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At a 25 % concentration, moderate inhibition of fungal growth was observed for Candida albicans (35.2+3.1 %),
while Aspergillus niger showed minimal inhibition (12.5+2.4 %). At a 50 % concentration, the inhibition increased
significantly for both fungal species, with Candida albicans showing 62.8+4.5 % inhibition and Aspergillus niger
showing 38.7+3.6 % inhibition. At a 100 % concentration, the maximum growth inhibition was achieved, reaching
85.4+5.2 % for Candida albicans and 64.3 + 4.8% for Aspergillus niger. Additionally, disk diffusion susceptibility
testing confirmed that both the 50 % and 100% extract solutions displayed clear zones of inhibition, categorizing
both isolates as sensitive. These results strongly indicate that Silybum marianum possesses substantial inherent
antifungal properties. The ability of milk thistle to act as a natural antifungal agent supports its potential application
in fields beyond hepatoprotection. Further studies are needed to identify the active antifungal compounds from the
crude extract, determine their spectrum of activity against a broader range of fungal pathogens, and assess their
possible therapeutic or preservative applications in medicine and agriculture.
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IIporurpundxoBuii epeKT eKCTPAKTy Po3TOpONIUi IAMUCTOI (Silybum marianum):
NOCJiIZKeHHS in vifro 3 BAKOPMCTAHHAM MeTO/y CepiiiHMX po3BeJeHb B arapi

M. A. K. Xamen

Silybum marianum, BijioMa SK PO3TOPOIIIA IUIAMHCTA, € IIHPOKO BH3HAHOK POCIHMHOK 3aBJASKHA CBOIM
JIIKYBaJIbHUM BJIACTHBOCTSIM, 30KpeMa TI'elmaTONPOTEKTOPHIH Ta aHTHOKCHJIAHTHIH aKTHBHOCTI, SIKi IEPEBaXHO
MOB’SI3yI0Th i3 cuiiMapruHOM. OCTaHHIM 4YacoM y Jenalii OuIbIIiif KibKOCTI JOCIHIIKEHb MOBIIOMIISIETECS TPO

Konemk BerepuHapHOi
MeJIMIMHY, YHIBEPCUTET
Kepbemnu,

nposiris Kep6ena, Ipax AHTUMIKPOOHY, 30KpeMa NpOTUIrPHOKOBY, M0 po3Topomiui. BpaXoBylouu BHINEHABEICHE, L€ JOCIHIKCHHS

3JifiCHEHE 3 METOI0 BCTAHOBJICHHS POTHIPUOKOBOT AKTUBHOCTI EKCTPAKTY PO3TOPOIILII HPOTH JBOX IOMIMPEHUX
rpubkoBux MikpooprauismiB — Candida albicans ta Aspergillus niger. EKCTpakT po3TOpOIILIi TOTYBaIM ¥ TPHOX
Ppi3HUX KOHLEHTpamiax (25 %, 50 % Ta 100 %), sixi Oe3mocepenbo BHOCHIH B cepenopuie arapy Cabypo (SDA)
METOJIOM CEepifHUX PO3BEJCHb B arapi. Pe3ynbpraTu 4iTKo BKa3aiu Ha KOHLIEHTPALHO-3aJIeHE IPUTHIYEHHS POCTY
rpubiB 060x BuaiB. 30KkpeMa, 3a KoHIeHTpauii 25 % cmocrepiragocs MOMipHE NPUTHIYEHHS POCTy TpubiB mms
C. albicans (35,2£3,1 %), Toxi sik A. niger BusiBUB MiHiManbHe npurdideHus (12,5+2,4 %). 3a xonuenrpauii 50 %
piBeHb NPHUTHIYCHHS 3HAYHO 3pic 1t 060X BHAIB rpubiB. Y tecti 3 C. albicans 3adikcoBaHO, IO 3aTPUMKa POCTY
craHoBuna 62,8+4,5 %, a y A. niger — 38,7+3,6 %. 3a 100 % xoHuenTpamii 0y10 JOCATHYTO MaKCHMAalIbHOTO
MIPUTHIYEHHS POCTY, sIKe CTaHOBUIIO 85,4+5,2 % nis C. albicans ta 64,3+4,8 % nusi A. niger. KpiM TOro, TECTYBaHHS
Yy TIUBOCTI MeTOIOM AUdy3ii Ha AUCKaX MIATBEPANIIO, IO PO3UYUHH eKCTPaKTy sk 50 %, Tak i 100 % xoHeHTpamii
YTBOPIOBAJIM YiTKi 30HH 3aTPHMKH POCTY, IO JO3BOJIIIO KIacH(ikyBaTH oOHABa i30J1TH K dyTiuBi. OTpuMaHi
pe3yabTaTH MEPEKOHINBO CBIAYATh MPO T€, IO S. marianum Mae BUPAKXEeHI NPOTUTPUOKOBI BIAaCTHBOCTI. 31aTHICTh
po3TOpOMNIIi TisSTH K MPUPOAHUI MPOTHUrpHOKOBHMIi 3acib 0OIpyHTOBYE il MOTEHIlHE 3acToCcyBaHHS B cdepax,
IO BHUXOIATH 3a Mexi remaronpotekuii. HeoOXigni momanmemni mocmipkeHHs 11 ineHTUdIKAIii TOYHHX
MPOTUTPUOKOBHX CIIOJYK i3 EKCTPAKTY, BU3HAYCHHS CIIEKTpa IXHbOT aKTHBHOCTI MPOTH IMIKPIIOTrO KOJia TPHOKOBHX
MaTOTeHIB, a TAKOX OLIHKK MOXJIMBOCTEH iXHBOT'O TEPAaNeBTHYHOIO YM 3aCTOCYBAaHHS y 'YMaHHIN i BeTepUHApHIiit
a MEJIUIIMHI Ta CUTBCBKOMY I'OCIIOIapCTBI.
OPEN
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Introduction

Fungal infections represent an important and growing
public health challenge worldwide, especially among
immunocompromised individuals, such as patients with
HIV/AIDS, cancer patients undergoing chemotherapy,
and organ transplant recipients [1]. Candida and
Aspergillus species are responsible for a wide range of
infections. These range from superficial conditions, such
as oral thrush and superficial candidiasis, to life-
threatening systemic infections, such as invasive
aspergillosis and candidemia [2]. The global burden of
fungal infections is exacerbated by the increasing spread
of antifungal resistance, which has become a major
concern in clinical settings. For example, the emergence
of azole-resistant Candida species and multi-drug-
resistant Aspergillus strains has severely limited the
efficacy of traditional antifungal therapies [3].

Traditional antifungal medications, such as azoles
(e.g., fluconazole), polyenes (e.g., amphotericin B), and
echinocandins (e.g., caspofungin), remain the cornerstone
of treatment for fungal infections. However, these
therapies are often associated with significant limitations,
including toxicity, high costs, and the rapid development
of resistance. For instance, amphotericin B, although
highly effective against a wide range of fungi, is notorious
for its nephrotoxic side effects. Similarly, the extensive
use of fluconazole has led to the emergence of resistant
Candida strains, particularly Candida glabrata and
Candida krusei. These challenges underscore an urgent
need for alternative antifungal agents that are effective,
safe, and less prone to inducing resistance [4].

In recent years, there has been a resurgence of interest
in natural products as potential sources of antimicrobial
agents. Plants, in particular, are a rich source of bioactive
compounds with diverse medicinal properties, including
antimicrobial, antioxidant, and anti-inflammatory effects.
Among these, milk thistle (Silybum marianum), native to
the Mediterranean region, has been extensively studied
for its hepatoprotective and antioxidant properties, which
are primarily attributed to its main active complex,
silymarin [5]. Silymarin is a complex mixture of
flavonolignans, including silybin, silychristin, and
silydianin, which have been shown to demonstrate a wide
range of biological activities [6].

Emerging evidence indicates that milk thistle may
also possess significant antimicrobial properties,
including antifungal activity. Initial studies have shown
that silymarin and its components can inhibit the growth
of various fungal pathogens, including Candida albicans
and Aspergillus niger, by disrupting fungal cell
membranes and  inhibiting  biofilm  formation.
These findings are particularly promising given the role
of biofilms in fungal virulence and resistance to
traditional agents [7]. In addition, the antioxidant
properties of milk thistle may help mitigate the oxidative
stress associated with fungal infections, thereby
potentially enhancing the host's immune response and
promoting tissue repair [8].

Despite these promising findings, the antifungal
capacity of milk thistle remains insufficiently
characterized, particularly regarding its mechanism of

action and efficacy at different concentrations. Most
studies to date have focused on the agar well diffusion
method, which may not fully capture the volatile or
lipophilic antifungal activity of plant extracts [9].
In contrast, the agar dilution (mixing) method,
which involves incorporating extracts directly into the
growth medium, provides a more comprehensive
evaluation of antifungal effects by ensuring direct and
continuous interaction between fungal cells and bioactive
compounds [10]. By incorporating the extracts directly
into the medium, we aimed to simulate conditions that
align closely with potential real-world applications, such
as topical formulations or antifungal coatings. The
findings from this study may provide valuable insights
into the potential of milk thistle as a natural antifungal
agent and contribute to the development of alternative
therapies for fungal infections.

The aim of the study

The purpose of this study was to evaluate the in vitro
antifungal activity of milk thistle extracts at 25 %, 50 %,
and 100 % concentrations using the agar dilution method
in Sabouraud Dextrose Agar (SDA).

Materials and methods

Preparation of Milk Thistle Extract

Milk thistle seeds were obtained and ground into a
fine powder. The extract was prepared using a solvent
extraction method with ethanol (70 %) as a solvent. The
mixture was filtered, and the solvent was evaporated
under low pressure to get a concentrated extract. The
extract was then diluted to create 25 %, 50 % and 100 %
(weight/volume) concentrations.

Preparation of Sabouraud Dextrose Agar (SDA) with
Milk Thistle Extract

Sabouraud dextrose agar (SDA) was prepared
according to the standard protocol. The milk thistle
extract was included in the concentration of 25 %, 50 %
and 100 % (weight/volume) before autoclaving. The
mixture was well mixed to ensure equal distribution of
extracts. The control plates were produced without the
addition of milk thistle extract.

Fungal Strains and Culture Conditions

The antifungal activity of milk thistle extract was
tested against Candida albicans and Aspergillus niger, two
common fungal pathogens. In order to ensure viability
and purity, the strains on SDA plates without milk thistle
extract were cultivated. For the experiment, the fungal
suspensions were prepared in sterile saline solution and
adjusted to a turbidity of 0.5 McFarland standard (~ 1-5 %
1076 CFU/ml) [8].

Inoculation and Incubation

Each concentration of milk thistle extract (25 %,
50 %, and 100 %) was tested in triplicate. Fungal
suspensions (10 uL) were spot-inoculated onto the
surface of the SDA plates containing milk thistle extract.
Control plates were inoculated in the same manner. The
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plates were incubated at 25°C for 4872 hours, and fungal
growth was assessed visually and microscopically.

Assessment of Antifungal Activity

Fungal growth inhibition was evaluated by measuring
the diameter of the colonies and comparing them to the
control plates. The percentage of inhibition was calculated
using the formula:

Inhibition (%) = (1- Colony diameter on treated agar /
Colony diameter on control agar) x 100

Antifungal sensitivity test (Application of Discs)

Antifungal discs were placed on the surface of the
inoculated Mueller Hinton agar plate. Each disc was
gently pressed into the agar using sterile, flamed, and
cooled forceps to ensure full contact with the agar surface.
The plates were then inverted and incubated at 37°C for
48 hours. The results obtained from the disc diffusion
method were interpreted and categorized as susceptible,
intermediate, or resistant according to the criteria
established by the Clinical and Laboratory Standards
Institute [11].

Statistical Analysis

The data were analyzed using one-way ANOVA, and
the results were expressed as mean + standard deviation
(SD). A p-value of <0.05 was considered statistically
significant.

Results and discussion

The results demonstrated a concentration-dependent
antifungal effect of milk thistle extract. At 25%
concentration, moderate inhibition of fungal growth was
observed for Candida albicans (inhibition = 35.2+3.1 %),
while Aspergillus niger showed minimal inhibition
(inhibition = 12.5£2.4 %). At 50 % concentration, the
inhibition increased significantly for both fungal species,
with Candida albicans showing 62.8+4.5 % inhibition
and Aspergillus niger showing 38.7+3.6 % inhibition. At
100 % concentration, the maximum inhibition was
observed, with Candida albicans showing 85.4+5.2 %
inhibition and Aspergillus niger showing 64.3+4.8 %
inhibition. The control plates showed no inhibition,
confirming that the antifungal effect was due to the milk
thistle extract (Figure 1a, b, c).

Results of Antifungal Susceptibility Testing by Disk
Diffusion Method

The isolates of Candida albicans and Aspergillus
niger were tested using the disk diffusion technique to
determine the susceptibility to 4 different antifungal drugs
and milk thistle extract (50 % and 100 %). The results are
presented in Table 1.

The disk diffusion testing revealed varying
susceptibility profiles of the tested fungal isolates to
traditional drugs and milk thistle extract. Candida
albicans demonstrated sensitivity to fluconazole,
amphotericin B, and clotrimazole, but was found to be
resistant to voriconazole.

C

Figure 1. (a, b, ¢). Antifungal activity of Silybum
marianum extract at 25 %, 50 %, and 100 %
concentrations in Sabouraud Dextrose Agar (SDA)

Table 1
The results of the disk diffusion method

Antifungal disc Candida albicans

Aspergillus niger

Fluconazole (25 pg)
Voriconazole (1 pg)
Amphotericin B (10 pg)
Clotrimazole (10 pg)
Milk thistle extract 50%
Milk thistle extract 100%

nnunnnIn

©nnoxmnx

Note: S — Susceptible (Sensitive); R — Resistant.
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In contrast, Aspergillus niger showed resistance to
fluconazole, amphotericin B, and clotrimazole, while
remaining sensitive to voriconazole. Notably, both milk
thistle extract concentrations (50% and 100 %)
demonstrated effective antifungal activity, with both
Candida albicans and Aspergillus niger isolates
categorized as sensitive to the plant extract. These
findings indicate that milk thistle extract exhibits a broad-
spectrum antifungal effect, capable of inhibiting strains
that show resistance to conventional antifungal agents.

The findings of this study indicate that milk thistle
extract exhibits significant antifungal activity when
incorporated directly into Sabouraud Dextrose Agar, with
higher concentrations showing greater inhibition of fungal
growth. The observed concentration-dependent inhibition
suggests that the active compounds in milk thistle, such as
silymarin, may disrupt fungal cell membranes or interfere
with fungal metabolic processes. Previous studies have
reported that silymarin can inhibit ergosterol synthesis, a
key component of fungal cell membranes, which aligns
with our findings [12-14].

The differences observed between Candida albicans
and Aspergillus niger may be due to the variation in the
structure of the fungal cell wall and the sensitivity of these
species to the active compounds in milk thistle. While
Candida albicans showed higher sensitivity, the
inhibition of Aspergillus niger at high concentrations
suggests that milk thistle can have a wide-spectrum
antifungal capacity [15, 16].

The agar dilution method used in this study allowed
for direct interaction between fungal cells and milk thistle
extract, giving a more accurate evaluation of its antifungal
activity than the agar well diffusion method. This
approach mimics potential real-world applications, such
as incorporating milk thistle into topical formulations or
antifungal coatings. These results are in line with previous
studies that highlight the antimicrobial properties of milk
thistle [17, 18].

The Candida albicans isolate was tested for its
susceptibility to a panel of standard antifungal agents and
Silybum marianum extracts; the isolate was found to be
susceptible to the polyene agent amphotericin B and the
topical azole clotrimazole, as evidenced by the zones of
inhibition. However, resistance to fluconazole, a first-line
triazole, was also observed, which indicates the
expression of acquired resistance. Acquired resistance
among C. albicans has increasingly been reported, which
often results from the upregulation of efflux pumps, for
example, CDR1, MDR1, or mutations in the ERG11 gene
encoding the azole target enzyme [19]. However, the
response of the pathogen to voriconazole, another
triazole, implies that the resistance mechanism expressed
might be specific to fluconazole, since even against
fluconazole-resistant strains, voriconazole has shown
efficacy due to its higher affinity for the target enzyme
[20]. Most notably, both the 50 % and 100 % milk thistle
extract solutions displayed clear evidence of antifungal
activity, revealing zones of inhibition. As such, these
study results echo more recent investigations which have
shown the anticandidal efficacy of silymarin, milk thistle
flavonolignans, and their related compounds. For
example, a study performed by researchers [21] described

how Silybum marianum seed extract possessed a marked
ability to inhibit the growth of clinical C. albicans
isolates. The mechanisms of effectiveness relied on
disrupting the C. albicans membranes, alongside
inhibiting virulence factors such as biofilm formation and
hyphal morphogenesis. Clearly, this tested antifungal
activity implies that compounds present in milk thistle
have a potential means to bypass common mechanisms of
azole resistance, thus necessitating further investigations
of the synergistic value of this compound alongside
traditional drug treatments.

A specific antifungal susceptibility pattern was
recognizable in the case of the Aspergillus niger isolate.
Intrinsic resistance of the organism to fluconazole was
verified because it failed to produce a zone of inhibition.
This species of Aspergillus possesses universal resistance
due to its inherent insensitivity to the aforementioned
antifungal drug. This is because of the inherent insensitivity
of the cytochrome P450 14a-demethylase enzyme of
Aspergillus species to fluconazole [22]. In contrast to the
usual susceptibility pattern of the majority of Aspergillus
species, the results revealed the resistance of the
Aspergillus species involved in the study to both
amphotericin B and voriconazole [23]. The resistance of the
pathogen to amphotericin B is significant, and this could be
an actual display of resistance, perhaps related to altered
ergosterol membrane content or increased catalase
production counteracting the oxidative effects of the drug.
It is interesting that the pathogen was demonstrated to be
susceptible to the topical azole compound clotrimazole,
although this agent would be of no use in treating systemic
aspergillosis. Most important, however, is the fact that both
concentrations of the milk thistle compound were
demonstrated to be effective in inhibiting the pathogen
A. niger. This is a very significant display of effectiveness,
supported by scientific literature. For instance, it was
shown that silibinin [24], a component of the active
complex of silymarin, demonstrated a significant ability to
inhibit Aspergillus by producing apoptotic-like cell death
and disrupting the structure of the pathogen's cell wall.

Conclusions

This experiment proved that milk thistle extract has a
considerable antifungal effect on Candida albicans and
Aspergillus niger when added directly to Sabouraud
Dextrose Agar at concentrations of 25 %, 50 %, and
100 %. The results indicate that milk thistle may serve as
a valuable source of natural antifungal agents, especially
where standard treatment has been constrained by
resistance or toxicity. Furthermore, S. marianum extract
demonstrates significant potential as a natural antifungal
compound against both yeasts and molds of
clinicopathological relevance, including drug-resistant
isolates. These findings strongly support the notion that
constituents of milk thistle offer great potential for the
management of drug-resistant pathogens, either as
monotherapeutic agents and/or in a synergistic capacity to
re-establish sensitivity to conventional antifungal agents.

Future research should focus on the isolation of the
exact bioactive compounds responsible for these
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antifungal effects, as well as the evaluation of their
prospects regarding clinical usage.
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