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ARTICLE INFO ABSTRACT

Ganoderma (immortality mushroom) is one of the key components of ancient Asian remedies used centuries ago for longevity and
treatment of diseases. Inspired by its ethnopharmacological importance, Ganoderma is currently further studied in order to get maximum
nutritional and pharmaceutical benefits. Hence, this study aimed to analyze polyphenolic composition and explore the in vitro bioactive
capabilities of the ethyl acetate and n-butanol fractions of Ganoderma sp. and Ganoderma applanatum extracts. Ethyl acetate fractions
were having higher phenolic and flavonoid contents, which influenced their antioxidant activity. The highest activity was recorded for G.
applanatum ethyl acetate fraction. On the contrary, n-butanol fraction of G. applanatum exerted the highest nitric acid inhibition as an
indication for its anti-inflammatory activity. On the other hand, studying effect of prepared Ganoderma fractions on coxsackie virus B3
(CVB3), responsible for viral myocarditis, revealed that during virucidal assay, Ganoderma sp. ethyl acetate fraction showed the highest
antiviral activity against virus infection with reduction in virus titers (R) equal to 3.0 log;o TCIDs, while during pre-treatment assay, the
highest antiviral activities were recorded for G. applanatum ethyl acetate fractions with R=3.0 log;o TCIDs,. During post-treatment assay,
the highest antiviral activity was achieved by G. applanatum n-butanol fraction with R=3.0 log;o TCIDs,. Concerning wound healing
potentials of prepared Ganoderma fractions, investigating the migration of fibroblast cells as an indication for wound healing ability of
fractions revealed that G. applanatum n-butanol fraction had the highest ability among all tested fractions. Further studies are encouraged.
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INTRODUCTION nong’s Herbal Classics). In 1590 AD, the Supplement to Classic of Materia

Myocarditis is a serious inflammation in the middle muscular layer of the heart
wall (myocardium), that can negatively affect heart and weaken its electrical
system, which in consequence reduces the ability of heart to pump blood, dilates
cardiomyopathy and causes sudden cardiac death (Ali-Ahmed et al., 2020).
Myocarditis can be caused by viral infection by coxsackie virus B3 (CVB3), a
cardiotropic virus belonging to genus Enterovirus and family Picornaviridae (Qian
et al., 2022). On the other hand, oxidative stress and chronic inflammation are
fundamental triggers for many serious diseases such as cancer, neurodegenerative,
cardiovascular and age-related diseases (Altanam et al., 2025). Hence, targeting
inflammation and oxidative stress is considered as one of the key strategies
employed to treat many diseases. Wound healing process in diabetic patients is
impaired and known to be causing serious complications (Falanga, 2005; Kim e?
al., 2026). Moreover, wound healing is influenced by inflammation among many
other factors (Shukla et al., 2019). The increase in mortality rates and the
seriousness of complications caused by these diseases have oriented researchers to
screen for new sources of bioactive compounds. One of the most successful
avenues for finding potent bioactive compounds is exploring among
microorganisms in general and mushrooms in particular (Thomas et al., 2019;
Thomas et al., 2020; Aboutabl et al., 2022).

Mushrooms are rich sources of various metabolites that exert potent biological
activities (Elkhateeb et al., 2019; Sun et al., 2024). The medicinal mushroom
Ganoderma ‘includes over 300 species’ has been used from centuries in traditional
medicine specifically in Japan, China, and Korea for treatment of gastric ulcer,
asthma, bronchitis, hypertension, hepatitis, cancers, and arthritis (Klaus and Wan,
2024; Hou et al., 2026; Soro et al., 2026). Reishi, mannentake and lingzhi are
oriental old names of Ganoderma. Powerful actions of Ganoderma have been
documented and portrait 25-220 AD in Shen Nong Ben Cao Jing book (Shen-

Medica (502-536 AD) and the Ben Cao Gang Muby Li Shin-Zhen, have
mentioned mushroom therapeutic properties especially to strengthen body and soul
(Benzie and Wachtel-Galor, 2011). Inspired by its ethnopharmacological
importance, many studies have investigated its biological activities (Dey, 2026).
However, the whole therapeutic potentials of Ganoderma species are not fully
studied, due to its richness in known and novel potent bioactive compounds.
Hence, continuous researches on Ganoderma bioactivity always identify new
biological potentials. Understanding its medical and nutritional values,
Ganoderma is available worldwide in food markets and as a supplement (Wu et
al., 2017). Moreover, many techniques were developed in order to cultivate
different Ganoderma, which facilitate large-scale production of its important
metabolites (Karunarathna et al., 2025).

Different fractions of Ganoderma species’ extracts are expected to have variation
in their polyphenolic contents, which will influence their biological activities.
Hence, the objective of our study was to understand the impact of fractionation of
mushroom extracts on chemical composition and bioactivity. So, we performed a
comparative evaluation of phenolic and flavonoids content of prepared fractions
from extracts of two Ganoderma species, that were identified as Ganoderma Sp.
and G. applanatum. Also, efficacy (biological potency) of obtained fractions were
compared to identify the most promising fraction for potential therapeutic
applications.

MATERIAL AND METHODS
Mushroom samples and preparation of mushrooms extracts

Fruiting bodies of Ganoderma Sp. (Fig. 1a) used in this study were collected from
decaying trunk of a Japanese cherry Sakura tree (Prunus serrulata) located in
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Chihaya, Higashi ward, Fukuok Prefecture, Japan. Using fruiting bodies of this
mushroom, it was morphologically identified as Ganoderma sp. Similarly, fruiting
bodies of the second mushroom (Fig. 1b) was collected from bark of dead Sakura
tree located in Hakozaki park, Higashi ward, Fukuoka Prefecture, Japan. This
mushroom was identified as Ganoderma applanatum. Both mushrooms were
morphologically identified by Dr. Waill Elkhateeb as described by Phillips (2013).
Extracts of these mushrooms were prepared separately from their fruiting bodies
as described by Elkhateeb et al. (2020) with some modifications. Briefly, one
kilogram of each mushroom fruiting bodies was washed with distilled water, dried,
cut into small pieces and placed in an Erlenmeyer flask and extraction was
conducted through maceration and sonication for 15 min with gentle heating. The
process was repeated till exhaustion, extracts were combined, and evaporated
under reduced pressure. After that, obtained crude extracts were suspended in
sterilized distilled water and were successively fractionated with elevating polarity
using ethyl acetate, and n-butanol to obtain separate fractions. The obtained
extracts were stored at 4°C in a clean closed container until further use.

R e
Figure 1 Fruiting bodies of mushrooms used in this study. Ganoderma Sp. (a) and
Ganoderma applanatum (b).

Evaluation of Total phenolic content (TPC) of different fractions of
mushrooms extracts

Folin—Ciocalteau method was used to evaluate the total phenolic content in
fractions (Parejo et al., 2002). Gallic acid standard curve was prepared using
different concentrations of gallic acid and the TPC was expressed as mg gallic acid
equivalents (GAE) (Hamdy et al., 2012).

Evaluation of Total flavonoid content (TFC) of different fractions of
mushrooms extracts

The total flavonoid content was evaluated using aluminum chloride assay as
described by (Shraim et al., 2021; Shaffai et al., 2023) Results were detected
colourimetry at AS00nm using spectrophotometer (jasco-V-630, UV/Visible).
Quercetin standard curve was prepared using different concentrations of Quercetin
and The TFC was expressed as mg of quercetin equivalents (QE).

Quantitative identification of polyphenolic metabolites in different extracts
using HPLC analysis

HPLC analysis was carried out according to Kim et al. (2006) using Agilent
Technologies 1260 Infinity II liquid chromatograph equipped with an auto sampler
and a diode-array detector. The analytical column was a Eclipse XDB-C18 (150 X
4.6 um; 5 pm) with a C18 guard column (Phenomenex, Torrance, CA). The mobile
phase consisted of acetonitrile (solvent A) and 2% acetic acid in water (v/v)
(solvent B). The flow rate was kept at 0.8 ml/min for a total run time of 60 min and
the gradient program was as follows: 100% B to 85% B in 30 min, 85% B to 50%
B in 20 min, 50% B to 0% B in 5 min and 0% B to 100% B in 5 min. The injection
volume was 50 pl and peaks were monitored simultaneously at 280 and 320 nm
for the benzoic acid and cinnamic acid derivatives, respectively as well as 360 nm
for flavonoids. All samples were filtered through a 0.45 um Acrodisc syringe filter
(Gelman Laboratory, MI) before injection. Peaks were identified by congruent
retention times and UV spectra and compared with those of the standards.

DPPH free radical scavenging activity (antioxidant activity) of different
fractions of mushrooms extracts

DPPH (1-diphenyl-2-picrylhydrazyl) free radical scavenging potentials of
prepared mushrooms extracts were measured as indication for their antioxidant
activity (El-Shazly, et al. 2021). Briefly, equal volumes of ethanolic DPPH
solution and each mushroom extract were mixed vigorously then incubated for one
hour at 37°C in the dark. Absorbance was measured spectrophotometrically at 517
nm and the free radical scavenging activity was calculated as following:

1- 2540 ¥ 100
Ac

DPPH free radical scavenging activity (%) =
Where:

Ab, is the absorbance of the blank (ethanol and mushroom extract),
Ac is the absorbance of the control (DPPH and deionized water),

As is the absorbance of the sample (DPPH and mushroom extract).
Ascorbic acid at the concentration of 0.1% was used as positive control.

Anti-inflammatory activity of different fractions of mushrooms extracts

Macrophage cell line, RAW 2647 obtained from American
Type Culture Collection (ATCC, Rockville, MD, USA) was used for cell culture
seeding and treatment. Cells were cultured in RPMI, 1640 medium (Roswell Park
Memorial Institute) supplemented with 1% pen/strep and 10% heat-inactivated
fetal bovine serum. The cells were then incubated in a humidified incubator, in an
atmosphere of 5% CO, at 37 °C and were subcultured twice before each
investigation. Under sterile conditions, RAW 264.7 cells were suspended in RPMI
medium, 1x10° cells were seeded per well (in 96 well plates) and incubated for 24
hours for the experiments. The cells were then treated with the mushroom extracts
fractions and incubated for 1 hour, then stimulated with 10pg/mL of LPS for
another 24 hours. The supernatant was gently transferred to new 96-well plates and
used for nitric oxide determination, while the cells remained in the old plate were
used for the MTT assay of cell viability. Samples (stock) were dissolved in DMSO,
and the working samples were prepared in the media. Cell viability was assessed
by the mitochondrial dependent reduction of yellow MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide) to purple formazan (Bassyouni et al.,
2014). The percentage of change in viability was calculated as following:

Change in viability (%) =( =~ 1) X100

Where:
Ac is the absorbance of the negative control,
As is the absorbance of the mushroom extract treated sample.

Nitric oxide (NO) production was assayed by measuring nitrite in the supernatants
of cultured RAW 264.7 cells. The assay was carried out as described previously
with slight modification (Yoon et al., 2009). After pre-incubation of RAW 264.7
cells (1 x 10°cells/mL) with lipopolysaccharide (LPS, 10 ug/mL) for 24 hours, the
amount of nitrite, a stable metabolite of NO use as an indicator of NO production,
in the culture medium was measured using the Griess reagent (1% sulfanilamide
and 0.1% naphthylethylenediamine dihydrochloride in 2.5% phosphoric acid). A
volume of 50 pL of the cell culture medium was mixed with 50 pL of the Griess
reagent. Subsequently, the mixture was incubated at room temperature forl5 min
and the absorbance was measured at 540 nm in a micro plate reader. Fresh culture
medium was used as a blank in every experiment, and indomethacin was used as a
positive anti-inflammatory control. The quantity of nitrite was determined from a
sodium nitrite standard curve as expressed in equation:

Nitric Oxide Inhibition (%) = *“=** X 100

Where:
Ac is the absorbance of the control,
As is the absorbance of the mushroom extract treated sample.

Anti-coxsackie virus B3 activity of different fractions of mushrooms extracts

Vero cell lines were grown in Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10% of heat inactivated fer a/ bovine serum(FBS), 100
units/mL penicillin, 100pg/mL streptomycin under 5% CO, humidified incubator
(All purchased from Lonza, Belgium). The diluted ten-fold of Coxsackie virus B3
(CVB3) stock was replicated in Vero cells and the cytopathic effect was checked
after 72 h of incubation. The 50% tissue culture infectious doses/0.1 mL
(TCIDsy/0.1mL) was estimated as described previously by Karber method
(Kérber, 1931), then stored in small aliquots at —20°C until used. The cytotoxicity
of the tested mushrooms extracts was investigated using the MTT assay after 4
days of cell culture according to the previously described protocol (Abid et al.
2012). Briefly, 5 X 10° cells / well were seeded in 96-well plates. After 24 h, the
growth medium was removed and the Vero cell monolayers were incubated with
various concentrations of the tested extracts. After an additional 48 h at 37°C under
a humidified 5% CO, atmosphere, the tested extract was discarded, and 100 pL of
MTT solution (5 mg/mL) was added to all wells. After 4 h at 37°C, the MTT was
carefully removed from wells and replaced with 50 pL dimethyl sulfoxide
(DMSO). The plats were further incubated for 30 min at 37 °C. The optical density
was read on a multiwell ELISA reader at 540 nm. The viability of treated cells was
expressed as the percentage of cell control viability using the following formula:

Viability of treated cells (%) = ’;—‘ X100

Where:

Ac is the absorbance of the control,

As is the absorbance of the mushroom extract treated sample.

The concentrations of tested extract that resulted in a decrease in cell viability by
< 10% was regarded as the maximum tolerable concentrations (MTC) and selected
for antiviral experiment.
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For determination of yield reduction assay, 10-fold dilutions of CVB3 were
prepared in FBS free growth medium. One hundred microliter of viral dilutions 10
4 - 10 was mixed and incubated with 100 pl of tested extract for 1 h. Microscopic
examination for CPE was performed after 72 h post infection. The virus titer as
50% tissue culture infection dose (TCIDsg) was calculated using Karber method
(Kirber, 1931). The above experiment was performed in three different ways to
study the mechanism of action: i) virucidal, the virus at 10°log;p TCIDs¢/0.1 mL
was mixed with an equal volume of various non-toxic doses of the extract and
incubated for 1 h at 37 °C then mixture was added to the cell lines in 96-well plates.
ii) pre-treatment, the cell monolayers were treated with the extracts for 24 hat 37°C
in 5% CO, atmosphere then after discarding the extracts, the cell culture was
infected with the virus for 1 h at 37 °C, then viral inoculum was removed and the
cell lines incubated with fresh medium for 72 h. iii) post-treatment, Confluent cell
monolayers were infected with the CVB3 for 1 h. After removing the viral
inoculum, the cells were rinsed twice with PBS to remove unbound virus then
incubated with test medium containing various non-toxic doses of each extract.
The reduction of virus titer was estimated as the difference between the values of
the virus with extract and the virus without extract.

In vitro wound scratch assay and evaluation of wound healing activity of
different fractions of mushrooms extracts

The migration rates of BJ-1 cells were assessed by the scratch assay method (Tam
et al., 2011). The cell density of 2 x 10° cells was seeded into each well of a 24-
well plate and incubated with complete medium at 37°C and 5% CO,. After 24h of
incubation, the monolayer confluent cells were scrapped horizontally with a sterile
P200 pipette tips. The debris was removed by washing with PBS. The cells were
treated with mushroom extracts at a concentration of 100 ug/mL. The cells without
treatment were used as negative control. The scratch induced that represented
wound was photographed using phase contrast microscopy at x40 magnification at
0 h, before incubation with the mushrooms extracts. After 24 h of incubation, the
second set of images was photographed. To determine the migration rate, the
images were analyzed using “image J” software, and percentage of the closed area
was measured and compared with the value obtained at 0 h. An increase in the
percentage of the closed area indicated the migration of cells. Experiments were
performed in the triplicates and the data were recorded and analyzed statistically
using SPSS.

Measurment at 0h—Measurment at 24h

Wound closure (%) = X100

Measurment at Oh

Statistical analyses

Experiments were performed in triplicates and the data were recorded and analyzed
statistically using SPSS. Experiments were performed in biological triplicates
using independent samples, and results were presented as mean+SD.

RESULTS AND DISCUSSION

Emerging of new diseases and side effects of many drugs have forced scientists to
screen for natural sources of bioactive compounds. The potency, richness and
variation in mushrooms’ metabolites have encouraged for an intensive
investigation for their biological activities (Elkhateeb et al., 2025). Interestingly,
there is a notable success in cultivation of many mushroom genera in general and
Ganoderma species in particular (Pradhan and Acharya, 2024), which has
removed doubts of rarity of availability of bioactive compounds when needed for
large scale production. The genus Ganoderma is attracting more attention, thanks
to its ability to produce different bioactive compounds belonging to various
chemical classes. Hence, we aimed in this study to explore the antiviral, anti-
inflammatory, antioxidant and wound healing potentials of two Ganoderma
samples that where collected from Japan. Successive fractions were prepared from
crude extract of Ganoderma sp. and G. applanatum using ethyl acetate, and n-
butanol. Then, the biological activity of each fraction was investigated. Many
studies have highlighted the impact of using different solvents in succession on
quality (belonging to which chemical class) and quantity of extracted compounds
(Abdel-Aal et al., 2015, Palaiogiannis et al., 2023). Phenolic compounds and
flavonoids are bioactive secondary metabolites that possess a wide variety of
pharmaceutical importance in human health care. They are involved in different
forms either as treatment or protective agents in pharmaceutical industry (Sun and
Shahrajabian, 2023).

Total Phenolic and Flavonoid Contents

The total phenolic and flavonoid contents of the ethyl acetate and n-butanol
fractions prepared from Ganoderma sp. and G. applanatum are presented in Table
1. The ethyl acetate fraction of G. applanatum showed the highest phenolic content
(95 mg GAE/g DW), followed closely by the ethyl acetate fraction of Ganoderma
sp. (93 mg GAE/g DW). In contrast, the n-butanol fractions of both species
exhibited lower phenolic levels, particularly Ganoderma sp. (54 mg GAE/g DW).
Similarly, the total flavonoid content was higher in the ethyl acetate fraction of G.

applanatum (113 mg QE/g DW), with comparable values in the ethyl acetate
fraction of Ganoderma sp. (110 mg QE/g DW) and the n-butanol fraction of
Ganoderma sp. (108 mg QE/g DW). The lowest flavonoid content was observed
in the n-butanol fraction of G. applanatum (69 mg QE/g DW). Many studies have
reported the high phenolic and flavonoid (subclass of phenolic compounds)
contents in ethyl acetate fractions of extracts, which can be attributed to the
intermediate polarity and better solubility for polyphenols (Zhao et al., 2006;
Babbar et al., 2014). This is consistent with our findings, as the ethyl acetate
fractions of G. applanatum and Ganoderma sp. exhibited the highest phenolic and
flavonoid contents among the tested fractions. This came also in accordance with
results reported by Park and Kim (2017) who found that the ethyl acetate fraction
of extracts of Rhynchosia nulubilis cultivated with Ganoderma lucidum mycelium
contained the highest phenolic content. Similarly, Kebaili et al. (2021) reported
that ethyl acetate fraction of Ganoderma lucidum contained a higher total phenolic
content compared to other used solvents.

Table 1 Total phenolic and total flavonoid content in Ganoderma sp. and G.
applanatum fractions

Extracts Ganoderma sp. G. applanatum
Ethyl n-butanol Ethyl n-butanol
acetate . acetate .
. fraction . fraction
fraction fraction
Content (mg/g Dw)
Total phenolic
content (GAE) 93 S4 95 71
Total flavonoid
content (QE) 110 108 113 69

GAE: Gallic acid equivalent; QE: Quercetin equivalent.

Quantitative identification of polyphenolic metabolites in different extracts
using HPLC analysis

The HPLC chromatographic analysis revealed a diverse profile of phenolic acids
and flavonoids across the four fractions, with both qualitative and quantitative
variations (Table 2). n-butanol fraction of G. applanatum exhibited the highest
overall accumulation of detected phenolic compounds, particularly chrysin (571.76
ng/g), gallic acid (295.01 pg/g), epicatechin (213.41 pg/g), and catechin (186.28
ng/g). These compounds are well known for their potent antioxidant, anti-
inflammatory, and antiviral properties, which may explain the enhanced biological
activity observed for this fraction. Ethyl acetate fraction of G. applanatum was also
rich in bioactive constituents, with high levels of epicatechin (232.89 pg/g) and p-
coumaric acid (156.77 pg/g), along with moderate concentration of Chrysin
(121.34 pg/g) and characteristic incidence of Sinapic acid (8.53 pg/g).

This suggests a balanced phenolic composition contributing to its biological
effects. Noticing the inimitable detection of p-coumaric and Apigenin in G.
applanatum fractions only (Table 2). n-butanol fraction of Ganoderma sp
demonstrated a distinct composition, characterized by high levels of epicatechin
(114.11 pg/g), and vanillic acid (99.70 pg/g), along with unique presence of
rosmarinic acid (11.31 pg/g). This variation suggests that different fractions
selectively accumulate specific phenolics. In contrast, Ethyl acetate fraction of
Ganoderma sp showed a relatively limited phytochemical profile, with most
compounds either absent (ND) or present at low concentrations, although it
demonstrates a high TPC and TFC that may be attributed to the presence of
unidentified phenolic compounds.

The observed variation in phenolic composition among the samples highlights the
influence of fractionation on phytochemical distribution, which in turn may
explain the differences in antioxidant, antiinflammatory, antiviral and wound
healing activities reported in this study. The high content of chrysin (571.76 pg/g),
detected in the most active fraction, n-butanol of G. applanatum, is known for its
potent anti-inflammatory effects via inhibition of NF-kB signaling and pro-
inflammatory mediators, in addition to its reported antiviral activity through
suppression of viral replication and modulation of host cellular responses (Del
Fabbro et al., 2025). Likely, epicatechin was reported Monika et al. (2023) as an
anti-inflammatory agent.

DPPH free radical scavenging activity (Antioxidant Activity)

The in vitro DPPH free radical scavenging assay is widely used as an indication of
antioxidant activity (El-Hagrassi ef al., 2020). As summarized in Table 3, the
antioxidant activities of the fractions varied depending on the solvent used and the
species tested.

Generally, there is a strong relation between phenolics and flavonoids secreted by
mushrooms and its various biological activities such as antioxidant, antiviral, anti-
inflammatory, and wound healing potentials in particular, which is achieved
through different mechanisms such as regulation of some inflammatory mediators,
modulation of immune signaling, and free radical scavenging (Sulkowska-Ziaja
et al., 2023; Saini et al., 2026).
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Table 2 Qualitative and Quantitative HPLC analysis of Ganoderma sp. and G. applanatum fractions

Concentration (ng/g)
Compounds RT. G. applanatum Ganoderma sp.
(min) Ethyl  acetate | n-butanol Ethyl acetate .
fraction fraction fraction n-butanol fraction
Gallic acid 4.02 24.34 295.01 ND 60.16
Protocatechuic 7.07 49.36 37.82 10.42 5.19
Gentisic 10.76 29.51 19.90 ND 7.15
p-hydroxybenzoic acid 11.18 22.80 ND 21.26 12.98
Catechin 12.45 ND 186.28 ND 58.94
Chlorogenic acid 13.98 45.36 5.44 ND 5.73
Caffeic 14.80 ND 2.81 ND 48.42
Syringic 15.98 9.07 10.49 3.30 5.04
Epicatechin 16.64 232.89 213.41 21.09 114.11
Vanillic 17.29 29.30 11.71 ND 99.70
Ferulic acid 2227 10.64 ND ND 8.49
Sinapic 23.06 8.53 ND ND ND
Epicatechin gallate 23.68 9.46 ND ND 4.84
Rutin 25.27 60.56 ND 7.04 ND
p-coumaric 26.71 156.77 7.21 ND ND
Rosmarinic 30.85 ND ND ND 11.31
Apigenin-7-glucoside 31.49 3.74 9.88 26.71 27.05
Cinnamic 35.55 7.76 7.55 8.04 2491
Qurecetin 36.70 9.58 ND 6.11 6.42
Apigenin 40.94 11.95 6.88 ND ND
Kaempferol 41.70 ND ND ND ND
Chrysin 53.43 121.34 571.76 12.66 3.37

ND: Not detected

The highest activity (85%) was recorded for the ethyl acetate fraction of G.
applanatum, which is suggested to be attributed to its higher phenolic and
flavonoid contents. Conversely, the lowest antioxidant activity was observed in the
n-butanol fraction of G. applanatum. Recorded values were higher than those
reported by Elkhateeb ef al. (2020) who found that the hydromethanolic extract
of G. applanatum exhibited 66.24 + 0.43% DPPH scavenging activity at a
concentration of 1.0 mg/mL. Elhassaneen et al. (2025) have discussed the impact
of solvents with different polarities on type and antioxidant activity of compounds
extracted from Ganoderma lucidum. Studies on other Ganoderma species such as
G. pfeifferi and G. lucidum have also linked phenolic and flavonoid richness to
antioxidant activity (Yalcin et al., 2020), which supported our solvent-dependent
results.

Table 3 In-vitro antioxidant activity (DPPH scavenging percentage) of
Ganoderma sp. and G. applanatum fractions

Extracts Ganoderma sp. (%) | G. applanatum (%)
Ethyl acetate 82% 85%
n-butanol 79% 32%

Nitric oxide inhibition (Anti-Inflammatory Activity)

Inflammation is a defense mechanism induced by tissue injury or microbial
infection (Xu and Chenli, 2024). Among inflammatory mediators, nitric oxide
(NO), which is a key signaling molecule involved in vasodilation, blood pressure
regulation, neurotransmission, and age-related diseases (Laroux et al., 2001;
Mazuryk et al., 2024). Therefore, controlling inflammation can be achieved
through inhibition of nitric oxide production (Elkhateeb et al., 2024). As shown
in Table 4, fractions obtained from Ganoderma spp. and G. applanatum exhibit
notable nitric oxide (NO) inhibitory, with clear differences depending on both
species and solvent fraction. Among all tested samples, the n-butanol fraction of
G. applanatum showed the strongest NO inhibition (38.7%) while maintaining
89.6% cell viability, indicating that its anti-inflammatory effect was not due to
cytotoxicity. In contrast, the ethyl acetate and n-butanol fractions of Ganoderma
sp. exhibited only weak inhibition (5.6%), despite similarly high cell viability
(>92%), suggesting a lower content of NO-modulating bioactive compounds in
these fractions. It should be noted that indomethacin, which was used as a positive
control recorded 76% inhibition. Anti-inflammatory effects of Ganoderma extracts
are widely reported, including attenuation of NO production in LPS-stimulated
models. Many Ganoderma extracts downregulate inducible nitric oxide synthase
(INOS) and reduce pro-inflammatory mediators (e.g., TNF-a, NF-kB). The
synergistic antioxidant and anti-inflammatory effects were reported by Abu-Serie
et al. (2018) for Ganoderma lucidum extracts. The correlation between phenolic
content, antioxidant potential, and anti-inflammatory activity is also supported by

studies showing that phenolic-rich extracts reduce ROS and NO production
(Taofiq et al., 2015; Sanchez, 2017, Chanda et al., 2026). Previous reports
showed that mushroom extracts can suppress LPS-induced NO production in
macrophages through modulation of (iNOS) and nuclear factor kappa B (NF-xB)
signaling pathways (Song et al., 2004; Huang et al., 2011).

Table 4 In-vitro nitric oxide inhibition activity (%) of Ganoderma sp. and G.
applanatum fractions

Extract fractions NO inhibition (%) Cell viability (%)*
Ethyl 56 931
Ganoderma sp. | acetate
n-butanol 5.6 92.8
Ethyl 16.8 96.4
G. applanatum | acetate
n-butanol 38.7 89.6
LPS 0 99.6

* Cell viability (%) at 100 pg/mL against RAW cells, LPS: lipopolysaccharide (10
pg/mL) used to induce NO production in macrophages and showed no NO
inhibitory effect. Cell viability was assessed by the mitochondrial-dependent
reduction of yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl.

Antiviral activity against Coxsackievirus B3 (CVB3)

Regarding antiviral activity, the maximum tolerable concentrations (MTCs) were
determined as 125 pg/mL for the n-butanol fraction and 62.5 pg/mL for the ethyl
acetate fraction of Ganoderma sp., with cell viabilities of 95% and 94%,
respectively. These concentrations were used for antiviral evaluation using TCIDso
assays. The Karber method was applied using three approaches: virucidal, pre-
treatment, and post-treatment assays, where the effect of fractions on the entry of
virus into host cells was studied; by interacting with viral capsid (Virucidal), by
blocking the viral receptors located on the host cells (pre-treatment assay), and the
effect on virus after entry of into host cells (post-treatment). As presented in Table
5 and Fig. 2, the n-butanol and ethyl acetate fractions of Ganoderma sp. exhibited
a broad range of antiviral activities, with reductions in virus titers (R) ranging from
0.25t0 3.0 10g10 TCIDso.

In the virucidal assay, the ethyl acetate fraction of Ganoderma sp. showed the
highest activity (R = 3.0 logio TCIDso), followed by the n-butanol fraction of G.
applanatum (R = 0.75 log, TCIDsy), suggests that compounds in this fraction may
destabilize the viral envelope or interfere with receptor-binding sites (Zhang et al.,
2014). The lowest activity (R <0.25 log,o TCIDs) was observed for the n-butanol
fraction of Ganoderma sp. and the ethyl acetate fraction of G. applanatum.
Inhibition rates observed for Ganoderma sp, fractions were n-butanol (4.1%), and
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ethyl acetate (50%), while G. applanatum fractions were n-butanol (12.5%), ethyl
acetate (4.1%) (Table 5 and Fig. 2).

In the pre-treatment assay, ethyl acetate fractions of both Ganoderma sp. and G.
applanatum showed the highest activities (R =2.5-3.0 logio TCIDso), implying that
these fractions may block viral attachment or entry by modifying host cell surface
receptors (Ang et al., 2021). n-butanol fractions showed weak inhibition (R=0.25
-0.5 logip TCIDsg). Conversely, in the post-treatment assay, the highest activity
was observed for the n-butanol fraction of G. applanatum (R = 3.0 log;, TCIDs),
followed by the n-butanol fraction of Ganoderma sp. (R = 1.75 logio TCIDsy),
suggesting inhibition of intracellular viral replication, possibly via interference
with viral RNA synthesis or protein processing (Seo and Choi, 2021). Inhibition
rates percentage of the viral stock in the pre-treatment assay were as follow,
Ganoderma sp. ethyl acetate (50%), G. applanatum n-butanol (12.5%), and 4.1%
for both G. applanatum ethyl acetate and Ganoderma sp n-butanol fractions.
Where, in the post-treatment assay were G. applanatum ethyl acetate (50%),

Ganoderma sp. ethyl acetate (41.7%), Ganoderma sp. n-butanol (8.3%), and
finally G. applanatum n-butanol (4.1%) (Table 5 and Fig. 2).

The differential antiviral behavior among fractions highlights the presence of
multiple bioactive constituents acting at different stages of the viral life cycle.
Similar multi-mechanistic antiviral effects have been reported for other
Ganoderma species, whose triterpenoids, phenolics and polysaccharides are
known to inhibit enteroviruses by targeting both viral entry and replication
processes (Zhang et al., 2014; Ang et al., 2021, Cor Andrej¢ et al., 2022; Raseta
et al., 2023). Importantly, all antiviral effects were observed at non-cytotoxic
concentrations, as indicated by high cell viability at the MTC values. This
highlights the therapeutic relevance of these fractions and supports their potential
as safe, natural antiviral agents. Nevertheless, the complex nature of mushroom
extracts necessitates further phytochemical characterization to isolate and identify
the specific compounds responsible for the observed bioactivities.

Table 5 Antiviral activity of Ganoderma sp. and G. applanatum fractions aganist Coxsackie virus B3 (CVB3) determined by Kérber method

Virucidal Pre-treatment Post-treatment
Extracts Fractions A B R A B R A B R
n- butanol 6.0 5.75 0.25 6.0 6.5 0.5 6.0 4.25 1.75
Ganoderma sp. Ethyl acetate 6.0 2 3.0 6.0 35 2.5 6.0 5.5 0.5
G. applanatum n- butanol 6.0 5.25 0.75 6.0 5.75 0.25 6.0 3.0 3.0
Ethyl acetate 6.0 5.75 0.25 6.0 3.0 3.0 6.0 4.5 1.5

A: virus titer before treatment; B: virus titer after treatment; R: Reduction in virus titer calculated as the difference between treated and

untreated virus and expressed in log;o TCIDs/0.1 mL.
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Figure 2 Antiviral activity (%) of different fractions of Ganoderma sp. and G.
applanatum extracts against Coxsackie virus B3 (CVB3)

Wound Healing Activity

The wound healing potential of different solvent fractions obtained from the two
mushroom extracts was evaluated by monitoring the migration of BJ-1 fibroblast
cells following treatment. As illustrated in Fig. 3, all fractions showed variable
effects on fibroblast migration into the provisional gap after 24 h. The n-butanol
fraction of G. applanatum exhibited the strongest wound closure activity,
promoting 33% migration into the provisional gap. This was followed by the ethyl
acetate fraction of G. applanatum, which induced 27% wound -healing. In contrast,
both fractions of Ganoderma sp. showed only minimal effects on fibroblast
migration, with wound closure values of 6.6% and 6.8% for the ethyl acetate and
n-butanol fractions, respectively. The higher wound healing activity observed for
G. applanatum fractions may be attributed to their higher content of bioactive
polyphenolic compounds, which are known to stimulate fibroblast proliferation
and migration, enhance extracellular matrix remodeling, and reduce oxidative
stress at the wound site (Utpal et al., 2025). Although direct wound scratch assays
on Ganoderma extracts are less common, recent work on G. [ucidum
polysaccharide-based  hydrogels has shown improved fibroblast
proliferation/migration, promoted collagen deposition, and reduced oxidative
stress in wound models, supporting your findings (Li et al., 2024). The wound
healing activity observed in BJ-1 fibroblast migration assays is closely aligned with
the nitric oxide (NO) inhibitory effects of the same fractions. Notably, the n-
butanol fraction of G. applanatum, which exhibited the highest NO suppression in
LPS-stimulated macrophages, also produced the strongest stimulation of fibroblast
migration. Excessive NO production is known to impair wound healing by
promoting prolonged inflammation and oxidative stress at the injury site. (Schulz
and Stechmiller, 2006) Therefore, the ability of G. applanatum fractions to
downregulate NO generation may impact fibroblast tissue repair proliferation and
migration processes. Furthermore, suppression of inducible nitric oxide synthase

(INOS) and NF-«B signaling pathways previously reported to be modulated by
Ganoderma species can accelerate the transition from the inflammatory to the
proliferative phase of wound healing (Hasnat et al., 2015; Xu et al., 2021). This
mechanistic overlap provides a plausible explanation for the dual anti-
inflammatory and pro-healing effects observed in the present study.

Interestingly, the wound-healing and anti-inflammatory effects correlate with
phenolic content rather than flavonoid content alone, suggesting that phenolic-rich
fractions provide both antioxidant protection and modulation of cellular signaling
pathways involved in tissue repair. This supports previous findings that phenolic
compounds from medicinal mushrooms enhance fibroblast migration and
extracellular matrix remodeling (Wasser, 2011).
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Figure 3 Wound healing potential of ethyl acetate and n-butanol extracts of Ganoderma applanatum and Ganoderma sp. on BJ-1
cells at 0 h and after 24 h of treatment with extract.
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CONCLUSION

Exploring potentials of mushrooms inspired by their traditional uses can contribute
in understanding the full potency of these mushrooms. This study demonstrates
that fractions obtained from Ganoderma sp. and Ganoderma applanatum exhibit
complementary bioactivities, including antioxidant, anti-inflammatory, wound-
healing, and anti-Coxsackie virus effects, which appear to be closely associated
with their phytochemical profiles. The difference in potency of prepared fractions
emphasized the importance of choosing solvent used in extraction process which
in return influences the quality and quantity of extracted chemical compounds
responsible for biological activities.

Concerning antiviral activity, results obtained in our study suggested potential
antiviral activity based on virus titer reduction. Therefore, further studies will focus
on conducting a full concentration-dependent antiviral profile through evaluation
of IC50, CC50, and SI.

Additionally, further mechanistic studies are needed to verify whether the observed
activity is due to interference with viral attachment/entry, intracellular replication,
or both. On the other hand, the multi-functional bioactivity of the two tested
Ganoderma species encourage for their use as natural therapeutic agents.
Additional phytochemical characterization and in vivo evaluation are needed to
support employing of these mushrooms in therapeutic application. Moreover,
further studies are encouraged based on bioassay-guided isolation of the active
metabolites, and elucidation of their action mechanism. Such efforts can contribute
significantly in optimizing the therapeutic benefits obtained from these
mushrooms.

Ethical approval: This study was performed according to the guidelines of the
Medical Research Ethics Committee of the National Research Centre, Dokki,
Egypt (Ethical Approval Number: 04420924).
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