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Abstract

Fungal pathogens cause infectious diseases that increase mortality rates and treatment and care costs. On
the other hand, the overuse of antifungal drugs has led to numerous side effects, presenting a significant
challenge in medicine and treatment. Consequently, the development of alternative drugs with lower
manufacturing costs, reduced toxicity, and fewer side effects has become essential. Medicinal plants have
been used for centuries to treat various diseases, and significant antifungal properties have been reported
in these sources. In the present study, 20 effective antimicrobial plants were identified, and their
hydroalcoholic extracts were obtained. Their antifungal effect on Rhizopus arrhizus, Aspergillus flavus,
Saccharomyces cerevisiae, and Candida albicans was assessed. The results indicated that Glycyrrhiza
glabra can inhibit the growth of all four pathogens, followed by Eucalyptus camaldulensis and Althaea
officinalis, which were effective against three fungal species. The pharmaceutical industry can use the
results of this study to produce natural antifungals with fewer side effects, cytotoxicity, and production
costs. Moreover, fungal pathogens have not yet developed resistance to these natural drugs, while they
have shown resistance against conventional antifungal.
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Introduction

Fungal pathogens significantly contribute to
increased mortality rates and treatment costs."”
Among these agents, Rhizopus arrhizus,
Aspergillus flavus, and Candida albicans are
common, with C. albicans being reported more
frequently than other fungal pathogens in many
Western countries such as the United States.”’

Candidemia is one of the most common
bloodstream infections. It presents a growing
challenge in healthcare-associated settings,’ and
C. albicansis the most prevalent agent of
candidemia in the United States and most
European countries. This agent has shown
resistance to antifungal drugs and is one of the
most common causes of candidemia in Iran.’

[@Iﬁ] 2026 The Author (s). This is an Open Access article distributed under the terms of the Creative Commons

Attribution (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, as long as
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Aspergillus species are the primary causative
agents of invasive aspergillosis, which has a
high mortality rate. Among them, A. sydowii, A.
terreus, A. fumigatus, and A. flavus can be
mentioned, with A. flavus being the most
prevalent species among clinical and
environmental isolates, based on a study
conducted in Iran.* Mucormycosis, particularly
infections caused by R. arrhizus, has shown
resistance to many conventional antifungal
drugs. Furthermore, these fungi exhibit
resistance to newer antifungal agents, such as
caspofungin and voriconazole, posing a
significant challenge for medical and healthcare
settings.” S. cerevisiae infections, while rare, can
be life-threatening, with a mortality rate of
approximately 29%-30% in fungemia cases.
They primarily affect immunocompromised or
critically ill patients, with infections often linked
to probiotic use or intensive care unit settings.
Careful consideration of risk factors is important
to prevent serious outcomes.®’

Since fungi are classified as eukaryotic
organisms, they share similarities with human
cells. Treating these pathogens presents
significant challenges in medicine. However,
several  classes of  drugs, including
echinocandins (e.g., micafungin, anidulafungin,
and caspofungin), azoles (including
ketoconazole, fluconazole, and itraconazole),
polyenes, and allylamines, are used to treat
fungal infections.” However, numerous studies
have indicated that these pathogens have
developed resistance to common antifungal
drugs.® Additionally, the overuse of antifungal
medications can have adverse effects on the
body. For instance, azole antifungals are often
the first-line treatment for fungal infections;
however, prolonged use of this agent can lead to
alopecia, hyponatremia, hypokalemia,
hepatotoxicity, and oligospermia.” Therefore,
this issue also presents a new challenge. Given
the observed low efficacy of antifungal drugs
against resistant fungal pathogens, the potential

antifungal properties of medicinal plants have
gained increased attention.

Medicinal plants have a long-standing and
valuable history in medicine, particularly in
antifungal therapy.'”'" These herbs contain a
variety of chemical compounds and secondary
metabolites, including flavonoids, terpenes,
phenolics, alkaloids, and polyacetylenes, which
confer significant antimicrobial properties.'>"
Additionally, these herbs do not exhibit the side
effects commonly associated with antifungal
agents, making them a desirable choice in drug
design. Therefore, in the present study, 20
medicinal herbs were selected from previous
studies, and their antifungal activities were
evaluated against four fungal pathogens. These
results could be promising for better
management of such mortal infections.

Materials and Methods

Data Collection

The PubMed and Google Scholar databases
were searched up to June 25, 2025, using the
following keywords: (‘plant extract' or 'plant
metabolite' or 'plant secondary metabolite') and
(‘antifungal' or 'antimicrobial' or 'antibacterial').
Ultimately, we chose plants that were most
frequently cited for their antimicrobial properties
(Table 1). These plants belong to 13 families,
with Lamiaceae being the largest, including five
members. The other notable families include
Asteraceae (n=2), Zingiberaceae (n=2), and
Fabaceae (n=2).

Preparation of Fungal Cultures

Mueller-Hilton culture medium containing 2%
glucose was used for the cultivation. The fungi
included yeasts (S. cerevisiae (IRBC 30486) and
C. albicans (IRBC 30087)), as well as molds (R.
arrhizus (wa0000067101) and Aspergillus flavus
(CBS 142511)). Cell counting was conducted
using a Neubauer hemocytometer. For each
sample, a concentration of 10° cells per milliliter
was considered. Fungal species were incubated
at 35°C for 48 hours.
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Table 1: List of 20 Medicinal Plants Evaluated for Antifungal Activity, Representing 13 Different Families.

NO. Family Plant Name NO. Family Plant Name
1 Amaryllidaceae Allium sativum Glycyrrhiza glabra
. . 9 Fabaceae ]
2 Apiaceae Foeniculum vulgare Alhagi maurorum
Silybum marianum 10 Hypericaceae ~ Hypericum perforatum
3 Asteraceae . - L
Echinacea angustifolia 11 Malvaceae Althaea officinalis
4 Brassicaceae Brassica rapa Mentha pulegium
o Zingiber officinale Hyssopus officinalis
5 Zingiberaceae . . L
Curcuma longa 12 Lamiaceae Salvia officinalis
Myrtaceae Eucalyptus camaldulensis Mentha spicata
Piperaceae Piper nigrum Thymus vulgaris
Scrophulariaceae Verbascum Thapsus 13 Theaceae Camellia sinensis

Plant Extractions

A total of 20 medicinal plants from 13 families
(Table 1) were evaluated against S. cerevisiae,
C. albicans, R. arrhizus, and A. flavus. Plants
were purchased from the local market in
Sabzevar (Iran), and identified by a plant
biologist. They were subjected to surface
decontamination through washing, followed by
air-drying at room temperature. The plant
materials were crushed using a mortar before
extraction. Plant extracts were prepared by
dissolving 50 g of dried plant tissue in 500 mL
of 70% ethanol (10% w/v extract) on a shaking
plate at 180 rpm for 24 hours at room
temperature. The extracts were then filtered
using Whatman No. 1 filter paper, and the
solvent was removed using a rotary evaporator
(Heidolph, Germany) at 50 rpm and 50°C under
a 1.25 cfm (50 Hz) vacuum pump (Emberson).
The extract was concentrated by evaporating
50% of the solvent volume in a forced-air oven
(Memmert GmbH) at 40°C for 24 hours. The
final extracts (100 mg/mL) were stored in a
refrigerator at 4°C in dark bottles. For our test,
we used both 100 and 200 mg/mL
concentrations.

Measuring Inhibition Zones and Analyzing
The disc diffusion method was employed to
evaluate the antifungal activity of the herbal

extracts against fungal pathogens. Each disc
contained 60 pL of the herbal extract. The mean
diameter of the inhibition zone (measured in
triplicate) was calculated for each plant extract
and compared to the average using Student's t-
test in Microsoft Excel 2021. Statistical
significance was set at P < 0.05.

Results

Inhibitory Effects of Medicinal Plants on S.
cerevisiae

Four plant extracts were found to inhibit the
growth of S. cerevisiae, namely Camellia
sinensis (12.33 mm), Glycyrrhiza glabra (11.33
mm), FEucalyptus camaldulensis (10.33 mm),
and Althaea officinalis (9.33 mm) at 200 mg/mL
(Figure 1). The inhibition zones (in mm) are
presented for hydroalcoholic plant extracts
tested at a concentration of 200 mg/mL.

Inhibitory Effects of Medicinal Plants on C.
albicans

Three plant extracts (200 mg/mL), i.e., A.
officinalis, G. glabra, and Salvia officinalis,
successfully inhibited the growth of C. albicans.
The most significant inhibitory effect was
observed with A. officinalis (8.33 mm), followed
by S. officinalis (8.22 mm) and G. glabra (8.11
mm) (Figure 2).
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Figure 1. The effective hydroalcoholic plant extracts (200 mg/mL) against Saccharomyces cerevisiae.
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Figure 2. The effective hydroalcoholic plant extracts (200 mg/mL) against Candida albicans.

Inhibitory Effects of Medicinal Plants on R.
arrhizus

Four plant extracts (200 mg/mL) demonstrated

antifungal activity against R. arrhizus, namely E.

camaldulensis, C. sinensis, G. glabra, and
Verbascum thapsus. E. camaldulensis (13 mm)

and C. sinensis (12.67 mm) exhibited the highest

levels of antifungal activity (Figure 3). The
inhibition zones (in mm) are presented for
hydroalcoholic plant extracts tested at a
concentration of 200 mg/mL.

Inhibitory Effects of Medicinal Plants on
Aspergillus flavus
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Eleven plant species (200 mg/mL) produced
inhibition zones: E. camaldulensis, Zingiber
officinale, Hyssopus officinalis, Allium sativum,
Curcuma longa, Foeniculum vulgare, G. glabra,

officinalis, and Thymus vulgaris. Among these,
E.  camaldulensis  exhibited the highest
antifungal activity (17.33 mm), followed by Z.
officinale (12 mm) and H. officinalis (11.67 mm)

Alhagi  maurorum, Mentha spicata, A. (Figure 4).
Rhizopus arrhizus
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Figure 3. The effective hydroalcoholic plant extracts (200 mg/mL) against Rhizopus arrhizus.
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Figure 4. The effective hydroalcoholic plant extracts (200 mg/mL) against Aspergillus flavus.
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The inhibition zones (in mm) are presented for
hydroalcoholic plant extracts tested at a
concentration of 200 mg/mL.

Discussion

Fungal pathogens with high mortality rates have
become a new challenge in medicine; they
prolong hospitalization, resulting in substantial
increases in healthcare costs.! Furthermore, the
excessive use of chemically synthesized
antifungals 1is associated with various side
effects, some of which may be irreversible.”'
Consequently, there is a pressing need to search
for alternative drugs that exhibit lower toxicity,
reduced manufacturing costs, fewer side effects,
and to which infectious agents have not
developed resistance."'® Through data mining
of previous studies, we identified the top 20
plants with significant antimicrobial properties
to evaluate their antifungal activities against S.
cerevisiae, C. albicans, A. flavus, and R.
arrhizus.

It has been reported that C. albicans has
developed resistance to Azoles.'” Several studies
have identified mechanisms by which C.
albicans resists antifungal drugs, including the
formation of biofilms; overexpression of ATP-
binding cassette transporters, specifically Cdrl
and Cdr2, which enhance drug export; and point
mutations in the ergosterol biosynthesis gene
(ERG11) that reduce azole-binding affinity.'®"
Also, both R. arrhizus and Aspergillus spp.
exhibit resistance to common antifungal agents;
previous studies indicate that Aspergillus spp.
demonstrate  greater resistance to these
antifungal agents. Specifically, 25% of
environmental — Aspergillus  isolates  show
resistance to amphotericin B (AmB), while
clinical isolates of A. flavus exhibit 100%
resistance to AmB.”’ Additionally, 25% of
environmental Rhizopus isolates also display
resistance to AmB.** Furthermore, both genera
show resistance to azoles; however, the

resistance observed in Aspergillus spp. appears
to be greater than that of R. arrhizus.”

Plant extracts at 100 mg/mL did not yield
consistent results; therefore, we selected a higher
concentration (200 mg/mL). This could be due
to the lower number of effective compounds in
some plants. A. flavus. appeared to be more
sensitive to the plant extracts, as inhibition zones
were observed with 11 of them, compared to
only four against R. arrhizus. However, this
observation requires further investigation, as the
results may vary depending on the experimental
methods and fungal strains tested. This finding
suggests that although a pathogen may be
resistant to antifungals and conventional drugs,
it can still be susceptible to medicinal plants.'
They contain a complex mixture of chemical
compounds with significant antimicrobial
properties, affecting multiple aspects of the
pathogen's cellular structure, including the cell
membrane, ionic and metabolic transport,
protein and nucleic acid synthesis, energy and
metabolic cycles.'** It has been reported in
some cases that these chemical compounds (e.g.,
terpenes, flavonoids) can enhance each other's
effects, resulting in synergistic properties.”

Among these plant extracts, only G. glabra
exhibited an inhibitory effect on all four
pathogens, followed by E. camaldulensis and A.
officinalis (Figure 5). Previous studies have
demonstrated that G. glabra possesses a wide
range of therapeutic applications, including the
treatment of stomach ulcers, paralysis,
hyperdipsia, respiratory disorders, epilepsy, skin
diseases, hemorrhagic conditions, jaundice, and
rheumatism.** The analysis of the phytochemical
composition of this plant revealed various
chemical compounds, including glucoliquiritin
apioside, liquiritigenin, prenylflavone A, 1-

methoxyphaseolin, glisoflavone,
shinpterocarpin, licoarylcoumarin, liquiritin,
shinflavanone, rhamnoliquiritin,

licopyranocoumarin, glycyrrhizin, isoangustone
A, licoriphenone, semilicoisoflavone B,

Herbal Medicines Journal. 2026, 11(1)
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kanzonol R, and I-methoxyficifolinol.** The
antifungal activity of G. glabra may be
attributed to compounds, such as licochalcone A
and glabridin. It has been reported that glabridin
can induce apoptosis in C. albicans through
caspase-independent pathways; under glabridin
treatment, the apoptosis-inducing factor gene

@

Curcima
longe

Solvia
afficinalis

exhibits high expression.” These compounds
may disrupt membrane integrity and affect
membrane structure and function, inhibiting

nucleic acid and protein synthesis, and inducing

mitochondrial dysfunction, which could inhibit
26,27

the growth of fungal species.

Verbascum
thapsis

Camellia
sinensis

Hyssopus
officinalis

Figure 5. Schematic and Conceptual Illustration of the Effects of Plant Extracts on Pathogenic and Resistant Fungal
Species. The diameter of each circle represents the magnitude of the antifungal effect on the number of pathogens.

E. camaldulensis has a notable antifungal impact
on Fusarium oxysporum, F. verticillioides, F.
subglutinans, various Aspergillus species,

Colletotrichum
28,29

Rhizoctonia solani,
gloeosporioides, and Pythium ultimum.
Phytochemical composition analysis of E.
camaldulensis revealed the presence of tannins,
flavonoids, alkaloids, glycosides, saponins,
phenols, and resins.’**' Given this diverse range
of chemicals, it is expected that E.
camaldulensis exhibits significant antimicrobial
activity. From the E. camaldulensis antifungal
strategies, mention the lipophilic components
that penetrate fungal cell membranes, disrupt

their integrity, cause leakage of ions and
metabolites, and inhibit fungal growth and spore
germination. Also, inhibition of fungal biofilm
formation, which is important for survival, is
another strategy.” It has been reported that A.
officinalis showed antifungal activity against
Penicillium spp. and Aspergillus spp., at
different concentrations.”” Additionally, its
alcoholic extract showed inhibitory effects on
the growth of R. solani and F. oxysporum.” Its
antifungal ~ chemicals  include  phenolic
compounds (e.g., caffeic acid, gallic acid, ferulic
acid), flavonoids (e.g., quercetin, kaempferol,

rutin), and fatty acids (e.g., palmitic acid,

Herbal Medicines Journal. 2026, 11(1)
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linoleic acid, linolenic acid). Their strategies
against pathogens include disrupting fungal
membrane integrity, reactive oxygen species
scavenging, and inhibition of fungal enzymes.*>
% This finding indicates that these plants possess
a strong ability to inhibit the growth of fungal
pathogens,'"”® which could be advantageous for
the pharmaceutical industry in the development
of new and effective antifungal agents.’’ In this
study, we did not report the minimum inhibitory
concentration  and fungicidal
concentration, as they may be available in other

minimum

studies, and our work focused on comparing
these extracts and their effects on four
opportunistic fungal species. Other forms of
plant extracts besides hydroalcoholic may be
considered, and it is wise to have their chemical
analysis, which was beyond our aim and work.

Conclusion

This study demonstrates that hydroalcoholic
extracts from certain medicinal plants—
particularly  Glycyrrhiza glabra, Eucalyptus
camaldulensis, and Althaea officinalis—exhibit
significant antifungal activity against resistant
fungal pathogens, including Candida albicans,
Aspergillus  flavus, Rhizopus arrhizus, and
Saccharomyces cerevisiae. Among them, G.
glabra was the only extract effective against all
four tested pathogens, underscoring its broad-
spectrum potential. Notably, 4. flavus was the
most susceptible, with 11 plant extracts
producing inhibition zones. These findings
suggest that plant-derived compounds, due to
their complex phytochemical compositions and
multi-target mechanisms, may offer promising
alternatives to conventional antifungals—
especially  against  drug-resistant  strains.
However, further studies are necessary to
identify the active constituents, elucidate their
mechanisms of action, and assess their efficacy
and safety in clinical settings.
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