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G. lucidum mushroom has been recorded in conventional medicine for more than
2000 years due to has several bioactive compounds including triterpenoids (GLTs).
This study aimed to extract and detect of the triterpenoids and biological synthesis
of Zinc oxide nanoparticles by using the aqueous extract of this mushroom, then
evaluate their antifungal activity against four dermatophytes. From the 1000 g
of G. lucidum dried fruiting bodies powder which were used in this study, 16.1 g
GLTs was extracted. HPLC was used to analyses GLTs and detection of Ganoderic
Acid by using (Ganoderic Acid A) as a standard. The results showed that the
concentration of Ganoderic acid in the sample was 985 pg per gram of the extract.
Zn0O nanoparticles were biosynthesized by using 1 gm of zinc chloride salt with 10
ml of G. lucidum aqueous extract to obtain ZnO nanoparticles. The biosynthesized
Zn0 nanoparticles were characterize by using different approaches included UV
spectrophotometer, FTIR, AFM, EDX, and FESEM. These techniques demonstrated
the biosynthesis of ZnO nanoparticles with a diameter 44.62 nm. The result of
antifungal activity of these compounds showed significant difference among
treatments for inhibit the four dermatophytes. The combinations between GLTs
with ZnO nanoparticles showed synergistic effect to inhibit the growth of M.
canis, T. rubrum, E. floccosum, and T. mentagrophytes. The concentration 100
mg/ ml of this treatment showed highest inhibition percentage followed by 50
and 25 mg/ml. In other words, the inhibition percentage increased by increasing
the concentrations of the tested treatments.
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INTRODUCTION

The medicinal mushroom Ganoderma lucidum
(G. lucidum) belongs to Basidiomycota division
characterized by a woody texture, this mushroom
found in both tropical and temperate areas across
Asia, Europe and North America [1]. G. lucidum has
been recorded in Chinese conventional medicine for
more than 2000 years. The Chinese Pharmacopoeia
records the activity of this mushroom in reducing
cough and asthma. It additionally recommended
for symptoms like anxiety, insomnia, palpitations
and lung insufficiency [2]. Several studies indicated
that this mushroom has multiple active compounds
like triterpenoids, polysaccharides, steroids, sterols,
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nucleotides, fatty acids, and other substances [3, 4].
Nevertheless, polysaccharides and triterpenoids are
recognized as the principal active ingredients that
regulate numerous pharmacological actions [5].
G. lucidum triterpenoids (GLTs) are a specific type
of terpenes which consist of six isoprene units.
GLTs have cyclic or linear chemical structures due
to the presence of isoprene units. Ganoderic acid
is a specific type of GLTs which consist of two
linear isoprenes and four cyclic isoprenes. More
than one hundred types of ganoderic acid were
extracted from this mushroom [6]. The chemical
configuration of GLTS originating from lanostane, a
substance synthesized from lanosterol via squalene
cyclization during biosynthesis [7]. The increasing
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rate of microbial diseases together with antimicrobial
resistance, has been recognized as a major public
health concern, stimulating the discovery of new
antimicrobial agents by using of nanotechnology.
Nanotechnology offer excellent options in several
applications, with metallic nanoparticles identified
for their antimicrobial activity [8].

Nanotechnology is a rapidly advancing
multidisciplinary scientific area covering physics,
chemistry, and biology. Nanotechnology involve
the production of tiny particles information
within a restricted region of materials, devices,
and measurements. Nano data is obtained through
constituent particles called nanoparticles, which
consist of molecules and atoms measuring between
1 and 100 nm in size. It is utilized to produce more
efficient methodologies in technology, energy
conservation, science, medicine, and other fields
[9, 10]. Nanoparticles are generate by different
methods which include biological, chemical and
physical approaches [11]. Among these approaches,
the biological or green synthesis recognized as
environmentally friendly, cost-effectiveness, and
simple procedure. Moreover, the utilization of
biological synthesis approach for nanoparticles may
improve the properties of these particles by means
of the reduced the size and specific shape obtained
[12, 13]. Among these nanoparticles, zinc oxide
(ZnO) nanoparticles are a class of metal oxide
nanoparticles characterized by unique chemical
and physical properties, it is an inorganic chemical
substance with numerous applications in daily
life. The fast growth of nanotechnology in recent
years is playing a significant role in the growth of
ZnO nanoparticles which display unique features.
ZnO nanoparticles improved catalytic properties
when their diameters bellow 100 nm due to the
significant surface to volume ratio [14]. However,
modern studies showed that the G. lucidum and
zinc oxide nanoparticles have antidermatophytic
activity [15, 16].

The dermatophytes are a group of closely
related fungi that have the capacity to invade
keratinized tissue (skin, hair, and nails) of humans
and other animals to produce an infection
called dermatophytosis, commonly referred to
as ringworm. Infection is generally cutaneous
and restricted to the nonliving cornified layers
because of the inability of the fungi to penetrate
the deeper tissues or organs of immunocompetent
hosts [17]. Dermatophytosis is a disease of global
significance caused by pathogenic keratinolytic
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fungi called dermatophytes in both animals and
humans. Dermatophytes are broadly classified into
three groups depending on their environmental
habitat and include anthropophiles (living on
humans), zoophiles (living on animals), and
geophiles (living in the soil) [18]. Earlier all
pathogenic dermatophytes were classified into
three genera, namely Microsporum, Trichophyton
and Epidermophyton [19].

Thisstudyaimedto extractionand quantification
of G. lucidum triterpenoids, biological synthesis of
ZnO nanoparticles from the aqueous extract of this
mushroom, and evaluation the antifungal activity
of these compounds against four dermatophytes
isolated from Baghdad hospital.

MATERIALS AND METHODS
Pathogenic fungi collection

Dermatophytes were collected from Baghdad
teaching hospital, Medical City, Baghdad, Iraq. The
dermatophytes were isolated from different places of
the skin and hairs by taking skin scrap using sterile
glass slides. Hair specimens were collected by using
sterile forceps to remove the hair from the root of
the hair shaft. Scales were scratched from the surface
utilizing sterile surgical blade. The dermatophytes
were identified by direct microscopic examination
using a drop of 10% of potassium hydroxide
(KOH) heated (30 °C) for 5 minutes and was then
allowed to cool down, then covered with a covers
slip. Additionally, the specimens were cultured and
spread directly on Sabouraud Dextrose Agar (SDA)
and incubated at 28+2 °C for 10 days. Following the
incubation period, positive cultures were analyzed
both macroscopically and microscopically for
species identification. The culture was classified
as negative when the absence of a growth after the
incubation period [20, 21].

Mushroom fruiting bodies

This study used Iraqi G. lucidum fruiting
bodies obtained from National Center of Organic
Farming, Ministry of Agriculture, Baghdad, Iraq.
The fruiting bodies were dried at 45 °C for two days
by using laboratory drier (Memmert, England).
The dried fruiting bodies have been ground into
powders using laboratory blender [22].

Production of Ganoderma lucidum Aqueous Extract
(GLAE)

The dried fruiting bodies powders were
extracted with hot water (1:20, w/v) at 75 °C for
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2 hours in shaker water bath. The extraction was
filtered by using gauze cloth then filter paper
(Whatman no. 1). The GLAE was stored in a
refrigerator until utilized for biosynthesis of ZnO
nanoparticles [23].

Extraction of G. lucidum triterpenoids (GLTS)

The dried fruiting bodies powders were
extracted with ethanol 70% (1:10, w/v) in a shaker at
room temperature for 24 h. The extract was filtered
firstly by gauze cloth then by Whatman filter paper
number 1. The filtrate was evaporated to dryness
at 35 °C under vacuum using a rotary evaporator
(Heidolph, Germany) to produce concentrated
ethanolic extract. The concentrated ethanolic
extract was extracted with chloroform and water
(1:1 v/v) three times. The chloroform layer was
extracted with 5% saturated acquis NaHCO,
three times. NaHCO, fraction was collected and
acidified to pH 3-4 with 2N HCI under ice-cooling
and re-extracted with chloroform. The chloroform
was evaporated under rotary evaporator then
transferred to small beaker to ensure evaporate
all chloroform. The remaining mixture of acidic
compounds referred to Ganoderma lucidum
terpenoids (GLTs). This was stored in dark airtight
container in a refrigerator until used for the
experiment [24].

HPLC analysis of GLTs

HPLC model SYKAM (Germany) was used
to analyses GLTs and detection of Ganoderic
Acid by using (Ganoderic Acid A) as a standard
(ChemFaces company, China. Purity >=98%). The
mobile phase was ethanol : acetic acid 5% ( 40 : 60
v/v ). The flow rate was 1.0 ml/min. Column was
C18-0DS (25 cm * 4.6 mm). The injection volume
was 0.1 ml. The detector UV-Vis was set at 243 nm
[25].

Biosynthesis of ZnO nanoparticles

The biosynthesis procedure of ZnO
nanoparticles was accomplished by using anhydrous
zinc chloride (ZnCl,) salt (Alfa Chemika, India).
ZnCl, were mixed with the aqueous extraction of
G. lucidum at a ratio (1:10 w/v), followed by placed
the suspensions in a shaker at 150 rpm for 24 hours
at dark conditions. After that, the suspensions
were subjected to centrifugation at 6000 rpm for
15 minutes. The supernatants were discarded
and the precipitates were collected and initially
washed by of absolute ethanol then by deionized
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distilled water and centrifuge again. The resultant
precipitates were collected and placed in an oven at
40 °C overnight. The resulting powders referred to
ZnO nanoparticles which were collected and stored
in a dark condition for further use [26, 27].

Characterization of ZnO nanoparticles

According to Alden, Yaaqoob [28], multiple
techniques were employed to characterize the
biosynthesized ZnO nanoparticles included:

UV spectrophotometer

UV spectrophotometer were used to detect
the size and shape of nanoparticles in aqueous
solution [29]. The samples were measured by
UV spectrophotometer type (UV-9200. Biotech
Engineering Management CO. LTD. UK) which
were used to determine the optical absorption
spectra of ZnO nanoparticles and G. lucidum
aqueous extract.

Fourier transform infrared (FTIR)

The FTIR technique were utilized to identify
the differences in the structures of biomolecules
by detecting the differences in the functional
groups. FTIR were conducted for the aqueous
extract, ZnCL, ZnO nanoparticles, and ZnCl, with
the aqueous extract together by using FTIR-8400
(Shimadzu, Japan) [30].

Atomic force microscopy (AFM)

AFM provide the 3D examination for ZnO
nanoparticles as well as analyze the average size of
these nanoparticles. AFM (Core-AFM 2023 model,
manufactured by Nanosurf AG, Switzerland) were
used to analyze the surface roughness and particle
sizes of ZnO nanoparticles. The cantilever’s force
constant ranged from 28 to 75 nm. The probe
specifications included a beam shape with a
cantilever of 225 pum length and 38 pm width, and a
frequency 190 kHz [29].

Energy dispersive X-ray spectroscopy (EDX)

EDX approach were employed to characterize
the element distribution of ZnO nanoparticles and
to provide the atomic and weight percentages of
elements [26].

Field Emission Scanning Electron Microscope
(FESEM)

FESEM is a technique that offer pictures of ZnO
nanoparticles by sending an electron beam across
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particles surface. This provide a high-resolution,
3D photographs of micrometer and nanometer
sized particles. The dimension and shape of
biosynthesized ZnO nanoparticles were examined
utilizing Quattro S -STEM/SEM, Thermo Fisher
Scientific, Czech Republic [31, 32].

Antifungal activity of ZnO nanoparticles and GLTs

Three concentrations from each of ZnO
nanoparticles, GLTs, and ZnO with GLTs together
were used to evaluate the antifungal activity of
these compounds against four dermatophytes
species. The concentrations were 25, 50, 100 mg/
ml. The antifungal activity of these compounds
were evaluated by plate diffusion method according
to Hassan, Saadi [33] with some modifications.

Mycelial plugs with a 5 mm diameter were
cut by cork borer from the growing margin of
three days old cultures of dermatophytes species,
transferred overhead to the center of fresh SDA
petri dishes (9 cm in diameter) then incubated at
28 + 2 °C for 3 days. After that, four holes were
punched on the medium’s surface for each dish
utilizing a sterile cork borer (0.5 cm diameter),
ensuring equal spacing between the holes.
Subsequently, 70 uL were individually applied to
each well. For control, sterile distilled water and
DMSO were individually introduced into the wells
of a separate dish. Fluconazole antifungal disc (10
ug) were used to compare the inhibition percentage
among the tested compounds with Fluconazole. All
dishes were incubated at 28 + 2 °C for 7 days. After
that, the mycelium colony diameter was measured
using a digital ruler. Each treatment was consisted
of three replicates.

The percentage of mycelia growth inhibition
of dermatophytes species were measured and
calculated after the incubation periods by using the
formula:

Mycelia growth inhibition %= (G1 - G2) / G1
*100 [34].

Where: G1 = The growth of dermatophytes
species in petri dish with the holes contain distilled
water and DMSO (control).

G2 = The growth of dermatophytes mycelia in
petri dish with the holes contain the mentioned
compounds.

RESULTS AND DISCUSSIONS
Pathogenic fungi collection

The patients were clinically diagnosed and
mycological indicated to have tinea capitis (hair),
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tinea corporis (body ringworm), and tinea
pedis (athlete’s foot). From 70 obtained samples,
45 gave positive cultures and 25 gave negative
cultures. Multiple dermatophytes were recognized
based on macroscopic examination (surface and
reverse color, topography, mycelial texture) and
microscopic examination (two conidial types
produced by dermatophytes: small unicellular
microconidia and bigger septate macroconidia).
From these positive samples, four dermatophytes
were selected and used in this study which were the
most frequent: Microsporum canis, Trichophyton
rubrum,  Epidermophyton  floccosum,  and
Trichophyton mentagrophytes.

Extraction of GLTs

From the 1000 g of G. lucidum dried fruiting
bodies powder which were used in this study, 16.1 g
GLTs was extracted. This translates to 1.61% of the
total powder. This result was in agreement with the
study of [35] which extracted 1.67% of G. lucidum
powder. However, this result was not agreed with
the study of [24] which extracted 2.27% of GLTs
from fruiting boding powder.

HPLC analysis of GLTs

The HPLC method was achieved by comparison
of retention time for GLTs peaks with Ganoderic
acid A standard. The results in the figure 1 showed
the same peaks between the sample and the
standard with the identical retention time (6.25
mins). The results showed that the concentration of
Ganoderic acid in the sample was 985 pg per gram
of the extract.

Biosynthesis of ZnO nanoparticles

ZnO  nanoparticles  were  successfully
biosynthesized using GLAE with ZnCl, salt. The
biosynthesis of ZnO nanoparticles were confirmed
by the optical examination. When combined ZnCl,
with the aqueous extract modified the color of
mixture to yellow indicating the synthesis of ZnO
nanoparticles. After centrifugation and drying,
a brownish-white powder was established. The
modification in color confirmed the synthesis
of ZnO back to the secondary metabolites which
present in the aqueous extracts that act as a
reducing agents [36]. This result agreed with the
study of Abdullah, Jimenez-Rosado, Guerrero,
Romero [37].

The green synthesis of ZnO nanoparticles is an
uncomplicated procedure where a zinc salt such
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Fig. 1. HPLC chromatogram: (A): Ganoderic Acid A standard. (B): GLTs sample.
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Fig. 2. UV spectrophotometer of ZnO nanoparticles and the GLAE, (A): ZnO, (B): GLAE.

as zinc nitrate or zinc chloride is supplied to the
biological extract which lead to the preparation
of ZnO nanoparticles [38]. The biological extracts
containing secondary metabolites like terpenes,
alkaloids, polysaccharides, flavonoids and others
have the ability to the reduction and capping of Zn**
ions in saline solutions. However, the oxidation
process can yield stable and homogeneous
distributed ZnO. The application of plant extracts
in biosynthesis of ZnO nanoparticles support two
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primary roles: to facilitate the reduction of Zn*
ions and to improve the stability of the resultant
nanoparticles [39].

Characterization of ZnO nanoparticles
UV spectrophotometer

The absorption peaks of the biosynthesized
ZnO nanoparticles and GLAE are shown in figure
2. Each of the samples demonstrate significant UV
absorption, with absorption peaks range from 287
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to 303 nm. After additional diluting by deionized
distilled water of ZnO sample, the absorption
peak was at 303 nm. This result corresponds to
biosynthesized ZnO nanoparticles direct band
emission. On the other hand, the absorption peak
of the GLAE was at 289 nm. This result agreed with
the study of Alden, Yaaqoob [28] which indicated
that ZnO showed a UV absorption at 287 nm.

Fourier transform infrared (FTIR)

The biosynthesized ZnO nanoparticles were
examined using FTIR spectroscopy at wavenumber
between4000cm™and400cm™ toidentifythe chemical
bonds of ZnO and determine the phytochemicals in
GLAE that responsible for stabilizing and capping
the nanoparticles. Figure 3 demonstrate the FTIR
spectrum of ZnO nanoparticles, GLAE and ZnCl,
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salt. The highly peaks of ZnO nanoparticles situated
at 3440.77 and 3425.34 cm™ indicated the existence
of -OH groups. Another peaks were denoted for
ZnO at 2921.96, 2368.42, 1645.17, 1515.94, 1110.92,
673.11, 595.96. The ZnO stretching was at 424.31 cm-
!. The peaks of ZnO indicated the existence of O-H,
C-H, and C-N stretching vibrations associated with
aromatic and aliphatic amino groups. The FTIR of the
aqueous extract has highly intense peak at 2362.64
cm-' can be related to C=N stretch. The N-H bond
Amine I groups are also observed at 1645.17 cm-'.
For zinc chloride salt, the FTIR result was 3560.35,
3542.99. 2360.71, 1620.09 and several peaks between
1402.15 and 432.03 cm™

This result agreed with the study of Sanmugam,

Z-Axis - Scan forward Line fit

Vi 1 T8 f

Vikraman, Venkatesan, Park [40] which produced
a ZnO nanoparticles with chitosan, showing O-H
stretching at around 3500 ¢cm™ and 1630 cm’,
respectively. Additionally, the N-H deformation
vibrations are seen at 1636 and 1562 cm™. The ZnO
stretch appears at around 424 cm™.

Atomic force microscopy (AFM)

AFM was used to analyze the shape and size of
ZnO nanoparticles in two and three- Dimensional
view. Figure 4 show the 2D and 3D AFM images
for ZnO nanoparticles. The 3D image of AFM
showed a homogenous dispersion of ZnO with
no visible agglomeration. The mean diameter of
ZnO was 44.62 nm (figure 5). From this result,

Fig. 4. AFM Analysis of the microscopic surface morphology of ZnO nanoparticles. (A): 2D view. (B): 3D view.
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the extract may generate a particle capping,
preventing material aggregation and maintaining
the particulate size [41].

Energy dispersive X-ray spectroscopy (EDX)

The elemental analysis of ZnO nanoparticles
was performed using EDX spectroscopy. The
weight percentage of Zn element was 22% and
for O was 45.9% (table 1). The EDX result of ZnO
nanoparticles suggesting the existence of zinc and
oxygen. ZnO nanoparticles exhibit distinctive high
signal peaks at 1 keV and 8.5 keV for zinc, and a
prominent peak at 0.5 keV for oxygen as shown
in figure 6.

This result corresponds with the findings of [42]
and [43] which indicated that Zn showed peaks at
around 1 keV, 8.6 keV, and 9.5 keV. However, these
findings indicated that O has a peak at about 0.5
Kev.

Field Emission Scanning Electron Microscope
(FESEM)
The result of FESEM revealed that the particles

formed were spherical, hexagonal, and triangular
(figure 7). FESEM analysis indicated that the
particle size ranges from 43.24 to 68.73 nm. This
result significantly supports that GLAE could serve
as a capping and reducing agent in the synthesis of
ZnO nanoparticles.

Antifungal activity of Zn-NPs and GLTS.

Several studies evaluated the extractions and the
bioactive compounds of G. lucidum against several
fungal pathogens and demonstrating significant
antimicrobial activity. Nevertheless, there are
only a few works that have been reported about
the antidermatophytes efficacy of this mushroom.
Hence, one of the primary objectives of this study
was to evaluate the antidermatophytic efficacy
of the G. lucidum triterpenoids with zinc oxide
nanoparticles synthesized from the aqueous extract
of this mushroom against four dermatophytes
isolated from Baghdad Hospital. The plates diffusion
method was evaluated to distinguish between
the activity of ZnO nanoparticles, triterpenoids
extraction and the mixture between them against

Table 1. The percentage of atomic and weight of elements in EDX analysis

Elements Atomic % Weight %
C 3.2 12.2
N 8.2 6.6
o 49.8 45.9
Zn 31.8 22.0
Al 0.8 1.2
Si 0.7 1.1
1.9 34
S 0.7 14
Cl 14 2.8
Ca 1.5 34
800 T
1. Zn
4C
6004
] p Cl
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400_ | n Zn
s }‘ h
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Fig. 6. EDX image of the biosynthesized ZnO nanoparticles
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four dermatophytes by calculating the percentage
of inhibition of mycelia growth after the incubation
at 28 £ 2 °C for 7 days. Three concentrations were
used from each treatment to assess the antifungal

activity compared with Fluconazole antifungal (10
ug) and control treatment (DMSO or D.W). It can
be seen from the data in table 2, 3, 4, and 5 there
was a significant difference among treatments for

Fig. 7. FESEM images at different magnification of the biosynthesized ZnO nanoparticles, (A): x120000. (B): x60000. (C): x30000. (D):
x15000

Table 2. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against M. canis after 7 days of incubation at 28 + 2 °C.

The inhibition percentage %

Treatments Mean of Treatment
25 mg/ml 50 mg/ml 100 mg/ml
ZnO 26.230 28.830 34.030 29.697
GLTs 22.930 25.870 33.670 27.490
ZnO +GLTs (1:1) 48.870 55.500 59.970 54.780
Fluconazole 65.130 65.130 65.130 65.130
Control 0.000 0.000 0.000 0.000
Treatment Concentration Interaction
LS D (P=0.05)
1.797** 1.177** 3.113*%*

Table 3. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against T. rubrum after 7 days of incubation at 28 + 2 °C.

The inhibition percentage %

Treatments Mean of Treatment
25 mg/ml 50 mg/ml 100 mg/ml
ZnO 39.570 47.370 59.970 48.970
GLTs 26.600 35.500 46.230 36.110
ZnO +GLTs 56.600 61.470 66.600 61.557
Fluconazole 65.870 65.870 65.870 65.870
Control 0.000 0.000 0.000 0.000
Treatment concentration interaction
L S D (P=0.05)
1.394** 0.913** 2.415%*

Nanomed Res J 9(3): 228-242, Summer 2024
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Table 4. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against E. floccosum after 7 days of incubation at 28 + 2 °C.

The inhibition percentage %

Treatments Mean of Treatment
25 mg/ml 50 mg/ml 100 mg/ml
ZnO 28.470 35.870 40.370 34903
GLTs 38.070 42.570 45.500 42.047
ZnO +GLTs 50.730 55.500 62.530 56.253
Fluconazole 68.470 68.470 68.470 68.470
Control 0.000 0.000 0.000 0.000
Treatment concentration interaction
L S D (P=0.05)
1.900** 1.244** 3.291%*

Table 5. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against T. mentagrophytes after 7 days of incubation

at 28 + 2 °C.

The inhibition percentage %

Treatment Mean of Treatment
25 mg/ml 50 mg/ml 100 mg/ml
ZnO 27.000 34.770 41.470 34413
GLTs 28.470 34.400 41.830 34.900
ZnO +GLTs 44.400 54.400 59.230 52.677
Fluconazole 60.330 60.330 60.330 60.330
Control 0.000 0.000 0.000 0.000
Treatment concentration interaction
LS D (P=0.05)
2.175** 1.424*% 3.767**

inhibit the four dermatophytes. The combinations
between the biosynthesized ZnO nanoparticles
with GLTs showed synergistic effect to inhibit the
growth of M. canis, T. rubrum, E. floccosum, and
T. mentagrophytes. The concentration 100 mg/
ml of this treatment showed highest inhibition
percentage followed by 50 and 25 mg/ml on
the above dermatophytes. In other words, the
inhibition percentage increased by increasing the
concentrations of the tested treatments (figure 8, 9,
10, and 11).

The expense and side effects of the antifungal
drugs with the resistance of fungi and the prolong
treatment of dermatophyte diseases required
alternate treatments that both safe and effective
[44]. G lucidum was utilized for hundreds of years
in traditional medicine for medical treatment and
the improvement of general well-being [45]. G.
lucidum is a rich source of unique chemicals and
exhibits several properties, including antifungal
effects. It also contains many biologically active
compounds that showed activity against different
pathogenic fungus [46]. However, there are
limited studies on the extractions of G. lucidum

237

fruiting bodies

antimicrobial efficacy against

human infections, especially dermatophytes
[16]. The antifungal properties of G. lucidum are
linked to the presence of ganoduric protein. The
capacity of phytochemicals in G. lucidum extracts
to pass through cellular membranes, cell walls,
and cytoplasmic components of pathogenic
fungi may result in the suppression of these
human fungal diseases [44, 47]. On the other
hand, ZnO nanoparticles have demonstrated
antidermatophytic ~ action.  The  antifungal
mechanism is mainly associated with the
production of extremely reactive ions or substances,
like OH-, H,0,, or O,, with the ability to destroy the
fungal cell wall or plasma membrane [15]. The
antimicrobial activity of metallic nanoparticles
remains a subject of ongoing discussion in various
aspects. According to scientific reports, the primary
mechanisms identified include the generation of
reactive oxidative species (ROS) and the removal of
metal ions from nanoparticles resulting from their
interaction with the cell membrane. This interaction
leads to the inhibition of cell wall synthesis,
disruption of enzyme activities, cell signaling,
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Fig. 9. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against M. canis after 7 days of incubation at 28 + 2 °C.
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Fig. 11. The efficacy of three concentrations of ZnO, GLTs, and ZnO with GLTs against E. floccosum after 7 days of incubation at 28 +
2°C.
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DNA damage, ribosome disassembly, deactivation
of protein synthesis, and alterations in the
structure of essential proteins. The accumulation of
positively charged Zn** from the dissolving of ZnO
nanoparticles leads to membrane dysfunction,
while the absorption of ZnO nanoparticles
interferes with microbial metabolic activity leading
to microbial cell death [48, 49]. In most fungi, the
primary component of the cell wall is a branching
B-1,3; B-1,6 glucan, which is connected to chitin
through a f-1,4 linkage. The binding of oxide
particles to the fungal cell surface by electrostatic
interactions may constitute a primary mechanism
[50]. Consequently, the combination of ZnO and
GLTs can enhance the antifungal efficacy of each
chemical by increasing the inhibitory percentage
against each dermatophyte.

CONCLUSION

Ganoderma lucidum is one of the most
important medicinal mushroom which were used
in traditional Chinese medicine due to has several
active ingredients. GLTs were successfully extracted
and identified from this medicinal mushroom. ZnO
nanoparticles were successfully biosynthesized by
using the aqueous extract of G. lucidum and were
characterized by using several approaches. The
GLTs along with ZnO nanoparticles showed higher
antidermatophytic activity. Each of GLTs and ZnO
nanoparticles have antifungal effect against all
tested dermatophytes. However, the combination
of GLTs with ZnO showed synergistic effect at
all concentrations and the inhibition percentage
increased with increasing the concentrations.
This study recommends to use the combination
between GLTs and ZnO nanoparticles against other
systematic fungal pathogens.
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