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Secondary metabolites from halotolerant filamentous fungi 
as potential topical cosmeceutical ingredients
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Abstract
The use of natural products in cosmetics and pharmacy has risen dramatically in recent years, leading to the overexploitation of flora and 
fauna worldwide and threatening the environmental sustainability. Microbe-derived components could help to solve the problem due to 
their independently controllable cultural property. To investigate the potential of microfungi for producing potential novel cosmeceuticals, 
cerevisterol (1), aloesol (2), 3β,5α,9α-trihydroxyergosta-7,22-diene-6-one (3), and ergosterol peroxide (4) were isolated from the 
halotolerant fungal strains Penicillium brefeldianum CL6 and Talaromyces sp. S3-Rt-N3. They were then tested for biological properties, 
including anti-microbial, tyrosinase inhibitory, and wound healing activities. The results revealed the wound-healing potentials of two 
fungal compounds – (1) and (2) – in terms of cell proliferation promotion in NIH-3T3 murine fibroblasts, and the tyrosinase inhibitory 
potential of fungal compounds (1), (3), and (4) in the substrates L-tyrosine and L-3,4-dihydroxyphenylalanine (L-DOPA). Interestingly, 
compound (1) exhibited antimicrobial activity against acne-causing bacterium Propionibacterium acnes. These results have revealed new 
prospects for the application of microorganisms-derived compounds, especially in the cosmetics industry.
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Highlights:
•	 Four compounds were isolated from halotolerant fungi Penicillium and Talaromyces.
•	 Of the four isolated compounds, three were found to be in vitro skin-whitening, one exhibited in vitro anti-acne activity, and two had 

wound-healing potential.
•	 Fungi-derived compounds could serve as potential materials for new skin caring agents.
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Introduction

The term ‘cosmeceutical’ was first proposed in 1962 as “a sci-
entifically designed product intended for external application 
to the human body” (Reed, 1962), and later described as a cat-
egory of cosmetic products with performance characteristics 
of pharmaceuticals (Kligman, 2000). Today, “cosmeceuticals” 
has become a field of study for the discovery and innovation 
of safe ingredients and formulations to be used in the beau-
ty industry, predominantly skin care (Espinosa-Leal and Gar-
cia-Lara, 2019). The recent explosive demand for natural skin 
care products to counteract deleterious external impacts, such 
as photo-damage, cutaneous wounds, dryness, and microbial 
infection, has led to the acceleration of exploiting biologically 
active ingredients from plants and animals for cosmeceutical 
purposes.

Cosmeceuticals of natural origin were believed to be more 
effective, innocuous, and causing less side effects (Espino-

sa-Leal and Garcia-Lara, 2019). Famous examples are terres-
trial botanical phenolics, polyphenols, flavonoids, terpenoids, 
steroids (Dorni et al., 2017) and marine organisms’ phloro-
tannins (Sanjeewa et al., 2016), polysaccharides, and carote-
noid pigments (Corinaldesi et al., 2017). Recently, fungi have 
emerged as an alternative and relatively untapped source of 
cosmeceuticals for skin ageing and depigmentation applica-
tions (Agrawal et al., 2018). Besides, these microbes are able to 
be cultivated and fermented independently in vitro using lab-
oratory-controlled environments, therefore could prevent the 
ecosystem from the scenario of resources depletion in large-
scale consumption and over-exploitation.

Many fungi-derived metabolites were known to exhibit 
diverse skin cosmeceutical properties, including photo-protec-
tion, skin-whitening, anti-acne, and wound-healing activities. 
Since microfungi are among the most affected living organisms 
by global warming and increasing solar radiation, they were 
proposed to develop various adaptive strategies, including the 
induction of sporulation and the synthesis of photo-protective 
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pigments, to protect themselves against ultraviolet challenges 
(Wong et al., 2019). Of all the fungal compounds involved in 
UV-tolerances, melanin, carotenoids, and mycosporines are 
the most described molecules (Nosanchuk et al., 2015; Wong 
et al., 2019). Hundreds of UV-absorbing mycosporins pro-
ducers have already been documented, comprising selected 
fungal strains belonging to genera Ascochyta, Aureobasidium,  
Cladosporium, Coniosporium, Cryptococcus, Phaeococcus, Rho-
dotorula, Sarcinomyces, Trichothecium, and Xanthophyllomyces 
(Görünmek et al., 2024; Kogej et al., 2006; Libkind et al., 2011; 
Moliné et al., 2011; Volkmann and Gorbushina, 2006).

Carotenoids from isolates of genera Rhodotorula, Phaffia, 
and Xanthophyllomyces were claimed to possess anti-oxidant 
and anti-inflammatory activities that can contribute to pho-
to-protection (Agrawal et al., 2018; Galasso et al., 2017; Kogej 
et al., 2006). Likewise, the existence of melanin was consid-
ered an effective armor in mycelia against photo-damage, with 
wide distribution in fungal clades of Aspergillus, Fonsecaea, 
Neurospora, Sporothrix, Wangiella, Verticillium, etc. (Nosanchuk 
et al., 2015). Since fungi play a key role in melanin degradation 
in nature (Nadhilah et al., 2023), they were believed to be a 
great potential source of cosmetic skin-whiteners. At present, 
several fungal metabolites have been proven to reduce melanin 
production by inhibiting tyrosinase. As such, Aspergillus flavus 
derived kojic acid (Ola et al., 2019), lactic acids, and glycolic 
acids from Rhizopus spp. (Zhang et al., 2007), myrothenones 
from Myrothecium sp. (Li et al., 2005), and sesquiterpenes iso-
lated from Pestalotiopsis sp. (Wu et al., 2013) could be eligible 
for skin-whitener production. Additionally, increasing con-
cerns regarding antibiotic resistance and the need to discov-
er fresh active compounds against acne causing bacteria have 
made microfungi a source for mining new ingredients in skin-
care formulations. In 2014, two fungal pyridones from Tricho-
derma sp. were identified with antibiotic activity against skin 
disorder inducing bacterium Staphylococcus epidermidis, with 
IC50 values ranging from 4 to 24 μM (Wu et al., 2014). Concur-
rently, the properties of compound C from endophytic fungus 
Talaromyces wortmannii in in vitro anti-inflammation and the 
inhibition of Propionibacterium acnes are promising for new 
added active agents in cosmeceuticals against dermatological 
acne vulgaris (Pretsch et al., 2014). Although instances of ad-
verse reaction, irritation, and skin allergies should be carefully 
considered, the cosmeceutical benefits of microfungal metabo-
lites to the skin are obviously significant, making their applica-
tion in skin care become an upcoming research trend.

Our study aims to characterize and examine cosmeceutical 
properties, i.e., the inhibitory effects of isolated fungal compo-
nents on tyrosinase activity, lipase activity, and acne-causing 
bacteria, as well as to determine their in vitro wound-healing 
effects on fibroblasts.

 
Materials and methods

Taxonomic study
Marine and mangrove derived microbial strains CL6 and  
S3-Rt-N3 were isolated from thallus of Padina australis (Sam-
pling site: N 12°13.848’, E 109°14.505’) and rhizosphere of Son-
neratia caseolaris (Sampling site: N 20°12.226’, E 106°33.009’), 
respectively. These were determined to be halotolerant with up 
to 5% NaCl (data not shown) and are deposited in the Institute 
of Natural Products Chemistry, Vietnam Academy of Science 
and Technology – either in forms of pure culture or cryopre-
served vials.

Genomic DNA extraction was performed following the 
modified method of benzyl chloride (Zhu et al., 1993). Poly-
merase chain reaction (PCR) for amplification of internal tran-
scribed spacer (ITS) region was carried out using universal 
fungal primers ITS1 (5’-TCCGTAGGTGAACCTGCGT-3’) and 
ITS4 (5’-TCCTCCGCTTGATATGC-3’) (White et al., 1990). The 
amplified PCR product was sequenced by 1st BASE DNA Se-
quencing Services (Malaysia).

These fungi were characterized by both an analysis of the 
obtained sequence by BLAST search in NCBI GenBank and 
morphological study (Visagie et al., 2014; Yilmaz et al., 2014).

General procedure
Mass spectra were measured on a Thermo LCQ Fleet spec-
trometer (Thermo, USA). Nuclear magnetic resonance (NMR) 
spectra (1H-NMR, 13C-NMR, DEPT, HSQC, HMBC, COSY and 
NOESY) data were measured on a Bruker Ascend 600 NMR 
spectrometer (Bruker, USA) to elucidate the structures of pu-
rified compounds. 1H- and 13C-NMR spectra were recorded at 
600 MHz and 150 MHz, respectively, with tetramethylsilane 
(TMS) as an internal standard. Chemical shifts were expressed 
in δ (ppm) and coupling constants (J) in Hz. Column chroma-
tography (CC) was prepared with silica gel 60 (70–230 mesh, 
Merck, Germany). High performance liquid chromatography 
(HPLC) separation was performed on Agilent 1200 Prepara-
tive HPLC System (Agilent Technologies, USA).

Fermentation and crude extraction
Halotolerant fungal strains (Penicillium sp. CL6 and Talaromy-
ces sp. S3-Rt-N3) were grown on potato dextrose agar (HiMe-
dia, India) supplemented with 3% sodium chloride (pH 6.8) 
(potato dextrose-sea water agar) (30 °C, 14 days) and then 
transferred to Erlenmeyer flasks containing liquid medium 
of potato dextrose-sea water (pH 6.8) for inoculation. After 
15 days, the broth (120 l each strain) was separated from my-
celia by filtration (pore size 38 µm) and partitioned in tripli-
cate with an equal volume of ethyl acetate (Xilong Scientific, 
China), followed by in vacuo evaporation (45 °C, 40 rpm) to 
yield concentrated crude extracts (10.3–12.7 g).

Isolation and structure elucidation of chemical 
compounds
The EtOAc extracts of CL6 (12.7 g) and of S3-Rt-N3 (14.2 g) 
were separately subjected to reversed phase (RP) C18 column 
chromatography (CC), using a gradient solution of 30, 70, 
and 100% MeOH in H2O to give rise to three fractions of CL6 
(C6.1–C6.3) and three fractions of S3-Rt-N3 (S3.1–S3.3), re-
spectively.

Fraction C6.3 was introduced to silica gel CC, using 
n-hexane-acetone (gradient 40:1→0:1, v/v) as eluent to yield 
10  subfractions (C6.3.1–C6.3.10). Compound (1) (6,75 mg) 
was isolated by recrystallization technique for the removal of 
impurities and yielding a non-crystalline solid in a powdered 
form. C6.2 was separated by silica gel CC, eluting with CH2Cl2-
MeOH (20:1, v/v) to provide C6.2.1. From the subfraction 
C6.2.1, compound (2) (3,0 mg) was isolated by purification 
through preparative HPLC, using acetonitrile in H2O (7:93, 
v/v) as a mobile phase.

From the fraction S3.3, 10 subfractions (S3.3.1–S3.3.10) 
were provided by silica gel CC with n-hexane-acetone (gradient 
40:1→0:1, v/v) as eluent. Subfraction S3.3.10 was separated by 
silica gel CC, eluting with n-hexane-ethyl acetate (1,5:1, v/v) 
to provide S3.3.11. From the subfraction S3.3.11, compound 
(3) (5,4 mg) was obtained by silica gel CC with n-hexane-ethyl 
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acetate (1:3, v/v) as eluent. Compound (4) was isolated from 
subfraction S3.3.8 by silica gel CC, eluting with n-hexane-ethyl 
acetate (2,5:1, v/v) in combination with purification by recrys-
tallization.

(1): White amorphous powder; ESI-MS (positive mode) m/z 
431 [M+H]+; 1H NMR (600 MHz, DMSO-d6): δH 1.30 (2H, 
m, H-1), 1.23 (1H, m, H-2a), 1.60 (1H, m, H-2b), 3.77 (1H, 
m, H-3), 1.88 (1H, m, H-4a), 1.50 (1H, m, H-4b), 3.38 (1H, d,  
J = 5.4 Hz, H-6), 5.08 (1H, d, J = 4.8 Hz, H-7), 1.96 (1H, m, 
H-9), 1.40 (2H, m, H-11), 1.27 (1H, m, H-12a), 1.95 (1H, m, 
H-12b), 1.80 (1H, m, H-14), 1.37 (1H, m, H-15a), 1.48 (1H, m, 
H-15b), 1.25 (1H, m, H-16a), 1.66 (1H, m, H-16b), 1.25 (1H, 
m, H-17), 0.54 (3H, s, H-18), 0.91 (3H, s, H-19), 2.01 (H, dd, 
J = 15.4, 6.6 Hz, H-20), 0.99 (3H, d, J = 6.6 Hz, H-21), 5.17 
(H, dd, J = 15.0, 7.2 Hz, H-22), 5.24 (H, dd, J = 15.0, 7.2 Hz, 
H-23), 1.86 (1H, m, H-24), 1.46 (1H, m, H-25), 0.81 (3H, d,  
J = 7.2 Hz, H-26), 0.80 (3H, d, J = 7.2 Hz, H-27), 0.89 (3H, d,  
J = 7.2 Hz, H-28). 13C NMR (150 MHz, DMSO-d6): δC 32.4 
(C-1), 31.1 (C-2), 65.9 (C-3), 39.9 (C-4), 74.4 (C-5), 72.1 (C-6), 
119.4 (C-7), 139.6 (C-8), 42.2 (C-9), 36.6 (C-10), 21.3 (C-11), 
38.9 (C-12), 42.9 (C-13), 54.1 (C-14), 22.5 (C-15), 27.7 (C-16), 
55.3 (C-17), 12 (C-18), 17.6 (C-19), 40.2 (C-20), 20.9 (C-21), 
135.3 (C-22), 131.3 (C-23), 42 (C-24), 32.4 (C-25), 19.4 (C-26), 
19.7 (C-27), 17.2 (C-28).

(2): White amorphous powder; ESI-MS (positive mode) m/z 
235 [M+H]+; 1H NMR (500 MHz, CD3OD): δH 6.08 (1H, s, H-3), 
6.65 (1H, d, J = 2.4 Hz, H-6), 6.68 (1H, d, J = 2.4 Hz, H-8), 
1.29 (3H, d, J = 6.0 Hz, H-3´), 2.74 (3H, s, 5-CH3). 13C NMR 
(125 MHz, CD3OD): δC 167.1 (C-2), 112.5 (C-3), 182.0  
(C-4), 143.8 (C-5), 118.2 (C-6), 163.2 9C-7), 101.9 (C-8),  
161.7 (C-9), 116.0 (C-9), 44.4 (C-1′), 66.6 (C-2′), 23.9 (C-3′), 
23.2 (5-CH3).

(3): White amorphous powder; ESI-MS (positive mode) m/z 
445 [M+H]+; 1H NMR (500 MHz, acetone-d6): δH 0.67 (3H, 
s, H-18), 0.85 (3H, s, H-19), 1.05 (3H, d, J = 5.5 Hz, H-21), 
0.99 (3H, d, J = 5.5 Hz, H-26), 0.84 (3H, d, J = 5.5 Hz, H-27), 
0.95 (3H, d, J = 6.0 Hz, H-28), 5.58 (1H, s, H-7), 5.25 (1H, dd,  
J = 6.5, 13.0 Hz, H-22), 5.30 (1H, dd, J = 6.5, 13.0 Hz, H-23). 
13C NMR (125 MHz, acetone-d6): 26.3 (C-1), 30.1 (C-2), 67.0 
(C-3), 37.6 (C-4), 79.9 (C-5), 197.9 (C-6), 120.5 (C-7), 163.4 
(C-8), 75.4 (C-9), 42.8 (C-10), 30.5 (C-11), 35.7 (C-12), 45.7  
(C-13), 52.2 (C-14), 23.0 (C-15), 28.6 (C-16), 56.8 (C-17), 12.4 
(C-18), 19.5 (C-19), 41.1 (C-20), 21.4 (C-21), 136.3 (C-22), 133.0  
(C-23), 43.7 (C-24), 33.8 (C-25), 20.5 (C-26), 20.3 (C-27), 
18.05 (C-28).

(4): White amorphous powder. ESI-MS (positive mode) 
m/z 427 [M+H]+; 1H NMR (600 MHz, CDCl3): δH 0.81 (3H, 
s, CH3-18), 0.82 (3H, d, J = 6.6 Hz, CH3-26), 0.83 (3H, d,  
J = 6.6 Hz, CH3-27), 0.88 (3H, s, CH3-19), 0.91 (3H, d,  
J = 6.5 Hz, CH3-28), 1.00 (3H, d, J = 6.6 Hz, CH3-21), 3.97 (1H, 
m, H-3), 5.15 (1H, dd, J = 7.5, 15.0 Hz, H-22), 5.21 (1H, dd,  
J = 7.5, 15.0 Hz, H-23), 6.24 (1H, d, J = 8.5 Hz, H-6), 6.50 (1H, d,  
J = 8.5 Hz, H-7). 13C NMR (150 MHz, CDCl3): δC 34.7 (C-1), 30.1  
(C-2), 66.5 (C-3), 36.9 (C-4), 82.1 (C-5), 135.4 (C-6), 130.7  
(C-7), 79.4 (C-8), 51.1 (C-9), 37.0 (C-10), 20.6 (C-11), 39.4  
(C-12), 44.6 (C-13), 56.2 (C-14), 23.4 (C-15), 28.6 (C-16), 
56.2 (C-17), 12.9 (C-18), 18.2 (C-19), 39.7 (C-20), 20.8  
(C-21), 135.2 (C-22), 132.3 (C-23), 42.7 (C-24), 33.1 (C-25), 19.6  
(C-26), 19.9 (C-27), 17.6 (C-28).

Cell culture and test bacteria
NIH-3T3 embryonic murine fibroblasts originated from the 
American Type Culture Collection (CRL-1658, ATCC, USA) and 
was cultured in Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 1% strepto-
mycin (Corning, USA), incubated at 37 °C, 5% CO2 with medi-
um change every two days.

Test bacterium Propionibacterium acnes ATCC 11827 was 
inoculated in Brain Heart Infusion medium (BHI, HiMedia, 
India) at 37 °C, 5% CO2.

Antibacterial assay
The antimicrobial activity of isolated compounds was deter-
mined on 96-well plates, according to the previously described 
broth dilution method (Vanden Berghe and Vlietinck, 1991). 
The bacterial suspension was briefly adjusted to a concentra-
tion of 106–107 CFU/ml with BHI broth, and subsequently add-
ed to serial diluted solutions of test sample. The microplates 
were then incubated for 48 h at 37 °C for observation of mi-
crobial growth and determination of the minimum inhibitory 
concentration (MIC). Streptomycin (Sigma-Aldrich, Germany) 
was employed as the positive control.

Tyrosinase inhibitory assays
Tyrosinase inhibitory activities of isolated compounds were 
examined against mushroom tyrosinase (EC 1.14.18.1, Sig-
ma-Aldrich, Germany) by dopachrome method using both 
substrates L-tyrosine and L-3,4-dihydroxyphenylalanine 
(L-DOPA) (Merck, Germany) on 96-well plates.

Using L-tyrosinase substrate, the inhibitory assay was car-
ried out following Khatib et al. (2005) with minor modifica-
tions. Accordingly, test compounds were pre-incubated (37 °C, 
5 min) with 100 U/ml tyrosinase in potassium phosphate buff-
er (50 mM, pH = 6.5). Thereafter 100 µl of substrate solution 
containing L-tyrosine 2 mM (Sigma-Aldrich, Germany) was 
added to the mixture and incubated (37 °C, 60 min) for reac-
tion.

The tyrosinase inhibitory assay employing L-DOPA sub-
strate was conducted as described by Lim et al. (1999) with 
modifications. Mushroom tyrosinase and dissolved test com-
pound were briefly pre-incubated in potassium phosphate 
buffer (50 mM, pH = 6.5) at 37 °C. After 5 min, 50 μl of  
L-DOPA (3 mM) was added and further incubated (37 °C, 
30 min).

The formation of product dopachrome was measured 
spectrophotometrically (absorption at 475 nm) by microplate 
reader (Tecan F150, Switzerland). Kojic acid (Sigma-Aldrich, 
Germany) was used as positive reference. The tyrosinase inhi-
bition rates by test compounds were expressed as percentages 
(TI, %) against control (1% DMSO instead of test compound 
in potassium phosphate buffer) resulting from the following 
formula:

TI (%) = {1 - [(AS-AB)/(AC-AN)]}*100%

where AS and AB are absorbances at 475 nm of test compound 
in the presence and absence of enzyme, respectively; AC and 
AN are absorbances of control in the presence and absence of 
enzyme, respectively.

Cell proliferation assay
NIH-3T3 fibroblasts were seeded (2.5 × 104 cells/ml) in DMEM 
medium supplemented with 10% FBS in each well of a 96-well 
plate and incubated (37 °C, 5% CO2) until 70–80% confluen-
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cy. Cells were then exposed to medium change with DMEM 
medium supplemented with 1% FBS to improve uniformity 
and treated with either 0.5% DMSO (negative control) or 
test samples for 48 h (37 °C, 5% CO2). The viable proliferated 
cells after treatments were evaluated by (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimet-
ric method (Berridge et al., 2005). Accordingly, cell culture 
medium was replaced by fresh medium containing 0.5 mg/ml 
MTT and incubated (4 h, 37 °C, 5% CO2). After discarding the 
supernatant, remaining formazan crystals were solubilized in 
100% DMSO for absorbance measurement at 570 nm (Tecan 
F150, Switzerland).

Scratch assay
Wound healing activity of test compounds were investigated 
in vitro by scratch assay (Liang et al., 2007) on 24-well plates 
using SPLScarTM Scratcher (SPL Life Science, Korea). For as-
sessment, NIH-3T3 cells were grown at a density of 2 × 104 
cells/ml and incubated (24 h, 37 °C, 5% CO2) until formation 
of cell monolayer. Subsequently, scratcher tips (1 mm width) 
were applied to produce uniform wound areas in each well of 
the plates. After being rinsed with potassium phosphate buff-
er, fresh medium (DMEM, 1% FBS) was introduced, and cell 
culture was incubated with either test samples or 0.5% DMSO 
(37 °C, 5% CO2). Wound healing areas were imaged at 0, 48, 
and 72 h (Olympus, Japan), and analyzed using ImageJ soft-
ware (Schneider et al., 2012). Relative wound closure rates 
were estimated as percentages of wound closure areas in initial 
wound areas as mentioned (Zhang et al., 2018).

Statistical analysis
Experiments were carried out in triplicate and all data are ex-
pressed as mean ± SD (Standard Deviation). Comparison of 

variances within groups was conducted using one-way analy-
sis of variance (ANOVA), while Student’s t-test was employed 
for paired comparison between groups. p values less than 0.05 
were considered statistically significant. The half maximal in-
hibitory concentration (IC50) was estimated by nonlinear re-
gression analysis using the computer software TableCurve 2D 
version 5.1 (Systat Software, USA).

 
Results and discussion

Fungal taxonomy
On Czapek Dox Agar medium (CDA, HiMedia, India), strain 
CL6 appeared as fast-growing colonies, reaching an average 
diameter of 4 cm after 10 days of incubation at 25 °C. The colo-
nies’ surface was fuzzy, beige in color at the centre, and whitish 
in the margin (Fig. 2A). Micromorphologically, conidiophores 
(50.0–200.0 × 3.0–4.0 µm) with branched metulae and ellip-
soidal conidia (2.5–4.5 × 2.0–3.0 µm), spherical mature cleis-
tothecium (150–250 µm in diameter) containing 8 asci (7.0–
9.0 µm in diameter) and spherical to ellipsoidal ascospores 
(3.5–5.0 × 2.5–3.0 µm) were observed (Fig. 1B, C).

Macromorphologically, colonies of strain S3-Rt-N3 on 
CDA plates were fast-growing, bright yellow, slightly raised at 
the centre. They were observed to have low, entire and white 
margins after 7 days of incubation at 25 °C. After 10 days, the 
production of soluble yellow to orange yellow pigments was 
noted. Under the microscope, characteristically symmetrically 
biverticillate conidiophores, branched metulae, and ellipsoidal 
conidia (2–4 × 1.5–3.0 μm) were observed. Stipes were smooth 
walled (10–100 × 2–2.5 μm) (Fig. 1D–F).

 

Fig. 1. Morphological characteristics of fungal strains CL6 and S3-Rt-N3. (A) CL6’s colonial morphology on CDA medium (25 °C, 10 days); 
(B) CL6’s conidiophores and conidia; (C) CL6’s asci and ascospores (×1000); (D) S3-Rt-N3’s colonial morphology on CDA medium (25 °C, 
10 days); (E) S3-Rt-N3’s conidiophores and conidia; (F) S3-Rt-N3’s ascospores (×1000).
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Based on the sequence of amplified 510–547 bp long ITS 
regions from fungal strains CL6 (Genbank: OR298248.1) and 
S3-Rt-N3 (Genbank: SUB14654410), the taxonomical rela-
tionship of these to identified Penicillium and Talaromyces 
species resulting from BLAST search in GenBank was revealed 
(Fig. 2).

The integration of the above characteristics suggested the 
taxonomy of CL6 as a fungal strain of P. brefeldianum DODGE 

(Visagie et al., 2014), and strain S3-Rt-N3 as a fungus of Ta-
laromyces sect. Talaromyces (Yilmaz et al., 2014). The isolation 
and structural elucidation of four compounds from EtOAc 
extracts of P. brefeldianum strain CL6 and Talaromyces sp. and 
S3-Rt-N3, as well as the evaluation of their in vitro cosme-
ceutical activities are mentioned in the next sections of the  
manuscript.

 
Fig. 2. Phylogeny of the ITS regions of strains CL6, S3-Rt-N3, and related species (Neighbor joining algorithm, bootstrap 1000). Geotrichum sp. 
strain UFMG-CM-Y6902 (Genbank: OM480683.1) was selected as an out-group.

Structures of the fungal metabolites
Compound (1). The data obtained from 13C-NMR and DEPT 
spectra revealed the signal of 28 carbons, including 6 methyl 
groups, 7 methylenes, 11 methines, and 4 quaternary carbons. 
In combination with the ESI-MS at m/z 431, the molecular 
formula was deduced as C28H46O3. From the 1H-NMR spectral 
data, the existence of 6 methyl groups [δH 0.54 (3H, s, H-18), 
0.90 (3H, s, H-19), 0.99 (3H, d, J = 5.5 Hz, H-21), 0.80 (3H, d, 
J = 6.0 Hz, H-26), 0.81 (3H, d, J = 6.0 Hz, H-27) and 0.89 (3H, 
d, J = 6.0 Hz, H-28)] and 3 olefinic protons [δH 5.08 (1H, d,  
J = 2.0, H-7), 5.17 (1H, dd, J = 6.0, 12.5 Hz, H-22), 5.23 (1H, 
dd, J = 6.0, 12.5 Hz, H-23)] was exhibited. HMBC spectral data 
suggested the correlations of H-18 (δH 0.54 Hz) (δH 5.34) to 
C-12 (δC 39.0), C-13 (δC 42.9) and C-14 (δC 54.1), H-19 to C-1 
(δC 32.4), C-5 (δC 74.4) and C-10 (δC 36.6), from H-21 (δC 0.99 
Hz) to C-20 (δC 39.9)/C-22 (δC 131.3)/C-17 (δC 55,2); from 
H-28 to C-23/C-24/C-25; from H-26/H-27 to C-26/27/C-25, 
indicating positions of methyl groups at C-10, C-13, C-20, C-24 
and C-25. Besides, positions of methylene and methine groups 
at δC 32.4 (C-1), 31.1 (C-2), 40.1 (C-4), 21.2 (C-11), 39.0 (C-12), 
22.5 (C-15), 27.6 (C-16), 65.9 (C-3), 72.0 (C-6), 119.4 (C-7), 
42.2 (9), 54.1 (C-14), 55.2 (C-17), 39.9 (C-20), 131.3 (C-22), 
135.3 (C-23) and 32.4 (C-25) were determined.

Compound (2). The 13C-NMR and HSQC spectra of (2) re-
vealed the presence of 13 carbons, including two methyl, 
4 methylenes, one methine group, and 6 quaternary carbons. 
The molecular formula C13H14O4 (M = 234) was deduced from 
these analyzed spectra and the ESI-MS ion at m/z 235 [M+H]+. 
The 1H-NMR spectrum showed olefinic proton signals at δH 
6.08 (1H, s, H-3), 6.65 (1H, d, J = 2.4 Hz, H-6) and 6.68 (1H, d, 
J = 2.4 Hz, H-8), two methyl proton signals at δH 1.29 (3H, d, 

J = 6.0 Hz, H-3′) and 2.74 (3H, s, 5-CH3), and one oxymethine 
group at δH 4.20 (1H, m, H-2′). In the HMBC spectrum, corre-
lations from H-3′ (δH 1.29) to C-1′ (δC 44.2)/C-2′ (δC 66.3) and 
from CH3 (δH 2.74) to C-5 (δC 143.6) were displayed, indicating 
the presence of two methyl groups at C-2′ and C-5. Further, 
HMBC correlations from H-3 (δH 6.08) to C-2/C-6/C-10 and 
from H-6/H-8 to C-7/C-8/C-6 were also revealed.

By comparing these fungal constituents’ spectral data with 
those previously published in the literature (Gao et al., 2013; 
Palama et al., 2009; Sharma et al., 2011), compounds (1) and 
(2) were determined as 3β,5α,6β-trihydroxy-ergosta-7,22- 
diene (cerevisterol) and 7-hydroxy-2-(2’-hydroxypropyl)-5-
methyl-4H-chromen-4-one (aloesol), respectively (Fig. 3).

Compound (3). The molecular formula was established as 
C28H44O4 (M = 444) by a protonated molecular ion [M+H]+ 
at m/z 445 in the ESI-MS in combination with an analysis 
of the 1H and 13C-NMR spectra. The 1H-NMR spectrum ex-
hibited signals of 6 methyl groups at δH 0.67 (3H, s, H-18), 
0.85 (3H, s, H-19), 1.05 (3H, d, J = 5.5 Hz, H-21), 0.99 (3H, d,  
J = 5.5 Hz, H-26), 0.84 (3H, d, J = 5.5 Hz, H-27) and 0.95 (3H, d,  
J = 6.0 Hz, H-28). The 1H-NMR additionally showed signals 
of three olefinic protons at δH 5.58 (1H, s, H-7), 5.25 (1H, dd,  
J = 6.5, 13.0 Hz, H-22), 5.30 (1H, dd, J = 6.5, 13.0 Hz, H-23). 
The 13C-NMR and the HSQC spectra contained signals of 28 car-
bons, including 6 primary, 7 secondary, 9 tertiary, and 6 qua-
ternary carbons. In general, the spectral data of compound  
(3) exhibited similarities to those of (1), except for the exist-
ence of a carbonyl group (C = O) at δC 197.9 instead of hydroxyl 
group at C-6 as deduced in the molecular formula of (1). Com-
parison of the 1H and 13C NMR data of (3) with those of the 
reported literature (Xiong et al., 2009) revealed a good match, 
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suggesting the similarity of both structures. Compound  
(3) was determined to be 3β,5α,9α-trihydroxyergosta-7,22-di-
ene-6-one (Fig. 3).

Compound (4). From the ESI-MS [M+H]+ at m/z 429 and the 
13C-NMR spectrum revealing signals of 28 carbons, including 
6 methyl [at δC 12.9 (C-18), 18.2 (C-19), 20.8 (C-21), 19.6 (C-
26), 19.9 (C-27), and 17.6 (C-28)], 7 sp3 methylene and 4 qua-
ternary carbons, and two disubstituted olefins at δC 135.4 
(C-6), 130.7 (C-7), 135.2 (C-22), 132.3 (C-23), the molecular 
formula of (4) was deduced as C28H44O3 (M = 428). The chem-
ical shifts of C-3 (δC 66.5), C-5 (δC 82.1), and C-8 (δC 79.4), 
suggested its linkage to oxygen. Two oxygenated quaternary 
carbons of C-5 (δC 82.1), and C-8 (δC 79.4) suggested the pres-
ence of a peroxide structure. The 1H-NMR spectrum revealed 
the existence of 6 methyl signals including 2 singlets at δH 0.81 
(3H, s, H-18), and 0.88 (3H, s, H-19) and 4 doublets at δH 0.82 
(3H, d, J = 6.6 Hz, H-26), 0.83 (3H, d, J = 6.6 Hz, H-27), 0.91 
(3H, d, J = 6.5 Hz, H-28), 1.00 (3H, d, J = 6.6 Hz, H-21), and 

one oxymethine proton at δH 3.97 (1H, m, H-3). The signals at 
δH 6.24 (1H, d, J = 8.5 Hz, H-6), 6.50 (1H, d, J = 8.5 Hz, H-7) in 
the 1H-NMR spectrum revealed the presence of a disubstitut-
ed double bond which correlated with carbon signals of δ 135.4 
(C-6) and 130.7 (C-7) in HMBC spectrum. The 2D-NMR exper-
iments confirmed that compound (4) is a steroid, containing a 
peroxy function at C-5/C-8 and two double bonds at C-6/C-7 
and C-22/C-23. The HMBC correlations of Me-18 with C-12/
C-13/C-14/C-17 demonstrated the position of this methyl at 
C-13. The remaining five methyl groups could be positioned at 
C-10, C-20, C-24, and C-25 on the basis of the HMBC correla-
tions between Me-19 and C-1/C-5/C-9/C-10; between Me-21 
and C17/C-20/C-22; between Me-28 and C-23/C-24/C-25; and 
between Me-26 and Me-27 and C-25/C-24, and the correlation 
of the respective methyl carbons to each other. Other 2D-NMR 
spectra supported the structure of (4) as ergosterol peroxide. 
The 1H- and 13C-NMR data were in good agreement with the 
literature values (Krzyczkowski et al., 2009), supporting the 
notion of compound (4) as ergosterol peroxide (Fig. 3).

 

Fig. 3. Structures of isolated compounds from fungal strains CL6 and S3-Rt-N3. (1) cerevisterol; (2) aloesol; (3) 3β,5α,9α-trihydroxyergosta-
7,22-diene-6-one; (4) ergosterol peroxide

Aloesol (2), along with ergosterol derivatives, including 
cerevisterol (1), 3β,5α,9α-trihydroxyergosta-7,22-diene-6-one 
(3), and ergosterol peroxide (4), are widely-distributed se- 
condary metabolites in the plant and fungi kingdoms and have 
been reported with diverse biological activities (Majhi and Das, 
2021; Sharma et al., 2011; Singh et al., 2021; Ye et al., 2021). 
However, the cosmeceutical properties of these compounds, 
especially those with fungal derivation, have not been investi-
gated elsewhere. Furthermore, biological assessments of such 
metabolites could support data for better understandings con-
cerning biochemical profile of halotolerant fungal symbionts.

Antimicrobial activity
Skin diseases are typically due to successive exposure to dam-
aging factors, particularly chemical agents and associated mi-
crobiota. As commonly known, microbes are disseminated on 
human skin depending on environmental and health condi-
tions. Most of these are commensal and opportunistic, which 
can turn to pathogenic form when human immune system 

is attenuated. In most circumstances, infectious bacteria are 
harmful, thus antimicrobial ingredients are the first choice 
for dermal therapeutic approach. The antibacterial assay for 
compounds (1) and (2) isolated from P. brefeldianum CL6 and 
(3) and (4) from Talaromyces sp. strain S3-Rt-N3 was carried 
out with test bacterium P. acnes. The results revealed the abil-
ity of cerevisterol (1) in inhibiting skin pathogen P. acnes with 
MIC = 200 μg/ml (~464 μM equivalent), while no inhibition 
was observed in the presence of (2), (3), and (4) (Table 1).

The antimicrobial capacity of fungal cerevisterol has been 
mentioned (Appiah et al., 2020), whereby the Trametes gibbosa 
and T. elegans derived compound exhibited inhibitory effect 
against test bacteria Salmonella typhi, S. aureus, and Enterococ-
cus faecalis with MICs ≤ 50 μg/ml. Our study showed an updat-
ed extent of antibacterial potency of the steroidal ingredient, 
with a lowered inhibition against human pathogens. The dis-
covery contributed to highlight the potential of natural fungal 
compounds as anti-acne agents, encouraging further studies 
on topical products of fungal origin.
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Table 1. Antibacterial property against P. acnes of isolated compounds from P. brefeldianum CL6 and Talaromyces sp. S3-Rt-N3

Sample Concentration (µg/ml)
Propionibacterium acnes

Visible growth** MIC (µg/ml)

(+) control* 60 – 30

Compound (1)

200 – 200

100 +

50 +

Compound (2)

200 + –

100 +

50 +

Compound (3)

200 + –

100 +

50 +

Compound (4)

200 + –

100 +

50 +

Note: * (+) control: Streptomycin (Merck, Germany); ** Symbols: +/– indicates visible/no visible growth of the test bacterium.

Tyrosinase inhibitory activity
Based on the characteristic of tyrosinase in catalyzing two 
distinct reactions, i.e., the hydroxylation of L-tyrosine to  
L-DOPA, and the oxidation of L-DOPA to o-dopachrome 
(Chang, 2009; Pisano et al., 2024), tyrosinase inhibitory ef-
fects of cerevisterol (1), aloesol (2), 3β,5α,9α-trihydroxyer-
gosta-7,22-diene-6-one (3), and ergosterol peroxide (4) were 
assayed by using both substrates.

The results indicated inhibitory effects against tyrosinase 
of isolated compounds (1), (3), and (4) when employing L-ty-
rosine as the substrate, with 75.14 ± 4.22%, 60.50 ± 3.96%, 
and 82.70 ± 3.40 % inhibition at 250 µM, respectively (Ta-
ble 2). With L-DOPA as the substrate, the activity was roughly 
reduced, whereby the most significant inhibitory rates peaked 
53.50 ± 2.64% when incubating with 250 µM of compound (4). 

In general, among the three isolated fungal compounds, ergos-
terol peroxide (4) was the only one to exhibit an inhibitory ef-
fect against the conversion of both L-tyrosine and L-DOPA to 
dopachrome.

As shown in Table 2, with L-tyrosine as a substrate, the 
IC50 values of ergosterol peroxide (4), cerevisterol (1), and 
3β,5α,9α-trihydroxyergosta-7,22-diene-6-one (3) were 46.93, 
51.98, and 225.45 μM, respectively, compared to IC50 = 
12.54 μM of kojic acid, indicating these compounds were not 
as potent as kojic acid in inhibiting tyrosinase. It was noted 
that these three isolated compounds exhibited inhibitory ef-
fects against tyrosinase with the substrate L-tyrosine (IC50 
= 46.93–225.45 μM) but showed weakened impacts on the 
induction of activity by L-DOPA (IC50 > 145 μM). A similar 
tendency was observed by aloesol (2), where a concentration- 

Table 2. Tyrosinase inhibitory effects of isolated compounds from P. brefeldianum CL6 and Talaromyces sp. S3-Rt-N3 in 
substrates L-tyrosine and L-DOPA

Sample Concentration (µM)
L-tyrosine substrate L-DOPA substrate

Inhibition rate (%) IC50 (µM) Inhibition rate (%) IC50 (µM)

Kojic acid 25 80.92 ± 3.76 12.54 44.12 ± 5.06 25.77

Compound (1)

250 75.14 ± 4.22

51.98

19.82 ± 4.15

>25050 42.63 ± 3.82 8.61 ± 2.93

10 15.10 ± 2.97 2.42 ± 2.75

Compound (2)

250 23.41 ± 5.11

>250

0

–50 12.81 ± 3.09 0

10 5.37 ± 2.35 0

Compound (3)

250 60.50 ± 3.96

225.45

6.13 ± 3.08

–50 29.39 ± 3.34 0

10 10.66 ± 4.51 0

Compound (4)

250 82.70 ± 3.40

46.93

53.50 ± 2.64

147.3850 57.17 ± 4.22 30.26 ± 3.59

10 25.95 ± 3.05 11.86 ± 3.66
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dependent inhibition against the enzyme in the L-tyrosine 
substrate but negligible effect in the substrate L-DOPA was 
recorded. Hypothetically, these fungal secondary metabolites 
might inhibit tyrosinase in an uncompetitive manner. Accord-
ingly, they might bind to enzyme–substrate complex (L-tyros-
ine-Tyrosinase) instead of specific binding to the enzyme’s ac-
tive site. In other aspects, these compounds might selectively 
inhibit monophenolase activity of tyrosinase through compet-
itive binding to the enzyme. Notwithstanding the differences 
between these hypotheses of inhibitory action mechanisms, 
our findings contributed to depict the diversity in biochemical 
modes of action of natural products.

As mentioned, several marine derived fungal metabolites 
were found as potent tyrosinase inhibitors, such as myrothe-
nones from Myrothecium sp. (IC50 = 0.8 μM) (Li et al., 2005), 
and two new sesquiterpenes isolated from Pestalotiopsis sp. 
strain Z233 with IC50 values of 14.8 μM and 22.3 μM, respec-
tively (Wu et al., 2013). Along with these, our results ensure 
the continuation of search for fungal secondary metabolites 
for the prevention and treatment of hyperpigmentation. Be-
sides, the potential for preparing new effective inhibitors from 
these isolated fungal materials by semisynthesis and biolog-
ical modification is limitless. Regarding medical and health 
concerns, tyrosinase inhibitors have become a developing 
strategy in anti-Parkinson’s disease (PD) compounds’ discov-
ery, owing to their possible role in mediating the occurrence 
of PD by inhibiting the generation of neuromelanin and the 
abnormality of redox-related protein level (Pisano et al., 2024; 
Qi et al., 2024; Wang et al., 2023). In particular, the side-reac-
tion of L-DOPA to dopaquinone is known to be detrimental 
to the internal metabolic system and the availability of bene-
ficial dopamine in the context of PD therapy (Qi et al., 2024). 
Herein, a microbe derived ergosterol peroxide was found as the 
enzyme’s inhibitor in both substrates L-DOPA and L-tyrosine, 
thus it is significant for further consideration as a promising 
therapeutic medication – especially in the prevention of possi-
ble L-DOPA’s damaging conversion products.

Effects on fibroblast proliferation and migration
Skin wound repair is a multi-stage process in which cell prolif-
eration and migration of fibroblasts are involved (Zhou et al., 
2020). To investigate pharmaceutical aspects of isolated com-

pounds from P. brefeldianum CL6 and Talaromyces sp. strain  
S3-Rt-N3, their effects on murine fibroblast NIH-3T3’s prolif-
eration and migration were evaluated.

By means of MTT method, the effects of cerevisterol (1), 
aloesol (2), 3β,5α,9α-trihydroxyergosta-7,22-diene-6-one (3), 
and ergosterol peroxide (4) on fibroblast cell viability and pro-
liferation were investigated over a range of concentrations 
(2.5–20 μg/ml). The results depicted in Fig. 4 indicated that 
both compounds (1) and (2) were not only non-toxic to NIH-
3T3 cells, but also promoted the cell proliferation at investigat-
ed concentrations, with (1) inducing a higher proliferation (up 
to 112.07 ± 0.32% at 5 μg/ml) when compared to (2) (peaked 
108.01 ± 0.45% at 10 μg/ml). In a further perspective, these 
substances could be beneficial for wound healing and tissue 
repair, though it is recommended to be carefully considered, 
since the intensive exposure of the tissues to cell promoting 
agents may be associated with increased cancer risks. Accord-
ingly, additional information on their cell division stimulating 
effect and genetic mutation is required. Generally, the increase 
of cell viability was observed when being treated with (1) and 
(2) at up to 10 μg/ml before it slightly decreased at higher con-
centrations (Fig. 4). The incubation with compounds (3) and 
(4) from 2.5–20 μg/ml however caused a lower cell viability of 
murine fibroblasts. At 20 μg/ml, ergosterol peroxide (4) result-
ed in cytotoxicity of NIH-3T3 cells with cell survival rate at 
0%, while the rate by (3) was 76.35 ± 2.01% (Fig. 4). In essence, 
compound (4) was found cytotoxic at a concentration-depend-
ent manner. Therefore, its wound-healing potential could be 
considerable in aspects of inflammatory responses, fibroblast 
migration, and re-epithelialization (Peña and Martin, 2024) 
once its non-toxic concentrations are determined. As a final 
point, fungal ergosterol peroxide was previously evidenced to 
cause apoptotic cell death without necrosis effect (Liu et al., 
2024), thus its application in skincare is expectantly control-
lable and potentially advantageous in helping to prevent the 
skin from cancer by eliminating pre-malignant cells and harm-
ful genetic changes.

Since mammalian fibroblasts have been known as a compo-
nent of skin extracellular matrix, which is responsible for pro-
ducing connective tissue and collagen (Myers et al., 2014), the 
induction for proliferating these cells may enhance re-epithe-
lialization of the wound surface and regeneration of damaged 

 
Fig. 4. NIH-3T3 cell viability after 48 hours of incubation with isolated compounds from P. brefeldianum strain CL6 and Talaromyces sp. strain 
S3-Rt-N3

Concentration (µg/ml)
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skin. As an ongoing effort to deepen the investigation of the 
wound healing properties of cerevisterol (1) and aloesol (2), 
their effects on in vitro migration of fibroblasts were assessed. 

Table 3 illustrated the significant differences in the total 
and mitotic cell numbers after introducing in vitro two-dimen-
sional wounds by scratching in a 48-h interval. As presented, 
at a test concentration of 20 μg/ml, both (1) and (2) enhanced 
the migration from the edge of the wound toward the empty 

gap area (Table 3). At 48 h, the rate of wound closure for treat-
ments with (1) and (2) was slightly increased (19.50 ± 3.23 and 
20.41 ± 3.59%) compared to the control (12.37 ± 2.15%). The 
relative rates of wound closure in the presence of cerevisterol 
(1) and aloesol (2) after 72 h were 76.62 ± 4.04 and 71.66 ± 
3.37%, respectively, which were significantly higher (p < 0.05) 
in comparison to vehicle (51.80 ± 3.45 %).

Time 

point 

Wound closure rates (%) 

Control Cerevisterol (1) Aloesol (2) 

Day 0 

 
0.03 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 

 p > 0.05 p > 0.05 

Day 2 

(48 h) 
 

12.37 ± 2.15 19.50 ± 3.23 20.41 ± 3.59 

 p < 0.05 p < 0.05 

Day 4 

(72 h) 

 
51.80 ± 3.45 76.62 ± 4.04 71.66 ± 3.37 

 p < 0.05 p < 0.05 
 

  Table 3. Effects of isolated fungal compounds on NIH-3T3 fibroblast cell migration*, **

Fibroblasts are known to play a crucial role in all phases of 
the wound healing process by producing a number of regulato-
ry and cell signaling molecules (Cialdai et al., 2022). Thus, the 
effects of isolated fungal cerevisterol and aloesol to promote 
in vitro fibroblasts proliferation and migration are of great 
significance. The results of these assessments have revealed 
new candidates for successive in vivo studies and suggest the 
application potential of isolated fungal compounds for dermal 
cosmeceutical purposes, especially for repairing the skin from 
physical damage – such as injury and skin ageing.

 
Conclusion

The emergence of microorganisms as a novel source of cosmet-
ic ingredients has paved the way for sustainable development 
of the beauty industry. In this study, the bioassay guided ap-
proach has led to the finding of metabolites with cosmeceutical 
potentials from microfungi. As such, three compounds of er-

gosterol derivatives, i.e., cerevisterol, 3β,5α,9α-trihydroxyer-
gosta-7,22-diene-6-one, and ergosterol peroxide isolated from 
P. brefeldianum strain CL6 and Talaromyces sp. strain S3-Rt-N3, 
were found to demonstrate an inhibitory effect against tyrosi-
nase in vitro. Of these, ergosterol peroxide exhibited the most 
potent enzyme inhibition in both substrates L-tyrosine and 
L-DOPA. Cerevisterol was found to be a delicate tyrosinase inhi- 
bitor, but the only one to exhibit activity against acnes causing 
bacterium P. acnes. Additionally, in vitro wound healing assay 
indicated the capability of cerevisterol in promoting dermal 
fibroblast cell proliferation and migration. These results sug-
gest that microfungi could be a promising candidate for the 
environmentally friendly production of skin caring agents, 
particularly in anti-ageing and regenerative formulations.
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