 fungal endophytes were isolated from the 
stems of K. acuminata Oliv. The fungal endophyte iso-
lates were differentiated based on their colony mor-
phological features (Fig.  1). Thereafter, molecular 
identification by sequencing of the ITS region revealed 
that the endophytic fungal isolates belonged to 11 differ-
ent species which were distributed among three genera; 
namely, Neofusicoccum, Diaporthe and Pseudofusicoccum 
(Table 1). The highest number of isolates belonged to the 

Fig. 1  Morphological characteristics of endophytic fungi from Kirkia acuminata Oliv. grown on potato dextrose agar (PDA)
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genus Neofusicoccum (50%), followed by Diaporthe (44%) 
and Pseudofusicoccum (6%).

Antimicrobial activity of the endophytic fungal crude 
extracts
The antimicrobial activity of the crude extracts of the 18 
endophytic fungal isolates was assessed using the broth 
micro-dilution assay to determine the MICs. The crude 
extracts displayed varying antimicrobial activity against 
the test pathogens, with the exception of P. olivaceum 
KaS-5 which did not exhibit any inhibitory activity. The 
MIC values of the crude extracts ranged from 0.31 to 
2.5  mg/mL against the bacterial cultures and from 1.25 
to 2.5 mg/mL against C. albicans (Table 2). The isolates 
N. parvum KaS-11, N. parvum KaS-13 and N. parvum 
KaS-14 displayed high inhibitory activity against all the 

bacterial pathogens with MICs of 0.63  mg/mL. How-
ever, these extracts were less effective against C. albicans 
with MICs of 2.5 mg/mL. Interestingly, the crude extract 
of the N. parvum KaS-17 isolate displayed high potency 
against S. aureus with an MIC value of 0.31 mg/mL.

Cytotoxicity effects of fungal endophyte crude extracts
The cytotoxic profiles of the crude extracts of the fun-
gal endophytes were assessed against the non-cancer-
ous embryonic kidney HEK–293 cell line using the 
MTT assay. The in vitro analysis revealed that the crude 
extracts had both dose-dependent cytotoxicity (Fig.  2) 
and non-cytotoxic and insignificant effects (Fig.  3) 
against the HEK–293 cell lines. Higher concentrations 
of the crude extracts (≥ 62.5) significantly (p < 0.0001) 
inhibited the viability of HEK-293 cells, whilst lower 

Table 1  Colony morphological features and molecular identification of fungal endophytes of Kirkia acuminata Oliv stems
Isolate 
code

Colony description Endophytic fungi NCBI Gen-
bank best 
match

Per-
cent 
(%) 
ID

KaS-1 Irregular form, raised elevation, undulate margin, smooth surface and an initially white 
colony that turns greyish green over time. Reverse colony was dark grey to black.

Neofusicoccum 
parvum

KU997560.1 100

KaS-2 Irregular form, umbonate elevation, filiform margin, wavy surface and a cream-white colony. 
Reverse colony was creamy-white to yellow.

Diaporthe sp. KY962982.1 98.28

KaS-3 Filamentous form, raised elevation, undulate margin, fluffy surface and an initially white 
colony that turns greyish green over time. Reverse colony was olivaceous to dark-grey.

Neofusicoccum 
parvum

KU997560.1 100

KaS-4 Filamentous form, umbonate elevation, filiform margin, wavy surface and cream-white my-
celium with patches of green spots around the centre. Reverse colony was greenish-yellow.

Diaporthe 
macadamiae

NR_168240.1 98.43

KaS-5 Filamentous form, flat elevation, filiform margin, smooth surface and dark grey colony. 
Reverse colony was olivaceous to grey-olivaceous.

Pseudofusicoccum 
olivaceum

MH863433.1 99.83

KaS-6 Irregular and filamentous form, umbonate elevation, filiform margin, wavy and fluffy surface, 
with an orange colony. Reverse colony was creamy-white to orange.

Diaporthe 
neotheicola

KC145902.1 97.57

KaS-7 Irregular form, flat elevation, undulate margin, rough surface and a peach-coloured colony 
with a green centre. Reverse colony was creamy-white to yellow.

Diaporthe sp. MT355681.1 99.31

KaS-8 Filamentous and fluffy form, umbonate elevation, filiform margin, smooth surface and 
cream-white colony. Reverse colony was creamy-white.

Diaporthe 
parapterocarpi

NR_168152.1 99.30

KaS-9 Irregular form, flat elevation, undulate margin, rough and wavy surface and a yellow colony. 
Reverse colony was creamy-white to yellow.

Diaporthe arengae NR_111843.1 98.58

KaS-10 Irregular form, flat elevation, undulated margin, rough surface and a peach colony. Reverse 
colony was creamy-white to yellow.

Diaporthe sp. MT355681.1 99.31

KaS-11 Circular form, raised elevation, undulated margin, smooth surface and an initially white that 
turns to dark grey over time. Reverse colony was olivaceous to dark-grey.

Neofusicoccum 
parvum

KU997399.1 100

KaS-12 Irregular form, raised elevation, undulate margin, smooth surface and an initially white 
colony which later turns to a dark grey colour. Reverse colony was dark-grey to black.

Neofusicoccum 
parvum

KU997560.1 100

KaS-13 Circular form, raised elevation, entire margin, fluffy surface and a grey colony. Reverse colony 
was olivaceous to dark-grey.

Neofusicoccum 
parvum

KU997399.1 100

KaS-14 Circular form, raised elevation, entire margin, fluffy surface and an initially white colony 
which later changes to a grey-greenish colony. Reverse colony was olivaceous to dark-grey.

Neofusicoccum 
parvum

KU997399.1 100

KaS-15 Irregular form, raised elevation, undulated margin, fluffy surface and grey colony. Reverse 
colony was dark grey to black.

Neofusicoccum 
parvum

KU997560.1 100

KaS-16 Irregular form, umbonate elevation, undulate margin, wavy and fluffy surface and white-
orange colony. Reverse colony was creamy-white to orange.

Diaporthe 
vangueriae

KJ869137.1 99.65

KaS-17 Circular form, raised elevation, entire margin, fluffy surface and an initially white colony that 
turns grey in time. Reverse colony was olivaceous to dark-grey.

Neofusicoccum 
parvum

KU997399.1 100

KaS-19 Circular form, flat elevation, entire margin, fluffy surface and grey colony. Reverse colony was 
dark-grey to black.

Neofusicoccum 
kwambonambiense

KU997386.1 100
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concentrations showed little to no cytotoxicity against 
these non-cancerous cells.

The crude extract of N. parvum KaS-12 was shown 
to be the most cytotoxic (p < 0.0001), with an IC50 of 
125 µg/mL. The crude extracts of both N. parvum KaS-1 
and N. parvum KaS-11 had an IC50 of 500 µg/mL, while 
the crude extracts of Diaporthe sp. KaS-2, N. parvum 
KaS-14 and N. parvum KaS-17 had an IC50 of 1000 µg/
mL. Notably, only the crude extracts of isolates N. par-
vum KaS-3, D. macadamiae KaS-4, P. olivaceum KaS-5 
and D. neotheicola KaS-6 showed no cytotoxic effects 
against the HEK-293 cells and were therefore, regarded as 
safe.

Anticancer activity of selected crude extracts
The anticancer potential of the non-cytotoxic crude 
extracts of the isolates N. parvum KaS-3, D. macadamiae 
KaS-4, P. olivaceum KaS-5 and D. neotheicola KaS-6, 
were assessed against cervical cancer ME-180 and mel-
anoma A375 cell lines using the alamarBlue assay. The 
crude extracts exhibited antiproliferative activity against 
the cervical ME-180 (Fig. 4) and melanoma A375 (Fig. 5) 
cancerous cells.

The best activity was exhibited by the crude extract of 
D. macadamiae KaS- 4, which significantly (p < 0.05) 
reduced the viability of ME-180 cervical cancer cells at 
2  µg/mL. However, the crude extracts of P. olivaceum 
KaS-5 and D. neotheicola KaS-6 had a dose-dependent 
inhibitory action against the ME-180 cervical cancer 
cells, with increasing concentrations showing higher 
antiproliferative activity.

The cell viability of the cancerous cells ranged from 
60 to 78%, revealing that none of the fungal endophyte 
crude extracts inhibited 50% of the ME-180 cervical can-
cer cell line’s growth. The crude extract of P. olivaceum 
KaS-5 exhibited significant (p < 0.05) inhibitory action 
against A375 melanoma cells at 6 µg/mL. In comparison, 
the crude extracts of the N. parvum KaS-3, D. macada-
miae KaS-4 and D. neotheicola KaS-6 isolates were less 
cytotoxic against the A375 melanoma cells. Moreover, 
none of the crude extracts inhibited 50% of the A375 
melanoma cells as the cell viability of the cancer cells 
ranged from 60 to 82%.

Mycochemical composition of the crude extracts
The mycochemical composition of the non-cytotoxic 
crude extracts was assessed to determine the presence 
of polyphenols associated with both antimicrobial and 
anticancer activities. The analysis revealed the pres-
ence of phenols, tannins and flavonoids in all the crude 
extracts (Table 3). The TPC ranged from 12.71 to 63.59 
mgGAE/g, whilst the TTC and TFC ranged from 3.41 to 
14.44 mgTAE/g and 1.30 to 4.28 mgQE/g, respectively.

Table 2  The minimum inhibitory concentrations (MIC) of the 
endophytic fungal crude extracts (mg/mL)
Endophytic 
fungi

S. aureus E. 
coli

E. faecalis P. aeruginosa C. albi-
cans

Neofusicoc-
cum parvum 
KaS-1

1.25 2.5 1.25 2.5 2.5

Diaporthe sp. 
KaS-2

1.25 2.5 1.25 2.5 2.5

Neofusicoc-
cum parvum 
KaS-3

1.25 2.5 1.25 2.5 2.5

Diaporthe 
macadamiae 
KaS-4

1.25 2.5 1.25 2.5 2.5

Pseudofusi-
coccum oliva-
ceum KaS-5
Diaporthe 
neotheicola 
KaS-6

1.25 1.25 1.25 1.25 1.25

Diaporthe sp. 
KaS-7

1.25 1.25 1.25 1.25 2.5

Diaporthe 
parapterocarpi 
KaS-8

1.25 1.25 1.25 1.25 1.25

Diaporthe 
arengae KaS-9

1.25 1.25 1.25 1.25 2.5

Diaporthe sp. 
KaS-10

1.25 2.5 1.25 1.25 2.5

Neofusicoc-
cum parvum 
KaS-11

0.63 0.63 0.63 0.63 2.5

Neofusicoc-
cum parvum 
KaS-12

1.25 0.63 1.25 1.25 2.5

Neofusicoc-
cum parvum 
KaS-13

0.63 0.63 0.63 0.63 2.5

Neofusicoc-
cum parvum 
KaS-14

0.63 0.63 0.63 0.63 2.5

Neofusicoc-
cum parvum 
KaS-15

1.25 1.25 1.25 1.25 1.25

Diaporthe 
vangueriae 
KaS-16

1.25 1.25 1.25 1.25 1.25

Neofusicoc-
cum parvum 
KaS-17

0.31 0.63 0.63 1.25 1.25

Neofusicoc-
cum kwam-
bonambiense 
KaS-19

1.25 1.25 1.25 1.25 1.25

Chloram-
phenicol

0.039 0.020 0.039 0.020

Amphoteri-
cin B

0.020

DMSO 25% 25% 25% 25% 25%
*: undetected activity at tested concentrations (mg/mL)
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Discussion
Isolation and identification of fungal endophytes
Fungal endophytes of medicinal plants have been widely 
investigated for the production of bioactive compounds 
with therapeutic potential owing to their ability to pro-
duce structurally and chemically diverse secondary 
metabolites [40]. However, the diversity and pharmaco-
logical potential of fungal endophytes associated with 
the large biodiversity of medicinal plants used in South 
Africa remains relatively under-explored [24]. In this 

study, 18 morphologically distinct fungal endophytes 
were isolated from the stems of K. acuminata Oliv. Inter-
estingly, all the isolated endophytic fungi belonged to the 
phylum Ascomycota. Fungal endophytes belonging to the 
phylum Ascomycota are the most widely isolated, with 
reports suggesting that these microorganisms have an 
enhanced ability to inhabit the internal tissues of plants 
[41, 42]. Various species of fungal endophytes belonging 
to the genera Diaporthe, Neofusicoccum and Pseudofusi-
coccum have been previously isolated from various host 

Fig. 2  Cytotoxicity of the crude extracts from Neofusicoccum isolates against HEK-293 cells. (a) KaS-1, (b) KaS-3, (c) KaS-11, (d) KaS-12, (e) KaS-13, (f) 
KaS-14, (g) KaS-15, (h) KaS-17 and (i) KaS-19. The percentage mean ± standard error of the mean of the data from three replications is represented in this 
figure. The difference in the cell viability was statistically analysed and presented as either ns: non-significant, *: Significant at p < 0.05, **: at p < 0.001, ***: 
at p < 0.0005 or ****: at p < 0.0001
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plants. Owing to their ability to occupy multiple hosts, 
members of the genus Diaporthe are amongst the most 
isolated fungal endophytes occurring in the stems of 
various host plants in different environments [43–45]. It 
is important to note that the low yields and diversity of 
fungal endophytes obtained in the study may have been 
influenced by factors such as environmental conditions, 
sampling period, geographical location, surrounding veg-
etation and surface sterilisation method used [46]. In the 
current study, the different Diaporthe species accounted 
for 44% of the isolates. The genera Neofusicoccum and 

Pseudofusicoccum, both of which belong to the family 
Botryosphaeriaceae, are usually present in many woody 
plants [47, 48]. de Almeida et al. [49]. revealed the preva-
lence of endophytic Neofusicoccum species in asymptotic 
twigs, petioles, roots and offshoots of Vitis vinifera L. and 
other Vitis species. Similarly, Sessa et al. [50]. reported 
the presence of these fungal species in twigs of Malus 
domestica Borkh., Prunus persica (L.) Batsch., Pyrus 
communis L. and Vaccinium corymbosum L. In our study, 
Neofusicoccum species accounted for 50% of the fungal 
endophytes isolated. Interestingly, the eight N. parvum 

Fig. 3  Cytotoxicity of the crude extracts from Diaporthe (a-h) and Pseudofusicoccum (i) isolates against HEK-293 cells. (a) KaS-2, (b) KaS-4, (c) KaS-6, (d) 
KaS-7, (e) KaS-8, (f) KaS-9, (g) KaS-10, (h) KaS-16 and (i) KaS-5. The percentage mean ± standard error of the mean of the data from three replications is 
represented in this figure. The difference in the cell viability was statistically analysed and presented as either ns: non-significant, *: Significant at p < 0.05, 
**: at p < 0.001, ***: at p < 0.0005 or ****: at p < 0.0001
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isolates showed 100% genetic similarity but they exhib-
ited varied morphological features in PDA. This high-
lights that genetic similarity of isolates does not directly 
correlate to morphological uniformity. Moreover, it is 
important to note that the analysis of a single molecu-
lar marker used for ITS sequencing has the potential to 
underestimate genuine species diversity in closely related 
or enigmatic species [51], which may have led to the dif-
ferent strains being incorrectly grouped or identified as 
the same species. Despite the Pseudofusicoccum spe-
cies generally possessing a wide host range of woody 
plants [48], only one isolate belonging to the genus was 
obtained in this study. As in the current study, different 
South African plants have been reported to host various 
fungal endophytic species belonging to the genera Neofu-
sicoccum [52] and Pseudofusicoccum [53].

Antimicrobial action of fungal endophyte extracts
The ability of fungal endophytes to produce structurally 
and chemically diverse secondary metabolites with the 
potential to aid in the battle against the global challenge 

of increasing AMR has piqued the interest of the scien-
tific community [54]. In this study, 17 of the 18 fungal 
endophyte crude extracts exhibited antimicrobial activ-
ity toward S. aureus, E. faecalis, E. coli, P. aeruginosa and 
C. albicans. In contrast to the high frequency of fungal 
endophytes exhibiting antimicrobial activity in the cur-
rent study, Nurunnabi et al. [55]. reported that only 50% 
of ethyl acetate crude extracts from 12 fungal endophytes 
of Sonneratia apetala Buch.-Ham possessed antimicro-
bial activity against more than one tested human patho-
genic strain. Similarly, Gurgel et al. [56]. reported that a 
much lower percentage (17%) of the ethyl acetate crude 
extracts of fungal endophytes from the stems of Arrabi-
daea chica Bonpl. exhibited inhibitory activity against 
the tested pathogens. Interestingly, Mabadahanye et al. 
[57] reported that the methanol, acetone, dichlorometh-
ane and ethyl acetate extracts obtained from the stems 
of K. acuminata Oliv. lacked inhibitory activity against 
E. coli while displaying MICs of 1.25  mg/mL against S. 
aureus. Notably, the inhibitory activities reported for 
the plant extracts are much lower than the inhibitory 

Fig. 4  The effect of non-cytotoxic endophytic fungal crude extracts against the cervical cancer ME-180 cell line. (a) N. parvum KaS-3, (b) D. macadamiae 
KaS-4, (c) P. olivaceum KaS-5 and (d) D. neotheicola KaS-6. Data from four different experiments were shown as ± standard error of the mean, with signifi-
cant differences presented as either ns: non-significant, *: Significant at p < 0.05, **: at p < 0.001, ***: at p < 0.0005 or ****: at p < 0.0001
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activities observed for the crude extracts of the fungal 
endophytes used in the current study. This was more 
apparent for the ethyl acetate extract of the plant which 
completely lacked inhibitory activity against the tested 
bacterial pathogens [57]. Furthermore, the majority of 
the crude extracts tested in this study displayed higher 
inhibitory activity against the Gram-positive bacteria 
than the Gram-negative bacteria. This may be a conse-
quence of the presence of the unique outer membrane 
of Gram-negative bacteria, which limits the exchange of 
molecules between the cell and the exterior environment 
and contributes to the high levels of inherent multidrug 

resistance of these bacteria [58–60]. It is also possible 
that the difference in inhibitory activity of the crude 
extracts is due to the differences in metabolites produced 
by the fungal endophytes which maybe be more effec-
tive against the Gram-positive bacteria than the Gram-
negative bacteria. This necessitates the characterisation 
and identification of the bioactive compounds within the 
crude extracts to ascertain their potentials as antimicro-
bial agents. It is important to note that the crude extracts 
displayed inhibitory against E. coli and C. albicans, both 
of which are commensal microorganisms of the human 
body [61, 62]. As such, it may be necessary to investigate 

Table 3  Quantitative mycochemical composition of the non-cytotoxic crude extracts
Endophytic fungi TPC (mgGAE/g) TTC (mgTAE/g) TFC (mgQE/g)
Neofusicoccum parvum KaS-3 14.18 ± 0.92 a 3.41 ± 0.23 b 2.11 ± 0.26 c

Diaporthe macadamiae KaS-4 12.71 ± 1.29 a 3.66 ± 0.32 b 1.30 ± 0.28 c

Pseudofusicoccum olivaceum KaS-5 63.59 ± 2.28 a 14.44 ± 0.87 b 4.28 ± 0.17 c

Diaporthe neotheicola KaS-6 26.56 ± 1.09 a 6.71 ± 0.22 b 2.06 ± 0.10 c

Data is expressed as a mean of three replicates ± standard deviation. GAE: Gallic acid equivalent, QE: Quercetin equivalent, TAE: Tannic acid equivalent, TFC: Total 
flavonoid content, TPC: Total phenol content and TTC: Total tannin content. Values sharing the common lowercase superscript (a, b, c) are statistically non-significant 
row-wise at p < 0.05 (Tukey’s test)

Fig. 5  The effect of non-cytotoxic endophytic fungal crude extracts against the A375 melanoma cell line. (a) N. parvum KaS-3, (b) D. macadamiae KaS-4, 
(c) P. olivaceum KaS-5 and (d) D. neotheicola KaS-6. Data from four different experiments were shown as ± standard error of the mean, with significant dif-
ferences presented as either ns: non-significant, *: Significant at p < 0.05 or **: at p < 0.001
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their mode of action and effects on virulence factors, 
to develop targeted and safer antimicrobials from these 
crude extracts [63]. Previous studies have reported on the 
antimicrobial potential of fungal endophytes belonging 
to the Pseudofusicoccum [64, 65], Diaporthe [66, 67] and 
Neofusicoccum [68, 69] genera. de Carvalho et al. [70]. 
reported that the ethanol crude extracts of the Diaporthe 
sp. 1 UFMGCB 7696, Diaporthe sp. 14 UFMGCB 7927, 
D. miriciae UFMGCB 7646 and D. miriciae UFMGCB 
7719, isolated from Copaifera pubiflora Benth., displayed 
inhibitory activity against E. coli and S. aureus with MICs 
ranging from 1.25 to 2.5  mg/mL. Cadamuro et al. [71]. 
reported that the methanolic/dichloromethane crude 
extracts of fungal endophyte N. parvum isolated from 
Avecinnia schaueriana Stapf & Leechm. ex Moldenke 
displayed antibacterial activity at 0.5 mg/mL against Lis-
teria monocytogenes and E. coli, with no inhibitory activ-
ity against C. albicans. Interestingly, the most significant 
antimicrobial activity in this study was observed with the 
crude extracts of N. parvum KaS-11, N. parvum KaS-13, 
N. parvum KaS-14 and N. parvum KaS-17, which inhib-
ited all the tested pathogens. Mishra et al. [72]. previously 
reported MICs of 5  mg/mL for the ethyl acetate crude 
extracts of an endophytic Pseudofussicoccum adanso-
niae isolated from Tinospora cordifolia (Willd.) Miers 
against eight clinical pathogens. This was in contrast to 
the results obtained in this study wherein the P. oliva-
ceum KaS-5 isolate lacked inhibitory activity against all 
the tested pathogens. The differences in antimicrobial 
activity may be attributed to the differences in concentra-
tions used with Mishra et al. [72]. using higher concen-
trations than the ones used in the current study. It is also 
possible that the isolate is a passive endophyte that does 
not directly confer any beneficial biological activities to 
the host plant [73] or it may serve a different important 
ecological role within the host plant tissues.

Cytotoxic effects of the crude extracts
The search for new therapeutic agents demands the dis-
covery of optimal drugs that selectively target diseased 
cells while having no harmful effect on host cells [74]. 
Even though natural products from both plants and 
endophytic fungi are regarded as safe, these products 
may have adverse cytotoxic effects against non-can-
cerous cells [75]. This highlights the need to screen the 
safety of crude extracts to detect and rule out cytotoxic 
compounds. In this study, only the crude extracts of N. 
parvum KaS-3, D. macadamiae KaS-4, P. olivaceum 
KaS-5 and D. neotheicola KaS-6 displayed no cytotoxic-
ity against the non-cancerous HEK-293 cells. Similarly, 
the ethyl acetate crude extracts of the endophytic fungi, 
Talaromyces purpureogenus [76] and Paraconiothyrium 
brasiliense [77] have been reported to be non-cytotoxic 
against non-cancerous HEK-293 cells. According to 

Naveen et al. [78], the safety of the crude extracts against 
HEK-293 cells may be due to the presence of natural anti-
oxidant compounds within the crude extracts that pro-
mote the viability of the non-cancerous cells. However, 
the safety of the crude extracts may also be ascribed to 
their selective toxicity towards different cell types other 
than the HEK-293 cells. The crude extracts of Neofusicoc-
cum parvum [71] and Diaporthe spp. 94 strain [79] have 
been reported to have adverse cytotoxic effects against 
the non-cancerous VERO monkey kidney fibroblasts 
and human skin fibroblasts from the HFF-1 cell line, 
respectively. Thus, there is a need to purify and identify 
the active non-cytotoxic compounds within the crude 
extracts to develop novel and safer therapeutic agents.

Anticancer action of the crude extracts
The increasing incidence of cancer in the global popu-
lation is a concerning risk factor that threatens global 
health. The anticancer drugs which are currently used 
have limitations as they fail to eradicate cancer cells, 
have detrimental side effects on patients and are becom-
ing less effective due to the multidrug resistance devel-
opment of tumours [80]. Owing to this, the anticancer 
potential of fungal endophytes has been widely assessed 
[81]. In this study, the non-cytotoxic crude extracts of the 
N. parvum KaS-3, D. macadamiae KaS-4, P. olivaceum 
KaS-5 and D. neotheicola KaS-6 isolates were tested 
against cervical cancer ME-180 and melanoma A375 can-
cerous cell lines. The four crude extracts exhibited vari-
able inhibitory action against both the ME-180 and A375 
cancerous cell lines. However, the lack of an IC50 for all 
of the crude extracts against both of the tested cancerous 
cell lines suggests that they possess moderate antican-
cer activity. In contrast, Liu et al. [82]. reported on the 
strong anti-cervical cancer activity of ethyl acetate crude 
extracts from two Fusarium proliferatum fungal endo-
phyte isolates associated with Ginkgo biloba L.; namely, 
J-1 and J-3 strains, which inhibited 76.2% and 65% of the 
treated cervical cancer HeLa cells, respectively. However, 
these strains had no activity against lung cancer A549 
cells. In their study, Pedra et al. [83]. reported on the anti-
cancer activity of a fractionated dichloromethane (FDCM) 
extract from Achyrocline satureioides (Lam.) DC-associ-
ated endophytic fungus, Biscogniauxia species, against 
A375 melanoma cells wherein only 30% of the cell viabil-
ity was reduced by the extract. The authors also reported 
a dose- and time-dependent anticancer activity of the 
FDCM extract as an IC50 of 10.34 and 6.89 µg/mL against 
the viability and proliferation of the cancerous A375 cells 
was observed after 72 h of treatment, respectively. Thus, 
the crude extracts from the current study may also have 
an increased potency against the tested cancerous cells 
after prolonged exposure. It is important to note that 
alamarBlue allows for only the metabolic activity of the 
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ME-180 and A375 cancerous cells to be measured [37]. 
Thus, the use of staining techniques [84], microscopy 
[85] and flow cytometry [86] could help characterise the 
cytological effects of the crude extracts on the cancerous 
cells. The ethyl acetate crude extracts of fungal endo-
phytes have been reported to induce apoptosis in HeLa 
cervical cancer cell lines [87] and MCF-7 breast cancer 
cells [88]. These observations suggest that the antipro-
liferative activity of the fungal endophyte crude extracts 
in the current study may be due to an inhibitory mecha-
nism that interrupts the cell cycle and activates apoptotic 
pathways. Thus, the mechanism of action of the crude 
extracts against the cancerous cell lines should also be 
investigated.

Mycochemical analysis of the crude extracts
Fungal endophytes are considered biochemical synthesis-
ers in their host plants with the ability to produce various 
secondary metabolites [89]. In this study, the mycochem-
ical analysis revealed the presence of phenols, tannins 
and flavonoids in the ethyl acetate crude extracts of 
fungal endophytes. The acetone and ethyl acetate crude 
extracts [57] as well as the methanol and dichlorometh-
ane crude extracts [90] of the K. acuminata Oliv. bark 
have been reported to possess phenols, flavonoids and 
tannins. This elucidates the ability of fungal endophytes 
to produce host-similar secondary metabolites. The 
detected polyphenols contain hydroxyl groups that have 
different pharmacological effects, including antibacterial, 
antifungal and anticancer activities, due to their ability to 
interact with enzymes, receptors and signalling pathways 
based on the number, arrangement and configuration of 
their hydroxyl groups [91–95]. Interestingly, the P. oliva-
ceum KaS-5 crude extract, which possessed the highest 
polyphenol contents lacked antimicrobial activity against 
all the tested pathogens. This suggests that the antimi-
crobial activity may have been masked by the presence of 
antagonistic compounds in the crude extracts [96]. The 
anticancer activities of the endophytic fungus Penicil-
lium decumbens MBS 3.2 against the human colorectal 
HCT116 cancerous cell line [97] and endophytic fun-
gus Penicillium chrysogenum against the MCF-7 breast 
cancerous cell [98] have been ascribed to the high poly-
phenolic content of their ethyl acetate crude extracts. 
Interestingly, the four non-cytotoxic crude extracts of 
the fungal endophytes possessed high phenolic content, 
which may explain their selective activity against cervi-
cal cancer ME-180 and melanoma A375 cancerous cell 
lines. This was more evident in the crude extracts of P. 
olivaceum KaS-5 and D. neotheicola KaS-6 as their high 
polyphenol contents correlated to their increased activi-
ties on the tested cancerous cells. However, the moderate 
anticancer activities observed may have been due to a low 
concentration of the bioactive compounds in the fungal 

crude extracts due to unfavourable culture conditions in 
laboratory settings [99]. Thus, the influence of culture 
conditions on the production of bioactive metabolites 
needs to be investigated. Additionally, other complemen-
tary activities, such as antioxidant and anti-inflammatory 
activities, of the crude extracts should be assessed fur-
ther to determine their pharmacological potential against 
chronic and degenerative diseases.

Conclusion
In this study, the K. acuminata Oliv. plant hosts a diverse 
group of fungal endophytes, highlighting the underex-
plored potential of South African medicinal plants as 
valuable sources of fungal endophyte strains with the 
ability to produce unique bioactive secondary metabo-
lites. This diversity highlights the complex fungal com-
munity associated with K. acuminata Oliv. which may 
have important ecological roles within the plant. How-
ever, the community structure and interactions of the 
fungal endophytes need to be assessed to fully under-
stand their ecological significance in the host plant. 
Notably, the fungal endophytes of K. acuminata Oliv. 
showed promising potential as sustainable sources of 
secondary metabolites with antimicrobial and selective 
anticancer properties that are crucial in drug discovery. 
The four non-cytotoxic crude extracts of the N. parvum 
KaS-3, D. macadamiae KaS-4, P. olivaceum KaS-5 and 
D. neotheicola KaS-6 isolates make them promising can-
didates for the discovery of therapeutic agents that do 
not have adverse effects on healthy cells. However, the 
respective mechanisms of action of the crude extracts 
against the tested bacterial and yeast pathogens as well 
as the cancerous cells should be investigated. The effect 
of growth conditions on the production and bioactivities 
of the secondary metabolites of the fungal endophytes 
should be investigated. Furthermore, identification and 
quantification of the bioactive compounds present in the 
crude extracts need to be further investigated to deter-
mine their potential as novel drug leads for pharmaceuti-
cal application.
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