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Abstract

Fungal metabolites are reservoirs of bioactive molecules that impart therapeutic potential to medicinal plants. The fungus Fusarium
napiforme was isolated from the internal tissues of the leaves of Faurea saligna. In this study, four dihydroisocoumarin: 7-butyl-15-enyl-
6,8-dihydroxy-3(R)-pent-9,11-dienylisochroman-1-one (1), 7-butyl-15-enyl-6,8-dihydroxy-3(R)-pent-11-enylisochroman-1-one (2), 7-
butyl-6,8-dihydroxy-3(R)-pent-11-enylisochroman-1-one (3), 7-butyl-6,8-dihydroxy-3(R)-pentylisochroman-1-one (4) and two piclinic
acid derivatives: dehydrofusaric acid (5) and fusaric acid (6) were isolated from endophytic fungus F. napiforme. The elucidation of the
chemical structures of the isolated compounds was performed by analysis based on spectroscopic analysis and comparison with reported
literature. Compounds 1-6 were tested for antimicrobial and antidermatophytic activity against selected bacteria and fungi. All the
compounds exhibited selective antibacterial activity against Staphylococcus aureus and Escherichia coli with a minimum inhibitory
concentration (MIC) range of 62 — 175 pg/mL. Compounds 5 and 6 further exhibited antibacterial activity against Klepsiella pneumoniae
with MIC value of 150 pg/mL. None of the compounds showed activity against Pseudomonas aeruginosa. Furthermore, all the
compounds exhibited antifungal activity against Candida albicans with MIC values ranging from 48 pg/mL to 150 pg/mL. Compounds
1-4 further exhibited antidermatophytic activity against Trichophyton rubrum, Trichophyton benhamiae and Trichophyton interdigitale,
with minimum inhibitory concentration (MIC) values ranging from 33.3 pg/mL to 66.6 pg/mL. Compounds 5 and 6 did not show any
antidermatophytic activity against the highest concentration of 66.6 pg/mLused. Although, these compounds have been previously
identified, this is the first instance of their reporting in endophytic fungi F. napiforme isolated from F, saligna. These results provide
promising baseline information for the potential use of the compounds of this endophytic fungi as an antimicrobial and antidermatophytic
for the control of diseases.

Keywords: Antimicrobial; antidermatophytic; Dihydroisocoumarins; Picolinic acids; Endophytic fungi; Fusarium napiforme; Faurea
saligna Harv.

INTRODUCTION applications (Schulz et al., 2002). They are also a source
of a diverse array of multidimensional bioactive
secondary metabolites such as alkaloids, terpenoids,
steroids, quinones, 1So-coumarins, lignans,
phenylpropanoids, phenols and lactones (Ahmed et al.,
2023; Mao et al., 2021).

Faurea saligna Harv. is a small to medium-sized

Fungi have been proven to be a prolific pool of bioactive
and structurally unique secondary metabolites with
promising pharmacological properties (Ibrahim et al.,
2023; Kellogg & Raja, 2017; Mohamed et al., 2020).
Endophytic fungi are kind of microorganisms, which

colonize within a living plant without any obvious
negative effects or external symptoms (Clay & Schardl,
2002; Li et al., 2021). They grow within their plant hosts
and in this environment, the fungus and hosts engage in
constant metabolic interaction (Rodrigo et al., 2021;
Schulz et al., 2002) .They have also been identified as a
promising sources of new and secondary metabolites
with very interesting properties in a broad range of

medicinal plant that occurs naturally in bushland and
woodland in tropical Africa (Maroyi, 2023). Different
parts of the plant have been used in the ethno medicinal
preparation for the treatment of different human diseases
(Amuka et al., 2015) such as bilharziasis and
helminthiasis (Chimponda & Mukanganyama, 2010),
diarrhea (Hamill et al., 2003; Mahavy et al., 2020,
Masevhe et al., 2015; Oosthuizen et al., 2019), epilepsy
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(Masevhe et al., 2015; Stafford et al., 2008; Tshikalange
et al., 2016), venereal diseases (Lawal et al., 2019) and
pneumonia (Nyagumbo et al., 2022).

Fusarium is a widely distributed group of filamentous
ascomycetes (Summerell, 2019), which are widely
abundant in soil, subterranean and aerial plant parts,
plant debris and other organic substrates (Nucci &
Anaissie, 2007). They are considered to be a rich source
of bioactive compounds such as butenolides, alkaloids,
terpenoids, cytochalasins, phenalenones, xanthones,
sterols, and diphenyl ether and anthraquinones
derivatives, with multidimensional bioactivities such as
antimicrobial,  antiviral,  anticancer, antioxidant,
antiparasitic and immunomodulating activity (Ahmed et
al., 2023; Singh et al., 2021). Fusarium napiforme has
been firstly isolated from millet and sorghum from
southern Africa, and soil debris from one grassland in
Australia (Supratman et al., 2021). In the study presented
here, the isolation of internal tissues of the leaves of F.
saligna led to the isolation of endophytic fungi F.
napiforme and the chemical investigation of an EtOAc
extract of F. napiforme culture led to the isolation of four
dihydrocoumarins and two picolinic acids.

Dihydroisocoumarins (1H-2-benzopyran-1-ones or
isocoumarin derivatives) are isomers of coumarins that
have a reversed a-pyrone ring moiety in their structures
that might possess the 6,8-dioxygenated pattern, 3-
(un)substituted phenyl ring or 3-alkyl chain (C1-C17)
(Pal et al., 2011). They represent a large class of
secondary metabolites, which can be found in bacteria,
fungi, lichens, marine sponges and to a lesser extent in
higher plants (Chen et al., 2019; Sachs et al., 2019;
Saeed, 2016). These natural products are well known for
their biological activities including cytotoxins, anti-virus
and antimicrobial activities (Saeed, 2016; Xu et al.,
2021). S-alkylpicolinic acids are a major group of
secondary metabolites biosynthesized by fungi in the
genus Fusarium. Numerous studies have shown that
picolinic acids possess many important biological
functions including antifungal (Huang et al., 2020; Li-
jian et al., 2010), antibacterial (Thanh et al., 2020; Zhang
et al., 2021), antimycobacterial (Pan et al., 2011),
antiviral and cytotoxic (Li et al., 2013; Mamur et al.,
2020; Seg¢me et al., 2023) activities. In addition, these
natural products serve as exceptional frameworks for the
development of novel and potent pharmaceuticals
(Newman & Cragg, 2020).

This paper therefore presents the isolation and
structural elucidation of four dihydroisocoumarins and
two picolinic acids from fungus F. napiforme isolated
from the leaves of F. saligna Harv. Antibacterial and
antifungal assays were performed on gram positive
bacterium Staphylococcus aureus (ATCC 6538), Gram
negative bacteria Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 9027), Klepsiella
pneumoniae (ATCC 10031), and yeast Candida albicans
(ATCC 10231). Antidermatophytic assays were
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performed on Trichophyton rubrum (CCF 4933),
Trichophyton benhaniae (CCF 6474) and Trichophyton
interdigitale (CCF 6575). This is the first report of
isolation of compounds 1 — 6 from endophytic fungus
Fusarium napiforme of F. saligna Harv. and the first
isolation of endophytic fungi F. napiforme from the
leaves of F. saligna. However, it should be noted that
compounds 5 (Dehydrofusaric acid) and 6 (fusaric acid)
have been isolated before from other species of
Fusarium.

MATERIALS AND METHODS

General experimental procedures.

NMR spectra were recorded on a Bruker Avance II 400
(resonance frequencies 400 MHz for 'H and 100 MHz
for *C) equipped with a 5 mm N2-cooled cryo probe
head (prodigy) with z-gradients at room temperature with
standard Bruker pulse programs. Chemical shifts are
given in parts per million, referenced to residual solvent
signals (3.31 ppm for 'H and 49.0 for '3C) and coupling
constants calculated in Hertz (Hz). '*C-Jmod spectra with
WALTZ16 'H decoupling was acquired using 64k data
points.

HPLC analysis were done on Shimadzu preparative
HPLC on a reversed phase column Gemini NX C-18
(21.20 x150 mm, 5 pm, 110A). The eluents were solvent
A: deionized water and solvent B: Methanol. LC-
HRMS/MS were recorded on a Vanquish LC system
coupled to a QExactive HF, Thermo Fischer scientific
via C-18-RP using a Gemini® NX-C18 column (Spm,
110A, 150x2 mm, Phenomenex, Torrance, CA, USA).
The UHPLC-system was coupled to a QExactive HF
Orbitrap mass spectrometer (Thermo Fischer Scientific,
Bremen, Germany) via a heated ESI interface operating
in fast-polarity switching mode (positive/negative
ionization). For Column chromatography, silica gel 60
(0.063-0.2 mm), Macherey-Nagel were used.

Fungal material

Fresh leaves of F. saligna were collected from Mt. Elgon
Forest (1.1493° N, 34.5418° E) in Kenya. The leaves
were washed in running water and surface sterilized by
successive soaking in 70% EtOAc for 1 min and sodium
hypochlorite solution for 5 min and then rinsed twice
with water. Aseptically, the leaves were cut into
approximately 2 x 2 mm? pieces and placed on agar in
petri dishes. After incubation at 25 °C, individual hyphal
tips of the emerging fungi were removed and placed on
potato dextrose agar (PDA). During the first two weeks
of incubation, the cultures were periodically checked for
purity and successively subcultured by hyphal tipping
method until pure cultures were obtained. The isolated
strain was classified as Fusarium napiforme based on the
ITS rDNA sequence (Genbank accession no. MH
862670) and morphology using the procedures described
in Kolafik et al. (2023). The assembling was done by
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genious program and the BLASt search was done in the
NCBI website. The strain is deposited in the Bioactive
Microbial Metabolites (BiMM) Fungal Collection, UFT-
Tulln in Austria.

Fermentation, Extraction and isolation

The fungal strain was cultured on potato dextrose agar
plates at 25 °C for 10 days. Solid fermentation was done
by weighing 90g of rice and added into 500 mL
Erlenmeyer flasks containing 90 mL of distilled water
and autoclaved twice at 121 °C for 20 mins and allowed
to cool. On sterile conditions, a cork-borer of 7 mm was
used to cut the fungal culture into several pieces and six
plugs were inoculated into each flask containing sterile
rice and incubated at 21 °C for 28 days. The fungal
cultures in the flasks were then crushed into small pieces
and soaked in methanol for 24 hours. After 24 hours it
was ultrasonicated for about 2 hours and the methanol
extract filtered and evaporated under reduced pressure
using a rotary evaporator to obtain the methanol crude
extract. The crude extract was then suspended in distilled
water followed by sequential partitioning between
hexane and ethyl acetate solvents. The obtained extracts
were evaporated to obtain hexane and ethyl acetate crude
extracts respectively. The ethyl acetate crude extract was
then subjected to column chromatography (CC) over
silica gel 60 and eluted with hexane/EtOAc and then
EtOAc/MeOH mixtures of increasing polarities to give
seven fractions (A-G). Fraction D (EtOAc 100%) and
fraction G (EtOAc/MeOH) (20:80) was further purified
using reversed-phase preparative HPLC using deionized
H,O as solvent A and Methanol as solvent B at a flow
rate of 5 mL/min on a gradient method; 20 % - 55 % B in
15 minutes increasing to 85 % B in 10 minutes, then
maintained at 85 % B for 10 minutes and the system
returned to initial conditions of 20% in 10 minutes to
afford six fractions (D1-D6) from fraction D and four
fractions (G1-G4) from fraction G. gradient method
yielded semi pure fractions, which were further purified
on the same column on isocratic method. Compound 1
(2.1 mg) was obtained from fraction D2 with an isocratic
elution of 40% solvent B for 20 minutes while compound
2 (2.9 mg), 3 (1.5 mg) and 4 (2.0 mg) was obtained from
fraction D4 with an isocratic gradient of 50% solvent B
for 20 minutes. Finally, compound 5 (1.7 mg) and
compound 6 (2.5 mg) was obtained from G3 using
isocratic gradient of 65% solvent B for 15 minutes.

Antimicrobial Assay

The antibacterial and antifungal activities (minimum
inhibition concentration, MICso) were determined using
serial dilution technique in 96-well microplate and
measured with a synergy H1 microplate reader at 600nm.
The MIC values were defined as the lowest concentration
of compounds exhibiting 50% inhibition compared to the
negative growth control. Briefly, compounds were then
dissolved and diluted in ethanol and in Muller Hinton
media respectively. 200 pl of the stock solutions were
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pipetted into the first row of a 96-well microtiter plate
with 100 pl of Muller Hinton added to the remaining
rows. Then 100 ul of Muller Hinton media aliquoted to
all remaining rows. Next, 100 pl of the first row was
pipetted to the second row, mixed by repeated pipetting
and 100 pl of this mixture was transferred to row three.
A serial dilution (in ration 1:1) was performed in the
following rows with 100 pl casted off after the final row.
The bacteria and fungi were grown overnight within
Muller Hinton media, and the 600nm optical density was
determined. For the MICsy determination, the cultures
were freshly diluted to an ODggo of 0.02 in Muller Hinton
media. 100 pl of these inoculi were pipetted onto the
media containing the compounds. After inoculation, the
‘breathe — easy’ membrane was used to seal the plates
and placed into a synergy HI plate reader (Souza et al.,
2018). The plates took 24 hours in incubation at 37°C,
with measurements of ODsoo taken every hour. The
antimicrobial activity was expressed as the sample
concentration capable of reducing micro-organisms
growth by 50% (MICso). Nystatin was used as positive
control while oxytetracycline was used as positive
control.

Antidermatophytic activity

The method was adopted from Kolarczykova et al.
(2024) and Stépanek et al. (2022). Three dermatophyte
strains were used (7. benhamiae CCF6474, T.
interdigitale CCF6575, T.  rubrum CCF4933). Strains
were cultivated on SDA (Sabouraud Dextrose agar,
Trios, Prague, Czech Republic) for 1-2 weeks at 25°C.
The inoculum suspensions were prepared in sterile
distilled water supplemented with 0.1% Tween 20. To
adjust the density of the suspension to 0.5 McFarland
(concentration of 2-5 x 10° conidia mL-1), distilled
water was added and the resulting density was checked
using the densitometer DEN-1B (BIOSAN, Riga,
Latvia). The suspension was then diluted 1:10 with liquid
YM6 medium to obtain a final working inoculum of 2—5
x 105CFU mL'. All compounds were dissolved in
methanol (98%) and tested in the concentration range
66.6-0.52 ng. Terbinafine was used as a standard. The
microplates with YM6 medium were incubated at 25°C
in ambient air for 5 days. The endpoints (MICs) were
read visually as 50% inhibition. The toxicity of the
methanol was considered in the experiments.

RESULTS AND DISCUSSION

Elucidation of the compounds

Six compounds were isolated from the fungus Fusarium
napiforme and characterized based on their spectral data
and literature comparison. Among the isolated
compounds, compounds 1 to 4 were identified as
dihydroisocoumarins and compounds 5 and 6 as picolinic
acids derivatives (see Fig. 1). These compounds were
confirmed as: 7-butyl-15-enyl-6,8-dihydroxy-3(R)-pent-
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9,11-dienylisochroman-1-one (1) (Tabopda et al., 2009),
7-butyl-15-enyl-6,8-dihydroxy-3(R)-pent-11-

enylisochroman-1-one (2) (Kim et al., 2018; Kongsaeree
et al, 2003), 7-butyl-6,8-dihydroxy-3(R)-pent-11-
enylisochroman-1-one (3) (Hoque et al., 2022; Kim et
al., 2018; Kongsaeree et al., 2003; Tabopda et al., 2009),
7-butyl-6,8-dihydroxy-3(R)-pentylisochroman-1-one (4)
(Kim et al, 2018; Kongsaeree et al, 2003),
dehydrofusaric acid (5)(Boonman et al., 2012; Chen et
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al., 2026) and fusaric acid (6)(Boonman et al., 2012;
Chen et al., 2026).

These compounds have been extracted from diverse
endophytic fungi isolated from diverse medicinal plants.
However, it is important to highlight that, to the best of
our knowledge, this represents the first documentation of
the isolation of fungus Fusarium napiforme from the
leaves of F. saligna and the first isolation of compounds
1-6 from fungus F. napiforme.
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Figure 1. Dihydroisocoumarins (1- 4) and picolinic acids (5 and 6) derivatives isolated from fungus F. Napiforme.

Physicochemical and
isolated compounds
Compound 1. This compound was isolated as a white
amorphous powder (MeOH); UV (MeOH), Amax 220,
276, 315 nm; HRESIMS m/z 301.14277 [M + HJ,
corresponding to the molecular formular CigH2004
(calculated for 301.14344); 'H NMR (CDsOD, 400
MHz)( supplementary figure S1) dn; 6.39 (dd, J = 10.4,
15.3 Hz, H-10), 6.21(s, H-5), 6.09 (m, H-11), 5.83 (m, H-
12), 5.69 (dd, J = 6.8, 15.0 Hz, H-9), 5.51(m, H-15), 5.44
(m, H-16), 5.02 (dd, J = 7.1, 14.1 Hz, H-3), 3.24 (d, J =
6.0 Hz, H-14), 2.90 (d, J = 6.9 Hz, H-4), 1.76 (dd, J =
1.4, 6.7 Hz, H-13), 1.59 (dd, J = 1.4, 6.1 Hz, H-17); 1*C
NMR (CD3;OD, 100 MHz) ( supplementary figure S2)
d¢c; 171.9 (C-1), 166.1 (C-8), 163.1 (C-6), 139.7(C-4a),
135.2 (C-10), 132.9 (C-12), 131.7 (C-11), 129.9 (C-15),
127.9 (C-9), 125.5 (C-16), 114.5 (C-7), 108.2 (C-5),
100.5 (C-8a), 80.5 (C-3), 34.3 (C-4), 26.4 (C-14), 18.3
(C-13), 18.0 (C-17). After comparison with literature
compound 1 was determined as 7-butyl-15-enyl-6,8-
dihydroxy-3(R)-pent-9,11-dienylisochroman-1-one
(Tabopda et al., 2009).

spectrometric data of the

Compound 2: This compound was isolated as a white
amorphous powder (MeOH); UV (MeOH), Amax 223,
273, 307 nm: HRESIMS m/z 303.15884 [M+H]*,
corresponding to molecular formula CisH2204 (calculated
for 303.15909); 'H NMR (CD;OD, 400 MHz)
(supplementary figure S5): 6 6.21 (s, H-5), 5.49 (m, H-
15), 5.47 (m, H- 12), 5.46 (m, H-11), 5.43 (m, H-16),
4.45 (m, H-3), 3.23 (d, J = 6.0 Hz), 2.79 (m, H-4), 2.18
(m, H-10), 1.82 (m, H-9a), 1.71 (m, H-9b), 1.62 (dd, J =
1.0, 5.9 Hz), 1.57 (dd, J = 1.3, 6.0 Hz); '3C NMR
(CD?0OD, 100 MHz) (supplementary Figure S6): 6 172.2
(C-1), 164.4 (C-6), 163.1 (C-8), 140.2 (C-4a), 131.1 (C-
11), 129.7 (C-15), 126.9 (C-12), 125.7 (C-16), 114.3 (C-
7), 107.4 (C-5), 100.8 (C-8a), 80.2 (C-3), 35.7 (C-9),
33.7 (C-4), 28.9 (C-10), 26.4 (C-14), 18.1 (C-13), 18.0
(C-17). After comparison with literature, compound 2
was determined as 7-butyl-15-enyl-6,8-dihydroxy-3(R)-
pent-11-enylisochroman-1-one (Kim et al, 2018;
Kongsaeree et al., 2003).

Compound 3: this compound was isolated as white
amorphous powder (MeOH); UV (MeOH), Amax 220,
274 nm: HRESIMS m/z 305.17420 [M+H],
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corresponding to molecular formula CisH2404 (
calculated for 305.17474); '"H NMR (CDsOD, 400 MHz)
(supplementary figure S9): 6.21 (s, H-5), 5.48 (m, H-12),
5.47 (m, H-11), 4.47 (m, H-3), 2.82 (m, H-4), 2.59 (t,J =
7.4 Hz, H-14), 2.19 (m, H-10), 1.84 (m, H-9a), 1.73 (m,
H-9b), 1.64 (dd, J = 1.0, 5.9 Hz, H-13), 1.48 (m, H-15),
1.35 (m, H-16), 0.91 (t, J = 7.3 Hz, H-17); *C NMR
(CDs0OD, 100 MHz) (supplementary figure S10): 172.2
(C-1), 163.8 (C-6), 163.2 (C-8), 139.9 (C-4a), 131.1 (C-
11), 126.9 (C-12), 116.0 (C-7), 106.9 (C-5), 101.2 (C-
8a), 80.2 (C-3), 33.7 (C-4), 35.7 (C-9), 32.0 (C-15), 28.9
(C-10), 23.8 (C-16), 23.1 (C-14), 18.1 (C-13), 14.2 (C-
17). After comparison with literature compound 3 was
determined as  7-butyl-6,8-dihydroxy-3(R)-pent-11-
enylisochroman-1-one (Hoque et al., 2022; Kim et al.,
2018; Kongsaeree et al., 2003; Tabopda et al., 2009).

Compound 4: This compound was isolated as white
amorphous powder (MeOH); UV (MeOH), Amax 217,
269 nm: HRESIMS mw/z 307.19009 [M+H],
corresponding to molecular formula CisH260s (
calculated for 307.19039); 'H NMR (CDsOD, 400 MHz)
(supplementary figure S13): 6.18 (s, H-5), 4.47 (m, H-3),
2.80 (m, H-4), 2.57 (t, J = 7.4 Hz, H-14), 1.79 (m, H-9a),
1.69 (m, H-9b), 1.55 (m, H-11), 1.47 (m, H-15), 1.35 (m,
H-16), 1.34 (m, H-10, H-12), 0.93 (m, H-17), 0.91 (t, J =
7.3 Hz, H-13); 3C NMR (CDs;OD, 100 MHz)
(supplementary figure S14): 172.4 (C-1), 165.8 (C-6),
163.3 (C-8), 139.9 (C-4a), 116.2 (C-7), 107.9 (C-5),
100.3 (C-8a), 80.2 (C-3), 35.9 (C-9), 33.9 (C-4), 32.7 (C-
10), 32.1 (C-15), 25.7 (C-11), 23.8 (C-12), 23.6 (C-16),
23.2 (C-14), 144 (C-17), 14.3 (C-13). After comparison
with literature compound 4 was determined as 7-butyl-
6,8-dihydroxy-3(R)-pentylisochroman-1-one (Kim et al.,
2018; Kongsaeree et al., 2003).

Compound 5: this compound was isolated as a yellow
amorphous solid (MeOH); UV (MeOH), Amax 202, 225,
273 nm: HRESIMS m/z 178.0790 [M+H]",
corresponding to molecular formula CoH;NO, ; 'H
NMR (CDs0OD, 400 MHz) (supplementary figure S17):
8.52 (s, H-6), 8.08 (d, J = 8.2 Hz, H-3), 7.87 (dd, J = 8.0,
2.1 Hz, H-4), 5.86 (ddt, J=17.0, 10.2, 6.7 Hz, H-9), 5.00
(m, H-10), 2.85 (t, J = 7.6 Hz, H-7), 2.43 (q, /= 7.1 Hz,
H-8); 3C NMR (CD;OD, 100 MHz) (supplementary
figure S18) : 168.1 (C-11), 149.7 (C-6), 147.9 (C-2),
142.9 (C-5), 139.7 (C-4), 138.1 (C-9), 125.9 (C-3), 116.4
(C-10), 35.9 (C-8), 33.2 (C-7). After comparison with
literature compound 5 was determined as dehydrofusaric
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acid (Boonman et al., 2012; Capasso et al., 1996; Chen et
al., 2026; Liu et al., 2026)

Compound 6: This compound was isolated as a
yellow amorphous solid (MeOH); UV (MeOH), Amax
202, 225, 270 nm: HRESIMS m/z 180.10147 [M+H]",
corresponding to molecular formula CioHi3NO2; 'H
NMR (CDs;0D, 400 MHz) (supplementary figure S20):
8.50 (s, H-6), 8.12 (d, J= 8.0 Hz, H-3), 7.95 (dd, J = 8.0,
2.1 Hz, H-4), 2.77 (t, J = 7.7 Hz, H-7), 1.67 (m, H-8),
1.40 (m, H-9), 0.97 (t, J = 7.3 Hz, H-10); *C NMR
(CDs0OD, 100 MHz) (supplementary figure S21): 167.0
(C-11), 149.1 (C-06), 146.6 (C-2), 144.6 (C-5), 140.2 (C-
4), 126.2 (C-3), 34.1 (C-8), 33.5 (C-7), 23.3 (C-9), 14.2
(C-10). After comparison with literature compound 6
was determined as fusaric acid (Boonman et al., 2012;
Capasso et al., 1996; Chen et al., 2026).

Antibacterial and antifungal activity

Compounds 1-6 (table 1) were tested for their
antibacterial and antifungal activity against four
pathogenic bacteria Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa, Klepsiella
pneumoniae and fungus Candida albicans. All of the
isolated isocoumarins compounds (1-4) showed selective
activity against gram- positive bacterium S. aureus,
gram-negative bacteria E. coli and fungus C. albicans
with minimum inhibitory concentration (MIC) range of
48 pg/mL to 135 pg/mL. P. aeruginosa and
K.pneumoniae  demonstrated  resistance to  all
isocoumarins. Among the four isocoumarins compounds,
compound 4 demonstrated the highest inbhibitory
activity, with a minimum inhibitory concentration (MIC)
range of 48 — 95 pg/mL. Among the test strains, C.
albicans exhibited greater susceptibility to the
isocoumarins whereas E. coli demonstrated lower
susceptibility to the isocoumarin compounds.

Picolinic compounds 5 and 6 also showed weak
activity against E. coli, S. aureaus, K. pneumoniae and C.
albicans with MIC range of 125 — 175 pg/mL. As
compared to isocoumarins compounds which did not
show any antibacterial activity against K. pneumoniae,
picolinic acids 5 and 6 exhibited antibacterial activity
against K. pneumonia with MIC value of 150 pg/mL. No
activity was seen against gram- negative bacteria P.
aeruginosa. Compound 4 showed the most potent
antimicrobial activity with MIC value of 95, 62 and 48
pg/mL for E.coli, S. aureus and C. albicans, respectively.
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Table 1. Antibacterial and antifungal activity of compounds 1-6 against selected clinically important pathogens.

MIC concentrations (ug/mL)/ test organism

Compounds
E. coli S. aureus P. aeruginosa K. pneumonia C. albicans
1 120 85 n.i n.i 95
2 135 95 n.i n.i 85
3 125 110 n.i n.i 60
4 95 62 n.i n.i 48
5 130 125 n.i n.i 150
6 150 175 n.i n.i 125
Controls 4.0(T) 4.0(T) 4.0(T) 4.0(T) 3.1(N)

*n.i: No inhibition, T:tetracycline, N:nystatin; *The values are expressed as mean of three consistent replicates.

The antibacterial activity of dihydroisocoumarins
compounds 1-4 has been assessed, demonstrating
variability which could be influenced by their structural
characteristics and mechanisms of action. Studies
showed that the antibacterial activity of isocoumarins can
be modulated by the presence of hydroxyl groups at
position 6 and 8 together with alkyl substitutions at
position 3 and 7 of the dihydroisocoumarins (Saeed,
2016). Moreover, the presence of OH groups in the
molecules seems to enhance the inhibition of biofilm
formation as well as the disruption of preformed biofilms
(Alejo-Armijo et al.,, 2025). The presence of this
hydroxyl groups on the benzene ring also enhances the
lipophilicity  of compounds and ability to disrupt
bacterial membranes and proteins which may be
associated with easier penetration into gram-positive
bacteria (Devienne et al., 2005). As seen in this study, all
the dihydroisocoumarins 1-4 had hydroxyl groups at
position 6 and 8 which could have contributed to the
activity shown against the gram-positive bacteria S.
aureus. Other studies also showed that several
dihydroisocoumarins have antimicrobial activity that in
many cases is also due to the presence of a phenolic
group in their structure (Braca et al., 2012). It has also
been documented that coumarins proved to be slightly
less active against Gram-negative bacteria, due to
possibly particular physical properties ((Devienne et al.,
2005; Kayser & Kolodziej, 1999).

Compound 5 and 6 isolated as picolinic acid also
showed varying activity against selected bacteria and
fungus. These compounds showed moderate to weak
antibiotic effects, in accordance with other studies (Shi et
al., 2018; Sondergaard et al., 2016; Thanh et al., 2020).
They exerts antibacterial activity primarily through metal
chelation and the disruption of bacterial cellular
processes (Paterson et al., 2025). Research indicates that

the n-butyl side chain is responsible for increasing the
lipophilicity and enables it to penetrate cell membranes
or potentially insert into bacterial membranes and
influence cell permeability (Arumugam et al., 2021;
Paterson et al., 2025). Previous studies have also linked
fusaric acid to fungal membrane disruption (Macias-
Rubalcava et al., 2025). Other studies have shown that
the structure-activity relationship analysis showed that a
carboxyl on C-2 and an n-butyl on C-5 were essential for
fusaric acid and dehydrofusaric acid to elicit antibacterial
activity (Tung et al., 2017). It is worth noting that the
fusaric acid and dehydrofusaric acid have been isolated
from various endophytic fusarium species (Li et al.,
2020; Liu et al., 2016; Zhou et al., 2019) . In this study,
fusaric acid and dehydrofusaric acid showed antifungal
activity against C. albicans with MIC values of 150 and
125 pg/mL. However, the antifungal mode of action of
these picolinic acid derivatives are not yet fully
understood (Macias-Rubalcava et al., 2025).

Antidermatophytic assay

The results obtained from the dihydroisocoumarins
compounds 1-4 (table 2) exhibited a varying range of
activity with minimum inhibitory concentration (MIC)
values ranging from 33.3ug/mL to 66.6 pg/mL against
strains 7. rubrum, T. interdigitale and T. benhamiae.
Among the test strains, 7. interdigitale demonstrated the
greatest susceptibility specifically to compounds 1 and 3,
with a minimum inhibitory concentration (MIC) of
33.3pg/mL. Among the four isocoumarins compounds,
compound 2 demonstrated resistances to 7. benhamiae at
the highest concentration of 66 pg/mL. The picolinic
acid (compound 5 and 6) showed no inhibitory activity
with all the three strains (7. rubrum, T. interdigitale, T.
benhamia) used under the maximum concentration of 66
pg/mL used (Table 2).
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Table 2. Antidermatophytic activity of compounds 1-6 isolated from fungus F. napiforme.

MIC Concentration (ng/mL)/ Test Organisms

Compounds
T. rubrum T. benhamiae T. interdigitale

1 66.6 66.6 333

2 66.6 >66.6 66.6

3 66.6 66.6 333

4 66.6 66.6 66.6

5 >66.6 >66.6 >66.6

6 >66.6 >66.6 >66.6
Terbinafine 0.52 0.52 0.52

*The values are expressed as mean of three consistent replicates

Many isocoumarin derivatives are proven to possess a
broad range of biological activities (Hussain & Green,
2017; Kumar et al.,, 2020; Xiao et al., 2016). The
coumarins’ antifungal potency varies depending on
coumarin core substituents, and those with phenolic,
hydroxyl, and the carboxylic group has been proven as
strong antifungal agents (Loncar et al., 2023). The results
obtained from this study indicate that isocoumarins
contains hydroxyl groups at position 6 and 8 and showed
antidermatophytic efficacy against the fungal pathogens
T. rubrum. T. benhamiae and T. interdigitale. Moreover,
several microorganisms, such as fungi and bacteria, have
been shown to produce coumarin compounds through
specific metabolic routes and their biological activity is
associated with their ability to form noncovalent
interactions with different active places in living
organisms (Ji et al., 2016).

CONCLUSIONS

In summary, the present study resulted in the extraction
of four dihydroisocoumarins 1-4 and two picolinic acids
5 and 6 from the fungus F. napiforme isolated from the
leaves of F. saligna. The compounds demonstrated a

diverse range of antibacterial, antifungal and
antidermatophytic ~ properties.  7-butyl-15-enyl-6,8-
dihydroxy-3(R)-pent-9,11-dienylisochroman-1-one (1),

7-butyl-15-enyl-6,8-dihydroxy-3(R)-pent-11-
enylisochroman-1-one (2), 7-butyl-6,8-dihydroxy-3(R)-
pent-11-enylisochroman-1-one (3) and 7-butyl-6,8-
dihydroxy-3(R)-pentylisochroman-1-one (4) have been
reported for the first time in F. napiforme.
Dehydrofusaric acid (5) and fusaric acid (6) have been
isolated from various endophytic Fusarium species.
Further studies including isolation of other associated
endophytic fungi of F. saligna may result in some
unknown metabolites of this type.

Acknowledgements: We acknowledge University of
Natural Resources and Life Sciences (BOKU University)
and institute of microbiology (Czech academy of
Sciences) for research visit to conduct this research. We
also grateful to Prof. S.T. Kariuki of Egerton University,

Kenya for assisting in the identification of the plant
species, Christian Buhr for conducting antimicrobial
assays, Miroslav Kolafik and Sona Kajzrova for
conducting antidermatophytic assays. Special thanks to
Dr. Roman Labuda (Bioactive Microbial Metabolites,
BIMM) BOKU University for technical assistance, and
Gorfer Markus for fungus identification. The research
received financial support from the German Academic
Exchange Service (DAAD) and the German Ministry of
Education and Research (BMBF) under the “Partnership
for Sustainable Solution in Sub-Saharan Africa” grant
number SSA2015-33-074.

Authors’ Contributions: Winnie Cherotich Maritim
designed the study, carried out the laboratory work,
analyzed the data, wrote the manuscript, Josphat Clement
Matasyoh, writing — review and editing, supervision and
conceptualization of the manuscript.

Competing Interests: The authors declare that there are
no competing interests.

Funding: This research was partly funded by German
Academic Exchange Service (DAAD)and the German
Ministry of Education and Research (BMBF) under the
“Partnership for Sustainable Solution in Sub-Saharan
Africa” grant number SSA2015-33-074.

REFERENCES

Ahmed, A. M., Mahmoud, B. K., Millan-Aguinaga, N.,
Abdelmohsen, U. R., & Fouad, M. A. (2023). The endophytic
Fusarium strains: a treasure trove of natural products. RSC
advances, 13(2), 1339-1369.

Alejo-Armijo, A., Cobo, A., Alejo-Armijo, A., Altarejos, J.,
Salido, S., & Ortega-Morente, E. (2025). Evaluation of
antibacterial and antibiofilm properties of phenolics with
coumarin, naphthoquinone and pyranone moieties against
foodborne microorganisms. Molecules, 30(4), 944.

Amuka, O., Machocho, A., Okemo, P., & Mbugua, P. (2015).
Antifungal and antibacterial activity of crude stem bark
extracts' of Bersama abysinicca Verdc. and Faurea saligna
Harr. Research Journal of Medicinal Plant 9 (4), 160-169.


https://www.sciencedirect.com/science/article/pii/S295019462500189X#spnsr2

1940

Arumugam, T., Ghazi, T., Abdul, N. S., & Chuturgoon, A. A.
(2021). A review on the oxidative effects of the fusariotoxins:
Fumonisin B1 and fusaric acid. Toxicology, 19, 181-190.

Boonman, N., Prachya, S., Boonmee, A., Kittakoop, P.,
Wiyakrutta, S., Sriubolmas, N. Warit S. & Chusattayanond, A.
D.-a. (2012). In vitro acanthamoebicidal activity of fusaric acid
and dehydrofusaric acid from an endophytic fungus Fusarium
sp. Tlau3. Planta Medica, 78(14), 1562-1567.

Braca, A., Bader, A., & De Tommasi, N. (2012). Plant and fungi 3,
4-Dihydroisocoumarins: structures, biological activity, and
taxonomic relationships. Studies in Natural Products
Chemistry, 37, 191-215.

Capasso, R., Evidente, A., Cutignano, A., Vurro, M., Zonno, M.
C., & Bottalico, A. (1996). Fusaric and 9, 10-dehydrofusaric
acids and their methyl esters from Fusarium nygamai.
Phytochemistry, 41(4), 1035-1039.

Chen, L., Li, C., Li, F., Chen, Z., Fang, R., Chen, Y., Zhu H. & Ju,
J. (2026). Picolinic Acid Derivatives and Biosynthetic
Pathway from Epicoccum sorghinum SDU-F549. Journal of
Natural Products 89 (1), 329-335. .

Chen, M., Wang, R., Zhao, W., Yu, L., Zhang, C., Chang, S., Li
Y., Zhang T., Xing J & Gan, M. (2019). Isocoumarindole A, a
chlorinated isocoumarin and indole alkaloid hybrid metabolite
from an endolichenic fungus Aspergillus sp. Organic Letters,
21(5), 1530-1533.

Chimponda, T., & Mukanganyama, S. (2010). Antimycobacterial
activities of selected medicinal plants from Zimbabwe against
Mycobacterium aurum and Corynebacterium glutamicum.
Tropical Biomedicine, 27(3), 595-610.

Clay, K., & Schardl, C. (2002). Evolutionary origins and
ecological consequences of endophyte symbiosis with grasses.
The American Naturalist, 160(S4), S99-S127.

Devienne, K. F., Raddi, M. G., Coelho, R. G., & Vilegas, W.
(2005). Structure—antimicrobial activity of some natural
isocoumarins and their analogues. Phytomedicine, 12(5), 378-
381.

Hamill, F., Apio, S., Mubiru, N., Bukenya-Ziraba, R., Mosango,
M., Maganyi, O., & Soejarto, D. (2003). Traditional herbal
drugs of Southern Uganda, II: literature analysis and
antimicrobial assays. Journal of Ethnopharmacology, 84(1),
57-78. https://doi.org/https://doi.org/10.1016/S0378-
8741(02)00289-1

Hoque, N., Afroz, F., Khatun, F., Rony, S. R., Hasan, C. M., Rana,
M. S., & Sohrab, M. H. (2022). Physicochemical,
pharmacokinetic and cytotoxicity of the compounds isolated
from an endophyte Fusarium oxysporum: In vitro and in silico
approaches. Toxins, 14(3), 159.

Huang, B. B., Liu, Y. Y., Zhu, P. F,, Jiang, Y. C., & Ouyang, M.-
A. (2020). Concise total synthesis and antifungal activities of
fusaric acid, a natural product. Molecules, 25(17), 3859.

Hussain, H., & Green, 1. R. (2017). A patent review of two fruitful
decades (1997-2016) of Isocoumarin research. Expert opinion
on therapeutic patents, 27(11), 1267-1275.

Ibrahim, S. R., Mohamed, S. G., Alsaadi, B. H., Althubyani, M.
M., Awari, Z. 1., Hussein, H. G., Aljohani A. A., Albasri J. F.,
Faraj S.A. & Mohamed, G. A. (2023). Secondary metabolites,
biological activities, and industrial and biotechnological
importance of Aspergillus sydowii. Marine Drugs, 21(8), 441.

I, Q., Ge, Z., Ge, Z., Chen, K., Wu, H., Liu, X., Huang, Y., Yuan,
L., & Liao, F. (2016). Synthesis and biological evaluation of
novel phosphoramidate derivatives of coumarin as chitin
synthase inhibitors and antifungal agents. European Journal of
Medicinal Chemistry, 108, 166-176.

BIOLOGY, MEDICINE, & NATURAL PRODUCT CHEMISTRY 15 (2), 2026: 1933-1942

Kayser, O., & Kolodziej, H. (1999). Antibacterial activity of
simple coumarins: structural requirements for biological
activity. Zeitschrift fur Naturforschung C, 54(12), 169-174.

Kellogg, J. J., & Raja, H. A. (2017). Endolichenic fungi: a new
source of rich bioactive secondary metabolites on the horizon.
Phytochemistry Reviews, 16(2), 271-293.

Kim, J. W, Ryu, J., & Shim, S. H. (2018). Chemical investigation
on an endophytic fungus Gibberella moniliformis JS1055
derived from a halophyte Vitex rotundifolia. Natural Product
Sciences, 24(3), 189-193.

Kolarczykova, D., Lyskova, P., Svarcova, M., Kuklova, L., Dobias,
R., Mallatova, N., Kolarik M., & Hubka, V. (2024).
Terbinafine resistance in Trichophyton mentagrophytes and
Trichophyton rubrum in the Czech Republic: A prospective
multicentric study. Mycoses, 67(2), e13708.

Kolatik, M., Vrublevskaya, M., Kajzrova, S., KuliSovd, M., &
Kolouchova, 1. J. (2023). Taxonomic analysis reveals host
preference of rare fungi in endophytes of Vitis vinifera from
the Czech Republic. Folia Microbiologica, 68(6), 961-975.

Kongsaeree, P., Prabpai, S., Sriubolmas, N., Vongvein, C., &
Wiyakrutta, S. (2003). Antimalarial dihydroisocoumarins
produced by Geotrichum sp., an endophytic fungus of
Crassocephalum c repidioides. Journal of Natural Products,
66(5), 709-711.

Kumar, J. S., Thirupataiah, B., Medishetti, R., Ray, A., Bele, S. D.,

Hossain, K. A., Reddy, G. S., Edwin, R. K., Hossain A. K.,
Joseph, A., Kumar, N., Shenoy G. G., Rao M. C., & Pal M.,

(2020). Rosuvastatin based novel 3-substituted
isocoumarins/3-alkylidenephthalides: ~ Ultrasound  assisted
synthesis and identification of new anticancer agents.

European Journal of Medicinal Chemistry, 201, 112335.

Lawal, F., Bapela, M. J., Adebayo, S. A., Nkadimeng, S. M.,
Yusuf, A. A., Malterud, K. E., McGaw L. J., & Tshikalange,
T. E. (2019). Anti-inflammatory potential of South African
medicinal plants used for the treatment of sexually transmitted
infections. South African Journal of Botany, 125, 62-71.
https://doi.org/https://doi.org/10.1016/j.sajb.2019.06.023

Li-jian, X., Pei-qin, L., & Jiang-WZ, T. (2010). Two antimicrobial
compounds fusaric acid and 9, 10-dehydrofusaric acid from
endophytic Fusarium redolens Dzf2. Natural Product
Research and Development, 22, 564-567.

Li, C., Zuo, C., Deng, G., Kuang, R., Yang, Q., Hu, C., Sheng O.,
Zhang S., Ma L., Wei, Y. & Yang J. (2013). Contamination of
bananas with beauvericin and fusaric acid produced by
Fusarium oxysporum f. sp. cubense. PloS one, 8(7), €70226.

Li, M., Yu, R., Bai, X., Wang, H., & Zhang, H. (2020). Fusarium:
a treasure trove of bioactive secondary metabolites. Natural
Product Reports, 37(12), 1568-1588.

Li, X,, Wu, Y., & Liu, Z. (2021). Antifungal activity of an
endophytic fungus Aspergillus versicolor DYSJ3 from
Aphanamixis grandifolia Blume against Colletotrichum musae.
Mycobiology, 49(5), 498-506.

Liu, D., Luo, Y., Zhang, C., Zhang, T., Guo, C., Wang, F., Zhanh,
J., & Luo, D. (2026). Two new phytotoxic fusaric acid
derivatives from the fungus Fusarium hechiense RH-AG63.
Phytochemistry Letters, 73, 104141.

Liu, S., Dai, H., Orfali, R. S., Lin, W., Liu, Z., & Proksch, P.
(2016). New fusaric acid derivatives from the endophytic
fungus Fusarium oxysporum and their phytotoxicity to barley
leaves. Journal of Agricultural and Food Chemistry, 64(16),
3127-3132.


https://doi.org/https:/doi.org/10.1016/S0378-8741(02)00289-1
https://doi.org/https:/doi.org/10.1016/S0378-8741(02)00289-1
https://doi.org/https:/doi.org/10.1016/j.sajb.2019.06.023

Maritim & Matasyoh — Antimicrobial and Antidermatophytic Dihydroisocoumarins and ...

Lonc¢ar, M., Gaso-Soka¢, D., & Molnar, M. (2023). Coumarin
derivatives as antifungal agents--A review. Czech Journal of
Food Sciences, 41(2), 79-91.

Oliveras, P., & Villanueva-Silva, R. (2025). Disruption of cell wall
and membrane integrity as antioomycete and antifungal mode
of action by fusaric and 9, 10-dehydrofusaric acids from
endophytic fungus Fusarium lactis strain SME13-2. Journal of
Applied Microbiology, 136(1), 1xae301.

Mabhavy, C. E., Duez, P., ElJaziri, M., & Rasamiravaka, T. (2020).
African plant-based natural products with antivirulence
activities to the rescue of antibiotics. Antibiotics, 9(11), 830.
https://doi.org/https://doi.org/10.3390/antibiotics9110830

Mamur, S., Unal, F., Yilmaz, S., Erikel, E., & Yiizbasioglu, D.
(2020). Evaluation of the cytotoxic and genotoxic effects of
mycotoxin fusaric acid. Drug and Chemical Toxicology, 43(2),
149-157.

Mao, Z., Zhang, W., Wu, C., Feng, H., Peng, Y., Shahid, H., Cui,
Z., Ding, P., & Shan, T. (2021). Diversity and antibacterial
activity of fungal endophytes from Eucalyptus exserta. BMC
Microbiology, 21(1), 155.

Maroyi, A. (2023). Faurea saligna Harv. (Proteaceae): Medicinal
uses and biological properties. Medicinal Plants -
International Journal of Phytomedicines and Related
Industries, 15, 645-653.  https://doi.org/10.5958/0975-
6892.2023.00065.5

Masevhe, N. A., McGaw, L. J., & Eloff, J. N. (2015). The
traditional use of plants to manage candidiasis and related
infections in  Venda, South Africa. Journal of
Ethnopharmacology, 168, 364-372.
https://doi.org/http://dx.doi.org/10.1016/j.jep.2015.03.046

Mohamed, G. A., Ibrahim, S. R., & Asfour, H. Z. (2020).
Antimicrobial metabolites from the endophytic fungus
Aspergillus versicolor. Phytochemistry Letters, 35, 152-155.

Newman, D. J., & Cragg, G. M. (2020). Natural products as
sources of new drugs over the nearly four decades from
01/1981 to 09/2019. Journal of Natural Products, 83(3), 770-
803.

Nucci, M., & Anaissie, E. (2007). Fusarium infections in
immunocompromised patients. Clinical Microbiology Reviews,
20(4), 695-704.

Nyagumbo, E., Pote, W., Shopo, B., Nyirenda, T., Chagonda, I.,
Mapaya, R. J., aunganidze F., Mavengere W. N., Mawere C.,
Mutasa I & Kademeteme E. (2022). Medicinal plants used for
the management of respiratory diseases in Zimbabwe: Review
and perspectives potential management of COVID-19. Physics
and Chemistry of the Earth, Parts A/B/C, 128, 103232.
https://doi.org/https://doi.org/10.1016/j.pce.2022.103232

Oosthuizen, C. B., Gasa, N., Hamilton, C. J., & Lall, N. (2019).
Inhibition of mycothione disulphide reductase and
mycobacterial biofilm by selected South African plants. South
African Journal of  Botany, 120, 291-297.
https://doi.org/https://doi.org/10.1016/j.sajb.2018.09.015

Pal, S., Chatare, V., & Pal, M. (2011). Isocoumarin and its
derivatives: An overview on their synthesis and applications.
Current Organic Chemistry, 15(5), 782-800.

Pan, J.-H., Chen, Y., Huang, Y.-H., Tao, Y.-W., Wang, J.,, Li, Y.,
Lin, Peng Y., Dong T., Lai X. M. & Lin, Y.-C. (2011).
Antimycobacterial activity of fusaric acid from a mangrove
endophyte and its metal complexes. Archives of Pharmacal
Research, 34(7), 1177-1181.

Paterson, J. R., Hardman, B. L., Jordan, L. A., Wadsworth, J. M.,

Black, D. J., Ross, J., J., Clare L. A., Wright E., Wallace E. R.,
Pal, R. & Moran M. T. (2025). Antibacterial chelating agents

1941

with applications in industry and medicine: cellular metal
restriction, membrane disruption, and synergism with
antibiotics in Escherichia coli, Pseudomonas aeruginosa,
Serratia marcescens, Bacillus subtilis, and Staphylococcus
aureus. Journal of Applied Microbiology, 136(11), 1xaf258.

Rodrigo, S., Garcia-Latorre, C., & Santamaria, O. (2021).
Metabolites produced by fungi against fungal phytopathogens:
Review, implementation and perspectives. Plants, 11(1), 81.

Sachs, J., Dohl, K., Weber, A., Bonus, M., Ehlers, F., Fleischer, E.,
Klinger A., Gohlke H., Pietruszka J., Schmitt, L. & Teusch N.
(2019). Novel 3, 4-dihydroisocoumarins inhibit human P-gp
and BCRP in multidrug resistant tumors and demonstrate
substrate inhibition of yeast PdrS. Frontiers in Pharmacology,
10, 400.

Saeed, A. (2016). Isocoumarins, miraculous natural products
blessed with diverse pharmacological activities. European
Journal of Medicinal Chemistry, 116,290-317.

Schulz, B., Boyle, C., Draeger, S., Rommert, A.-K., & Krohn, K.
(2002). Endophytic fungi: a source of novel biologically active
secondary metabolites. Mycological Research, 106(9), 996-
1004.

Segme, M., Urganci, A. B. E., Uzen, R., Aslan, A., & Tiras, F.
(2023). Determination of the effects of fusaric acid, a
mycotoxin, on cytotoxicity, gamma-H2AX, 8-hydroxy-2
deoxyguanosine and DNA repair gene expressions in
pancreatic cancer cells. Toxicon, 231, 107179.

Shi, S., Li, Y., Ming, Y., Li, C., Li, Z., Chen, J., & Luo, M. (2018).
Biological activity and chemical composition of the
endophytic fungus Fusarium sp. TP-G1 obtained from the root
of Dendrobium officinale Kimura et Migo. Records of Natural
Products, 12, 549-556.

Singh, A., Kumar, J., Sharma, V. K., Singh, D. K., Kumari, P.,
Nishad, J. H., Gautam V. S. & Kharwar, R. N. (2021).
Phytochemical analysis and antimicrobial activity of an
endophytic Fusarium proliferatum (ACQRS), isolated from a
folk medicinal plant Cissus quadrangularis L. South Afiican
Journal of Botany, 140, 87-94.

Sondergaard, T. E., Fredborg, M., Oppenhagen Christensen, A.-
M., Damsgaard, S. K., Kramer, N. F., Giese, H., & Serensen,
J. L. (2016). Fast screening of antibacterial compounds from
Fusaria. Toxins, 8(12), 355.

Souza, R. B., Frota, A. F., Silva, J., Alves, C., Neugebauer, A. Z.,
Pinteus, S., Rodrigues J. A. G., Cordeiro E. M. S., Almeida R.
R., & Pedrosa, R. (2018). In vitro activities of kappa-
carrageenan isolated from red marine alga Hypnea
musciformis: Antimicrobial, anticancer and neuroprotective
potential. International Journal of Biological Macromolecules,
112, 1248-1256.
https://doi.org/https://doi.org/10.1016/j.ijbiomac.2018.02.029

Stafford, G. I., Pedersen, M. E., van Staden, J., & Jager, A. K.
(2008). Review on plants with CNS-effects used in traditional
South African medicine against mental diseases. Journal of
Ethnopharmacology, 119(3), 513-537.
https://doi.org/https://doi.org/10.1016/j.jep.2008.08.010

Stépanek, O., Cmokova, A., Prochazkova, E., Grobarova, V.,
Cerny, I., Slapni¢kova, M., Zikova A., Kolaitk M., &
Baszczynski, O. (2022). Piperazine-Modified Ketoconazole
Derivatives Show Increased Activity against Fungal and
Trypanosomatid  Pathogens. = ChemMedChem,  17(21),
€202200385.

Summerell, B. A. (2019). Resolving Fusarium: Current status of
the genus. Annual Review of Phytopathology, 57(1), 323-339.


https://doi.org/10.5958/0975-6892.2023.00065.5
https://doi.org/10.5958/0975-6892.2023.00065.5
https://doi.org/http:/dx.doi.org/10.1016/j.jep.2015.03.046
https://doi.org/https:/doi.org/10.1016/j.pce.2022.103232
https://doi.org/https:/doi.org/10.1016/j.sajb.2018.09.015
https://doi.org/https:/doi.org/10.1016/j.ijbiomac.2018.02.029
https://doi.org/https:/doi.org/10.1016/j.jep.2008.08.010

1942

Supratman, U., Hirai, N., Sato, S., Watanabe, K., Malik, A,
Annas, S., Harneti D., Maharani R., Koseki T., & Shiono, Y.
(2021). New naphthoquinone derivatives from Fusarium
napiforme of a mangrove plant. Natural Product Research,
35(9), 1406-1412.

Tabopda, T. K., Fotso, G. W., Ngoupayo, J., Mitaine-Offer, A.-C.,
Ngadjui, B. T, & Lacaille-Dubois, M.-A. (2009).
Antimicrobial dihydroisocoumarins from Crassocephalum
biafrae. Planta Medica, 75(11), 1258-1261.

Thanh, T. T., Quoc, T. N., & Xuan, H. L. (2020). Fusaric acid and
derivatives as novel antimicrobial agents. Medicinal Chemistry
Research, 29(9), 1689-1696.

Tshikalange, T. E., Mophuting, B. C., Mahore, J., Winterboer, S.,
& Lall, N. (2016). An ethnobotanical study of medicinal plants
used in villages under Jongilanga tribal council, Mpumalanga,
South Africa. African Journal of Traditional, Complementary
and Alternative Medicines, 13(6), 83-89.
https://doi.org/https://doi.org/10.21010/ajtcam.v13i6.13

Tung, T. T., Jakobsen, T. H., Dao, T. T., Fuglsang, A. T., Givskov,
M., Christensen, S. B., & Nielsen, J. (2017). Fusaric acid and
analogues as Gram-negative bacterial quorum sensing

BIOLOGY, MEDICINE, & NATURAL PRODUCT CHEMISTRY 15 (2), 2026: 1933-1942

inhibitors. European Journal of Medicinal Chemistry, 126,
1011-1020.

Xiao, Z. e., Chen, S., Cai, R., Lin, S. e., Hong, K., & She, Z.
(2016). New furoisocoumarins and isocoumarins from the
mangrove endophytic fungus Aspergillus sp. 085242. Beilstein
Journal of Organic Chemistry, 12(1), 2077-2085.

Xu, G.-B., Yang, F.-Y., Wu, X.-Y., Li, R., Zhou, M., Wang, B.,
Yang X. -S., Zhang T. -T., & Liao, S.-G. (2021). Two new
dihydroisocoumarins with antimicrobial activities from the
fungus Penicillium sp. XR046 collected from Xinren coal area.
Natural Product Research, 35(9), 1445-1451.

Zhang, Q. Y., Yang, F. Y., Liao, S. G., Wang, B., Li, R., Dong, Y.
X., Zhou M., Yang Y. Y. & Xu, G. B. (2021). Synthesis,
antibacterial activity, and structure—activity relationship of
fusaric acid analogs. Bulletin of the Korean Chemical Society,
42(4), 577-582.

Zhou, G., Qiao, L., Zhang, X., Sun, C., Che, Q., Zhang, G., Zhu
T., Gu Q. & Li, D. (2019). Fusaricates HK and fusolanones

AB from a mangrove endophytic fungus Fusarium solani
HDN15-410. Phytochemistry, 158, 13-19.


https://doi.org/https:/doi.org/10.21010/ajtcam.v13i6.13

